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NMC’s Comments on the NRC Draft Safety Evaluation for the DAEC
Extended Power Uprate.
References: 1. B. Mozafari (USNRC) to G. Van Middlesworth (NMC), “Duane
Arnold Energy Center — Draft Safety Evaluation Regarding the
Proposed Extended Power Uprate (TAC No. MB0543),” dated
September 6, 2001.
2. NG-00-1900, “Technical Specification Change Request (TSCR-042):
‘Extended Power Uprate’,” dated November 16, 2000.
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Dear Sir(s):

Per Reference 1, we were requested to review and provide comments on the Staff’s draft
Safety Evaluation (SE) for our Reference 2 amendment request. Attachment 1 to this letter
contains a copy of the Staff’s draft SE annotated with our “pen & ink” comments. Please
note that Attachment 1 contains information that the General Electric Company (GE)
considers to be proprietary in nature and was previously designated as such in our
Reference 2 submittal and subsequent correspondence. Affidavits supporting this claim
were also previously provided with that correspondence. Attachment 2 is the redacted
version of Attachment 1, with the GE proprietary material removed, suitable for public
disclosure.

No new commitments are being made in this letter.
Please contact this office should you require additional information regarding this matter.
Very truly yours,
’..J
Kenneth S. Putham,
Manager Nuclear Licensing

3313 DAEC Road *® Palo, lowa 52324-9646 i

Telephone: 319.851.7611
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO AMENDMENT NO. TO FACILITY OPERATING LICENSE NO. DPR-49

NUCLEAR MANAGEMENT COMPANY, LLC

DUANE ARNOLD ENERGY CENTER
A
DOCKET NO. 50-331

1.0 OVERVIEW
1.1 Introduction N

By letter dated November 16, 2000, Nuclear Management Company (NMC), the licensee,
requested an amendment to Facility Operating License DPR-49 for the Duane Amold Energy
Center (DAEC). The proposed amendment would allow an increase of the authonzed operating
power ‘level from 1658 megawatts thermal (MWt) to 1912 MWL_t, at DAEC. change
represents an increase of 15.3 percent above the current rated thermal po%P) and is
considered an extended power uprate (EPU). The amendment would approve
Technical Specifications (TS) appended to the operatmg hcense to implement up ed power
operation. ot &

NMC later supplemented the original license amendrnent appiieation by letters dated April'16
and 17; May 8, 10, 11, 22, and 29; June 5, 11,18, 21,and 28; July 11,19, and 25; and
August 1, 10, 16, and 21, 2001.

1.2 Background

present proposal would increase the ORTP level by 20 percent. Due to pe
plant modifi cations the licensee proposes to implement the EPU in phases.

percent increase from the current rated therma power
(CRTP). In Phase I, the licensee intends to extend therated thermal power from 1790 MWt to
1912 MW@ereent increase from the ORTP o erc t increase from the CRTP.

A0

&)

The DAEC safety analysis of the proposed EPU was provided in Attachment 6 (Referenc
the licensee's submittal. The attachment included General Electric {(GE) Nuclear Energy
Licensing Topical Report (LTR) NEDC-32980P (Proprietary), “Safety Analysis Report for Duane
Arnold Energy Center Extended EPU,” November 2000. Revision 1 of NEDC-32980P, dated
April 2001, only changed the identification of the "stand-alone” proprietary material (i.e., the
vertical "sidebars” in the margin of the text). The licensee's submittal contained plant-specific
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information consistent with the scope and content of the NRC-approved GE LTR
NEDC-32424P-A (Proprietary), “Generic Guidelines for Genepa Electric Boiling Water Reactor
(BWR) Extended EPU" (ELTR1), February 1999 (Reference(3)/ which included the staff's
position paper on ELTR1 (Reference 4). For some items, thelicensee referenced the analyses
and evaluations in the NRC-approved GE LTR NEDC-32523P-A (Proprietary), "Generic

@anaxysis (MELLLA) rod line, increasing the plant’s,
a

T e apap———

- ! The licensee

stated that the generic stem and equipment performance and the generic transient and
accident analyses presented in ELTR1 and ELTR2 are applicable to the DAEC EPU.

Evaluation gf General Electric Boiling Water Reactor Extended EPU (ELTR2 ", February 2000

These GE LTRs provide the basis for the assessment of a licensee's request to operate at
uprated power level of up to 20 percent above the plant’s ORTP.

As part of the EPU review process, the staff visited the GE facility in Wilmington, North
Carolina, from March 26 to 29, 2001; to audit both GE’s adherence to the NRC-approved
analytical methods in performing the safety analyses, and the DAEC safety analyses that
support the EPU. The audit findings and their resolutions are discussed in Section 2.6 of this

safety evaluation (SE). . \ "y _
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broposed to implement the maximum extef§
; 's operating domain. The liceRgee
generate higher steam flow though'a more unifo‘ﬁnﬁﬂattened) core power distribution, (b)
increase the corresponding feedwater flow to match the higher steam flow, (c) operatetge
reactor along the higher MELLLA rod line and extend the MELLLA line to the EPU RTP, and (d’
supply higher steam flow to the turbine generator through hardware modifications without a
corresponding increase in the operating dome pressure an ' ecirculation system
flow. The licensee will achieve the EPU by revising the loading patterrf of the core, by using
larger batch sizes, and by introducing GE-14 fuel for EPU operation.

To accémplish the EPU, the licensee

1.4 Evaluation of Systems, Structures, and Components

The NRC staff's review of the DAEC EPU amendment request used applicable rules, regulatory
guides, Standard Review Plan (SRP) sections, and NRC staff positions on the topics being
evaluated. Additionally, the staff evaluated the DAEC submittal for compliance with the generic
boiling-water reactor (BWR) EPU program as defined in Referenc The staff also used the
1998 SE for the Monticello Nuclear Generating Plant EPU as a guidelfor scope and depth of
review. Detailed discussions of individual review topics foliow.

2.0 REACTOR CORE AND FUEL PERFORMANCE

The core thermal-hydraulic design and fuel performance characteristics are evaluated for each
fuel cycie. The following sections address the effect of the EPU on fuel design performance,
thermal limits, power/flow map, and reactor stability.



2.1 Fuel Design and Operation

Fuel bundles are designed to ensure that (a) the fuel bundles are not damaged during normal
steady-state operation and anticipated operational occurences (AOO); (b) any damage to the
fuel bundles will not prevent control rod insertion when required; (c) the number of fuel rod
failures is not underestimated during accidents: and (d) the coolability of the core is always
maintained. The use by each fuel vendor of NRC-approved fuel design acceptance criteria and
analysis methodologies assures that the fuel bundles perform in a manner that is consistent
with the objectives of Sections 4.2 and 4.3 of the SRP (Reference and the applicable
general design criteria (GDC) of 10 CFR Part 50, Appendix A. Theffuel vendors perform
thermal-mechanical, thermai-hydraulic (T/H), neutronic, and materifl analyses to ensure that

the fuel system design can meet the fuel design limits during steady-state, AQO, or accident
conditions. -
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The licensee stated that the 20-percent EPU would result in a proportional increase in the
average power density. However, the increase in the power density would be within the power
density of an existing GE-supplied BWR. The increased operating power would affect
operating flexibility and reactivity charécteristics.

Y

The licensee stated that, it will ensure that the fuel and core design limits will continue to be met

at thé’pl_'o,posed power level by varying the fuel enrichment and burnable poisons, and

impl‘é’:r;p:ehting appropriate control rod pattern management. ‘The licensee wa 4
power distribution while limiting the absolute power in individual fuel bundles tdaigllc
values. The licensee would use NRC-approved core design methods to analyzelige core

performance at the proposed ERU operation. 5 iy
N IS icist - SR

S IR AN

v LRST T S e S . R
subsequent reload core designs at the EPU power level would take into account these limits to
ensure acceptable differences between the licensing limits and the corresponding operating
values.

2.2 Thermal Limits Assessment

GDC 10 of 10 CFR Part 50, Appendix A, requires that the reactor core and the associated
control and instrumentation systems be designed with appropriate margins to ensure that the
specified acceptable fuel design limits (SAFDLs) are not exceeded during normal operation,
including AOOs. Operating limits are established to assure that regulatory and/or safety limits
are not exceeded for a range of postulated events (transients and accidents).
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The effects of the higher MELLLA rod line and power on the thermal limits are discussed in the
following sections.

2.2.1 Minimum Critical Power Ratio (MCPR) Operating Limit

The safety limit minimum critical power ratio (SLMCPR) protects 99.9 percent of the fuel rods
from boiling transition during steady-state operation. The operating limit minimum critical powe
ratio (OLMCPR) assures that the SLMCPR will not be exceeded as result of an AQO.

Table 9-1 of the submittal dated November 16, 2000, provides the relative SLMCPR values
based on the ORTP, the cycle-specific analysis for the current RTP, and the representative
equilibrium GE-14 core at the EPU power level of 1912 MWt. The table shows a slightly lower
EPU SLMCPR than the SLMCPR for the current cycle. The SLMCPR is established or
confirmed every reload, based on the actual core conﬁguratlon and operating conditions.
rﬁfi"kz)ﬁ'
The licensee also analyzed the hmmng transients for operation at the EPU operating domain
based on an equilibrium GE-14 core. Table 9. 2 of the submittal provides the OLMCPR for the
limiting transients. The licensee stated that the OLMCPR is not expected to change
sngnlﬁcantly from the values shown in Table 3 1 of ELTR1 and Figure 5-3 of ELTR2.

T,
[

Dunng the EPU audlt the staff rev1ewed the expenmental database used for the development
of the GEXL14 (critical power ratio (CPR) correlatlon for the GE-14 (10x10) fuel lattice design).
The DAEC EPU core would introduce GE-14 fuel, and the re<olution of the a
ensures that the CPR correlatlons used to determme the MCPR are benchma roperly.

discussed in Section 2{X)of this document.

\*/.\

'\ eq:ﬁ" =i, : i :
2.2.2 Maximum Average Planar Linear Heat Generatlon Rate (MAPLHGR) and MaX|mum
LHGR operating limits 5N A, , ’?x :

The MAPLHGR operating limit is based on the most limiting loss-of-coolant accident (LOCA)
and ensures compliance with the emergency core cooling system (ECCS) acceptance criteria ir
10 CFR 50.46. For every new fuel type, licensees perform LOCA analyses to confirm
compliance with the LOCA acceptance criteria, and for every reload licensees confirm that the
MAPLHGR operating limit for each reload fuel bundle design remains applicable.

@r&»«\a & Leference 5)
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The licensee evaluated the piant's response to operation at the higher MELLLA rod line and
power level based on an equilibrium GE-14 core. Although the Phase | reload analysis may no
be based on the final EPU conditions, the Phase |l reload analysis would be. The flatter power
distribution may cause more fuel bundles to operate at or near the boiling transition and this
could result in a slight increase in the SLMCPR. However, any SLMCPR change would
constitute a TS change and the licensee would be required to submit such a change for NRC
review. in addition, the audit team reviewed the GE-14 CPR correlation database used to
develop the CPR correlation for the GE-14 fuel, which affects the accuracy of the SLMCPR
calculations. The licensee will specify the thermal limits in the cycle-specific core operating limi
reports (COLRs) as required by Section 5 of the TS. Also, the licensee cannot exceed the
NRC-approved burnup limits. Therefore, the staff agrees that the licensee has appropriately
considered the effects of the MELLLA/EPU operation on fuel design performance and that the
thermal limits are acceptable. SRR e

o

2.3 Reactivity Characteristics e

2.3.1 Power/Flow Operating Map

To achieve the 20-percent increase from the ORTP, the licensee proposes to operate at the
MELLLA rod line. The EPU operating domain will be defined by (a) the MELLLA upper
boundary line extended up to the EPU RTP, (b) the maximum EPU power level corresponding
to 120 percent of the ORTP, and (c) the existing 100 percent core flow line continued up to the
EPU RTP. Therefore, the previously analyzed core flow range will be extended so that the RTP
will correspond to the EPU power level and the maximum core flow will not be increased. The
submittal contains the proposed EPU operating domain power/flow map.

The MELLLA upper boundary line replaces the extended Ioadwreiganalysis (ELLLA) upper
boundary for SLO. The licensee stated that the maximum power statépoint for the SLO
corresponding to the MELLLA upper boundary and recirculation pump speed of 102.5 percent
would be to 66.8 percent of the%f’u RTP or 1277 MWt. The associated SLO core flow
would be 53 percent core flow (2596 Mibm/hr). The licensee would perform the EPU SLO
safety analysis based on the MELLLA state point SLO. The licensee stated that the EPU



operation at the higher rod line would also requirg/fescaling of the associated protection systemr
setpoints, which are discussed in Section @- this document.

Since the licensee is implementing the MELLLA rod line in conjunction with the EPU, the staff
requested the licensee to discuss the safety analyses that were performed to demonstrate that
DAEC can operate safely at the higher MELLLA rod line for offrated and rated conditions. In ite
August 21, 2001 response, the licensee explained that MELLLA implementation is an integral
part of the EPU implementation. The DAEC PUSAR describes the details of the analyses that
were performed in support of the EPU, and the licensee included in its August 21 response a
list of those analyses. Based on the licensee’s confirmation that the EPU safety analyses did
take into account operation at the higher MELLLA rod line at-the offrated conditions, the staff
finds that the proposed new operating domain is acceptable.

2.4 Stablllty P AT Pl ”“"“’L-

L R

DAEC has implemented long-term stability solution Option I-D. This Option is only applicable to
plants which can demonstrate that core wide mode instability predominates and regional mode
stability is not expected to occur. Small core sizes, such as DAEC, produce higher eigenvalue
separation between oscillation modes and.tighter core inlet orifice coefficients make regional
mode oscillation unlikely. The long-term stability solutions for detect and suppress BWRs are
discussed in licensing topical report, NEDO-32465, BWR Owners’ Group Stability Solutions
Licengi\ng Basis Methodology and Reload Application,” pub@gd in May 1994
solution takes credit for unique plant“charactéristic’s\‘vghich"r'h"ake regional moaddos
unlikely and the stability solutions require that the existing plant instrumentation'@am
sufficient capability for automatic detect and suppress,function for core wide moddgscillation.
Since the Option I-D solution is gearéd to respond o core wide oscillation, the flow-blased
average power range monitor (APRM) flow-biased scram'is used for maintaining adeqtiate
SLMCPR protection instead of the OPRM scram available in Option Ill. The licensee stated
that for the EPU operating conditon, the flow-biased APRM flux trip provides adequate
SLMCPR protection and for each fuel cycle, the MCPR safety limit protection will be
demonstrated.

The Option I-D long-term solution also includes an administratively controlled exclusion region.
The license uses the ODYSY code to establish the exclusion region, which is defined by a
curved line that provides a constant margin to the occurrence of anticipated reactor instability.
Decay ratios are calculated based on ODYSY stability criteria. The licensee stated that for
Option I-D, the exclusion region boundary, those areas of the operating domain where the core
decay ratio is 0.8 or greater. ODYSY calculates a best-estimate core and channel decay ratio
and adds 0.15 to the core decay ratio for added conservatism. [n addition, the decay ratios are
calculated for state points on the power/flow map to determine the intersection of the exclusion
region boundary with the natural recirculation iine and the MELLLA boundary. The ODYSY
stability application LTR (NEDC-32992P) has been reviewed and accepted by the staff. The

review is documented in an April 20, 2001, SE. (,QQG
eremce l3)

The licensee stated that the exclusion region is coréand fuel dependent and it is also affected
by the rated core power and the corresponding operating conditions. Therefore, the exclusion
region was caiculated for the EPU/fuel cycle conditions. The applicability of the current
exclusion region would be evaluated for each subsequent fuel cycle.
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The licensee indicated that the control rod drive mechanisms (CRDMs) have been designed in
accordance with the code of record, the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code Section Iil, 1968 Edition with addenda up to and including
winter 1968. The components of the CRDM form part of the reactor coolant pressure
boundary (RCPB) and have been designed for a bottom head pressure of 1250 psig. This is
higher than the analytical limit i -

The licensee’s evaluation indicated that the maximum calculated stress for the CRDM is less
than the allowable stress limit. The analysis for cyclic operation of the CRDM resulted in a
maximum cumulative usage factor (CUF) of 0.15 for the limiting CRD main flange at the EPU
condition. This is less than the code-allowable CUF limit of 1.0.

On the basis of its review, the staff concurs with the licensee’s conclusion that the CRDM wiill
continue to meet its design basis and performance requirements at the EPU conditions.

