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BEAVER VALLEY POWER STATION Evaluation of the Adequacy of Existing
Neutron Flux lnstrumentation
for NUREG-0737, Supplement 1

20 HISTORICAL PERSPECTIVE

The deselopment of SECY-82-111, the predecessor 1o NUREG-0737, Supplement 1, made it
clear that the large hody of guidance documents that were to be implemented to improve the
man-machine interface would be evaluated as a whole and utilities would be given
implementation flexibility. When NUREG-0737, Supplement 1 was issued 1t stated; "It is not
intended that these guidance documents (NUREG reporte and Regulatory Guides) be
implemented as written; rather, they should be regarded as useful sources of guidance for
licensees and NRC staff regarding acceptable means for meeting the fundamental requirements
contained in this document,” Therefore, using a direct reading, unambiguous, alternative
methed to confirm that the core is subcritical that does not rely on neutron flux instrumentation
for an event that creates an adverse containment environment, should be acceptable under the
requirements of Supplement 1. This is especially important because events leading to adverse
containment environments typically involve core voiding and core uncovery, those same events
that have been analyzed to show that neutron flux reading may not be indicative of core
vineties. Having a method for determining the subcritical status of the core tha is applicable
o adverse containment nvironment conditions is consistent with the fundamental requirements
of NUREG-0737, Supplement | and the Commission’s policy with regard to upgrading the man-
machine inerface. This policy was further clarified at NRC sponsored workshops held in
February, 1983 with respect to post accident monitoring guidance contained in Regulatory Guide
1.97, Revision 2 wherein the NRC stated that deviations should be explicitly shown and

supporting justification or aiternati '#s should be presented.

On December 17, 1982 the Nuclear Regulatory Commission issued Supplement 1 to NUREG-
0737 (Generic Letter No. 82-33). Supplement 1 set forth the requirements for emergency
response capability in nuclear power plants basically by improving the man-machine interface.
The leuer 1s a distllation of basic requirements from the broad range of guidance documents
that had been issued by the NRC at that time. In several places Supplement 1 highlighted two
important facets to achieve implementation. Iirst, the generic letter and enclosures stressed that
the guidance documents (principally NUREG reports and Regulatory Guides) are not to be used

s requirements by NEC reviewers and Licensees. Excerpts from Supplement | and Generic
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Neutron Flux Instrumentation
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(2) A review of Regulatory Guide 197, Rev. 2 to develop a list temuzing
types and categories of variables that are recommended,

(3) A review of BYPS control room instrumentation and emergency operating
procedures usage:

(4) A review of the plant instrumentation documentuion to evaluate its
capabilities and degree to which it meets each Regulatory Guide
recommendation,

(3) Preparation of design change packages for modifications; and

(6) Preparation and submittal of a repont summarizing the integrated

assessment performed, committing to certain instrumentation upgrades or
additions, and presenting technical justification for existing plant
instrumentation found acceptable.

DI.C utilized Regulatory Guide 1.97, Rev. 2 as a generic source of guidance for this evaluation
The review of the variables classified them into the five types A, B, C, D and E as defined by
Regulatory Guide 1.97. Type A variables were derived from the Emergency Operating

Procedures.

Guidelines associated with control room layout and design and with human factors engineering
considerations were coordinated with the Regulatory Guide 1.5%7, Rev. 2 review and the other

Supplement 1 initiatives.

Previously completed and on-going control room studies and modifications were utilized 10
assist in the Regulatory Guide 1.97, Rev. 2 review. Any recommendations for additions 10,
deleticns from, or changes to the control room instrumentation were designed with the
principles of human factors engineering and coordinated with the control room design review

programs.

