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The section numbers and Utility Actions Required listed below are from the NUMAC PRNM
Retrofit Plus Option III Stability Trip Function Topical Report NEDC-324 1 OP-A including
Supplement 1.

Section No. Utility Action Required Response
2.3.2 Option III Stability Implementation

Not a required specific LTR response

Confirm that the actual plant Option III The CGS Option III implementation is in
configuration is included in the variations accordance with the LTR Requirements of
covered in the Power Range Neutron Monitor section 2.3.2.
(PRNM) Licensing Topical Report (LTR)
[NEDC-3241OP-A, Volumes 1 & 2 and
Supplement 1].

2.3.4 Plant Unique or Plant-Specific Aspects The actual, current plant configuration and the

Confirm that the actual plant configuration is proposed replacement PRNM are included in
included in the variations covered in the Power the PRNM LTR as follows: (Applicable LTR

Range Neutron Monitor (PRNM) Licensing sections are listed.)
Topical Report (LTR) [NEDC-324 OP-A,
Volumes 1 & 2 and Supplement 1], and the Current Proposed

configuration alternative(s) being applied for the APRM 2.3.3.1.1.2 2.3.3.1.2.1
replacement PRNM are covered by the PRNM RBM 2.3.3.2.1.1 2.3.3.2.2.1
LTR. Document in the plant-specific licensing Flow Unit 2.3.3.3.1.2 2.3.3.3.2.2
submittal for the PRNM project the actual, Rod Control 2.3.3.4.1.2 2.3.3.4.2.2
current plant configuration of the replacement Panel Interface 2.3.3.6.1.1 2.3.3.6.2.1
PRNM, and document confirmation that the
PRNM LTR covers those. For any changes to
the plant operator's panel, document in the
submittal the human factors review actions that Human Factors Engineering is part of the CGS
were taken to confirm compatibility with design process.

existing plant commitments and procedures.

The actual PRNMS System to be installed at
CGS contains 1 deviation from the system
design as described in the LTR. Justification for
these deviations is provided as Appendix A.

3.4 System Functions

As part of the plant-specific licensing submittal,
the utility should document the following:
1) The pre-modification flow channel 1) The current flow channel configuration

configupre-modification, a y cha sanned consists eight flow transmitters (LTR
configuration, and any changes planned Section 3.2.3.1.1). Thus, the current
(normally changes will be either adding two configuration meets the requirements
channels to reach four or no change described in LTR Section 3.2.3.2.2.
planned)

NOTE: If transmitters are added, the
requirements on the added transmitters
should be:

I
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Section No. Utility Action Required [ Response
" Non-safety related, but qualified

environmentally and seismically to
operate in the application
environment.

* Mounted with structures equivalent or
better than those for the currently
installed channels.

* Cabling routed to achieve separation
to the extent feasible using existing
cableways and routes.

2) Document the APRM trips currently
applied at the plant. If different from those
documented in the PRNM LTR, document
plans to change to those in the LTR.

3) Document the current status related to
ARTS and the planned post modification
status as:
* ARTS currently implemented, and

retained in the PRNM
" ARTS will be implemented

concurrently with the PRNM
(reference ARTS submittal)

* ARTS not implemented and will not
be implemented with the PRNM

* ARTS not applicable

2) APRM trips currently applied at the plant
are listed below along with changes
planned. The "post-modification" trips will
be the same as those identified in the LTR.

* "Inop" Retained, except the logic is
modified slightly (same as described in
LTR paragraph 3.2.10).

* "Fixed Neutron Flux-High" is modified
to "Neutron Flux-High" (as described
in LTR paragraph 3.2.5).

* "Flow Biased Simulated Thermal
Power-High" is modified to Simulated
Thermal Power-High" (as described in
LTR paragraph 3.2.5).

" "APRM Neutron Flux - High
(Setdown) is retained as described in
LTR paragraphs 3.2.4 and 8.3.1.4.

" Add 2-Out-of-4 Voter as described in
LTR paragraphs 3.2.2 and 8.3.2.4.

3) ARTS will be implemented concurrently
with the PRNM.

4.4.1.11 Regulatory Requirements of the Replacement A review of the CGS requirements confirms that
System - System Design the regulatory requirements addressed in the

LTR encompass the related CGS requirements.
This section identifies requirements that are The design change process will confirm that the
expected to encompass most specific plant regulatory and licensing requirements are met.
commitments relative to the PRNM replacement CGS commitments will be reviewed against the
project, but may not be complete and some may LTR. Upon initial review, the LTR meets CGS
not apply to all plants. Therefore, the utility commitments.
must confirm that the requirements identified
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Section No. Utility Action Required Response
here address all of those identified in the plant
commitments. The plant-specific licensing
submittal should identify the specific
requirements applicable for the plant, confirm
that any clarifications included here apply to the
plant, and document the specific requirements
that the replacement PRNM is intended to meet
for the plant.

4.4.2.2.1.4 Regulatory Requirements for the Replacement The PRNM control room electronics are
System -Equipment Qualification - Temperature qualified for continuous operation under the
and Humidity following temperature conditions: 5 to 50 'C [41

to 122 °F]. The CGS control room temperature
Plant-specific action will confirm that the range is: 40 - 104 'F (72-78 'F normal) . The
maximum control room temperatures plus design process includes actions to confirm that
mounting panel temperature rise, allowing for the PRNM equipment, as installed in the plant,
heat load of the PRNM equipment, does not is qualified for the environmental limits,
exceed the temperatures presented in the PRNM including temperature rise measurements.
LTR, and that control room humidity is
maintained within the limits stated in the PRNM The PRNM control room electronics are
LTR. This evaluation will normally be qualified for continuous operation under the
accomplished by determining the operating following relative humidity conditions: 10 to
temperature of the current equipment which will 90% (non-condensing). The CGS relative
be used as a bounding value because the heat humidity requirement for control room
load of the replacement system is less than the equipment is: 10 - 60%, which is within the
current system while the panel structure, and range for which the PRNM equipment is
thus cooling, remains essentially the same. qualified. The qualification results will be
Documentation of the above action, including documented in a plant unique "Qualification
the specific method used for the required Summary."
confirmation should be included in plant-
specific licensing submittals.

4.4.2.2.2.4 Regulatory Requirements for the Replacement The PRNM control room electronics are
System -Equipment Qualification - Pressure qualified for continuous operation under the

Plant-specific action will confirm that the following pressure conditions: 13 - 16 psia. The

maximum control room pressure does not CGS normal ambient atmospheric pressure is

exceed the limits presented in the PRNM LTR. approximately 14.43 psia (nominally 14.0-15.0
Any pressuredifferential from inside to outside psia), and is within these limits. The
the mounting panel assumed to be negligible qualification results will be documented in a
since the panels are not sealed and there is no plant unique "Qualification Summary."

forced cooling or ventilation. Documentation of
this action and the required confirmation should
be included in plant-specific licensing
submittals.

4.4.2.2.3.4 Regulatory Requirements for the Replacement The PRNM control room electronics are
System -Equipment Qualification -Radiation qualified for continuous operation under the

Plant-specific action will confirm that the following conditions: Dose Rate < 0.001 Rads
maximum control room radiation levels do not (carbon)/hr and Total Integrated Dose (TID) <
exceed the limits presented in the PRNM LTR. 1000 Rads (carbon). The CGS control room

Documentation of this action and the required dose rates (350 Rads (Carbon, gamma) over 40
confirmation should be included in plant- years) and TID are within the qualified ranges.
specific licensing submittals. The qualification results will be documented in a

plant unique "Qualification Summary."
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Section No. Utility Action Required Response
4.4.2.3.4 Regulatory Requirements for the Replacement Evaluations to confirm that the maximum

System -Seismic Qualification seismic accelerations at the mounting locations

Plant-specific action or analysis will confirm of the equipment do not exceed qualification

that the maximum seismic accelerations at the limits of the equipment are completed as part of

mounting locations of the equipment (control the CGS normal design change process.

room floor acceleration plus panel The seismic qualification results will be

amplification) for both OBE and SSE spectrums documented in "Qualification Summary

do not exceed the limits stated in the PRNM
LTR. Documentation of this action and the
required confirmation should be included in
plant-specific licensing submittals.

4.4.2.4.4 Regulatory Requirements for the Replacement
System -EMI Qualification

The utility should establish or document
practices to control emission sources, maintain
good grounding practices and maintain
equipment and cable separation.

1) Controlling Emissions
a) Portable Transceivers (walkie-talkies):

Establish practices to prevent operation
of portable transceivers in close
proximity of equipment sensitive to such
emissions. (NOTE: The qualification
levels used for the NUMAC PRNM
exceed those expected to result from
portable transceivers, even if such
transceivers are operated immediately
adjacent to the NUMAC equipment.)

b) ARC Welding: Establish practices to
assure that ARC welding activities do not
occur in the vicinity of equipment
sensitive to such emissions, particularly
during times when the potentially
sensitive equipment is required to be
operational for plant safety. (NOTE: The
qualification levels used for NUMAC
PRNM minimize the likelihood of
detrimental effects due to ARC welding
as long as reasonable ARC welding
control and shielding practices are used.)

c) Limit Emissions from New Equipment:
Establish practices for new equipment
and plant modifications to assure that
they either do not produce unacceptable
levels of emissions, or installation
shieldin2. filters. eroundina or other

1.) Controlling Emissions
a) The qualification levels used for the

NUMAC PRNM system exceed those
expected to result from portable
transceivers, even if such transceivers are
operated immediately adjacent to NUMAC
equipment. CGS generally prohibits
operation of portable transceivers near
sensitive equipment, and if warranted,
requires positioning of warning signs at
critical locations throughout the plant.
Placement of warning signs will be
evaluated as part of the modification
process.

b) The qualification levels used for the
NUMAC PRNM system minimize the
likelihood of detrimental effects due to ARC
welding as long as reasonable ARC welding
control and shielding practices are used.
ARC welding is only performed at CGS
with specific work orders and directions,
and is known to have the potential to affect.
operation of I&C equipment at a number of
locations in the plant. Therefore, ARC
welding activity is only performed when any
potential effect on I&C equipment is
tolerable relative to plant operation.

c) EMI emissions from new equipment
installed at CGS are evaluated as part of the
normal design modification process
described in CGS procedures.

4
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Section No. [ Utility Action Required [ Response
methods prevent such emissions from
reaching other potentially sensitive
equipment. These practices should
address both radiated emissions and
conducted emissions, particularly
conducted emissions on power lines and
power distribution systems. Related to
power distribution, both the effects of
new equipment injecting noise on the
power system and the power system
conducting noise to the connected
equipment should be addressed. (NOTE:
For the qualification of the PRNM
equipment includes emissions testing.)

2) Grounding Practices
Existing Grounding System: The
specific details and effectiveness of the
original grounding system in BWRs
varied significantly. As part of the
modification process, identify any
known or likely problem areas based on
previous experience and include in the
modification program either an
evaluation step to determine if problems
actually exist, or include corrective
action as part of the modification.
(NOTE: The PRNM equipment is being
installed in place of existing PRM
electronics which is generally more
sensitive to EMI than the NUMAC
equipment; As long as the plant has
experienced no significant problems
with the PRM, no problems are
anticipated with the PRNM provided
grounding is done in a comparable
manner.)
Grounding Practices for New
Modifications: New plant modifications
process should include a specific
evaluation of grounding methods to be
used to assure both that the new
equipment is installed in a way
equivalent to the conditions used in the
qualification. (NOTE: NUMAC PRNM
equipment qualification is performed in
a panel assembly comparable to that
used in the plant.)

3) Equipment and Cable Separation
a. Cabling: Establish cabling practices to

assure that signal cables with the
potential to be "receivers" are kept

2) The PRNM system equipment is being
installed in place of existing Power Range
Monitor (PRM) system electronics. The
replacement system will interface with the
same cables and wiring at the panel
interfaces as the current system, including
ground bus connections. No problems have
been identified with the current PRM system
related to grounding or grounding practices.
The original installation included specific
grounding practices designed to minimize
performance problems. The replacement
PRNM system is less sensitive to grounding
issues than is the current system and includes
specific actions in the wiring inside the panel
to maximize shielding and grounding
effectiveness.

3) Equipment and Cable Separation
The original PRM system cable installation
requirements met this objective. The
replacement PRNM system uses the same

5
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Section No. Utility Action Required Response
separate from cables that are sources of cable routes and paths at comparable energy
noise. (NOTE: The original PRM cable levels where feasible. Because no specific
installation requirements met this problem has been identified in the current
objective. The replacement PRNM system, no special action is necessary for the
uses the same cable routes and paths, so PRNM modification. The existing system
unless some specific problem has been cabling complies with applicable CGS cable
identified in the current system, no routing and separation requirements.
special action should be necessary for Additionally, the modification process is
the PRNM modification.) performed in accordance with the existing

b. Equipment: Establish equipment separation criteria.
separation and shielding practices for
the installation of new equipment to
simulate that equipment's qualification
condition, both relative to susceptibility
and emissions. (NOTE: The original
PRM cabinet design met this objective.
The replacement PRNM uses the same
mounting cabinet, and used an
equivalent mounting assembly for
qualification. No special action should
be necessary for the PRNM
modification.)

The plant-specific licensing submittals should
identify the practices that are in place or will be
applied for the PRNM modification to address
each of the above items.

6.6 System Failure Analysis

The utility must confirm applicability of the
failure analysis conclusions contained in the
PRNM LTR by the following actions:Confirm that the eve fined acions: E 1. The CGS Technical Specification (TS)1. Confirm that the events defined in EPRISu v il n e R q r m nt fo th R ac rSurveillance Requirements for the Reactor

Report No. NP-2230 or in Appendices F Protection System (RPS) are based on
and G of Reference 11 of the PRNM LTR, Reference 11 of the PRNM LTR as
encompass the events that are analyzed for discussed in the CGS Technical
the plant; Specification Bases (Section 3.3.1.1,

Reactor Protection System Instrumentation).
Therefore, the Reference 11 failure analysis
is applicable to CGS. The overall
redundancy and diversity of sensors
available to provide trip signals in the RPS
meets NRC-approved licensing basis
requirements.

2. Confirm that the configuration implemented 2. The proposed PRNM configuration is
by the plant is within the limits described in included among the configurations
the LTR; and described in the PRNM LTR, as itemized

under Section 2.3.4 above. The proposed
configuration is being designed by GEH
and is within the limits described in the
LTR.

6
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Section No. Utility Action Required Response

3. Prepare a plant-specific lOCFR50.59 3. The requirements of 1OCFR50.59 will be

evaluation of the modification per the applied to the PRNMS modification in

applicable plant procedures. accordance with applicable plant
procedures.

These confirmations and conclusions should be
documented in the plant-specific licensing
submittals for the PRNM modification.
[Reference 11 of the LTR is NEDC-3085 1 P-A,
"Technical Specification Improvement Analysis
for BWR Reactor Protection System", Licensing
Topical Report, GE Nuclear Energy, Class III
(proprietary), dated March 1988.1

7.6 Impact on UFSAR Applicable sections of the FSAR are reviewed

The plant-specific action required for FSAR and appropriate revisions of those sections are
updates will vary between plants. In all cases, prepared and approved as part of the normal
however, existing FSAR documents should be design process. Following implementation of

reviewed to identify areas that have descriptions the design modification and closure of the

specific to the current PRNM using the general design package, the FSAR revisions are

guidance of Sections 7.2 through 7.5 of the included in the updated FSAR as part of the
PRNM LTR to identify potential areas impacted. periodic 10 CFR 50.7 1(e) FSAR update

The utility should include in the plant-specific submittal.

licensing submittal a statement of the plans for
updating the plant FSAR for the PRNM project.

8.3.1.4 APRM-Related RPS Trip Functions - Functions
Covered by Technical Specifications

1. Delete the APRM Downscale function, if 1. CGS does not have an "APRM Downscale"
currently used, from the RPS RPS Trip Function Technical
Instrumentation "function" table, the related Specifications.
surveillance requirements, and, if
applicable, the related setpoint, and related
descriptions in the bases sections.

2. Delete the APRM Flow-biased Neutron 2. CGS currently uses a "Flow Biased
Flux Upscale function, if currently used, Simulated Thermal Power-High," RPS trip
from the RPS Instrumentation "function" function. This function is renamed to
table, the related surveillance requirements, "Simulated Thermal Power-High".
and, if applicable, the related setpoint, and
related descriptions in the bases sections. The "Fixed Neutron Flux-High" is retained
Replace these with the corresponding
entries for the APRM Simulated Thermal as "Neutron Flux-High".
Power - High and the APRM Neutron Flux
- High functions. Perform analysis
necessary to establish setpoints for added
trips. 3. The current APRM Neutron Flux - High

3. Add the APRM Neutron Flux - High (Setdown) function is retained
(Setdown) function, if not currently used, to
the RPS Instrumentation "function" table,
add the related surveillance requirements,
and, if applicable, the related setpoints, and
related descriptions in the bases sections.

7
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Section No. Utility Action Required Response
Perform analysis necessary to establish
setpoints for added trips.

8.3.2.4 APRM-Related RPS Trip Functions - Minimum
Number of Operable APRM Channels

I For the 4-APRM channel replacement
configuration, revise the RPS
Instrumentation "function" table to show 3
APRM channels, shared by both trip
systems for each APRM function shown
(after any additions or deletions per PRNM
LTR Paragraph 8.3.1.4). Add a "2-out-of-4
Voter" function with two channels under
the "minimum operable channels". For
plants with Technical Specifications that
include a footnote calling for removing
shorting links, remove the references to the
footnote related to APRM (retain references
for SRM and IRM) and delete any
references to APRM channels in the
footnote. For smaller core plants, delete the
notes for and references to special
conditions related to loss of all LPRMs
from the "other" APRM.

2. Review action statements to see if changes
are required. If the improvements
documented in Reference 11 have not been
implemented, then changes will likely be
required to implement the 12-hour and 6-
hour operation times discussed above for
fewer than the minimum required channels.
If Improved Technical Specifications (IST)
are applied to the plant, action statements
remain unchanged.

3. Revise the Bases section as needed to
replace the descriptions of the current 6- or
8-APRM channel systems and bypass
capability with a corresponding description
of the 4-APRM system, 2-out-of-4 Voter
channels (2 per RPS system), and allowed
one APRM bvpass total.

1. The PRNM modification and the proposed
Technical Specifications and Bases change
implement the changes as described in the
PRNM LTR for a "larger core" plant. CGS
Technical Specifications do not include
notes related to APRMs that call for
removal of shorting links or references to
special conditions related to loss of all
LPRMs from the "other" APRM.
Therefore, no related note changes are
required.

Revised RPS functions to indicate that the
required number channels per a trip system
is 3 APRM channels.

"2-out-of-4 Voter" function with two
channels under the "minimum operable
channels" has been added as Function 2.e.

2. Action statement changes in the proposed
Technical Specifications change are
consistent with the PRNM LTR described
changes for plants with Improved Technical
Specifications. CGS had previously
switched to the IST format.

3. The proposed Technical Specifications
Bases changes include revisions to the
descriptions of the architecture, consistent
with the PRNM LTR.

8.3.3.4 APRM-Related RPS Trip Functions -
Applicable Modes of Operation

1) APRM Neutron Flux - High (Setdown) 1) Technical Specifications and Bases changes
Change Technical Specifications are consistent with the PRNM LTR.
"applicable modes" entry, if required, to be
Mode 2 (startup). Delete references to
actions and surveillance requirements
associated with other modes. Delete any
references to notes associated with "non-
coincidence" mode and correct notes as
required. Revise Bases descriptions as
required.

8
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Section No. Utility Action Required Response

2) APRM Simulated Thermal Power - High 2) The Flow Biased Simulated Thermal Power -

Retain as is unless this function is being High Technical Specification is retained

added to replace the APRM Flow-biased however, the name is changed to "APRM

Neutron Flux Trip. In that case, add Simulated Thermal Power - High," consistent

requirement for operation in Mode 1 (RUN) with the PRNM LTR.

and add or modify Bases descriptions as
required.

3) APRM Neutron Flux - High 3) The Fixed Neutron Flux - High Technical
Retain as is unless this function is being Specification and Bases is retained however, the

added to replace the APRM Flow-biased name is changed to "APRM Neutron Flux -

Neutron Flux Trip. In that case, add High," consistent with the PRNM LTR.
requirement for operation in Mode 1 (RUN)
and add or modify Bases descriptions as
required.

4) APRM lnop Trip 4) The current CGS Technical Specifications,
Delete any requirements for operation in require this Function, only in Modes 1 and 2.
modes other than Mode 1 and Mode 2
(RUN and STARTUP). Revise the Bases
descriptions as needed.

8.3.4.1.4 APRM-Related RPS Trip Functions - Channel
Checks/ Instrument Checks
a) For plants without Channel Check a) The CGS Technical Specifications currently

a) include a once-per-shift Channel Check
requirements, add once per 12 hour or once requient o r the APRM Funct

per day Channel Check or Instrument requirement for the APRM Functions

Check requirement for the three APRM (except for Inop). The APRM Function

flux based functions. No Channel Check Channel Check requirements are maintained
at once per 12 hours, consistent with therequirements are added for APRM Inop remainder of the RPS Technical

function. Plants with once per 12 hour or Secains. the rps Technical
once per shift requirements may change Specifications. The proposed Technical
them to once per day. Specification and Bases changes for the

Channel Check SR are consistent with the

PRNM LTR.

b) For plants with 4 full recirculation flow b) CGS currently has 8 flow transmitters.
channels and with Technical Specifications Associated surveillances have been included
that call for daily or other channel check in those for the APRM Simulated Thermal
requirements for flow comparisons under Power - High, and the OPRM Upscale
APRM Flow Biased Simulated Thermal Functions (the latter because of the OPRM
Power Trip, delete those requirements. trip enable function). The proposed
Move any note reference related to Technical Specification and Bases changes
verification of flow signals to Channel for the recirculation flow related SRs are
Functional Test entry. consistent with the PRNM LTR but with

some expansion to clarify that the
recirculation flow functions also support the
OPRM Upscale Function trip enable.

9
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Section No. Utility Action Required Response
8.3.4.2.4 APRM-Related RPS Trip Functions - Channel

Functional Tests

a) Delete existing channel functional test
requirements and replace with a
requirement for a Channel Functional Test
frequency of each 184 days (6 months)
[delete any specific requirement related to
startup or shutdown except for the APRM
Neutron Flux - High (Setdown) function as
noted in Paragraph 8.3.4.2.2(1) of the
PRNM LTR. Add a notation that both the
APRM channels and the 2-out-of-4 Voter
channels are to be included in the Channel
Functional Test.

b) Add a notation for the APRM Simulated
Thermal Power - High function that the
test shall include the recirculation flow
input processing, excluding the flow
transmitters.

CAUTION: Plants that have not implemented
the APRM surveillance improvements of
Reference 11 of the PRNM LTR, or those that
have continued to use a weekly surveillance of
scram contactors, may need to implement or
modify surveillance actions to continue to
provide a once per week functional test of scram
contactors. (Prior to changes defined in
Reference 11, the weekly APRM functional test
also provides a weekly test of all automatic
scram contactors.)

a) The proposed Technical Specification and
Bases changes related to Channel
Functional Tests are consistent with the
PRNM LTR.

b) The proposed Technical Specification and
Bases changes to Channel Functional Tests
for the APRM Functions include a
notation, applicable to the Simulated
Thermal Power - High (Function 2.b) and
the OPRM Upscale (Function 2.f),
consistent with the PRNM LTR
requirements, that the SR includes the
recirculation flow input processing,
excluding the flow transmitters. However,
the PRNM LTR includes this notation only
in the Bases. For the CGS Technical
Specification, the Channel Functional Test
has been added as SR 3.3.1.1.16 and has
been expanded from that in the LTR to also
apply to the OPRM Upscale Function (to
cover OPRM Upscale trip enable).

The functional test procedure will be established
to test all of the hardware required to produce
the trip functions, but not to directly re-test
software-only (firmware-only) logic. The
APRM automatic self-test function monitors the
integrity of the EPROMs storing all of the
firmware so that if a hardware fault results in a
"change" to the firmware (software), that fault
will be detected by the self-test logic. The
continued operation of the self-test procedures is
monitored by the built-in "watch-dog timer"
function, so if for some unforeseen reason the
self-test function (lowest priority in the
instrument logic) stops running, that failure also
will be detected automatically. To provide
further assurance that the self-test function
continues to operate, a step will be included in
the APRM Channel Check surveillance to
confirm that self-test is still running.

10
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Section No. Utility Action Required Response
8.3.4.3.4 APRM-Related RPS Trip Functions - Channel

Calibrations

a) Replace current calibration interval with
either 18 or 24 months except for APRM
Inop. Retain Inop requirement as is (i.e., no
requirement for calibration).

b) Delete any requirement for flow calibration
and calibration of the 6 second time
constant separate from overall calibration of
the APRM Simulated Thermal Power
Upscale Trip.

c) Replace every 3 day frequency for
calibration of APRM power against thermal
power with a 7 day frequency if applicable.

d) Revise Bases text as required.

a) The proposed Technical Specification and
Bases changes related to Channel
Calibration for the APRM Functions
include a 24-month interval, with no
calibration required for the Inop Function,
consistent with the PRNM LTR.

b) Consistent with the PRNM LTR
requirements, the proposed Technical
Specification and Bases changes add a
notation applicable to the Channel
Calibration for the APRM Simulated
Thermal Power - High and OPRM Upscale
Functions to include requirements for
calibration of the recirculation flow
transmitter and flow processing function.
However, the PRNM LTR includes this
notation only in the Bases. For the CGS
Technical Specification, the notation has
been included in the Channel Calibration
SR (Table 3.3.1.1-1), and has been
expanded from that in the LTR to also apply
to the OPRM Upscale Function (to cover
OPRM Upscale trip enable).

c) The current CGS Technical Specifications
include a "weekly" frequency for the
verification of APRM power versus
calculated plant thermal power so no change
in that frequency is required to be consistent
with the PRNM LTR.

d) The proposed Technical Specification Bases
changes related to Channel Calibrations are
consistent with the PRNM LTR.

8.3.4.4.4 APRM-Related RPS Trin Fuinctions' - Respnse.
Time Testing

........ It" ............... l• .....

Delete response time testing requirement from
Technical Specifications or plant procedures, as
applicable, for the APRM functions. Replace it
with a response time testing requirement for the
2-out-of-4 Voter "pseudo" function, to include
the output solid-state relays of the voter channel
through the final RPS trip channel contactors.

Frequency of response time testing shall be
determined using four 2-out-of-4 Voter
channels, but tests may alternate use of 2-out-of-
4 Voter outputs provided each APRMI/RPS
interfacing relay is tested at least once per eight
refueling cycles (based on a maximum 24 month
cycle), and each RPS scram contactor is tested at

The proposed Technical Specification and Bases
changes related to Response Time Testing
(3.3.1.1.15 and Table 3.3.1.1-1) are consistent
with the justification in the PRNM LTR
Supplement 1.
Consistent with the PRNM LTRs, the only
APRM Function to which the SR will apply is
Function 2.e (voter). However, while the
PRNM LTRs justified reduced response time
testing frequency for Function 2.e, no technical
specification markups were included to
implement an "n" greater than 4 (the total
number of voter channels). Therefore, a note is
added to the CGS SR 3.3.1.1.15 to define that
"n=8" for Function 2.e.

The PRNM LTR Supplement 1 justified
response time testing at a rate that tested one

11
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least once per four refueling cycles. Each 2-out- RPS Interface relay every plant operating cycle,
of-4 Voter output shall be tested at no less than with tests using the APRM output for one cycle
half the frequency of the tests of the APRM/RPS and the OPRM output for the next cycle. This
interface relays. Tests shall alternate such that yields a testing rate once per 8 operating cycles
one logic train for each RPS trip system is tested for each RPS interface relay and once per every
every two cycles. 16 operating cycles for the APRM or OPRM

output.

The PRNM modification includes redundant
APRM trip and redundant OPRM trip outputs
from each 2-Out-Of-4 Voter channel. One of
the OPRM outputs and one of the APRM
outputs are connected in series to the coil of one
RPS interface relay. The second OPRM output
and the second APRM output from the 2-Out-
Of-4 Voter channel are connected in series with
the coil to a second RPS interface relay. There
are 8 total RPS interface relays.

8.3.5.4 APRM-Related RPS Trip Functions - Logic
System Functional Testing (LSFT) The CGS Technical Specifications include a SR

Revise Technical Specifications to change the for LSFTs for the APRM related functions.

interval for LSFT from 18 months to 24 months These will be deleted, except for the new 2-Out-
unless the utility elects to retain the 18-month , Of-4 Voter, Function 2.e, the LSFT will be

interval for plant scheduling purposes. Delete added. The LSFT requirement for that Function

any LSFT requirements associated with the is at a 24-month interval.

APRM channels and move it to the 2-out-of-4
Voter channel. Include testing of the 2-out-of-4
voting logic and any existing LSFTs covering
RPS relays.

8.3.6.1 APRM-Related RPS Trip Functions - Setpoints

Add to or delete from the appropriate document ARTS will be applicable at CGS. CGS will
any changed RPS setpoint information. If perform setpoint calculations for the ARTS
ARTS is being implemented concurrently with submittal. The results of the ARTS calculations
the PRNM modification, either include the will be used for the PRNM modification.
related Technical Specifications submittal PRNM setpoints and Allowable Values are re-
information with the PRNM information in the calculated or confirmed using approved setpoint
plant-specific submittal, or reference the ARTS methodology. The Allowable Values for the
submittal in the PRNM submittal. In the plant- APRM RPS Functions are included in the

specific licensing submittal, identify what Technical Specifications or the COLR,.
changes, if any, are being implemented and comparable to what is currently in the CGS
identify the basis or method used for the Technical Specifications and consistent with the

calculation of setpoints and where the setpoint PRNM LTR.
information or changes will be recorded.

8.4.1.4 OPRM-Related RPS Trip Functions - Functions An OPRM Upscale Function is added to the
Covered by Technical Specifications CGS Technical Specification as an "APRM

Function" (Function 2.f) consistent with PRNM
Add the OPRM Upscale function as an "APRM LTR Supplement 1, Appendix H. Additions to
function" in the RPS Instrumentation "function" the Technical Specification Bases for Function
table. Also add the related surveillance 2.f have also been incorporated consistent with
requirements and, if applicable, the related the PRNM LTR.
setpoint, and the related descriptions in the bases The PRNM LTR Supplement I included some
sectionis. Perform analysis necessary to additional wording for Function 2.e (voter) to

12
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establish setpoints for the OPRM Upscale trip. address independent voting of the OPRM and
Add discussions related to the OPRM function APRM signals
in the Bases for the APRM Inop and 2-out-of-4
Voter functions.

NOTE: The markups in Appendix H of
Supplement 1 to the PRNM LTR show the
OPRM Upscale as an APRM sub-function.
However, individual plants may determine that
for their particular situation, addition of the
OPRM to the RPS Instrumentation table
separate from the APRM, or as a separate
Technical Specification, better meets their
needs. In those cases, the basis elements of the
Technical Specifications as shown in this
Supplement would remain, but the specific
implementation would be different.

8.4.2.4 OPRM-Reb~ted RP¶~ Trin Fiinctinn~ - Minimum 1

OPRM-Related RPS TriD Functions - Minimum
Number of Operable OPRM Channels

For the OPRM functions added (Section 8.4.1),
include in the OPRM Technical Specifications a
"minimum operable channels" requirement for
three OPRM channels, shared by both trip
systems.

Add the same action statements as for the
APRM Neutron Flux - High function for OPRM
Upscale function. In addition, add a new action
statement for OPRM Upscale function
unavailable per Paragraph 8.4.2.2 of the PRNM
LTR.

Revise the Bases section as needed to add
descriptions of the 4-OPRM system with 2-out-
of-4 output Voter channels (2 per RPS Trip
System), and allowed one OPRM bypass total.

The NRC SER states the OPRM function be
monitored during the first fuel cycle to ensure
the OPRM algorithms perform according to the
design specifications. During this monitoring
period the OPRM trip capabilities would be
disabled. Upon completion of this initial
monitoring period, the OPRM trip function
would be enabled.

A minimum operable channels requirement of
three, shared by both trip systems has been
included in the Technical Specification for the
OPRM Upscale Function (Function 2.f). This
addition, as well as addition of Required Action
statements and Bases descriptions, is consistent
with the PRNM LTR and LTR Supplement 1.

Regarding the initial monitoring period, the
GEH NUMAC OPRM system can be installed
and activated immediately without an initial
monitoring period because: 1) The operating
experience of the GEH NUMAC OPRM system
in general is sufficient, 2).The GEH NUMAC
OPRM system is replacing the current Option III
OPRM system, and 3) The data received during
the initial monitoring period for the currently
"armed" and operating digital OPRM system
demonstrated that the algorithm was robust and
not sensitive to system settings within the range
of values described in NEDO-32465-A.

13
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8.4.3.4 OPRM-Related RPS Trip Functions - A Modes of Operation requirement of Ž 20%

Applicable Modes of Operation RTP, consistent with the PRNM LTR
Supplement 1 has been included in the Technical

Add the requirement for operation of the OPRM Specification along with associated Bases
Upscale function in Mode 1 (RUN) when descriptions.
Thermal Power is > 25% RTP, and add Bases The change from the 25% RTP operability value
descriptions as required. shown in the LTR to 20% RTP has been done to

provide the same margin (5%) between the
OPERABILITY requirement and the auto-
enable setpoint (25% -- see response to 8.4.6.1
below) as the margin included in the PRNM
LTR.

The OPRM operable and enabled values are
core specific, the actual values used can be the
ones specified in the cycle specific COLR.

8.4.4.1.4 OPRM-Related RPS Trip Functions - Channel
Check

A Channel Check requirement of once per 12
Add once per 12 hour or once per day Channel hours is included for the OPRM Upscale
Check or Instrument Check requirements for the Function, consistent with the PRNM LTR
OPRM Upscale function. Supplement 1.

8.4.4.2.4 OPRM-Related RPS Trip Functions - Channel
Functional Test

Add Channel Functional Test requirements with A Channel Functional Test requirement with a
a requirement for a test frequency of every 184 test frequency of every 184 days (Table 3.3.1.1 -
days (6 months), including the 2-out-of-4 Voter 1) has been added as SR 3.3.1.1.16 for the
function. OPRM Upscale and 2-Out-Of 4 Voter Functions

consistent with the PRNM LTR, Supplement 1.
Note, SR 3.3.1.3 has been removed, including
the previously existing OPRM instrumentation
section. A second note to SR 3.3.1.1.16 (not
included in the PRNM LTR) is included to
clarify that the SR.also applies to the flow input
function, except the transmitters.

Add a "confirm auto-enable region" surveillance
on a once per outage basis up to 24 month A "confirm auto-enable region" surveillance
intervals, requirement 3.3.1.1.17, Table 3.3.1.1-1, is added

to require confirmation that the OPRM Upscale
trip output auto-enable (not bypassed) setpoints
remain correct. The SR Bases wording is
consistent with the LTR.

The sample Technical Specifications in the LTR
include the generic 30% power, and 60% flow
values for the auto-enable setpoints as well as
the 25% OPRM operable value. The reload
stability analysis includes a confirmation that the
auto-enable region bounds the part of the power
flow map where the plant may be susceptible to
an instability event. If this confirmation is not
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successful, the region boundaries will have to be
expanded for that cycle. Similar to the other
cycle specific values referenced in the Technical
Specifications, the flow and power values
defining the auto-enable region boundaries, and
the OPRM operable region are specified in
COLR. These values are referenced in the
Technical Specifications. Note that the cycle
specific auto-enable region boundaries are at
least as large as the generic auto-enable region
boundaries.

8.4.4.3.4 OPRM-Related RPS Trip Functions - Channel
Calibration

Add calibration interval requirement of every 24 A Channel Calibration requirement for the
months for the OPRM Upscale function. OPRM Upscale Function references the existing

24-month frequency of SR 3.3.1.1.10 PRNM
Revise Bases text as required. LTR Supplement 1.

8.4.4.4.4 OPRM-Related RPS Trip Functions - Response
Time Testing

Modify as necessary the response time testing See response to 8.3.4.4.4. That response also
procedure for the 2-out-of-4 Voter function to addresses OPRM. Current CGS Technical
include the Voter OPRM output solid-state Specification SR 3.3.1.1.15 is modified to
relays as part of the response time tests, address response time testing for APRM and
alternating testing of the Voter OPRM output OPRM.
with the Voter APRM output.

8.4.5.4 OPRM-Related RPS Trip Functions - Logic The LSFT (Table 3.3. 1. 1-1) for the OPRM
System Functional Testing (LSFT) Upscale Function is the same as for the APRM,

a test of the 2-Out-Of-4 Voter only. Consistent
Add requirement for LSFT every refueling with the PRNM LTR Supplement 1, the only
cycle, 18 or 24 months at the utility's option change required to implement the OPRM
based on which best fits plant scheduling. "LSFT" is the addition of "and OPRM" in the

Technical Specification Bases and revision of
the related plant procedures to include testing of
the OPRM Upscale trip outputs from the 2-Out-
Of-4 Voter. The procedure changes will be
made as part of the normal modification process.

8.4.6.1 OPRM-Related RPS Trip Functions - Setpoints There are four "sets" of OPRM related setpoints
and adjustable parameters: a) OPRM trip auto-

Add setpoint information to the appropriate enable (not bypassed) setpoints for STP and
document and identify in the plant-specific drive flow; b) period based detection algorithm
submittal the basis or method used for the (PBDA) confirmation count and amplitude
calculation and where the setpoint information setpoints; c) period based detection algorithm
will be recorded. tuning parameters; and d) growth rate algorithm

15



0000-0101-7647-R2
Columbia Specific Responses Required by NUMAC PRNM Retrofit Topical Report

Section No. Utility Action Required Response
(GRA) and amplitude based algorithm (ABA)
setpoints.
The first set, the setpoints for the "auto-enable"
region for OPRM, discussed in the Bases for
Function 2.f, will be treated as nominal setpoints
with no additional margins added. The
deadband for these setpoints is established so
that it increases the enabled region once the
enabled region is entered. The settings are
specified in the COLR from the plant
procedures.

The second set, the PBDA trip setpoints, will be
established in accordance with the BWROG
LTR 32465-A methodology, previously
reviewed and approved by the NRC, and will be
documented in the COLR.

The third set, the PBDA "tuning" parameter
values, will be established in accordance with
and controlled by CGS procedures, within the
limits established in the BWROG LTRs, or as
documented in this submittal.

The fourth set, the GRA and ABA setpoints,
consistent with the BWROG submittals, will be
established as nominal values only, and
controlled by CGS procedures.

8.5.1.4 APRM-Related Control Rod Block Functions - ARTS will be implemented concurrently with
Functions Covered by Technical Specifications the PRNM modification at CGS.

If ARTS will be implemented concurrently with CGS Technical Specifications currently do not
the PRNM modification, include or reference contain any APRM rod block functions. These
those changes in the plant-specific PRNM have been moved to the CGS LCS. RBM
submittal. Implement the applicable portion of functions within the Technical Specification,
the above described changes via modifications
to the Technical Specifications and related required channels will remain at two.
procedures and documents. In the plant-specific
submittal, identify functions currently in the
plant Technical Specifications and which, if any,
changes are being implemented. For any
functions deleted from Technical Specifications,
identify where setpoint and surveillance
requirements will be documented. NOTE: A
utility may choose not to delete some or all of
the items identified in the PRNM LTR from the
plant Technical Specifications.

8.5.2.4 APRM-Related Control Rod Block Functions - See 8.5.1.4 above. No additional confirmation
Minimum Number of Operable Control Rod of action required relative to minimum operable
Block Channels channels as shown in the Technical

Change the minimum number of APRM Specifications beyond that required by 8.5.1.4
channels to three, if APRM functions are above.

retained in Technical Specifications. No
additional action is required relative to minimum The APRM rod block functions are listed in the

operable channels beyond that required by LCS. In the LCS, the minimum number of
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Paragraph 8.5.1.4 of the PRNM LTR. APRM channels is four and will be changed to

three. RBM functions, within the Technical
Specification, required channels will remain at
two.

8.5.3.4 APRM-Related Control Rod Block Functions - See 8.5.1.4 above. No additional confirmation
Applicable Modes of Operation of action required relative to applicable modes

No action required relative to modes during of operation as shown in the Technical

which the function must be available beyond Specifications beyond that required by 8.5.1.4

that required by Paragraph 8.5.1.4 of the PRNM above.

LTR unless APRM functions are retained in The APRM rod block functions are listed in the
Technical Specifications and include operability LCS. There are no operability requirements in
requirements for Mode 5. In that case, delete Mode 5 for the APRM rod block functions in the
such requirements. LCS, consistent with the PRNM LTRs.

8.5.4.1.4 APRM-Related Control Rod Block Functions - CGS Technical Specifications currently do not
Required Surveillances and Calibration - contain any APRM rod block functions, or any
Channel Check Channel Check requirements for the RBM rod

Delete any requirements for instrument or block functions. Therefore, no change to CGS
channel checks related to RBM and, where Technical Specifications is required to

applicable, recirculation flow rod block implement the PRNM LTR requirements. The

functions (non-ARTS plants), and APRM RBM is not applicable to CGS.

functions. Identify in the plant-specific PRNM The LCS currently includes no Channel Check
submittals if any checks are currently included requirements for the APRM rod block functions.
in Technical Specifications, and confirm that
they are being deleted.

.8.5.4.2.4 APRM-Related Control Rod Block Functions - CGS Technical Specifications currently do not
Required Surveillances and Calibration - contain any APRM rod block functions. The
Channel Functional Test , Channel Functional Test frequency for the

Change Channel Functional Test requirements APRM rod block functions is changed to once
to identify a frequency of every 184-days (6 per 184 days in the LCS.

months)..

In the plant-specific licensing submittal, identify
current Technical Specification test frequencies
that will be changed to 184 days (6 months).

8.5.4.3.4 APRM-Related Control Rod Block Functions - CGS Technical Specifications currently do not
Required Surveillances and Calibration - contain any APRM rod block functions. The
Channel Calibrations Channel Calibration frequency for .the APRM

Change channel calibration requirements to rod block functions is once per 184 days, which
identify a frequency of every 24 months. In the is changed to 18 months per the LTR. RBM
plant-specific licensing submittal, identify Channel Calibration check, within the Technical
current Technical Specification test frequencies Specifications, was changed from 184 days to
that will be changed to 24 months. 24 months consistent with the NUMAC PRNM

LTR.

8.5.4.4.4 APRM-Related Control Rod Block Functions - CGS Technical Specifications currently do not
Required Surveillances and Calibration - contain any APRM rod block functions.
Response Time Testing Response time testing is not required for these

None. functions per the CGS licensing basis.

8.5.5.4 APRM-Related Control Rod Block Functions - CGS Technical Specifications currently do not
Required Surveillances and Calibration - Logic contain any APRM rod block functions. Logic
System Functional Testing (LSFT) System Functional testing is currently included
None. in the LCS at a frequency of 24 months.
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8.5.6.1 APRM-Related Control Rod Block Functions - ARTS will be implemented concurrently with

Required Surveillances and Calibration - the PRNM modification at CGS.
Sepoints APRM rod block setpoints are based on setpoint

Add to or delete from the appropriate document calculations using approved setpoint
any changed control rod block setpoint methodology. The actual Allowable Values and
information. If ARTS is being implemented setpoints are defined in the LCS. Setpoint
concurrently with the PRNM modification, changes (if any) that will be implemented due to
either include the related Technical ARTS/PRNM submittal will be identified.
Specifications submittal information with the
PRNM information in the plant-specific
submittal, or reference the ARTS submittal in
the PRNM submittal. In theplant-speeific
submittal, identify what changes, if any, are
being implemented and identify the basis or
method used for calculation of setpoints and
where the setpoint information or changes will
be recorded.

8.6.2 Shutdown Margin Testing - Refueling Added function 2.e to SR 3.10.8.1. Technical

As applicable, revise the Shutdown Margin Specification or Technical Specification Bases

Testing - Refueling (or equivalent Technical changes to Specification 3.10.8, Shutdown
Specifications) LCO(s), action statements, Margin (SDM) Test - Refueling and its

surveillance requirements and Bases as required associated bases were modified consistent with
to be consistent with the APRM Technical the APRM Technical Specification changes
Specifcation changes implemented for PRNM. implemented for PRNM.

None Core Operating Limits Report Specification 5.6.3 has been modified to require
that the Period Based Detection Algorithm

Reporting requirements Section 5.6.3 does not (PBDA) setpoints be included in the COLR to
currently address the OPRM. support LCO 3.3.1.1.

9.1.3 Utility Quality Assurance Program Quality assurance requirements for work
performed at CGS are defined and described in

As part of the plant-specific licensing submittal, Energy Northwest "Operational Quality
the utility should document the established Assurance Program Description (EN-QA-004)"
program that is applicable to the project (OQAPD), LDN-OQAPD-OQAPD-01.
modification. The submittal should also
document for the project what scope is being Note: The OQAPD applies to all activities
performed by the utility and what scope is being associated with structures, systems, and
supplied by others. For scope supplied by components, which are safety related or
others, document the utility actions taken or controlled by 10 CFR 72. The OQAPD also
planned to define or establish requirements for applies to transportation packages controlled by
the project, to assure those requirements are 10 CFR 71. The OQAPD implements
compatible with the plant-specific configuration. 10 CFR 50 Appendix B, 10 CFR 71 Subpart H,
Actions taken or planned by the utility to assure and 10 CFR 72 Subpart G. It is implemented by
compatibility of the GEH-I quality program with site procedures and instructions.
the utility program should also be documented.

For the PRNM modification, CGS has
Utility planned level of participation in the contracted with GEH to include the following
overall V&V process for the project should be PRNM scope: 1) design, 2) hardware/ software,
documented, along with utility plans for 3) licensing support, 4) training, 5) O&M
software configuration management and manuals and design documentation, 6) EMI/RFI
provision to support any required changes after qualification of equipment, and 7) PRNMS
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delivery should be documented. setpoint calculations.

On-site engineering work to incorporate the
GEH-provided design information into an
Engineering Change (EC) or to provide any
supporting, interface design changes will be
performed per requirements of applicable CGS
procedures. Modification work to implement
the design change will be performed per CGS
procedures or CGS-approved contractor
procedures. CGS has participated and will
continue to participate in appropriate reviews of
GEH's design and V&V program for the PRNM
modification.

For software delivered in the form of hardware
(EPROMs), CGS intends to have GEH maintain
post delivery configuration control of the actual
source code and handle any changes. CGS will
handle any changes in the EPROMs as hardware
changes under its applicable hardware
modification procedures.
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Columbia NUMAC PRNM LTR Deviation

Energy Northwest will be submitting a license application for the implementation of Power
Range Neutron Monitor (PRNM) using the Long Term Stability Solution Option III at the
Columbia Generating Station. The bases for the license application are the referenced
documents in the relevant licensing topical reports (Reference 1-3).

The PRNM developed for Columbia has one deviation from the referenced documents. It is
summarized in Table 1 and discussed in detail below. The licensing topical reports explicitly
allow for plant-to-plant variation of some features. These are not addressed herein.

Table 1. Columbia NUMAC PRNM LTR Deviations

a. APRM Upscale / OPRM Upscale
OPRM Upscale / function voted
APRM Inop separately from the
Function Logic APRM Inop function

OPRM Upscale
function voted
with the APRM
Inop function

Improved
operating
flexibility
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Technical Justifications

a. APRM Upscale / OPRM Upscale / APRM Inop Function Logic

Licensing Topical Report NEDC-32410P-A Supplement 1 (Reference 3) Section 8.4.1.3
describes the logic wherein the OPRM Upscale function is voted separately from the APRM
Inop function. That is, an APRM Inop in one APRM channel and an OPRM Upscale in another
will result in two half-trips in each of the 2-out-of-4 voter channels, but no RPS trips.

Designed this way, when an APRM chassis keylock switch is placed in the "INOP" position, the
APRM upscale trip signal sent to the 2-out-of-4 voter channels is set to trip. However, the
OPRM trip output from that chassis continues to be processed normally. Typically this logic is
of no consequence because if an APRM chassis (affecting both the APRM and OPRM channels)
is declared inoperable, the APRM bypass can be used to bypass both the APRM and OPRM trips
from that channel, which in turn modifies the logic in the 2-out-of-4 voter to be a 2-out-of-3 vote
of both the APRM and OPRM trips from the remaining 3 channels. However, if the need to
declare a second APRM/OPRM channel inoperable arises when another APRM/OPRM channel
is already bypassed (and cannot be returned to service within the allowed out of service time), it
is necessary to place the APRM and OPRM outputs from the second channel in the tripped
condition to satisfy Technical Specification requirements. If the APRM channel is still
sufficiently functional to process trip outputs, placing the keylock switch in the INOP position
will force a trip for the APRM channel, but not for the OPRM channel. Other action, such as
disconnecting a fiber-optic cable to the 2-out-of-4 voters or removing power from the APRM
chassis, is necessary to satisfy the requirement to place the OPRM channel in the tripped
condition.

The automatic APRM Inop trip is intended to provide a trip when the APRM channel is known
to be incapable of providing a trip based on normal functions. This trip occurs immediately even
though the Technical Specification requirements allow a period of time for action. The
automatic trip is provided to assure that conditions that may disable the APRM trip function do
not go undetected. Since the OPRM trip function is implemented in the same equipment as the
APRM trip function, conditions that could disable the APRM trip function would likely disable
the OPRM trip function as well.

For the Columbia PRNM, the OPRM Upscale function is combined with the APRM Inop
function as the OPRM channel input to be voted. That is, an APRM Inop in one APRM channel
and an OPRM Upscale in another will result in RPS trip outputs from all four 2-out-of-4 voter
channels. Again this logic is typically of no consequence because if an APRM chassis (affecting
both the APRM and OPRM channels) is declared inoperable, the APRM bypass can be used to
bypass both the APRM and OPRM trips from that channel, which in turn modifies the logic in
the 2-out-of-4 voter to be a 2-out-of-3 vote of both the APRM and OPRM trips from the
remaining 3 channels. This design allows using the APRM chassis keylock switch to place
APRM and OPRM outputs from a second channel in the tripped condition when another
APRM/OPRM channel is already bypassed (and cannot be returned to service within the allowed
out of service time) without having to resort to other actions such as disconnecting a fiber-optic
cable to the 2-out-of-4 voters or removing power from the APRM chassis.
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For the Columbia PRNM, the Supplement 1 (Reference 3) Bases are changed as follows.

1. Page H-12: change the second paragraph as shown below.

The APRM System is divided into four APRM channels and four 2-
out-of-4 voter channels. Each APRM channel provides inputs to
each of the four voter channels. The four voter channels are
divided into two groups of two each, with each group of two
providing inputs to one RPS trip system. The system is
designed to allow one APRM channel, but no voter channels, to
be bypassed. A trip from any one unbypassed APRM will result
in a '"half-trip" in all four of the voter channels, but no trip
inputs to either RPS trip system. APIM br' nt 2t.&,
2.b, 2.@, anrA L oro avotode indoepondontl;y fromff 0rPR Upseaolo
Fu.n.tio .f ... "Thorofor, a unetIonR .2, 2.b, 2.e, or L.A
trip from on- t;;o 6 n 1 7oczod P..P.. eh.nnol. ;;ill ro..• . i..
fultl triQ4p in onch of thoe fai~ ow voor ohnno, Thighý1 in tuLrn
ro..ult. in t-. tr 4 t rto oa..... tr4 .y..o loegc
ohonnol (Al, AL2D, n B+) Lifimilaly, aoFutnotoonfl . f;trv~p

Vfrom atRj'b0 tro ut;Tacood8 AeON &Re 1Wirll rocult4 inR a futll!
trip from oaoh of th- four .- oto oao...- Three of the four
APRM channels and all four of the voter channels are required
to be OPERABLE to ensure that no single failure will preclude a
scram on a valid signal. In addition, to provide adequate
coverage of the entire core, consistent with the design bases
for the APRM Functions 2.a, 2.b, and 2.c, at least [20] LPRM
inputs, with at least [three] LPRM inputs from each of the four
axial levels at which the LPRMs are located, must be operable
for each APRM channel. For the OPRM Upscale, Function 2.f,
LPRMs are assigned to "cells" of [4] detectors. A minimum of
(later] cells, each with a minimum of [2] LPRMs, must be

OPERABLE for the OPRM Upscale Function 2.f to be OPERABLE.

Replaced deleted text with the following:
Since APRM trip Functions 2.a, 2.b, 2.c and 2.f are implemented
in the same hardware, these trip Functions are combined with
APRM Inop trip Function 2.d. Any Function 2.a, 2.b, 2.c or 2.d
trip from any two unbypassed APRM channels will result in a
full trip in each of the four voter channels, which in turn
results in two trip inputs into each RPS trip system logic
channel (Al, A2, Bl, and B2). Similarly, any Function 2.d or

.2.f trip from any two unbypassed APRM channels will result in a
full trip from each of the four voter channels.

