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October 7,1982
.

i

Dccket No. 50-409
: LS05-82-10-021

1

Mr. Frank Linder
i Genenal Manager

Dairyland Power Cooperative
2615 East Avenue South
Lacrosse, Wisconsin 54601 '

|

Dear Mr. Linder:
i

i SUBJECT: SEP TOPICS V-10.B. RHP. RELIABILITY; V-11.B. RHR INTERLOCK
REQUIREMENTS; AND VII-3, SYSTEMSTREQUIRED FOR SAFE SHUTDOWN

'

(SAFESHUTDOWNSYSTEMSREPORT)
LACROSSEBOILINGWATERREACTOR(LACBWR)

A draft evaluation of safe shutdown systems for LACBWR was transmitted
to you by' letter dated De'smber 22, 1980. Your letter of August 26,
1982, provided coments on this evaluation.

Enclosed issthe final topic evaluation for the systems aspects of safe
shutdown requirements. The electrical, instrumentation and control

i

aspects of this review, and resolution of youe coments in this area
will be addressed in a separate evaluation.

;

As noted in the evaluation, the following will be addressed in the
Integrated Assessment:

l' Safety-grade classification of safe shutdown systems (in conjunction
with Topics III-1 and III-6)

2) The need for improved shutdown condenser shell side level control.

3) The need for procedures to address provision of domineralized water
- from onsite Unit 3, contingencies for failure of the shutdown con-

denser level controller, and use of the manual depressurization
system and alternate core spray as a backup method.
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Mr. Frank Linder -2-

This evaluation will be ;a basic input to the Integrated Safety Assessment
for your facility unless you identify changes needed to reflect the as-
built conditions of your facility. This topic evaluation may be revised
in the future if your facility design is changed or if flRC criteHa
relating to this topic are modified before the Integrated Assessment is
completed.

Sincerely.

_ . _ .

Original cigned tyi

Dennis M. Crutch 71 eld, Chief
Operating Reactars Branch No. 5
Division of Licensing

!

Enclosure:
As stated

cc w/ enclosure:
1 See next page
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1.0 INTRODUCTION

The Systematic Evaluation Program (SEP) review of the " safe shutdown" subject

encompassed all or parts of the following SEP topics, which are among those
~

identified in the November 25, 1977 NRC Office of Nuclear Reactor Regul~ation

. document entitled " Report on the Systematic Evaluation of Operating

Facilities":

[ 1. Residual Heat Removal System Reliability (Topic V-10.8)' ~
l
! 2. Requirements for Isolation of High and Low Pressure Systems (Topic V-11.A)

, _

~

3. RHR Interlock Requirements (Topic V-11.B) ;-
k

_ , ,

4. Systems Required for Safe Shutdown (Topic VII-3) - ---e

5. Station Service and Cooling Water Systems (Topic IX-3)
!
5 6. Auxiliary Feedwater System (Topic X)

,

The review was primarily performed during an onsite visit by a team of SEP
- personnel.
_

This onsite effort, which was performed during the period May
,

| 22-24, 1978, afforded the team the opportunity to obta'ih c~urrent information
4

f
' and to examine the applicable equipment and procedures, and it also gave the,

I

! licensee, Dairyland Power Cooperative, the opportunity to provide input into
n

-

f the review.
* '

:
-

.

I
_ The review included specific system and equipment requirements for remaining in

: . -:

: a hot s'hutdown condition (> 212'F) and for proceeding 'to a cold shutdown '

(

(< 212*F). The review for transition from operating to hot standby considered

h the requirement that the capability exists to perform this operation from

outside the control room. The review was augmented as necessary to assure
k
i resolution of the applicable topics, except as r,oted below:

9

+ .
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Topic V-11.A|(Requirements for Isolation of High and 1.ow Pressure Systems) was

examined only for application to the Residual Heat Removal (RHR) system. Other

high pressure / low pressure interfaces were not i'nvestigat'ed.

-
. ..

Topic VII-3 (Systems Required for Safe Shutdown) was completed except for

determination of design adequacy of the systems.
,, ,

r ..

Topic IX-3 (Station Service and Cooling Water Systems) was only reviewed to-

s

''

consider redundancy and to a limited extent seismic and quality classification
q

of cooling water systems that are vital to the perfojaance of. saye shutdown.

system components. (No discussion of Topic IX-3 is 'i'ncluded in' this report.
. .

..

The information gathered in support of this topic will be used to resolve the .

|
'

topiclaterintheSEP).
,

The criteria against which the safe shutdown systems and components were-

f, compared in this . review are taken from the: Standard Review Plan (SRP) 5.4.7,.

"Resido'aT Heat RemEva'k (RHR) System"; Branch Technjcal Pos.ition RSB 5-l', .
'

-

i
e ;

. .--

k " Design Requirements of the Residual Heat Removal System"; and Reguiatory Guide
~ '

%

} 1.139, " Guidance for Residual Heat Removal." These documents repre,sent current,

,- staff criteria and are used in th,e review of facilities being process.ed for

( , operating licenses.
* -

.
. .

|
'

~
- *

-
-

,
. . .

- This comparison ,of t'he exist.ng systems against the currentdicebsinferjter,ia
~

{ led naturally to at least a partial comparison of design criteria, which will

k be input to SEP Topic III-1, " Classification of Struit@es,'Chidp'oi[eRs and

Systems (Seismic and Quality)."

.
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As noted above, the six topics were considered while neglecting possible

| interaction's with other topics and other systems and components not directly
I

[. related to safe shutdown. For example, Topics II-3.B (Flooding Potential and

Protection Requirements), II-3.C (Safety-Related Water Supply), III-4.C
- .

(Internally Generated Missiles), III-5.A (Effects of Pipe Break on. Structures,

Systems, and Components Inside Containment), III-6 (Seismic Design

Considerations), III-10.A (Thermal-Overload Protection for Motors of '

Motor-Operated Valves),111-11 (Component Integrity), III-12 (Environmental
_ 2

Qualification of Safety-Related Equipment) and V-1 (Compliance with Coces and"

Sta,ndards) are among several topics which could be affected by the results of
,

'

the safe shutdown review or could have a safety impact upon the -systems which
~ ~

were reviewed. These effects will be determined by later review. This review

did not cover, in any significant detail, the reactor protection system, nor

the electrcial power distribution, both of which will be reviewed later.

The major factor in assessing the safety margin of any of the SEP facilities
'

_ depends upon the ability to provide adequate protection, for postul.ated Design
_

'

Basis Events (DBEs). The SEP topics provide a major input to 'the DBE review,

both from the standpoint of assessing the probability of the event and that of-

determining the consequences of events. As examples,'the safe shutdown topics .-

below pertain to the listed DBEs (the extent of applicability will be

d6termined during the DBE review for La Crosse BWR). -

~

. -: ,
;

, ,

Completion of the safe shutdown topic review (limited in scope' as noted above),

as documented in this report, provides significant 1,nput in as,sess.ing the
. . .

existing safety margins.

1 .

! -
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Impact Upon Probability.

Topic , DBE Grouo* or Consecuences of DBE
- *

-
.

[ V-10.B VII (Spectrum of Loss of Coolant Accidents)
,

Consequences

V-11.A VII (Defined Above) Probability,.

I .

t. -
.

'

|. V-11.B VII (Defined Above) Probability

VII-3 All (Defined as a Generic Topic) Consequences
"

.,

p ,.

.a
f- IX-3 III (Steam Line Break Inside' Containment) 'C6nsequences

'

(Steam Line Break Outside Containment)
. . .

r
.

'
--

'" ~

L IV (Loss of AC Power to Station Auxiliary)- Consequences
"

(Loss of all AC Power) - '- **-

- -
,

. - . ~ .

V (Loss of Forced Coolant Flow Probability
!. (Primary Pump Rotor Seizure);

, (Primary Pump Shaft Break)
l-
t;

l' VII (Defined Above) Consequences .

! .
.

.

$ X II (Loss' of External Load) Consequence's
b -

- (Turbi tie .Tri p) .. '
. .

O
(Loss of Condenser Vacuum)

..
' '

i

i (Stea,m Pressure Regulator [ Closed))
.' .. .

(Loss of Feedwater Flow)s. .

L (Feedwater System Pipe Break)
-

\ .. ,

',
_

III (Defined Above) . Consequences
. - .-

* *

p~
~

1 *

L
b .-

.
-

IV (Defined Above) |

.

Consequen,ces, .,

- -
.

-
' * '-

. . Lt ,.. .

'V (Defined Above) Consequences' '

l VII (Defined Above '. : 1Conseq&ences<

.

.

j *For a listing of DBE groups and generic topics, see Reference 5.

'

; -
,
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2.0 DISCUSSION

2.1 Normal Plant Shutdown and Cooldown (Offsite Power Available, All Eouioment

Operable)
.

-
.

The plant conducts a cont'olled shutdown in accordance with written proceduresr

by reducing generator load gradually with the main steam bypass valve. closed
f

h
; and turbine inlet pressure controlled at 1225 psig. The initial pressure
|

| regulator is in " automatic". Reactor pacer is decreased by control rod 2

j .

| insertion at Iess than or equal to 25% pocer per hour. The regulator closes

f down the inlet valve to maintain 1225 psig and feedster flow is -controlled in
~

automatic. At about 10". power, station load is tran's'ferred td 'th,e reserve ,
_,

auxiliary transformer and control rods are inserted to achieve about 2 MWe

| power at which time the turbine is tripped. NormIly, aII control rods are

f| then futIy inserted, though the option e=ists to remin in the Ice heating

range if hoc standby is desired. Feedwater is automatically reduced to match'

. steam flow and secured when this flow reaches its minimum value. These
-

operat' ions minimiz'e hertu'rbations and require |mjnimum. Mctions"b'y operat6rs. ~
~

~

.

Seal injection adds on the order of 20-25 gpm of subco,oled water to the reactor
''

coolant inventory. The ' purification system coots, purifies and recirculates.

. approximtely 40 ppm. Steaming continues to the steam jet air ejectors and

gland seal thus removing heat and water. The decay heat blowdown valve is
-

manually controlled to blow down via the decay heat removal: system to--the rhain

condenser to maintain constant inventory.

. . . . . ,

.

1
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When proceeding t'o cold shutdown, the air ejectors are secured; main condenser

vacuum is reduced to atmospheric pressure; and the main steam # solation veIve ni

, closed to minimize the cooldown rate. At a reactor coolant system (RCS) temperature .
. . .

of 470*F, the Decay Heat Cooling System inay be placed in service circulating reactor

; coolant through the tube side of the decay heat cooler. Component cooling water is

circulated through the shell side and is in turn cooled in the shell side of the .

component cooling water coolers by circulating low pressure serv. ice water through- .

the tube side. The cooling path to the Mississippi River is thus established and
u

j maintained to complete cooldown and remove decay heat whi]e cold.. CoV1.down rates

are controlled to maintain reactor vessel temperatures irl'a' range td' avoid exbessive

stresses.

