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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20535

FEB ¢ ma

Dr. 6. G. Sherwood, Manager
Safety and Licensing
General Electric Company
175 Curtner Avenue

San Jose, Californfa 95114

Dear Dr. Sherwood:

SUBJECT: ACCEPTANCE FOR PEFERENCING GENERAL ELECTRIC LICENSING TOPICAL
REPOPT NEDO-24154/NEDE-24154P :

The Nuclear Regulatory Commission has completed fts review of the General
Electric Company Licensing Topical Report NED0-24154 Volumes I and II and
NEDE-24154 Volume III entitled “"Qualification of the One-Dimensfonal Core
Transient Fodel for Bofling Water Reactors” and the supplemental fnfor-
mation submitted by R H. Buchholz, letter (MFN 155-80) dated September 5,
1980. This report describes the General Electric transient analysis ccde,
ODYN. This code is to be used for -transfent analyses of the following
eight transients:

A. For Thermal Limit Evaluation

Thermally Limiting or

Event Near Limitine (Tvoicallv)
1. Feedwater Controller Failure - X

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

5; Main Steamline Isolation Valve
Closures

6. Loss of Condenser Yacuum

7. Loss of Auxfiliary Power « All X
Grid Connections
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FEE ¢ 1881
Dr. 6. 6. Sherwood - . e

8. For ASME Vessel Overpressure Protection Pressure Limiting

1. MSIV Closure with Posftion Switch
Scram Faflure (1.e., MSIV Flux Scram) X

Other transients and anticipated operational occurrences may be analyzed with
the REDY Code described in NEDO-10802.

For all cperating BWRs and those currently under operating license review, we
propose that the following pressurization events be reanalyzed using ODYN:
generator load rejection/turbine trip without bypass (whichever is limiting),
feedwater controller failure-maximum demand and main steam fsolation valve
closure-flux scram (to satisfy ASME code pressure requirements), These are
the same pressurization events presently included in reload submittals., As
discussed in the September 5, 1980 letter from R. H. Buchholz (GE) to USNRC
subject: "Response to NRC Request for Information on ODYN Computer Modal,"
the events not included are considered to be bounded by these three.

This letter alsc provides the information required for application of ODYN
and justification for continued plant operation during transition from
transient analyses based on ODYN. The safety evaluation and a supplementary
safety evalyation are enclosed.

As a result of our review, we find the Licensing Topical Report NEDO-24154
Volumes I and II/NEDE-24154F Volume III as augmented by GE/Buchholz letter
No. MFN 155480 dated September 5, 1580 acceptable for referencing in
applications for operating license within the conditions specified in the
topical report, the supplemental letter and the attached safety evaluation
and supplement.

We do not intend to repeat the review of the safety features described in
the topical report and found acceptable in the attachment. Our acceptance
applies only to the features described in the topical report and under the
conditions discussed in the attachment.

In accordance with established procedure, it 15 requested that General
Electric Company publish an approved version of these reports, proprietary
and non-proprietary, within three months of receipt of this letter. The
revisions are to appropriately incorporate the supplementary information
fnto the body of the report and incorporate this letter and the attached
safety evaluation and supplement following the title page and thus just

in front of the abstract. The report {dentifications of the approved
reports are to have a -A suffix.
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Or. 6. G. Sherwood -3- FEE 4 1521

- Should Nuclear Regulatory Commission criteria or regulations change such
that our conclusions as to the acceptability of the report are invalidated,
General Electric and/or the applicants referencing the topical report will
be expected to revise and resubmit their respective documentation or
submit justification for the continued effective applicability of the
topical report without revision of their respective documentation.

Sincerely,

L0 00

Robert L. Tedesco, Assistant Director
for Licensing
Division of Licensing

Enclosure:
As Stated
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" 1.  SUMMARY OF TOPICAL REPORT

~ INTRODUCTION |

fletween April §, 1977“'|nd April 27, 1977, three turbine trip tests were performed
at tha Peach Bottom, Unit 2, to examine the validity of the General Electric
transient m'lys"ls methods and veri{fy the computer codes. The first scram
signal which normally would have been initiated on the posiﬁoﬁ ef the turdbine
stop valve, was bypassad in order to provide a transient comparable 1n saverity
to >thl worst transfents analyzsd in FSARs. Using the transient anaiysis method
and the REDY computer code used in the licensing cpp'licat‘lehs at that time,
Genaral Electric made pre~tast predictions of pressure, neutron flux and ACPR
on & best estimats dasis. The neutron flux and ACPR predictions were signifi-
cantly nonconservative and the pressure predictions were somewhat nonconser-

vative.

After the tasts General Electric performed post-test precictions of pressure,
neutron flux and ACPR using the actual or measured plant parameters with best
estimats modeling assumptions as well as the licensing podel sssumptions. The
ACPR and the neutron flux predictions were again nonconservative for both sets
of calculations. The pressurs pciks ware predicted .eonservat'lve‘ly. It should
be notsd that General Electric showed that the predictions of pressure and ACPR
were conservative with l{cansing basis inputs when the first scram signal
fnitiated on turbine stop valve position was not bypassad, {.e., under normal

conditions.

Tha comparisons of the test results and the REDY code, the licensing basis
podal, confirsed the existance of a steam line pressurs wave propagation phenom=
enon in & turbine trip transient and time varying nature of the axial core
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8.

c.

power distridbution. General Electric accelerated {ts mode] development program

to include stasa line dynamics and repmantation of the core physics and

‘thermal hydraulics 1n' space=tipe domain and produced the ODYN computer code

which 1s the subject of this review.

SCOPE
The scope of this review is the evaluation of the COYN coce for use in the
analysis of certain transients in Chapter 15 of tha FSARs.

SUMMARY OF ANALYTICAL MODELS

The overall systss aodsl fn the ODYN code consists of & one-cdimensional represen-
tation of ths reactor core, .and the recirculation and control systas model.
These two models are coupled to each other. A stsady stats inftializaticn fs

zsade {nitially, and then the parameters for the transient are calculated.

First, the ncirczi‘latien and control systems are solved for the staacy state
conditions. Sou of the §nitial conditfons are input and they may be plant
unigue. Other initial hydraulic values such as core pressure drop and bypass
flow fraction, which are also input to the steady state recirculation and
control sodel, are calculatad elsawhere. These parameters are calculated in
the stasdy stats sulti-chanrel core code (Refe;-enct 1). Using all these input
values, the steady state recirculation and control model calculates the remaining
hydraulic parametars in the plant. The steady stata initialization in the
recirculation and control model pr_evides the loop pressure drop, core exit
pressure, core inlet flow and enthalpy to the one~dizensional reactor core
mocel. These valuss are used in thc reactor core model to calculate the neautron

kinetics, thermal hydrsulics and fuel parametars for the staacy state conditions.

I-2
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The steady state axial power distribution is calculated by the nesutronics
model. The modal uses mss. saction fits cbtained from an ani'lysis about cross
sections for different relative coolant densities and control states and that
are radially averagsd for each axial plane. The fits are such that the axial
power in the one dimensional model s required to yield the same axial behavier
as in the three-dimensional EWR Core Simulator solution. The steacy state
thermal hydraulic solution permits the calculation of the stsady state fuel
tamperature distribution.

During the transient, the recirculation and control systex zodel calculatas the
time derivatives. AT thes end ¢f the time step, the recirculation and control
systam mode) supplies the new extarnal boundary conditions to the reactor core
podel. Tha reactor mﬁ sodal calculates the new neutron ﬂﬁx. thermal hydriulic
ﬁmun and fuel temperatures. It also provides reactor core exit quality,
flow and pressure as input to the recirculation and control system model., The
ﬁcimlatiou and control system model calculates the loop pressure drop and

the reactor core model calculatas the core pressure drop. Thase pressure drops
are cospared. If they are not equal within & certain limit, the recirculation
and control system modsl derivatives are modified and the time step a“lcuht'lons

are repeatad.
The recirculation system 1s sodeled by solving the sass, energy and oomentum
conservation equations for the steam line, reactor vessel and recirculation

Joop cnnbomnts which included jet pumps, ndrcq‘latien pumps and associated
piping. The control systea {s modsled as a series of conW gains, f{lters,

I-3
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-integrators, and noqlino;rities (liuitars'apd function generators). The control
systea output is valve position and thus flow control. The one-dimensional

core made] comprisss equations describing the neutron kinetics, thermalehydrauiics
and hsat transfer bchivior of the core.

Major assumptions used fn the modeling of the recirculation system are as’

follows:

1. Pressure variations in the systen are described with ten nodes. (ne node
1s-used-for-the reactor inlet; another node is used for the reactor vessel
dome, and ths remaining eight nodes are usad to describe the behavior of the

‘steam line.

2. Liguid and vapor mass volume balances are used o predict the reactor

vessal water lavel changes.

3. The recirculation loop model can simulate any combination of sulti-~locp
systams., The entire recirculation ‘Iccp is assumed to be subcooled anc
incompressible.

4. Staam in the steam line is treatsd as single phase flow. Condensation of
steax in the stsam line is pracluded during the transient.

Major assumptions used §n the reactor core model are as follows:

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

varies axially with time. Ons energy group diffusion theory and six celayed

I-4
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NSULTOn groups are uan. Decay heat is modelad using a simple exponential
4.g¢cay heat sodel. The one dimensional neutron diffusion paraneters are
abtainad by collapsing the parametars .&tained from the GE three~dimensional
BWR Core Simulator -(Refel'-em 2).

2. A single active haated channel represents the core average conditions and
anothar single channel repreasents the core bypass. A five equation model
representing mass and energy conservation for the 1iquid and vapor, and the
aixture pomextun conservation are used to calculate core thermal-hydraulic

behavior. _ . ol I

3. Heat transfer to the Soderator and fus)] temperatures sre calculatad using
an average fusl and cladding sodal at each axial location of-m core. The gap
conductance 1s an input parameter which pay vary axtally in time. The
conduction parameters are temperaturs dependent. A radially uniform (flat)
power distribution 13' assumed in the fuel rods.

I-5
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1I. STAFF EVALUATION

The staff evaluation was performed in three parts:
A. Review of the analytical models in the ODYN code and determination of
uncertainities in the code sodeling. .
E. Review of the qual‘lf‘ica'tion of thg code. This part of the review is
accomplished in three areas:
1. Comparison of specific inodels 1n the code with separate effects test
data.
2. Comparison of {ntagral responsa of the code with the integral tast
data.
3. Comparison of ths code predictions with the predictions of an
fndapendent code; 1.s., audit calculations.
C. Review of tha safety pargin; {.e., evaluation of the margin when the code
is usad with the yncertainties assigned fn the licensing basis transient.
The uncertainties of the calculations were svaluated as part of the

calculational mods] review.

The measure of 211 code uncertainties is mads in tarms of ACPR/ICPR ratic. The
"CPR" {5 an acronym for critical power ratfc. It is tha ratic of -the critical
power of the limiting bundle in the core to the power of the same buncle at the
operating power of interest. The critica) power is an artificial bundlie power
cbtained by increasing the power znalytically until the critical quality is
reached. The analysis i3 performed using the GEXL correlation. Sinca the
hydraclic and nsutronic parameters change during the transient, CPR alsc
changes during the transient. Tha minicum value of the CPR is called MCPR and

11-1
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A.

" the difference between the initial critical power ratic, ICPR, and MCPR {s the

ACPR. Hence, the ratio of ACPR/ICPR is a measure of the relative severity of

‘the transient.

The un_caminﬁcs in the code are determined by saking seasitivity studies. An
{ndependent parameter in the code 1s perturbed and the resulting change in
ACPR/ICPR is calculated for & turbine trip without bypass transient, which is
generally Jimiting. These independent parameters pertain to the various models
such as the parszeter of C  in the Zuber drift flux model or frictional loss -
coefficients in the staanline. They do not pert;in to systsm parameters which
determine the actuation of the valves sincs licensing basis analysis regquire
limiting settings for these systems parameters.

REVIEW OF ANALYTICAL MODELS
1. Recirzulaticn and Control Svstem
a. Recirculation Loop Model

The recirculation loop 'sysm consists of the upper plenum, steam
separators, vessal dome, 'jet pump and recirculation loop. Mass,
energy and momentum ennsérvat‘lon equations are used to describe
thermal and hydraulic behavior of the components. These equations
are solved using an explicit finite differencing method which 3

presented in Reference 3.

During the steady-state initialization, the time derivatives are set
equal to zero. A sultiechannel steady state hydraulics code provides
the stsady state core pressure drop and the bypass flow fracticn to
the recirculation system sodel. This code {s presented fn
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-Reference 1 and has been rtviiuld and approved by NRC (Reference &).
The other inputs used by the recirculation systes model are plant
specific such as dimensions related %0 p'laht geometry, pressure loss
coefficiants, separator carryunder fraction and jet punp and recir-
culation pump dunéuristics.

In the fnitial steady state conditions the jet pump drive and suction
flows can be determined froa the egquation of continuity and the jet
puzp *m* ratic. This ratic is defined as the ratic of the suction to
the cﬁve. flow. It 1s valid for the rated conditions which are
selectad to correspond to staady stats initial operating conditions.
Using the mosentum equation and the "n" ratic, the suction f_‘lcw and
the suction flow loss coefficient are determined. During the
transfent the ratio changes. The jet pump suction and crive flows
'(eonuqulm'ly recirculation loop and core inlet flows) are calculated
using the momentum egquatfons keeping the suction flow loss coef~
ficient constant. The sum of the suction and drive flows provide the
recirculation loop flow and the sum of &11 recirculation loop flows

provide the core inlet flow.

The recirculation systam models usad in the COYN and REDY codes are
the sase. The REDY code (Reference §) has been reviewed for ATWS
analyses and the recirculation systes model has besn found acceptadle
with some 1imitations (Refersnce €). The following discussas and
avaluates tha recirculation system model. This evaluation, except
for the uncartainties, is the same both for ODYN and REDY codes. The
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. Timitations found in the REDY code are egqually applicable in the ODYN
code.

During the transient, momentum egquatiocns are used to calculate the
Jet pump suction and ¢rive flows. Hence, the form loss caefﬂcicnts
in the recirculation syitu affect the core flow and consegquently the
calculated ACPR. A sansitivity study performed by General Electric
using the ODYN code by decreasing the diffusar form loss coefficient
by 10X showed an increase of 0.001 $n ACPR/ICPR. General Electric
estizmatad uncertainties in the jet pump loss coefficients about 20%.
Thess uncartainties are inferred frﬁ tha uncertainity in tha jet
puzp “n” ratic. General Electric noted that the dacreass in the jet
puzp pressure ¢rop loss on the orcer of 20X changed ACPR/ICPR by
0.01. This is the biggest uncertainty estimatad by Genaral Electric
fn the recirculation system. According to Gensral Electric reason=
able variations in other pamot-ars such as drive flow L/A, jet pump
areas or lengths (which are manufactured to close engineering
tolerances) and loss cosfficients gt tac nozzle, plenum and bulkwater
did not changs ACPR/ICPR ratios significantly. Bassd on these
sensitivity studies. the’ ispact of thess uncartainties on the values
of ACPR/ICPR in the gensrally limfting transient is szall.

During the transient, the transient tsrms of the momentum eguation
represanting inertia may become {sportant in determining the core flow.
Recirculation pump trip tests were performed at 50%, 75X, and 100X
power Tevels in the QOystar Cresk plant and reportad in Reference 5.
Good agresment exfsts betwean the measured and REDY calculated
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core flows for the transient. This shows that the momentum squations
were sclved correctly to predict flow transients. Recirculation pump
trip tasts ware 2150 parformed {n Dresden-2 and they were reported in
Reference 5. However, in thess tests seasursd core flows were higher
than those alcuht.;d because the actual pump inertia was higher than
the value used in the analysis.

One of the Jet pump modeling assumpticns is that the region from the

nozzle to the throat is considered to have no inertia. In erdar %o
~validate 'tb_c transient sodeling of tha jet pump, transient jet pump
tasts were Conducted at the Moss Landing Gensrating facility,
Refarence S. In thase tasts the jet pump drive flows were oscillated
at saveral fregquancies and seasuresents wers pada of the gain and
phase relationship of the cdrive flow. Coaparison of the peasyresents
ang nodal pmiétions showed good agressent up to § HZ. The mocdel
did not pndici a resonancs condition in the cold test dat: at

6.5 H2; conseguently, the use of the modsl is limited to § Hz. This
limitation maans that the cods will have errors if recirculation loop
Tlow variations are sudden. The harmonic components of the flow
variation should be Tess than 5 Hz.

Ancther assumption which has been validitsd by tasts is the
assuzption of cocplete mixing at the core inlet. Tests were
perforwed in Monticelle to verify this assuzption. Core flow
distridbutions fer thres core flow ratas, at 28X, SOS ang 85X of rated
flow rates, were measured for symmetri{c operation of the recircu
lation pmps..hfonna 7. Tests results indicate that the bundle
flow rats coas not vary more than 2.8% from that in the average
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_bundle with 95X confidence level. This indicates that the assuzption
of unifcra pressure distributicn at the inlet of the core and
cozpliete aixing 15 a valid assumption for the recirculation systan
mcdeling. '

The review of the analytical modals and tha comparison of the
predictions with the tests above indicate’ that the recirculatien
loop model and the iapact of asscciated uncertainties on ACPR/ICPR as
presanted by Genaral Electric are acceptable. The harmonic coe=

__ponents of the flow varfation should be Tess than § Kz and the model

h.

should be valid for the analysis ¢f transients whare the fluid in the
recirculation loop, downcomer and core inlet remains subcooled
(incompressible). In the transfents to be analyzad by the ODYN code,
it is expectsd that thesa Timits will not be excaedsd.

Control System Model
The control systes podels wers evaluated for struciure as well as the

asthodology for svaluating plant specific prcpcrtiu_. flant specific
properties consist of responsa functions, gains, and time constants

for the control system.

