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ABSTRACT

Thie etudy presents a new method for determining the extatence of an
acceptable scram through a simple analysis of the control rod drive
inaertion performance, a measured plant parameter. The approach de-
fines limiting control rod velocity distributions as a function of the
mamber of inoperable and "slow clump” control rods, and in doing so,
provides methods by which one may determine if a particular distribu-
tion of fast, slow, and inoperable control rods does mot violate the
limiting distributions and thereby assures the occurrence of an ac-
ceptable scram. The separation requirements of slow and inoperatlie
econtrol rods remain constant in the avproach, and the speeds of control
rod insertion are allowed to vary in a free manner as long as local and
global restrictions placed on the performances of all operable control

drives are met.




1. INTRODLUC TION

The existence of slow scramming and inoperable control rods in reactor cores,
and the accompanying loss of scram reactivity, lead to operational problems for
all nuclear reactors. As a result, technical specifications must allow the ex~
{stence of these control rods as well as provide a checking methed to assure an
acceptable scram reactivity response. An analysis of the current specification
showed that it could be employed, however it would be difficult to satisfy from
a mechanical performance standpoint and would adversely affect plant availability.
Therefore, a new approach for the technical specification was developed to solve
this problem. The new approach adequately provides for an acceptable scram re~-
activity response by imposing local and global restrictions on control rod per-
formance. However, attempts to provide for maximum availability have also been

incorporated.

2. PRELIMINARY WORK

2.1 EVALUATION OF CURRENT SPECIFICATION

Current technical specifications impose two restrictions on control rod perform-

ance to assure an acceptable scram:

a. A limiting core average scram insertiom schedule (notches inserted
versus time) 1is specified for all of the operable control rods.

b. The fastest three-out-of-four control rods inm each 2x2 array must
meet another average insertion schedule, which is currently less re-

strictive than the core avercee insertion schedule.

This was an acceptable approach when the specification was generated due to the
large design margin in scram reactivity calculations. However, with the reduc~
tion of this design margin, the three-out-of-four specification wuld require
for the fast scram system that the three fastest control rods in each 2x2 array
be inserted to 75% insertiom in 1.53 seconds (fast scram 1.62 sec to 75%



insertion). This very fast scram response will be very difficult to meet from a
mechanical response standpoint, so the current three-out-of-four specification
wvas not judged adequate for the fast scram application., In additiomn, it was
realized that it was not sufficient to specify an average scram insertion sched~
ule for the core. (If the core average is maintained for a case with slow rods
{n the central core region and fast rods in the peripheral region, an acceptable

scram may not result due to low peripheral and high central control rod worths.)

To assure an acceptable scram, it is necessary to localize and restrict the var-
{ations in control rod performance. (This is also desirable in order to mini-
mize hot spots around slow or withdrawn inoperable rode during a scram due to
the power redistribution during the scram. However, it was not the intent of

this study to investigate or minimize this ef fect.)
2.2 TECHNICAL BASIS FOR NEW APPROACH

As a basis for the new approach, the limiting velocity distribution was deter~
mined for a ix2 array of four fast (F) and slow (S) control rods. Four configu-
rations were investigated.

WSS | ST S A
Bach configuration was investigated using the GEBSCRAM model on Fermi-2, Cycle 1
(764 bundles, 80 mil channels) .: end-of-cycle with all rods out using a Haling
burn. The effects of non-%ialing burns are discussed later. The configurations
were repeated for each 2x2 cell in the core with no special edge patterns. (See
Figure 1.) Using the constraint that the average insertion speed of the four
control rods remained constant, it was found that the minimum scram reactivity
{nsertion occurred when all four control rods im each cell were inserted at the
same rate. (This is not surprising due to the momotonically increasing nature
of thz 1st derivative of control rod worth versus insertion in the lower BWR core.
Since an acceptable scram is required through just the first second of the scram
(rods inserted approximately half of core height in 1.0 sec), control rods going
faster more than compensate for slow rods inm this time and reactivity worth do-

main.) This result is shown graphically for one particular situation in Figure 2



Figure 1.
Typical Core Configuration With Fast and Slow Control Rods
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Figure 2.