2.6 DAEC EPU ONSITE REVIEW

_»2.6.1 Scope of Audit ENE N N,
During the week of March 26, 2001, four members of the NRC staff visited th Global Nuclear
Fuel (GNF) engineering and manufacturing facility in Wilmington, North Carolifig: The purpose
of the visit was to perform an onsite review of the safety analyses and system an
performance evaluations used to support DAECs EPU._The areas covered by th
included: - S R B e

i ~ FT R Ta

1. Fuel performance information for 1OX“1'6 fuel lattice design (GE-12 and GE-14) fuel used for
DAEC, including available post-irradiation examination (PIE) data;

2. Experimental database for 10x10 fuel lattice designs used for DAEC, used to develop the
GEXL14 CPR correlation used for GE-14 fuel and the GEXL10 correlation for GE-12 fuel;

3. Range of experimental data and correlation fit with respect to DAEC EPU operating power,
flow, and temperature requirements;

4. Statistical aspects of experimental data base and correlation (design of experiment,
goodness of fit, uncertainty analysis) to support DAEC appiications;

5. Design record files for pre-uprate and post-uprate DAEC LOCA analysis;

6. Review post-uprate anticipated transient without scram (ATWS) analysis for DAEC
operating region;

7. Review ODYSY application to Option 1-D for DAEC application (review in conjunction with
ltem 9)
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8. Review DAEC GE-14 fuel design compliance with respect to the approved topical reports,
NEDC-32601P. NEDC-32694P, and NEDC-32502P, Rev. 1;

9. Review DAEC solution 1-D implementation for the EPU relating to:

a) operating experience relative to thermal-hydraulic (T/H) compatibility of different

DAEC fuel types at low-flow/high power conditions with off-normal void
distribution,

b) clarification of applicability of Solution 1-D to DAEC transition mixed cores, and
N
c) evaluation of stability impact of changes due to DAEC mixed core with respect to
restrictions in operating region and scram due to mstablhty and

d) available analyses of DAEC first transntlon reload core design in comparison with
equilibrium core, with respect to margin to operating T/H limits.
B, oA N
2.6.2 Fmdmgs and Resolutlon '*\ﬁ. *\,‘ \_\
The staff revnewed the expenmental database used for the development of the GEXL14 CPR
correlatlon for the GE-14 (10x10) fuel lattice desugn the EPU ATWS analyses the Option I-D
long-term mstablllty solution, and the LOCA analysns The revuew "resolved a.gumber of items,
but identified several lssues These issues ang thelr resolutlohns are discusse
N s N =N
(1) Inits CPR correlatlon methodology, GNF uses the to predict
critical power behavior throug'ﬁout the reldad core fuel lattices. The staff believes that
it is very difficult to predict this phenomenon in the/upper portion of the core ‘Because
of the very active multiple-phase transitions, and ¢he part-length rods present in both
the GE-12 and GE-14 fuels. " This code has een approved by the staff for this
purpose. In addition, discussions with GNF personnel indicated that COBRAG is a
modified version of an original lab version of COBRA. The staff further understands
that GE believes that COBRAG uses first principle models to predict boiling transition
and the details of the flow field. “Fhe-statfs-position-is-that-this-capabilifyis-currentiy-
—beyend-the-state-of-the=art~ Therefore, the staff requested the licensee to provide a
technical explanation as to how the COBRAG code predicts, from “first principle,” the
boiling transition phenomenon in the upper portion of GE-12 and GE-14 fuels.

oot experimental data obtained from its CHF test facility in San Jose, CA. The
use of artificial data instead of raw data raised the question of the validity of the
statistical results obtained from this methodology. The statistical results are important
because they are used in the calculation of the MCPR safety limit for all BWRs that
use GE-14 fuel and the uncertainty associated with the data points affects the
uncertainty of the safety limit calculations as well as the degree of conservatism that is

used to estabhsh the reactor operating limits. In eenversations-with-cE-inlate—
ce At ~GE agreed to withdraw the COBRA G data from the GEXL14 data base
RQ_TQCQJ\ and take appropnate action, consistent with the approved methodologies, to revise the

analyses that rely on this correlation. This resolves the staff’'s concern.
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(2) The staff questioned the adequacy of the testing of the new GE-14 fuel
(and GE-12 fuel) to determine their respective CPR correlations. No power upskew or
downskew experimental data was collected to develop and validate the GEXL10 or the

GEXL14 correlations feruse-in-NRC-BuHetin-88-07-Suppiement-—Rower-Oseiliaticn
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Following a GE-11 compllance audit by the staff (Team Audlt of GE-11 Fuel Design
Compliance with Amendment 22 of NEDE-20411-PA, 1992), GE (now GNF) was
encouraged to develop a procedure for implementing Amendment 22 criteria for new
correlation development as defined in GESTAR Il. This was done and the procedure is
documented in GNF technical design procedure TDP-0117, Rev. 2, page 8. However,
the procedure does not appear to have been followed for the development of the
GEXL10 and GEXL14 correlations because ltems 3 and 4 were not met (there is no
raw experimental data for upskew and downskew power profiles). The staff requested
the licensee to provide a technical justification for not meeting these criteria of the
Amendment 22 process as prescribed in the TDP. This applies to plants with GE-12

\,)\«\xﬁ&" w° /) and GE-14 fuel.

@é\\ 8¢ Oh Glresoonse to the NRC staff auD t)GNF explained that Sections 5.3 and 5.4 of TDP-
A 0117. Rev. 2, describe the test matrix for the ATLAS testing for the development of the
GEXL correlation. This process was used, as described in "GEXL14 Correlation for
GE-14 Fuel," NEDC-32851, Revision 1, September 1999. NEDC-32851, Rev. 1, also
provides the process that was used to develop the uncertainties for GEXL14, using the
COBRAG code to simulate the upskew and downskew power shape effects.

/ t@g‘t’ ~ iSS. The SLO peak cladding temperature (PCT) is first peak limited. The TLO PCT is
/ * second peak limited. There is less uncertainty in the first peak PCT calculation than in
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the second peak PCT ¢

GE
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These uncertainties
are reflected in the upper bound adder terms used for the first and second peak upper
bound PCT calculations. °

ING transiion OCCurs

condiuons, reducing the uncertainty associated with the first peak
PCT calculation for SLO. Therefore, the assumption that the upper bound adder terms
used in the two-loop calculation are bounding for SLO is valid and the TLO upper
bound PCT is bounding for SLO conditions. This resolves the NRC staff concerns.

(3) The staff reviewed the design record files (DRFs) for the EPU stability and for the
Cycle 18 stability calculations. Specifically, the staff evaulated whether the generic
_DIVOM” curve for the core-wjde mode and the regional mode oscillation specified in
@ NEDO-32465-A (Reference(@can be met for EPU/MELLLA operation. "DIVOM”
stands for Delta critical power ratio (CPR) over Initial minimum critical power ratio
(IMCPR) Versus Oscillation Magnitude (OM). The DIVOM curves are normalized
curves of CPR performance versus hot-bundie oscillation. enerated two generic
’m B&ﬂ?* curves: one for core- nd one for regional mode oscillations. The
e W curves were intended to be used in the stability licensing methodology during the reloa
Owness Gtﬂ? nalysis. During the audit, the staff discovered an intemal GE docurpent that
- questioned the applicability of the generic DIVOM curves for EPU opegation using
" GE-14 fuel. A

On June 29, 2001, GE submitted a 10 CFR Part 21 notification regarding t} e
use of the DIVOM curve. ‘GE reported that stabiity reload licensing
calculations using the generic DIVOM curve may be nonconservative for plants:
using the stability detect and suppress trip systems. For the Option lIl stability ™
solution, the trip system setpoints, which ensure adequate MCPR safety limit
protection from regional mode instability may be nonconservative. For

Options Il and |-D, the Part 21 report stated that flow-biased APRM flux scram
may not provide adequate MCPR safety limit margin. The report stated that

there is deficiency for high peak bundle power-to-flow ratios for the regional

mode DIVOM curve and for high core averaged power-to-flow ratios for the
core-wide DIVOM curve. GE provided a figure of merit for each generic

DIVOM curve, which licensees could use to determine the applicability of the
existing generic DIVOM curve for their units.

In its August 16, 2001, submittal, the licensee described its response to the
Part 21 report. The figure of merit provided for Option I-D plants to determine
whether the plant-specific analysis remains valid is the "core average
power-to-flow ratio following a simulated flow runback on the rated rod line to
approximately 30 percent of rated core flow.” The figure of meritis a
power/flow ratio less than 66 MWt/Mibm/hr. For DAEC at EPU conditions, the
rated rod line is essentially the MELLLA boundary as provided in the
NEDC-32980P. At the bounding initial operating condition, the thermal power
and core flow combine to produce a figure of merit of 64 MWtMIbm/hr. This
satisfies the figure of merit, and therefore the EPU analysis remains valid.
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DAEC has therefore demonstrated that it is not affected by the inadequacies of
the DIVOM curve.

3.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

3.1 Nuclear System Pressure Relief

The safety/relief valves (SRVs) provide overpressure protection for the nuclear steam supply
system (NSSS), preventing failure of the RCPB and uncontrolled release of fission products.
The SRV setpoints are established to provide the overpressure protection function while
ensuring that there are adequate pressure differences (simmer margin) between the reactor
operating pressure and the SRV actuation setpoints. The SRV setpoints are also selected to
be high enough to prevent unnecessary SRV actuations during normal plant maneuvers.

For EPU operation, the ficensee will not change the SRV and safety valve (SV) setpoints
because the maximum operating dome pressure will not change. The licensee evaluated the
capabilities of the SRVs and SVs to provide overpressure protection based on the current
setpoints and tolerances and operation at the EPU power level and determined that sufficient
capability exists for overpressure protection. In addition, the licensee stated that the EPU
evaluation is consistent with the generic evaluations and drscussuons prov:ded in Section 5.6.8
of ELTR1 and Sectlon 4.6 of ELTRZ AN,

------

thelr setpoints by greater than +3 percent.. Therefore,. the licensee concluded that the:gk &
in-service surveillance testing of the SRVs has not shown that the valves have a significant
propensity for the setpoint to drift greater than 3 percent.

Table 5-1 of the EPU submittal listed the analytical limits of the SRVs and SVs, using the upper
tolerance limit of 3 percent. DAEC has six SRVs and two SVs, with one SRV set to actuate at
1110 psig, a second SRV set to actuate at 1120 psig, two SRVs set to actuate at 1130 psig,
and two SRVs set to actuate at 1140 psig. The two SVs are set to actuate at 1240 psig, 10
psig below the vessel design pressure of 1250 psig.

In a letter dated April 30, 1999, the licensee proposed to change the setpoint tolerance in TS
Surveillance Requirement (SR) 3.4.3.1, “Safety Relief Valves (SRVS) and Safety Valves (SVs),”
from percent/-3 percent “as found” to +3 percent, “as found.” The amendment request aiso
changed TS Bases page B 3.4-19 to explain that while the SRV and SV setpoints would
continue to te 3 percent for operability purposes. the vaives would be set to #1 percent during
surveillance 1o allow for drift. In addition, the DAEC TS Section 3.4.3 limiting condition for
operation (LCO) requires that the safety functions of the six SRVs and two SVs be operable.
The NRC staff approved the amendment request as a plant-specific application of
NRC-approved LTR NEDC-31753P, “BWRQOG In-Service Pressure Relief Technical
@Specufmamn Revisionlopical Report,” which required plants to meet six conditions to justify
increasing the SRV/SV setpoint tolerance. Therefore, any change in the setpoint tolerance
beyond the tolerance specified in SR 3.4.3.1 would require an amendment request and




ofs
S \o
8%

e

-13 -

corresponding safety analyses justifying the proposed changes. The EPU analyses are also
based on the current SRV/SV setpoints and the +3 percent tolerance limit. The staff also
agrees with the licensee that 7 out of 88 tests outside the tolerance band in 19 years does not
demonstrate a propensity for excessive setpoint drift. Therefore, an analytical limit based on
+3 percent SRV/SV setpoints at the EPU power level is acceptable to the staff.

Since the licensee performed the limiting ASME Code 1 overpressure analyses (discussed in
Section 3.2 below) based on 102 percent of the EPU power level, and the current SRV/SV
setpoints and upper tolerance limits will not change, the staff accepts the licensee’s
assessment that the SRVs will have sufficient capacity to handle the increased steam flow
associated with operation at the EPU power level. The ASME Code overpressure situation is
evaluated during each cycle-specific reload analysis. The capabilities of the SRVs and SVs to
ensure ASME Code overpressure protection will be confirmed in the subsequent reload
analyses. T

Y

3.2 ASME Code Overpressure Protection
=, A RN

The ASME Code allowable peak pressure for the reactor vessel and the RCPB is 1375 psig
(110 percent of the design pressure of 1250 psig). This is also the acceptance limit for
pressurization events. The most limiting pressurization transient is analyzed on a cycle-specific
basis. This approach would be applicable for the EPU reload cycle. Section 5.5.1.4 and
Appendix E of ELTR1 evaluated the ASME overpressure analysis'in support'gf.a 20 percent
power increase, stating that the limiting pressurization transiénts events are (¥Rhe main steam
isolation valve closure (MSIVC) with failure of the valve position scram and (2) th
with bypass failure (TTNBP). T he licensee analyzed -both.events based on an ini ome
pressure of 1055 psia, 102 percent of the EPU RTP, and a representative equilibrium’core.
The licensee determined that MSIVC with valve position scram failure was more Iimiﬁn’gatgan
the TTNBP, with a 40 psid higher dome pressure. The MSIVC event resulted in a maximum
reactor dome pressure of 1286 psig, which corresponds to vessel bottom head pressure of
1313 psig. Therefore, the peak calculated dome pressure (1286 psig) remains below the TS
1335 psig safety limit and the peak reactor vessel pressure (1313 psig) remains within the
ASME Code limit of 1375 psig. The licensee concluded that there is no decrease in safety
margin and the EPU overpressure protection analysis (given in Figure 3-1 of the submiittal) is
consistent with the generic analysis in Section 3.8 of ELTR2. ﬁ addition, the licen

(Concluded that the SRV Toads for the SRV discharge line piping will remain unchanged.

The maximum calculated pressure in the current ASME Code overpressure transient analysis
meets both the ASME Code and the TS pressure limits. Therefore, the staff agrees that the
licensee has demonstrated an acceptable plant response to overpressure conditions for EPU
operation.

3.3 Reactor Pressure Vessel (RPV) and Internals

The NRC staff had technical issues with the methodology used to derive the fluence values

used in the pressure-temperature (P-T) limits evaluation. The staff reviewed the P-T limits in a
separate safety evaluation report. The fluence methodology is the subject of GE topical report
NEDC-32983P, “General Electric Methodology for Reactor Pressure Vessel Fast Neutron Flux
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Evaluations” which is currently under review by the staff. The fluence issues were discussed
with the licensee in a teleconference on December 14, 2000. The staff concluded that these
issues must be resolved in order to justify applying the fluence values for a full 32 effective full
power years (EFPY). As an interim solution, the licensee proposed that NRC approve the P-T
limits for a shorter. more defensible period. Specifically, by letter dated December 22, 2000,
the license requested interim approval for the P-T curves until September 1, 2003. Further
discussion of the P-T limits evaluation is contained in Section 3.3.3 of this safety evaluation.

(_3.3.1 Reactor Vessel Fracture Toughness )

- K , The licensee evaluated the reactor vessel and internal components in accordance with the

sechivh

current design basis. The loads considered in the evaluation include reactor internal pressure
difference (RIPD), LOCA, annulus pressurization (AP), jet reaction (JR), acoustic loads, therma
loads, seismic loads, and fuel ift loads. The licensee indicated that the load combinations for
normal, upset, and faulted conditions were considered consistent with the current design basis
analysis. In the evaluation, the licensee compared the proposed EPU conditions (pressure,
temperature, and flow) against those.used in the design basis. For cases where the EPU
conditions are bounded by the design basis analyses, no further evaluation is performed. If the
EPU conditions are not bounded by the design basis, new stresses are determined by scaling
up the existing design basis stresses proportionate to the proposed EPU conditions. The
resulting stresses are compared against the applicable allowable values, consistent with the
design basis. The staff finds that the methodology used Ly the licensee is cogsistent with the

Mave JY

NRC-approved methodology in Appendix | of Reference and is therefore ac

"y 3

~,

The stresses and CUFs for the RPV.components were evaluated by the licensee _
with the codes of record at DAEC. These codes include the ASME Boiler and Presstire Vessel
Code, Section Ill, 1965 Edition with addenda to and including summer 1967, 1968 Edi en with
addenda to and including summer 1969, and 1977 Edition with addenda to and including
summer 1977, with certain exceptions and modifications as specified in the DAEC Updated
Final Safety Analysis Report (UFSAR). The licensee indicated that the DAEC reactor internal
components are not ASME Code components. However, ASME Code requirements have been
used as guidelines in the design basis documents. The assessment is performed consistent
with the current design basis. The staff finds the licensee’s assessment acceptable and in
compliance with the codes of record at DAEC.

L__@.Z Reactor Vessel Internals and Pressure Diﬁererﬁlli]
The licepse i the calculated maximum stresses and CUFs for the RPV components in
Table 3-2 of Reference(d) The RPV components not listed in Table 3-2 have maximum

stresses and CUFs that are either not affected by the EPU or already bounded by the those
listed in the table. The maximum calculated stresses shown in the table are within the
allowable limits, and the CUFs are less than the code limit of unity. The maximum stregses for
critical components of the reactor internals were summarized in Table 2 of Referenc or the
EPU conditions. The calculated stresses are less than the allowable code limits shown|in the
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e licensee indicated, in Reference@that the: steam dryers and separators are not safety
related components; however, their failure may léad to an operational concem. The licensee
also indicated that, although the design basis criteria do not require evaluation of the FIV or
determination of cumulative fatigue usage for the steam separators and dryers, the maximum

vibration level for the shrou eparators is small i in companson fo the allowable limit. The
licensee also indicated that the dynamic pressure loads whlch may induce *Vibration for the

dryers are small i in companson to Ioads for the desngn baSIS ﬁ:lted condltlo hecerdir
[ Rence, the yprigiiugliayiasiiat ey 251, o, S
clcs.ar\ bosis In agglnon Fg\e dryers will be vasual % In pected
[sads ore during their removal in each refuel'“@ outage and any SIgnlf icant cracking can be de lected and

repaired. The design basis for the:steam dryers specifies that the dryers maintain theit
structural integrity when sub;ected to a steamline break occurrmg beyond the main steam,,
isolation valves. Since the dome pressure is not changed, the current steam dryer analysis
remams boundmg for the proposed EPU conditions. On the basis of information provided by
" the staff concludes that the licensee has reasonably demonstrated
drye and separators will meet their design basis requurements and continue to

erform their designated functions following the pr EPU.
i i J AN - re[o:l-ui compe ne@
Based on its review of the licensee’s evaluatidn oftfie RPV and internals, the staff finds that the
maximum stresses and fatigue usage factordfare within the code-allowable limits. The staff
also concurs with the licensee’s conclusion that the RPV and internal components will continue
to maintain their structural integrity for the EPU condition.

3.3.3 Reactor Vessel Integrity

In Sections 3.3.1 and 3.5 of GE<eptesrreport NEDC-32980P, the licensee assessed the effects
of the Duane Arnold EPU on the RPV and RCPB piping. With regard to the RPV, the licensee
provided an assessment of (1) the impact of the EPU on the adjusted reference temperature
(ART) of the limiting RPV materials; (2) the need to revise the Duane Arnold P-T limit curves:
and (3) the validity of previously approved equivalent margins analyses. For the RCPB piping,
the licensee provided an assessment of changes in the potential for flow-accelerated corrosion
(FAC) damage due to the EPU.
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For analyzing the RPV, the licensee examined the effect on the RPV fluence of operating
Duane Arnold at a power of 1912 MWt until end-of-licence (EOL). The analysis addressed the
expected RPV material embrittlement since it is directly related to the RPV neutron fluence,
which is in tum related to the reactor operating power. The licensee stated that the estimated
fluence for the EPU is conservatively increased above the UFSAR end-of-license value, and the
higher fluence was used to evaluate the RPV against the requirements of 10 CFR Part 50,
Appendix G. The results of the licensee’s evaluation indicate that:

(@) The upper shelf energy (USE) remains bounded by the equivalent margins analysis

(EMA) for the design life of the vessel and maintains the margin requirements of
- 10 CFR 50, Appendix G. The EMA [percent drop in} USE for the beltline materials
for the limiting plate is 18 percent (less than 21 percent) and for the limiting weld is
12 percent (less than 34 percent) for 32 effective full power years [EFP
"~2‘r 5“ u« a -

(b) The P-T curves contained in the current TS remain boundlng for EPU operation up
to 25 and 32 EFPY. However, the licensee has chosen to adopt ASME Code
Case N-640, which requires'a TS Change Request (TSCR) to modify the P-T
curves. The requrred TSCR [was submitted by letter dated October 16, 2000].

