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Attached are the highlights of the August 20, 1976, Peaking Factors Working
Group Meeting on B&W core power distribution. The full minutes will follow

shortly.
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HIGHLIGHTS OF THE PEAKING FACTORS
WORKING GROUP MZETING
AUGUST 20, 1976
WASHINGTON, D. €.

On August 20, 1976, the Peaking Factors Working Group met in Washington,
D.C., to discuss power distribution in reactor cores fabricated by
Babcock and Wilcox (B8W). Working Group members in attendance included
Drs. Kerr and Mark. Cornsultants present included Drs. Lee and Lipinski.
Significant pointed discussed at the meeting included the following:

1. B&W has two classes of plants: (1) "rodded" plants, and (2)
"feed and bleed" plants. In the rodded plents, slow reactivity
transients are controlled via control rod assemblies (CRA).

The fcad and bleed plants control slow reactivity transients
by varying the soluble boron concentration in the reactor

coolant. Both classes of plants use par: length control
assemblies.

2. B&W uses both in-core and ex-core detectors. The in-core
detectors are not intercalibrated. The Working Group questioned
how a malfunctioning in-core detector would be detected and
accounted for in measurement analysis. The ex-core power
detection system relies on 4 split uncompensated ion chambers,
12 feet in length. The ex-core output signais from the top
and bottom detector string are summed. The summed output
signal is preportional to the totai reactor power .,

3. A load transient (75%-35%-75%), for a rodded plant was reviewed.
For B&W plants, the average core temperature is held constant.
Control is maintained by maneuvering the control rods to balance
the xenon and doppler reactivity feedback effects occurring
through the transient.

4. Describing the allowable core inbalance as determined by ex-core
instrumentation, it was noted that B&W employs two parameters
for controlling the peaking factor: (1) control rod position
limits, and (2? magnitude of core axial power inbalance. At full
power, the axial inbalance maneuvering band is restricted to 6 to
7% before alarm 1imits are reached. This is due to the transient
xenon penalty required to stay within LOCA KW/ft limits.

5. There was considerable discussion on the topic of quadrant tilt,

i.e. its measurement and determination. The Staff noted that while

B&W is required to monitor for quadrant power tilt the method of

tilt monitoring is not specified. After further discussion it was
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noted that because the ex-core detector readings are normalized
frequentiy, the in-core detectors must be relied on as the basis
for power tilt measurement.

B&W utilizes a "hold" on return to power during a transient to
mitigate the consequences of transient xenon (by burnout) on the

peaking factor. The power hold reduces the xenon effect on F

:{aagproximately 7% for rodded plants and 8% for feed and bleed
nts.

The power distribution calculations performed were reviewed. B&W
performs three sets of design calculations. These are: (1) full
power eyuilibrium xenon calculations, /2) design transient cal-
culations (1C0%-50%-100% for feed and bleed plants, 100%-30%-100%
for rodded plants), and (3) calculations for off normal conditions
i.e. mismanagement of axial power shaping rods, etc.

The uncertainty factors accounted for in the calculation used to
determine the rod insertion limits and axial inbalance limits were
discussed. Measurement uncertainties were also reviewed. Because
the topicals dealing with the overall subject of uncertainty
analysis have yet to be published, the discussion was general in
nature.
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MINUTES OF THE ACRS PEAKING FACTORS
WORKING GROUP
AUGUST 20, 1976
WASHINGTON, D. C.

On August 20, 1976, the Advisory Committee on Reactor Safeguards Peaking
Factors Working Group, met in Washington, D.C., to discuss the measuring

of power distribution in 1ight water reactors, whose core are fabricated

by Babcock and Wilcox (B&W). The notice of the meeting appeared in the
Federal Register, Volume 41, Number 152 - Thursday, August 5, 1976.

There were no requests received for oral or written statements by members
of the public, and none were made at the meeting. Attachment A is the
meeting agenua. The attendees' 1ist is Attachment B. A tentative schedule
is Attachment C to the minutes. Slides and handouts used at the meeting
are Attachment D to these minutes.