I 2.2 Shutdown and Cooldown with Loss of Offsite Power
1
' -

On loss of offsite power the main condenser is unavailable for heat removal for
: .

- - -
.

[ ,

~~ cooldoWn and -the feedwater pumps cannot.be used f'or re, actor coolant maieup.
<

; . ..
.

: After the reactor, is tripped, the shutdown condenser is activated manually,
'

automatically by closure of either MSIV, or automatica,lly by system, pressure

1325 psig or greater. d' cooling , path is established by the opening of two *~ *

g ..

. redundant inlet valves and two redundant condensate returri valves. '
~

r
-

. .. ,

' The s'hutdown condens'er is a closed loop which establispes n' tura1 cirtulatiqna

by condensing steam boiled off from the reactor vessel in the tube side of the'

h condenser and returning the condensed steam via grav'ity- flow 'tb'-a-Efeedwater

| line and then to a reactor forced circulating loop. Being a closed loop the
L

need for makeup water is minimized. Makeup water is not necessary to maintain

)~
*

.
..

a

~ - - , _ . ~ ,~
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adequate core cover. The condenser can transfer'at least 20% of mted reactor

power from the reactor coolant to the shell side water which is boiled off to

the atmosphere. The condenser shell side water level is . controlled to provide

makeup from the demineralized water storade tank"and a~t'a lower level ((if[",.
.

demineralized system supply is insufficient, exhausted or fails) by high ' '

pressure service water. The demineralizer water transfer pumps are powered
'

from the diesel backed essential buses and ar~e capable of adding up to 30,d00

gallons of water stored in the virgin water storage tank to the condenser as

needed.
. . a

.

Additionaldemineralizedwatermaybeobtainedfrom,kheadjace,nt. Unit 3by

making a flexible hose connection. Normally, however, the lower ' controlled- ~

level is reached, and high pressure service water system automatically provides

makeup using either of two diesci powered pumps which take suction directly

from the river. The Dnergency Druice ilater Supply System could be deployed to

provide high pressure service xter if neither dieset povered pu.~p ms *

| available. Redundant .and diverse methods of makeup water with onsite or. offsite

power are thus available to the shell side of the condenser. The reactor

coolant system cooldown rate may be controlled by controlling the position of.

the steam inlet valves. The system will cool the RCS aImdst to' cold shutdown
.

.

(about 212 F) and maintain it there indefinitely. Needed instrument;ation is

powered from the essential busses and provided in the control room. .

_

,.
;

,
. -- :.. . ,

The liigh Pressure Core Spray System (2CS) can also be used for cooling the

The h?CS can be activated mnually or automtically on a too mter levelcore.
.. . . _ ,

signal (-12 inches). Operation of one of tuo ECS pur:ps is required. The

]| cater supply is the Overhead Storage Tank (ORST), uhich has a capacity of.
3

1

3
,

'

s.

s
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greater than, 42,000 gations. A minimumi,of 15,500' gations must be mintained
-

. .

uhen 2CS is. required to be operable. A too tevet on the MST vitt cause
'

automatic transfer of txter from the virgin txter stongs tank, via one of the
o

tuo dominentized oater tmnsfer pumps. Each 2CS pump is capable of supplying
-

, . .
..

50 gym against a reactor pressure of 1450 psig to a core spray bundle uhich

discharges the inter to nozales directly above each ir.dividual fust assembly.
L : .-

-
= ,

U

..- Another method of cooling is available, but is to be used only if other methods
E: : .-

fail. This method requires the activation of the manual depressuriza.tfon -"

system (MDS) and subsequent use of alternate core sp,r,ay. Thi,s is, not inclu,ded

j as a means for removal of decay heat in plant proce[ures sinc.e venting to
. . n.

containment requires plant downtime for cleanup and restoration to normal*

conditions. Use of alternate core spray has its prim'ary purpose responding to'

; loss of coolant events. The depressurization system contains two vent valves
,

; which open to the containment atmosphere. This function can be performed only
' '

*

if part of the shutdown condenser system is activated, i.e., the venting is g

performed by . passing hsteam through the shutdown condens,er st'eam. in.let -valves to, . .
,

t . . c.. -

and through one of the too pamitet reactor emergency' van't val,v,es. 'Each vent .

'

; valve is operated from the control room by its independent manual switch. The-

.

s ,, .

vent valves open on loss. of nitrogen and fait cIosed on loss of power to the - -
-

s01enoids. -

.- . ...

-
.. ,.

~

Following use of ES and the decrease of system pressure to,les( thah.150.psig,
-

-

. . - : s . .

the alternate core spray is activated and delivers ample fios (about'900'gpm at

a vessel pressure of 50 psig). This water is provided by two .gep.argte' diesel
h*

'

driven pumps that take suction from the river and discharge through v41ves to a

y 4" line which penetrates the reactor vessel head. This water flows through the

f .

h |
'

.

- -
. ,

|e

-
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open end 4" pipe on to the high pressure core spray system tube bundle,

through the flow deflector plate area and downward to the core. Note that
~

operation of this system is procedurally required if the vessel water level is

. low enough during a LOCA coincident with containment pressure of 5 psig. The

manual 'depressurization a'nd alternate core spray systems are designed to comply

with the interim acceptance criteria for ECCS. (Reference No. 1) .

In addition, the Emergency Service Water Supply System can be. used to provide
.

cooling m ter to the Alternate Core Spray System if the diesel driven pumps
'

fait. Three portable pumps can be co>mected to either an inside or outside-

manifold to provide river xter to the ACS line inside the Tu'rbike Building _.
__

3.0 CONFORMANCE WITH BRANCH TECHNICAL POSITION 5-1 FUNCTIONAL REQUIRiMENTS

The system (s) which can be used to take the reactor frca norTa' operating

,
conditions to cold shutdown shall satisfy the functional requirenents listed

-

below.
~

- -

.

.

1. The design shall be such that the reactor can be t.aken from normal
.

. operating conditions to cold.s5utdown using only safety-grade systems.

These systems shall satisfy General Design Criteria 1 through 5'.

.

2. The. system (s) shall have suitable redundancy in componehts and features,

and suitable interconnections, leak detection, and isolation capabilities
4

to assure that for onsite electrical power syste'm operation '(assuming

offsite power is not available) and for offsite electrical power system

:)
B .

.

6 ), m ,( , ,g,,j. av
, t )} - # 2 y er- g
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.
-

; operatich (assuming onsite power.is' not available) the system function can

be accomhlished assuming a single failure.
~

:

. 3. The system (s) shall be capable of being operated from the control room wi.th .-
? -

.

either cnly onsite or'only offsite power available with an assumed single

f ailure. In demonstrating that the system can perform its function .-

'assuming a single failure, limited operator action outside of the control
'

''room would be considered acceptable if suitably justified-:

4. The system (s) shall be capable of bringing the ciactor to'a hold 'shutddwn

,

condition, with only offsite or onsite power. ava[lable. Et$b a reasonable

period of time following shutdown, assuming the most limiting single
'

failure.

,

M
'

3.1 Backcround ~

..
>

~~ ~ ~
'

-

- - .. .. .
-

A " safety grahe" system is defined, in the NIREG-0138 :(Ilefere'n.ge 2) discT;ssion
.

,

of issue #1, as 'dne which is designed to seismic Category I (Regulatory Guide
. ..

1.29), quality. group C 'or better (Regulatory Guide 1.26),.and is operated by.

, .. _ .

electrical instruments and controls that meet Institute of Electricat and~

,

El,ectronics Engineers Criteria for Nuclear Power Plant Prot.ection Systems.,(IEEE
.

{ _ 279). The La Crosse Plant was built and received its Provisional. Operating .

- -'1
. Authorifation pr'ior to the issuance 'of Regulatory Guid'es 1.26 an' 1.f9'(as '

, .., . _ _ . .

R d

Scfety Gu' ides 26 and 29 on 3/23/72 and 6/7/72, respectively). Also, proposed
g . -. y .:. ..u'

1 IEEE-279, dated August 30, 1968, was not used in the design of ths Tacility.
.

E -

F Therefore, for this evaluation, the systems that should be " safety grade"

I systems are the systems identified in Table 3.1 and in Section 3.2.
i
*

'

'

,,
.

*
,

_ . _ - - _. . . - v. .
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General Design Criterion (CDC) I requi'res that systems important to safety be

designed, fabricated, erected, and tested to quality standards, that a Quality

Assurance (QA) program be implemented to assure these systems perform their

safety functions, and that appropriate records of design, fabrication,
.

'~ ~

erection, and testing are,kept.

Regulatory GL,ide (RG) 1.26 provides the current NRC criteria for quality group

classification of safety-related systems. Table 3.1 provides a comparison of
. .s

the safe shutdown systems with RG 1.26. The classification of all systems -

important to safety for the La Crosse BWR will be determined under SEP Topic

III-1, " Classification of Structures, Systems, and (omponent's, (Seismic and
. .. .

Quality )." Table 3.1 of this report will be used as input to Topic III-1..~ ~

At the time the La Crosse BWR Plant was first licensed, the NRC (then AEC)
.

I criteria for QA were not developed. However, the QA program for operation of

La Crosse has been reviewed by the staff and found to be in conformance wi~th 10

[ CFR 50, Appendix B ,(Rsference 3). Appropriate records concerning design.
,

- . _- _
,

.

fabrication, erection and testing of equipment important to safety are
,

maintained by the licensee in accordance with the QA program and the plant.

* '

Technical Specifications.
. ..

.

GDC 2 states that. structures and equipment important. to safety shall be .

- designed to withstand the effects of natural phenomena without loss o'f }
; *

, - -:, ,.. .

capability to perform their safety function. Natural phenomena considered are:

hurricanes, tornadoes, floods, tsunami, seiches and earthquakes. .
,

/

!

l

.

e

-- --m.we,-.g mym 7 y 33. g , ,,
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The effects of tornadoes will be reevai.uated during the course of the SEP in
'

-
,. .

Topics II-2.A, " Severe Weather Phenomena," III-2, " Wind and Tornado-Loadings,"

and III-4.A, " Tornado Missiles." The effects of flood on the La Cr sse Plant

will be reassessed in the SEP review under Topics II-3.B. " Flooding Potential
.

.
, . , . ,.

and Protection Requirements," and III-3, " Hydrodynamic Loads." And within the

SEP review, the potential for and consequences of a seismic event at the
.- .-

'La Crosse site will be reassessed under several review topics.

*** .a, ,

GDC 3 requires structures, systems, and components important to safety to be ~

designed and located to minimize the effects of fires,,and exp1,osi,ons.-'

,,

P

-.. - .- _

- .,

.I . The La Crosse fire protection reevaluation resulting from the Browns Ferry fire

'is currently being reviewed under liulti-plant AEtiori B'-41. The results
.

of this reevaluation will be integrated into the SEP assessment of the

La Crosse Plant. ,

) .