Regulatory Guide 197, Rev. 2 reviews were coordinated with the other initiatives of

Supplement 1 10 NUREG 0737 in order to optimize the interface requirements.
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SAFETY ASSESSMENT
Design Basis Accident Analysis Evaluation

The accidents analyzed in the FSAR for BVPS where core nuclear power is potentially
generated (e.g., main steam line break, boron dilution, etc.) were evaluated o determine
the relationship between nuclear power and heat flux. This evaluanon found that as core
nucicar power increased, core heat flux increased. This is expected since the nuclear
fission process itself produces significant heat when a U™ atom is split, in addition to
the neutrons that sustain the chain reaction, . The increasing core heat flux will increase
core exit and RCS temperatures given that the capability of the heat removal systems
is unchunged or at their maximum. Therefore, core exit and RCS temperature
instrumentation do provide a direct means of monitoring the increasing core nuclear
power that can result from the unlikely criticality it it were to occur during the these
events. Accordingly, technical guidance was developed to provide a systematic method
t¢ determine the status of the Subcriticality Criticel Safety Function during adverse
containment conditions, The basis for the technical guidance is fully described in

Section 4.0 of this report.

During adverse containment conditions, the operators monitor core and RCS temperature
behavior by evaluating core exit temperatures a7d RCS temperature trending as measured
on the core exit thermocouple systen: anc wide-range hot and cold ieg RTDs. An
adequately shutdown core is confirmed after the boron concentration in the containment
sump or, as applicable, the RCS is known to be above the minimum shutdown value
Otherwise, boration will continue until a sufficient inventory of borated water is injected.

This guidance would be used as enhancements made to operator training.

A discussion of the accident analysis evaluation including the operator actions during

EQOP usage to determine subgcriticality is provided below:
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Loss of Coo.ant Accider « (LOCA)

The fundamental characterisic of the large break LOCA is a rapid
depressurization of the Reactor Coolant System (RCS) and a pressurization of the
containment. RCS breaks greater than 2 inches result in the classic LOCA
scenano that requires injection of the borated water inventory (at least 2,000
ppm) from the Refueling Water Storage Tank (RWST), The depressurization of
the RCS results in a pressure decrease in the pressurizer and a pressure increase
in the containment as well as adverse containment conditions. A safety injection
actuation signal is gencrated when the appropniate low pressurizer pressure
setpoint is reached For the large break LOCA these signals occur essentially
instantaneously with the break. For smaller breaks this setpoint is reached very
quickly since they are typically set only about 350 psi below normal operating
pressure, These protective countermeasures limit the consequences of the LOCA
in two ways. First, reactor trip and borated water injection complement void
formation by causing & rapid power reduction to fission product decay heat
levels. Second, the injection of borated water provides for heat transfer from the
core, prevents excessive fuel clad temperature, and maintains subcriticality

throughout the scenario.

The blowdown of RCS fluid into the containment causes pressure, humidity and
temperature levels in containment to rise and when containment pressure reaches
the high-high containment pressure setpoint, chemical spray is injected into the
containment atmosphere. This blowdown also causes significant core voiding,
core uncovery and reactor vessel downcomer uncovery. During the LOCA, the
blowdown and spray fluids mix with the containment air and create an adverse
environment in which exposed equipment, relied on to detect and mitigate the
event, must function. The reactor trip signal and resultant control rod insertion
occur within a very short period from event initiation and is indicated in the
control room by several diverse means., Once the reactor is tripped, subcriticality