Pesctivity Insertion at 0.74 Seconds as a Function of the Scram
Speed of the Two Fastest Control Rods in a 2x2 Control Rod Array
Upder the Constraint that the Average loverse Scram Speed

Remains Constant
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2.3 BASIS FOR ACCEPTABLE SCRAM

The minimum values of required scram reactivity versus time wvhich define an
“acceptable" scram were documented in Reference 1, a letter from L. R. Huang
of the Transient Analysis group. The requirements were simplified by L. R. Huang
for the scram analysis to include only the two points shown in Table 1. The

values are taken directly from the D-scram curve.

TABLE 1

Required Scram Reactivity Response

i
Time Scram Reactivity (ég)
(seconds) (Dollars)
007‘ - 'om
1000‘ .- 2.00

While the values in Table 1 specify the limiting values of scram reactivity re-
quired for an acceptable scram (with no multipliers), these values were not used
directly in this approach. Instead, since the current fast scram system is being
designed for a 75% control rod insertion time of 1.62 seconds, the limiting
values for an acceptable scram were defined from & scram reactivity calculation
for Fermi-2 at EOC! from an all rods out condition with all control rods scram-
ming to the fast scram system rate noted above. The new limiting values of scram
reactivity were calculated via STARPATH and are shown in Table 1A. As seen in
Table 1A, the predicted values of scram reactivity are greater than the values

in Table 1 by about 702. Therefore, by using these new limiting values, addi-
tional design margin of 70% has been introduced. However, since this study was
‘undertaken to define 2 new methodology to accomumodate slow and inoperable con-
trol rods, this change is not of great concern. When the new methodology has
been defined, the limiting scram speed may be redefined to reflect the values of
scram reactivity in Table 1, or some other values with a desired design margin.
(It may be noted that Table 1A specifies a scram reactivity at 1.00 seconds while
Table 1 specifies a scram reactivity at 1.001 seconds. Although this change is




spall, it is still inconsistent. However, it is not significant since it was
found that if the required scram reactivity is provided at 0.74 seconds, then

more than the required scram reactivity is consistently provided at 1.00 seconds).

TABLE 1A

Required Scram Reactivity Response Assuming Fast Scram Insertion Rate

(752 insertion in 1.62 seconds)

Time Scram Reactivity (é%) ;
(seconds) (Dollars)

0. 7‘ - 1.70

1°00 3 - 3.“

3. GENERAL CONSIDERATIONS FOR NEW APPROACH

3.1 REQUIREMENTS

A specification that will assure an acceptable scram response has the fellowing

requirements:

a. Define the limiting control rod velocity distributions for the core.

b. Define the allowable number and distribution of slow scramming and
inoperable control rods.

Ce The asbove two requirements should be satisfied to provide maximum
potential availability and minimize the complexity and applicability
of the specification.

To minimize the complexity of the new approach only three control rod velocity
domains are considered:

&. Normal Control Rods

b. Slow Control Rods

Ce Inoperable Control Rods



Normal control rods are defined as having Effective Insertion Times (EIT's) that
do not exceed the Maximum Allowable Effective Insertion Time (MAEIT). Slow con-
trol rods are defined as having EIT's that exceed the MAEIT. Inoperable con-

trol rods are those control rods that have been electrically disarmed and do not

scram.

The new approach recognizes two basic methods to make up lost scram reactivity

due to slow scramming and inoperable control rods:

¢. Can make up lost scram reactivity "locally" by requiring the control
rods surrounding a slow or inoperable control rod to meet a "tighter

than average" specification, or

b. Can make up lost scram reactivity on a "global” basis by requiring all
normal control rods to meet a "tighter" specification than normally

required.

3.2 EFFECTIVE INSERTION TIMES

To simplify the approach and the analysis, the control rod insertion profile (X
insertion versus time) was characterized by a single number -~ the time required
for a control rod to reach 75% insertion from a fully withdrawn initial condition.
This time is denoted as the Effective Insertion Time (EIT). This assumes that
the insertion profiles for different EIT's are all geometrically similar. For
lack of operational data on fast scram control drives, this is a reasonable
assumption, and the proposed insertion profile for the fast scram system (1.62
sec to 752) was used to calculate similar insertion profiles at different scram
speeds for use in the analysis.

4. GENERAL METHODOLOGY OF APPROACH

Basically, the approach generates (from a table) a value for the Maximum Allow-
able Effective Insertion Time (MAEIT). This value has two functioms:

4. The MAEIT sets & control rod performance limit which defines the
boundary between normal and slow scramming control rods.




b. By specifying a MAEIT, one requires that all control rods except a
gmall known set of degenerate* control rods scram with EIT's which do

not exceed the MAEIT.

