UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSINC BOARD

In the Matter of

SACRAMENTO MUNICIPAL UTILITY DISTRICT Docket No. 40-312 SP
(Rancho Seco Nuclear Generating Station)

AFFIDAYIT OF ERNEST D. SYLVESTER

I Ernest D. Sylvester being duly sworn, depose and state that:

1.

I am an employee of the U. S. Nuclear Regulatory Commission (NRC). My
present position is Mechanical Engineer (Auxiliary Systems), Auxiliary
Systems Branch, Division of Systems Integration within'the Office of
Nuclear Reactor Regulation. A copy of my professional qualifications is
attached.

The purpose of my affidavit s to respond to the request for 1nform$t1on
from the Rancho Seco Atomic Safety and Licensing Appeal Board in the
Board Order dated September 30, 1982. The Board noted that SMUD had sub-
mitted to the staff a revised relfability analysis of the proposed upgraded
auxiliary feedwater system (AFWS) and that Brookhaven Naticnal Laboratory
(BNL), under contract to the NRC, would complete its review of thc SMUD
reliability analysis by September 30, 1982. The Board requested the
staff to provide to the Board the results of the staff reviews of the

reliability analvsis and the BNL report by December 1, 1982. I am
duly authorized to provide the information requested by the Appeal Bezrd.
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The September 30, 1982 Board Order also stated the following:

"We expect the staff's review to address specifically SMUD's asserted
failure to meet the guidelines of Standard Review Plan 10.4.9, as dis-
cussed in the Sylvester Affidavit, supra, at 13. In particular, will
SMUD's AFW system, as modified, meet the Standard Review Plan? If not,
what precise section of the SRP is not sati:fied, and does the staff
regard such noncompliance as a safety problem?"

The enclosed Status Report provides the results of the staff review of
the Rancho Seco AFWS relfability analysis and the review of the AFWS
against the guidelines of Standard Review Plan (SRP) Section 10.4.9.
These evaluations were required of Rancho Seco by Item II.E.1.1 of NUREG- -
0737 which also required a reevaluation of the AFKS flowrate design bases
and criteria. The results of the flow rate evaluation are also provided
in the Status Report.

The Status Report is divided into three major sections: Parts I, II and
II1. Part I provides our deterministic review of the Rancho Seco AFWS
using the acceptance criteria and review procedures of SRP 10.4.9. Part
I1 provides our review of three major areas identified in SRP 10.4.9 but
not included in the Part I evaluation. These three areas were separated
from the Part I discussfon of SRP.10.4.9 because of their individual
importance to the acceptability of the AFWS design. Sections A and B of
Part II provide our evaluations of the AFWS relative to the short-term and

long-term recommendations, respectively, that were iden*ified in NUREGs

0611 and (G535. Part 11, Section C 1stour evaluation of the licensee's

AFWS relfability study and Part 11, Se&tion D is our evaluation of the
licensee’'s AFWS flowrate design bases. Part III provides our conclusiors

with respect to the acceptability of the AFWS design and operation.




I hereby certify that the statements and opinions are true and correct

to the best of my personal knowledge and belief.

Ernest é éy%véster ;

Subscribed and sworn to before me
this ; *= day of Zemnan 1982.

@ ol uok
otary Public

/
My commission expireszﬁji‘?




STATEMENT OF PRPTESSIONAL QUALIFICATIONS
ERNEST D. SYLVESTER

1 nave Leen with the U. S. Nuclear Regulatory Commission (NRC) since December
1976. Since September 1580 1 have been a member of the Auxiliary Systems
Branch, Division of Systems Integration. As a member of the branch

I am responsible for performing technical reviews and evaluations for

the functiosal capability of auxfliary systems and components as described in
arolications for construction permits and operating licenses for nuclear power
plants, and as required for operating plants, to assure public he$1th and safety
and protection of the environment. 1 performed the operating license review of
the Comanche Peak auxiliary systems designs. My current assignments include
reviews of the McGuire safe shutd;wn capability in the event c¢f postulated
fires, nronosed exnancion of the North Anna spent fuel facility and safety

concerns involving the Shoreham plant.

I have 2 M. S. Degree (1965) in Mechnical Engineering from Rensselaer Poly-
technic Institute and a o. S. Degree (1360) in Mechenicaf Engineering from
Michigan State University. 1 have completed NRC courses in boiling water and

pressurized water reactor technology, radiation protection and reliability

estimation.

From December 1976 to September 1980 I served as a genior systems engineering
analyst in the Plant Systems Branch, Division of Operating Reactors, NRC. 1
performed reviews of the fire protection programs at 10 operating plants

relative to ensuring safe shutdown capability in the event of postulated fires.
'-
. .

| A



-2-

1 prepared guidance documents for NRC.staff use in evaluating fire protection

programs and assisted jn the development of fire protection regulations.

From August 1969 to December 1976, 1 served as an engineer at the Knolls
Atomic Power Laboratory of the General Electric Company. 1 performed analyses
to support the design of reactor systems for shipboard Naval reactor plants. .
1 also developed and Jrote casualty procedures for emergency core cooling
systems and containment systems and operating procedures for other reactor

plant systems.

From November 1965 to Auritt 1968, 1 was 2 heat transfer engineer fﬁr the
General Electric Company at their Valley Forse Space Power Division. 1 per-
formed ar2lyses and developed test programs for various nuclear space power
systems and their components. 1 was responsible for the thermal design
analysis and analytical support for testing of the SNAP-27 Lunar Module fuel
cask (the container and re-entry shield for the SNAP-27 radioisotope fuel cap-
sule) considering normal operation, possible re-entry abort and launch-pad

fire ball situations.

From April 1964 to Ncvember 1965, 1 was an analytical engineer in the Missile
Division of the Chyrsler Corporation. 1 provided analytical support to

NASA on a design study of the transient phenomena‘;ccurring in the chilldown
operation for orbital restart of rocket engine systems using céypgenic 1iquid
propellants. 1 was responsible for developing an extensive computer program

for this study. _ €
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From October 1960 to December 1963, I.wad' an unalytical engineer for Pratt
and Whitney Aircraft. My responsibilities included heat transfer and fluid
flow analyses for liquid metal cooled reactors and auxiliary systems for

aircraft and space power plant applicztions.
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" $TATUS REPORT - = - °

RANCHO SECO = AUXILIARY FEEDWATER SYSTEM .

In eccorcance with the requirements cf Item II.E.1.7 of NUREG-D660L

'"NRC Action Plan Developed az a Result of the TMI-=2 Aécidont,“

end NUREG-0737, “Clarification of TMI Action Plan Reguirements,”

the licensee is required to: ;

(1) Perform » simplified auxiliary feedwater (AFW) system
reliability snalysis that uses event-tree and fault-tree
legic technigues to determine the potential for AFW system
failure under various loss-of-m2in fceduater-trons}ent
conditions. Particular emphasis is given tc determine
notential failures that could result frem human arrors,
common causes, single-point vulnerabilities and test and
maintenance outages.

(2) Perform 2 deterministic review of the AFW system 9sing the
acceptance criteria of Standard Review Plan Section 10.4.9

o and associated Branch Technical Position ASB-10-1-ps primci- .

P - - — S = .

pfl guidance; and

(3) Reevaluate the AFW system flow rate design bases and criteria.

. -

Our evnlq;tion of the Rancho Seco suxiliary feedwater system (AFWS)
sgainst the requirements of Item II.E.1.7 is prcs;ntcd in two
parts. Pe2rt 1 is our evaluation of the AFWS upgrade design
aceinst the criteria of the Stlnd%fd Review Plan. Part 11 1is

cur evaluation of the (1) AFWS sgainst the criteria cdeveloped



sfrer the Three Mile Island Unit 2 accident and enumerated in
KURZG-D811 and NUREE-D635, (2) ‘the Licensee's reldability
analyses, and (3) the license2’'s reevaluation of the.dosiin
basis for the AFWS fiow requirements. Our evaluation of the
innediate actions required by the Commission shutdown order of

May 7, 1979 was provided in » Safety Evaluation Report which was .

transmitted to the licensee by letter dated June 27, 1979. Notbing

in our current review has resulted in a change to the conclusions
expressed in the June 27, 1979 evaluation, f.e., operation of Rancho
Seco with the existing AFWS is acceptable pending inplenfntation

of the proposed upgrade modifications. This conclusion is further
reinforced by the planned addition of a safety-grade AFWS initiation
system and a saféty-grade flow indication system as recommended by
Item II.E.1.2 of NUREG-0737. These latter modifications will be
implemented during the refuefing outage beginning January 1983, prior
to the overall upgrade modifications. Our conclusions relative

to overall AFWS acceptability based on our current evaluation are

provided in Part 111 of this report.

