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MAIN AND REHEAT STEAM SYSTEM

INTRCDUCTION -
sttem Functions s
The mazn’steam pxgxng serves prlmarlly to deliver main steam i
;ffPﬂﬁEéé;§é§:31§§§;éééér%_s?.the hxgh pressure (HP) turbzne. 2
It also provxdes main steam to the steam generator ‘eed pump -
'*HF%FE;EEELpﬁﬂﬁéééaéilstea“ generstor feed pump turbxne, second ol

stage reheaters of the moisture separator -reheaters,

bypass valves and the turbine gland seal system.

steam from the exhaust of the HP turbxne to the moisture

separator-reheaters and then to the inlet of the two low

o e R SRR R B e T e Gt Rt t P
jbressure (LP) turbxnes. It also prsrzdes rehgattstEhm to

T,
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the steam generator feed pump turbines.

The main and reheat steam system has an interface with the

following systems (Dwg. numbers refer to Burns and Roe flow

L et

diagramsi:

a,
b.
c.
d.

e,
g,
9-_

) 1=
i.

3

Gland Seal Steam System (Dwg. No. 2002)

Bleed Steam System (Dwg. No. 2003)
Auxiliary'éteam'Systemv(Dwg. No. 5004)
Feedwater and condensate System (Dwg. No. 2005)

Demxneralized Sbrvxce Water Systenltcwg- No. 2007)
o e e b F T A .
Feedwater Heater Dra;ns System (Dwg. No. 2009)

Turblne Lube Oxl Purxfxcatzon and Transfer S;stem_;:w"

(Dwg. No. 2011) il

Instrument and Servrce A;r System (Dwg. No. 2012}

Reactor Coolant Ma<eup and Puriflcation System (Dwg. No. 2024)

Reactor Buxld‘ng Penetratton Porced Ax— oolrng System -
(Dwg..No.
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k. Steam Generator Secondary Side Vent and Drain System
(Dwg. No. 2414)

“

1. Hz and co2 Supply Systems (Secondary Plant) (Dwg. No. 2532)

Tomalpas,

Summary Descrlptlon of the Svstem (Refer to B&R Dwg. No. 2002,

" {;"-10;,_-'0 =3 iy _.-. _-:-“. s S Rev 20)

ngh pressure “steam is d;scharged 1nto four main steam lxnes
e dgne s T

from two steam generators.'.Each line carries one~-fourth of the

[T MY TR
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" (getal turbine steam to one of the four high pressure turbine : .
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stop (throttle) valves. The high pressure turbine exhaust steam

enters feur 1dentxcal moxsture sepa:ator—reheater unxts where

R R et Y L Atk T, L PSR st

moisture is removed and the steam is reheated before entry Lnto'

the two low pressure turblnes. Low preSSure turbxne exhaust
Tl LG TRNT R R e

steam enters the two separate main condenser shells where it

is ‘condens -and returned to the condensate and feedwater RSB
i TN Wm m,”-weﬁ_iﬁﬂh_ﬁw; : J’erunb-....-..

system. It should be noted that bleed steam is extracted i

from the high pressure and lcw pressure turbxnes to supply the
feedwater heaters, the first stage reheaters of the moisture
separator—reheaters and the aux;lxary steam system. "Refer to

the Bleed Steam System Description, ‘Index No. 2. Each of the

four main steam lines frcm the steam generators to the high

Pressure turbine contains a main steam isolation wvalve. Up- =
stream of the main steam isolation valves are the main steam
safety valves and the atmosuheric dump valves. From each pair

of steam lines, separate take-off lines serve as: o

-_1.". X '---u-.‘--.:n‘l, ...,.1"4. g o Ny L LIS
= - - 5, '
N D e . . acn Pt . e S

e vt

) _Turbxne bypass or steam generator dump to the ccndenser._

R Y ..-pln-—.“'----n- \.,1.._‘-..-

‘.._..w

2. Steam supply to a steam generator ‘feed pump turbine and
the secend stage reheater of two moisture separator- 5

reheaters. A branch line from the take-off line of steam

generator RC-H—rA supplies steam to the gland seal steam
s o A T s CAN Shes e,

i system._“«@qr,“.-eﬁgﬁﬁgxﬁ,rg
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fneCessa:y'tousupply'Qoo_psza supe:heated steam f-om twodﬂgﬁg;ﬁv ‘Aﬁg

[T |
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3 team supply to the emergency steam generator feed pump :

' : 1

turbine (required flcw available from either steam -
generator) 2

1‘5.’;353-_::-?'. c Mv o T - :i... . -.' - < -

’ "":":-:“?:"":i_i_; AT s =, . = £

Sgstem Design aequxrenents T e S . = T

CENNE U U SamE R B ' =

The‘main steam system éonsxsts of the ax:zng_and va‘ves

once=-through steam generatcors to the HP turbine. 3ranch
Piping is required to supply main steam to the two steam
generator feed pump turbines. Additicnal branch piping is

necessary ‘or :He*:ehea‘xng cf high pressure turbine exhaust

o % ke

stean, tuxbxne gland sealxﬁg s.eam. the turbine bypass and

emergency ‘stéan’ geﬂeraeoz feed -ump turbzﬂe T e e e

b, i

_ i
The reheat steam s;stem censists of the pxp.ng ard valves
necnssa:y to carry the HP? turbine exhaust steam to the four
mcisture separator - :eheace:s and then to the two LP turbines.
Reheat steam system piping also carrias reheat steam from -he
outlet side of the moisture seéa:a:or-reheaters to the steam

generator feed pump turbines.