4(c) The 32 EFPY shlft is lncreased and consequently requires a change in the
s adjusted reference temperature (ART) whrch is the mltlal reference temperature of

1%

pressures are acceptable ?G?Ihe EPU.

5 ‘*’“ ‘M?'Q\ : R :
The licensee concluded that the vessel remains in comphance wnth the regulatory requrrements
during EPU conditions. : B o~ o A

The licensee's evaluation of the reactor coolant piping confirmed that changes in the flow
parameter associated with the EPU would have no significant effects on the potential for FAC in

those systems which might be susceptible to the phenomenon (e.g. feedwater or main steam
systems). _
NOLQ/ The ) , ,

\'m enk As mentioned in Section 3.3, the NRC staff had technical issues with the methodology used to
Comme derive the fluence values used in the P-T limits evaluation. The fluence issues were discussed
un the {1 <00 with the licensee in a teleconference on December 14, 2000. As a result of the teleconference,

wos 0 the license requested interim approval for the P-T curves until September 1, 2003. “Herse,the—

rever T 4o 42 _approvalottheERU has-the-samelimited-applicability—

“s1& T crves

At Tadk | In evaluating tne effect of the EPU on.the shift in ART, the staff applied the methodology found
Specs . Ne l\m)("h‘*] Regulatory Guide (RG) 1.99, Revision 2, for evaluation of radiation embrittlement. The

ol Moty u&L licensee submitted ART calculations and P-T limit curves valid for up to 25 and 32 EFPY. For
Qsancjt {‘ gpu. the Duane Arnold RPV, the licensee determined that the most limiting material at the 1/4T and

o ftam:hm

. 5";"":5“.9” E 051 the-predicted percent drop i SE vates-of 34=md 24 s tiscussed-in

Nu’kl Hus discussun is an&‘.ifm“a e 4R N.'/:E fosR -
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In BWRs FAC mostly affects components made of carbon steel that are exposed to single- or
two-phase flowing water at high temperature and relatively low oxygen concentration. The EPL
at Duane Arnold will affect some of the plant's operating parameters, and thus change the rates
of corrosion of the components subjected to FAC.

system, main steam and associated piping systems, feedwater, RCIC system, head vent
and bottom head drain, reactor water cleanup (RWCU) system, and portions of residual
heat removal (RHR) system.

The licensee evaluated the effect of the EPU on FAC in the following systems: rﬁirculation

The components in the recirculation system are made from stainless steel and are resistant to
FAC. Therefore, they will not be affected by the EPU. However, the other systems contain
carbon steel components which are exposed to single- and two-phase flowing water. The
change of velocity of flow caused by the EPU will have some effect on FAC. The licensee
evaluated the potential damage caused by this change, including the worst-case limiting
feedwater and main steam piping flow increases. The licensee found that the change in flow is
too small to have any significant effect on FAC. - In addition, the fluid temperature change due
to increased subcooling and reduced heat exchanger effectiveness in the RWCU system is too
small to have any significant effect on FAC. The licensee also indicated that it has a program
which monitors the systems where FAC is expected to occur. If any significant FAC is
detected inspection frequency will be adjusted to ensure repair or replacement of the defective
wmpgnents prior to reaching minimum allowable wall thickness.. The staff’ reXg ewed the
licensee’s evaluations regarding the effects of the EPU on FAC Based on itsgyal
staff has concluded that the EPU has an insignificant effect on FAC in the Duane®g
In addition, any changes in FAC will.be_ detected by the llcensees FAC program, ag
appropriate correctlve actions will be taken. S

~

Based on the mformatlon presented above, the NRC staff has concluded that RPV integrnity,
and reactor coolant system FAC issues have been adequately addressed in the Duane Arnoid
submittal.

3.4 Reactor Recirculation System

DAEC is currently licensed to operate up to a maximum core flow of 100 percent of the rated
flow. The EPU does not require an increase in the maximum allowable core flow. Therefore,
the maximum reactor recirculation flow will be maintained at the current 100 percent core flow.
The primary function of the reactor recirculation system is to vary the core flow and power
during normal operation. However, the recirculation system also forms part of the RCPB.

The licensee evaluated the changes in the system operating pressure and temperature at the
EPU conditions and determined that changes are small and result in conditions less than the
current rated conditions. The DAEC EPU will not involve any increase in the steady-state dome
pressure. However, operation at the EPU RTP level would increase the two-phase flow
resistance, requiring ight increase in the recirculation system drive flow.
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?m ﬁé&%” The licensee added that the DAEC recirculation system

@ and Its cormponents are capable of providing the core flow required for operation at the EPU

RTP conditions, except for the pump motors, which are marginal in their capability. According
to the licensee, the pump motor limitations are operational issues and do not affect plant safety
and the recirculation system evaluations are consistent with the generic evaluation in Section
4.5 of ELTR2, Supplement 1. Section 4.5 of Supplement 1 to ELTR2 evaluated the
recirculation system performance for a 20 percent EPU with a 75 psig increase in the normal

dome operating pressure and concluded that the recirculation system design can accommodate
the operating condition associated with the power EPU.

The recirculation pump motors may be operating slightly above their nameplate limits, but this
does not directly translate to an increase in the vuinerability to trips. The PRA review of the

impact of the EPU operation on initiating event frequenCIes and component reliability for DAEC
discussed in Section @of this document. R S N

- = -

-v,.':’-g:&"’ ke

From a deterministic point of view, the staff reviewed the potential impact that the recirculation
pumps trip would have on the plant safety. The plant is analyzed for decreases in the reactor
core coolant flow rate, which depend on the operation of the recirculation pumps and motors.
The transient events in this category are (a) single and multiple recirculation pump trips,

(b). rec:rculanon flow controller fallure malfunction, (c) recirculation pump shaft selzure
resulﬁﬁg ina correspondmg decrease in the reactor power For DAEC, these nSIents are
con5|dered to be nonlimiting in terms of thermal limits and are not reanalyzed- cle-specnf' ic
reload analysis, P Dperation is
not expected to make these transsents hmltlng M’iﬁ% N

P
o A

every reload to determine the impact on the MCPR, spec1f|cally to ensure that this event
not violate the SLMCPR for the cycle. DAEC is licensed to operate with SLO, and the licensee
stated that SLO operation would be limited to 66.8 percent of the EPU power level. This power
level corresponds to the MELLLA upper boundary at the maximum recirculation pump speed of
102.5 percent. The submittal did not include this transient in the list of transients analyzed for
the MELLLA/EPU operation. In its August 16, 2001, submittal, the licensee confirmed that the
SLO recirculation pump seizure event was analyzed in support of the EPU operation.

portion of the power/flow map, Qfficient subcooling is available to prevent

cavitation of the recirculation pumps. This is consistent with the evaluation in Section F.4.2.6 of
ELTR1.

The licensee will not change the values (in percent) of the recirculation pump flow mismatch
specification in the TS, but to be consistent with the power increase. the licensee will adjust the

mismatch power basis point from 80 percent of the current rated power to 68 percent of the
EPU RTP (80 percent x 1658/1912).
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The DAEC TS allow the jet pump performance surveillance to be deferred for 24 hours upon
reaching 25 percent RTP. The basis for the 25 percent power is for the reactor to reach stable
power and flow conditions that would allow collection of meaningful data. The licensee stated
that since the absolute thermal power and flow necessary for obtaining meaningful data are not
changed by the EPU, the actual power level will remain the same, with 25 percent of the CRTP

2| & corresponding t@aercent of the EPU RTP. The staff finds the licensee’'s assessment of.the
changes to the cavitation interlock, the recirculation pump mistmatch power basis, and the jet
pump SR power level acceptable.

Section 4.5.3 of Supplement 1 to ELTR2 discussed the impact of 20 percent EPU on the
recirculation system safety function for the (a) closure of the discharge valve during
low-pressure coolant injection (LPCI), (b) pump trip in transnents and ATWS, and

(c) measurement of the drive flow used in the APRM flow-biased setpoint and rod blocks. For
LOCA, on ecirculation system dlscharge valv@nus__t close to ensure LPCI injection
into the core.” Since DAEC's EPU does not involve'an iltfrease in the operating pressure, the
discharge valve closure permnssnve pressure would not be changed or affected.

The recirculation system drive ﬂow is. measured and used as an |nput to the APRM for the
flow-biased APRM scram and rod blocks. Accordrng to Supplement 1 to the ELTR2, the
recirculation system fast transient analysis is necessary to support EPU operation for the plants
that have adopted the ARTS feature to ensuré adequafe protecbon dunng‘tlle transient. The
APRM/Rod Block Monitor TS (ARTS) program replaces the %gpw-blased APRM trip setdown
MR?LHQl dunng operation at offrated conditions. Under these condltlons ARTS piants'ifge DAEC use

) power and flow-dependent MCPR%nd LHGR values ?or operatlon at offrated i
Table 9.2 of the EPU submittal provided the changes in the MCPR for the fast |
transient and indicated that the ARTS 1 multipliers use@'f evelop the power-dependent
MCPR(P) remained boundrng Thls is acoeptable to ?t{Je staff ‘t’s;,\ \

b “gif\{'ﬁrgncr_s oJ»'\L)
The licensee evaluatedthe effects of the EPU condition, induding higher flow rate,
temperature, pressure Ffluid transientsgCamd-dbratonjon the)RCPB and the balance-of-plant
(BOP) piping systems and components. ThWequipmem
nozzles, anchors, guides, penetrations, pumps; —flange connections, and pipe supports
(including snubbers, hangers, and struts). The licensee indicated that the original codes of
record as referenced in the original and existing design basis analyses, and analytical
techniques were used in the evaluation. The applicable codes are the American National
Standards Institute (ANSI) B31.1, ANSI B31.7, and ASME, Section |ll, Subsections NB and

NC/ND as specified in the DAEC UFSAR. The specific codes and code editions for all piping
evaluated for the EPU are provided in Reference

3.5 Reactor Coolant Pipin and Com onents

s ——otn._ A
‘ N C |ICensee mdncated that the evaluation
follows the process and methodology defined in Appendix K of ELTR1 (Referen and in
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Section 4.8 of Supplement 1 of ELTR2 (Reference 4). In general, the licensee compared the
increase in pressure. temperature, and flow rate due to the EPU against the same parameters
used as input to the original design basis analyses. The comparison resulted in the bounding
percentage increases in stress for affected limiting piping systems. The bounding percentage
increases are compared to the design margin between calculated stresses and the ASME Code
allowable limits. From the comparison, the licensee concluded that there are sufficient design
margins to justify operation at the EPU condition. The bounding percentage increases were
also applied to the original calculated stresses for the piping to determine the stresses at the
proposed EPU condition. This approach was approved by the NRC (Reference 4) and is,
therefore, acceptable to the staff.
i N
BPene SFRSAL-FOGHES a-+} provides (a) the maximum calculated

stresses and the stress ratlos compared to the ASME code allowabie, (b) ASME code and code
edition, and (c) the CUFs (if applicable) for the piping systems evaluated for the proposed
EPU. The licensee indicated that the codes and editions provided in the table are the current
licensing basis codes of record. On the basis of information provided by the licensee, all
calculated stresses and CUFs are within the allowable limits. The licensee also concluded that
the evaluation showed compliance with all appropriate code requirements for the piping
systems evaluated and that EPU will not have an adverse effect on the reactor coolant piping
system design._The staff reviewed relevant portions of the evaluation provided by the licensee
in Referen e fand finds the Ilcensee s conclusnon acoeptabl

; A

) _“

The Ilcensee evaluated the stress Ievels fo BOP plplng é d appropna e comp] " :

supports based on increases in temperature enépressu effrom the design baS|s agalysis input.
The evaluated BOP systems include lines which are affected by the EPU, but not evaluated in
Nok, . Section 3.5 of Reference 2, such as feedwater heater, piping, main steam bypass linesand
A 9 portions of the main steam, +acirculation, feedwater, RCIC, high-pressure coolant
ese injection (HPCI), and RHR systems outside the primary:containment. The existing deSIgn
’f\’s o analyses of the affected BOP piping systems were reviewed against the uprated power
\‘QA conditions. The licensee concluded that in all cases there is a sufficient margin between the
m?&‘ calculated stresses and the code-allowable limits to accommodate the increase in stresses due
\J m to the increase in pressure, temperature, and flow as a result of the EPU. The staff finds that

0\5 S'e.c:\'lb'n the stress ratios provided by the licensee are within the code-allowable limits and are, therefore.
2 7 ?’3 acceptable.

_ﬂ\e SE The licensee evaluated pipe supports such as snubbers, hangers, struts, anchorages,
equipment nozzles, guides, and penetrations by evaluating the piping interface loads due to the
increases in pressure. temperature, and flow for affected limiting piping systems. The licensee
indicated that there is an adequate margin between the original design stresses and code limits
for the supports to accommodate the load increase and therefore all evaluated pipe supports
were within the code-ailowable limits. The licensee reviewed the original postulated pipe break
analysis and concluded that the existing pipe break locations were not affected by the EPU, and
that no new pipe break locations were identified. The staff finds the licensee’s evaluation
acceptable.

The licensee indicated that the FIV levels for the safety-related MS and FW piping systems will
\y increase in proportion to the increase in the fluid density and the square of the fluid velocity
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following the proposed EPU. To ensure that the vibration level will be below the acceptable
limit, the licensee is committed to perform a piping vibration startup test program, as outlined in
Section 10.4.3 of the amendment submittal. The startup testing would inciude monitoring and
evaluating the FIV during the piant startup for the proposed uprated power operation. Vibration
data will be collected at interim test conditions, which correspond to 50 percent, 75 percent, anc
100 percent of the ORTP, and every 5 percent step increase in power level above 100 percent
of ORTP up to the final proposed EPU power level. The vibration at the new higher EPU level
may be determined based on extrapolation of the vibration data taken at the lower power levels.
The measured vibration levels are compared against the acceptance criteria where the
allowable vibration stress levels are set by the design fatigue endurance stress intensity limits
established by GE for stainless and carbon steel. The staff finds the licensee’s methodology in
-assessing the FIV acceptable.

psig'resuits from the proposed EPU conditions, but this value remains below the ASME Code
limit of 1375 psig. Therefore, the main steamline flow restrictor will maintain its structural
mtegnty followmg the EPU since the restrictor was designed for a dlfferentlal pressure of
1375 %ﬁ'g’ which exceeds that for the EPU condltjon e 3

Based on the above review, the staff concurs wnth the Itcensee s conclusion that> the
components, and their supports are designed to magptaln thelr structural and pressty
boundary mtegrlty at the proposed EPU condition. A

N R

3.7 Main Steam lIsolation Valves (MSIVs)

The MSIVs are part of the RCPB and perform a safety function (steamiine isolation). The
MSIVs must be able to close within the specified time limits at all design and operating
conditions upon receipt of a closure signal. They are designed to satisfy leakage limits set forth
in the plant TS. The licensee indicated that the MSIVs have been generically evaluated, as
discussed in Section 4.7 of ELTR2 (Staff Safety Evaluation of GE Licensing Topical Report
NEDC-32523-P, "Generic Evaluations of General Electric Boiling Water Reactor Extended
EPU," including Supplement 1, Volumes | and Il). This evaluation covers both the effects of the
changes to the structural capability of the MSIV to meet pressure boundary requirements and
the potential effects of EPU-related changes to the safety functions of the MSIVs. The licensee
stated that the conditions for DAEC are bounded by those in the generic analysis. Although the
dome pressure does not increase with this EPU, the increase in flow rate assists MSIVC, which
results in a slightly faster MSIVC time. The actual in-plant settings will be adjusted such that
the closure speed will be maintained within the required range. Therefore, the MSIVs remain
acceptable for EPU operation.

Based on our review of the licensee’s rationale and evaluation, we concur with the licensee’s
conclusion that EPU operation as indicated above remains bounded by the conclusion of the
generic evaluation in Section 4.7 of ELTR2 dated September 14, 1998 ,)and that the plant

Note: Ths \SMAA‘LM*LL lefter
‘g"'{’L\ SEel to ELTR-2 Suﬁh‘

(8. 4)
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operations at the proposed EPU level will not affect the ability of the MSIVs to perform their
isolation function.

3.8 RCIC System

The RCIC provides core cooling when the RPV is isolated from the main condenser and the
No'k- : ?ef RPV pressure is greater than the maX|mum allowable for startlng the Iow-pressure core coollng _

Section 3 of ELTR2 provided an evaluation of the RCIC design basis and provided a generic
LOFW analysis for all BWR types. The report states that for BWR 4, 5, and 6 plants, the RCIC
system (the smaller of the two high-pressure supply systems) should maintain the reactor water
level so that the very low level trip setpoint (Level 1) for the low-pressure ECCS, would not trip,
and the MSIVs would not close. The document reports that the operational aspects will be
evaluated for the Level 1 setpoint for each plant and documented in the plant-spedific licensi

~achieved through the main steam bypass system to the main turbme condenser and the RCIC
or HPCI would provide sufficient water to maintain core coverage. Since this is an operational
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issue and would not affect RCIC's ability to prowde core cooling and maintain the water level
above the TAF. the staff accepts the licensee gessment.

Section 4.2.3 of Supplement 1 to ELTR2 discusses the potential for turbine overspeed of the
steam-driven RCIC and HPCMpumps. The supplement stated that startup transients for the
HPCI and the RCIC systems at a potentially higher steam inlet pressure may resuilt in an
increased initial turbine acceleration rate, increasing the peak initial speed and the probability o
the system trip. The HPCI and RCIC startup transients are dependent on the reactor pressure
and the supplement recommended that the modifications described in SIL 377, “RCIC Startup
Transient Improvement with Steam Bypass,” be implemented to assure RCIC and HPCI

GE

’?vﬁ?ﬁéywa

The licensee evaluated the NPSH available for the RCIC and stated that the EPU does not
decrease the NPSH available for the RCIC pump or increase the NPSH required, beyond the
specified design basis value. For events such as fires and ATWS. if the suppression pool
temperature is greater than the operational limit, the RCIC system can use the dedicated
condensate storage tank volume as source of water.

The licensee determined that the RCIC system has been evaluated for the LOFW transient
event and the evalu s consistent with the conclusions of Section 4.2 of ELTR

concurs with the licensee’s evaluation.

3.9 Residual Heat Removal System

The RHR system is designed to restore and maintain the coolant inventory in the reactor
vessel, and to remove sensible and decay heat from the primary system and containment
following reactor shutdown for both normal and post-accident concitions. The RHR system
operates in the LPCI mode; shutdown cooling mode; suppression pool cooling mode;
containment spray cooling mode; and fuel pool cooling assist mode.

