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ENCLOSURE 1

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO AMENDMENT 22 T0 GENERAL ELECTRIC
TOPICAL REPORT NEDE-24011-P.A
M
~GENERAL ELECTRIC STANDARD APPLICATION FOR REACTOR FUEL"

1.0 INTRODUCTION

In order to support customer needs and remain competitive, the fuel vendors

are continually improving their fuel designs, Generally, the changes in desian
are nade with approved methodoloyies. The requlatory procedures to qualify

and approve the new designs are standard. However, the review and approval of
these new designs place a burden on the staff resources,

Recently, the staff proposed that a set of acceptance criteria, to be satisfied
Ly new fuel designs, be established for each fuel vendor. Once the acceptance
criteria are approved, the fuel designs or changes satisfying the criteria
would not require explicit staff review, Satisfaction of the acceptance
criteria would be sufficient for approval by reference to the acceptance
criterfa. Also, the staff requires that the acceptance criteria be entirely
non-proprietary so that any interested party wil) have access to the acceptance
criteria. The objective of this approach s to expedite the review process and
reduce the staff resources needed for review of new fuel desions,

In response to the staff proposal, General Electric submitted a topicai
report, "Proposed Amcndment 22 to GE Licensing Topica} Report NEDE-24011-P.A,"
dated Septerber 9, 1088, proposing the new fuel Ticensing acceptance criteria
for staff review. The proposed acceptance criteria consider fuel therma)-
mechanical, nuclear. and thermal-hydraulic aspects of desfon analyses, If &
fuel design complies with the fuel acceptance criteria, it is acceptable for
licensing applications without the explicit staff review. In a letter dated
May 10, 1989 from J. S. Charnley (GE) to M, W, Hoages (USNRC), GE further
stated that all the fue) design information in GESTAR II wil) be transferred
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to GE Fuel Bundle Designs Information Report (NEDE-31152P) and wil) be
provided to the NRC., The staff's evaluation of the proposed criteria follows.

.0 EVALUATION

.1 General Criteria

GE has established five genera) criteria to dea) with generic problems:

1) "NRC-approved analytical models and analysis procedures will be
applied."”

This statement is consistent with the current and past practices for new
fuel desions. Therefore, this 1s acceptable.

"New design features will be included 1n lead test assemb)ies."
The staff requires that sionificant new design features be tested before
full implementation. GF philosophy apparently is consistent with the

staff approach. Therefore, this is acceptable.

"The generic post-irradiation fuel examination progra.. approved by the
NRC will be maintained."

we have cenerically approved the GE post-irradiation examination program
in & letter from L, S, Rubenstein (NRC) to R. L. Gridley (GE), dated

June 27, 1984, GE will continue to use this approved program for new
fuel cesions. This 1s acceptable.

"Mew-fuel-related licensino issues identified by the NRC will be
evaluated to determine if the current criter:a properly address the

concern; 1f necessary, new criteria will be proposed to the NRC for
approval,'
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If, for a future new-fuel desion, the existino fyel Ticensing acceptance

criteria cannot adequately address &) concerns, GE will submit new
criteria for the staff review. This approach 1§ &cceptable,

"If any of the criteria in subsection 1.1 (of Amendment 22) are not met
for a new fuel design, that aspect will be submitted for review by the
NRC separately.”

If for future new fue! design, ¢ny fue) licensing acceptance criteria are
not satisfied, GE will submit that specific area for the staff review,
However, the related parts or the whole parts associated with this
specific area 1r the fuel design may have to be submitted {n order to
assist the staff review, Thi: approach is acceptable.

For future new fue! designs which satisfy the licensing acceptance
criteria, we require that GE notify NRC of the first application of each
new fuel design based on the approved fuel 1icensing criteria, and that
the fuel bundle desicn information report be submitted to NRC prior to
loadino of the new fue) into a reactor,

Thermal-Mechanical Fue Licensing Acceptance Criteria

"The fuel rod and fue! assembly component stresses, strains, and fatioue
1ife usace shall not exceed the material ultimate stress or strain and
the materia) fatigue capability,"”

CE uses a desion ratio concept, that is, a ratio of effective stress/
strain to ultimate stress/strain, to determine the adequacy of the stress
and strain loadino on fue) rod and fuel assembly, The design ratio must
be less than unity. The desion ratio concept was approved in Amendment 7
to GESTAR 1I1. Therefore, the staff considers that the stress and strain
criteria are acceptable. For strain fatigue analysis, GF requires that
fatioue life usace, that s, the ratio of actua) number of cycles to
stress or strain to #1lowable cycles at stress or strain, must be less
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than unity, Tids faticue criterion was also approved in Amendment ~ to
GESTAR 11; therefore, this criterisn is acceptable,

"Mechanica) testing will be performed to ensure that loss of fuel rod and
assembly component nechanica! integrity will not occur due to fretting
wear when operating n an environment free of foreign material,"

The Standard Review Plan (SRP) (NUREG-0800) states that allowable fretting
wear should be considered in the overai) safety analyses. GE considers
the effect of frettino wear in design analyses based on testing and
experience in reactor operations. The proposed fretting wear criterion
was approved in Amendment 7 to GESTAR I1; thus, this criterion is
acceptable,

“The fuel rod and assemoly component evaluations include consideration of
metal thinning and any associated temperature increase due to oxidation
and the buildup of corroston products to the extent that these effects
influence the materia] properties and structural strenoth of the
components ., "

GE considers the effect of externa) corrosfon and buildup of crud on the
cladding surface in the desion analysis, This approach 1s consistent
with the GE past experience and was approved in Amendment 7 to GESTAR
IT; thus, this criterfon is accepta. le.

“The fuel rod interna) hydrooen content 1is controlled during manufacture
of the fuel rod consistent with ASTM standards C776-83 ana (93485 to
assure that loss of fuel rod mechanical intecrity will not occur due to
internal cladding hydriding,*

Hydriding as a cladding failure mechanism 1s precluded by controlling the
level of moisture and other hydrogenous impurities during fabrication,

GE emploved ASTM [American Society for Testing and Materials) standards to
control the hydrogen content. Since the use of ASTM standards is
consistent with the SRP, this criterion s acceptable,
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“The fuel rod is evaluated to ensure that fuel rod or channe! bowing aoes
not result in losc of fuel rod mechanical fntegrity due to boiling
transition,"

Fuel assembly components such as fue) roas and channel boxes may undergo
various types of a'mensional changes such as rod bowing, irradiation
growth, and channel vux deflection. The result of frradiation growth is
rod vowing or channel box deflection. Such phenomena are related to
neutron fluence, fuel burnup, and core residence time. Rod bowing can
affect local auclear power peak and heat transfer to the coolant,
Channel box deflectfon can also affect fuel assembly performance with
respect to bofling transition. GE-proposed acceptance criteria cf rod
towing and charnel box deflection are consistent with the previously
approved design criteria; thus, this criterion 1s acceptable.

“Loss of fuel rod mechanica) integrity will not occur due to excessive
cladding pressure lcading, "

in the SRP, the staff stated that fuel and burnable poison rod internal
9as pressures should remain below the nomina) system pressure during
normal operation, unless otherwise Justified. GE proposed an alternative
to rod pressure criterion in Amendment 7 to GESTAR 11, The staff approvead

the GE proposal of rod pressure: therefore, ..1s GE-proposed criterion is
acceptable,

"The fuel assembly (including channe! box) centrol rod and control rod
drive are evaluated to assure control rods can be inserted when
required,"

The control rod fnsertability is required during combined seismic and
loss-of-cooiant accident (LOCA) loadina. GF described these analyses in
the approved report NEDE-21175-3-P; which also dealt with the assembly
vertical 1iftoff analyses as part of control rod insertability
requirement. This control rod insertability criterion is acceptable,
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collapse into & fuel column axfal oap."

If axial caps in the fuel column were to occur as a result of
“nsification, the cladding would have the potential of collapsing into a
9ap. The GE-propo<ed cladding structural desion criterion to preclude
collapse was approved in Amendment 7 to GESTAR 11 thus, this criterion is
acceptable,

"Loss of fuel rod mechanica) fntegrity will not occur due to fuel
melting, "

The GE design basis for fuel pellet overheating is that the fue) rod is
evaluated to ensure that fuel rod failure due to fuel melting will not
occur during normal operation and corewide anticipated operational
occurrences (A00s). This criterion was approved in Amendment 7 to GESTAR
IT; thus, 1t 1s acceptable.

“Loss of fuel rod mechanical integrity will not occur due to pellet-
cladding mechanica) interaction,"

fuel failures due to pellet-cladding interaction have been encountered in
operating boiling-water-reactor (BWR) fuel. The SRP stated that to
preciude pellet-cladding-interaction (PCI) failures, two criteria should
be observed, although they may not be sufficient: (a) the cladding
uniform strain should not exceed 1 percent and (b) fuel melting should be
avoided. In the safety evaluation of Amendment 7 to GESTAR II, th> staff
concluded that the GE design criteria are consistent with the SRP thus,
the PCI criterion 1s acceptable.

Nuclear Licensine Acceptance (riteria

"A negative Doppler reactivity coefficient shall be meintained for any
cperatinc conditions."
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A negative Doppler coefficient Quarantees instantaneous negative
reactivity feedback to any rise in fuel temperature, thus providing an
inherent self-contro) feature of BWR fuel. This criterion, was previously
approved in GESTAR IT; thus, it is an acceptable fuel design limitation.

"A necative core moderator void reactivity coefficient resulting from
boiling in the active flow channels shall be maintained for any operating
conditions,"

A negative core moderator void coefficient 1n the active flow channels
flattens the radia) power distribution and provices ease of reactor
contro]l due to negative void feedback. This criterfon was previously
approved in GESTAR I1; thus, it is acceptable,

"A npaative moderator temperature coefficient shall be maintained above
hot standby,"

The moderator temperature coefficient 1s associated with the change in
the witer moderatino ‘apability. A negative moderator temperature
coefficient during power operation provides inherent protection against
power excursion. Since this criterion is consistent with the SRP, 1t is
acceptable.

"For a super prompt critical reactivity insertion accident (e.g., control
rod drap accident) originating from any operating congition, the net
prompt reactivity feedback due to prompt heating of the moderator and
fuel shall be neoative,"

To miticate the effects of & supernromp ftical reactivity insertion
accigent such as a control rod arop accident, the mechanical and nuclear
fuel desfan shall be such that the prompt reactivity feedback provides an
dutomatic shutdown mechanism. The necative prompt reactivity feedack
criterion is consistent with the SRP requirement and s, thus. a_ceotable.



(6) "A negative power coefficient, as determined by cilculating the reactivity
change, due to an incremental power chance from a steaoy-state base power
level, shall be maintained fur al) operating power levels above hot
standby, "

A power coef-icient 11ke the Doppler coefficient or moderator temperatui .
coefficient is n  “ ained necative for reactivity control. Since this
nower coefficien . terion is consistent with the SRP requirement, it is
acceptable,

(§) "The plant siall be calculated to meet the cold shutdown margin
reouirement for each plant cycle specific analysis."

The core must be desfoned to remain subcritical with adequate margin
with the most reactive control rod in its fully out position and al)
other rods fully inserted. Since this criterion satisfies the SRP
requirement, it is acceptable.

(7) "The effective multiplication factor for new fuel desions stored under
normal and abnormal conditions shall be shown to meet fuel storage limits
by demonstratino that the pesk uncontrolled lattice k=infinity calculated
in a norme! reactor core configuration meets the 1imits provided in

Section 3 [of GESTAR-II) for GE-designed reqular or high density storage
racks,"

For fuel storage racks, the design criterion ~=1nfinity 1s 0.90 for
regular racks, and 0,95 for high-density racks, and has Leen previously
approved in GESTAR II. Since this acceptance criterion is consistent with
the GESTAR I1 requirements and the SRP, it is acceptable,

2.4 Thermal-Hydraulic Licensing Evaluation

'Flow pressure drop charecteristics shall be included in plant cycle specific
analyses for calculation of the Operating Limit MCPR,"
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GE stated that a coupled thermal-hydraulic-nuclear analyses will be performed
to determine fuel bundle flow and power distribution using the various bundle
pressure loss coefficients applicable to a plant specific cycle analyses.