BARL.L
A. We have reviewed the auxiliary feedwater system against the
Acceptance Criteria of the Stancdard Review Plan (SRP)
Section 10.4.9. These criterie 2re as follous:'
9. General Design Criteria 2, "Design Base; for Protection
Against Natural Phencmena% 2s related to stru:%urcs
housing the system anc tne'sxszew ftseld being capable’

of withstanding the effects of natural phencomena suvch

2s earthgquakes, tornacdoes, hurricanes, and floods.
. .



Gencral Design trittril &, "Environmental and Hissi(o

Design Bases” with respctt to structurcs housin. tho

system and the systcn 1!:011 bc1ng copoblc of uith-

standing the effects ef-gxtcrnal nis;ilc: and jntcrnally
generitod nfssiles, pipe whip, and jer fmpingement forces

.

associated with pipe bresk, . -
General Design Criterfion 5, "Sharing of Structures,
Systems and Components™ as related to the capability of
shared systems and components important to safety to
perform required safety functions.
General Design Criterion 19, “Control Room," as rclot;d
tc the cdesign capability of systenm 1nstrumcntlt;pn and
controls for prompt hot shutcdown of the reac;or'ond’
potential capability for subseguent cold shutdown.
General Design Criterinn &4, "Coolinp'voter," ;o l:tu;t:
8. The capability to transfer hest loads from the
reacior system to-a2 heat sink under both normal
cperzting and accident conditions. ‘
Redundan:y_o? components so that under 2ccigdent condi-
tiens the safety function can be performed issuminp
a single active component failure. (This may be
coincident with the loss ¢4 offsite pover for certain

events.) v

The capebility to isclate components, sub;ystens, or
piping if required seo that the system safety functien

will be maintained. < - T
* ,:," ~ L

General Design Criterion 45, "Inspection of Cooling Water

System 8s related to design provisions made to permst

- s
- - - .

periodic inservice wnspe:tion of system conponents and

equipment.
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7. General Design Criterion 46, “Tistina of Cool‘ng‘vitcr
System," a; related to design provisions made to permit
appropriate functional testing of the system and components
to assure structursl integrity and Leak-tightness, opera~
bility and performance of active components, and caps~
biiity of the integiated system to function as dintended
during normal, shutdown, and accident condition;,

8. Regulatory Guide 1.26, "Quality Greup Clu:;if{cotioq and
Standards for Water-, Steam- and Radicactive Waste Con-
taining Components for Nuclear Power Plants,"” as related
to the quality group classification of systén cépponcnts.

$. Regulatory Guide 1.29, “"Seismic Design Classification,”
as related to the seismic design classification of system
components.

10. Regulatory Guide 1.62, "Manual Initiation eof Protective

Actiors,” as related to design pravisions_made for manial

initiation of each protective sactfon. = . ¢
11. Regulatory. Guide 1.102, "Flood Protection for Nuclear

Power P.ants,"” as related to the protectinn of structures,

systems, and compénents impottant to saféty fFom the ~

e}fccts of 1;0061;9. ) . i R .

12. Regulatory Guide 1.117, "Tornadoe Design Classification,"”
as related to the protecti;n of structures, systems, and
componznts important to safety from the effects of toréado
nissiles.

- .



13. Branch Teghnical &os*gjnnCOTP)Atl 3-1, "Protection
Against Postulated Piping Faflure in Fluid Systgls Out~
side Containment,” as related to breaks in high and
moderate energy pibing systems outside containment.

14. 'Br?ﬂth Tethnical Position (BTP) ASE 10-1, "Auxiltary
Feedwater System Pump Drive and Power Supply.biv;rsity
for Pressurized Water Reactor Plants,” as related to

sauxiliary feedwater pump drive and power 3upply 51vorsity.

- -

The following evaluation discusses the implementation of the
acceptance criteria identified in SRP Section 10.6.5 and
follows the format of the Review Procedures fdentified in SRP

Section 10.4.9.

By letter cdated September 8, 19871, the Licensee submitted

the design description of the upgraded auxiliary féeduator
system (AFWS). The AFWS is cesigned to supply an indeperdent
source of water to the steam generators during ncc1;¢nt and
transient conditions in the event of a loss of main feedwater
supply. The AFWS consists of two interconnected trains,
capabte éf supplying suxiliary feedwater to either ;r-both -
steam generators under automatic or manual initiation and

control. One AFWS train is served by pump P-318, a combina-

tion turbinc-drivon/notor-dr133n pump with both the turbine



- .

‘and ctcctric motor on & common shgit. Either motive source

can drive the pump at its rated capacity of B840 gpn ot 1150
psig with a no;nal recirculation flow of 80 gpe. ' The turbine .
driver s used as the primary motive source for this pump
and is sutomatically inftfated, The motor driver can only

be manually initiated. The pump serving the other train,
pump P-319, is a motor-driven pump which has the same rated
capacity and recirculation flowv as pump P-318. Pump P-319

is automatically inftiated but must be manually loaded on the
emergency bus. The discharge lines froe the pumps are cross~

connected by 8 full=-flow Line containing two normally~-open
motor operated valves in serfes. This cross-connect permits
cithcr.pu-p to feed either or both stoanioonerntors. The
primary water source for both AFW trains is the seismic
Category I condensate storage tank. Alternative AFWS suc~
tion ;ourccs are available from the on-site reservoir and the
Folsom South Canal. Piping from these alternative sources
enters the cross-connect in the suction piping between locked
closed manual valves. The alternative source is fed by
transfer pumps from the Folsom South Canal or by gravity

flow from the reservoir.

Rancho Seco is a one unit site, therefore General Design

Criterion 5 is not lpplicablo«

3
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1.

We have reviewed the Llicensee's subrittal of September 8,
1981 in order to verify the acceptability of the AFWS
dcf!gn with respect to its classification and operating
characteristics.
;.: E}he'l}con;co's.su;aittal of ;cptonbor 8, 1987 states
that the AFWS {s designed to provide a minimum flow
of 760 gpm to the steam generators at 1050 paf within
50 seconds of the ?ytto-.initiati;n sfgnal. This
" information is contradicted by other information pro-
"vided by the Licensee by letter dated November 30,
1981. This 1s discussed in more detail in Part 11,
Section D of this report. Until this contradiction
is resolved we cannot conclude that the AFUS meets
the winimum performance reguirements of General
- Design Criterion 44.)
by, General Desfon Criterion &4 reéuircl tho~caplb'lit7
to fsolate components, subsystems, or piping so that
the system safety function will be maintained. The
AFWS feeds directly to the steam generators through
six=fnch discharge Lines. The only connections between

the mafn feed syctem ard the AFWS are isolated by normally



clesed manual valves. Connections to the alterna-
tive water sources are isolated by locked closed
mnnuaf valves. Therefore, we conclude tﬁ;t the AFWS
meets the fsclation regquirements of General Design

" Triterion &&. ! - .

. We have evaluated the upgraded AFNS design against tﬁc
requirements of General Design Criteria 2 and the
guidelines of Regulatory Guides 1.i0 and 1.29 uit;
respect to its seismic and quality group cl;ssification.
The Llicensee indicated that the primary water source
of the AFWS, i.e., the condensate storage tank, is
designea to seismic Category I requirements. The
existing AFWS design has been evaluated in accordance

with Multiplant Action C=14, “Seismic Qualification of

Auxiliary Feedwater System.” The existing AFWS design

was found to be acceptable for short-term operation.
That is, although the existing des{gr uses nonseismic
Category 1 flow control valves, system funct.on can
be maintained by manual operaticms of valves. This is
acceptable for a2 limited time*until the valves are
replaced with seismically-qualified valves as part
of the AFWS upgrade modifications. [Hoge&er the Llicensee
has not indicated all,the seismic or'aunlity group

- classification changeé;thot may result fro* the proposed

upgrade. The licensee is requested to provide the *

seismic and quality group classification of all the




components and pipino for the AFHS shoun in Figurc

3 1-1 of the proposed upgrade dcsign sub-ittat of
Septctbcr g, 1981.] We cannot conclude that the AFWS
meets the reguirements of General Design Criterion 2,

and the guidelines of Regulatory Guides 1.26 and 1.29.
d. Provisions for AFWS testing and inspection are

included in the design. Each AFW pump is chippod
with a full flow recirculation Line to the condensers
which cun be used for periodic functional testing
" Purposes. Periodic testing of the AFWS pumps” and
valves is identified in the plant Technicoi Spazifi-
cations. In addition, plant Technical Specifications
require periodic 1nspcctton of all valves,vincluding_
-:-thos:-that a;; locféd, sealed, or otherwise-secured in
position. Ther;fore, we tonclude that the AFWS
meets the reguirements of General Design Criteriz 45
and 46 with regard to design provisions for inservice

inspection and functional testing.