EXECUTIVE SESSION 8:35-9:45 a.m. (CLOSED)

Dr. Kerr, Working Group Chairman, askied if any members of the Working
Group had questions regarding B&W power distribution measurement. A
Wor'ing Group member asked if B&W plants had core power distributions in
transient load follow maneuvers similiar to Westinghouse (W) plants,

and if so how was axial offset control maintained? Dr. Kerr felt B&NW
peaking factors were not as Tow as W's, and suggested that comparative pro-
blems between B8W and W plants be highlighted.

The Working Group also noted that many of the B&W Topicals shown on the

1ist provided by the NRC Staff (Attachment D-26-28) dealing with core
physics calaculations and uncertainty measurements are yet to be published.
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The status of the NRC report on power distribution for light water reactors
was also discussed.

OPEN SESSION 9:10 a.m. - 4:02 p.m. INTRODUCTION

Dr. Kerr, Working Group Chairman, called the meeting to order at 9:10 a.m.
The Chairman stated the purpose of the meeting and explained the procedures
for conducting the meeting, pointing out that Mr. Thomas G. McCreless was
the Designated Federal Employee in attendance.

Mr. Dan Fino, NRC Staff, introduced Mr. Walt Brooks to begin the discussion
by describing B&W reactors, and the in-core and ex-core instrumentation used,

B&W REACTOR AND NEUTRON DETECTION INSTRUMENTATION DESCRIPTION

Mr. Brook: described the B&W core components, including the fuel assemblies,
control rod assemblies (CRA), and in-core and ex-core instrumentation
available. B8W has reactors of three sizes: 145, 177, and 205 fuel
assembly cores. The meeting discussions centered on the 177 assembly

core presently being offered by B&W. Current reactors use the 15x15 fuel
assembly (Fig. 2); control assemblies contain 16 control rod guide tubes
(CRGT). These tubes may contain water, Tumped burnable poison (84C), or
control rods, depending on need. The new 17x17 fuel assemblies will

contain 24 CRGT's. In-core instrumentation tubes are located in the

center of selected assemblies.

A slide of control rod assemblies arranged by groups was shown (Fig. 4),
for a 205 assembly plant. Groups 1-4 are safety rods; groups 5-7 are
regulating rods, and group 8 rods are part length (3 feet) axial power
shaping rods (APSRA). BBW operates two types of reactors, "rodded" and
“feed and bleed," plants.
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Describing the regulating rod group withdrawal mode, Mr. Brooks said the
three rod groups are independently operated in the rodded plants. Rod

groups 6 and 7 operate in unison in the feed and bleed plants. There is

a 25% overlep in the withdrawal positions for the rods, i.e. wher group

5 passes the 75% withdrawal mark, group 6 starts to withdraw, etc. (Fig. 5).

Mr. Brooks described the in-core detectors used. For the 177 assembly
plant, there aie 52 in-core detector strings with 7 rhodium detectors per
string, (Fig. 7). Based on 1/4 core symmetry there is a "detector" for
each fuel assembly; symmetry monitors determine quarter core symmetry.

A background detector is also utilized, and a calbiration tube is provided
for a movable in-core calibration unit. At present, none of the utilities
have used moveable 1n-core calibration detectors.

A discussion ensued concerning the fact that the in-core detectors are not
intercalibrated. B&W maintained that a malfunctioning detector can be
easily spotted and accounted for by analysis. The in-core

detecters are replaced every 3 to 4 fuel cycles. Dr. Lee did not feel
that fuel enrichment anomalies affecting as much as an entire asembly
could be detected without in-core detector intercalibration. Dr. Lipinski
asked about the accuracy of the in-core detectors at end of life.

Mr. Bozarth (B&W) said he would send a B&W topical that contains

that information to the Working Group in the near future.

Mr. Brooks described the ex-core detector system used by B&W. The power
detection system uses four split uncompensated ion chambers, (Fig. 9).
fhe detectors are not uniformly positioned around the reactor vessel
(Fig. 10), due to space limitations.