The margin to the thermal limits, for example, the maximum critical power
ratic (MCPR), of each bundle it determined using the set of culculated bundle
flow and power. GE wil} explicitly model these pressure dro: racteristics
in the analysis. Since the GE approach is consistent wit’ P, this
evaluation approach is acceptable.

2.5 Safety Limit MCPR Licensing Evaluation

(1) “Safety Limit MCPR shall be reczlculated following steps in Subsection
1.2.5.8 (of Amen-went 22) 4+ recontirmed when a rew fuel design or new
critical power i‘relation 13 introduced."”

The safety 1ini <84 - nsf<ive to bundle desian and critical power
correlations, *;» exzun'- 7EXL or GEAL-PLUS. The bundle design aepends
on rod diameter, &' - e constant, spacer, and bundle R-factor. Any
change in fuel de « critical power correlation will affect the safety

1imit MCPR, T crufory, recalculation or reconfirmation of MCPR is
necessary. Th’: e._luation commitment 1S acceptable.

(&) GE has establ -+ . <4y _ . . ons to be assumed when calculating the
satety limit & i1tions re consistent with the current
procedures de ~ dpproved GESTAR II, Therefore, these six
conditions for "4 MCPR analysis are acceptable.

ro
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Operating Limit MCPR Lic ‘nsing Evaluation
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"Plant Operating Limit r _'P {s established by considering the Timiting
enticipated operational occurrences <or each operating cycle."”

The operating 1imit MCPR is determined by adding the change 1n the MCPR
for the limiting AOO to the safety 1imi* MCPR., The limiting AOC events
are described in the approved GESTAR II. GE stated that the opersting
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Timit MCPR is cycle dependent, and is calculated prior to the cycle
operation. This procedure is consistent with the ap; ~oved GESTAR I
approach and 1s, *trciefore, acceptable.

"For each new fuel desion the applicucility of Jeneric MCPR analyses
described in Ser: = & (of GESTAR II) or in the count:;-<necific
supplement te it bi.s document shall be confirmed for each operating
cycle or a pian: tpacific analysi 17 be performed.”

The applicability of new fuel design to the generic MCPR analyses needs

to be examined. GE will document its applicability to tue rug withdrawal
error in the fuel desion information report. This acceptance criterior is
consistent with the approved approaches in GESTAR IT; thus, it 1s
acceptable.

Critical Power Correlation Licensing Evaluation

"The currently approved critical power correlations will be confirmed or
a new correlation will be established when there is a change in wetted
parameters of the flow geometry; this specifically includes fuel and
water rod diameter, channel sizing and spacer design,"

The coefficients for the critical power correlation are dependent on fuel
assembly desian parameters. Any change in fuel desian will affect the
critical power correlation. Thus, the existing correlation must be
confirmed or a new correlation must be developed. The proposed acceptance
criterion is consistent with the staff position, but should be revised to
clarify that the correlation will be confirmed or a new correlation
established 1f anv of the parameters fmpacting the correlation, e.q.,
rod-to-rod peaking factors, are significantly outside of the range tested.
With this understandino, the criterion is acceptable.

"/ new correlation may be established {f significant new cata exist for
a fuel design,"
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When sionificant new data have bee's generated for a fuel design, a better
fit to the data may be achieved by adjusting the coefficients in the
critical power correlation. This acceptance criterfon is consistent with
the staff position; thus, 1t 1s acceptable,

(3) GE has established seven conditions to be assumed when calculating a new
critical power correlation. These conditions are consistent with the
current procedures described in the approved GESTAR I1. Therefore, these
seven conditions for establishing critice! power correlation are
acceptable,

2.8 Stabilitz Licensing Acceptance Criteria

The new fuel design must weet either of the two criteria described below.

(1) "The stability behavior, as indicated by core and limiting channel decay
ratios, must be equal to or better than a previously approved GF BWR fue)
desiagn,"

The GE thermal-hydraulic stability licensing criteria set forth in
Amendment & to GESTAR II allow for the application of the oeneric bounding
stability approach to new fuel desions provided that the stability
performance of the new design 1s bounded by that of current fuel design,
GE describes six steps for evaluating the new fuel stability performance
against the currently approved fue) design. The staff has approved the GF
stability licensing criteria; thus, this stability criterion 1s
acceptable.

(Z2) "If the core and limiting channe) decay ratios are not equal to or better
than & previously approved GE fuel desian, 1t must be demonstrated that
tiere 1s no change to the exclusion zone,"

[f the new fuel design cannot meet the preceding stability acceptance
criterfon, then GE will demonstrate that there is no change to the
exclusion zone &s an alternate method for stability acceptance
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evaluation, The GF proposed criterion is consistent with the staff
position* *hus, it is acceptable,

Overpressure Protection Analysis L1ccnsing Evaluation

"Adherence to the ASME overpressure protection criteria shall be
demonstrated on plant cycle specific analysis.,"

GE will demonstrate the adequacy of the plant overpressure protection
system on cycle-specific analysis based on core loading pattern, This
approach 1s consistent with the current procedures describes' in the
approved GESTAR 11; therefore, this approach 1s acceptable.

2,10 Loss-of-Coolant Accident Analysis Methods Licensing Evaluation

(1)

"o
-

(1)

—

“The criteria in 10 CFR 50.46 shall be met on plant-specific or bounding
analyses,"

The emergency core coolina system (ECCS) criteria in 10 CFR 50.46 are met
by the exposure-dependent maximum averace planar Tinear heat-generation
rate (MAPLHGR) 1imit 1in plant-specific or bounding analyses. GE will
continue to evaluate these ECCS criteria for any new fuel design; thus,
this approach 1s acceptable.

“Plant MAPLHGR adjustment factors must be confirmed when a new fuel
desion fs introduced."

Plant MAPLHGR 1imit 1s sometimes adjusted for a special operational
configuration or region. G will confirm the revised MAPLHGR 1imit for
new fuel design before each cycie operation; thus, this approach 1s
acceptable,

Rod Crop Accident Analysis Licensing Evaluation

"Plant cycle specific analysis results shall not exceed the licensing
1imit in GESTAR-IT1."
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The current Ticensing 1imit of control rod drop accident analysis is 280
cal/gm, GE will perform the rod drop analysis each cycle to ensure
compliance with the 280 cal/am licensing 1imit. The GE

acceptance criterion is consistent with the licensing criterion;
therefore, it is acceptable.

(2) "Aoplicability of the bounding BPWS analysis must be confirmed, "
The bounding rod drop accident analysis for plants with bank position
withdrawal sequence (BPWS) protedure 1s dependent on the fue) design and
should be confirmed for each new fue) design. The staff agrees with the

GE assessment; therefore, this approach is acceptable.

2.12 Refuelino Accident Analysis L1cens1ng Evaluation

“The consequence of a refueling accident as presented in the country-specific
supplement GESTAR-I! or the plant FSAR shall be confirmed as bounding or 4 new
analy:is shall be performed."

The consequence of refueling accident is mainly dependent on the amount of
fuel rods in a bundle. If there is a chance in the number of fuel rods or a
new fuel desfgn is proposed, the effect on the refueling accident must be
reconfirmed or reanalyzed; therefore, this approach is acceptable,

¢.13 Anticipated Transient Without Scram Licensing Acceptance Criteria

The new fuel must meet either of the acceptance criteria described below:

(1) "A negative core moderator void reactivity coefficient, consistent with
the analyzed range of void coefficients, shall be maintained for any
operating conditions above the startup critical condition."

For core response to an anticipated-transient-w1thout-scram (ATWS) event,
the core moderator void reactivity coefficient is the key parameter, If



the coefficient remains within the rance of void coefficients used in the
ATWS point kinetics analyses, the conclusion of EWR mitioation of an ATWS
event is st111 valid for new fuel designs. The GE~proposed ATWS criterion
s consistent with the staff guidelines; therefore it is acceptable.

"If the preceding criterion 1s not satisfied, the 1imiting events will be
evaluated to demonstrate that the plant response is within the ATWS
criterion."

For new fuel desions that have core moderator void reactivity coefficients
outside the range of point mode) void cvefficients, a specific evaluation
of ATWS will be performed for 1imiting cases to comply with the ATWS
acceptance criteria., The GE-proposed criterion is consistent with the
staff guidelines; tierefcre, it is acceptable.

3.0 CONCLUSION

The staff has reviewed the GE submittal, Amendment 22 to GESTAR II, and
concludes that the submittal describing a set of licensing acceptance criteria
and methods for new fuel design is acceptahle for future Ticensine applications.
For future reload application, we require that GE notify NRC of the first
application of a new fuel design based on the approved fuel Ticensing criteria,
and that the fuel bundle desion information report be submitted to NRC prior to
Toading of the new fuel into a reactor. However, should NRC criteria or
reoulations change so that staff conclusions as to the acceptability of this
submittal are invalidated, or should circumstances arise causing some criteria
to be invalid, GE will be expected to revise or resubmit its documentation for
further review by the staff.
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MEMORANDUM FOR: Edward L. Jordan, Director
Office for Analysis and Evaluation
of Operationail Data

FROM: James M. Taylor
Acting Executive Director
Tor Operations

SUBJECT: CRGR REVIEW OF BACKFITTING APPEALS

1) Backfitting Appea) Regaraing System Hydrostatic and Leakage testing,

Letter to EDO from 0. Stenger, Counsel to the Nuclear Utility Backfitting
and Reform Group, March 16, 1989,

, hppeal Tromn Staff Decision Requiring Total Equipment Civersity under
ATWS Rule (10 CFR §50.62), Letter to Acting ED? from S, Floyd, Chairman
of the BWR Owners Group, August 11, 1989. .

[ have received two different backfit appeals both generic in nature but each
originally sterming from plant. specific appeals aenied pursuant to Manual
Chapter 0514. Copies of these appeals are enclosed. [ request a thorough CRGR
review on the merit of these agpeals, the underiying technical/legal issues
involved, and recommendations to me on their proper disposition. [ request
that you also take the lead in sreparing a final response for my signature for
each of these appeals. I would appreciate timely CRGR review to the extent
permitted by the current CRGR .genda. ! have asked a rember of my technical
ctaff (M, Taylor) to give suprlemental assistance on these matters should you
or your CRGR staff require 1t. By copy of this memorandum, [ am also airecting
NRR and PES to provide the CRGR with any anc all background information to
incluge briefings that may be required to complete its review of these appeais.

As to the substance of the appeals, each relates to BWR's and each raises aques-
tions as to the correctness of staff interprevations and positions being taken
pursuant to existing appiicable regulations (i.e., Appendix G and ATWS, §50.62).
Juestions also include the degree of liberty being taken by the staff unaer
§50.109 which calls for a disciplined, documented analysis on new or differing
staff positions. Each appeal relates to complex design and operational issues
OT some economic substance, but in terms of safety | would preliminarily view
¢ach 1ssue to be relatively quite small un the overall scale of public risk.

In aceition To questions raised about the staff's denial process (which has
basically invoived reliance on the compliance exception under 550.109), each
ippea| raises an underiying concern as to whether the applicable recuiations
Appendix G ana ATWS, §50.62), in their historica) development or final form,
suffer through a lack of clarity or too much ambiguity. If so, then correc-
tions shoula perhaps be initiated via rulemaking. [ request specific CRGR
comments anc recommendations on these important questions.

REVGE NRGUR!

- 9 . . ey
MEETINGL: gt &



.2.

As a future practice on a1l generic backfitting appeals to the €00,

to refer these to the CRGR for review ana recomwended disposition.
eavise 1f you have further questions on this assignment,

s°M, r
ting EXecutive Director
for Operations

Enclosures:
As stated

cc: T, Murley, NRR
E. Beckjord, RES
J. Heltemes, AEOD

I intend

Please
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Attn: Victor Stello, Jr. _

Re: Backfitting Appeal Regarding Systen
dygrostatic and Leakage Testing

Dear Mr. Stello:

Pursuant to Section 044 of Staff Manual Chapter 0514, the
Nuclear Utility Backfitting and Reform Group (NUBARG) appeals a
Staff denial of a claim of backfit under 10 C.F.R. § 50.109. The
claim concerns a Staff interpretation of system hydrestatic and
leakage testing requirements under ASME Code Section XI. NUBARG
presented its claim in a letter to the Director of Nuclear
Reactor Regulation on April 25, 1988. The Staff denied the clainm
Dy letter dated August 1/, 1988 from the Director, Division of
Engineering and Systems Technology.