Wwith the degenerate control rods properly accounted for in the value of the
MALIT, and if all other control rods have EIT's which do not exceed the MAEIT,
then it is knowan that the amount of scram reactivity which is inserted is at
least equal to that amount which would be inserted if all non-degenerate con-
trol rods scrammed at a rate equal to that defined by the MAEIT. This is the
first level at which the approach addresses the determination of the limiting
velocity distribution. By specifying an appropriate MAEIT value, adequate scram
reactivity may be provided.

The second level of the approach assumes that there exist some "barely" slow
control rods (i.e., control rods with EIT's that just exceed the MAEIT). In this
case, the limiting velocity distribution is determined by requiring additional
local restrictions around the control rods which are slow with respect to the
value of the MAEIT.

The third level of the approach considers the moderately slow control rods whose
EIT's exceed the range of the second level of the approach. These control rods
are denoted as "slow clump" rods and are treated as degenerate rods. In this
case, the limiting velocity distribution is determined by requiring a tighter
global restriction on the operable control rods in proportion to the number of
slow clump rods (i.e., the value of the MAEIT is adjusted in accordance with the

number of degenerate slow clump rods).

The fourth level of the apprvach addresses the alternatives for very slow control
rods. These control rods may be handled as "slow clump" rods, or they may be
considered as inoperable control rods, whichever is more convenient or allows
sore flexibility from an operational point of view. This .is the last level at
vhich the approach handles slow control rods.

*Degenerate implies inoperable from a scram resctivity standpoint.



Inoperable control rods are considered to be degenerate rods. The limiting ve~
locity distribution with fully inserted or fully withdrawn inoperable rods pres-
ent is determined by requiring a tighter global restriction on the operable con-
trol rods (i.e., the value of the MAEIT {s adjusted in accordance with the number
of inoperable control rods). Partially inserted inoperable rods are treated

in a more restrictive manner due to their especially large effect on scram reac~-
tivity. TIn addition to requiring an even tighter global restriction on oper-
able control rod performance, the number of partially inserted inoperable control

rods is limited to one or two.

From the above discussion, it {s realized that the value of the MAEIT is dependent
on the number of slow clump and inoperable control rods. The value of the MAEIT
is also dependent upon the distribution of the degenerate control rods. For the
fast scram analysis, the distribution effects were found to cause only small
changes in the value of the MAEIT (<0.01 sec), so distribution was considered

as a relatively insensitive parameter. As a result, specific separation require-
ments are imposed on degenerate control rods in order to eliminate variations in

the analysis due to this second order effect.

In summary, for a specific number of slow clump and inoperable control rods obey-
ing a particular distribution criteria, a value of the MAEIT parameter may be
found such that if all of the remaining operable control rods are scrammed at the
rate defined by the MAEIT, an acceptable scram will result. Furthermore, barely
slow scramming control rods may also be tolerated as long as the loss of scram

reactivity accowpanying the slow rod is made up for locally.

S. SPECIFIC METHODOLOGY

The following specific methodology is set forth by the new approach to actommo-
date the existence of degenerate control rods while still assuring an acceptable

scram reactivity response.



In the approach, all three control rod types (normal, slow, and inoperable) are
treated separately, with slow and inoperable rods further categorized. By deter-
mining the number of degenerate contrel rods (inoperable and slow clump), corre~
sponding value for the MAEIT may be defined from Table 2. Then, with the EIT's
of the nr mal rods not exceeding the MAEIT, and with the remaining slow . .s
meeting ti :pecial provisions set forth by the approach, an acceptable scram

reactivity response is assured.

Bach type of control rod is handled in the following manner:

5.1 NORMAL CONTROL RODS

By definition, a normal control rod has an EIT which does not exceed the MAEIT.

Mo restrictions are directly placed on thece control rods since they do not pose
problems in meeting the scram reactivity implied by all operable rods scramming

at the MAEIT rate.

5.2 SLOW CONTROL RODS

Lost scram reactivity due to a slow contrnl rod is made up locally or globally,
depending on how slow the control rod is inserted. Therefore, slow control rods
grouped into three categories - barely slow, moderately rl!ow, and very slow.

The approach makes up the lost scram reactivity for each case in different

manners, which become increasingly stricter as the rod becomes slower.