The electronic signal system for each detector was reviewed (Fig. 11).
Mr. Brooks noted that the signals for power and & flux indications pass
through three amplifiers with three separate gain settings.
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Dr. Kerr referred back to an earlier question on the detection of fuel
amomalies via the in-core instruments, and asked the Staff if there was
information available on the probability of a fuel assembly containing
an enrichment anomaly finding its way into a reactor core. The Staff
said work was initiated in this area one year agoc, but no report has
been produced.

"RODDED" VS, "FEED AND BLEED" PLANTS - M. DUNENFELD

Mr. Dunenfeld reviewed the differences between the "rodded" and "feed and
bleed" classes of B3W plants in terms of reactivity control (Fig. 12).

The major difference is the method of transient xenon control. Replying

to Dr. Kerr's question, Mr. Dunenfeld said B&W reactors operate at a constant
average core temperature. Mr., Richings said he would address this point

shortly in his presentation. The feed and bleed plants rely primarily on boron
concentration manipulation with some rod movement for control of transient

xenon. The Staff noted that rodded plants have less operating flexibility
because of the lower LOCA imposed peaking factors.

Mr. Richings reviewed data from a 15.5 hour start-up test transiznt
(75%-35%-75%) for a B&W rodded plant, (Fig. 13). Parameters detailed
included: (1) rod positions for groups 6, 7, and part length rods,
(2) core imbalance; (3) power level; (4) reactivity feedback; (5)
radial peaking factors, and (6) an overall core peaking factor, The
two principle reactivity feedback effects are the deppler and xenon
feedback. The rod groups are maneuvered to balance these feedbacks.
As xenon is burned out {about 10 hours into the transient) rods must
be inserted to maintain criticality.

The maximum core peaking factors, and five Targest radial peaking factors
seen in the fuel assemblies during the test transient were discussed.

Mr. Richings pointed out that the location of the peak power shifts from the
center of the core towards the core bottom during the transient. This
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power shift introduces a conservatism in the decay heat LOCA analysis of
5-10%. The LOCA analysis assumes power distribution characteristics of

#orst peak and location, ignoring the actual shift of power (and decay

heat) as shown by the start-up test data. For a feed and bleed plant, most

of the transient xenon feedback described above would be compensated for

by boron concentration manipulation. Replying to a question from Dr. Lee,

Mr. Gudorf (B&W) said the feed and bleed plants do see a reduction in
transient response capability because of low boron concentration near end

of cycle. The Staff said that if the transient response problem is significant,
operating restrictions are imposed on the plant.

Mr. Dunenfeld reviewed the rod position limits for a feed and bleed plant,
(F%g. 14). B&W employs two parameters for control of the core peaking
factor: (1) control rod position 1imits, and (2) magnitlude of core axial
power imbalance. It was noted that (1) the control rod operating band is
rather narrow at full power, and (2) control rods cannot be fully with-
drawn at full power. The rod position 1imit curve is more complex for

a rodded plant. Dr. Kerr asked why the dotted line identified as "operating
Timit for continuty" appears on the graph. B&W said additional computer
software wuuld be required to program in alarm limits for the broken

line, and this additional operability did not justify the added so‘tware
expense,

A sample graph of the operational core power "envelope" was shown, (Fig. 15).
Responding to Dr. Mark's question, Mr. Dunenfeld said the discontinuity in
envelope shape for the positive and negative imbalance values results from
the ECCS-LOCA 1imit curves.

Technical specifications require an in-core flux map once a month. Mr. Dunenfeld

said that the in-core detectors are used to calibrate the ex-core detectors,
and spot any possible power distribution problems. There is no requirement
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for the use of in-core detectors on & day-to-day basis to monitor power
distribution. B&W is required to monitor for quadrant power tilt. Rep-
lying to Dr. Kerr's questions, Mr. Dunenfeld said the method of monitor-
ing power tilt is left to B&W.

