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This report docuzments the technical evaluaticn of tha proposed
changes to the plant reactor protesction systsz by the licensae of Duzns
Arnold Energy Center, Unit 1 to account for single-loop plant speration.
This evaluation is restricted to only the electrizal, iastrumentacion, and
contrrl design aspects of propesed changes to the plaant tachnical speci-
ficailons for single~loop cperaticn beveond 24 hours. The conclusion of
the evaluation is that the Duane .rnold license azendzent for single-loop
operation has met the review critesia provided ancaalous control roon
indicatinns are corrected or warning-tagged for the duratic: of single-

locp operation.

FORZWORD

This report 1s supplied as part cf the Selected Operating Reactor
2Zssues Progranm II being conducted for the U. S. Nuclear Regulatory Cozmission,

Office of Nuclear Reactor Regulation, Division of Licensing, by Lawrence
Livermoras National Laboratory.

The U. S. Nuclear Regulatory Commission funded th
¢ r

19 10 11 1, FIN No. A-0230.
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1. INTRCDUCTION

3y letter to the U. S. Nuclear Regulatory Commission (NRC) dated
June 24, 1983 [Ref. 1], the Iowa Electric Light and Power Cozmpany submitted
information to support its propcsed license amendment to opserate the Duane
Arnold Energy Ceater, Unit 1 (DAEC-1l) with one recirculation loop out of
service (i.2., single=loop operation). This request supercedas al’ other
submittals. This information included the licensee's analysis of significant
1

events, which were based on a review of accidents and abnormal operationsl
transients associated with powsr operations in the single-lcop mode provided
by General Electric Company, Nuclear Energy Division (GE-ISD), the nuclear
stean supply systez designer. Conserna:ive assumpticns were exzploved, as

discussed in the GEZ-NED report NEDO-24272 dated July, 1980 [Ref. 2}, to
ensure that the generic an alvses for boiling water reactors (3WR 3 aand/or %)
wers applicable to the DASC-l. 1In response to au NRC regquest, the licinses
orovided supplezental information in conferenze calls of Septezmber 13, 1583
(Ref. 3] and September 19, 1983 [Ref. 4]. A letter to NRC documentiag the
conference calls was dactsd Cctober 11, 1983 [Ref. 3],

The purpose of this :zeport is to document the evaluation of the
elactrical, instrumentation, and control (EI&C) design aspects of the proposed
license amenczeat change to the DAEC~l technical specifications. The consider
atisn of proper plant variables, ccaputer acdels, and the licensee's conclu-
sions on core perisrmance and clad temperature are outside the scope of this
evaluation.

This review was conducted using 1CCFR30, Appendix A, "General Design
Criteria for Nuclear Power Plants”™ (G.D.C. 20 through 23) [Ref. 6] and IEEZE
Standard 279-1971 [Ref. 7] with the following g iidance from the NRC staff for
the application of Section 4.13, multiple setpoints, of the IZZEI Standard:

Manual switching to the 2ore rastrictive setpoizat Sfor the APRMs in
the reactor protaecticn srstem i3 scceptadble for BWRs if sufficient
adainistrative contzals axist to assure that the zcoras tasctriscive
gecpoiacs are 1a effec: <hea requirad by the plant Technaleal Spezi-
fications.

]
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1. There 1s to be aa izndependent check of the gain or setpoiant
ad justzent. -

2 The check is to be within tha next shift.

3. Checks are by appropriate techaical f{ndividuals (a.g., shife
supervisor or SR0O).

The adjustzents to the reactor pratection systen for single=loon

cperation (1.e., SCRAM trip setpoint adjusiments or APRM zain

ad justments) 2ust be within and therefore satisfy the functional

requirements of the reactor protection systen.

2. EVALUATION AND KaC {ENDATIONS

The current DAEC-1 Technical Spe i‘i-a:-ons do not perait s‘qgle-
locp plant operation at reduced power for more than 24 hours. The licensee's
propused technical specification changes would alluw the reaztor to operate
at reduced power, not greater than 50%, with one recirculation loop inoperable
for more than 24 hours if certain changes are made to the reactor protection
syscens. These changes are to the Average Power Range Monitor (APRM) SCRaM
trip setpoint and the Rod Block Monitor (R3M) rod block setpoint or to the
AsRM gain. A - .

A different flow
<

.

atctarn is established in the vessel during single-
recirculation~loop cperat as compared to the norzal two=loop operation
[Ref. 2], In s*1zle-;oop peration, there is backflow through the jet pumps
in the I1dle loop. The jet puamp core flow zmeasurezent system ic s3lidrs

only when both loops are in operation and all jet pumps are in forward
The total core flow is the sum of the measured je: puzp flows. In single~-
loop operation, the measured flow in the backflowing jet punps aust de sub-
tracted from the flow through the other jet puzmps. Also, : jet puzmp flow
coelficient is dilferent {.r reverse flow than for forward flow in the jet

=pS. _ : A -

-
-
-

24

or
-~
¢

Because of the different £ ow rate and flow path during single-
recirculation=loop operation, the AT M SCRAM trip sc::ings, whizh are flow=
biased according to the eguation in the propeosad technical specificaticns,
require resetting to protect the re stor frox overpower. . -ne rad Hlock ses~

point equatioa is flow-biased in the saze way and with t1e same flow sigaal
a8 the APRM setpoint, and =ust also .~» =odified %o provide adeguase core
protecticn for a postulated rod withdrawal errTor. This change is effectively

agcocpiished by an APRM gain aé'us::er:. : s

L)




Zhe manual APRYM galn adjustzent to accommodate single-loon operation
is the only change iaposed upon the DAEC~-1l reactor protactiun systesa (R?3).
This modification adds the term 0.56 W to the APRM readings o compensate for
backflow throught the jet puaps of tha idle loop. This change will not cause
the RPS to violate General Design Criteria 20 to 24 of 1CCFR30 Appendix A.