The systam modsls are composed of transfer funciions, limitars anc
function generators. The tnnsfer' functions are based on typical
filtars and proportional, integral, derivative cnnt.ra_l laws.

Limiters and function generztors are used in the wodeling of flow
valves as a means of linsari{zing the gain within control loops. We
have reviewed the podel structures for the motor gsnerator haw control
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sodel, the fesowater control model and the pressure regulation with
the Mechanical Hydraulic Conmtrol., We find the structure of these
sodels acceptable and typical of the type of modeling conducted with
classical control systes theory.

With respect to the description of the control models, the following
nodels were ‘evaluatad:

(z) VYalve Flow Control Systam

(b) Motor=Generator Flow Control -

{c) Fesdwater Flow

{d) Pressure Regulator and Turtine Cotm-qls

(e) Rsactor Safety Systems

For input signals, the Valve Flow Control modsl receives a turbine
governor signal, a sensed stsamflow signal, 2 filtered neutron flux
signal, a recirculation cdrive flow signal and a banual setpoint
signal. The caniro‘l systas is modeled as a series of connected
gains, fi{lters, intsgrators, and nonlinsarities (limiters and
function gensrstors). The control systea output is valve position
and thus flow control,

For input signals, the Motor-Generator Flow Control model receives a
load demand error, a saster manua) or autscmatic s1g.ma1 as well as 2
locp manual or autosatic signal. The control system {s modeled as 2
series of gains, intsgrators, function generators, and with actuators
of a drive motor, variable spesd coupler, generitor, and motor pump.
The controlled variable is recirculation drive flow.

11-7
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For input signals, the Fesdwatar Control System receives feaecdwater
flow disturbances, vesss] pressure corrections, a level setpoint
signal, a mixture level signal, and a steas flow signal. These
signals are operatad on by a control sodeled as a saries of connectad
gains, intsgrators, filters, and non-linearities (limiters and
function ganeraters). Tha controlled variable s fesdwater flow.

For input signals, tha Pressure Regulator receives a turbine inlet
pressure signal, a pressure seatpoint, a turbine speed utaoint.and a
turbine load satpoint., These signals are operated on by a control
godeled as & saries of guins, filtars, control laws, control valve
sarvos and non=l1fnearities. The controlled variable is turtine inlet

prassure.

The staff review finds that thess models are conditionally acceptable.
Technicallly, the modals are composad of transfer function, gaims,
f{1ters, and synthesized nonlinsarities such as cesachands and
saturation limits. The technical form of the control system sodels
is acceptatie to the staff.

However, ths model is used to establish initial control system settings
such as gains, time constants, and controcl functions. Since the
selection of thase sstlings is wmace on a plant specific basis, the
starf requires that each applicant's Safety Analysis Report reference
a clearly defined basis for saking these selections. Tha cesign
critsria must be provided for each control system of the plant. The
{nitial control systea characteristics shall be verified as conforming
tc the design critsria for sach control systes of the plant.
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Steam Separator Model

The separztor is mcdeled using a one dimensional momentum
conservation equation whareas the flow in a separator is rotational
and clearly multi-dipensfcnal. However, using saparator test resylts
(Reference 8), it was possible for General Electric to develop an
ezpirical one dimensional momentum egquation describing the flow
behavior., Tests indicated that the thickness and configuraticn of
the layer of swirling water along saparator walls 1s independent of
the inlet flow (for 200,000 1b/hr < Flow < 808,000 1b/hr) but
dapendent on the inlet quality. The watar layer prisarily affects
the effective L/A in the momentum egquation of the ssparator. Due to
differences betwesn the densities of stsam and watsr, the primary
inertial effects are due %o the liquid. The tests of Reference &
provided a3 relationship betwesn the effective L/A and the inlet
quality, and an espirical separator pressure drop coefficient.

General Electric states that the value of pressure drop coefficient
has a conservative bias in it. The highsr the pressure drop or the
pressure drop cuffieicn‘;. the higher is the value of ACPR/ICPR.
However, General Electric did not quantify the conservatism in this
mocel in terms of ACPR/ICPR relative to actual plant conditiens.
Therefore, no credit is given to this conservatism.

General Electric performed sensitivity studies cecreasing the value
of L/A by 30%. This resulted in an increase of 0.002 in ACPR/ICPR:
In ordar to assess if ths scatter of 30X in the separator L/A is
sufficient, the staf{ reviewed tha saparator data in Reference 8.
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The data indicates that the scatter in the separator L/A values can
be high.A The thickness of water layer can be used to make a fatrly
good estimate for L/A. Tests indicate that the thicknesses of water
layer for the same conditions can vary from each other by & factor of
four. Reference 8 describes the reason for these variations as an

instability.

Discussions with General Electric indicate that the value of L/A used
{n the ODYN code included the value 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 information how these separate L/A effects
(one due to the separator and the other due to the standpipe) can be

assessed.

Reviewing the analytical model we find that the separator model s
acceptable; however, basad on available information we judge that a
factor of 2 in separator L/A variztion (rather than 30X) would be
pore appropriata in assessing the uncertzinty. Hence, we estimate
the component of that AL?R/IC?Q uncertainty for L/A will inCrease
froz ¢ 0.002 to £ 0.015.

d. Uoper Plenum, Vessel Dome and Bulkwater Model
These components are modeled using mass, energy and momentium

conssrvation eqﬁatinns. Peach Bottom tests indicate that dome
pressures calculatad to prediqz the data are higher than the
experipental values. In the opinfon of General Electric, the reasan
for the overprediction {s that the energy equation for the dome '
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region predicts that the bulk water mass very quickly becomes
subcooled, the'system becones stiff, and therefore, the pressure
rises very quickly. Since the rapid pressure rise leads to 2 rapid
void collapse the staff concludes that the model is conservative.
However, the Peach Bottom tests also indicate that &CPR predictiens
are not conservative. This implies that the conservatism cf the
bulk water model is offset by the nonconservatisn somewhere else.
General Electric did not quantify the conservatism in this particular
model. In view of Peach Bottom tests where & trade off has ocoyrred,

no credit for conservatisn can be given.

We find that the analytical pethods used in these models are
acseptable; however, &s stated, no credit for conservatism will be

given.

Steam Line Mcdel
The stean line {s modeled assuming single phase mass and energy

conservation equations which are solved using an explicit finite dif-
ferencing method. The steam fs assumed to behave isentropically. The
steam line is nodalized into six segments while the bypass line is modeled
using two nodes. Safety and relfef valve flow rates are treated as
separzte flow branches.

Sensitivity studies were performed by General £lectric for various numbers
of nodes for a sazple test problem wherein the inlet pressure {s kept
constant and at the outlet turbine stop valve closure {s simulated. These
sensitivity studieé were performed using nrodal arrangements of 3,4,5,6,7,
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‘8,20, and 40 nodes and compared with the analytical sodel predictions
using the method of éhan:urlstics. The analysas indicate that a minimum
of 7 nodes s required to predict fresguencies to & reasonable degree. The
coxparison of aan‘lwdcs of pressure oscillations between the 8 node mode!
and the snalyticdl model is alsc reasonable. The conservatisz of a model
is dcpcndint upon the fntsgral of the pressure oscillations over a
relatively short period of time since 1t is the integral of the pressure
that 1s imposed on the core. The void collapse and the subsequent power
fncrease is capendent upon the rats of change of this integral pressure.
Judging from the pressures oscillations calculated from .the 8 node model
and the analytical oocdel basac on the method of characteristics the staff
concludes that the intagratsd pressures are gpproximataly the same for
both models and psrhaps there is a very slight canurutiﬁ in the 8 node
‘wodel. Conssguently, we Tind that the finite differencing scheme and the
sclution method eaplicyed in the staamiine modsl are accsptable.

Other uncartzinties in the mode] are in the form of friction loss
coefficiants and in the valus of the average specific hest ratic. General
Electric conducted sensitivity studies by varying the specific heat ratic
and form loss coefficients. The Pesch Bottom tasts indicated an average
specific heat ratic of 1.15. The change of this ratic to 1.25 caused an
fncrease of 0.01 1n the ACPR/ICPR ratic.

We reviewed the valuss of ths sverage spacific heat ratios for steam st
1000 psia. The value of 1.15 1s valid for satursted steam with very
11¢2le amount of croplets §n 1t. The value of 1.25 is valid for a

sligntly superheated stesm. Since there is a pressure crop along the
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- stsam line, wa do0 not expect stsaz to be superheatad. Hence, the value of

1.15 is acceptable. We alsc find the calculation of uncertainty of 0.01
in ACPR/ICPR ratio acceptabdle.

Ganeral Electric alsc performed a sensitivity study by decreasing the loss
coefficient by 20%. This was based on the upper limit of steamline loss
coafficient uncertainty. Decreasing the loss coefficient by 20% increasss
the ratic of ACPR/ICPR by 0.01. Decreasing the Joss coefficient by 208 is
a reasonable assumption and we findvthn calculation of uncertainty ;f c.02
in ACPR/ICPR due to pressure loss coefficients acceptable.

In conclusion, cur review indicates that the analytical methods used in
stean 1ine podeling. and associated uncertainties are acceptable.

Core Thermal-Hydraulics Model

Twoephase pass, energy and momentum conservation equations were used to
predict the behavior of tha thermal-hydraulics of the core. Two pass and
two energy conservation equations represanting each phasas separately and
one momentun equation representing the mixture comprised the five equation
ocdel. la addition to thess sguations, correlations for 1) interfacial
heat flux, 2) Zudber crift flux sodel (Reference 9), 3) two-phase pressure
drop, and 4) heat transfer, are used.

The interfacial heat transfer correlation fs basad on the “mechanistic
scdel” presentad in Reference 9. The selection of the heat transfer
correlations is based on the flow regimes. In tha single~phase liquid
region, the Dittus-Scelter correlation {s used. In the subcooled and bulk
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bofling regions, the Jens=Lottes and Chen correlations are usad, respec-
tively. Two-phasa pressure drop correlations are based on the
Martinelli-Nelson correlstion. The five equation model together with the
correlations are sclved using a fully implicit finite differencing method
in the space-time domain. The space domain is cone dimensional in tha
axial direction and the core is represented using 24 ax{ial nodes.

To improva the accuracy of predictions within a ncde, & bofling boundary
concapt is dafined. This concapt defines a location in the axial
direction for which the mixturs enthalpy is egqual to the enthalpy at which
point subcooled beiling begins. This location establishes the boundary
between the liguic and two-phass regions within an axial node at each time
stsp and ths program selects the appropriate am'lat‘lcﬁ for the appro~
priate region. The variadles sclved for each node are volumetric flux,
vapor fractien, pressure, vapor en.tm‘lpy.and Tiquid enthalpy.

Two models are particularly significant i{n the assessment of uncartainties
in the Tive eguation scdal; they are Zuber drift flux and the subcooled

boiiing mocels. These are discussed in ths follewing ssctions.

8. Drife Flux Model

The chofcs of two paraaeters, C° and Vu {s important in this podel,
The first coefficient (co) is tha concentration parametsr which

 describes the slip due to cross sectional averaging of a nonuniform
void fraction profile. The second tarm ng’ §s the drift velocity
which describes the local s1ip between the phases. The valus of t:‘l
{s strongly dependent on the ficw regimes and geometry. This
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dependence has besn shown in Bany tasts (Raference §). The drif:
velocity is dependent cn the density differences between the phases

as well as on the flow regices.

In the podel used by Ganeral Eleciric, these parameters are
expirically cdetermined in the form of correlations based on the test
data. The datz were cbtained both from tubes and channels, and are
reporied in References 10 through 14. When the vapdr fractions
chtained frcn. thesa parameters ware used %o calculate power shapes
cbserved in BWRs, some discrepancies were observed. Consaquently,
General Electric introducad another correlation for C,» and a concept
of nautron effective void fraction, to provide a b:tte_r fit with
seasured power shapes. Bassd on physical considerations it is
conceivatile why c° usad in thermal hydraulic calculations is
diffarent fron C, for neutron power calculations. The thermal
hydraulic c° is basec on tube geometry while neautron effective C° is
ottained from actual core gecmetry. The value of co should be
different for tubes and rod bundles because of different vapor
fra':iion profiles and flow regimes. However, in a talecon General
Electric statad that cc valic for thermzl hydraulics gave good
agreszent with Atlas data and C valid for neutron effective void
fraction gave good agresment with the core data. Hence, the
differences cannot be explained based on geometrical considerations
alone and there 1s an artificial fix in the model. According to
Reference 34, this fix is necassary toc cozmpensate for deficiencies in

Tattice physics methods.
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General Electric estimates that the uncertainty in the concentration
parameter, C , is about ¢ 3% at a void fraction of .70 for neutron
effective vapor fraction calculations. This corresponds to & = X
uncertainty in void reactivity coefficient which leads to an
uncertainity of 2 0.008 in the value of ACPR/ICFR. However, General
Electric uses £ 10X uncertainty in the value of C, for thermal
hydraulic calculations, We find no reason that the uncertainty ia c°
for neutron power calculations should de different because the
correlation is usad to calculate voids the same way as in ths thermal

hydraulics. General Electric doas not stat:l ‘any uncertainty in Vﬁ

for neutron power calculations but states an uncertainty of £ 208 for

thermal hydraulic exlculations.

Sased on Referenca 1S, we assessed the uncertainties for thermal
hycdraulic C° t 20X and ng 2 30% respectively. Reference 15 has a
different data base froz the references that the General Electiric
uvsed. Extrapolating ths Gensral Electric results, we estimate that
= 203 uncertainty fn Co would result in 2 33: uncertainty in the voic

fraction or void reactivity coefficient.

We 2lsc reviewed the void fraction data taken in the FRIGG loop,
Referenca 16. The FRIGG tasts were perforoed using rod bundles. The
review of the data indicated that the scatter of £ 30X in void
fraczion was reasonabie 1n the low quality region. This fincing alsc
substantiated the estimats of ¢ 20X uncerzainty in the value of co.
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Assuming the same uncertainty for the neutron effective c° and
extrapolating trlu General Electric results, we have estimated that
the uncartainty of 2 2% in Co resvliting in £ 3N uncartainty in the
void fraction eor in the void reactivity coefficient would produce an
uncertainty of = 0.053 in ACPR/ICPR. We presented these findings in
the ACRS hearing, Referencs 30.

In responsa to the above staff assessment, General Electric submitsed
additional information, Rafarencs 31, regquesting the reduction of the

.. - —uncertainty in ACPR/ICPR.- -The prisary argument was that the
uncertainty of 2 205 in the valua of c° (seven times the uncertainty
of ¢ I% which had besn proposed by General Electric) leading to an
uncertainty of approximately £ 30% in veid fraction was applicable
for a low quality and a low vapor fraction region. Tha uncartainty
becomes smaller at higher qualities. In addition, General Electric
subaitted another sensitivity study using. neutron effective C° = 1.0
and noted that this m.:u'ld bs the bounding value for ACPR calculations.
General Electric also notad that the transient results were wesakly
dependent on void fracticns at low qualities in the subcooled region,
Refersncs 32.

We reviewed the new information submitzed in Reference 31, and agree
with General Electric that uncertainties in vapor fraction can be
reducad at higher qualities and that I:c = 1.0 is & bounding value for
bulk boi'ling._ General Electric stated an uncertainty of 2 &5 in void
reactivity coefficient &t a void fraction of 7CX. This corresponds
spproximately to an uncertainty of ¢ SX in voi¢ fraction. Further
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review of thn void fraction data in ths FRIGG loop shows & scatier of
t 1% in void fraction at qualities of £X and IG These qualities
are considered relatively high and they correspond to vapor fracticns
of 40X and 60X respectively. It appears that the FRIGS loop cata
show &8 larger-scattar of void fraction than that assumed by General
Electric. At high qualities, the uncartainty ef ¢ 10X {n void
fraction corresponds to approximatsly £ 10X uncartainty in cg.
Howaver, tha thecretical limit for co in the bulk loading regicn is
1.00. It can be higher but not lowsr in this region. The scatter of
_10% on neutron effective €, would bring the valus of G, below 1.00.
Some of the scattar in ths FRIGG cata was dus to measuresent errors
which could ba as high as = 10%. Hence, we accept the Vmit of
Cc = 1.00 as bounding for the yncertainty studies. Further,
sansitivity studies performed in 'Refcnncn 32 indicate that the
transient is weakly dependent on changes of neutron effective C° .{n
low quality region. Henca, we accapt the calculation of uncertainty
of ¢ 0.01; in ACPR/ICPR as suggested in Reference 31. This is
approximataly 30X larger than that eriginally proposed by Genera)
Electric.

Subcooled Boiling Model
The phencosnon c¢f subcooled dofling is mcdeled.by the “Mgchanistic®

subcooled -baﬂing mcde] developed by R. T. Lahey in Reference S. The
mcdsl1 provides a relationship for interfacial heat flux between t.he'

bubtles and surrounding liquid. It consists of two tarms: one term

shows the sffect of the temperature differencs bBetwesn the phases and
the other shows the effect of the wall heat flux.
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The vodel has been verified using the data obtajned by S. Z. Rouhani
(References 17 and 18). These data were cdbtained from a vertical
annular channel. In determining the uncertainty of the correlation,
General Eleciric provided a sansitivity study using a coefficient “n*
in the correlation. The noainal value of *n" is 1.0. For n = 1.25,
a change of 0.009 in ACPR/ICPFR 1s cbtained. If 1.50 is assumed, the
change in ACPR/ICPR is 0.014. GE states that the vaIu; of 1.25
provides a reasonable uncartainty for the model But does not provide
any supporting evidence or data.