3.9.1 RHR System - Suppression Pool Cooling Mode
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The ultimate heat sink for DAEC is the Cedar River. During plant operation, heat loads from
both safety-related and non-safety-related systems are rejected to plant cooling towers (normai
heat sinks). Following a LOCA, the ESW and RHRSW heat loads are preferrably to be rejecte:
back to the plant cooling towers. However, if the cooling towers are not in operation or not
operable, the total ESW and RHRSW heat loads are rejected to the UHS. The licensee
performed an evaluation and concluded that the UHS will provide a sufficient quantity of water
at a temperature of 85 “F (design temperature) following a design basis accident. The total
heat rejected by the ESW system and the RHRSW system has a negligible thermal effect at th:
discharge structure.

Based on our review of the licensee's evaluation and rationale, and the experience gained from
our review of EPU applications for other BWR plants, the staff find that DAEC operations at the
proposed EPU will have an insignificant impact on the UHS.

6.5 Standby Ligquid Control (SLC) System - .i»"
“Fe \& .
The licensee evaluated the effect of the EPU on the SLC system injection and shutdown
capability. The DAEC SLC system is a manually operated system that pumps sodium
pentaborate solution into the vessel in order to provide neutron absorption and bring the reactor
to a subcritical shutdown condition from RTP. g N

Wy

XIension in tne fuel cycle operatmg time would require an "

gesign combinea

increase in the minimum reactor boron concentration from 600 ppm to 660 ppm. By i mcreasung
the volume of the stored boron solution, the licensee can provide the required amount of boron
for the EPU cycle. The licensee has submitted, and the staff has approved, an amendment
requesting an increase in the SLC solution volume separate from the EPU submittal.

The SLC ATWS performance is addressed in Section 9.3.1 and the licensee has stated that the
evaluation is based on a representative core design at the EPU conditions. The licensee
determined that the ATWS analysis showed that there is no adverse effect on the ability of the
SLC system to mitigate an ATWS. Therefore, the capability of the SLC to perform its function
is not affected by tne EPU.

The staff asked the licensee to confirm that for all limiting ATWS analyses, the SLC system
would be able to inject the required flow rate at the required time in the analyses without lifting
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of the SLC system relief vaive. In its August 16, 2001, submittal. the licensee responded with
an explanation ‘, ence of events for the boundingyds

e

system will be able to'In

10 CFR 50.62. "‘*n : :
%Jz:- V~ """'-.. ke . ﬂk;\
6 6 Power-Dependent HVAC Systems e et

A A ™, @“‘&‘ﬂ‘j}s - ’

The HVAC systems consists mainly of heating, cooling supply, exhaust, and re
in the turbine building, reactor building, and drywell. Plant operation at EPU con gns is
expected to resuit in shghtly higher process temperatures and higher electrical currents in some

systems in the turbme building, reactor bmldmg, main steam nnel, and drywell.

In the turbine building, the areas affected by the EPU mclude the feedwater heater bay and
condenser areas. Other areas are unaffected by the EPU because the process temperatures
remain relatively constant. Due to EPU, the temperature at the feedwater heaters in the turbine
building increases approximately 5 gefe ative to the current operating temperature.

Heat loads in the drywell increase slightly due to increase in the recirculation pump motor
horsepower and the feedwater process temperature. The maximum temperature increase is
1.3 °F. The increases in the condensate pump motor, feedwater pump motor, and reactor
recirculation motor generation (MG) set motor horsepower result in a temperature increase that
is less than 2 °F.

The heat loads discussed above represent an increase of 2 percent to 5 percent in the drywell,
reactor building, and main steam tunnel, and approximately 21 percent in the heater bay area.
The licensee stated that based on the review of design basis calculations and environmental
qualification design temperatures. these heat load increases are within the excess design
margin. By letter dated Jui{ 2722001, in response to the staff's RAI, the licensee stated that
the numerical values for increasgs in normal containment temperature are derived from Duane
Arnold plant-specific calcu:ations\ These plant-specific calculations are documented in General

Electric’s design record files.
5 (ranc 29))
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The suppression pool cooling (SPC) mode of the RHR system is designed to remove heat
discharged into the suppression pool to maintain pool temperature below the TS limit during
normal plant operation and below the suppression pool design temperature limit after an
accident. The EPU increases the reactor decay heat, which increases the heat input to the
suppression pool during a LOCA, which results in a higher peak suppression pool temperature.

The EPU effect on suppression pool cooling after a design basis LOCA is addressed in
Section 4.1.1.

-25.

3.9.2 RHR System - Containment Spray Cooling Mode

The containment spray cooling@(CSC) mode is designed to spray water from the
suppression pool via spray headers into the containment airspace, to reduce the long-term
containment pressure and temperature during post-accident conditions. The EPU slightly
increases the containment spray water temperature. This increase has a negligible effect on
the use of the CSC mode to maintain the containment pressure and temperature within their
design limits as the peak pressure and temperatures are reached well before the use of the
RHR system in the CSC mode is assumed to occur. *«_

CeEREN -a'»’?},ﬂ o -!-..\ \
Based on our review of the licensee’s rationale and evaluation, we concur with the licensee tha:
plant Joperation at the proposed EPU level will have an msngnlﬁcant lmpact on the CSC mode.

ﬂs"x"” 1" Y =N
393 RHR System Fuel Pool Cooling Assist Mode
“’%\ & N Y A A

For plant operation at the proposed EPU the decay heat load for any specific f08kdischarge
scenario will increase. In the event that the spent fuel | pool (SFP) heat load exceegg the heat
removal capability of the SFP coollng system (i.e. J"ﬁng full-core offload events), the'RHR
system will be operated in the fuel pool cooling assist mode to-provide supplemental ing to
the SFP, and to maintain the SFP temperature within acceptable limits. Section 6.3 addresses
the adequacy of the combined heat removal capability of the SFP cooling system and the RHR

system operating in the fuel pool cooling assist mode to meet the increases in SFP heat loads
resulting from the proposed EPU.

3.10 Reactor Water Cleanup System

Evaluation of the reactor water cleanupfsystem}(RWCU)|is included in Sections 3.3.3and 3.5 0
this SE.

3.11 Main Steam and Feedwater Piping

The main steam and feedwater piping evaluation is addressed along with reactor coolant piping
in Sections 3.3.3 and 3.5 of this SE.

3.12 Balance-of-Plant Piping

3.12.1 Pipe Stress Evaluation
The licensee evaluated the stress leveis for BOP piping and appropriate components,

connections, and supports in a manner simll r to the evalugtion of the RCPB piping and
supports based on increases in temperature and‘pressure trom the design basis analysis input.
The evaluated BOP systems include lines which are affected by the EPU, but not evaluated in
Section 3.5 of Reference 2, such as feedwater heater piping, main steam bypass lines, and
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code, the M3CPT code. These analyses will cover the response through the time of peak
drywell pressure throughout the range of power/flow operating conditions with EPU.

Appendix G of NEDC-32424P-A also requires the applicant to perform long-term containment
heatup (suppression pool temperature) analyses for the limiting UFSAR events to show that
pool temperatures will remain within limits for suppression pool design temperature, ECCS
NPSH, and equipment qualification temperatures. These analyses can be performed using the
GE computer code SHEX. The SHEX computer code has been used by GE on all BWR EPUs.

The staff requested the assistance of Information Systems Laboratories, Inc. (ISL), in
performing audit calculations of both the short-term and the long-term responses of the Duane
Arnold containment to a double-ended guillotine break of ; a recnrculatlon line. These
calculations used mass and energy input values prowded by the' licensee and plant description
values furnished by the licensee and obtamed thaDAEC UFSAR. The staff used
conservative assumptions in performing these' w ctlations. The results of the staff calculations
for both the short term (peak pressure and drywell temperature) calculations and the long term
(peak suppression pooal temperatur'é“)icalculatlons agree well wntf‘rﬁ'se licensee’s results for the
trend and timing of. |mportant parame{'érs The numericai values of two calculations are close
and can be explained by small changes in any one of several input values ISL’s report
contammg the detalls of the calculatlons is avallable m ADAMS with accessuon number..............

z,‘;m%:fcchtamment Pressure and Ten’\peratuie:po‘

Short-term and long-term containmen analyses resu followmg a large break Bide the

drywell are documented j n theﬁ:D%C U§SAR -term apalysis was perfo
LY

determine the peak drywell and wetwell ‘pressure response durmg the initial blowdo

reactor vessel inventory into.the contamme t followin él"arge break msude the drywell:

(DBA-LOCA), while the long- dermai analysis was perfonned to determme the peak pool

temperature response considering decay heat’ addltlon %\ ’&

The licensee indicated that the containment analyses were performed in accordance with NRC
guidelines using GE codes and models. The M3CPT code was used toc model the short-term
containment pressure and temperature response. The licensee also indicated that the SHEX

code was used to model the long-term containment pressure and temperature response for
EPU.

Noke : The
fusAd also

d&SCA-\GScs o
" 51«'\?‘ GQ.
(a) Bulk Pooi Temperature

Weg dﬁm&—‘?‘( he licensee indicated that the long-term bulk suppression pool temperature response with the
+Ha \”Fa | PU was evaluated for the DBA-LOCA. The bounding analysis was performed at 102 percent
tecm resul f EPU RTP and assumes that no offsite power is available following the LOCA with only
minimum diesel power available. This results in only one RHR loop with one RHR pump, its
heat exchanger, two RHR service water pumps , and one core spray pump being available. No
credit is taken for use of containment spray. The analysis was performed using the SHEX code
and the more realistic decay heat model (ANS/ANSI 5.1-1979 + two sigma) with a core average
exposure of 31.7 GWD/Short Ton (corresponding to a core average time at power of 3.5 years),

4.1.1.1 Long-Term Suppression Pool Temperature Response
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subsequent actuations has been reduced to its initial condition. The EPU has an insignificant
impact on the time intervals between SRV openings, and therefore, it has an insignificant
impact on the loads from subsequent SRV actuations.

Based on our review of the licensee's rationale and evaluation, the staff agrees with the
licensee’s conclusion that with the low-low set logic implementation, the EPU will have
insignificant or no impact on the SRV containment loads.

4.1.2.3 Subcompartment Pressurization
The licensee indicated that the calculations to determine the asymmetrical loads on the vessel,
attached piping, and biological shield wall due to postulated pipe break in the annulus between
the reactor vessel and biological shield wall have been updated to treat the break flow as
subcooled liquid. This conservative change in methodology reduces the design margin more

during the previous For the limiting case of the recirculation outlet nozz hleld plug, the

than the effect of the EEU It was also found that the original analysis had not been updated

pressurizaTnon transient inside the.shield wall increases peak pressure fro

indicate that the bnologlcal shieid wall and component de5|gns remain adeqg
is: suffic:ent pressure margin available. T, &

,g\ "k "z ! i ;,y K- e
Base on the above evaluation, the staff concurs wnth the ||censee s conclusion

subcompartment pressurization will remain acceptable after the EPU

413 Contamment Isolatlon

M N :

The licensee indicated that the system des;gns for contamment |solatlon are not affecte by the
EPU. The capability of the actuation devices to perform with the higher flow and temperature

during normal operations and under post-accident conditions has been determined to be
acceptable.

Based on our review of the licensee’s rationale and evaluation, and the experience gained from
our review of the EPU applications for other BWRs, the staff agrees with the licensee’s

conclusion that the containment isolation system will remain acceptable for plant operations at
EPU.

4.1.4 Generic Letter 89-16

The licensee indicated that in response to Generic Letter (GL) 89-16, DAEC installed a
hardened wetwell vent system. The criteron specified in GL 89-16 for the hardened wetwell
vent was the ability to exhaust energy equivalent to 1 percent RTP at a pressure of 56 psig.
The design of the hardened wetwell vent was based on the current power level of 1658 MWT.
Based on the as-built design. the hardened wetwell vent will exhaust approximately

0.91 percent of the proposed rated thermal power of 1912 MWt.

The licensee indicated that the primary objective of the hardened wetwell vent is to preclude
primary containment failure due to overpressurization, given a loss of decay heat removal
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event. The staff considers the new value of 0.91 percent RTP to be a change to the design
basis. However, this change is acceptable since there is still adequate margin between the

0.91 percent RTP criterion and the vaiue of decay heat at the time the licensee would initiate
venting.

Based on our review of the licensee’s rationale and evaluation, the staff agrees with the
licensee’s conclusion that the hardened wetwell vent system will remain acceptable for

preventing containment overpressure for piant operation at EPU with the revised design basis
value of 0.91 percent RTP.

4.2 Emergency Core Cooling System

The ECCSis desngned to provide protectlon in the/event of a LOCA due to a rupture of the
nalyzed to ensure that the radiological dose
3 limits. For a LOCA, 10 CFR 50.46 specifies
design acceptance criteria based on: (a) the peak cladding temperature, (b) local cladding
oxidation, (c) total hydrogen generation, (d) coolable core geometry, and (e) long-term cooling.
The LOCA analysis considers a spectrum of break sizes and locations, including a rapid
circumferential rupture of the largest recirculation system piping. Assuming a single failure of
the ECCS, the LOCA analyses identify the break sizes that most severely challenge the ECCS
systems and the primary containment. The MAPLHGR operatlng limit is based on the most
limiting LOCA analysis, and licensees perform LOCA analyses for each newel type to
demonst{fte that the 10 CFR 50.46 acceptance criteria can%gmet
‘551 N *?L E X
The ECCS for DAEC mcludes the HPCI the LPCI mode of the RHR the low-pres:
spray system and the ADS. The ADS’ system is discussed in Section 4.2.4, and the CCS

performance in Section 4.3. W ﬁs\ W A h

haY

4.2.1 High Pressure Coolant Injection System Y RN

The HPCI system (with other ECCS as backup) is designed to maintain reactor water level
inventory during small and intermediate break LOCA, isolation transients- and LOFW. For a

large break LOCA, the reactor will depressurize rapidly, thereby rendering the HPCI system
inoperable.

The licensee stated that the HPCI system is designed to inject with a maximum reactor
pressure of 1120 psig and this is consistent with the current DAEC licensing basis, which allows
for an increase of the as-found SV and SRV safety mode setpoint from +/- 1 percent to

+/-3 percent. The HPCI system is required to start and operate reliably over its design
operating range. The licensee stated that since there are no increases in the SRV setpoint
pressures with the EPU, no changes are required to the HPCI system startup transient or
system reliability from the currently licensed pre-EPU conditions. During the LOFW event, and
isolation transients, the HPC! and/or RCIC maintain water level above the TAF. The SRVs

would open and close as required to control pressure and HPCI or RCIC will eventually restore
water level.

Previously, the licensee has implemented the turbine control modifications recommended by
GE services information letter (SIL) 480. According to the licensee, these modifications
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minimize the impact of reactor pressure increases on: (a) the magnitude of the turbine peak
initial speed. (b) the initial pump discharge pressure, and (c) the pump discharge flow rate. The
modifications described in the SIL hydraulically limit the opening of the control valves during the
initial startup period, thereby minimizing the potential for turbine overspeed. Since the HPCI
turbine has been modified as recommended in GE SIL 480, increasing the availability of the
HPCI system during isolation transients including LOFW, the staff accepts the licensee’s
assessment regarding HPCI turbine overspeed.

The licensee evaluated the NPSH available for the HPCI system for EPU operation and stated
that the EPU does not decrease the NPSH available for the HPCI pump or the NPSH required,
beyond the specified design basis vaiue. For events such as fires and ATWS, if the
suppression pool temperature is greater than the operational limit, the licensee stated that the
HPCI system can use dedicated condensate storage tank as a source of water.
Pt kN

The licensee evaluated the capability of the HPC}- system for operation at the EPU power level,
to provide core cooling to the reactor: (a) to prevent excessive fuel PCT following small and
intermediate break LOCA, and (2) to-ensure core coverage up to the TAF in isolation transients
and LOFW transients. The licensee stated that the HPCI evaluation is applicable to and
consistent with the evaluation in Section 4.2 of ELTR2, except for thegDAEC HPCI system
desngn basis maximum system pressure. The hcensee determi g HPCI system is
aoceptable for the EPU. RN

=Y Y a k‘ % < ..
The generic evaluatlon in Section 4. 2 of the supplement to ELTR2 is based orglpical HPCI and

,J{' RCIC pump design pressures of 1500 psig and pump dlscharqe piping pressures between
-TK]_,, S sig and 1280 psig. JThe DAEC [maximum reactor, pressure for design basid -';.z, ion for
both high pressure systems is lower than typ:calB_Ve\%R_s_g:[owever the licensee evallfated the

M capability of the HPCI system to perform as designeéd.and analyzed its performance atige EPU
conditions, and concluded that HPCI system can start and inject the required amount of Coolant
k\ &P— into the reactor for the range of reactor pressures associated with LOCA and isolation
transients. The staff agrees with the licensee’s assessment.
W‘?“ @:ﬂv

WL )( art. 4 2.2 Low Pressure Coolant Injection

’\'U‘-f The LPCI mode of the RHR is automatically initiated in the event of a LOCA, and in conjunction
with other ECCS system. the LPCI mode is required to provide core cooling for ECCS events.
W*\"a %‘ The licensee stated that, as indicated in the ECCS performance discussion in Section 4.3, the
4Qu\© / calculated LOCA PCT would increase slightly for the EPU. However, the existing LPCI system
0.0 Y& combined with other ECCS systems provide adequate long term post-LOCA core cooling. The
’{'L’L%W licensee added that the existing RHR hardware has the capability to perform the design
ML miAh M ;njection function of the LPCI mode for operation at the EPU condition and the generic
&»SCL“?( fﬁ evaluation in Section 4.1 of ELTR2 bounds the DAEC LPCI system performance. The staff
finds the evaiuation acceptable.

4.2.3 Core Spray System

The core spray system initiates automatically in the event of a LOCA and in conjunction with
other ECCS systems, the core spray system provides core cooling for all ECCS events.
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The licensee stated that, as indicated in the ECCS performance discussion in Section 4.3, the
caicutated LOCA PCT would increase slightly at the EPU. However, the existing core spray
system, combined with other ECCS systems, will provide adequate long term post LOCA core
cooling. The licensee added that the existing core spray system hardware has the capability to
perform its design injection function at the EPU conditions and that the generic evaluation in
Section 4.1 of ELTR2 bounds the DAEC core spray system performance. The staff finds this
acceptable.

