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The Safety Evaluation Report on the ODYN code (Reference 2) 1s primarily an
evaluation of the calculationa] ‘model with little discussion of 1mp1ementat1on
requirements. Reference 3 provides the infbrmation required to bridge.the gap-
petween evaluation and implementation. Specifica11y. there are eight items

covered in Reference 3; these are:

1. ODYN Option B statistical adjustment factors, |
2. Control rod drive scram insertion time confbrmance}procedure for plants
licensed under ODYN Option B,
. Uncertainty in ODYN pressure calculations,

. ODYN model temperature 1imits,

. Description of electronic hydraulic contro] model,

3
4
5. Uncertainty in subcooled boiling model,
6
7. Listing of ODYN input variables.

8

Comparison of minimum critical power ratio operating 1imits

established by REDY and ODYN.

Each of these items is discussed below.

Item 1. Statistical Adjustment Factors

Page 111-6 of Reference 2 allows two statistical approaches one 1s a plant-
specific statistical analysis and the other is a generic analysis for plant
groups (e.g. BWR/2, 3, &, 5, 6) and Erensients. The second approach involves:
the establishment of generic ACPR/ICPk adjustment factofs for greupings of
similar-type plants which can be applied to plant-specific ACPR/ICPR
calculation from the ODYN licensing tepical report (LTR) deterministic approach.
Reference 3 provides the statistical adjustmeht factdrs fdr.the}thfee trahsients

which are normally 1imiting transients (load rejection or turbine trip without



bypass, feedwater controller failure to maximum demand and pressure regulator

downscale failure). These generic statistical adjustment factorsare shown

in Table 1; we find them to be acceptable.

Item 2. CRD Scram Insertion Time Conformance Procedure

Page II1I-3 of Reference 2 states "In order to take credit for conservatism in
the scram speed performance for reloads, it must be demonstrated that there is
insufficient reason to reject the plant-specific scram speed as being within
the distribution assumed in the statistical analysis. For CP and OL, the scram

speed distribution for the specific plant must be demonstrated consistent with

those used in the statistical approach.”

General Electric presents the following procedure as one which satisfies the
Staff's objectives for scram conformance. It should be noted that some
utilities using ODYN Option B may desire to establish their own conformance
procedures.

The procedure consists of testing, at the 52 significance level, the scrar
surveillance data at the 2027 insertion position which s generated several
times each cycle as required in the Reactivity Control System Technical
Specification (20X insertion is representative of that portion of the scranm
most affecting the pressurization transient). The unique rod notch position

closest to 20X (and the appropriately adjusted time of insertion) 1is expected
to be utilized in actual plant application of this generic concept. For wmost
plants, the survefllance requirements are as follows:

(1) all control rods are measured at beginning of cyecle (BOC), and

(2) XX of control rods are messured every 120 days during cycle
(X 1s plant-dependent and rangss fron 10 to 30).



At the conpietion of cnch surveillance test performed in conpliance with the
technical specification surveillance requirements, the average value of all
surveillance data at the 20X &nsertion position generated {n the cycle to
date 4is to be tested at the SI significance level against the dfstribution
assuned {n the ODYX anslyses. The surveillance {nformation which esch plant
usipg this procedure vill bave to retain throughout the fuel cycle is the
-unber of active conttol rods measured for each eurveillance test (the first
test {s at the BOC end &s denoted 1; the 4th test &s dencted X ) and the

average scrax time to the 20% {nsertion position for the pctive rods measured
in test i (T‘). The equation used to calculate the overall uverage of all the
scraz data generated to date in the cycle is:
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where

n - nunber of lﬁrveillance tests performed to date in the cycle;

= total nucber of‘.ctive tods weasured to'date in fhe cy:leﬁ'and

N1y = sum of the scram times to the 292 insertion position of all

{ui active rods measured to date in the cycle to comply with the
Technical Specification surveilllance requirezents.



The average scran time, t;;e.‘il tested sgainst the analysis mean using the

folloving equation:
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The paranmeters u and o are the mean and standard deviation of the distribution
for average scram insertion time to the 203 position used in the ODYN Option B

r .

':na1§sis. -
1f_the cycle average scran time satisfies the Equation 2-2 criterion, continued
plant operation under the ODYN Option B operating limit minimum critical power
ratio (OLMCPR) for pressurization events is permitted. If not, the OLMCPR for
pressurization eveats must be re-established, based on a linear interpolation
between the Option B and Option A OLMCPRs. The equation to establish the new
operating limit for pressurization events 43 given below:

Tave = T3

omchNew " omCPROPtion B + W T3

A0IMCPR (2-4)

where

Tave and ‘B are defined in Equations 2-1 and 2-3, respectively;

= the present technical specification limit on core average
scranm time to the 20% insertion position; and

AOLMCPR = the diffarsnce between the OLMCPR calculated using Option A

and that using Option B for pressurization events.