We reviewsd the void fraction vs. axial heignt curves drawn for
vnr%nus “n* values and find that the veid fraction difference Detween
the two curves drawn for n = 1.0 and n = 1.5 {s about 3.5% in
absalute or 185 relative to the average measured value of the void
fraction in the sudbcooled region. Some of the rod bundle sxperiments
performed in the Frigg loop (Reference 15) show 100% (relative)
scattar of the data. In general, the scatter is 15 = 30X relative to
the average void fraction. We belfeve £ 30X scatisr s a reasonadle
estimate of uncertainty. Therefore, wa increased the uncertainty in
© ACPR by a factor of 1.67 (30/18) which results fn 2 0.023 in the
unc:rtaiﬁty valus of ACPR/ICPR for the subcooled boiling mocel. We
estinats tha corresponding minimum and saximum values of *n* to be
0.5 and 2.0 respectively. General Elective is required to make
sensitivity studies to verify that these values correspond to = 0.023
uncertainty in ACPR/ICPR.

11-19



The review of the analytical models describing the thersal=hydraulic
bahavior of the core indicates that thess modals are acceptadie
provided the uncertainties of various components are increased 2c fhe

valuss recoemended by the starf.

4. Core Physics Model

1. Assumptions in _the Neutronies Model
The nesutronics model cf CDYNK s based on time-cependent, one=
disensional, ene~group, diffusion theory. The modal includes the
effect of delayed neutrons and the calculation is perfumd.in the
axial dimension of a BWR. Radial effects dus prisarily to Doppler,
acderator, and cai:trcl state are taken into account 1n collapsing a
threse~cimensionzl model to the one-dimensional axial model. Of the
thres effects, the control state variation dus to scram during a
transisnt 15 the most important. Some care must, therefore, bs taken
in choo:.'lng the Initial weighting functions ts 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 thersal-hycraulic calculations. Wwe conclude, based on our
review, that the assumptions on which the neutronic mcdel cf QOYN are
based are acceptable.

B. Derivation ef Ecuations for the One-Groun, One-Dimensional,
Yioe-Depencent Meutronic Mogel

We have followet in a stap=by=step sanner the derivation of the

one-group, space~tipe neutronics mods] presentsd prisarily in
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Appendix A of Volume I of the report. This derivation procesds from
the time-cependent form of the thres-dimensicnal neutron diffusion
equation for the fast flux as used by the General Electric three-
dimensfonal reactor simulator (Reference Z) along with ;pprupriate
equations fuf delayed neutrons. The three-dimensicnal time~dependent
neutron flux is represented as a product of radial and axial time~
dependent components. Weighting functions are naxt introduced to
nake this factorization unique and to minimize errors in the
procedure in scae sanse. The weighting functions are taken,
gccording to the adfabatic spproximation, as the solution to a
staacy-stats eigenvalue problem to be solved at. various points in
time. In practics, the weighting functions are calculated only at
time 2erc for as sany 8WR nperlxdhg states as is necessary. fhis
procedure results in the final form used for the cne-group, one-
c¢imensional, time-dependent equations along with defining aguations
for the nuclear partnctnri that are usad. The ﬂtrivgticn also
includes discussion of the average axial power digtributions, initial

normaiization procedures, and boundary conditions.

Section 5 of Volume I of the report discussas the integrztion ¢f the
spatial and time variables to cbtain the discrets form of the one-
group, one~disensional, time~dependent equations. The procacures
used for this are straight feru:ru.' This saction also discusses the
racdial weighting function and the treatrent of the control state,
Cross saction relatsd parameters are functions of axial core hefght,
control stats, and relative watesr densiiy. These parameters are fit

s quadratics in the relative water density.
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c.

Cur review of the derivation of the egquations for the one-group,
one~dimensicnal, time-dependent neutronics eodel has been performed
by deriving and verifying each of the equations presented in Volume [
of the report. We conclude, based on our step-by-step review of al)
the nautronic egquations, that the derivation ¢f nuclear paraaeters
and equations for the one-group, one-dimensional, time-dependent
sodel 1s accaptable.

Caleulation of Neutronic Inout Parameters

_Generzl Electric usas its Lattice Physics Model and {ts Three-

Dimensional BWR Core Simulator to process nuclear data for the CDYN
code. The Lattics Physics Model {s describec in Reference 18. The
Three-Dipensicnal EWR Core Simulator is described in Reference 2.
Both of thesa codes have been reviewed and approved by the NRC far
use 1in BWR applications.

The Lattice Physics Modsl, as 1ts name implies, {s used to generate
auclear paranetsrs for uss as input to the EWR Core Simulator. This
data is generatsd as a fun:iion of fuel types, contrcl, temperature,
void fraction, void history, and exposure. Bafore being used by the
BWwR Core Simulator, the data is t;msfomd from the Lattice Physics -
Model void fraction to the Nautron Effective Void (NEV) model void
fraction. This eepirical procsdurs was developed By GE to remove &
discrepancy batween BWR Core Simulator resylts and operating 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. parametars and cross sections for the ODYN code.
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Our review of tha calculation of neutronic input parameters is based
on the usa of NRC n;"lmd and spproved codes and on comparisons of
three-dimensional and ODYN steady-state neutronic analyses. The
approved codes are (1) the Lattice Physics Model (NEDE-20913-P,
“Lattics Physics Methods,® C. L. Martin, June 176 and NEDO-20229,
“Lattice Physics Methods Verification," C. L. Martin, Juns 1S76) and
(2) the BWR Core Simulator (MEDC-20853, "Three~Dimensional BWR Core
Sisulator," J. A. Woolley, May 1976 and NEDO-20946, "BWR Simulator
Methods Verification,” G. R. Parkns, May 1976). The staady=state
calculations compared the BWR Core Simulator and ODYK results for
scram reactivity and core averaged axial power distributions, among
other things, for a number of ¢ifferent reactors and cperasting
states. |

Some of ths uncartainty values usaed by General £lectric in response
to our Question 12 need to be ravisad in our judgement. We believe
that the Doppler resctivity cosfficient uncartainty should be
increased from = 6 parcant to sbout £ 10 parcant. This increase is
based on the uncertainties fnhersnt in the calculation of Uraniuz-238
resonancs absorption, the calculation of the Dancoff factor in the
coaplex BWR lattics, the calculation of spatial weighting factors,
and the cosputation of effective fuel tesmperatures. This change in

“the Doppler uncertainty will have very 1ittle effect on the calou-

lated 4CPR/ICPR ratfc. We estisats that this will {ncrease the
uncertainty in ACPR/ICPR from £ 0.001S to = 0.002. We believe that
tha scram reactivity uncertainty should ba increased from 2 4 percant
to about 2 10 percant. This increasa is based on the uncartzinties
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{nherent in caléu1at1ng the initial scram reactivity rate and total
control rod worths. We estisate that this will {ncrease the
uncertainty in ACPR/ICPR from £ 0.01 to 2 0.02. The General Electric
values for the Lattice Physics Model and BWR Cere Simulatsr uncer~
tainties in the void reactivity coefficient calculation are
acceptable as given in response to our Question 12.

Since the uncertiinties in the neutron effective void fraction are
assessed in the thermal hydraulic saction, we did not consider it as
part of void reactivity uncertainty. Hence, the uncertainty in
ACPR/ICPR valus {s reducad from & 0.020 to 2 0.018.

We conclude, based on our review, that the procadures and
calculations parformed to provida the neutronic parameters for {nput
to the ODYN code are acceptable.

Fuel Meat Transfer Model

Heat transfer to the coolant and tezperatures within the fuel are
Galculatad assuning g single cylindrical fuel elesent for each axfal
location. The fuel heat transfer sodel used in the ODYN code calculates
fuel texperatures as & function of time in the transient as input to the
Doppler reactivity calculation. Tha cladding wall temperatures are also
calculated as input to the transient cladding=to-coolant heat transfer
sodel. The ODYN code allows for axial variation of the neufrnn 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.
Tha resulting temperature calculstions are then solved for a series of

discrete axial elevations in the cors.

11-24
xl



‘i’he fuel and cladding conductivity and heat capacity are assumed to be
temperature dependent. A gzp thickness {s specifiad batwsan 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 analysas. The external hagt transfer coefficient and
coolant tssperature are cbtained from the thermal-hydraulic portign of the
code. Tha heat generation rate in ths fuel pellet is obtained from the
axial power distribution which is determined by the neutronics segrent of
COYN. Tha radial heat distribution in the fual rod is assumed to be
indspandent of-axial-position_ang independent of time.

Gensral Electric darived ths fusl heat transfar codel from the general

haat flow equation. The equation is expressad with axisymmetry ang zsro

axial conduction assumed. The resulting, one~dizmensicnal, transient heat
conduction equation is solved dy the Crank-Nicholson finite-diffarencs
techniqus. The sclution is approximats, bt-.rt ths procedure is widely
practicad and is wall documented in the open Hiar:tun. General Electric
has limited i¢s dascription of the fuel hest transfer model to the
fornulation of this final equation.

The resulting heat conduction equation is applied toc a single rod with a
radially averaged hui generation rate. This rod {is used to represent all
of the fuel rods {n the reactor core. Because axial conduction is assumed
to be negligible, the equation can ba soived independantly for each
discrets sxial position in the core. The fTinite~differenca technigue also
requires a radfal nodalization of the fuel rod. The ncdes say be of
arpitrary size. General Electric has assumed that the fuel pellet s
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- divided ints seven radial nodes and the cladding intc two nodes. The
coefficients for both the steady-state and transient forss of the
resulting finite-diffarence egquations are given in Tables 7-1 and 7-2 of
the model description. '

A number of limiting assumptions have been considered in our review of the
fuel hsat transfer model.

1. The ODYN core transient mods] is designed to handle short=term events
- _which occur on a time scale of seconds. This makes it possible to
fgnore the effects of long-term fusl behavior phenomena, such s
creep and swelling. Pre-transient conditions, such as the average
fuel-to-cladding gap siza, are calculated with more ‘dmﬂcd fual
performance codes, such as GEGAP-III (Reference 20) and subsaguently

usad as input to ODYN.

2. The ODYN core transient model is designed ta handle average, rather
than extrene, fuel condit*lons.» The fusl rod {nput parameters
represent an average of all fuel rods at a given axial location.
Bounding input paramsters are, in gensral, more difficult to
establish and thus are more critical in the overall analysis.
However, the ODYN code, as & whole=core analysis, raquires only the
average conditiens. In this respect, wa note that the 0DYN transient
acdel does not have & hot channel capability, where extreme fuel
conditions would be reguired as input.
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Both of thase limiting assumptions were considered in our review of the
gap conductance values usad by the COYN code. We have reviewed
(Reference 21) the selection of the axial and time variation of gap
conductance to detarmine whether the salectad values are appropriate for
different trmsicn'ts; Genaral Electric statad that the core average gap
conductance values are calculated by GEGAP-111 (Reference 20) which is
approved by NRC. The calculated conductance is input for all axial nodes

and s kept constant during the transient.

A sensitivity study was alsc performed for the most limiting
pmsuﬁzition event in which the ACFR decreasss when axial varying gap
conductance is used. It was shown that most of the high power axial nodes
have higher than cors average gap conductanca. During the transient,
higher gap conductance will lead to faster heat transfer from tha fuel to
ths moderator/coolant which gensratas sore stsam veids. This results in
Jower stored heat in the higher power nodes. In acdition, the faster
conversion of fusl stored energy to steam voids in the core helps to
mitigats the transient dus to negative void reactivity feecback.
Thersfore, the transient with axial- varying gap conductance is less severe
than that with constant gap conductancs.

During limiting pressurization transients, it is expected that the fusl
gap conductance will ba higher than its fnitial staady-state value due to
the increase in the thermal expansion of the fusl pellet. As discussed
above, higher gap conductance leads to a less severe transient. General
Electric has not taken credit for this faét, but has stated that the use

of constant conductance throughout the transient compensates for uncer—
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. tainties in thsrmal conductivity and specific heat of the fuel and
cladding. We have examined these properties and find that they are
appropriste over the temperature range specified by GE (300-1500 °K for
fuel thersal conductivity). Therefore, it is concluded that the use of a
constant, mri aversge gap conductance in the proposed CDYN 'l'lcansinﬁ
calculations is appropriata.

We have alsc questioned the use of a spscific core average gap conductance
value of 1000 Btu/hr=7t2-°F for the analysis of the Peach 8cttom Unit-2
turtiine trip event. Genaral Electric has shown (Q-11, Volume II) the
calculated peak nsutron flux as a function of time for gap conductance’
valuss of S00, 1000, and 1500 Btu/h=rt®~°F. Small differeances in neutron
flux are coserved for the 500 and 1000 Btu/hr=ft2<*f valuss. This is
becauss the entire flux pulse is only s few tanths of a second wide and &
fast fuel tice constant is needed to produce & modsrate dansity feedback
through the rod heat flux. The peak neutron flux is minimua for the

1500 Btu/hr=7t3-°F valus, showing that large valuss of gap conductance
will mitigats the 51culaud flux response. This conclusion is in
agreement with that found for axial and time varying conductancs values.
It also shows that a core average gap conductancs value of 1000 Btu/
hr-rt2-°F is not, in itsalf, an adequately qualified conductance value for
core transient analyses. We conclude that conductance values should be

basad on an spproved fuel perforsance code.

We have aisc reviewed tha usa of a radially avcngid heat gensration rate
rather than a radialiy=dependent heat generation rata. We questicnad the
conservatism of this assumption beCause T depressions, and therefere &
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"-nduny-depondent heat generation rate is expected in BWR fuels. General
Electric has acknowledged that the radial power distribution within the
fuel rod 1s not uniform. This §s becausa the plutenium builde-up and
salf-gshielding of tha fuel results {n a radial power shape pesaked sharply
a3t the outside of the fuel pallet. Heat transfer from the fnsice of the
pelist to the cladding oczurs by diffusion through the fusl material.
When the power is peaked at the cutside of the pellet, the aversge
distancs from the area of paximum heat generaticn to the ecge of the
_ pallet 1s less. This results in a shorter time constant than in the
-uniform power procduction cass. A reduction in the thermal time constant
results in fastar fesgback of heat flux to the moderator/coclant and
reducss the consequencas of tha pressurization transient fn ths same
" manner that higher gap nonductance coes. Hence, & unifoni power cdis=-
tribution assumption fnside thes fual pellet {s consarvative from the
sodarator/coclant standpoint.

Although the usa of a uniform radial pin power distribution and small gap
conductancs values lead t0 consservative soderator/coclant conditions,
these assumptions alsc lead to higher fuel tezperatures. The higher fuel
temperatures, in turn, lead to increased Doppler broadening in the fuel
pin which {s non-consarvative for transient analysis. The ODYN coce
assumes that all fuel at the same axial location in the core has the same
taoperature profile. Anzlysas have shown that this approach may tend to
undarestinats the Doppler resctivity effects because the fusl pins which
have the greatast resonance capture ratss are naar the bundle periphery
and opsrata at higher average temperatuyre than that calculatad by the
coda. This assumption s valid only for fuel assemtblies with uniform
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enrichment. Honv_cr, the Doppler reactivity éontribution to BWR transient
analysis appears to be of lesser importance than the scras and moderstor
void reactivity contributions., The use ¢f a uniform radial pin power
c¢istribution s therefore appropriate in the analysis of events where
Doppler rut:tiﬁty effects are small. .

We have also gquestioned the application of the Crank-Nicholson method o
the fusl heat transfer equation. This method suffers complicaticns when
heat generation varies with position and time, \_vhtn therpal. properties
vary and when non-linsar boundary coanditions are uscd. General Electric
has stated that the method of solution suffers complications eonly when the
time staps are too large relative to the fuel thermal time constant or
when tha fusl properties change sore rapidly than the time step of the
| solution. It was further stated that the BWR fusl thermal time constant °
is in the range ¢f 5~8 ssconds compared to 0.01 sscond time staps taken by
the ODYN code. Such extansive tise stapping fs required for the hydraulic
analysis and will accommadate a1l non-linsarity problems of thl fuel
hohgvior. It was also noted that the gap conductance is conservatively
neld constant in the transient calculation. We therefore conclude that
the method of solution s appropriats for safety amalyses.

In sunmary, we find that ths ODYN fuel hest transfer modsl is sppropriste
for whole=cora analysis of short-tarp events. We nots that the code is
used for whole~core analysis and s not proposed for hot channel calcu-
lations. We have a1so examined the 1ist of events selected (Volume III,
tadble 2-1) for analysis with ODYN and find that these events ars of short
duration or are limitsd in expected fuel umc.ntun fncreass. We
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conclude, therefors, that the ODYN fuel heat transfer model s appropriate

for the safety analysis of these events.

Summary of Code Uncertainties

Margin_{n ACPR Calculations )
In susmary, the staff agress with some of the code uncertainties

- calculated by Gansral ElectriC. However, some of the cods uncertainties

are low and the staff recomzends higher values. A coaparison of the

code uncartainties and the corresponding bounding values as recommendsd

—~—by-Gensral Electric and-the staff is presentsd.in Table I.

Gensral Electric claims an expectad consarvative bias of 0.02 (Tadle 3-3,
Volume III) in ths calculation of ths valus of AcPR/ICPR‘ dus to the
modeling of the gap conductancs. However, the sansitivity studies
performed using different values of gap conductance (G-11, Yoliume II)

as well as the comparison of the Peach Bottom tast data with the ODYN
predictions do not indicate that such a conservatisn in ACPR calculations
exists. Consaquently, 'we ¢o not believe that the predictions have a

conservative biass.

Our review shows that the ODYN cods is & best astimate Code and there
{s no {nharent conservatisa in predictions of ACPR/ICPR when best
estimats input values are usad. Consequently, we do rot give credit
for this claimed conservatism of 0.02.

