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1.0 INTRODUCTION

The analysis method for increasing the time between the measured CEA" drop
time and the CEA drop time Technical Specification value is to credit the
measured spatial distribution of CEA’s about an average position as opposed
to the present safety analysis assumption that all CEA’s are at the same
axial height as the slowest CEA. The present safety analyses assume that
all CEA's drop into the core during a scram at the same time and at the same
rate. The drop time is assumed to be that of the slowest CEA. However, Lhe
worth of a CEA is a function of the power or neutron flux envirrnment
surrounding the CEA. Therefore, the negative reactivity insertion for a
distribution of CEA’s is more directly correlated to, and can be repre.ented
by, the average CEA insertion rather than by the slowest CEA.

The proposed method is based on the use of the average CEA position. A set
of 3D HERMITE space-time calculations were perfurmed to confirm that the
same negative reactivity will be inserted for the case of *he CEA's
distributed about an average CEA position (the "distributed" case) as the
"window shade" case for which all CEA’s are assumed Lo be positioted t the
same average CEA position. These 3D HERMITE cases were chosen to cover the
racge of operating concitions and the limits of the as-measured fEA
distributions. From the results of these cases, 't is concluded that the
"distributed" case will provide the same amount of negative reactivity
insertion as the “"window shade" case. Therefore, the Technical
Specification can be changed from the maximum drop time of al’ CEA’s to the
average drop time of all the CEA’s. To ensure that the safety analyses }
remain valid for an average CEA drop time Technical Specification, a limit |
is placed on the distribution of the CEA’s. This limit is expressed as a
maximum drop time for the slowest CEA in the revised Technical Specification
to restrict the CEA drop time distribution to that covered by these
\
|

analyses.
i
1
gee-- :
The present and proposed CEA drop time Technical Specification addresses |
only full length CCA’s. Part length CEA’s are not included in the safety

analyses and thus are not included in the drop time test.
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.0 PRESENT SAFETY ANALYSIS

3.0

Figure 2.1 shows the logic diagram of the pertinent safety analysis data
used to support the revision of the CEA drop time Technical Specification
from 3.0 to 3.2 seconds discussed in Reference 1 and approved by the NRC in
Reference 2. The same methods are used in the safety amalys:s needed to
support the proposed three average CEA drop time- of 3.0, .2 and 3.4
seconds, presented in Attachment . Of interest are the three “ycons” of
Figure 2.1 representing the space-time scram curves, the CEA drop time
curve and the time dependent space-time reactivity insertion data. Figure
2.2 illustrates a typical space-time scram curve generated using FIESTA
or 1D HERMITE, References 3 and 4 respectively. A family of scram curves
was generated parametric in initial axial shape index (ASI), total scram
worth and time in cycle to bound the range of operating conditions. A CEA
position versus time curve, Figure 2.3, was generated based on measured
data from the August, 1988 CEA drop time testing. The Technical
Specification basis is that the safety amalysis curve bounds all CEA drop
times at 90% insertion. Any individual CEA drop time greater than 3.2
seconds is not considered acceptable. The scram curves and the CEA drop
time curve are combined to provide the time dependent normalized space-time
reactivity insertion during the transient of intezrest, Figure 2.4. This
curve is combined with the total static scram worth (A11 Rods In (ARI) minus
Worst Rod Stuck Out | $O)) as calculated by ROCS, Reference 5. Inherent in
the SONGS-2/2 safety analyses is the assumption that the time dependent
negative reactivity insertion is governed by the slowest CEA. Hence, the
Technical Specification requirement that all CEA’s fall within the 3.2
second drop time at 90% insertion. This 2ssumption will be modified to
expand the margin between the measured and safety amalysis CEA drop time.

MEASURED DATA

Figure 3.1 shows the (arithmetic) average position of all the CEA’'s as
well as the maximum and minimum envelopes based upon the detailed SONGS-3
Cycle 4 CEA drop time testing data from the August, 1988 test provided in
Appendix A. The envelopes are not derived from the slowest and fastest
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CEA, but rather the maximum and minimum position of all the CIA’s =t :ach
time point. Individual CEA drop times relative to the average orop time of
all the CEA’s are presented in Figure 3.2 at several average CEA
positions: 1%, 25%, 50%, 75% and 90% inserted.

AVERAGE DROP TIME METHOD

The present safety analyses assume that all CEA’s drop into the core during
a scram at the same time and at the same rate. The drop time is assumed to
be governed by the slowest CEA. However, the worth of a CEA is a direct
function of the power or neutron flux environsent surrounding the CEA.
Consequently, the worth of all the CEA’s at any time during the scram
depends on the average flux level seen by all the CEA’s. During the
critical part of the scram the lead or faster CEA's will be in higher axial
flux regions and w:ll make a greater relative contribution to the net
negative reactivity scram worth inserted than the slower or lagging CEA’s.
Therefora, the negative reactivity insertion for any reasonable distribution
of CEA’s is more directly correlated to, and can be represented by, the
average CEA insertion rather than by the slowest. Based on the measured
data the CEA’s do not scram at the same time and at the same rate but have a
spatial distribution about the average.