5.2.1 Barely Slow Control Rod

When the EIT of a slow control rod just exceeds the MAEIT, it is easiest to re-
place the lost scram reactivity locally. (From preliminary work, it is known
that if a slow control rod is surrounded by faster control rods, then the mini-
mum amount of reactivity inserted is bounded by the amount that would be inserteu
if the rods all scrammed at the average o'p“d. (This is shown graphically in
Figure 2.) So, if the local average EIT does not exceed the MAEIT, then no deg-
radation of scram reactivity will occur due to the slow rod, relative to all



TABLE 2

Maximum Allowable Effective Insertion Times (MAEIT)

Number of
Inoperable Rods

for Fast Scram (75% insertion in 1.62 sec)

Number of
Slow Clump Reds

No Partially

MAERIT (sec)
1 Partially

Inserted Stuck Rods Inserted Stuck Rod

1-2
1-2
1-2

3-5

3-5

3-5

69

69

1-4
5-9

1-4
8

5-8

1.62
1'60
1.59

'.6‘
1.59
1.58

1.60
1.58
1.57

1.59
1.57
1.56

—— -
-

-

1.57
1.56
1.55

1.56
1‘56
1'55

'.5‘
1.55
1.54



operable rods scramming at the MAEIT rate.) Therefore, any number of barely slow
control rods may be accommodated when separation requirements (discussed later)

and the following condition is met:

“"The average EIT of a barely slow control rod and the eight surrounding
+ 3trol rods shall not exceed the MAEIT."

5.2.2 Moderately Slow Control Rod

When the average EIT of a slow control rod and its eight surrounding control

rods exceeds the MAEIT, it may not be considered a barely slow rod and there may
be a loss of scram reactivity due to the slow rod which is not made up locally
by the faster surrounding rods. To handle this case, the slow control rod is
denoted as a "slow clump" rod, and the lost scram reactivity is made up on a
global basis by specifying a faster (lower) value for the MAEIT. (This places

a tighter restriction on the performance of all of the normal control rods to
make up the lost scram reactivity on a core-wide basis.) The restriction on the
MAEIT varies proportionally with the number of slow clump rods, and is detailed
in Table 2. A maximum of nine slow clump rods are allowed (limited only by depth

of analysis).

The restriction on the MAEIT above is not a function of how slow a slow clump
rod may scram. This allows a control rod which scrams so slow that it looks like
it does not scram at all to be considered an operable control rod rather than an
inoperable control rod. This will be advantageous from an availability stand-
poiant.

5.2.3 Very Slow Control Rods

In some cases it may be advantageous to declare a very slow control rod inoperable
rather than classify it as a slow clump rod. This is the final option provided
by the approach to accommodate slow control rods.



5.2.4 Separation of Slow Control Rods

To simplify the distribution effects of the slow control rods, the approach re-
quires slow control rods to be separated from other slow or inoperable control
rods by at least one operable control rod in each direction (including diagonal
rods). This allows slow control rods to be packed together with a minimum of

one control rod cell separation.

$.2.5 Adjacent Slow Control Rods

Although separation of slow control rods by one control rod cell is required,
it 18 reasonable to assume that two slow control rods may occur in directly er
diagonally adjacent positions. In this special case, the slow control rods may
be considered barely slow contrel rods when the following conditicn is met:

"The average EIT for each array of four control rods, arranged in a 2x2

cell, containing an adjacent slow control rod shall not exceed the MAEIT."

When the above criteria is not met, no assurance of an acceptable scram is pro-
vided. Appropriate action must then he taken, either by repairing the slow
drives or by performing a special ca’culation or demonstration to assure that an

acceptable scram will occur.

5.3 INOPERABLE CONTROL RODS

In analyzing the different types of inoperable contrcl rods, it was found that
some types had adverse effects on scram rzactivity while others had propitious
effects. The following types of inoperable control rods were categorized as
shown below to evaluate their impact on scram reactivity:

a. Drifting Rods
b. Loss of Rod Position Indicator System (RPIS)
e, Decoupled Rod
d. Very Slow Rod

13



a. Failed Accummulator Rod
L Stuck Rods
(1) Fully Withdrawn
(2) Partially Inserted
(3) Fully Inserted

Drifting control rods and those which have experienced a loss of the RPIS are
required by technical specifications to resolve their associated problems within
a specified time period or be fully inserted, electrically disarmed and declared
inoperable. Until valved out of service, however, these contro! zods will still
scram, 30 no loss of scram reactivity due to these two conditions will occur.
Furthermore, when a control rod is fully inserted, the core power is redistrib-
uted toward the bottom of the core which increases scram reactivity during the
early part of the scram (first second). Thereforz, no additional loss of scram

reactivity may be attributed to these inoperable control rods.