2. Page H-13: For Function 2.e, change the 1st sentence of the 3rd paragraph to the
following. "The 2-Out-Of-4 Voter Function votes APRM Functions 2.a, 2.b, and 2.c
independently of Function 2.f"
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Definitions
1.1

1.1 Definitions (continued)

MAXIMUM FRACTION
OF LIMITING
POWER DENSITY WMFLPD)

MINIMUM CRITICAL POWER
RATIO (MCPR)

MODE

OPERABLE- OPERABILITY

PHYSICS TESTS

The MFLPD shall be the largest value of the
fraction of limiting power density (FLPD) in the
corc. The P PQ shallI e the LHGR existing at a

given location di) vi dcd by the SP6ci fi ed LHGR limpit
-for1 that bhundl e typc.

The MCPR shall be the smallest critical power
ratio (CPR) that exists in the core for each class
of fuel. The CPR is that power in the assembly
that is calculated by application of the
appropriate correlation(s) to cause some point in
the assembly to experience boiling transition,
divided by the actual assembly operating power.

A MODE shall correspond to any one inclusive
combination of mode switch position, average
reactor coolant temperature, and reactor vessel
head closure bolt tensioning specified in
Table 1.1-1 with fuel in the reactor vessel.

A system, subsystem, division, component, or
device shall be OPERABLE or have OPERABILITY when
it is capable of performing its specified safety
function(s) and when all necessary attendant
instrumentation, controls, normal or emergency
electrical power, cooling and seal water,
lubrication, and other auxiliary equipment that
are required for the system, subsystem, division,
component, or device to perform its specified
safety function(s) are also capable of performing
their related support function(s).

PHYSICS TESTS shall be those tests performed to
measure the fundamental nuclear characteristics of
the reactor core and related instrumentation.
These tests are:

a. Described in Chapter 14, Initial Test Program
of the FSAR;

b. Authorized under the provisions of
10 CFR 50.59; or

c. Otherwise approved by the Nuclear Regulatory
Commission.

(continued)
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SLC System
3.1.7

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.7.5 Verify each SLC subsystem manual and power 31 days
operated valve in the flow path that is not
locked, sealed, or otherwise secured in
position, is in the correct position or can
be aligned to the correct position.

SR 3.1.7.6 Verify each pump develops a flow rate In accordance
> 41.2 gpm at a discharge pressure with the
> 1220 psig. Inservice

Testing Program

SR 3.1.7.7 Verify flow through one SLC subsystem from 24 months on a
pump into reactor pressure vessel. STAGGERED TEST

BASIS

SR 3.1.7.8 Verify all heat traced piping between 24 months
storage tank and pump suction valve is
unblocked. AND

Once within
24 hours after
solution
temperature is
restored within
the limits of
Figure 3.1.7-1

SR 3.1.7.9 Verify sodium pentaborate enrichment is i Prior to addition to
Ž 44.0 atom percent B-10. i SLC Tank

Columbia Generating Station 3.1.7-3 Amendment No. 149,169 199
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Deleted
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4-2.4 Average

-1. Im - .- - I I I - I
t-. PIHL-d 0 S,'•Gi V. US S t, ju ~i A uo r iOr UT 1 ,i"

(FRTFP)-;or

Ecah required AP,, Flow Biascd Simu"lat, d Thermal Power
High Fu..tie.. Allowabi, Value shall be modified by
gr.atcr than or equal to the ratio f FRT.P andt
M1FLPB9 or

Each requirced APRM gain shall be adjusted sueh that the
APRM radinrgs arc,> 100% times .FLP.D.

APPLICABILITY: TlI r nkA A I nn -r nr' n-n

GO9NDIT194 REQUIRED ACTI9N COMPLETION TIME

A-.- R..uirc...nts of the A-4 Satis-fy he ,-,
LCO not ^ct--. r- u.Tcns of thc

B. Rcguircd Action and ~-94 Rcducc THERMAL POWEIR 4-heu-&
o~ssoiatcd Camplctionf to <25% RTP.
Time not met.
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.A.PPM P A in AM d SZP#R 4At-

SURVEILLANCE REQUIREMENTS _________

SURVE L LANC GE.G-

3-.R 3.2.4. NOTE
Not rcquircd to bc moet if SR 3.2.4.2 is
satisfi• d fop LGO 3.2.4.b or LGO 3.2.4.c
rcqui ..... t .

Verify MFLPD is withinlimits. Once within
12 hours after
~25%RTP

24 hours

thcrcoftcr

--R- 3.2.4.2 NOTE
Nlot required to bc met if SR 3.2.4.1 is
satisfied feo LCO 3.2.4.a requir.m..nts.

Verify cach rcgubired: 1 ep

A. PRM Fl-4: Biasod Simulat-d Thermal
P.w.r High Functien All ..wab. Valbu'
is moldified by greater than or equal
to the ratio of FRTP and thce MFLPD, or

b-. APRM gain is adjusted sueh that the
ARRM reading is _ý 199% timcls IFLP9.
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RPS Instrumentation
3.3.1.1

3.3 INSTRUMENTATION

3.3.1.1 Reactor Protection System (RPS) Instrumentation

LCO 3.3.1.1 The RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.

APPLICABILITY: According to Table 3.3.1.1-1.

ACTIONS

----------------------------NOTE -------------------------------------
Separate Condition entry is allowed for each channel.

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more required
channels inoperable.

A.1 Pl ace
trip.

channel in

Add note before A.2 & B
--------- NOTE --------

Not applicable for
Functions 2.a, 2.b,
2.c, 2.d, or 2.f.

12 hours

12 hours

OR

A.2 Place associated trip
system in trip.

B. \VOne or more Functions
with one or more
required channels
inoperable in both
trip systems.

B.1

OR

B.2

Place channel in one
trip system in trip.

Place one trip system
in trip.

6 hours

6 hours

C. One or more Functions C.1 Restore RPS trip 1 hour
with RPS trip capability.
capability not
maintained.

(continued)
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RPS Instrumentation
3.3.1.1

ACTIONS

CONDITION REQUIRED ACTIONý COMPLETION TIME

D. Required Action and D.1 Enter the Condition Immediately
associated Completion referenced in
Time of Condition A, Table 3.3.1.1-1 for
B, or C not met. the channel.

E. As required by E.1 Reduce THERMAL POWER .4 hours
Required Action D.1 to < 30% RTP.
and referenced in
Table 3.3.1.1-1.

F. As required by F.1, Be in MODE 2. 6 hours
Required Action D.1
and referenced in
Table 3.3.1.1-1.

G. As required by G.1 Be in MODE 3. 12 hours

Required Action D.1
and referenced in
Table 3.3.1.1-1.

H. As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and referenced in insertable control
Table 3.3.1.1-1. rods in core cells

containing one or
more fuel assemblies.

Columbia Generating Station 3.3.1.1-2 Amendment No. ++4 1691



Insert A

I. As required by
Required Action D. 1
and referenced in
Table 3.3.1.1-1.

1.1 Initiate alternate method to
detect and suppress thermal
hydraulic instability
oscillations.

AND

1.2
------I--NOTE --------

LCO 3.0.4 is not applicable

12 hours

120 daysRestore required channels to
OPERABLE.

J. Required Action and
associated Completion
Time of Condition I not
met.

J.1 Reduce THERMAL POWER
to <---254;-R4-P.

4 hours

less than the value
specified in the COLR.

h



RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

------------------------------------- NOTES--------------------------------
1. Refer to Table 3.3.1.1-1 to determine which SRs apply for each RPS

Function.

2. When a channel is placed in an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function
maintains RPS trip capability.

SURVEILLANCE FREQUENCY

SR 3.3.1.1.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.1.1.2 ------------------NOTE-----------------
*Not required to be performed until 12
hours after THERMAL POWER > 25% RTP.
-----------------------------------------

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power
< 2% RTP plus any gain adju.tment
rcquircd by LCD 3.2.4, "Av^.rage Pe. r
Range Moniiter CAPRPM) Ca~in and Setpeint,'
while operating at > 25% RTP.

SR 3.3.1.1.3. ------------------NOTE-----------------
Not required to be performed when
entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

Perform CHANNEL FUNCTIONAL TEST. 7 days

SR 3.3.1.1.4 Perform CHANNEL FUNCTIONAL TEST. 7 days

(continued)
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.1.1.5. Verify the source range monitor (SRM) and Prior to
intermediate range monitor (IRM) channels withdrawing
overlap. SRMs from the

fully inserted
position

SR 3.3.1.1.6 ------------------- NOTE-----------------
Only required to be met during entry into
MODE 2 from MODE 1.
-----------------------------------------

Verify the IRM and APRM channels overlap. 7 days

SR 3.3.1.1.7 Calibrate the local power range monitors. 1130 MWD/T
average core
exposure

SR 3.3.1.1.8 Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.1.1.9 N1TES
1. Ncutram deteetapr3 are exeluded.

2. For F, , ,tia, 2.a, m•t required to be
performed when entering MODE 2 from
MODE 1 until1 12 hours after erteringg
!10E 2.-

Perform CHANNEL CALIO~rRATI.1 184 d**-a~y

(continued)
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.1.1.10 ------------------NOTES----------------
1. Neutron detectors are excluded.

2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.

L Perform CHANNEL CALIBRATION.

3. For Functions 2.b and 2.f, the recirculation
flow transmitters that feed the APRMs are included. I

18 months for
Functions 1, 3-
through 4, 6,
7, and 9

through 11

AND

24 months
Functions
8

for
4 and

SR 3.3.1.1.11 Verify the APRM Flow B•ased Simfulated
Thermal Power High Function time
eonstant is - 7 seeonds. Ded

SR 3.3.1.1.12 Verify Turbine Throttle Valve-Closure, 18 months
and Turbine Governor Valve Fast Closure
Trip Oil Pressure-Low Functions are not
bypassed when THERMAL POWER is > 30% RTP.

SR 3.3.1.1.13 Perform CHANNEL FUNCTIONAL TEST. 24 months

SR 3.3.1.1.14 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months

(continued)
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
1.

SR 3.3.1.1.15 ------------- - NOTES----------------
1. Neutron detectors are excluded.

2. Channel sensors for Functions 3 and 4
are excluded.

3. For Function 5, "n" equals 4 channels
for the purpose of determining the
STAGGERED TEST BASIS Frequency.

Verify the RPS RESPONSE TIME is within
limits.

24 months on a
STAGGERED TEST
BASIS

I

4. For Function 2.e, "n" equals 8.
channels for the purpose of determining
the STAGGERED TEST BASIS
Frequency. Testing of APRM and OPRM
outputs shall alternate.

I nsrtB I
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Insert B
SR 3.3.1.1.16 ----------------- NOTE 1------------------ -84 days

1. For Function 2.a, not required to be performed
when entering MODE 2 from MODE 1 until 12
hours after entering MODE 2.

2. For Functions 2.b and 2.f, the CHANNEL
FUNCTIONAL TEST includes the recirculation
flow input processing, excluding the flow
transmitters.

Perform CHANNEL FUNCTIONAL TEST.
SR 3.3.1.1.17 Verify the Oscillation Power Range Monitor 24 months

(OPRM) is not bypassed when APRM Simulated
Thermal Power is greater than or equal to the value
specified in the COLR

AND

recirculation drive flow is less than the value
specified in the COLR.



RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page I of 3)
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

1. Intermediate Range
Monitors

a. Neutron
Flux - High

2 3 G SR
SR
SR
SR
SR
SR

3.3.1.1.1
3.3.1.1.3
3.3.1.1.5
3.3.1.1.6
3.3.1.1.10
3.3.1.1.14

3.3.1.1.1
3.3.1.1.4
3.3.1.1.10
3.3.1.1.14

< 122/125
divisions of full
scale

< 122/125
divisions of full
scale

5 (a) 3 H SR

SR
SR
SR

b. Inop SR 3.3.1.1.3
SR 3.3.1.1.14

NA

5 (a)

2. Average Power Range
Monitors

a. Neutron
Flux- High-

(Setdown) -

b.Plwgae
Simulated Thermal
Power - High

c. ,F4--e Neutron
Flux - High

d. Inop

3. Reactor Vessel Steam
Dome Pressure - High

1,2

1.2

3

Fr 3
(b)

F~ 7(b

-B- 
3(b

H SR 3.3.1.1.4 NA
SR 3.3.1.1.14

S 1 0.63W + 64.0% F
and -114.9% RTP

G SR 3.3.1.1.1 < 20% RTP

SR 3311..6
SR 3.3.1.1.7 SISR3.3.1.1.10ISR• 3.31:4:9----SIR 3.3.1.1.16]

F SR 3.3.1.1.1 - 0.58W + 62% RTP <
SR 3.3.1.1.2 and -- 114.9% RT1P4
SR 3.3.1.1.7DR 3.3.1.1.0

5R 3.3.1.i.9 SR 3.3.1.1.10
5R 3.3.1.t.11 S .
SR 3.3.1.1.14- SR 3.3.1.1.16

F SR 3.3.1.1.1 < 120% RTP

ýTP
'(c) I

SR 3.3.1.1.2
SR 3.3.1.1.7
SR 3.3.1.1.3 __SR 3.3.1.1.10 (d) (e)I
5R 3.5.1i.1i. 9-< d
Sa. .. i.;.i SR 3.3.1.1.16
5R 3.3.1.1.15

G SR 3.3.1.1.7 NA 31
5R 3.3.1.1.1-jSR 3.3.1.1.161
SR 33111

G SR 3.3.1.1.8
SR 3.3.1.1.10
SR 3.3.1.1.14
SR 3.3.1.1.15

< 1079 psig

(continued)

(a) With any control rod withdrawn from a core cell containing one or

Icnser 1

more fuel assemblies.
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INSERT C

e. 2-Out-of-4
Voter

1,2 2 G SR 3.3.1.1.1
SR 3.3.1.1.14
SR 3.3.1.1.15
SR 3.3.1.1.16

3 (b) I SR 3.3.1.1.1

SR 3.3.1.1.7
SR 3.3.1.1.10
SR 3.3. 1.1.16
SR 3.3.1.1.17

NA

NA (g)f. OPRM Upscale 1 (f)

INSERT Cl

(b) Each APRM/OPRM channel provides inputs to both trip systems.

(c) < 0.63W + 60.8% RTP and < 114.9% RTP when reset for single loop
operation per LCO 3.4.1, "Recirculation Loops Operating."

(d) If the as-found channel setpoint is not the Nominal Trip Setpoint but is
conservative to the Allowable Value, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.

(e) The instrument channel setpoint shall be reset to the Nominal Trip Setpoint at
the completion of the surveillance; otherwise, the channel shall be declared
inoperable. The Nominal Trip Setpoint, and the methodology used to
determine this value, is specified in the Licensee Controlled Specifications.

(f) When greater than the RTP value specified in the COLR.

(g) The OPRM Upscale does not have an Allowable Value. The Period Based
Detection Algorithm (PBDA) trip setpoints are specified in the COLR.



OPRM inNtrufTT entatien

4=4- INSTRUMENTATION Detd

3.-3.-.- Osilejlatien Powera Rainge Moeniter (OPRM4) Inlstrumfentatien

Feu eCUI'i CfelfCIS theC UIW'1 1 nsotrumffentatI ig sn Sa A A be UUPI-bLL4

APPLICABILITY. TI-rr LAI nl ,rn fln•ru -n

ACTIONS

NOTE
Separate C.n.dit.on, entry is allawed for each channel.

GONDIT19T REQUIRED ACTION COMPLETION TIME

A-- One r m...re required A-4 Place channel in • .,ays
channels iroeperable. ip

A--- Place associated RPS 3-9-da&ys
trip systemn in trip.

A3 Initiate alternate 0dy
mfethod to detect and
suppress th.erm..al
hydraulia instability
osillations.-
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flPPM Tnijm--~,l-i"n

PiGONI4ITGT t REQUIRED ACTION COMPLETION TIME

9-. OPRM trip capability B-4 Ingitiat alt..rate 12 , .heup-..

not mnaintained. I cthed to dtc•,t and
supprcss thermfal
hydrauli1 instability
esi i ati nls.

G-. Required Action and -1 Rcducc THERMAL POWER. 4-he-urs
associated Cm.pleio n 2,.
Time net met.

SURVEILLANCE REQUIREMENTS

NOTE
When a channel is placed in an inoperable status solely for performance' of
rcquircJ Surveillances, entry i•,e asseiated Conditions and 'Requipred Atins
mfay be delayed for up to 6 hours, previdcd-A +th. OPMSs aitisti
capabil-Ity.

SURVEI LLANC-E FREQU

.4- • 4-4-3-4 Performfl CHANNEL FUNCTIONAL TEST.

(continued)
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n' n' n'KA T .- - 4- - . .- -- ý -4- .4

3.3.1i.3

SURVEIVLLANCE FREUUENG

SR3.3.1.3.2 Calibrate the local power range m,,nitor,. -1- ,,,MWn/T
average eorce
exposure

&rR 3.3.i.3.3 NOTE

Nut÷n•• •dctctr. are excludcd.,

Performel'HANNEL CALIBRATION. 24,m..,.

-SR- 3.3.1.3.4 PcrpfeOr LOGIC SYSTEM FUNCTIONAL TEST. 24 wre-n

•R 3.3.i.3.5 Verify OPRM is not bypassed when THERMAL 24-fen4h
POWER i5 > 39% RFP. and core flew < 60%
rAted PAP;: flw.

--R 3.3.1.3.6- NOTE
Neutr.n detectors are excluded.

Verify the RPS RESPONSE TIME is within 24 m "nths en a
-4fflq-t-s STAGGERED TEST

I Ill I • .J ~~~BAISt• •I-\.• -.
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Control Rod Block Instrumentation
3.3.2.1

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

E. One or more Reactor E.1 Suspend control rod Immediately
Mode Switch-Shutdown withdrawal.
Position channels
inoperable. AND

E.2 Initiate action to Immediately
fully insert all
insertable control
rods in core cells
containing one or
more fuel assemblies.

SURVEILLANCE REQUIREMENTS

------------------------------------- NOTES--------------------------------
1. Refer to Table 3.3.2.1-1 to determine which SRs apply for each Control Rod

Block Function.

2. When an RBM channel is placed in an inoperable status solely for
performance of required Surveillances, entry into associated Conditions
and Required Actions may be delayed for up to 6 hours provided the
associated Function maintains control rod block capability.

SURVEILLANCE FREQUENCY

SR 3.3.2.1.1 Perform CHANNEL FUNCTIONAL TEST. -9 days

(continued)
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Control Rod Block Instrumentation
3.3.2.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.2.1.2 ------------------NOTE-----------------
Not required to be performed until 1 hour
after any control rod is withdrawn at
< 10% RTP in MODE 2.
-----------------------------------------

Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.2.1.3 ------------------NOTE-----------------
Not required to be performed until 1 hour
after THERMAL POWER is < 10% RTP in
MODE 1.

Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.2.1.4 ------------------NOTE-----------------
Neutron detectors are excluded.
----------------------------------------- 124 m o nth s

Verify the RBM is not bypassed: 92 da..

,a-. When THERMAL POWER i5 > 30% RTP; and
,n, When a peripheral eantrcl red is met
seleeted-.

SR 3.3.2.1.5 ------------------NOTE-----------------
Neutron detectors are excluded.

-124 months

Perform CHANNEL CALIBRATION. 9 days

(continued)
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INSERT C2

a. Low Power Range - Upscale Function is not bypassed when APRM
Simulated Thermal Power is > 28% and < 63% RTP and a peripheral
control rod is not selected.

b. Intermediate Power Range - Upscale Function is not bypassed when
APRM Simulated Thermal Power is > 63% and < 83% RTP and a
peripheral control rod is not selected.

c. High Power Range - Upscale Function is not bypassed when APRM
Simulated Thermal Power is > 83% RTP and a peripheral control rod is
not selected.



Control Rod Block Instrumentation
3.3.2.1

Table 3.3.2.1-1 (page 1 of 1)
Control Rod Block Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS CHANNELS REQUIREMENTS VALUE

1. Rod Block Monitor

Insert C3n

13b. 1Ino p,

-a -S-R
-S-R
.&R

3.3.2.1.1
3.3.2.1.4

- 0. 68W + 51

[(a),(b),(c) I-a- 2 SR 3.3.2.1.1
&SR 3.3.2.14

NA

c. DO•nscale

2. Rod Worth Minimizer

[(-d ]) (
SR

SR
SR
SRS R

3.3.2.1.1
3.3.2.1.4
3.3.2.1.6

3.3.2.1.2
3.3.2.1.3
3.3.2.1.6.
3.3.2.1.8

A3%RTP

-NAý

3. Reactor Mode SWitch-
Shutdown Position

f-e4

I(e)
2 SR 3.3.2.1.7 NA

Inse____
(-a-) THIER AL POWER ;,30% RT-P and no peripheral eontrol rod seleeted.

Rd]) -b-- With THERMAL

( +e-e4 Reactor mode

l 5nser I

POWER < 10% RTP.

switch in the shutdown position.
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INSERT C3

a. Low Power Range - Upscale

b. Intermediate Power Range -

Upscale

c. High Power Range - Upscale

(a) 2 SR 3.3.2.1.1
SR 3.3.2.1.4
SR 3.3.2.1.5 (g)(h)

(b) 2 SR 3.3.2.1.1
SR 3.3.2.1.4
SR 3.3.2.1.5 (g)(h)

(f)

(f)

(f)(c) 2 SR 3.3.2.1.1
SR 3.3.2.1.4
SR 3.3.2.1.5 (g)(h)

INSERT C4

(a) APRM Simulated Thermal Power is > 28% and < 63% RTP and MCPR is
less than the limit specified in the COLR and no peripheral control rod
selected.

(b) APRM Simulated Thermal Power is > 63% and < 83% RTP and MCPR is
less than the limit specified in the COLR and no peripheral control rod
selected.

(c) APRM Simulated Thermal Power is > 83% and MCPR is less than the limit
specified in the COLR and no peripheral control rod selected.

INSERT C5

(f) Allowable Value specified in the COLR.

(g) If the as-found channel setpoint is not the Nominal Trip Setpoint but is
conservative to the Allowable Value, then the channel shall be evaluated to
verify that it is functioning as required before returning the channel to service.

(h) The instrument channel setpoint shall be reset to the Nominal Trip Setpoint at
the completion of the surveillance; otherwise, the channel shall be declared
inoperable. The Nominal Trip Setpoint, and the methodology used to
determine this value, is specified in the Licensee Controlled Specifications.



Recirculation Loops Operating
3.4.1

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 Recirculation Loops Operating

LCO 3.4.1 Two recirculation loops with matched flows shall be in
operation.

OR

I
I

One recirculation loop shall be in operation provided that
the following limits are applied when the associated LCO is
applicable:

a. LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)," single loop operation limits specified in the
COLR; 4a4q

b. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR) " sisn.nle
loop operation limits specified in the COLR- 1; and !

APPLICABILITY: MODES 1 and 2.

c. LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation," Function 2.b (Average Power Range
Monitors, Simulated Thermal Power - High), Allowable
Value of Table 3.3.1.1-1 is reset for single loop
operation.ACTIONS

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Recirculation loop A.1 Declare the ' 2 hours
flow mismatch not recirculation loop
within limits, with lower flow to be

.'not in operation."

B. Requirements of the B.1 Satisfy the 4 hours
LCO not met for requirements of the
reasons other than LCO.
Condition A.

(continued)
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SDM Test- Refueling
3.10.8

3.10 SPECIAL OPERATIONS

3.10.8 SHUTDOWN MARGIN (SDM) Test-Refueling

LCO 3.10.8 The reactor mode switch position specified in Table 1.1-1
for MODE 5 may be changed to include the startup/hot standby
position, and operation considered not to be-in MODE 2, to
allow SDM testing, provided the following requirements are
met:

a. LCO 3.3.1.1, "Reactor Protection System
Instrumentation," MODE 2 requirements for Function 2.a.

2.d 3,Df Table 3.3.1.1-1;

b. 1. LCO 3.3.2.1, "Control Rod Block Instrumentation,"
MODE 2 requirements for Function 2 of
Table 3.3.2.1-1, with banked position withdrawal
sequence requirements of SR 3.3.2.1.8 changed to
require the control rod sequence to conform to the
SDM test sequence,

OR

2. Conformance to the approved control rod sequence for
the SDM test is verified by a second licensed
operator or other qualified member of the technical
staff;

c. Each withdrawn control rod shall be coupled to the
associated control rod drive (CRD);

d. All control rod withdrawals during out of sequence
control rod moves shall be made in notch out mode;

e. No other CORE ALTERATIONS are in progress; and

f. CRD charging water header pressure a 940 psig.

APPLICABILITY: MODE 5 with the reactor
position.

mode switch in startup/hot standby

Columbia Generating Station 3.10.8-1 Amendment No. +44 1691



SDM Test- Refuel ing
3.10.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.10.8.1 Perform the MODE 2 applicable SRs for According to
LCO 3.3.1.1, Functions 2.aarnd -2.d.dof the applicable
Table 3.3.1.1-1. SRs

land 2.e

SR 3.10.8.2 ------------------- NOTE------------------
Not required to be met if SR 3.10.8.3
satisfied.

Perform the MODE 2 applicable SRs for According to
LCO 3.3.2.1, Function 2 of Table 3.3.2.1-1. the applicable

SRs

SR 3.10.8.3 ------------------- NOTE------------------
Not required to be met if SR 3.10.8.2
satisfied.

Verify movement of control rods is in During control
compliance with the approved control rod rod movement
sequence for the SDM test by a second
licensed operator or other qualified member
of the technical staff.

SR 3.10.8.4 Verify no other CORE ALTERATIONS are in 12 hours
progress.

(continued)
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Reporting Requirements
5.6

5.6 Reporting Requirements (continued)

5.6.3 CORE OPERATING LIMITS REPORT (COLR)

a. Core operating limits shall be established prior to each
reload cycle, or prior to any remaining portion of a reload
cycle, and shall be documented in the COLR for the
following:

1. The APLHGR for Specification 3.2.1;

2. The MCPR for Specification 3.2.2;
4. The Oscillation Power Range
Monitor(OPRM) Instrumentation 3. The LHGR for Specification 3.2.3; -a-n4

Fr Specification 3.3.1.1; and
5. The Rod Block Monitor 4- 9 3.3.1.3, "Osillation Power Range Monitor (OPRM)
Instrumentation for instru,,.entatin."
Specification 3.3.2.1.

The analytical methods used to determine the core operati-ng
limits shall be those previously reviewed and approved by
the NRC, specifically those described in the following
documents:

1. XN-NF-81-58(P)(A), "RODEX2 Fuel Rod Thermal-Mechanical
Response Evaluation Model," Exxon Nuclear Company

2. XN-NF-85-67(P)(A), "Generic Mechanical Design for Exxon
Nuclear Jet Pump BWR Reload Fuel," Exxon Nuclear
Company

3. EMF-85-74(P) Supplement 1(P)(A) and Supplement 2(P)(A),
"RODEX2A (BWR) Fuel Rod Thermal-Mechanical Evaluation
Model," Siemens Power Corporation

4. ANF-89-98(P)(A), "Generic Mechanical Design Criteria
for BWR Fuel Designs," Advanced Nuclear Fuels
Corporation

5. XN-NF-80-19(P)(A) Volume 1, "Exxon Nuclear Methodology
for Boiling Water Reactors - Neutronic Methods for
Design and Analysis," Exxon Nuclear Company

(continued)
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SLC System
B 3.1.7

B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.1.7 Standby Liquid Control (SLC) System'

BASES

BACKGROUND The SLC System is designed to provide the capability of
bringing the reactor, at any time in a fuel cycle, from full
power and minimum control rod inventory (which is at the
peak of the xenon transient) to a subcritical condition with
the reactor in the most reactive xenon free state without
taking credit for control rod movement. The SLC System
satisfies the requirements of 10 CFR 50.62 (Ref. 1) on
anticipated transient without scram (ATWS).

The SLC System is also used to maintain suppression pool pH
at or above 7 following a loss of coolant accident (LOCA)
involving significant fission product releases. Maintaining
suppression pool pH levels at or above 7 following an
accident ensures that iodine will be retained in the
suppression pool water (Ref. 4).

The SLC System consists of a boron solution storage tank,
two positive displacement pumps, two explosive valves, which
are provided in parallel for redundancy, and associated
piping and valves used to transfer borated water from the
storage tank to the reactor pressure vessel (RPV). The
borated solution is discharged through the high pressure
core spray system sparger.

APPLICABLE The SLC System is manually initiated from the main control
SAFETY ANALYSES room, as directed by the emergency operating procedures, if

the operator believes the reactor cannot be shut down, or
kept shut down, with the control rods.' The SLC System is
used in the event that not enough control rods can be
inserted to accomplish shutdown and cooldown in the normal

7 manner. The SLC System injects borated water into the
reactor core to compensate for all of the various reactivi one

effects that could occur during plant operation. To m

equivalent in this objective, it is necessary to inject, using 4e4 . LC
orn__apumps, a quantity of boron that predus a ... ne.ntt.i..1n ofo 0t -- 66 ppm of natural boron in the reactor core, including

concentration of recirculation loops, at 70°F and normal reactor water level.

780
(continuepd)
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SLC System
B 3.1.7

BASES

APPLICABLE
SAFETY ANALY

(continued

The volume limit in
SR 3.1.7.1 and the
temperature versus
concentration limits

in Figure 3.1.7-1 are
calculated such that
the required

concentration is
achieved accounting
for dilution in the
RPV with normal
water level and
including the water
volume in the
residual heat removal

shutdown cooling
piping and in the
recirculation loop

SES
To allow for potential leakage and imperfect mixing in the
reactor system, an additional amount of boron equal to 25%
of the amount cited above is added (Ref. 2). An additional
275 ppm is pr..id.d to accommcdate dilution in the, RPV by
the reiduL hoat r..mval "hutdn eeeling 1 . i ping., Te
t.mperaturo vpr ... .. n.ntration li mits in Figurc 3.1.7 1

ae-eved. This quantity of borated solution is the amount
that is above the pump suction shutoff level in the boron
solution storage tank. No credit is taken for the portion
of the tank volume that cannot be injected.

Following a LOCA, offsite doses from the accident will
remain within 10 CFR 50.67, "Accident Source Term," limits
(Ref. 5) provided sufficient iodine activity is retained in
the suppression pool. Credit for iodine deposition in the
suppression pool is allowed (Ref. 4) as long as suppression
pool pH is maintained at or above 7. Alternative Source
Term analyses credit the use of the SLC System for
maintaining the pH of the suppression pool at or above 7.

The SLC System satisfies Criteria 3 and 4 of Reference 3.

The OPERABILITY of the SLC System provides backup capability
for reactivity control, independent of normal reactivity
control provisions provided by the control rods.
Additionally, an OPERABLE SLC System has the ability to
inject boron under post LOCA conditions to maintain the
suppression pool pH above 7. The OPERABILITY of the SLC,
System is based on the conditions of the borated solution in
the storage tank and the availability of a flow path to the
RPV, including the OPERABILITY of the pumps and valves.
Two SLC subsystems are required to be OPERABLE, each
containing an OPERABLE pump, an explosive valve and
associated piping, valves, and instruments and controls to
ensure an OPERABLE flow path.

APPLICABILITY In MODES 1 and 2, shutdown capability is required. In
MODES 3 and 4, control rods are not able to be withdrawn
since the reactor mode switch is in shutdown and a control
rod block is applied. This provides adequate controls to
ensure the reactor remains subcritical. In MODE 5, only a

(continued)
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SLC System
B 3.1.7

BASES

APPLICABILITY
(continued)

single control rod can be withdrawn from a core cell
containing fuel assemblies. Demonstration of adequate SDM
(LCO 3.1.1, "SHUTDOWN MARGIN (SDM)") ensures that the
reactor will not become critical. Therefore, the SLC System
is not required to perform its ATWS function during MODES 3,
4, or 5.

In MODES 1, 2, and 3, the SLC System must be OPERABLE to
ensure that offsite doses remain within 10 CFR 50.67 (Ref.
5) limits following a LOCA involving significant fission
product releases. The SLC System is used to maintain
suppression pool pH at or above 7 following a LOCA.to ensure
that iodine will be retained in the suppression pool water
(Ref. 4).

ACTIONS A.1

[However, the overall
reliability is reduced
because a single
failure in the
remaining
OPERABLE
subsystem could
result in reduced
SLC System
shutdown caeability.

If one SLC System subsystem is inoperable, the inoperable
subsystem must be restored to OPERABLE status within 7 days.
In this condition, the remaining OPERABLE subsystem is
adequate to perform the original licensing basis shutdown
function. Hewever, the .. vrall eapability i . • ducod .. nco
the remaining OPERABLE .ubsyste... . annet meet the
requirements of Reference 1. The 7 day Completion Time is
based on the availability of an OPERABLE subsystem capable
of performing the original licensing basis SLC System
function and the low probability of a Design Basis Accident
(DBA) or severe transient occurring concurrent with the
failure of the Control Rod Drive System to shut down the
plant.

B.1

If both SLC subsystems are inoperable, at least one
subsystem must be restored t.o OPERABLE status within
8 hours. The allowed Completion Time of 8 hours is
considered acceptable, given the low probability of a DBA or
transient occurring concurrent with the failure of the
control rods to shut down the reactor.

(continued)
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SLC System
B 3.1.7

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.7.7 and SR 3.1.7.8 (continued)

acceptable method for verifying that the suction piping up
to the suction valve is unblocked is to pump from the
storage tank to the test tank. Upon completion of this
verification, the pump suction piping must be drained and
flushed with demineralized water since the suction piping
between the pump suction valve and pump suction is not heat
traced. The 24 month Frequency is acceptable since there is
a low probability that the subject piping will be blocked
due to precipitation of the boron from solution in the heat
traced piping. However, if, in performing SR 3.1.7.1, it is
determined that the temperature of the solution in the
storage tank has fallen below the specified minimum,
SR 3.1.7.8 must be performed once within 24 hours after the
solution temperature is restored within the limits of
Figure 3.1.7-1.

REFERENCES 1. 10 CFR 50.62.

2 FSAR, Section 9.3.5.3.

3. 10 CFR 50.36(c)(2)(ii).

4. Regulatory Guide 1.183, July 2000,

5. 10 CFR 50.67, "Accident Source Term."

SR 3.1.7.9
Enriched sodium pentaborate solution is made by mixing granular,
enriched sodium pentaborate with water. Isotopic tests on the granular
sodium pentaborate to verify the actual B-10 enrichment must be
performed prior to addition to the SLC tank in order to ensure that the
proper B-10 atom percentage is being used.

Columbia Generating Station B 3.1.7-7 Revision 49



LHGR
B 3.2.3

B 3.2 POWER DISTRIBUTION LIMITS

B 3.2.3 LINEAR HEAT GENERATION RATE (LHGR)

BASES

BACKGROUND The LHGR is a measure of the heat generation rate of a fuel
rod in a fuel assembly at any axial location. Limits on the
LHGR are specified to ensure that fuel design limits are not
exceeded anywhere in the core during normal operation,
including anticipated operational occurrences (AOOs).
Exceeding the LHGR limit could potentially result in fuel
damage and subsequent release of radioactive materials.
Fuel design limits are specified to ensure that fuel system
damage, fuel rod failure or inability to cool the fuel does
not occur during the anticipated operating conditions
identified in References 1 and 2.

APPLICABLE
SAFETY ANALYSES

The analytical methods and assumptions used in evaluating
the fuel system design are presented in References 3, 4, 5,
6, and 7. The fuel assembly is designed to ensure (in
conjunction with the core nuclear and thermal hydraulic
design, plant equipment, instrumentation, and protection
system) that fuel damage will not result in the release of
radioactive materials in excess of the guidelines of 10 CFR,
Parts 20, 50, and 50.67. The mechanisms that could cause
fuel damage during operational transients and that are
considered in fuel evaluations are:

a. Rupture of the fuel rod cladding caused by strain from
the relative expansion of the U02 pellet; and

b. Severe overheating of the fuel rod cladding caused by
inadequate cooling.

A value of 1% plastic strain of the fuel cladding has been
defined as the limit below which fuel damage caused by
overstraining of the fuel cladding is not expected to occur
(Ref. 8).

I

I
Fuel design evaluations have been performed and demonstrate
that the 1% fuel cladding plastic strain design limit is not

Qexceeded during continuous operation with LHGRs up to the
IN operating limit specified in the COLR. The analysis also

INSERTA includes allowances for short term transient operation above
the operating limit to account for AOOs.

(continued)
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INSERT A:
LHGR limits are developed as a function of exposure, core flow and power to ensure
adherence to fuel design limits during the limiting AOOs (Ref. 10). The exposure
dependent LHGR limits are reduced by power-dependent (LHGRFACp) and core flow-
dependent (LHGRFACf) multipliers for operation below rated power and flow. This will
result in a lower LHGR thermal limit at reduced power and flow. A step change in the
LHGR limit occurs when scram trips are bypassed for turbine throttle valve closure and
turbine governor valve fast closure.

LHGRFACf multipliers are determined using the three dimensional BWR simulator code
(Ref. 11) to analyze slow flow runout transients. LHGRFACf, is dependent on the
maximum core flow runout capability. LHGRFACP multipliers are determined based on
analyses of limiting plant transients (other than core flow increases) over a range of
power and flow conditions. The transient response is sensitive to initial core flow at
power levels below those at which turbine throttle valve closure and turbine governor
valve fast closure scram trips are bypassed (Pbhi.). Both high and low core flow
LHGRFACP multipliers are provided for operation at power levels between 25% RTP
and Pbyp,as. A complete discussion of the analysis code is provided in Reference 12. The
exposure, core flow and power dependent LHGR limits ensure that all fuel design limits
are met for normal operation and AQOs.



LHGR
B 3.2.3

BASES (continued)

SURVEILLANCE SR 3.2.3.1
REQUIREMENTS

The LHGRs are required to be initially calculated within
12 hours after THERMAL POWER is > 25% RTP and then every
24 hours thereafter. They are compared with the specified
limits in the COLR to ensure that the reactor is operating
within the assumptions of the safety analysis. The 24 hour
Frequency is based on both engineering judgment and
recognition of the slowness of changes in power distribution
under normal conditions. The. 12 hour allowance after
THERMAL POWER > 25% RTP is achieved is acceptable given the
large inherent margin to operating limits at lower power
levels.

REFERENCES 1. FSAR, Chapter 4.

2. FSAR, Chapter 15.

3. NEDC-32868P, "GE14 Compliance with Amendment 22 of
NEDE-24011-P-A (GESTAR)," Revision 2, September 2007.

4. NEDC-33241P, "GE14 Fuel Rod Thermal-Mechanical Design
Report," Revision 1, January 2006.

5. NEDC-33236P, "GE14 Fuel Assembly Mechanical Design
Report," November 2005.

6. ANF-89-98(P)(A) Revision 1 and Supplement 1, Generic
Mechanical Design Criteria for BWR Fuel Designs,"
Advanced Nuclear Fuels Corporation, May 1995.

7. EMF-85-74(P) Revision 0 Supplement 1 (P)(A) and
Supplement 2 (P)(A), "RODEX2A (BWR) Fuel Rod Thermal-
MechanicalEvaluation Model," Siemens Nuclear Power
Corporation, February 1998.

8. NUREG-0800, Section II A.2(g), Revision 2, July 1981.

9. 10 CFR 50.36(c)(2)(ii).

G IN-SERT Al
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INSERT Al:
10. NEDC-33507P, Revision 0, "Energy Northwest Columbia Generating Station

APRM/RBM/Technical Specifications / Maximum Extended Load Line Limit
Analysis (ARTS/MELLLA)," March 2010.

11. NEDO-30130-A, "Steady State Nuclear Methods," May 1985.

12. NEDO-24154, "Qualification of the One-Dimensional Core Transient Model for
Boiling Water Reactors," October 1978.



APRM Gain and Setp• i
8 3.2.4

O •-•-B3.2 POWER DISTRIBUTION LIMITS

B 3.2.4 Average Power Range Mnitor (APRnM) Gain and Setpei

BASES

The OPERABILITY of the APRMs and their ctpoints is an
initial condition of all safety analyses that assume red
inscrtion upen reactor scramf. Applicable COGs are COG 10,
"Reat•or Design", CDC 13, "InIstrumflntatlio and Control";
COC 20, "Protectier. Systcmf Fureties"o' and COG 29,
"Protcctien against Anticipatcd 9pcraticn Occurrcnees"
(-Ref.4 1). This LCD is pr.vided to requi•r the APRM gai o
AP RM flo w b ia sed scr amff set po int s to be a4,djus;t-ed- w-h.en
opcrating under conditions f sive pewcr peaking-to
m.aintain a"ceptable margin to the fuel nladding integrity
Safety Limfit (SL) and the fuel cladding 1% plastic strain
limfit.

The eondition of cxesiv po~wcr pcak~iig is determined by
the ratio of the actual power peaking to the limitiong powf
pcakinmg at RTP. This ratio is equal to the ratio of the

1 4~4~.,- ~Inl 4- -.- .--.-. .C ITl ff~l nf

is the measured THERMAL POWER divided by the RTP. .e.s.sive

power peaking exists whcn:.

indicating that MFPLD is not decr-easing proportionately to
the over-all power reduetien, or- conver-sely, that poer
peaking is increasing-. To mfaintayin mfargins simillar- to those

ofat RT-P eenditiefns, the excessiv:e power peaki4ng is
NTUR~qFP the APRMs or adjuistmclnt of

theAPM FowBiaedSimlacdThermFfal Power High Functionf
Allowable Value (LCO 3... "Reactor- Protection Sysitemf
(RPS) Instrumfentation," Function 2.b). Either of these
adjustmfents has effectively the samfe result as mfaintaining
MFLPD less than or equal to FRTP and thus mfaintains RTP
mfargins for APLHCR, MCPR, anld LHCR.

The normnally seleeted APRM Flow 8iased Simfulated Thermfal
Power High Function Allowable Value positions the scramf
above the upper bound of the normfal power/flow operat~ing
region that has been considered in the design of the fuel
reds. The Allowable Value is flow biased with a slope that
approximfates the upper flow control line.. T h e n erff-l41-y

(eontinued)ý
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APRM Cain and Stpint
B 3.2.4

BASE-S

BACKGROU!'
(cant inued)

seleeted APRM Allewable Value is supported by the analyses
presented in Rfernc.... 1 and 2 that .oencntrate on events
initiated fromf rated conditions. Dczign cxpcricne hasm
shown that .inimum dciation ocupr within expcted r
t . .p..at.ng limt. .(APL.GR, P.PR, and LHR,, at ratd
condit"en for neo-alwor .......di. .ibutn. .. However, a

.other than rated• ,nditions, contro' l rd patternso an b•
established that significantly rcducc the mfargin to thermfal
lfl-4-m4-- T-hercferc, thc APRM Fiev. Sia!d Simiulat cd Thcrmffal
Power H4gh Function, Allowable Value may be reduced during
operation whc. the com.bination of THERMAL POWER and MFLPi

indieatcz an .xc...iv. powep peaking di.tribution.

The APRM ncutron flux signal is also adjusted to ....
cloocly fellow the fucel cladding heat flux duri4ng pewcr
tran.ient. . The APRM n... tr.n flux signal is a mear• e of
the corc thermfal power during steady state opcration
Dui,4g p.w.. tranic..nt-, the APRn signal leads the actual

eeore thermfal powcr responcse bccausc of the fuiel theirmfal timcl-
ee-ms tant.-- Thercfore, on -power incrcasc tranics~nts, the APRM
5ignal provides *a coenser'atively high measure of ccre
thermffal powcr. BypcIn the APRM signal throubgh an
.lectronic filter with a timc cnotant less than,bu

appreOximatcly equal to, that of the fuel thermal tim
..n.tant, an APRM transient responc that mere. closely
followo actual fuel cladding heat flux is obtaincd, while a

eenservative mfargin is mfaintained. The delayed rcopefnzc of
the filtered APRM oign-al lowo the APRM Flow .. iaed
Simfulated Thcrmfal Powcr Hligh Funcltion Allowablc Value to be
positiened , l•, , , to the upper bound of the norm..al power and
flow range, without unn..ec.a.ily causing reactor 5cramo
dui4ng • h•rt duration• n..tr..n flux spikes-. Thee spi kes can
be caused by insignificant transiento such as performfance of
mlain team line valve urv.illaneo ofr.m..n..tary flow
increasec of only several percent.

AP-P-6tGAD, The acceptance criteria for the APRM gain or 5etpoint
SAFIETY ANALYSES adjustmfents arc that acceptablc mnargins (to APLHCR, MCPR,

-and LHCR) be mantand to the -fuell cladding intcgr4ty SL
and the fuel cladding 1% plastic strain limfit.

FSAR safety analyoco (Ref. 2) concentratc on the rated power
eenditioý Forp which the mfinimffumf cxpcctcd mfar-gin to t-hc
epcr.ating l4mits (APLHCR, CGPR, and LHCR) occurs.
LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT CENERATION RATE

Colufmibia Generating Station 83.2.,,B "3.2.4 2



APRM Gain and S-tp•it
B 3.2.4

BASES

APPLICABLE
SAFETY ANALYSES

(,ontinud•)4-

(APLHCR) ," LCO 3.2. 2, "MINIMUM CRITTICAL POWER RAT-IO (MCPR) ,"
and LO. 3. 2. 3, "1LINEAR H4EAT GENERATION RATE ( LHUR) li Fmni-t th-
initial margins to these operating limits at ratcd

conditiens se that spccificd a.. ptablc fuel design limits
are m.,ct during transicnts in.itiat.d frlm rated cInditions.
At 4initialspwr levels less than rated levels, the margin
d"gradation of either the APLHCR, the MCPR, an the LHCR
dur~ing a transiont can be grcatcr than at the rated
eand~iein event. Thi4s grcater margin dcgradatien during th-e
transient is primarily offsct by the larger initial m
to limfits at the lowcr than rated powor levels. Hewe-v-e--
powcr distribuitiens can be hypethcsizcd that would rosublt in
reducod mfargins to the pre transient 6perating limfitr Wh-en
eeombined with the inercased sevonity of cortain transients
atEther than rated conditions, the SLs could be approaehod.
At substantially r.duc.d powr leveols, highly peaked p•wer
distributions culd be .btainnd that ecould redu.o thrmal
mfargins to the flminimum levols5 roguiroed for- transient events.
To prevent or miitigato suh situations, fithor the APR3 gain
is adjustd upward by the ratio of the r. lim..iting . .FLP.
toA tlhc FRPTP, or the APRM Flow Biascd Simulblatod Thor-mal
Power High Function Allowable Value is roguirod to bo6=
rodueed by the ratio of FRTP to the coro limfiting MIFLPD.
Either of these adjustfflnts cffcctivcly counters thoe
inorcasod severity of somcl evefnts at othor than ratcd-
eemditions by prporetionally incroasing the APRM gain or
prporetionolly lowering the APRM Flow Biased Simuliat-ed
T-heprmal Power High Function Allewable Value dependent en
the increased peaking that mfay be cncouintcrced.

The APRM gain and setpeint satisfy Criteria 2 and 3 o&f
Refcrcnco 3-.

LCO Meeting any ono of the follo~wing conditions ensuros
accoptablo operating mnargins for eyents described abovo:

Limiting exoss p1ewr peaking,

R ducing the APRM Flow Biasod Sifulated Thr..al
Power High Funcetion Al lowable Val ue by. mulitiplying the
APRM Flow Biased Simulated Therm..al Power High Function
All .wable Value by the r"tie of FRTP -d the ....
lim..iting valuc of PIF.P9; tor

(eentinHed
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APRM Gain and Sctpefnt
B 3.2.4

BASES

-otne
(cortim....

e-.- ine..a.i..g the APRM gains to eau
grcatin than 1994) times MFLPO.
account for the reduction in mnar
cladding integrity S6 and the fui
strain limi-t-.

se the APRM to rcad
This condition is to

gin to the fuel
el eladding 1% plastie

MFLPD is the ratio of the limiting LHCR to the LHGR limit
fcr the .p.•ifi. bundle type. Far FFra.atom ANP fucl
MFOLRX is the equivalent o•f iFL.. As ptwl r ir•, ,.dud, if•i
the design pawer di 5tribution is. ffaintaincd, MFLPD i 5
rceduccd in. prpeprtien to the r-eduction in pewcr. INewe-ve P-
if power peaking incrcaass above the design value, th• ,,FLP,
ta mnot r .du.d in prep•rtion to the rndu.ti.n in pewcr.
Under thsae onmdit4fon, the APRM gain is adjusted upward or
the APRM Plow Mi ...d Simulated Thermal Powcr High Functien
Allowablc Value is rcduccd accordingly. When the rcactor is
apepating with peaking less than the design valuce, it is net
ncccsapay to moldify the APRM Flow Biascd Simfulatcd.Thcrmal
Powcr High Function Allowable Value. Adjusting the APRM
gain or modifying the Flow Biozed Simulated Thermal
Pewcr High Function Allowablc Value is equivalent to
m.aintaining MFLPD ls than or equa l to FRTP, as stated in
the [CO.

For comfpliance with LCO ltcmf b (APRM Flow Biased Simfulatcd
T.h.rm...al Pw. High Function Allowable Value modification)
oer teml e (APRM gain adjuatmcnt), only APRM1 rcguircd to be

OPERABLE per LCO 3.3.1.1, Function 2b., are required to be
.,,odified or adjusted. In addition, e ,eh APRM ,may be all•w• d
to have its gain or Allowablc Volue adjusted or ,,dificd

ind•p•ndently of other APRMs that arc having their gain or
Al] n'J;r hlp VAlI' Adii-.tr' nr mnqptifiol

I

APPrlIABIlITY The MFLPD limit, APRM gain adjut•, ent, or APRM How ........
Simulated Thermal Power High Funetion Allowable Value
modificatien is provided to enaurc that the fuel cladding
.ntegrit.y SL and the fuel cladding 1% pltatie strain limit
are not ,iolated during design basis tran.ient+. A-s
di,5csued in the Bases f.o ,CO 3.2.1, [lO 3.2.2, and
[CO 3.2.3, suffieient margin to these li...t .exists bel•ow
25% RTP and, therefore, these requirements arc only
neeeaary when the plant is operating at > 25% RTP.

(continued)-
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APRM Gain and cetpB4n
B 3.2.4

BASES (centinued)

if the .APRM gain r Few Biased Simulated Thermal Pw.r
High .un.ti•n Allowable Value is not withiA limits whi le the
. .FLPD has x. ed.d FRT.P, the margin to the fuel cladd4mg
integrity SL and the fuel eladding 1% plastic strain limit
may be reduced. Therefore, pro..pt actin should be taken to
restore thc• 6MP te withi4 its rcquired limit or make
aeccptablc APRM adjustmnents such that the plant i5 eperating

j - . j

The 6 hour Comfpiction Timcl is normally sufficicnt to rcsterc
.. th.r the MF.P .to within ..limits -r the APRM gain er Flats
Biased Simulated Thcrmflal Power High Function Allowable

Value u..... l•ts' , . . ana is aetespgan based Aen the ow
probability of a transicnt or Design Basis Accident
eeecurr-ing simnultancously with the [CO not mnet.

if the APRM gain or Flow Biased Simfulatcd Thcrmfal
Powc•r High Function Allowable Value cannot be r.stored to
within ther rcquired limits within the associated
Cplction Tim, the plant must be bro.,,ught to a MODE or
eher l pccificd condition in which the LO docs noIt apply.
To aehieye this status, THERMAL POWER must be redu.ed to
S25.I RTP within 4 hous. Thc aPswc Completion imc is

reasonable, based on operating experriene, to r.du. THERMALt
POWER to < 25% RTP in an ordcrly manner and without
ehallenging plant systcmfs.

SURVEI LLANCE
REQUIREMEN.TI&

&R 3.2.4.1 and SR 3.-2.-4.2

The MFLPO is rcquircd to bc calculatd and .....pard to FRTP
or APRM gainr Fer- How 8Sage Simfulated Theprmal Powcr Hi gh
Function Allowable Value to ensure that the reaetor is
operating within the assuptions of the safety analysis.
These SRs are required. on.ly to determi.ne the MFLPD and,
assumfing MIFLP9 is greater than FRTP, the approapriate APRM
ga• o F, al .Biaed Simlated Thermal Power High FuN tion

AlloableValue, and is net intended to be a CHANNEL
FUNCTIONAL TEST for the APRM ga"i or n APRM FH-" "ia+ed-
Simulated ThermfIal Power• HIlgh Function circuitry. I-h-.
24 hour Frequency of-SR.2.4. is chosen to coincide with

Columbia Generating Station B 3.2.4 5 Reyisien 24



APRM Gain and Stpe,,
B 3.2.4

BASES

SURVE1i -ANCE
REQUIREMENTS

-&R 3.2.4.1 and.-S.R 33.2.4 +ee-nt-•4...

the deteprlmiation of ether theermal limfits, speeifica4fly-
these for the AP6HCR and LHCR (LCO 3.2.1 and 6CO 3.2-.3,
r..p..ti.. 14,,. Thc 24 heour Frc..u.ny i based on b.,,h

~.ngnccingjudgmclnt and recognitien of the slowncz o
.hange. in power ditri"bution during normal operation.