Refez to F*gu:e % o‘ the -eedwa“e: and Ccndﬂnsa e System =
Desc::o:.on, Iﬁdex Vo. 4A ‘or the tu::xne heat balance which
gLves heat rates 31d Eo T Sesn e
..4¢~- B SR P S
Zach scaam generator has two nozzles which supply steam through =
Lnde,eﬁden: lxnes to sena—ate srop valves in the turbine valve =
ches..'_;he 9LDL1§ fzrom ehe steem gﬂne*a.o: nozzles up to the,“,,u B2 S
NPT I pu ST T AR e e .,-:..:!’-1“,_ 45‘1'" -."“".-"'é'"" : .h-’—- e T L
main st-am 'scla*xon valves outside the reactor buxadxng {g o =
_.. - td,-..r ;"“-..k-_,--&g e merh oA o I S T =
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flow from each steam generator cor a total of 6.4 percunt,
Turbine bypass cecntrol is described in Section 2.2.3. Main
steam is automa:ically admitted to the steam generator feed
pump turbines at loads belcw about 290 Mie and during one-
pump operation because the normal source of reheat steam

is not capable of supplying suf‘xc}fqt steanm for feed pump
turbiﬁe opéé;éfgh-uééé;ﬂtgé;é conaxtxons. The steam generator
feed pump turbines exhaust to the condenser cold shell. The
inlet and exhaust steam piping of the steam generator feed

pump turbines is arranged to allow one pump oreration.

The two-stage :eheaééés tequi:e main'steam supply to the
seccnd stage :eheaters.- The main steam branch piping to
each second stage reheater is equipped with a warming valve
and a ébntrol valve in parallel. The warming valve is used
to purge noncondensibles from the reheater prior to the
admission of heating steam. The control valve is required
by the turbine control system to ccntrol the reheat steam
temperature during COCLD START or HOT START as described in

the wé;Einghouse Manual (1. 00).
i

- ﬂ? @ ‘3& mi:‘,‘m'E.Lu

In addition to the turbine by-pass connection which is common
to both main steam lines of each steam generatcr, there is

a take-off from one main steam line of“each steam generator,.

.

which supplies steam to the emergency steam’generator feed %
pump drive turbine. These lines contain check valves which
prevent flow from one steam generatocr to the cther. Izdividual
isolation valves in each sheam supply line cgen autcmat;ca’ly
ugon 1oss of both steam generauor feed pumps or loss of all

four reactor coolant ;mes. An alternate steam su;ply from
TS 5 e g A i 2 i : !
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= the auxiliary steam system is also provided. Refer to
the Auxiliary Steam System Description, Index No. 3.

bimBee o

A pressure control valve maintains the turbine inlet
pressure constant at 214 psig with upstream pressure
vdéginq up to 1050 psiér' A dc motor operated isolation
valve 1oc§gg§aat the emergency feed pump turbine will open

automatically upcn 1oss of both steam generatur feed pumps

-~

AT KT

or loss of all four reactor coolant pumps.
Wi e TR ey T R A BN A s < S R N AR :
The only connection on one steam generator main steam piping
which deces not have a corresponding connection on the other
stéﬁh genefatof ié’lné-giaﬁa steam take off from a main
steam line of s.eam generator RC-H-lA. This single source
is possxble since tho-system will always function with
both steam generators in operation. No provision is made
for starting up a steam generator while the other is
e operating. The use of one gland steam source will prevent
the possibility of cross connecting the main steam piping
between the two steam generators upstream of the turbine
stop valves, Duriné plant start-up, gland sealing steam
can be obtained through a connection to the auxiliary steam =

supply from the boilers of TMI No. 1 plant. =

2.0 DETAILED DESCRIPTION QOF THE SYSTEM o =
2.1 Components : o : :

F 53 Steam Generators RC-H-1A, 1B -_;. BT

o ——

The two once—tﬁ:bhéh’stéam‘gehefétdré.RC-H-lA, 1B (see Table 1)
are located in the reactor building at El. 281'-6". They are
* installed vertically and have a height of 73 ft.- 2k" from

R

LR T
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v:,.fv_yp_ﬁ_cl,f_ri A e e
} b« i
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the bottom of the support skirt to the top of the primary
inlet nozzle and have a diameter of ll¥ feet.

The steam generatcr is a shell and tuke heat exchanger. There

are Ls 331 In:onel tuheq wlth an ou*sxde diameter of 0.625

—rFin R PPN o

inch in each steam geaerator tube buﬂdle. Each tube is 56 £ft. -
PR Sy o T e ,.'--:a--— L L e A T AT Sy L s Nats ~avig?