BACKGROUND
A.  Eactual Bacxground

This appeal is concerned with a new Staff position on the
acceptability of "nuclear" hydrostatic and leakage testing by
BWPs, l,8., the use of nuclear power during norma. startup, as
Opposed to heat generated by recirculation pumps, tc heat up and
pressurize tha reactor coolant system for performance of the
tests. As discussed below, this testing method is clearly
permittec by Secticn IV.A.5 of 10 C.F.R. Part 50, Appendix G, and
the Staff has recognized thit there is minimal difference in
safety between testing with nuclear heat rather than pump heat.
In accordance with Section IV.A.3 of Appendix G, testing with
nuclear heat is conducted at low pover and wj

The flexibility to use this method is important because
ceontrol of reactor coolant temperature is more difficult with the
use of pump heat and because testing with the reactor at low

Hootner  (574)
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pover perzits higher system temperatures than are possible with
pump heat alcone. The elevated system temperatures are
particularly advantageous in that testing can be performed in a
region where brittle fracture is not a concern. This testing
method is likely to be of increasing importance in the future as
Revision 2 of Regulatory Guide 1.99 is implemented and most BWRs
have to pertcfn leakage and hydrostatic tests at higher
temperatures.

It should alsc be noted that conforzance with technical and
safety limits during a nuclear heat up permits a more cerderly and
natural sequence of events than is possible using pump heat. 1In
addition, the pump-heat testing method could contribute to
ocperational unreliability of the affected systens, primarily the
plant’s main recirculation pumps, since running the pumps outside
their normal design conditions could jecpardize pump performance
characteristics or at a minimum increase pump maintenance (e.g.,
for seal wear).

There are alsc substantial costs associated with the punp~
heat testing method. The use of pump heat for testing may add up
to Lthree days to the durarion of refueling outages due to the
much longer heatup times, and in fact may not be a viable option
for some plants without significant plant modifications. At
current costs of replacement power, the potential delay in
startup could cost well in excess of $1 million per reactor per
operating cycle. Mandating the pump-heat testing method thus

would carry substantial costs without any comparable safety
benefit.

B. New Staff Position

The Staff has taken the positien that hydrostatic and leakage
tests must be conducted with the reactor in a nencritical state.
This position was referred to in a Staff letter of April }0, 1987
denying a technical appeal by one licensee on this issue. The
April 10, 1987 letter dealt solely with the technical merits of
the issue rather than backfitting implications: it concluded that
in view of the environmental conditions (higher temperatures and
the plant at low power) in which inspection perscnnel would have
to work, nuclear pressure testing was "not conducive to a
thorough and deliberate vispnl inspection."

i/ s...chulatory Analysis, Revision 2 to Regulatory Guide 1.99,
Radiation Embrittlement of Reactor Vessel Materials, dated
November 20, 1987, at 24.

&/ letter from J.H. Sniezek, NRC, to J.P. O’Reilly, Georgia
Power Company, dated April 10, 1987.
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The April 10, 1887 letter was based on a Staf?f interpretation
set forth in a letter to the licensee dated May 5, 1986. It wes
in the May S, 1986 correspondence that the Staff first set forsh
its position on the issue. In that letter, the Staff noted that
it had permitted the licensee to perferm nuclear pressure testing
"for a number of years" and recognized that the Staff positicn
was nev. In particular, the Staff, in concluding that the
licensee could continue such testing on a one time basis, cited
the following reasons, among others: (1) "the past history of
this activity where the Staff has permitted [the licensee) to
perforn these tests using nuclear heat”: (2) "the late arrival of
the staff position": (3) the Staff'’'s "conclusion that there is
minimal difference in the safety afforded by the testing as
performed by [the licensee) using nuclear heat versus testing in
accordance with the staff pesition on the code requirements"; and
(4) the Staff’s "desire to consider new information that may have
a bearing on this recent staff position . .

NUBARG beliaves that the Staff position prohibiting nuclear
hydrostatic and leakage testing should be reconsidered.

Accordingly, we respectfully request that the EDO review and
modify the Staff’s denial.

RISCUSSION

NUBARG’s position is based on (1) the provisions of the
Commission’s regulations in 10 C.F.R. Part S0, Appendix G, and
(2) the provisions of ASME Code Section XI.

A. Appendix G

System pressure tests (leakage and hydrestatic tcs:s)sarc
conducted in accordance with Section XI of the ASME Code.
Relevant portions of Section XI have been incorporated by
reference inteo 10 C.F.R. § 50.55a as part of the NRC’s inservice
inspection requirements. Criteria for conducting the tests,
including temperature and pressure limits, are prescribed by
Appendix G to 10 C.F.R. Part S0.

Appendix G clearly permits hydrostatic and leakage testing

with the core critical. Section IV.A.S5 of Appendix G expressly
states (emphasis added): 1

i/ Throughout this appeal we refer to "hydrostatic” and
"leakage" testing together. For the sake of simplicity, we
treat requirements for leakage testing as essentially the
same as those for hydrostatic testing, even though different
test pressures are required and other differences exist.
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If there is fuel in the reactor during systen
hydrostatic pressure tests or leak tests, the
regquirements of paragraphs 2 or 3 of this
soctign apply,

This provision was adcpted as part of the revisions to
Appendix G adoptec in 1983. 48 Fed. Reg. 24008 (May 17, 19%983).
Those revisions included an explicit exception from the
temperature limits of Section IV.A.3 for BWRs. Significantly,
the NRC revised Section IV.A.J to permit BWRs to conduct core
critical operations at vessel temperatures below the minimum
pernissible temperature fo- hydrostatic testing, provided the

gperation. Section IV.A.3-thus provides:

When the core is critical (other than for
the purpose of low-level physics tests),
the temperature of tgo reactor vessel nmust
not be lower than 40°F (227C) above the
ninimum permissible temperature of
paragraph 2 of this section nor lower than
the ninimun permissible temperature for the
inservice systenm hydrostatic pressure test.
An exception may be made for beiling water
reactor vessels when water level is within
the normal range for power operation and
the pressure is less than 20 percent of the

preservice system hydrostatic test
pressure.

This change was made on the basis of the 1978 GE Topical
Report NEDO-21778-A. The purpose of that Topical Repert was to
Justify changing the nminimum temperature limits for core
criticality for BWRs. In accepting the Topical Report and
agreeing that the requested revision to Appendix G was desirable,
the Staff was fully aware that this would permit hydrostatic
testing after core criticality, a procedure which the sStaff
apparently was not immediately ready to accept due to concerns
about the possibility of a control rod drop accident ("CRDAM)
with the vessel water solid, which was the bounding accident

scenario. In its 1978 Evaluation of the GE Topical Repert, the
Staff stated:

If the criticality limit is modified as
requested, it is possible that the reactor
could be taken critical to warm up the

4/ Paragraph 2 defines acceptable temperature limits when the

coere is not critical, and paragraph 3 defines these limits
when the core is critical.
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vessel for a hydrotest. To further reduce
the possibility of a CRDA :

is waser solid for a hvdrotest, it will be
necessary to add a2 requirement to Appendix
G that all control rods uugt be fully
inserted during hydrotest.

The S*aff indicated that it was considering amending Section IV
of Appendix G to state explicitly: "All control rods shall be
fully inserted during hydrotests."

Significantly, however, no such r.striction6was contained
in either the 1980 proposed ;cvilians to Appendix G~ or the final
revisions published in 1983. Instead, the NRC adopted the
provision in Section IV.A.3 that requires the "water level (to
be) within the normal range for power operation . . . ." This
restriction would have alleviatec the Staff concern with a
control rod drop accident while the vessel was water solid. Wwith
the vessel water level within the normal range, the effect of a
pressure spike from a control rod drop accident would nct present
a significant concern, due to the presence of stean and
noncondensibles in the system.

At the same time the NRC adopted the provision of Section
IV.A.5 that permits core criticality during hydrostatic and leak
tests. It can be inferred, therefore, that the NRC concluded
that hydrostatic and leakage tests could properly be conducted

with the core critical so long as the vessel water level was in
the normal rancge.

In its August 17, 1988 denial, the Staff dismissed the
plain language of Section IV.A.S5 with the following statement (at
page 3): "The phrase ‘depending con whether the core is critical
during the test’ in Appendix G does acknowledge the use of
nuclear heat, but only when special circumstances arise, such as
for Hatch 1 on a one-time basis." No support is cited for this
limitation on the otherwise clear language of Section IV.A.S.
This interpretation should tncgctoro not be relied upon as a
basis for denial of the clainm.

5/ Topical Report Evaluation, dated January 1978 (emphasis

added) .
6§/ 45 Fed. Reg. 75526 (1980).
1/ 48 Fed. Reg. 24008 (1983).
8/ 1In its denial, the Staff also stated (emphasis added): "SRP

Section 5.3.2 (which implements Appendix G) permits lower
safety margins during hydrostatic and leakage testing than

during core critical operations, thereby implving that the
[Footnote 8 centinued cn following page.)
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B. ASME Code Section Xl

The use of nuclear pressure testing is consistent with
Section XI of the ASME Code. On at least two occasions the ASME
Boiler and Pressure Vessel Committee has issued written
interpretations of Code requirements in this area. By letter
dated February 11, 1987, the ASME Committee responded to an
inguiry as to whether section XI requires the reactor to be in a
nenc: ' ;cal state during pressure tests (hydrostatic and leak
tests ). The ASME Committee stated that "[c)ore criticality
during pressure testing is not addressed by Section XI, Divisien
1." In an earlier response, dated September 18, 1986, the ASME
Committee agreed that the "ode permits the use as a pressurizing
medium of "a mixture of steam, water, and non-condensible gases
in a proportion £g greater than that present during normal
startup . . . .!1 This was consistent with an earlier
int-rprotation.‘ and indicates that t..s use of nuclear heat for
testing while the vessel wuter level is in the normal range for
power cperation is not prohibited by the Code.

In its August 17, 1983 denial, the staff indicated that
because Table IWB-2500-1 provides that system leakage tests are
to be conducted "prior to plant startup following each reacter
refueling outage," and because typical BWR Technical
specifications and FSAR provisions define the-plant condition
prior to startup as hot shutdown with all contrel rods inserted,
the testing may not be done with the core critical. Given the
ASME’s ruling that Section XI does not address core criticality,
ve believe the Staff has given too narrow an interpretation to
the provision in IWB-2500-1.

In view of the ASME’s ruling, it appears that the Code’s use
of the term "startup” was not intended to coincide with

(Footncte 8 continued from previous page.)
core will not be critical during the testing.® It appears,
nowever, that the implication drawn by the staff does not
necessarily hold. Section 5.3.2 does not by its terms
preclude testing with the plant at low powver if the higher
safety margins are used. In fact, Appendix G does just that.
Under Section IV.A.5, hydrostatic and leakage testing may be
conducted when the core is critical, provided that the highey

safety margins of Sectioen IV.A.3 of Appendix G are used.

9/ Lletter from S. Wienman, ASME, to L.T. Gucwa, Georgia Power
Company, dated February 11, 1987.

10/ letter from S. Weinman, ASME, to L.T. Gucwa, Gecrgia Power
Company, dated September 18, 1986.

11/ Interpretation XI-1-83-25, dated October 27, 1983.
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definitions used in plant Technical Specifications. Terminology
used by the American Society of Mechanical Engineers cannct and
should not necessarily be eguated with specific terms contained
in Technical Specifications. A more reascnable viev of the
intent of TWB-2500-1 is that it is meant simply to prescribe
those testr to be performed to verify system integrity before the
system is placed in an unrestricted mode of operation within its
designed temperature and pressure limits.

It should also be noted that conducting system pressure tests
vith the plant at lov power is consistent with other testing
requirements. The environmental conditions that the staff has,
cited as not being conducive to a thorough and deliberate visual
inspection alsc exist for other types of inspections. Numerous
administrative and personnel safety measures have been
implemented to deal with these conditions. 1In additioen, leak
detection instrumentation may also be available. Any concerns
with inspection regquirements that could expose personnel to
adverse environmental conditions should be addressed directly and
in a comprehensive manner.