is mantained by the injection of borated water as discussed sbove. If an
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operator cannot verify that the reactor has tripped when it is required to0 be
tripped, he is directed by the EOPs 1o manually trip the reactor. If reactor trip
still cannot be verified, EOP E-0, Step 1 directs the operator 10 enter function
recovery procedure FR-S.1 and commence emergency boration of the RCS, the
equivalent of which is already in progress due to safety injection, The operator
would then proceed, as directed by the EOPs, to monitor the Critical Safety
Function variables and carry out other EOPs while boration 1s in progress. Since
the LOCA scenario results in significant core heatup above 700°F, the operators
would be directed to implement EOP FR-C.1 or C.2, determine that sump and
RCS boron concentrations are above minimum shutdown values and monitor core
heatup. If the boron concentration is not known to be greater than the minimum
' utdown value (no samples have been taken, analysis is not completed, etc.), the
vperator would continue to carry out FR-C.1 or C.2 and borate the RCS. For
the large or intermediate break LOCA, since the reactor is reflooded with borated
water from the RWST and the contents of this tank and the borated Emergency
Core Cooling System (ECCS) accumulators (at least 2,000 ppm) are emptied
prior to switch over to recirculation, there is, by desigr of the ECCS, a sufficient
supply of borated water to maintain the rcactor in a ubcritical condition. In
fact, the ECCS water has enough boron concentration, to maintain the core
shutdown for break sizes greater than or equal to 3.0 ft.’, wathout any credit for
shutdown provided by the control rods. WCAP-8339; "Westingh~.use Emergency
Core Cooling System Evaluation Model - Summary"” contains the analysis per the
requirements of 10CFRS0.46(b)(5) to support this ECCS design criteria. Thus,
continuing boron injection and recirculation is fully consistent with the LOCA
mitigative strategy. Once this accident is successfully mitigated and core exit
temperature is belov 700°F, recovery proceeds on long term recirculation of
borated cooling water. Periodic core exit and RCS temperature monitoring and
periodic sampling to determine boron concentration is sufficient action to assure
that any approach to criticality is detected and that shutdown margin is

maintained.
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In the highly unlikely event that the reactor should return to power in the
recovery phase folicwing mitigation of a LOCA with & heat removal systems
me!“wmgtion, EOP criteria will again direct the operator to function recovery
procedures FK-C.1 or C.2, until such time as boron concentration is confirmed,
core heat up terminated and/or stabilized, and potential dilution paths isolated.
During the time required for boron concentration sampling activities, the core
heatup resulting from the return to power will be detected by the core exit and
RCS temperature instrumentation which is appropriately qualified 10 NUREG-
0737.

[he core voiding and core uncovery caused by RCS blowdown during LOCA
conditions will heavily influence neutron flux instrumentation response, As the
ECCS and two-phase RCS mixture is pumped through the downcomer and core,
ihree effects are manifested: (1) less water in the core decreases the 1rinsic
neutron source reading; (2) decreased fluid density in the downc.mer permits
more neutrons to leak out 1o 11e ex-core detectors; (3) increased leakage from
the core reduces neutron muliiplication, The second effect is by far the most
dominant as far as ex-core detector response is concerned with what information
the operator sees. Although fewer neutrons remain in the core 10 help sustain
the fission process, many more are able to escape to the neutron det=ctor for
measurement. Therefore, in a vcided or uncovered core, the neutron flux
readings could be misleading and imply a high neutron flux level when, in fact,
the core is effectively shutdown. Under these circumstances, core exit
temperature would more appropriately monitor the status of the core.
Additionally, it is important to recognize that voiding different regions of the
core will have a varying effect on ex-core detector readings. For example,
voiding the center of the core may affect the neutron population in that vicinity,
but any change will be "shielded” from the detector by peripheral fuel assemblies
and fluid in the downcomer annulus. Conversely, voiding the downcomer region
adjacent to the detector will have a major effect since neutrons reaching that

region will he able to travel largely unimpeded to the detecwr., A one-
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dimensional neutron transport calculation (performed by the Nuclear Safety
Analysis Center (NSAC), references S5 and 6) suggests that voiding the
downcomet annulus will result in a count rate increase by a factor of 400, and
is the dominant mechanism by which source and intermediate range neutron

detector signals are affected (under these coanditions).