12 hour allwance after- THERMAL POWER > 2-% RTP i5 aIh.i
is aeccptable given the large irfhcrci-nt. m.-argin tEo eper-ati~.+ I-..I

The

The 12 hour Frcqucney of SR 3.2.4.2 is required when MF6PD
is greater than FRTP, be.au, e more rapid n hangen in ow
distribution are typically expeetcd.

REFER4-1-. 1.0 CFR 50, Appendix A, COG 10, COC 13, COG 20, and

COG 29.

2 FSAR, Chapters 1 and !S.F.

3-. 10 CFR 50.36(C)(2)(ii).

I.Il ll;:;:[];;; I"*[-'[;[-',',;L ;[;G L L,; [. ; :.;I: B 3.2.4 6 03.2.16 Re i 24



RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

(continued)

1.b. Intermediate Range Monitor-Inop

This trip signal provides assurance that a minimum number of
IRMs are OPERABLE. Anytime an IRM mode switch is moved to
any position other than "Operate," the detector voltage
drops below a preset level, loss of the negative DC voltage,
or a module is not plugged in, an inoperative trip signal
will be received by the RPS unless the IRM is bypassed.
Since only one IRM in each trip system may be bypassed, only
one IRM in each RPS trip system may be inoperable without
resulting in an RPS trip signal.

This Function was not specifically credited in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
licensing basis.

Six channels of Intermediate Range Monitor-mnop with three
channels in each trip system are required to be OPERABLE to
ensure that no single instrument failure will preclude a
scram from this Function on a valid signal.

Since this Function is not assumed in the safety analysis,
there is no Allowable Value for this Function.

This Function is required to be OPERABLE when the
Intermediate Range Monitor Neutron Flux-High Function is
required.

~>
2.a. Average Power Range Monitor Neutron Flux-High,

r7

TcAPPM eshlanncels cc input signals from4 the el
range menitr W L. M Wi~thin1 the rcaeter core, which p power

... .......... ..f the p.... ditribution •nd laeal power
-eanges . T 'h ' APR04 ehainnols avejc thes: LPflhl sigmalz to
p..vide a .. ntinu .. indi.atin of av.pagge • re•ct, po•wer
fr.. .a few per..nt to ...ater than .T.P. For operation at

- ner (iJ .ýe., ýODE 2), the Average Power Range Monitor
Neutron Flux-Higx. etoewwn Function is capable of
generating a trip signal that prevents fuel damage resulting
from abnormal operating transients in this power range. For

/Z- I'S ,nI most operation at low power levels, the Average Power Range
Monitor Neutron ]ux- ign;tý- edwn Function will provide a

secondary scram to the Intermediate Range Monitor Neutron

(continued)
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Insert D

2. Average Power Range Monitor

The APRM channels provide the primary indication of neutron flux within the core and
respond almost instantaneously to neutron flux increases. The APRM channels receive
input signals from the local power range monitors (LPRMs) within the reactor to provide
an indication of the power distribution and local power changes. The APRM channels
average these LPRM signals to provide a continuous indication of average reactor
power from a few percent to greater than RTP. Each ARPM also includes an Oscillation
Power Range Monitor (OPRM) Upscale Function which monitors small groups of LPRM
signals to detect thermal-hydraulic instabilities.

The APRM System is divided into four APRM channels and 2-out-of-4 voter channels.
Each APRM channel provides inputs to each of the four voter channels. The four voter
channels are divided into two groups of two each, with each group of two providing
inputs to one RPS trip system. The system is designed to allow one APRM channel, but
no voter channel, to be bypassed. A trip from any one unbypassed APRM will result in a
"single vote" in all of the voter channels, but no trip inputs to either RPS trip system.
Since APRM trip Functions 2.a, 2.b, 2.c, and 2.f are implemented in the same hardware,
these trip Functions are combined with APRM Inop trip Function 2.d. Any Function 2.a,
2.b, 2.c or 2.d trip from any two unbypassed APRM channels will result in a full trip in
each of the four voter channels, which in turn results in two trip inputs into each RPS trip
system logic channel (Al, A2, B1, and B2). Similarly, any Function 2.d or 2.f trip from
any two unbypassed APRM channels will result in a full trip from each of the four voter
channels. Three of the four APRM channels and all four of the voter channels are
required to be OPERABLE to ensure that no single failure will preclude a scram on a
valid signal. In addition, to provide adequate coverage of the entire core, consistent with
the design bases for the APRM Functions 2.a, 2.b, and 2.c, at least 20 APRM inputs,
with at least three LPRM inputs from each of the four axial levels at which the LPRMs
are located, must be operable for each APRM channel. To ensure that the plant is
operated within analyzed conditions, a maximum of 9 LPRMs can be bypassed between
APRM adjustments. For the OPRM Upscale, Function 2.f, LPRMs are assigned to "cells"
of 4 detectors. A minimum of 25 cells, each with a minimum of 2 LPRMs, must be
OPERABLE for the OPRM Upscale Function 2.f to be OPERABLE.



RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE 6•2.a. Average Power Range Monitor Neutron Flux-High
SAFETY ANALYSES, Setdawn (continued) 2 F-3
LCO, and 9372
APPLICABILITY / Flux-High Function because of the relativ /setpoints. With

the IRMs at Range 9 or 10, it is possibl that the Average
Power Range Monitor Neutron Flux-HighA- Setws- Function
will provide the primary trip signal for a core-wide
increase in power.

No specific safety analyses take direct credit for the n)
Average Power Range Monitor Neutron Flux-High,,&etdewfl
Function. However, this Function indirectly ensures that,
before the reactor mode switch is placed in the run
position, reactor power does not exceed 25% RTP (SL 2.1.1.1)
when operating at low reactor pressure and low core flow.
Therefore, it indirectly prevents fuel damage during
significant reactivity increases with THERMAL POWER
< 25% RTP.

The APRHl System iz divided 4mto twc groups of ehanrol: with
thrcc AP.R.M channel ;inpuit te eaeh trip systeff. The system
is desigmed to allaw ame ehammi i eaeh trip systemn te be
-bypassed. Any en: APRM ehannel in a trip system ean eau~

Average Power Ranggz Meni ter Pleutrcn Fl um lii gh, Setdewn,
with twe ehannel: in eaeh trip systecm are requircd te be
9 PERABLE to emsure that me 9ingle fa~lure will pcld
-sralml frpeeml thi: Functicm n af C alid sigma!. In add~ti~e t

prayid: adequate eovcrage ef the entirc eerc, at least
.11 LPRM inputs are rcguli rd for eaeh APRM ehanncl , with at
-least twe 1:13140 ;impbt: fpem eaeh Cf the feir axial levelsaCt-
. . flfl-" nk - - - 'I-- -.

In accordance with
the NRC Safety
Evaluation for
Amendment TBD
(Ref. 20), the
Average Power
Range Monitor
Neutron Flux - High
(Setdown) Function
is not LSSS SL-
related.

The Allowable Value is based on preventing significant 0(7
nincreases in power when THERMAL POWER is < 25% RTP.

he Average Power Range Monitor Neutron Flux-High/ Setdewm
F nction must be OPERABLE during MODE 2 when control rods
ma be withdrawn. In MODE 1, the Average Power Range
Mon'tor Neutron Flux-High Function provides protection
agai st reactivity transients and the RWM and Rod Block
Monit r protect against control rod withdrawal error events.0 f
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RPS Instrumentation
Ift ArZW# 1AAýI.A ý QTh ?jrLJL,&,Te ý1"fALror B 3. 3. 1 .1

Lme)r ) V*4 rero or-~ &CO C.orf?/ Ff~ A"wyi1  Ae& 1 -r~
BASES JýIT' I SL.FEP< SeC-QtJID

APPLICABLE 2.b. Average Power Range Monitor Flow BiasedSimulated
SAFETY ANALYSES, Thermal Power-High
LCO, and
APPLICABILITY The Average Power Range Monitor Flow Bised Simulated (

(continued) Thermal Power-High Function monitors neutron flux to
approximate the THERMAL POWER being transferred to the
reactor coolant. The APRM neutron v-p -- i-ux-4seee -i--el-4-ly--
filtered w a--te n1 t re t-iv--hf--a e-I--
heat transfer dynamics to generate a signal preopotional to
the THERMAL POWER in the reactor. The trip level is varied
as a function of recirculation drive flow (i.e., at lower
core flows the setpoint is reduced proportional to the
reduction in power experienced as core flow is reduced with
Sfixed control rod pattern) but is clamped at an upper

"SERTC /;Climit that is always lower than the Average Power Range
'-•Fonitor H-i-x4-e4Neutron Flux-High Function Allowable Value.

"-Tche Average Power Range Monitor Flow Biased Simulated
Thermal P.wer High Functi.n provides protection against
transients where THERMAL POWER increases slowly (such as the
loss of feedwater heating event) and protects the fuel
cladding integrity by ensuring that the MCPR SL is not,
exceeded. During these events, the THERMAL POWER increase
does not significantly lag the neutron flux response and,
because of a lower trip setpoint, will initiate a scram
before the high neutron flux scram. For rapid neutron flux
increase events, the THERMAL POWER lags the neutron flux and/
the Average Power Range Monitor -i-ed Neutron Flux-High
Function will provide a scram signal before the Average
Power Range Monitor Flow Biased Simulated Thermal
Power-High Function setpoint is exceeded. '

TýHe APRM Systemf is divided into two group5 of ehamnels with
three APRM iiput to e.h t rip .The s
designed to allow one channel in cah trip system. to be
bypassed. Any one Average Pcwcr Range Moniter channel in a
trip system can cause the associa ted trip system. to trip.
Four ehnnels ef Average Power Rah- onge Mleinitor Flew •aed
S-imul1ated Therm-al Power- High, with two channels in eacr-h I
triýp systemf arroniged 4in one out of two logic, are required
to be OPERABLE to ensure that no single instrument failure
will1 pree!ude a scram from this Fuction on a val id signal-
1H addition, to provide adequate coverage of the entire