The proposed method uses the average CEA drop time. The appropriateness of
the use of the average drop time was confirmed by performing a set of 3D
HERMITE space-time calculations. These show that the same negative
reactivity will be inserted for the case of the CEA’s distributed about an
average CEA position (the "distributed case") as for the case for which all
CEA’s are assumed to be positioned at the average CEA pesition (the "window
shade ca<e”).

Typically 1D analysis methods are used to calculate the CEA reactivity
insertion during a scram. This is an acceptable simplification for "window
shade" modeling of the CEA insertion. However, 3D methods are needed to
model the CEA spatial distributions of the "distributed” case.
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5.0

These calculations are performed using 3D HERMITE space time methods, as
opposed to static methods using ROCS, because the 1D scram curves used in
the present analyses are based on space-time calculations. The differences
between static and space-time calculations are illustrated in Figures 4.1
and 4.2. Figure 4.1 shows the prompt axial neutron distribution
calculated by space-time methods during a scram. This is the same shape and
response as a static calculation which assumes that the neutrons have
reached equilibrium for each time point. The delayed neutron distribution
is presented in Figure 4.2. The del-'ed neutron flux does not shift
towards the bottom of the core in response to the CEA insertion as rapidly
as the prompt component. In addition the magnitude does not drop off as
quickly. It is the time dependent representation of the delayed neutron
shape during a scram that results in a faster power reduction in the
space-time calculations.

These 30 KERMITE cases are a one time analysis to demonstrate that the use
of the average CEA drop time is conservative with respect to the use of the
measured CEA drop time distribution, and thus to suppert the redefinition of
the CFA drop time Technical Specification to that based on the average CEA
drop time.

The 3D HERMITE analyses do not affect the safety analyses of Figure 5.1
and Attachment which will continue to use the 1D space-time scram curves
(assumes "window shade" distribution), the static ARI-WRSO scram worth
(assumes a "window shade" distribution), and the same CEA insertion versus
time curve. However, the definition of the CEA insertion curve and what the
CEA drop test measures will change from "maximum" to "average".

HERMITE COOE

The HERMITE code was developed at Combustion Engineering for the analysis of
design and off-design transients in large PWR’s by means of a finite element
numerical solution to the multi-dimension, few ~voup time dependent
(space-time) neutron diffusion equation including CEA motion and the
feedback effects of fuel temperature, moderator temperature, moderator
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6.0

density and xenon. topical report (Reference 4) describing the code, its
input and verification was submitted to the Nuclear Regulatory Commission
(NRC) in March 1976. Submittal was made at the same time as a separate C-E
topical report on the CEA ejection accident (Reference 6). NRC approval for
both topical reports was obtained in July, 1976.

Since the HERMITE Topical Report was approved, the code has undergone a
number of incremental improvements and has been applied to a variety of
analyses. Key improvements include the addition of the Nodal Expansion
Method (NEM) neutronics (Reference 5) and tne inclusion of the TORC
Thermal-Hydraulic calculation (Reference 7). NEM was used for this analysis
but the TORC calculation was not.

HERMITE (including NEM and TORC) has been applied over the years in a
variety of specific licensing analyses on specific dockets. The major
applications have included one-dimensional space-time calculations for the
loss of flow accident (SONGS-2/3, Waterfard-3 and Palo Verde-1/2/3),
three-dimensional ralculations for the steam line break accident (SONGS-2/3,
Waterford-3, Calvert Cliffs-1/2 and St. Lucie-2), and two-dimensional
analysis of asymmetric steam generator events (SONGS-2/3, Waterford-3, Palo
Verde-1/2/3).

CASE SELECTION

Three sets of cases were chosen to demonstrate, for the range of operating
conditions, that the "distributed" case provides essentially the same time
dependent reactivity insertion as the "window shade" case.

The first set of demonstration cases (“window shade" case and “"distributed”
case) was performed at nominal operating conditions; beginning of cycle
(BOC), hot full power (HFP), equilibrium thermal hydraulic and xenon
conditions and BOC neutron kinetic parameters. The HERMITE cases are run as
a quarter core model. The CEA position versus time data for the quarter
core model were derived from the full core CEA drop time testing data. As
illustrated in Figure 6.1 each quarter core CEA Tocation in HERMITE used
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7.0

g-="
The center CEA in HERMITE used the actual full core center CEA measured data

the average of the four full core symmetric CEA drop time test times'. The
HERMITE CEA position data is shown in Figure 6.2 which is comparable in
form and scale to Figure 3.2

The second set of cases was run to show the sensitivity of the results to a
change in neutron kinetic parameters. The consistent set of BOC neutron
kinetic parameters, delayed neutron generation half lives () and the
delayed neutron yield fractions (B), were used in the first case. This
second set of cases maintains the same CEA position versus time data (Figure

6.2) and the BOC conditions as the first case except EOC B’'s and 1's were
used.