2 3/8 inches long and is rolled and welded into the top and
v anwrd -

tottom tubesheets.” The inner surfaces of the heads and

tukes and the cuter surfaces of the tubesheets ccmprise the
nrxma.y szde. The seccndary side consists of the inner surfaces

c- :He shell and tnbesbeets and the outer surfaces cf the tubkes.

——ggr _'__ =

Primary coolant (from the reactor) enters the steam generator

; th:ough tbe inlet nezzle in the .cu head, ;avses downwasd

through the tubes, collects in the bottom head, and flcws

out thrcugh two outlet nozzles to return o the reactor.

- - . . NS

Feedwater enters th:cugh éhe header and 32 nozzles, flcws
dewnward in the annaulus between the baffle and shell, enters
the tube bundle at the lcwer tubesheet and flcws upward
through the bundle on the cutside of the tuhes. The tubes
are stabi 1~ed Ln support plates with tr i ioh d holes which

allew upwazd ‘Lcw Of the secondary fluid. " Heat frcm the

primary coolant is .rans‘e:red-to ghe ‘secondar y fluid. This

heat t:ans.er convev*s eedwater uodrysunerﬁaated steam
et 2 T gy TR ';.f" ..._z'.ra ey N e el - e

which exits through the ﬁalﬁ steam out ec ozzles. i
A two-section cylindrical bhaffle, upper and lcwer, surrounds

the tube bundle. it d rects flcow o; ‘eedwa;e* dcwnward and

ety e -2l s

pove

.acts as a contaxnment to“anclose *he Euke bundle and feed-""
-u-"a b A N S e ST S B R
water urznq bhe hea.zwg ard ccnv sxon nrccass

o
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5 i 7
The design pressure and temperature of the primary side of

= the steam generator is 2500 psig and 650°F. The outlet

steam design conditions are 1050 psig and 600°F.

For add;t;onal Lnformat;on refer to Babcock and Wilcox

. ,,r .,u- -
Once-THrouqb Steam Generator Instruct;on Manual No. 01-0016-02
5*%'*2’3 7 00) *and Babcock™ and w:.lcox Pressu’fﬁzed Water Reactorﬁl‘-‘-‘i 3ot
i O T O ¢ - sl i i :
h%ﬁtui i- Technolggz Volume 2. j
mgen ..ana\u--n-m- e
2.1.3 Turbine Generator Set ”??g;'" N “"“”_

For information refer to Westinghouse Steam Turbine Instruction

Manual No. 1250-c734 (l 00) ‘and Westlnghouse Hydrogen Cooled
Turbine Generator Instructlon Manual S.O. 76 P-0704. {1:00)=

Also ref er to Table 2 it : z

..-l:'-:\.r:.'.. I Tt S O T e s,
S

-t | Moisture Separator — Reheaters: MO-T-1A, 183, 2A, 28

e For a descrxptlcn of the moxsture separaecr—reheate*s, refer

to the Feedwater Heater Drazns System Descriptlon, Index

No. 7 and the applicable Westznghouse manual (1.00).

2.1.4 §L§._?eed Pump Turbine Caéinq'nrain Tanks; FWw-Tla, 18

Tne S.G. Feed pump turbine casing drain tanks (see Table 3)
are located in the Turbxne Buxld;ng at an elevation of .

2811 =6", They are verﬁzcai cylxndrzcal tanks, each having

Ty

e
B e iy

a capacxty of 80 gal. Those tanks serve as a’ callect;on

: devxce for the- condensedﬁsteam from each SGFP turbzne caslng
e = - g i i T S AR
durxng normal ‘operation and from the £irst stage draxns and -

L

the above seat drains for the 5.G. P P. turbine lcw pressure

stop valve_during stazt-up.

+
[]
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2.1.5 $.G. Feed Pump Turbine Casing Drain Tank Pumps
5 EW-P-2A, 2B, 2C, 2D

= The S.G.F.P. Turbine casing drain tank pumps (see Table 5)

are located xn the Turblne Building at an elevation of 28l1'-6".

They are sznqle stage, cent:xfugal pumps each dr;ven by a

o dere

ET - A

3 H P. electrxc”ﬁotor._ Each pump delivers 37 GEM at a T.D.H.

PIT ) P
= of 65 Lt. “The pump cas;ng is splxt :adxally and has langed
SN A I Sl T :-Ww:.:—r N7 e

o 4..  side_suction and top dlscharge connectxons. The impeller is a

FERBN L E > - .-r_..}t‘% RCTTDR Ty -s..«;"* T g Tl e R NS
closed type. - s . :

e ‘ Acy? 54
. (o ..5_‘;;—»- Yot -yM e -.J_ PP SR Ales e W

The pumps are provzded with ball type thrust and journal.

‘ bear;ngs, and are lubrzcated by a self-contained oil system.
Ry
‘The bear.ng housxng is provxded with a constant level oiler

-

and Lndxcator.,.. S < by

(%54

A I LT ST S Sy o Ty S P S G e gy

Mechanical seals are used to prevent leakage.

S thps FW-P—ZA and ZC receive pcwer from 480V MCC 2-313. Pumps
FW-P-2B and 2D receive pcwer from 480V MCC 2-41B. Pump controls
and indicating lights, including an overload trip light are
located on Panel 17 in the Control Room.