coea least 11 LPRM inputs arc required for each. APRM
~~~~~~ nn4L .~ - - I ,nA i.... I.- - . I C..I

aillevel s at- whicmh thez LPRRM-s arealctd

(continued)
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INSERT C:
¶
A note is included, applicable when the plant is in single recirculation loop operation per
LCO 3.4. 1, which requires a change in the Allowable Value equation. The Allowable
Value is established to conservatively bound the inaccuracy created in the core flow/drive
flow relationship due to back flow in the jet pumps associated with the inactive
recirculation loop. This adjusted Allowable Value thus maintains thermal margins
essentially unchanged from those for two-loop operation.

Neý`speeife-aafeynalys~etake-eredit-for-the-Aver-age-Pwer-Page-Meriter-Simulate
-Thermal-Power--High-Funetion,-however-t

The Average power Range Monitor Simulated Thermal Power High
Function



RPS Instrumentation
B 3.3.1.1

BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2.b. Averaqe Power/Range Monitor Flw Based- Simulated
Thermal Power-Hiqh/ (continued)

Each APRM channel r...i v. .t- /.d e.. .t, redumda.t flow
Signals re.pr@s.ntatiue of totalfCirc ti.o...... ri...ing flow.
The total-Pe 4 .. ...d-yngfo sga saegee a e

system A APRMO, while the other. two supply signaE to the
trip -sytem • B APRhl. haoh flaw u.it i gal is providel d by
summing the flow signals from the twe recirc,-Iatien loops.
tncsc ... u..a.t fiow s..gna are .... . r.... tour pra ....
..ba. taps, two im eaeh rcir.etiultio loop. To obt... the
mocst concor-vative rcefer-encc- signals under- single failurc
eeonditieno, the tctal flow signgals from the two flow units
(as...i.ted .ith a trip ystm ao dsceribed above \) are
routed to a loW a'uctin circuit Aco...actcd with eacah APRM.
... h APRP.'. .ir.uit 5lc.t. the low..r of the two fl..o unit
s i gnia 1 fo u)cois as the rpeforopnco fer that particuilar AP'RM4.
Each regut c required ,"''rer RRng ng M onitor Flow Biozcd
iasulated T•"4hrftl PaTer High chorr. l only requir.. an input

frofm 6m OPERABLE flao~ timt, simcc the imdividbal APR
channel will perform the intended function with Eonly once
OP[RABLE flow unit inpu.t. Howlevr, in order to motoia÷ni
.i..gl. failur . ..itria as de yribtd above f. r the Functionl,
at least onc rcguired Avcragc Power Range Monitor Flo
Biased Simulated TheFrmal Pewcr High channol in each trip
systcm; must be capable of mitnngan OPE-R.ABLRE fIlow -unit-

sJgnal in the eveint of a failuro of an auction ecircubit, or- a
flow un~it, ini the associated trip syotefm (e.g., if a flow
unit i4 ineperable, one.f th.e tWo r... .4rd Average Power
ýRamge Monitor Flow Biozod Simfulated TFhermola Powor g
.honn... in the a5...i.ted trip yat.m. must be anai dered

No specific safety analyses take direct credit for the
Average Power Range Monitor Flo, Biased-Simulated Thermal
Power-High Function. Originally, the clamped Allowable
Value was based on analyses that took credit for the Average

1  Power Range Monitor Flow Biased Simulated Thermal Power-
'-High Function for the mitigation of the loss of feedwater

heater event. However, the current methodology for this
event is based on a steady state analysis that allows power
to increase beyond the clamped Allowable Value. Therefore,

(continued)
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RPS Instrumentation
B 3.3.1.1

BASES

0

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPITCARTIITY

Thermal Power-High (continued)

6 seconds is based on the fuel heat
transfer dynamics and provides a
signal that is proportional to the
THERMAL POWER. The
THERMAL POWER time constant
is stored as a digital value in the
firmware of the Average Power
Range Monitor System.

applying a clamp is conservative. The THERMAL POWER
con stan t 7--h

The Average Power Range Monitor Flow Bias Simulated
Thermal Power-High Function is required to be OPERABLE in
MODE 1 when there is the possibility of generating excessive
THERMAL POWER and potentially exceeding the SL applicable to
high pressure and core flow conditions (MCPR SL). During
MODES 2 and 5, other IRM and APRM Functions provide
protection for fuel cladding integrity.

2.c. Average Power Ranqe M 'ior -F<++i-& Neutron Flux-Hiah

In accordance with
the NRC Safety
Evaluation for
Amendment TBD
(Ref. 20), the
Average Power
Range Monitor
Simulated Thermal
Power -
High Function is not
LSSS SL-related.

Them~J'[• bPR e haml -- oidd th npflp e reti af mt l" n ~g"
i~ebpen ease--.The Average Power Range Monitor

tr' signal to prevent fuel damage or excessive Reactor
oolant System (RCS) pressure. For the overpressurization

protection analyses of References 2 and 3, the Average Power1.-h
Range Monitor Fixed Neutron Flux-High Function is assumed
to terminate the main steam isolation valve (MSIV) closure
event and, along with the safety/relief valves (SRVs),
limits the peak reactor pressure vessel (RPV) pressure to
less than the ASME Code limits. The control rod drop
accident (CRDA) analysis (Ref. 9) takes credit for the
Average Power Range Monitor -P-e4 Neutron Flux-High(5tj)
Function to terminate the CRDA.

T-he ArRH Systemf i5 divided inte two groups of channels with
three APR^ ehonre.s •inptting to each tr.ip syste-m . The
system is designcd to allow oen channw.l i each trip rystem- ,_1
to be bypassed. Any one. APR hannel in •a tri p system -. . (5/)
eause the .ss...ted trip systeml to trip. Four eh...n.. of-- i'

......ge Power Range Heni et Fixed ,eutrong Flux High with
t.. ehammnel' i eah trip systef arramged
RnP out of tw^ l"gie are required to be OPERA. . t. ensure
that no sin'mle instrum.ent failure will prelude a sera..m fr
this Funetion on a valid signal. in addition, to provide

I

(continued)
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APPLICABILITY

2.c. Average Power Range Monitor +F+,e& Neutron Flux-High
(continued)

adequate coverage of the cnRtirc core, at least 14 6PRM-
inputs arc requlred for- each APRM, channel, with at least tw"

PRPM inputs from each of the four a'Jal lwevlo at which the

In accordance with the
guidance of Regulatory
Issue Summary 2006-17
(Ref. 19) and the NRC
Safety Evaluation for
Amendment TBD (Ref.
20), the Average Power
Range Monitor Neutron
Flux '- High Function is
LSSS SL-related.

LI'lHS are located.

The Allowable Value is based on the Analytical Limit assumed
in the CRDA analyses.

The Average Power Range Monitor -ixed Neutron Flux-High
nction is required to be OPERABLE in MODE 1 where the

pot i-al consequences of the analyzed transients could
result he SLs (e.g-., MCPR and RCS pressure) being ! j
exceeded. T verage Power Range Monitor Fixed Neutron
Flux-High Functi is assumed in the CRDA analysis (Ref. 9) csi
that is applicable in E 2. However, the Average Power Se
Range Monitor Neutron Flux- ihe S5dýnFunction
conservatively bounds the assum trip and, together with
the assumed IRM trips, provides adeq e protection.

r Therefore, the Average Power Monitor eutron
• Flux-High Function is not equired in MODE

2.d. Qe Power Range Monitor-Inop.

See Section 2, Average
FPower Range Monitor, fo
additional in form ation.

,the automaticself-test ~
systemn detects a critical
fault with the APRM i i
channel, an lnop trip is,<
sent toAl four voter ~~
channel,--. I0ndp trips from
two or more~~ non bypassed
APRM chanrnels result in a
trip ouitput from all four"
voter channels to their
asoiae trip systemn

This signal provides assurance that a minimum number of
APRMs are OPERABLE. Anytime an APRM mode switch is moved to
any position other than "Operate," an.APRM module is
unplugged, or.,the APRH has tco few [PPM inputs (4 11), an
inoperati,, tr-p signl will be re,•cved by the RPS, unlmes
the APRM 4s bypassed. Since only one APRM in each tr-i
systemn mfay be bypassed, only cne APRM 4in each trip systemf
m;;, ho innnr'r'-hlr withniQ-t rnorylti" 4, ;j C Q 4Z ,4~ rq

This Function was not specifically credited in the accident
analysis, but it is retained for the overall redundancy and
diversity of the RPS as required by the NRC approved
licensing basis.

(58)
ehann~els in each trio systeff are reenuired to be OPERABLE tA

- 4 -- 1 - C_ -'I.. - - . _'I I - - - - I .. , - I
* ' - I LAI ~. fIll SI t..~I UI.JI..-Iru- u

I flI JI~IfUI

(rnnfinli•d•
(rnntingpd)
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BASES - dia tiion a linfo rn iation . I

APPLICABLE 2.d. Average Power Range Monitor-oInn (continued)
SAFETY ANALYSIS,
LCO, and There is no Allowable Value for this Function.
APPLICABILITY

This Function is required to be OPERABLE in the MODES where
the APRM Functions are required.

3. Reactor Vessel Steam Dome Pressure-High

An increase in the RPV pressure during reactor operation
compresses the steam voids and results in a positive
reactivity insertion. This causes the neutron flux and
THERMAL POWER transferred to the reactor coolant to
increase, which could challenge the integrity of the fuel
cladding and the RCPB. No specific safety analysis takes
direct credit for this Function. However, the Reactor
Vessel Steam Dome Pressure-High Function initiates a scram
for transients that result in a pressure increase,
counteracting the pressure increase by rapidly reducing core
power. For the overpressurization protection analyses of
References 2 and 3, the reactor scram (the analyses
conservatively assume scram on the Average Power Range

~ Monitor- 44-xpNeutron Flux-High signal, not the Reactor
Vessel Steam Dome Pressure-High signal), along with the
SRVs, limits the peak RPV pressure to less than the ASME
Section III Code limits.

High reactor pressure signals are initiated from four
pressure switches that sense reactor pressure. The Reactor
Vessel Steam Dome Pressure-High Allowable Value is chosen
to provide a sufficient margin to the ASME Section III Code
limits during the event.

Four channels of Reactor Vessel Steam Dome Pressure-High
Function, with two channels in each trip system arranged in
a one-out-of-two logic, are required to be OPERABLE to
ensure that no single instrument failure will preclude a
scram from this Function on a valid signal. The Function is
required to be OPERABLE in MODES 1 and 2 since the RCS is
pressurized and the potential for pressure increase exists.

(continued)
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2.e. 2-Out- Of-4 Voter

The 2-Out-Of-4 Voter Function provides the interface between the APRM Functions,
including the OPRM Upscale Function, and the final RPS trip system logic. As such, it is
required to be OPERABLE in the MODES where the APRM Functions are required and
is necessary to support the safety analysis applicable to each of those Functions.
Therefore, the 2-Out-Of-4 Voter Function needs to be OPERABLE in MODES 1 and 2.

All four-voter channels are required to be OPERABLE. Each voter channel includes self-
diagnostic functions. If any voter channel detects a critical fault in its own processing, a
trip is issued from that voter channel to the associated trip system.

The 2-Out-Of-4 Voter Function votes APRM Functions 2.a, 2.b, and 2.c independently of
Function 2.f. The voter also includes separate outputs to RPS for the two independently
voted sets of Functions, each of which is redundant (four total outputs). The voter
Function 2.e must be declared inoperable if any of its functionally is inoperable.
H-ewevev-due-te-the-independent-voting-ef-AP-RM-tripsr-and-the-redundanGy-of-outputs
there-mray-be-cenditions-wh ere-the-veter-Fuunstien--2-,e-is-inepeFable,-bu-trip-eapability-fer
one-eor-mee-of-the-otheFAPRM-Funetionsthrough-that-votef-is-stil-maintained.-This
may-be-Gensidered-when-deteFmining-the-Gendition-eaother-APRM-FunGtioe•s-resuhting
frem-paFtial-ineperability-of-the--Voter-FunGtion-2-.e

There is no Allowable Value for this Function.

2.f. Oscillation Power Range Monitor (OPRM) Upscale

The OPRM Upscale Function provides compliance with GDC 10 and GDC 12, thereby
providing protection from exceeding the fuel MCPR safety limit (SL) due to anticipated
thermal-hydraulic power oscillations.

References 15, 16, and 17 describe three algorithms for detecting thermal-hydraulic
instability related neutron flux oscillations: the period based detection algorithm, the
amplitude based algorithm, and the growth rate algorithm. All three are implemented in
the OPRM Upscale Function, but the safety analysis takes credit only for the period
based detection algorithm. The remaining algorithms provide defense in depth and
additional protection against unanticipated oscillations. OPRM Upscale Function
OPERABILITY for Technical Specification purposes is based only on the period based
detection algorithm.

The OPRM Upscale Function receives input signals from the local power range monitors
(LPRMs) within the reactor core, which are combined into "cells" for evaluation by the
OPRM algorithms.



Automatic trip is enabled when THERMAL POWER, as indicated by the APRM
Simulated Thermal Power, is greater than or equal to the value
specified in the COLR and core flow, as indicated by recirculation drive flow, is less than
the value specified in the COLR. Within
this operating region actual thermal-hydraulic oscillations may occur. The OPRM
Upscale Function is required to be OPERABLE when the power is greater than or equal
to the OPRM OPERABLE value specified in the COLR. This is the region of power-flow
operation where anticipated events could lead to thermal-hydraulic instability and related
neutron flux oscillations. The lower bound, as noted in the COLR, is chosen to provide
margin in the unlikely event of loss of feedwater heating while the plant is operating
below the automatic OPRM Upscale trip enable point. Loss of feedwater heating is the
only identified event that could cause reactor power to increase into the region of
concern without operator action. Ispecified in the COLR

An OPRM Upscale trip is issued from an APRM channel when the peri d based
detection algorithm in that channel detects oscillatory changes in the n utron flux,
indicated by the combined signals of the LPRM detectors in a cell, with eriod
confirmations and relative cell amplitude exceeding specified setpoints. One or more
cells in a channel exceeding the trip conditions will result in a channel trip. An OPRM
Upscale trip is also issued from the channel if either the growth rate or amplitude based
algorithms detect growing oscillatory changes in the neutron flux for one or more cells in
that channel.

Three of the four channels are required to be operable. Each channel is capable of
detecting thermal-hydraulic instabilities, by detecting the related neutron flux oscillations,
and issuing a trip signal before the MCPR SL is exceeded. There is no allowable value
for this function.

The cycle-specific thermal-hydraulic detection algorithms trip settings are nominal
settings determined applying the stability analysis licensing methodology (Refs. 15, 16
and 17) developed by the BWR Owners Group and General Electric. There is no Allowable
Value for this Function. The settings are not traditional instrumentation setpoints determined
under an instrument setpoint methodology. Since the settings may vary cycle-to-cycle, a note
indicates the OPRM Upscale Function trip settings, i.e., the period based detection algorithm,
are specified in the COLR. In accordance with the NRC Safety Evaluation for Amendment
TBD (Ref. 20), the OPRM Upscale Function is not LSSS SL-related.
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5. Main Steam Isolation Valve-Closure (continued)

are completely closed in anticipation of the complete loss
of the normal heat sink and subsequent overpressurization
transient. However, for the overpressurization protection
analyses of References 2 and 3, the Average Power Range
Monitor F-T-4-i Neutron Flux-High Function, along with the
SRVs, limits the peak RPV pressure to less than the ASME
Code limits. That is, the direct scram on position switches
for MSIV closure events is not assumed in the
ov'erpressurization analysis. Additionally, MSIV closure is
assumed in the transients analyzed in Reference 5 (e.g., low
steam line pressure, manual closure of MSIVs, high steam
line flow). The reactor scram reduces the amount of energy
required to be absorbed and, along with the actions of the
ECCS, ensures that the fuel peak cladding temperature
remains below the limits of 10 CFR 50.46.

MSIV closure signals are initiated from position switches
located on each of the eight MSIVs. Each MSIV has two
position switches; one inputs to RPS trip system A while the
other inputs to RPS trip system B. Thus, each RPS trip
system receives an input from eight Main Steam Isolation
Valve-Closure channels, each consisting of one position
switch. The logic for the Main Steam Isolation
Valve-Closure Function is arranged such that either the
inboard or outboard valve on three or more of the main steam
lines (MSLs) must close in order for a scram to occur. In
addition, certain combinations of valves closed in two lines
will result in a half-scram.

The Main Steam Isolation Valve-Closure Allowable Value is
specified to ensure that a scram occurs prior to a
significant reduction in steam flow, thereby reducing the
severity of the subsequent pressure transient.

Sixteen channels of the Main Steam Isolation Valve-Closure
Function with eight channels in each trip system are
required to be OPERABLE to ensure that no single instrument
failure will preclude the scram from this Function on a
valid signal. This Function is only required in MODE 1
since, with the MSIVs open and the heat generation rate
high, a pressurization transient can occur if the MSIVs
close. In MODE 2, the heat generation rate is low enough so
that the other diverse RPS functions provide sufficient
protection.

(continued)

I
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8. Turbine Throttle Valve-Closure (continued)

RPS trip system B. Thus, each RPS trip system receives an
input from four Turbine Throttle Valve- Closure channels,
each consisting of one valve stem position switch. The
logic for the Turbine Throttle Valve-Closure Function is
such that three or more TTVs must close to produce a scram.
In addition, certain combinations of two valves closed will
result in a half-scram.

This Function must be enabled at THERMAL POWER > 30% RTP.
This is accomplished automatically by pressure switches
sensing turbine first stage pressure; therefore, opening the
turbine bypass valves may affect this Function.

The Turbine
selected to
severity of

Throttle Valve-Closure Allowable Value is
detect imminent TTV closure thereby reducing the
the subsequent pressure transient.

Eight channels of Turbine Throttle Valve-Closure Function,
with four channels in each trip system, are required to be
OPERABLE to ensure that no single instrument failure will
preclude a scram from this Function if any three TTVs should
close. This Function is required, consistent with analysis
assumptions, whenever THERMAL POWER is > 30% RTP. This
Function is not required when THERMAL POWER is < 30% RTP
since the Reactor Vessel Steam Dome Pressure-High and the
Average Power Range Monitor Pixe4 Neutron Flux-High
Functions are adequate to maintain the necessary safety
margins.

9. Turbine Governor Valve Fast Closure, Trip Oil
Pressure- Low

Fast closure of the TGVs results in the loss of a heat sink
that produces reactor pressure, neutron flux, and heat flux
transients that must be limited. Therefore, a reactor scram
is initiated on TGV fast closure in anticipation of the
transients that would result from the closure of these
valves. The Turbine Governor Valve Fast Closure, Trip Oil
Pressure-Low Function is the primary scram signal for the
generator load rejection event analyzed in Reference 5. For

(continued)
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APPLICABLE 9. Turbine Governor Valve Fast Closure, Trip Oil
SAFETY ANALYSES, Pressure-Low (continued)
LCO, and
APPLICABILITY this event, the reactor scram reduces the amount of energy

required to be absorbed and, along with the actions of the
EOC-RPT System, ensures that the MCPR SL is not exceeded.

Turbine Governor Valve Fast Closure, Trip Oil Pressure-Low.
signals are initiated by the digital-electro hydraulic fluid
pressure at each governor valve. There is one pressure
switch associated with each governor valve, the signal from
each switch being assigned to a separate RPS logic channel.
This Function must be enabled at.THERMAL POWER > 30% RTP.
This is normally accomplished automatically by pressure
switches sensing turbine first stage pressure; therefore,
opening the turbine bypass valves may affect this Function.
The basis for the setpoint of this automatic bypass is
identical to that described for the Turbine Throttle
Valve-Closure Function.

The Turbine Governor ValveFast Closure, Trip Oil
Pressure-Low Allowable Value is selected high enough to
detect imminent TGV fast closure.

Four channels of Turbine Governor Valve Fast Closure, Trip
Oil Pressure-Low Function, with two channels in each trip
system arranged in a one-out-of-two logic, are required to
be OPERABLE to ensure that no single instrument failure will
preclude a scram from this Function on a valid signal. This
Function is required, consistent with theanalysis
assumptions, whenever THERMAL POWER is > 30% RTP. This
Function is not required when THERMAL POWER is < 30% RTP
since the Reactor Vessel Steam Dome Pressure-High and the
Average Power Range Monitor -F-xd- Neutron Flux-High
Functions are adequate to maintain the necessary safety
margins.

10. Reactor Mode Switch-Shutdown Position

The Reactor Mode Switch-Shutdown Position Function provides
signals, via the manual scram logic channels, that are
redundant to the automatic protective instrumentation
channels and provide manual reactor trip capability. This
Function was not specifically credited in the accident

(continued)
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APPLICABLE 11. Manual Scram (continued)
SAFETY ANALYSIS,
LCO, and Four channels of Manual Scram with two channels in each trip
APPLICABILITY system arranged in a one-out-of-two logic, are available and

required to be OPERABLE in MODES I and 2, and in MODE 5 with
any control rod withdrawn from a core cell containing one or
more fuel assemblies, since these are the MODES and other
specified conditions when control rods are withdrawn.

ACTIONS A Note has been provided to modify the ACTIONS related to
RPS instrumentation channels. Section 1.3, Completion
Times, specifies that once a Condition has been entered,
subsequent divisions, subsystems, components, or variables
expressed in the Condition, discovered to be inoperable or
not within limits, will not result in separate entry into
the Condition. Section 1.3 also specifies that Required
Actions of the Condition continue to apply for each
additional failure, with Completion Times based on initial
entry into the Condition. However, the Required Actions for
inoperable RPS instrumentation channels provide appropriate
compensatory measures for separate, inoperable channels. As
such, a Note has been provided that allows separate
Condition entry for each inoperable RPS instrumentation
channel.

A.1 and A.2

Because of the diversity of sensors available to provide
trip signals and the redundancy of the RPS design, an
allowable out of service time of 12 hours has been shown to

EED• be acce tabl ) to permit restoration of any
cinoperable channel toOPERABLE status. However, this out of

service time is only acceptable provided the associated
Functions inoperable channel is in one trip system.and the
Function still maintains RPS trip capability (refer to
Required Actions B.1, B.2, and C.1 Bases.) If the
inoperable channel cannot be restored to OPERABLE status
within the allowable out of service time, the channel or the
associated trip system must be placed in the tripped
condition per Required Actions A.1 and A.2. Placing the
inoperable channel in trip (or the associated trip system in
trip) would conservatively compensate for the inoperability,
restore capability to accommodate a single failure, and
allow operation to continue. Alternately, if it is not

(continued)
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ACTIONS A.1 and A.2 (continued)

desired to place the channel (or trip system) in trip (e.g.,
as in the case where placing the inoperable channel in trip
would result in a full scram), Condition D must be entered
and its Required Acti.on taken.

B.1 and B.2

Condition B exists when, for any one or more Functions, at
least one required channel is inoperable in each trip
system. In this cbndition, provided at least one channel
per trip system is OPERABLE, the RPS still maintains trip
capability for that Function, but cannot accommodate a
single failure in either trip system.

Required Actions B.1 and B.2 limit the time the RPS scram
logic for any Function would not accommodate single failure
in both trip systems (e.g., one-out-of-one and
one-out-of-one arrangement for a typical four channel
Function). The reduced reliability of this logic
arrangement was not evaluated in Reference 11 for the
12 hour Completion Time. Within the 6 hour allowance, the
associated Function will have all required channels either
OPERABLE or in trip (or in any combination) in one trip
system.

Completing one of these Required Actions restores RPS to an
equivalent reliability level as that evaluated in
Referencge 1, which justified a 12 hour allowable Out of

Lo 1 service time as presented in Condition A. The trip system

in the more degraded state should be placed in trip or,
alternatively, all the inoperable channels in that trip
system should be placed in trip (e.g., a trip system with
two inoperable channels could be in a more degraded state
than a trip system with four inoperable channels, if the two
inoperable channels are in the same Function while the four
inoperable channels are all in different Functions). The
decision as to which trip system is in the more degraded
state should be based on prudent judgment and current plant
conditions (i.e., what MODE the plant is in). If this
action would result in a scram or recirculation pump trip,
it is permissible to place the other trip system or its
inoperable channels in trip.

(continued)

Columbia Generating Station B 3.3.1.1-21 Revision 34



Insert F

As noted, Action A.2 is not applicable for APRM Functions 2.a, 2.b, 2.c, 2.d, or 2.f.
Inoperability of one required APRM channel affects both trip systems. For that condition,
Required Action A.1 must be satisfied, and is the only action (other than restoring
OPERABILITY) that will restore capability to accommodate a single failure. Inoperability
of more than one required APRM channel of the same trip function results in loss of trip
capability and entry into Condition C, as well as entry into Condition A for each channel.'
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ACTIONS B.1 and B.2 (continued)

The 6 hour Completion Time is judged acceptable based on the
remaining capability to trip, the diversity of the sensors
available to provide the trip signals, the low probability
of extensive numbers of inoperabilities affecting all
diverse Functions, and the low probability of an event
requiring the initiation of a scram.

Alternately, if it is not desired to place the inoperable
channels (or one trip system) in trip (e.g., as in the case
where placing the inoperable channel or associated trip
system in trip would result in a scram or RPT), Condition D
must be entered and its Required Action taken.

C.1

Required Action C.1 is intended to ensure that appropriate
actions are taken if multiple, inoperable, untripped
channels within the same trip system for the same Function
result in the Function not maintaining RPS trip capability.
A Function is considered to be maintaining RPS trip
capability when sufficient channels are OPERABLE or in trip
(or the associated trip system is in trip), such that both
trip systems will generate a trip signal from the given
Function on a valid signal. For the typical Function with
one-out-of-two taken twice logic and the IRM and APRM
Functions, this would require both trip systems to have one
channel OPERABLE or in trip (or the associated trip system
in trip). For Function 5 (Main Steam Isolation
Valve-Closure), this would require both trip systems to
have each channel associated with the MSIVs in three MSLs
(not necessarily the same MSLs for both trip systems),
OPERABLE or in trip (or the associated trip system in trip).

For Function 8 (Turbine Throttle Valve-Closure), this would
require both trip systems to have three channels, each
OPERABLE or in trip (or the associated trip system in trip).

The Completion Time is intended to allow the operator time
to evaluate and repair any discovered inoperabilities. The
1 hour Completion Time is acceptable because it minimizes
risk while allowing time for restoration or tripping of
channels.

(continued)
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Insert G applies. For an inoperable
APRM channel,

As noted, Condition B is not applicable for APRM Functions 2.a, 2.b, 2.c, 2.i, or 2.f.
Inoperability of an APRM channel affects both trip systems and is not assoted with a
specific trip system as are the APRM 2-out-of-4 voter and other non-APRM channel-,
Required Action A.1 must be satisfied, and is the only action (other than restoring
OPERABILITY) that will restore capability to accommodate a single failure. Inoperability
of a Function in more than one required APRM channel results in loss of trip capability
for that Function and entry into Condition C, as well as entry into Condition A for each
channel. Because Conditions A and C provide Required Actions that are appropriate for
the inoperability of APRM Functions 2.a, 2.b, 2.c, 2.d, or 2.f, and these function' are not
associated with specific trip systems as are the APRM 2-out-of-4 voter and other non-
APRM channels, Condition B does not apply.
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ACTIONS
(continued)

D.1

Required Action D.1 directs entry into the appropriate
Condition referenced in Table 3.3.1.1-1. The applicable
Condition specified in the Table is Function and MODE or
other specified condition dependent and may change as the
Required Action of a previous Condition is completed. Each
time an inoperable channel has not met any Required Action
of Condition A, B, or C, and the associated Completion Time
has expired, Condition D will be entered for that channel
and provides for transfer to the appropriate subsequent
Condition.

E . 1l• G. F.1

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. The Completion Times are reasonable,
based on operating experience, to reach the specified
condition from full power conditions in an orderly manner
and without challenging plant systems. In addition, the
Completion * of Required Action E.1 i consistent with
the Completio ITime provided in LCO 3.2.2 \MINIMUM CRITICAL
POWER RATIO MCPR)." AtoiEA and•.i I

H.1

If the channel(s) is not restored to OPERABLE status or
placed in trip (or the associated trip system placed in
trip) within the allowed Completion Time, the plant must be
placed in a MODE or other specified condition in which the
LCO does not apply. This is done by immediately initiating
action to fully insert all insertable control rods in core
cells containing one or more fuel assemblies. Control rods
in core cells containing no fuel assemblies do not affect
the reactivity of the core and are, therefore, not required
to be inserted. Action must continue until all insertable
control rods in core cells containing one or more fuel
assemblies are fully inserted.

(continued)
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1.1

If OPRM Upscale trip capability is not maintained, Condition I exists. Reference 14
justified use of alternate methods to detect and suppress oscillations for a limited period
of time. The alternate methods are procedurally established consistent with the
guidelines indentified in Reference 18 requiring manual operator action to scram the
plant if certain predefined events occur. The 12 hour allowed action time is based on
engineering judgment to allow orderly transition to the alternate methods while limiting
the period of time during which no automatic or alternate detect and suppress trip
capability is formally in place. Based on the small probability of an instability event
occurring at all, the 12 hoursis judged to be reasonable.

1.2

The alternate method to detect and suppress oscillations implemented in accordance
with 1.1 was evaluated (Reference 14) based on use up to 120 days only. The
evaluation, based on engineering judgment, concluded that the likelihood of an instability
event that could not be adequately handled by the alternate methods during this 120 day
period was negligibly small. The 120 day period is intended to be an outside limit to
allow for the case where design changes or extensive analysis might be required to
understand or correct some unanticipated characteristic of the instability detection
algorithms or equipment. This action is not intended and was not evaluated as a routine
alternative to returning failed or inoperable equipment failure or inoperability is expected
to normally be accomplished with the completion times allowed for Actions for Conditions
A and B.

A note is provided to indicate that LCO 3.0.4 is not applicable. The intent of that note is
to allow plant startup while operating within the 120-day completion time for action 1.2.
The primary purpose of this exclusion is to allow an orderly completion of design and
verification activities, in the event of a required design change, without undue impact on
plant operation.
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SURVEILLANCE SR 3.3.1.1.1 (continued)
REQUIREMENTS

The Frequency is based upon operating experience that
demonstrates channel failure is rare. The CHANNEL CHECK
supplements less formal, but more frequent, checks of
channels during normal operational use of the displays
associated with the channels required by the LCO.

SR 3.3.1.1.2

To ensure that the APRMs are accurately indicating the true
core average power, the APRMs are calibrated to the reactor
power calculated from a heat balance. .LGO-3-.2-•4-,-"rve-ra-g-e

'e ompen-sa--te-...-f-o-r--lo-ea..-14z-ed-pow-er---peak•ng-g- W-hen--thi-s-

r-e E u-i-r-e--t-h~e-AP-RM5--t-e-4f4--e-t-e-. w•- -i-n--2•-7a-RP---e-f-e-ae-ue.ae-t-

MFL.PD-•. The Frequency of once per 7 days is based on minor
changes in LPRM sensitivity, which could affect the APRM
reading between performances of SR 3.3.1.1.7.

A restriction to satisfying this SR when < 25% RTP is
provided that requires the SR to be met only at > 25% RTP
because it is difficult to accurately maintain APRM
indication of core THERMAL POWER consistent with a heat
balance when < 25% RTP. At low power levels, a high degree
of accuracy is unnecessary because of the large inherent
margin to thermal limits (MCPR and APLHGR). At > 25% RTP,
the Surveillance is required to have been satisfactorily
performed within the last 7 days in accordance with
SR 3.0.2. A Note is provided which allows an increase in
THERMAL POWER above 25% if the 7 day Frequency is not met
per SR 3.0.2. In this event, the SR must be performed
within 12 hours after reaching or exceeding 25% RTP. Twelve
hours is based on operating experience and in consideration
of providing a reasonable time in which to complete the SR.

(continued)

Columbia Generating Station B 3.3.1.1-25 Revision 241



RPS Instrumentation
B 3.3.1.1

BASES

SURVEILLANCE SR 3.3.1.1.3
REQUIREMENTS

(continued) A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the entire channel will perform the
intended function. Any setpoint adjustment shall be
consistent with the assumptions of the current plant
specific setpoint methodology.

As noted, SR 3.3.1.1.3 is not required to be performed when
entering MODE 2 from MODE 1 since testing of the MODE 2

(Zrequired IRM and APRM Functions cannot be performed in
MODE 1 without utilizing jumpers, lifted leads, or movable
links. This allows entry into MODE 2 if the 7 day Frequency
is not met per SR 3.0.2. In this event, the SR must be
performed within 12 hours after entering'MODE 2 from MODE 1.
Twelve hours is based on operating experience and in
consideration of providing a reasonable time in which to
complete the SR.

A Frequency of 7 days provides an acceptable level of system
average unavailability over the Frequency interval and is
based on reliability analysis (Ref. 11).

SR 3.3.1.1.4

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the channel will perform the intended
Function. A Frequency of 7 days provides an acceptable
level of system average availability over the Frequency and
is based on the reliability analysis of Reference 11. (The
Manual Scram Functions CHANNEL FUNCTIONAL TEST Frequency was
credited in the analysis to extend many automatic scram
Functions Frequencies.)

SR 3.3.1.1.5 and SR 3.3.1.1.6

These Surveillances are established to ensure that no gaps
in neutron flux indication exist from subcritical to power
operation for monitoring core reactivity status.

The overlap between SRMs and IRMs is required to be
demonstrated to ensure that reactor power will not be
increased into a region without adequate neutron flux

(continued)

Columbia Generating Station B 3.3.1.1-26 Revision 34



RPS Instrumentation
B 3.3.1.1

BASES

SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.3.1.1.8 and SR 3.3.1.1.13

A CHANNEL FUNCTIONAL TEST is performed on each required
channel to ensure that the channel will perform the intended
function. Any setpoint adjustment shall be consistent with
the assumptions of the current plant specific setpoint
methodology. <--]

J

C/

ior Funictio• ..b, tile 1ANfNLL I UNbL IINAL 1LSW 1 ,-udes the
fdjustnt af the APRH .h....... to c..frm.l t. a ol bratcd
flaw ,si gl . THi. . . .. sur. that the total loop di ..v fiaoe
Signal s from~f the fl ow unit uocd to Yary the sctpeoint arc
apprpripately compared- to -an injccetion tecst 41911- Signal to
Yerify the flow signal tri4p setpaint and, therefore, the
A.RM Fu..tiam a...r.tely reflects the requird sotpant ao a
funmetin of flew. If the flew .. ig. l trip .. tp.int 4s not
iwithin the approQpr-iat@ limit, thea APRMsE that receive an
input ferom the inoperable flow unit mu....t be dcclarcd
inep9rabl.e

The 92 day Frequency of SR 3.3.1.1.8 is based on the] I.Ireliability analysis of Reference 11.1 The 24 month
Frequency of SR 3.3.1.1.13 is based on the need to perform
this Surveillance under the conditions that apply during a
plant outage and the potential for an unplanned transient if
the Surveillance were performed with the reactor at power.
Operating experience has shown that these components usually
pass the Surveillance when performed at the 24 month
Frequency.

FSR 3.ý3.1.19 a-• SR 3.3.1.1.10

For thle AýPPM slýU6fwed
Thermial Powier -High
Function, this SR also~
"incudescalibrating the~

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the sensor. This test verifies the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
adjusted to account for instrument drifts between successive
calibrations consistent with the plant specific setpoint
methodology.

Note 1 states that neutron detectors are excluded from
CHANNEL CALIBRATION because of the difficulty of simulating
a meaningful signal. Changes in neutron detector
sensitivity are compensated for by performing the 7 'day

(continued)
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RPS Instrumentation
B 3.3.1.1

BASES

SURVEILLANCE 3.3.1.1.9 rad SR 3.3.1.1.10 (continued)
REQUIREMENTS

calorimetric calibration (SR 3.3.1.1.2) and the 1130 MWD/T
LPRM calibration against the TIPs (SR 3.3.1.1.7). A second

Note (d) requires evaluation of Note is provided that requires the APR;M ad IRM SRs to be
channel performance for the performed within 12 hours of entering MODE 2 from MODE 1.
condition where the as-found Testing of the MODE 2 APRP4 and IRM Functions cannot be
etting forthechannelsetpointis performed in MODE 1 without utilizing jumpers, lifted.leads,
iottheNTSPbutisconservative or moveable links. This Note allows entry into MODE 2 from
vith respect to the ; MODE I if the associated Frequency is not met per SR 3.0.2.
Allowable Value. Fordigital Twelve hours is based on operating experience and in
hannel components, no as-found consideration of providing a reasonable time in which to
oleranceoras-left tolerancecan complete the SR. The Frequency of SR 3.3.1.1.9 is based
e specified. Evaluation of __________________________________ ____ F_____

nstrument performance will verify upon the ... u.ptin •• f a 184 day ... ibrati•;n• teral i4 the

hat the instrument will continue determination of the magnitude of equipment drift in the

obehave inaccordance with letpoint acau •s"s. The Frequency of SR 3.3.1.1.10 is based

lesign basis assumptions. The on the assumption of an 18 month calibration interval for

)urpose ofthe assessment is to Functions eh-r-augh--4-. 6, 7, and 9 through 11 in the
nsureconfidence inthe determination he magnitude of equipment drift in the

nstrument performance prior to setpoint analysis. 3
eturning the instrument to F
ervice. Any nonconformance will A Frequency of 24 months is assumed for Functions 5 and 8
e entered into the Corrective ecause the position switches that perform these Functions
'ction Program which will ensure A e not susceptible to instrument drift.
equired review and
locumentation of the condition
or continued OPERABILITY. SR 3.3.1.1.11

Note (e) requires that the as-left
setting for the instrument be
returned to the NTSP. If the as-left
instrument setting cannot be
returned to the NTSP, then the
instrument channel shall be
declared inoperable.

The Aveagle Power Range lonitor Flow~ 1iased Simfuwlatd
Thermal Power High Func"tin uses a. n cleetrli' filter
c ,irct to generate a 8igARl proGportial to the Porc
THERMAL n1OWER frm-e .the APRM nieutrn flux signal . Th4i
fi 1 ter- c irui t i s reprcse1tat.i E ,P of the fuel heat tra n sfer

dynamics that produce- thc eaiosi betw:een the neutironi
fl ux and the core THERMAL POWER. The filter time constant
mu-rt be torifie to bn-u -, that the haninel is aciurately

ref!ct1ing the paramet er. ".....

The Frlqu.ney of 18 months is based on .,gncerin•g judgm•nt

(continued)
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RPS Instrumentation
B 3.3.1.1

BASES

SURVEILLANCE SR 3.3.1.1.14 (continued)
REQUIREMENTS

Surveillance was performed with the reactor at power.
Operating experience has shown that these components usually
pass the Surveillance when performed at the 24 month
Frequency.

SR 3.3.1.1.15

irs lest may be , This SR ensures that the individual channel response times

mfoIme in ofe are less than or equal to the maximum values assumed in the
easurie•et•orin accident anal The RPS RESPONSE TIME acceptance

n criteria are included in Reference 12.

ns roted (Note 1), nciutrrn dctcctors fer Fu.n.tion. 2 are
exc-luded from RPS RESPONSE TIME testing becauise the
pr-incip! @s of9 de@tector operation y 'ira13y cnswre an-
instonta•neos respoRse time. in addition, N.te 2 states
that ,har•,,e, ser, ars for Fu•tia,,s 3 uid 4 are exeluded a'
therefore, it is not requircd to quantitatiyely m...asurc the

0 s crnsor respcnse time to satisfy the requirement to ,erifyRPS RESPONSE TIME. This is acceptable since the scnsor
rcsponse timcl can be qualitativcly 'cr-ificd by othcr mclthods
(Ref. 13). if the rcspensc timc o tthe sens.r. is not
quantitatively measured, the acceptance crpiteria; mu-st be
reduced by the time Assumed for sen@Sr response in the
design analyses, as verified by statistical analyses or
-ender data.

RPS RESPONSE TIME tests are conducted on a 24 month
STAGGERED TEST BASIS. Note 2 requires STAGGERED TEST BASIS
Frequency to be determined based on 4 channels per trip
system, in lieu of the 8 channels specified in
Table 3.3.1.1-1 for the MSIV Closure Function. This
Frequency is based on the logic interrelationships of the
various channels required to produce an RPS scram signal.
Therefore, staggered testing results in response time
verification of these devices every 24 months. The 24 month
Frequency is consistent with the typical industry refueling
cycle and is based upon plant operating experience, which
shows that random failures of instrumentation components

jcausing serious time degradation, but not channel failure,
are infrequent,.

I

(continued)
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Insert K

The LOGIC SYSTEM FUNCTIONAL TEST for APRM Function 2.e simulates APRM and
OPRM trip conditions at the 2-out-of-4 voter channel inputs to check all combinations of
two tripped inputs to the 2-out-of-4 logic in the voter channels and APRM related
redundant RPS relays.,,

The initiation of the input to the RPS logic commences in the 2 out of 4 voter as a vote
either for the APRM UPSC/Inop or OPRM UPSC/Inop. The APRM modules are not
divisional and do not provide a direct input to RPS.



Insert L

RPS RESPONSE TIME for the APRM 2-out-of-4 Voter Function (2.e) includes the output
relays of the voter and the associated RPS relays and contactors. (The digital portion of
the APRM and 2-out-of-4 voter channels are excluded from RPS RESPONSE TIME
testing because self-testing and calibration checks the time base is-adequate-to-assure
required-respense-times-are-mek Confirmation of the time base adequate to assure
required response times are met. Neutron detectors are excluded om RPS
RESPONSE TIME testing because the principles of detector operati n virtually ensure
an instantaneous response time.)

/of the digital electronics.

The staggered test basis will test both the APRM and the OPRM outputs of the 2-
out-of-4 voter during each iteration of the surveillance. Each iteration will also test
both the "X" and "Y" outputs of the voter. Each successive test will alternate the
RPS divisions. Each successive test on the specific voter, every 4th test, will test
the opposite "X" and "Y" output from the voter. This will accomplish alternating
APRM and OPRM and "X" and "Y" outputs of the voter in a specific test while
alternating RPS divisions during subsequent tests.



Insert M

SR 3.3.1.1.16

A CHANNEL FUNCTIONAL TEST is performed on each required channel to
ensure that the entire channel will perform the intended function. For the APRM
Functions, this test supplements the automatic self-test functions that operate
continuously in the APRM and voter channels. The APRM CHANNEL
FUNCTIONAL TEST covers the APRM channels (including recirculation flow
processing - applicable to Function 2.b only), the 2-out-of-4 voter channels, and
the interface connections into the RPS trip system from the voter channels. Any
setpoint adjustment shall be consistent with the assumptions of the current plant
specific setpoint methodology. The 184 day Frequency of SR 3.3.1.1.17 is
based on the reliability analysis of Reference 14. (NOTE: The actual voting logic
of the 2-out-of 4 Voter Function is tested as part of SR 3.3.1.1.14.)

A Note is provided for Function 2.a that requires this SR to be performed within
12 hours of entering MODE 2 from MODE 1. Testing of the MODE 2 APRM
Function cannot be performed in MODE 1 without utilizing jumpers or lifted leads.
This Note Frequency is not met per SR 3.02.

SR 3.3.1.1.17

This SR ensures that scrams initiated from OPRM Upscale Function (Function
2.f) will not be inadvertently bypassed when APRM Simulated Thermal Power is
greater than or equal to the value specified in the COLR and recirculation drive
flow is less than the value specified in the COLR. This normally involves
confirming the bypass setpoints, which are considered to be nominal values as
discussed in Reference 21. The actual surveillance ensures that the OPRM
Upscale Function is enabled (not bypassed) for the correct values of APRM
Simulated Thermal Power and recirculation drive flow. Other surveillances
ensure that the APRM Simulated Thermal Power and recirculation flow properly
correlate with THERMAL POWER (SR 3.3.1.1.2) and core flow (SR 3.3.1.1.10),
respectively.

If any bypass setpoint is nonconservative (i.e., the OPRM Upscale Function is
bypassed when APRM Simulated Thermal Power is greater than or equal to and
recirculation drive flow is less than the values in the COLR), then the affected
channel is considered inoperable for the OPRM Upscale Function. Alternatively,
the bypass setpoint may be adjusted to place the channel in a conservative
condition (nonbypass). If placed in the nonbypass condition, this SR is met and
the channel is considered OPERABLE.

The Frequency of 24 months is based on engineering judgment and reliability of
the components.



RPS Instrumentation
B 3.3.1.1

BASES (continued)

REFERENCES 1. FSAR, Section 7.2.

2. FSAR, Section 5.2.2.

3. Columbia Generating Station Calculation NE-02-94-66,
Revision 0, November 13, 1995.

4. FSAR, Section 6.3.3.

5. FSAR, Chapter 15.

6. 10 CFR 50.36(c)(2)(ii).

7. FSAR, Section 15.4.1.

8. NEDO-23842, "Continuous Control Rod Withdrawal in the
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9. FSAR, Section 15.4.9.
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I
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SRM Instrumentation
B 3.3.1.2

BASES

APPLICABLE System (RPS) Instrumentation," Intermediate Range Monitor
SAFETY ANALYSES (IRM) Neutron Flux High and Average Power Ran

(continued) (APRM) Neutron Flux-High, Setdewn unctions; and
LCO 3.3.2.1, "Control Rod Block Instrumentation."

The SRMs have no safety function and are not assumed to
function during any design basis accident or transient
analysis. However, the SRMs provide the only on scale
monitoring of neutron flux levels during startup and
refueling. Therefore, they are being retained in the
Technical Specifications.

LCO During startup in MODE 2, three of the four SRM channels are
required to be OPERABLE to monitor the reactor flux level
prior to and during control rod withdrawal, to monitor
subcritical multiplication and reactor criticality, and to
monitor neutron flux level and reactor period until the flux
level is sufficient to maintain the IRMs on Range 3 or
above. All channels but one are required in order to
provide a representation of the overall core response during
those periods when reactivity changes are occurring
throughout the core.

In MODES 3 and 4, with the reactor shut down, two SRM
channels provide redundant monitoring of flux levels in the
core.

In MODE 5, during a spiral offload or reload,,an SRM outside
the fueled region is not required to be OPERABLE, since it
is not capable of monitoring neutron flux in the fueled
region of the core. Thus, CORE ALTERATIONS are allowed in a
quadrant with no OPERABLE SRM in an adjacent quadrant,
provided the Table 3.3.1.2-1, footnote (b), requirement that
the bundles being spiral reloaded or spiral offloaded are
all in a single fueled region containing at least one
OPERABLE SRM is met. Spiral reloading and offloading
encompass reloading or offloading a cell on the edges of a
continuous fueled region (the cell can be reloaded or
offloaded in any sequence).

In nonspiral routine operations, two SRMs are required to be
OPERABLE to provide redundant monitoring of reactivity
changes occurring in the reactor core. Because of the local
nature of reactivity changes during refueling, adequate
coverage is provided by requiring one SRM to be OPERABLE in

(continued)
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OPRM instrumentation
B 3 .3.1. 3

B 3.3 INSTRUMENT-ATION De1td

B 3.3.1.3 0scillation Power Range onitor, (OPRM)

BASES

.AGK.ROUN. General Design Criteri.n 10 (GDC 10) requirc" the reaetor
core, ad aosociated coolant, cntrol, and pr.tection systems
to) be designed with approproiatc mfargin te assure tha
a..eptabic fuel design li.it .are not cc...d. d du•ing any
..nditi.n of no.ma.l eeprat4in, n t.'he affeets of
anticipated operational occurrence. Additionally, GOC 12
r.equire the reactor core and aor'ciated co.lant, control,
and protection sy.t... to be designed to assure that power
oseill1ation: which can result in condition:5 exccedingf
acceptablc fuel deign limit: are either not peso bl .or .an
be reliably and readily detected and .uppre.. ed. The- PRM
Syte, provide: compliance .ith COG 10 and COG 12, thereby
providing protee4to fromf e)ceeding the fuel MCPR safety
lim..it. I

R....en.e: 1, 2, and 3 des..ibe three . eparate algeorithm
for detecting stability related escillations! the period
based det .tien algorithm, the amplitude based algorithm,
and the growth rate algorithm. The OPRM Sytemf hardware
implements these algorithms in microproeessor based module5.
These mo,.dule: execute the algrithm-:s based on LPRM inputs
and generate alarm:. and trip: based en the5c calculati•n:.

These trip: result in tripping the Reactor Proecetion Systemf
(RPS) when the appropriate RPS trip logic is ,ati5fied, a:

de..ribed in the Ba•e: for iCO 3.3.1.1, ,RPn
a tueri emt." Only the period based detection algorithmb ,

is used in the safety analy~is. The remfaining algorithm:l
provide defense in depth and additional protection against

unanticipated o tripationr.

The period based detection algorithmf detect: a 5tability
related o~eillation based en the occuir-rence of a ;fixed
numfber of consecutive LPRM signal period confirmfation
followed by the LPRM signal affplitud exedingg a :p eeified
setpe4nt. Upon detection of a stability related
aseillation, a trip i: generated for that OPRM channel

Columbia Generating Station B 3.3.1.3-1 Revision 26



OPRM 1nstrbimclnE4[-a4,-i-e
B 3.3.1i-.3

(\C\N

BASES

BAcKiROU'd)
(continucd)ý

The OPRM System cansits. of 4 OPRM trip .h.ann.ls, e
ehanne! consisting of two OPR. moduics Each OPRM module
r.."iv.s input from LPRM, . Each nPRM mdule also .. ....

input from the Peutron Monitoring Syst. .(.MS) av.rage pw...
rangc molnito (APPM) powcr and flaw signals to automfatically
enable the trip functieon of the OPRM dule.

Each OPRM m ,dule is continucusly tested by a self. test
....e-en- On detcction of any OPRM modeuici failurc, c.th.. a

tru.bile alarm or .IOP alarm. .is a.tivatd. The OPRM m.. ,dule
pro;idcs an INOP alarm when the self test fcature indicat.s

that the OPRM molduic mfay not be capable of mcceting it_
functional rcguiremclnts.

APPLI•CABL
SAFETY ANALYSES

it has been shown that BWR corcs mfay exhibit thermal-
hydraulic r•a.to• instabilitics in high p.w.r and low flow
portions of the core power to flow oprating dom..ain. ••D 1
requires the reactor corcp -and _associatcd coolant, control,
and prote.ti.n syst..... to be designed with appr•• p"atc
margin to assu.. that acceptable fuel design limi4t arc net
.xe.. ded during any condition of norm..al p..ati... including
the aff..ts of anticipated opcrational occurrcnccs.. lG -2
requires assurance that power oscillations which can result
in conditions ...... ding acccptable fuel design limits arc

-ithcr not possible or can be rcliably and readily detected
and suppr.ssed. The OPRM Systc"m÷ p..vid"s . mplianc. with
GOC 10 and CDC 12 by dctccting the onsct of oscillations and
suppressing thcmf by initiating a reactor scram. This-
-assures that the MCPR safety lim it will not be violated for

ýanticipatcd oscillations.

The OPRM Instrumentation satisfics Criteria 3 of the NPR
Policy Statcment.

LOFour channels of the OPR0 I Sytcm.. ar required to be OPERABLE
to ensure that stability rclatcd oscillations arc dctccted
and suppresscd prior- to cxcccding the MC6PR safety limit.
Only oncoef the two OPRM moldulcs' pcriod based detcetion
algorithm is required feo OPRM .hann.. OPERABILITY. TTe
minimum .num.br of LPRMs required OPERABLE to mDi aintain an
OPRf channle OPERABLE is cnsistnt with them . ini4mnum numLber
of LPRP~s rcguircd to mfaintain* thce APRM systcmi OPERABLE pep
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OPRM , mtpumfentatin
B 3.3.1.3

BASES

-LCO 3.31. The Allowable Value for the OPRM Perid Based
(een.i.. ed4- Algorithmf setpint (Sp) i5 derived from Analyti' Limit

.... +eted for the inr•,•,tent and ealibration errors.

APPLICABILITY The OPRM instru..entatien is required to be OPERABLE in order
to detect and suppress neutran fluix o.illations in the
event of therm..al hydraulic instability. As described n
Roferperes 1, 2, and 3, the power/core flew regi.. n pr.tected
,against anticipated escillations is defined by THERMAL POWER

'30% RTP and core flow - 60% Fated core flew. ThE.9.P ..
trip is required to be enabled in thi region and the OPRM
must be capable of enabling the trip funrction, as a result of
antci pated transient Therefore, the OPRM is requi red
be OPERABLE with THERMAL POWER > 2.% RTP. .it-is net.
necessary fer the nPRM to be OA•PERAE• • with THERAL POE

25% RTP becaute transients from below this THERMAL POWER
are not anticipated to result n power that ent , 30% RTP.

AGTIGNS A Note has been proevided to moldify the ACTIONS related to
the OPRM instrumfentation channe. Section 1.3, Comfplction
Timfes, spceifies that once a Condition has been entered,
5ubsequent divisions, subsystemfs, comfpoenets, or variables
exppessed in the Condition discovered to be inoperable or
noet within limfits will not result in separate entry into the
Corditier. Section 1.3 also specifies that Required Actions
ef the Condition continue to apply for each additi l
failure, with Comfpletion Timfes base on initial entry into
the Condition. H.w..er, the Required Actions for 4noperable
OPRM instrHum.entation channrels provide appropriate
..... pe.sat.. y . ..easures for separate inoperable channels. A
sueh, a Note has. been provided that allows separate
Condition entry for each inoperable iPRM instru•mentation
channel.

AA1. A.2. and A.3

Because of the reliability and an line self testing of the
OPRM instrumfentation anld the redunldancy of the RPS design,
an allowable out of sericy~e timfe o~f 30 days has beeng shown
to be acceptable (Reference 7) to permfit restoration of any
inoperable channel to OPERABLE status. However, this out of

V , I\ , I I..) l .II%=Il u IVI % I, ~ l•. I .. %1.,11.1..1 1%J ,ele n t • .• n•... e • 1
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OPRMB in 3t.3.entatio

ýaO
BASES

A.I. A.2. and A.3. . (. e .mtikd.

serviee time is nly acceptable pr•o.idd the PRM
lnztrumcntaptionR 5till maintains OPRM trip capability (refer-
to Required Aetins B.1 and B.94-. The remaining OPERABi
OPRM ehannelW ehntinue to provide trip capability (1
Condition B) and provide operator informfation relative to
stability activity. The remaining OPRM moldules have high
Peliailit-4- With this high reliability, there is a low
probability of a subsequent "hanine failure withinth
allowable out of rpi.iee time. in addition, the OPR.
mo ..dul .continue to perform on 1li self testing and alert.
the operator if any furthep •.ytem.l degradation oceur.s

if the inoperable channel cannot be restored to OPERABLE
status within the allowable out of serviee time, the .PRM
ehannel or associated RPS trip system mu.t be place in the
tripped condition per Required Aetiono A.! and A.2. Plaeing

tne in.perahle uV" N trianei in "rip ter tne a... iat ....
trip oystem in trip) would eenservatively ....pen.ate for the
inoperability, restore capability toa4 moaeaonl
failure, and allow operation to ecntinue. Alternately, if
it is not deoired to place the .PRM channel (ep RPS trip
system) in trip (e.g., as in the ease where placing the
in•.prable channel in trip would reult in a fu.ll oram),
the alternate mfethod of detecting and suppprs5ing thermfal
hydrau.li instability . .eillationo is required (Required
Action A.34-. This alternate mfethod 4s deseribed in
Reference 5. It eeonitso of inereased operator awareness
and moneitoring for nleutron flux ooeillations when operating
in the region where , oeillatisn arc pasoible. -I#
indieations of oeillation, as deseribed in Referenlec 5, are
observed by the operator, the operator will take the aetions
deseribed by procedurco, which include initiating a m~anual
seramR of the reactor.

Required Action 8.1 is intenlded to ensure that apprprpiate
aetions are taken if mfultiple, inoeperable, untripped OPRM
channels within the .a.e RPS trip .y.te. reoult 4n no
maintaining OPRM trip capability. .PRM trip capability is
IInoidered to be mal1 fintained wheng b'uffiient OPRM ehann'el'

are OPERABLE or in trip (or the asseeiated RPS trip syotemi
is in trip), ouceh that a valid OPRM signal will generate a

(continued)-
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(Q\Q)
BASES

trip signal in both RPS trip systcmzl. This wouldrour
beth RPS trip systefmo to have enc OPRM channel OPERABLE or
in trip (er the asseeiated RPS trip systecm in trip).

Be.aus. . f the low pr.bability of the .. cu...n.. of an
instability, 12 houros is an acoptabic ti,, to init iat the
alternate molthed of detecting and 5upprooz~ing thorma
hydrauli .instability oocillatiens desribed in, Acti•n A.3
-a-be-e- The alternate molthod of dctecting and 5Hppres51ng
thermal hydrE• l ic• instability ei!ationz would ad....y "
address dte-.ti.n and -itigati• n in the event ef instability
oocillations. Based on industry epcrating expcricncc wi-th
actual instability escillation, the opcrator w.uld be able
to rocognize instabilitics during this timc and takc action
to suppress thcml thprugh a mlanual -scram. In addition, the
OPRM Sytcfm may still be available to pro''vid alar... to the
.p..ator if the eosct of eseillations were to occur. Sinee
plant pcFratien is mflinimizcd in areas where . .. illationo may
occeur, apcration without OPRM trip capability is eensidcrcd
accptablc with impl,,,mcntatien of the alternat•f, m•thed of
dctccting and supprcozing theprmal hydraulic instabilityj
oscillation- during the period when e.r... tiv. acti.n. arc
underway to reSlv, the in.per.bility that led to, ntry into
Condition B-. Onc rcazon this Condition mfay be uocd is to
providc timcl to imfplcmclnt a 5oftwarc upgrade in the plant if
a common .aus. -.ftwar. pr.blf.lm is identified.

With anykRequired Action and a...ciatcd Co-plctien Timc net
mct, THERPIAL POWER must be reduc.d t 4t< 25% RTP within 4
hets•. Rduf"lng THERMAL POWER to^ 25% RT P placc. the plant
in a rcgion where instabilities cannot occur. Thc 4 hours
i . rcasonablc, based on epcrating cxpcriencc, to rcdu-cc
THERMAL POWER -h 25% RT-P from fu"ll power conditions in an
erdcrly manncr and without challcnging plant systcmo.

(conti nued)
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BASES (coot inued)

SURVEILLANCE &-SR
REQUIREMENTS

A CHANNEL FUNCTIONAl TEST is pcrformcd on • -ah rcqu-ir-

c .hannl.. to ensure that the cfntre . hannc. will pehreqfr the
intended funetion. A Fr..u.n.y of 181 days pFrovids an
acccptabI6 !eye! of system aver-age availability ever the
Frcnucncy and is based an the reliability of the ,hannc,
(Rcfcrcncc 7).

LPR. . gain sttngs are determincd fr... the l..a. flux
p ..files ..asurcd by the Traversing i•n... Probc (TIP)
-Syemf- This establ ishes the r1 •ati lOCal flux profie'--

for appropriate rc presntat.ive input to the OPRM System.
The 1130 PIWD,'T Frcgucncy is based on opcrating cxpcricncc
with LPRH sensitivity ehanges..

I

The CHANNEL CALIBRATION is a coapicte chcck of the
instrum+ent loop. This test verifies the ehann.. responds t
the mcoesurcd parafflter within the ncccssary rangean

Jupa CHGANNEL CA IBIRATTIONA leaves the channcl4 adjusted
to account for instrumc..nt drifts between 51. .. .1 ,,^

calibratiens, ,onsistnt with thc plant specific s•tp•int
e-h-e4ely-- Cal i brati on of the channcl prvi d.s a Cehck ef

the internal reference voltag. and the internal proccsser
clock freqeny. It also compares the d•sired trip
setpoin-.s with those in pr...s... .. .ry. Sincc thc OPRn is
a digital systcmf, the internal rcfercncc voltage and
processor clock frequeney are, in turn, used to
automfatically calibratc the internal analog to digita
.n.... .÷•e The All.wablc Values arc specificd in th
-(rO-R)+ As ingtd, ticutrn de"teetrs arc cxclud•d from

CHANNPIEL CALIBRATION b..aus. they arc passive devices, with
minimal drift, and b..aus. of the diffieulty of simulating a

imcaningful signal. Changs• in ncutron dctcctor sensitivity

arc eomp.nsat.d f. r by performing the 1130 MWDn T LPRMn

calibrationl using the TIPs (SR 3.3.1.3.2).

The Frcgucncy of 21 moinths is based upon the assumfption of
the mfagnitudc of cguipmclnt drift providcd by the equipment
supplier (Refercn ... ).
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SURVEILLANGE
-RE QUIRE EMENTS

(continucd)

SR 3.3.1.3.4

The LOGIC SYSTEM FUNCTIONAL TEST dcmolnstratcs the
OPERABILITY of the rcguircd trip logic for a spccifice
eh~a-nne-1- The functional testing of control rods, in LCO
3.1.3, "C.ntr.l Red Operability," and in LCO 3.1.8, "Scr.a.
Di schar-ge Vol umol (SDV) Vent and Drain Vol vos," eycri aps this
Su.yeillanoe to pro..d. " efmplt • testing of the assud

safety function. The OPRM self test function mfay -be
ut.liz.d to p ..f ..rm thit t esting fee thoes cmpenents that
it is designed t .. onitor.

The 24 molnth Frcgucncy is based on cnginccring judgmclnt and
rcliability of the comfpencnt5 and Opcrating cxpcricncce.

&SR 43-.244-

This SR ,nsurcs that trips initiatd from- the OPRM Systcm
will not be inadvert.ntly bypassed wh.n THERMAL POWER is

_ 30% RT. P and cor. flow is <. 60% rated cor, flow. This

