
< m

; [ T"
.

\~)-

v..

Westingflouse Energy Systems b 355
Electric Corporation Pittsburgh Pennsylvania 15230-0355

NSD-NRC-97-5221
DCP/NRC0943
Docket No.: STN-52-003

1

July 9,1997.

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: T. R. Quay

SUBJECT: Resolution of AP600 Turbine Overspeed Trip, Key issue 14

Dear Mr. Quay:

In a letter dated June 3,1997, the NRC staff requested that Westinghouse provide ajustifiable analysis |
or operating data to support the position that the AP600 turbine does not require a mechanical turbine |

overspeed trip, or withdraw its position. To expedite the review process Westinghouse has decided to
withdraw the request for NRC review of a turbine trip system without a mechanical overspeed trip for
the AP600.

Attached is a markup of a portion of the AP600 SSAR, subsection 10.2.2. The changes in the markup
add a commitment for a mechanical turbine overspeed trip. In addition, information that was included
in the SSAR to support approval of the use of electronic overspeed trips without a mechanical
overspeed trip has been deleted. With this change the AP600 is in conformance with the redew
guidance of the Standard Review Plan. These changes will be included in SSAR Revision 15.

This transmittal and the SSAR revision will complete the actions required by Westinghouse related to
the turbine generator. The Westinghouse status of the open item tracking system Item #5542 will be
Confirm-W pending formal revision of the SSAR.

,

This submittal technically resolves Key Issue 14.

Please contact D. A. Lindgren at (412) 374-4856. )

:., f -

Brian A. McIntyre, N anager / [) ,
Advanced Plant Safety and Licensing '
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ec: D. T. Jackson, NRC (w/ Attachment)
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10. Ste:m cnd PowIr ConvIrsion System

10.2.2.5 Turbine Protective Trips

| Turbine protective trips =e independen: cf de e!cetronic con::c! :ys:cm-and, when initiated,
I cause tripping of the main turbme-stop, control, intercept, and reheat stop valves. He

protective trips are:

!
Low bearing oil pressure*

Low electrohydraulic fluid pressure*

High condenser back pressure.

Turbine overspeed.

Thrust bearing weara

Remote trip that accepts external trips*

10.2.2.5.1 Emergency Trip System

The purpose of the emergency trip system is to detect undesirable operating conditions of the
turbine-generator, take appropriate trip actions, and provide information to the operator about
the detected conditions and the corrective actions. In addition, means are provided for testing
emergency trip equipment and circuits.

The system utilizes a two channel configuration which permits on line testing with continuous
protection afforded during the test sequence. Ec sys:=. i: powered by redund=: de pce.er j

suppli=. Ec emagency trip ys:em speed switch = =d =:cciated trip circu:try (: rip :: ring) ;

are =alog devices--These devmes provide a mc$cd ic achieve evaspeed prciectica !cgic
| diverse-freemthe DEH centroller-A mechanical overspeed trip is also provided as described
I in 10.2.2.5.3.

The system cens:::: cf = emergeney-trip ccatrol b!cek . i$ :dp sc!encid valvs =d :atus
presure sen: cts;-three-tes: trip b!cekr. !$ presure senscr =d :=: sc!cacid valves, rc:cr.

positiempwkups;-speed pickups, a cabine: ecataining c!cc:rica! =d c!cetronic h=dwre, and
a-remotely moun:ed c:atus-and-ts: p=c!. The cmagency trip sy em i: powered frem-twe
redund=: pcw= :upp!!=. Ec em=gency inp-eentrol-bleek h= :.vc ch=n =d u;=

eleettemech=ical =d hydraulic compar, cat: :0 actuate-elesure-ef $e valv=.
.

Re :=-ing device a: 'he turbme-tr=:mi: e!cc:rica! sign 6 c $e trip cabine: "here
'

reiceproces cr !cgic de:= mines when to trip $e cc:c ::cp emergency trip header Either-ef
|two-emerg=cy trip sys::m con::c! b!cek ch=ne! ;; capable of tripping-the-turbine-

10.2.2.5.2 Emergency Trip Control Block

i

ne auto stop emergency trip header pressure is established when the auto stop trip solenoid
valves are energized closed. He valves are arranged in two channels for testing !
purposer -the odd numbered pair correspond to channel I, and the even numbered pair ;

correspond to channel 2. This convention is carried throughout the emergency tdp system in
designating devices; e.g., channel 1 devices are odd-numbered, and channel 2 devices are
even-numbered. Both valves in a channel will open to trip that channel. Both channels must

i
!
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trip before the auto stop trip header pressure collapses to close the turbine steam inlet valves,
l Each tripping function of the electrical emergency trip system can be individually tested from |'

I the operator / test panel without tripping the turbine by separately testing each channel of the
1 appropriate trip function . The solenoid valves may be individually tes;ed. On !Se testing

:= be acecmp!!:hed by " dpping" ene cha=c! a: :ime. Ec!at:ca be:::= ch==l: provide:
prc::::ica again : spuricus trip; during ::::ing.