2106 HP Turbine Crossunder Piping Drain Tank; MS-T-1

The HP turbine crossunder pxpxng d:axn tank MS*T-I (See Table 4)

ey "\—

is located_xn‘the tu:blﬂe bu 1dLng at "1. 306'-3". It is mounted
i vertically with a 3'—0“ dzameter, 4'-0'_st:azght side, made :
L e S L REIRNRC SRS NP T 1 IR N AT EAED s SR s e eSS g an
Sed o Of cﬁfbon steel and has, a capacxty of 200 gallons., The tank ‘" =i7%
- #i -~ ,—.\.‘ T v

has four inlet ccnnect‘cns to Feceive d ains from the four

croasunder pipes, a vent connectxon to the heater drain tank

o
S

HD-T-l a bot;om dxaxn connec_xon, tuo level controller. con-
nectxons, and an internal baf‘le.‘ The tank dxscharges to t&e

{ . - St R 4.;.-

“l

frals
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2.5.7 Steam Generator Feed Pump Turbines:; FW-U-1A, 138 2
"

o Refer to seo!:.'.on 2,1.4 and Table 3 of the Feedwater and 3

v

Condensate System Descr:.pt:.on, Index No. 4A. T

s abT o '._‘S.".""'"j.:_‘-_ SR e 1‘_..
c.— ) u - i o - =

- My v 4 ‘b!.?ll-.‘-'."r fe ‘F’“_‘_".‘" EheayeL Wb t V‘l e -

2.1.8 “"neroencv Steam Generator Feed Pumg Turbine: EF-U-1 ¢

o e Refer to section 2.1.5 and Table 4 of the Feedwater and e == Z

e AR Sl 2L S S e

= Condensate System Description, Index \to.

219 Major System Valves

----- _<.p-n-n.. e R M ey L e -

Main S team !:.o HP Turb:.ne Isolation Valves MS-V4A,48,7A,78

A motor ooerated 24" Y-type globe valve made of CS w:.th

.,:-; . ;.,,;_“,«:. ru" v '_.1_,“_-.-_.-..- Sagpeg =y o
,600 lb ANSI ratinq ‘and des ign temperature of 600 =P is-
-W'—‘u— R EAYT ey eataly e &oend 3 =
prov:.ded in each of the fou:: maz.n steam lines from the :
TR e 2R oty DL e 40 PR riia 2 x
5 steam genera_ors between the 'na..n stearq,,safety va].ves and =

the HP turbine main stop valve. The :.so].ation valves are

nuclear Class *I-Z The valves are normally open and can be

S remote nanually operated :'om Contamment Isolat*on Panel
ey o8 et
ev;;g: No. 15 where valve pos:.t:.on 15 also i.nd:.cated. The motor
St
TR | operators of valves ws-v:m 7A and Ms- V4B, 78 are powered ;
s
.‘&.E_ rom the engineerﬂd safety features 480 volt motor control a1
ii‘w centers 2-21 va and 2-11 ....'A respectwely The stroke time ,
P L . .. . -
‘_'i‘;g of each valve ‘is 116 seconds. Local :..ndu:ati.on and oushbutton =
9 ae S rpat : 1‘—""- - o - s -ﬁ e >y --,_-\’-_;--—--:u-
{;;5 cont.o} is also avaxlable.‘:_ _:‘_# 5”" e qu"“; T Sl e e
AT S AR e W SR neir --..-.'- ::. X5 ‘."h" - St T ..'1' e
e Emercency Stean Generator Feed Pump Turbine Stean Shut Off
- 3 T T e P £ Sk A tead ﬂ\,_. -
4 L -'h:"'*'l,&'-- -~ s5 e g -‘-’.‘.ft-r-"»-;“’?-u sl "-‘ R i i
@ A motor oper ced 4 gate va’ve made of cs with 600 J.b. TANSI
e L . s e o et [T 2 o SR -«-1.-_&-—? Bt
ﬁﬂ ratlng and des:.gn temperature of 600" F is provided in each of

the *-wo :nam stean sugply lmes ..o the emergency steam generator

feed pump _urb:.ne .,E‘—U—l. The '.ralves a-e "n..cleav- Class \1-2

‘ Jrl

" -One of the two valves is’ no*'mally ooen and an mterlock i.s e b

o

G:i3s -3;‘:-" S yrmr:.ded so t":at when one valve 15 open the othex: z.s closed Heerm ey
PSR Pt TR T T -"..--".‘"'*L e B S T
Pt The 'valves are remote ﬂanuallj ope:ated E:om Panel :.To. 4

Rt “""fir :,:v'- -l J-'??!:jf':rn A

ey 3 '.ﬁ:i_ﬂ- 1.9- > “ \b

“bll |-u;l TR T




where valve position is indicated. Valve position indication

is also displayed on Panel No. 15. Local indication and |
= : pushbutton control is provided. Tha motor operators of valves
: sk

MS-V11A, 113 are powered from DC distribution panel DCC-1lA.