Ta



" Fote that Equation 2-3, which eetebliehes the maxisun allovable scram inser-
tion time for operation under Option B, may also be expressed 1n the follawing

|saAnner:
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The relatfonship betveen the eoef!ictent. ‘A, and the smount ‘of surveillance
data generated during the cycle is 11Justrated 4n Figure 2-1. 4s more dats
become svailable through the performance of {n-cycle eurveillence-tests. the
coefficient decrezses, as does the acceptance criterion. ’B' Thus. the scrarc
speed criterion 4s being tightened as the cycle progresses, based on the
assumption that, &s mOTE 6CrAT data become available durinmg the eyele. the
uncertainty in the mean value calculetion should decrease.

We find the scram insertion time conformance procedure to be acceptable.

Item 3. Uncertainty in ODYN Pressuré Caléd]atioﬁs

Page III-7 of Reference 2 étates ihat,if'GE can démonstéate that the uncertainty
in calculated pressure is small (e.g. by a factor of 10 or more) relative to the

bias in determining ASME vessel overpressure 1imit, no addition of uncertainty
to the calculation's of pressure is needed. A sensitivity study varying ODYN
input parameters over the range of Table 1 of Reference 2 shows the 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 uncertainty in



the ODYN calculations.

Item 4. ODYN Model Temperature Limit

An early draft of the ODYN SER limited the code calculation to fuel temperatures
less than 1500°K (approximately 22409F). This was because Figure 8-2 of
Reference 1 limited the thermal conductivity of U02 to 1500°K. The actual
equation used in ODYN,

38,24 13 3
K = J02.0+T + 6.07123 x 107> (T+ 273)

fuel temperature (°C) and

where T

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 ﬁoz melting
temperature (3080°K or 5100°F).

Item 5. Uncertainty in Subcooled Boiling Model

Page 1I-19 of Reference 2 states "We estimate the corresponding minimum and
maximum values of 'n® to be 0.5 and 2.0 respectively. General Electric is
required to make sensitivity studies to verify that these values correspond

to + 0.023 uncertainty in ACPR/ICPR.” GE analyzed the turbine trip without
bypass transient for n = 2.0, as requested for é 251 BWR/4. The peak core
average heat flux (% rated) increased from 121.6% (for n = 1.0) to 124.0

(for n = 2.0). This leads to a ACPR/ICPR sensitivity of about 0.024. It is
concluded that the Staff's estimate of +0.023 for n values betweén 0.5 and 2.0
is valid.



. Item 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 l provided information only for the mechanical hydraulic control.

GE claims that there is no functional difference between 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 functional difference between the

two types of control.

Item 7. Listi;g;of ODYN Input Variables

Page III-lO of Reference 2 states "Listing of important input variables such as
listed in Table Iv and initial plant parameters including but not limited to
control system characteristics as depicted in Figures 413 through 4-16 of
NEDO-24154. vol. 1, but with numerical values provided should be provided with
each submittal The initial control system characteristics including the model
- used in the selection of initial settings shall be defined and substantiated in
terms. of the design basis for each control system of the plant * Item 7 of
Reference 3 1ists typical values of these initial parameters which may be
included by reference into individual plant submittals provided the values are

vappropriate to the individual submittals. -

Item 8. COmparison of MCPR OperatingfLimits Established by REDY and ODYN
The Staff requested GE to provide a comparison of CPR operating limits based

on REDY and ODYN.prediction. The purpose of such a comparison was to
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evaluate the appropriateness of continued plant operation under the current REDY-
based operating limits during the transition period in which ODYN is imple-

mented for rapid pressurization events.

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

Table 2-1, Volume 3 of Reference 1, unless just1ficatibn could be provided that
fewer events (such as the limiting events presently analyzed for reload sub-

mittals) would be sufficient.

Table 2 shows ODYN and REDY-based CPR operating limits for the limiting
pressurization events (10ad rejection without bypass and feedwater controller
failure-maximum demand) for plants in which both ODYN and REDY calculations are
available. Two. sets of ODYN numbers are provided: ODYN deterministic calcu-
lations per the GE letter (Reference 1), 1abe11ed‘"ODYN-GE LTR* in Table 2;

and ODYN Option B statistical calculations, labelled "ODYN Option B" in Table
2. Also included in the table are the plant minimum operating limits,

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

Option B to calculate the rapid pressurization events.

Because the overall plant operating limits are, in all cases, either uneffected
or improved, GE concludes that implementation of ODYN will not represent a
significant change to the operating limits for BWR plants. For those plants which
use ODYN Option B, it is generally expected to efther produce no change

to the limit or else to improve it slightly. We agree with this conclusion.