We have reviewed the AFWS design for protection 2p2inst
the effects $f natural phenonena: pipe breaks or cracks

in fluid systems outside containment, sinafe_systin
component failures, loss of an onsite motive power source,

or Loss of offsite powverS .
L

8. We have evaluated the.upgroded AFWS design against
the requirements of General Design Criterion 2
with respect to the structures housing the system

and the $ystem itself being capable of withstanding

~the effects of sarthquakes. [ﬂouever,



the Licensee has not indicated the extent to which
the proposed upgrade modifications meet the require~
ments of General Design Criterfon 2. The Llicensee
thould verify that all AFWS cisontiol components are
:f;cat;a in.soisuic.Catcoory x.atructurcs or are pro-
vided with protection against failure of nonseismic
Category I structures.) We cannot conulude that the

AFWS meets the requirements of General Design Criterion

— -

"2 with respect to earthquakes. .

b.

We have evaluated the upgradec AFWS design against the
requirements of General Design Criteria 2 and & with
respect to the structure housing the system and the
system itself being capable of withstanding the effects
of tornadces, floods, external missiles and internally

generated missiles. The Llicensee has stated that:

“System components and piping shall have suffi-
cient physical separation or shielding to pro-
tect the essential portions of the system from
the effects of internally and externally

generated missiles.

Functional capability of the system shall also

be assured for fires and the maximum probable
L

" floed.” T ° *

- -



[However, the licensee has not indicated the extent to
which the proposod'gpgradg iogificotiohs IOQ?.tﬂQHDQO!ii:r"
criteria. The Llicensee should identify all AFVWS com-
ponents which are not protected from tornadoes, floods,
external missiles and internally generated -is;ilcs.l

We can not concluce that the AFWS is adenuately protected
from tornadoes, floods, and sissiles and meets the
requirements of General Design Criteria 2 and 4 ano the
guidelines of Re@ulatory Guides 1.102 and 1.117. Ffire ro-
tection will be evaluated as part of our review for Appendix R.
The AFW is not used for startup and normal shutdown;
therefore, it is considered a2 moderate energy system for
pipe breaks in the AFWS. The only high-energy piping

in the system is located between the steam generators

and the first upstream check valve. Sufficienf-[edqqf

dancy is provided in The AFWS such that' s pipe break in

this location, 2long with a2 single active failure, would
not preclude adegquate system performance. [However, the

potentiasl for AFWS component flooding due to.a pipe break

- - - - -

in the alternativg water sourcz piping has nog,ﬁeen dis- _

cussed by the licensee. In eddition, the licensee has
<
not verified that the AFWS is scequately protected against

the effects of a pipe break in other systems. The

licensee should verify that zlL essential AFWNS




" Downstream of thc.not;r-opeﬁated valves, the AFWS stil;

. :,13-:.. ¢ W e

components. are protected oaoins{ the effects of piﬁc )
bresk in high and moderate energy Lines. These include
the effects of pipe whip, jet impingement and internal
fleoding.) We ctan not conclude that the AFUS meets the
rcqvirguents of General Design Criterion & and the
guidelines of BTP ASE 3-1 with rcspéc; to pipe breaks
cutside containment. .

The AFWS can function automatically as reguired in the
event of 2 loss of of?site power. The heat triﬁsicg
cath from the :t}on generztors under this condition is
to the atmesphere via the atmospheric dunp‘éalQG:, The
turbine-driven pump receives main steam from connectious
to beth main steam Lines upstream of the main s;fa-
isolation valves. The AFWS steanm supply Llines ¢re si;-
inch Lines each containing a check valve, 3 locked open

- - - -

manual valve and » nor-ally.ppcn 4C notof-opertxld_vllvc.-

supply Llines connect to pfovide » common supply to the

AFW pump turbine. The common steam supply line.contains
ajnurnally*closod:bc notor-oétrited galvgg uh{}& Jééég oA:pn
emergency feedwater initiation signal. The motor-driven

AFW pump alsc starts autod%tically on the emergency 1oeduat;r

initistion signal. The motor driven pump will be modified

to provide automatic loading on a ciesel 9en§ratcr pouer;d



emergency bus on loss of offsite po;c}J ALL of the valves
sssociated with eech pump train are normally opon'uith
the exception of the four flow confrol valves. (tvo 1n'oaeh

train, 1p perallel). These four flow control valves fail

full open on Less of control afr, and fuil hll(-obcn on
lcsc‘of control powver. tonfrol power for the ré@undlnt;\
flow control valves in each tradn §s supplied by redun~
dant Class 1E power supplies. 1In a.tclcphonc conﬁ,roo-
tien cn November 12, 1982, the licensee stated that each
flew control valv; vould be provicded with a2 safety-
related air‘o:cu-ulator to supply control air on loss of
offsite souir or loss of the service air system. [The

licensee shou!d forzally Jocunent the provisions. for.

safety gracde control ;1r anc should verify that the sir
sccunulators have sufficient capacity to supply control
sir for twe hours folloving 2 loss of offsite pouer or
loss of all AC power. :Sn ,'né S'e;t.{ons: Zl}.}’and
11.B.5 of-{his report.]) fcnding verification of the
adeauacy of the flow control velve control afir system,
uc:contludt that the AFWS negts:thc co:uﬁy;ncqgﬁ.of_,
Efneril Design Cr¥terion &4 ¢ith respect “to i %pﬁl‘ty -
to transfer heat from the reecior coolant systes under

. €
sccident conditicns. M



The AFWS i3 designed to accommodate » single failure in
any active system component without Loss of 1antion.

The AFWS consi=ts of two trains, supplying both steanm
generators. Flow to either of the two steam generators
from either AFWS train is adequate for emergency piant
shutdown. The discharge lines from each AFWS pump are
cross~cornected to allow each pump to feed either or both
steam generators., Each AFW pump is provided with » -
separate suction Lline from the condensate storage taﬁk
through check valves and locked open manual valves. A
single active falilure in one train will not prevent the
redundant train from feeding both steam generators. Steanm
supply to the turkine driven pump 1s provided from both
steam generators through separate normally open ‘C motor-
cperated valves feeding into » common steanm SUDEE! quo

to the turbine. A faiture of the Singlé Steam admissibn

valve in ihe tommon steam supply line would not preclude

system function because the other motor-driven pump would

still be available. Each AFW pump is provided with a fulle-

flow test Lline, cortaining a_nofmallx open motgr}oqernted._

velve, connected to the pump discharge Line. The indi-
'\ .
vidual test Llines are conngcted to form a common recircu=

lation line downstream of the motor operated valves. The

common recirculation Lline contains » nnrmally shut air




|
operated valve that is opened for flow testing. In the,
event of an AFWNS infitiation signal occurring during
testing this valve receives signals from redundant
signal channels to close. In the event of failure of
this valve (FWS-X5) to close, the operator can terminste
recirculation flow by closing the motor operated valves
in the individual flow test Llines. Valve FWS=XS5 is
provided with position indication in the control roos.
Because normally shut manual valves fsolate the AFVS froms
nonessential systems, fsclabilicy of the AFNS {3 not
jeopardized by activ: valve vaiiure. Thus, adequate
feedwater 1s assured in the event of a postulated design
basis accident concurrent with & single failure. Ve
conclude that the AFWS meets the requirements of General
Design Criterion 44 with respect to the single failure

criterion.

AFW Train A pump, P-318, is » combination turbine~driven
motor=driven pump with both the turbine and electric.
motor on a common shaft. AFW Train B pump, P:319, is

8 motor-driven pump with the same rated capacity as the
Train A pump. The turbine-driven Pump train provides a

givorso means of assuring*feeduater supply to the steam

S~ - -

generator independent of oll offsite eor onsite AC power
sources for at least two hours. The pump and turbine are

not dependent on secondary support systems. The bearings



on the pump and turbine are lubricated by slinginé-oit
from reservoirs near the bearings. Lube oil cooling

is accomplished by heat transfer to the pumped fluid.
Automatic actuation snd control of the turﬁine train is
Dtbvided with ba:tory-bacted DC power. The steam admis~
sion valve to the AFW pump turbine is a DC motor operated
valve. The control power to the flow control valves are
from redundant battery-backed buses. Control air to the
flow control valves s discussed in Section I.B,2.d of
this report. Pending verification of the adequacy of the
flow control valve control air system, we cﬁnclﬁde that
the AFWS meets the power diversity position of BT? ASE
10-1.

The AFW pumps are automatically started on receipt of

an emerr . Yeedwater actuation signal. Automatic

sec.x v~ of the motpr-driven AFW pump LP-3193. ponto the .

emergency ciesel generator is not-a function of the AFWS
design. However, the licensee hai indicated that another
diesel generator will be acdded and that AFW pump P-319
gill be part of its automa.fc load sequencing scheme.
Steam generator water levol.is outomltié;lly controlled

by the emcrgentylfeed 1n1£iation and ctontrol (EFIC) system
or manually controlled by ;he operator fron the control
room. Therefore, we conclude that the AFWS provides

instrumentaticn and control for prompt initiation of »

shutdown in_accbrdence with the requirements of General

‘pesign Criterion 19.