P .. - . ,

GDC 4 require.s that e'quipment important,to safety be designed to withstand the.

,

effects'of environmental conditions for nonnal operation', mainNnan'ce,' testing,
~

'

and postulated accidents. Also the equipment should be protected against**
,

-

p g . ., ,

dy'namic effects including internal and external missiles pipe whip, and fluid -

e

'

impingement. .
- --

~

.- . .,

*

p: *

.-
, ~.

- The SEP yill conside'r the various aspects of this criteriongwhen, revM, wing.'

,

topics 111-12. " Environmental Qualification of Safety-Related Equipmen't,"
~

III-5.A. " Effects of Pipe Breaks _Inside Containment," I,II-5.E, "fipe. B'reaks

[~ Outside . Containment," and III-4, " Missile Generation and Protection.,"
l .

I
.

h
~ ~

.

s
t

,
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GDC 5 is not applicable for the La Crosse Station because it does not share any
' equipment with other facilities.

I 3.2 Shutdown Systems
. .

The safe shutdown systems which should be " safety grade" are:
.

.

I

1. Reactor Protection and Control Systems (no discussion included)
a\ s

2. Shutdown Condenser * -

3. Eigh Pressure Core Spray
,

.

_

4. Manual Depressurization System (MDS)
'

. . - -

'

1 5. Alternate Core Spray (ACS)/Bigh Pressure Service Water *
~ ~~

6. Reactor Building Main Steam Line Isolation Valve
i

^

'

7. Instrumentation for the Above Systems and Equipment (See Table 3.2)
l

8. Emergency Power (AC and DC) for the Above Systems and Equipment

]
'

-

,.
.

* A single check valve isolates the Low ' Pressure Servics Water System (LPSW)
.

- -

f rom the ACS and Eigh Pressure Service veter Systems (HPSW). Therefore, thfs~"~'

system should be of the same seismic and quality classification as the ~ ACS and HPSW.
The Lou Pressure Service Water System and portions of the E?SV System are notf .

required to function for safe shutdown. . ,
'

I
'

l

| In addition to these systems, other systems may function as backup for the
g

. .

t above systems and components. Some of the backup components are discusse.d in
p - '

i this and other sections of the report to identify alternate ways 'that'Wsy -

i
I provide an acceptable level of safety.

.

.>'- - - -
,

| -

r

4
.

1

1
.

.
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7 , * I
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*
Shutdown Condenser System

.

.

The shutdown condenser system provides the capability to take the reactor from
~

hot shutdown to cold shutdown; i.e., BTP 5-1 Functional Requirement No.1, is
'

-

-.

{ described below: -

.,
.

.

.

The shutdown system consists of the shutdown condenser, piping, valves, and ,

associated instrumentation. j.,

.

#

1 The shutdown condenser is located on a platform 10 feet above,the; main floor in

i the reactor building, Steam from the 10-inch main team.line-passes through a
(

{
6-inch line, two parallel inlet steam control valves, back to a 6-inch line and

into the tube side of the condenser where it is condensed by evaporating
<

cooling water on the shell side. The steam generated in the shell is exhausted

to the atmosphere through a 14-inch line which penetrates the reactor building.
~

An area monitor is located next to the steam vent line near the containment

shell penetra. tion inforder to detect excessive activity, relea.se in. the'eyent of'

.

a shutd6wn condenser tube failure. The main steam conde'nsate N collected andf
returned to the reactor, vessel by gravity flow. The condensate line leaving**

s .
,

, ,

I the condenser is a 6-inch line along the horizontal run and is reduce.d to a
-

..
,

-

I 4-inch line for the remainder of the vertical section_. Two paralle1 co.ndensate
e,

f outlet control valves are located in the' 4-inch return line''. The condensiite~

-. .
, -_ line 'als.o contains t'wo 2-inch vent lines which join togethe.,r and, retgo 'to.jhe
y

..

t
lower channel section of the condenser. The vents are provided for returning

vapors and/or noncondensible gases which are carried. into the,4,ond,egate line

.

back to the condenser to prevent perturbations in the condensate flow.leavir'ig
2
) the condenser. The lower channel section in turn is vented to the off-gas
W

e

- a

+

M wcMMX:M= a u e 1~'
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system through a 1-inch vent line. Flow in this vent line is restricted by a

1/16-inch orifice, which is built into and is an integral part of the shutdown
~

condenser off-gas control valve seat.

.

A vent line containing two parallel control valves is connected to. the 6-inch

condensate return line. The valves discharge directly to the reactor building
,

atmosphere and can be used, in an emergency, to vent air or stea$ from the
~

reactor vessel in the event that it should become necessary to flood the ,
, ,

reactor building due to a large leak below the reactor core. This would perm'it

the, water level and pressure in the building to equalize with that in the

reactor vessel. - .-

- . .

.

The shell, steam inlet channel, condensate uitlet channel, and tube sheet are
.

made of carbon steel. All parts in contact with the reactor steam are clad

with rronel,'except the tubes which are made of 70 percent copper and 30 percerjt
3

.

nickel. The shutdown condenser is designed to absorb, without damage, the
j ..

{ - thermal and physical shock of going from ambient -temper,ature tu full load
,

s

conditions in'5 seconds for 50 cycles during a 20-year onit lifbtime. ' The
'

thermal shock is equivalent to a temperature transient of 500 F in 5 seconds.-

. .
.

. .

The tubes are seal welded to .the tube sheet and the tube sheet is welded to the

shell; however, a cutting ring is provided for tube bundle ' removal should' the
.

'

- need-arise. -
. _ . ., .

.

1 . . , .

f
f Due to the large temperature differential between the reactor , steam,and the
r

{'
shell side cooling water, a thermal barrier is provided to reduce thermal

stresses in the tube sheet. The barrier consists of a shield plate and

.

h
'

g -
.
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individual tube ferrules which insulath.the steam inlet channel and tube sheet

from the col'd water. The large temperature differential also has led to the
,

use of finned tubes. The finned tubes present an irregular surface on the

outside tube, which limits film boiling by. breaking up the film. Film boiling
. : :

-

tends to insulate the tubes, thus decreasing the heat transfer coef.ficient.

The tube surface area is 3705 square feet and will handle 39.3 x 106 Btu /hr at
: :

~

a transfer rate of 27.7 Btu /hr/sq.ft/*F.

~

d.
-

The system piping is design'ed for a maximum working pressure of 1400 psig at "

650Q. Primry system operating pressu're is ~ 1250 ps,19 The,st.eam piping,

from the biological shield to the inlet of the shutdown condenserris
'

5 mr res ,

constructed of Schedule 120 low-alloy steel. All other steam and condensate
F

piping are of Type 304 stainless steel. The steam piping within the

biological shield and the 6-inch section of the condensate return line is' -

, ,

Schedule 120 and the 4-inch section is Schedule 80. ,

.

- Valves'i'ri' the.. system * Meet and are in acc.ordance with ASME cod'es and sta'ndards.
-

i_- '..
_

'

.-
.

.

.
-

.

"' The condenser has 2 -6" . steam inlet angle valves in parallel. They are air
~

... . .

' operated, air to close, controlled by 125V DC control power. They fail open on ' . '-

loss of power and may tie manually vented (opened) at the Valve station on the

. pl'atform at the shutdown condenser (about J minutes from the control' room)'.
1

' ~ y-.

..
~ The s'olenoi.ds for co'ntrol air to each valve are provided fr9m separate.3DCO,D

.

sources. The position of each valve is indicated in the control room by a h'and
q

'
i in'dicator-controller by selection and by indicating panel lightsa dm
j '

.-
.,

'

I
,

4

I
*

i
M5V- 99N T ' ?t h_;_i'_7g , w M_'_ -_ OlW_'T;' ' ' O_sN'L3W A7'TW -
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The condenser _ condensate return to reactor has 2 -4" angle valves in parallel.
,

Tney are air -operated, air to close, controlled by 125V DC control power. They

fail open on loss of DC or air and may be manually vented (opened) at' the valve

station on the platform at the shutdown condenser (about 3 minutes from the
.

control room). The solenoids for control air to each valve are provided' fran'' ~

_

separate DC sources. The position of each valve is indicated in the control

room by panel lights.
"

.

. .u --
--

. . . 2
The only instrumentation required to know the status of Shutdown condenser .

cooling is reactor coolant system pressure. Redundant measurements are
,

provided in the control room. Also, secondary side w[ater level is provided in
, ,

the control room ~ and at the condenser platform. Other indications'' in the - --

.

control room are tube side vent pressure, shell and tube side temperature,
,

valve positions, and controls.

.

. Reactor pressure channels 1 or 2 will automatically activate the condenser

] system at a pressure of 1325 psig. Closure of either the Reactor Building Main

steam Isolation valve or the Turbine Buiiding Main Steam Is'lation Valve Sillo

autom' tically activate the shutdown condenser system. Simultaneous failure ofa.

either valve closure circuits (2) will result in high r'eactor pressu're and
,,

activation of both channel 1 and 2 reactor pressure protection circuits and the

condenser. Thus the protection is redundant and diverse on isolation valve

- closure. ~
1-

; , - -: ,. ,,

The shutdoen condenser system may be manually activated.
,

- .. .

.

.

? h*. S ff| 5 ]3 % Q's|QASQ M X'firfp % k sgS,0 & [ f xf f;q Q Q QQ * 'f. ,,jf,f :-y{ygsRQf'gMTjfy'[Q?Qvyf
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Secondary side water level is indicated locally by two gauge glasses; remote

indication is prkovided by an air to current converter. The current to the

indicator in the. control room also provides high and low level alams. The air

suppiy is provided by plant air system. The level controller provides a 3 - 15
. M:.7 w..

'ps'i"alr signal split, 3 - 9 psi to high pressure service water system., makeup ~ *

,

r

- 'vaD. .e and 9 - 15 psi for the demineralized water makeup valve.
. . . .g .

.

.3-
Seco'n.dary side makeup water is provided by the demineralized water system with

A*_ * *. . f.M
'

'"HChigh pressure service water (HPSW) system providing a backup. supply. 4i<

- ..

-The demineralized water transfer system is the normal source of seg ndary side

makeup water to the shutdown condenser. The system coisists of.,the .demineral-
'

~ .izedwaterstoragetank,twotransferpumps, piping, valves,andaslociatSd
- "~

*

.. : : . .. -

instrumentation. .

s . . . .

.f The demineralized water storage tank, located on the roof of tha turbine building,i

has two compartments. The topic compartment has a capacity for i30,000 gallons '

- ! of virgin demineralized , water. The bottom compartment contains. potentially
~

~

.
- .- : -

. . . ..
-

radioactive cond'ensate from the main conde'nser h'otwell arjd.has a., capacity of-

'

- ISiO00' ga11ons. The water supply to the demineralized water storage tank con-
,.