General Electric estizated the total code uncertainty (Table 3-3,
Volune III) using the method of 1{nearization. This pethod can
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TABLE-]

COMPARISON OF CODE UNCERTAINTIES AND CORRESPONDING
BOUNDING VALUES AS ESTIMATED BY
GENERAL ELECTRIC AND THE STAFF

e ' STAFF
Bounding ~ Boungaing
VYalues of 2ACPR Values of 2ACPR
Parameters JCPR Parameters CPR
I. Reactor Core Model - -
(1) MNuclear Model
(a) Void Coefficient a 2 ix 0.020 a, ¢ po+1 0.018
(b) ODoppler Coefficient a, t 6% 0.002 ER 0.002
(c) Scram Reactivity a 2 & 0.010 e 2 11 0.020
(d) Prompt Meutron Heating . ) 0.006 0.006
(2)__Tharmal Mydraulic Moget =
(2) Drift Flux Paraoetars Co + XX C° = 1,00
Vv . 22X 0.008 Vﬁ- s 30X 0.011
(b) Subcooled Vaid Model n= 1,25 0.0098 ne gg 0.023
(3) Fual Heat Transfer Model
(a) Pellet Heat Distribution {Consarvative) - -
{(b) Pellet Heat Transfer
Parsmetsrs {Conservative) - -
1I. Recirculation Systam Model .
(1) Systea Inertia (L/A) = 2005 0.002 /A « 2002 0.002
(2) Jet Puzp losses K- 2% 0.010 K= 20% £.010 .
(3) Cors Pressure Drop A+ 1.5 psi 0.00% aAp + 1.5 pst  0.005
{4) Separator (L/R) -302 £.002 =200% .018
(5) Separztor AP (Consarvative) - -
I11. Steam Line Model :
(1) Pressure Loss Coefficients K= 202 £.010 K= 20 0.010
(2) Specific Heat Ratio Y+ .10 0.010 Y- .l0 0.010

Total: 0.031 0.044
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estimats the output distribution only approximately. The method also
assumes the independencs of the parameters. The appropristeness of '
the linear method shouicd be verified by response surfacs and Monte
Carlo analysss. However, &s will be shown sutisequently, the results
of the statistical analyses performed in Yolume III are not acceptable.
New statistical analyses, {f performed by Genersl Electric, should be
based on code uncartainties basad on comparison of code predictions
with the tast data. Consaquently, we use the valus of total code
uncartainty calculsted from model sansitivity studies and method of
Tinsarizaticn in datsrmining the @argin of ACPR/ICPR in Opt*lon.k (to
be presantad in Staff Position) where statistical analysis is not
required. The total code uncertzinty in Table 3=3 of Volume 11l as
per General Electric is & 0.031. Based on our m‘lwh {increasa
this value to 2 0.044.

Margin _in Pressure Calculations

Genaral Electric has not parformed analysas tc cdatarmine the uncertainties
in the calculation of pressure. -l'hm:t. 1t will be necassary for '
General Electric to parform thesa calculations using staff recommended
values of the parametsrs l1isted in Table I for the Main Staazm lsolation
Valve closure event. We believe that thers is sufficient consarvatism

in the ASME vesse] cverpressure 1imit to perzit General Electric to

uss approximats linear methods to datermine the uncartainty in the

output. This uncartainty (2c0) should be added to the ODYN calculated
prassure. 1f Ganeral Electric duonsmm that this uncartainty is

very saall (ea.g., by & fl&or of 10 or more) relative to the uncertainty |
in determining ASME vessel ovarpressure limit, no addition of uncertzinty

to the calculations of prassure 1s nasded.
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QUALIFICATION OF THE GOYN CODE

1

uzlification of Neutronics Model = Comparison of OOYN with BWR
re Simulator

One of the ways in which the ODYN code may be qualified {s by comparison
of ODYN results with thoss obtained by using other codes and analytical
gethods. These comparisons should include both steady=-state and dynamic
caleulations. A calculation of a EWR turbins trip without bypass licensing
basis transient is compared in a later section to a calcslation performed
by our consultants at Brookhaven National Laboratory (BAL). This section
will discuss some steady-state comparisons sade by General ﬂcctﬂc of
ODYN and the EWR Core Simulator. |

The BWR Core Sfaulator Code (NEDO-20953, "Three-Dimensional BWR Core
Simulator,® J. A. Woolley, May 1576 and NEDO~20945, "BWR Simulator Methods
Verification,® G. R. Parkos, May 19“15) has been reviewed and approved by
the NRC. This code, as used by General Electric, predicts seasured power
distribution peak to average ratics as follows:

(a) Axial power distribution ~ 5% for uncontrolled assemblies
- 10% for controlled assemblies

(b) Radial power distribution <« SX underestimate relative to the

process computer

{c) Noda) power distribution « 4% for gamma scan data
= 7 to 8% for process computer datsz
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The EWR Core Silwluqr calculation of the ériticality of first cycle and’
relocad BWRs results in a saall bias which is tzken into account for
reactivity dlumimﬁm of colid, xsnon-free and hot cperating condi-
tions. Tha standard daviaticn of these criticality calculations is about
0.002 in unfts of reactivity.

The quantities to be compared are the core averaged axial power shape, the
scram reactivity, and the void reactivity coafficient. These neutronic
parametsrs wers salected for comparison because of their importance in the
turbine trip without -bypass licansing basis transient.  In addition, 1t is
the space time evaluation of these guantities that.distinguishes the COWN
calculation from & point kinetics cvaiuxtion of pressurization type

transients.

The comparison of tha core averaged axial power distribution, as computed
by the EWR Core Simulator and CDYN, {s given by the response by GE to our
Quastion 36. This responss states t.bat the collapsing schame ez=ployed in
the ganeration of nuclear parameters tnsl.xm that the staady=state core
avaraged axial powsr distribution and criticality computed by GDYN are
fdentical to the BWR Core Simulator results. Tha response alsc indicates
that, for a number of plants and operating states, The ODYN core averaged
axial power ¢istribution agreed to within 0.5 percant of the results
odtained with the three=disensional BWR Cors Simulator.

The scraa reactivity was coapared for thres EwR-4 reactor opersting
states. Tha initial scram rate (ISR), defined as the scram reactivity
insartion rate during the first second from the tipe scram is initisted,
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is tha guantity chosan for comparison rather than the total scram worth.
The ISR has been shown to be a critical quantity for short duration power
burst transients of the load rejection type.

One operating ‘state was for the beginning of cycle 2 but with all control
rods out. CDYN results for the nsutron flux and scram reactivity as a l
function of comtrol rod insertion (or time) cozpared well with results
obtained with the BWR Core Simulator. The ISR for ODYN was about 0.93 of
the value obtzined with tha BWR Core §1nuutcr. The sacond comparison was
for the same BWR-4 but with some control rods insertad to achieve 1
critical conditfon. The ISR for ODYN was about 0.85 of the value obtained
with the BWR Core Simulator. The third comparison was for ancthar BWR-4
at 50 percant of full rated power anc 100 percant of fﬁn rated core flow.
This reactor had a considerzble control rod inventory and, therefore,
providas a severe tast for the ODYN code. The ISR for ODYN was about 0.94
of the value cbtained with the BWR Core Sisulator. For all thres '
coxparisons the OOYN result for ISR was smaller than that cbtained with

the BWR Core Simulator and was therefore conservative.

The void reactivity coefficient derived froa' ODYR calculations was
conpared to the void reactivity coefficient derived from ths BWR Core
Simulator. This coefficient is citained by knowing ths core averaged void
fraction and reactivity at two different reactor operating states. The
different reactor operating statss were obtained by changing either the
reactor pressure or flow. For the variety of cases examined, GE states
that the ODYN and BWR Core Sizmulator void reactivity coeffficients agree
to within SX.
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2.

Our review of the comparison of stsady-state BwRs calculated using the
one~dimensional COYN codes with comparable u'l_cu‘lttions using the three-
dioensional BWR Core Simulator code has been parformed (1) by reviewing GE
results for the screm reactivity and void reactivity coefficients and

(2) by reviewing the GE response to our request for additional information
on stsady-stats compariscns between ths two codes.

We concluds, based on our review, thit staady-stata O0DYN code calculation
of core averaged axial power distridutions, scram reactivity, and void
reactivity coefficients are either in~good sgreement with or conserva~
tivaly calculated with respect to comparable m'ady-m results cdbtained
with the BWR Core Simulator code.

Qualification of the Thermal Hvdraulic Model

Several comparisons of the ODYN thersal hydraulic model to standard GE
design models were performed. The standarc GE design model was submittac
in Referencs 1 and was approved by HRC in Referencs 4. Both steacy state
and transient conditions were mlyz:ﬁ. ‘

The staady stats analysis first compared the thermal hydraulic character
istics (void fraction vs. axial location) of two typical EWR fusl channels
(high and low power channel). The results of this comparison show good
agresment between the podels. This was expectad since both models are
vary siaflar. The saxisum void fraction variation between thess sodels
was approximately 5X for the high power channel and about 17X for the

low powar channel. Thesa variations are for the axial locations where
the void reactivity change is expsctsd to be most significant for
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the transient calculations, i.e., >4 ft axial height. The stasady state
analysis also compared the change in void fracticn vs. axial locatien fer
2 10 psi pressure change. The maximum void fracticn variaticn between the
" models for this comparison was approximately 0.5% for the high power
channel and about SX for the low power channel. These variations are
within the range of uncertainty for these type of thermal hydraulic
calculations. See alsc discussions in Section II.A.3.a and b,

For the transient analysis comparison, the ODYN channel thermal hydraulic
, ,jom_rgsulg was cozpared to an analytical solution for exponential flow
decay. The comparison reéquired that ODYN be modified to include &
constant axial heat flux distribution, md' stean and drift flux proper~
ties. This was done becausc the tests were run with s uniform axial heat
flux and calculational convenience required the choice of constant steam
angd drift fMux propértics. The tasts were performed using a single heated
tube containing Freon~114 at relatively low pressures and temperatures;
about 125 psia and 150°F respectively. There is ¢ 10X uncertzinty in the
measurements of the void fraction. The calculaticnal uncertainty seems o be
on the order of £ SX. Thase tasts ver{fied that the znalytical modeling
technique including the drift flux model f{s acceptadle and can be used to
_prtd‘lcz tha vapor fraction. Judging the comparisons between the predice
tions and the test data and the special nature of these tests, the staff
estimates that an uncertainty of £ 30X in transient void fraction in low
qualities and = 5X in high qualities for a rod bundle geometry during
reactor transients {s ressonable and consistent with the findings in the
analytical mcdel review in the previcus ssction.
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a.

‘Qualifiecation Using Intecral Tests 7
In tha past several years General Electric has undertaken a test program

10 -verify the m'lyt‘lql pethods for reactor pressurization transients.
The tests of major interest for the current discussion consist of four
turbine trip expirineuts. Three of these tests were perfémd at Peach
Bottom Unit 2 (PB-2) 4n April 1S77 and the resaining test was performed at
a foreign reactor (KXM) in June 1S77. These tests provide the experi=
pental data base for verification.of the 0DYN code. The test results will
be sumzarized in this section. A detailed description of the PE-2 test is

“presented §n Referenca 22,

Genera] Electric stated that ODYN has been developed from first principles

. and {independenmt of these results. The staff notes that in the ODYN code

‘the only artificial fix is the neutron effective void correistion. The
comparisons with integral plant tests provide an {ndependent check of the
ODYN ccde. The evaluation concentrates on the differences between test
results and corresponding ODYN predicticns. The parameters which are
considered in these comparisons are stsamline pressure, reactor vessel
doms pressure, core exit pressure, and transient neutron flux distri-
bution. These parameters are of primary importance in simulation of the
pressurization transient. An accurate, ODYN simulation of these paran-
eters would provide some verification of the assumptions for the transient

podels.

4. Peach Bottom Tests
The fnputs used for this comparison were best estimate or peasyred

values for the current {April 1977) Peach Bottom Unit 2 EOCZ condi-
tions. The three Peach Bottom Unit 2 (PB;Z) tests were conducted at
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power levels of 47.4, 61.6, and €3.1 parcent of full rated power.

The tests wers intended to be conducted at 100 perccnt-cf th; rated
flow. However, the second test was conductecd at 82.1 percant of
rated flow cdue tc xenon. These three tasts had different control rod
distributions and fractions. For these thres tests thes first scram
signal on the position of thp turbine stop valve was disabled so that
the scram would occur on high nevtron flux. Disabling of the primary
scran signal was necessary to obtain‘a significant power increase as
a function of time for tasts. Control rod insertion was assuzed to
vary linearly with time and was basad on measured data. A constant
value of 1000 BTU/hr=rt2-°F was used for the fusl rod gap conduc—
tance. Sensitivity studies performed by Gensral Electric showed that
the neutron flux as a function of time was insensitive to large
changes in the gap conductance for thess tasts (Ses Q=11, Volume II).

The GE BWR Core Simulator was used to generata threc-ﬁinensfonal
power distributions and to ¢ollapse the nuclear parametars according
to the CDOYN procsdures. The initial core averaged axial power
distribution calculatad with ODYN can then be compared with power
distributions cbtained with the P8~2 process computsr. Comparison
shows that ODYK agress quits well with the procass computer core
average axial power distributions for all thres tests. This means
that the GE neutronic procsdures for gensrating .nuclear parametars
are intsrnally consistant and provides the proper initial congitions
for the start of the transfent calculations.
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A compariscn of the total core power as a function of time providas
an intagral tast of the important reactivity fesdback due to scram
and moderator dsnsity changes. This comparison would also be
indicative of the adegquacy of the core pressure and inlet flow
calculations. The comparison shows that ODYN predicts the initial
and fall=off part of the turbine trip transients correctly but
overpredicts the peak total core power response for all thres tasts.
It should bs noted that the calculatsd consequencas of the turtine
trip tasts are sensitive to scram delay time and the power fraction
for prompt modarator heating. It should alsc be notad that small
changes in reactor cperating stata conditions such as, for example,
core pressure, cause relatively large changes in the f‘lux transfent

becauss of ths large nat reactivity of the transients.

The reactivity comsponants displayed for these CDYN calculations show
that when scram cccurs ths power burst is quickly quenched. This is
dus to the control rod distribution and fraction for each test. The
Doppler reactivity component plays only a secondary rele. The
reactivity cozponents again demonstrata the necassity for their

accurats assessment in any calculations of thase type of transiemts.

A further indication of the adeguacy of the OUYN calculation can be
ascartained by coxparing the core power as a function of time &t ths
Local Power Rangs Monftor (LPRM) detector positions. The ainiature
f4ssion detectors that comprisa this LPRM system are distributad both
radially and axially within the resactor core. Analysis of the

PB~2 data shows that the radia) variation of the neutron power with
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time is similar for each detector on an axial level. This means that
a one~dipensional axial calculation such &s ODYN should be an

adeguate represantation for these tests. The neutron power as a

function of time does vary, however, with &xial position as shown by
the experimental data for.the A, B, C, and 0 level LPRMs which are
locatad at 1-1/2, 4-1/2, 7-1/2, and 10-1/2 feet from the bottom of
the core. Coéparison of the COYN results for the neutron power 2as &
function of time for these four detector levels with test data shows
similar trends as observed for th§ total core power. The QDYN
results and test dita agreement for each LPRM level s similar to
that for the total core power for sach of the tests. This indicates
that the ODYN calculation correctly models the axial neutron flux
variztions as a function of time for these P8~Z turbine trip tests.

Figures 1 through 3 (reproduced from NEDO-24154) present cosparisons
of axial neutron flux variations as measured (calculated by the
process computer) and calculated by the 0DYN code before the
initiation of the tasts. Figures 4 through 6 present comparisons of
prozpt neutron power as measured and calculated by the ODYN code
during the tests.

The ODYN calculated steamline pressure compares well with the

PE-2 data for predictad wave travel time and frequency of pressure
oscillations. However, the calculatad pressure curves are more
spread out and the amplitudes are smaller than the measured steamline
pressure. General Electric has attributed this difference to the
coarseness of the spatial mesh.in the steanline modeling. As
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evidance of this hypothesis, General Electric showed that the stsam=
Jine pressure calculation for the KXM test, which had a finer spatial
gesn. was quite sccurste. General Electric has alsoc pointed ocut that
the steamlina pressure réspcnse shape is not as important to the
transient behavicr as is the integratsd value ¢f the steamline

pressure response.

We do not agres entirely with General Electric. In answer toc Q=18 in
Volume I, General Electric performsd a sensitivity study showing the
effect of nodalization (different mesh siZes) and comparing the
results with the analytical model which uses method of characler~-
fstics. The difference in amplitudes in this comparison is on the
ordar of 10X while the difference in amplitudes in Peach Bottom tests
and ODYN predictions 1s SCX. In addition, expected differences have
opposits trends. The accuracy claimed by General Electric in tm' KKM
tast can be dus t2 tha acdjustrment of tha vaive cpening time. This
adjustment was sade by Gensral Electric tc cbtain z better agreement
with the measured prassure data. It appears that ths steamline model
does not predict the amplitudes of oscillations accurately. This {s
a1so substantiatad Dy the staff audit calculations. However, we
agree with .Gcnora'l Electric that the integrated staamline pressure
response is more feportant in detsrmining the transient benavior than
the amplitude of individual cscillations oczurring at these
frequencies. The Peach Bottom tests indicate that the dome pressures
do not oscillate and this is the pressure to which the reactor {s
subjected. Comparison of the dome pnsnins indicats that the

dome pressure calculations performed by the ODYN code are consarvative
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relative to data; f.e., the ocverall rata of pressurs riss as
well as the magnitude of tha calculated pressure were higher
than the cata indicats.

The {nitial dome pressure riss for the PB-2 tasts was predicted
accurataly by ODYN. The calculation overpredicts ths pressure rise
near the psak of tha first pressure oscillation, thus conservatively
pogeling void collapse for reactivity feschack. ODYN appears to
overpredict the paak vessal prassure rise which demonstratas a
consarvative basis for ovarpressure protection analyses. Geners!
Electric statas (Referuncs 23) that the overpredicticn is dus to
the assuzption made in the energy eguation for the dome region. The
overprediction of cdome pressure is considered a us‘lt"ab'lc conser-
vatism. Within the pericd of time that the neutron flux pulse
oczurs, the doas pressure overpredictiion is approximataly 16 %o 28X
nighsr than :no cata.