The sc!cacid "c!ve: = in: mally-ptletedetwc :: age valves. Electrehydr=lic fluid pressure
:: applied :Hhe p!!c: pi::ca :c cle e $e =in sc!=cid valverSpool-type solenoid valves are
not used in the emergency trip control block. 3: ;c!=cid valve =r be replaced enline
withcut a idp of Me-tu6i=. H header p==um betwe= ch==l: ! =d 2 :: meni:cred by
prezu m x n:ccr The p==u= =nser : uxd :c 6:c-i= de *dpped er 'a:ched ::atu: cf-

eaeh-eh==! =d a = later!cek to p=v=: testing enc ch==! .vh= &c cier-ehannel-is4 .

being ::::ed.
,

A trip of the emergency trip system opens a drain path for the hydraulic fluid in the auto stop
emergency trip header. The loss of fluid pressure in the trip header causes the main stop and
reheat stop valves to close. Also, check valves in the connection to the overspeed protection
control header open to drop the pressure in the overspeed protection control header and cause
the control and intercept valves to close. The control and intercept valves are redundant to
the main stop and reheat stop valves respectively.

|' 10.2.2.5.3 E!:::r!=1-0verspeed Trip

| The emergency overspeed trip for the AP600 turbine is-consists of a mechanical and an
I electrical trip. The AP60^ tu$i= dec: ac: requ.= a mech = leal evenpeed : rip. The .

I mechanical emergency overspeed trip trips before the electrical emergency trip. The
i emergency overspeed trip setpoints are identified in Table 10.2-2.
I

| The mechanical overspeed trip devise consists of a spring-loaded trip weight mounted in the :

I rotor extension shaft. At normal operating speed, the weight is held in the inner position by
I the spring. When the turbine speed reaches the trip setpoint, the centrifugal force overcomes
1 the compression force of the spring and throws the trip weight outward striking a trigger. As
I the trigger moves, it unseats a cup valve which drains the mechanical overspeed and manual
I trip header, ne mechanical overspeed and manual trip header can be tripped manually via
I a trip handle mounted on the govemor pedestal.

I ne electrical overspeed emerge =y-trip system has separate, redundant speed sensors and
I provides backup overspeed protection utilizing the trip solenoid valves in the emergency trip
I control block to drain the emergency trip header, paralle! f!c= pad: : provide : ingle fai!=e

prc::::icn for 'h: :c!=cid valve: in-th: =:0 ::cp :m=g= y dp heair ne hydraulic fluid
in the trip and overspeed protection control headers is independent of the bearing lubrication

I system to minimize the potential for contamination of the fluid. The= f=:um: provide
everspeed :dp =! abili:y during nor=! cpcmtica ecmp= b!: :c 1: = liability for the
eembination-ef mech =ic! =d elecideal evenpced : rips-+n-cpem:ing =c!:= pcw= p!=::.

w5um:nsmen Revision: 15
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n. . ~ _ . _. . _ . .. ., a. . .: ~ ., y _ : . . , : ,u . : ru. _a : m. u, u i. n. . , ,. . n. . . _. 9._. . .'. ^'. , ^ '. ',urbine.........~,...,ym ...y- . . . . . . , . - . . . . . . . ~ . . . .,

evenpced =n;ing = previded, each-with its Own magnetie-speed pickup =d :achometer:
One-c. .t..~.~ . : .. .a.. . .,. _ . . u_a, u.,. . . u . ~ . . . ma u,,,. . . u . n e u. . ._ .,colu.. . n. ..:.,. <agnal-tsc .. ~ u
.

. . . . . . ym. ..~ m.~ .. . . ~ _ .. . .. ..

isolated-frem-tl.. neu. _- ..mi.n. u.._agi. ,..a. .,... . . . . . n. . ~ m atu .. ,_, r . t. . n e u. ~ _ _ .he.u
~ -. ...~ ~. ..m m. . . . ~ _ . . ~ . . . . . .

shaft-are-differen: S= i: !cca:ic = cf 1: =n=n for Se emergency overspeed-td -..~. .y

n. . ~ ._ ._ ,. . ,g . ,. . . . . _ . a. y , .g , . . ~.~ ., . . _ _ . . ., ^ f-thr '_o ' '^ - - ' ^ rspeede 'e': .. . ^
. . . -...~.e.~ y. m... .. ., .. - m. . _ m m. . 7 ..

a-re=l:, a malfunction in my / 'he speed =nsing cha=el: dee; =: cau= = invalid tsp-er
prevent a valid <sp-laogic i, m.c provided :c detee: =d id=:ify a malfune4 ion-in-the speed
piekaps-ee-tae.u._.__ n..~. _ u _u ..,a.._ : .u ,..._ o._~ y _ . _ .. .a. u.~ ,.a . _ .._,-~... ... . . ~ ~ ~ ~ . . _ . . . . . ~ ~ ~ .~..r...,..y -._..m.