,

_ sis.ts,of two deep-well 120,gpm pumps capable of supplyin' 40 gpm via theg
,,
:-

. .
-

,

' demineralization train. The pumps are non-essential loads with no backup power
.

l ;;

|I soured available. .

.

,

. . > -
. ..

> .

There 'are two. demir!eralized water transfer pumps that mai,ntail the;demineraljzed3
1

.

ater transfer lines continually pressuiized to supply water on' demand. The;

transfer pumps are powered from separate essential buses'that are diesel generator
.

backed.
-

. .

-v#

4,

4 g

&
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.

The HPSW system is the backup source of secondary side makeup water to the'

shutdown condenser. Ih addition, the HPSW system can supply the high pressure

core spray (HPCS) system, the ACS system, the fire protection system, the
.

* circulation water fall-out contamination monitor eductor, and the crib -'

house screen wash system.
_

. .

The HPSW non-essential powered motor-driven pump located in the turbine
>

building takes positive suction at $65 psig from th,e LPSW. system. The HPSW .:

}
..

pump discharges into a header that divides into two main loops. One loopi

serves the turbine building, the containment building,,,the waste t'reatment

|
building, and the gas vault. The other loop supplies 'the outside'"f, ire pro- , _

'

tection sys'.em and the crib house.
.

During normal operation, the motor-driven pump, with a capacity of 500. gpm

at a 150-f t working head, automatically maintains HPSW system pressure betweenj

7515 psig and 12515 psig. The pump is protected against low suction

pressure by a 35 psig suction pressure trip. HPSW system, pressure fluctuations-

| are mitigated by the air space in the 1,400-gallon HPSW storage tank. The HPSW~

storage tank serves as annaccumulator for the system and can be air-loaded to-

'

,a working pressure of 150 'psig. The HPSW pump is backed up by two pumps driven .
.

by separate diesel engines, the alternate core spray pumps, taking suction

; directly from the river. n e Emergency Service Water upply hystem pumps 5 be
- ;;-

-
.

,

depicyed to provide .957 if the diesel driven pw ps are not adziIchte. ~2
~

-

f
The makeup water system relies on a single controller. '' Although' the mheup

'

water is provided from redundant sources each with its. own piping and valves, a

single failure of this controller in a fashion to kee^p air on the control

I valves would not indicate the failure in the control room, nor would make[p be
p .

- -

|
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provided. Fol, lowing boil off of the contained water, system pressure would
'

.
. .

begin to rise; I: the operator could not go to the condenser platform inside

containment in. time, the safety valves would open. The mkeup oc!ves could
*

fait'open on toss of air or loss of pover. .

,

*- '- . . . ...

Air is supplied to the shutdown condenser valves and the level controller from
5 .

,

t,he _ containment building control air by the station air system. This system
,,

ha.s two two-stage compressors. The system air provided for control comes from .
: ,..

,

. .these compressors and is filtered and dried. This air 1,s back,ed by a backup-

air compressor that consists of two compressors d' riven by a single motor.
"

- These compressors come on at a drop from a normal 100..psig to.75 psig. An .. .

'' . "- t
~

adequate air supply is thus provided.
-

. -_
.

..

*

.

With only ensite power available, the backup instrument air system is the only ,

sou'rce available since it is the only compressor powered from the essential

bus. It is needed for operation of the secondary side level centrollcr; .

~

d however, on loss of instrument air the makeup valves fail open and provide a
,

|
- - - - .

~
.

1~

continoi~ng makeup s'upiily to the secondar.y side. -

,. .,- .,

k
,

., .- .
-

. - .,
. .

.r
*

\ Hich Pressure Core Scrau , ,
,

. . . .

,

.

.
. .

'

The Eigh Pressure Core Spray (2CS) System can also be used for cors cooling

i during a loss of offsite pacer. There are tuo redunkant 2 CS pumps,.suppt'ind
'

9 _-
-

, , .

- f.romsepantees,senhalbuses. During piant opention; theyystym it.' fined.up,

y to provide xter to the vesset. .To start t.t:ter flooing to the core, one of the
1

-

h pumps needs to start, no tuives need to be respositiontd. ':| -[C
'

.

}
-

.

b
-

The ECS System is capable of supplying ucter to the recotor at aII primry'
k
j pressures, up to and including relief valve tifting pressures.
.

'

- g
4

.
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Alternate Core Soray System
.

3

Alternate Corg Spray (ACS) in conjunction with the manual .depressurization

. system (MDS) is a redundant method of cooling the core. Its use in this mode<

- .
...

..is "not included in plant p,rocedures. To use alternate core spray requires-

.yreactor pressure to be below 150 psig. Therefore, the vent valves must be.

- h[pened and pressure reduced if the shutdown condenser is not functioning. hieat
.

hdded' to the primary containment by the vent valves is transferred to the
s._..._ - 3

. atmosphere through the containment dome wall. The vent valves are manually -

operated in this situation. They are separate and redundant and.no single
< . . ~
l failure will prevent the manual depressurization system from perf.orming its

function (Reference 1). However, to use either vent valve requires at tecsf ~

one shutdocn condenser system steam intet valve to be open. These operations
-

'

.

are controlled manually, understood by senior operators and are incorporated

into the major primary leak plant procedures, but not the shutdo:>n or loss of
^

pouer procedure. The reason they are excluded is because the consequences of'
'

_
' unneede.d. venting ar.e severe and would require significant interruption in

_

- . operations. -

. . .

'

Emergency SerJice Water Suraty System .

.

.

The Emergency SerJice Water Supply Sys:em (ESWSS) provides a backup method of

- supplying nigh Pressure Ser> ice Water to the Alternate Core Spray line. The
. ;.. , , ,

system is mnually deployed. Three gasoline engine driven portable pumps are

. connected in paratiet with the discharge hose connected to the High Pressure
.

. . . .. _,

Ser> ice Water line via either an inside or outside mnifold.

i

5

.4
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'
'

Decay Heat Cooling System
.

**

;1
" Following a normal reactor shutdown the decay heat cooling system is used to

| cool the reactor to 120*F. Usually the main condenser is preferred for decay

heat removal until the RCS is considerably cooler than the allowed 470'F deia'y "g

heat cooler initiation temperature because the cooling rate can be controlled

After initiation the Decay Esat System is used to maintain the re$ctorbetter.
,,

water temperature below 120'F, including while the reactor vessel is open for,.
-u, ,

refueling or alterations. Also it can be used to provide additional heat to -
'

the reactor to satisfy loop piping Nil Ductility Transition (NDT.). temperature
y ... . .. .

] requirements and provides a path via the blowdown lhe to remove excess reactor
i

' ' '~water from the reactor to the main condenser.

l

9 The decay heat cooling system takes its suction from the reactor side of the

isotation vatue on the inlet line to the forced circulating pump 1A, reactor,

.'; - *z

water then flows' to the decay heat pump which discharges to the tube side' of-
~

t -.

the de.cayc heat coojer:and returns it to the reactor sid.e of the fo.rced-
. .

_-
.

. .
. . .,.

, ,

~

circulation pump isolation valves. The shell side of 'the''decaf~ heat cooler is.
,

.,

| .- cooled by the component cooling water system 'which is completely redundant in
i

| active equipment and power supply. The component cooling hater 'yst'em heat
,

.

s - f,.
g .. .

f exchangers shell sides are cooled by the tou pressure service water. system
4

! wh'ich obtains'its: water from the Mississippi River. Since the LPSW .

t
-

systein is not powered from the essential buses, a loss of ;: offs {te pdwer'. .

-
. .

.

f . ,
: .- . \ .

- - -:

'

'
g ,

I renders the LPSW pumps inoperable thereby interrrupting the' heat exhange '

a, from the decay heat cooling system to the river. Tp reestabl.ishe,the continuity
.. . . ,

i of heat exchange the component cooling system heat exchanger shell side can be
_ .. -

. . . . . . . . _,

^

connected via a cross-connect line, to the High Pressure Service Water Systemt

i

i
'

-
,.

a *
A

.
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which utilizes two diesel driven pumps that also receive their water supply

from the Mississippi River. This is covered in operating procedures.
.

_
The decay heat pump is a single stage centrifugal pump powered from the

. .

essential bus diesel backed and fed through reactor building motor control

center IA. It is designed for continuous operation at 1500 psig and .585*F.

Control stations for the pump are located in the contro.1 room, and locally at
'

the pump, indication of pump status is provided at both locations. In addition

to the pump status indications (red light-pump energized, green'11ght-pump .
,

.
deenergized, white light-auto trip), an audible alarni annunciatis in the

1 - -.-

control room whenever the automatic trip functions.
.

.

.
The decay heat cooler can serve as a cooler (normal mode) or as a heater. In

1

4 the cooling mode, reactor water enters the tube side and makes two passes then

..
exits, component cooling water enters the shell side also making two passes.

- In the heater mode, Ehich is used to facilitate loop NDT requirements,' heating
^

steam enters the shell side.
.

. . .

The shell side of the cooler is rated by design at 150 psig and 375*F, the tube -
''

,

~

. side is rated by design at 1500 psig and 470*F. The system design.' limit of
.

-

.

470*F is based on' thermal stressing of the cooler tube sheet.
.

. .
,

'

; . --:, , .

All piping and valves in the decay heat system with the exception of the

blowdown line are designed to 1400 psig and 595'F and are made of.7304 stainless

steel. The blowdown line which is used to maintain a constant volume of water,

l in the reactor is made of carbon steel and is designed to 1450 psig and 650*F.

*

L________
.
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,

. The blowdown valve which is a 2-inch, '1500 psig, air operated valve can be,

<

controlled locally by handwheel or remotely from the control room.

| Approximately 20 gpm of subcooled water enters the primary system through the

seals of the forced circulation pumps and. rod drive mechanisms. During

I operation this 20 gpm seryes as makeup water and is of no consequence, howe $e'r, '

during shutdown when nomal feedwater is reduced, the 20 gpm becomes excessive;
'

therefore, the decay heat system is utilized to blowdown the excess inventory '

r ,

b to the main condenser. The blowdown valve is electrically interlocked with the.,
.u, , .

reactor protection system such that a low reactor water level scram will close

the, blowdown valve to preclude further' reduction of r,eactor water 1evel. The
,, ,

blowdown valve fails closed on a loss of control airsor electriccpower thereby
'

.

, . .
. ..

removing any possibility of draining the reactor.
,

$,

1 During local operation of the blowdown valve, reactor cater Isuet is available. "3

for the operatcr to monitor. During remete operation the cperator has-

,

available all of the parameters in the control room. Local operation is
_

k'
'

*

..

requiced during shutdown from outside t,he control. room.
. ,

_- . .

* '
~

. .' J- Tj ',
,

.,. , . .
. .

,

.

, .
. .