LI L TR |

The stroke time of each valve is 20 seconds.

AL |

Main Steam to'Au_xi.liaries Isolation Valves MS-V15A, 15B

A motor operated 10" gate valve made of carbon steel with 600 1b.

ANSI rating and desxgw _temperature of 600°F is provided in the

-a sgﬂ’ s o .Hd’-"“-\n e’ S
ﬂd; "_":'n"a:l.n stea.m take-ﬁo‘;%‘_ ne Efoﬁbgach s'te;m generator.;»! 'I'hey are,ﬂq#\'

nucleax: class N—Z. The valves are nor'nally open and can be

SR A WY T

------ . oty v

LSt T Femote @anually operated ‘Erom Containment Isolation Panel 15 5~ « ' lveees
' wherer—.oalve pos:.tion is also md:.cated The motor operators
of valves MS-V15A, 158 are powered from the engineered safety
feature 480 volt motor control center 2-21EA, 2-11EA respectively.
The strofce‘it.ime of each valve is 50 seconds. Local indication i

LT e A ¥V L
and pushbutton control is available.

L i RS e whray e |
‘.

Turbine Bypass S‘hutoff Valves MS-V23A, 24A and MS-V23B, 24B

-gmg Two nor-'\all_{ open motor operated lO" gate valves made of
Ea-'?i: carbon steel with 600 1lb. ANSI rat:.ng and design temperature
chﬂ of 600 F are provided in the turbine bypass lines from steam

w' generators RC-H-1B, lA. The valves are remote manually

et - N . e B

opera..t'ed from Turbine Control “Panel 5. The motor Operators

of valves MS-—VZ?-A 24A and WS-VZJB 24B are -.:owered from the

i .lt—..A

grea
g 480 volt motor control centers 2-41§ and 2-318, respectively. : =
kTt Tt s T O P -

,The st:':oke tme of -each valve is 40 secoﬁds.

wig 22 - -'-\Ir' 2 - % ."_.. - A.-,: =T ;..
,-uL' - "-,--A o -v"n. "f"" ,,-_..’ _--_" N - - : -

e

Turb:.ne Byoass Control Valves MS—V25§ ZEA and MS- 253 265 s

Two alr cylinder operated 8" globe valves made of carbon HarE e

= steel with 600 1b. ANSI rating and desxgn temperature of
&'ﬂ 600 P are prov:.ded in the turbine byoass main steam lines
£rom steam gene,.ators RC- H-I.B 1A. The valves are controlled

S by the tur‘b:.ne bypass con..rols (ICS) and rece:.ve air from "he

Sl .'.-ql‘.,‘.m,.

: Lnstrment air system. x4
. P R 15 :. x* Ql:_
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=2 Atmospheric Dump .Valves MS- V3A, 3B
: One diaphragm operated 8" globe valve made of carbon steel *
(:) with 600 lb. ANSI rating and design temperature of 600°F is é
provxded in the byaass to _atmosphere_ take-off llne =
i from steam geneosﬁs;swggrg:;s, lA.L Thg_yalves are controlled =
"= ° 7 by the turbine oypass controls (ICS) and are utilized when the ;

condenser is lost due to either a loss of coolxng water.or -+ - - .-

s
il Pt TR . e,
S ve s et =8eT

: v»nofuﬁ#d:.,hlgh condensef pressurofi-hxr is provxded from the instrument-n4w--u
; air system.

T T okl | et e STt R 8T T ol T e Ty e T e =
R i e i Ty g et 83 —

Reheat Steam_Tﬂmoeratu:epéontrol Valves MS=v31a,318, 373,378

e One dlaphragm operated 6" globe valve made oE ca:bon steel

: wi%ﬁ 600 ib. ANSI rating and des;gn temperahure of 600°F is
provxded iolthe main steam supply lxne to the second stage ; ;
¥eheater of the moisture separatar - reheaters ao=m-13, lA, 28,
2A respectively. The valves are controlled by the reheat valve

controls on Turbine Supervxsory Panel 16 to control the tempera-

()

ture of the reheat steam to the LP turbines. Axr is provxdeqﬂ
from the instrument air system. b pm“ " ‘ "!“ B '1: ', ! "
Sris = : 5 ﬂ

@waé Gkl

Emergency Steam Generator Feed Pump Turbine Steam Pressure

e ._..,..---..--_ & . S L;.n.'-.-l#a:*.- 2

Control valve HS—V14 TR
A 5 d;aphragm ope*ated 2&“ globe valve made of carbon steel"r‘*’ gt
e : R e e ?"" O P P et --:':'.’-l-"- | i e S Somirahons % l\uﬂk_—"‘".- ‘* e

;wxoo 600 lb VAVSI ratlng and design ‘temperature of 600 P is

prov;d\d in ‘the main steam llne to the emergency steam A;g; =g
qeneraoor feéd pump tu:bine EF—U-l.' The valve is controlled :
%) I e ce:
by a pressure controllé;rlocated downs.ream of the valve to :