A graph of ex-core radial tilt vs change 1n peak power wes described (Fig.
16). Dr. Kerr inquired as to how the value for the abscissa ("tiit

in lTeast sensitive position") is obtained from the ex-core detector out-
puts. Briefly, the procedure described by B&W was as follows: (1) the
four readings from the detectors are summed and an average is determined;
(2) for each detector a % deviation from the average is determined; (3)
the angle between the tilt direction and the out of core detector must

be known. B&W assumes a "least sensitive" angle of 57.5° between the tilt
direction and the detector 1ocation,vi.e, at this angle, the detector
“sees" the smallest percent of the actual tilt occurring; (4) the change
in the power peak as a function of the tilt is determined; (5) the largest
positive value determined at step (2) is plotted on the abscissa, and the
value for step (4) is plotted on the ordinate.

Mr. Dunenfeld said the 1ine on the tilt vs peak power qraph (Fig. 16)

envelopes the largest expected change in peak power as a function of ex-

core tilt. Mr. Dunenfeld attempted to correlate the slope value (1.84)

shown on the above graph to results obtained by W in similiar type experiments.
Dr. Kerr said that a one-to-one comparison between the two vendors should probably
not be made since it is quite likely each vendor has a different definition

of "tilt". The Staff is currently studying this problem of comparing peaking
factor change via power tilt measurement.

Mr. Dunenfeld also went on to say that for quadant tilt monitoring via the
ex-core detectors, B&W uses the signal that is also used to measure core power.

(Fig. 11). This signal is a summation o€ the signals from the top and bottom

detectors. There is concern on the Staff's part that for certain tilts, i.e.
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ti1t caused by partially misaligned congrol rods, there may be a I

i 2 ' 3 ; \unenfeld said

of detector sensitivity. Responding to a question, Mr. Bunenfeld said

that, at present, no requirements have been imposed to use the in-core
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i1t appears In practice however, when an apomaly is

detectors if a tiit appe 4 g

seen, operators will take appropriate corrective action.

There was considerable discussion concerning the calibration of the ex-core
detectors. The technical specification calibration requirements for the
ex-core detectors, specify that twice weekly the "total power reauing

of the detectors be compared to the calorimetric heat balance total

computation. Instrument channel calibrations are required if a 2% or

0

reater deviation is seen between the two results. Th2 ratio of the top

to bottom ex-core detector readings is calibrated to the in-core imbalance

ronulnoc

Dr. Kerr questioned the practice of recalibrating the ex-core detectors
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uent recalibration. After furtner discussion, it was

determined that, in fact B&W must rely on the in-core detectors as the

basic for quadrant tilt measurement. Mr. Gudorf said B&W takes a 7.5%
‘
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the peakir il can be pushed to 16% above the calculated value.
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A power "hoid" is made at 90% of full power to mitigate the effects of the

transient xenon on F,. F. is reduced by 7% for rodded plants, and 8% for
feed and bleed plants as a result of this power “hold". This restriction

applies to the first cycle of all 177 assembly plants and subsequent fuel

cycle f the rodded plants. The Staff is working to determine whether
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réed and bleed plants beyond first cycle must utilize a power hold. The
method of transient xenon analysis used to determine the power hold re-

B et e B & aed b 1 — a B : n Nn7¢
Quirement was discussed. In reply to Dr. Kerr, Mr. Gudorf said BAW-1007¢

"Operational Parameters for 8MW Rodded Plants,” (Proprietary), contains
information on xenon transient analysis.
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The various alarmed plant operating parameters were reviewed, (Fig. 17).

In reply to Dr. Lee, Mr. Coppola (B&W) said the in-cor: detector quadrant

tilt alarm setpoint is 4.10%; the ex-core detector alarm setpoint is 2.86%.