Reviewing ths stesnline and dome pressure transients and based on the
sengitivity studies perforped by General Electiric, we regquire that
the stsanline bes modeled by at least 8 nodes with maximum size of

100 £t for a noda.

The core exit pressure is one of the most important parametsrs for
tha prediction of the pressurization transient neutron flux response.
As was the Case 1n dome pressure comparisons, ths initial rise in
core exit pressure was followad well by the modsl for all three

tests. From the compariscns of QDYN to the PEB~2 tast results,
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General Electric has concluded that the steamline dome and vessel
thermal hydnu11é sodels simulate the overz]l core pressure rise
rather wall 1n_ all three experiments. This lends confidence tos the
Code predictions tarouqh tha full range of power levals. Measure-
mants incicate scme oscillations in core exit pressure. These
oscillations have béen attributed to instrument 1ine effects by
General Electric. This is corroborztad by the lack of associated

cscillations in nsutron flux measuresents.

- The-nautron -flux predictions by the 0DYN code -were consarvative

relative to data. We estimats that ths peak neutron flux is higher
by 54 to 86X than the cata and the intagral of the nuclear power
(which 1s a measure of the amcunt of energy mcnt&dj i{s aiso higher
by approximataly 16 to 42X than ths data. Henca, the neutron fluxss
were predictad vconscrut.‘lnly in all three tasts.

As & final stap, Ganeral Electric has presantecd a calculation of
ACPR/ICPR for tast and model. We reviewed the calculaticnal
procadure and consider it appropriats. The results show that the
4CPR/ICPR for ODYN predictsd transient conditions fs within 0.01 of
the values which would ba predictad from teast condftions; i.e., the
ACPR/ICPR valuss calculated using the measured flow from jet pump 4P
peasuremants, ths measursd pressure and the measured power during the
tests. The ODYN transient conditions predictad twc out of three
ACPR/ICPR valuss conservatively. The differences are betwesn -5.1%
and 6.8% relative to values calculated using the cata (minus means

nonconservative). Ths differences in thess three tast resuylts in

11-581

Ixvii



terms of ACPR/ICPR give p = 1.14% which represents a very slight
conservatisa for the mean and ¢ = ¢ 6.39% for the st;ndard deviation.
Since the dats (three points) are very limited, the results do not have
a high degree of confidence. Table Il presents these values of

ACPR/ICPR.
TABLE 11
COMPARISON OF MAXIMUM ACPR/ICPR VALUES FOR
PEACH BOTTOM AND KKM TESTS
ACPR/ICPR ACPR/ICPR
Test Initial CPR (Data) (0DYN)
Peach Hottom
Turbine trip 1 2.538 0.170 ' 0.173
Turbine ¢trip ¢ 2.138 0.135 0.123
Turbine trip 3 2.048 0.132 0.141 -
KXM
“urbine trip 1.27% 0.077 0.084

Review of the test results indicate that all model conservatisms
claimed by General Electric such as conservatisam in calculatien of -
the steam dome pressures and neutron flux, conservatisa in collapsing
of 3-D core nevtronics and thermal hydrau!ics,}conservatism in the
gap conductance input parameters and any other conservatism clajmed
in the computer sodel are efther so small that it did not make any
difference in calculating 4CPR for these three tests or all of these
claimed conservatisms are offset by an unidantffigd nocnconservatisa
somewhere else, perhaps in calculation of flow. It is evident that

the calculations of ACPR are not conservative for all of the tests.
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They can only be regarded as best estimate or accirate predictions.
Hencs, based on ths Peach Bottom tasts we do not give any credit for
the consarvatisa 1n_f.he oodels used tn the COYN code. The code will
be regarded as best estimats for ACPR calculations and any discrepancy
betwesn the tast results and the code will be treatad as an
uncartainty or an error. Further tests would be needad to reduce

these uncsrtainties.

KXM Test Compardson

- A-bri{ef-sumsary of the tast-conditions-{s contained in Volume II.

KKM plant has an unusual configuraticn, in that, it has two turdines
and two sets of steamlifnes with a rehestsr line in each steamlina.

It presants sooe spacial model considerations for ODYN simulation. A
special version of ODYN was daveloped to sigulate this configurztion.

Also unigue to this tsst comparison as opposad to the P8-2 comparison
is the modeling of turbine stop va_]u and bypass valve actustions.
Measured turtfne stop valve and bypass valve positions betwesn
initial and end of actuation were not available for this transient.
The stop valve behavior can be reasonably estimatsd from the cpening
to closing time. However, the transient responss is quite sensitive
to the bypass valve beshavior. The bypass valve opening speed of the
COYN mocdel was adjustad until the calculatad transient turtine inlet
pressure agresd with peasurement. This adjustment was macde for only
the initial bypass valve opening spesd and, thersafter bypass valve
position was controlled based on the plant control parameters. The
rexai{nder of the test msodeling is similar %5 that of the PB-2 test
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comparisan. The fuel rod gap heat transfer coefficient was selected
to be 600 Btu/hr-ft3-°F,

The turbine trﬁp test conducted at KKM provided s reactor and
operating state that was quite different from P8-2. The test at KKM
corresponded to an end-of-cycle condition with all control reds fully
withdrawn and with the reactor at 77 percent of full ratsd power and
86.5 percent of full rated core flow. The reactor itself is
considerably smaller in size than PB-2 and has a somewhat different
systen including two turbo-generating units. The turbine trip test
at KXM resultad in a @ilder transient than the tests at PE~2. The
ODYN results compared ts the test data showed the same general
agreesent as was cbserved for PE=2 for th§ response of the core power
as a function of time. The calculated steamline pressure response
for the KKM turbine trip appears to be in good agreesent with
seasurexzent. The KKM comparisons appear to be in slightly better
agreevent with measurement than do the PB~2 comparisons. As
previcusly discussed, the characteristics of the bypass valve were
adjusted to give a good agreement with the measured steamline

pressure.

The measurements of dome pressure showed scme oscillations. Since
these oscillations did not manifest themselves in the neutron flux
peasurenents, they were attiridbuted to instrument 1ine disturbances
and were not considered to be actual pressure oscillations. There
ueré also oscillations fn core exit pressure measurements. Similar

oscillations were not observed:in the PB~2 tasts, These cscillations
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were 3lsc atiributed to the instrument line disturbances since no

oscillations were observed in nasutron flux.

The calculatad pressure responses pass through the data up to

1.8 saconds of the transient time. Afier 1.8 saconds the calculated
pressure are higher than those measured. The calculated core exit
pressure had a 40 millisecond delay behind the data. This was
attridbutad to the modeling of stsam ssparatar fnertia. We agree
with General Electric that the overall shape of the core exit
pressure response s duplicatsd Qel‘l by the ODYN cods. ' The agreement
betwesn the calculatsd and measured pressures in the dome and the
stsamliine is alsoc reasonably good. There is no conservatism in °

calculation of pressures up to 1.8 second of tnnsicr;t tipe.

The measurement of neautron flux indicztas s double peak behavior.

This double peak was atiributad to an oscillation in core pressure
which was thought tc be enhancsd ly KKM bypass cCharacteristics. The
COYN code overpredictsd the fnitial neutron flux peak by approximataly
SXX and undsrpredicted the second peak. Wa estimated that the
intagral of the calculatsd nuclear power was higher by zpproximately
20% than the data. Figures 7 and 8 present the comparisons of
measured and calculatad axfal nsutron and prompt nesutron fluxes

respectively.

- The calculated value of ACPR/ICPR was about 9.IX conservative
relative ¢2 the valus calculated using measured quantities (see

Tadble II).
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4.

Although there §s conservatisa of 9.1% in ACPR/ICPR, the difference
in absoluts valuss is small; f.e., 0.007 in terms of ACPR/ICPR.

Since the value of ICPR was 1.273, the value of ACPR is approximately
€.01. According to Ganaral Electric the maximum practical accuracy
in ACPR 1s 0.01 (Volume III). In addition, KKM transient 1s 2
relatively aild transient. Henca, we do not give any m&it for
conservatisgs 1n ACPR/ICPR prediction.

Qualification Using Ancther Computer Code = Audit Calculatiens

Angther important seans of qualifying a code 1s to compare the results of
czlculations with the results obtained from anothar code. The two codas
should be as independent as possible including the nsutronic input
parameters. The BNL-TWIGL (Referencs 24) and RELAP-3B (Referwnca 25)
codes are fully capable of analyzing thess BWR turbine trip tssts and
satisfy the requirement of independence. The nuclear data base fer
deriving the input for the BNL-TWIGL/RELAP-3B codes alsc satisifies the
regquiresent of {ndepsndancs.

a. Develcoment of Caleulational Method

A calculational sethod for the analysis of the turbine trip transients
was developed at BNL using the RELAP3B and BNL-TWIGL computer codes.
This method was developed under two NRC Technical Assistance Programs
supplesenting sach other, and uses the Codes in an itarative manner.

~ The details of the pethod are presented in Raference 26. The RELAP2E
code is used to perform the systam transient analysis for the audit
calculations. The BNL-TWIGL code s used t0 calculate the nac'.ﬁity
feacdbacks ancd core power transient. The BNL-TWIGL code performs a
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space~time analysis of core neutronics and thermal hydraulics with

fesdback in two dipensions (referenca 21).

The BNL~-TWIGL codn has a nuzber of advantages over the ODYN code.

The calculation can be parformed with twe nautron cmi'gy groups in
two~dipensional (r,z) cylindrical gecmetry. It has the capability of
allowing for five radial scram zonsas. Any important radial effects
will, thsrefore, be calculated by BNL-‘I\!IGL. The ENL-TWIGL code alsa
has two disadvantages relative toc the ODYN cods. Theses disadvantages
are: (1) the lack of a bypass flow channel, and (2) the independence
of the Doppler reactivity with void fraction. Weighing these
advantages and disadvantages of BNL-TWIGL relative tc the ODYN code,
it 4s ocur judgment that they will not adversely lfflét the comparison
of the two codes for the turbine trip transient discussed harein.

The calculational pethod was developed using the Peach Bottom tasts
a5 a banch mark. Assuming the measured power history (power vs.
tice) in the core as input, RELAP3E calculates the system thermale~
hycraulic paraseters and provides the BNL-TWIGL code with the tipe
dapendent core inlet boundary conditions, i.e., pressure, flow and
temperature variatfons with time. Then, the BNL-TWIGL code pesrforms
the spacz-time analysis of the core reutronics and thermal-hydraulies.
The u‘lculn.gd power history is then compared with the measured power
which was input to the RELAPIE cods. If the differsnces are largs
the calculated power history is used in tha RELAPIB code and the
calculations are repested until the power history calculatec by the

BNL-TWIGL code is in good agreement with tha power history imput to
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the RELAP3B cods. This sethod was iu_.d for both the Pesch Botiom
tests and the licensing audit calculations (turbine trip without
bypass transient).

Peach Bottem Tests and Audit Calculations

The RELAP3B/BNL-TWIGL calculational method dascribed above was
ezpioysd by BNL to analyze the Peach Bottom transient tasts. The
calculatad power history agresd well with the peasured power history.

.Thare is also good agreement between the other calculatad and

__.__peasursd _parametars. _Ths core physics results that were_cbtained by

BNL are presantad in Rsference 26. Reference 25, also cdiscusses the
gecmetric modeling, the nsutron cross sections, and the initial~
fzation of the transfents. These calculations confirmed the adequacy
of the BNL-TWIGL/RELAP=3E modaling for computing BWR turdbine trip
transients. Figures 9 through 314 show sazples of thess agressents.
'R&iuﬁ BNL" curves in Figures 12 through 14 refer tc a more catafled
BNL mode} which will be explained subsaquently.

Calculations performed with the ODYN code also agreed very wall with
the exparisental results although the neutron flux predictions were
slightly consarvative. We believe that this can be attributad to the
s1ightly higher ODYN pressure predictions during the transient. The
power history calculatad by BNL provides bettar agreement with the
experipental cata on a best astimate basis than the OOYN code

predictions.
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At & mesting on July 14, 1S78 attended by GE and cur csnsultxnt# from
SNL, a turbine trip without bypass transient (TTWOB) was defined for
calculation by GE with the CDYN code and by BNL with the BNL-TWIGL/
RELAP-3B codes. This TTWOB transient was for P8-2 zt end-ofecycle 2
with tha reactor at an all rods out condition and with & Haling core
power distribution. The reactor trip was assumed to occur from the
prﬁniny trip signal fer this transient, 1{.e., the position cf the
turbine stop or control valva. AI! of the syste: {nput parametars

ware discussed and valuss ware assigned. Tha reactor was assumed to
bs cperating at a 104.5 percent of full ratsd power and gt 100 percent
of ratad core flow.

The initial calcuIaticns by GE and BNL dfffered consicderably. The
total core power as & function of time calculated by BNL was about 60
psrcent gr-ltar in ensrgy cutput although the initial rise and
falloff of the power was about the same. Tha BNL calculation
predictad a peak power of ovar 1 times tha initial core power at
about 0.9 seconds. The GE calculation resultad in a peak power of
about 4 times the initial core powar at about 1.0 seconc.

A GE evaluation of its calculation resultad in finding two
significant errors that led tc & new GE calculation. One of the
errors was the steamline length. It had originally been input as
460 feet whereas the value should have besn 400 feet. GE also found
that one of its procassing codes had improperly accounted for the
Doppler reactivity fescback variation with void fraction. This new

GE calculation resulted in a mors ssvere transient than the eariier
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calculatjon, The new GZ prediction of peak power was about £.3 times
the initial cors power at adbout 0.9 icconds. This GE calculaticn had
an earlier risa 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 f-nctivity components showed that the void, scram, Deppler,
and net reactivities as a function of time differed significantly
between the BNL and new GE calculation. As an example, the BNL
calculation resultsd in a prompt critical calculation with a maxioum
net reactivity of over one dollar. The GE calculation resultsd in a

paximum net reactivity somewhat less than 0.8 cdollars.

Since 1t was our expection that the BNL and GE calculations would be
in bettar agresment, a mesting with General Electric at BNL was held to
resclve differences bDstween the calculations. This peeting was held
from September 27 through September 29, 1S78 with GE, BNL, and KRG in
attendance, Reference 27. The main differences notsc between the two

calculations are listed below.

I REMARK
Relief valvas |
(a) Set Points GE values too large
() Delay time BNL did not include
(¢) Bank capacities BNL dic not use GE values
(¢d) Time constant for full flow BNL did not include
Turbine inlet pressure GE value too large

Stesam gaparator podeling

(z) Separator L/A BNL value low
(b) Separator mass BNL water inventsry toc low
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- ITEM (Cont.) " REMARK (Cont.)

Coppler reactivity fescback BNL does not include variation
with void fraction

Bypass heating effacts BNL does not include

Fuel gap conductancs BNL used variable valus ( 400-500)

whereas GE- used a constant velue

of 1000 :
In ageition, scme of the ENL nsutronic data were also 'caapand to
corresponding GE data. The deginning-cfecycle infinite aultipli=-
cation factor (K ) was compared for l numper of fu'c'l types both with
and without a control blade and as s function of void fraction. Only
saall diffcnn:ag were notad between the various sats of data. The
inftial axial K; distribution was also compared and again only n;u'n
differencas wers notad. It was also notscd that the BNL control worth
was sbout 15 percant larger than that of GE. Thess neutron Cross
section and K data as a function of fusl exposure and void fraction
wares latar provided to the staff by GE for the tws cominant fuel

typss in the PB-2 core (Rafersncas 28 and 29).

Void reactivity coefficients extracted from the BNL and GE TTWOB
calculations indicats that the BNL valus at tha start of the
transient is larger in magnitude by about 14 percant than the GE
value. This larger BNL void coefficient is consistent with the
lattice physics cata that s used. However, the neutron effective
void correlation used by General Electric compansatss for a large

part of tf:i: differencs (Referance 34).

A reanalysis of the turdine trip without bypass transient was
performed by BNL. Both analyses were presentsad in Reference 33,
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Some uns'lt'lvity. studies were aiso performed. Some cf the differences
notsd fn the mesting dic not change the BNL results substantially.
However the difference in the saparator inventories and the regquired
rencdalization arcund the saparators to accommodate proper inven-
tories inside and cutside of the separators and inclusion of a
saparats Tlow path betwsen the steam dome and cutside of the
saparators (bulkwatsr), reducsd the neutron power and ths total

energy output #n the Ticensing basis transient (TIWOB). The total
ensrgy outpul, the intagral of the nsutron power, predictecd by BNL
during the transient was less than that {n ths second calculation
parformed by General Electric. Howaver, tha General Electric
calculation stil] indicated an ezrifer risa znd an esarlier falleo?f
of the total core power than the BNL cz2lculation. Figure 15 presants
thess two BNL calculations as well as the General Electric calculation.

The primary n;son for the changs in the energy outputs as well as
c*luqnmni in the shape of ths nsutron power transient was the new
inlet core flow calculation by the BNL. The core inlet flow in the
sscond BNL calculation was fn closer agresment with the second GE
czlculation in that 1t exhibited similar cscillatory behavier. -
Howaver, there were sti11 some differencas in amplitucdes. It should
be notad that the diffsrancas in flow variation during the transient
between the two BNL calculations were within 15X of each other.
Judging from the BNL studies, Referencs 33, we conclude that the
modeling of separators is significant in precicting the core inlet
flow. We also nota that the BNL modeliing of the separators is still

defictent in that the inertia term, L/A, does not dapend on the
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quality at the entrance of the npa.r,ators. The ODYN coda contains
the ‘modsiing of the L/A term which derived its basts from experimental
data obtained froz separators. Hence, we judge that the COYN model
should predict tha core inlet flow mors accurately than does the BNL
podsl, and that the nautron power transient should glso be more
acsurataly predicted by tha O0YN coda.