—...g- b Pl e TR ek,

contr ol the steam pressure to the turbine at 214 psig. =

Pmem . - e et
P - -_- -~




X . Emergency Steam Generator Feed Pump Turbine Control Valve MS-Vz07

* A DC motor operated 6" gate valve made of carbon steel with

) 300 1lb. ANSI rat:.ng and design temperzture of 40005‘ is provided

el 4

at the emergency steam generator feed pump turbine EF-U-1
steam inlet._ A coutrol itch with oPen. close and autcmatic
positi'ons“'iepro'-}ided for valve opetation on Plant Control

Panel 4, along wi.& valve position indication. The valve is

WA e s

normally ‘closed and the control switch is in the autorna...:.c

w#ﬂ'ﬁc’!t-ﬂ" S TEY R * TN LIt e, rERRT T s Rk~ SN i

position. The valve w:_ll. open autcmatically if both steam’

-

generator feed pumps trip or Af all _four reactor coolant
PR TRsiRer Fid A 4

pumps trip.. 'I"xe valve motor actuator is powered from (DCC-1A7)

DC power panel. Lccal indication and pushbutton concrol is

also available, Fretes Tone s
TN rféﬁﬁh & :

Steam Generator Feed Pump Turbi*ze Exhaust Valve MS-V44, 45 =ie
Mn elect're motor oeerated 54" butterfly valve made of CS with e
5 1lb. AWWA rating and design temperature of 250°F is provided

—~ &in the exhaust piping of the steam generator feed pump turbines
IRty FW-U-1a, 18 respectively, to permit maintenancze on the steam
generator feed pump turbines. Remote manual oreration and
& position indication for the valves is provided at the Turbine
@ Auxiliaries Monitoring Panel No. 17. The motor operators of

valves MS—V44 V45 are ::cwered from motor contrcl centers

2-418, 2-318, re;rcec'-wely." The stgoke time of each valve - .. i

e i~

ik
@ is one 'n).nute. :'1;‘%
fimias

T~ - i s " -n'l“-l. “" e a g R

_;;__,_.._:':.-__.. __-‘..-5‘. ST T, @ s

—'-..o — n~

Sy A AR
R LT

T

" The tri.p valves are held in “the full oueri ecs‘t:.on by "erbx-ae

i u-. =i -

control 01_1 pfessure. Reheat steam passes ‘h*eugh the L? tr ip

valves VS-V48A. 483 to ‘the I..P steam throttle valwes and main

steam passes t‘u-ough the HP trip valves > -'v'4‘3¢'-'\ 438 to the HP

LR L] i LA il ‘.—

__E‘W-U 15, ].B respectwely.;

L P v
ity i g > " ~ e et L

SR g .steam throttle valves of the steanm genera..or feed pump turkines
?\-‘ ? 3. o .
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HP Turbine Main 5tcp and Control Valves (4 valves)

For a description of the HP turbine main stop apd control

For a desc:xptzon of the LP turbine reheat steam stop valves,

refg. to the Wescirghouse Instructzon Manual 1. 00).
~-,‘:;“ z 1e.

'n..r. iw

Gland Seal Steam Pressu e Réqg}ator Block Valve, MS-V266

For a descript¥jp of the ngTQ sea1~steam'supply block valve,
refer to the wes_xnghouse Instruction nanual (1 00). Remote
manual operatxon and position xndxcatxon a:e provxded on the
Turbine Auxilzarzes Monitoring ; . The valve is pcwered
from motor control center 2- 3{ H

: uuﬂ @% {.\gﬁ%"‘g‘

Gland Seal Steam Pressure Requlator Valve, MS-V267

.-.,,‘

For a glescription of the gland seal steam pressure regulator -+ :ic-..

valve Ms-v267 refer to the wEStinghouse Instructzon Manual- -y Sroee

AT » A el oAt S B - S SN SNGsy Sy o

(1. 00) e

T £ r - -

; T e g L s
s O ey % 7 e, e e 2
PO SR LTt arn E ; .

Gland Seal Steam Pressure Regulator 3ysass valve, MS-1268

Per a descrxptxon of *he gland seal steam pnessure regula P
e e T e S ; xSl s

bypasa valve, refer o the wesbxnghouse Inst"uction Manual

or i 2NET

(1.00). Rﬂmote manual ope.atxon and positien xndzcation are
provided on the Tu:hlne Auxiliaries xoni*cring Panel 17. The

valve is powe ed from ﬂotor control center 2-41A.
Main Turbtne Automath Draxn Valves (10 valve:) S e

#iom LT gl ot L & Al S U "-"- P st
Por a descriptxon of the ﬂain turblﬂe automatxc drain valves
I ey "O’”‘"‘"J 34-‘;' TRt BEN Tt e ..v- - .'_:-' .

refer to the WesEinghouse Instruction Wanual (1 00)

HE Ry

r‘: ot
‘ﬂtcnau BETRT Y e

3

valves, refer to the Westinghouse Instruction Manual (1.00). g

LP Turbine Reheatjséeéﬁ'zntercent valves (4 valves) --- '~ ~=~ :