These misleading situations were analyzed following the TMI-2 accident because
of two factors: (1) the operators sometimes thought that the core was not
shutdown due to the high observed neutron flux readings; and (2) to determine
the usefulness of neutron flux measurements to measure reactor water level. For
BVPS, reactor water level is measured by Reactor Vessel Level Instrumentation
System (RVLIS) and there is no need to cover it further in this report. The
neutron flux readings and the shutdown state of the TMI-2 core were the subject
of an extensive analysis which is presented in Appendix "RECRIT" of NSAC-1
Supplemen: issued in October 1979, which is reproduced here as Appendix C.
This analysis concluded that there was lintle likelihood of recriticality or
conditions approaching recriticality before the TMI-2 core disarray occurred (the
typical condition in a LOCA). The core was actually becoming more and more
shutdown even though detector count rate increased, which was primarily due to
system and downcomer voids. Thus, pursuing another means to diagnose and
mitigate core criticality with an adverse contsinment accident in progress 1s
appropriate and desirable from a <afcty and man-machine interface standpoint and
entirely consistent with NUREG-0737, Supplement 1 criteria to avoid misleading

operators.

Therefore, for the LOCA which yields an adverse containment environment,
following the EOPs for determining subcriticality is the better method to detect
an approach to criticality or to determine that the accident has been successfully
mitigated. Since temperature instrumentation which was installed and accepted

per NUREG-(737, Supplement 1 is already installed at BVPS and used with the
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EOPs, installation of Category 1 neutron flux instrumentation will not provide

uny safety benefit or increased protection,

Main Steam Line Break (MSLB)

Breaks outside containment will not affect the normal containment environment
and the existing neutron flux instrumentation will be used to perform its normal
function for these events. The MSLB must occur inside containment in order
for an adverse containment environment to be created. The technical guidance
for determining cubcriticality in an adverse containment will be used for this

event,

The fundamental characteristic of a MSLB is a rapid cooldown and
depressurization of the intact RCS due to the uncontrolled heat removal via the
high blowdown steam flow out the break, The steam generator (S/G) blowdown
causes a rapid pressure decrease in the faulted S/G, which initiawes a reactor tnip
signal, and safety injection actuation. The rapid RCS cooldown causes a positive
reactivity insertion due to the negative moderator temperature coefficient. The
reactivity transient is mitigated by the automatic injection of borated water from
the RWST. Automatic emergency boration action is provided for this event due
to the rapidness of the positive reactivity insertion. By that time, the 5/G
blowdown into containment is nearly complete, RCS temperature and pressure
stabilizes and temperature is controlled by the remaining intact §/Gs. Core exit
temperature will be less than 700°F due to the rapid RCS cooldown and RCS
temperature should then stabilize. The safety injection termination criteria are
subsequently met when the water level in the pressurizer retums, RCS pressure
is stable or increasing, and adequaie subcooling margin exists.  Auxiliary
feedwater 3« throtiled to maintain $/G level in the intact 5/Gs and to control RCS

temperature
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The automatic action of safety injection during this accident is to borate the RCS
and accommodate RCS inventory shrinkage due to the rapid cooldown. Since it
Is 4 design basis condition to expect a return 1o power following a MSLB,
automauc protection equipment is provided in the torm of boration via the safety
injection system and thus, no operator action is required to mitigate this expected

initial reactivity transient,

For 4 MSLB inside containment, it is necessary to sample the intact RCS for
boron rather than the containment sump because the secondary plant fluid will

be condensed in the sump and it does not contain boron nor communicate with
the intact RCS,

In the unlikely and unpredicted event that a return to power were to occur from
an unknown boron dilution that may be in progress after the MSLB, the core
average temperature would increase due to the increase in core heat flux caused
by the generation of nuclear power and, with either forced or natural circulation
in the RCS, be detected by the core exit and/or RCS temperature (wide range)
indication which would trend upwards. The operators would be directed to
implement FR-C.1 or C.2 and initiatle boration of the RCS, until RCS
temperature stabilizes and RCS boron concentration is known to be above the
minimum shutdown value. Thus, the mitigating actions would be the same as
in the LOCA cases discussed above and are consistent with the boron dilution
analysis mitigative strategies presented in the BVPS FSAR.