4.2.4 Automatic Depressurization System (ADS)

The ADS uses the SRVs to reduce reactor pressure after a small-break LOCA with HPCI

failure, allowing LPCI and core spray to provide coohng flow to the vessel. The plant design

requires the SRVs to have a minimum flow W capacity. ‘After a delay. the ADS actuates@:
at

W@Fﬁ"ﬁ%ﬂm low, water1evel@ The licensee stale
the ability of the ADS to initiate on appropnaté”gfé@n‘ﬁs is not affected by the EPU. However, the

EPU decay heat is higher, rncreasmg the required flow capacity. :The licensee stated that the
increase in the required flow capa .is within® the current systemﬁesrgn capability. The staff
accepts the Ircensee S. evaluatlon *&\

Ay

The llcensee mdlcated that the avallable and requ ed NP%-I,@ the HPCl p' tpp are not

changed for the EPU The avallabte PSHis bas&d on the TS limit of 120 °Fg

suppressron pool temperature that requires depressu tion of the RPV. This \ imit is not

changed and there are no physrcala_ ges beln made.in the. H*gf:l system.
BN 4

The Ircensee also indicated tt!at the PSH m&equnrem%ms for the\RHFXand core spray ECCS
pumps are calculated from the EPU long-term suppression pool temperature response. The
most limiting case for NPSH occurs at the peak long-term suppression pool temperature of
209.2 °F and the wetwell pressure of 28.0 psia (13.3 psig) with one RHR pump and one core
spray pump operating at rated flows. The resuit of this analysis establish that a containment
pressure of 20 psia is adequate to ensure NPSH is available to the low pressure ECCS pumps
post-LOCA during EPU operation.

During the initial review of the DAEC operating license, the staff concluded that a limited
amount of containment overpressure was required to ensure adequate NPSH for one core
spray and one RHR pump during the long-term transient following the design basis LOCA. In
the licensing safety evaluation report, the staff noted that the design did not meet the guidelines
of RG 1 but a containment pressure margin of 2.7 psi would exist to ensure adequate NPSH.
This margin was depicted on UFSAR Figure 5.4-15. In the current licensing basis, containment
pressure required (i.e., containment overpressure) to maintain minimum NPSH for the core
spray pumps is 17.8 psia (25.3 psia available) at the peak suppression pool temperature of
202.7 °F. Thus, implementation of the EPU will require an increase of 2.2 psi in containment
overpressure for NPSH over the current conditions. According to the licensee, there is
sufficient containment pressure available for post-LOCA conditions to establish the margin
between the 20.0 psia required and the 28.0 available to satisfy the 2.7 psid margin required by
the current licensing basis. Therefore, the licensee concluded that adequate NPSH is ensured
under EPU conditions. The licensee also indicated that the maximum containment
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overpressure for NPSH will be required after approximately 8 hours after a DBA-LOCA.

Reliance on the containment overpressure decreases as the temperature of the suppression
pool decreases, if all other factors are held constant.

Nb‘!"" : ﬂ‘e The staff requested that DAEC provide NPSH curves which depict the amount of time the peak
F‘Q-%M% e containment overpressure must be relied upon. This information is important to demonstrate
cugves BT that the risk associated with the limited time the containment overpressure is required is low
P,-W\M b relative to the potential loss of containment integrity during the same time period. The licensee
He AEL, Cﬂ' disagrees that such curves are required. The licensee’s position is that an overpressure margii
is an acceptable criterion for adequate available NPSH. This means that as long as the margin

is maintained, the absolute amount of overpressure can be mcreased The staff disagrees with
this position and considers it to be an open item.

= haqurpees

2 ¢
A
7‘;% b y P ]\64 3 ECCS Performance Evaluation - ’
s "']"" mitee The ECCS is designed to provide protectlon agamst postulated LOCAs caused by ruptures in
"6 the primary system plpmg The ECGS performance under all LOCA conditions and the analysis
models must sansfy the requnrements ot 10 CFR 50.46 and 10 CFR Part 50, Appendix K.

licensee performed the LOCA ana!y3|s at 102 percent of, ﬂ% e EPU RTP, using GE-14 fuel.
-EC _CS-LOCA analysis was Dased on'an NRC-appmvefm hodology*ls FER/GESTR) an
\ Fug the s mlttal summamggi the results in Table 4-3; The Iloegsee determinec
PCT &t ‘the rated core operating condntlons?nth an’ adder "account for the
‘JCS CéEﬂ, the EPW'conditions, the llcensmg bas?'s PCT based on'the llmltmg GE-14 fuel d
GER fGEN) than 1510.°E at rated flow in'cg with the ) pre: PCT.of 1500 °F . The'ggtimated
{ upper bound PCT for the llmltlng GE:14 fuel is less an 1 50 °F for the EPU condifions, which
* is below the 1600 °F limit required.by’ the NRC SE forithe SAFERIGESTR methodologys
ooy e SE foghe

.}‘L‘ m?@ For SLO, the Ilcensee applied a multiplier to the TLO MAPLHGR I|m1ts The licensee stated
' :Q (6 I that the multiplier to the MAPLHGR for the SLO operation ensures that the SLO nominal PCT it
WNoe P less than the PCT for the nominai TLO. Section 2.6 discusses the findings from the staff audit
M'\’\,\, { JSRAW. of these calculations and the licensee’s response.

Table 4-3 of the submittal indicates that long-term decay heat removal requirements can be
satisfied for the EPU conditions either by having the core reflooded above the TAF or by having
the core reflooded to the top of the jet pumps with one core spray pump in service. The
licensee determined that the ECCS performance under LOCA conditions, and the analysis
models, satisfy the requirements of 10 CFR 50.46 and Appendix K.

In addition, as part of the EPU review process, the NRC staff audited the DAEC LOCA analysis.
The staff focused on the GNF’s use of the LOCA codes and their applicability to Duane Arnold.

The staff examined the design record files describing the LOCA, which contained both the pre-

EPU and the EPU analyses. and made the following observations:

1. The analyses were based on the NRC approved SAFER/GESTR methodology and GNF
followed NRC approved process in performing the ECCS-LOCA analysis.
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24 hours prior to the 2.3 day mark when the CAD system would be required to inject nitrogen tc
maintain containment below the 5 percent oxygen limit.

By letter dated July 25, 2001, in response to a staff's request, the licensee indicated that this
condition is a deviation from its previous commitments to both NUREG-0O737, Item IL.F. 1(6),
and RG 1.97 regarding continuous hydrogen monitoring. During the initial 22-hour period, the
accuracy of these monitors will not conform to the NUREG-0737 requirement, but the monitors
will be available. The stated temperature effect causes the monitors to read in the conservative
direction, i.e., higher than actual hydrogen and oxygen concentration. Thus, to preclude action
to actuate the CAD system prematurely, it is chosen administratively not to take direct actions
based solely on these hydrogen and oxygen monitors during:the first 24 hours. While the
monitors will not be used to obtain an absolute reading dunng this initial accident period, they
will provide valuable trending information if hydrogen andlor oxygen concentration changes are
occurring inside the containment. As per DBA nalysis¥a’cc oombustlble gas mixture will not be
generated for approximately 2.3 days. Consequenll(> , this potentlal inaccuracy in these
monitors during the first 22 hours will not hmder the ability to effectively execute the emergency
plan. The emergency.response fac:lmes have:sufficient information available, using the Severe
Accident Management Guidelines, thtagnose whether a flammable mixture is developing
inside the containment and recommend that the control room take appropnate actions to
otectithe containment. |Based on the abov we fi n% e proposed deviation for the initia
2Z*hours after a rom the prevnous commltment to’ Nt’JREG-O737, itermill.F.1(6), and
RG 1: QTregardlng accuracy of continuous hyd en mon oring is acceptabih

—————

Based onour revuew of the licensee’s tlonale an Iuatlon the staff conclu
operation of the post-LOCA co, bus ble gas control ystem will remain acceptab
conditions. " ’5\_ A :

45.3. Emergency Coolmg Water System

The staff's evaluatlon of the emergency coollng water system is addressed in Section 6.4 of this
SE.

4.5.4 Emergency Core Cooling Auxiliary System

Not applicable to DAEC.

4.5.5 Control Room and Technical Support Center Habitaility

The control building ventilation system (CBVS) processes the control building intake
atmosphere to limit the reiease of radioisotopes to the control room that may leak from
containment under DBA-LOCA conditions. The capacity of the CBVS provides a positive
differential pressure between the control room and the outside environment to minimize the
potential for unprocessed in-leakage into the control room. The licensee stated that this
capability is not affected by the EPU.

The technical support center (TSC) air cleanup system (ACS) processes the TSC intake
atmosphere to limit the release of radioisotopes to the TSC that may leak from containment
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5.1.1 Control Systems Evaluation and Instrument Setpoint Methodology

Reactor Protection System/Enqgineered Safety Features Actuation System Instrumentation Trip
Setpoint and Allowable Values

The licensee in its submittal dated November 16, 2000, identified that instrument setpoints in
the TS are established using the General Electric (GE) setpoint methodology. The staff has
previously reviewed this instrument setpoint methodology and found it acceptable for
establishing new setpoints in EPU applications. However, the staff was concerned about the
use of a different setpoint methodology for BOP instruments:. During a conference call on
March 16, 2001, the staff requested the licensee to discuss the instrument setpoint
methodology used for BOP instrumenation. The licensee ift its response dated April 16, 2001,
stated that they have not applied the GE sg@%@gihodobgy to non-safety-related
instrumentation such as BOP instruments.” The"staff finds the licensee's response acceptable
because this methodology is used for only non-safety related instrumentation and therefore
does not require staff’s review. During the conference call the staff also requested the licensee

to add a reference of GE setpoint methodology in the bases section of the TS. The licensee in
ng basis via the UFSAR and the TS-bases section provides a detailed discussion of the
accident analysis and the development of the allowable valties,and trip set
The prop'oseg setpoin{‘qhangexs,.&gwltm from.ih EF.’U, re i
r nsar s‘“’% p setpoints and do not significantly
licensing basis is not affected by the setpoiﬁt changes to accommodate the EPU. RS
1. TSLCO3.3.1.1: SR33.1.1.2 f,em,‘.ﬂ, a2 oF
SR 3.3.1.1.2 and the associated note. The licensee’s justification of this change is that
sufficient steam flow through turbine to synchronize the main generator to the grid.
consistent with the current absolute thermal power value. On this basis, the staff finds

licensing b b : , ;
aﬁﬁ%ﬁéﬁl'éf the methodology 16 explain the‘telationship-between the anaTyﬁo@I limits in the
finds tljg licensee’s respanse accepfable. N ;
By, Y i,
L
increase the likelihood of a faise.trip or failure to trip upon demand. Therefore, the existing
A, A ™ % *, B Y
The licensee has reduced from 25 percent tof21.7 percent the percentage of
hermal-power (RTP) value, which isfused to defer the surveillance requirement
the existing value is based on a point in the plant startup sequence where an accurate
This steam flow, and in turn, reactor power level in Mwt are not being changed by the
the proposed change to the TS acceptable.

its response stated that the use of GE setpoint methodology is incorporated into the DAEC
S, |
‘ 5. resulti ntended to maintain existing

margins between operating conditions and the reactor trip
The following TS changes have been proposed 'by the licensee:

(SR) for 12 hours during plant startup. ThefRTP value being changed is contained in

heat balance calculation can be performed by the plant computer which is tied to

~e,x-tenz:ie.ci.EPU(@and therefore, the percentage of RTP vaiue is being revised to be

2. TS LCO 3.3.1.1: Required Action E.1, SR 3.3.1.1.16, and Table 3.3.1.1-1 Functions 8
and 9

The licensee has proposed to revise the percentage-of-RTP value corresponding to the
power level where the reactor protection system (RPS) trip on turbine stop valve (TSV)
or on turbine control valve (TCV) fast closure is automatically bypassed from

30 percent to 26 percent. The licensee’s justification of this change is that these scram
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signals are automatically bypassed at a iow power levei when the turbine bypass stearr
flow capacity is sufficient to mitigate a TSV or TCV closure transient. Because the
turbine bypass capacity is not being changed by this EPU, the corresponding
percentage of RTP is being revised to maintain the current thermal power value in Mwt.
corresponding to the existing bypass steam flow capacity. On this basis, the staff finds
the licensee’s justfication for this TS change acceptable.

3. TSLCO 3.3.4.1: Applicability, Required Action C.2, and SR 3.3.4.1.4

The licensee has proposed to reduce from 30 percent to 26 percent the percentage-of-
- RTP value corresponding to the power level where the end-of-cycle recirculation pump
trip on TSV or TCV fast closure is automatically bypassed. The licensee’s justification
is that the revised value is consistent with the RPS trips discussed above, since this
function is not required when the companion RPS functions are not required to be
operable. On this basis, the staff fi nds the proposed change to the TS acceptable.

4, TSLCO 3.3.1.1: Table 3. 3 1.1-1 Functlon 2b

The licensee has proposed to revise the allowable value (AV) for the two-loop operatior
average power range monitor (APRM) flow-biased, high RPS trip with an equation for

" the AV. A footnote (c) is also being added tc define the term “w” used in the AV

-~ equation. The licensee's EPU is based on the adoption of the maxﬁ m extended load

~line limit analysis (MELLLA). The licensee’s safety analysis in the subihj
the MELLLA power/flow map and corresponding APRM AVs. The sta
MELLLA is documented in other section of the safety evaluation prepared by
Reactor Systems Branch.. Based on the acceptance of the MELLLA analysis,:the staff
finds the licensee proposed TS changes acceptable. &

5. TSLCO 3.3.1.1: Table 3.3.1.1-1 Footnote b

The licensee has proposed to replace the current AV for the single-loop operation
APRM flow-biased high RPS trip with an equation for the AV. The new Footnote (c)
identified above is used to define the term “w” used in the AV equation. The licensee
has proposed this change to adjust the AV for the two-loop operation APRM flow-
biased trip to acccunt for the difference in recirculation-drive-fiow to core-flow
relationship in singie loop operation. The higher core pressure drop associated with
the EPU necessitates a different adjustment factor than the one currently used. Based

on the acceptance of the MELLLA analysis, the staff finds the proposed change
acceptable.

In addition to the above cranges. the licensee will implement newisetooints for the
instrumentation listed in the TS as percentage of flow or instrumentation without
changing the percentage. The licensee has identified this instrumentation as follows:

(a) APRM scram fixec

(b) Main steam line righ flow isolation
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The anticipated transient without scram recirculation pump trip (ATWS-RPT) trips the pumps fc
transients that result in an increase in reactor pressure and/or in low reactor water level. The
ATWS analyses assume that the recirculation pumps will trip at the analytical limit of

1168.6 psig. The primary function of the ATWS-RPT is to reduce core flow, insert negative
reactivity through the generation of voids, and reduce the core power during the initial part of
the ATWS events. Therefore, the high-pressure ATWS-RPT setpoint is based on the value
used in the ATWS analysis. The licensee stated that the ATWS-RPT low reactor level setpoint
is not a significant factor for the limiting analyzed ATWS events.

The licensee used the current high-pressure ATWS-RPT setpoint in the EPU ATWS evaluation
in Section 9.3 and stated that the calculated peak vessel pressure remains below the ASME
upset limit of 1500 psig. The licensee concluded that the current EPU high-pressure
ATWS-RPT setpoint is acceptable for the EPU and remains unchanged as indicated in

Table 5-1. Since the EPU ATWS analyses demonstrated that the peak vessel pressure will
remain below the ASME upset (imit, assuming the current setpoint of 1168.6 psig, as stated by
the licensee, the staff accepts that the limit need not change. ~

5.1. 3 3 Safety/Relief Valve
RO }« )
The llcensee will not change the SRV and SV analy’ucal limits, since the reactor operating
pressure will not change, and the ASME overpressure protection and pressunzatlon transients
are based on the current setpoints. The staff accepts this.

5.1.34 Neutron Monitoring System

~~.¢h ;'*:‘a‘}';i:}*‘ R » kS ;.

The hcensee wnll not change the analytical limit (AL) (as 'pércentage of RTP) for the fixéd APRN

high power scram. Therefore, the licensee will maintain the values in the TS for the allowable
value and the nominal trip setpoints. This is consistent with Section F.4.2.2 of ELTR1. The

licensee also evaluated all of the limiting transients that rely on the fixed APRM trip at the EPU
conditions.

Since the EPU operation will include implementing the MELLLA region, the licensee developed
new equations for the flow-biased APRM scrams, both for single and two recirculation loop
operation. The licensee stated that that design bases for the MELLLA operating regime uses a
linear relationship for all analytical limits versus the recirculation drive flow, which is consistent
with the APRM hardware design and licensing analyses. According to the licensee, the ALs for
the flow-biased APRM scrams are straight line equations, in which the slope was changed
consistent with other BWR MELLLA applications. The licensee also maintained equivalent
margins between the rod blocks and scram trip setpoints to avoid spurious protective actions.
The flow-biased APRM scram analytical limits are also specified in Table 5-1 of the submittal.

The flow-biased APRM scram setpoint also depends on the requirement of the Option I-D long-
term stability solution to provide adequate MCPR safety limit protection from core wide T/H
oscillation. The staff agrees with the licensee’s assessment.

The RBM limits erroneous rod withdrawals by supplying a trip signal to the Reactor Manual
Control System to block further withdrawai. The trip is initiated when the RBM output exceeds
the rod biock setpoint. The licensee stated that the setpoint has not changedfor the three
upscale rod block trip levels. Because the limiting transients which rely onﬁ%‘ese setpoints have

(s o gercedd
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these. @
been reanalyzed to ensure that@elgxietiig)setpoinffprovides adequate protection, the staff

finds that the use of the existing setpoiftsis acceptable.

6.0 ELECTRICAL POWER AND AUXILIARY SYSTEMS

6.1 AC Power

6.1.1 Offsite Power System

The staff has reviewed information provided by the licensee to determine the impact of the EPU

on offsite power. The areas reviewed were the grid stability analysis and the analysis of related
electrical systems. AFTEUPE

e W n e The e e

6.1.1.1 Grid Stability and Reliability Analysis
A grid stability analysis was performed for 1790 MWt (641 MWe - gross) to demonstrate
conformance to GDC 17 of 10 CFR Part 50, Appendix A. GDC 17 addresses onsite and offsite
electrical supply and distribution systems for safety-related components. Operation at 1790
MWt (EPU Phase [) has no significant effect on grid stability or reliability. This grid stability
analysis was discussed in the DAEC EPU safety evaluation report. The current output
capability is based on the currently installed main transformer (with upgraded cooling units)
rating of 660 MVA and the isolated phase bus rating of 18000 amperes.