normally "in .l..s calibration of the bypass . hann.ls. .
Adequate margins for the instru....nt sctpeint -cthodoo"gy arc
.n.rpp.ratcd into the actual sctpe4nt5 (Rcfcrencc,,7)

If any bypass chann. .stpo.nt is n.•,nnsyrvativ'c H.c., the
OPRM module is bypassed at _ 30% RT. P and c,, flow _ 60%
Fated .o.. flow) then the -A•f•f+ced OPRM o"dule is con"sidcred

i..epe.-able- Alternatively, the bypass .hanncl can be placcd
in the conscrvative condition (Manual Enable). 4if-p-aee4-R
the Manual Enablc condition, thi. SR is mct and the •odul
is consideed OPERABLE.

The Fr..u.n.y of 24 mfonths is based on ,ngin-e.. j.udgm.ent
and rcliability of the clpencnqts-.

This SR cnsurcs that the individual chafnncl rcsponsc timcls
arc less than or equal to the m..aximum va.u.s assumc..d in the
accidcnt analysis (Rcfcrcncc 6)-. The OPRM self test
functien m,.ay b• utilized to pcrform this testing for these

mlpencnts it is designed to monmitor. The LPRM amcplifice
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SURVEILLANCE R -R --3-±. - (eentifued4ý
- Q UA IR IE T S'4ý

oa.ds inputting to the iPRM ape exciuded from the O
roopensc timoe testing,. The RPS RESPONSE TIME acceptaneoc

..it.ria are inlud.d in Referefnc 8.

A5z netcd, nceutrein detectorz are cxcluHdcd fr-Emf RPS RESPONSE
TIME testing bc.au.. the prfncipico of dctcetr operati•n
viptually einouro an instantancoucs roosponoc timol. R-
RESPONSE TIME testo are .... dutcd on a 24 month STACCERED
TEST BASIS.- This Frcguency is based upon operating
.xprief... , whieh .h.w. that randem failures of
instru. . .ntatin o ..... •mepe nto .au.i. ... .. .... ...... ,ang t datien,
but noet crhanncl! failuro, are infrcguent.

.. ..4-. NEDO 31960 A, "BWR Ownr Grup Long Tr Stabilit ..
Soluition LinO1i'g M1thdi•, . gy," N.... b.r, 1. (su..)
Jun 1991.

2--. NEDO 31960 A, Supplcmclnt 1" BWR Owincro Crou--p Lonfg Tcermf
Stability Solutiono Lieensing Methodolegy," Nevcmnber
1995 (Suc) March 1992.

-3--. NRC Letter, A. Thadani to L.A. Englanld, "Acccptancc
fer Refcrcrcirg of Topical Rcperts PIEDO -31960,
Supplcmcneft 1, 'BUR Owners Group Long Tcrmf Stability
Solutions Liccnsing Mcethodelogy,'" Juily 12, 1994-.

;,•- Gcncric L-ttcr 94 02, "Long Terfm Selution and Upgra-d

eUýT inteim ApepLn ~ccmnatif eeffln a-ins fer ncrm~ai
Hydraulic instabilities in B•iling Water Ra•ta..,"

July 11, 1994.

BlROC Lttcr BnROC 94079, "Cuidelinco for Stab4lity
intcril Corr...tiv Actieon ," jun.. 6, 1994.

NEDO 32465 A, "BWR Ownicro' Group Rcacter Stability

I

6-.
nctect and Su ppress Solution L• ..n.ing Basis
Mcthodology and Rclead Application," August 1996 & May

-7--. CENPP 400 P, Rev 01, "Gcncric Topical Rcpert for thc-
ABB Option H! Oscillation Poewr Range Meniter
(OPRM), May 1995.

8--....n... C.ntr.ll.d Spccification Table 1.3.1.1 1
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Control Rod Block Instrumentation
B 3.3.2.1

B 3.3 INSTRUMENTATION

B 3.3.2.1 Control Rod Block Instrumentation

BASES

BACKGROUND Control rods provide the primary means for control of
reactivity changes. Control rod block instrumentation
includes channel sensors, logic circuitry, switches, and
relays that are designed to ensure that specified fuel
design limits are not exceeded for postulated transients and
accidents. During high power operation, the rod block
monitor (RBM) provides protection for control rod withdrawal
error events. During low power operations, control rod
blocks from the rod worth minimizer (RWM) enforce specific
control rod sequences designed to mitigate the consequences
of the control rod drop accident (CRDA). During shutdown
conditions, control rod blocks from the Reactor Mode
Switch-Shutdown Position Function ensure that all control
rods remain inserted to prevent inadvertent criticalities.

setpoint
inop cor

The purpose of the RBM is to limit control rod withdrawal if
localized neutron flux exceeds a predetermined setpoint
during control rod manipulations (Ref. 1). It is assumed to
function to block further control rod withdrawal to preclude
a MCPR Safety Limit (SL) violation. The RBM supplies a trip
signal to the Reactor Manual Control System (RMCS) to

or an RBM appropriately inhibit control rod withdrawal during power
idition exists. operation above the low power range setpoint. The RBM has

two channels, either of which can initiate a control rod
' block when the channel output exceeds the control rod block

e-pe-i+-. One RBM channel inputs into one RMCS rod block
circuit and the other RBM channel inputs into the second

[INSERT I: RMCS rod block circuit. The--RBM--eha.n-e-l--s-i-g-na-1---i-s-gene.rated
S2bya-ve-ra-g-i-n g-a-s-e-t--f-l--el-a-pewe- -a-rnige-meor4-t&e--(-LP RM-ý

sn4..... One RBM ehannel averages the sgnals fro.• .PRM
dete.tor. at the A and C positin, in, the ass.igned LPR.
assemblies, while the other RBM .han1nel averages the ignals
from LPefl deteet•ps at the B and D positiens. ^ig .....
LPRM assemfblies to be used 4n RBM averag~ing is controelled by
the seleetien of control rods. The RBM is automatically
bypassed and the output set to zcrc if a peripheral rod is

.e . .ted or .the APRM used to norm..alize the RBM r ieadi is

-3% RTP- if any LPRM deteetet a.signed to an RBH is
bypassed, the e...puted average signal is autoatiall• ,
adjusted to co.pensate fcr the num", ber of rPRM ineput sfig•nas.
The mfinimnumf numfber of LPRM inputs required for each RBM

(continued)
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BASES

BACKGROUND
(continued)

ehanne! to prevent an instrumclnt ineperative alarmf 4s fear
whcn using four LPR, a.....blico, three when u.in. g three ,PRM
assemblies, and two when using tw" LPRM a.....blic. ET-e-
R.M also r..civc5 a r..irc.lation lop flew .ignal from the

APRM flow ,onvr•teps.

When a control rod i5 sel..t.d, the gain of ,ach R,, .hann.l
output is normalized to an assigned APRM channel. T-e
asign.d APR. .hanncl is en the .am.fl..PS trip 5ystom as the
R.. .hamnn -. The gain setting is held eenstant during the
. .v.m.nt of that particulapr cntr• l rod to provide an

lIL n A USJ4J UIX AIL nII-L.. nII +.** Ikn ^. LA a. Hh nn] n+4.L w. 1 ^ -. V ln il

If the indicated power increase, abov. the preset lifit, a
r-od block will occur. in addition, to pr-,lude rod mcvmment
,with an ...p..ablc RB, a d.wn..al trip and an inoperable
trip are prvid.d.

The purpose of the RWM is to control rod patterns during
startup and shutdown, such that only specified control rod
sequences and relative positions are allowed over the
operating range from all control rods inserted to 10% RTP.
The sequences effectively limit the potential amount and
rate of reactivity increase during a CRDA. A prescribed
control rod sequence is stored in the RWM, which will
initiate control rod withdrawal and insert blocks when the
actual sequence deviates beyond allowances from the stored
sequence. The RWM determines the actual sequence based
position indication for each control rod. The RWM also uses
steam flow signals to determine when the reactor power is
above the preset power level at which the RWM is
automatically bypassed (Ref. 2). The RWM is a single
channel system that provides input into one RMCS rod block
circuit.

With the reactor mode switch in the shutdown position, a
control.rod withdrawal block is applied to all control rods
to ensure that the shutdown condition is maintained. This
Function prevents inadvertent criticality as the result of a
control rod withdrawal during MODE 3 or 4, or during MODE,5
when the reactor mode switch is required to be in the
shutdown position. The reactor mode switch has two
channels, each inputting into a separate RMCS rod block
circuit. A rod block in either RMCS circuit will provide a
control rod block to all control rods.

(continued)
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BASES (continued)

APPLICABLE
SAFETY. ANALYSES,

1. Rod Block Monitor

LCO, and The RBM is designed to prevent violation of the MC.PR
APPLICABILITY SL and the cladding 1% plastic strain fuel design limit that

may result from a single control rod withdrawal error (RWE)
event. The analytical methods and assumptions used in
evaluating the RWE event are summarized in Reference 3. A
statistical analysis of RWE events was performed to

-INSERTI.1U rtiumine the RBM response for both channels for each event.
rom ese responses, the fuel thermal performance as a

function f RBM Allowable Value was determined. The
Allowable es are chosen as a function of power level.
haeBd Fnc the saptified All erablo Values, porating 4.lims

arc ctablihod.INSERT 1.2

The RBM Function satisfies Criterion 3 of Reference 4.ý

I

I
Two channels of the RBM are required to be OPERABLE, with
their setpoints within the appropriate Allowable Values to
ensure that no single instrument failure can preclude a rod
block from this Function. The actual setpoints are
calibrated consistent with applicable setpoint methodology.

-Nei-o --a4-t-i-p-osetpoiHt are specified in the -etpaint
ealeulatianz The nefminal sctpoints are sc-lccGtcd to ja-n---F
th-at the the-t-i-t-s-4e-- t-exed t h.. A l1ow able-V-a4...

-b.@-twee.n--s~u..Gces-s-i-ve--C$4AN-E-L-AL-!-B-RA-T-LO44S-ý--0 . a t i _ n ,:i t .t .
tin4-•ipm~i• th h •e--nOMi na! trip

INSERT 1.3
Sti L I

Tri.p setpeints are these predctcrmfined values of output at
which an actien shauld take plee. The 5ctpeimts are
eefmpar.d to the a.tual prcccz paramctcr (e.g., reactor
peaer), and wh;e, the ,,,aubrd output valucI f the pr......
parameter- cxc.d. the sctpoint, the a....iat.d dc•+c. (e.g.1
trip unit) .hang. . state. The analytic liits a. r derived
from the limiting values oef the pr s par.am...t. r obtained... .... . .. L, .. .. pi T... r, A ,1^ Uý114-ý - A- i 4 -

Furm t e so ~y an To n- MJW

from the analytic limits, eeprreted for pr...s. and all
instrument un..rtaintics, exept drift and calibration.
-rip s .tp.ints arc derived from.. the analytic limits•

T-ho

eerrceted far praee22 .- - I ...- .-- uflC2FUJ] nfitte,
including drift and calibratiem. The trip sctpeints dcriv•d
in this ,manner pr.v.d. adequate pret..tien b.eHse. all
instrumclntatien unccrtainltics anld ppoccos cffccts arc taken
into account4.

(continued)
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APPLICABLE -1--,- Rod Blck Mon,,,tore4+r ( tee-r4--,,
SAFETY ANALYSES,
LCO, and The RBM is azzumod tmtgate thoe eensquonccz of an RWE
APPLICABILITY event when operating > 3 ,% RTP and a peripheral control Ped

is not,, selctd. gel ow thi,5 pwerw level, or if a periph•ral
eentpel rod i5 sclected, the conacequenoco of an RWE event
will net exc..d the PCPR SL and, thc1, ferc, the RBM.4 iznt

roquired to be OPERABLE (Ref. 3).

2. Rod Worth Minimizer

The RWM enforces the banked position withdrawal sequence
(BPWS) to ensure that the initial conditions of the CROA
analysis are not violated. The analytical methods and
assumptions used in evaluating the CRDA are summarized in
Reference 5. The BPWS requires that control rods be moved
in groups, with all control rods assigned to a specific
group required to be within specified banked positions.
Requirements that the control rod sequence is in compliance
with the BPWS are specified in LCO 3.1.6, "Rod Pattern
Control."

The RWM Function satisfies Criterion 3 of Reference 4.

Since the RWM is a system designed to act as a backup to
operator control of the rod sequences, only one channel of
the RWM is available and required to be OPERABLE (Ref. 6).
Special circumstances provided for in the Required Action of
LCO 3.1.3, "Control Rod OPERABILITY," and LCO 3.1.6 may
necessitate bypassing the RWM to allow continued operation
with inoperable control rods, or to allow correction of a
control rod pattern not in compliance with the BPWS. The
RWM may be bypassed as required by these conditions, but
then it must be considered inoperable and the Required
Actions of this LCO followed.

Compliance with the BPWS, and therefore OPERABILITY of the
RWM, is required in MODES 1 and 2 when THERMAL POWER is
< 10% RTP. When THERMAL POWER is > 10% RTP, there is no
possible control rod configuration that results in a control
rod worth that could exceed the 280 cal/gm fuel damage limit
during a CRDA (Ref. 5). In MODES 3 and 4, all control rods
are required to be inserted into the core; therefore, a CRDA
cannot occur. In MODE 5, since only a single control rod

(continued)
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BASES

ACTIONS E.1 and E.2 (continued)

subcritical with adequate SDM ensured by LCO 3.1.1. Control
rods in core cells containing no fuel assemblies do not
affect the reactivity of the core and are therefore not
required to be inserted. Action must continue until all
insertable control rods in core cells containing one or more
fuel assemblies are fully inserted.

SURVEILLANCE As noted at the beginning of the SRs, the SRs for each
REQUIREMENTS Control Rod Block instrumentation Function are found in the

SRs column of Table 3.3.2.1-1.

The Surveillances are modified by a second Note to indicate
that when an RBM channel is placed in an inoperable status
solely for performance of required Surveillances, entry into
associated Conditions and Required Actions may be delayed
for up to 6 hours provided the associated Function maintains
control rod block capability. Upon completion of the
Surveillance, or expiration of the 6 hour allowance, the
channel must be returned to OPERABLE status or the
applicable Condition entered and Required Actions taken.
This Note is based on the reliability analysis (Ref. 7)
assumption of the average time required to perform channel
Surveillance. That analysis demonstrated that the 6 hour
testing allowance does not significantly reduce the
probability that a control rod block will be initiated when
necessary.

SR 3.3.2.1.1

A CHANNEL FUNCTIONAL TEST is performed for each RBM channel
to ensure that the channel will perform the intended
function. It includes the Reactor Manual Control
Multiplexing System input.

Any setpoint adjustment shall be consistent with the
assumptions of the current plant specific setpoint
methodology. The Frequency of -days is based on
reliability analyses (Ref. - 8 1.(

U (conti nued)
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SURVEILLANCE
REQUIREMENTS

(continued)

SR 3.3.2.1.2 and SR 3.3.2.1.3

A CHANNEL FUNCTIONAL TEST is performed for the RWM to ensure
that the entire system will perform the intended function.
The CHANNEL FUNCTIONAL TEST for the RWM is performed by
attempting to withdraw a control rod not in compliance with
the prescribed sequence and verifying a control rod block
occurs and, for SR 3.3.2.1.2 only, by attempting to select a
control rod not in compliance with the prescribed sequence
and verifying a selection error occurs. As noted in the
SRs, SR 3.3.2.1.2 is not required to be performed until
1 hour after any control rod is withdrawn at < 10% RTP in
MODE 2, and SR 3.3.2.1.3 is not required to be performed
until I hour after THERMAL POWER is < 10% RTP in MODE 1.
This allows entry into MODE 2 (and if entering during a
shutdown, concurrent power reduction to < 10% RTP) for
SR 3.3.2.1.2, and THERMAL POWER reduction to < 10% RTP in
MODE 1 for SR 3.3.2.1.3, to perform the required
Surveillances if the 92 day Frequency is not met per
SR 3.0.2. The 1 hour allowance is based on operating
experience and in consideration of providing a reasonable
time in which to complete the SRs. The 92 day Frequencies
are based on reliability analysis (Ref. 8).

SR 3.3.2.1.4

[INSERT 1.4q2j '-

The RBM is aut..m-atically bypassed when pew'r is below a
sp..i.fi.d value or if a peri pheral . ntr. l red is s. . Wtd.

cash RBM .hannl.. The automatie bypass s.tp.int m.ust b
Yepified pcriodlieally to be 30% RTP. in addition, it mfust
alse bc verified that the RBM is not bypassed wh.. n a control
rod that is •not a pcripheral, control rod is selct.d (only
one non peripheral contr• l rod i5 required to be vcrified)

RBM channe! is 1 nsider.. d ineeprabl. . Altcirnati . ly, the
APRM channel can be plaeed in the c.nser.ativc cndi tion
(-nen a-... If placsd in this conditin, the SR is
and the RBM channcl is not ..nsidercd in•p•rabl. . As noted,
neutron d.t..t.rs arc cxcludd from, tc te Survillane bscause

(continued)
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SURVEILLANCE SR 3.3.2.1.4 (continued)
REQUIREMENTS

they aprc pa..•"i de"yi., with mlinimal drift, and b.aus. . f
the difficulty of simulating a meaningful ignal. Ne-ut-ro
dct.t.ors are adequately tested in SR 3.3.1...2 and
SR 3.3.1.1. Th 92 day Fr.quen.y is based en the actual
trip setpeint mclthedelegy utiliLzcd fer these ehafnncls.

SR 3.3.2.1.5

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the sensor. This test verifies the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
adjusted to account for instrument drifts between successive
calibrations consistent with the plant specific setpoint
methodology.

As noted, neutron detectors are excluded from the CHANNEL
CALIBRATION because they are passive devices, with minimal
drift, and because of the difficulty of simulating a
meaningful signal. Neutron detectors are adequately tested
in SR 3.3.1.1.2 and SR 3.3.1.1.7. 11101i1t

The Frequency is based upon the assumption of a
calibration interval in the determination of the magnitude
of equipment drift in the setpoint analysis.

(INSEfT 1.59)

SR 3.3.2.1.6

The RWM is automatically bypassed when power is above a
specified value. The power level is determined from a steam
flow signal. The automatic bypass setpoint must be verified
periodically to be > 10% RTP. If the RWM low power setpoint
is nonconservative, then the RWM is considered inoperable.
Alternately, the low power setpoint channel can be placed in
the conservative condition (nonbypass). If placed in the
nonbypassed condition, the SR is met and the RWM is not
considered inoperable. The Frequency is based on instrument
drift analysis and the trip setpoint methodology utilized
for the low power setpoint channel.

(continued)
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Each RBM uses all available C level LPRM inputs and half of
the available B and D level LPRM inputs for the rod selected.
RBM channel A uses the opposite B and D level LPRM inputs

INSERT 1: from RBM channel B. |
The RBM channel signal is generated by averaging a set ot local power range monitor,
(LPRM) signals at various core heights surrounding the control rod being withdrawn. A
simulated thermal power signal from one of the four redundant average power range ' When a coni
monitor (APRM) channels supplies a reference signal for one of the RBM channels and a is selected ti

RBM LPRM
simulated thermal power signal from another of the APRM channels supplies the averaged va

reference signal to the second RBM channel. This reference signal is used to determine set and held
which RBM range setpoint (low, intermediate, or high) is enabled. If the APRM constant unt
simulated thermal power is indicating less than the low power range setpoint, the RBM is another rod

p selected. E•
automatically bypassed. The RBM is also automatically bypassed if a peripheral control subsequent
rod is selected (Ref. 1). < LPRM avera

value is norr
to the initial

INSERT 1.1: LPRM avera
The Allowable Values and nominal trip setpoints are established in the COLR because value (RBM
they are confirmed or modified on a cycle-specific basis to support the operating limits The RBM flu
established in the COLR. percent, is u

provide indic
and actuatiol

INSERT 1.2: automatic fui
The Rod Block Monitor Low, Intermediate and High Power Range - Upscale functions based on the

sla, lb and ic, respectively) are Limiting Safety System Settings (LSSS), SL- change in thi(Functions lrelative local
related, as determined in the NRC Safety Evaluation for Amendment TBD (Ref. 10). level.

INSERT 1.3:
Nomnina.l-t-rip-setpei.nts-(N-T-SPs)-ar-e-t-hose-predetermined-values-of-output-at-vhieh-an
aetion-should-take-plaee-The-setpoints-are-eompared4-o-the-aetuat-proeess-parameteir-the
ea, tutated-PBM-f ux--R:BM-ehannelignal)_When-the-norm-atized-RBMflu l~ue

trol rod
he initial

lue is

iti

is
ach
RBM
ged
nalized
RBM
ged
flux).
x, in
sed to
ation
n of
nctions

e
power

The Analytic Limits are derived from the limiting values determined from the safety analysis. The
Allowable Values are derived from the analytic limits correcting for all process and instrument
uncertainties, excluding drift and calibration, using the setpoint methodology specified in the
Licensee Controlled Specifications. The Nominal Trip Setpoints (NTSPs) are derived from the Analytic
Limits in the same way as the Allowable Values except the NTSPs include drift and calibration
uncertainties. The NTSPs thus ensure the setpoints don't exceed the Allowable Values between
successive CHANNEL CALIBRATIONS. Operation with a trip setpoint less conservative than the NTSP
but within its Allowable Value, is acceptable.
For the RBM system there is no drift characteristic since it only performs digital calculations on the
digitized input signals from the APRMs. Therefore the NTSP is the LSSS. The RBM also undergoes a
normalization process after each rod selection. Therefore the only instrument signal variation that is
considered in the setpoint methodology which determines the NTSP for the RBM is the actual
process changes that take place between rod selection and rod movement.

dig-iti~zed-input-signalk-proN~ided-by-the-ARRMs--For-the-Ro~d-alo~ek-Mon-itov-,-whieh-is.-a
digital-systemf-wi~th-a-zere-aes.feund-tEoler-anee,-hebi~m-i-ting-Tr-pSetpoi-nt-is-t-he-N-TSP- 7

-The-NT-P-{or-L-imiting-ThiP-Setpoint--is-the-LSSS-sinee.-the-R-BMI-has-ne-.dfift
ý-ha-ae-ter-ist-ie.-The-RBM-A-flewable--Value-demenatr-ates-that-the-analytie-lirnit-wEould-not
be-e&xeeeded,-thereby-proteeting-t-he-sa-fety-limi~t--The-t-rip-setpoint-s-~an-Allowable-Va-lues



the MCPR
limit greater
than or equal
to the RBM
MCPR Limits
specified in
the COLR

determined-in-tthis-manner--prov-ide-adequate-proteetion-beeause-instrumentation
uneertainties-,-proeess-effeets,-eat-ibrat-ion-toleranees-instrument-drift-land-environment
err-ors-are-aeeounted-for-and-appropriatelýy-applied-for-thefRBM,-~-There-are-no-margins

Iied-to-the-RBdM-nominal-trip-setpoint-ealculations-whieh-oould-mask-PdBM
de adationr.

The is assumed to mitigate the consequences of an RWE event when operating >
28% RTP. elow this power level, the consequences of an RWE event will not exceed
the MCPR .. and, therefore, the RBM is not required to be OPERABLE (Ref. 3). When
operating with MCGPR-4--t-he-eyele-and-power-dependent-4imits-speeified-in-the-COhL-R
(-R-iRM--MCP-R-L-imit), analyses have shown that no RWE event will result in exceeding
the MCPR SL. Therefore, under these conditions, the RBM is also not required to be
OPERABLE.

INSERT 1.4:
The RBM setpoints are automatically varied as a function of power. The RBM Allowable
Values required in Table 3.3.2.1-1, each within a specific power range, are specified in
the COLR. The power at which the control rod block Allowable Values automatically
change are based on the APRM simulated thermal power input to each RBM channel.
Below the minimum power setpoint, the RBM is automatically bypassed. These control
rod block bypass setpoints must be verified periodically to be less than or equal to the
specified values. If any power range setpoint is nonconservative, then the affected RBM
channel is considered inoperable. Alternatively, the power range channel can be placed in
the conservative condition (i.e., enabling the proper RBM setpoint). If placed in this
condition, the SR is met and the RBM channel is not considered inoperable. As noted,
neutron detectors are excluded from the Surveillance because they are passive devices,
with minimal drift,.and because of the difficulty of simulating a meaningful signal.
Neutron detectors are adequately tested in SR 3.3.1.1.2 and SR 3.3.1.1.7. The 24 month
Frequency is based on the actual trip setpoint methodology utilized for these channels.

INSERT 1.5:
SR 3.3.2.1.5 for RBM Functions 1.a, L.b and L.c is modified by two Notes as identified in
Table 3.3.2.1 - 1. These functions, in accordance with the guidance of Regulatory Issue
Summary 2006-17 (Ref. 11) and as determined in the NRC Safety Evaluation for
Amendment TBD (Ref. 10), are LSSS SL-related.

Note-(g)-requi-r es-eva.luat-ion-&f-channe~l-performa.nee-for-the-eondit-ion-where-the-as-found
sett-i g-for-the-ehanne-setpoint-is-n-ot-the-NTSP-but-is-eenservati-ve-with-respee~t-to-he
Al-lowable-Value.-For-digitacl-ehannel-componentg,-no-as-found-toleranee-or-as-4eft
toleranee-ean-be-specifiedEvwauation-of-instr-ument-performanee-wi1-iveri-fy-that-t-he
instrument-wi-Il-eontinue-to-behave-in-aeCordanee-with-design-basis-assumptions-.-The
purpose-af-the-assessment-is-to-ensure-en-fidenee-in-the-instrmment-perfarmanee-proir-to
retu r-ning-the-inst-rnment-to-ser-AvieL--T-his-noneon-formanee-wfi-l-be-entered-into-the
Correetive-Aetion-Progr-am.--Entr-y-into-the-Correetive-Aetion-Program-wi-l-l-ensur-e
required-review-and-doeumrentat-ion-of-the-eondition-for-eontninued-OP-E-RA-3[IL-I-T-Y-.



Note-l(h)-requi res-fhat-the-as1te ft-setting-for-the-instrument-be-retumed-to-thP1T -If-the
as-eft-instrrument-sett-ing-cannot-be-retumed-to-the-N-TSPTthen-t-he-instumment-ehanne1
sha.H-be-deelared-i-noperab.e.-The-N-T-SPs-and-AlHowabte-Values-for-tRod-Bloelk-Moni-tor
Funetions-l-:a-r-.b-andA-.l-are-speeified-in-the-GOL-R.-The-mrethodology-used-to-determi~ne
t-heN-TSP-s-i-speeified-in-the-oieensee-Gontrolled-Speei-fieationsra-doeument-eontrolled
under4O-GFR-5-- 5

Note (g) requires evaluation of channel performance for the condition where the as-found setting for the
channel setpoint is not the NTSP but is conservative with respect to the Allowable Value. For digital channel
components, no as-found tolerance or as-left tolerance can be specified. Evaluation of instrument
performance will verify that the instrument will continue to behave in accordance with design basis
assumptions. The purpose of the assessment is to ensure confidence in the instrument performance prior to
returning the instrument to service. Any nonconformance will be entered into the Corrective Action
Program which will ensure required review anddocumentation of the condition for continued OPERABILITY.

Note (h) requires that the as-left setting for the instrument be returned to the NTSP. If the as-left instrument
setting cannot be returned to the NTSP, then the instrument channel shall be declared inoperable. The
NTSPs and Allowable Values for Rod Block Monitor Functions 1.a, 1 .b and 1 .c are specified in the COLR.



Control Rod Block Instrumentation
B 3.3.2.1

BASES

SURVEILLANCE SR 3.3.2.1.7
REQUIREMENTS

(continued) A CHANNEL FUNCTIONAL TEST is performed for the Reactor Mode
Switch-Shutdown Position Function to ensure that the entire
channel will perform the intended function. The CHANNEL
FUNCTIONAL TEST for the Reactor Mode Switch-Shutdown
Position Function is performed by attempting to withdraw any
control rod with the reactor mode switch in the shutdown
position and verifying a control rod block occurs.

As noted in the SR, the Surveillance is not required to be
performed until 1 hour after the reactor mode switch is in
the shutdown position, since testing of this interlock with
the reactor mode switch in any other position cannot be
performed without using jumpers, lifted leads, or movable
links. This allows entry into MODES 3 and 4 if the 24 month
Frequency is not met per SR 3.0.2. The 1 hour allowance is
based on operating experience and in consideration of
providing a reasonable time in which to complete the SRs.

The 24 month Frequency is based on the need to perform this
Surveillance under the conditions that apply during a plant
outage and the potential for an unplanned transient if the
Surveillance were performed with the reactor at power.
Operating experience has shown these components usually pass
the Surveillance when performed at the 24 month Frequency.

SR 3.3.2.1.8

The RWM will only enforce the proper control rod sequence if
the rod sequence is properly input into the RWM computer.
This SR ensures that the proper sequence is loaded into the
RWM so that it can perform its intended function. The
Surveillance is performed once prior to declaring RWM
OPERABLE following loading of sequence into RWM, since this
is when rod sequence input errors are possible.

REFERENCES 1. FSAR, Section 7.7.1.8.

2. FSAR, Section 7.7.1.10.

3. FSAR, Scetiens 16.4.1 and 15.4.2.

NEDC-33507P, Revision 0, "Energy Northwest Columbia Generating
Station APRM/RBM/Technical Specifications / Maximum Extended
Load Line Limit Analysis (ARTS/MELLLA)," March 2010.
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Control Rod Block Instrumentation
B 3.3.2.1

BASES

REFERENCES 4. 10 CFR 50.36(c)(2)(ii).
(continued)

5. FSAR, Section 15.4.9.

6. NRC SER, "Acceptance of Referencing of Licensing
Topical Report NEDE-24011-P-A," "General Electric
Standard Application for Reactor Fuel, Revision 8,
Amendment 17," December 27, 1987.

7. GENE-770-06-1-A, "Addendum to Bases for Changes to
Surveillance Test Intervals and Allowed Out-of-Service
Times for Selected Instrumentation Technical
Specifications," December 1992.

8. NEDC-30851-P-A, "Technical Specification Improvement
Analysis for BWR Control Rod Block Instrumentation,"
October 1988.

9.EDC3240P, "~N~uclear Measuremen-t Analysis and control Power
Raa eto Mntr(UA PRN M')Retrofit Phis 6rtiorin~ III
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EOC-RPT Instrumentation
B 3.3.4.1

BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

Turbine Throttle Valve-Closure (continued)

Closure of the TTVs is determined by measuring the position
of each throttle valve. While there are two separate
position switches associated with each throttle valve, only
the signal from one switch for each TTV is used, with each
of the four channels being assigned to a separate trip
channel. The logic for the TTV-Closure Function is such
that two or more TTVs must be closed to produce an EOC-RPT.
This Function must be enabled at THERMAL POWER > 30% RTP.
This is normally accomplished automatically by pressure
switches sensing turbine first stage pressure; therefore,
opening of the turbine bypass valves may affect this
Function. Four channels of TTV-Closure, with two channels
in each trip system, are available and required to be
OPERABLE to ensure that no single instrument failure will
preclude an EOC-RPT from this Function on a valid signal.
The TTV-Closure Allowable Value is selected to detect
imminent TTV closure.

This protection is required, consistent with the safety
analysis assumptions, whenever THERMAL POWER is > 30% RTP.
Below 30% RTP, the Reactor Vessel Steam Dome Pressure-High
and the Average Power Range Monitor (APRM) F--i-xed Neutron
Flux-High Functions of the Reactor Protection System (RPS)
are adequate to maintain the necessary safety margins.

TGV Fast Closure. Trip Oil Pressure-Low

Fast closure of the TGVs during a generator load rejection
results in the loss of a heat sink that produces reactor
pressure, neutron flux, and heat flux transients that must
be limited. Therefore, an RPT is initiated on TGV Fast
Closure, Trip Oil Pressure-Low in anticipation of the
transients that would result from the closure of these
valves. The EOC-RPT decreases reactor power and aids the
reactor scram in ensuring that the MCPR SL is not exceeded
during the worst case transient.

Fast closure of the TGVs is determined by measuring the DEH
fluid pressure at each control valve. There is one pressure
switch associated with each control valve, and the signal
from each switch is assigned to a separate trip channel.
The logic for the TGV Fast Closure, Trip Oil Pressure-Low
Function is such that two or more TGVs must be closed

(continued)
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EOC-RPT. Instrumentation
B 3.3.4.1

BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

TGV Fast Closure, Trip Oil Pressure-Low (continued)

(pressure switch trips) to produce an EOC-RPT. This
Function must be enabled at THERMAL POWER > 30% RTP. This
is normally accomplished automatically by pressure switches
sensing turbine first stage pressure; therefore, opening of
the turbine bypass valves may affect this Function. Four
channels of TGV Fast Closure, Trip Oil Pressure-Low, with
two channels in each trip system, are available and required
to be OPERABLE to ensure that no single instrument failure
will preclude an EOC-RPT from this Function on a valid
signal. The TGV Fast Closure, Trip Oil Pressure-Low
Allowable Value is selected high enough to detect imminent
TGV fast closure.

This protection is required consistent with the analysis,
whenever the THERMAL POWER is > 30% RTP. Below 30% RTP, the
Reactor Vessel Steam Dome Pressure-High and the APRM -F-ixe-
Neutron Flux-High Functions of the RPS are adequate to
maintain the necessary safety margins. The turbine first
stage pressure/reactor power relationship for the setpoint
of the automatic enable is identical to that described for
TTV closure.

ACTIONS A Note has been provided to modify the ACTIONS related to
EOC-RPT instrumentation channels. Section 1.3, Completion
Times, specifies that once a Condition has been entered,
subsequent divisions, subsystems, components, or variables
expressed in the Condition, discovered to be inoperable or
not within limits, will not result in separate entry into
the Condition. Section 1.3 also specifies that Required
Actions of the Condition continue to apply for each
additional failure, with Completion Times based on initial
entry into the Condition. However, the Required Actions for
inoperable EOC-RPT instrumentation channels provide
appropriate compensatory measures for separate inoperable
channels. As such, a Note has been provided that allows
separate Condition entry for each inoperable EOC-RPT
instrumentation channel.

(continued)
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Recirculation Loops Operating
B 3.4.1

BASES

APPLICABLE
SAFETY ANALYSES

(continued)

the higher flow. While the flow coastdown and core response
are potentially more severe in this assumed case (since the
intact loop starts at a lower flow rate and the core
response is the same as if both loops were operating at a
lower flow rate), a small mismatch has been determined to be
acceptable (Ref. 2). The recirculation system is also
assumed to have sufficient flow coastdown characteristics to
maintain fuel thermal margins during abnormal operational
transients (Ref. 3), which are analyzed in Chapter 15 of the
FSAR.

I

A plant specific LOCA analysis has been performed assuming
only one operating recirculation loop. This analysis has
demonstrated that, in the event of a LOCA caused by a pipe
break in the operating recirculation loop, the Emergency
Core Cooling System response will provide adequate core
cooling, provided the APLHGR requirements are modified
accordingly (Ref. 4).

The transient analyses in Chapter 15 of the FSAR have also
been performed for single recirculation loop operation
(Ref., 4) and demonstrate sufficient flow coastdown
characteristics to maintain fuel thermal margins'during the

L|NSERT J normal operational transients analyzed provided the MCPR
reqrements are modified. The APLIHC and MCPR setpeint5
far- single leep apepratieon frc Speeified in the COLR.- :P~e
APRM fl•w bia-sd simulatcd th,•r,,al pwoer setpeint is in
LC0 3...1 Reactor Pretcctien System (RP-S)
inst .u..nt at• .. ..

Recirculation loops operating satisfies Criterion 2 of
Reference 5.

LCO Two recirculation loops are normally required to be in
operation with their flows matched within the limits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the
assumptions of the LOCA analysis are satisfied.

(continued)

I
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Recirculation Loops Operating
B 3.4.1

BASES

LCO
(continued)

APPLICABILITY

Alternately, with only one recirculation loop in operation,
modifications to the required APLHGR limits (LCO 3.2.1,
"AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR)"), a-4
MCPR limits (LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO
(MCPR)") must be applied to allow continued operation. I
In MODES 1 and 2, requirements for operation of the Reactor
Coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the limiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are
reduced and the coastdown characteristics of the
recirculation loops are not important.

ACTIONS A.1 and B.1

With both recirculation loops operating but the flows not
matched, the recirculation loops must be restored to
operation within 2 hours. If matched flows are not
restored, the recirculation loop with lower flow must be
declared "not in operation," as required by Required
Action A.1. This Required Action does not require tripping
the recirculation pump in the lowest flow loop when the
mismatch between total jet pump flows of the two loops is
greater than the required limits. However, in cases where
large flow mismatches occur, low flow or reverse flow can
occur in the low flow loop jet pumps, causing vibration of
the jet pumps. If zero or reverse flow is detected, the
condition should be alleviated by changing pump speeds to
re-establish forward flow or by tripping the pump.

(continued)
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INSERT J:
Duif ingle-reeireula6ion-loop-operat-ien,-modifieat-ion-to-the-Reaetor-P-rteet-ion-System
(lRPS'V -aerage-pover-range-monitor-(A-PRM-)-instrumment-setpoi~nts-is-aiis-required-to
aeeou- t-fr-the-different--relýationships-between-reeiedulation-dri've--fow-and-reaetor-eore
flow•- -he-A-PL-HGR-and-MC-P-R-limits-for-single-loep-oper-ation-are-speeified-in-the
GObR The AP-Rý4-Simulated-Thermal-Power--H-igh-Atlowable-Value-is-in-lC0---l-3l
'Reaett r-Proteet-ion-Systern-(-PcS-)-Instrumentatior.''

INSER J.1:
(MCPR "), and APRM Simulated Thermal Power - Upscale Allowable Value (LCO
3.3.1.1) Au-be-applied-to-allow-eontinued-operation-

The APLHGR and MCPR limits for single loop operation are specified in the COLR.
During single recirculation loop operation, modification to the Reactor Protection
System(RPS) average power range monitor (APRM) instrument setpoints is also
required to account for the different relationships between recirculation drive flow
and reactor core flow. The APRM Simulated Thermal Power - High Allowable Value
is in LCO 3.3.1.1, "Reactor Protection System (RPS) Instrumentation."



Recirculation Loops Operating
B 3.4.1

BASES

ACTIONS A.1 and B.1 (continued)

With the requirements of the LCO not met for reasons other
than Condition A (e.g., one loop is "not in operation"), the
recirculation loops must be restored to operation with
matched flows within 4 hours. A recirculation loop is
considered not in operation when the pump in that loop is
idle or when the mismatch between total jet pump flows of
the two loops is greater than required limits for greater
than 2 hours (i.e., Required Action A.1 has been taken).
Should a LOCA occur with one recirculation loop not in
operation, the core flow coastdown and resultant core
response may not be bounded by the LOCA analyses.
Therefore, only a limited time is allowed to restore the
inoperable loop to operating status. limitsandRPS 99

setpoints,
Alternatively, if the single loo equiremen s o CO
are applied to operating limflits, operation with only one
recirculation loop would satisfy the requirements of the LCO
and the initial conditions of the accident sequence.

The 2 and 4 hour Completion Times are based on the low
probability of an accident occurring during this time
period, on a reasonable time to complete the Required
Action, and on frequent core monitoring by operators
allowing abrupt changes in core flow conditions to be
quickly detected.

C.1

With the Required Action and associated Completion Time of
Condition A or B not met, the unit is required to be brought
to a MODE in which the LCO does not apply. To achieve this
status, the plant must be brought to MODE 3 within 12 hours.
In this condition, the recirculation loops are not required
to be operating because of the reduced severity of DBAs and
minimal dependence on the recirculation loop coastdown
characteristics. The allowed Completion Time of 12 hours is
reasonable, based on operating experience, to reach MODE 3
from full power conditions in an orderly manner and without
challenging plant systems.

(continued)

Columbia Generating Station B 3.4.1-5 Revision 56



Recirculation Loops Operating
B 3.4.1

BASES (continued)

SURVEILLANCE SR 3.4.1.1
REQUIREMENTS

This SR ensures the recirculation loop flows are within the
allowable limits for mismatch. At low core flow (i.e.,
< 70% of rated core flow, 75.95 x 106 lbm/hr), the MCPR
requirements provide larger margins to the fuel cladding
integrity Safety Limit such that the potential adverse
effect of early boiling transition during a LOCA is reduced.
A larger flow mismatch can therefore be allowed when core
flow is < 70% of rated core flow.

The mismatch is measured in terms of percent of rated
recirculation loop drive flow. If the flow mismatch exceeds
the specified limits, the loop with the lower flow is
considered not in operation. This SR is not required when
both loops are not in operation since the mismatch limits
are meaningless during single loop or natural circulation
operation. The Surveillance must be performed within
24 hours after both loops are in operation. The 24 hour
Frequency is consistent with the Frequency for jet pump
OPERABILITY verification and has been shown by operating
experience to be adequate to detect off normal jet pump loop
flows in a timely manner.

REFERENCES 1. FSAR, Sections 6.3 and 15.6.

2. FSAR, Section 6.3.3.7.2.

3. FSAR, Section 5.4.1.

4. FSAR, Section 6.8A.1-

5. 10 CFR 50.36(c)(2)(ii).
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SDM Test-Refueling
B 3.10.8

BASES

APPLICABLE
SAFETY-ANALYSES

(continued)

CRDA analyses assume that the reactor operator follows
prescribed withdrawal sequences. For SDM tests performed
within these defined sequences, the analysis of Reference 1
is applicable. However, for some sequences developed for
the SDM testing, the control rod patterns assumed in the
safety analysis of Reference I may not be met. Therefore,
special CRDA analyses, performed in accordance with an NRC
approved methodology, are required to demonstrate that the
SDM test sequence will not result in unacceptable
consequences should a CRDA occur during the testing. For
the purpose of this test, the protection provided by the
normally required MODE 5 applicable LCOs, in addition to the
requirements of this LCO, will maintain normal test
operations as well as postulated accidents within the bounds
of the appropriate safety analysis (Ref. 1). In addition to
the added requirements for the Rod Worth Minimizer (RWM),
APRM, and control rod coupling, the notch out mode is
specified for out of sequence withdrawals. Requiring the
notch out mode limits withdrawal steps to a single notch,
which limits inserted reactivity, and allows adequate
monitoring of changes in neutron flux, which may occur
during the test.

As described in LCO 3.0.7, compliance with Special
Operations LCOs is optional, and therefore, no criteria of
Reference 2 apply. Special Operations LCOs provide
flexibility to perform certain operations by appropriately
modifying requirements of other LCOs. A discussion of the
criteria satisfied for the other LCOs is provided in their
respective Bases.

LCO As described, in LCO 3.0.7, compliance with this Special
Operations LCO is optional. SDM tests may be performed
while in MODE 2, in accordance with Table 1.1-1, without
meeting this Special Operations LCO or its ACTIONS. For SDM
tests performed while in MODE 5, additional requirements
must be met to ensure that adequate protection against
potential reactivity excursions is available. To provide
additional scram protection, beyond the normally required
IRMs, the APRMs are also required to be OPERABLE

I " l 2 d. . • re w(LCO 3.3.1.1, Functions 2 ;.a • .4) as though the reactor
la,2'were in DE 2. Because multiple control rods will be

withdrawn and the reactor will potentially become critical,
the approved control rod withdrawal sequence must be
enforced by the RWM (LCO 3.3.2.1, Function 2, MODE 2), or

(continued)
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SDM Test- Refueling
B 3.10.8

BASES (continued)

SURVEILLANCE
REQUIREMENTS

SR 3.10.8.1. SR 3.10.8.2. and SR 3.10.8.3 've, r- -

LCO 3.3.1.1, Functions 2.n 3nd 2.t, made applicable in this
Special Operations LCO, are required to have applicable
Surveillances met to establish that this Special Operations
LCO is being met (SR 3.10.8.1). However, the control rod
withdrawal sequences during the SDM tests may be enforced by
the RWM (LCO .3.3.2.1, Function 2, MODE 2 requirements) or-by
a second licensed operator (Reactor Operator or Senior
Reactor Operator) or other qualified member of the technical
staff. As noted, either the applicable SRs for the RWM
(LCO 3.3.2.1) must be satisfied according to the applicable
Frequencies (SR 3.10.8.2), or the proper movement of control
rods must be verified (SR 3.10.8.3). This latter
verification (i.e., SR 3.10-.8.3) must be performed during
control rod movement to prevent deviations from the
specified sequence. These Surveillances provide adequate
assurance that the specified test sequence is being
followed.

*0'

SR 3.10.8.4

Periodic verification of the administrative controls
established by this LCO will ensure that the reactor is
operated within the-bounds of the safety analysis. The
12 hour Frequency is intended to provide appropriate
assurance that each operating shift is aware of and verifies
compliance with these Special Operations LCO requirements.

SR 3.10.8.5

Coupling verification is performed to ensure the control rod
is connected to the control rod drive mechanism and will
perform its intended function when necessary. The
verification is required to be performed any time a control
rod is withdrawn to the "full-out" notch position or prior
to declaring the control rod OPERABLE after work on the
control rod or CR0 System that could affect coupling. This
Frequency is acceptable, considering the low probability
that a control rod will become uncoupled when it is not
being moved as well as operating experience related to
uncoupling events.

(continued)
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Definitions
1.1

1.1 Definitions (continued)

MINIMUM CRITICAL POWER
RATIO (MCPR)

MODE

OPERABLE- OPERABILITY

PHYSICS TESTS

The MCPR shall be the smallest critical power
ratio (CPR) that exists in the core for each class
of fuel. The CPR is that power in the assembly
that is calculated by. application of-the
appropriate correlation(s) to cause some point in
the assembly to experience boiling transition,
divided by the actual assembly operating -power.

A MODE shall correspond to any one inclusive
combination of mode switch position, average
reactor coolant temperature, and reactor vessel
head closure.bolt tensioning specified in
Table 1.1-1 with fuel in the reactor vessel.

A system, subsystem, division, component, or
device shall be OPERABLE or have OPERABILITY when
it is capable of performing its specified safety
function(s) and when all necessary attendant
instrumentation, controls, normal or emergency
electrical power, cooling and seal water,
lubrication, and other auxiliary equipment that
are required for the system, subsystem, division,
component, or device to perform its specified
safety function(s) are also capable of performing
their related support function(s).

PHYSICS TESTS shall be those tests performed to.
measure the fundamental nuclear characteristics of
the reactor core and related instrumentation.
These tests are:

a. Described in Chapter 14, Initial Test Program
of the FSAR;

b. Authorized under the provisions of
10 CFR 50.59; or

c. Otherwise approved by the Nuclear Regulatory
Commission.

I

(continued)
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Definitions
1.1

1.1 Definitions (continued)

RATED THERMAL POWER
(RTP)

REACTOR PROTECTION
SYSTEM (RPS) RESPONSE
TIME*

SHUTDOWN MARGIN (SDM)

RTP shall be a total reactor core heat transfer
rate to the reactor coolant of 3486 MWt.

The RPS RESPONSE TIME shall be that time interval
.from when the monitored parameter exceeds its RPS
•trip setpoint at the channel sensor until
de-energization of the scram pilot valve
solenoids. The response time may be measured by
means of any series of sequential, overlapping, or
total steps so that the entire response time is
measured.

SDM shall be the amount of' reactivity by which the
reactor is subcritical or would be-subcritical.ý
assuming that:

a. The reactor is xenon free;

b. The moderator temperature is 68 0 F; and

c. .All control rods are fully inserted except for
the single control rod of highest reactivity
worth, which is assumed to be fully withdrawn.
With control rods .notlicapable of being fully
inserted, the reactivity worth of these.
control rods must be accounted for in the
determination of SDM.

A STAGGERED TEST BASIS shall consist of the
testing of one of the systems, subsystems,
channels, or other designated components. during
the interval specified by the Surveillance
Frequency, so that all systems, subsystems,
channels, or other designated components are
tested during n Surveillance Frequency intervals,
where n is the total number of systems,
subsystems, channels, or other designated
components in the associated function.

THERMAL POWER shall be the, total reactor core heat
transfer rate to the reactor coolant.

STAGGERED TEST BASIS

THERMAL POWER

(continued)
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SLC System
3.1.7

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.7.5 Verify each SLC subsystem manual and power 31 days
operated valve in the flow path that is not
locked, sealed, or otherwise secured in
position, is in the correct position or can
be aligned to the correct position.

SR 3.1.7.6 Verify each pump develops a flow ra~te In accordance
> 41.2 gpm at a discharge pressure with the
> 1220 psig. dInservice

Testing Program

SR 3.1.7.7 Verify flow through one SLC subsystem from 24 months on a
pump into reactor pressure vessel. STAGGERED TEST

BASIS

SR 3.1.7.8 Verify all heat traced piping between 24 months
storage tank and pump suction valve is
unblocked. AND

Once within.
24 hours after
sol uti on
temperature is
restored within

the limits of
Figure 3.1.7-.1

SR 3.1.7.9 Verify sodium pentaborate enrichment is Prior to
> 44.0 atom percent B-10. addition to SLC

Tank

Columbia Generating Station 3.1.7-3 JýAQ I rrlAmendment No.



SLC System
3.1.7
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Figure 3.1.7-1 (Page 1 of 1)
Sodium Pentaborate Solution Temperature/Concentration Requirements
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RPS Instrumentation
3.3.1.1

3.3 INSTRUMENTATION

3.3.1.1 Reactor Protection System (RPS) Instrumentation

LCO 3.3.1.1

APPLICABILITY:

The RPS instrumentation for each Function in Table 3.3.1.1-1
shall be OPERABLE.

According to Table 3.3.1.1-1.

ACTIONS

------------------------------------- NOTE-------------------
Separate Condition entry is allowed for each channel.*
.............................................................

CONDITION REQUIRED ACTION COMPLETION TIME

A. One or more required A.1 Place channel in 12 hours
channels inoperable, trip.

OR

A.2 --------- NOTE-------
Not applicable for
Functions 2.a, 2.b,
2.c, 2.d, or 2.f.

Place associated trip 12 hours

system in trip.

(continued)
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RPS Instrumentation
3.3.1 .'1

ACTIONS

CONDI-TION REQUIRED ACTION COMPLETION TIME

B. --------- NOTE --------- B.1 ,Place channel in bne 6 hours
Not applicable for trip system in tirip.
Functions 2.a, 2.b,,:
2. c 2.d, or 2.f. OR

B.2 Place one trip sy tem 6 hours
One or morfe •Functions fn trip.
with one or more
requi red c h nrlý s h s
inoperable in *"bot h
trip system's .

C. One or mor•Func.ions C.1 Restore RPS trip I hour

with RPSttrip" capability,.
capability not
ma i nta i ned.:

D. Re'qu-ired Ac,!tjion and, D.1 Enter the Condition Immediately
a s soc i ate'd-C"Cormpl et i!on referenced in
Time~of.Condition A, Table 3.3.11-1 for
B, o rý C nd6t met. the. channel.

E. Asrequired by E.1 Reduce THERMAL POWER 4 hours
Required Action D.1 to < 30% RTP.

and referenced.,in .
Table 3.3.1.1-1.

F. As required by F.1 Be in MODE 2. 6 hours
Required Action D.1 .

and'referenced in
Table 3.3.1.1-1.

(continued),
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RPS Instrumentation
j.3.1.1

ACTIONS-

CONDITION REQUIRED ACTION COMPLETION TIME

G. As required by G.1 Be in MODE 3. 12 hours
Required Action D.1
and referenced in
Table 3.3.1.1-1.

H. As required by H.1 Initiate action to Immediately
Required Action D.1 fully insert all
and referenced in insertable control
Table 3.3.1.1-1. rods in core cells

containing one or
more fuel assemblies.

I. As required by 1.1 Initiate alternate 12 hours
Required Action D.1 method to detect and
and referenced in suppress thermal
Table 3.3.1.1-1. hydraulic instability

oscillations.

AND

1.2 ----------NOTE-------
LCO 3.0.4 is not
applicable

Restore required 120 days
channels to OPERABLE.

J. Required Action and J.1 Reduce THERMAL POWER 4 hours
associated Completion to less than the
Time of Condition I value specified in
not met. the COLR.

Columbia Generating Station 3.3.1.1-3 Amendment No. 149,169



RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

------------------------ NOTES----------------------------------
1. Refer to Table 3.3.1.1-1 to determine which SRs apply for each RPS

Function.

2. When a channel is placed in.an inoperable status solely for performance of
required Surveillances, entry into associated Conditions and Required
Actions may be delayed for up to 6 hours provided the associated Function
maintains RPS tripkcapability.

SURVEI LLANCE: FREQUENCY-,

SR 3.3.1.1.1 Perform CHANNEL CHECK. 12 hours

SR 3.3.1.1.2 -------------------- NOTE -------.------------
Not required to be performed until 12
hours after THERMAL POWER > 25% RTP.

Verify the absolute difference between 7 days
the average power range monitor (APRM)
channels and the calculated power
< .2% RTP while operating at > 25% RTP.

SR 3.3.1.1.3 -NOTE------------------
Not required to be performed when
entering MODE 2 from MODE 1 until
12 hours after entering MODE 2.

Perform CHANNEL FUNCTIONAL TEST. 7 days

SR 3.3.1.1.4 Perform CHANNEL FUNCTIONAL TEST. 7 days

(continued)

I
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.1.1.5 Verify the source range monitor.(SRM) and Prior to
intermediate range, monitor (IRM) channels withdrawing
overlap. SRMs from the

fully inserted
position

SR 3.3.1.1.6 NOTE------------------
Only required to b'e met during entry into
MODE 2 from MODE 1.

Verify the IRM and APRM channels overlap. 7 days

SR 3.3.1.1.7 Calibrate the local power range monitors. 1130 MWD/T
average core
exposure

SR 3.3.1.1.8 Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.1.1.9 Deleted

(continued)

II
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RPS SInstrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS,,

SU'RVEILLANCE FREQUENCY

SR 3.3.1.1.10 ------------------- NOTES ------------------
1. Neutron detectors are excluded.

2. For Function 1, not required to be
performed when entering MODE 2 from
MODE 1 until .12 hours after entering
MODE 2.

3. For Functions 2.b and 2.f, the
recirculation flow 'transmitters that
feed the APRMs are included.

PerformCHANNEL CALIBRATION. 18 months. for
Functions 1, 3,
4, 6, 7, and.9
through 11

AND*

24 months for
Functions 2, 5,
and 8

SR 3.3.1.1.11 Deleted.

SR 3.3.1.1.12 Verify Turbine Throttle Valve-Closure, 18 months
and Turbine Governor Valve Fast Closure
Trip Oil Pressure-Low Functions are not
bypassed when THERMAL POWER is > 30% RTP.

SR 3.3.1.1.13 Perform CHANNEL FUNCTIONAL TEST. 24 months

(contihued)

I
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.1.1.14 Perform LOGIC SYSTEM FUNCTIONAL TEST. 24 months

SR 3.3.1.1.15 -------------------NOTES -------------------
1. Neutron detectors are excluded.

2. Channel sensors for Functions 3 and 4
are excluded.,

3. for Function 5, "n" equals, 4 channels
for the purpose of determining the
STAGGERED TEST BASIS Frequency.

4. For Function 2.e, "n" equals 8
channel~s for the purpose of
determining the STAGGERED TEST BASIS
Freteqncy. Testing of APRM and OPRM
out 0uts' shall alternate.

Verify the RPS RESPONSE TIME is within 24 months on a
limits. STAGGERED TEST

BASIS

SR 3.3.1,1.16 ------------------- NOTE -------------------
1. For Function.2.a, not required to be

performed when entering MODE 2 from
MODE 1 until 12 hours after entering
MODE 2.

2. For Functions 2.b and 2.f, the
CHANNEL FUNCTIONAL TEST includes the
recirculation flow input processing,
excluding the flow transmitters.

Perform CHANNEL FUNCTIONAL TEST. 184 days

(continued)
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RPS Instrumentation
3.3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.1.1.17 Verify the Oscillation Power Range
Monitor (OPRM) is not bypassed when APRM
Simulated Thermal Power is greater than
or equal to the value specified in the
COLR

AND

recirculation drive flow is less than the
value specified in the COLR.

24 months

Columbia Generating Station 3.3.1.1-8 Amendment No. 149,169



RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

1. Intermediate Range
Monitors

a. Neutron 2 3 G SR 3.3.1.1.1 < 122/125
Flux- High SR 3.3.1.1.3 divisions of

SR 3.3.1.1.5 full scale
SR 3.3.1.1.6
SR 3.3.1.1.10
SR 3.3.1.1.14

5 (a) 3 H SR 3.3.1.1.1 < 122/125

SR 3.3.1.1.4 divisions of
SR 3.3.1.1.10 full scale
SR 3.3.1.1.14

b. Inop 2 3 G SR 3.3.1.1.3 NA

SR 3.3.1.1.14

5 (a) 3 H SR 3.3.1.1.4 NA

SR 3.3.1.1.14

2. Average Power Range
Monitors

a. Neutron 2 3 (b) G :SR 3.3.1.1.1 20% RTP
Flux - High SR 3.3.1.1.6
(Setdown) SR 3.3.1.1.7

SR 3.3.1.1.10
SR 3-3.1.1.16

b. Simulated I 3 (b) F SR 3.3.1.1.1 < 0.63W +
Thermal SR 3.3.1.1.2 64.0% RTP
Power- High SR 3.3.1.1.7 and < 114.9%

SR 3.3.1.1.10 RTP Cc)
SR 3.3.1.1.16

(continued)

(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.

(b) Each APRM/OPRM channel provides inputs to both trip systems.

(c) < 0.63W + 60.8% RTP and < 114.9% RTP when reset for single loop operation per LCO 3.4.1,
"Recirculation Loops Operating."

Columbia Generating Station 3.3.1.1-9 Amendment No.



RPS Instrumentation
3.3.1.1

Table 3.3.1.1-1 (page 2 of 3)"
Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

2. Average. Power Range
Monitors (continued)

c. Neutron 1 3 (b) F SR 3.3.1.1.1 < 120% RTP
Flux - High SR 3.3.1.1.2

SR 3.3.1.1.7
SR .3.3.1.1.10(d)(e)
SR 3.3.1.1.16-

d. Inop 1,2 3 (b) G SR .3.3.1.1.16 M A,

e. 2-Out-of-4 1,2 2 G SR 3.3.1.1.1' NA
Voter SR: 3.3.1.1.14

SR 3.3.1.1.15
SR 3.-3:1.1.16

f. OPRM Upscale 1(f) 3 (b) I SR 3.3.1.1.1 NA (g)
SR 3.3.1.1.7
SR 3.3.1.1.10
SR 3.3.1.1.16
SR 3.3.1.1.17

3. Reactor Vessel Steam 1,2 2 G SR 3.3.1.1.8 < 1079 psig
Dome Pressure -,High SR 3.3.1.1.10

SR 3.3.1.1.14

SR 3.3.1.1.15

4. Reactor Vessel Water 1,2 2 G SR 3.3.1.1.1 > 9.5 inches
Level - Low, Level 3 SR 3.3.1.1.8

SR 3.3.1.1.10
SR 3.3.1.1.14
SR 3.3.1.1.15

5. Main Steam Isolation 1 8 F SR 3.3.1.1.8 < 12.5%
Valve -Closure SR 3.3.1.1.10 closed

SR 3.3.1.1.14
SR 3.3.1.1.15

(continued)

(b) Each APRM/OPRM channel provides inputs to both trip systems.

(d) If the as-found channel setpoint is not the Nominal Trip Setpoint but is conservative to the
Allowable Value, then the channel shall be evaluated to verify that it is functioning as requi.red
before returning the channel to service.

(e) The instrument channel setpoint shall be reset to the Nominal Trip Setpoint-at the completion of
the surveillance; otherwise, the channel shall be declared inoperable. The Nominal. Trip
Setpoint, and the methodology used to determine this value, is specified in the Licensee
Controlled Specifications.

(fM When greater than the RTP value specified in the COLR.

(g) The OPRM Upscale does not have an Allowable Value. The Period Based Detection Algorithm (PBDA)
trip setpoints are specified in the COLR.

Columbia Generating Station 3.3.1.1-10 Amendment No.



RPS Instrumentation
3.3.1.1

Table 3.3.1.1-I (page 3 of 3) .

Reactor Protection System Instrumentation

APPLICABLE CONDITIONS
MODES OR REQUIRED REFERENCED

OTHER CHANNELS 'FROM
SPECIFIED PER TRIP REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

11
6. Primary Containment

Pressure - High

7. Scram Discharge
Volume Water
Level - High

a. Transmitter/Trip
Unit

1,2 2 G SR
SR
SR

3.3.1.1.8
3.3.1.1. 10
3.3.1.1.14

< 1.88 psig

1.2

5 (a)

1,2

5 (a)

2

2,

2

G SR
SR
SR

H SR
SR
SR

G SR
SR
SR

b. Float Switch

2 SR
SR
SR

3.3.1.1.8
3.3.1.1.10
3.3.1.1.14

3.3.1.1.8
3.3.1.1.10
3.3.1.1.14

3.3.1.1.8
3.3.1.1.10
3.3.1.1.14

3.3.1.1.8
3.3.1.1.10
3.3.1.1.14

3.3.1.1.8
3.3.1.1.10
3.3.1.1.12
3.3.1.1.14
3.3.1.1.15

3.3.1.1.8
3.3.1.1.10
3. 3. 1'..112
3.3'.1.1.14
3.3.1.1.15

< 529 ft
9 inches
elevation

< 529 ft 9
inches elevation

< 529 ft
9 inches
elevation

< 529 ft
9 inches
elevation

8. Turbine Throttle
Valve - Closure

9. Turbine Governor
Valve Fast Closure,

Trip Oil '

Pressure - Low

10. Reactor Mode

Switch- Shutdown
Position

11. Manual Scram

> 30%RTP 4 E SR
SR
SR
SR
SR

E SR
SR
SR
SR
SR

< 7% closed

> 1000 psig> 30% RTP 2

1,2

5 (a)

2

2

2

2

G SR 3.3.1.1.13
SR -3.3.1.1.14

H SR 3:3.1.1.13
SR 3.3.1.1.14

G SR 3.3.1.1.4
SR 3.3.1.1.14

H SR 3.3.1.1.4
SR 3.3.1.1.14

NA

NA

NA

NA5 (a)

(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.
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Control, Rod ,Block Instrumentation
3.3.2.1

ACTIONS S_ _,,

CONDITION REQUIRED ACTION COMPLETION TIME

E. One or more Reactor E.i I Suspend control rod immediately
Mode Switch.- Shutdown withdrawal.
Position channels
inoperable. AND

E.2 Initiate action to Immediately
fully insert all
insertable control
rods in core cells
containing one or-
morefuel assemblies.

SURVEI,LLANCE REQUIREMENTS

1. Refer to Table 3.3.2.1.
Block Function.

N----------NOTES ---------- ---------- ...
1 to determine which SRs apply for each Control Rod

2. When an RBM channel is placed in an inoperable status solely for
performance of required Surveiillances, entry into associated Conditions
and',:Required Actions may be delayed for up to 6 hours provided the
associated Function maintains control rod block capability.

SURVEILLANCE FREQUENCY

SR 3.3.2.1.1 Perform CHANNEL FUNCTIONAL TEST. 184 days

(continued)

I
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Control Rod Block Instrumentation
3.3.2.1

SURVEILLANC E REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.3.2.1.2 ------------------- NOTE------------------
Not required to be performed until 1 hour
after any control rod is withdrawn at
< 10% RTP in MODE 2.

Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.2.1.3 -------------------- NOTE------------------
Not required to be performed until 1 hour
after THERMAL POWER is < 10% RTP in
MODE 1.

Perform CHANNEL FUNCTIONAL TEST. 92 days

SR 3.3.2.1.4 -------------------NOTE------------------
Neutron detectors are excluded.

Verify the RBM is not bypassed: 24 months

a. Low. Power Range - Upscale Function is
not bypassed when APRM Simulated
Thermal Power is > 28% and < 63% RTP
and a peripheral control rod is not
selected.

b. Intermediate Power Range - Upscale
Function is not bypassed when APRM
Simulated Thermal Power is > 63% and
< 83% RTP and a peripheral control
rod is not selected.

c. High. Power Range - Upscale Function
is not bypassed when APRM Simulated
Thermal Power is > 83% RTP and a
peripheral control rod is not
selected.

(continued)
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Control Rod Block Instrumentation
3.3.2.1

SURVEILLANCE REQUIREMENTS ....

SURVEILLANCE, FREQUENCY

SR 3.3.2.1.5 -------------------NOTE------------------
Neutron detectors are excluded.

Perform CHANNEL CALIBRATION.; 24 months

SR 3.3.2.1.6 Verify the RWM is not bypassed when 24 months
THERMAL POWER is < 10% RTP.

SR 3.3.2.1.7 ------------------- NOTE------------------
Not required to be performed until 1 hour
after reactor mode switch is in the
shutdown position.

Perform CHANNEL FUNCTIONAL TEST. 24 months

SR 3.3.2.1.8 Verify control rod sequences input to the Prior to
RWM are in conformance with BPWS. declaring RWM

OPERABLE
following
loading of

sequence into
RWM

I
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Contro'l Rod Block Instrumentation
3.3.2.1.

Table 3.3.2.1-1 (page 1 of 2)
Control Rod Block Instrumentation

.I

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS CHANNELS REQUIREMENTS VALUE

1. Rod Block.Monitor

a. Low Power Range - (a 2 SR 3.3.2.1.1 (f)
Upscale SR 3.3.2.1.4

SR 3.3.2.1.5(g)(h)

b. Intermediate Power (b 2 SR 3.3.2.1.1 (f)
Rang'e-- -Upscale SR 3.3,2.,1.4

SR 3.3.2.1.5(g)(h)

c. High Power Range - (c) 2 SR 3;3.32.1.1 (f)
Upscale SR 3.3:2.1.4

SR 3..3.2.1.5(g)(h)

d. Inop (a),(b) (c) 2 SR 3.3.2.1.1 NA

2. Rod Worth Min'imizer 1(d 2(d 1 SR 3.3.2.1.2 NA
SR 3.3.2."1.3
S• R 3.3.2.1.6
SR 3.3.2.1.8

(continued)..

(a) APRMSimulated. Thermal Power is > 28% and < 63% RTP and MCPR is less than the limit