b!cek =e = ranged-suelahat a fa!!ure of =y one valve dec; act prev =: a trip. The evenpeed
pr_. ..,._ __..rolda-the-Dr". . - -^ . ~". : agle-failure -pr^* .*,:-.. '^- ''~^ * .. ^ '..~ . e .~ -trip. ~ ~ . . ... m em .. . . . ~ m. .. ,

system-eh=nels
,

Eaeh-tripptag-funetion := be individ=lly tes:ed from 1e cpemtcr/: s p=c! i$cc:-tspping
the-turbine by separately-testing each ch=ncl cf $ appropriate :sp f=c:ica Tes:, me
seleeted-aetiva:cd, =d rese: on 1 cpem:cr/:::: p=:!. The =!=cid valves may be
- - - nmdtvidua..,.. . .a.. f_ u. ,u u,~.... ~_ e.~ .u ..u ~ _._-.,: .. ~,._:... _..a ., .: ,..u...~.mm .~ ~ . , . . em.~m ym. ~ . . . ...7,..~ ...y.

dunng-testing. Testing of 1: emergency-trip ;ystem trip f=ctica: n done withcu: di=bling
the-tsp-pretection4n-the ch=nel not in tes: or in :he DE" contro!!c cverspeed prateetion
e _ . ._ i . n. . . :,. ,,. _ u n. .: .,. . ._. .u ., _.. : nere..~ : ..a. ~u u. n. : .,. . _ f .u A. orn_n .a.y ..,. .,. _. dunng.m. . y,~ . . y m . .- .. ... .. , . . . . .. .~ . .. m...

tesfi-'.,'' _~' ,". . ~ ^ d. ' ^ ,''m" m-". #.0u'~d''.^y~.^.*''.,''".~'.''-le^y~..'.''-d..^'.*.".. T. ,' ' y-'.eall, , '.~m^ d. .~ ~.'~' ~".. y ~ . .. . . . . . y . .y

. " . , rstneed-pm^'_-''-. - '.*r". .~ ',' s".: ,~".m. * ^ ' * ''~^ ,''. . .^. c_" 4d ' : . ^c- anngA

. . ~ . , ,~. _. ,. . . ~ _ , . . y .. .

plggg g.y. ..me ma : M_t YD_Ct' 19 ,1 C-s.,g{gggggg gg ,_ _f m ~ ,_ .A. y_,~_. .eu _ ,,.,,. ~..,.,.:pIn
..m . . . . , m . . . cm ~ , ~ . . m.

eperm.: , y . nt, u , __ . a.. a. : _,._ , : . .. m ._ _a. .: _. . . verak~, mverse-mteraetu~.. _~au 4a
... ..~...~.m . . . . .. . .,y _ .~ ,. ~.

human-facters-diffieulties-esseeicted wi$ We mech =ical overspeed trip during testing-ef-th
meeh=i=! =d eleetrieal-trip; have contsbuted ic iez = cess.ve avespeed ca=:. Bec==

*

11. x..otan u~. at-ba... _ _u..__.u._.a.~. .- ra_ .a.y_, ....u:- __. .ar-reliabditywiedag~. ,~m .. .. . . ~ . . .. ~. .~ r.~.-
testing n enh=ced.

The speed control and overspeed protection function of the DEH combined with the
l emergency trip system electrical and mechanical overspeed trips -redundant-speed +vitehet

tsp ch==!:, =d pcwcr =pplies-provide a level of redundancy and diversity at least
equivalent to the recommendations for turbine overspeed protection found in III.2 of Standard
Review Plan (NUREG-0800) Section 10.2. Additionally, the issues and problems with
overspeed protection systems identified in NUREG-1275 (Reference 3) have been addressed.

10.2.2.5.4 Test Blocks

Low bearing oil pressure, low electrohydraulic fluid pressure, and high condenser back
pressure are each sensed by separate test block instrumentation. Each test block assembly
consists of a steel test block, two pressure transmitters, two shutoff valves, two solenoid
valves, and three needle valves. Each assembly is arranged into two channels. The
assemblies, mounted on the governor pedestal, are connected to pressure sensors mounted in
a nearby terminal box. The assemblies have an orifice on the system supply side and are
connected to a drain or vent on the other side. An orifice is provided in each channel so that
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Table 10.2-2

TURBINE OVERSPEED PROTECTION

Percent of Rated
Speed (Approximate) Event

100 Turbine is initially at valves wide open. Full load is lost.. . . . .

Speed begins to rise. When the breaker opens, the load drop anticipator
immediately closes the control and intercept valves if the load at time
of separation is greater than 30 percent.

101 Control and intercept valves begin to close.. . .

103 The overspeed protection controller closes the control.. .

and intercept valves until the speed drops below 103 percent.

108 Peak transient speed with normally operating speed.. . .

control system..

If the power / load unbalance and speed control systems had failed prior
to loss of load, then:

| 110 The mechanical overspeed trip device closes the turbine stop and reheat.. . . .

I valves.

I 111-HO The electeni cmergency electrical overspeed trip system closes the, .

I main wbme-stop and reheat stop valves based on a two-out of three
trip logic system.

Following the above sequence of events, the turbine will approach but not exceed 120 percent of rated speed.

.
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