The capability to manuvally 1u1tiato AFW Ylow js pfcvidcd;
end these manval {nftistion circuits meet sinple failure
criterfa. Both the motorwdriven and turbino-d;ivcn punps'

can be started from etther the control room or-local

s -

equtpnent cabinets. A sinple 1ailurc in tho manual cir-
cutts will not result in the loss of System au.omatig
function, and » fatlure of the sutcmatic 1n!tia:1np signols
and circufts will not result in loss of manual capability.
Therefore, we ccn:ludc that the AFWS meets the lonuol
initfaticn guidelines of Regulatory Guide 1.62.

AFWS function s provided automatically 4n tho cVent of

8 main feedwater or main steam Line rupture. Both AFW
pumps will automatically start and steam generator level-
will Be automatically controlled for main feedwater line
and steam line Euptures which depressurize the igggn_.

gpenerztors, Auvtomatic” isolation of AFW flow to 2" leaking °

‘stezem generator s providéd, in that 2 steam Line break

or main feedwater line break that cepressurizes a steam
eenerator will cause isclation of the "‘"."ffﬁ,l:_ ! 3
and main 1eedwat¢£ lines on the deprcssurized,:tca- -
generator. 1I1f isolation of the steanm e-nerator‘uiin feed
and ma2in steam lines do note fsolate the break, AFW flow
will be isolated fr.m the lebiins steanm gonero or so that

AFW flow will be provided only to the intact steam genera~
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tor. No single active failure in the upgraded AFWS design
will prevent AFW flow from being supplied to xhi intact ;t..l
generator or allow AFU flow to bo supplied to the to.ting

steam 9cnor.tor. However, a main steam rupture with .

fuilure of » single turdine stos valve touid result in -
blewcown-0f besh stear gemeraters with consezuent AFW puss
runout. By letter dated Ncventer 3, 1922 the licensee wis
rc:uts ed to ovnlua.e this matter and propcse 3 ;olution.
Until this matter is resolvec as part of Hultiplont Action
B-69, "ﬁain Steam Line Break with Continued Feedwater x .
Addition,” we zannot conclude that the AFWS eets the
recuirenents of General Design Criterion L& with ;esaict te
its uSﬁlity to transfer heat uncder a:cident'conﬁftioBs and

-

provide isolation to assure sysien function. .

wr
.
I

s Ziscussed in Sectiens I.5.7.3 anc 33.0 of t.§8 re.ort,

pccitional 4rfcrmation i3 rezuirec to cenclude thlt the

b L

WS srovices sdezuate flew “sr the entire renge cf

reacssr cperetien. Therefore, we canrot :eﬁ:ludc 1 4.1 §-

:50 FTWE meets the d!:lv heas: rexcsval °o’;‘°c ents ¢f

General Cesign Critericn &4,

“The auxilisry feecwater systen dnzlucdes 2ll comdonents antd
‘ezuizzent from the concensate st:*:;c'tank anc ccnnec:%cns

e= altesnazive wazer supplies =t the cennestien, aith the

s=eaz generatcrs inclucing valwves anc, -r'xs-'*-ﬁeg;:e-s..
. o g - - . w— .'—
Sases on the revies of the cesligs ans sa1¢ y :llsssfacn.icn

=4 3re AFWS, #nc systen pericrmanie recuirenents Suring

naoreal, abnorral, and sccicdent ::ﬂﬁ*tieni, «¢ €0 not have

aZequate information 20 tonclude that the cdesign of the AFWS

a~¢ supoorting syste=s is in confcrrance with all the

- - ——— . - . —
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Commission's reguistions as set forth in Gencrll'b;;iga.t;izcrio

2, &, 19, &4, 45 and 46, and ieott all the guiditin'p contained
in Regulatory Guides 1.26, 1,29, 1,62, 3.102. 1.117 ond.lronch
Technical Positions ASB 10-1, and ASB 3-1. Areas of noncon~,

formance are outlined in the above paragraphs.

S2ET 12 : : ; .

INTRODUCTION AND SACKGROUND

The Three Nile Island Unit 2 (751-2) sccicent a@&'subsq:
quent investigations and stucdies highlifhtod the 1a$or{an:o
cf the Auxiliary Feecwater Syszem (AFWS) 4n the lit§9|j1on
¢t trensients end esccicents. As par: cf cur asse;sncnt of
the TH1-2 2ccicent and relatec <cplicatiens fgr eperating
slants, we ivaluattd the AFW sys{ens for all operht{ds plants
having nuclear steam supply systems (NSSS) designed by
¥estinghouse (NUREG-D0611) or Combustion Engineering'(NUR!ﬁf
Cé35). bur evalustions of these system cesigns are cogtiined
in the NUREGs along with our reccmmendagions. The objcctivosi
©f the evaluation were to: (1) identify necess:fy changes

in AFW system design or related praceduros of these pllotl,

- . - -

and (2) to identify other Systca charactoristics.nf the AFU

systems which, on a long term ba2sis, m2y recuire system

modifications. To accomplish these objectives, we:

(91)_, Reviewec ;llnt specific hr- system dcs*;n: 1n li;ht

cf current regulatory reguirements (SR?) and,

o~
~ne
7

Assessed the rglative reliatilizy o7 the varicus "AfV

systexs urcer voricus 1css ot ‘ee..c er tra=sienss



(one o{ which was the inftiating event of TH1-2)
and other postulated faflure conditions by ceterni-
ning the potential for AFVW system faflure due to
.conmon causes, single point vulnerabilities, and

human error.

We h.vcvlpplitd the ;oncric results and recommencations

of the above described review to the Rancho Seco : L

suxiliary feedwater system (AFWS) design. The detailcﬂ

reliability analyses submitted by the Licensee vere also
evaluated. And, we evalusted the Llicensee's design’

basis for AFWS flow regquirements.

Section A of Part 11 ¥s our evaluation of the present AFWS

R against our generic short-term recpgnendattgng; Sectfon B

is our evaluation of the AFWS upgrade desigr against our genetic
long-term recommendations. Section C 4s our evaluation of

the reliabilizy snalysis provided by the licensee for the

. AFWS upgrade designs Section ® is our evaiuation-.of the -~
design basis for the AFWS floﬁ.requircicnt;. A e

<

i.
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mm 1 =1 = "The licensee shbuld propose
modifications to the Technical Specifications to
Limit the time that one AFW system punp‘and its .
associated flow train and essential instrumentation
can be inoperable. The outage time limit and sub-
sequent acticn time should be as required in currert
Standard Tgchnicll Specifications; i.e., 72 hours

and 12 houtrs, respectively."

By letter dated April 30, 1980, the Licensee pro=-
posed modifications to Technical Specifications
requiring that when two incdependent 100 percent

capacity flow paths are not available, tﬁe capacity

must be restored within 72 hours‘or the plént ‘must

—— e
. - - - L

be placed in a8 cooling mode which-does not rely on -
steam generators within the next 12 hours. These
modifications were approved by the staff and issued
by letter, dated March.27; 1981. VWe conciude that -
the Technical Specifications are in compliance with
our recommendations and are, therefore, acceptable.

<

L.




2. Recommendation §5-2 = “The licensee should lock
open single valves or sultiple valves 4n series
in the AFN system pump suction piping and lock
open other single valves or multiple valves in .

series that could interrupt all AFW flow.

Monthly inspections should be perfor-ed to vcrify

that these valves are locked in thc opcn position.

These inspections should be proposed for incorporation
into the surveillance requirements of the plant Technical
Specifications. See Recommendation GL-2 for the longer-

term resolution of this concern.”

By letter cdated 1pril 30, 1530, the licen{ec pro-
posed nodifications to Technical Specifications
requiring that all AFWS valves, inciuding those
that ;re loiked, sealed, or otheruise secured 1n
pesition, ace to be 1nspected monthly to.vcrify
they are in the proper position. These modifica~-

tions were approved by the staff and issued by

letter dated March 27, 1981. Ve conclude that the

Technical Specifications are in compliance with our

recommendations and sre, therefore, occeptabli.

. .




3. _Recommendstion GS=3 = “The licensee has stated
that it throttles AFW system flow o avoid water
hammer. The Llicensee should reexanine.the practice
of throttling AFW system flow to avoid water .
hammer. The licensee should verify that the AFW
system will supply on demand sufficient initial
Tlow to the necessary steam generators to assure
adequate decay heat removal following loss of main
feedwater ;lOU and reactor trip from 100X power.
In cases where this reevaluation results in an in-
crease in initial AFW system flow, the Licensee
should provide sufficient information to demon;tratc

that the required initial AFW system will not result

in plant damage due to water hammer."

By letter dated April.29, 1882, tht.licen;;e frins-

mitted a8 Licensee Event Report, which reported

damage to the AFW header in both steam generators.