By using core exit temperature and RCS wide range temperature indications, the
status of the core is monitored directly and operator action to borate the core is
taken. Therefore, installation of Category | neutron flux instrumentation will not

provide any safety benefit or increased protection.

(e
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All Other Licensing Basis Accidents

The following list of accidents (or groups ot accidents) as presented in the BVPS

FSAR were evaluated;

1) Feedwater Enthalphy Decrease
2) Excessive Load Increase

3) Loss of Load

4) Loss of RCS Flow/Locked Rotor

5) Loss of Main Feedwater

6) Uncontrolled Rod Withdrawal

7) Startup of Inactive Reactor Coolant Loop
8) Rod Ejection

9) Steam Generator Tube Rupture

10) Inadvertent Boron Dilution

The evaluation was intended to define conditions that may need to be
incorporated into the technical guidance discussed in Section 4.0 of this repon
that were not apparent from the evaluation of the primary and secondary pipe
ruptures inside containment. The evaluation found that in no case do these
analyses predict that an adverse containment environment will resuit. Therefore,
no special considerations related to these events need to be included in the
technical guidance. Additionally, the currently installed neutron flux
instrumentation will functdon in a normal containment environment. Also, since
the above events do not involve significant core or downcomer voiding or core
uncovery, it is acceptable to rely on the existing neutron flux instrumentation to
accomplish the mitigative strategies of the EOPs. Thus, installation of Category

| neutron flux instrumentation will not provide any safety benefit
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Accidents Bayond Design Basis
) £

In developing the Emergency Response Guidelines (ERGs), the Westinghouse Owners
Group (WOQG) justified a probability cut-off value of 10° for identifying functional
failure sequences for the LOCA, Secondary Line Break, and SGTR events for which no
further procedure development was required. The ERGs are the basis for the BVPS
EOPs. The 10" cut-off probability covers more than 99 percent of the probability of
occurrence for a core melt event scenario. Thus, since the ERGs were developed on
that basis, the possible event scenarios covered by the BVPS EOPs go beyond the FSAR
designlicensing basis accidents and transients upon which the plant design features are
based.

Many of the EOP basis event scenarios involve adverse containment conditions requiring
the use of new procedura! enhancements, that do not rely upon the neutron flux
amstrumentation, to verify the subcriticality critical safety function. For these beyond
design basis event scenarios, a table-top event by event review was performed with
consideration of changing hydraulic conditions.  This review also included a
determination if there are any events involving an adverse enviromment where flux
monitoring instrumentation may be meaningful. The analysis pe-formed by WOG for
these event scenasdos are contained in several WCAP reports (for example WCAPs -
9600, 9753, 9744) and WOG letters (for example - OG-57, 62, €3, 72, 91, 92). This
informaton was utilized in the table-top review to assess the changing hydraulic

conditions during the event scenario,

The initial screening of possible event scenarios corsidered the three major pressurized
water reactor plant accident initiators (loss of reactor coolant, loss of secondary coolant
and steam generator tube rupture) and the functions required to mitigate the
consequences of these accidents. For each function, functional failures were defined as

shown in Table 3-1.
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As a result of the initial review, twenty nine (29) event scenarios beyond the standard
design basis were identified using combinations of the various major accident initiators
and functional failures defined in Table 3-1. Their probability of occurrence is within
the 10" EOP basis. These event scenarios would cause the containment to become
adverse with changing hydraulic conditions for which the EOPs would have to cope.
The EOP usage was then evaluated in a table-10p event by event review for each of the
29 beyond design basis events,