In response to another question, Mr. Coppola said therz have been restrictions
imposed on reactor maneuverability because of the tight power envelope in

the 90 to 100% power range. If setpoint limits are exceeded, the technical
specifications allow the operatcr two hours to get the imbalance back within
limits. Power reduction is required if corrective action is unsuccessful,

POWER DISTRIBUTION ANALYSIS CALCULATIONS - LOCA LIMITS DETERMINATION
W, "RROOKS

Mr. Brooks began by reviewing the three sets of design calculations
performed for power distribution analysis, (Fig. 18). These are: (1)

full power equilibrium xenon effects for various milestones in the plant
fuel cycle; (2) design transient conditions (100%-50%-100% for feed and
bleed plants, and 100%-30%-100% for rodded plants). These transients

are limiting because of LOCA considerations; (3) off ncrmal condition

such as mismanagement of _he part length axial power shaping rods, etc.
There are no operating restrictions on the part length rods in B&W reactors.

The calculation performed to determine the heat flux as a function of

elevation was discussed, (Fig. 19) The various uncertainties accounted

for by B&W were reviewed. Uncertainty factors noted included (1) axial -

Tocal factor to account for the effect of spacers in the fuel assemblies;

(2) power spike factor which accounts for densification; (3) hot channel
factor; (4) nuclear uncertainty factor; (5) nonequilibrium xenon penaity factor;
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(6) quadrant tilt penalty factor; (7) rod bowing penalty factor, and
(8) part length rod mismanagement factor. Dr. Lipinski asked how B&W
verifies a 2% accuracy on their calorimetric heat balance calculation.
B&W said a recent uncertainty reevaluation shows their best estimate
calculations contain a 1.25% uncertainty, thus 2% is a conservative
value,

The radial-local peaking factor used in the heat balance calculation
described above is defined as the ratio of the hot pin power to the
average bundle power. A two dimensional-quarter core PDQ calculation
is used to determine this quantity. A radial-local peaking factor

is determined for each core assembly and is a function of burnup, fuel
type, core composition, and whether or not the fuel bundle contains

rAOAD
v 5.,

Transient xenon concentration seen during a design power maneuver was
shown (Fig. 21). Dr. Lee asked if the 7% reduction in F, described
earlier (Page 7) had been verified by measurement. B&W ?eplied that
no plant experiments have been run to verify this partial xenon penalty
value. The value of the full transient xenon penalty (16%) has been
experimentally verified, and B&W topical BAW-10125 “"Verification of
Three-Dimensional FLAME Code" contains analytical analysis of the full
transient xenon penalty.

The LOCA 1imits for the maximum allowable heat rate (KW/ft) as a
function of core height was reviewed, (Fig. 22). At mid core, the
maximum Timit is 18.0 KW/ft.

Mr. Brooks discussed the procedures for establishment of technical
specification operating limits, i.e. rod position limits, and core

axial imbalance 1imits. Rod insertion 1imits are determined as follows:

(1) for each core level, a plot of the maximum heat generation rate
(HZ), as a function of rod position is made; (2) the curve from (1) is
compared to LOCA allowable heat generation rates for each core level
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to determine the rod position range permitted; (3) the most restrictive rod
position range from all core levels considered is noted. This most
restrictive rod position range wouid be the rod position operating limits
used. The axial imbalance 1imits are determined by: (1) reviewing the

rod position 1imit calculations above; (2) calculating the axial imbalance
for each core 'evel from these calculations, and (3) selecting the most
restrictive axial imbalance value from the calculations for the operating
limit.

The procedurzs for calibration of the ex-core detectors was

discussed. Measurements of axial imbalance are made with the in-core
detectors curing startup physics tests. The ex-core "difference" amplifier
gajn is adjusted to read the same value for imbalance as seen by the in-
core detectors. A plot of in-core vs ex-core offset was shown (Fig. 25).
Mr. Coppcla said that the instrunent “"drift" seen for axial imbalance
measurements is only about 2%/year of operation.