Decoupled control rods are required by technical specifications to be fully in-
serted, electrically disarmed and declared inmoperable. Again, no loss of scram

reactivity will be realized by decoupled control rods.

Very slow control rods and those with failed accummulators do affect scram re-
activity adversely. These control rods are normally handled in the approach as
barely slow or slow clump rods, however, those which are declared inoperable
must meet the separation criteria for inoperable rods.

Stuck contrel rods have the largest adverse effects on scram reactivity of all
the incperable rod types. Analysis shows that when control rods are stuck at
notch position 20, the core power is redistributed in a manner that minimizes
scram reactivity. This may b2 seen in Figure 3. Figure 3 shoss the change in
gcram reactivity at 1.00 second with nine inoperable control rods stuck at
various notch positions in the core with all of the remaining control rods scram-
ming at the same speed. Maximum degradation in scram reactivity is seen to occur
vhen the stuck inoperable control rods are stuck at notch position 20 (10 notches
withdrawn from full insertion). In addition, a severe penalty exists for even a

14



Percent Change in Scram Reactivity

Figure 3.

Change in Scram Reactivity for Nine Inoperable
Control Rods Stuck at Various Axial Positions
(Ferni-2, 80 mil channel)
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few control rods stuck at notch 20. Therefore, only one partially inserted

stuck control rod will be allowed. Fully withdrawn stuck control rods affect
scram reactivity just like a very slow control rod. Conversely, fully inserted

stuck control rods have a propitious effect on scram reactivity as noted before.

In summary, the approach handles inoperable contrel rods in the following manner:

Lost scram reactivity due to fully withJrawn inoperable control rods is
made up globally by requiring a faster (lower) MAEIT in proportion to the
aumber of inoperable control rods (see Table 2). Fully inserted centrol
rods do not degrade scram reactivity and are not counted as inoperable
rods in Table 2.

A maximum on one partially inserted stuck control rod is allowed.

A maximum of nine fully and partially withdrawn inoperable cont:ol rods

are allowed (limited only by depth of analysis determining Tabie 2). More
than nine inoperable rods could be justified by additional anilysis; however,
based on operating experience and engineering judgment the selection of nine
inoperable rods is adequate to ensure sufficient plant availability. If the
case should arise where there are more than nine inoperable rods, a specific

case-by-case analysis can be performed tn justify continued operationm.

5.3.1 Separation Requirements for Inoperable Control Rods

The separation of inoperable control rods seems restricted by simple reasoning
to zero, one, or two control rods. (Greater separation would lead to availabil-
ity problems.) Zerc control rod separation may be eliminated by noting that if
many fully withdrawn inoperable control rods were adjacent, gross radial power
profile distortion would occur affecting operational flexibility, as well as
possible problems associated with the subsequent cold shutdown margin due to
changes in control rod worths. This is not desirable and leaves one or two com-
trol rod separations to be considered. Since it i{s required to assume the
failure of the highest worth control rod in the core, the additional failure of
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a control rod to insert im the proximity (center) of four or more fully withdrawn
inoperable control rods with a one-cell separation may cause an excessive loss

of scram reactivity as well as possible cold shutdown problems. Therefore, it
seems reasonable to require incperable control rods to be separated by at least
tw> control rods (cells) in all directions. This actually limits the maximum
munber of incperable control rods due to limited core size. Note that for sim-
plicity, all inoperable comtrol rod types are specified with this same separation

requirement.

5.4 APPROACH ALTERNATIVES

In some cases, it may be advantageous or necessary to perform a special calcula-
tion to verify an acceptable scram condition in order to justify further opera-
tion. This is the alternative when the approach is not applicable or when sepa-

ration or required scram speed response are not met,

5.5 FLOW DIAGRAM

A flow diagram outlining the use of the approach is shown in Figure 4. The
approach is initiated by measuring the effective insertion times (EIT) for the
control rods in the reactor core. The number of inoperable control rods is then
determined directly. The maximum allowable number of inoperable and partially
inserted stuck rods are checked along with separation requirements, and a value
for the MAEIT {s determined from Table 2 based on the number of inoperable con~-
trol rods. If some slow clump rods are known to exist, they may be accounted
for in the determination of the initial MAEIT value.