For a description of the LP turbine reheat steam intercept -

. bl Laa il — AN e a— - - . v e o 4

valves, refer to the Westinghouse Instruction Manual (1.00). B

e SR T N R T T e T S T T et Rk s TreA e i
LP Turbine Reheat Steam Stop Valves (4 valves)
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2.2.5¢ Instruments, Coﬁﬁrols, Alarms, Computer Inputs and Prctectiva

(‘\j Devices ;

2:2.1 Instruments 2
All maxn and reheat steam system najor instrumentation is

listed in Tables 7 and 8. A list of malfunctions which will z

Cause a turbine trip is provided in Table 9. ;

e 1 ) .l‘ﬂy -r--- J.-A“Wﬁm‘,-u-ﬁ-- v our

2 2.2 ““'Turbine Controlmmm RN SR AN T RSN L WA aT e

Steam pressure and temperatures are held constant at the
W he T e A s, - -.-n-- . =t —yye 2 e ——— egmm————— L

turblne znlet by the steam generators, reactor and tu*bxne.

The only way the turbine can supply more or less energy is to
lnc—ease or decrease steam flow to the turbine. The flow

s .’“—' TN aer S e

to the Lurbxnehls therefore a Eunctlon of the turbine control
valve position™ 3"":“-‘ Sy D! {:;Pﬂpr‘ £.8 :q. :
i -“3'. e ':".'F‘F‘_-r' .u"\ ~asa ‘I‘F’-II-'..";" ‘ ' 7.‘..' ’

i‘_.r 1
The control of the turbxne is accomplished by a sxnple pressure

%ﬁ uhﬁ"ﬂga

controller. The ‘turbine header pressure modified by the

-"vo‘

error between unlt load demand and generatnd MWe, is compared

)

to a set poznt and this error drives a pulser. The pulses

generated are sent to the “turbine governor valve motor control

anet T

s o et Where they are Lntegrated into a speed set poxnt. Until- "”“‘f“‘jr‘

< ST A i, A - rae
o T pressure ‘error is reduced within a dead band, the pulser St
o e SEaglR ae -..u- P RN P EP Ry RG-S Vo, P RN YL oty _'.-—o‘r"-i‘ 'qtl"l*-i-’ ’-- s W FT e .

will contxnue to generate a demand for turblne valve movement.--~g;

- A -
', _-.- - @ Ml e e

The turbzne control station g;ves the operator the optlon of siinw

..... o -

lettan the ICS control pressure or, by transferring the
Mt M s S, -, 3 :'n" e Loy a0
t:urb:.ne c:ontr‘l stat:.on to manual allowmg the operator to
R e R Se R T VR T P =
estahlish ‘the amount of generat;on. For a oomplete descr*otlon e

Hpate A

of the turbine control refer to the Bailey Integrated Control

[ T

System, Instruction Book, Volume 2 (7 09).
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25253 Turbine Bvpass Control

Automatic and remote manual turbine bypass valve control ig :

o

- furnished to allow steam to flow £rcm the steam generators

[T 1 T8

during startup'befo*e the turbine is rolled and synchronized
and also at low turbxne_steam flow demand. Two turbine

bypass valves at the hot condenser and one atmospheric dump

valve ,are provided for each steam generator. The turbine =

IRECN N N Sl

ss serves ur automatic functl S:
P A WPW—EWM S SR A A RN S MBS

G 1. I Provide pressure control,at low plant loads up_to 15%, before ..

A

the turbine is capable of acceptzng pressure control.

2. Provxde a h;gh oressure rellef ;f the turblne header pres-

sure exceeds its set poirt by 50 psi during plant operdt;on
{_ above 15£“1oad when_ hHe Ics-is controlling the steam pressure.

-, 3. Provides an independent high pressure relief that will

“relieve proportionally to steam generator pressure above

=== POOR ORIC

4. Provides pressure control after a reactor
R s~ SRR T Nt e e et e L MW“""”-"‘!‘R‘-- e 2ot .-g-*n--—-w-»- e e L] :

above normal turbine header set point to prevent_ excessive

- M‘tgﬂ"—- '(Wf“i‘jmm‘b*' '-T-;--a—:---- ‘- ﬂ!-rlnf-n dfh-
R R coollng of the *eactor coolant, fluid T e
s I

¥l .‘- c"-.'-.ﬂ-
- ~xg

"\‘ Pt & 1 -'-'; ,...

¥ “ v
% "'. -.,‘.3.,.‘3 ""

When the conoenser is lost due to exther a lOSS of coollng

- [ e AL TR o

: water or hlgh condenser pressure. thersurbxne bypassivalves_

2 an --.‘

Sewra

_"Eo condenser are shut. Turbine bynass control is auto

s TR R et

matlcally sw;tched to the atmosnherzc dunp valves when '-7_

= v et e

- thxs occurs and modulates the valvns.
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Feedwater Latching System : ’

The feedwater latching system is provided to autcmatically

stop feedwater from entering a steam generator if a main

steam line ruptures and cuases a low main steam pressure.

T,

Two pressure switches are provxded for each main steam line
from the steam generators.' If a low steam pressure occurs for

any reason in either main steam lipe from a steam generator

(ORI NEY

and both pressure switches are activated, each pressure

switcg'gill activate a solenoid valve. ‘when both solenoid FWIMETET"

valves are activated the integrated c0ﬁtrol system (ICs)

——aa e .V e vt o A n s By

"pneumatrc sxgnal to the starfup “and’ maln fezawater control™

R

valves of the steam generator will be vented to atmosphere.