There was a discussion of the uncertainty in measurement. The dis-
cussion was not as detailed as discussion with other vendors on

this topic has been in the past, and Dr. Kerr asked for an appropriate
topica’ report dealing with this subject matter. Mr. Brunsen (B&KW) said
topical report BAW-10121 "Reactor Protection System Limits and Setpoints,"
will be published in January, 1977 and will adddress instrument uncertain-
ties.

Mr. Brooks described the technical specification operational limits (Fig. 15),
including the in-core and ex-core detector setpoint limits. Limits for

a "degraded" in-core system (operation with less than full complement of
functioning in-core detectors), are inside the ex-core setpoints., In

reply to Dr. Lee, Mr. Brooks said there is a 6-7% maneuvering band at full
power before alarm limits are reached. Replying to Dr. Kerr's questions

Mr. Coppola said if alarm 1imits are exceeded, the operator has a choice

of actions to bring the imbalance within limits. Normally the APSR's are
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adjusted in lieu of power reduction.

Dr. Lee asked why there is such a restrictive operating band from 80%
to 90% power and 90% to 100% power, (Fig. 15). Mr. Gudorf said that
because of the transient xenon peaking penalty taken at 90% power and
above, and the requirement to maintain LOCA KW/ft. limits, the axial
offset has had to be restricted. Below the 90% power level, a larger
power peak is allowed, which in turn allows the use of a bigger axial
offset.

Dr. Kerr closed the meeting by thanking all participants involved and
noted that the Working Group may request additional information from
B&W at a later date.

The meeting was adjourned at 4:02 p.m.

NOTE: A complete transcript of this meeting is on file at the NRC
Public Document Room at 1717 H Street, N.W., Washington, D.C.,
or can be obtained from ACE Federal Reporters, Inc., 415 Second
Street, N.E., Washington, D.C. 20002 (202) 547-6222.
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DOCUMENTS MADE AVAILABLE TO THE WORKING GROUP FOR THE AUGUST 20, 1976
MEETING

1. Visual aids used in presnetations (attached to minutes)
a. Vu-graphs used by the NRC (25)

2. Additional information made available

a. List of B&W Topicals on Power Caiculations and Core Power
Distribution from the NRC Staff
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rostmmked po Inter than Aupgnst 13,
1976 1o M T. G NMeCreless, ACRS,
HRE, Washinedon, Ty 20555 will nor-
raadly be received i e Lo be considered
2t thivmectling,

th ‘I'bese persons wiching to make nn
otal stutoment at the meeting ghotid
oiake g writted regne b Lo do so, identify -
i e topies nnd dered presentation
tie to that anproprote arraneoments
can boe mode. The Warking Group will
receine orad statemen's on topics rele-
vabit {0 ity purviey bt o apprapriate
tane chosen by the Chairman ¢ the
Yorking Group.

) Parther  infonmation  regarding
topmes (0 be discussed, s hether the mect-
g has been eanesllod or rescheduled,
the Chairman's rubng on requests for
the oppartunity to present oral state-
ments and the time < lotted therefor can
be oulsined by o wepaid telephione eall
on Aunnst 19, 1896 to toe Office of the
Exceutive Director of the Commitlee
(telephione 202 624-1374, Attn: Mr. 7. G.
MeCrelees? between 815 aom. and 5:00
pm, BT,

() Persons with agreements or erdors
pormitiing necess o proprictary infor=-
nation may attend portion: of ACRS
nmectints where this mateviai is being
dascussed upon eonfirnation that such
sevecinents are effective ind relate to the
matorin! beine discweaed.