With a value for the MAEIT defined, the EIT's of the operable control rods may

be compared with the MAEIT to determine the number of slow control rods. These
may immediately be categorized into adjacent and isolated slow control rods. The
adjacent slow control rods are checked to be sure that they meet the appropriate
criteria. Next, the average EIT for each isolated slow control rod and its eight
surrounding control rods is calculated. For those slow control rods with average
EiT's (of the nine-rod group) that do not exceed the MAEIT, no further action is

7



Figure &. Flow Diagram for the Proposed New Approach for Determining an Acceptable Scram
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required. If the average EIT of one or more of the slow control rod groups ex-
ceeds the MAFIT, then the slow control rod becomes classified as "slow clump"
rod. With the new number of slow clump rods determined and not exceeding the

maximum allowable number, a new value for the MAEIT is redefined from Table 2.

If the new MAEIT is less than the old MAEIT, then the slow control rods must be
reevaluated using the new MAEIT value. Otherwise, the procedure is finished and

an acceptable scram is assured.

If the situation arises that the specification criteria cannot be met, a special
calculation to determine the scram reactivity, or other appropriate action, such

as repairing faulty control drives, must be performed.
5.6 MAEIT TABLE

Table 2 defines the Maximum Allowable Effective Insertion Times (MAEIT) for var-
{fous numbers of slow clump and inoperable control rods. The numbers represent

an analysis for the current fast scram system (75% insertion in 1.62 seconds).

The values of the MAEIT were evaluated using the limiting distribution of slow
clump, inoperable, and partially inserted stuck control rods. This is detailed

in Appendix I. The MAEIT values account for the additional failure of the highest
worth control rod to insert, except for the case with no slow or inoperable con-
trol rods. In this case, only a 0.45% loss of scram reactivity was discovered

at 1.00 second when the highga} worth rod failed to insert while all other rods
scranwed. This is a very small degradation in scram reactivity, and is adequately
compensated for by the 20% margin in required scram reactivity.

5.7 SCRAM INSERTION SCHEDULE RESTRICTIONS

Since the approach bases coatrol rod perfcrmance or the Effective Insertion Time
(BIT, time to 75% inserticn), the shape of the control rod insertion schedule

wust be specified such that insertion requirements at 0.74 sec and 1.00 sec are
met as well as at the 75% Insertion time (1.62 seconds). For the fast scram
analysis, all of the scram insertion schedules were cnlculatod'to be geometrically
similar to the base insertion schedule in Figure 5. A 0.1 sec delay was assumed
for all scram schedules.
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6. ADDITIONAL ANALYSIS

6.1 STARPATH VERIFICATION

Although GEBSCRAM is a level 2R code, it is not yet recognized as a current design

mechod to calculate transient scram reactivity. The currently accepted design
code is STARP For this study, however, GEBSCRAM was used in a consistent

manner to take advantage of the much simpler input scheme. In order to apply

the GEBSCRAM predicted reactivity to the acceptability criteria, a set of normal-
izaticn multipliers were obtained to apply to the GEBSCRAM results to simulate
STARPATH results. These correction factors were obtained by running two identi-
cal cases, one with each code. The normalization cases were run with all con-
trol rods scramming at the fast scram system rate defined by 1.62 seconds to 75%
insertion. Values of scram reactivity predicted by GEBSCRAM and STARPATH were
tabaulated at 0.1 second intervals up to 1.0 seconds, and a multiplier factor was
then determined at each time step which would correct the GEBSCRAM value to yield
the STARPATH value of scram reactivity. The normalization factors are shown in
Table 3. To iavestigate the effects on the normalization of control rods not
scramming at the same rate, comparison cases were run with each code for a case
when three out of each four contrel rods in each 2x2 array were scrammed at 1.53
seconds to 75% insertion with the fourth control rod in each array not scramming.
(The 1.53 second-3/4 case yields a scram reactivity comparable to the 1.62 second-
4/4 case.) A comparison of the result. during the first second of the scram is
shown in Figure 6. A large difference between the results at 0.2 second is
noted in Figure 6. This is due to early GEBSCRAM convergence problems. However,
after 0.3 second the dif’ rences are small (<4.3%). This consistency in the
results indicates that the normalization multipliers are not largely affected by
the contrel rod velocity distribution.