The decay heat system blowdown line can also be used during a " Feed and Bleed"~
-

-

". .. . .
'

.

operation using the HPCS pumps to feed the system and the blowdown line to * /,-

i . reduce and maintain the reactor water level at a predesig~nated lev 61. Thus the

k pkmry system can be cooled by this mode as an alternate doold0wn method;
,

*
- . ~ .

3
~

'

-
,

^

,;, ,- i, :: , ( T4 '.-

,

Although the decay heat system is normally. used during routine' shutdown of the ,

{ reactor, it has no redundant components and lacks re,dundant, po,wec{Jupp' lies;
.

however,~.the function of cooldown is provided for by use of the shutdown -

condenser, high pressure core sprey system or manual 'depressurization and ]
'

.,

,

.
-

'

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ __ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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'

: (, alternate core spray systems thereby providing redundant diverse methods for
!

Cooldown.
l .

| -

.
We have concluded that all operations needed for safe shutdown with offsite or

,

only onsite power available can be done from the control room. Ney"erthel ess ,

f with credit for, limited action outside the control room, the shutdown condsnser
% ,

, x - -

reliabilfiy c'an be< improved. By dispatching an operator to the platform inside .-

containment, the single failure vulnerability of the sec,ondary, side level .

'

controller can be overcome. The double sight glass shows water level, the

makeup valves can be adjusted to provide makeup water and realtor.~pressur'e' and-
~

water level are indicated in the control room. However, it 'shouTd be not'ed

that the condenser does not have to t'e immune from single failure considering

the redundant and diverse depressuriz? tion coupled with alterhate. core spray -
'

eM 'ha hfgh pressure core spmy system, which provide alternate shutdown and4 t

cooldown sethods witncut offside power. 1.ikewise, in the tedperature range
s .

Y
. \ below 470 F,1the Decay Heat Cooling System can be used to coolacwn and, remove

,

decdy he' ti while c61d'. Manual operations are-required for the loss of of.fsite{
-

a

)
~ *- - : .--,,, ,

power situation.
.

. - ws.

-
% .. g',"' s . ,s

'

The shutdown condenser will bring, the reactor to almost cold conditio.n from . -
*'

.

, operating condit1'ons. The condenser relies on boil off of secondarf water to
x ;s

~
-

accomplish cooldown. Therefore, it, wiil bring the RCS tempe'rature to Ns ,:<

app'rorImataly 21,2*F.' The heat removal capacity is so large:(equivalent t
,

> 107. of rated power) that steam',iniet^ flow must be' controlled to avoid '-
'

excessive thermal stress to the reactor vessel... Ev4n w.ith the .fai.}ure of_the
'

'

- s

~ seconlary s'ide level controller, and dispatch of trfe operator to the platform,

the rate of cooldown will have to be controlled to avoid excessive thermal
.

.

d

1

g.mm _wmww.ms;w w ,, 3
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I stresses. The controlled cooldown rates are reasonable.
.

-
. .

' *

.

k When the manual depressurization and altanate core spray systems are used to

cool down, the vent valves provide a rapid depressurization to atmospheric
( .

pressure and the alternate core spray will cool the core indefinitely. This-
.

y
- ..

; .

-

sytem has been analyzed by the staff and found to be acceptable for emergency

(L
core cooling during a loss-of-coolant accident with only onsite or o[fsit[ -

E

,

power available and with the most limiting single failure.
Y ..

_.
j

..

1 The capacity of the combined cooling of the shutdown condenser (120% of' rated ),
.

- - :: .- -

9 power) from operating temperature (or alternatively"high pres,suce. core spray or

k manual depressu'rization with the vent valves) to 470'F and the U'ecay )ieat - "

d
-

Cooling System below 470*F with a hea't removal capability about 1/6 that of the

( shutdown condenser, the cooldown can be accomplished. This alternative will

require longet to cooldown since high pressure service water must be connscted

to provide cooling to the secondary side of the component cooling heat *

. ], f.
-

-

'
-

.

r
-

exchar),ger.
-

, , _

L-
.-

. . . _- -
--

.

. - . . .,r--- . _ .

f 3.3 Safe Shutdown Instrumentation**

I ' . . - ..
.

Table 3.2 lists the instruments required to conduct a safe shutdown. The
,

...

i'ist includes those instruments whicli provide information to the control' room
1

2
*

operator from which the proper ' ' Mtlen of all safe shutdown systems can be1

g _

Art tse $CS pressure and-tspur Lu s, reactor
-

I: inferred. These instruments: --
. .u

' ~

vessel level, and shutdc>n c N - er secondary side water level. Improper
3

. .. * s%'

,, ,

. .- .. ..'tzeiding of these parametes wouAo lead the operator to in,vestigate the J

,.
potential causes. Other instruments listed in the table provide the operator

) with d.) a direct check of safe shutdown system performance and '(2.) .a.%
*

. , , _ , _ . _ ..
~'' . _ . indication of act;ual or impending degradation of system performance. The design

:

h .of the instrumentation and controls used for safe sk"tdown ts: evaluated'in the

( electrical portion of the resolution of SEP Topic VII-3.
I[ -

I

- --
,

,

o
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TABLE 3.1 CLASSIFICATION OF SilVTDOWN SYSTEMS - LA CROSSE BOILING WATER REACTOR .,

|3' Quality Group Seismic
,

6 Plant Plant
System, Subsystem, Component R.G. 1.26 Design R.G. 1.29 Design Remarks

.h
"

Shutdown Condenser ASME 111 ASME Vill Category i Note 1 Note 1: Although not
M (tube side) Class 2 Case 1270N originally designed to

[1] withstand a seismic
p (shell side) ASME III ASME Vill Category I Note 1 event, an analysis of

,

d Class 3 Case 1270N the LACBWR concluded
'W that the facility

j5 Piping from reactor vessel ASME 111 ASA BJ2.1 Category i Note I could withstand an-

d to shutdown condenser up to . Class 1 & 2 (1955) earthquake with
P, and including safety valves, . corresponding maximum
D main steam isolation valve horizontal ground
Tj 64-25-030, main feed shutoff acceleration of 0.12g

valve, MDS valves (62-25-013,"'

h 014) and vent and drain lines
y larger than 1" diameter.
u

Vent and 1) rain piping smaller ASME_!!! ASA BJ2.1 Category 1 Note 1 Footnote 2(a) top( than 1" diameter. Class 2 10 CFR 50.55a.
s.

Overhead Storage Tank (OHST) ASME til AWWA D-100 Category i Note 1- -

- ' Class 2 Y., ,

x -
.

|| High Pressure Core Spmy System ASME IIT ASA B31.1 Cat,egory I Note 1
*

|A
'

Class 1 A 2
*.s, . .

$ Alternate Core Spray'(ACS) ASME Ill' SAL Category I Note 1 These purdps are same
Y Pumps'(2 diesel driven) Class 2 8'J Speo. V 1924 as diesel fire pumps..

'# = . . .

Diesel engine fuel supply ASME Ill.' SAL Category i Note 1 Portions of steam line.

' '

f Class J Spec. F 1924 are used for both M)S' -
,

,

S 3'
- and Shutdown Condenser-

]( b' T
'

x.: .
..4.,

-

,

"j ''
s t-

, , ,

' '

*

! ,

3 -

f .

I
a .

.
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N TABLE 3.1 CLASSIFICATION OF SilUTDOWN SYSTEMS - LA CROSH BOILING WATER REACTOR
,..(

?
-

i Quality Group Seismic ,

.,
Plant Plant :

A

2 System, Subsysten, Canponent R.G. 1.26 Design R.G. 1.29 Design Remarks |
'

4 ., .

j Piping fran pumps to.outennost ASME III ASA BJJ.1(55) Category i Note 1
containment isolattori valve up Class 2 & 3 ASA D16.9(56) ''s

] to and including relief valyes ASA B16.10(57)
t and itPSW supply, dral.n vent,' ASA B16.5 (61) {

'

and test line isolation valves,
'

i strainers, and valves which
*1 isolate non-essential portions 9'

[j of the systen.
..

,

9 Piping from outennost contain- ASME Ill B31.1 Category I Note 1

P ment isolation valves up to Class 1 4 2
reactor vessel including vent"

9 piping greater than l" diameter.~ f
9

- Process Instrumentation and *

Category 1 Note 1{ Controls NA - --

Category 1 Note 1Emergency Power Supply ,Systen NA --

.

Diesel generators , Category I Note 1 it. |. , ,

: t
,

,

w

y DC power supply systems Sat,egory I Note 1
' ~

L ,
.

< , , -

Category I.. Note 1lJ Distribution 11nes, .switchgear, *~
, " S

[9 ,

motor control centers ,
.

.s.

** sCategory I. Note 1 j'j Reactor Control and' NA --
,

g Protection Systens .,,, e, ; ,,,

4... .

,0 *. * (* .

'J,f' k,h .Y '. .

-

}; */ j-
*

.~. . '

W , . - | E g-

.,

b ' U.

q g ..

.-

.
,

g
4
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TABLE 3.2 SAFE SilDTDOWN INSTRUMENTS
-

t.
*

Y|
' * .3 .

'

< . - ,

N C'ornponent/ System Instrument Indication Instrument Location REFERENCES*

.I
.? Control Rod, Drive Syst,em Control Rod Position RPT-Inside containment LACDWiiSkfeguardsReport

RPI-Control ro.om' . *(SR) Sec. 8.5 I
,

i| ; ,-

.

.

j Reactor Coolant System RCS Pressure (PT'50-35- PT-Inside contaI' ment LACDWR SR Fig. 5,*.1 -

n

S 301 & PT 64-35-301, 302) PI-Control room ,

' --
! $ -

. . ___
. _

.

. - - - - - .y
Coolant Level in' Core LT-Inside cont,ainment LACDWR SR Fig. 5.1

3
~~

. * *

(LT 50-42-301,. 3d2', 303) LI-Control room-
--

(;
'V

' *: -
.

r .

C
7 Shutdown Condenser System Shutdown condenser 2 local gage glasses LACDWR SR Fig. 5.6

L ,$ Shell-Side Water Le' vel inside Containment. LACBWR Operating Manual .

' . (LG 62-42-801, 802, 804) Level indical on and (OH) Vol. II, Sec. 5.3

alarms in control room.'

I .
--

I Shutdown Condenser ,

fh System Valve Position VPI-Control room for major LACDWR OM Vol. II,
,

Indication system valves Sec. 5.3*

?
4

.g
- - - - -- -- ---. . . . _ . _ .. . _

'] liigh Pressure Service Water llPSW Storage Tank Level Incal level indication. LACDWR OM Vol..V,
*

p
~ System (Sight Glass 75-98-001) liigh/ low level . alarms in Sec. 7

' '
- control room, ,
r .

n - . .*

.

IIPSW System FIow to ECS PI-Control room LACDWR OM Vol. IV,'

' .
*

2 and Shutdown ' Condenser Flow and prespure alarms Sec. 7
*

Systems in control-room i

i -- . *
*

, h,, ~. (PT 75-35-301) . . ,,
, ,

.
.