A third set of cases was run to show the sensitivity of the distributed case
to the spatial distribution of the CEA’s abeut the average. Narrowing the
scatter of the distribution will only force the “"distributed" case to look
mare 1ike the "window shade" case. Therefore, the distribution was expanded
to increase the time between the fastest and slowest CEA. Again the
as-measured CEA drop time data was used as a basis for expanding the
distribution. The expanded distribution is presented in Figure 6.3 using
a form and scale comparable with Figures 6.2 and 3.2. The third set
of cases used the same initial conditions as the second set of cases.

HERMIYE RESULTS

The results from all three sets of cases discussed in the previous section
are presented in Figures - 9% B 7.2, and 7.3, respectively. In each
set, the "distributed" case provides the same time dependent reactivity
insertion as the "window shade® case to within the input modeling and code
uncertainties. The results are presented as core power versus time instead
of the usual reactivity versus time because the core power reduction is the
effect of greatest interest in the safety analyses.

From the results of the three sets of cases, it is concluded that, for the
family of CEA drop time distributions, that bound the SONGS-2/3 as-measured

--

and the HERMITE CEA location 52 used the average of the two diagonally opposed

full core CEA’s 91 and 127.
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8.0

9.0

distribution, Figure 3.2, the "distributed” case will provide the same

core power reduction (negative reactivity insertion) as the "window shade”
case.

BASIS FOR AVERAGE CEA DROP TIME

Figure 8.1 presents the basis for the average CEA drop time Technical
Specification. The safety analysis CEA drop time curve used in Attachment

(for 3.2 seconds at 90% inserted) is shown as the solid line. However,
it is now the average drop time of all the CEA’s rather than a curve that
bounds the drop time of all the CEA’s. The 3D HERAITE space-time analyses
presented in this report show that the "distributed” case provides the same
time dependent reactivity insertion as the "window shade" case. This is
true for any family of CEA distributions similar to those measured at
SONGS-2/3. However, if the distance between the fastest and siowest CEA’s
becomes too large or the distribution of CEA’s deviates significantly from
that modeled in this study, then the average CEA positica (window shade) may
not be representative of the time dependent reactivity insertion. To ensure
that the safety analyses remain valid for an average CEA drop time Technical
Specification, a limit is placed on the CEA drop time distribution. This
will be expressed as a maximum drop time 1imit on the slowest CEA in the
revised Technical Specification. The dashed line in Figure 8.1 is the
*maximum" drop time curve and is based on the maximum envelope presented in
Figure 3.1. For comparison purposes the as-measured average CEA drop
time curve is also shown in Figure 8.1.

EUTURE SAFETY ANALYSES

For future reload analyses (including the analyses presented in Attachment

), the safety analysis methodology will be unchanged from the present
methods as discussed in Section 2.0 of this attachment except that the CEA
drop time will be characterized by the average, consistent with the revised
Technical Specification. As discussed in Attachment , any adjustments to
CPC or COLSS addressable constants will still be determined consistent with

the methodology presented in Reference 1.
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As shown in Figure 9.1, what will change for future reloads is the

criteria for the CEA drop time test. Instead of the present maximum CEA

drop time of 3.2 seconds at 90% inserted, the new criteria will have three

maximum drop times of 3.2, 3.4 and 3.6 seconds at 90% inserted and

corresponding average drop times of 3.0, 3.2 and 3.4 seconds at 90%

inserted. The new average CEA drop time criteria are shown in Figure
9.2,

The 30 HERMITE methods were used to verify the average CEA drop time
concept. That is, the time dependert reactivity insertion of a “"window
shade” scram at the average CEA drop time wil. provide the same reactivity
insertion as the more realistic "distributed" case about the same average.
tycle specific reverification is not required as long as the fuel mancoemen?t
and CEA drop time characteristics are not significantly changed. Any fuel
management change that significantly affects the core-wide axial or radial
power profiles, such as axial blankets or ultra-low leakage fuel management ,
may necessitate reverification of the average CEA drop time analysis.
Changes that would significantly affect the CEA drop time distribution, such
as changes to the CEDM circuits, large increases in the core flow pressure
drop, changes in the total drop weight of the CEA’s or changes in the
location of the CEA’s, may also require reverification. Barring these type
of changes or failure to meet the new Technical Specification limits,
reverification of the average drop time analysis will not be required on a
cycle-by-cycle Dasis.
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FIGURE 3.2
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FIGURE 6.2
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