specified in the COLR and no peripheral control rod selected.

(b) APRM Simulated Thermal Power is > 63% and < 83% RTP and MCPR is less than the limit
specified in the COLR and no peripheral control rod selected.

(c) APRM Simulated Thermal Power is > 83% and MCPR is less than the limit specified in
COLR and no peripheral control rod selected.

(d) With THERMAL POWER < 10% RTP.

(f) Allowable Value specified in the COLR.

(g) If the as-found channel setpoint is not the Nominal Trip Setpoint but is conservative
to the Allowable Value, then the channel shall be evaluated to verify that it is
functioning as required before returning the channel to service.

(h) The instrument channel setpoint shall be reset to the Nominal Trip Setpoint at the
completion of the surveillance; otherwise, the channel shall be declared inoperable.
The Nominal Trip Setpoint, and the methodology used to determine this value, is
specified in the Licensee Controlled Specifications.
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Control Rod Block Instrumentati~on
3.3.2.1

Table 3.3.2.1-1 (page 2 of 2)
Control Rod Block Instrumentation

APPLICABLE
MODES OR

OTHER
SPECIFIED REQUIRED SURVEILLANCE ALLOWABLE

FUNCTION CONDITIONS CHANNELS REQUIREMENTS VALUE

3. Reactor Mode Switch- e) 2 SR 3.3.2.1.7 NA
Shutdown Position

,,j

(e) Reactor mode switch in the shutdown position. I

Columbia Generating Station 3.3.2.1-7 Amendment No.



Recirculation Loops Operating
3.4.1,

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 RecirculationLoops Operating

LCO 3.4.1 Two recirculation loops with matched flows shall be in
operation.

OR

One recirculation loop shall be in operation provided that
the following limits are applied when the associated LCO is
applicable:

a. LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)," single loop operation limits specified in the
COLR;

b. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)," single
loop operation limits specified in the COLR; and

c. LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation," Function 2.b (Average Power Range
Monitors, Simulated Thermal Power - High), Allowable
Value of Table 3.3.1.1-1 is reset for single loop
operation.

I

APPLICABILITY: MODES 1 and 2.

ACTIONS,

CONDITION REQUIRED ACTION COMPLETION TIME

A. Recirculation loop A.1 Declare the 2 hours
flow mismatch not recirculation loop
within limits, with lower flow to be

"not in operation."

B. Requirements of the B.1 Satisfy the 4 hours
LCO not met for requirements of the
reasons other than LCO.
Condition A.

Columbia Generating Station 3.4.1-1 Amendment No. 149,169,1ý1-



Recirculation Loops Operating
3.4.1

CONDITION REQUIRED ACTION COMPLETION TIME

C. Required Action and C.1 Be in MODE 3. 12 hours
associated Completion
Time of Condition A or
B not met.

OR

No recirculation loops
in operation.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.1.1 -------------------- NOTE-------------------
Not required to be performed until 24 hours
after both recirculation loops are in
operation.

Verify recirculation loop drive flow 24 hours
mismatch with both recirculation loops in
operation is:

a. < 10% of rated recirculation loop
drive flow when operating at < 70% of
rated core flow; and

b. < 5% of rated recirculation loop dri.ve
flow when operating at > 70%: of rated
core flow.

I
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SDM Test -Refueling
3 . 10. 8

3.10 SPECIAL OPERATIONS

3.10.8 SHUTDOWN MARGIN (SDM) Test-Refueling

LCO 3.10.8 The reactor mode switch position specified in Table..1.1-1
for MODE 5 may be changed to include the startup/hot standby
position, and operation considered not to be in MODE 2, to
allow SDM testing, provided thIe'following requirements are
met:

a. LCO 3A.1.1, "Reactor Protection System
Instrumentation," MODE.2,. requirements for Function 2.a,
2.d, and 2.e of Table. 3.3.1.1-1;

b. 1. LCO.3..3.2.1, 'Cont.rol Rod Block Instrumentation,"
..MODE 2-; requirements' for Function 2 of

'Ta 1,ble 3.3.2.1-1i, wiýh banked position withd:rawal
..'sequence requirements of .SR.3.2..3 8 changed to
reouire the control rod" sequence to conform to the
SDWMtest sequence,,

2. Conformance to the. approved co~ntrol rod sequence for
• `the("SDM testis verified by a second licensed

operator or other qualified member of the technical
staff;

c. Each withdrawn control rod shall be coupled to the
associated control rodidrive (CRD);

d. All control rod withdrawals during out of sequence
control rod moves shall be made in notch out mode;

e. No other CORE ALTERATIONS are in progress; and

f. CRD charging water header pressure Ž 940 psig.

APPLICABILITY: MODE 5 with the reactor mode switch in startup/hot standby
position.
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SDM Test-Refu*]ing
3.10.8

ACT IONS . .. .. _ _ __...... ..

CONDITION REQUIRED ACTION COMPLETION TIME

------- NOTE--------- -------------- NOTE------------

Separate Condition entry Rod worth minimizer may be
is allowed for each bypassed as allowed by LCO'
control rod. 3.3.2.1, "Control Rod Block

- - - -- Instrumentation,'. if
required, to allow insertion

A. One or more dontrol of inoperable control rod and
rods nof 6buple'd to continued operation.
its associated CRD. --....... - --- - ---- ....

A.1 Fully. insert' 3 hours
inopera~ble •control
rod.

AND

A.2 Disarm the associated 4 hours
CRD.

B. One or more of the B.1 Place the reactor Immediately
above requirements not mode switch in the
met for reasons other shutdown or refuel
than Condition A. position.
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SDM Test-Refueling,
3.10.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.10.8.1 Perform the MODE 2 applicable SRs for According to
LCO 3.3.1.1, Functions 2.a, 2.d, and 2.e of the applicable
Table 3.3.1.1-1. SRs

SR 3.10.8.2 -------------------- NOTE-------------------
Not required to be met if SR 3.10.8.3
satisfied.

Perform the MODE 2 applicable SRs for According to
LCO 3.3.2.1, Function 2 of Table 3.3.2.1-1. the applicable

SRs

SR 3.10.8.3 --------- ----------NOTE-------------------
Not required to be met if SR 3.10.8.2
satisfied.

Verify movement of control rods is in During control
compliance with 'the approved control rod rod movement
sequence for the SDM test by a second
licensed operator or other qualified member
of the technical staff.

SR 3.10.8.4 Verify no other CORE ALTERATIONS are in 12 hours
progress.

(continued)

I
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SDM Test-Refueling
3.10.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.10.8.5 Verify each withdrawn control rod does not Each tihe the
go to the withdrawn overtravel position. control' *rod is

withdrawn to
"full out"
position

AND

Prior to

satisfying
LCO 3.10.8.c
requirement
after work on
control trod or
CRD System that
could affect
coupling

SR 3.10.8.6 Verify CRD ,charging water header. pressure 7 days
> 940 psig.

Columbia Generating Station 3.10.8-4 Amendment No. 4-44 1691



Reporting Requirements
5.6

5.0 ADMINISTRATIVE C'NTROLS

5.6 Reporting Requirements

The following reports shall be submitted in accordance with 10 CFR 50.4.

5.6.1 Annual Radiological Environmental OperatinQ Report .

The Annual Radiological Environmental Operating Report covering
the operation,zof the unit during the previous calendar year shall
be submitted by May 15 of each year. The report shall include
summa.ries, interpretations, and analyses of trends of the results
of the Radiological Environmental Monitoring Program for the
reporting-period. The materJial provi:.ded'shall be consistent with
the obe jcti ves outlined, in the'Offsit#. Dose CaIcul'atioh' Manual
(ODCM)-,.•and in 10 CFR 50, Appendix I, ýSections IV.B.2, IV.B.3,
and IV.C.

The.An. nual Radiological Environrmental Op'erating Report shall
include the' results of analyses of all radiological environmental
samples and of.all environmental radiation' measurements taken
during the*.period pursuant to the locations, specified in'the table
land figures in the ODCM'; as well as summarized and tabulated
results of these analyses and measurements in'the format of the
table in the Radiological Assessment B'ra'nch Technical Position,
Revision 1, NOvember 1979. In the ,event that some individual
reesults..are not. available for inclusion with the report, the.
report shall be submitted noting and explaining the reasons for
the missing results. The missing data shall be submitted in a
supplementary report as soon as possible.

5.6.2 Radioactive Effluent Release.Report

The Radioactive Effluent Release Report covering the operation of
the unit shal,l be submitted in accordance with 10 CFR 50.36a. The
report shall'include a summary of the quantities of radioactive
liquid and gaseous effluents and solid waste released from the
unit. The material provided shall be consistent with the
objectives outlined in the ODCM and the Process Control
Program and in conformance with 10 CFR 50.36a and 10 CFR 50,
Appendix I, Section IV.B.1.

(continued)
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Reporting Requirements
.. . 5 .6

5.6 Reporting Requirements (continued)

5.6.3 CORE OPERATING LIMITS REPORT (COLR)

a. Core operating limi-ts shall be established prior to each
reload cycle, or prior to any remaining portion of'"a reload
cycle, and shall be documented in the COLR for the
following:

1. The APLHGR for Specification 3.2.1;

2. The MCPR for Specification 3.2.2;

3. The LHGR for Specification 3.2.3;

4. The Oscillation Power Range Monitor (OPRM)
Instrumentation for Specification 3.3.1.1; and

5. The Rod Block Monitor Instrumentation for Specification
3.3.2.1.

b. The analytical methods used to determine the core operating
limits shall be those-"previously reviewed and approved by
the NRC, specifically those described in the following
documents:-

1. XN-NF-81-58(P)(A), "RODEX2 Fuel Rod Thermal-Mechanical
Response Evaluation Model," Exxon Nuclear Company

2. XN-NF-85-67(P)(A), "Generic Mechanical Design for Exxon
Nuclear Jet Pump BWR Reload Fuel," Exxon Nuclear
Company

3. EMF-85-74(P) Supplement I(P)(A) and Supplement 2(P)(A),
"RODEX2A (BWR) Fuel Rod Thermal-Mechanical Evaluation
Model," Siemens Power Corporation

4. ANF-89-98(P)(A), "Generic Mechanical Design Criteria
for BWR Fuel Designs," Advanced Nuclear Fuels
Corporation

5. XN-NF-80-19(P)(A) Volume 1, "Exxon Nuclear Methodology
for Boiling Water Reactors - Neutronic Methods for
Design and Analysis," Exxon Nuclear Company

(continued)
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LICENSE AMENDMENT REQUEST TO CHANGE TECHNICAL SPECIFICATIONS IN
SUPPORT OF PRNM / ARTS / MELLLA IMPLEMENTATION
Attachment 5

Sample pages of proposed COLR changes (for information only)



5.0 Oscillation Power Range Monitor (OPRM) Instrumentation Limits for Use in LCO
3.3.1.1

5.1 Reactor Protection System (RPS) Instrumentation Setpoints for the OPRM
Period Based Detection Algorithm (PBDA) support OPERABILITY for LCO
3.3.1.1. See Technical Specification 3.3.1.1 and the applicable Bases for further
application details.

APPLICABLE
MODES OR

FUNCTION OTHER TRIP SETPOINT

SPECIFIED
CONDITIONS

2 Average Power Range Monitors

f. OPRM Upscale (d)
Amplitude Trip (Sp) 1.15 Peak/Average
Confirmation Count (N2) 16

(d) THERMAL POWER > 20% RTP

5.2 THERMAL POWER for Use in Technical Specification 3.3.1.1, Required Action
J.1:

THERMAL POWER < 20% RTP

5.3 OPRM Trip Enable Values for Use in SR 3.3.1.1.17

APRM Simulated Thermal Power
Recirculation Drive Flow

> 25% RTP
< 60% rated recirculation drive flow

Columbia Generating Station -16- COLR 09-20 Revision N/A



6.0 Control Rod Block Instrumentation Limits for Use in LCO 3.3.2.1

6.1 Rod Block Monitor instrument setpoints support OPERABILITY for LCO 3.3.2.1.
See Technical Specification 3.3.2.1 and the applicable Bases for further
application details.

FUNCTION TRIP ALLOWABLE
SETPOINT VALUE

1 Rod Block Monitor

a. Low Power Range-
Upscale

Unfiltered 124.0 124.6
Filtered 122.8 123.4

b. Intermediate Power
Range-Upscale

Unfiltered 119.0 119.6
Filtered 118.0 118.6

c. High Power Range-
Upscale

Unfiltered 114.0 114.6
Filtered 113.0 113.6

6.2 Rod Block Monitor (RBM) MCPR limits for use in Technical Specification
Table 3.3.2.1-1, Footnotes (a), (b) and (c). See Technical Specification 3.3.2.1
and the applicable Bases for further application details.

THERMAL POWER
(% RTP)

> 28 and < 90

> 90

RBM MCPR Limit

1.73

1.43

Columbia Generating Station -17- COLR 09-20 Revision N/A



LICENSE AMENDMENT REQUEST TO CHANGE TECHNICAL SPECIFICATIONS IN
SUPPORT OF PRNM / ARTS / MELLLA IMPLEMENTATION
Attachment 6

Affidavit to withhold proprietary information



GE-Hitachi Nuclear Energy Americas LLC

AFFIDAVIT

I, Edward D Schrull, state as follows:

(1) I am the Vice President of Regulatory Affairs, Services Licensing, GE-Hitachi Nuclear
Energy Americas LLC (GEH), and have been delegated the function of reviewing the
information described in paragraph (2) which is sought to be withheld, and have been
authorized to apply for its withholding.

(2) The information sought to be withheld is contained in GEH proprietary report, NEDC-
33507P, "Energy Northwest Columbia Generating Station APRM / RBM / Technical
Specifications / Maximum Extended Load Line Limit Analysis (ARTS/MELLLA),"
Revision 0, dated April 2010. The proprietary information is identified by a dotted underline
inside double square brackets. [[This.s.e.n.te.n.ce.is..an.example. 131]] Figures and large equation

objects containing GEH proprietary information are identified with double square brackets
before and after the object. In each case, the superscript notation 131 refers to Paragraph (3)
of this affidavit that provides the basis for the proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the Freedom
of Information Act (FOIA), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC Sec.
1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for trade secrets (Exemption
4). The material for which exemption from disclosure is here sought also qualifies under the
narrower definition of trade secret, within the meanings assigned to those terms for
purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy Project v. Nuclear
Regulatory Commission, 975 F2d 871 (DC Cir. 1992), and Public Citizen Health Research
Group v. FDA, 704 F2d 1280 (DC Cir. 1983).

(4) The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a. and (4)b. Some examples of categories of information that fit into
the definition of proprietary information are:

a. Information that discloses a process, method, or apparatus, including supporting data
and analyses, where prevention of its use by GEH's competitors without license from
GEH constitutes a competitive economic advantage over GEH and/or other companies.

b, Information that, if used by a competitor, would reduce their expenditure of resources
or improve their competitive position in the design, manufacture, shipment,
installation, assurance of quality, or licensing of a similar product.

c. Information that reveals aspects of past, present, or future GEH customer-funded
development plans and programs, that may include potential products of GEH.

d. Information that discloses trade secret and/or potentially patentable subject matter for
which it may be desirable to obtain patent protection.

Affidavit for NEDC-33507P, Revision 0 Affidavit Page I of 3



(5) To address 10 CFR 2.390(b)(4), the information sought to be withheld is being submitted to
the NRC in confidence. The information is of a sort customarily held in confidence by
GEH, and is in fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by GEH, not been disclosed
publicly, and not been made available in public sources. All disclosures to third parties,
including any required transmittals to the NRC, have been made, or must be made, pursuant
to regulatory provisions or proprietary and/or confidentiality agreements that provide for
maintaining the information in confidence. The initial designation of this information as
proprietary information, and the subsequent steps taken to prevent its unauthorized
disclosure are as set forth in the following paragraphs (6) and (7).

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, who is the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge, or who is the person most
likely to be subject to the terms under which it was licensed to GEH. Access to such
documents within GEH is limited to a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires review
by the staff manager, project manager, principal scientist, or other equivalent authority for
technical content, competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside GEH are limited to regulatory bodies, customers, and
potential customers, and their agents, suppliers, and licensees, and others with a legitimate
need for the information, and then only in accordance with appropriate regulatory
provisions or proprietary and/or confidentiality agreements.

(8) The information identified in paragraph (2) above is classified as proprietary because it
contains detailed results of analytical models, methods and processes, including computer
codes, which GEH has developed, obtained NRC approval of, and applied to perform
evaluations of transient and accident events in the GE Boiling Water Reactor (BWR). The
development of the evaluation process along with the interpretation and application of the
analytical results is derived from the extensive experience database that constitutes a major
GEH asset.

(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GEH's competitive position and foreclose or reduce the availability of profit-
making opportunities. The information is part of GEH's comprehensive BWR safety and
technology base, and its commercial value extends beyond the original development cost.
The value of the technology base goes beyond the extensive physical database and
analytical methodology and includes development of the expertise to determine and apply
the appropriate evaluation process. In addition, the technology base includes the value
derived from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GEH. The precise value of the expertise to
devise an evaluation process and apply the correct analytical methodology is difficult to
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',' if•

quantify, but it clearly is substantial. GEH's competitive advantage will be lost if its
competitors are able to use the results of the GEH experience to normalize or verify their
own process or if they are able to claim an equivalent understanding by demonstrating that
they can arrive at the same or similar conclusions.

The value of this information to GEH would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide competitors
with a windfall, and deprive GEH of the opportunity to exercise its competitive advantage
to seek an adequate return on its large investment in developing and obtaining these very
valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed on this 1st day of April 2010.

Edward D. Schrull

Vice President, Regulatory Affairs

Services Licensing

GE-Hitachi Nuclear Energy Americas LLC

3901 Castle Hayne Rd.

Wilmington, NC 28401

edward.schrull@ge.com
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Attachment 8

Safety Analysis in support of ARTS/MELLLA
(non-proprietary version)



HITACHI GE Hitachi Nuclear Energy
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Revision 0

Class I
DRF 0000-0100-5300

April 2010

Non-Proprietary Information

ENERGY NORTHWEST

Columbia Generating Station
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Copyright 2010 GE-Hitachi Nuclear Energy Americas LLC
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NEDO-33507 Revision 0
Non-Proprietary Information

NON-PROPRIETARY INFORMATION NOTICE

This is a non-proprietary version of the document NEDC-33507P, Revision 0, from which the
proprietary information has been removed. Portions of the document that have been removed are
identified by white space within double square brackets, as shown here [[ ]].

IMPORTANT NOTICE REGARDING

CONTENTS OF THIS REPORT

Please Read Carefully

The design, engineering, and other information contained in this document are furnished for the
purposes of supporting ARTS/MELLLA Safety Analysis Report for Energy Northwest Columbia
Generating Station. The only undertakings of GEH with respect to information in this document
are contained in the contracts between GEH and its customers or participating utilities, and
nothing contained in this document shall be construed as changing that contract. The use of this
information by anyone for any purpose other than that for which it is intended is not authorized;
and with respect to any unauthorized use, GEH makes no representation or warranty, and
assumes no liability as to the completeness, accuracy, or usefulness of the information contained
in this document.

Copyright 2010, GE-Hitachi Nuclear Energy Americas LLC, All Rights Reserved.
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1.0 INTRODUCTION

Many factors restrict the flexibility ofa Boiling Water Reactor (BWR) during power ascension
from the low-power/low-core flow condition to the high-power/high-core flow condition. Once
rated power is achieved, periodic adjustments must be made to compensate for reactivity changes

due to xenon effects and fuel bumup. Some of the factors at the Energy Northwest Columbia
Generating Station (CGS) that restrict plant flexibility are:

1. The current operating power/flow (P/F) map,

2. The Average Power Range Monitor (APRM) flow-biased flux scram and flow-biased rod
block setdown requirements, and

3. The Rod Block Monitor (RBM) flow-referenced rod block trip.

The current Extended Load Line Limit Analysis (ELLLA) P/F upper boundary is being modified
to include the operating region bounded by the rod line which passes through the 100% of
current licensed thermal power (CLTP) / 80.7% of rated core flow (RCF) point, the rated thermal
power (RTP) line, and the rated load line, as shown in Figure 1-1. The P/F region shown in
Figure 1-1 above the current ELLLA boundary is referred to as the Maximum Extended Load

Line Limit Analysis (MELLLA) region. The MELLLA expansion of the power-flow map
provides improved operational flexibility by allowing operation at RTP with less than RCF.

The operating restrictions resulting from the existing APRM and RBM systems can be
significantly relaxed or eliminated by the implementation of several APRM/RBM/Technical
Specifications (ARTS) improvements. These improvements increase plant-operating efficiency
by improving the thermal limits administration. The operating flexibility associated with the
ARTS improvements complement the 'expansion of the operating domain to the MELLLA
boundary. The improvements associated with ARTS, along with the objectives attained by each

improvement, are as follows:

1. A power-dependent Minimum Critical Power Ratio (MCPR) thermal limit, similar to that
used by BWR6 plants, is implemented as an update to reactor thermal limits administration.

2. The APRM trip setdown and Design Total Peaking Factor (DTPF) are replaced by more
direct power-dependent and flow-dependent thermal limits to reduce the need for manual
setpoint adjustments and to provide more direct thermal limits administration. This improves
human/machine interface, improves thermal limits administration, increases reliability, and
provides more direct protection of plant limits.

3. The flow-biased RBM trips are replaced by power-dependent trips. The RBM inputs are

reassigned to: improve the response characteristics of the system, improve the response
predictability, and reduce the frequency of nonessential alarms.

4. The Rod Withdrawal Error (RWE) analysis is performed in a manner that more accurately
reflects actual plant operating conditions, and is consistent with the system changes.

5. Operability requirements are redefined to be consistent with the modified configuration and
supporting analyses.

1-1
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This report presents the results of the safety analyses and system response evaluations performed
for operation of CGS in the region above the rated rod line.

1.1 Background

CGS has performed a Stretch Power Uprate, which increased the CLTP to 3486 MWt or 104.9%
of the Original Licensed Thermal Power (OLTP), 3323 MWt (Reference 1). In this report, the
terms CLTP and RTP are analogous, i.e. both refer to CGS operation at 3486 MWt.

CGS originally included minimum critical heat flux ratio (MCHFR) as the thermal margin
criterion. This MCHFR basis included operating, overpower, and safety limit values that along
with a design power peaking factor, translate to the rated power load line, and 108% load line
respectively (thus, the APRM flow-biased rod block and scram protection functions). Therefore,
these APRM flow-biased setpoint values originated with a deterministic overpower analysis.

Later, with the change to the MCPR thermal margin basis under which CGS was originally
licensed, studies concluded that the Safety Limit MCPR (SLMCPR) would be met for the design

basis transients with the peaking restrictions being conservative for off-rated transients. The
CGS Final Safety Analysis Report (FSAR) includes the results of rated power transients, which
establish the Operating Limit MCPR (OLMCPR).

The ARTS changes replace the power peaking factor restrictions with power and flow dependent
limits. However, the flow-biased APRM rod block and scram remain as defense in depth design

features. A reduction in APRM flow-biased function slope from 0.66 to 0.58 has been
implemented, to improve the ability to reach the rated load line at lower flow, the addition of

setpoint uncertainties to the nominal values, and the restoring of margin to the operating load line

for ELLLA. The original 0.66 flow-biased slope reflected the general relationship between
power and flow of a 2 to 3 ratio, but using drive flow was deemed too conservative for low

flows, thus the 0.58 slope was justified for ELLLA (Reference 1).

Plants with full ARTS/MELLLA including Increased Core Flow (ICF) implementation are: Nine
Mile Point Unit 2, Hatch Units 1 and 2, Duane Arnold (no ICF), Cooper, Pilgrim, Fermi,
Monticello, Brunswick Units 1 and 2, Peach Bottom Units 2 and 3, Limerick Units 1 and 2, and
Browns Ferry Units 1, 2 and 3. Plants with partial ARTS/MELLLA including ICF
implementation are: Fitzpatrick, Hope Creek, LaSalle Units 1 and 2, Dresden Units 2 and 3,

Quad Cities Units 1 and 2, Susquehanna, and Vermont Yankee.

1.2 ARTS/MELLLA Bases

1.2.1 Analytical Bases

The P/F operating map (Figure 1-1) includes operating domain changes for ARTS/MELLLA
consistent with approved operating domain improvements for other BWRs. The CGS MELLLA
operating domain is defined by the following upper boundary:
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* The MELLLA boundary line, extended up to the existing maximum CLTP of 3486 MWt.
The MELLLA boundary is defined as the line that passes through the 100% of CLTP / 80.7%
of RCF state point.

* The CLTP of 3486 MWt.

" The currently analyzed ICF condition of 106.0% of RCF.

* The MELLLA boundary is defined by the following equation in terms of current licensed
core power, P (% of rated), versus core flow, WT (% of RCF), as follows:

P =(A + BW+C. WT) K

where: A = 22.191

B = 0.89714

C = -0.0011905

K = 1.152 for the MELLLA upper boundary.

The MELLLA boundary line defines an increase in the extent of the current operating domain
above the current boundary. The current boundary is the ELLLA, corresponding to the 108%
APRM Rod Block setpoint, and allows operation to approximately the 108% of CLTP rod line.

The currently analyzed P/F point for Single Loop Operation (SLO) operation remains unchanged
from its current value of 2615 MWt (75% of RTP) for MELLLA. For CGS, SLO is not extended
into the MELLLA region.

When compared to the current P/F operating domain, the MELLLA region allows a higher core

power at a given core flow. This increases the fluid subcooling in the reactor vessel downcomer
and changes the power distribution in the core, which can potentially affect the steady-state
operating thermal limit and transient/accident analyses results. The effect of the MELLLA
operating domain has been evaluated to support compliance with the Technical Specification
(TS) fuel thermal margins during plant operation. This report presents the results of the safety
analyses and system response evaluations performed for operation of CGS in the region above
the ELLLA and up to the MELLLA boundary line. The scope of the analyses performed covers
the initial application for CGS operation with ARTS/MELLLA. Upon ARTS/MELLLA
approval, reload cycles will include the ARTS/MELLLA operating condition in the reload-
licensing basis in accordance with Reference 2.

The safety analyses and system evaluations performed to justify operation in the MELLLA
region consist of a non-fuel dependent portion and a fuel dependent portion that is fuel cycle

dependent. In general, the limiting anticipated operational occurrences (AOOs) MCPR
calculation and the reactor vessel overpressure protection analysis are fuel dependent. These
analyses, discussed in this report, are based on the current Cycle 20 core design using GE14 and
ATRIUM-10 fuel (Reference 3). Subsequent cycle-specific analyses will be performed in
conjunction with the reload licensing activities. The non-fuel dependent evaluations such as
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containment response are based on the current plant design and configuration. The limiting
AOOs identified in Reference 4 were reviewed for the MELLLA region based on existing

thermal analysis limits at plants similar to CGS and use of generic power-dependent and generic
flow-dependent MCPR and Linear Heat Generation Rate (LHGR). For the fuel-dependent
evaluations of reactor pressurization events, these reviews indicate that there is a small difference
in the OLMCPR for operation in the MELLLA region and the ICF condition (100% of RTP /
106% of RCF). The operating limit is calculated on a cycle specific basis in accordance with
Reference 2 to bound the entire operating domain. The analysis results indicate that performance

in the MELLLA region is within allowable design limits for overpressure protection, loss-of-

coolant accident (LOCA), containment dynamic loads, flow-induced vibration, and reactor
internals structural integrity. The response to the Anticipated Transient Without Scram (ATWS)
demonstrates that CGS meets the licensing criteria in the MELLLA operating domain.

NRC-approved or industry-accepted computer codes and calculational techniques are used in the
ARTS/MELLLA analyses. A list of the Nuclear Steam Supply System (NSSS) computer codes
used in the evaluations is provided in Table 1-1.

1.2.2 APRM High Flux (Flow-Bias) Scram and Rod Block Design Bases

The APRM Flow-Biased Simulated Thermal Power (STP) scram line is conservatively not

credited in any CGS safety analyses. In addition, the APRM Flow-Biased STP rod block line is
conservatively not credited in any CGS safety analyses, although it is part of the CGS design
configuration.

This section discusses the setpoint changes for these systems for operational flexibility purposes

and provides the inputs to the CGS TS changes.

For the current, ELLLA operating domain, P/F map, the APRM Flow-Biased STP scram line

allowable value (AV) for two loop operation (TLO) is defined as: 0.58 Wd + 62%, and for SLO,
0.58 Wd +62%, of RTP. The APRM Flow-Biased STP Scram clamp AV is at 114.9% of RTP.
Wd is defined as the recirculation drive flow for TLO in percent of rated, where 100% drive flow
is that required to achieve 100% core power and flow. The APRM Flow-Biased STP rod block

AV is currently set at: for TLO, 0.58 Wd + 53%, and for SLO, 0.58 + 53% of RTP. CGS does
not have an APRM Flow-Biased STP Rod Block clamp. A Rod Block clamp AV of 111% will
be implemented for ARTS/MELLLA.

To accommodate this expanded operating domain and to restore the original margin between the
MELLLA boundary line and the APRM Flow-Biased STP rod block line, the following AVs are
redefined:
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Anal~ia Vau ro;ig SLO'
0.63(Wd -AW) + 64.0% 0.63(Wd - AW) + 64.0%

APRM Flow-biased STP Flow-Biased Equation 0.63(Wd + 64.0% 0.63(Wd + 64.0%= 0.63 Wd + 64.0% = 0.63 Wd + 60.8%
High Scram

Flow-Biased Clamp No change No change

APRM Flow-biased STP Flow-Biased Equation 0.63(Wd - AW) + 60.1% 0.63(Wd - AW) + 60.1%
= 0.63 Wd + 60.1% = 0.63 Wd + 56.9%Rod Block__________ _______ ____

Flow-Biased Clamp 111% 111%

• AW is the difference in percent flow between the TLO and SLO Recirculation drive flow at the same core flow. The TLO
AW is 0% and the SLO AW is 5%.

The RBM Upscale Flow-Biased rod block line limits are currently set at:

" TS AVs

TLO: 0.58 Wd + 51% of RTP

SLO: 0.58 Wd + 51%, of RTP

* AL values

TLO: 0.58 Wd + 54% of RTP

SLO: 0.58 Wd + 54%, of RTP

ARTS changes the form of the RBM from a flow-biased to a power-biased function. In
Section 4.3, the evaluation of the RWE event was performed taking credit for the mitigating
effect of the power-dependent RBM. The power-dependent RBM ALs and AVs are presented in
Table 4-5.

The AV revisions were performed using the General Electric (GE) instrument setpoint
methodology (Reference 5). Attachment A provides the GE setpoint calculation for the power-
based RBM setpoint function.

The RBM trip setpoints are determined by use of Nuclear Regulatory Commission (NRC)
approved setpoint methodology. Using the GE setpoint methodology based on Instrumentation,
Systems, and Automation Society (ISA) setpoint calculation method 2, the RBM AVs are
determined from the AL, corrected for RBM input signal calibration error, process measurement
error, primary element accuracy and instrument, accuracy under trip conditions. The error due to
the neutron flux measurement is accounted for in the non-linearity error from the Local Power
Range Monitor (LPRM) detectors and is referred to in the setpoint calculation as the APRM

Primary Element Accuracy. There is both a bias and random component to this APRM Primary
Element Accuracy error. There is also an error due to tracking and neutron flux noise, and that is
labeled as Process Measurement Accuracy (PMA). The RBM trip setpoint has no drift
characteristic with no as-left or as-found tolerances because it only performs digital calculations
on digitized input signals. The Nominal Trip Setpoint (NTSP) includes a drift allowance over
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the interval from rod selection to rod movement, which is not the surveillance interval. Drift of
RBM channel components between surveillance intervals does not apply to the normalized RBM

reading.

Surveillance procedures are used to establish operability of the RBM. The surveillance

procedures include appropriate steps to ensure the RBM is functioning properly and that the

proper setpoint values are established in the hardware. Other self-test functions are performed

automatically and routinely in the RBM hardware modules (Central Processing Unit, Power
Supplies, etc.) The periodic RBM calibration in the Technical Specifications requires a
verification of only the trip setting. The trip setpoints are stored in computer memory as fixed
numerical values and thus cannot drift due to the nature of the RBM instrument (digital
hardware). The calibration method in the Technical Specification surveillance procedures
ensures that the trip setting is proper. Because the trip setpoint is a numerical value stored in the

digital hardware and not subject to drift, the as-found and as-left tolerance values for the setpoint

are the same as the setpoint (i.e., there is no tolerance band). The surveillance procedures also
perform a channel functional test, which assures the RBM is functioning properly.

The suggested notes in Regulatory Issue Summary (RIS) 2006-17 (Reference 6), which are
intended to assure that the trip setpoints are verified to be within predefined limits, so appropriate

actions can be taken if found to be outside the predetermined limits, cannot be applied to the
RBM. The suggested notes cannot be applied to the RBM because the trip setpoints are keyed
into the RBM module via a keyboard and are displayed and stored as digital values in computer

memory. As such, the RBM trip setpoint is therefore not subject to drift, is not calibrated in the

traditional sense, and does not have as-found and as-left tolerance bands. The calibration of the
RBM verifies the trip setpoint is as it was set. No range of values is acceptable, only the exact

keyed in values, thus assuring that the CGS RBM trip will be within safety limits and that the
limiting condition for operation will be met.

The RBM trip setpoints are Limiting Safety System Setting (LSSS) because they are used in the

RWE analysis for MCPR protection. However, the setpoints are exempt from the requirements

of RIS 2006-17 based on this discussion (Reference 6).

The APRM Flow-Biased setpoints addressed in this report are not LSSSs because they are not

used in any safety analyses and are therefore not affected by RIS 2006-17 (Reference 6).

1.3 Average Power Range Monitor Improvements

The functions of the APRM are integrated within the Nuclear Measurement Analysis and
Control (NUMAC TM ) Power Range Neutron Monitoring System (PRNMS). The safety related

functions of the APRM are to:

1. Generate trip signals to automatically scram the reactor during core-wide neutron flux
transients before the neutron flux level exceeds the safety analysis design bases. This
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prevents exceeding design bases and licensing criteria from single operator errors or
equipment malfunctions.

2. Block control rod withdrawal before core power approaches the scram level when operation
occurs in excess of set limits in the P/F map.

3. Provide an indication of the core average power level of the reactor in the power range.

The NUMACTM PRNMS APRM calculates an average LPRM chamber signal such that the
APRM signal is proportional to the core average neutron flux and can be calibrated as a means of
measuring core thermal power. The APRM signals are used to calculate the STP that closely
approximates reactor thermal power during a transient. The STP signals are compared to a

recirculation drive flow-referenced scram and a recirculation drive flow-referenced control rod
withdrawal block.

CGS currently operates such that the Maximum Fraction of Limiting Power Density (MFLPD) is
less than or equal to the Fraction of Rated Thermal Power (FRTP), which limits the local power

peaking at lower core power and flows. If the ratio of the MFLPD to the FRTP is greater than 1,

the flow-referenced APRM trips must be lowered (setdown) or the APRM gain must be
increased (CGS current Technical Specification 3.2.4) to limit the maximum power that the plant

can achieve. The basis for this "APRM trip setdown" requirement originated under the original
BWR design Hench-Levy MCHFR thermal limit criterion and provides conservative restrictions
with respect to current fuel thermal limits. The original MCHFR basis is described in
Reference 7.

The CGS ARTS/MELLLA application utilizes the results of the AOO analyses to define initial
condition operating thermal limits, which conservatively ensure that all licensing criteria are
satisfied without the peaking factor requirement and associated setdown of the flow-referenced
APRM scram and rod block trips.

Two licensing areas that can be affected by the elimination of the APRM trip setdown and
peaking factor requirement are: (1) fuel thermal-mechanical integrity, and (2) LOCA analysis.

The following criteria ensure satisfaction of the applicable licensing requirements for the
elimination of the APRM trip setdown requirement:

1. The SLMCPR shall not be violated as a result of any AOO.

2. All fuel thermal-mechanical design bases shall remain within the licensing limits described in
Reference 2.

3. Peak cladding temperature (PCT) and maximum cladding oxidation fraction following a
LOCA shall remain within the limits defined in 10 CFR 50.46.

The safety analyses used to evaluate the OLMCPR are documented in Section 3.0 of this report.
These analyses ensure that the SLMCPR and the fuel thermal-mechanical design bases are

satisfied. These analyses also establish the power-dependent and flow-dependent MCPR and
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LHGR curves for CGS. The effect on the LOCA response due to the ARTS program
implementation is discussed in Section 7.0 of this report.

1.4 Rod Block Monitor Improvements

The function of the RBM system is to assist the operator in safe plant operation by:

1. Initiating a rod block to prevent violation of the fuel SLMCPR during withdrawal of a single

control rod.

2. Providing a signal to permit operator evaluation of the change in local relative power during

the movement of a single control rod.

The ARTS improvement makes several changes to the RBM system. A discussion of the current
RBM system configuration and the ARTS modification is included in Section 4.0.

1-8



NEDO-33507 Revision 0
Non-Proprietary Information

Table 1-1 Computer Codes Used for ARTS/MELLLA Analyses

Taký Computer, Version or. NRc Comments "

Code, Revision Aoproved ,

Reactor Heat Balance ISCOR 09 Y (1) NEDE-2401 1-P Rev 0 SER

Reactor Core and Fuel TGBLA 06 Y NEDE-30130-P-A (2)
Performance PANAC 11 Y NEDE-30130-P-A (2)

ISCOR 09 Y(1) NEDE-24011-P Rev 0 SER

Thermal-Hydraulic Stability ISCOR 09 Y(1) NEDE-24011P Rev. 0 SER
PANAC 11 Y NEDE-30130-P-A (2)
ODYSY 05 Y NEDC-33213P-A
OPRM 01 Y(3) NEDO-32465-A
TRACG 04 N(12) NEDO-32465-A

Reactor Internal Pressure TRACG 02 (5) NEDE-32176P, Rev 2, Dec 1999
Differences NEDC-32177P, Rev 2, Jan 2000

NRC TAC No M90270, Sep 1994
ISCOR 09 Y (1) NEDE-2401 1-P Rev 0 SER

Transient Analysis PANAC 11 Y NEDE-30130-P-A (6)
ODYN 09(11) Y NEDE-24154P-A

NEDC-24154P-A, Volume 4,
ISCOR 09 Y (1) NEDE-24011-P Rev 0 SER
TASC 03 Y NEDC-32084P-A, Rev 2

Containment System M3CPT 05(13) Y NEDO-10320, April 1971 (NUREG-0661)
Response LAMB 08(13) (4) NEDE-20566P-A, September 1986

Annulus Pressurization Loads ISCOR 09 Y (1) NEDE-2401 1-P Rev. 0 SER
LAMB 08 (4) NEDE-20566P-A

Annulus Pressurization Loads- GEAPL 01 N(14) NEDE-25199, October 1979
Reactor Pressure Vessel SAP4G 07V N(14) NEDO-10909, Revision 7, Dec. 1979
(RPV) and Internal Structural SPECA 03V N(14) NEDE-25181, Addendum 1, Aug. 1996
Analysis

ECCS-LOCA LAMB 08 Y NEDE-20566P-A
GESTR 08 Y NEDE-23785-1 P-A, Rev 1
SAFER 04 Y (7) (8) (9)
ISCOR 09 Y (1) NEDE-2401 1-P Rev 0 SER
TASC 03 Y NEDC-32084P-A Rev 2

Anticipated Transient Without PANAC 11 Y NEDE-30130-P-A (6)
Scram ODYN 09 (11) Y NEDC-24154P-A, Volume 4, Sup 1

STEMP 04 (10)

Notes For Table 1-1:

(I) The ISCOR code is not approved by name. However, the SER supporting approval ofNEDE-2401 I-P Rev 0 by the May 12,
1978 letter from D.G. Eisenhut (NRC) to R. Gridley (GE) finds the models and methods acceptable, and mentions the use of a
digital computer code. The referenced digital computer code is ISCOR. The use of ISCOR to provide core thermal-hydraulic
information in reactor internal pressure differences, Transient, ATWS, Stability, and LOCA applications is consistent with the
approved models and methods.

(2) The use of TGBLA Version 06 and PANACEA Version I 1 was initiated following approval of Amendment 26 of GESTAR
11 by letter from S.A. Richards (NRC) to G.A. Watford (GE) Subject: "Amendment 26 to GE Licensing Topical Report NEDE-
24011 -P-A, GESTAR II Implementing Improved GE Steady-State Methods," (TAC NO. MA648 1), November 10, 1999.

(3) The methodology as implemented in the OPRM code (provided in NEDO-32465-A) has been approved by the NRC.
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(4) The LAMB code is approved for use in ECCS-LOCA applications (NEDE-20566P-A), but no approving SER exists for the

use of LAMB for the evaluation of reactor internal pressure differences or containment system response. The use of LAMB for

these applications is consistent with the model description of NEDE-20566P-A.

(5) NRC has reviewed and accepted the TRACG application for the flow-induced loads on the core shroud as stated in NRC

SER TAC No. M90270.

(6) The physics code PANACEA provides inputs to the transient code ODYN. The use of PANAC Version II in this

application was initiated following approval of Amendment 26 of GESTAR 11 by letter from S.A. Richards (NRC) to G.A.
Watford (GE), Subject: "Amendment 26 to GE Licensing Topical Report NEDE-2401 I-P-A, GESTAR !I Implementing

Improved GE Steady-State Methods", (TAC NO. MA648 1), November 10, 1999.

(7) "SAFER Model for Evaluation of Loss-of-Coolant Accidents for Jet Pump and Non-Jet Pump Plants," NEDE-30996P-A,

General Electric Company, October 1987.

(8) "Compilation of Improvements to GENE's SAFER ECCS-LOCA Evaluation Model," NEDC-32950P, January 2000.

(9) Letter, S.A. Richards (NRC) to J.F. Klapproth (GE), "General Electric Nuclear Energy Topical Reports NEDC-32950P and

NEDC-32084P Acceptability Review," May 24, 2000.

(10) The STEMP code uses fundamental mass and energy conservation laws to calculate the suppression pool heat up. The use

of STEMP was noted in NEDE-24222, "Assessment of BWR Mitigation of ATWS, Volume I and II (NUREG-0460 Alternate

No. 3) December 1, 1979." The code has been used in ATWS applications because that time. There is no formal NRC review

and approval of STEMP or the ATWS topical report.

(11) Version 9 of ODYN is applicable to plants that use recirculation valve for recirculation flow control.

(12) TRACG02 has been approved in NEDO-32465-A by the US NRC for the stability DIVOM analysis. The CLTP stability

analysis is based on TRACG04, which has been shown to provide essentially the same or more conservative results in DIVOM

applications as the previous version, TRACG02.

(13) The evaluation performed for ARTS/MELLLA did not explicitly include the use of these codes in analyses. However, the

evaluation uses the results of previous analyses performed for CGS in support of Power Uprate/ELLLA (Reference 1), which

applied these codes.

(14) The code application is reviewed and approved by GEH for "Level-2" application and is part of GEH's standard design

process.
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2.0 OVERALL ANALYSIS APPROACH

This section identifies the analyses that may be affected by the proposed MELLLA region. The
analyses performed in the following sections are based on the current plant operating parameters.
For the transient and stability tasks, the CGS Cycle 20 core design was utilized. These tasks will

be revalidated as part of the subsequent cycle-specific reload licensing analyses in accordance
with Reference 2. The remainder of the ARTS/MELLLA scope of work is applicable to CGS,

unless there is a plant configuration change that affects the analysis.

Table 2-1 identifies the safety and regulatory concerns that are potentially affected as a result of
ARTS/MELLLA. Each applicable safety and regulatory concern implied in the listed items was

reviewed to determine the acceptability of changing the P/F map to include the MELLLA range.
In addition, the characteristics of each analysis, whether generic or plant-specific, and cycle-

dependent or cycle-independent, are identified in Table 2-2.
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Table 2-1 Analyses Presented In This Report

ýSection.Ie eut-

3.0 Fuel Thermal Limits Acceptable - Bounded by Limits Presented in Section 3.0

4.0 Rod Block Monitor System Improvement Acceptable for Cycle 20 Core

5.0 Vessel Overpressure Protection Acceptable - Below ASME Limit

6.0 Thermal-Hydraulic Stability Acceptable for Cycle 20 Core

7.0 LOCA Analysis Acceptable for Cycle 20 Core

8.0 Containment Response Acceptable - Bounded by Current Results

9.0 Reactor Intemals Integrity Acceptable - Bounded by Design Criteria

10.0 ATWS Acceptable - Bounded by Design Criteria

11.0 Steam Dryer and Separator Performance Acceptable - Bounded by Design Criteria

12.0 High Energy Line Break (HELB) Acceptable - Bounded by Design Criteria

13.0 Testing Acceptable with the performance of the identified tests

Table 2-2 Applicability of Analyses

. Task Description: Generic or Plant-Specfic .. -De Cp

Power-dependent MCPR and LHGR Generic, with plant-specific Cycle-independent unless change in
limits (between rated power and confirmation for initial application plant configuration from licensing
30% of RTP) analysis basis

Power-dependent MCPR and LHGR Plant-specific Cycle-dependent review
limits (between 30% and 25% of
RTP)

Flow-dependent MCPR and LHGR Generic Cycle-independent unless change in
limits plant configuration from licensing

analysis basis.

RBM power-dependent setpoints Generic, with plant-specific Cycle-independent unless change in
confirmation for initial application plant configuration from licensing

analysis basis. Cycle-dependent
RWE analysis performed with the
applicable setpoints.
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3.0 FUEL THERMAL LIMITS

The potentially limiting AOOs and accident analyses were evaluated to support CGS operation
in the MELLLA region with ARTS off-rated limits. The P/F state points chosen for the review
of AOOs are presented in Table 3-1 and Table 3-2. These state points include the MELLLA
region and the current licensed operating domain for CGS. The AOO evaluations are discussed
in Sections 3.1 through 3.3. Section 3.4 discusses the governing MCPR and LHGR limits.
Section 4.0 includes consideration of the RWE analyses and the LOCA analyses are presented in
Section 7.0.

3.1 Limiting Core-Wide Anticipated Operational Occurrence Analyses

The core-wide AOOs included in the current Cycle 20 reload licensing analyses (Reference 3)
and the CGS FSAR were examined for operation in the ARTS/MELLLA region (including off-
rated power and flow conditions). The following events were considered potentially limiting in
the ARTS/MELLLA region and were reviewed as part of the ARTS program development:

* Generator Load Rejection with No Bypass (LRNBP) event;
* Turbine Trip with No Bypass (TTNBP) event;

* Feedwater Controller Failure (FWCF) maximum demand event;
* Loss of Feedwater Heating (LFWH) event;

* Inadvertent High Pressure Core Spray (HPCS) Startup event;
* Idle Recirculation Loop Start-up (IRLS) event; and

* Recirculation Flow Increase (RFI) event.

The LRNBP, TTNBP, FWCF, LFWH, and HPCS events were generally the source of the power-
dependent thermal limits, while the IRLS and RFI events were generally the source of the flow-
dependent thermal limits.

The initial ARTS/MELLLA assessment of these events for all BWR type plants concluded that
for plant-specific applications, only the TTNBP, LRNBP, and FWCF events need to be evaluated
at both rated and off-rated power and flow conditions.

The generic assessments were performed to determine the most limiting transients and
characteristics for the BWR fleet. This was done by using the plant characteristics from the fleet
of BWR/3 through BWR/5 plants that resulted in the most limiting transients. The plants were
chosen to cover a wide range of conditions and characteristics including steam line volume, plants
with and without the recirculation pump trip (RPT) feature, high and low feedwater runout
capacity, and low bypass capacity. None of the BWR/5 plants had plant characteristics that were
limiting for the fleet.
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The key plant characteristics considered for off-rated limits calculations include:

" Steam Line Characteristics

" Feedwater (FW) Runout Capacity

" High Pressure Core Spray (HPCS) Flow Capacity

* Recirculation Pump Trip

* Steam Bypass Capacity

* Relief Capacity

* Design Conditions (Power Density, FW temperature, etc.)

To confirm the applicability of the generic assessment to CGS, plant-specific power dependent

calculations were performed which included all of the key plant characteristics described above
that applied to CGS. These analyses were performed with approved methods. (see Table 1-1) and
the most recent core designs. These analyses confirmed the applicability of the generic
assessments for the limiting AOOs to CGS. The LFWH, HPCS, IRLS, and RFI events were not

specifically evaluated for the following reasons.

* The LFWH event is not limiting for CGS and the effect of MELLLA on the LFWH severity

is sufficiently small that the LFWH remains non-limiting for MELLLA. The required
MCPR for Cycle 20 (Reference 3) LFWH transient is 1.23 based on an 87% initial core flow
compared to an End-of-Cycle (EOC) Option B OLMCPR of 1.39 from the LRNBP event. At

80.7% initial core flow, the required MCPR for the LFWH event is also 1.23 thus
maintaining a large margin to the rapid pressurization, LRNBP, TTNBP, and FWCF AOO
events. Consequently, the LFWH does not factor into the determination of the off-rated
limits. However, it should be noted that the LFWH event is analyzed on a cycle-specific

basis.

" The inadvertent HPCS Startup results in the injection of cold water in the upper plenum area
above the core. This results in a small depressurization and core power decrease as some of
the steam generated by the core is quenched. The pressure regulator responds to maintain the
pressure at the pressure setpoint, and the feedwater control system responds to the increased
inventory provided by the HPCS system. The system would settle to a new steady state
without a scram in this scenario with increased margins to thermal limits compared to the
initial conditions due to the decreased power. Consequently, the inadvertent HPCS Startup

event was not considered in the determination of the off-rated limits.
•*[

]] The SLO state is not expanded to the MELLLA domain for CGS.

]] As
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previously stated, these events were considered generically in the development of the ARTS
flow-dependent limits, which are generated based on a conservative two pump flow run-up
analysis described in Sections 3.3.3 and 3.3.4.

3.1.1 Elimination of APRM Trip Setdown and DTPF Requirement

Extensive transient analyses at a variety of power and flow conditions were performed during the
original development of the ARTS improvement program. These evaluations are applicable for
operation in the MELLLA region. The analyses were utilized to study the trend of transient
severity without the APRM trip setdown. A database was established by analyzing limiting
transients over a range of power and flow conditions. The database includes evaluations
representative of a variety of plant configurations and parameters such that the conclusions are
applicable to all BWRs. The database was utilized to develop a method of specifying plant
operating limits (MCPR and LHGR) such that margins to fuel safety limits are equal to or larger
than those applied currently.

The generic evaluations determined that the power-dependent severity trends must be examined
in two power ranges. The first power range is between rated power and the power level (PBypass)

where reactor scram on turbine stop valve closure or turbine control valve fast closure is
bypassed. The analytical value of PBypass for CGS is 30% of RTP. The second power range is
between PByprss and 25% of RTP. No thermal monitoring is required below 25% of RTP, per
CGS Technical Specification 3.2.

The power-dependent MCPR multiplier, K(P), was originally developed for application to all
plants in the high power range (between rated power and PBypass). The values for K(P) increased
at lower power levels based on the FWCF transient severity trends. As power is reduced from
the rated condition in this power range, the LRNBP and TTNBP become less severe because the
reduced steam flow rate at lower power results in milder reactor pressurization. However, for
the FWCF, the power decrease results in greater mismatch between runout and initial feedwater
flow, resulting in an increase in reactor subcooling and more severe changes in thermal limits
during the event.

Between PBypass and 25% power, CGS specific evaluations were performed to establish the plant-
unique MCPR and LHGR limits in the low power range (below PBypass). These plant-specific
limits include sufficient conservatism to remain valid for future CGS core configurations

containing ATRIUM-10 and/or Global Nuclear Fuel (GNF) fuel, except that the power-
dependent MCPR limits below PBypass and flow dependent MCPR limits must be adjusted in
accordance with Section 3.3.5 if the SLMCPR exceeds 1.09.

Generic flow-dependent MCPR and LHGR limits are applied to CGS. These generic limits
include sufficient conservatism to remain valid for future CGS reloads of GNF and/or
ATRIUM-10 fuel, utilizing the GEXL-PLUS correlation and the GEMINI analysis methods as
defined in Reference 2, provided the core flow corresponding to the maximum two recirculation
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pump runout is < 108.5% of RCF. The flow-dependent MCPR limits must be adjusted in
accordance with Section 3.3.5 if the SLMCPR exceeds 1.09.

3.2 Input Assumptions

The maximum P/F state condition for the operating region analysis is the rated power and

maximum flow point (100%P / 106%F). Figure 1-1 shows the P/F map used in the AOO

analyses. Plant heat balance, core coolant hydraulics, and nuclear dynamic parameters
corresponding to the rated and off-rated conditions were used for the analysis and reflect the

CGS Cycle 20 core configuration (Reference 3). The initial conditions for the AOO analyses at

rated and off-rated conditions are presented in Tables 3-1 and 3-2.

Because of the fuel cycle-independent nature of the ARTS thermal limits (for both above and

below PBypas power ranges), the ARTS transient analyses are based on the CLTP of 3486 MWt.
AOO analyses were performed with the approved reload licensing methodology (Reference 2).

The following assumptions and initial conditions were used in the AOO analyses:

Anaytial ssuptins ases Justification's.ý, -

Initial core flow range of 80.7% to 106% flow Bounding P/F state points for MELLLA
for thermal limits transients at 100% of RTP
Conservative End-of-Cycle 20 nuclearConseicparvamtiers EConsistent with CGS current licensing bases
dynamic parameters

The lowest six opening setpoint safety-relief
valves (SRVs) declared Out-of-Service Consistent with CGS current licensing bases
(oos)

SLMCPR = 1.09 Consistent with CGS current licensing bases

] 1]]

3.3 Analyses Results

The limits associated with operation in the MELLLA region are presented in Tables 3-3 and 3-4.

The MELLLA region will be incorporated into subsequent cycle specific reload licensing
analyses in accordance with Reference 2. The analyses presented in Tables 3-3 and 3-4 are

based on End-of-Cycle exposures. [[

]]

3.3.1 Power-Dependent MCPR Limit

As stated previously, the generic evaluations indicate that the power-dependent severity trends
are to be examined in two power ranges, above and below PBypass. Above PBEypas, bounding

power-dependent trend functions have been developed. These trend functions, K(P), are used as
multipliers to the rated MCPR operating limits to obtain the power-dependent MCPR limits,
MCPR(P), or OLMCPR(P) = K(P) x OLMCPR(P=100% CLTP)
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In the high power range (between rated power and PBypas), the trend for the power-dependent
MCPR responses for the FWCF has been shown to be more severe than all other fast

pressurization transient severity trends. As power is reduced from the rated condition in this
power range, the LRNBP and TTNBP become relatively less severe because the reduced steam
flow rate at low power results in milder reactor pressurization. However, for the FWCF, the
power decrease results in greater mismatch between runout and initial feedwater flow, resulting
in an increase in reactor subcooling and more severe changes in thermal limits during the event.

The results used to verify the generic MCPR(P) limits analyses are summarized in Tables 3-3
and 3-4. As previously stated, the MCPR(P) is derived from the generic K(P) multiplied by the
rated power OLMCPR. A comparison of the plant-specific calculated values with the generic
power-dependent MCPR limits verifies the applicability of the generic limits to CGS above
PBypass.

Below PBypass, the transient characteristics change due to the bypass of the direct scram on the
closure of the turbine stop valve and turbine control valve. Consequently, the scram signal is
delayed until the vessel pressure reaches the high-pressure scram setpoint. The extensive
transient analysis database shows significant sensitivity to the initial core flow for transients
initiated below PBypas.. Therefore, the power-dependent limits are determined for power levels
above 25% and below PBypas based on a core flow of 50% and 60%. The 60% core flow bounds
the core flow range below 30% power based on the CGS P/F map.

Below Pbypass, the MCPR(P) limits are absolute OLMCPR values, rather than multipliers on the
rated power OLMCPR. These absolute MCPR limits were chosen with sufficient conservatism
such that they remain applicable to future operating cycles provided the SLMCPR is less than or
equal to 1.09 (Technical Specification 2.1). The CGS specific analyses results used to establish
the MCPR(P) at power levels below PBypas are summarized in Tables 3-6 and 3-7. The CGS
MCPR(P) limits are given in Table 3-8.

3.3.2 Power-Dependent Linear Heat Generation Rate Limits

In the absence 'of the APRM trip setdown requirement, power-dependent LHGR limits,
expressed in terms of a multiplier, LHGRFAC(P) are substituted to ensure adherence to the fuel
thermal-mechanical design bases. The power-dependent LHGRFAC(P) multiplier was generated
using the same database as used to determine the MCPR multiplier, K(P). These factors are also
applied in a similar manner. Specifically,

LHGR(P) = LHGRFAC(P) x (rated LHGR limits).

The incipient centerline melting of the fuel (thermal over-power (TOP)) and plastic strain of the
cladding (mechanical over-power (MOP)) are considered in determining the power-dependent
LHGR limits.

Similar to the MCPR(P) limits, CGS-specific transient analyses were performed to demonstrate
the applicability of the generic LHGR(P) limits. The transient and initial conditions selected are

3-5



NEDO-33507 Revision 0
Non-Proprietary Information

identical to that previously described for MCPR(P). The applicable results of these analyses for
power levels above PBypass are shown in Table 3-5.

As previously discussed, significant sensitivity to initial core flow exists below PBypass.
Therefore, below PBypass the power dependent LHGR multipliers are based on a core flow of 50%

to 60% of rated. To prevent the situation where the limits are more restrictive after increasing
power above PBypass, the extrapolation of the generic above PBypass limits are taken as the upper
bound for the below PByp~s limits. Appropriate LHGRFAC(P) multipliers are selected based on
plant-specific transient analyses with suitable margin to ensure applicability to future CGS
reloads. These limits are derived to ensure that the peak transient LHGR for any transient is not
increased above the fuel design basis values. The CGS LHGRFAC(P) limits for application at
power levels above and below PBypas are given in Table 3-9.

3.3.3 Flow-Dependent Minimum Critical Power Ratio Limit

Flow dependent MCPR limits, MCPR(F), are necessary to assure that the SLMCPR is not
violated during recirculation flow increase events. The design basis flow increase event is a slow
flow power increase event that is not terminated by scram, but which stabilizes at a new core
power corresponding to the maximum possible core flow. [[

The bounding generic flow dependent MCPR limits are shown in Table 3-11. To verify the
applicability of the original ARTS generic flow dependent MCPR limits, RFI and IRLS events
were re-performed generically for the GE14 fuel product line introduction. The Delta Critical
Power Ratio (ACPR) results for the flow dependent limits are given in Table 3-10. For the
application of ARTS, the IRLS basis is that there is an initial 50'F AT between the idle and
operating loops. This is an appropriate assumption for thermal limits calculations and is
consistent with Technical Specification requirements. The ARTS based MCPR(F) limit is
specified as an absolute value and is generic and cycle independent provided the SLMCPR is
less than or equal to 1.09.

3.3.4 Flow-Dependent Linear Heat Generation Rate Limits

Flow dependent LHGR limits were designed to assure adherence to all fuel thermal mechanical
design bases. The same transient events used to support the MCPR(F) operating limits were
analyzed, and the resulting overpowers were statistically evaluated as a function of the initial and
maximum core flow. From the bounding overpowers, LHGRFAC(F) multipliers were derived