At a meeting on June 24, 5982,_the_licens}e_and the

Babcock and"Wilcox Company presented th&ir plan te ™
retire~in-place the existing internal AFW header

€
and to install an eigernal AFW header on each of

the two steam generators. The new design is @
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modified desipgn of the external AFW header qsod

st several other Babcock and Uilco;fyoiionod plants.
tetails of the proposed design modifications were
provided by & licensee letter dated August 3, 19§2-
and spproved by the staff in a letter dated August 19,
1982, By letter dated August 18, 1982, the Licensee
committed to perform & water hammer test after
instqllation of the new header arrangement. Pending

verification that no water hammer occurred, we con-

clude that the derign 1s acceptable.

R ula) =4 = "Emergency procedures for
transferring to alternate sources of‘AFH.supply

should be available to the plant operators. These

procedures should include criteria to inform the

operator wvhen, and in what order, the transfer to
alternate vater sources should take plnce; The

fellowing cases should be govered by thezakoé;durcs;

- - .- -
.

(1) The case 1; uhir; theV;riuary uatgr-;upply.is )
" not inftially svailable. The procedures for
this case should include any operator actions
required to pr&}g:t'thc AFW system pumps
against self-deéage before untér flow is

initiated.
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(2) The case in which the primary water supply °
is being depleted. The procedures for this
case :héuld provide for transfer to the
alternate water sources prior to d(nining of

the primary water supply.”

By letter qatcd December 17, 1979, the li§onsco
committed to modify Rancho Seco Emergency Pro-
cedures to- include a reference to standard

operating éroccdurcs which were to be modified to
include procedures for obtaining AFW water from
sources other than the condensate storage tank.

The South Folsom Canal and the plant reservoir
comprise the alternative AFW water sources. 1In
response to the above licensee letter, the staff,

in a letter datgd February 26, 1980, requ;;tcéffhc .
licensee to furfher review plant procedures and 3
verify their adequléy for supplying water from

the alternative sources, especially with regard to
starting the South Folsom  Canal transfer punps. e
By letter dated Novems;r 30, 1981,-thc Llicensee
verified that the pso:cdurcs are in place and that

n
they address operation of the transfer pumps. We

therefore conclude that plant procedures are sdequate
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to s;pply alternative snt§r sources to the Aéus
when the primary water supply is being depleted
(Case 2). The low Level alarm on the condensate
storage tank allows 40 ninutes tc transfer to
alternative water supplies. Because the transfer
procedures require manual actions, thorolwould |
rot be time to effect the transfer when thq pri-
mary water supply is not initially svailable. -
The Llicensee should verify that AFW pump damage
will not occur before wvater flow is initiated for

the conditions ¢f Caese 1 aboveg.

Recommendation GS=-35 = “The as~built plant }hould be
capable of providing the required AFW flow for at

least two hours from one AFW pump train, indepen-

dent of any alt;rnatiqg current power soufce. "1¢

manual AFW system initiation or flow control is
required following a conplete loss of alternating

current power, emergancy 6roce§ure§ shog}@ be _
established-for manually ;nitiating and-céntrollingw
the system under these conditions. Since the water
for cooling of the q;be oil for the turbine-driven
pump bearings may b;.de;cndent on alternating

current power, design or procedural changes shall’

- . -
e
.
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be made to eliminate this dependency as soon as
possible. Until this is done, the emergency pro=
cedures shou'd provide for an 1ndividu§i to be
stationed at the turbine-driven pump in the event
of the Loss of all alternating current power to
monitor pump bearing and/or lube ofl temperatures.
14 necessary, this operator would operate -the
turbine-driven pump in a manual on-off godc until
slternating current power is resotred. Adequate
Lighting pbucrcd by direct current power sources
and communications at local stations should also
be provided i1f manual initiation and control of
the AFW system is needed. (See Recommendation
éL=3 for the longer-term resolution of this
concern.)”™
on Lloss of all AC power, thé steah turbine-driveén
AFW pump will start as a cresult of the DC powered
steam inlet valve opening. The lubrication and
lube ofl cooling for the turbine-driven Aruktri
independcnt.of the av;}lnbilit; of.Ac p:;;r: The

flow control valves spon automatically en loss of

power to allow AFW fiow to the steam generatcrs;
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houe&er, the flow control-valvcs must be thréttlcd
manually at the valves. By letter dated December
17, 1979, the licensee stated that AFWS operating
procedure A.51 addresses local manual control of
the AFH flow control volvcs. By letter dated
rebruary 26, 1980, the staff required thut, for
the short-term, the liconsce verify that oqerqting
procedure A.57 requires an operator to be stationed
at the flow control valves iallouine the loss of
all AC power, and that acdequate lighting and
con-Jnications with the control room are iviillblc
to assure AFW operation for two hours independent
of all AC power. By letter dated March 18} 1980,
the l(ceﬁsee committed to the above staff rcqui;c-
ment. However, by letter dated April 14, i?lﬂ,
thc licensee withdrew the connitnent on tﬁc basis
that loss of ol; AC power 1s.not 8 design basis
event for Rancho Seco. We con:lbde that the.

licensee's position does not meet the 9u{del1nes

of Rcconmendation GS-S.lnd is,-thetcforo,-not

sacceptable.. The Llicensee should implement the
‘ .

staff requirement as ;stated in our Letter of

February 26, 1980, discussed above.
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Reconmendation GS=8 = “The licensee should confiram’
flow path availability of an AFW system flow train
that has been out of service to perform periodic

testing or maintenance as follows: .

(1) Procedures shouid be implemented to require
an cperator to determine that the AFQ system
valves are properly aligned and » second
opcra;or to independently verify that the

valves are properly sligned.

(2) The licensee should propose Technical Spcii-
fications to assure that prior to plant start-
up following refueling shutdown, or any cold
shutdown of longer than 30 days duration .a
flow test iould §y pc?iornedi{é ver{}i tﬁf:
normal flow path from the primary AFW system

water source to the steam generators. The

flow test should be conducted with AFW system

valves-in their normal alignment."~ -

<
By letter dated April 30, 1980, the Llicensee pro-

posed modifications to Technical Specifications to
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include the above-required statements. The pro=
posed Technical Specifications were approved by
the staff by letter dated March 27, 1%81. \We
conclude that the Technical Specivications are in

compliance with our recommendations and ave,

therefore, acceptable.

Recommencation GS-7 = "The licensee should verify
that the automatic start AFW system signals nna
associated circuitry are safety grade. If this
cannot be verified, the AFW system automatic
initiation system should be rodified in_the short-
term to meet the functional requirements Listed
below. For the longer term, the automatic initi-
ation signals and circuits should be upgrgéed_ﬁp
meet safety-grade requirements .s'fﬁdica{ge i

Recommendation GL-S.

(1) The design should provide for the automatic

initiation of the suxiliary feedwater system _

flow.




.
The automatic initiation signals and circuits
should be cdesigned so that a single failure
will not result 4n the Lloss of auxiliary feed- .

water system function.

Testability of the initiation signals and

circuits shall be a feature of the design.

The initiation signals and circuits should

be powered from the emergency buses.

Manual capability to initiate the auxiliary
feedwater system from the control room should
be retained and should be inplemented so that
» single failure in the manual circuits will

not result in thg loss of system functioA.

. .- - -

The alternating current motor-driven pumps and
valves in the auxiliary feedwater system should

be incduded in the aptomatic @actuztion-(simul~—

t neous and/or seguential) of the Loads to the

emergency buse{.

[N




(7) -The automatic 1n1t1.fion signals and circuits
: shall be designed so that their failure will
net rosuit in the loss of manual cepability
to initiate the AFW system fror the control

room."

Automatic initiation of the AFWS is currcﬁtly pro=-
vided by the nonsafety-related Integrated Cpngrol
System (ICS). By Commission Order, dltcdiﬂly |
1979, tﬁe licensee was requirod‘to develop and
implement operating procedures for 1n%tia£in9 and
controlling AFW flow “ndependent of ICS confrol.
Licensee-proposed procedures were review2d by the
staff and approved by letter dated June 27, 197%.
By .letter dated October 18, 1979, the licensee
committed to instali @ safoty-gradc_AFUAié{ji;}}on .
and control sysfem independent of the 1CS (refer

to section 11.B.5 of this rebort). By letter dated
February 26, 1980, the staff required the licensee
to: - R ) e Pk

(1) Actuaté the AFw flow control valves using the

existing design%montrol signais, and
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(2) Establish test procedures for performing
channel functional tests of the existing
automatic inftfation circuitry cvdry 31 days
until the safety-grade initiation dpd control

system is installed.

A Llicensee letter dated Novembar 30, 1981, verified
that the flow control valves were actuated and the

required test procedures were established.