The events for which ODYK has been qualified and approved are 1isted in
Reference 1, Volume S.'tnd {nclude the fal!evin(:ii(l) feedvater controller
failure-maxinmun demand; (2) pressure regulator flilure-ciosed direction: (3) gen-
erator load rejectfon with end without bypass operation; (4) main steanmline
~ 4solation vnlve closure (trip ecraz and flux scran); (S) loss of condenser
vacwum; (6) turbine trip vith ané without bypass; and (7) loss of auxiliary
pover - all grid connections. = GE propeses that only the following three
events be reported for reload submittals of safety snalysis report revisions:
generator load rejection/turbine trip vithout bypass (vhichever 1s linmiting),
feedvater controller faflure-maxioum demand, and main steamline {solation valve
closure-flux scran (to satisfy ASME code pressure requirenents). These are the
same ptessuriznttcﬂ events presently dncluded &n reload submittels, and reflect
the consistency n the ODYN end REDY results. The events mot dncluded 4n the
subnittal are such Jess severe, for the reasons discussed balow.

1) Turbine/Generator Trips With Bypass

These events are cons$derably less severe than the tran:ienit in vhich the
bypess systec is assuzed to fail. Typical turbine bypass cepacities range
fror 25-40% of rated stesmflow. This bypass capacity results in & consid-

eradly milder thercal ané overpressurization event.

2) Pressure Regulator Failure - Closed Direction

The standard event evalusted in SAR analysis {s one in vhich the controlling
pressure regulatoer is assumed to fail in the closed direction. - Under these
failure conditfons, the backup regulater takes over control of the turbine
sdnmission valves, preventtng any serious transient, The disturbance is wvild

and sizilar to & pressure set point change wvith no significant reductions of
fuel thermal margins occurring. As shown 4dn the SARs, this event {s considerably
less severe :han the generator ané turbine trips without bypass.
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3) Loss of Condenser Vacuum

Varicus systen malfunctions can tause a loss of condenser vacuum due to some
single equipment failure. The reduction or less of vacuum in the main turbine
condenser will sequentially trip the main and feedwater turbines and bypass sys-
tem and, for some plants, close the main steamline isolation valves. While
these are the major events occurring, other resultant actions will include
scran (from stop valve closure) and bypass opening vwith the main turbine trip.
Because the protective actions are actuated at varjous levels of condenser
vacuum, the severity of the resulting transient is directly dependent upon the
rate at wvhich the vacuum pressure is lost. Normal loss of vacuum due to loss
of cooling water pumps or stean jet air ejector problem produces a very slow
rate of loss of vacuum (niuutes. not seconds). If corrective actions by the
F2aCLOT OPLTALOTS are not luceessful. then slmultaneous trips of the main and
feedvater tyrdines, and ultimately complete 1solltion by closing the bypass
valves (opened with the main turbine trip) and the MS5IVs, will occur. This
event is bounded by the turbine trip without bypass event.

.

4) Loss of AuX11iar§ Power - ATl Grid Connections

This-event I3 inftiated by a generator load rejection. Since the turbine
bypass systex 1s assumed to operate during the inftial portion of this evern:,
it 4s eomparable to the load rejection vith dypass and s :onsiderably less
severe than the without bypass events.

s

5) MSIV Closurea - Trip Scram

This event has a slower shutoff of steam flov than the turdine trip without
bypass event. Therefore, the transient 43 not as severe. This has been con-
firoed by ODYN caleculations.
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The staff agrees with the GE assessment of the relative‘severity of the transients
listed. 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 failure maximum demand

3) main steam 14ne isolation valve closure-flux scram.

If fof 2 particular plant another event should be more 11mitiﬁ§ than those just
1isted, then the other event should also be reanalyzed with ODYN. For the new
plants with transient analyses supplied by GE, all of the events listed in
Table 3 of Reference 1 should be analyzed with ODYN. |
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Tatle 1 . :
SUMMARY OF GENERIC STATISTICAL ADJUSTMENT FACTORS (ACPR/ICPR)

Plant .
Groupings LR/TTWOBP* JFUWCF_ _PRDF
BWR 2/3 = EOC +0,006 ~0,016 -
BWR 4/5 w/o RPT = EOC -0.039  =0.009 B
BWR 4/5 w/o RPT = MOC -0.111 | «0,009 -
BWR 4/5 w/RPT = EOC ~0.024 +0.016 -
BWR 4/5 w/RPT = MOC «0.001 +0,026 -
BWR 6 - EOC -0.021 +0.003 $0.017

*With the exception of FWCF or PRDF events, this set of adjustment factors
will be applied to all pressurization events analyzed with the ODYN code to
establish the CPR operating limit, since they typically imvolve generator
or turbine trips. '
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