such that the peak transient LHGR would not exceed fuel mechanical limits. The LHGR(F)
limits are generic, cycle independent and are specified in terms of multipliers, LHGRFAC(F) , to
be applied to the rated LHGR values. Specifically,

LHGR(F) = LHGRFAC(F) x (rated LHGR limits).
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The LHGRFAC(F) multiplier formulas are shown in Table 3-12. The LHGRFAC(F) based on
the CGS maximum runout flow of 108.5% RCF can be selected from a bounding curve or

determined by interpolation.

3.3.5 Safety Limit Minimum Critical Power Ratio Adjustment Procedure

The MCPR limits, provided in Table 3-8 assume a dual-loop SLMCPR of 1.09. Only adjustment
of the P < PBypass portion of the MCPR(P) limits may be required because, at P > PBypass, the K(P)
applies the rated power OLMCPR adjustment to the MCPR(P). The off-rated MCPR(F) is
defined by Table 3-11. When necessary, adjustment to the entire MCPR(F) limit is required.

Should a future cycle SLMCPR exceed 1.09, the MCPR(F) and below PBypa.s MCPR(P) limits
must be increased by the following factor:

Cycle specific SLMCPR

If a future cycle SLMCPR is less than 1.09, the MCPR(F) and below- PBypass MCPR(P) limits
may optionally be reduced by the above factor.

3.3.6 Single Loop Operation Adjustment Procedure

When operating in SLO, an adjustment will be made to the rated power OLMCPR as well as the
off-rated OLMCPR. The off-rated MCPR(F) is defined by Table 3-11. The off-rated MCPR(P)
is defined by Table 3-8. Only adjustment of the P < PBypass portion of the MCPR(P) curve is
required because, at P > PBypass, the K(P) applies the rated power OLMCPR adjustment to the
MCPR(P). The equation for the adjustment is as follows when operating in SLO:

SLO OLMCPR = OLMCPRdualioop + (SLMCPRsLo - SLMCPRdua1-1oop)

3.4 Conclusion

The rated OLMCPRs and LHGRs are determined by the cycle-specific reload analyses in

accordance with Reference 2. At any P/F state (P,F), all applicable off-rated limits are

determined: MCPR(P), MCPR(F), LHGR(P), and LHGR(F). The most limiting MCPR
(maximum of MCPR(P) and MCPR(F)) and the most limiting LHGR (minimum of LHGR(P)
and LHGR(F)) will be the governing limits. The limits must be adjusted for SLMCPRs > 1.09 or
SLO, as applicable.
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Table 3-1 Base Conditions for ARTSIMELLLA Rated Transient Analyses

'Rat 80.7%F.E.L.A.. 6,_10%C, , F'

Power (MWt / % of RTP) 3486 / 100 3486/100 3486 /100

Flow (Mlb/hr/ %rated) 108.5/100 87.6/81 115/ 106

Steam Flow (Mlb/hr) 15.016 14.992 15.027

FW Temperature ('F) 421.2 421.2 421.2

Core Inlet Enthalpy (Btu/lb) 528.7 523.5 529.9

Dome Pressure (psia) 1035 1035 1035

Table 3-2 Base Conditions for ARTS/MELLLA Off-rated Transient Analyses - Normal
Feedwater Temperature and Reduced Feedwater Temperature

(a) Normal Feedwater-• 8-%' ..... .5-P/85%F
-ý85Ph0%F 85%P/6 % `,6O%P/1OO%F,, 5P8%

Temperature - ........ :

Power (MWt / % of RTP) 2963 / 85 2963 / 85 2092 / 60 1569 / 45

Flow (Mlb/hr/ % rated) 115.0/ 106 68.8/63.4 108.5/100 92.2/85

Steam Flow (Mlb/hr) 12.467 12.416 8.402 6.083

FW Temperature ('F) 403.8 403.4 368.9 342.3

Core Inlet Enthalpy (Btu/lb) 529.0 516.4 528.1 526.8

Dome Pressure (psia) 1019 1019 996 985

:3OP/of6O0 /oF- :N 25% /6O%F.,i3O %P/51%F 25P/50`O%F.:':

Power (MWt/ % of RTP) 1046 / 30 872 /25 1046 / 30 872 / 25

Flow (Mlb/hr / % rated) 65.1 / 60 65.1 / 60 54.3/50 54.3 / 50

Steam Flow (Mlb/hr) 3.874 3.171 3.869 3.167

FW Temperature (*F) 307.6 293.1 307.5 293.0

Core Inlet Enthalpy (Btu/Ib) 524.5 526.2 521.2 523.3

Dome Pressure (psia) 975 973 975 973
'"(b) Reduced Feedwater " o O 5 i.4o ,- Oi-1

•85%P/106%F 85%P -,.4, 0 /:..10 45%P/85%F..

Power (MWt /% of RTP) 2963/85 2963/85 2092/60 1569/45

Flow (Mlb/hr/ % rated) 115.0/106 68.8/63.4 108.5/100 92.2/85

Steam Flow (Mlb/hr) 11.535 11.489 7.882 5.759

FW Temperature ('F) 341.7 341.4 314.9 294.3

Core Inlet Enthalpy (Btu/lb) 522.9 506.9 524.4 524.1

Dome Pressure (psia) 1012 1012 992 982

.' -"30%P/60%F4t / ;Y25%/ •T- ý"30%P/5F" " /5%F ,

Power (MWt / % of RTP) 1046 / 30 872/-25 1046 / 30 872 / 25

Flow (Mlb/hr / % rated) 65.1 / 60 65.1 / 60 54.3/50 54.3 / 50

Steam Flow (Mlb/hr) 3.708 3.048 3.704 3.044

FW Temperature (0F) 267.2 255.8 267.2 255.8

Core Inlet Enthalpy (Btu/lb) 522.6 524.8 519.0 521.7

Dome Pressure (psia) 974 972 974 972
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Table 3-3 MELLLA Transient Analysis Results at RTP Conditions

PekGE14 ACP 0ARUM ACPR
Inital eutrn~ keak He'at,

Condition Evn Fu
!:ýJJni Option B 0_t.. uniialp Opion'A KOptio B OpYtion A.

LRNBP 275.00 111.00 0.30 0.33 0.30 0.33
100% RTP

106%RCF TTNBP 277.89 110.77 0.30 0.33 0.30 0.33

FWCF 210.47 113.71 0.27 0.30 0.27 0.30

100% RTP LRNBP 269.13 112.41 0.28 0.31 0.26 0.29
80.7 % RCFt TTNBP 275.43 112.31 0.28 0.31 0.26 0.29

FWCF 260.32 117.74 0.25 0.28 0.23 0.26

Table 3-4 MELLLA Transient Analysis Results at RTP Conditions

GE14 T.OP/MOP ;'ATRIUM-t TO OP:;Peak Vessel

Condiiot Pressure
"ýI 4psg), ST P , MOP, 0TI M P

L4 I "4 I'41

LRNBP 1260 22.1 22.1 22.2 22.2
100% RTP100%RCF TTNBP 1260 21.7 21.7 21.8 21.8106% RCF

FWCF 1168 18.1 18.7 16.8 19.3

100% RTP LRNBP 1260 19.9 20.2 19.6 19.8
80.7 % RCF TTNBP 1260 19.6 19.9 19.3 19.7

FWCF 1175 20.7 21.1 19.9 20.9

Table 3-5 Power Dependent Analysis Summary - Above PBypss at EOC

P G4 ACPR Atrium-1 OACPR ̀ ,,,-
Power.' Limiting P

~~(%) T~ransient '. Fux' 4' Fu
. ," I~(/Itl) Option B ,Option A Option B option A

444'

85 FWCF 380.1 133.8 0.45 0.62 0.45 0.62

60 FWCF 129.6 116.0 0.49 0.52 0.46 0.49

45 FWCF 102.8 119.4 0.54 0.57 0.51 0.54

30 FWCF 59.9 119.5 0.51 0.54 0.48 0.51
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Table 3-6 Power Dependent Analysis Summary - Below PBypass at EOC with EOC-
RPTOOS

-, ~~~~~~Peak-~ Pa~a E1. timt
Power :Flow Limiting, MiNeutronff F .. . On Optin A

TCPR ACPR

30 >50% LRNBP 71.6 154.1 0.92 0.83

30 <50% LRNBP 74.5 147.9 0.94 0.81

25 >50% FWCF 48.9 180.3 0.98 0.96

25 <50% LRNBP 53.8 152.4 1.02 0.83

Table 3-7 Power Dependent Analysis Summary - Below PBypass at EOC with TBVOOS and
EOC-RPTOOS

Power. Linting P.euatk, ""Peak Heat .GE14 - Atrium-140.,
P er Flow J.Lmtn .Neutron'(%).: i (% Transient ,' Flux Flux Option A, Option A

(%NBR

30 >50% FWCF 99.8 211.9 1.61 1.45

30 <50% FWCF 95.8 201.2 1.43 1.30

25 >50% FWCF 79.3 238.8 1.95 1.80

25 <50% FWCF 75.0 221.3 1.81 1.63
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Table 3-8 Power Dependent MCPR Limits for GE14 and Atrium-10

p CCApplication l " "' •",, - " P p B ow By .s. . . .... .. .... ' ...........r.Abo eP j ....... "...

.. Group 25% P . 25%P "3%P 33o%P y!. 3q, .
. ..... " >•" " :"' __" : .30% P 45%P '-60%'?P' '85°/oP• 1°o:.

.' 50%F 50o-F'. -<50%F. >50%/F .. r, , ,

2.24 2.24 2.15 2.15 1.483 1.280 1.150 1.072 1.000

2 2.24 2.24 2.15 2.15 1.483 1.280 1.150 1.072 1.000

3 3.12 3.28 2.69 2.89 1.483 1.280 1.150 1.072 1.000

4 3.12 3.28 2.69 2.89 1.483 1.280 1.150 1.072 1.000

Generic NA NA NA NA 1.483 1.280 1.150 1.056 1.000

Notes:
Application Group 1: Equipment in Service
Application Group 2: EOC-RPT OOS
Application Group 3: TBV OOS
Application Group 4: EOC-RPT OOS + TBV OOS

"I MCPR(P) below Paypas are CGS plant-specific OLMCPR values.

(2) K(85%) does not bound the ARTS generic value, therefore CGS specific value is reported. The more limiting

generic values are reported for all other Kp multipliers above Paypass.

Table 3-9 Power Dependent LHGR Limits for GE14 and Atrium-10

....... • .,,. ,: ...... ::. .~~~~~~~~~~~~.............................. Ji• •r':'•• ' LGRAC.....~~rAlv •'.r;2! (/-
LGRFACp Below Pit HypassRA ,g"'.)1eAoe:P I

Application ............ . . .
Group 25% P w25% P 36-/.'P ' 3 I 3'o-.6o. 5

'300% P .45%' P.4-6qO% :85%,P- 100%VP,• /.i::.::i' - ! <50% F:." {>ý50°% :F'It <50% ,F ' >50°6% Fý, .' . ... ,.,:': . :::?•' 0 9o',,

1 0.608 0.608 0.634 0.634 0.634 0.713 0.791 0.922 1.000

2 0.608 0.608 0.634 0.634 0.634 0.713 0.791 0.922 1.000

3(1) 0.480 0.480 0.524 0.524 0.634 0.713 0.791 0.922 1.000
4(1) 0.480 0.480 0.524 0.524 0.634 0.713 0.791 0.922 1.000

Genenic NA NA NA NA 0.634 0.713 0.791 0.922 1.000

Notes:
Application Group 1:
Application Group 2:
Application Group 3:
Application Group 4:

Equipment in Service
EOC-RPT OOS
TBV OOS
EOC-RPT OOS + TBV OOS

LHGRFAC(P) below PBass are calculated CGS plant-specific values.

(2) LHGRFAC(P) above P 1aysa the more limiting generic values are reported.
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Table 3-10 Flow Dependent Analysis Summary - All Application Groups

,power ) .Flow (%) . GE4 ACPR ATRIUM.O,,PR

105 100 0.03 0.02

98 90 0.06 0.05

90.7 80 0.09 0.08

83.1 70 0.13 0.12

75.3 60 0.17 0.15

67.3 50 0.20 0.19

59 40 0.24 0.22

50.4 30 0.27 0.26

Table 3-11 Flow Dependent MCPR(F) Limits for GE14 and Atrium-10

1.65 1.25 1.25

Table 3-12 Flow Dependent LHGRFAC(F) Limits for GE14 and Atrium-10

Maximum Flow Limit (%/RC). LHGRFAC(F.)LimitFrn iula,..

102.5 M1N{ 1.0, [ 0.4860 + 0.6784 x (W,/ 100)]}

107.0 MIN{ 1.0, [ 0.4574 + 0.6758 x (W, / 100)]}

112.0 MIN{ 1.0, [ 0.42-14 + 0.6807 x (W, / 100)]}

117.0 MIN{ 1.0, [ 0.3828 + 0.6886 x (W, / 100)]}

Note: W. = % Rated Core Flow
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4.0 ROD BLOCK MONITOR SYSTEM IMPROVEMENTS

The function of the RBM system is to assist the operator in safe plant operation in the power
range by:

(a) Initiating a rod block to prevent violation of the fuel integrity safety criteria during
withdrawal of a single control rod, and

(b) Providing a signal to permit operator evaluation of the change in local relative power
during control rod movement.

This section provides a discussion of the RBM System evaluation and features provided by the
ARTS improvement, including the RWE analysis based on the improved RBM system.

4.1 Current Rod Block Monitor System Description

The generic RBM system descriptions in Sections 4.1, 4.2 and 4.4 are obtained from
Reference 8.

4.1.1 Current System Description

To provide the measure of local power change, the RBM system uses the set of LPRMs that is
displayed to the reactor operator on the four-rod display. There are two RBM circuits
(designated Channel A and Channel B); one uses the LPRM readings from the A and C level
detectors and the other uses the B and D level detectors. The RBM has between four and eight
LPRM inputs, depending on whether it is operating on an interior or peripheral rod.

The RBM computes the average of all assigned unbypassed LPRMs in much the same manner as
the APRM. If the average of the RBM input reading is less than the reference APRM signal,
then an automatic RBM gain adjustment occurs such that the average RBM reading is equal to,
or greater than the APRM reading (this gain adjustment factor can never be less than one). This
comparison and potential RBM gain adjustment occurs whenever a control rod is selected.
There is a momentary rod block while the gain adjustment is made. This gain is held until a new
control rod is selected.

The RBM automatically limits the local thermal power changes from control rod withdrawal by
allowing the local average neutron flux indications to increase to a setting value. If the change is
too large, the rod withdrawal permissive is removed. Only one of the two RBM channels is
required to trip to prevent rod motion.

The RBM has three drive flow-biased trip levels (rod withdrawal permissive removed). The trip
levels may be adjusted and are nominally 8% of reactor power apart. Current CGS settings are
106%, 98%, and 90% CLTP at 100% flow. Each trip level is automatically varied with
recirculation system flow to protect against fuel overpower at lower flows. The operator may
encounter any number (up to three) of the trip points, depending on the starting power of a given
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control rod withdrawal. The lower two points may be successively bypassed (acknowledged) by
manual operation of a pushbutton. The reset permissive is actuated (and indicated by a light)
when the RBM indicates a power within the reset band of the trip point. The operator then
assesses the local power and either acknowledges or selects a new rod. The highest trip point
cannot be bypassed.

A count of the active LPRMs is made automatically and the RBM is automatically declared
inoperative if too few detectors are available for use. The rod withdrawal permissive is removed
if the RBM is inoperative and not bypassed. Only one RBM channel may be manually bypassed
at any time. If the reference APRM is indicating less than a low power setting, the RBM is
bypassed automatically. The RBM also is bypassed if the control rod has one or more adjacent
fuel bundles located in the outer periphery of the reactor core. In this case, the high neutron
leakage prevents overpower conditions. An RBM reading downscale and not automatically
bypassed by the APRM low power feature is considered to have failed and the rod withdrawal
permissive is not given. The RBM has outputs to recorders located on the reactor operator's
console, local, meters, trip units, and the on-line computer.

One RBM channel may be manually bypassed by operator action. Automatic bypass occurs if
the APRM level is below a prescribed value or reactor core outer boundary control rods are
selected.

An illustration of the current CGS RBM system is presented in Figure 4-1.

4.1.2 Limitations of Current Rod Block Monitor System

Since the 1960s, there have been significant technological advances in the field of two-phase
heat transfer. The GE Critical Boiling Length (GEXL) Critical Power Ratio has replaced the

Hench-Levy Critical Heat Flux Ratio as the approved means of determining departure from
nucleate boiling. This means that optimum evaluation of fuel thermal margins is not as effective
when performed solely on a local basis, compared against information about the entire fuel
bundle. For the RBM to fulfill its intended function more effectively, changes in the RBM
signal(s) must correlate closely with the thermal margin changes during control rod withdrawal.
The current RBM signals do not always correlate well with thermal margin changes during

control rod withdrawal, and the system performs its function at the expense of significant
operational penalties due to the conservatism required by the current limitations.

The current selection of LPRM inputs that form the RBM signals (Figure 4-2) is not optimum for
monitoring fuel integrity criteria because the two RBM channels have significantly different
responses to the same control rod movement. For determination of RWE event consequences
and the trip setpoints, the most responsive channel is assumed to be bypassed and the setpoints
are determined by the operating (least responsive) channel. It is also assumed that some of the
LPRMs assigned to the operating channel have failed. This further diminishes the response of
this channel. The RBM setpoint chosen is the one that blocks rod withdrawal before violation of
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the SLMCPR based on the response of the least responsive channel with maximum allowable
LPRM failures. However, when this setpoint is implemented at the plant, both RBM channels
typically will be in operation and the number of failed LPRMs will be less than assumed in the
analysis. The more responsive channel actually blocks rod withdrawal at much shorter
withdrawal increments and unnecessarily restricts control rod movements. This results in
complicated and time-consuming plant maneuvers to reach the full-power rod pattern.
Therefore, the correlation between RBM response and thermal margin change is improved by
reassigning the LPRMs making up the two RBM channel signals.

When a control rod is selected, rod withdrawal is blocked by the current RBM until the proper
LPRM signals have been routed to the averaging electronics and a variable gain has been applied
to the channel responses, which normalizes them to read the same as the reference APRM
channels (Figure 4-1). Normalization of the signal and trips to the reference APRM provides a
method of mapping RBM setpoints over a broad range of power and flow (Figure 4-3). Three
flow-biased trip settings are provided; the one selected is determined by the power and
recirculation drive flow at the time of selection. At a given flow, the RBM trip setting
immediately above the APRM measured power is selected for enforcement. If the APRM
measured power is within the reset band immediately below the two lower trip settings, the next
higher RBM trip setting is automatically selected for enforcement. Similarly, manual reset of the
lower trip to the next higher trip is allowed when the local power reaches the band as a result of
rod withdrawal. In this case, the operator would verify that adequate thermal margins exist
before resetting the trips. These reset features are a necessary result of the normalization of the
signals to the APRM. If the APRM power is just below the trip, random noise in the signals may
cause the trip to be exceeded and no withdrawal will be possible. Because the flow-biased trip
settings are roughly parallel to the flow control lines, it would be very difficult to increase core
power above an RBM trip setting without the reset features. Resets are possible only for the two
lower trip settings; the high trip cannot be reset. Because the highest trip setting cannot be reset,
another direct consequence of the normalization of the RBM signals to the reference APRM is
that control rod withdrawal is not permitted when the reference APRM exceeds the highest RBM
trip setting.

Figure 4-3 illustrates an ideal startup path in which rated power is attained without control rod
movement after recirculation flow has been increased. Figure 4-3 also shows the relationship
between the RBM trip settings and the ideal startup path relative to the highest RBM trip setting.
Because these two lines cross at low flow, the RBM prevents withdrawal of control rods
necessary to attain the ideal startup path, thus control rods must be withdrawn at higher core
power where fuel thermal margins may be smaller and more difficult to achieve.

Table 4-1 summarizes the limitations of the current CGS RBM system, the effects of these
limitations, and the proposed improvements to the system.
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4.2 ARTS-Based Rod Block Monitor System Description

The ARTS Based RBM system will:

(a) Eliminate the restrictions imposed on gross core overpower by the current flow-referenced
RBM trips (this function is fulfilled by the APRM flow-biased rod block), and

(b) Enhance operator confidence in the system by reducing the frequency of nonessential rod
blocks and by making the occurrence of rod blocks more predictable and therefore avoidable.

The following is a description of the functional changes to the RBM for ARTS.

A more direct trip logic is implemented (Figure 4-4). Instead of calibrating to the APRM, the
RBM signals are calibrated to a fixed (constant) reference signal. As in the original system, an
RBM downscale trip level is defined to detect abnormally low signal levels. The upscale trip
levels are set at a fixed level above the reference and will vary as step functions of core power.
This will allow longer withdrawals at low powers where thermal margins are high and allow
only short withdrawals at high power. Once tripped, recalibration is allowed only by deselecting
the rod, typically accomplished by selecting another rod, and reselecting the rod. Reselection
will result in a recalibration to the reference signal.

GEH studied a number of alternatives to the current LPRM assignment. Figure 4-2 illustrates the
current LPRM assignments. The new assignment scheme (Figure 4-5) provides the best
grouping to achieve the following objectives:

(a) Similarity of channel responses,

(b) High response to rod motion (allows higher setpoints, which reduces the effect of random
signal noise, calibration inaccuracies, and instrument drift),

(c) Less restrictive MCPR limits with high setpoints,

(d) High availability (tolerance of LPRM failures), and

(e) Ease of implementation.

While the "A" level LPRMs will no longer be used in the RBM signals, they will remain in place
for all other functions and displays. The basis for this is that the "A" level response has
minimum significance for bundle power increases (level "A" response has significance only for

shallow rod withdrawal).

Individual channel responses are compared in Figure 4-6 for a typical high worth control rod
withdrawal. This figure demonstrates the high degree of similarity of channel response for the
new assignments and the low degree of similarity existing with current assignments.

To the maximum extent possible, while achieving the above objectives, the new RBM system
design meets the same separation and isolation requirements as the previous RBM system. The
only exceptions are the sharing of LPRM signals from the "C" level detectors by both RBM
channels and the calibration of the RBM signals to isolated, fixed reference signals instead of
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isolated APRM reference signals. As for the current system, the new RBM system is fail safe for

failed LPRM input signals. As for the current system, a count of active LPRMs is made

automatically and the RBM channel declared inoperative if too few detectors are available.

The impact on the availability of the new RBM system due to the sharing of the "C" level

detectors has been shown to be small and the benefits of the improved signal response outweigh
any perceived loss in signal redundancy.

The new RBM system possesses readily predictable behavior, and will limit the thermal margin
reduction during rod withdrawals, but does not restrict rod withdrawals on the basis of gross core

power level (see comparison between Figure 4-3 and Figure 4-7). The limitations on gross core

power levels imposed by the APRM flow-biased rod block remains unchanged.

The RBM has no safe shutdown function, and cannot prevent or mitigate the consequences of
accidents which could result in potential offsite exposures comparable to the applicable guideline
exposures set forth in 10 CFR 50.67.

The RBM is a system that mitigates the consequences of an RWE by automatically initiating a
rod block to ensure that the MCPR safety limit is not exceeded. The RWE is not an accident. It

is an AOO, which, as defined in 10 CFR 50, Appendix A is part of normal operations. An RWE
does not challenge the integrity of the reactor coolant pressure boundary, and thus, the RBM is
not used to maintain the integrity of the reactor coolant pressure boundary.

The RWE evaluations necessary to establish the CPR limit and the trip setpoints for each power
interval are discussed in the following subsections.

4.3 Rod Withdrawal Error Analysis

4.3.1 Analysis

The improved RBM system for CGS with power-dependent setpoints requires that new RWE

analyses be performed to determine the MCPR requirements and corresponding setpoints. A

generic statistical analysis for application to all BWRs including CGS has been performed and is

summarized in Table 4-2. The application of these results is validated for GNF and/or
ATRIUM-10 fuel and core design for each reload analysis in accordance with the Reference 2
CPR correlation.

The generic ARTS RWE database in Table 4-2 was drawn from actual plant operating states and

covers the spectrum of plant designs and power densities (BWR/2, 3, 4, and 5) and BP/P8x8R

fuel designs. Cases were selected with low MCPRs and high LHGRs in bundles near deep
control rods to yield meaningful results. Three operating state case groups were examined in the

generic studies. All State A cases were selected near rated power and rated flow. The actual rod
patterns were modified to reduce the MCPR(s) of bundle(s) near the deep rods to approximately
1.20. To cover the P/F map, two other P/F points were included in the database. State B was

obtained from the State A case utilizing the same rod pattern and a core flow of 40% of rated.
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This represents an equilibrium xenon power level of about 60% of rated. State C represents a

modification of the State B case rod pattern to a 40% power condition (with 40% of rated core
flow) with no xenon. The total database consisted of 91 cases (39 State A, 26 each
State B and C).

The RWE analyses were performed utilizing the approved models described in Reference 2. The
outputs (MCPR and LPRM readings, and gross core power as a function of error rod position)
were inputs to the statistical analysis. From each case studied, 100 simulated RWEs were
generated by randomly varying the initial position of the error rod and the location and number
of failed LPRMs. Only initial error rod positions that were either fully inserted or that required a
rod block to limit MCPR were considered, and a random failure probability of 15% was assigned
to each LPRM. The 15% failure ratio is atypically high based on evaluations of actual operating
experience. A sensitivity study was also performed on LPRM failures (Subsection 4.3.2.2) that
show that the new system is fairly insensitive to LPRM failure rates.

The RBM responses were generated for both channels for each RWE analyzed. From these
responses, the error rod position at the rod block trip level was generated as a function of RBM
setpoint. The results were tabulated as a function of RBM setpoint. The parameter of interest is
the normalized MCPR change, i.e., Delta Critical Power Ratio over Initial Critical Power Ratio
(ACPR/ICPR). From the 100 RWEs analyzed for each rod pattern, the mean and standard
deviation and components of the standard deviation were calculated for each RBM setpoint,
which were then used to determine the mean and standard deviation of the entire database at each
State A, B, and C.

The overall results were determined for each P/F point for each RBM channel. The limiting
parameter is the MCPR, and a value of (ACPR/ICPR) 95/95 for each channel for each setpoint was

determined which is expected to bound 95% of the RWE consequences with 95% confidence.
The initial MCPR necessary to provide 95% confidence that the SLMCPR will not be violated in
95% of the RWEs initiated from that value is:

MCPR 95/95 =SLMCPR

1 - (ACPR/ICPR) 95/95

The results for both RBM channels for each P/F state for a range of RBM setpoints are

summarized in Table 4-2, which also shows the bounding MCPR requirement for each setpoint.
This bounding MCPR requirement was used to generate the design basis MCPR requirement as a
function of the RBM setpoint (Figure 4-8).

The results in Table 4-2 show that, for setpoints of interest, the MCPR limits do not vary

significantly over the P/F map. The primary parameters affecting an RWE are initial rod pattern
and void fraction. Because these parameters are essentially fixed along a given flow control line,
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The generic ARTS results presented thus far were performed utilizing an SLMCPR of 1.07. In
order to accommodate any potential future change in the SLMCPR, the RBM setpoints are
selected based on the limiting rated ACPR. The limiting rated ACPR is that value, which when
added to the plant SLMCPR, establishes the rated plant OLMCPR. Power-dependent RBM
setpoints shown in Table 4-5 were determined based on the power-dependent MCPR
requirements (Table 3-8). Table 4-5 is provided so that appropriate setpoints can be selected
such that the RWE will not significantly limit plant operation. These RBM setpoints are
analytical values and verified to be applicable to CGS. Figure 4-8 and Figure 4-9 were used to
determine the RBM analytical setpoints such that the RWE required MCPR is less than or equal
to the core-wide transient power-dependent MCPR requirement. The resultant power dependent
RBM setpoint requirements for a 1.20 rated MCPR limit are shown in Figure 4-10.

The generic RWE analyses also verified the conformance to the fuel thermal-mechanical limit
(i.e., 1% plastic strain) for GNF fuel designs. Plant-specific RWE evaluations have been
performed for CGS using the reference core loading for Cycle 20, which included GE14 and
ATRIUM-10 fuel. The results show that the SLMCPR and 1% cladding plastic strain fuel safety
limit criteria are met. Specifically, the RWE MCPR requirement for the CGS ARTS/MELLLA
evaluation is 1.27, compared to an EOC Option B OLMCPR of 1.39 from the LRNBP. In
addition, calculations will be performed as part of the reload analyses in accordance with
Reference 2 to confirm the applicability of the ARTS based statistical RWE result for subsequent
fuel cycles at CGS. If the confirmatory RWE calculation is more limiting than the generic 95/95
requirement, then the cycle-specific RWE MCPR requirement will be based on the RWE

calculation.

4.3.2 Sensitivity Analyses

4.3.2.1 Peripheral Rod Groups

The RBM setpoints discussed above were based on analysis of RWEs occurring in four-rod cells
surrounded by four LPRM strings. The RBM cells near the core periphery may possess fewer
than four control rods and have one, two, or three LPRM strings.

A study was performed to verify that the results obtained in the previous sections are valid for
peripheral cells with less than four LPRM strings. The locations of LPRM strings and control
rods in the CGS core are shown in Figure 4-11. The rod group geometries and error rods studied
are shown in Figure 4-12. A single case was selected from the database used to establish the
RBM setpoints. This case was re-analyzed with the various geometries of Figure 4-12
substituted for the standard four-string geometry. For this study, the RBM setpoint was fixed at
108%. Results of the study (Table 4-3) show no significant differences between the base (four
string) case and the limiting peripheral geometries. [[
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[[I

4.3.2.2 Local Power Range Monitor Failures

]] A study
was performed to determine the sensitivity of the MCPR requirement to the failure probability.
Failure probabilities of 0%, 15%, and 30% were evaluated for a 10-case subset of the 39 full-
power cases. [[

]] A low sensitivity
to LPRM failure probability is demonstrated in this figure. It is concluded that the RBM
setpoints are adequate for any realistically expected incidence of LPRM failures.

4.3.2.3 Effect of Filter on Rod Block Monitor Signal
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4.3.3 Effect of Safety Limit and Critical Power Ratio Correlations on Rod Withdrawal
Error Results

Generic ARTS results presented in the sections above were achieved utilizing the original GEXL
correlation and a SLMCPR of 1.07. A sensitivity study has been performed to assess the effect
of the GEXL-PLUS correlation (applicable to ATRIUM-10 and GE14 fuel in CGS core) on these
generic RWE results because of the greater sensitivity of GEXL-PLUS to power distribution
changes. Core designs were evaluated at rated conditions -under equilibrium xenon conditions.
RWE results were calculated using both the GEXL and GEXL-PLUS correlations initiated from
identical core exposure distributions and control rod pattern conditions. Differences in the
required ARTS RWE MCPR limits were less than 0.01 (with the GEXL-PLUS limits above the
GEXL limits) for all proposed RBM setpoints. Transient analysis results in Section 3.0 show the
OLMCPR associated with operation at ICF conditions as well as in the MELLLA region. A
comparison of these ACPRs with limiting ARTS RWE ACPR of 0.18 (corresponding to the
RBM setpoints in Table 4-5) indicates that a minimum margin of 0.12 exists before the RWE
event would become limiting in terms of establishing OLMCPR. These margins are more than
adequate to accommodate the calculated increase in RWE severity due to GEXL-PLUS
correlations. Furthermore, these results are verified as part of the cycle-specific reload analyses
in accordance with Reference 2.

4.4 Filter And Time Delay Settings

The ARTS based RBM system has the capability to include two adjustable time delays and two
adjustable signal filters.. The first filter on the RBM signal (Tcl) smoothes the averaged LPRM
signal to reduce trips due to signal noise. A second filter (T,2) on the APRM signal input to the
power-dependent trip selection logic was provided on pre-NUMACTM ARTS implementations to
improve the accuracy of the trip selection logic by reducing noise and oscillation between

setpoints. For the CGS NUMACTM RBM implementation, this filter (Tc2) is eliminated because
the incoming APRM signal is the STP signal, which already has a 6 second filter on it.

The setpoints here are "Analytical Limits;" other adjustments are recommended for inaccuracy, calibration, and
drift effects to obtain the "Nominal Trip Setpoint." Some adjustment ranges have been fixed by design such that
surveillance can be performed by simply establishing that the adjustments are in the limiting position.
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The first delay, TdI, delays gain adjustment and signal normalization for a preset time interval
following rod selection and is necessary to allow the filtered RBM signal to approach its
asymptotic value. (No rod withdrawal is possible during this period.) For optimum performance
based on experience from plants operating with the ARTS based RBM, this time delay (Td) has
been hard coded into the NUMACTM at 10 times T, 1, and is not user adjustable. The second
delay, Td2, is between the time the signal is nulled to the reference and the time the signal is
passed on to the trip logic (withdrawal is not restricted during this interval).

The adjustable trip time delay (Td2) is designed to allow for both a noise reduction feature and
for a system bypass function when sufficient fuel margins are available. The following
discussion focuses on the justification for the adjustable trip time delay (Td2) as a means of
bypassing the RBM system when permitted.

For applications when extreme signal noise characteristics exist, the signal noise may be too
severe for a filtering system to handle adequately (i.e., the required filter time lag setpoint
penalty would result in setpoints too low to be operationally acceptable). The ARTS based RBM
includes an adjustable trip time delay (Td2) that interrupts the transmission of the RBM signal for
a specified time period beginning with the rod withdrawal permissive following successful
nulling of the signal to the reference value. The purpose of this delay is to allow a plant that is
within thermal limits to withdraw a control rod at least a single notch despite extremely noisy
signals that would normally block rod withdrawal. Therefore, specifications of standard RBM
setpoints coupled with this time delay would assure that at least one 6-inch notch control rod
withdrawal could be made on each rod selection.

The time delay option (Td2) will not be used at CGS because additional supporting analyses for
Td2 are required but have not been included as part of this evaluation. When and if Td2 is utilized,
analyses will be performed under the CGS design process based on unrestricted continuous rod
withdrawal during the Td2 period. Preliminary evaluations include the feasibility of a value of
Td2 of approximately 10 seconds. The inclusion of this feature is considered totally consistent
with the ARTS objective of eliminating unnecessary RBM rod block alarm on normal rod
maneuvers in order to improve the human factors of the RBM system.

The ARTS RBM licensing bases support any combination of the adjustable RBM filter time
constant (Tcl) and the null sequence delay time (Td) with the applicable adjustment setpoints
defined in Tables 4-5. However, time delay Td, has been hard coded at 10 times Tcl, and is not
user adjustable. If RBM filtering is required, the nominal setting will be determined based on
plant conditions. The maximum time constant setting of 0.55 seconds will result in a null

sequence time delay of 5.5 seconds. The trip setpoints and power intervals are defined in
Tables 4-5 and 4-6 and shown in Figure 4-14.
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4.5 Rod Block Monitor Operability Requirement

The RBM system design objective is to block erroneous control rod withdrawal initiated by the

operator before the SLMCPR is violated. If any control rod in the core threatens to violate this
limit upon complete withdrawal, operability of the RBM system is required. The RBM system
basis is limited to consideration of single control rod withdrawal errors and does not
accommodate multiple errors. Therefore, in defining "limiting control rod patterns," only single
control rod withdrawals are considered. The entire generic RWE analysis database was
evaluated to determine the pre-RWE MCPR margin that would assure that the complete
withdrawal of any single control rod from any initial position would not violate the safety limit.

The requirements were evaluated at the 95% probability and 95% confidence level as follows:
First, the 95/95 maximum MCPR changes were determined for complete rod withdrawal:

ACPR
(ICPR )95/95, Full Withdrawal

Then, pre-RWE MCPR requirement Was determined:

MCPRRBM SLMCPR
Operation 1 - ACPR

Required ICPR 95/95, Full Withdrawal

The following limiting MCPR values were determined to provide the required margin for full
withdrawal of any control rod:

For Power < 90%: MCPR > 1.70

For Power > 90%: MCPR > 1.40

Whenever operating MCPR is below the preceding values, the RBM system must be operable;
whenever the operating MCPR is above these values, complete RBM bypass is supported. These
MCPRs were developed utilizing a SLMCPR of 1.07, thus are conservative for lower values of

SLMCPRs and must be adjusted for higher values of SLMCPRs.

For the higher CGS Cycle 20 safety limit of 1.09 these limits are 1.73 and 1.43 respectively.

4.6 Rod Block Monitor Modification Compliance to NRC Regulations and Licensing
Topical Reports

Modifications to the RBM firmware will be performed, consistent with the quality requirements
as addressed in Reference 9, Section 9, "Quality Assurance Programs." The RBM firmware was
developed using the same Verification and Validation (V&V) program as previously reviewed
by the NRC in NEDC-3241OP-A (Reference 9). This program specifically addresses issues such
as design control, change control, documentation, record keeping, independent verification, and
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software development specific requirements as delineated in NRC Regulatory Guide (RG) 1.152
(Reference 10). The basic approach of this V&V methodology is as follows: (1) the design
process is divided into logical steps, starting at the top, with each step resulting in a documented

output; (2) independent technical verification reviews are performed for each step of the design
process, including verification of test methods and results; (3) the design steps are divided into

logical groups, starting from the top, each of which comprise a baseline for the next step of
design steps; (4) an independent process review is performed after each group of design steps to
assure that the process, including technical verification reviews, is being followed and issues
resolved; (5) a final comprehensive validation test is performed of the completed software in the

target hardware; and (6) all steps of the process are documented. The existing qualification
envelop for PRNM hardware is unchanged with the modification. Operator bench board changes
have been reviewed and are adequate with the changes (see Section 2.3.3.6.2 of Reference 9).

4.7 Conclusion

The firmware change for the CGS NUMACTM PRNM system and Technical Specification

implementation of ARTS will:

" Eliminate the restrictions imposed on gross core power by the current flow-referenced
RBM trips (this function will be fulfilled by the APRM flow-biased rod block).

" Enhance operator confidence in the system by reducing the frequency of nonessential rod
blocks and by making the occurrence of rod blocks more predictable and avoidable.

" Upgrade the performance of the system such that the RWE will never be the limiting
transient. The RWE transient MCPR is determined by the rod block setpoints. These
setpoints will be selected based on the OLMCPR, as established by other AOOs.
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Table 4-1 Rod Block Monitor System Improvements

K KCurrent Design r),ec -Ipoeet;-

Non-Optimum LPRM Assignment Divergent Channel Response Optimize LPRM Assignments
Low Trip Setpoints

Unnecessary Rod Blocks

Normalization to APRM Erratic Trip Setpoints Normalize Initial Signal to Fixed Reference

Flow-Biased Trips Unnecessary Rod Blocks Power-Biased Trips Relative to Fixed
Reference

Reset Capability Gross Core Power Limited Renormalize on Rod Select Only
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Table 4-2 Rod Withdrawal Error Analysis Results

Approximate A~~d MCPR95 oud9n5.
Setpont Chnnel PowerIFlow 41)Men Deviationi

4 + + 4 +

.4- 4- 4 4 -I-

1 1- -I- 1 1 -1-

4 + + 4 .4-

4 4- 4- 4 4 +

4 4- 4 4 4-

1 1 4 4 +

4 + 4 4 .4-
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Table 4-3 RWE Analysis Results For Peripheral Rod Groups (108% Setpoint)

.:-..<>+.b . BCDI Canne
i1~Kj:; 4'Numbr ~:h': BCD2 hanaenne,

N bero AMP MCPILPRM"
. .. ... . .. e.. - i- gean ,, -7 , I S td . D ev .;I

[[PW,

9P~t]

Note: See Figure 4-5 for BCCD scheme of LPRM assignments
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Table 4-4 RBM Signal Filter Setpoint Adjustment

~filte're and'ý',_-
.PowerlFlow ARBM, Numr of RBM Unfiltered 4 Standards-C nel Setpoint (/). Signals Where eviation

. .. :e'.. ,• Differe ce,-,

[[_____ eponi,
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Table 4-5 RBM System Setup

.Ti:Lveleft" g(oteA,,A

F U
_yFnc Iqn, - ., iner" 6Unfiterea /Filtered

LPSP 30/.30 28'/28

IPSP 65 /65 63/63

HPSP 85/85 83/83

LTSP 127.0 / 125.8 124.6 / 123.4

ITSP 122.0 / 121.0 119.6 / 118.6

HTSP 117.0/116.0 114.6/113.6

DTSP N/L (Note b) N/L (Note b)

Tc, N/L (Note b) N/L (Note b)

Tc2 N/A (Note c) N/A (Note c)

Tdl N/L (Note b) N/L (Note b)

Td2 N/L (Note b) N/L (Note b)

Note (a): Trip Setpoint function numbers in % of Reference Level. Power Setpoint function numbers in % Rated
Thermal Power.

Note (b): N/L - No Limitations; means either that the setpoint function is a system setting that does not affect the
RWE analysis or that the range is restricted by design to values considered in the RWE analysis.

Note (c): N/A - Not Applicable; this item is eliminated because filtering is provided by the STP APRM signal.
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Table 4-6 ARTS RBM System Setpoints

'-"ARTS Generic Function ~.OLMCtPR
.RWE MCPR Limit (SL =1.09)

(!§L=10711.09), I
1.20/1.22 HTSP

ITSP

LTSP

1.27

1.25 /1.27 HTSP

ITSP

LTSP

1.30/1.32 HTSP

ITSP

LTSP

1.35 /1.37 HTSP

ITSP

LTSP

Trip Level'Setting (%X) Trip Level §etting%

108.0 107.4

112.0 111.2

118.0 117.0

111.0 110.2

116.0 115.2

121.0 120.0

114.0 113.2

119.0 118.0

124.0 123.0

117.0 116.0

122.0 121.0

127.0 125.8
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Table 4-7 RBM Setup Setpoint Definitions

AL Analytical limit
AOO Anticipated Operation Occurrence

AV Allowable value

NTSP Nominal trip setpoint
LPSP Low power setpoint; RBM trips automatically bypassed below this level.
IPSP Intermediate power setpoint
HPSP High power setpoint
LTSP Low trip setpoint

ITSP Intermediate trip setpoint
HTSP High trip setpoint

DTSP Downscale trip setpoint to avoid an RBM trip if the readings occasionally
decrease slightly as a rod is initially withdrawn.

Tdl Delays the nulling sequence after rod selection so RBM filtered signal nears
equilibrium before calibration. It adds an additional time delay from rod
selection to allowable rod withdrawal start. The value is fixed at 10 times the
Tc, input value.

Td2 Adjustable Time delay 2 that delays passing RBM filter signal to RBM trip logic
after signal has been nulled successfully to reference signal.

Tcl Adjustable RBM signal filter time constant. Adjustment within the hardware
capability must be consistent with the basis of the setpoints.

Tc2 Variable APRM signal filter constant. This filter is eliminated.

Reference Level The level the RBM is automatically calibrated to upon control rod selection.
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Figure 4-1 Conceptual Illustration of Current Flow-Dependent RBM System with AC/BD
LPRM Assignment
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Figure 4-2 RBM Current AC/BD LPRM Assignment
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Core
Power (%)

Core Flow (%)

Figure 4-3 Typical RBM System Configuration Limits (Typical for 106% Setpoint)

4-22



NEDO-33507 Revision 0
Non-Proprietary Information

r TO RBM CHANNEL "B'"

-l

It-
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Figure 4-4New Power-Dependent RBM System with BCCDI/BCCD2 LPRM Assignment

4-23



NEDO-33507 Revision 0
Non-Proprietary Information

DAI

1
7zlli

ii
CRUCIFORM

CONTROL BLADE

LPRM DETECTOR
C

A

LPRM
LEVELS

. BCCD CHANNEL

BCCD 2 CHANNEL

O NOT IN SYSTEM

BOTTOM OF CORE

Figure 4-5 New RBM BCCD1 /BCCD 2 LPRM Assignment

4-24



NEDO-33507 Revision 0
Non-Proprietary Information

120

118

lie

114

112

110

108

P

0

z
0

W
M

106

104

102

100

0 2 4 6 8 10 12 14
CONTROL ROD POSITION, FT WITHDRAWN

Figure 4-6 Typical RBM Channel Responses, Old Versus New LPRM Assignment (No
Failed LPRMs)
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Figure 4-7 New RBM System Core Power Limit (Typical)
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Figure 4-8 Design Basis RWE MCPR Requirement Versus RBM Setpoint
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11

Figure 4-9 Design Basis MCPR Requirement for RWE (ARTS)
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Figure 4-10 RBM Setpoint Versus Power (without Filter)
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Figure 4-12 Rod Block Monitor Rod Group Geometries
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[1

Figure 4-13 Results of LPRM Failure Rate Sensitivity Studies
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Figure 4-14 Power-Dependent RBM Trip Nomenclature
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5.0 VESSEL OVERPRESSURE PROTECTION

The Main Steam Isolation Valve Closure with a Flux Scram (MSIVF) event is used to determine
compliance to the American Society of Mechanical Engineers (ASME) Pressure Vessel Code.
This event was previously analyzed at the 102%P / 106%F state point for the CGS Cycle 20

reload licensing transient analysis. This is a cycle-specific calculation performed in accordance
with Reference 2 at 102% of RTP and the maximum licensed core flow (maximum flow is
limiting for this transient for CGS). Because the implementation of ARTS/MELLLA does not
change the maximum core flow, ARTS/MELLLA does not affect the vessel overpressure
protection analysis. However, the sensitivity of operation at the MELLLA condition (102%P /
80.7%F for this analysis) for CGS Cycle 20 is provided in Table 5-1.

The MSIVF is the limiting event for the ASME overpressure analysis. Note that for the ASME
overpressure analysis, the MSIVF includes an additional failure in the RPS system and is
therefore not an AOO where MCPR is calculated.

The MSIVF results are primarily [[
]] associated with the cycle specific core design. A demonstration was

provided in Table 5-1 that shows that the increased core flow condition (106% core flow)
produces the more limiting peak vessel pressure for CGS. The higher initial core flow has a
higher core pressure drop and a higher initial pressure in the lower plenum and results in higher

peak vessel pressures. Therefore, MELLLA initial condition does not adversely affect the peak
vessel pressure.

Table 5-1 CGS Cycle 20 Sensitivity of Overpressure Analysis Results to Initial Flow

Initlial peak Seam 2 Pek
''PoerFlow Domne Pressure Vess'el Pressýure

( 0iaed) (sg -(psig)

102/106 1305 1341

102 /80.7 1296 1321
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6.0 THERMAL-HYDRAULIC STABILITY

6.1 Introduction

The stability compliance of GNF fuel designs with NRC regulatory requirements is documented
in Section 9 of Reference 2. NRC approval of the stability performance of GE fuel designs also
includes operation in the MELLLA region of the P/F map.

The above NRC acceptance of thermal-hydraulic stability includes the condition that the plant
has systems and procedures in place, supported by Technical Specifications, as appropriate,
which provide adequate instability protection. CGS has licensed Option III (Reference 11) as the
stability long-term solution and has an approved Technical Specification for the Option III
hardware. The Option III hardware has been installed and connected to the Reactor Protection
System (RPS). In the event that the Oscillation Power Range Monitor (OPRM) system is
declared inoperable, CGS will operate under alternate methods.

The Option III detect and suppress stability solution has been implemented at CGS. The
demonstration calculations that are included in Sections 6.2 and 6.3 are based on the current
Cycle 20 core design at the increased MELLLA P/F map upper boundary. When the MELLLA
upper boundary domain is implemented, cycle specific setpoints will be determined in
accordance with Reference 2 and documented in the Supplemental Reload Licensing Report
(SRLR).

6.2 Stability Option III

The Option III solution combines closely spaced LPRM detectors into "cells" to effectively
detect either core-wide or regional (local) modes of reactor instability. These cells are termed
OPRM cells and are configured to provide local area coverage with multiple channels. Plants
implementing Option III have hardware to combine the LPRM signals and to evaluate the cell
signals with instability detection algorithms. The Period Based Detection Algorithm (PBDA) is
the only algorithm credited in the Option III licensing basis. Two defense-in-depth algorithms,
referred to as the Amplitude Based Algorithm (ABA) and the Growth Rate Algorithm (GRA),
offer a high degree of assurance that fuel failure will not occur as a consequence of stability
related oscillations.

The Option III Trip Enabled Region has been generically defined as the region (less than or
equal to 60% rated core flow and greater than or equal to 30% rated power) where the OPRM
system is fully armed. The Backup Stability Protection (BSP) evaluation described in
Section 6.3 shows that the generic Option III Trip Enabled Region should be expanded for
operation in the MELLLA region. The BSP analysis recommends extending the power boundary
of the generic Option III OPRM Trip-Enabled Region to greater than or equal to 25% rated
CLTP and keeping the flow boundary at less than or equal to 60% rated core flow. The OPRM
Trip-Enabled Region is shown in Figure 6-1.
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The minimum power at which the OPRM should be confirmed operable is 20% rated CLTP. A
5% absolute power separation between the OPRM Trip-Enabled Region power boundary and the
power at which the OPRM system should be confirmed operable, is deemed adequate for the
Option III solution.

Stability Option III provides SLMCPR protection by generating a reactor scram if a reactor
instability, which exceeds the specified trip setpoint, is detected. The demonstration setpoint for
the Cycle 20 core design at the increased MELLLA P/F map upper boundary is determined per
the NRC approved methodology (Reference 12). The Option III stability reload licensing basis
calculates the limiting OLMCPR required to protect the SLMCPR for both steady-state and
transient stability events as specified in the Option III methodology. These OLMCPRs are
calculated for a range of OPRM setpoints for MELLLA operation. Selection of an appropriate
instrument setpoint is then based upon the OLMCPR required to provide adequate SLMCPR
protection. This determination relies on the DIVOM curve (Delta CPR Over Initial MCPR
Versus Oscillation Magnitude) to determine an OPRM setpoint that protects the SLMCPR during
an anticipated instability event. The DIVOM slope was developed based on a TRACG
evaluation in accordance with the BWR Owner's Group (BWROG) Regional DIVOM Guideline
(Reference 13). The analysis is performed with the Cycle 20 nominal core simulator wrap-ups at
limiting conditions.

Hot Channel Oscillation Magnitude (HCOM) analyses was performed in Reference 14, with a
corner frequency (CF) of 1.0Hz. The analysis with a HCOM CF of 1.0Hz is shown in Table 6-1.
Assuming an estimated OLMCPR of 1.33 and an estimated SLMCPR of 1.09, an OPRM
Amplitude Setpoint of 1.11 is the highest setpoint that may be used without stability setting the
OLMCPR, according to the results in Table 6-1. The OPRM Amplitude Setpoint of 1.11
requires an OPRM Successive Confirmation Count Setpoint of 14 or less. The actual setpoint
will be established on a cycle specific basis.

Therefore, ARTS/MELLLA operation is justified for plant operation with stability Option III.

6.3 Backup Stability Protection

CGS implements the associated BSP regions (Reference 15) as the stability-licensing basis if the
Option III OPRM system is declared inoperable.

The BSP regions consist of two regions (I-Scram and II-Controlled Entry). The Base BSP Scram
Region and Base BSP Controlled Entry Region are defined by state points on the High Flow
Control Line (HFCL) and on the Natural Circulation Line (NCL) in accordance with
Reference 15. The bounding plant-specific BSP region state points must enclose the
corresponding Base BSP region state points on the HFCL and on the NCL. If a calculated BSP
region state point is located inside the corresponding Base BSP region state point, then it must be
replaced by the corresponding Base BSP region state point. If a calculated BSP region state
point is located outside the corresponding Base BSP region state point, this point must be used.
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That is, the selected points will result in the largest, or most conservative, region sizes. The
proposed BSP Scram and Controlled Entry region boundaries are constructed by connecting the

corresponding bounding state points on the HFCL and the NCL using the Modified Shape

Function (MSF) as defined in Reference 16.

The demonstration BSP regions for both Nominal Feedwater Temperature (NFWT) and Reduced

Feedwater Temperature (RFWT) were expanded in the MELLLA region in accordance with the

guidance in Reference 15. The demonstration of the proposed BSP regions, based on Cycle 20,
is shown in Table 6-2 for NFWT and Table 6-3 for RFWT. Plots of the BSP regions on the P/F

map are show in Figure 6-2 for NFWT and Figure 6-3 for RFWT. The BSP regions, as

described in Reference 15, are confirmed or expanded on a cycle-specific basis.

Therefore, ARTS/MELLLA operation is justified for plant operation with stability BSPs.
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Table 6-1 Option III Setpoint Demonstration with HCOM CF of 1.0 Hz

OPRM .

Amplitude OLMCPR(SS).MELLLA', " -:OLMCPR(2RPT) MELLLA:
Setpoint

1.05 0.166 1.212 1.177

1.06 0.197 1.240 1.204

1.07 0.229 1.268 1.231

1.08 0.260 1.297 1.260

1.09 0.292 1.329 1.290

1.10 0.323 1.351 1.311

1.11 0.353 1.361 1.322

1.12 0.383 1.372 1.332

1.13 0.413 1.383 1.343

1.14 0.443 1.394 1.353

1.15 0.473 1.405 1.364

1.16 0.501 1.416 1.375

1.17 0.530 1.431 1.389

1.18 0.558 1.456 1.413

1.19 0.587 1.481 1.438

1.20 0.615 1.507 1.463

Off-rated OLMCPR @45% core flow Rated Power OLMCPR

•Ai represents the Hot Channel Oscillation Magnitudes (Reference 14).
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Table 6-2 BSP Region Endpoints for NFWT

Case Na-me •y Power (,% Ra.ted) FiO %.(/ RRiated Core FIow)" _

Al - Base HFCL, Scram Region 64.7 40.0

BI NCL, Scram Region 33.8 23.8

A2 - Base HFCL, Controlled Entry Region 73.8 50.0

B2 NCL, Controlled Entry Region 25.1 23.8

Table 6-3 BSP Region Endpoints for RFWT

Cage Nae RegionBoundary - .. Power (% Rated). Flv:(% Rated Cor'eFlow)• •

Al HFCL, Scram Region 67.9 43.5

BI NCL, Scram Region 28.5 23.7

A2 - Base HFCL, Controlled Entry Region 73.8 50.0

B2 NCL, Controlled Entry Region 24.5 23.4
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Figure 6-1 MELLLA OPRM Trip Enabled Region
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Figure 6-2 Demonstration of Proposed BSP Regions for NFWT
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Figure 6-3 Demonstration of Proposed BSP Regions for RFWT
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7.0 LOSS-OF-COOLANT ACCIDENT ANALYSIS

The current licensing basis SAFER/GESTR-LOCA analysis for CGS (Reference 17 for the base
SAFER/GESTR analysis and Reference 18 for GE14 fuel) has been reviewed to determine the
effect on the Emergency Core Cooling System (ECCS) performance resulting from CGS
operation in the MELLLA domain. The Reference 18 analyses considered CGS operation in the
ELLLA domain. The LOCA analysis for CGS operation in the MELLLA domain are in
conformance with the error reporting requirements of 10 CFR 50.46 through notification number
2008-01. Therefore, all known ECCS-LOCA analysis errors in accordance with 10 CFR 50.46
have been accounted for in the analysis in support of the application of ARTS/MELLLA for
CGS. The CGS current licensing basis PCT for GE14 fuel is shown in Table 7-2. This current
licensing basis PCT is 1710°F and is set by the results of the LOCA analysis for the recirculation
suction line break (RSLB) at 104.1% CLTP/RCF with a top-peaked axial power distribution
(Reference 18).

The two major parameters that affect the fuel peak cladding temperature in the design basis
LOCA calculation, which are sensitive to the higher load line in the operating P/F map, are the
time of boiling transition (BT) at the high power node of the limiting fuel assembly and the core
recovery time. Initiation of the postulated LOCA at lower core flow may result in earlier BT at
the high power node, compared to the 100% of RCF results, resulting in a higher calculated PCT.
Similarly, initiation of the postulated LOCA at lower core flow affects break flow rate and core
reflooding time, compared to the 100% of RCF results, which can also result in a higher
calculated PCT. The effect on the calculated PCT is acceptable as long as the results remain less
than the Licensing Basis PCT limits.

The ARTS-related changes will not affect the LOCA analysis. The current CGS licensing basis
specifies a requirement in maximum LHGR as a function of drive flow, known as the APRM set
down requirement. With the implementation of ARTS, this lower LHGR requirement is being
replaced with direct core power and flow fuel thermal limits by the ARTS improvement option.
If the direct core power and flow fuel thermal limits were modeled in the LOCA analysis, a
reduction of PCT would result, leaving the reported cases as limiting. Acknowledging this
credit, these reduced thermal limits are not modeled in the LOCA analysis, and the LOCA
analysis is not required for the implementation of ARTS.

The nominal and Appendix K PCT response following a large recirculation line break for most
plants show that the PCT effect due to MELLLA is small. In some cases, there may be a
significant PCT increase if early boiling transition penetrates down to the highest-powered axial
node in the fuel bundle. This can happen at core flows in the MELLLA region. [[

]] For small breaks, the fuel remains
in nucleate boiling until uncovery and MELLLA is expected to have no adverse effect on the
small break LOCA response.
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Calculations assuming the MELLLA extended operation domain were performed to quantify the
effect on PCT to the allowed operation envelope. The MELLLA assumptions for the limiting
large recirculation line break case resulted in an

MELLLA has a negligible effect on compliance with the other acceptance criteria of

10 CFR 50.46. Because cladding oxidation is primarily determined by PCT, MELLLA can
affect the amount of cladding oxidation in those cases where there is a significant PCT increase.
Jet pump BWRs have significant margin to the local cladding oxidation and core-wide metal-
water reaction acceptance criteria, even for PCTs at the 2200'F limit. The compliance with the
2200'F limit ensures compliance with the local cladding oxidation and core-wide metal-water
reaction acceptance criteria for GE14 fuel. Compliance with the coolable geometry and long-
term cooling acceptance criteria were demonstrated generically for GE BWRs (Reference 19).
MELLLA does not affect the basis for these generic dispositions. Therefore, MELLLA has a
negligible effect on compliance with the other acceptance criteria of 10 CFR 50.46.

The CGS MELLLA evaluation is based on plant-specific calculations with GE14 fuel using
SAFER/GESTR methodology (References 19 through 24). Calculations were performed for
rated flow and power conditions in the last ECCS-LOCA analysis using the SAFER/GESTR

methodology (Reference 18). Bases from the reference analysis were retained. Specifically:

* Recirculation suction leg break location is the limiting break location, and remains the break
location considered in the MELLLA analysis.

* The limiting single failure identified in the previous LOCA analysis (i.e., High Pressure Core
Spray Diesel Generator (HPCSDG)) has not changed.

" A full core of GE14 fuel is assumed to comprise the core.

" The Upper Bound PCT has been addressed in the current analysis (Reference 18). The
Upper Bound PCT has been shown bounded by the Licensing Basis PCT. The Upper Bound
PCT does not need to be recalculated for ARTS/MELLLA implementation.

* ECCS operation parameters are consistent with those used in the Reference 18 analysis.

* The bottom head drain line is included in analysis of the small break as the evaluation model
is applied. The small break area includes the full guillotine bottom head break area plus
additional recirculation suction line area to obtain the total break area represented. With this
procedure, the consequences of the double-ended guillotine rupture of the bottom vessel head
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drain line is always covered by the small break spectrum, including consideration of single
failure and break location.

A summary of analysis inputs is presented in Table 7-1. Results from these calculations are
presented in Table 7-2.

7.1 Conclusions

The calculations for CGS show that the MELLLA option will meet the PCT acceptance criteria

for a representative core with GE14 fuel and has no effect on any other LOCA criteria.
Therefore, no additional restrictions on fuel power to account for LOCA criteria compliance are

required. Calculations at the 104.1% CLTP/MELLLA flow condition result in the highest PCT

for the large break LOCA. Calculations at the 104.1% CLTP / rated flow condition result in the
highest PCT for the small break LOCA and set the licensing basis PCT for CGS.

Table 7-1 ECCS-LOCA Analysis Bases for CGS ARTS/MELLLA

P~ armee Units au

Original Licensed Thermal Power MWt 3323

Current Licensed Thermal Power MWt 3486

ECCS-LOCA Rated Thermal Power MWt 3629

Vessel Steam Dome Pressure psia 1055

Rated Core Flow Mlb/hr 108.5

MELLLA Core Flow (85.75% rated flow at Mb/hr 93.04
104.1% CLTP)
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Table 7-2 ECCS-LOCA Peak Cladding Temperature for CGS ARTS/MELLLA

PCT(.0 F). I ,)o
, '";Case bescription - Current Analysis- PCT (0F :

(eference 18) (ATMLLA

DBA Break:

Appendix K Assumptions .

Nominal Assumptions'

Small Break:

Appendix K AssumptionS
]]Notc I Not Analyzed

Nominal Assumptions

R ]Not Analyzed
Licensing Basis PCT: 1710 Not Analyzed

Note 2

Appendix K - 1 0.CFR50.46 Appendix K assumptions

ADS - Automatic Depressurization System

Note 1 - Case Description (break size, axial power shape, limiting single failure) that sets the Licensing
Basis PCT. The Licensing Basis PCT is based on the Upper Bound PCT for this case description.

Note 2 - Licensing basis PCT is set by the Rated Flow condition
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8.0 CONTAINMENT RESPONSE

8.1 Approach/Methodology

This section evaluates the effect of ARTS/MELLLA containment pressure and temperature
response on the containment LOCA hydrodynamic loads (pool swell (PS), condensation
oscillation (CO) and chugging (CH)) for CGS. The analysis presented here demonstrates that
sufficient conservatism and margin in the containment hydrodynamic loads currently defined for
CGS is available to compensate for any variance in these loads due to the extended operating
domain, or that the currently defined loads are not affected. The SRV discharge load evaluation
would normally consider any increases in the SRV opening setpoints. Because the
ARTS/MELLLA operating domain does not require changes to the SRV setpoints, the pressure
related SRV loads do not change.

For this evaluation, a qualitative evaluation is performed which uses the results of previous

short-term DBA-LOCA analyses performed for the CGS Power Uprate/ELLLA (Reference 1)