Reference 33 indicatss that previcus and revised BNL modals predict
almost similar core inlet flow variations at the beginning of the
Pesch Bottom turbine trip tasts. Honvor.. imn are large differencss
betwesn predictions after (.8 sac. Since the power peaks oczur
before 0.8 ssc in the Peach Bottom tasts, thess large differencas-in
inlet flow predictions do not alter the predictions of neutron powers
as 11lustratac in Figures 12 through 14. However, as shown in the
analysis of licansing basis transient, the separator insrtia term and
{ts modeling 1s important in predicting the transient behavior ‘(or
amplitude of oscillations) of the core inlat flow.

Raference 33 also indicatsd that ths hest flux predictions {n the
second BNL calculation were lower for ths portion of the transient
where highest ACPRs were expectsd to occur than thoss calculatsd by
General Electric. This was expected since the integral of nautron

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

the pregictions of heat flux would suggest, and we would expect that
the second BNL calculstions would procucs Jess ACPR than that calculatec

by General Electric.



BNL did nbt report heat fluxes in their first calculations. However,
the integral of the neutron flux wa-s alnost the same &s that
calculated by General Electric. Hence, we expect similar severity
for ACPR values {17 ACPR calculations wers mace using the first

calculations performed by ENL.

A thirg analysis.of the TTWOB transient was performed by BNL using G
calculatad values of the core exit pressure and core inlet flow. The
BNL-TWIGL calculation now predictad a transfent with simflar inftial

power rise and Tall=off characteristics as the GE CDYN ca'lcxniticn

~ although the peak power was higher in the BNL calculation. A

sensitivity calculation with a § percent change in the void reace
tivity feedback resultad in a BNL-TWIGL power transient that c;:wand '
very wall with the corresponding GE results. The change of 5% in
void reactivity or the coafficient is well within the calculated

uncertainty of 11X as presentad fn Section II.A.6.

These audit calculations established the fact that core inlet flow fis
a very sensitive parametsr. The core inlet flow mezsurements (i.e.,
the jet pusp 4P measurements) in the Pencn'aotina tests contained
some errors. In Section II.B.3.a, where qualification of the COYN
code using Peach Bottom tasts was evaluatad, nmy comparisons batween
various parameters (such as pressure and neutron flux) were made and
these parameters ware zlways found to be consarvative relative to
data. Mowever, daspits these conservative featyres, the calculated
values of ACPR cannot be considered as conservative. This was alsc

pointad ocut in Section 11.B.3.a. Basad on the informaticn submitled,
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1t s ocur judgment that there §s.some nonconservatism in core inlet

flow calculation in ths ODYN code overcoming all other conservatisms.

Ve eonci‘ude inat. although a preciss sudit of the GE ODYN code was
not cbtained by the BNL-TWIGL/RELAP-3B codes for this licensing basis
TIWOB transient, the anzlyses performed by BNL provided us with .
valuable insights concarning this transient. We conclude that the
primary reason for ths 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 Bottom test
results, we also conclude that differences in predictioens on the
order of 20X in prediction of peak neutron flux can be expected using
giffersnt computer codes which represent the state of the art.

Summary of Code Qualification

In summary, we find that tha QDYN is s best estimats code containing
models cdevelcped from first principles and provides good predictions of
existing experimental cata. Thn exparipental dsta were obtained from
saparste effecss and integral plant tests. The saparate effects tests
include core power seasurements froz various plants and heated tube tasts
10 varify ths void fraction model. Integral plant tests were performed at
Peach Bottom Unit 2 and KXXM. Compariscn of ths test data and calculations
indicatas that ths amm is within the uncartainties calculated in
Section A. We find that the ACPR predictions from the CDYN and SCAT codes
are neither conservative nor nonconsarvative. They predict the ava'l'lcb.le

data well.
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c.

The CDYN-SCAT prediction of the three Peach Bottem transient tests and cne
KKM transient test dﬁnonstrated a 2o uncertainty of approximately 37X of
ACPR/ICPR at a S5X confidence leval. We have detersined this using x2
distribution. Ko credit was given for measurement errors. This results

in & 20 ACPR/ICPR  uncertainty 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 3 very 1inited data base, 1t is 1ikely that the 2¢ uncertainty
can be reducéd significantly by the 2cquisition of additional test data
for comparison to code predictiens. Hence, we recommend that additional
fntegral plant tests be performed to qualify the code with 2 higher.

confidence.
EVALUATION OF THE MARGIN

The ODYN statistical aqalysis was performed By General Electric at our request

‘in order to provide a quantitive basis for determining 1f the ODYN licensing

basis contzins an acceptable Tevel of conservatiss. Two quantities were
calculated in this analysis: the probabilfty of the expected ACPR exceeding
the Ticensing basis ACPR; and the prodability of exceeding the thermal-
hyaraulic design basis ({.e., probability of exceeding 0.IX of fuel 1n Boiling

Transiiion).

The ODYN Code 1s intended to be used to calculate the change in Critical Power
Ratio (CPR) during rapid pressurization transients such as the loss of lcad and
feecwater controlier faflure transients. This {nforwation is used in com
bination with the General Electric Thermal Analysis Basis (GETAB) CPR safety
14ait to establish the operating limit CPR. GETAB is a statistical analysis
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~which detarmines the valus of CPR 'wh'lch corresponds to 0.1% of the Tuel rocds in
801ling Transition. The GETAS analysis considers the effects of uncertainties
on input parameters such s power, coolant tsmperzture and flow as well as

uncartainties in tm GEXL correlation.

Uncertainties. fn the ODYN Code need to be considered since these will affect
the probability of excseding the thermal-hydraulic desfgn basis. One method of
accounting for tha effects of CDYN code uncartainties s to include uncer-
tainties directly ints the GETAB statistical analysis. A second method is to

_assure that the ODYN licansing calculation gives a sufficiently conservative

value of ACPR to assure that the thermalehydraglic design basis is not exceseded,
GE has chosan to use the second method in demonstrating the acceptability of
the CDYN licansing basis. '

We have detarmined that this approach is acceptable in principle. In adgitien,
we have detsrmined that an accaptable level of consarvatisa for the QOYN
1icansing basis corresponds to a EX probability of excaeding the thermale~
hydraulic design basis.

Genaral Electric has provided statistical analyses of the 103'8 of locad (Turdine
Trip) and feedwater controller failure transients. Thess analyses use Monte
Carlc calculations to predict ACPR with a second ordsr responsa surface which
simulates ODYN calculations. The input paraneters in the response surface are:
initis] power; control rod drive (CRD) speed; exposure '_Ind.x {2 soeasure of
axial power shape effects): CDYN code uncartainty; and response surface fitsing

uncartainties.
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.Thé response'surface was generzted through & regression analysis ef ACPR
calculations performed using input from the COYN Code. The acsuracy of the
response surface was tested by Generzl Electric by comparing the results of
ODYN calculations to the results of response surface calculations. The
accuracy checks were done for 15 load rejection transients for a BWR/3 EOC-6
and for 15 load rejection transients for a BWR/4 EDC-4. These comparisons
showed good agreement between the two methods. In addftioﬁ. & regressional
fitting error was developed from these comparisons and this fitsing error was
added to the response surface. This error was found to have a range of one
standard deviation values of 0.0076 ACPR/ICPR to 0.0126 ACPR/ICPR depending en
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's estimate of
the ODYN code uncertainty (0.031 ACPR/ICPR) or our estisate of (0.044 ACPR/ICPR) -
sée Table 1. This indicates that the response surface is a faithful repro-
duction of the OOYN calculational results and that the response surface caé be
used to establish the effect of ODYN code uncartainties on the probability of
exceeding the thermalehydraulic design basis.

The distribution functions of each of the input variables (initial power, CRD
speed, exposure index, and code uncertainty) were reviewed. The uncertainties
of the ODYN code are discussed extensively in the code review section of this
report and will not be repeated here. The uncertainty on initial power level
used by Gt was + Zi. We requasted addit{onal information tc substantiate this
value and were given extensive information on the various elements {n 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
detersining energy nhtput from a nuclear plant, “"ASME Performance Test Codes,
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.Tc'st. Code for Nuclear Stsam Supply Systams (PTC 32.1-1969)." In acdition, the

uncertainty values for each element were reviewed and found to be reasonable.
We have concluded that the Z% uncertainty (at one standard deviation) is an

acceptable value fOr powsr peasurement uncertainty.

In support of the assumed distribution of CRD speeds, General E'lcr:tric has
providsd the results of tasts from 13 operating EwRs. The total cata base
incluces 3,985 individual CRD scrams. The information was presanted {n

considerable detail, including the mean valuss and standard davistions of the

times to 5X, 20%, SCX and 90X insertion for various plant types and for full
core and partial core scraum tasts. An extsnsive and convincing statistical
analysis of the cata was alsc pressnted. Each datz sat was tsstad to determine
17 1t could be tasted as part of a larger data set; and only those data set
Qh'lch were found tc be statistically aliks, at a high confidenca level, vi:e
trested together. Statistical tasts were performed by General Electric ts
determine the significanca of: variations among BWR designs; variations
between fyll core tasts .and partial core tasts; varigtions among opesrating
plants; var*luticns'uong scram tasts; and varfations among Individual drives
within scraa tests. We conclude that these CRD scram tests are indicative of
past cperating expsriencs and that thg-nm values and standard devigtions of

-CRD speed can bc chossan for the statistical lna!yﬂs of the OOYN cods. However,

we cannot conclude that these CRD scram tests will be indicative of future
rescior scram spesd parformance. In addition, 1t is also nescessary to
demonstrate that the scram characteristics of an individual reactor to be
Ticsnsed can be representad by the distribution used in the gnalysis. The
scranm characteristics of an individual reactor should belong to the same
population. General Eleciric should provide an assurance or appropriste
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socifications te Technical Specifications to demonstrate that ths scram
characteristics 1ndond belong to the same population or can be represanted by
the sane distribution. General Electric should also assess the impact of the

use of bast estimata distributions on providing this assurance.

The transient response to rapid. overpressure events {s dependent on the core
average axial power distribution and axfal exposure distribution sincs these
strongly {nflusnce both the veid and control rod reactivity feedback. General
Electric has defined Exposure Indax as a measure of the axial exposurs distri-
bution. Exposure Index indicatas the extant to wnich an aciual ;xial exposure
distribution differs from the fdeal, design axial exposure distribution (Haling
distribution). ODYN licensing caiculations use the Haling distributien as
1npu;. General Electric proposed to show the conservatism associateg with this
assumption by establishing that the axial exposure distributions actually
encountared during cperation are more favorable than the Haling distribution.
This conservatisa was quantified as part of the overall CDYN statistical
analysis by including Exposure Indax as one of the input variables in the

response surface.

To establish a basis for the expectsd distribution of Exposure Indices, General
Electric presanted data from 1l operating reactors at end of cycle conditiens
and 15 data points for § cperating reactors at mid-cycle conditions. In
rtspon;o to & regquest for additional data on cbsarved Exposure Index, Genersl
Electric provided 8 additional data points. Because c¢f thes limited number of
data points and the largi scatssr in the data we were led to gquestion the
assumption that the°'data was normally distributed. The indivicual data points
ocbtained from General Electric were subjected to the Wetest for normalfty by
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t@e NRC, Applied Siatistics Branch. This test indicated that there was not a
sufficient reason ts reject the assumption that the data were normally
distributed. Based on this information, the inclusion of Expo;ure Index in the
statistical analysis as a normally distributed variable 1s acceptable. As in
the case with the use of measured CRD speeds, the implications of using best
estipate values of Exposure Index based on past cperzting experience and the
associated need for assurance and modifications to Technical Specifications to
demonstrate continued acceptable perforuanca-were not addressed. Since we
cannot determine appropriate modifications necessary for demonstration ¢f the
conservatisa due to fnab{11ty to operate at Haling power shape for each reactor
to be licensed, we find that the uss of the variation of power shape from that
cf a Haling shape in the statistical analysis is not appropriate.

Generzl Ejectric has performed the statistical analysis using several different
sets of assumptions relative to the respchse surface input parameters. The
prodabi1ity of exceeding the OOYN licensing basis ACPR was calculated for each
case. This corresponds to the probability of exceeding the GETAB CPR safety
linit. 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 basad on the GZTAB CPR
safnty 1imit, 1t 1s appropriate to use the probability of exceeding this value
as the basis for accepting the proposed licensing method. As stated previocusly,
we have determined that a SX probability of exceeding the GETAB CPR limit is
acceptable. Unless the safety limit for EWRs is redefined by General Electric
and reevaluated by the staff, the use of the probability of exceeding 0.1% of
fuel in boiling transition 1s not an appropriate basis for judging the
scceptability of the ODYN licensing basis.
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In conclusion, we recommend that (General Electric reperform the statistical
analysis to demonstrate the appropristsness of the margin to the GETAE limit.
This statistical analysis should [not take credit for conssrvatism in the Haling
powar distribution. It nly.takn credit for distribution in scram spesds if

General Electric demonstratss t the distribution used 1n the analysis is
applicable to thn; plant specific [casa. The analysis should also be parformed
using the code uncartainties as revised by the staff (= 0.068 ACPR/ICPR) which
was basad on the plant test data.| General Electric may wish to convelute
additional variables in the statistical analysis {f assurance for conservatism

-—for each-specific application 1s provided. — —
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II1. STAFF POSITIDN

We statad our position on the ODYN code and its application fn Reference 35. The

following {5 a statzent of that ﬁosition.

1.

ACPR Calculations’

fhe analysis for ACPR must bs pesrformed in accordance with efther approach A or

. approach B.

A. ACPR Calculations with Margin Penalty

This approach s comprised of the thres stap calculatioen which follows:

1.  Perform ACPR calculations using the ODYN and the improved SCAT
(Reference 36) codes for the transients in Table IIl and using the
input paraseters in the manner proposed in pages 3-1 through 3~4 of
NEDE-28154-P. The sansitive input paramaters are listed in Table IV.

2. Deterumine ICPR (operating 1nitial critical power ratic) by adding
ACPR calculated in stap 1 above to the GETAB safety limft. Calculate
ACPR/ICPR.

3. Dateruine the new value of ICPR by acding 0.044 to the value of
ACPR/ICPR calculated in step 2 above. Apply this margin to Chapter 1S
analysis of the FSARs submitted for OLs, and CPs and to reloads.
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The margin of 0.044 s cbtained from consideration of uncertainties
in coaponents listed in Taple I.

A sample calculation is presented below:

Sten 1
Assume that ACPR calculations using the ODYN licensing basis have been
performed and the result s
ACPRC = 14
where ths subscript ¢ refers to calculations.

Sten 2
Calculate ICPR based on the calculations.

ICPR, = 1.06 + .14 = 1.20
where the GETA8 limit 1s 1.06.

ACPR, .14
o, " T < W
c

17
(7]

new

ACPRﬂ"
1R, .161

ow

ACPRM = m:— ABPR: ® &5 .14 = 192
R

<

ICPR . * 1.06 + .19 = 1.25

n
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B..

Statistical Acoroach for Reduction of Margin Penalty

General Electric assassad the prcb#bi?ity of the ACPR during a limiting
transient excaeding the ACPR calculated for the proposad licensing basis
transient (NEDE-ESIS&-P response to question 4). The General Electric study
dqmonstratcﬂ that this probability, based on operating data over severzl
fual cycles from & group of plants, is very low. The key paramsters in

the study are scram spesd, power level, power distributien, and an estimate
of CDYN uncertainties. The proposad approach utilizes the conservatism
inherent in the statistical deviation of the actual operating conditions
from the limiting conditions assumed for ths first thres partneters.in

licansing basis calculations to compensats for potantial non-conservatisms

_ from the ODYN uncsrtainties.

The staff has concluded that the use of encd~of-cycle power distributions
from sulti=cycles for sevaral reactors to gbtain credit for margin
conservatisas relative to Haling power distribution is not appropriate.
There is no assurance that the end-of-Cycle power distribution conservatisms
cbtained frea operating reactor history are represantative cf the end-of-
cycle conditions.which will exist for the specific core. We have also
cancludcd that scram spesd data used {n the GE statistical assessment must
be proved applicable to specific license and reload .applications. In
order to takas credit for consarvatism in the scram spesd performance for
reloads, 1t sust be demonstrated that there is insufficient reason to
reject the plant-specific scrzm speed as being within the distribution
assuzed in the statistical analysis. For CP and OL, the scram speed
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distridbution for the specific plant must be demonstrated coqsisunt with
those usad in the statistical approach. Similar cesign and prototypic
performance characteristics coupled with appropriate technical specifications
on sgranm speed perfomncz could provide acszeptable evidence of the

applicability of the data base.

Statistical convolution of the power measurement yncertiinties to take

credit for full power cperation at a pmrv'leve'l value Delow that usad in

licansing calculations is acceptable to the staff. However, plant specific
..... ___procedures. o _opesrate within the licensing limit must be taken {nto account

in these calculations.

The code uncartainty penaity (0.044 in ACPR/ICPR) applied to the licensing
calculations described in (A) does not account fer unknown contributors.
Past experience has shown that additional sargin in safety calculatiens is
oftsn needed ta. compensate for unknown non-conservatisms in licensing
calculations due to code errors or other factors. The ODYN prediction of
three Peach Botioa transient u:ts and one KXM transient test demonstrated
a4 20 uncertainty of approximately 37% of ACPR/ICPR at a 95X confidence
level. This was cetermined using x* distribution. No credit was given
for measurement errors. This results in a 2o ACPR/ICPR uncertainty of
0.068 for a transient which degrades the CPR from an initial value of 1.30
to the limit of 1.06. Since these tasts represent a very limitad data
base, it is likaly that the 2¢ uncertainty can be reduced significantly by
the acquisition of additional test data for comparison to code predice
tions. Therefore, the pagnitude of the code uncertainty used in the
statistical convolution may be reduced to a value consistent with the 2o
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7-vtlue of ACPR/ICPR uncertainty at a 95% confidence level when such z
reduction can be jJustified by additional transient test data.