& ™, kN A N e g 3
In response to a staff's request for additional information on the grid stability analysi
EPU of 1912 MWt, the licensee stated that this analysis will be reperformed when® he main
transtormers are replaced. Many factors directly affe,ctigy%e grid stability analysis. PrQposed
additions that would affect the currént grid stability analysis include a 345 kV transmisslon line
from the Arrowhead substation in Minnesota to the Weston substation in Wisconsin, the
potential installation of gas turbine generation capacity within the Alliant Energy territory, and an
additional 2000 MWe of new generation in the Alliant territories in lowa and Wisconsin in the
. near future. The licensee plans to update the existing grid stability study as additional changes
,r[\;s N\ *{ occur, as required by its licensing basis in UFSAR Section 8.2.2.1. [The licensee believes that
QD

%

o YAt an analysis performed today, projecting the conditions at the time DAEC achieveg the EPU of
14 L1912 MWt would not demonstrate that grid stability will remain acceptable. [The license
'?'W‘"\ committed to perform a new stability analysis jor the main transformer replacement prior to
\A)\,&L)\ we increasing power above the 1790 MWt levei and for any significant increase in actual plant

so:-A w65 - electrical output from operation at the EPU level of 1912 MWt (EPU phase I1).

" We believe In response to the staff's request for additional information, the licensee described the
'Hwé(-b-ﬁ‘— O,N:.lis\f assumptions. methods, inputs, resulits, findings, and conclusions of the current grid stability

‘_MEAJQA%, analysis for Phase |I.
~ \ Q'
NJ&.LJV."B ﬂ:i, The licensee determined that no modifications were required for the generator breakers.
%c\-ﬁi‘m DA&AdditionaHy, a 40 MVAR capacitor bank wiil te installed in the switchyard in the fall of 2001 to

. partially compensate for the loss of reactive zower capability of the main generator as a result
awchieves T of he EPU.

o, 192 #ule, wsadd 1t be meaningfud La Aem,\sﬁ&{ma Yt aﬁl s%LlHa

—

Wl pormain a&mﬁnﬁo\e " (emphesis edded).




Note: e dod et ks, e zpacihoe commibrast, e Rafoneas 1,

e sw . . ﬂt L{;SQQ C,an\lh w*{g gu‘(ﬁm\u\ba e S“'u.L\-‘% J’\gl(;j
&J@_M'rms;vw f‘efw ‘-45- W ‘ s ‘:’Q&W:b C~Cresat_ "
t (g.;-e(_ ‘Fb(' S ‘Cov-'k wCnssal . ..
-59 o\ Qbo%rﬁﬁle t‘);a?s?soom'r:.ljs in o@niét{gm% staff Cog-cm%es tham prg)’c;ged EPU to 1790 MWt at

will not aaversely affect the grid stability and reliability. [ The licensee has committed to

perform a new stability analysis as required in the DAEC UFSAR before increasing the power
above 1790 MW1. [

6.1.1.2 Related Electrical Systems

The licensee performed a EPU review to determine the adequacy of electrical systems
associated with the main turbine-generator auxiliary systems.

6.1.1.2.1 Main Generator
The existing main generator is rated at 715.225 MVA, 0.95 power factor, and 22 kV. The
expected generator output is 679.46 MW at 0.95 power factor. The net plant EPU-related
output will be 677 MWe and is within the capability of the generator. The licensee plans to
replace the hydrogen cooling units to.improve heat removal capability to accommodate full
uprated power production during Phase |. The review determined that the electrical system’s

configuration and operating voltage ranges would be unchanged and would remain adequate
fop.p%eratiqn at the higher output. :

St
L

N .
- A
£

N

6.1.1.2.2 Isolated Phase Bus Du;:t : \
N, -, 2 . N

The existing isolated phase bus duct rating is 18000 amps and 22 kV for the main section. The
maximum current output is 18232 amperes [660000/(1.7321x22x0.95)] with a main transformer
output of 660 MVA and 85 percent of 22 kV. The review determined that the isolatea"phase
bus duct would be adequate for both rated voltage and low-voitage current output for EE
Phase |. The maximum current output is 19757 amps [715.225MVA/(1.7321x22x0.95)] with a
generator output of 715.225 MVA and 95 percent of 22 kV. The licensee proposes to modify
the isolated phase bus to increase its rating from 18000 to 20000 amperes and improve the bus
cooling unit's heat removal capacity during Phase |I.

6.1.1.2.3 Main Transformer

The existing main transformer rating is 600 MVA and 22/161 kV. The licensee decided to add
new oil-cooling units to increase the transformer’s rating from 600 MVA to 660 MVA. This will
be done during EPU Phase I. The existing main transformer must be replaced to

accommodate the full EPU power output from the main generator. This will be done during
EPU Phase Il.

Thus the turbine-cenerator and major electrical components from the isolated phase bus to the

switchyard will remain adequate for operation at the higher output after the proposed
modifications.

6.1.2 Onsite Power Distribution System

The onsite power distribution system consists of transformers. buses, switchgegr, anq
distribution paneis. The aiternate current (ac) power to the distribution system is provided from
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On the basis of this information. the staff concludes that the proposed EPU at Duane Amold
has no impact on the dc power system.

6.3 Fuel Pooi Coaling

The licensee plans to pursue advanced core designs including the use of GE-14 fuels for

the DAEC. Accordingly, in a separate licensing amendment request (dated

November 17, 2000), the licensee presented an SFP thermai-hydraulic analysis to reflect the
effects of GE-14 fuels used in the advanced core designs that increase fuel burnup, cycle
length,.and reload batch size on SFP cooling. Also, the SFP-thermal-hydraulic analysis was
performed for a power level of 1950 MWt (102 percent of 1912 MWt) with the anticipation of the
DAEC operations at the proposed EPU level.

In a SE dated August, 2001, the staff found that the SFP thermal-hydraulic analysis complies
with the intent of the guidance described in SRP Section 9.1.3, “Spent Fuel Pool Cooling and
Cleanup System,” for SFP, and is acceptable. -Therefore, the staff concludes that the design
and operation of the SFP cooling systems (including SFP cooling system and the RHR system
in the SFP cooling assist mode) at the DAEC are acceptable for plant operatlons at the

proposed EPU level. N . N
S L 3
6. 4 Water System . i, .,
.,‘\ \ ,.«i\

6. 4 1 Service Water Systems

The service water systems are deS|gned to provide coolmg water to various system ;
safety-related and non-safety- related systems) ‘ :

6.4.1.1 Safety-Related Service Water Systems (Safety-Re!ated Loads)

These systems include the emergency service water (ESW) system and the residual heat
removal service water (RHRSW) system. All heat removed by these systems is rejected to the
ultimate heat sink.

6.4.1.1.1 Emergency Service Water System

The ESW system provides cooling water to the following essential components/systems
following a LOCA: emergency diesel generator coolers, RHR pump seal coolers, RHR and
core spray pump room cooling units, HPCI and RCIC room cooling units, control building
chillers, core spray and RHRSW osump oolers, heating ventilating and air conditioning

(HVAC@instrument air compressors, and SFP makeup (if needed).

The licensee performed evaluations and stated that the performance of the ESW system during
and following a LOCA is not significantly dependent on the RTP. The heat loads from diesel
generators remain unchanged for LOCA conditions following uprated operations. The building
cooling loads also remain the same because equipment performance in these areas remains
essentially unchanged for post-LOCA conditions. In addition. the ability to supply emergency
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makeup* to the SFP is not changea foliowing the EPU condition. Therefore., plant operations at

the proposed EPU do not require the madification of the ESW system for the safety-related
loads.

Based on our review of the licensee's evaluation and rationale, and the experience gained from
our review of EPU applications for other BWR plants, we find that DAEC operations at the
proposed EPU do not change the design aspects and operations of the ESW system, and have
an insignificant or no impact on the ESW system. Therefore, we conciude that the ESW
system at DAEC remains adequate for plant operations at the proposed EPU to perform its
safety function during and following a LOCA. -

6.4.1.1.2 Residual Heat Removal Service Water System

The RHRSW system provides cooling water to the RHR heat exchangers® under normal or
post-accident conditions, and is capable of supplying water to flood containment for
post-accident recovery. The licensee performed containment pressure and temperature
response analyses which demonstrate that the capability of the containment system is
adequate to operate at the proposed EPU. In the containment pressure and temperature
response analyses, the post-LOCA RHRSW flow rate and temperature were assumed to be
unchanged for EP@onditions. Therefore, the RHRSW system remains adequate for plant
operations at the proposed EPU to perform its safety function during and following a LOCA.
The staff's evaluation of the containment system performance for plant operatlons at the
proposed EPU is addressed in Section 4.1. :

During shutdown cooling with the RHR system, heat loads on the RHR heat exchangers will
increase proportionally to the increase |n reactor operatmg power level, thus increasing the time
required to reach the shutdown temperature The licensee stated that this has no ef:&
plant safety. The staff’s evaluation of the effect of plant operations at the proposed EPU’
shutdown cooling with the RHR system is addressed in Section 3.9.1.

in addition, since DAEC operations at the proposed EPU do not change the design aspects anc
operations of the RHRSW system, the capability of the RHRSW system to flood the
containment following a LOCA is not impacted by plant operations at the proposed EPU.

Based on our review of the licensee's rationale, the evaluation described above. and the
experience gained from our review of EPU applications for other BWR plants, we find that the
RHRSW system is acceptable for DAEC operations at the proposed EPU.

*  As reported in the SE cited in Section 6.3 above regarding reracked DAEC spent
fuel pool. the calculated maximum boiloff rate is 53.05 gpm. which is less than the
design makeup capacity of £9.5 gpm available from the ESW system.

* The long-term containment pressure and temperature responses following a LOCA
are governed by the ability of the RHR system to remove the decay heat from the
suppression pool.
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6.4.1.2 General Service Water System (Non-Safety-Related Loads)

The general service water (GSW) heat loads will increase approximately proportional to the
increase in the reactor operating power level. The licensee stated that the major GSW heat
load increases from the EPU refiect an increase in main generator heat losses rejected to the
stator water coolers, hydrogen coolers and exciter coolers in addition to increases in bus cooler
heat loads. The licensee performed evaluations which demonstrate that the GSW system is
adequate for plant operations at the proposed EPU.

Since the GSW system does not perform any safety-related function, the impact of the
propcsed EPU on the designs and performances of this system was not reviewed.
,(’3'}“ wﬂi)ﬁ” 3

6.4.2 Main Condenser, Circer, and Normal Heat Sink System Performance

The main condenser, circulating’ and normal heat sink systems are designed to provide the
main condenser with a continuous supply of cooling water for removing heat rejected to the
condenser, thereby maintaining condenser pressure as recommended by the turbine vendor.
The licensee stated that the performance of the main condenser, circulating water, and normal
heat sink systems was evaluated and found adequate for plant operations at the proposed

i .
f ’r,m..

Smce the main condenser, circulating water, and normal heat sink systems da not perform any
safety-related function, the impact of the proposed EPU on the designs and p formances of
these systems was not reviewed. i \

6.4.3 Reactor Bunldmg Closed Cooling Water S tem. %
- RN . e

The reactor bunldmg closed cooling water (RBCCW) system is de5|gned to remove heat from
various auxiliary plant equipment housed in the reactor building during normai plant operations.
The licensee performed evaluations and stated that the increase in heat loads on this system
due to plant gperations at the proposed EPU is insignificant.

C
Since the RBCW system does not perform any safety-related function, the impact of the
proposed on the designs and performances of this system was not reviewed.

6.4.4 Well Water System

The well water (WW) system supplies cooling water to many of the non-safety HVAC units.
The licensee performed evaluations and stated that the WW system heat loads do not
increase significantly due to the EPU. The WW system has adequate heat removal capability
for plant operations at the proposed EPU.

Since the WW system does not perform any safety related function, the impact of the proposed
EPU on the designs and performances of this system was not reviewed.

6.4.5 Ultimate Heat Sink (UHS)
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By letter dated June 21, 2001, in response to the staff's RAI, the licensee explained that for the
evaluation of the turbine building HVAC performance, assumptions were made to maximize the
duty on the cooling units. For example, the largest increase in the "sub-area” heat load

(i.e., an increase of 21 percent near the main condenser and feedwater heater #1) was
conservatively assumed to apply to the entire condenser/heater bay area. Most "sub-areas"
were predicted to experience an increase in heat load of only 4 percent to 10 percent.

The licensee further explained that the turbine building HVAC system is sized with enough
margin to accommodate the expected increase in actual heat load for the feedwater heater bay
area. This can be seen by the predicted small increase in outlet cooling water temperature of
the coolers for the above increase (21 percent) in heat load. Because of the excess in cooling
capacity and the use of very conservative inputs to the. analy5|s the licensee does not expect to
see any noticeable increase in actual operating temperatures in this area.

. N N
Based on our review of the licensee's rationale ,,and the experience gained from our review of
EPU applications for other BWR plants we conclude that the EPU does not adversely affect the
operation of HVAC

We find that the operatlon of t% plant atthe EPU RTP: erF have no m%on the existing fire
vrded to protect safe-shutdown
capabrllty or the admlmstratrve controls that; are specrf ed'i in;the plant’s fire p ion plan
required by 10 CFR 50 48(a). The NRC requrrements for achlevmg and maintaini b&? safe
shutdown fol!owrng a fir ire require (,1-)athat one traln of systems necessary to achleve and
maintain hot shutdown be malntar ;ree of fire damag, _ and (2) that the systems necessary
to achieve and maintain cold shutdown%can either be’ repalred wrthrn 72 hours if using"
redundant systems or the systems can be repalred and cold shutdown can be achleved wrth|n

important reactor pr S variables (peak claddlng temperature, primary systems pressure,
primary containment pressure, and suppression pool bulk temperature) are not exceeded
following a fire event.

=t { Section 3.8 “Reactor Core Isolation Cooling,” states that for certain beyond-design-basis events
Mol Safe| (Appendix R or ATWS), operation of the RCIC system at suppression pool temperatures

Skw\‘dadr\ « |greater than the operation limit may be accomplished by using the dedicated condensate
oA ~S . T storage tank (CST) volume source of water. Section 4.2.1 “High Pressure Coolant Injection,”
S o~%o states that for certain beyond-design-basis events (Appendix R or ATWS), operatlon of the

"T‘\L Sa sl\mj\'& 3 PCI system at suppression pool temperatures greater than the opera

accomplished by using the dedicated CST volume source of water. fiWhile the staff does not

S S'k'v& Cor \consider an Appendix R fire a beyond-design-basis event, as stated in the submittal report

ad\»&"c () staff has accepted the uSeof&ither HPCI or RCIC with suction from either the suppression pool
s,Ld' AOQSN or the CST for providing reactor coolant makeup to achieve hot shutdown when those systems

; % are protected in accordance with the requirements specified in Section 111.G of Appendix R to

odl-ﬂ\u\ 22 houts. \10 CFR Part 50.

br‘us-ta f b sade shathawn | is mend o w\y(a “hel 5wa

S \.S ﬁ-& C S (&(%Sm% is. We were Cu-ns‘}'mc:kel
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10 CFR Part 50. Appendix I, include the offgas system and SGTS, as well as other building
ventilation systems. Various devices and processes, such as radiation monitors, filters,
isolation dampers, and fans, are used to control airborne radioactive gases. The results of the
licensee’s analyses demonstrate that airborne effluent activity released through building vents
is not expected to increase significantly due to plant operations at the proposed uprate power
level. The reiease limit is an administratively controlled variable, and is not a function of core
power.

Based on our review of the licensee's rationale and evaluation, and the experience gained from
our review of EPU applications for BWR plants, the staff concludes that plant operations at the
proposed uprate power level will have an insignificant impact on the above systems.

8.2.1 Offgas System

Core radiolysis (i.e., formation of H, and Q,) increases linearly with core power, thus increasing
the heat load on the offgas recombiner and related components. The licensee evaluated the
impact of the increases of these offgases resuiting from piant operation at the proposed EPU
on the offgas system. The licensee stated these operational increase in offgas due to EPU
remains well within the design capacity of the system. The system radiological release rate is
administratively controlled, and does not change with operating power. Therefore, EPU does

not affect the offgas system design or operation. S i

&M ’ .L”:\ "\i\‘ . % :"- :::e”\ '%%?3’&\ ’(j"‘ ~ .
Based on our review of the licensee's rationale and evaluation, and the expe gained from
our review of EPU applications for other BWR plants, the staff concludes that t operations

at the proposed EPU will have an insignificant impact on the offgas systems.
. .. s £ \_;\ p._,
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AQOs are asnormal transients which are expected to occur one or more times in the life of a
plant and are initiated by a malfunction, a single failure of equipment, or a personnel error. The
applicable acceptance criteria for the AOOs are based on 10 CFR Part 50, Appendix A,

GDC 10, 15, and 20. GDC 10 requires that the reactor core and associated control and
instrumentation systems be designed with sufficient margin to ensure that the specified
acceptable fuel design limits are not exceeded during normai operation and during AOOs.
GDC 15 stipulates that sufficient margin be included to ensure that the design conditions of the
RCPB are not exceeded during normal operating conditions and AOOs. GDC 20 specifies that
a protection system be provided that automatically initiates appropriate systems to ensure that
the specified fuel design limits are not exceeded during any normal operating condition and
AQOs.

The SRP further states (1) pressure in the reactor coolant and main steam system should be
maintained below 110 percent of the design values according to the ASME Code, Section iil,
Article NB-7000. “Overpressure Protection”; ¢2) fuel cladding integrity should be maintained by
ensuring that the reactor core is designed to operate with appropriate margin to specified limits
during normal operating conditions and AQQOs: (3) an incident of moderate frequency shouid
not generate a more serious plant condition unless other faults occur independently; and (4) an
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incident of moderate frequency, in combination with any singie-active component failurg or
single operator error. should not result in the loss of function of any fission product barrier othe:
than the fuel claading. A limited number of fuel cladding perforations are acceptabie.

The DAEC UFSAR evaiuates a wide range of potential transients. Chapter 15 of the UFSAR
contains the desian basis analyses that evaluate the effects of an AQO resulting from changes
in the system parameters such as (1) a decrease in core coolant temperature, (2) an increase
in reactor pressure. (3) a decrease in reactor core coolant flow rate, (4) reactivity and power
distribution anomaties, (5) an increase in reactor coolant inventory, (6) a decrease in reactor
coolant inventory. The plant’s responses to the most limiting transients are analyzed each
reload cycle and are used to establish the thermal limits. A potentially limiting event is an event
or an accident that has the potential to affect the core operating and safety limits.