In the existing design, the motor=-driven AFW is
iutonatically initiated but must be manually

locaded on &n emergency power bus in the event of

2 loss of offsite power. The upgraded design calls

for the addition of two more diesel generitors and

. —— — -

automatic loadiﬁg of fhe Afi pumps onto the asiéyi-
ated emergency busses. In the interim, the Licensee
proposes to provide for sutomatic loading of the
rotor-driven AFW pump 9nt6 the existing_diesel -
generator-supplied emergency bus. -By letéer~dated -
October 5, 1982, the licensee provided additional
information to veriéy the acceptability of this

interim action. Pending staff approval for the
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prooosal to lutolaticolly:lold the motor-driven
AFW ;unp on the existing emergency bus, we conclude
that the cxisiing initiation and control system is
in cor.formance with this recommendation and is,

therefore, acceptable. '_ :

Acdditional Short Term Recommendation 1 = “The

licen:»e should provide vedundant level indic{tion
and low level alarms in the control room for the
AFW system primary water supply, to allow the
cperator to anticipate the need to nl%eup:uatcr or
transfer to an alternate water supply and pievcnt [
low pump suction pressure condition from occuring.
The low level alarm setpoint should allow at least
20 minutes for operator action, assuming that tﬁo

largest capacity AFW pump i3 opcrpting;f_.

For long-term, the level indication and alarms must
be safety grade with redupdant sensors, detectors
readouts, and alarms 21l the way ffom tRe CST to

control room, including power supplies.

Circuitfy
equipment aﬁd pouer,;upplics are required to be

Class 1E. "
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As indicated in the Licensee letter of December
17, 1979, the condensate storage tank level s
fndicated in the control room. Provi;qlly, in »
letter dated June 27, 1979, the statf notec that
tondensate storage tank low level alares in the
control room provide 40 minutes for operator
sction to transfer to an alternative water source.
The staff concluded that the alarms and operating
procedures were adequate to assure timely transfer
to an alternative source when the condensate
storage tank supply is being depleted. 1In a
letter dated March 18, 1980, the Licensee commit~
ted to install safety-grade condensate storage

tank level indication and slarms. The upgraded

design will have redundant components fncluding
sensors and detectors, redundant control rcom readouts
and alarms and redundant power supplies. Class 1E
circuitry and power supplies will be used 1n all cases
except fo the alarm annunciator panels. Qualified
Class 1E annunciator panels are not available for
commercial reactor plant application. We conclude
that the existing AFUi design and the proposed upgrade
design are in conforncﬁco with the short-term and long~
term parts of our roeo;nendntlon respectively, and are
scceptable with regard to condensate storage tank

level 1ndicgtion and alarms.



recommendation in NUREE-0K£11) = “"The licensee should
perform a 48~hour endurance test on all EFS system
pumps, 1f such a test or continuous period of
operation has nct been sccomplished to daic.
Following the 48~hour pump run, the pumps shoqld be
shutdown and cooled down and then restarted and run
for one hour. Test acceptance criteria should
include demonstrating that the pumps feu.{n_uithin
design Limits and that pump room ambient conditions
(temperature, humidity) do not exceed environmental
gualification limits for safety-related equipment

in the room,"

-
- . — —

-
-
—

In June, 1979, the licensee submitted results from
AFW punp endurance tests. In a letter dated
February 26, 1980, the st!ff requested that

additional information be-provided with™régard to ~

- - - - . -—

these tests. This additional information was sub-
mitted by lfcensee Letter dated May 14, 1980.

Follow=up testing was performedm$n June, 1980, in

.
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which it was demonstrated the AFW pump turbine

bearings would not exceed acceptable temperature
limits. Therefore, we conclude that the pump

testing is in conformance with this recommendation

,and is, therefore, scceptable.

Additional Short-Term Recommendation 3 ="The Llicensee

should implement the following requirements as
specified by Item 2.7.7.b on page A-32 of NUREG-
0578: :
'Safety~grade indication of suxiliary feedwater flow
to each steam generator shall be provided in the
control room. The auxiliary feedwater flow instru-
ment channels shall be powered from the emergency

buses consistent with satisfying the emergency

power diversity ‘requirements for the auxittary feed="

water system set forth in Auxiliary Systems Branch
Technical Position 10-1 of the Standard Review Plan,

Section 10.4.9.'" : i

- - . - " —~— . - —

By letter dated December 17, 1979, the licensee
indicated that the ixisting AFWS obtains an indi~-

cation of AFW flow fror clamp-on ultrasonic flow

meters on each AFWS trzin. Previously, by letter



saze? c:;::gy:jvhn;gyv, the ;j;ct;cc tgesittes <2
:9cv}cc z saiczy::;iee 41:u.£%é1:i={cn°ty:tc= in
she usgrecec AFWS cZesdgn. In 2 lez tcr.datoe
Fetruary 26, 1981, the staf? recquirec that a gre-
cezure for gerforzing ctannel 1un:iienil'tcsts ct

cne existing AFWN ‘. ew indicezicrn systenm bo cstab-.
lished and implenented until the uparodcd,arw 1lou_
indication system is instslled. By letter datec
November 30, 1987, the licensee verified thpt these
procedures gre in alncc. By letter dbtcd Septcnbor l,
1981, the Llicensee provided the dcs19n dc::riation

cf the uppraded AFY flov ‘ndication syston, .Thc
leng=tere cesdign rzdifications were reviewed b; the
st2*f anc fcund ‘scceptatle. The safety-grade flow
indication syst;- will be added during the refueling
outage scheduled tc staft in January 1983.1 Therefore,
we conclude that the AFW flow indication system is in

compliance with this reconmencation and s, therefore,

acceptedle.

recitional Short=Terr Reserfencatlion & = "Litensees °

with plents which recuire local manuel realigrrent
c? velves to tonduzt gericcic tests on nni LFV

-

syster trein, anc :h;rc is taly one recaining AFN
train sva%l;blc fecr c;; ratien, she;[; p:;pott -
To:hnical S:Qciii:t..cns tc grev ' de thet 2 Cecdicatec
intivituclauhe is 4n ceemynication with the contrel

rece e stationed a2z }te carval velves. scn




instruction from the control room, this operater
would realign the valves in the AFW system train

from the test mode to their operationa!l slignment.”

The existing AFWS design contains & full=-flow re-

circuletion Line that cdiverts AFW pump diicharne

to the condenser curing pump lurve*ll.nceftesting.

By letter gated March 18, 198D, the licensee

acreed to station an ocgerator at manually;operlted
velve FWS=055 in the recirculation Line cduring pump
surveillance tgstﬁn; until the AFWS upgraded design
is installecd. By letter dated September B, 1581,
the Licensee provided the design description of

the upgraced AFWS configuration. Mznualiy-operated
valve FWS-D55S wtll be replaged by.q_mc:ccéépe;fged
valve that, if cpen fSr tesfTing, «iTL e Fhut auvto-
metically by AFW initittion signals. The valve will
also be operzble uanually.from the control room and
will have valve positivn indication in Yhe control —

reom. Other moteor-operzted valves
L 4

viced in each AFWS train to isolate the flow path

-

been pro-

heve

to the condenser on fzilure of valve FWS-DS5S5 <in the




open position after an AFW initiatien signal. Ve
conclucde that the test configuration of the AFWS
is in complisnce with this recommendation and is,

therefore, acceptable.

Generic Lono-Term Reconmencetiong
The evaluztion of the upgraded AFWS design, as
described in the licensee submittal éatedjsiptnnbcr

E, 1981, is provicded below.

7. Recormendation Gl=1 - "For plants with 2 manual

starting AFW system, the licensee should install
8 system to 2utomatically initiate the. AFW
system flow. This system anc ss;iocieted avto-

netic initiation ;ignal{ shoulq_be dg}f;nid

and instelled to meet szfety-grece reguirements. .
ﬁanual AFW system start and control ;ap:bility
shoulcd be designed and installoq to meet safety~-
gréde reguirerents. &anull AFW 8y8%1é start -
and tontrol cepability should be retsined with ~
manual start seaying as backup to sutometic AFW

system initiszion.”™
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The existing AFWS contsins & control-grade suto-
metic initiation systec. The upgrade of this
system to 2 safety-grace system is evalueted in
Section 11.B.5, "Recommencetzion 6L=-5," of this

report.

Recommendetion GL-2 = Licensees with plunf designs

in which the primary AFW system water supply pesses
through vulvcs in » single flow path, but- the
slternzte AFW system weter supplies conncét to the
AFW system pump suction piping cdownstream of the
etcve valve(s); should: (@) instezll recduncant
vilves parellel to the above valve(s) or (b) pro-

vicde automatic opening of the valve(s) from the

® . - . — — & e
- - - -

pressure.

glternzte water supply upen Llow pump sucfjpn Lot
Each AFW pump is proviced with separate suction
ciping to the ctoncenszte storage tank.‘ The ipgt1on
piping to e2ch punp has two locked-ocpen-manual -
valves encd @ check velve. We conclude that the

{8
LEWS suction piping 4s accepteble.

e - ————



RecEmmendetﬁon_ﬁx;i_- “"At least one AFW system

punp and its 2sscociated flow path and es;cntial
instrumentation should sutomatically initiate
AFW system flow and be capable of being operated
independently of any AC power source for ;t least

two hours. Conversion of DC power to AC ﬁouer is

gcceptable.”