SONCLUSION

For the foregoing reasons, NUBARG believes the Staff’s
position prohibiting nuclear hydrostatic and leakage testing
should be withdrawn. Given the provisions of the NRC’s own
regulations and the fact that the NRC itself has recognized that
there is a minimal difference in safety between testing with
nuclear heat and pump heat, it appears that such a position is
not justified. Furthermore, as a matter of policy, the Staff
should not preclude a testing method that could allow testing to
be carried out at higher system temperatures capable of meeting
the PTS limits of Revision 2 to Regulatory Guide 1.99 without the

substantial plant modifications that otherwise might be
necessary.

We would be pleased to discuss this subject with you should

you have any questions.

Sincerely,

Nitholas S. Reynolds

Daniel F. Stenger

Counsel to Nuclear Utility
Backfitting and Reform GIroup

cec: Lawrence C. Shao
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BWR0G-8962
August 11, 1989

Mr. James Taylor

Acting Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subj: Appeal From ‘taff Decision Requiring Total EQquipment

Dear Mr. Taylor:

Attached is the appeal of the BWR Owners’ Group (BWROG)
regarding Staff action on the use of Rosemount transmitter trip
units as they relate to the ATWS Rule. There exists a difference
of opinion with the Staff on the subject of what constitutes a
sensor and what kind of diversity, if any, should be applied to
the trip unit portions of the alternate rod injection syctem
level and pressure sensors.

The Rule requires alternate rod injection systam
diversity, from sensor output to the final actuation device. The
currently installed alternate rod injection and reactor trip
system level and pressure sensors each comprise a transmitter
plus a remotely located trip unit. Were it not for the
separation of the trip unit from the transaitter, the
transmitter/trip unit would be a sensor (within the meaning of
the Rule) according to the Staff, and would be exempt from the
diversity requirement of the Rule. Because cf the perception
that a transmitter/trip unit is not a sensor, the Staff is
requiring the level and pressure trip units of the alternate rod
injection system to be manufactured by an alternate supplier,
i.e., they ‘re requiring equipment diversity. However, this is
incensistent; the portion of the ATWS Rule in question focuses on
the potential for common cause failure. The trip unit and
transmitter are connected by a passive device (wiring) which 1is
not a common cause failure concern. Morsover, even if the remote
location of the trip unit were a source of common mode failure,

W ;(3// ELO~==((ype 7
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equipment diversity of the trip unit would not address location=-
based concerns.

Regardless, if the ATWS Rule is applied to the trip units,
the Rule itself calls for diversity (the Rule does not indicate
any specific type of diversity). There are many ways to provide
diversity, including, among others, equipment, functicnal and
application (energization state) diversity. BWR owners have
provided such diversity in all active components of their
alternate rod injection systems, including the level and pressure
trip units. Functional diversity and diversity by application
are provided for the level and pressure trip units. We think the
outright rejection of these acceptable forms of diversity is
again inconsistent with the intent of the Rule. A common mode
faillure of the trip units must result in a reactor trip because
the trip units are identical but have OppoOsite energizaticn
states during operation. (Alternate rod injection would trip the
reactor if a common mode failure caused the output of the trip
unit to energize. However, if a common mode failure caused the
cutput of the trip unit to deenergize, the reactor protective
system would trip the reactor.) The Staff has deternined gquite
the opposite--that a common mode failure must result in a failure
to trip because the units are identical. This conclusion is
erronecus.

The Staff’s position of equipment diversity stems from
guidance in the Statement of Considerations published with the
Rule which states that the preferred foim of diversity is
equipment diversity which is te be provided
Rracticable. Aside from requiring diversity where none .s
required, the current Staff position requiring equipment
diversity in this case is unreasorable. The maximum possible
benefit to be gained by installing diverse trip units is
negligible, but the cost is substantial and carries with it the
unmeasured but significant risk of increasing maintenance-related
common mode failures. We are concerned that the Staff .s
requiring equipment diversity only for the sake of diversity, in
spite of the lack of safety benefit. The ACRS shares this
concern. See Attachment 1.

We have raised the diversity issue on two occasions with
Dr. Murley, who after due consideration, rejected our position.
While ve have great respect for Dr. Murley’s technical expertise,
we think his conclusions on this issue are inconsistent with the i
Rule and the prior Staff positions supporting the Rule. In fact,
the current Staff position has the potential to increase common
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cause fallures, thereby defeating the purpese of the Rule. The
ACRS also shares this concern.

We have attached & detailed analysis and history of this
igsue (Attachment 2) for your consideration and we reguest that
/OuU review our peosition. Staff accaptance of the diversity
currently provided would allow the BWR owners te aveid
unnecessary modifications to the alternate red injection system.
We alsc believe that the techrnical input of the ACRS is extrenely

useful and we encourage yeu te study their letter. See
Attachaent 1.

We further request that the Comnissien be asked to send
the question of transmitter trip unit diversity to the ACRS for
resolution. Specifically:

1. Are the ARI and RTS Rosemount transmitter/trip units
senscrs within the meaning of the ATWS Rule, and if so, are they
subject to the diversity requirement of the Rule?

- If the ARI and RTS Rosamount trip units are subject
to the diversity requirement of the ATWS Rule, is the use of
diversity of application (energization state diversity) in the
trip units sufficient, when combined with the equipment and

functional diversity of ARI and RTS systems, to meet the
diversity reguirement of the Rule?

We believe the Staff has reached an inappropriate
conclusion on this issue. The NRC has already addressed the
technical and safety guestions invelved with sensor diversity and
has provided very clear guidance in the ATWS Rule, the Statement
of Considerations, and the Policy Statement on Diversity. Wwe do
not question that guidance. At issue here is whether th. current
Staff position on sensor diversity conforms to that guidance.

The comments/positions provided in this letter have been
endorsed by a substantial number of the members of the BWROG.
Hoewever, this letter should not be interpreted as a commitment of
any individual member te a specific course of acticn. Each

member must formally endorse the BWROG pesition for that positicn
to become the member’s position.
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Thank you for your attention to this matter. We look
forward to your response.

Sincerely yours,

d %

Stephen D. Floyd, Chairman
BWR Owners’ Group

SDF/
Attachnent

cc: BWROG Executive Oversight Committee
BWROG Primary Representatives
G.J. Beck, BWROG Vice Chairman
R.F. Janecek, RRG Chairman
§.J. Stark (GE)
G. Samstad (GE)
Dr. T. Murley (USNRC)
F.J. Miraglia (USNRC)
T. Price (NUMARC)



Appeal Of Staff Decision Concerning the
Diversity Regquirement of the ATWS Rule
)

I.  INTRODUCTION

This letter is an appeal of a Staff decision regarding the
extent to which Rosemount level a'd pressure transmitter/trip
units installed in the alternate rod injection (ARI) system and
the reactor trip system (RTS) need to be diverse pursuant to the

ATWS Rule (10 C.F.R. § 50.62).

The issue initially was joined on the Carclina Power & Light

(CP&L) docket when it requested reconsideration of a Staff

1

decision” rejuiring complete equipment diversity of the water

level transmitter/trip units installed in the ARI system and the

2

RTS. The BWR Owners’ Group (BWROG) supported CP&L’s appeal:3

4/ Safety Evaluation By The Office Of Nuclear Reactor Regulatic
Related To Amendment No. 150 To Facility Operating License
No. DPR. 62 Carclina Power & Light Co. et al. Brunswick
Steam Electric Plant, Unit 2 Docket No. 50=324 (Apr. 8,
1988) .

2/ Letter from L.W. Eury to Thomas E. Murley (May 11, 1988).

i/ Letter from D.N. Grace to Thomas E. Murley (Jun. 28, 1988).
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however, on August 8, 1988, the appeal was denied.*
Subsequently, the BWROG again appealed the Staff decision on the

basis of further information, but this appeal also was dcniod.s

In each denial, the Staff maintained the position that the
water level and pressure transmitter/trip units in the ARI system
and the RTS required equipment diversity. The BWR Owners’ Group
finds this answer completely inconsistent with the ATWS Rule and
its associated guicdance. In summary, the ATWS Rule does not
require water level or pressure transmitter/trip units to be
diverse. These types of units were recognized by the Staff
during the ATWS rulemaking as being sufficiently reliable as to
be excluded from the Rule. Moreover, if diversity is required,
the ATWS Rule does not specify any particular type of diversity;
rather, the various types of diversity recognized by the Staff to
be present in the ARI system and the RTS suffice. Lastly, to
reach a "regquirement" for equipment diversity the Staff must
resort to the Stateme:n: of Considerations accompanying the ATWS
Rule. That Statement, in its "Guidance" section, refers to
equipment diversity "to the extent reasonable and practicable."
In view of the insignificant decrease in risk resulting from

equipment diversity and in light of the cost involved, the Staff

4/ Letter from Thomas E. Murley to Lynn W. Eury (Aug. 8, 1%88).

2/ Letter from Ashok C. Thadani to Donald N. Grace (Mar. 17
1989).

'
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decision requiring equipment diversity in the water level and

pressure transmitter/trip units is not reasonzble.

I1I. PRACKGROUND

Ihe ATWS Rule and EWR Compliance.

The ATWS Rule, in 10 C.F.R. part 50.62(b)(3) requires that:
Each beoilling water reactor must have an
alternate rod injection (ARI) system that is
diverse (from the reactor trip system) from
sensor output to the final actuation
device. . . . The ARI must be designed to
perform its function in a reliable manner and
be independent (from the existing reactor trip
system) from sensor output to the final
actuation device.

In compliance with the above Rule, BWR licensees have
installed diverse and independent ARI systems. Diversity from
the RTS is achieved throughout the ARI system by combinations of
allowable methods of diversity such as functional diversity,
diverse hardware and by diversity of application (energize to
trip versus deenergize to trip). Equipment diversity is provided
where reasonable in the ARI by using components fabricated by
different manufacturers. Functional diversity is provided within
the RPS by having several different parameters, i.e., level,
pressure, valve position, and neutron flux for the most likely
conditions that could lead to a scram. Diversity by applicatien
is provided by designing the ARI to generate a scram signal when

the level or pressure bistable is energized, whereas the RTS



ATWS Diversity Appeal _

U.S. Nuclear Regulatory Commission

Page 4

generates a scram signal when the level or pressure bistable is

deenergized.

Most BWRs installed sensors utilizing trip units from a
single manufacturer (Rosemount transmitters with either Rosemount
er Foxboro trip units)6 in both the RTS and ARI syatcm.7 The
Staff seeks to have circuit boards manufactured by another entity
inserted in the pressure and level sensors of either the ARI

System or the RTS thereby achieving equipment divcrsity.8

&/ The issue addressed by this appeal is not affected by whether
Rosemount or Foxboro trip units were selected for “he two
systems, therefore, only Rosemount trip units will be
mentioned unless the issue is different for the Feioro trip
units.

1/ Rosemount or Foxboro trip units were used exclusively in both
the RTS and ARI system because of (1) the operational
advantages of the sensors over the Barton sensors, (2)
encouragement from the Staff to implement the ARI design in
spite of the diversity question because of the "clear safety
benefit even with the Rosemount ATTUs," (Letter from Thomas
E. Murley to Lynn W. Eury, Aug. 8, 1988), (3) the initial
acceptance by the Staff of the same sensor configuration in
‘.he RIS and ARI system at Monticells (which was assumed to be
the BWR precedent), (4) the statement in the Rule excluding
sensors from diversity, and (5) the benefits to be derived
from standardization of similar (highly reliable) components,
not the least of which is reduction of common cause failures.

8/ Rosemount transmitter/trip units employ a pressure
transmitter hydraulically connected to the primary system.
Pressure action on the transmitter’'s transducer generates an
electrical signal proportional to pressure (or differential
pressure for a level transmitter) which is coupled to a
remotely located trip unit circuit board. The circuit board
generates a bistable signal as a function of the magnitude of
the transmitter electrical signal. The output of the trip
unit is the pressure or level input signal to the RTS or ARI
system. The ATWS Task Force, when recommending excluding
sensors from the reach of the Rule, analyzed sensors that

(Footnote 8 continued on next page. )
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Installation of standard eguipment can, in cases where the
equipment is highly reliable, reduce the probability of commmon
cause failures. When equipment is standardized, technicians are
more skillful at calibration and repair. Non-standard trip units
require additional, similar spare parts, hence, the probability

» When diverse

of installing incorrect parts increases.
components are similar or identical in appearance, the
probability of following the wrong calibration and maintenance
procedures increases. These drawbacks can lead to increased
common cause failures. Furthermore, when standard equipment is
installed, training, spare parcts and administrative costs can be

minimized.