and also the results of similar analyses performed for other BWR plants with Mark II
containments.

Previously, the effect of MELLLA operation on the Mark II containment response for the DBA-
LOCA RSLB and on the associated Mark II containment DBA-LOCA hydrodynamic loads has
been evaluated with plant-specific containment analyses with the M3CPT containment analysis
code (References 25, 26) using mass and energy release rates obtained with the detailed LAMB
blowdown model (Reference 19). The purpose of these analyses has been to quantify the effect
of changes in break subcooling on the mass and energy release rates and consequently on the

containment response. Similarly, the effect of other off-rated conditions such as ELLLA, ICF,
SLO, or operation with RFWT have also been evaluated with plant-specific containment
analyses. This process was applied for CGS to evaluate the different reactor conditions

associated with the current license thermal power in support of the CGS Power Uprate/ELLLA
(Reference 1).

A review of the results of the CGS plant-specific containment analyses, indicate that changes in
reactor conditions associated with MELLLA operation have a small effect on the containment
response. A review of similar analyses performed for other plants with Mark II containment

have shown similar results.

A qualitative evaluation approach to the short-term DBA-LOCA containment evaluation was
applied for the CGS MELLLA containment assessment. In this approach the results of the
Reference 1 M3CPT/LAMB DBA-LOCA analyses are used to establish trends with respect to
the effect of reactor conditions. With these trends determined, the effect of MELLLA operation
can be assessed. The results obtained from analyses performed for other plants with Mark II
containments are also reviewed in support of this evaluation. The results of this trend evaluation
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are used as a basis to assess the impact of ARTS/MELLLA operation on the CGS license basis
containment analyses and on the CGS LOCA hydrodynamic load definition.

8.1.1 Short-Term Pressure/Temperature Response

The short-term containment response covers the blowdown period during which the maximum
drywell pressure and temperature, wetwell pressure, and maximum drywell to wetwell
differential pressure occur. Consequently, analyses were performed for various cases that cover
the full extent of CGS operation including the ELLLA and ICF domain in support of the Power
Uprate/ELLLA (Reference 1). The objective of performing these analyses was to demonstrate
that the containment pressure and temperature design limits, as stated in the CGS FSAR, are not
exceeded. The results of these analyses were also used to evaluate the various containment
hydrodynamic loads.

For this qualitative evaluation, the results of DBA-LOCA short-term analyses performed in
support of the CGS Power Uprate/ELLLA (Reference 1) are reviewed to establish trends.
Additionally, the results of similar analyses for other BWR plants with Mark II containments are
also reviewed. The purpose of this review was to establish a general trend of containment
response characteristics with differences in reactor conditions which control the initial break
flow subcooling and can affect the reactor blowdown response.

For this evaluation, the results of analyses performed, in support of Reference 1, at the following
reactor conditions were considered, including cases with NFWT and cases with a 65°F RFWT.

1. 106.2% of RTP / 100.0% of core flow (NFWT & RFWT)

2. 106.2% of RTP / 106.0% of core flow (ICF, NFWT)

3. 106.2% of RTP / 94% of core flow (ELLLA, NFWT & RFWT)

4. 74.7% of RTP /56.4% of core flow (SLO, NFWT)

5. 59.2% of RTP / 36.4% of core flow (Minimum Recirculation Pump Speed, RFWT)

6. 64.1% of RTP/ 38.6% of core flow (Minimum Recirculation Pump Speed @ ELLLA,
NFWT)

These cases were selected for the Power Uprate/ELLLA containment evaluation to
conservatively cover the full extent of the current licensed P/F boundary including the ELLLA
and ICF regions.
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8.1.2 LOCA Containment Hydrodynamic Loads

The CGS LOCA containment hydrodynamic loads assessment includes PS, CO and CH loads.
These loads are evaluated based on the short-term containment response analysis.

Plant operation in the ARTS/MELLLA region changes the mass flux and the subcooling of the

break flow, which may affect the containment short-term LOCA response and subsequently the
containment hydrodynamic loads. These loads were generically defined for Mark II plants

during the Mark II Containment Program as described in Reference 27 and accepted by the NRC
in References 28 and 29. The plant-specific dynamic loads are also defined in the CGS Design

Assessment Report (DAR) (Reference 30). The current evaluation of these loads for CGS is
described in the Safety Analysis Report for Power Uprate/ELLLA (Reference 1).

The containment hydrodynamic loads evaluation presented in this section also include
considerations of the currently licensed 20°F Feedwater Heater Out-of-Service (FWHOOS) and
future applications for 650F Final Feedwater Temperature Reduction (FFWTR) and FWHOOS.

8.2 Assumptions and Initial Conditions

The CGS MELLLA containment evaluation relies on the results of the containment analyses
performed for Reference 1; therefore, it is assumed that there are no significant differences in
initial conditions or plant configuration parameters that potentially affect the containment
response, relative to inputs, used for the Reference 1 analyses. This assumption was confirmed
as part of the MELLLA containment evaluation.

The following initial containment conditions were used in the Reference 1 DBA-LOCA short-
term containment pressure/temperature response analysis.

PAfani*t r, Value.

Drywell Pressure (psig) 0.7

Wetwell Pressure (psig) 0.7

Drywell Temperature (F) 135

Suppression Pool Temperature (7F) 90

Drywell humidity (%) 50%

Wetwell humidity (%) 100%

The initial conditions shown above are common to all cases performed for Reference 1. An

additional NFWT case with an initial drywell and wetwell pressure of 2.0 psig was performed at
106.2% of RTP / 100.0% of rated core flow.

The key assumptions used in the Reference 1 analyses of the short-term containment response

for CGS operation in the Power Uprate/ELLLA domain are listed below.

1. Reactor power generation is assumed to cease concurrently with the time of the accident
initiation. There is no delay period.
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2. The break being analyzed is an instantaneous double-ended rupture of a recirculation suction
line. This results in the maximum discharge rates to the drywell.

3. GE's LAMB computer code (Reference 19) is used to calculate the break flow rates and
break enthalpies. These values are then used as inputs to the M3CPT computer code
(References 25 and 26) to calculate the containment pressure and temperature response.

4. The vessel blowdown flow rates are based on the Moody Slip flow model. (Reference 31)

5. The Main Steam Isolation Valves (MSIVs) start closing at 0.50 seconds (the delay is
associated with the maximum instrument signal response) after initiation of the accident.
They are fully closed in the shortest possible time of 3.50- seconds after initiation of the
accident.

6. No credit is taken for passive structural heat sinks in the containment. Steam condensation
on structures and components in the containment is therefore conservatively neglected.

7. The wetwell airspace is in thermal equilibrium with the suppression pool at all times.

8. The flow of liquid, steam, and air in the vent system is assumed to be a homogenous mixture
based on the instantaneous mass fractions in the drywell.

9. The feedwater flow is assumed to begin to coast down at 3.9 seconds and entirely stop at
43.5 seconds.

8.3 Analyses Results

8.3.1 Short-Term Pressure/Temperature Response

Table 8-1 provides a description of the reactor conditions associated with the cases performed in
support of the Power Uprate/ELLLA (Reference 1). Table 8-2 provides the conditions
associated with MELLLA used for this evaluation. A review of the reactor conditions shown in
Tables 8-1 and 8-2 show that reactor conditions with MELLLA are effectively enveloped by the

conditions already analyzed in support of Reference 1, based on a comparison of initial break

subcooling. For this evaluation the subcooling is defined as the difference between the initial
break enthalpy and the liquid enthalpy corresponding to the initial reactor dome pressure. The

subcooling associated for the minimum pump speed condition with MELLLA in Table 8-2 is
slightly higher than previously considered for the supporting analyses for Reference 1; however,

as is identified in the following paragraphs, the effects of higher subcooled conditions are
relatively small and typically produce a reduced containment response.

Table 8-3 summarizes key results from analyses performed in support of Power Uprate/ELLLA
(Reference 1) and reviewed for the MELLLA evaluation.

The key parameter, for the DBA-LOCA short-term pressure/temperature analysis is the peak
drywell pressure, which is shown in Table 8-3. For the DBA-LOCA RSLB events, near

saturation conditions exist in the drywell at the time of peak drywell pressure, so the peak

drywell pressure establishes the peak drywell temperature, with higher peak drywell

temperatures occurring with higher peak drywell pressures. The results presented in Table 8-3
indicate that with the exception of Case 5 in Table 8-3 (Minimum Pump Speed (MPS), with
RFWT), higher values for peak drywell pressure occur for full power conditions, with core flow
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and feedwater temperature having a relatively small effect on peak drywell pressure. This trend
is consistent with the trends observed in similar analyses performed for other Mark II plants. It

was determined that the high drywell pressure obtained for Case 5 was caused by a more
conservative application of the LAMB break flow enthalpy history for Case 5 than for the other

cases. This produced an artificially high peak drywell pressure for Case 5 relative to the other

cases. More recent calculations performed for other Mark II plants, use a newer, automated

process, which uses all LAMB break flow data. The newer analyses show more definitive trends

in the peak drywell pressures with maximum peak drywell pressures occurring with minimum

initial subcooling, such as occurs with full reactor power, rated or ICF, and with NFWT.

Based on trends observed in the CGS Power Uprate/ELLLA analyses, and analyses performed

for other plants with Mark II containments, it was concluded that operation with MELLLA will
not adversely affect the DBA-LOCA short-term containment response, relative to the response

previously evaluated for Reference 1, and will not result in the exceeding of containment

pressure and temperature design limits.

The CLTP peak drywell pressure remains bounding for MELLLA.

8.3.2 LOCA Containment Hydrodynamic Loads

Three types of hydrodynamic loads are addressed for the DBA-LOCA: a) PS loads, b) CO loads,

and c) CH loads. The effect of ARTS/MELLLA on these loads is evaluated based on a review of

the containment responses obtained for the Reference 1 Power Uprate/ELLLA analyses and
trends determined from this review.

8.3.2.1 Pool Swell

The PS loads include the vent clearing loads, the LOCA bubble wall pressure and submerged

structure loads, wetwell airspace pressurization and the PS effect and drag loads. All of these

loads are controlled by the initial drywell pressurization (first 2 seconds) following the initiation

of the DBA-LOCA.

A measure of the initial drywell pressurization rate is provided by the peak drywell-to-wetwell

pressure difference. This parameter occurs during the initial 2 seconds of the event, which is

coincident with the pool swell period. A review of Table 8-3 shows that the maximum value for

this parameter occurs for Case 3. Case 3 had the smallest associated reactor subcooling. This

trend is similar to results seen in analyses performed for other Mark II plants.

As part of the Power Uprate/ELLLA pool swell loads evaluation for Reference 1, the drywell

pressure history for this case was compared to the drywell pressure history used to define the PS

load, and the comparison confirmed that the load definition drywell pressure history remains

bounding. Additionally, confirmatory calculations were performed using the GEH PS model

(Reference 32), which confirmed that the pool swell response, used to define the PS load,

remains bounding.
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Because the containment response conditions controlling the PS load were shown to be bounding
with lower subcooling, the slight increase in reactor subcooling associated with MELLLA will
not produce a more severe drywell pressurization than already assessed for Power
Uprate/ELLLA, and that response will be bounded by the containment response used to define
the CGS PS load in Reference 30.

8.3.2.2 Condensation Oscillation

CO loads result from oscillation of the steam-water interface that forms at the vent exit during
the region of high vent steam mass flow rate. This occurs after PS and ends when the steam
mass flux is reduced below a threshold value. CO loads increase with higher steam mass flux
and higher suppression pool temperature. The generic Mark II CO definition is based on Mark II
4TCO tests (Reference 33). The 4TCO tests were designed to simulate LOCA containment

thermal-hydraulic conditions (i.e., steam mass flux and pool temperature), which bound all Mark
II plants including CGS.

According to the description given in Section 3.2.4.1.2 of the CGS DAR (Reference 30), the CO
load for the CGS plant was eliminated based on a review of the JAERI multivent CO test results.
Based on this test data when multiple vent effects were considered, the CO load is significantly
reduced relative to the CO load from the single vent tests. Per Reference 30, with multiple vent
effects considered, the CGS CH load definition provides a bounding load for both CO and CH.
A review of the short-term DBA-LOCA responses for Cases 1 through 8 of Table 8-1, performed
in support of the Power Uprate/ELLLA, determined that differences in the DBA-LOCA vent

flow and suppression pool temperature response introduced by the reviewed differences in
reactor conditions are small. Thus, it was concluded that MELLLA would also not adversely

affect CO loads, and that there is no effect of MELLLA on the existing basis in Reference 30 for
elimination of the CO load for CGS.

8.3.2.3 Chugging

The CH load definition for CGS is an alternative load to the Mark II generic CH load (Reference
27), but uses the same CH test data from the Mark II 4TCO tests (Reference 33). The 4TCO

tests covered the full range of thermal-hydraulic conditions with CH expected for Mark II
containment geometry. Because the thermal-hydraulic conditions for the Reference 33 tests (i.e.,
steam mass flux, air content and suppression pool temperature) were selected to produce the
maximum CH amplitudes for a Mark II containment, any changes to the containment response
due to MELLLA will not affect the CH load definition.

8.4 Conclusions

It is concluded that ARTS/MELLLA has no adverse effect on the current CGS definition of the
dynamic loads of (1) PS, (2) CO and (3) CH and that the existing definitions of LOCA dynamic
loads of PS, CO, and CH for CGS remain applicable for ARTS/MELLLA.
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8.5 Reactor Asymmetric Loads

In support of MELLLA implementation, the effect of expanding the reactor operating domain
from the current ELLLA P/F map boundary to the MELLLA P/F map boundary on HELB mass
and energy releases to the annulus region between the RPV and the sacrificial shield wall (FSAR
Figure 6.2.23) were evaluated. The change in mass and energy release from the break may affect
the asymmetrical loads acting on the primary and containment SSCs important to safety (e.g.,
RPV, reactor internals, shield wall, and piping). The drywell head sub compartment
pressurization was also evaluated for the effect of MELLLA on the differential pressure loading
across the drywell head bulkhead plate. These evaluations were performed over the range of P/F
conditions associated with the MELLLA boundary.

8.5.1 Annulus Pressurization Analysis

The reactor asymmetric loads during the DBA LOCA include the annulus pressurization (AP)
loads, the jet reaction loads /jet impingement loads, and the pipe whip loads.

The following line breaks in the annulus region (RPV to sacrificial shield wall) were evaluated
for the effects of MELLLA:

" Recirculation Suction Line Break

* Feedwater Line Break (FWLB)

The methodology for calculating the current RSLB blowdown mass and energy release profile
for AP loads is the conservative methodology documented in NEDO-24548 (Reference 34). A
more realistic blowdown mass and energy release profile was determined for the MELLLA AP
loads analysis using the GEH code LAMB. The LAMB code has been used in the plant
licensing application to calculate the blowdown mass flow rate and energy profile for AP loads
in the event of a RSLB and has been accepted for LOCA evaluations in support of licensing
applications for P/F map extensions such as MELLLA. The LAMB mass and energy release
analysis considers the pipe break separation time history and ignores the fluid inertia effect.

The methodology used for calculating the current RSLB sub compartment pressurization

transients for AP loads were the RELAP model combined with the GEH analytical method for

determining mass and energy release referenced in Section 6.2.1.2 of the Columbia FSAR. For

the MELLLA evaluation, the pressurization transients for the AP load analysis were determined

using the GOTHIC code (Reference 35). The use of the GOTHIC code allowed for a much finer

nodalization of the annulus region (approximately 400 nodes versus 30 nodes in the current

RELAP analysis). The GOTHIC code also provides a more realistic treatment of the loss

coefficients and momentum flux in the annulus region. The pressure multiplier factor of 1.4

specified in NUREG-0800 Section 6.2.1.2-5 that had been used in the construction permit was

also eliminated by CGS.
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The methodology used for calculating the current FWLB blowdown mass and energy was based

on RELAP. The FWLB mass flow may increase slightly due to the increased vessel liquid

subcooling associated with MELLLA. However, the effect on the critical break flow rate on the

energy flux into the annulus is more than offset by the effects of reduced break flow enthalpy.

Therefore, MELLLA operation is expected to have a negligible effect on the annulus
pressurization loads and structural response for the FWLB.

8.5.2 Impact on Structural Response

Evaluations were performed to determine the effect of the AP load methodology change and

MELLLA operation on the dynamic structural response of the RPV, reactor internals, piping and

containment structures. These evaluations used the same mathematical lumped mass beam
model as the original analyses of record.

Effect of Methodology Change

The results from the updated dynamic analyses using the more realistic LAMB/GOTHIC
methodology were compared against those used as input to the component structural analyses of

record based on the current NEDO/RELAP methodology. The change to the more realistic

LAMB/GOTHIC methodology generally resulted in a reduction in the structural response. Most
components saw a reduction in loads on the order of 6%-100%. However, significant increases
in loads were observed for some components: fuel (101%), shroud and shroud support (38%),

shroud head (48%), and steam separator (22%). A small increase (less than 4%) was also

observed in the primary containment loads.

The amplified response spectra (ARS) envelopes were also compared to determine if the change
in methodology resulted in any significant shifts in frequency content (up to the original design

basis frequency of 60 Hz). The envelopes based on the more realistic LAMB/GOTHIC
methodology are in general, bounded by the original design basis envelopes in frequency range

from 10 Hz to 60 Hz. The envelope spectra show new peaks in the frequencies below 10 Hz at a
few locations on the Shroud, Steam Separator, RPV, BSW, BOP, and Primary Containment. The

effects of the increases in loads and changes in frequency content are dispositioned in

Section 8.5.3.

Effect of ARTS/MELLLA

With the more realistic modeling, the evaluation results show that MELLLA operation has only a

minor effect on the structural response due to a RSLB between the RPV and the sacrificial shield

wall. The largest increase in structural response associated with MELLLA implementation was
less than 3% compared to the current operating conditions, with the results for most components
showing little or no change. MELLLA operation had no notable effect on the frequency content

of the amplified response spectra envelopes. The increases in loads are dispositioned in
Section 8.5.3.
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8.5.3 Evaluation of Structural Response

The results of the structural response evaluation in Section 8.5.2 shows that MELLLA operation

resulted in only a minor effect on the structural responses. The change to a more realistic AP

Load methodology resulted in a reduction in the loads for most components, however some

components saw a significant increase in the loads or additional frequency content in the ARS

envelopes. The affected components and systems were evaluated to confirm that these SSCs
could accommodate the change in the AP loads. The AP loads are combined with the safe

shutdown earthquake (SSE) seismic loads in the faulted load combination using the square root
-of the sum of the squares (SRSS). The SSE loads in the load combination are not affected by

MELLLA. Because the SSE loads tend to be the dominant term in the load combination, the

SRSS process diminishes the AP loads contribution to the total component stresses.

8.5.3.1 RPV Integrity Components

Analyses are performed for the design, the normal and upset, and the emergency and faulted

conditions. If there is an increase in annulus pressurization, jet reaction, pipe restraint or fuel lift
loads, the changes are considered in an analysis of the components affected by the annulus

pressurization associated loading increase.

Faulted Conditions

Only annulus pressurization related faulted loads for the RPV Shroud Support component

increase for ARTS/MELLLA conditions relative to the existing design basis. All other RPV

component faulted loads remain bounded by the existing design basis for ARTS/MELLLA

conditions. The Shroud Support is evaluated for the increases in annulus pressurization
associated loads, and the design basis, bounding stresses of this component are found to remain

unaffected. Therefore, ASME Code, Section III, and Sub-section Nuclear Boiler (NB)
requirements are met for all RPV components for annulus pressurization associated faulted

conditions.

8.5.3.2 Reactor Internals

The Reactor Internals are qualified in Section 9.3 for all applicable MELLLA-based loads.

8.5.3.3 Reactor Coolant Pressure Boundary Piping Evaluation (Inside Containment)

As noted in Section 8.5.2, the ARS envelopes are in general, bounded by the original design

basis envelopes in the frequency range from 10 Hz to 60 Hz. However, the envelope spectra

showed additional frequency content below 10 Hz at locations that could affect the reactor

coolant pressure boundary piping (RCPB). The RCPB piping, piping supports, and restraints

were evaluated to confirm that these components could accommodate the change in the AP
loads. The results of those evaluations showed that there was sufficient margin to accommodate

the change in AP loads and that the stresses on the piping, supports, and restraints will continue

to meet the applicable ASME Code allowables.
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8.5.4 Drywell Head Region

The drywell head subcompartment pressurization was evaluated for the effect of MELLLA for

the following breaks:

* RSLB

* RCIC Head Spray Line Break

A RSLB in the lower drywell region produce an upward loading on the bulkhead plate in the
drywell head region. The pressure loads for this event are predominantly controlled by the break

energy flux, which is not affected by extension of operating domain to MELLLA. The CLTP

peak drywell pressure remains bounding for MELLLA (Section 8.3.1).

A break of RCIC head spray line (steam break) in the upper drywell head region causes the

downward loads on the bulkhead plate. The break flow for steam line breaks is mainly

controlled by RPV pressure at rated condition. MELLLA operation does not increase the RPV

pressure. Therefore, there is no effect of MELLLA on the bulkhead plate loading this break.
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Table 8-1 Cases Analyzed For Short-Term Containment Response

7-_- Initial,
..Case - owerw , -u ro w , . -B

Poi t •Enthalpy.,,,Be akressure•No. . P.%.-: • •(MW Ct)'. om/nr), Flo C .t I-, . Suocooing
-~~~~~ ___ . ubin)

1 106.2%P/100%F (Rated) 3702 108.5 530.8 1055.0 20.1

2 106.2%P/100%F (65TF 3702 108.5 522.8 1055.0 28.1
FFWTR)

3 106.2%P/106%F (ICF) 3702 115.0 532.1 1055.0 18.8

4 74.7.%P/56.4%F (SLO) 2604 61.2 516.4 1032.0 31.0

59.2%P/36.4%F (Min
5 Pump Speed -65TF 2064 39.5 494.8 1017.0 50.3

FFWTR)

6 106.2%P/94%F (ELLLA) 3702 102.0 529.4 1055.0 21.5

7 106.2%P/94%F (ELLLA 3702 102.0 518.0 1048.0 31.8
65-F FFWTR)

8 64.1%P/38.6%F (Min 2234 41.9 503.3 1023.6 42.9
Pump Speed)

P =3486 MWt
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Table 8-2 Conditions Reviewed for MELLLA

Core Inlet. Dm raCase_ . * jomtI'y: Power 'Core Flow Enthalpy Pressurr. i:Wt). (M:bEr) Btu/Ibm) Subcooling:.
MW__ (Bllr O Osa

I 102%P/80.7%F 3555.7 87.56 525.4 1050 24.7(MELLLA)

2 102%P/80.7%F

(MELLLA, RFWT) 3555.7 87.56 514.2 1035 - 33.7

3 58.65%P/32.3%F (Min 2044.5 35.05 500.3 1035 47.6
Pump Speed

4 58.65%P/32.3%F (Min 2044.5 35.05 491.2 1035 56.9
Pump Speed, RFWT) II

1 P =3486 MWt
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Table 8-3 Summary of Sensitivity Study Results for Peak Drywell Pressure and
Temperature and Initial Drywell Pressurization Rate

Ywr l We A,:o
Cae'Point 1 P ir Drywll for;efifeW

Case:No. - Pressure Diffe-entil'
(psig), -,-Pressure-,.

106.2%P/1 00%F134.8 24.49
(Rated)

2 106.2%P/100%F 34.6 24.17
(65°F FFWTR)

3 106.2%P/106%F 347 24.62
(ICF)

4 74.7%P/56.4%F 33.4 23.49
(SLO)

59.2%P/36.4%F
5 (Min Pump Speed - 35.1 21.90

65°F FFWTR)

6 106.2%P/94%F 35.1 24.57(ELLLA)

106.2%P/94%F
7 (ELLLA 65°F 35.0 23.83

FFWTR)

8 64. 1%P/38.6%F 33.2 22.74
(Min Pump Speed)

I P =3486 MWt
2 The values shown in this column are based on an initial wetwell and drywell pressure of 0.7 psig. Case 1

was also performed with an initial drywell and wetwell pressure of 2.0 psig. This case, which is reported in
Table 6.2-5 of the CGS FSAR, produced a peak drywell pressure of 37.4 psig.

3 Drywell-to-wetwell differential pressures shown in this table are obtained from the M3CPT output directly,
and do not account for wetwell airspace compression effects due to pool swell. The maximum predicted
drywell-to-wetwell differential pressure, with the effect of pool swell considered, is 21.70 psid, as shown in
Table 4-1 of Reference 1 and is well below the design value of 25 psid. The direct values from M3CPT
were selected to quantify trends in the early drywell pressurization history when the peak drywell-to-
wetwell pressure occurs.
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9.0 REACTOR INTERNALS INTEGRITY

9.1 Reactor Internal Pressure Differences

The reactor internals pressure differences (RIPDs) across the reactor internal components and
the fuel channels in the MELLLA condition are bounded by the ICF (106% of RCF) conditions
due to the higher core flow condition. Thus, no new RIPDs, fuel bundle lift and Control Rod
Guide Tube (CRGT) conditions are generated by the MELLLA operating domain. The current
RIPD basis remains applicable to the MELLLA condition.

9.2 Acoustic and Flow-Induced Loads

The acoustic and flow-induced loads are contributing factors to the CGS design basis load
combination in the Faulted condition. The acoustic loads are imposed on the reactor internal
structures as a result of the propagation of the decompression wave created by the assumption of
an instantaneous RSLB. The acoustic loads affect the core shroud, core shroud support, and jet
pumps. The flow-induced loads are imposed on the reactor internal structures as a result of the
fluid velocities from the discharged coolant during an RSLB. The flow-induced loads affect the
core shroud and jet pumps.

9.2.1 Approach/Methodology

Major components in the vessel annulus region, the shroud, shroud support, and jet pumps were
evaluated for the bounding RSLB acoustic and flow-induced loads representing the MELLLA
conditions.

The flow-induced loads were calculated for an RSLB utilizing the specific CGS geometry and
fluid conditions applied to a reference BWR calculation. The loads were calculated by applying
scaling factors that account for plant-specific geometry differences (e.g., size of the shroud,
reactor vessel, and recirculation line) and thermal-hydraulic condition differences (e.g.,
downcomer subcooling) from the reference plant. The reference calculation was based on the
GE methods utilized to support NRC Generic Letter 94-03 (Reference 36) that was issued to
address the shroud cracks detected at some BWRs.

The acoustic loads on the jet pumps and shroud applied for CGS represent CGS-specific plant
geometry configuration and operating conditions. The bounding natural frequencies for the jet
pumps and shroud along with the bounding subcooling are applied. For acoustic loads on the
shroud support, generic bounding BWR loads based on the GEH approved methods were used.
For CGS, the most limiting subcooling condition is at the intersection of the minimum pump
speed and the MELLLA boundary line. The initial thermal hydraulic conditions including the
subcooling at this point are applied to the reference BWR calculation, along with the CGS
geometry, to determine the plant-specific flow-induced loads.
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9.2.2 Input Assumptions

The following assumptions and initial conditions were used in the determination of the acoustic
and flow-induced loads for the MELLLA operation.

rijitial Coiidition s :j•& , Bases/Jfstifcations

102%P / 100%F Consistent with the CGS current licensing basis.

102%P / 100% F Consistent with the CGS current licensing basis with feedwater temperature reduction.

102%P / 80.7%F MELLLA comer at rated power with feedwater temperature reduction.
58.7%P / 32.3%F Minimum pump speed (MPS) point on the MELLLA boundary line, with feedwater temperature

reduction.

58.7%P / 32.3%F MPS point on the'MELLLA boundary line, with normal feedwater temperature.

60.2%P / 34%F MPS point on the ELLLA boundary line, with feedwater temperature reduction.

60.2%P / 34%F MPS point on the ELLLA boundary line, with normal feedwater temperature.

9.2.3 Results

The flow-induced loads for the shroud and jet pumps are shown in Table 9-1. CGS-specific
flow-induced load multipliers for off-rated conditions to be applied to the baseline loads are also
documented. The maximum acoustic loads on the shroud and jet pumps are shown in Table 9-2.
The generic bounding maximum acoustic loads on the shroud support are shown in Table 9-3.
These loads were used to determine the structural integrity of these components.

The flow-induced loads in the MELLLA condition (at the CLTP and 80.7% RCF) are slightly
higher than the current uprated ELLLA condition (at the CLTP and 88% RCF) due to the
increased subcooling in the downcomer associated with the MELLLA condition. From ELLLA
to MELLLA, the downcomer subcooling increases thereby increasing the critical flow and the
mass flux out of the break in a postulated RSLB. As a result, the flow-induced loads in
MELLLA conditions increase slightly.

9.3 RPV Internals Structural Integrity Evaluation

The structural integrity of the RPV internals was qualitatively evaluated for the loads associated
with MELLLA operation for CGS. The loads considered for MELLLA include Dead weights,
Seismic Loads, RIPDs, Acoustic and Flow induced Loads due to RSLB LOCA, SRV, LOCA,
AP loads, Jet Reaction (JR) loads, Thermal loads, Flow Loads and Fuel Lift loads. The limiting
flow conditions and thermal conditions were considered. The RPV internals (excluding CRD
Mechanism) are not certified to the ASME Code; however, the requirements of the ASME Code
Section III are used as guidelines in their design basis analysis. The following RPV internal
components were evaluated:

" Shroud

* Shroud support
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* Core Plate

* Top Guide

* CRD Housing/CRD Mechanism

" Control Rod Guide Tube

* Orificed Fuel Support

* Fuel channel

* Shroud Head and Separator Assembly (Including Shroud Head Bolts)

• Jet Pump Assembly

" Access hole cover

* Core Spray Line and Sparger

" Feedwater Sparger

* Low Pressure Coolant Injection (LPCI) Coupling

* Steam Dryer

o In-core housing and Guide Tube

* Core Differential Pressure & Liquid Control Line

The above RPV internals are currently qualified for CLTP with FFWTR operation. All

applicable loads except the AP/JR and RIPD loads are unaffected, remain bounded, or change

insignificantly with respect to CLTP with FFWTR. The MELLLA-based AP/JR and RIPDs

loads have increased for some RPV internals with respect to their current design basis loads.

However, adequate stress margin exists to accommodate increases in the MELLLA-based AP/JR

and RIPD loads. It was concluded based on the evaluation that the Normal, Upset, Emergency

and Faulted condition stresses and fatigue usage factors remain within the design basis ASME

Code Section III allowable stress limits for all RPV internals for ARTS/MELLLA. The results

of the structural evaluation of the RPV internals components are shown in Table 9-4. All RPV

internals remain structurally qualified for operation in the MELLLA condition.

9.4 Reactor Internals Vibration

9.4.1 Approach/ Methodology

To ensure that the flow-induced vibration (FIV), response of the reactor internals is acceptable, a

single reactor for each product line and size undergoes an extensively instrumented vibration test

during initial plant startup. After analyzing the results of such a test and assuring that all

responses fall within acceptable limits of the established criteria, the tested reactor is classified as

a valid prototype in accordance with Regulatory Guide 1.20 (Reference 37). All other reactors

of the same product line and size are classified as non-prototype and undergo a less rigorous
confirmatory test.
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Tokai Unit 2 was designated as the prototype plant for BWR5, 251-inch diameter reactors in

accordance with Regulatory Guide 1.20 (Reference 37). An FIV test was performed at Tokai 2
and data collected during plant start-up between October 1977 and July 1978. An FIV test also
was performed at CGS and data collected during plant start-up between September 1984 and
December 1984. The critical reactor internals were instrumented with vibration sensors and the

reactor was tested up to 106% core flow at 100% rod line. These data were used in the current

CGS ARTS/MELLLA evaluation. For the components that were not instrumented in above two
plants, test data from other plants and test facilities are used.

CGS is currently licensed to operate at an ICF of up to 106% of RCF (108.5 Mlbs/hr) at 100% of

CLTP. For ARTS/MELLLA operation, the rated power output remains the same, but core flow
is reduced to 80.7% of RCF at 100% of CLTP.

9.4.2 Inputs/Assumptions

The following inputs/assumption were used in the reactor internals vibration evaluation:

Plant data selected for flow Tokai Unit 2 was designated as the prototype plant for BWR5, 251-
induced vibration (FIV) inch diameter reactors in accordance with Regulatory Guide 1.20
evaluation (Reference 37). FIV test was performed at Tokai 2 and data collected

during plant start-up between October 1977 and July 1978. FIV test
also was performed at CGS and data collected during plant start-up
between September 1984 and December 1984 (Reference 38). The
critical reactor internals were instrumented with vibration sensors and
the reactor was tested up to 106% core flow at 100% rod line. These
data were used in the current CGS ARTS/MELLLA evaluation. For
the components that were not instrumented in above two plants, test
data from other plants and test facilities are used.

Target plant conditions in the CLTP of 3486 MWt and 80.7% of RCF at 100% of CLTP (100% rod
MELLLA region selected for line).
component evaluation

GE stress acceptance criterion of Limit is lower than the more conservative value allowed by the current
10,000 psi is used for all stainless ASME Section III design codes for the same material (Reference 39),
steel components and is bounding for all stainless steel material. The ASME Section III

value is 13,600 psi for service cycles equal to 10i.

9.4.3 Analyses Results

Because the vibration levels generally increase as the square of the flow and MELLLA flow
rates are lower than CLTP flow rates with power remaining unchanged, CLTP vibration levels
bound those at MELLLA conditions.

The reactor internals vibration measurements report for plants Tokai 2, CGS and other plants if

needed were reviewed to determine which components are likely to have significant vibration at
the MELLLA conditions.
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For the shroud/top guide, shroud head, separators, and the steam dryer, the vibrations are a

function of the steam flow, which at MELLLA conditions is bounded by the steam flow at

CLTP. For the Feedwater sparger, the vibrations are a function of the Feedwater flow, which at
MELLLA conditions is bounded by the Feedwater flow at CLTP.

The vibration levels are generally proportional to the square of the flow. Therefore, the lower
plenum components (CRGT, Incore Guide Tube (ICGT)), Liquid Control Line and the jet pumps

whose vibrations are dependent on the core flow, will experience reduced vibration due to the
reduction in core flow during MELLLA operation. Hence, the vibration levels of those

components at MELLLA conditions are bounded by those at CLTP conditions.

For Jet Pumps, the vibration depends on the core flow. There is no increase in the maximum

flow during MELLLA compared to CLTP; therefore, vibrations due to flow are acceptable. In

addition, CGS has proactively installed slip joint clamps at all 20 jet pumps to eliminate any
potential slip joint leakage induced vibration.

The jet pump riser braces were evaluated for possible resonance due to vane passing frequency

(VPF) pressure pulsations. The jet pump riser braces natural frequencies are well separated from
the recirculation pump VPF during MELLLA conditions and will not have any increased
vibrations.

For jet pump sensing lines (JPSLs), the VPF at MELLLA conditions was compared with the

JPSL natural frequency and it was concluded that they were acceptable.

The FIV evaluation is conservative for the following reasons:

" The GE stress acceptance criterion of 10,000 psi peak stress intensity is more

conservative than'the ASME allowable peak stress intensity of 13,600 psi for service

cycles equal to 1011;

" The modes are absolute summed; and

* The maximum vibration amplitude in each mode is used in the absolute sum process,

whereas in reality the vibration amplitude fluctuates.

Therefore, the FIV will remain within acceptable limits.

9.5 Conclusion

The analyses documented in this section demonstrate that, from an FIV viewpoint, the reactor
internals structural mechanical integrity is maintained to provide CGS safe operation in the

MELLLA domain.
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Table 9-1 Flow-Induced Loads on Shroud and Jet Pumps for CGS

Corpneont Pa4rametr .,, ljkad '.ý: I..r . 1 * " .zýo

Baseline Forc'e (kips) 95.498
Shroud

Baseline Moment at the Shroud Centerline (106 in-lbf) 8.390

Baseline Force (kips) 6.229Jet Pump Baseline Moment at the Jet Pump Centerline (106 in-lbf) 0.370

;Copipon~en oprting Condition, LoadMultiplier

102%P/ 100%F 1.0000

102%P I 100%F FWTR 1.0484

102 %P / 80.7%F (MELLLA) FWTR 1.1650
Jet Pump

58.7%P / 32.3%F NFWT (MELLLA) MPS 1.5558

Shroud 58.7%P / 32.3%F FWTR (MELLLA) MPS 1.8246

60.2%P / 34%F NFWT (ELLLA) MPS 1.5052

60.2%P I 34%F FWTR (ELLLA) MPS 1.7794

(1 Loads at rated conditions (102% power/100% core flow).

Table 9-2 Maximum Acoustic Loads on Shroud and Jet Pumps

"• ,:: :',i,: •:,: •::_•..: • •:1 ': Force"). .• Effective() ý iM oment.);' :! " -)
Co no ponent- Conditions: - .I .. :. .) - ( 6 n" "-o j ;M oment;

(kip's)-, Force'(kip) 4b

Shroud All Conditions 2182.412 1079.391 291.708 121.563

Jet Pump All Conditions 30.994 26.866 1.770 1.607

(I) The results are applicable for all rated and off-rated conditions

Table 9-3 Maximum Acoustic Loads on Shroud Support (MELLLA)

C"mpionentl. 2 • Paramete; r ,nit, Ut , 1.-ads

Total Vertical Force kips 2202

Shroud Support Moment at the Shroud Support Plate Outside 106 in-lbf 323.6

Edge Nearest the Break

I Half Period sec 0.037

(1) The results are applicable for all rated and off-rated conditions
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Table 9-4 Governing Stress Results for RPV Internals

'ICLTP, __ ARTS/MLL

No:, Cononelii!. -Servic StiS bI?.-'I:(?< ° :'•"•i •;("•t"•: .,1;:2 nt ••1::-ale.,• .. Lcain .. Leve •.•. aegory ,Unit Vvalue w 1 Allowa.ble -:::'ivi Service~ -C AIlw'alue lerit: Va lue Location. Categor[21
_____ _ __ ____ ____ __ / ther

1 Shroud B psi 12,320 Top Guide B Pm+Pb psi 12,730 21,450WedgeI

2 Shroud Support B psi 25,540 Legs B Pm+ Pb psi 25,540 28,100
lbs. /

3 Core Plate B lbs./CRGT 986 Longest Beam B Buckling CRGT 1,016 1,179
________CRGT

4 Top Guide B psi 28,548 Longest Beam B Pm+Pb psi 28,548 31,690

CRD Housing CRD Housing @
5.a (Outside-RPV Portion) B psi 15,450 RPV Bottom B Pm+ Pb psi 15,450 24,900

Head

CRD HuigCDHuin5dRD o rtion CRD Housing p B Pm+ Pb psi 11,925 16,1855.b (Inside-RPV Portion) RPV Stub Tube

5.c CRD Mechanism B psi 24,700 CRD Outer Tube B Pm + Pb psi 24,700 26,100
CRGT Flange B P • pi 819 2,0

6.a Control Rod Guide Tube B psi 8,189 (Base) B Pm Pb psi 8,189 24,000

6.b Control Rod Guide Tube B psi 9,037 Mid-span B Pm + Pb psi 9,100 16,000
6.c Control Rod Guide Tube B N/A 0.39 Body B Buckling N/A 0.40 0.45

Orificed Fuel Support B lbs. 14,894[3] OFS Body B j Load lbs. 14,8951'1 35,590[3]7 (OFS)

8 Fuel Channel Qualified By GEH (GNF) proprietary method
Shroud Head and

9 Separators Assembly B psi 7,926 Shroud Head B Pm psi 7,909 16,900
(Incl. Shroud Head Bolt
Bolts) . ....__ _,

10 Jet Pump Assembly D psi 54,427 Riser Brace D Pm+ Pb psi 54,427 60,840
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"CLT T ~ A T /M P JAIA

-'No 6'nibneft_'-.ý Stress~No..m. nen Level.Unit ..... . Service t.... - 1 Aowable'S"- .eviel - Valu , Leve- | . Unit .•- l-e, IValue [2

. Other_________________

Access Hole Cover B psi 10,012 Cover B PI+Pb psi 10,012 20,580(Top Hat Design) I

12.a Core Spray Line B psi 19,890 Elbow B Pm + Pb psi 19,890 23,850

12.b Core Spray Sparger B psi 6,560 Tee Junction B j Pm psi 6,560 21,450

13 Feedwater Sparger B N/A 0.88 Sparger pipe to B Fatigue N/A 0.88 1Endplate Weld Usage___

In-core housing
14 In-Core Housing and B psi 25,160 @ RPV B Pro+ Pb psi 25,160 25,400Guide Tube Penetration

Core Differential
15 Pressure and Liquid C psi 17,015[4] Unknown B Pm+ Pb psi 17,015(4] 36,900

Control Line

Low Pressure Coolant
16 Injection (LPCI) C psi 27,600 Support Ring C Pm + Pb psi 27,600 31,400

Coupling

17 Steam Dryer D kips 75.15 Lifting Rod D Buckling kips 75.15 88.99
Notes:
[1]
[2]
[3]
[4]

Stresses/loads values reported are for the limiting loading condition, with the least margin of safety.
AVs are consistent with the original design basis.
For OFS, Calculated and Allowable loads provided are in vertical downward direction.
For the Core Differential and Liquid Control Line, the calculated stress shown is based on Absolute summation of upset loads. Actual stress based on SRSS
methodology will be less.
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10.0 ANTICIPATED TRANSIENT WITHOUT SCRAM

10.1 Approach/Methodology

The basis for the current ATWS requirements is 10 CFR 50.62. This regulation includes
requirements for an ATWS-RPT, an Alternate Rod Insertion (ARI) system, and an adequate
Standby Liquid Control System (SLCS) injection rate. The purpose of the ATWS analysis is to
demonstrate that these systems are adequate for operation in the MELLLA region. This is
accomplished by performing a plant-specific analysis in accordance with the approved licensing
methodology (Reference 40) to demonstrate that ATWS acceptance criteria are met for operation
in the MELLLA region.

The ATWS analysis takes credit for ATWS-RPT and SLCS, but assumes that ARI fails. If
reactor vessel and fuel integrity are maintained, then the ATWS-RPT setpoint is adequate. If
containment integrity is maintained, then the SLCS injection rate is adequate.

Three ATWS events for CGS were re-evaluated at the MELLLA point (100% of CLTP and
80.7% of RCF) with ARI assumed to fail, thus requiring the operator to initiate SLCS injection
for shutdown. These events were: (1) Closure of all MSIVs (MSIVC), (2) Pressure Regulator
Failure Open (PRFO) to Maximum Steam Demand Flow, and (3) Loss of Offsite Power (LOOP).

The MSIVC and PRFO events result in reactor isolation and a large power increase without

scram. These events are the most limiting for fuel integrity and RPV integrity,

The LOOP event does not result in reduction in the number of Residual Heat Removal (RHR)
cooling loops, this event is not potentially limiting for suppression pool or containment integrity.

The Inadvertent Opening of a Relief Valve (IORV) event was also considered, but found to be

non-limiting. As a result of the sequence of events for the IORV event, it is non-limiting with

respect to the ATWS acceptance criteria. Peak suppression pool temperature and containment
pressure are limited because the main condenser remains available for most of the event. RPV
and fuel integrities are not challenged because the vessel is shutdown (via boron injection) by the
time the MSIVs isolate.

Because ATWS events are beyond design basis events and involve more than one failure, boiling
transition is not the applicable acceptance criterion. For ATWS, the 10 CFR 50.46 criteria for
fuel integrity have been adopted and peak cladding temperatures are calculated to be well below
2200'F. Therefore, boiling transition is not a fuel integrity criterion. An inadvertent two-pump

trip would result in a power decrease as flow is reduced to natural circulation. There would be
no boiling transition consequences. An automatic scram may not be generated unless the core is
unstable. The stability protection hardware would scram the reactor to protect the fuel in these
situations.

The subject of ATWS with instability has been covered generically for the BWR fleet in
References 41 and 42. Reference 41 states that for ATWS with instability, the fuel integrity

criterion is that fuel damage be limited so as not to significantly distort the core, impede core
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cooling, or prevent safe shutdown. The potentially limiting non-isolation ATWS event with
respect to fuel integrity has been determined in Reference 41 to be a turbine trip with full bypass
capacity. The full bypass capacity is more limiting than when only partial bypass is available
because the full bypass capability eliminates the interference that SRV cycling will have with the
instability oscillations. This event also results in a large FW temperature reduction, which also
aggravates the potential instability. CGS has a much smaller bypass capacity than that assumed
in the generic analysis and thus, is bounded by the generic study. Another event than can lead to
instability is a two-pump trip. This event would have a similar behavior without as much
feedwater temperature decrease. Non-isolation ATWS events do not put a demand on the reactor
vessel as there is no pressurization and no energy is transferred to the suppression pool.
Therefore, vessel and containment integrity criteria are met.

If one of these limiting non-isolation events occurs with a core instability and without a scram,
then emergency operating procedures require operator action to reduce water level to below the
feedwater sparger. This reduces the core subcooling, oscillation magnitude and mitigates the
effect on fuel cladding heat up to meet the acceptance criteria.

The following ATWS acceptance criteria were used to determine acceptability of the CGS
operation in the MELLLA region:

1. Fuel integrity:

* Maximum clad temperature < 22000 F

* Maximum local clad oxidation < 17%

2. RPV integrity:

* Peak RPV pressure < 1500 psig (ASME service level C)

3. Containment integrity:

* Peak suppression pool bulk temperature < 204.5'F

* Peak containment pressure < 45 psig

The adequacy of the margin to the SLCS relief valve lifting as described in NRC Information
Notice 2001-13 (Reference 43) was also assessed.

10.2 Input Assumptions

Along with the initial operating conditions and equipment performance characteristics given in
Table 10-1, the following assumptions were used in the analysis:

"Analytical Asumptions - Basesljustiflcations

The reactor is operating at 3486 MWt (100% of CLTP) ATWS analyses are performed at nominal rated core
power, consistent with generic ATWS evaluation
bases

Both beginning-of-cycle (BOC) and end-of-cycle (EOC) Consistency with generic ATWS evaluation bases
nuclear dynamic parameters were used in the
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calculations

Dynamic void reactivity are based on CGS Cycle 20 ATWS analyses are performed conservatively
data compared to a nominal basis, which bounds cycle to

cycle variation

Four SRV dOS, specified as the valves with the lowest Consistency with the CGS current licensing basis
setpoints

The relief mode of the dual mode SRV is used in the Consistency with generic ATWS evaluation bases
analysis to limit peak vessel pressure

MSIV closure starts at event initiation (time zero) for Consistency with generic ATWS evaluation bases
the MSIVC event

The PRFO event is initiated by the failure of the Consistency with generic ATWS evaluation bases
pressure regulator in the open position.

10.3 Analyses Results

Table 10-2 presents the results for the MSIVC and PRFO events. As shown, the peak vessel
bottom pressure for this event is 1364 psig, which is below the ATWS vessel overpressure
protection criterion of 1500 psig.

The highest calculated peak suppression pool temperature is 180'F, which is below the ATWS
limit of 204.50F. The highest calculated peak containment pressure is less than 10.0 psig, which
is below the ATWS limit of 45 psig. Thus, the containment criteria for ATWS are met.

Analyses have also been performed for one pump operation with 44% boron-10 enrichment. The
one pump operation increases the SLCS transport delay due to the reduced volumetric flow in
the system. As a result, the peak pool temperature was determined to be 187°F, which is well
below the temperature limit of 204.5°F. The peak containment pressure was determined to be
less than 12 psig, well below the 45 psig limit. Other acceptance criteria are not affected by one
SLCS pump operation as the peak values occur before SLCS initiation.

Coolable core geometry is ensured by meeting the 2200'F PCT, and the 17% local cladding
oxidation acceptance criteria of 10 CFR 50.46. The limiting PCT is determined to be 15720F,
which is significantly less than the ATWS limit. The fuel cladding oxidation is insignificant and
less than the 17% local limit.

The maximum SLCS pump discharge pressure depends primarily on the SRV setpoints. The
maximum SLCS pump discharge pressure during the limiting ATWS event using one SLCS
pump is 1209.5 psig. This value is based on a peak reactor vessel upper plenum pressure of
1155 psig that occurs during the limiting ATWS event after SLCS initiation.

The relief valves used for the SLCS at CGS have a setpoint of 1400 psig and a drift tolerance of
-28 psig, resulting in a lower setpoint tolerance of 1372 psig. There is 162.5-psid margin
between the maximum SLCS discharge pressure of 1209.5 psig and the lower setpoint of
1372 psig. A margin of 30-psid from the relief valve lower setpoint is needed to adequately
accommodate the SLCS pump pressure pulsation. Therefore, the margin from the lower setpoint
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is adequate to prevent the SLCS relief valve from lifting during SLCS operation to meet the
guidelines published in NRC Information Notice 2001-13 (Reference 43).

10.4 Conclusions

The results of the ATWS analysis performed for CGS to support operation in the MELLLA
region show that the maximum values of the key performance parameters (reactor vessel

pressure, suppression pool temperature, and containment pressure) remain within the applicable
limits. Therefore, CGS operation in the MELLLA region has no adverse effect on the capability
of the plant systems to mitigate postulated ATWS events.
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Table 10-1 Operating Conditions and Equipment Performance Characteristics for ATWS
Analyses

Parameter - CurrentM An6alysis

Dome Pressure (psia) 1035

MELLLA Core Flow (Mlbm/hr./ % rated) 87.6 / 80.7

Core Thermal Power (MWt / %CLTP) 3486 /100.0

Steam / Feed Flow (Mlbm/hr / %NBR) 15.013/ 100

Sodium Pentaborate Solution Concentration in the SLCS Storage Tank 13.6
(% by weight)

Boron-10 Enrichment (atom %) 19.8

SLCS Injection Location HPCS

Number of SLCS Pumps Operating 2

SLCS Injection Rate (gpm) 82.4

SLCS Liquid Transport Time (sec) 321

Initial Suppression Pool Liquid Volume (ft3) 112197

Initial Suppression Pool Temperature (*F) 90

Number of RHR Heat Exchanger Cooling Loops 2

RHR Heat Exchanger Design Effectiveness per Loop (BTU/sec.*F) 289.0

Number of RHR Heat Exchanger Loops Available for LOOP Event. 2

RHR Heat Exchanger Design Effectiveness during LOOP (BTU/sec.°F) 289.0

RHR Service Water Temperature (°F) 90

Transient time at which the RHR suppression pool cooling is established 660
(seconds)

High Dome Pressure ATWS-RPT Setpoint (psig) 1170

DSRV Capacity - per valve (Ibm/hr) / Reference Pressure (psig) I 876500 / 1165 I 3
Accumulation (%)

Dual Safety Relief Valve (DSRV) Configuration 18 DS/RV (4 OOS)
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Table 10-2 Summary of ATWS Calculation Results

-Acceptance Criteria Lii -OC, EC, RPROFLl MSI' C MSIV PRF ':' P 6!"BOO€ EOC.

Peak Vessel Pressure (psig) 1500 1345 1349 1364 1358

Peak Cladding Temperature (*F)* 2200 <1572 <1572 <1572 <1572

Peak Local Cladding Oxidation (%) 17 < 17 < 17 < 17 < 17

Peak Suppression Pool Temperature (*F)* 204.5 177 180 177 179

Peak Containment Pressure (psig) 45 <10 < 10 <10 <10

* Not specifically calculated. Analysis evaluation determined a bounding value of 1572 OF. PRFO event at

EOC is the limiting case.
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11.0 STEAM DRYER AND SEPARATOR PERFORMANCE

The ability of the steam dryer and separator to perform their design functions during MELLLA

operation was evaluated. The CGS plant-specific evaluation concluded that the performance of

the steam dryer and separator remains acceptable (moisture content < 0.1 weight %, carryunder

is acceptable and dryer skirt remains covered at L4, the low water level alarm) in the MELLLA
region.

MELLLA decreases the core flow rate, resulting in an increase in separator inlet quality for
constant reactor thermal power. These factors, in addition to core radial power distribution,

influence steam separator-dryer performance. The CGS steam separator/dryer performance was

evaluated on a plant-specific basis to determine the influence of MELLLA on the steam dryer

and separator operating conditions; (a) the entrained steam (i.e., carryunder) in the water

returning from the separators to the reactor annulus region, (b) the moisture content in the steam

leaving the RPV into the main steam lines and (c) the margin to dryer skirt uncovery.
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12.0 HIGH ENERGY LINE BREAK

The following HELBs were evaluated for the effects of MELLLA:

* Main Steam Line Break (MSLB) in the main steam tunnel.

* Feedwater Line Break (FWLB) in the main steam tunnel.

* Reactor Core Isolation Cooling (RCIC) line breaks (various locations).

* Reactor Water Cleanup (RWCU) line breaks (various locations).

The effect of increased subcooling due to MELLLA was evaluated based on the HELB mass

energy release profiles assumed in the current CGS design basis. Analyses were performed at
rated conditions, and MELLLA conditions at minimum Reactor Recirculation System (RRS)

pump speed with consideration of FFWTR/FWHOOS for the break locations listed above, taking

into account the changes in enthalpy and pressure at each operating condition.

With consideration of flashed steam that maximizes subcompartment pressurization, the mass
and energy release profiles assumed in the current CGS design basis HELB analyses for the
FWLB line break in the main steam tunnel remain bounding at the full power and normal

feedwater temperature for the MELLLA conditions listed above.

The mass and energy releases at the MELLLA state points for the MSLB in the main steam

tunnel and the RCIC line break were found to be unchanged from the HELB mass / energy
release profiles assumed in the current CGS design basis.

The mass and energy release profiles assumed in the current CGS design basis HELB analyses

for the Reactor Water Clean-Up (RWCU) line breaks are bounding for the MELLLA conditions

listed above.

The RWCU HELB analysis was performed using the GOTHIC model for the ARTS/MELLLA

evaluation. This analysis was originally performed using the RELAP model. The results of the

evaluation showed that there was good agreement between the original RELAP model and the
GOTHIC replica. The only significant difference occurred at the beginning of the transient where
RELAP chokes at a higher mass flow rate. Further review showed that RELAP maintained a

higher pressure at the break. Both choke points are correct for the pressures calculated. This

discrepancy had little effect on the total release.

The results for the total amount of energy released show that all of the GOTHIC models are

bounded by the RELAP results. The GOTHIC benchmark shows a 2.8% decrease in energy
released, a 3.0% decrease for the new high temperature conditions, and a 6.7% decrease for the
low temperature conditions compared to the RELAP model. While the high temperature,
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high-pressure model showed a slight increase to the GOTHIC benchmark case, it is insignificant

and remains well within the bounds of the original design basis.

CGS has evaluated the effects of the MELLLA operating condition on the RWCU HELB and

concluded the results are acceptable with respect to the existing design criteria.
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13.0 TESTING

Required pre-operational tests (i.e., PRNMS firmware upgrade) will be performed in preparation
for operation at the MELLLA conditions with the ARTS improvements. Routine measurements
of reactor parameters (e.g., Average Planar Linear Heat Generation Rate (APLHGR), LHGR,
and MCPR) will be taken within a lower power test condition in the MELLLA region. Core
thermal power and fuel thermal margins will be calculated using accepted methods to ensure

current licensing and operational practice are maintained.

Measured parameters and calculated core thermal power and fuel thermal margins will be

utilized to project those values at the RTP test condition. The core performance parameters will
be confirmed to be within limits to ensure a careful monitored approach to RTP in the MELLLA
region.

The PRNMS will be calibrated prior to ARTS/MELLLA implementation. The APRM flow-
biased scram and rod block setpoints will be calibrated consistent with the MELLLA
implementation and all APRM trips and alarms will be tested. The power-based setpoints of the
RBM will also be calibrated consistent with the ARTS implementation.

Acceptable plant performance in the MELLLA power-flow range will be confirmed by inducing

small flow changes through the recirculation flow control system. Control system changes are
not expected to be required for MELLLA operation, with the possible exception of tuning

following evaluation of testing. Subsequently, the recirculation system flow instrumentation
calibration will be confirmed near RTP within the MELLLA operating domain.

Steam separator and dryer performance will be evaluated by measuring the main steam line
moisture content. The evaluation will be conducted near the RTP / MELLLA boundary comer.

Other test condition P/F operating points may be tested as deemed appropriate prior to the RTP /
MELLLA boundary comer test to demonstrate the test methodology or to determine the steam

moisture content at the P/F conditions.
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Contents:

This document is a supplement analysis data sheet to Reference 1. Included in this document in
sequential order are:

1. The setpoint functions for the system

2. The setpoint function analyses inputs and the source reference of the inputs

3. The devices in the setpoint function instrument loop

4. The component analysis inputs and input sources

5. The calculated results

6. Input comments and result recommendations

7. References

System: Rod Block Monitor (RBM)

The following setpoint functions are included in this document:

1. Low Power Trip Setpoint (LTSP)

2. Intermediate Power Trip Setpoint (ITSP)

3. High Power Trip Setpoint (HTSP)

4. Low Power Setpoint (LPSP)

5. Intermediate Power Setpoint (IPSP)

6. High Power Setpoint (HPSP)
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1. Function: RBM Rod Withdrawal Blocks

1[
1*

+

+

I- 4

4-

I J.

A-4



0000-0101-2139-RO Rod Block Monitor
(NUMAC ARTS-MELLLA) Instrument Limits Calculation

Non-Proprietary Information

0

0 11

A-5



0000-0101-2139-RO Rod Block Monitor
(NUMAC ARTS-MELLLA) Instrument Limits Calculation

Non-Proprietary Information

1.1 [[

Y 4 Y

q. 4 4 4

I -

J .1.

A-6



0000-0101-2139-RO Rod Block Monitor
(NUMAC ARTS-MELLLA) Instrument Limits Calculation

Non-Proprietary Information

A-7



0000-0101-2139-RO Rod Block Monitor
(NUMAC ARTS-MELLLA) Instrument Limits Calculation

Non-Proprietary Information

2. Components:
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3. Summary Results:
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4. Comments and Recommendations:
1. [[

2.

3.

4.,

5.

6.

7.

8.

9.

10.
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5. References:
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LICENSE AMENDMENT REQUEST TO CHANGE TECHNICAL SPECIFICATIONS IN
SUPPORT OF PRNM / ARTS / MELLLA IMPLEMENTATION
Attachment 9

List of Regulatory Commitments

The following table identifies the regulatory commitments in this document. Any other
statements in this submittal intended or planned actions, are provided for information
purposes; and are not considered to be regulatory commitments.

TYPE SCHEDULED
COMMITMENT one-time continuing COMPLETION DATE

compliance
Raise the Standby Liquid Control Prior to startup from
tank Boron enrichment level to be X outage that installs the
in compliance with revised analysis PRNM modification,
requirements. (currently planned for

spring 2011).
Incorporate Nominal Trip Setpoint Prior to startup from
values, and the methodology for X outage that installs the
determining these values, into the PRNM modification,
Licensee Controlled Specifications (currently planned for

spring 2011).
Implement administrative controls Prior to startup from
to: outage that installs the

control access APRM I X PRNM modification,
OPRM panel and channel (currently planned for
bypass switch spring 2011).
provide for manual bypass
of the APRM / OPRM
channels or protective
functions

- manage number of
inoperable LPRMs

- limit number of bypassed
LPRMs between APRM
gain calibrations

- ensure minimum number of
operable OPRM cells

Document the Human Factors Prior to startup from
Engineering review in the final X outage that installs the
design package. PRNM modification,

(currently planned for
spring 2011).