The capebility of the AFWS to operate for two hours
in the event of a loss of 2all AC power is ciscussed

in detail in Sections 1.B.2.¢ end 1.B.2.f of this

report. Pending verdi/ication from the Licensee
that the flow control valves can be cperated for

+wo hours indepencent ¢f AC power, we conclude

that the AFWS is in corplisnce with_thi econmen=

dation and is, therefore, sccepteble. . -

Recommendation BL=& = "Licensees having plants with

unprotected-normal AFi w2zer supplies stogylc eveluate

the cesign Bf their Afﬁ systemi to-dete;b{n{ &

L 3
sutomatic protection of the pumps is necessary

following @ seismic event or » torhade. The time

available before pump cemage, the 2larms and
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indicetions available to the control r&on operator,
eand the time necessary for sssessing tholéroblo-
and taking action should be consicdered in dctcr.ii
ning whether operator action can be reifgd on teQ
‘prevent pump damage. Considerations should be
given to providing pump protection by meaps such

s sutomatic switchover of the pump suctions to

the slternate safety-gracde source of-uatef, suto~-
matic pump trips on low suction pressure,” Oof up=
gracing the normal source of water to meet seismic
Category I and tornesco protection requirements.”
The primary source of AFW water supplies is the
condenséte storage tank (CST) which is designed to
seismic Category 1 reguirements. cheveéy-os-~
discussed in Se;tion 1.8.2.b of t}{; repe};, {h;
licenseé hes not discussed the 2bility of the CST
to withstand t'e effects of tornadoes including
tornsdo missiles. LoOSS o} the CST due ;o:l_tornadq_
vhile the ATW pumps are opsrating tould™resdlt in ~
loss ©of both pumps éecause of the.deloy involved

in transferring to alternate water sources and

the lack of auvtozmetic shutdown of the pumps on Lloss
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of suctfon. The licensee should verify that the
CET 45 protected sgeinst tornadoes and tornade
rissiles or altirnativcly connit te previcde one of

the sbove~-described methods of pu=p protection in

the event of catestrophic cacage to the C€ST.

Recommendation GL=-5 = “The idcenzze should upgrade

the AFW system automatic inftifation signals and

circuits to meet safety-gracde requiresents.”

Ar emergency feed dnitfation and centrol (EFIC)
systen has been provicded as part of the AFWS up~

grede. The EFIL system has been revieved snd

found acceptable by the staff. The EFIC systes

fs independent of the Integrated Control ﬁ;:tol.

The safety-prade flow inftiation system will be
sdded during the refueling outege schecduled to begin
January 1983. We conclucde the EFIC system conplies

with this recommerdation and s, therefore, acceptable.




Aurilinry Feedwunmter System Beliability Evalustian,

In sccerdance with the recuirements of NUREG-Dé660 and
NUREG=D737, the Licensee has performed o reliability
study of the upgraded Rancho Secc suxiliery feecuater’
;y:tem (AFWS). The design description of the upgra&ed
AFWS and the reliability study for the upgraded design
were provided by the Llicensee in letters dated

Sectenmber B, 1981 and January 18, 1982, respectively.

The Licensee's reliability study was performsd in 2 man=-
ner similar to that employed 4n the NUREG-0619 study
using generic failyre rate cate 2s mocdified by Rantho
Secc experience. The NUREE-D611 study considered

the following three transient cenditions for cdetermining

the reliebility of the AFWS:

-
.

LMFW = Loss of ﬁain Feecduwater
LOOP = Loss of Offsite Power/Loss of Main Feedugter

LOCA - Loss of all AC Power/Loss of Main Feedwater

- e ¢ -

The licensee's evaluati&r foes not present 3 se-arate
value 61 AFWNS unaveilab¥)izy “or each of the three
trensients, but rather repcrts system unavadilability

averaged over the three initiating transient cenditions.
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Our contractor, Breokkaven National Laboratory (lNL),-
revieved the Liczensee relfadility study .nd.pcrforscd
an incdependent analysis. The BNL indopenden} analysis
used the NUREG-D611 methZdcliogy and dats base. AFNS
Gnavadlability was ealeulsted for LWFW, LOOP and LOAC -
transients, where unavailability as dcfinc; 1ﬁ NUREG~
D611 45 the porobobility per demand that the syitcn

- will fail to perform 4ts mission.

Fission success 2: used 9n the licensee analysis ds
stteinment of adeouate flow Vrom at lcasf onciarw pump
to #t least one steam generator. The licensee calcu~

v BN lated values of unavailability considering thet 20 .
minutes would be available for operator a:tibﬁ to

essure nission success by recovering from initial

= failures sucth as the sutometic sctuztion sipmpl failing -

P

to start pumps OF correctly posifioning"lisiligntd'

velves. As discussed in NUREG-D667 mission success in

20 minutes will prevent core gamage in Babcock and

. Wilecox (BEW) pl;nts. Hou;ver; NUREG-0667 istiﬁﬂt;s -

that for BEW plants, rcc%very {from transients '8 sen-
L

sitive to0 cirly starts df'thc AFWS beceuse of the

small heat sink provided by the BBRW cnie threcugh
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steam generator. This 4s acknowledged by the li?cnsoc
in the AFWS upgrade design report of September 8,

1981 where the design flow requirements of the AFWS

are given as » minimum acceptable ¥low of 260 gpm

(7 pump) at » steam generator pressure of 1050 psi.
This minimum flow is to be delivered in 50 seconds from
receipt of an AFWS initiation signal to minimize the
occurrence of steam generator boil=dry (see also Section
J11.D of this report). Because steam gcnerator'bo$l-
dry is expc:tid to occur in » very short time, BNL
calculated AFWS unavailability for the case uhirc no
time is available for coperator action as well as the
case where 20 minutes would be available for menual
recovery. Only the immediate action case is ascceptable
to the staff since the missfon success criterion is

based on preventing steam generator dryout;

Table 1 below presents the results of the AFWS unavail=-
ability for the three transient cases based tn fhe.

BNL and Llicensee anvlyses. Betcause the licensee pre~
sented only one valwe of AFWS unav:ilability’for all
transient cases, ENL ext:a:ttd three unavailepilities
from the infor;at$on in iﬁe liceniee ;Bily;;s‘ié order
to have » valid comparison for the three transients.

The results are given belew in Table 1:

L



-48-

TADLE 1: AFWS UNAVAILADILITY FOR THREE TRANSIENTS CASES
. |

DNL_Estimate, Per.Demand Jicensee_Estimate, Per Demand
No Operator Jdperator
Recovecrpm Recovery. Qperator Kecovery

4 -&

¢ 1.0 X 10

7.6 x 10° 2.6 X no

-3 o

1.5 x 10 5 X 10° ¢

3.6 X 10

2 1.3 x 1072 : 1.6 x 1072




AFUS Rominant foptribizerg. | i o
Table 2 shows estimates of the cominan: contributors
and Teble 3 discusses tentributing fadlure modes to the

AFR; vnavailability as presentecd in the BNL and liconsc;

enalyses. Many similarities exist' between thi two;

however, the licensee did not consider >eversl operator

failures which vere dominant tontributors. These sre
tintensnce errors thet disable diesel generators, steam

ewiission valves, and several pump discharge valves.

-~

In the loss of madin feecdwater rase, ENL estimates higher
AFWS unavailability than the Llicensee because the licensee
fails to consider two common cause failuft:: 2) leakage
from recirculation valve FWS-X5; and b) all stean

generator level instruments miscalibrated by the same

cperator. ® = . e, .2

In the loss of offsite power case, the BNL AFN; urnavail=-

-

ebility is higher because BNL sssumes: @) higher failure

rates for the actusation system and diesel generator,

b) a longer outege period ﬂor maintonanct of turbine
&

driven pump, and ¢) the unavailability of the steam
admission valve after maintenance. In the loss of AC

power cese, the BNL anc licensee unavailaebilities are

scproxicmately the' same.

e — R T - - - - - -
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The Llicensee did not discuss ctommon cause failurcs
explicitly; however, BNL found that all fou} level
setpoints of steam generators could be miscalibrated -
by the same operator. This failure of the Llevel
setpoints could isolate all four flow control valves

and block both AFW flow paths.

BNL and the Licensee also found a single point failure
at test valve FWS=X5 which, when Llarge leakage developed,

will cause AFW flow to bypass both steam generators.

Supporting System

The Llicensee reported that the AFW pumps, pump motor,

and turbine are self-cooled and independent of service
water system. BNL also examined the power supply and

actuation systems which support AFWS.