In the present case, the NRC-reguired diverse trip units
will be priduced in one batch or a small number of batches.
While the BWRLS believes these trip units will perform reliably,
insufficient production time will exist to develop a  losed

feedback loop of gquality improvements driven by field proven

(Footnote 8 from previous page.)
differed from the Rosemount sensor by combining the
transmitter (usually a Bourdon tube) and bistable (an iren
core transformer device) into a single heousing.

2/ "If you take a look at the proposed GE ATTU cards, one in
your left hand and one in your right hand, they will be
identical cards." sStaff comment on the differences in
physical appearance between the existing Rosemount trip unit
and the trip unit being required by the current Staff
decision, transcript pp. 32 of the ACRS Subcommittee meeting
on Instrumentation and Control Systems (Apr. 21, 1989).
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performance. Standardization is, in our opinion, both safer and
more economical vhen applied to such highly reliable and

frequently tested equipment such as Rosemount or Foxboro trip

units.

III. ARGUMENT
A. The ATWS Rule does not apply to the Rosemount

The ATWS Rule clearly acknowledges that devices upstream of
the sensor output are excluded from the reach of the Rule. The
subject circuit boards in the Rosemount transmittar/trip units
are upstream of the sensor output and accordingly, the Staff’s
decision to require equipment diversity (or for that matter, any

diversity) is inconsistent with the Rule.

To explain, the sensor portion of the RTS or ARI system
consists of a transmitter unit and a bistable trip. The Staff
has cencluded that the sensor portion of these systems 1is
sufficiently reliable and subject to such intense surveillince as

to not require diversity.

The trip portion of the sensor system consists
of bistables that signal an out-of-tolerance
condition. This portion of the system is
vulnerable to bistable calibration errors and
like component common cause failures.
However, continuous monitoring of the sensor
output, and the frequent testing of the trip
values provide a good chance of discovery of
such common cause _roblems. . . ., Though
differences exist in the level of redundancy
and logic structure, these only influence the
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independent failure contribution which does

not contribute significantly to the overall

RPS unavailability. Therefore, for the

purposes of this analysis, EB. Sensor portion

©f the RTS will be ignored.
The high bistable reliability (10~  per demand) coupled with "the
large number of sensed parameters [leads one to judge) that the
controlling common cause problems would probably not reside in

the sensor subsystem . . . ."11

In the Rosemount trip unit the circuit board is the bistable
electronic element in the level or pressure sensor.lz It is
recognized by the Staff to be reliable; it has a proven histery
of good performance and is thus excluded from the reach of the
Rule. To overcome this exclusion, the Staff focuses on the fact
that in the Rosemount design, the trip unit (solid state
bistable) is located remote) from the transmitter. The bistable
of the sensor analyzed by the ATWS Task Force was mounted in the
same enclosure as the pressure transmitter. The Staff considers

the separation of the Rosemount transmitter and trip unit to

A0/ Memorandum from William J. Dirks to the Commissioners, SECY~-
83-293 (Jul. 19, 1983), Enclosure "D," Recommendation of the
ATWS Task Force at Al0=-All.

&/ 1d. at All.
A/

2ee Staff Statement, Transcript pp. 117 of the ACRS
Subccmmittee meeting on Instrumentation and Corntrol Systems
(Apr. 21, 1989). gSee also pp. 38, lines 6=7. The statement
should be corrected from "is stable" to "which is the
bistable."
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disqualify the Rosemount sensor from the exemption provided by

the Rule from diversity for sensors.

The separation does not alter the characteristics or the
reliability of the device, nor does the introduction of wires

increase common cause failure probability.13

Wires are passive
devices, and only active devices must be diverse.* In fact, the
solid state trip units are more reliable than the older
electromagnatic, sliding core-type, and are subject to monitoring
and surveillance at least as often as the bistable devices
analyzed by the ATWS Task Force. From a reliability and testing
viewpoint, the Rosemount transmitter/trip units meet the
conditions that were the basis for the exemption from senscor
diversity set forth in the Rule and should, therefore, be exempt
from diversity. Reinforcing this position is the Staff statement
that the Rosemount transmitter/trip units would not need to be
diverse if the trip unit were integrally mounted with the
:ransmxttor.ls Based on this statement, we conclude that the
Staff believes that the loccation of the trip unit remote from the

transmitter must be a source of potential common cause failures,

in which case it makes no sense to reduce these remote-location

ai/ The Staff agrees that distance is not an ATWS diversity
concern. JId. at 117.

a4/ Id. at 40,
A8/ 14 at pp. 132 to 13¢.
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common cause failures by installing diverse trip unit boards in

ARI.

B. Even if it is determined that the ATWS Rule applies to
the Rosemount transmitter/trip units, these units meet

She Rule.

As noted, the Rule requires diversity "from sensor output to

the final acturtion device." Contrary to the positicon of the
Staff, the Rule does not specify the type of diversity: it simply
requires diversity. As noted in Section II, diversity from the
RTS is achieved througnout the AR system by combinations cof
allowvable methods of 41VQrsity.1‘ The ARI systenm employs
equipment, functional and application state diversity and thus
complies with tha ATWS Rule.

To explain, equipment diversity is provided, for example,
by diverse logic relays, contactors and scram air header vent
valve designs. Functional diversity is provided within the RTS
by employing diverse trip channels, including for example,
turbine stop valve closure, high neutron flux and low water

level/high prcs:uro.17 At least two paths to provide a scram

48/ 2ae IEEE Standard 352-1987, Genaral Principles of Reliability

Table A8, which provides a number of diversity alternatives,
including functional and energization state diversity, which
are used in the ARI systenm.

al/ For a list of channels, see letter from D.N. Grace to Thomas
E. Murley (Jun. 28, 1988).
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signal are available to respond to all expected ATWS events. The
Staff has rejected the diversity by application provided for the
icss of feedwater event; however, diverse level indication and
sufficient tims exists for the cperator to initiate a manual
scram, should six trip units fail simultaneocusly. Diversity by
application is provided in the Rosemount trip units by designing .
the ARI to sense a level trip condition when the trip unit
energizes, versus the RTS which senses a level trip condition
when the trip unit deenergizes. Active components are the only
cemponents that need to be diverse, therefore, the trip units
employ full diversity by application because the bistable element
is the only active element on the trip unit during normal system

i8 , 19

operation. Other active components i.. the trip units are

only used during calibration and testing.

48/ The Staff agrees that if all active components on the card
are in a different state, diversity is achieved. See
Transcript pp. 40 of the ACRS Subcommittee meeting on
Instrumentation and Control Systems (Apr. 21, 1989).

42/ A lettur from Thomas E. Murley to Lynn W, Eury, Aug. 8, 1988,
states, "Since both boards [ARI and RTS) are made by
Resemount and are virtually identical, we - snclude that the
application of different energization states is not
sufficient to minimize the potential for common cause
failures in the ARI and RTS ATTUs." j
SeQUAtUX. If the trip units are virtually identical and the
only active component (the bistable element) fails by a
commen mode, the trip unit: will either fail energized or
fail deenergized. Regardless of which failure mode occurs,
one of the scram systems will receive a trip signal.
Furthermore, after stating that the potential for commoen
cause failures is not minimized, the letter goes on to state
that "the ARI system . . . provides a diverse logic design
which addresses the major contributors to common cause
failure in the RTS . "
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C. 1If the term "diversity" is more broadly construed to
require "egquipnent diversity", such construction should
be read as "egquipment diversity tc the extent

3 "

As noted in Section III [B) abocve, the Rule itself does not
impose a lim.itation on diversity so as to require that all
diversity be egquipment diversity. Rather, the Staff’s suppors:
for equipment diversity comes from "Guidance" set forth in the

Statenment of COnsidorations.zo

We recognize that language which is not incorporated in the
Rule per se can be viewed as part of the Rule. In Autcmotive
Barss & Accessories Ass’'n v, Bovd, 407 F.2d 320, 338 (D.C. Cir.
1968), the Court considered "the statement in the text of the
promulgation of the [s)tandard" (in this case, a rule issued by
the Department of Transportation) to be "‘a concise general
statenent’ which passes nmuster under Section 4 of the APA."
Further, in Home Box Office. Inc. v, F.C.C., %67 F.2d4 9, 215 (D.cC.
Cir.), gers. denled, 434 U.S8. 829, Zeh’g denied, 434 U.S. 988
(1977), the Court stated that the concise general statement of
the basis and purpose of the rule ultimately adopted is "intended
to assist judicial review as well as to provide fair treatment

for parsons affected by a rule."

&)/ S88 49 F.R. 26042 (1984).
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It is not clear wvhether specifically delineated "Guidance"
gualifies under this case law as inclusion to and thus part of
the Rule. Rather "Guidance" could well be viewed simply as that
== guidance. The Atomic Energy and Administrative Procedures
Acts empower the NRC to impose requirements on licensees by means
of rules and orders. The Statement of Considerations is neither
rule nor order, and as stated in Home Box Office. Inc., it is
intended to assist judicial review and provide fair treatnment.
The Statement is in the same class of guidance as, for example,
Regulatory Guides and Generic Communications. Therefore, it is

well-recognized that guidance is non~binding on a licensee.

However, we need not reach this point. The language of
interest regarding “"equipment diversity” is not unqualified.
Rather, the full statement, in the context of the matter at hand,
is:

Equipment diversity to the extent
reasonable and practicable to minimize
the potential for common cause failures
is required from the sensors to and
including the components used to
interrupt control SQd powver or vent the
scram air header."**

Simply put, if the "equipment diversity" language is viewed
as a requirement, the "reasonable and practicable" language must

also apply such that the regquirement would be "egquipnment
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diversily to the extent reascnable and practicable." If on the
other hand, the language is viewed as guidance, it is non-
binding, and cother means of diversity are appropriate. A
"guidance only" conclusion would dispose of the issue (since, as

noted, the BWR’s have diversity), therefore, the remaining focus

©f this argument is on the "requirement" conclusion.

The Staff acknowledges that "equipment diversity" must be
read in the light "to the extent reasonabla and practicable." In
the initial determinaticn of this matter or the Carclina Power &
Light Company Brunswick Plant docket, the Staff provided in
Appendix 1 its "Position on Diversity Requirements" which

provides:

It is recognized that total/absolute
component/hardwvare diversity can be
difficult and sometimes impossible to
achieve. For these instances, [an)
acceptable level of component/hardware
diversity can be achieved in accordance
with combinations of allowable methods
Such as energization states, AC versus
DC power, functional capability, and the
use of components from different
manufacturers.

42/ The Staff Position On Diversity Regquirements, Appendix 1 to
the Safety Evaluation By The Office of Nuclear Reactor
Regulation Related To Amendment No. 150 To Facility Operating
License No. DPR-62, Carolina Power & Light Company et al.,
Brunswick Steam Electric Plant, Unit 2, Docket No. 50-324
(Apr. 8, 1988).
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Several factors underscore cur position. First, precedent:

and second, the imperceptible reduction in risk associated with 2

net imperceptible increase in cost.

Northern States Power was the first utility to eguip a BWR
(Monticello) with 2 diverse alternate rod injection system. The
Monticello ARI and RTS both used Rosemount-supplied analog
transmitter/trip units for detecting reactor wvate. level ané
relied on diversity of application of the trip units--one system
energized to trip, the other system deenergized to trip. 1In
keeping with published Staff policy, the initial Monticelle SER
acknowledged the reasonable and practicable basis for equipment

diversity, stating:

The NRC guidance on the ATWS Rule states
that equipment diversity to the extent

to minimize
the potential for common cause failures
is required from the sensors to and
including the components used to
interrupt controlziod power or vent the
scram air header.

and on the subject of ARI functional diversity, further adds:

“"that the diversity between the ATWS
logic and the reactor trip system (RTS)
logic (at Monticello) has been achieved
primarily through the functional

&/ Safety Evaluation By The Office of Nuclear Reactor
Regulation, Northern Statas Power Company, Monticellc Nuclear
Generating Plant, Docket No. 50-263, Compliance With ATWS
Rule, 10 C.F.R., part 50.62, Relating To Alternate Rod
Injecticn And Recirculating Pumps Trip Systems (Dec. 21,

1987) (Emphasis added).
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application of the logic elements and the
location of the logic elements. The ARI
system will be energized-to-function
instead of deenergized-to-function for
the RTS. The ARI system will use DC
power instead of AC power for the RTS.
The ARI initiation logic (two-out-of-two)
will be diverse from the RTS logic (one-
out-of-two-twice). To the extent
reasonable and practicable for ATWS Rule
implenmentation, the staff finds the
degree of divorlityzxithin the Monticello
design acceptable."