As a further test, the 4/4 normalization factors were applied to the 3/4 GEBSCRAM
results and compared to the 3/4 STARPATH results. This comparison is shown
graphically in Figure 7. Again, after the first 0.2 second, the normalized 3/4
GEBSCRAM results only vary a maximum of -42 up to the first second of the scram,
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wvhich 1s the range over which the scram calculation is important. It was there-
fore assumed that the normalization factors could be applied to GEBSCRAM results
with differing control rod speeds with only a small amount of error during the

first second of the scram.

TABLE 3

CEBSCRAM Normalization Factors

Time Multiplier
(sec)

0.1 20,612
0.2 1.127
0.3 1.031
0.4 0.997
0.5 1.014
0.6 0.977
0.7 0.934
0.8 0.922
0.9 0.911
1.0 0.881

6.2 EFFECT OF TOP PEAKED POWER SHAPES

To investigate the effect of a top peaked power shape, a full scram (four out of
every four coatrol rods) at a 1.62 second EIT and a partial scram (three out of
four) at a 1.53 second EIT were evaluated for a top peaked power shape. From the
Haling power shape analysis, it is known that the 3/4 case yields a slightly
better scram than the 4/4 case. For the top peaked power shape, the 3/4 case
also yielded a slightly better scram than the 4/4 case. The results are presented
in Table 4. Since the reference "D" scram curve lies between a Haling and a top



peaked scram curve, the above relationshi) between the scrams is assumed to hold
for the "D" scram curve as well. Therefore, the approach presented may be applied
with confidence in reference to the "D" scram curve. (The top peaked power dis-

tribution is the worst case fcr a scram calculation.)

TABLE 4

Comparison of 3/4 and 4/4 Cases for Haling and
Top Peaked Power Shapes

GEBSCRAM Predicted
Scram Reactivity (Not Normalized)

Haling 0.74 sec 1.00 sec
3/4 Case $ - 1.84 $ - 4,04
4/4 Case $ - 1.83 $ ~ 3.9
Top Peaked

3/4 Case $ - 0.46 $§ - 1.39
4/4 Case $ ~ 0.43 $ ~1.23

6.3 SCRAM BANK FAILURE

An analysis was performed in order to evaluate the effects of the failure of one
of the four scram banks to insert. Both the present and a new proposed scram
bank assigunment were investigated. The present system (applied to plants with-
out solid-state reactor manual control systems) is illustrated in Figure 8 and
the new system i{s illustrated in Figure 9. The changes in scram reactivity due
to cne scram bank failure for the two systems is shown in Table 5. The present
system was found to be slightly worse. The results for the present system are
graphed in Figures 10 and 11. The loss of scram reactivity at .oe end of the
scram is -26%, nearly proportional to the 25% rod failure. However, in the
earlier, more important part of the scram, less loss of reactivity occurs as noted
in Figures 10 and 11. These results will require furthat transient analysis in
order to completely evaluate the effects of failing one scram bank.

23
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TABLE 5

Scram Bank Failure Results

Loss of Scram Reactivity (%)

System 0.74 sec 1.00 sec
Present -11.0% -13.72
Proposed -10.8% ~13.42

6.4 PROPOSED ADDITIONAL ANALYSIS

Several additional analyses of interest were recognized, however lack of time

has not yet permitted their investigation.

The effects of core size are expected to have some impact on the approach. This
is due to the higher relative worths of control rods in smaller size cores. It
is expected that the results of the preliminary work will not change (i.e. small
groups of control rods insert minimum reactivity when the control rods are in-

serted at the same rate and a constant average rate is maintained). The values

of the MAEIT may change, however, reflecting core size differences.

The results shown in Table 2 reflect an analysis performed for the BWR/6 fast
scram rate of 752 insertion in 1.62 seconds. Curreatly, it is not expected that
this scram speed will be met due to mechanical limitations. Therefore, an analy-
sis should be performed reflecting an updated, more realistic fast scram speed
when it becomes available. An analysis may also be performed for the '67 B scram
speed to update the scram specification for currently operating plants.