LONCLUSIONS |

We find that the AFWS unavailability of Rancho Seco

Unit 1 is in the medium~to-low unavailability range

sccording to the range presented in NUREG-0611. The
| 8

AFWS unavailability fails to meet the numerical
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guideline presented in the Standerd Roviou'Plan (SRP)

Section 10.4.9, which specifies an acceptable AFWS
unrelfability in the range of 10-5 to 10-‘ per demand.
The staff is currently evaluating the need for modi~ -
fications to the suxiliary feedwater systeas for
Rancho Seco and other plants whose reliability does
not meet the guidelines of SRP 10.4.9. A po‘ition
in this regard is being!devclopdd‘by'the{ttcf?;
Although the addition of a third AFWS train and elimi-
nation of the common cause and single point failures
may further improve the AFWS reliability to the
scceptable range pf the SRP 10.4.9 guideline, the
proposed AFWS upgrade design represents a consider~
able and acceptable improvement over the existing
design. We therefore conclude that, until a staff
position s developed regarding further improvements
in AFWS reliability, operation of Rancho Seco, with

the pre.nted upgraded AFWS design, is acceptable.
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pominant Contributors to AFWS Unavailability

“DNL_Estimate

Nardware®

5x) 0'4

l'xlO’J

RER T

! 7!‘0-3

i

- 5x107

J

C3.6x1072

C1x107

‘

. 5.0x10

‘

]

Maintenance

-J
3
J

2.1x107
2.1x107

Dual (turbine/motor) driven pump train ’
:.lccnse.e Estimate Comments
leo" . Turbine/motor pump falls to start.
SxIO'J Steam turbine driver fails to start,
3:9x1077 _ ‘Steam admission valve fails to operate.
-.:mo'? Actuation signal failure, per train,
. / Steam admission valve left disabled after maintenance.
. i biesel genentor D fai)s to start because of hardware fallm
i (3x10°2) or in maintenance (6x10° ", et
Bxlo o Pattery fails in the loss of all AC power transient. .
'y
3 oo
1.15x10 . " Turbine pump maintenance (motor driven is not considered nm,
Stcam admission valve maintenance, d;

R L Four papallel valves are under maintenance. '

. 2 °
. 5 . .

.4t . e
' .' L

. . » .
' J .

- *Events did not appear in lhe 1icensee l‘ault trees.
UL fallure rates are in per demand basis-

i
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l TABLE 2 - Conlinued

Motor driven pump train

BAL Estimate " Licensee Estimate Comments

Hardware

‘ Motor driven pump falls to start.

Control circuit to pump left disabled after maintenance.
~Ix10° Actuation signal fails on demand per train.
3.;:19’3 Yalve FWS046 -left closed inadvertently.
l.93x\0°2 Diesel generator A fails to start. ’

5x10°

4

Maintenance
s.ono" , Motor driven pump maintenance,
2.1110'3 ' Four parallel valves are under maintenance.

Cormmon Cause Fallure

Miscalibration by the same operator of all steam
generator level setpoints, ’

Single Point Failure
leo'4 ' Test 1ine valve FHS-X5 falls open.
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TABLE

Cominznt Failure Modes .

BNL Analysis

Loss of M2in Feedwzter (LMFW) Cese

1. One pump under maintenance and
herdware failure of second pump.

2. Feilure of both actuation trains:
contrel Yogic A (EFIC-A) actuates
MDP 2nd logic B (EFIC-B) actuates
DDP (dual drive pump).

3. Leakage from test line valve RS-
X5 tan divért AFV flow and potens’
ti2lly dry out the steam
generators. .

4. Miscalibration of 21) four steam
generator level setpoints by the
operator. .

‘ S Herdwazre failure of both DDP and
MDP. .

Loss of 0ff-site Power (LOOP) Case -

1. Diesel generztor A failure or
being mzintained which disables
MDP tra2in while DDP trzin is tih--

“aveilatle due to maintenance or
the stezm 2cmission valve failure.

2. Sere as A.3, A.4.

Loss of A1l AC Power

1. Actuation channel B fails.

2. Turbine driven pump being
mzintained.

3, Steam 2dmfssfon valve fails to
open.

4. Loca) control to steam - acmission
valve fails.

-

Licensee A;|1!sis

1. The motor driven pump (MDP) unavafil-
ebility due to loss of off-site
power and diesel generztor A
failure, E )

2. The dual drive pump (DDP) unavail-
ability due to steam admission valve
failer2 or hardware failure of the
turbine drivcr.

3, Valve FWS-X5 fails to close after
the test. .

4, Miscalibration of 211 four steam
gencrator level setpoints. ‘

5. Valves FWS-045 and FWS-046 fafl to
reopen after pump mzintenance.

6. The Teed-on1y-good-generltor
(FOGG) Logic fails due to mis-
calfbration. .
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fuxiliery Feedusster Flow Peculrezents,
The cesign basis evert criginally used for sf2ing the
auxildiary feedwater systenm (AFWS) 4s Lloss of main

feecdwater (LMFW) with » concurrent loss of qffsito

power (LOOP), and subsequent Lloss of the reactor

coolant pumps. The pertinent parameters 16r.thi3f
sccident relative to the AFWS are design 1lo;fate and
recuired time to full AFW flow. The design v;luis
which resulted from this original (FSAR) ;nalysis are
78D gpm deliverable to the steam penerator within 4D
seconds of tte inftiation signal. The 4D second giu;
was thosen tr »llow the AFWS to inject feedwater and
begin increasing steam generator level to the.SDl
cperating range level required for natural cj}culatfon
prior to completion of the reactor coolant pQﬁP coast~

down. The design flowrate was Selectel to bL¥: equal-to

or greaster than tpb.Cchy heat generation rate at 40
secends. As described 9in the licensee sdbmittal of

September B, 1981, each AFV pump has a rzted capkeity

of B4D gpm at 1350 psipg u;th * normal [q:irgulptﬂon

flow of 60 gpm; thus the net flow rate to the stean
<

generators is 780 gpm. &




Following the Three Mile Island sccident, the l;consco
provicded an additional flecw rate analysis.uhich hat
been provided to'tht licensee in 2 letter 1;on the
Babcock and Wilcex Company (EEW) dated May 16, 1976, °
This new BEW analysis indicated that at 36 iccondl. .
after reactor trip, sn AFVW flow rate of 7&0 épn vovld

be scequate to remove decay hest, and at 40 seconds the
minimum recuired flow rate would cecresse to 748:5;-.

In »a letter d;ted Feoruary 26, 198D, the stl§f ;eﬁucstoa'

acditional information fro= the Licensee to verify

-

that the criteria used to establish minumum AFW flow

requirements would assure aceguate desay hest rezoval.
The licensee responded to this request by providing
the "Rencho Secto Auxiliary Feedwater Flew tviiuatién"
in » letter dated November 3D, 1981. Our evaluation

of this docunment 45 provided delow. . = - .

The licensee's submittal of Nocvember 30, 1981 has
verified that the original desipgn flow celculations
sare in a:cordofce with stiff';uidélinis 1oEl€u{p"
evaluations. That 95, ghe original mininmum AFW flow
cf 78D ;pn-for the dcsién tesis event is shoun to be

sacdesuste. The licensee also states that providing

AFW Ylow within 4D seconcs will avoid steam generator




dryout, and thus, will promote the inception of .
natursl circulation cooling of the reactor core before
the end of reactor toolant pump coastdown.. This infor= .
mation does not support the flow requirement of 760 gpo
;t 50 seconds after inition signal that is discussed

in the upgraded AFWS design description submitted by

the Licensee's September B, 19871 letter. The licenses

has not provided sufficient information in thd
November 30D, 1981 submittal to justify the use of 760

gem as the minfmum required flow.

By letter dated August 18, 1982, the Licensee committed
to test the_nodif;;d AFW steam generateor injection
configuration. The purposeiof the test is to verify
that no waterhanmmer problems exist gith the nev piping
configuration and to ensure that the requireg_p‘njyu-
AFW 1l6u to the stéanm geﬁirotbF'it provided. The °
licensee should provide the results of the test to

verify that 780 gpr can be delivered within 40 sccond;

to the steam generotor st 1050 psi. Alternotively, the

- - - — - -

Licensee should provide the results of an onnlysit,
€

using the criteria provfgcd by the stiff's Februory 26y
1980 letter, to verify that 760 gpm supplied to the

steam generator within 50 seconds is aaeqﬁatc to remove
resactor decay.heat, promote natural circulation cooling

and precjude steam generetor dryout.




The staff evaluation of the desfgn and opcrltfon of the

existing and proposed upgrade design of the Rancho Seco
suxilfary feeduater system is not complete. We cannot
complete our review until the Licensee provides the required

additional inforsation fdentified 4n Parts I and 31 above.

However, as noted in our evaluation, the Rancho Seco AFVS

vpgrade provides » significant fmprovement over the present

design. Operstion with the existing AFWS s acceptable in the
interia since nuthing 1n our current reviev has changed the
conclusfons in the staffs June 27, 1979 evaluation. TiLis
conclusion 1s further reinforced by the planned addition of a
safety grade AFWS initiation systen and s safety-grade flow

indication system during the refueling cutage beginning January

1983.