*
e , I* *'tf **

e

b

}
.Ma i .

ss. i- - -

g .

e . :. _ , :..
. ,. .. .

* :
M .'8

. ** i
*. L. .t .E , ,

f'
* *

.
. .

3 *
..

; .
.

.
.

.

7, . ' '
U '

Q)
** * e

- .

. .- J
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.

.

.
.

h, = * . '
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8 .'
, TABLE 3.2 (Cont.) ,,

Component / System Instrument Indication Instrument Location References ?

;n -

h
'

Alternate Core Spray System ACS Flow Indication in' control room LACBWR OM Vol. II,
(FT 38-37-301'): Sec. 17 .

,

~ ~ '

liigh Pressure Core Spray HPCS Flow Local pressu're indication. LACBWR OM Vol. II,4 e
'i

. . ' System (FS 53-37-70) Low flow alarm in control Sec. O i
room I

i$ .
.

Y Overhead Storage Tank OllST Level Low level alarm in control LACBWR OM Vol. II, i

(LIS 69-42-801) room. Local bubbler-type Sec. 15 f-

.

gl indication b
-

. . -.

Emergency AC Power 480-V Essential Buses Breaker trip alarms in LACBWR OM Vol. IV,
,

lA and IB Voltage control room Sec. 14, Dwg. No. 503621~

Indication and Low
Voltage Alatm *

,

120-V Buses Volt Indication in control Dwg. No. ES-58 ,. . .

[h Indicating Lights, Alarms, room "
.

Voltage, and Current i

Diesel Generators Generator Output Control room Dwg. No. 503627
l(Voltage, Current,

Frequency, Power in VERS) .

Emergency DC Power 125-V DC Low Voltage Control room. Dwg. No.'503627 )
Alarm for each feeder j
from Bus Q.

.

e

5 g

*
3

- .

- 1m
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4.0 SPECIFIC RESIDUAL HEAT REMOVAL AND OTHER REQUIREMENTS OF BRANCH TECHNICAL

POSITION 5-1

4.1 RHR System Isolation Reauirements '

-
.

The RHR system shall satisfy the isolation requirements listed below.

1. The following shall be provided in the suction side of the RHR system to -

isolate it from the RCS.

(a) Isolation shall be provided by at least two po'wer-op'erated valves in..
series. The valve positions shall be indicated in the control room.

(b) The valves shall have independent diverse in.terlocks to:pr. event the,
valves from being opened unless the RCS pressure is below the RHR
system design pressure. Failure of a power' supply shall not ca'use any
valve to change position. -

- --

i

I (c) The valves shall have independent diverse interlocks to protect
against one or both valves being open during an RCS increase above the
design pressure of the RHR system.

.

2. One of the following shall be provided on the discharge side of the RHR
system to isolate it from the RCS:

.

(a) The valves, position inuicators, and interlocks described in item
- 1(a)-(c),
. . - - -

, ,

(b) One or more check valves in series with a normally closed .
_

power-operated valve. The power-operated valve position shall be
indicated in the control room. If the RHR system discharge line is

'

used for an ECCS function, the power-operated valve is to be opened
upon receipt of a safety injection signal once the reactor coolant
pressure has decreased below the ECCS design pressure. '

, ,

(c) Three check valves in series, or
~

(d) Two check valves in series, provided that there ~ar'e design provisions
to permit periodic testing of the check valves for leak' tightness and.

, the testing is performed at least annually. ; . __.
, . ,

f
5

- - .: ,

- ,

_ _ _ _ _ _ ___
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La Crosse 35 fling Water Reactor does not have a low pressure redundant residual {
l heat remova system. The systen which performs the residual heat removal

. function for the latter stage of normal cooldown and for long term decay heat
|

. 1
removal while depressurized is the Decay Heat Cooling System. Since it is. -. .-

3 -.

designed for reactor coolant system (RCS) pressure, the isolation ~ requirements
; listed above do not apply; i.e., the potential for an RCS break from. -

,

g overpressurization because of valving errors is of no safety consequence.

[ . . >
-

.

i 4.2 Pressure Relief Reouirements
f -

. s,
' '

tt

-
, # , . # ;,

*

The RHR system shall satisfy the pressure relief requirements listed below .

h 1. To protect the RHR system against accidental overpressurization when it is
H in operation (not isolated from the R

shall be provided with relieving capaCS), pressure relief in the RHR systemcity in accordance with the ASME.
Boiler and Pressure Vessel Code. The most limiting pressure transient
during the plant operating condition when the RHR system is not isolated.
from the RCS shall be considered when selecting the pressure relieving'

,

capacity of the RHR system. For example, during shutdown cooling in a PWR
h ... with no steam-bubble in the pressurizer, .inadverterlt ope'ratiori of an

. --

)
additionil charging pump or inadvertent opening of an ECCS,,accumulat'or

-

val've should be considered in selection of the design bases. '

,

8 - 2. Fluid discharged through the RHR system pressure relief valves must be,

$ collected.and conta'ined such that a stuck open relief. valve will not:
--

a .. Result in flooding of any safety-related equipment.
.

*-
,

p ,.b. Reduce. the capability of the ECCS below that needed to mitigate t.he
'

it consequences of a postulated 1.0CA. '

-

. c '. Result in a nonisolatable situation in which the wa
.: :

~
'

| - RCS to niaintain the core in a safe condition fs lis'ter provided to.the'

charg'ed oIEsids 'Of
I the containment.
}
g 3. If interlocks are provided to automatically closte the isolati.oAva'Ives when
y the RCS pressure exceeds the' RHR system design p'ressure, 'a'deqiiate relief-

| capacity shall be provided during the time period while the valves are
closing.

W
k

. .
.

% .c .&_' ' e 4*'% .bW - 1 $ %%'F h! **
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| The Decay Heat Cooling System does have code required relief valves set at

design pressure to protect against overpressurization while isolated, and it is

prottcted from overpressurization while in service by cod'e safeties. Again, it

.
is a full pressure system and protection from accidental overpressurization is

adepte with reactor vessel code safety valves. Its heat exchanger is

temperature limited to operation below 470 F, and this 1.imit is

administratively controlled.

. .1

.

4.3 Pump Protection Reauirements

. .

_

~

The design and . operating procedures of any RHR systes shall have provisions to
_

prevent damage to the RHR system pumps due to overheating, cavitation or loss
}

j of adequate pump suction fluid. .

t
!

The pump is designed for continuous operation at 1500 psi, and 585*F. The pump
i

!
1

-

requires a net positive suction head (NPSH) of approximately 10 ft. to preclude

!
- cavitation and eventual impeller corrosion. Due to io -location it has'an

~

< .

A available suction head of approximately 50 ft.. Cooling water to the pump
! -

bearings is supplied by the component cooling water system.j

4

|
-

!
j 4.4 . Test Reouirements
1 - .

i
-

The isol.ation valve ' operability and interlock circuits,must;be designed so a,s
i

j to permit on line testing when operating in the RHR mode. Testability shall

meet the requirements of IEEE Standard 338 and Regulatory Guide 1.22.

I

i
f Based on the previous discussion, the Decay Heat Cooling System does not

require isolation and interlock circuits.

.
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4.5 Ooerational Procedures
: -

h .

e
i The operational procedures for bringing the plant from normal operating power
&

to cold shutdown shall be in conformance ,with Regulatory Guide 1.33.
. . . . .-

: -

The licensee has procedures to perform safe shutdown operations including

[ shutdown to h'ot standby, operation at hot standby, hot shutdown, operatio at ,.
)
i

hot shutdown and cold shutdown including long-term decay heat removal. Th.0.
.

g licensee has also provided the operating staff procedures covering offnormal "
1

and emergency conditions for shutting down the reacto,r and de, cay. heat removal,
,

} under conditions of loss of system or parts of system functions-normally needed
~

for shutdown and cooling the core. Procedures for systems operation for

systems used in ::afely shutting down the reactor are also included in the plant

operating procedures. These procedures include provisions identified in

Regulatory Guide 1.33. These procedures were reviewed and are in conformance.
'

with Regulatory Guioc 1.33.
"

_

. .

J -
-

,

:- -_. . ., ,,
,,

; .~ .:- .

Some operations are not covered that should be addresse'd are: -
.

|
..

i s . .

* 1. Providing demineralized water from the onsite Unit 3 to the reactor plant- .-
, .- .

i demineralized water system. -

I
-

; . .

-
.

<
.--

-

- 2. Contingencies for failure of shutdown condenser second4ry si,de water. levelt,

|
. ... . ,

i controller and loss of air supply to controller.

-. . . . .%. .

!
.

.

"
'

"a
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.
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3. Use of manual depressurization system in conjunction with alternate core

spray as a backup safe shutdown system. Alternatively, we believe this

method may be covered in the licnesse's retraining. program and simply

identified as a means of achieving cooldown in procedures, if the licensee
~

.. .

desires. He has indicated that the severity of contamination following

unneeded use of this method would interrupt plant operation for a long

period to clean up the contamination, and he would prefer to omit from
,

. procedures to avoid use unless other methods have proven unsatisfactory,.
.

5.0 RESOLUTION OF SEP TOPICS - -

,, ,

.- _ - :

-
,

The SEP topics associated with , safe shutdown have been identified in the
- -.

Introduction to this assessment. The following is a disc'ussion of how the'
.

La Crosse Plant meets the safety objective of these topics.

-
.

5.1 Topic V-10.B RHR System Reliability
. . .

. .
- - - .

, , ,

- - -
,- .-,

The safety objective of this topic is to ensure reliabli plant shut ~down
* capability using safety grade equipment subject to the guidelines of SRP 5.4.7

and BTP RSB 5-1. The la Crosse BWR systems have been compared with the < -

, , ,

criteria of BTP 5-1 and the results of these comparis.ons are discussed in

S'ections 3.0 and 4.0. Section 3.0 discusses the way the functional' '

" ~

requirements are met and Section 4.0 discusses the Decay He.at Remova_1_Sys.t. em-

, . ,

which performs the function identified in BTP RSB 5-1 as Res'idual HeatJRemoval.

The Decay Heat Removal System has very limited use in ,the La,C.rpsse, plant and
1'

it does not contain system redundancy. However, we have concluded that the

1 other la Crosse systems acceptably fulfill the safety objective subject to th'e

resolution of the following in the SEP integrated assessment:
.

9

4
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1. The requirement for using only safety grade equipment to accomplish the
; : '

-
.

shutdown and cooldown capability. The quality and seismic classification i

l- of safe : shutdown systems identified in Section 3.0 will be established in

further review of Topic III-1 and III-6.

- .-, ..

2. The need for improved shutdown condenser shell side level control to'

preclude a single failure disabling the condenser. Resolutf on of thi[ item -

can be postponed until the integrated assessment because of the existence
'-

.- . JL

of a redundant cooldown method (MDS and ACS). -

,

, .