The generic guidelines for EPU evaluation (Appendix E of ELTR1) identified (a) the limiting
transient to be considered in each event category, (b) the analytical methods to be used, (c) the
operating conditions assumed in the generic evaluation presented in the report, and (d) the
criteria that was applied. The licensee stated that in support of the EPU, each limiting transient
analysis for each category of the transients listed in Table E-1 of ELTR1 was analyzed.

Table 9-1 of the submittal describes the reactor operating conditions used in analyzing the
limiting transients for the recent pre-EPU fuel cycle (Reload 16) and for the EPU representative
core. The table aiso lists the nominal dome operating pressure and the SLMCPR used in the
transient analyses and in calculating the MCPR operating limits. The EPU tragsients analyses
were based on a representative GE-14 core and the licensee calculated an SLMCPR value of
1.08 for the core.

The licensee stated that input parameters related to the performance improvement features or
equipment out of service (OOS) have beén included in the safety analyses for the EPU?&I’_DAEC
is licensed or seeks to implement MELLLA, SLO, one ADS OOS, ARTS, turbine bypass valve
(TBV) OOS, recirculation pump trip (RPT) OOS, and MSIV OOS for EPU operation.

Therefore, the EPU transient analyses that were performed considered these operating
features. Accoracing to the licensee, most of the transient events are analyzed at full power anc
at the maximum zallowed core flow operating point on the power/flow map (Figure 2-1). The |

Mare |
= [
odd -

licensee also INCILded the 2 percent power uncertainty in the analyses / The Ticénsee analyzed

the following Timiting transients and Table 9-2 of the submittal provides the results.

« load rejecion with bypass failure (LRWOB)

‘F'( e \ ’5;, *  turbine trio with bypass failure (TTWOB)

+ feedwater controller failure (FWCF) maximum demand

loss of feeawater heating (LFWH)
* inadverter: HPCI actuation
. rod withcrawati error (RWE)

. fast recircuiation increase
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*  slow recirculation increase
* load reject with bypass

*  MSIVC all valves

*  MSIVC one valve

The licensee determined that, as shown in Table 9-2 and Figures 9-1 to 9-4 of Reference 1,
there are no changes to the basic characteristics of any of the limiting events due to EPU
operating conditions. SRR

Table 9-2 does not include the pressure regulator downscale failure transient, which is included
in Table E-1 of ELTR1. However, the plant is equipped with a backup regulator and this event
is considered to be a mild transient. Also, other transients in the category of decrease in heat
removal by the reactor coolant system bound this event. Also Table 9-2 does not include
LOFW, which forms the basis for evaluating the RCIC capability to perform its design basis
function. As discussed in Section 3.8 of this document, the licensee analyzed this transient.
Appendix E of ELTR1 does include a loss of single feedwater pump transient, but the licensee
considers this event to be nonlimiting with respect to MCPPénd did not analyze it.) The staff

agrees with the licensee's assessment. Theorrect, Sez pPusS FM2Z.
iy, Y L =

In its February 8, 1996, response to ELTR1, the staff agreed that the minimum 's;%of limiting
transients described in Appendix E of the topical needed to be included in the uprate,
amendment request. The staff also stated that a list of all. of the transients analyzed.i, support
of the EPU should be included, with an explanation of how the limiting transients were' Selected.
The submittal did not provide the bases for selecting the EPU limiting transients. GE selects
the limiting EPU transients by evaluating the seven categories of transient events based on the
EPU parameters to ensure that (a) the UFSAR events remain bounded by the reload transient
events, (b) no nonlimiting events become limiting in terms of thermai limits due to the EPU, and
(c) no additional limiting event in terms of thermal limits are caused by the EPU operating
conditions. Appendix E.2.2 of ELTR1 also discusses the bases for selecting the limiting

transients to analyze in support of the EPU. The stated justifications are applicable to DAEC.

In support of operation at the higher MELLLA rod line and the EPU power level, the licensee
analyzed the limiting transients using representative GE-14 core. The current EPU analyses
are based on NRC-approved analytical methods and codes. The ransient evaluations also
take into account the impact of the performance improvement programs or special features in
establishing the thermal limits for the EPU operation. Therefore. s:aff agrees with the
licensee's conclusions that the EPU transient analyses do not idenrtfy any major changes to the
basic characteristics of any of the limiting events due to the EPU czerating conditions. The
licensee will be uprating in phases, and will analyze or confirm the :miting transients based on
the actual core design as described in Section 1.3 and the upratec cower level at each phase of
the uprate process. The staff finds this approach acceptable.

In the current TS, some limiting conditions for operation (LCOs) anc surveillance
requirements (SR) use ercent of the RTP to determine when ' apply the corresponding

30
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requirement. The value ofercem of RTP is based on the steam flow capability of the
bypass vaives. The limiting fast transients assume that several scram signals are bypas
belo ercent of rated thermal power. The licensee intends to reduce the@&percent RTP
limit_To%+7Ypercent of the EPU power level. Therefore, the actual thermal power thresholds
used in TS LCO and SR requirements will remain at the same value of @5 t, which
represents{25 percent of the pre-EPU thermal power and@+Thercent of tTNQ\EPU power level,
and represents the steam flow capacity of the bypass vaives] The staff findsfthis acceptable.

9.2 Design Basis Accidents

In December 1999, the NRC issued a new regulation, 10 CFR 50.67, “Accident Source Term,”
which provided a mechanism for licensed power reactors to replace the traditional accident
source term used in their design-basis accident (DBA) analyses with alternative source term
(ASTs). Regulatory guidance for the implementation of these ASTs is provided in RG 1.183,
“Alternative Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear Powe
Reactors.” Section 50.67 requires a licensee seeking to use an AST to apply for a license
amendment and requires that the appiication contain an evaluation of the consequences of
affected DBAs. NMC's application of October 19, 2000, addresses these requirements in
proposing to use the AST described in RG 1.183 as the DAEC DBA source term used to
evaluate the radiological consequences of DBAs. As part of the implementation of the AST, the
total effective dose equivalent (TEDE) acceptance criterion of 10 CFR 50.67(b)(2) replaces the
previous whole body and thyroid dose guidelines of 10 CFR 100.11 and 10 CFR Part 50,
Appendix A, General Design Criterion (GDC)-19, for the loss-of-coolant acciderit (LOCA), the
main steamline break (MSLB) accident, and the control rod drop accident (CRDA).

Py
The accident source term is intended to be representative of a major accident involvi‘f}%
significant core damage and is typically postulated to occur in conjunction with a large -QCA.
As a result of significant core damage, fission products are available for release into the
containment environment. An AST is an accident source term that is different from the acciden
source term used in the original design and licensing of the facility and has been approved for
use under 10 CFR 50.67. Although an acceptable AST is not set forth in the regulations,
RG 1.183 identifies an AST that is acceptable to the staff for use at operating reactors.

By application dated October 19, 2000, as supplemented March 23, April 9, and June 27, 2001,
the licensee requested a license amendment for the Duane Arnold Erergy Center (DAEC).
Amendment No. 240 was granted on July 31, 2001. The amendment allows the replacement
the accident source term used in design basis radiological analyses with an altemnative source
term (AST) pursuant to 10 CFR 50.67. The NRC had previously approved the TS changes
associated with secondary containment operability during refueling operations and the selective
implementation of the AST to the FHA in Amendment No. 237, dated April 16, 2001. The SE
dated July 31, 2001, addresses the siaff review of the DBA analyses. The staff reviewed the
assumptions, inputs, and methods used by the licensee to assess the radiological impacts of
the proposed changes. In doing this review, the staff relied upon information placed on the
docket by licensee. staff experience in coing similar reviews and. where deemed necessary, on
staff confirmatory calcuiations. The s:aff conciuded that the licensee used analysis methods
ana assumptions consistent with the ccnservative guidance of RG 1.183, the proposed TS
changes. and the future EPU.
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limiting ATWS events in terms of overpressure and suppression pool cooling: (a) MSIVC,

(b) Pressure Regulator Failure-Open (PRFO), (c) LOOP, and (4) inadvertent opening of a relief
valve (IORV). The licensee performed the ATWS analyses, as discussed in ELTR1, at the
MELLLA/EPU operating condition to demonstrate that DAEC meets the ATWS acceptance
criteria. To provide a benchmark for the plant's response to limiting ATWS events, the licensee
also performed the ATWS analyses based on the ORTP.

Tables 9-7 and 9-8 of the submittal provide the key input parameters used in the ATWS
analyses and the corresponding resuits (peak vessel bottom pressure, peak cladding
temperature, peak suppression pool temperature, and peak containment pressure). The
licensee stated that the results of the ATWS analyses meet the ATWS acceptance criteria.
Therefore, the plant's response to an ATWS event for EPU operation is acceptable.

Table 9-8 shows that the ATWS PCT for the ORTP is 1418 °F and the EPU PCT is 1380 °F.
The staff asked the licensee to verify the PCT values. The licensee confirmed that the PCT
values are correct and explained the bases for these values, which seem to be counterintuitive.
The staff also found similar trends for other calculations (pre-EPU PCTs are higher than the
EPU PCTs). Since the ATWS analyses are based on NRC-approved methods and the licensee
performed the ATWS analyses at the MELLLA/EPU conditions, the staff accepts the licensee’s
evaluatlon . . . m\
) Toa . Lz ':‘a\\
The staff agrees with the licensee that DAEC meets ATWS mitigating features stipulated in
10 CR 50.62 and the results of the ATWS analyses at the EPU/MELLLA operatipn meet the
ATWS acceptance criteria. Future reload analyses would confirm that the plant’saresponse to

an ATWS event based on the cycle specﬂ" c condltlon W|II contmue to meet the ATWS
acceptance cnterla :

ATWS-RPT Instability h N

The EPU submittal did not address whether operation at the higher MELLLA/EPU condition
might affect the potential for T/H instability The potential for instability following a transient
S-RPT event has been the subject of extensive research and discussio@t\gee‘n the

NRC and the BWROG. In NEDO-32047-A, “ATWS Rule Issues Relative to ore
Thermal-Hydraulic Stability,” the BWROG and GE generically addressed the potential for T/H
instability during an ATWS event and its impact on high-density BWR/5 and BWR/6 reactors
operating at reactor power levels of 3323 MWt. The staff reviewed the topical report and issued
an SE on February 5, 1994. In the SE, the staff stated :

(a) Although large power oscillations may worsen the overheating and severity
of fuel damage resulting from ATWS event, the analyses indicate that core
coolability and containment integrity can be maintained. The staff
concluded that the prescriptive requirements of the ATWS rule remained
appropriate.

{b) "he BWROG had proposed to revise the EPGs and direct immediate action
0 be taken by the operators 10 reduce core inlet subcooling after
confirmation of an ATWS event and direct eariier injection of boron in the
oresence of power oscillations. The staff noted that the risk prospective
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reviews cf the proposed actions were continuing, but these actions are

sufficiert for mitigating the consequences of a bounaing ATWS event with
oscillation.

(c) Byregucing the core inlet subcooling, the EPGs will instruct the operators to
continue decreasing the water level and maintain it at a level of about
1 meter or more below the feedwater spargers to ensure effective
termination of power oscillation. Reducing the water level below the
feedwater spargers would ensure that when the feedwater flow is resumed,
the incoming cold water is heated by mixing with the steam. The staff
stated that injection of additional water would not provide significant benefit
to the response to instability and other criteria must be used to determine
whether water level reduction below the TAF is warranted.

The staff accepted NEDO-32047 and NEDO32164, “Mitigation of BWR Core

Thermal-Hydraulic@" in a letter dated February 5, 1994. The staff stated that the
recommended operator actions to lower water level to below the feedwater nozzies and earlier
SLC system activation were appropriate for mitigating the ATWS event with oscillations.

Section L.3.1, “Power Conditions for ATWS Evaluation,” and Section L3.2, “Operator Action,” o
ELTR1 discuss some aspects of ATWS instability. The EPU report stated that the effect of
operation along the maximum extended operating domain (MEOD) will be considered,
explaining that MEOD operation will maximize the natural circulation power level. after an
ATWS-RPT. In addition, ELTR1 stated that operator actions would be assumed to be
consistent with the BWR EPGs, with typical operator actions for ATWS including:

(1) tripping the feedwater pumps on high suppression pool temperature or oth%r
confirmed ATWS symptoms,

(2) starting the SLC system on confirmed ATWS symptoms,

(3) maintairing the RPV water level near the TAF during an ATWS event, and

(4) ciarting :ne RHR in the pool coaling mode on high suppression pool
‘emperzsiure.

The EPU topical further stated that in “some areas, manual actions are involved in ATWS
evaluation. !*is mecs: consistent for the plants to assume that these actions are performed in
response to sympicms as iney may occur during the postulatea event.” Therefore, even
though ELTR1 did not directly discuss ATWS instability, it indirectly pointed out that, for plants
operating along the nigh MEOD operating domain, an ATWS-RPT event would place the
reactor in an instat: .ty zone with high power at the natural circuiation conditions. It also
recommenaea tripping the feedwater pumps to reduce subcooling, which is an important
destabilizing factor. Jlaintaining the reactor water levei at the TAF (below the feedwater
spargers) would aisc reduce subcooling and excess reactivity.

In the absence of a ziant-specific evaluation of the impact of the nigher MELLLA rod line and
power densivv on CAEC's ATWS instability response. tm2 staff asked the licensee to confirm
that DAEC's =PGCs zre censistent with ELTR1 ana the recommendations in NEDO-32047-A.

1

[
r
~

In its Augusi ©6, ZCC1. submittal, the licensee confirmea that the basic strategies and operator
responses in the Emergency Operating Procedures (ECPs) have not been changed as a result
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In SAIC-91/6670. “Technical Evaluation Report. Duane Arnold Energy Center, Station Blackout
Evaluation.” Science Appiication International Corporation (SAIC - an NRC contractor) reviewec
DAEC's SBO response and coping capability at the pre-EPU power level. The technical
evaluation report (TER) stated that the licensee maintains 75,000 gallons of condensate
inventory and that 62.800 gailons of condensate would be needed for decay heat removal and
cooldown during a 4-hour event. According to the pre-EPU TER, the assumptions and input
parameters are consistent with the expected conditions and therefore, the site has sufficient
condensate to cope with an SBO event. The pre-EPU TER also reviewed DAEC's ability to
maintain adequate reactor core coolant and inventory during an SBO event. The pre-EPU SBO
analysis assumes that the SRVs lift early in the event, and HPCI and RCIC, which rely on
steam driven turbines, initiate and inject into the reactor. HPCI and RCIC stop on high reactor
vessel water level and the operators subsequently prevent injection of the@
system;(, operating the HPCI in the recirculation mode to and from the CST. Water level is
maintained using the RCIC and 30 minutes into the event, the operators start controlled reactor
vessel depressurization at less than the 100 °E. At 100 minutes, the RPV is maintained at

about 200 psig, using HPCI and RCIC as nece

The higher decay heat for the EPU operation would increase the boil-off rate, therefore, the
ability of the plant to maintain core coverage, using the available inventory in the CST would be
affected. in its August 16, 2001, response to a staff RAI, the licensee stated that its new 4-hour
coping analysis determined that approximately 66,750 gallons of CST inventory would be used,
and this continues to be less than the 75,000 gallons available in the CST.

The staff has reviewed DAEC's ability to cope in a 4-hour duration SPU and enstire core
cooling and coverage during the event. The staff accepts the licensee’s conclusion that the
plant's SBO coping capabilities will not be adversely affected by EPU operation. ;
Based on our review and the experience gained from our review of EPU applications for other
BWR plants, we agree with the licensee’s conclusion that the impact of plant operations at the
proposed EPU on the systems and equipment used to cope with an SBO event is insignificant.
Further, the NRC staff has reviewed the information provided by the licensee to determine the
impact of the EPU on the existing analysis for SBO at DAEC and agree with the licensee's

rationale and evaluation that the plant continues to meet 10 CFR 50.563 requirements.

10. ADDITIONAL ASPECTS OF EXTENDED EPU

10.1 High-Eneray Line Breaks

To achieve the proposed higher power at the DAEC, the licensee pians to expand the operating
envelope on the power/flow map through implementation of maximum load line limit analysis
(MELLLA). Operation at the EPU level does not require an increase in the reactor vessel dome
pressure over the pre-EPU vaiue to supply more steam to the turbine. Therefore, plant
operations at the EPU level wii have an insignificant impact (due to cnanges in the fluid
conditions. l.e.. pressure or entnaipy, within the system piping) on ins mass and energy release
rates following a high-eneray 'ne break (HELB) outside the primary czntainment.

10.1.1 Temperature. Pressure and Humidity Profiles Resulting From HELB
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The ucensee performed an HELB analysis :cr all systems (e.g. main steam svstem, feedwater
sysiem, reactor core isolation cooling sysiem. etc.) evaluated in the USAR. The iicensee statec
that the resulting environmental conditions (i.e., pressure, temperature, and humidity profiles)
due 1o plant operations at the proposed EPU level are bounded by the existing profiles used to
qualify equipment and systems that suppcrnt a safety-related function.

Based on our review of the licensee's anaiysis, the staff agrees with the licensee that the
existing environmental conditions used to qualify equipment and systems that support a safety-
related function remain bounding for the cressure, temperature, and humidity profiles resulting

from an HELB outside the containment ana are acceptable for plant operations at the proposed
EPU level.

10.1.1.1 Main SteamLine Break

The licensee stated that the critical parameter normally affecting the MSLB analysis relative to
the EPU would be an increase in reactor vessel dome pressure. Since there is no increase in
the reactor vessel dome pressure, there is no increase in the blowdown rate following an MSLB
in the steam tunnel. Therefore, the pressure and temperature profiles following an MSLB in the
steam tunnel are not affected for plant operations at the proposed EPU level.

Based on our review of the licensee's evaluation and rationale, the NRC staff agrees with the
licensee’s conclusion that the existing pressure and temperature profiles following an MSLB in

the steam tunnel are not affected and are acceptable for plant operations at the proposed EPU
level. B

10.1.1.2 Feedwater Line Break

5

At the EPU level, the feedwatertemperature, pressure, and flow rate increase slightly. The
licensee performed an@nalysts)for a feedwater line break in the steam tunnel. The licensee

stated that design margins within the HELS analysis for a feedwater line break in the steam
‘Jnnel are conservative and are toundec oy the MSLB.

Based on our review of the licensee's rationale and evaluation, the NRC staff agrees with the

licensee that the pressure and temperature orofiles following a feedwater line break in the
steam tunnel are bounded by the MSLB.

10.1.1.3 High-Pressure Coolant Injection Line
Because there is no increase in the reac:zr zome pressure relative to the current analyses, the
mass release rate following a HPC! or RC'C iine break does not increase. The licensee stated

‘nat the previous analyses for these iine £ zaks are bounding for the £PU ccraitions.