A proposed method to incre-se the scram speed which was not considered by the
approach is to partially insert some control rods so that they reach 751 insertion
quicker than if they were fully withdrawn. This would seem particularly useful

to increase the effective speed of a slow control rod. However, the required
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amount of insertion and the subsequent effects om operating strategy and fuel
cycle economics must be evaluated to assure satisfactory results from this method.
A quick calculation showed that a control rod with an EIT of 1.62 seconds could
have its EIT reduced to 1.42 seconds by being inserted four notches before initia-
tion of the scram. Hcwever, the scram performance must be evaluated as opposed

to changes in the EIT in order tv get a good estimate of the changes in scram

reactivity.
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APPENDIX I
EVALUATION OF MAEIT VALUES

The new proposed approach defines the limiting velocity distribution of operable
control rods by specifying a limiting value for the Maximum Allowable Effective
Insertion Time (MAEIT) as a function of the number of inoperable and siow clump
control rods. An acceptable scram is assured as long as the local and global
restrictions on the operable control rods are met with respect to the value of
the MAEIT and the distribution or separation requirements are also satisfied.
Therefore, for a given minimum required scram reactivity response, the MAEIT
values of Table 2 must be determined. The following procedure describes the
required computations. Computations are performed for an all rods out case at

end of cycle (the limiting case).

First, the limiting control rod velocity distribution must be determined if no
slow or inoperable control rods are present. Fur this case, all of the control
rods in the core are scrammed at the same speed. (This was previously deter~
mined as the velocity distribution which inserts minimum reactivity while main-
taining the average control rod speed in the core.) Since the NRC requires that
the highest worth control rod is assumed to fail, the highest worth control rod
(generally the center control rod) should not be scrammed in this calculation.
By iterating on control rod speed, the limiting value of the MAEIT which just
provides the required scram reactivity response may be found. Figure 13 illus-
trates the control rod speed distribution in a 764 size core for this case. All
blank control rods scram at same rate defined by the MAEIT. The failed rod, F,

does not scram at all.

The next step is to determine MAEIT values for various numbers of slow clump and
inoperable control rods. This requires placing the slow clump and inoperable
control rods in the closest packed, limiting distribution while still satisfying
the separation requirements. The slow clump and inoperable coéttol rods are not
allowed to scram at all, as well as the additional failed control rod. The other
pormal control rods all scram at the same speed defined by the MAEIT value. Fig-
ures 14-33 {llustrate the limiting distributions for a 764 size core. Both zero



and one partially inserted stuck inoperable rod cases are shown since the exist-
ence of a stuck rod changes the limiting distribution of slow clump and inoperable
rods. Scram calcalations are run for each case shown in Figures 14~33 to deter-
mine the limiting values of the MAEIT's. Sample GEBSCRAM input files for several

of the calculations are shown in Figures J}4-36.

Some additional conservatism is introduced into the MAEIT values by assuming that
the slow clump control rods do not scram at all. To determine the amount of con-
servatism, an investigation of how slow control rod scram speed affected scram
reactivity was performed. A core of uniform 2x2 control rod cells was set up
with three of each four contrcl rods scramming at the same constant speed. The
speed of the fourth control rod was then varied from the same speed of the other
control rods until the slow rod did not insert at all. The resulting changes in
scram reactivity at 0.74 and 1.0 seconds are shown in Figure 12, The results
show that the amount of scram reactivity decreases rapidly as the fourth control
rod just becomes slower than the other three control rods. For example, 50T of
the scram worth of the fourth control rod is lost if the control rod slowed down
by = 0.20 seconds with respect to the EIT oi the other three control rods (EIT's
= 1,53 seconds). This rapid decrease means that a slow control rod does not
have to slow down very much to have a major effect on the resultant scram reac~-
tivity in the time frame of interest (i.e., less than ! second). Therefore,
little conservatisam is actually added by assuming that the slow clump control
rods do not scram since slow clump control rods will already have a relatively

slow insertion speed.
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ENCLOSURE 3

BRUNSWICK STEAM ELECTRIC PLANT, UNIT 1 AND 2
NRC DOCKETS 50-325 & 50-324
OPERATING LICENSES DPR-71 & DPR-62
REQUEST FOR LICENSE AMENDMENTS
CONTROL ROD DRIVE SCRAM ACCUMULATORS

LIST OF REGULATORY COMMITMENTS

The following table identifies those actions committed to by Carolina Power & Light
Company in this document. Any other actions discussed in the submittal represent
intended or planned actions by Carolina Power & Light Company. They are described to
the NRC for the NRC's information and are not regulatory commitments. Please notify the
Manager-Regulatory Affairs at the Brunswick Nuclear Plant of any questions regarding this
document or any associated regulatory commitments.

Committed
Commitment date or

cutage
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