Our position is that the initial Monticello logic applies
with equal force to our appeal. The reascnable and practicable
requirement in the Statement of Considerations is part of the
ATWS Rule and empowers the Staff to exercise discretion to accept
"combinations of allowable methods" of diversity when total

diversity is "difficult . . ., to achieve."

With regard to the cost/benefit equation, there are no
alternative qualified and highly reliable pressure and level
transmitter/trip units available for installation in the RTS and
ARI system other than Foxboro units which would cost
approximatel $800,000 per plant to install.zs The only
alternate trip unit for Rosemount trip units is an essentially

identical unit supplied by General Electric that is not readily

24/ 14.

ai/ Plants with Foxboro instruments would need to install
Rosemount sensors at a cost of about $800,000 because no
diverse supplier of Foxboro transmitter/trip units is
cbtainable.
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available, but must be manufactured in batches. Procurement of
these diverse trip unit circuit cards would cost about $8,000 to

$12,000 per trip unit, %€

The cost per plant would be roughly
$170,000 (incliuding design modification reviews, drawing changes,
maintenance training, procedures, etc.) to install diverse trip
unit cards in ARI. 1In addition, environmental qualification of
the diverse cards (required in some cases) will cost

approximately $200,000 more.

The Staff has adhered to an "equipmen: diversity at any
cost" policy, and has thus far not considered any discussion of
thé remoteness of a common cause failure in Rosemount
transmitter/trip units employing energization state diversity.
Thus, the Staff is not considering the cost in relation to the
resulting risk reduction, which is almost negligible.

Accerding to studies conducted by the Staff, the probability
of core melt from an ATWS event, assuming no installed ARI,
tecirculation pump trip (RPT) or automatic (86 gallons per

minute) standby liquid control system (SLC) is 5.3 x 10'5 per

48/ Diverse analog transmitter/trip units were stated to cost
$8,000 to $12,000/unit in a letter from Ashok Thadani to
Donald N. Grace (Mar. 17, 1989). The unit cost referred to
18 per circuit card, not per power station which is also
commenly referred to as a unit.



ATWS Diversity Appeal |
U.S. Nuclear Regulaterv Commission
Page 17

reactor yonr.27 By additicn of an ARI and an SLC

$3.5 mxllion,z. the ATWS contribution to core mel

reduced to 1.2 x 1070,

This eguates to a cost of
each 10" reduction in ATWS probabil.ty, compared
$3 million for each 107 reduction, giving a fave:
Value/Inmpact ratio ot :.5.%

Based on a study of the Brunswick plant by C:
Light, the ATWS contribution to core damage probal
plant having an ARI, conservatively assuming 20% ¢
are common mode between ARI and RTS, is 1.02 x 10
contribution to core damage probability, assuming
between ARI and RTS (0% common mode failures), is
Thus, total diversity reduces the ATWS contributic
melt probability by about 2%, at a cost of $8.5 m:

ot 30

10 reduction. Approaching the problem in the

ATWS Task Force, the cost of an ATWS is assumed t¢

&1/ Memorandum from William J. Dirks to the Commis
83+-293 (Jul. 19, 1982), Enclosure "D," Recomme
ATWS Task Force, at 22.

ab/ 1d4. at 8.
a8/ 1d. at 32, 46,
40/ A 0% probability of common mode failures is ar

approached and represents the best pessible
reality, the actual reduction in common mod
probability resulting from diverse trip uni
approach this goal. Moreover, because of t
similarity of the diverse trip units, poten
failures resulting from inadvertent mainter
further detract frem this ideal assumption.
calculation, therefore, represents a best ¢
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and the plant will cperate for 210 yonra.31 The maxizum potential

value of the change in ATWS probability from the added diversicty

in Rosemount transmitters is (1.02 x 1o°5 - 1.00 x 10'5) x 10‘o %

30 = $60,000. The impact is $170,000, therefore, the value to

impact ratio is only about 0.33., This is well balow the level

considared to be cost offective by the Staff.

By either measure, the cost per increment of prodability
reduction is far in excess of the overall cost of complying with
the ATWS Rule. Requiring a licenses to make this large
expenditure, in light of the extremely small maximum potential
reduction (2 x 10’7) of risk, is unreasonable. In fact, the CPLL
study is conservative because it calculated the rigk reduction in
achieving complets div reity of all components. Thae General
Electric Comrany perioimed a more specific assessment of the
likelihood of having the required six trip unit failures result

in a failure to cause a scram signal from either the RPS or ARI.

The study calculates a failure to scram of 1 x 10°° 32

In sum, in view of the small benefit to be derived from

equipment diversity at a comparatively high cost, it is

<4/ Memorandum from William J. Dirks to the Commissioners, SECY-

83-293 (Jul. 19, 1983), Enclosure "D," Recommendation of the
ATWS Task Force, at 31.

48/ General Electric Report No. EAS 90~-1288,
Assessment of Anticipated Transients
©f Feedwater Event" (Dec. 2, 1988).

"Reliability
Without Scram For Loss
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unreascnable for the Staff to insist on complete eguipment

diversity. Rather, other types of diversity are appropriate.

Alternatively, if it can be shown that total eguipment
diversity would be difficult, then combinations of diversity
would be permissible. The Staff has acknowledged this point.

In a letter to the BWR Owners’ Group denying the appeals,

Dr. Murley stated:

"The diversity raguired by the ATWS rule
is intended to ensure that commeon node
failures which disable the electrical
portion of the existing reacter trip
system will not affect the capability of
the ARI system to perform its design
functions. It is recognized that total
component /hardware diversity can be
difficult to achieve, howvever licensees
are encouraged to provide a maximum
effort to uat;,ty the diversity
regquirements.

Dr. Murley recognizes that total Rosemount transmitter/trip

unit component/hardware diversity "Eln_hl_dilxlsnls_SE_Asnilxl-":4

Under such a circumstance, the Staff Position on Diversity

Regquirements becomes important, expressly its allowance of
"compilnstions of allowable methods" of diversity when total

diversity is "difficult . . . to achieve." As discussed in

aa/ Lletter from Thomas E. Murley tec Donzld N. Grace (Aug. 8,
1988).

24/ 1d. [emphasis added)
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Sections II and III (B), the ARI system possesses such

combinations of divorsity.as

The Rosemount transmitter/trip
unit, as a senscor, is exempted from the ATWS Rule.

Alternatively, the ARI system possesses adequate diversity to
satisfy the Rule’s reference to "diversity." Llastly. eguipment
diversity, (if diversity is required at all) is required to the
extent reasonable and practicable. The combinations of diversity

satisfy this Staff "guidance" position.

Iv. CONCLUSION

The Staff has summarily rejected all attempts by the BWR
owners to justvify combinations of diversity by means of
unfavorzble cost/benefit analyses or negligible risk reduction
arguments. Of itself, this Staff decision is unreascnable in
light or the Staff’s policy of rejecting proposed rules having

42/ 1t is interesting to note that the Staff in stating that it
required diversity for active, i.e., components having
different states, it also stated that ener l1zation state
diversity was provided only for the trip bistable on the
Rosemount trip unit which, therefore, ignored diversity for
the remaining components cn the trip unit. Thus, in the
opinion of the Staff, energizatisn state diversity as applied
to the trip unit as a whole did not meet the requirements of
the Rule. However, the trip bistable is the only active
component on the trip unit (other than components used only
during calibration and testing), and by the Staff’s position,
only the trip bistable needs to be diverse, which it is,
using one of the Staff’s allowable methods of diversity:
energization state diversity (diversity of applicatien).
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cost/benefits of substantially less than 1.J6 Moreover, the

Staff has expressly recommended that functional and energization
state diversity of sensors is acceptable in exactly these
circumstances and initially accepted this level of diversity in

the past, at Monticello.

We believe a meeting with you at your convenience would be
beneficial for us to convey our concerns with, and to help us
understand, the Staff’s current position on diversity under the
Rule. However, if our appeal is not persuasive, we believe an
exemption request is appropriate under the circumstances, even

37

though the Staff does not recommend this cption. Under 10

C.F.R. Section 50.12(a)(2) an exemption is proper when:

1. Application of the requlation under these circumstances
is not necessary to achieve the underlying purpose o: the Rule.
In the present instance there is no credible common wmode o°
failure of transmitter/trip units in the RTS and ARI when
diversity of application is utilized. Even when common failure
modes are assumed to exist, only an extremely small maximum
potential reduction in risk (2 x 10'7 per demand) conservatively

results from eliminating these common failure modes. The Staff

28/ S5ee. e.4., SECY 83-293, pages 2, 31, and 48 where the
Commission rejects a requirement for additional safety
valves.

al/ Letter from Thomas E. Murley to Lynn W. Eury (Aug. B8, 1988).
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"continue(s) to believe that such numerical estimates of common
node falilure likelihood are quutionablo."38 yet the Rule .s
Justified by the Staff based on similar numerical estimates.
Therefore, we assume that risk estimates are not per se invalid.
Thus, the Staff should express specific concerns vith our

estinates rather than dismiss such numerical estimates as

guaestionable: and

2. Compliance would result in undue hardship or other costs
that are significantly in excess of those contemplated when the
regulaticn was adopted. The Commission recognized that the
equipment diversity requirament would be unreascnable in some
circumstances or even uniecessary. Sensor diversity is excluded

from the Rule, and the Staf? position is that a sensor includes

the trip bistable.39 To now require sensor egquipment diversity

results in a cost substantially in excess of the cost

contemplated when the Rule was adopted. Notwithstanding the

exemption for sensor diversity, if some diversity is required,
the published Staff Position and precedent point toward the

acceptability of diversity by application where egquipment

diversity is difficult to achieve. Therefore, the requirement

for equipment diversity results in a substantial excess cost.

28/ Letter from Ashok C. Thadani to Donald N. Grace (Mar. 17,
1989).

=2/ 14.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASKHINGTON D C. 20888

June 14, 1989

The Honcradble Lando W. Zech, Jr.
Chatrman

U.S. Nuclear Regulatory Commission
washington, D.C. 2085

Dear Chatrman Zech:
SUBJECT: RELIABILITY AND DIVERSITY

Ouring the 349th and 350th meetings of the Advisory Committee on Reactor
Safeguaras, May 3-6, 1989 and June B-10, 1989, respectively, we discussed the
implementation status of the anticipeted transients without scram (ATWS)
rule. Our Subcommittee on Instrumentation and Contro) Systems also met with
representitives of the staff and the industry on April 21, 1989 to review the
progress being made regarding this matter.

it appears that reasonable progress is being made, especially in light of
some of the difficulties that have arisen in the interpretation and applica-
tion of the rule. However, during the course of our discussions of compli-
ance with the rule, two issues arose that we consider to have enough general
significance to deserve further attention.

The first of these 15 the significance and application of diversity in
systems that use redundancy to achieve high levels of relfability. The ATWS
rule requires that diversity be used in an effort to further improve reli.
ability. The staff interprets the rule to require diversity even if, in 2
particular application, there is no evidence that its use increases reli-
ability. It appears, indeed, that this interpretation would be used even in
situations in which, by virtue of commercis) availability of components,
maintenance considerations, or other relevant factors, diversity might reduce
the reifadility of a particular system. This seems to us to be contrary to
the spirit of the ATWS mule which 1s aimed at increasing the overall relf.
ab1lity of the rapid shutdown system. Fuyrthermore, we beifeve that in any
situation in which diversity fs considered as a means to increase reli.
ability, 1t should be kept in mind that relfability is the objective, and not
diversity per se. Thus, {f diversity is to be reouired, effurt should be
made to ensure that it will contridute to increased reliadility rather than
making the system less reliable.