3aseda on our review of the licensee's ratic~aie. the NRC staff agrees with ths iicensee that the
crev.ous analyses for these line creaks rz~zin bounaing for the EPU conaitg:s.
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remains qua. " =d because its as-tested guaification for total integrated dose (TID) exceeds the
EPU values. ~or exampie, for the RCWU heat exchanger room, which has a 40-percent
increase in rcrmal dose, the calculated TID is 8.34E+06 rads. The minimum as-tested TID for
equipment in tnat room is 2.0E+07 rads. Thus, the EPU total dose (i.e., normal and accident)
in these roorrs 1s bounded by the current dose level used to qualify all components potentially
affected by ='s increase. Therefore, these components continue to be qualified for the EPU.

In summary. :~e EPU has a negligible effect on the environmental conditions currently used by
the EQ program for safety-related electrical equipment outside the primary containment.

10.2.2. EQ of Mechanical Equipment with Nonmetallic Components

In response ¢ a staff request for additional information, the licensee stated that the DAEC plant
design contrc: program ensures that nonmetallic components (i.e., seals, gaskets, lubricants,
and diaphragms) are properly specified and procured for the environment in which they are
intended to function.

Based on our review of the licensee's rationale, and since the changes for the normal and
accident environmental conditions inside and outside the containment and for the system
process temperatures are negligible,the staff conclude that the EQ of the nonmetallic
components exposed to the EPU conditions is not adversely impacted.

10.2.3 Mechanical Components Design Qualification |

10.2.3.1 Equipment Seismic and Dynamic Qualification Dy

The licensee evaluated equipment qualification for the EPU condition. The dynamic loads such
as SRV discharge and LOCA loads (including pooi swell, condensation oscillation, and
chugging loacs) that were used in the equipment design will remain unchanged as discussed in
Section 4.1.2 =f Reference(Z) This is because the plant-specific hydrodynamic loads which are
based on the -znge of testfconditions for the design-basis analysis at DAEC, are bounding for
the EPU con<ion. I

Based on its rzview of the proposed EPU amendment, the staff finds that the original seismic
and dynamic -ualification of safety-related mecnranical and electrical equipment is not affected
by the EPU cznditions for the foilowing reasons:

1. The Seismic loads are unaffected by the EPU:

No new c:pe break locations or pipe wnip and jet impingement targets are postulated as a

result ¢’ “ne uprated condition;

Pipe v < and jet impingement loads ¢o not increase for the EPU; and

4. SRV arz LOCA dynamic loads used in the original design basis analyses are bounding for
the EPL

w

10.2.2.7 © Safety-Related SRV-enatFwerSocrated—alves—

The licensee Zzrformed the over-pressure orotection analysis at the uprated power condition
using 3 percz~: SRV setpoint tolerance. @nds the use of 3 percent tolerance 10 be )
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acceptablejfor DAEC as the inservice surveillance testing of the piant's SRVs have not shown ¢

sIgnincant propensity for the high setpoint drift greater than 3 perwe analysis calculated
a peak RPV steam oressure of 1313 psig at the botfom of the vessel. This peak pressure
remains below the ASME allowable of 1375 psig (110% of design pressure) and that
safety-related SRV coerability is not affected by the proposed EPU. Furthermore, the
maximum operaticn reactor dome pressure remains unchanged for the DAEC EPU.
Consequently, the licensee concluded that the SRV setpoints and analytical limits are not
affected by the proposed EPU, and that the SRV loads for the SRV discharge line piping will
remain unchanged. The staff agrees with the licensee’s conclusion that the SRVs and the SRV
discharge piping wiil continue to maintain their structural integrity and to provide sufficient over-
pressure protection to accommodate the proposed EPU. =« '

10.2.3.1.2 m&wpower-Operated Valves

As discussed in its original request and response to staff questions, the licensee evaluated the
effect of the EPU on the capability of power-operated vaives to perform their safety functions at
Duane Arnold. The licensee reviewed calculations and settings for the safety-related
motor-operated valves (MOVs) within the scope of the programs established in response to
Generic Letter (GL) 89-10, “Safety-Related Motor-Operated Valve Testing and Surveillance,”
and.GL 96-05, “Pericdic Verification of Design-Basis Capability of Safety-Related

Motor-Operated Valves.” The review included potential effects of the EPU"‘or) the operating
requirements for the valves and output of safety-related MOV motor actuators, in addition, the
licensee is evaluating its air-operated valves (AOVs) as part of an industry-wr%ffort, and has
confirmed that the EPU will not adversely affect the capability of AOVs at DuanefArnold to
perform their safety functions. The licensee has also evaluated the potential pressure locking
and thermal binding of its safety-related power-operated gate valves as a resuit of the,proposec
EPU. The licensee reported that the EPU condition did 'not impact its screening crite%
established in response to GL 95-07, “Pressure Locking and Thermal Binding of Safety-Relatec
Power-Operated Gate Valves.” The licensee evaluated the valves previously determined to be
susceptible tc pressure locking or thermal binding, and determined that the EPU would not
adversely affect thcse valves. The staff finds the licensee’s evaluation of the effect of the
proposed EPU on the capability of safety-related power-operated valves at Duane Arnold to be
acceptable. The licensee also indicated that the proposed EPU conditions are bounded by the
current containment analysis and thus have no impact on the evaluation in response to

GL 96-06 on potenal overpressurization of isolated piping segments for DAEC.

Based on the information provided by the licensee, the staff conciudes that the proposed EPU

will not have an adverse effect on the performance of mechanical components of safety-related
valves at DAEC.

10.3@ Reguirsz Testing

10.3.1 Gener:z Test Guidelines for GE BWR Extended EPU
NEDC-32424P-A. Szction 5.11.9, provides the general guidelines for EPU testing.
. A testing plan il be included in the uprate licensing application. It will include

pre-operationai tests for systems or components which have revised performance
requirements.  will aiso contain a power increase test plan.
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The licensee’s test plan follows the guidelines of NEDC-32424P-A and the staff position
regarding individual EPU amendment requests.

10.3.3 Systems/Components with Revised Performance Requirements

The guidelines in NEDC-32424P-A, Section 5.11.9, specify that pre-operational tests will be
performed for systems or components which have revised performance requirements. These
tests will occur during the ascension to EPU conditions. The performance tests and associated
acceptance criteria are based on Duane Arnold's original startup test specifications and
previous GE BWR EPU test programs. The licensee has identified performance tests for the
following systems.

.f&’ R 3
. Intermediate range neutron monitors assure SRMs and APRM overiap
. APRM calibration e N E N

. Pressure regulatory system setpoint stepsR failures, incremental regulation
. Feedwater control system setpoint changes incremental regulatlon

. Radiation measurements survey B e
. Feedwater system vibration . 'x kS \
. Maln steam system vibration \ “\ Y 2y

: “ W
Wrth regard to the steam pressure or rec:rculatron ﬂc:u\r}estlﬁg% neither pa}“ameter has changed
for the uprate program .Therefore, testmg of system performance is not ne sary.

The results from the uprafé test program will be_ used‘{o revise the operator trai A program to

In a submittal dated June 11, 2001 Duane Amold proposed to |mplement the EPU in two
phases. EPU Phase | would result in 1790 MWt (112.4 percent of the ORTP and 107.9 percent
of theyRTP). EPU Phase Il would result in 1912 MWt {120 percent of the ORTP and

15.3 percent of the current RTP).

Section 5.11.9 of NEDC-32424P-A, “Power Uprate Testmg,” states that a MSIVC test,
equivalent to that conducted in the initial startup testing, will be perfcrmed if the EPU is more
than 10 percent above any previously recorded MSIVC transient data. NEDC-32424P-A also
states that a generator load rejection test equivalent to that conducted in the initial startup
testing will be performed if the EPU is more than 15 percent above any previously recorded
generator load rejection transient data. DAEC experienced unplanned events at approximately
1658 MW that provided the data to fuifill the requirements of Section L.2.4 of NEDC-32424P-A
up to and including power levels of 1823.8 MWt for the MSIVC test and 1906.7 MWt for the
generator load rejection test. Therefore, the large transient tests are not required for Phase |.
However, consistent with NEDC-32424P-A these tests should be performed prior to Phase II.

The staff is currently evaluating the need for large transient tests icr SPUs. The staff is
conductng its evaluation under the Dresden 2 and 3 and Quad Ciues 1 and 2 EPU reviews.
The staff intends that its decision on the Dresden 2 and 3 and Quaa Cities 1 and 2 applications
would apply to DAEC. In addition, the DAEC licensee has committed to implement the Phase Il
test program consistent with the outcome of the staff's evaluation of tne Dresden 2 and 3 and
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Quad Cities 1 and 2 reviews. Because the staff has not completed its evaluation of this issue,
this issue remains open for the Duane Arnold EPU.

The staff finds that there is reasonable assurance that the applicant's EPU testing program is
consistent with the requirements of 10 CFR 50, Appendix B, and the NRC-approved topical
report NEDC-3242P-A, Section 5.11.9 for a EPU of 1790 MWt . The staff is still evaluating the
need for the large transient tests as described in NEDC-32424P-A. Therefore, the need for the
licensee to conduct these tests prior to Phase i1 is considered an open item.

10.4 Individual Plant Examination

The license amendment application was submitted in accordance with ELTR-1 and ELTR-2.
Consistent with ELTR-1, the licensee provided a plant-specific evaluation of the risks
associated with their proposed EPU. The staff rewewed this risk information, using the
guidelines delineated in RG 1.174. This evalua jon‘included a review of the licensee's
discussions on EPU impacts to core damage requency (CDF) and large early release
frequency (LERF) due to internal events, extemal events (i.e., fire and seismic), and shutdown
operations. The evaluation also addressed the quality of the DAEC PRA, commensurate with
its use |n the Ilcensee s and staff's decxsmn -making processes. N

:, :1-23 Interng‘f Event ' x 33& ﬁ\« "9’7%""

'&

nt with NEDC-3424P-A the Ilcense%‘evaluated the changes due to
|mp|ementat|on for |mpact on the probabalistic risk assessment (PRA) models internal
events in the following key areas: initiating event frequency, component rehabﬂxtyv:tystem

success cntena and operator resg nse. Each of %ege areas is specnf cally addres in the
following subsectxons followed by a 3063 cnptnon of* e ral nsk :mpacts from internal vents
for the EPU. T

10.4.1.1 Initiating Event Frequency

For the original DAEC PRA, initiating event frequencies were developed for:

. Abnormal operating transients (AOTs), such as manual reactor scram, turbine trip, LOFW,
loss of condenser vacuum, MSIVC, inadvertent opening of relief valves, and LOOP,
including SBO.

. ATWSs, including MSIVC, LOFW, loss of condenser vacuum, and turbine trip.

. LOCAs, including small, medium. and large interfacing systems and LOCAs outside

containment. L{&ka? oed LOCAS bA.M

Other special events, such as loss of 125 V dc power, loss of instrument air, loss of river
water supply, and internal flooding.

These internai initiating events were gualitatively assessed by reviewing the underlying bases in

refation to the frequency of occurrence of the elements and considering the potential impacts of
the EPU.
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action failed. The operator actions were further screened to exclude those errors that occurred
before the initiating event (e.g., instrument calibration errors), those whose timing were not
related to reactor power Ee .g., operator actions based on battery capacity), and those in which

the operators had hours to diagnose the problem and complete the tasks (so that the
reductions in the times available to respond were negligibly smaill).

The screening identified the following five operator actions that were evaluated further for their
impact on plant risk:

. lnitiation of SLC for turbine trip and MSIVC ATWS events.

L
. Inhibiting the ADS for MSIVC ATWS events wuth hlgh-pressure injection initially available.

- .‘\
. Initiation of reactor water level control in order to reduoe power for MSIVC ATWS events.
"fq' 4
. Initiation of SLC and power?level control for turbine trip ATWS events with bypass

available. S
: B,
. Depressunzatlon of the. vessel to allow Iow-pressure injection into the vessel following

failure of the hlgh -pressure injection systems for non-ATWS events with the reactor at
%ﬁlgh pressure. - N LN ) \

1, A, &y Log \
These operator actlons and the assocnated?}'npacts due to the EPU are discu below.
‘},\ m\ gk‘ %& ~1§ »bx t@%‘
The first operator action addresses the reduction in time avallable for the operators to initiate
SLC for turbine trip and MSIVC Al 1.\, 'S events. This pertalns to ATWS events with the
main condenser not available as & hea tsink. If m;e%m 8L¢ pumps is successful early
on, then the need for reactor vessél emergency depressurization will ‘be avoided, as the heat
capacity temperature limit (HCTL) for the suppression pool will nof be reached. If this operator
action is not performed early in the scenario, the suppression pool’s HCTL will be reached and
emergency cepressurization will be required. Still, if SLC injection from at least one SLC pump
is initiated within a reasonable time, in conjunction with the initiation of suppression pool cooling
(SPC), containment failure from high suppression pool temperature will be prevented. The two
different time windows for this operator action determine the success criterion (i.e., number of
trains) required later in the event analysis for SPC to avoid containment failure due to
overheating. Early SLC injection leads to the need for only one train of SPC, while late SLC
injection leads to the need for two trains of SPC. Due to the EPU, the early SLC initiation timing
is reduced from 6 minutes to 4 minutes, while the late SLC initiation timing is reduced from 20
minutes to 4 minutes. Based on the reduction in available time, the HEP for early SLC

initiation was increased from 1.1E-1 to 1.8E-1 and the HEP for late SLC initiation was increased
from 7.5E-Z :0 9.5E-2.

The seconc operator action addresses the reduction in time available for the operators to inhibit
ADS in MSI'/C ATWS events. This scenario pertains to ATWS events for which the main
condenser ‘s not available as a heat sink and the feedwater and condensate systems are not
available fcr reactor inventory makeup. High-pressure injection, however, is initially available.
The failure 1 inhibit ADS results in the automatic injection of a large quantity of water by the
low-pressure ECCS. This failure would dilute the boron in the core, resulting in a recriticality.
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The staff finds that the risk increases due to the reduced operator response times available
under the EPU conditions are small and meet the guidelines of RG 1.174 for both internal and
external events. Further, the staff finds that the licensee has a process for managing plant risk
during shutdown operations and that the risk impact due to the EPU during these operations wil
be negligible.

Based on the licensee’s reported analyses and results, the staff concludes that the increases in
CDF and LERF from internal, external, and shutdown events due to the proposed EPU are
small and that the risk impacts are within the guidelines set forth in RG 1.174.

10.5 Human Factors

This evaluation is limited to the operator performanoe lmpacts expected from the increased
maximum power level. It includes required changes to operator actions, human-system
interface, procedures, and training resulting ffom:the change in. maximum power level. The
evaluation is based on the licensee's responses to five broad questlons regarding human
performance. ) i

. 3 v T,

The staff’s gmdanoé?di"th:ls review lnc! es Informatton Notice 97- 78 “Creditmg of Operator
,f , Place of Automatic Actions and Modlf cat:ons of Operator Actlons Including
Times,” and ANSI/ANS-58.8, “Tlme Response Design Criteria forSafety—Related

Operator Actions,” 1984 k\

The staff’s evaluatlon of the hce ST sponses 0 ‘ equestlons is provided belgw.

o m
\,~ d

10. 5 1 Human Factors Rew

Question 1 - Descnbe how the proposed EPU will change theplant emergency and abnormal

procedures. \ LN N - RN

The licensee responded that minor changes to curves and limits were made to the EOPs, but
none of the changes have any impact on existing accident response strategies or require new
operator actions. Similarly, the AOPs require minor changes, but no significant changes to
operator actions have been identified. The staff finds these statements regarding changes to
procedures to be satisfactory.

Question 2 (a) - Describe any new risk-important operator actions required as a result of the
proposed EPU.

As stated above, no new risk-important operator actions have been identified.

Question 2 (b) - Describe changes to any current risk-important operator actions that will occur
as a result of the EPU.

The licensee described six operator actions considered to be risk important in which the time
available to perform the action wiil be decreasea as a result of the EPU. Based on the criteria
of ANSI/ANS-58.8, cnly one operator action, to initiate SLC in turbine trip and MSIVC ATWS
events, appears to present an issue. If the action can be successfully completed within
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6 minutes of the beginning of :ne event (4 minutes after EPU), the reactor vessel emergency
depressurization will be avoided. The ANSI/ANS 58.8 criteria indicate that 9 minutes should be
available for this action. However. if the licensee can satisfactorily justify a shorter time, the
shorter time is acceptable.

In its letter dated July 11, 2001. the licensee provided a detailed description of the steps an
operator would take to diagnose the need for SLC system injection and the execution of that
action, including a discussion of the controls used to initiate SLC system injection and the
ATWS EORP to be followed. The licensee further indicated that this scenario is a routine training
exercise and that boron injection using SLC system before reaching the boron injection initiatiol
temperature (BIIT) curve limit is a “critical task” in the training program. The licensee stated
that training records from 1997 to present show that 58 evaluated scenarios involving ATWS
events were conducted and that 100 percent of the crews successfully executed this task. It
should be noted that while time to accomplish the injection task was not recorded in these
simulations, all were successfully accomplished before reaching the BIIT curve limit. The
licensee estimates the actual task to take between 10-15 seconds, well within the 4 minutes
available with the EPU. The staff accepts this justification for the shorter available task time.

B L

Question 2 (c) - Explain any changes in?)lant risk that result from changes in risk-important
operator actions. NN N - N

(SPSB should respond to this question based on the NMC statement that failyre of early SLCS
injection is not a direct path to a coré_gamaéke‘ i.staté'.)_ @

53]

»

N, n, B '\ - t‘\ 3 N.\"'“\ .
Question 3 (a) - Describe any changes to the oberato%terfaces for control room controls,
displays, and alarms as a result of the proposed EPgai Eg; example, what zone markings (e.g.
normal, marginal, and out-of-tolerance fanges) on me will'change? %.\
The licensee provided a comprehensive list of control room indications that will need to be
rescaled or rebanded. In addition, the following items will be added or replaced: flow
transmitters for hydrogen injecton, feedwater pump suction indication. and reactor water
cleanup flow transmitters.

Question 3 (b) - What setpoints will change?

The licensee stated that the ic.iowing setpoints will change: APRM. main steamline high flow
and high radiation isolations, and turbine first-stage pressure trip bypass.

Question 3 (c) - How will operz:ors know of the change?
The licens == stated that all se:zoint changes are made under the iicensee’s design control
process. wnich requires that ail design changes be evaluated by the ‘raining department for

impact on both operator and crait training.

Question 3 (d) - Describe anv ~zntrols. displays. and alarms that wi =e upgraded from analog
to digital \nstruments as a res..: of the proposed EPU.
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