5.2 Topic Y-11A Reoutrements for Isolation of High and ow Pressure ystems.
. - .. _.

The safety objective of this topic is to assure that adequate measures are taken

to protect low pressure systems connected to the primary system from being

l subjected to excessive pressure which could cause failures sith the potential

to cause a LOCA outside of containment. The topic in this review is concerned

only with the decay heat cooling system; high/ low pressure interfaces with

other systems were not reviewed. Since this system is completely contained

within containment, except for a portion of the blowdown line, and since it

is designed for system pressure, the overpressure potential is minimal (i.e.,

the same as the rest of the RCS); and the topic is resolved for the decay heat

cooling system.

.

..

t
-

.

t

1
1
,

. .
,

o
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5.3 Tooic V-11.B RHR Interlock Reouirements

I The safety objective of this topic is identical with V-11.A. The interlock

[
-

would close low pressure isolation valves when open and high pressure excursion
5

occurs and would prohibit opening when high pressure exists. Again, this

system is designed for full system pressure and the interlocks are unneces,sary.

This topic is resolved for the decay heat removal system.

. .:

In addition to these requirements, and as a matter to be resolved separately
t

i from the SEP, the NRC staff has determined that certain isolatiori valve

|h configurations in systems connecting the high-pressore Primary ' Coolant System
: _

|. (PCS) to lower-pressure systems extending outside containment are potentially
p

} significant contributors to an intersystem loss-of-coolant accident (LOCA).
.

h

Such configurations have been found to represent a significant factor in the

risk computed for core melt accidents (WASH-1400, Event V). The sequence of

events leading to the core melt is initiated by the failure of two in-series
.-

- valves to function af a pressure isolat. ion barrier between the high-pressure

PCS and a lower-pressure system extending beyond contairiment. This' causes an
~

overpressurization and rupture of the low-pressure system, which results in a
,

.,

LOCA that bypasses containment. '

,

'

The NRC has determined that the probability of failure of t'hese valves as'a
~

pressur,e isolation barrier can be significantly reduce,d if ,the p.ressure at each

valve is continuously monitored or if each valve is periodically inspected by

leakage testing, ultrasonic examination, or radiographic inspection., NRC has
,

y
established a program to provide increased assurance that such multiplei

isolation barriers are in place in all operating Light Water Reactor plants.
I This program has been designated 00R Generic Imple.nentation Activity B-45.

*
,
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~

In a generic letter of February 23, 1980, the'NRC requesteu all license?s to
:

I identify susheptible valve configurations wnich may exist in any of their plant
-

.

systems communicating with the PCS. For plants..in which val /c configurations

of concern were found to exist, 'icensees were further requested to indicate:
,

. ~
(1) whether, to ensure ingegrity, c.ontinuous surveillance or periodic tiestilig'
was currently being conducted, (2) whether any valves of concern were known to

'

lack integrity, and (3) whether plant procedures should be revised or plank
.

- modifications be made to increase reliability.
- 3, , ,

.

LACBWR is one of those plants identified as being susceptible to,..the potential
- .. . .

.

*~

failure because of the configuration of valves (two c. heck valves _ in series) in
the Alternate Core Spray System. Therefore, as noted in Rkference W 1 - ' - ~ ~ ~

action has been taken independently of the SEP effort and resolved the

" Event V" problem."

._ .....-.

5.4 Tooic VII-3 Systems Reouired for Safe Shutdown

.

'

j ~ ' _ ' The sa,fety objectiye(..of this topic are: -

,
, , ,

-: . . = -; ,

1. To assure the design adequacy of the safe shutdown system to (a) initiate...

- automatically the operation of appropriate systems', iiicluding t'he
. . _ . .

'

.

'

..
~

..

reactivity control systems, such that specified acceptable fuel. design.

- limits are not exceeded as a result of anticipated operational occurrences

. . .

| - or postulated accidents, and (b) initiate the operation. of system's; aHd.- -

-

t : .% % ,.-,
...

components required to bring the plant to a safe shutdown'.
|
f ; : ...,M

3
.

<
L
'

.

,

-
.
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L
2. To assure that the required systems and equipment, including necessary

instrumentation and controls to maintain the unit in a safe condition

during hot shutdown are located at appropriate locations outside the

,
control room and have a potential capability for subsequent cold shutdown

of the reactor through the use of suitable procedures.

.

3. To assure that only safety grade equipment is required for a PWR* plant to

bring the reactor coolant system from a high pressure-con,dition to a low

pressure cooling condition.
.

f . . ~ . ' --

; ..

Safety objective 1(a) will be resolved in SEP Design' Basis Even0 Reviews'.
- - -.

| These reviews will determine the acceptability of the plant response, including

automatic initiation of safe shutdown related systems, to Design Basis Events,
~

.

i.e., accidents and transients.

Objective 1(b) relates to availability in the control room of the control and
.-

f
- instrumentation systb's in the control . room are capable of following the. plantm

-

. .:
~

shutdown from its initiation to its conclusion at cold shutdown conditions.
*

The ability of the La Crosse plant to follow the shutdown is discussed in the

preceding sections of this report. Based on these discussions and knowledge '

,

gained from the site visit, we conclude that safety objective 1(b) 'is met' by
~

the safe shutdown systems, actuation mechanisms, and control room displays, at
-

La Cros,se subject to the findings of related SEP Elect,rical;, Ins.trumen.tation -

and Control topic reviews. ('See References 7 and 8].

- . . ,; ,_

* BTP 5-1 applies to both PWRs and BWRs.

i .
-

, .
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d Safety objective 2 requires the capability to' shut down to both hot shutdown

and cold shhtdown conditions using systems, instrumentation and controls

located outside the control room. La Crosse plant has a procedure, " Emergency

Reactor Shutdown and Cooldown When the Control Room is Inaccessible." The
-

.

procedure assumes lack of. time to trip reactor prior to leaving the centrol

room and indicates the location from which the reactor can be tripped. It

covers emergency communications and locations of portable radios. It -

,

[ designates the operators stations and actions to be taken by them, provides
.-

.8. ,.

adequate instructions for ascertaining the operability and condition of the '

:. essential plant equipment and indicates the surveillance instrumentation 'and
c

. -

instructions for interpreting the information. The[.' plant rel.ies on the -
'

, < , , -
J Shutdown Condenser and Decay Heat System to cor. trol shutdown and cooldown.*

,

The review team visited each designated operators _ station and assessed the

[ capabil'ity of the plant staff to perform the necessary operations. _We
,

conclude that the plant can perform these shutdown operations and indeed has"
~

done so - Early irt piant life power cables were cut inadvert'ently..and the plant__ . .
- - -

, . . .

lost all AC power. Operators were dispatched to theif 16 cal stations 'and the~

plant was successfully shut down and controlled.> -

. = =.,

;. : . . -. .

The adequacy of the safety grade classification of safe shutdown systems at

{ Li Crosse, to show conformance with safety objective 3, wit 1 be completed in
1 . . .,
E

-

part under SEP Topic III-1, " Classification of Structures,,<.Componenti and .,*, -: ..... . g

Systems (Seismic and Quality)", and in part under Design Basis ~ Review Event;

reviews. ., ,, , .3,,
'

..., _

y
-
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5.5 Topic X Auxiliary Feed System (AFS)

i

The safety objective of this topic is to assure that the AFS can provide
- adequate cooling water for decay heat removal in the event of loss of all main

feedwater using the guidelines of SRP 10.4.9 and BTP ASB 10-1.

.

.

This topic is not applicable to La Crosse. However, the cooling water
.1

inventory requirenients for a safe shutdown of the facility u~ sing the systems

identified in Section 3 are evaluated in Appendix A.
.
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APPENDIX A

SAFE SHUTDOWN WATER REQUIREMENTS

Introduction
-

Standard Review Plan (SRP) 5.4.7, " Residual Heat Removal (RHR) System";
. .

,

Regulatory Guide 1.139, " Guidance for Residual Heat Removal"; and Branch I.

Technical Position (BTP) RSB 3-1, Rev.1, " Design Requirements of the Residual

Heat Removal System," are the current criteria used in the Systematic
'

Evaluation Program (SEP) evaluation of systems required for safe shutdown.
BTP RSB 5-1 Section A.4 states that the safe shutdown syst'em shall be capable

,

of bringing the reactor to a cold shutdown condition, with only of fsite or
onsite power available, within a reasonable period of t.ime following shutdown,,
assuming the most limiting single failure. BTPRS35-[.SectionG,_which ,

applies specifically to the amount of auxiliary feed system (AFS) water of a - -.

pressurized water reactor (PWR) available for steam generator feeding,
requires the seismic Category I water supply fpr the AFS to have sufficient

-

inventory to permit operation at hot shutdown for at.least 4 hours, followed
by cooldown to the cc-ditions permitting operation of the RHR system. The

| inventcry needed for cooldown shall be based on the longest cooldown time -

'

needed with either only onsite or only offsite power available with an assumed
'

. single f ailure. A reasonable period of time to achieve cold shutdown
'

conditions, as stated in SRP 5.4.7 Section III.5, is 36 hours. -

,
For a reactor plant cooldown, water is the medium for transfer of heat

|
from the plant to the environs. Two modes of heat remov,al are available. The
first mode involves the use of reactor plant heat to boil water and the - -

venting of the resulting steam to the atmosphere. The water for this, process
is typically demineralized " pure" water stored onsite and, therefore, is
limited in quantity. The systems designed to use this mode of heat removal,*

_

'(boiloff),are the ,stea'm generators for a PWR or the emergency; (isolation) .

condenser for a boiling water reactor (BWR) . The second heat removal mode

$ (blowdown) involves the use of powei-operated relief valves to remove heat in
the form of steam energy directly from the reactor coo'lant system.' -Since it

~

-

is not acceptable to vent the reactor coolant system directly to the
_ ___ . _... _ -

] -
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atmosphere, the steam is, typically vented to the containment building from
: -

which containment cooling water systems transfer the heat to an ultimate heat

sink, usually a river, lake, or ocean. When the blowdown mode is used,
,

reactor coolant-system makeup water must be continously supplied to keep the
reactor core covered with coolant to compensate for loss of coolant inventory..

- . . ~.
The of ficacy of the blowdown mode for. PWRs has received increased staff

~

attention since the Three Mile Island Unit 2 accident in March 1979.

Additional studies are in progress or planned. ,. ,.

.-

This evaluation of cooling water requirements'for safe shutdown and
~

.. cooldown is based on the use of the systems identified in,the,SEP Review of j i

i,
Safe Shutdown Systems, which has been completed for each SEP facility in *-

,

accordance with SRP 5.4.7 and BTP RSB 5-1 criteria. It should be noted that
6

~ the SEP Design Basis Event (DBE) reviews, now in progrfis, may tequire "the use
,

of systems other than those evaluated in this report fo'r' reactor" plant'
~ ~~

$ ' shutdown and cooldown. In such cases, the water requirements for safe
.,

~

- shutdown will have to be" evaluated using the assumptions of the DBE review.