The 29 bevond design basis event scenarios are listed in Table 3-2. Since these
scenarios are beyond the design basis (but within EOP basis), the accident is very severe
with respect to core conditions. The EOPs are designed 10 prevent core damage and/or
meltng for these scenarios and accordingly utilize nearly all available plant equipment
and $)swu's in recovery actions, In order to go beyond the design basis accident
probability to a 10" cutoff probability, the equipment that has to fail to get into the
scenario 1s largely the same equipment that was built into th2 plant to prevent such
severe core conditions from occurring in the first place. Given the occurrence of the
beyonC design basis events usted in Table 3-2, severe core voiding, core uncovery,
downcomer voiding, downcomer uncovery, and loss of subcooling occur during the
scenario and continue at varying degrees throughout the event since the safety equipment
built in BVPS to mitigate these effects is assumed to be in a failed state. These
changing hydraulics will cause the newtron flux instrumentation readings to be erroneous
and potentially mislcading to the control room operators during the recovery. Appendix
C contains an analysis supporting this conclusion that was performed by NSAC after the
TMI-2 accident. Howover, the same evaluation has shown that core exit and the
stability of RCS temperatures provide a unique anl direct indication of core power
generation as well as adequacy of core cooling action. The threshold temperature values
selected 10 trigger operator actions are sufficient to provide conservative guidance to
lake appropriate emergency boration action that enhances the status of the core even for
those cases where the reactor remained shutdown. Thus, the installation of Category 1
neutron flux instrumentation will not provide any safety benefit in recovery from

accidents beyond the design basis.
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Assessment Results

A safety assessment of the design basis and beyond design basis accident analyses for
BVPS was performed to determine it accident diagnosis and plant recovery can be
successfully accomplished using the EOPs. For the worst case accidents such as 10ss
of coolant (LOCA) and main steam line break (MSLB), an adverse containment
environment would be generated and the operator would follow the EOPs for
determining subcriticality. This does not rely on neutron flux instrumentation, but on
direct reading core exit and RCS temperature instrumeniaticn which are qualified For
other events, the containment is not expected to become adverse and the existing neutron
flux instrumentation can be used. For these cases, the Category 3 variable design and
qualification is acceptable for accomplishing EOP functions. If, during any of those
events, the containment were to become adverse, the operator would follow the EOPs
tor determining subcriticalivy in an adverse containment. Thus, successful diegnosis and
accident mitigation can be achieved without the need to upgrade the neutron flux

instrumentation,
Boration Requirements

The required boron concentration versus cycle burnup is calculated (and plotted) on a
cycle specific basis for BVPS. These calculations and plots are done to assure
compiiance with the plant Technical Specifications and are very conservative with
respect to core shutdown margin. A typical plot of minimum boron concentration versus
cycle burnup is presented in Figure 3-1. The cycle specific plots are readily accessible
in the BVPS control room graphs book, are controlled by administrative and/or operating
procedures, are referenced for use in the EOPs, and operators are familiar witn their use
having it available for use on a daily basis. The minimum boron concentrations are
calculaed with sufficient conservatism to provide margin for the sampling error
allowance. Therefore, once the operator obtains a boron concentration at or above the
value given in the graph, minimum shutdown margin is assured and no further

manipulation of the data is necessary.
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Need for Upgrading Neutron Flux Instrumentation

Having determined that no safety beicfit or increased protection will result from
upgrading the neutron flux instrumentatio. in BVPS, even for events beyond the
standard design basis event analysis Jdefined paths, there is no cost beneficial reason to
upgrade the instrumentation to Category 1. Additionally, since other non-adverse
containment accidents can utilize the existing neutron flux instrun.entation, there is no
need for upgrading these instruments for those events. The cost analysis below shows
that excessive expenditures would be encountered by DLC in order to make this

upgrade.

3.5.1 Cost Analysis

35.1.1 Approach and Method.

A cost analysis was performed to estimate all costs associated with this potential plant
upgrade. This analysis shows that there is little justification to offset the high cost of

upgrading the plant.