The Viaveentive Director of the ACRS
should e nformed ¢f =nch an namee-
ment at least three woarlane days prior
to the mectiug fo thet the wor 'ment ean

e conflimed and a determination m;;
be mnde repasling the amplicability of
the nareement (o the materin (hat win
be diveussed during the mestineg Ming-
e information provided  shenhd in-
clude Information rerarding the dute of
the nprecnient, the seape of matervind -
cluded tn the noaveement, (he moject or
nrejeets nvolved, and the names and
titles of the persons signing the agree-

ment. Additional information may be re-
quested to dertify the siwecitic agree-
ment juvolved. A copy of the execuled
anreoment hould be provided to Me. T
G, WeCreless of the ACRI Office, prior
to the berinning of the mecting.

fer Quesdtions, may be propomnded only
by membiors of the Working Group and
Iits conatltants,

) The we of still, motian picture,
and televicion cameras, the physical in-
staliation and presence of which will not
mterfere with the conduct ¢f the megct-
ing, will be permitted both before and
nfter the moeting and durine quy recess
Thie use of ~uch equirent will nat, how-
ever, be alicwed while the meeting is in
spssion,

(gr A copy of the branseript of the
open portioe of tie meetine will be avail-
ubie for e pschion on or oo Angast 27,
1076 ot the NKC Pubhie Do wsent Room,
1717 T &L, NW., Washington, NC 20608,

Copics of (he minntes of the mecting
will be made available for inspection at
the NRC Tublic RDocwwent Room 1717
H 8L, NW., Washington, DO $0555 after
November 22, 1070 Copic: may be ob-
tained upon payinent «° appropriate
charges

Dated: July 29, 1976.

Jonw C. Navie,
Advicory Commiltee
Manaucii~nt Oflicer.

1T R Dee’6 21000 Filed 8-4 76,605 am)
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WORKING GROUP ON PEAKING FACTORS
WASHINGTON, DC
AUGUST 20, 1976

- Topics For Discussion -

1. Description of B&W reactors incl.ding incore and excore nuclear
instrumentation,

2. Corftrol techniques for B&W plants - Rodded plants and Feed and
Bleed plants.

3. Control of power distribution during operation. Technical
Specifications.

4. Methods for power distribution determination.

Uncertainties in calculation and in measurement and contrcl.

(82}
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| 6 4 1 4 |
2
7 8 7 .25 § /
2 3 €
| g 4 1 “ 6 |
5 8 3 S
2 ¢ b t
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1 1 |
BROUP NO. PURPOSE NO. OF RODS
I Safety (1
2 Safety 12
3 Safety 6
4 Safety ]
5 Regulating 8
b Regulating 12
1 Regulating 6
L] APSE A ]
Total 12

Fig. 4.3-28 CRA Patterns for Cycle 1



Table 3-1. Rod Index Vs Operating Bank Withdrawal
Rod Group 5 Group 6 Group 7
index, % withdrawal, % withdrawal, % withdrawal, %
300 100 100 100
275 100 100 75
250 100 100 50
225 100 100 25
200 100 87.5 12.5
175 100 75 0
150 100 50 0
125 100 25 0
100 87.5 12.5 0
75 75 0 0
50 50 0 0
25 25 0 0
0 0 0 0

<

3-4 Babcock & Wiice « ‘



Incore Detector l.ocations

Tota! core monitors

based on 1/4 core symmetry

Symmetry monitors

2 ‘ @ Combination total core
O_10 Q? Q@ and symmetry monitors
e
I
Y
Temperature Detector
Axial Flux Active Core
Shape Length

S~ B R EEDEE=s

- AP Tubes

e G libration Tube

Background Detector

Local Flux Detectors




Total core monitors
pased on 1.4 core
6 6 O~ Os,mmetry.
i O @0
e o e o O @ Symmetry Monitors
O
@ 600 & o » @ .
-o @0 eCe @0 COLQ—
O 3 10 !
® & ¢ & o &6 o
Ol 1O i
. _vi | i LO'D¢.O
IO | 1O
e [ e
=
L 1O o
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Active Core
Length

I————-——-—- Local Flux Detectors

kezerege Flux Detectors
Bacrf',’luud

Fig. 7.8-4 Inccore Detector Locations
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COMPENSATED IOUN CHAMBER - INTERMEDIATE RANGE DETECTOR

UNCOMPENSATED ION CHAMBER - POWER RANGE DETECTOR

NUCLEAR INSTRUMENTATION DETECTOR

LOCATIiONS 57

Figure 7 B-3
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