Sancaacs . ST
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The secocne i1ssue, which also came up during the discussion of the use of
diversity, has to o with the possible influence of 8Q1ng on the occurrence
of common mode failures. The staff reasoned that even if diversity were not
'MpOrtant ouring the first forty years of plant life, it might avoid develop-
ment of common mode failures from “wear out," that might occur 1f operation
beyond the original forty-year iicense s approved. We believe such concern
mey arise from a misunderstanding. While 1t 1s true that “wear out® of
components does cluster around some “mean-time-to-wesr-out,® this time should
be well known from test or experience, and components should be replaced cr
overhauled early enough to avoid 1t. Timeeineservice for components that
have not been replaced should be far enough removed from “wear out® that

fatlure due to wear out (1.e., "aging®) should not be a contributor to common
moce failures.

we believe some further consideration of these two fssues by the staff is

merited, not only as they may bear on the application of the ATWS rule, but
because of their significance generally,

Sincerely,

Forrest J. Remick
Chairman
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MEMORANDUM FOR: dward L. Jordan, Chairman
Committee to Review Generic Requirements
FROM: Frank Miraglia, Deputy Director
Office of Nuclear Reactor Regulation
SUBJECT: REQUEST FOR CRGR REVIEW OF THE BWROG
APPEAL OF THE STAFF POSITION REGARDING
DIVERSITY OF ROSEMOUNT TRIP UNITS
REFERENCE : BWROG “"Appeal from Staff Position Requiring Total

Equipment Diversity Under ATWS Rule (10 CFR 50.62)"

A briefing of the CRGR regarding the BWROG appeal on ATWS diversity requirements
is requested at your earliest possible convenience. As you are aware, this
appeal was submitted to James Taylor, Executive Director for Operations (EDO),
on August 11, 1989, and the EDO subsequently assigned CRGR tu take the lead to
review this issue. The NRR staff was directed by the EDO to perform a thorough
review of this appeal and provide to the CRGR its recommendation with any and
211 background information that may be required to complete the CRGR review,

In essence, the dispute involves use of the same tyﬁe of Rosemount trip units in
both the Alternate Rod Injection (AR]) system and the Reactor Trip System (RTS).
The guidance published with the ATWS Rule states: “Equipment diversity to the
extent reasonable and practicable to minimize the potential for common cause
failures 1s required from the sensors to and including the components used to
interrupt control rod power or vent the scram air headers." The ATWS Rule itself,
10 CFR 50,62, states tiat each BWR must have an AR] system that is diverse (from
the RTS) from sensor output to the final actuation cevice. The NRR staff does
not agree with the Owners Group contention that the subject trip unit is part

of the sensor and, therefore, the diversity requirement set forth in the ATWS
Rule does not apply because the Rule allows the use of the same sensor for
output to both the ARl and the RTS, Other disagreements between the staff and
the BWROG center on the degree of diversity as it relates to the subject trip
unit application., The BWROG maintains that pursuing ARI/RTS diversity is both
unreasonable and impracticable and 1ittle if any risk reduction is achieved by
using trip units in the ARI that are diverse from the trip units being used in
the RTS. In contrast to these BWROG positions, the staff continues to believe
that an increase in scram reliability can be achieved by using diverse trip
units in the AR] systems at BWR power plants, Since there are different trip
units that can be used in the ARl system which are available at a reasonable
cost, the BWROG's assertion that the staff's position on this issue is both,
“unreasonable and impracticable" is without support. After reviewing all infor-
mation submitted relating to this appeal, it is still the staff's position that
the health and safety of the public will be enhanced by employing aiverse trip
units 1n the ARI system as stated above.

QOO‘O—?OO‘?_‘S_/) XA’ [ |r{
CONTACT: ah

V. Thomas, (SICB:DST)
492-0786 g




Edward L. Jordan -2 -

The staff has completed 1ts review of &11 pertinent facts mentioned in this
latest BWROG appeal, has determined that its initial position on the issues
s unchanged, and recommends that the appeal be denied.

The three enclosures relate to the diversity issue, Enclosure 1 is @ draft
letter from the EDO to the BWROG contnining the decision on the appeal.
Enclosure ? contains the staff review findings of the BWROG appeal. Enclosure
3 s the wRR Contractor's Study Report on the BWROG appeal.

This information 1s submitted per discussion with the CRGR staff (D, Allison).
We are prepared to discuss our recommendation on this appeal with the CRGR at
the earliest opportunity.

eguny Director
0ffice of NucTBar Reactor Regulation

Enclosures:

1. Letter to BWROG

2. Staff Review Findings

3. A Review of Diversity in Trip Units, Feb. 1980

cc: D. Allison
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Mr. Stephen Floyd, Chairman

BWR Jwners' Group

Caiolina Power and Light Compeny
4]1] Fayetteville Street

Raleigh, North Carolina 27602

Dear Mr. Floyd:

This correspondence is the followup response to my previous letter dated
August 31, 1989, At that time, | committed to notify the BWROG of my
decision on the latest appeal of & staff position regarding the use of
Rosemount trip units. The BWROG appes) addresses the issue of the degree
of diversity required when implementing herdware on a bo111n2 water reactor
(BWR) to comply with the requirements of the ATWS Rule (10 CFR 50.62).

Following an intensive review of al)l the pertinent facts mentioned in the
appeal by a panel of selected staff nembers 51.0.. Committee to Review

Generic Requirements (CRGR)) and my review of its findings and recommendation
1 have concluded that the information submitted in support of the BWROG uppeai
does not present a sufficient basis to support your position that the present
AR] design neets the diversity requirements as set forth in the ATWS Pule,
Further, | do not agree with your assertion that the staff is requiring
equipment diversity only for the sake of diversity, in spite of the lack of
safety benefit., The primary conclusion | reach in review of this appeal is
that the staff position is a proper interpretation of the Rule and that it is
in the interest of improving the reliability of the scram function. Therefore,
the subject appeal of the Owners' Group is hereby denied. | expect that each
licensee will propose a schedule to the NRC for modifying its plant,

If you wish to discuss this decision or any issue you believe to be germane,
please contact Scott Newberry, Chief of the Instrumentation and Control
Systems Branch, at (301) 492-0782.

Sincerely,

James M, Taylor
Executive Director
for Operations
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LISTING OF MAIN APPEAL POINTS AND STAFF RESPONSES

Appea! Position Number 1

Page €, Section 111, Item A:
Item A: "The ATWS RULE Does not epply to The Rosemount Transmitter/trip Units."

The BWR owners argue: "The ATWS Rule clearly acknowledges that devices upstream
of the sensor output are excluded from the reach of the Rule. The subject
circuit boards in the Rosemount/trip units are upstream of the sensor output
and, accordingly, the staff's decision to require equipment diversity (or for
thet matter, any diversity) is inconsistent with the rule."

Staff Response to Appeal Position Number 1

The staff agrees with the first part of the appeal statement above regarding
devices upstream of the sensor output; but disagrees with the second part
regarding the subject circuit boards,

The ATWS Rule clearly states that those devices which are located upstream of
the sensor output are beyond the scope of the diversity requirement, It has
been and continues to be the staff's position that the phrase “upstream of the
sensor output" includes only the sensor and its associated process sensing
1ines and valves which make up the front-end of a typical measuring system,
The staff does not consider, and has never considered to our knowledge, such
devices as signal conditioning equipment, analog trip units, or indicating/
recorders which are part of the receiving or back end of a typical measuring
system to be "upstream” of the sensor output. Process measuring systems do not
always employ an analog trip unit with the sensor; such is the case of certain
monitors installed pursuant to the guidance in Regulatory Guide 1,97 "Instru-
mentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant and
Environs Conditions During and Following an Accident." 1In those applications,
the sensor outputs can be fed directly to an indicator/recorder or data iogger
without the need for a trip unit,

The staff position regarding what constitutes a sensor is supported by the
General Electric (GE) Report, NEDC-31336, “Instrument Setpoint Methodology,"
dated October 1986; the Rosemount Controls Inc. Product Data Sheet No, 2302;
and several industry standards.

GE treats the sensor and analog trip unit as twe separate components when they

are used as part of an instrument channel (Page [-4, Items 9 and 10, in
NEDC-31336). Genera) Electric defines a sensor as: "The portion of the instrument
channel which converts the process parameter value to an electrical signal."”

The trip unit is defined as: "The portion of the instrument channel which

compares the converted process value of the sensor to the trip [desired] value,
and provides the output "trip" signal when the trip value is reached." Another
example of GE's approach to considering these components as separate components



is shown on Pages 1-12 and 1-13 of the same report. On page [-12, the sensor
transmitter and analog trip unit are treated as separate components in GE's
discussien of the methodology for establishing instrument charnel accuracy.

The sensor transmitter component is represented as one term, A} (A, 15 equal to
transmitter accurscy) and the trip unit is represented by a df ferlnt term A,

(Ag, 18 equal to trip unit accuracy). On Page 1-13, in discussing instrument
chzunel dgrift, GE assigns separate values of drift for the transmitter and the
trip unit (i.e., DT and DTU respectively).

Another example of this approach by industry regarding the separate nature of
the sernsors and the trip units 1¢ demonstrated by Rosemount in their Product
Data Sheet #2302, The electrical block diagram in this eximple shows the
sensor as only one portion of the sensor/transmitter assembly., The sensor
portion includes the cepacitive element (plates) which sense & change in the
sensing capsule o1l pressure which in turn 1s affected by the changes in the
process parameter value; the changes in the clectrical characteristics of the
plates are then converted to a proportional electrical signal, The remaining
portion of the sensor transmitter is referred to as the transmitter section and
includes the demodulator, current detector, oscillator, current control
amplifier, and voltage regulator, The block diagram does not show the analog
trip unit but does clearly show the converted process parameter nutput signal,
As stated above, this ocutput signal is sent "downstream" to indicators, trip
units and data loggers as desired,

Additionally, all industry standards that have been reviewed by the staff
define and treal the sensor and analog trip unit (sometimes referred to as @

bistable or an alarm unit) as separate devices. These standards or guidelines
include:

[EEE Standard 603-1980: "IEEE Standard Criteria for Safety
Systems for Nuclear Power Generating Stations"

ANSI/ISA § 51.1-1979 "Process Instrumentation Terminology"

SAMA Standard PMC 20.1-1973 “"Process Measurement and Control
Terminology"

ISA-RP67.04 Part 11-1989-Draft "Methcdologies for the
Determination of Setpoints for Nuclear Safety-Related
Instrumentation

Early vintage BKR type power plants such as Oyster Creek, Dresden, Millstone,
and the like originally used a local indicating pressure or differential
pressure switches manufactured by Barton to initiate the scram function or
actuate the engineered safety features system(s) when abnormal plant
conditions were “eached. However, after issuance of IE Bulletin 79-0:8,
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“Environmental Qualification of Class 1E Electrical Equipment," many of these
licensees opted to replace the local indicating type switch with an analog type
measuring system consisting of the sensor/transmitter (described above) and an
analog trip unit to perform the same functions, The sensors of each system
sense the plant process in the same manner, The indicating switch, which is
located in the body of the sensor, operates from physical movement of the
sensor's sensing element (e.g., bourdon tube, diaphragm, bellows, etc.) whereas
its counterpart, the trip unit, needs an electrical conversion (after the
sensing element movement) and then transmission (signal conditioning) of the
resultant signal to the trip unit to provide tho same scram trip or actuation
functions as the indicating switch., Replacing the switches in the RTS or ARI,
which are outside the scope of the ATWS Rule, with the anzlog transmitter and
trip unit adds & component (the trip unit) which the staff views not to be part
of the sensor and within the diversity requiremente of the Rule. “The BWROG
disagrees.

On page £ of the Appeal, the BWROG presents an excerpt taken from SECY 83-293
as support for its contention that the sensor/trip unit should be treated as
one device. This excerpt is taken from an appendix to the ATWS Task Force
recommendations regarding an ATWS Rule. The excerpt from SECY 83-293 reads:

"The trip portion of the sensor system consists of bistables
that signal an out-of-tolerance condition, This portion of the
system is vulnerable to bistable calibration errors and like
component common cause failures. However, continuous moritoring
of the sensor output, and the frequent testing of the trip
values provide & good chance of discovery ¢ such common cause
problems.,,, Thewoh rifferences exist 1in tne level of redundancy
and logic structure, these only influence the independent failure
contribution which coes not contribute sigrnificantly to the overall
RPS unavailability. Therefore, for the purposes of this analysis,
the sensor portion of the RTS will be ignored."