.

..
Discussion

.

1
1

' The requirement in BTP RSB 5-1 and SRP 5.4.7 that a' plant achieve a cold .

'
'

shutdown condition within approximately 36 hours is based mainly on the desire.

~ '~ ~ to activatie_ the RER system and transfer the plant heat to an ultimate heat.
- . . . . .

sink prior to t.he exhaustion of the limit'ed amount of onsite-stored bure water
. . -

. - - ;.,
, ,

available"for the AFS.of a PWR. A sustained hot shutdown condition, with>

reactor coolant systems temperature and pressure in excess of RER initiation-

limits, requires ' continued boiling off of pure water to' remove reactor core
. .-

. . .

|- decay heat. A BWR relying on the emergency condenser system for cooldown
"

would also be susceptible to the potential exhaustion of' onisite-st'orid pure
.

i watir. '- '- f

. .
- *- ... .. .

If onsite-storedewater at a plant is depleted, raw wateg from a river, .-
.

'
.

.
. ... . s ', 6 =h .:

lake, or ocean can usually be tapped to supply the boiloff systems. However

4 raw water can accelerate the corrosion of boiloff system materials in the

steam generator and emergency condenser tubes even if'the, watet ,is .frejsh'.
-

:
td* Seawater s:an cause chloride stress-corrosion cracking of the tubes within 1

.

*- - . . ,, pas - e , e .e - , . ** * ' "
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week. Raw fresh water can cause caustic stress-corrosion cracking of both

stainless steel and inconel tubes in less than 72 hours through NaOH concentra-

tion. Plant cooldown and depressurization would help reduce the rate of tube .

Icracking by reducing the stresses in the tube materials and would reduce the g
'

- rate of reactor coolant leakage through cracks that do occur.
,

The orginal design criteria for the SEP f acilities did not r' quire thee

ability to achieve cold shutdown conditions. For these plants, and for the
majority of operating plants, safe shutdown was defined as hot shutdown.
Therefore, the design of the systems used to achieve 'a cold shutdown condition-
was determined by the reactor plant vendor and was not necessarily based on
safety concerns. . Safe shutdown reviews have pointed out a difference in

~

vendor approaches to sy' stem design for cold shutdown relected in the Standard
_ ..

Technical Specification definition of cold shutdown. For a'BWR, c'old shut'down
requires reactor coolant temperature to be 3 212*Fh for a PWR, t'he tempera-r

ture is < 200*F. This difference in cold shutdown temperature requires

additional systems for PWR cooling not needed for a BFR. For example, a BWR
''

could use an isolation condenser alone to reach 212*F (although the approach

to the final temperature would be asymptotic), but a PWR must use a RHR system

and supporting syster s, in addition to the steam generators, to cool to 200*F. g

9

^ - Evaluation
- - - .

, , ,

Table B.2-1 provides plant-specific data and assumptions ,used in the
staff calculation of safe shutdown water requirements for the Lacrosse Unit

^ l plant. Table B.2-2 shows the results of the calculation.

Upon loss of electrical load or turbine trip, the main steam bypass -

valve, with a capacity of 100% steam flow, will open and. dump steam directly
.to the main' condenser. Following a loss of offsite power and turbine trip,-

the main condenser , circulating water pumps cannot be powered from onsite ,
,

_

With the' loss of the circulating water pumps, .the main coidensersources., 3

vacuum cannot be maintained, and the main condenser becomes unavailable for

heat removal. With the loss of the ' normal heat sink and closure of the
reactor building steam isolation valve following the reactor scram > the -

q
1 shutdown condenser,will actuate to dissipate the decay heat.

l

'
.

;i
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The c5pacity of the shutdown condenser (> 10% of rated reactor power)
is sufficient to remove all decay heat generated from the time of the
reactor scram. To prevent excessive RCS cooldown rates or to maintain the

_ plant in a hot shutdown condition, the operator must limit the amount of , ,
- ...

steam going to the shutdown condenser By throttling the shutdown. condenser
steam inlet valves. Based upon scoping calculations, the reactor is capable
of being cooled to 235'F in 36 hours following a 4-hour wait after -the ~

.

reactor shutdown. This calculation used only t'he shutdown condenser for -

. cooling and assumed a single active failure of the sir!gle. train decay hept
cooling system. .--

Four hours after the reactor shutdown, the dhay heat rafh ii5.01 x -

' '

106 Btu /h and the integrated d'ecay heat over the 4Sho'ur perto'd ts 2.92'x 107
Btu. Assuming that the plant operator has maintained a nomal hot shutdiwn"

"

.

temperature of 577.5'F and a constarit mass of water in the rea'ctor vessel:
'

during the 4-hour wait period, 3320 gallons of demineralized water have been
' '

used to maintain the shutdown condenser shell side water level and remove the.
integrated decay heat.

.

.

Scoping calculations indicate that if the maximum inl6t steam flow to the---

~~. . - .
.

shutdown con ~ denser is then initiated, the cooldown rate will exd'eed 2c5'F/ min.,

This cooldown rate exceeds the maximum administrative limit oI6@F[h, as well
~ ~

'

'as the LACBWR Technical Specification limit of 150*F/h averaged over a 1-hour
.

--

period. To slow the cooldown to the admiriistrative ' limit, the operator must
,

,,

continue to throttle the shutdown condenser steam inlet valves. '-

'
'

Scoping calculations of the cooldown rate using only'the shutdown ' condenser

-
compared to the cooldown rate at the administrative limit, indicats th'at the

'

-

. . . = .
.

60*F/h'cooldowri rate cannot be maintained with the RCS teihpera'ture beloW 337 5*F,
~

_

Furthemore, with the RCS temperature below 242.5'F, the cooldown rate slows

to less than l'F/h. The quantity of water consumed at thetend.q b?6' hours
'

with a ,RCS temperature of 235*F is 22,145 gallons.
.

-

' "
.

s
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The LACBWR demineralized water storage tank has a capacity of approximately

|
30,000 gallons, and therefore, tee staff concludes that sufficient demineralized

'

k
water capacity exists for shutdown condenser shell side water level makeup
to conduct a plant cooldown in accordance with BTP RSB 5-1. There is no

-

Technical Specification requiring a minimum water level in the demineralided
water storage tank. The backup water supplies to the shutdown condens9r

originate from the river. Since a shutdown to essentially cold conditions can be
perfonned in a reasonable time, the possible degradation of the condenser tubes
from the non-demineralized water is not a safety concern.

. . 2

The staff, in assuming the only cooling path is via the shutdown
.

condenser, allowed no consideration of the various-other modes.of decay heat
removal that may be available. This assumption permitted the scoping j
calculation to maximize the postulated amount of demineralized pakeup wate,r '

, , ,

that would be required for cooldown, but severely limits the predicted

cooldown of the RCS temperatures, scopingly calculated to be 235*F at the end
;

of 36 hours.
-

The alternate methods of decay heat removal include the decay heat

cooling system, the primary purification system, and the seal injection

system. These three systems are not included on the minimum list of systems

_ required for safe shutdown since all are of single train design, susceptible

to a single active failure and loss of of fsite power', and not required for a

safe shutdown and cooldown. However, to assume all of these systems would
.

j f ail coincidentally is limiting and highly improbable, since all are designed
'

1 to withstand normal RCS operating temperature a'd pre'ssure. $urthermore, an. ,

i
,

feed and bleed process using the secondary side of the shutdown condenser

could be initiated as the cooldown rate slows and the RCS temperature
~

p asymptotically approaches 212*F. This would require an operator to momentarily
-

enter the containment environment to establish the drain path of the shutdown
, - -:,condenser shel'l' side. .

The staff concludes that the LACBWR can be cooled down in accordance with

the intent of BTP RSB 5-1,by using any one of, or i combinatfo' of, the 'n

I altern' ate decay heat removal methods noted above as' dictated by the plant
'

operating conditions and allowing for the ambient heat losses of the RCS to

.

the containment environment.
(I
t
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Table!A-l. Plant-Specific Data and Cooldown Assumptions

,

>

Plant-Soecific Data'

.LACBWR

,
. Plant

... ..

- 165 MWt .

Power
577.5'FInitial RCS Temperature

~ '
7

} 3.93 x,10 Btu /h ,,

|}
Heat Removal Capacity *

d' Secondary Makeup Water Temperature
100*F

.11, , ,

4 Btu /*FMetal - 6.08 x 10 .

Stored Sensible Heat Water - 9.79 x 104 Btu /*F
-

- _.,

430,000 ga,1** ,- -- . .

Demineralized Makeup Water Onsite
.

,

.. _ , .

* .~

]' ' Cooldown Assumotions_
.

1. Reactor trips at t = 0.
.

Decay heat is in accordance with Draft ANS-5.1. .

2. '

Plant ren.ains at hot chutdown for 4 hours prior to cooldown.
- i

3. .,
.

|*
. i

Mass of water in the reactor vessel is constant.4.
, , , . ,

5.* Shutdown ecndenser inlet steam flowrate is throttled to maintain the... . s.
'-

~

..
' *

g ., .
,.

administrative cooldown rate. . . - * . , -
,.

.

.-

L. . *.

'-.
' -

.

- :

. +..- .

_.

'Using shutdown cond.enser only.
,

, , '

, **This quantity is ndt included in plant technical specifica,tions. -
* '~

.- .

) ," C4
'

' .
. ,

.
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Table A-2. Calculation of Safe Shutdown Water Requirements

Plant: LACBWR

Phase I Reactor trip to point at which decay heat generation rate equals
,

'

heat removal capacity: approx. 0.0 min - -

Phase II Delay prior to cooldown: 4 hours

Decay heat generated prior to cooldown: 2.92 x 10 Btu .

'

Water expended prior to cooldown: 3320 gal t |

- Phase III Cooldown*:
, , 3

RCS RCS
.

Time (h) Temperatur e- (* F) Pressure (psia) Decay Heat Generated (Btu)
.

- . . . y
4 577.5 1300 2.92 x 10-

.- .y
~ 8.0 337.5 114 4.86 x 10

15.5** 242.5 26.1 7.79 x 10
836.0 235 22.9 1.37 x 10

.

Decay heat rate at t a 36.0 h 2.55 x 106 Btu /h ,
i

Feedwater expended during cooldown to 235*F: 18,825 gal
_. .

,

Total feedwater expende'd: 22,145 gal . .
,

-
*-

.

.

, ,

. .

'
-

- . .

*Using shutdown condenser only. - -

_

**Cooldown rate using 'enly the shutdown condenser decreases to less than., . -

* ' '
'

1* F/h at '15.5 h.'
r

.

.

- - ... .: -
.

.

j
'
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