In summary, the staff has concluded that the statistical approach to
compensate for potentizl non~conversatisms from the ODYN uncertainties is
acceptadble with the following limitations.

1. Power distribution conservatisas should be excluded.

2. Scran speed conservatisas sust be dexonstrated to be applicable to
plant specific cases.

3. Calculations should be perfermed using a code unctrfainty value which
is 37% of the ACPR/ICPR for a limiting transient to account for code
uncertzinties, including unknown contributors (e.g., code errors),
based on the approved transient tast cata base. This results in 2
value of £ 0.068 fn ACPR/ICPR uncertainty for a transient extending
over a CPR range of 1.30 to 1.06.

4, . The transient test data base must bas expanded and submitted for staff
review %o justify any reduction in the value of ODYN Code uncertainty
(2o value of ACPR/ICPR at a 95X confidence level).

€. A new statistical analysis conforming with these limitations must be

provided.
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An gcceptable licensing basis using the Option B statistical approach is a

95/85 ACPR/ICPR foé the limiting event. This can be estadblished in one of

two ways: |

a. Option B cin bclapplicd on a plant-specific basis - {.e., statistical
analyses performed on & particular plant to determine its 95/95
ACRR/ICPR. The statistical analysis procesdures %o be used are those
cefined in the CDYN Licensing Topical Report (LTR), Volume 3, except
for the modifications required by the NRC in Referenca 35.

_b. Option B can be appifed on a generic basfs. This fnvolves the establish-
ment of generic ACPR/ICPR adjustment factsrs for groupings of similar=type
plants (tha grouwpings used in the ODYN LTR are considered to be an
accaptable patrix) which can then be applied to the plantespecific
ACPR/ICPR calculations from the ODYN LTR daterministic approach to

derive the estimated 95/95 values. Each plant group and transient

typs carrection factor is basad on an analysis of & typical plant in
tmat group (e.g., BWR 2/3, 4/5, and 6), in which the cifferences

between the $5/95 ACPR/ICPR cilculated per the ODYN LTR deterministic
approach {s detarmined for a specific transioni (e.g., load rejection
without bypass). The diffsrence, which may be positive or nsgative,

is designated the plant group adjustment factor for that transient.

The generic ACPR/ICPR adjustment factors established for the varicus
plant groupings must be submittad to the NRC for review.
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I1. PRESSURE CALCULATIONS .

Calculations should be performed for the Main Steam Isolation Value closure
‘event with position switeh scram failure using the values listed in Table I* as
per staff evgluation’ta arrive gt the overall code uncertainty in pressure
calculation. Add this uncertainty to the ODYN calculated pressure for this
event in OL, CP and relcad applications. If General Electric can demonstrats

" that this uncertainty is very small (e.g., by a factor of 10 or more) relative
to the bias in determining ASME Vessel 0v¢rpressur§ 1imit, nc addition of

uncertainty to the calculations of pressure is needed.

: - - |
We nots that there is an error in Enclosure 2 of Reference 35. The bounding values
of the drift flux parametsars should have been fn conformance with Table I as per
staff evaluation.
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TABLE III
TRANSIENTS TO BE ANALYZED USING THE ODYN CODE

For Thermal Limit Evaluation

Therpally Liziting
or Near Limiting

Event (Tvpieally)
1. Feetwater Controller Failure - X

Maximum Demand
2. Pressure Regulator Failure = Clesad
3. Generator Load Rejection : X
4. Turtine Trip X

€. Main Stsamline Isolation Valve
Closurss

6. Loss of Condenser Vacuum

7. Loss of Auxiliary Power = X
A1l Grid Connections
For ASME Vessel Overtressure Protection Pressure Limiting
1.  MSIV Closure with Pesition Switch
Scram Faflure (f.e., MSIV Flux Scram) X
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TABLE 1V
INPUT PARAMETERS SENSITIVE FOR THE ANALYSES

1. CRO scram speed - at tancnicil specificazion limit.

2. Scranm setpoints - at technical specificatien limits.

3. Protection-system Jogic dalays = at equipment specification limits.
4, Relief valve cﬁpac‘!ties - ginisum specified.

E. Relief valve satpoints and responsa = all valves at specified upper limits of
- setpoints and siowest specified response.

§. Pressure c¢rop from vessel to relfef valves - paxioum vilue.

7. StsanTine and vassal gecmetry = plant-unique values.

8. Initial power and stsaa flow - paximum plant capability.

9. Initial pressure and core f‘l.ow - design vaiues at saximum plant capab{ility.
10. Core exposure/power distridution - consistent with Haling mode of cperation.

11. Feedwater conditions = maximum temperature (maximum core average void content).
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I11I. Cther Limitations .

1. Listing of important imput variables such as listed in Table IV and initial
plant paraseters including but not 1imitad to control systex characteristics
as depicted 1 Figures 4-13 through 4-15 of NEDQ-24154, Vol. 1, but with
nunerical values provided should be provided with each submittal. The -
1n1t1ai control system characteristics, including the modal used in the
selection of initial settings, shall be defined and substantiated in terms
of the design basis for each control systéﬁ ¢f the plant. We.understand

- that neutronic parameters which were originally cbtained from the ‘GE 3-0
Core Simulator and collapsed to provide input to the ODYN code, are best
estipate. If there is a significant change in this calculaticnal method
altaring the input parameters, General Electric should submit the new
procedure to NRC for its evaluation. The code uncertainty value of
< 0.058 ACPR/ICPR based on the Peach Bottom and KKM test data includes
uncartainéies 1ﬁ this calculational»nethnd since this method was used in
comparison of test data with code predictions. Hence, any significant
change in this procedure will chahge the code uncertainty.

2. K einioum of eight nodes should be used to represent the steam line.
However, the maxipum Jength of any node gshould not be more than 100 fi.

3. The code cannot predict accurately core inlet flow oscillations with
frequencies above § Hz. Although we do not expect any inlet flow escilla-
tion above frequency of 5 Hz for the transfents listed in Table III,
General Electric should verify that the harsonic components above § Hz are
indeed very small {f very rapid varigtions of flow in these transients zre

predicted.
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4. .' The transients 1isted in Table III are short term licansing transients.
If the code is intended to be used for long term transients or different
types of overpressurization transients such as ATWS, appropriate
modifications should be made.
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The Safety Evaluation Report on the ODYN code (Ref.ergncn 2) 1s primarily an
evaluation of the calculational model with 19ttle discussion of imp‘lémentat'lon
requirements. Reference 3 provides the information required to bridge the gap
between evaluation and impiemnution. Specifically, there are eight ftems

covered in Reference_3; these are:

1. QODYN Option B statistical adjustment factors,

2. Control rod drive scram insertion time conformance procedure for plants
14cansad under O0DYN Option B,

3. Uncertainty in ODYN pressure calculations,

4. ODYN model temperature limits,

| 8. Uncertainty in subcooled Soﬂing model ,

6. Description of electronic hydraulic control model,

7. Listing of ODYN input varfables,

8. Comparison of minimum critical power ratio operating 1imits
estabiigshed by REDY and ODYN.

Each of these {tems {s discussed below,

Jtem 1. Statistical Adjustment Factors

Page 1116 of Reference 2 allows two statistical approaches; one is a plant-
specific statistical analysis and the other is a generic anmalysis for plant
groups (e.g. BWR/Z, 3, 4, &, 6) and transfents. The second approach involves
the establishment of generic ACPR/It?ﬁ adjustment factors for groupings cf
similar-type plants which can be applied to plantespecific ACPR/ICPR
calculation from the ODYN 1icensing topical report (LTR) deterministic approach.
Reference 3 provides the statistical adjustment factors for the three transients
which are normally Vimfting transients (load rejection or turbine trip without



bypass, feedwater controller failure to maximum demand and pressure regulator
downscale faflure). These generic statistical adjustment factorsare shown

in Table 1; we find them to be acceptable.

Jtem 2. CRD Scram Insertion Time Conformance Procedure

Page 1I11-3 of Reference 2 states "In order to take credit for conservatism in
the scram speed performance for reloads, -1t must be demonsirated that there {s
insufficient reason to reject the plant-specific scram-speed as being within
the distribution assﬁm&d in the statistical analysis. For CP and OL, the scram
speed distributicn for the specific plant must be demonstrated consistent with

those used in the statistical approach.”

General Electric presents the folloving procedure as one whick satisfies the
Staff's cbjectives for scran conformsnce. 3It. should be poted that scme
otilities using OTTX Option 3 may desize ¢o estallish theis ovn confermasce
procedures.

The procedcTe consists of testing, at the 52 significance level, the scTas
susvelllance data at the 202 fnsertson position which &s generated seaveral
tizes sach cycle as required In the Rasctivity Control Systam Technical
Specification (205 Lnserticn 4s teprasentative of that porzion of the scracs
sost affecting ths pressurization transient). The unique rod motedk positien
closest o 202 (and the appropristely adjusted time of {nsertion) 15 expecze?
to be vtilized {n sctual plant application of this generic concept. For mase
pla=zs, the survelllance requirements are as follows:

(1) all control rods are measursd &t begioning of cycle (30C), and

(2) X2 of eontrol rods are measurad evary J20 days during cycle
X 1s plant=dependant and vanges from 10 to 50).

exvi



3.

At the completfon of esch survefllance test perforwed s cospliance with the
technical specificatios survelllance rtequiresents, the sverage value of all
surveillance dats at the 202 i{nsertion position geseratad 4o the ecycle to
éate L3 to be tested at the 5T significance level against the dfstriduticn
assuned iz the OTTK szalyses. The survelllsnce information which esch plant
usiog this procedure will bave to retain throughout the fuel cycle 4s the
saaber of sctive coutrol vods masured for esch survelllasce test (the firat
tast L2 at the ICC #nd L3 fezoted X;3 the Lth tast L3 devoted X,) and the
sverage scTaz tine to the 202 Snsertion position for the sctive rods measured
2o test 1 (1,). The equation used to caleulate the overall average of all the
scTas dads generated to date {2 the cycle {s:

a
2.):‘1‘ ' _ (2-1)
< - ie] '
&ve )
Y s
i=]

i

n @ pumber of surveillance tests performed to date Iz the cycle;

¥, = total number of active TOUs messured to dats In the cycle; &2

4
diel
n

i"z‘ e suz of the scran times to the 202 (nsertion positicn of all
tTTY active rods seasured to date In the cycle to comply with the

Technical Specificstion surveilllsnce resquirenents.
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The sverage scTan time, xm. 43 tested agsisst ‘the asalysis mess wsing the

folloviag egquation:

Teve = T3 -2

whers

et 3.65 T-l— e -3

She parasetars v and 0 are. the mesn sad standard deviation of the distriducicn
for sverage ecTaz Insertion time to the 202 positicn usad in the COYN Opticn 2

salysis,

1L.zhe cycls aversge scTan time satisfies the Equation 2«2 criterfen, continues
plant cperaticn under the CDYE Option 3 operating lizit minimum= eritical poves
tatio (OLMCPR) for pressurization events £s permitted. If pot, the OLMCPR for
pressurizaticn events sust be Te-established, based on & llnesr incarpolatien
betwesn the Opticn 3 and Option A OLMCPRs. The equatios £o escablish the pew
operating lizit for pressurizatisn events is given balow:

'm -‘!

CLMTPR,, . = m"%ttsa ¥ -F;mm 2=%)

whecse

Teve and Ty are defined &0 :quitan: 2~1 gnd 2-3, taspeciivaely;

T, the present technical specificaticn limig on core avesage
scTaz time to the 20X inserticn positicn; and

SCLMCPR = the diffszencs betwesz the OLMCIR calculated using Option A

end that using Opticn 3 for prassuriation evants.
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Bots 't.!n: Zqustios 2-3, vhich establisbes the maxizum allovable scram LnseT=
tion time for operatien wdaz Opticn B, may slsc be exprassed {n the folloving

|2aneT?e

t, ®*y+AS (2=5)

wvbese

! (2-6)

The ralationship Detvesn the eoefficient, 4, 82d the sxcust of suzveillance
dsta geserated duriag the cycle s {13ustrated 4n Tigure 2=l. As woTe dazf
beccme svailable through the performance of La~cycle survelllsnce~tests, the
coefflcient decceases, as does the scceptance criterienm, T3 Thus, the scras
speed critesior 1s being tightened as the cycle progresses, based on the
assuTption that, as mcTe scTac daza become avsilable during the cycle, the
wcertaisry o the meaz value calculsties should decrease.

We find the scram {nsertion time conformance procedure to be acceptabdie,

Item 3. Uncerszinty in ODYN Pressure Calculations

Page I11-7 of Reference 2 states that {f GE can demonstrate that the uncersainty
fn calculated pressure is small (e.g. by a facior of 10 or more) relative to the
bias in determining ASME vessel overpressure 1imit, no addition of uncersainty
to the calculation's of pressure is needed. A sensitivity study varying CDYN
input parameters cver the range of Table 1 of Reference 2 shows thé RMS
uncertainty in the peak vessel pressure to be 11 psi. GE estimates the bias

in the ASME code to account for the material uncertainty to be approximately
310 psi. Therefore, there is no need to account for pressure uyncertainty in

exix



..the ODYN ‘ealeulations.

Item 4. ODYN Model Temperature Limit

An early draft of the QDYN SER 'l‘lmifgd the code calculation to fuel temperatures
less than 15009K (approximately 2240°F). This was because Figure 8-2 of
Reference 1 Timited the thermal conductivity of U0, ts 1500°K. The actual

equation used in ODYN,
38.24 “o13 3
K= JUT.T+T + 6.07123 x 10 (T+ 273)

where T = fu;-.'l temperature (°C) and
K = thermal conductivity (watts/Cm®C)
is based on data which extended to the U0, melting temperature (3080°K).
Therefore, the fuel temperature 1imit for ODYN analyses is the UO'Z melting
temperature (3080°Kk or 5100°F).

Item 5, Uncertainty in Subcocled Botling Model

Page II-19 of Reference 2 states "¥We estimate the corresponding minimum and
maximum values of ‘n’ to pe 0.5 and 2.0 uspéctive‘ly. Ganeral Electric is
required to make sensitivity studies to veri{fy that these values correspsnd
to + 0.023 uncertainty tn SCPR/ICPR." G analyzed the turbine trip without
bypass trin:ient for n = 2.0, as requested for a 251 BWR/4. The peak core
average heat fiux (% rated) increased from 121.6% (for n = 1.0) to 124.0
-(for n = 2.0). This Teads to a &CPR/ICPR sensitivity of about 0.024, It is
concluded that the Staff's estimate of 40,023 for n values between 0.5 and 2.0

{s valid.
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Jtem 6 Description of Electronic Hydraulic Control Model

An early draft of Reference 2 stated "Wherein electronic hydraulic controls

are used in the design, the model used in selection of initial control setting
shall be submitted for staff review.® This statement was made because
Reference 1 provided information only for the mechanical hydraulic control.

G6E claims that tﬁere is no functional difference betwesn the two types of
control. However, they provided a description of the model in Reference 3.

We agree with the GE claim that there is no functicnal d{fference between the

two types of contrel.

Item 7. Listing of ODYN Inout Varizbles

———

Page III-IO of Reference 2 states "Listing of important input variables such as
Tisted in Table IV and fnitial plant parameters including but not limited to
control gystem chara:teris;ics as depicted in Figures 4-13 through 4-16 of A
NEDO-24154, vol. 1, but with numerical values provided should be provided with
each sutmittal. The fnitial control system characteristics, including the model
used 1n the selection of inftial settings, shall be defined and substantiated in
terms of the design basis for each control system of the plant.” Itam 7 cf
Reference 3 lists typical vaIuek of these initial parameters which may be
included by reference into individual plant submittals provided the values are
appropriate to the individual submfttals.

sem 6. Comparison of MCPR Operating Limits Established bv REDY and ODYN

The Staff requested GE to provide s comparison of CPR operating limits based
on REDY and ODYN prediction. The purpose of such & comparison was to
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Acvaluate the apprupristeness of continued plant operation under the current REDY-
based operating 1imits during the transition period in which ODYN {s imple-

mented for rapid pressurization events.

In additicn, the Staff indicated that the initial ODYN analysis for each BWR
operating plant must include all the pressuyrization events identified in

Table 2-1, Volume 3 of Reference 1, unless Justification could be provided that
fewer events (such as the 1imiting events presently analyzed for reload sub-

mitsals) would be sufficient.

Table 2 shows ODYN and REDY-based CPR operating limits for the limiting
pressurization events (load rejectfon without bypass and feeduit!r controller
faflure-maxizum demand) for plants in which both ODYN and REDY calculatiocns are
available. Two sets of ODYN nymbers are provided: ODYN deterministic calcu-
lations per the GE letter (Reference 1), labelled "0DYN-GE LTR" in Table 2;

and ODYN Option B statistical calculations, labelled "O0DYK Cption 8* in Table
2.  Also included in the table are the plant miafmm operating 1dmits,

based on all the abnormal events, when using REDY, ODYN GE LTR, and ODYN

Option B to calculate the rapid pressurization events.

Because the overall plant operating 1imits are, in all cases, either uneffected
or {aproved, BE concludes ‘that implementation of ODYN will not represent a
stgnificant change to the operating limits for BWR plants. For those plants which
use ODYN Option B, 1t 15 generally expected to either produce fio change

to the limit or else to fmprove it slightly. Ve agree with this conclusien.