The licensee provided in a lettar dated COcted 11, 1983 [Ref. 3] th
adaiaistrative controls to be used to assure that th a -+

-

lbl “
|

n
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o
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formed correcclvy. The Dua1e Arnold staff will write a ich iapl
the requirements of the piopecsed s-“g‘a—-oop cperazion. The multiple SCRAM trin
setpoiats will not be use‘ to adjust the reactor protection systea for single-
loop operation. Instead, the APRM SCRAM and rod block settiags will be effec-
tively reset by the APRM gain adjustments. These gain adjustments for starting
single-loop operation will bs performed by the liceased resactor operator. A
second reactor operator will independently review the settings as an acainistra-
tive control. The Senior Reactor Operator and the Shift Tachnical Advisor will
review the documentation. This meets the NRC definition for sufficient admin-
istrative controls.

- = LR s R seal dles Sms emenmag cne e ealeT 5

prie i -

3. CONCLUSIONS - cLm T emean

ion znd docuzents provided by the

Based on our revisaw of the iaformat
that the APRM gaia ad justzments for
ion

licensee in References 1 and 5, we conclude
& -
-~ ~

sin3zla=loop operation will sa:;sfy the functional requirezents of the raactor.
protection systea. ; g 2= b 2 : Crwes

The :a-"al APRM gaia a-jus::en: settings to accoumodate single-lcop
operation is the only chaange imposad upcn the Duane Arnold Energy Center, Unit 1
raactor ;ro:ec:i:n systen (R?S) instruzentation. This change will not cause the
2§ insctrumentation systezs to violate ICCFR3C Appendix A General Desiza Criteria
20 through 24 (Ref. 6] or IZEZ 279-1971 [Ref. 7] with the excepiion of the IZZZ
standard as discussed below.

3ecause of backilow through the jet pumps in the idle loop éduring

single-recirculation~loop operation, iadicaticns in the control rooca of iad’.i-

cual let-pump flow and total suomed co cisleading. We recrizend
that these anomalous control rooa irdications be corrected or warning-tagged
for the dura'-on of thea siﬂgle-"ci::ulacion-laop operation, as required by

Section 4,20 of IZZE Standard 279-1971 [Ref.'7].
The adainistrative coh--o‘s to be used by the licenses to assurae the
APRM 33-1 adjustaeats are performed correctly meet the NRC criteria for suffi-

¢ient admiaistracive controls.




We recommend to the NRC, that upon iaplementaczion ¢f the above
recotmencdad actions, the proposed electrical, iansiruzentatiocn, and contral
design aspects of the proposed licensa azmendment for single-recirzulation-
loop operation at Duane Arnold Energy Center, Unit 1 be found accestadla.

REFERE

1. Iowa Electric Ligﬁt and Power Company letter (Richard McGaugh) to NRC
(Harold Dentcn), "Single Recirculation Loop Operation,” dated June 24, 1983.

2. General Electric Company, Nuclear °~we* Systezxs Div- sion, "Duane Arnold

. 2 3  J
= Energy Center Single-lLoop Operation,”™ NEDO 24272, July, 1980.

s Telephone conferance call (Jack Donohew); IELPC (Toay 3rowning); LIVL
{Terry Donich:), September 15, 1583.

4. :Telephone conference call (Jack Donohew); IZLPC (Tony 3rewning); LLNL
(Terry Donich), September 19, 1983.

3. Iowa Electric Light and Power Company letter (Richard W. McGaughy) to MRC
(farold Denton) HG-83-3374, "Addicional Information on Single-Loop
Operation,” October 11, 1983.

6. Code of Federal Regrlatioms, Title 10, Part 50, Apendix A, “"General Desizn

Criteria for Nuclear Power Plants,” 1981.
)

IZEE Standard 279-1971, "Criteria for Protection Systeams for luclear Power
Generating Stations,” dated 1971.
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kY UNITED STATES L,
W m(‘,’ 3 NUCLEAR REGULATORY COMMISSION el
N/, % WASHINGTCN, D. £, 20533
- SIS !
’ 3 e
~ > ‘a\
Traent*

MEMORANDUM FR:'" G. C. Lafras,”Assistant Dirsctor
for Operating Reactors, DL

FRCOM: L. S. Rubenstain, Assf
for Core and Plant

SUBJECT: SLO QPERATION SER'S

As discussad in our ~eeting of January 25, we are withdrawing our S22
aoprovals for all the plants currently requesting permanent SLO. This
decision is based on new data which indicates tne potential far local
thermal hydraulic instabilities which would not be detected by only
monitoring APRM flux noise, which we pravicusly recomm nded.

le are continuing to evaluate this problem and expect to establish criteria
for acceptabie SLO in the near future.

!
- ’o‘u_ .
L. S. Rubenstein, Asquian: Jirector
for Core and Plant Systems, 0S!

Mattson
tisenhut
Phillips
Laobel

ADITo o
- - .

Contact: G&. Schwenk, CP2:08!
X=-28421
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