This discussion can be interpreted in a manner that reflects the view of the
BWROG or interpreted in another manner to support the staff's position on
this issue, Review of all of the Task Force Report, however, contradicts the
BWROG interpretation of the above excerpt. The following excerpt taken from
the same report states that the transmitters, amplifiers, logic matrices and
relays are part of the measuring systems logic subsystem, In this statement
even the transmitters are said to lack diversity, and the sensor is the only
dev;ce that is not considered to be part of the logic subsystem. The excerpt
reags:

“The transmitters, amplifiers, logic matrices, and relays that
make up the 1ogic subsystems do have redundancy to some degree,
but generally lack diversity. The PRA's conducted to date
generally have not quantified the contribution to unavailability
caused by the possible common cause influences on the logic
subsystems, The failure rates for these components are low and
multiple failures are rare, although multiple failures caused by
such influences as temperature degradation for certain logic
components have been reported, Failures in these components are
generally not announced at once and must await surveillance
testing., In addition, comparator adjustments und calibrations
can introduce human error."
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We conclude that this report is ambiguous with respect to defining the scope of
the Rule.

Finally, all PWR power plants are e1s0 required by the ATWS Rule to instel) new
systems, They employ the analog type measuring systems similar to those
measuring systems in use at many BWRS to actuate a diverse scram system and/or
diverse auxiliarv feedwater/turbine trip systems, To date, the staff is not
aware of any utility interpretation of the Rule that led to non-diverse trip
units or bistables, On the contrary, &11 plants, to our knowledge, have
designed and are installing systems that use different bistables/trip unite in
the RTS and ATWS systems,

We conclude that the background information on sensor channels and logic sub-
systems in SECY 83-293 is ambiguous and does not support the BWROG, We conclude
that the definition of sensor in the literature and in practice 1s clear and
that the ATWS Rule does apply to the trip units,

Appeal Position Number 2

Page 9, Section 111, Item B:

[tem B: “"Even if it is determined that the ATWS Rule applies to the Rosemount/
trip units, these units meet the Rule,"

The BWROG acknowledges the need for the Commission's diversity requirement

“from sensor output to the final actuation device." However, they maintain

that the Rule does not specify the type of diversity, but simply requires
diversity, Because the alternate rod injection (AR!} system employs combinations
of methods of diversity such as equipment, functional, and application state
diversity, the BWROC reasons that the system complies with the ATWS Rule.

Staff Response to Appea! Position Number 2

The Statement of Considerations published with the ATWS Rule defines what is
meant by the term "diversity" as required in the ATWS Rule, 7The Statement of
Considerations states that "equipment diversity" is the primary objective of
the general term "diversity" in the Rule. The staff has always interpreted
equipment diversity to mean unlike or different equipment,

During staff reviews of various utility ATWS designs, equipment diversity has
always played a significant role when assessing the acceptability of a given
functionally diverse application, as in the case of the ARI system. For
example, two instrument chennels that are measuring different plant parameters
such as level and flow and are part of the same logic matrix, are sufficiently
diverse only if the components in each channel are different from sensor output
up to and including the final actuation devices that vent the air header. In
addition, past experiences and the studies conducted jointly by industry and
the NRC that led to the ATWS Rule and the associated Statement of Considerations
leave no doubt that the intent of "diversity" set forth in the Rule is to
improve the reliability of the scram function by minimizing the potential for
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common mode failures. The staff believes that this increase in reliability
is achieved through equipment diversity so long as the potential cgrawbacks of
diversity (such as unreliable equipment or additional failure nodes) are
adequately aadressed.

The need for equipment diversity can be illustrated by reviewing events invoiving
equipment used in the reactor trip systems to achieve a reactor scram, For
example, the Salem event resulted largely from inadequate equipment diversity,
Two identical undervoltage trip attachments, located one in each of two reactor
trip circuit breakers, sinultaneously feiled to perform their \ntended functions
following a demand to scram, thereby causing the ATWS event,

An example of & component failure that has a potent1ai,to lead to common mode
failure recently occurred when a defective component = was used in the Rosemount
710 Master and Slave trip unit circuitry. These are the trip units in questiorn,
The deficiency was caused by a change in the manufacturing process. Specifically,
under certain environmental and operating conditions, the trip unit may fail to
actuate as intended even when in different energized states. The vendor has
notified end-users of the potential problem and has offered & replacement urit
considered more suitable for the intended service, In addition, our recent search of
the Nuclear Plants Reliability Data System (NPRDS) uncovered other failures
involviig the Rosemount trip units which bring intc question the perception

that they are highly relieble and not vulnerable to common mode failure. The
following are “Failure Descriptive Narratives" submitted by just one licensee
about faulty Rosemount trip units:

- Grand Gulf personnel while conducting an 1&8-month surveiilance
test noted that an analog trip unit indicated a trip condition,
but no reactor protection system response occurred, Subsequent
investigation of the cause for failure revealed that a defective
Rosemount trip unit was determined to contain two faulty opera-
tional amplifiers, a faulty potentiometer, one faulty timer and
one faulty diode.

- Grand Gulf personnel experienced another failure of a Rosemount
trip unit and in the Cause of Failure Narrative they state in
part that ... the input diode failure is considered a normal
electrical failure." The diode was replaced, a retest was
perf?rmed satisfactorily on the trip unit, and it was returned to
service,

The examples cited above are intenced to 1llustrate the purpose of the diverse
equipment in the ARl system which is to improve scram reliability by minimizing
the potential for common node failures and to enhance the confidence level that
all power reactor plants will automatically scram on demand,

SR Es AT E .-

1/ (Part 21 notifications on Rosemount model 710 Trip/Calibration units and
414 E/F resistance bridges, dated August 17 and October 10, 1989)



This is not to say that the staff hat always required completely different
equipment in all instances during licensees' proposals to provide a diverse or
alternate trip system. In the past, the staff has exercised engineering
judgement and will continue to do so as questions on equipment diversity and

the degree of design difference arise. The staff's decisions on these diversity
issues are based on the reasonableness and practicableness of the given
applicatien coupled with a ;udgoment regarding fundamental design differences,
These are the bases the staff has used in arriving at the present decision to
require licensees to use trip units in the ARI system diverse from similar
functional trip units being used in the reactor trip system,

The BWROG argues against the use of diverse trip units and maintains that
diversity from the RTS is already achieved throughout the ARI by combinations

of allowable methods of diversity, It states the AR] system employs equipment,
functional. and apglication state (1.e., de-energized versus energized) diversity
from the RTS and thus complies with the Rule.

The staff agrees that combinations of methods such as energization states, the
use of AC power versus OUC power, functional diversity, components from different
manufacturers, and different components from the same manufacturer are used

when assessing the diversity issue. In addition to these methods, other factors
that may influence the assessment include the history of successful operation
and the ability to demonstrate reliability through periodic surveillance tests,

With respect to the BWROG contention that the present AR system complies with
the Rule, the staff has carefully reviewed the scenariu presented on pages 9
and 10 of the appeal and disagrees with BWROG position for the following
reasons:

" Functional diversity using different components is an acceptable means
to meet the diversity requirement of the ATWS Rule. However, for the
BWROG Loss of Feedwater event (LOF) mentioned above, there is no func-
tionally diverse trip that uses diverse equipment to automatically
initiate scram and mitigate the LOF event, For a LOF, the only RPS
signal is low reactor water level. [This issue is discussed in detai)
in the attached contractor repo~t dated February 1990, Enclosure 3.]

« Very iittle trip unit diversity is provided by Jdifferent energization
states. The bistable element (as stated on Page 10 of the appeal) is
not the only active component on the trip unit during normal operation,
The staff maintains that active components are not just components that
have a physical movement such as relays or switches, Active components
that could fail due to common cause are also those components that change
their electrical states such as logic netwo ks, 2¢e iodes, and
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transistors, Examples of compenents that don't continually change
electrical state are resistors, Capacitors, terminal strips and
potentiometers.

" The issue of reasonableness is not violoted because there are trip
units available that have diverse active components as defined above.

' The practicable aspect of this issue is not violated because the cost
to replace or use diverse trip units is not prohibitive if the trip
unit card manufactured by GE is used.

. Other trip units that are available for replacement have proven
histories of successful operation in similar service applicz*ions at
many nuclear power plants,

" The use of other available diverse trip units will improve reliability
and will minimize the potential for common mode failures in the ARI
systems at BWR type power plants,

The BWROG has argued that the drawbacks of diversity outweigh the safety
benefits in this case. In an effort to assist us in the assessment of the
safety benefit of replacing the trip units in the AR! with different trip
units, we have, with the assistance of our contractor, reviewed in detail the
quantitative reliability and risk assessments performed by the BWR Owners'
Group and CPAL which were referenced in the BWROG appeal.

Current PRAs are not helpful in resolving this issue because common mode
failures between the RPS and the AR] are not modeled &t all or in very little
detail. For example, prior to the ATWS Rule, the Utility Group on ATWS did not
explicitly include common mode failures involving the “PS and ARI in its
analysis. The values used in its analysis suggest that commor mode failures
are not considered at all. The Brunswick PRA referenced in the CPEL appeal
also provides no models sufficiently detailed to aid in this evaluation., The
simplified analysis provided by CP&L does provide a common mude failure
analysis but also introduces considerable benefit from manual scram by the
operator. The General Electric analysis includes common cause failures within
each trip function but does not include any consideration of common cause
failure of identical trip units that exist in all of these functions. Even the
staff ATWS models which provided a basis for the recommended ATWS rule did not
mode! components such as trip units separately. A more detailed review and
description of these analyses is contained in Enclosure 3.

The improvement in overall system reliability provided by diversity is

difficult to estimate quantitatively. However, also contained in Enclosure 3

is a quantitative estimate of this improvement using the same event trees used
by the staff in recommending the ATWS Rule. While the uncertainties in such
estimates are large, we believe that the estimates in Enclosure 3 are reasonable
and that they provide an improved methodology for evaluating the safety benefit,
In addition to concluding that replacing the ARI trip units would be cost
beneficial, these models point out systematically that, contrary to our prev.ous
understanding that equipment outside the scope of the ATWS Rule (sensorsg was
diverse to a very large extent in the BWR design, identical trip units exist in
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a1l instrumentation channels that automatically trip the plant in response to
¢ loss of feedwater event, We conclude that installacion of reliable trip units
that are different will improve safety.

With respect to the “"drawbacks-of-diversity™ that the BWROG noted in its
letter to J. Taylor, NRC, dated August 11, 1989, and in the subsequent meeting
with the staff (same subject) on November 15, 1989, 1ittle new or substantive
information was offered in response to the EDO's request for information.
Enclosure 3, on pages 15 through 19, discusses in detail the events surround-
ing the three drawbacks of diversity highlighted by E4R0OG, We conclude that
there are no significant drawbacks to installing different trip units,

Appeal Position Number 3

Page 11, Section 111, Item C:

Item C: If the term "diversity” is more broadly construed to rejquire “"equipment

diversity," such construction should be read as “equipment diversity, to the
extent reasonable and practicable."

The BUROG maintains that, as stated in 1ts Appeal Position Number 2, the Rule
1*self does not impose a limitation on diversity so as to require that all
diversity be achieved through diversity of equipment, Railher, the staff's

support for equipment diversity comes from guidance set forth in the Statement
of Considerations,

Staff Response to Appeal Number 3

As noted in the staff responses to Appesl Position Number 2, the staff's
position regarding functional and equipment diversity are infiuenced by the
aspects of both reasonableness and practicableness, risk reduction/benefit
gained, and engineering judgement, Additionally, these staff positions have
been and continue to be strongly influenced by the guidance set forth in the
Statement of Considerations as the Owners' Group indicated above.

Responses to the many concerns and assertions that the BWROG raised throughout
this appeal position are gadressed in the staff responses to Appeal Positions 1

-

and 2 herein and/or in Enclosure 3.

Conclusion

we conclude that the original NRR position is the proper one. The definition

of a sensor in the literature and in practice is clear, and the diversity statement
in the ATWS Rule applies to the analog trip units. The language found in an
appendix to the ATWS Task Force Report attached to SECY 83-293 recommending a
rule is ambiguous. We conclude that in the affected plants no diverse equipment
to the RTS analog trip units exists for automatically scramming the reactor
following a loss of feedwater. The BWROG provided insufficient information

to support their assertions regarding the drawbacks of diversity., Our review
indicates that these suggested drawbacks are non-existent or are not significant,
Finally, we conclude that replacement of the Rosemount trip units will improve
safety, is cost beneficial, and should proceed. It is our judgement that such

action is reasonable and practicable and is consistent with the guidance issued
with the ATWS Rule,