!hc.ivcﬁza for which CDYR has bees qualifled and approved are listed in
3afarence 1, Yolume 3, &nd Ynclude the folloving: (1) feedvater controller
fatlurte-naxioiz denand; (2) prassure tegulator fallute~closed directicoz: (J) gen-
erator loald trjection with and witbout bypass operation; (&) saln stesnline
1solazion valve closure (tTip.scrx= and flux scraz); (S) loss of condenser
wacvuz; (6) turbine trip with and without bypass; snd (7) loss of suxiliary
pover « all grid comnections. CL proposes thst only the following three »
events be reported for reload sudmittsls or safety smalysis tepert revisions:
generator lcad tefection/turbise trip vithout bypass (vhichever &5 liziting),
faedwater controller failure-maximm denand, and sain steanline Lsclatiecn valve
closure=flux scTam (Lo satisfy ASXE code pressures Teguirsments). These ave the
sx>e pressurization events presently dncluded n relosd sudaictals, and reflect
the consistency {n the ODYX and RITT results. The events mot $ncluded Lo the
suinittal are Buch lass srvers, £or the raiscns €iscussed balow.

1) Turtine/Generator Trips With Bypass

These events are consilerably lass severs thst the transients In which the
byzess systex {5 assumed to f2ll. Typical turdine bLypass capacities Tasge
froz 25=400 of rated steanflov. This bypass capacity tesults o & conside
erably milder therral and overpressurizaticc evan:.

2) Pressure Requlator Failure - Closed Direction

The standazd even: evalusted 4n SAR anslysis $s one {n vhich the controlliling
pressuTe TegulaisT i3 assumed to {ail $n the closed direction. Under these
failore conditions, the Backup regulator takes over control of the turdine
sdnissicn valves, preventing any serious transient. Shg d¢sturbance s wild

and si=ilar to a pressute set point change with no significant reductions of
fuel thermal sargins occurring. 4s shown 1n the SARs, this event {s comsideTally
Jess severr than the generater and turbdine trips without bypass.
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3) Less of Condenser Vacuum

Varicus systes malfunctions can csuse 3 loss of condenser vacmz= due to scome
single eguipnent faflure. The reduction or loss of vacwurm In the malin turbine
condenser vill sequentially trip the main gnd feedvater turbines and bypass sys~
tez and, for sove plants, close the main gteazline fsolsticn valves. While
these are the major events occurring, other resultast actions vill Isclude
scran (from stop valve closure) and bypass opening with the maiz turdbise oTip.
Secause the protactive acticns are actusted at various levels of condenser
victum, the severity of the resulgiag transient ls_dtrtctly dependent upos the
zate at vhich the vacwu= pressure {s lost. Kormsl loss of wvacuux due to loss
of cooling vater puzps orf steaz jet air ejector problem produces s wery slov
raze of loss of vacvur (nisutes, not seconds). 3£ corTective actiocns by the
TeaCIOT OperatoTs are pot successful, then simultaneous trips of the mai= and
feedvater tyrdines, and ultimstely complete Ssolation by closing the bypass
valves (opened vith the main turbine tTip) and the MSIVs, will eccur. This
event 43 bounded by the turbine trip witdout bypass event,

4) Loss of Auxiliary Power o AT Grid Connectiens

Thie‘event {3 Inltisted by & generator Joad refection. Since the turbine
$3pass eystes L5 sssunmed to eperate during the fnitlal pertien of this even:,
42 s corzaratle o the losl vejection with bypass and &5 consddersily less
severe than the without bypass events.

§] MSIv Closure - Trip Scram

his event has 3 slover shutoff of stasa flov than the turbine trip withous
brrass event. Therefore, the transient 43 pot es eevers. <Shis has been cone
firoed ¥y OCTF calcslations.
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The staff agrees with the GE assessment of the relative :evérity of the transients
"1isted. Therefore, the following events should be reanalyzed with ODYN for plants
which have analyses of record using REDY:

1) generator load rejection/turbine trip without bypass
2) feedwater controller faflure maximum demand

3) main steam l1ine isclation valve closure-flux scram.

If for 2 particular plant another event should be more limiting than those Just
11:.ed. then the other event should also be rennalyzed with ODYN. for the new

plants with transient ana1yses supp1ied by EE. 311 of the evcnts 11sted in
Table 8 of Reference 1 should be ;na!yzad with ODYN.
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Tadle 1
SDOARTY OF CENZEIC STATISTICAL ADJUSDENT FALTORS (ALPR/ICFR)

Plant

Sroupicss : 1R/TTWOSPY Jer 4l
3R 2/3 « EOC ‘ +0. 006 «0.016 -
BWR &4/5 w/o RPT = ZOC «0,039 =0, 009 -
BWR 4/5 w/o RPT = MOC <011 =0.008 -
BLR &/5 w/RPT « EOC -0, 024 «0.016 -
SR &4/5 V/RFT = MOC -0.001 +0.026 -
BWR 6 - ZOC . «0.021 +0.003 0,017

*uith the excapticn of FWCF or PROF events, this sat of sdjustmezt factors
will be applied to all pressurizition events analyzed with the OITX code to
establish the CPR cperating limit, sizmce they typically Loveolve generator
er tuthbine trips.
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Table 2
COHPARISON OF RENY/ODYN RESINTS

"~ Operating CPR Linite

1R wfo BP fucr | Plant Minfewe

o onTn om oo on onTN
(re (Option ' (e (Option (4 (Optfon

PMant nent ur) n aEnyY far) n) REDY ttr) n)

s\m/3-203 roce 1.46 1,38 .37 1.4 1.36 .29 1.46 1.36 1.8

wR/A-189 rOCS 1.42 1.3 1.27 1.1 1.2% 1.2 1.42 1.13 1.7
nm/e-21013? poca 148 120 1.17 1.0 1,92 1.4 1.2 1.1
pmfe-230 rore 116 110  1.00 LA L1 12 1200 200 200

Notest (1) Limited by Rod Withdraval Prror
(2) ALinited by Lone of 100°F Peeduster fleating
(3) Plent with RPT
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GENERALEB ELECTRIC | wuciean rowen

SYSTEMS DIVISION

GENERAL ELECTRIC COMPANY. 175 CURTNER AVE.. SAN JOSE. CALIFCRANIA 95125
MC 682, (408) 925-5722 MFN-013-81

January 19, 1981

U.S. Nuclear Regulatory Commission

Division of Systems Integration

0ffice of Nuclear Reactor Regulation ..
Washington, DC 20555

Attention: Paul S. Check, Assistant Director of Plant Systems

Gentlemen:
SUBJECT: Eg;?TQDJUSTMENT METHODS FOR DETERMINATION OF OPERATING

‘References: 1) Telecon, H. €. Pfefferlen, R. E. Engé1 and R. T.
Hi11 (GE) with M. W. Hodges (NRC), January 5, 1981
2) R. P. Denise to G. G. Sherwcod, January 23, 1380

The purpose of this letter is to document the agreement reached in the
Reference 1 telecon concerning the application of the Initial Critical
Power Ratio (ICPR) adjustment factors in conjucticn with ODYN analysis
results. -

Option A

The ICPR adjustment method to be used with the non-statistical
approach (Option A) for rapid pressurization events is that given
in Step 3 of Reference 2. This method is to be considered a defini-
tion for use specifically with the NRC derived adjustment factor of
0.044,

The application of the adjustment factor in this case can be defined
as:

ICPRnew = 1.044 (ICPR)c |
where (ICPR)c = calculated value of ICPR

Optdon B

The method to be used with the statistical approach (Option B) has
been defined to be consistent with the adjustment factors derived
by General Electric. This method requires the additicn of the
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GENERAL §2 ELECTRIC
U.S. Nuclear Regulatory Commission
Page 2

adjustment factor (AF) to the ratio of the calculated values of
ACPR and ICPR (ACPR/ICPR)C:

QPP new = GEFR)c * #F

new
This equation can be simplified to:

SL

ICPR =
new 4 _ [(ACPR)C + AF)

Where SL = Safety Limit MCPR

It should be noted that in both the Opticn A and Option B cases, the
ICPR is defined as Safety Limit plus ACPR for the event being analyzed.

1f you have any additional questions or comments, please contact me or
H. C. Pfefferlen on (408) 925-3392 of my staff.

Very truly yours,

18 uchdo'e

R. H. Buchholz, Manager

BWR Systems Licensing

Safety and Licensing Operation
RHB:sem/1158-59 1F

cc: L. S. Gifford
M. W. Hodges
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NEDO-24154~-A

PREFACE

This document represents a compilaticn of the information provided
:6 the Nuclear Regulatory Commission by the General Electric Company
‘for the staff's review of GE's One-Dimensiomal Core Transient Model.
Volume I of this report contains the One-Dimensional Core Tramsient
Model descrip:io;, as well as the questions/responses as#ociated
with the stidff review of this description document.

Volume II of this repcrt contains the document for Qualification of
the One~Dimensional Core Transient Model for Boiling Water Reactors,
as well as the associated staff questions/responses.

Volume III of this report contains two parts: Part I provides the
General Electric proposal for application of the One-Dimensiocmal
Core Transient Model, as well as the staff questions/responses
related to the proposal; Part IXI provides two questions/responses
.rela:ed to the model description which involve information propri-
é:ary to the General Electric Company.

The questions referenced within this report were transmitted to

Gemeral Electric by letter from the NBC staff: unticled letter,
D, F. Ross to E. D. Fuller, dated June 2, 1978.
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AESTRACT

A transient model for the boiling water reactor (BWR) hae teen
cdeveicred whicn contains a one-dimensionai neutronic and thermal-
nudrzulie atmulation of tre regctor core, as well as g nodal
‘rerresentation of the presswre variatione in the main eteamline.
Comparigons are mades between various parts of the core model end
other nuclear and thermal hydrculic models. Model results are
also compared to data acquired from turbine trip esperimente carried
out at the Pecch Botiom and XKM Atomic Fower Stations.
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1. INTRODUCTION AND SUMMARY

The transient behavior of a boiling water reactor (BWR) power plant depends
not only on the mechanical response of the recirculation and control systems
but alsc on the power behavior of the reactor core. Previous computer
undelsl for the BWR aystem have used & pecint model to describe the thermal-
hydraulic and nautronié'iesponse of the reactor core. The dynamic steamline
response has been described by a lumped compressible steamline node. An
improved BWR transient model, which includes a more detailed description of
the reactor core and steamlipe, has been comstructed and is described irp
detail &n Reference 2, This report describes qualificatior studies support-
ing the one-dimensicnal core transient model. These stuydies include compariscns
with other computer models, as well as comparison with data from actual BWR

pressurization transients.

The {mproved transient model consists of an integrated one-dimensiocnal resctor
core model which 1is coupled to recircgla:ion and major system control models.
The recirculation and contrel system models are, for the most part, identical
tc the pocint reacter model described in Reference 1. The reactor core is
hydraulically coupled to the recirculation locp through the core exit pressure
and core inlet flow. The core exit quality and pressure drop &re computed by
the core model, which, in turn, interacts with the loop parameters.

The imptoved model also contains & more detailed description of the pressure
variations in the maip steamline. The model includes a nodalized description
of the mass and momentum balances in the steamline and is capable of
predicting the wave phenomenon present in the steamline during transients
such as turbinpe trips.

The resctor core model allows for spacial variation of the neutron flux, fuel
temperature, ccolant flow, coolant density and pressure in the axial direction.
The neutron kinetics behavier is described by one energy group diffusion theory
with six delayed neucron groups. The thermal-hvdraulic model contains separate
conservation and energy equatioms for the vapor-and liquid phases gs well as

g mixture momentum equation. Fuel rod heat conduction equations &re solved

for each axial elevation in the core.
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Two types of studies will be presented in this report; model-model compariéons )
aad nogel comparisons with experimental data.- The model-mcdel comparisons are
designed to show that the one-dimensiopal puclear and thermal-hydraulic models
of the reactor core are consistent with core models currently used in BWR V
design. Also, the collapsed one-dimensional nuclear medel is compared with
transient results cbtained from more detailed three-dimensional simulations.
The model compariscms with experimencal data comsist of calculations of four
instrumented turbinme trips conducted with a delayed direct scram by bypassing
of the direct trip scram, such that the scram occurred following a high flux
trip. The experiments were performed &t the Peach Bottom=2 and EEKM BWR power
plants. The model data comparisons are given for a large number of transient
variables, including system pressure, reactor flow, and neutron flux. The
model-data comparisous form the basis for the qualification of the ome-
dimensional transient medel.

The nuclear model-model comparisous ghow that the ocne-dimensional model sgrees
well with three-dimensicmal results for scram calculations with mo thermal
feedback. Also, good agreement with three-dimensional simulator results sre
obtained for static veid reactivity coefficients. The thermal-hydraulic mocdel
steady-state results agree well with results obtained witk the standard EWE
design models. The compariscn of transient thermal-hydraulic resulcs is
carried out on &8 simplified flow decay problem for which an amalytic scluticn
exists.

Turbine trip data were acquired at the Peach Bottom Atomic Power Stationm Unitc 2
(Peach Bottom-2) for three power levels: 48%, 62% and 69% of rated power.

The comparisons show good agreement between data and calculation for all three
turbine crips. The experimental data show a steamline wave phenomenon which
is duplicated by the model cslculaticn. The model also chows good agreement
in total neutron flux. The axial shift of the flux during the transient is
apparent in the data and is duplicited by the caleulation. Thermal zargin
calculaticns carvied out using both the experimental and calculatgé transient
heat generatioz rates showed that the calculated transient change 1n cricical
power ratio (ACPR) divided by the initial CPR (ICPR;} is withim 0.0l cf :he
change inferred from the experizmental data for all three experiments.
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An additional turbine trip experiment was carried cut at the KKM plant in
Muehleburg, Switzerland. This turbine trip was initiated from 77% of rated
power and approximated end-of-cycle conditioms. The KKM reacter is a two-
turbipe plant and contains a more complicated steamline configuration. There-
fore, mwodifications were made to the model described in Reference 2 to
adequately describe this complexity. The results of this comparison again
show good agreement between data and calculation. The calculated change in
critical power ratic agrees with the change inferred from the data to within
0.01 ACPR/ICPR.

The four turbine trip experiments represent the most significant part of the
one-dimensicnal transient model qualification data base. The ccmpariscus
shown in this documeat show that the one-dimensional model is successful in
calculating all four turbine trips, which were initiacted from different power
levels aod core conditioms.

1-3/1=4
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2. MODEL-MODEL COMPARISONS

The comparison of computer model results to experimental data obtained from
actual reactor plant transients is the most desirable qualification basis.
Bowever, comparisons with other mcdels are also useful in showing that &
specific assumptien yields accurate results or is consistent with cother
approved design methods.

2.1 NUCLEAR MODEL COMPARISONS

The solution techniques employed ir the one-dimensional nuclear model are
described in Section 5 of Reference 2. The one-dimensiqnal diffusion param—
eters sre derived by collapsing three-dimensional steady-state solutions
cbtained from the General Electric three-~dimensiomal BWR ainulatcr3. This
collapsing process is described in detail in Appeundix A of Reference 2. The
ability of the cne-dimensional core model to calculate scram reactivity and

void céefficients will be examined in this section.

2.1.1 Scram Reactivity

In order to test the validity of thc-one-dimensional collapsing procedures
described in Section 5 of BReference 2, a series of scram calculaticns has been
compared with the one-dimensional solutions with three-dimepsiomal solutions
obtained with the three-dimensional BWR simulator. These scram calculaticns
have no void feedback and represent a test of the collapsed one-dimensional
model in properly estimating scram reactivity worth. The basic nuclear data
used in the two calculations are identical and the one-dimensicnal parameters
have been cbtained from the steady-state three-dimensiomal scluticn. Three
cases are considered here. The first case examined is & BWR/4 core at the
beginning of Cycle 2 (Plant A). Tc simulate an end-of-cycle scram situatiom,
all cf the control rods were assumed to be withdrawn. Figures 2=l and 2-2
show a three-dimensional, one-dimensional comparison of total neutron flux and
scram -reactivity versus time. The agreement is quite good over the entire
scram range. The second example, shown in Figure 2=4, shows the same core in

a ecritical rod pattern shown in Figure 2-3. Iz this case, the flux and scram
reactivity sgreement is still good, although not quite as good as the all-rods-
sut case. This-second case is more difficul: to calculate because of the rapid
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radial flux changes caused by the motion of the inserted rods. The third
example shows a BWR/4 reactor at 50% power, 100% flow (Plant B). In this
case, there {s a considerable mumber of coentrel rods in tke core, as shown in
Figure 2-5. Also, the radial power distribution is complicated because of
the lower power level and the complicated rod pattern. Eere the ggreement is
still good, especially in the early part of the scram, which is the important
region in the analysis of turbine trip accidents, Finally, & comparison of
axial power shapes for the third example is shewvn in Figure 2-7 for & number
of times during the sc:am.q7* The change in average axial shape is foliawed
quize well by the one~dimensiopal model. In sunmary, the collapsing procedures
used in generating the one-dimensional neutron kinetics model vield results
which compare well with three-~dimensional scram calculations.

2.1.2 Void Coefficient

The cre-dimensional nuclear model mugt accurately predict the void reactivicy
respouse of the core in order tc follow the ameutren fiux response during BWR
transieats such as turbine trips. Table 2-1 contains & comparisca of void
coefficient values obtained with the cne-dimensional nucleer model and the
three-dimensional BWR Simulator. In each case, the void coefficient is cal~
culated as the following eigenvalue difference:

1 [ (ﬂl) - K (uz)

Void CoeZficient = 3 a; - o

where 3 and e, are core averaged veid fractiéns at two different reactor states.
The two reacter states were generated by varying the reactor pressure and flow,
which undergo the grestest chauge during a turbipe trip trausient. 1Im all cases,
the one~-dimensicnal and ﬁhree—dimensional coefficients agree to wichin ST, A
wide variet? of power levels and control rod configuraticons has been covered in
the cores amalyzed. Thus, the cne-dimensiocnal model {g expected to favorably
reproduce the three-dimensional transient veid reactivity response.

%07 = Replies to YRC questions on the text are documented in Appendix A, The
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