The actions taken by DLC in response to adopting a regulatory retrofit item provide a
functional response approach thar was used in deveioping this cost analysis, This
approach 1s based on the method outlined in NUREG/CR-3971 entitled, "A Handbook
for Cost Estimating.” Cost estimates (direct and indirect) were obtained for the various
cost elements associated with each applicable functional responze item. A listing of the
functional response items and the cost elements considered in this analysis are provided

in Tables 3-3 and 3-4 respectively.

The cost of installing a neutron flux monitoring system is dependent upon numerous
variables. These variables range from plant configuration, availability and access to
existing equipment, cable trays, availability of containment penetrations, etc. and the

objective for the system. The objective of an upgraded neutron flux monitoring system
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BEAVER VALLEY POWER STATION Evaluation of the Adeqguacy of Existing
Neutron Flux Instrumentation
for NUREG-07A7, Supplement |

3513 Results Table Discussion

Each bullet item in the Results Table 15 discussed below

0 DRetecior Assembly and Associated EqQuipment

A typical detector assembly qualified under IEEE performance requirements
performs & dual function in that both source and intermediate range monitoring
capability is provided, typically called the wide range. The environmentally

qualidied system also functions during nommal operanon as well as aceident

conditions. The detector assemblies and support components are vendor

supplied. The estimate includes:

ltem Descripuion Quantity
a Source and Intermediate Range Assembly 3 (includes one spare)
b. Amplifier 3 (includes one spare)
¢ Signal Processor 3 (includes ons spare)
d. Cable Assemblies (up to inside 2

containment junction box)
¢ indicators (4 per train, 2 trains in 16

plant and 2 trains in simulator)
f. 2 pen recorder (one for plant, one for l

simulator)
g I/1 Converer y)
h Transfer switch (1E Qualified) | (for Appendix R

interface)
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Electrical Penetration Assembly Upgrade

Two electwical penctrations will be required, one per train.  Existing penetrations
within the plant will be upgraded to support the installation of the redundant
Category 1 qualified system. The penetration shall be designed, fabricated,
installed and tested per ASME Boiler and Pressure Vessel Code Section 11,
Division 1, subsection NE for class MC Vessels. Appropriace IEEE nuclear
standards will be invoked o require seismically and environmentally qualified
penetrations. The estimate provided in the table includes materials and lubor o

upgrade the penetrations,

Installation Labor and Materials:

The labor to design, engineer, install, test and document this upgrade involves

the cost of labor for the items listed in Table 3-4 w0 varying degrees.

In estimating the cost for installing a neutron flux monitoring system various
categories were needed to be addressed such as engineering, design, material
procurement, installation and testing. The design hours include engineering,
design package preparation, safer :valuations, safety reviews and approvals,
commitiee reviews, updating of files and licensing documents. The towl

estimated utility hours for this phase of the project is 4,000 manhours

The installation phase of tlis estimate includes utility managed project planning,
trade/craft ume doing the actnal installation, health physics support, ALARA
concerns, decontamination, QA/QC support. Additional testing of the system at
various stages of installation, ensuing operability testing of the completed sysem
will also be performed. The estimated utility hours for this phase is 5,000

manhours
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The cost estimate for the miscellaneous materials and equipment needed for this

installation effort include

m,

Scaffold instalation «nd removal

Temporary Lighting

Conduit & Supports

Cable Tray & Supports

Pull Boxes & Connectors

Radian' Energy Shield

Instrument Cable (outside containment to control panel)
Class 1E power feed

Removal of old control panel and miscellancous field equipment
Temporary lifting ng and its support equipment
Temporary shielding

Radiation protection clothing and devices

Other Miscellaneous Installation Equipment (unistrut, mounting hardware,
tools, brackets, etc.)

This excludes the Labor costs for the electrical penetrations assembly upgrade

0 Equipment Removal, Storage and Radwasie Disposal:

Existing neutron flux detectors, cables, penetration assemblies, support equipment

and installation materials will have to be removed from the plant as they will not

be used for the new system and/or become contaminated. This estimate includes

the removal of the old system and the trade and staff labor and materials for

tabrication of a lead casket for transporting and storing the contaminated

expendable detectors and electrical penetration assemblies. Also included is the

cost of radwaste disposal (labor, materials, transportation, etc.) via a LSA cask.
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re

TABLE 3.

Beyond Design Basis Event Scenarios

eenanio No, Initiation Eailed Functions
1 Large LOCA ECR
2 Large LOCA ECI
3 Large LOCA EP
4 Small LOCA SSR-SDC and
SSR-SD/S/R-VR
S Small LOCA SSR-SDC
SSR-SD/S/R-VR and ECR
6 Small LOCA SSR-SDC
SSR-SD/S/R-VR and ECI
1 Small LOCA SSR-SDC, SSR-SD/S/R-VO,
PPC-S/R-VR, and ECR
N Small LOCA SSR-SDC, SSR-SD/S/R-VO,
PPC-S/R-VR, and ECI
9 Small LOCA SSR-SDC, SSR-SD/S/R-VO,
and PPC-S/R-VO
10 Small LOCA AFWS, PPC-S/R-VR, and ECR
11 Small LOCA AFWS, PPC-S/R-VR, and ECI
12 Small LOCA AFWS and PPC-S/R-VO
13 Small LOCA RPS
14 Small LOCA EP
15 Secondary Break SSR-SD/S/R-VR, PPC-S/R-VR,
and ECR
16 Secondary Break SSR-SD/S/R-VR, PPC-S/R-VR,
and ECI
17 Secondary Break SSR-SD/S/R-VO and ECR
5 Secondary Break SSR-SD/S/R-VO and ECI
19 Secondary Break AFWS, PPC-S/R-VR, and ECR

DUQUESNE LIGHT COMPANY
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Evaluation of the Adequacy of Existing
Neutron Flux Instrumentation
for NUREG-0737, Supplement 1

TABLE 3.3
Functional Response Items Considered

Analyze the regulatory retrofit item

Meet with NRC

Prepare responses to NRC

Answer questions from NRC Inspectors and verbal communication with headquarters
Perforn. conceptual design, including unresolved safety question determination, resource
estimaie, and prelimingry schedule.

Evaluate budget requirements

Perform detaled design and/or design review, including specifications for outside
procurement.

Perform safety/risk/reliability analysis

Procure materials and equipment, including preparation of the bid package, evaluation
of proposals, and preparation of purchase orde..

Plan installation, including detailed procedures, labor requirements, schedule installation
equipment, temporary facilities, etc.

Modify structures

[nstall, test and maintain hardware

Inspect hardware

Develop software

Add 1o or change record keeping
Write/rewrite procedures

Conduct test of system/subsystem
Write/rewrite training manuals

Train/retrain staff

Review Technical Specifications and UFSAR
Modify structures in a radiation environment
Install, test and maintain hardware in a radiation environment

Draft license amendment
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Evuluation of the Adequacy of Existing
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for NUREGAOTY?, Supplement 1

BASIS TOR TECHNICAL GUIDANCE

Criteria for Lewermining Subenincality in an Adverse Containment

The EOPs provide a systematic method 10 eaplicitly determine the status of the

Subcriticality Critical Safety Function during adverse and normal containment conditions

During normal containment conditions, the existing F-0.1 status tree is monitoring the
reactivity sture of the core by evaluating the paramneters characterizing neutron (leakage)
flux behavior as measured by the excore nuclear instrumentation system (NIS). An
adequately shutdown core typically exhibiis below measurable activity on the power
renge and intermediate range and a randomly fluctuating count rate on the source range
instruments. For the purpose of the normal ¢containment tee, the core is considered
adequately shutdown (subcriticality satisfied) whenever the level of shutdown is steady
or decreasing in the source range (zero or negative startup rate). The F-0.1 trees
represent the highest priority Critical Safety Function and, as such, is always ente<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>