The feedwater control valves will be autcmatxcally closed.
= ae g¥ N e -h-a-..
The low main steam line pressure will also cause electric

.motor operated feedwater and emergency feedwater block - S

valves FW-V12a, 125 17A, 17B, 19A and 19B to close. A *
feedwater latching bypass syitch is provided on Plant Control

Panel 4 for each steam éeaerator to allcw startup operation

of the steam generators or to override the control signal

durxng plant oneration. Refer to Burns and Roe Instrumentation

and Control Schematic Dwg._3090 Sheet 74 for full logic

control of thé system. . pw-poes - w=wen i *-—-‘---*-r—-'“ﬁ,-——--:'-'-’-.?
U Ssrsse R T
Alarms and Ccmpute'- Innut.‘ﬁ?‘f‘."? e T ____i.."‘%- _',""v-."-;";'-:'(::___ Bog orieals

.a.r.---w-‘v-r-u.v A.‘.a. -‘ A &
-2 -

AT g g
'Alarms “and conputer anuts are listed in the- panel mounted“““"'"f-$_

Y o R R wie A ST

annunciator 1ist in Table 8. - =T .Tzzf‘r & e :

P e ) | ¥ N o
Protective Devices s fagis : . Y %Baﬁsﬁ

Each of the two main steam lxnes Frcm each steam generator

has three safety valves. The cross connectxng piping between

the HP turbxne ex“aust znlet oE molsture secarator-rehea.ers

woabbdle e, )

Tt

i fwmum“mma. 5

8, T T
- o —* g
‘.-v-h“-k'.\v é\'{- ¥y 3 grneed B A




&

. B MO-T-1A, 1B and EO-T-ZA, 2B are each provided with three
N safety valves. The emergency steam generator feed pump :
= turbine EF-U;l;is also fitted with a single steam inlet E
safety valve. Design and performance data for all the
safety valves are listed In”Table 6 i

iy » eee wa

Rupture dlSCS are provxded on both exhaust ends of eaoh LP

v IR doub] T 1o EarE IR and both”stean’ gererator feed pump ™ <IN NI

turbines.

= a a:-‘.g(—n -'-_.-. wh z

57 2 Bt

3.0 PRINCIPAL MCDES OF OPERATION
.1 Startup i '

- n-,- rrl,"' 3 s
' To start up"the maln steam and reheat sys.em, the czrculatzng :

S

water and the feeduater and condensa te systens are first put

i

into operatzon. The gland seallng steam is supplied from the
auxiliary steam system and is regulated by a pressure cocntrol

valve. The air extractzon system is then put into opera:ion

and a vacuum is pulled on the condenser.

. - o e me
e e e M TR A ""-'f-" ""-:— e T ':'A-

The water level of each steam generator is set at the requ_red

S, SR

startup level. The main steam lines are opened to the con- - + = =

s L ADFST g G e e A SN S i i 4&&3 AleS by g nm\bﬁ*-"‘-u e P R A M-
i byl remote _manual ooeratxon of the turbxne byoass control L

R,

denser _through the_ turbxne bypass valves which are opened ‘- . }h;

"y

valva’ statxon ICSlZA ‘4CS and ICSJ.ZB-MCS on Turbine c:ontrol > e 3
£ i

Panel 5 and a vacuum of 20 - 26“ Hg 13 pu}led on the steam

'-‘,.- il & ., o
generators. *he 'eac_or coolant pumps are started to circulate
the prxnar; coolant and tHereby heat 1-.. The secondary srde
= ""-u‘-'.*.- Tt e e

is heated by heat berng ansfe*red ‘rom the primary coolant

in the stean gene ators. The turblne byoass control valves

are throttled towards a closed posxtlon to anrease the pr_mary s

T T

‘A

- ’ o "."‘,_ e =% . : Eoe
e S ?"..'.':, ‘=18- . ol
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. ] circulation contﬁhues. ﬁhen the secondary side temperature
=N reaches 220°F, the bypass valves are fully closed and their
control stations placed in‘automatic. Place the turbine
header'pressure controi Icle -MS on Plant Control Panel 4

in automatic and set it at 900 psia. F@@ gEnz
. - : ﬁ

B
2 The steam generator .eed pumps are started uslng auxxllary
A g o

s T pat

: _”‘ﬂ

sf:s

=
S

A e T NS A3 5 T A R 553 S R 7 e
When ‘the primary coolant temperature reaches 532 F, the

- % T h s J"-'r"'

. reactor is brought to crxtzcalzty and the power and

Dt T .-".’,, i (. .t

temperature are mereased tovax and 'ss8. 7 F. The turbine

byoass conifgI'b;£¥E; gutomatxcali;‘control the secondary

side pressure Nt the settxng of the turblne header pressure

control wh-ch i= sno osxa by dump;ng staam to the condenser.

If the LP turbxne inlet metal temperature is less than 300° P

follcw the COLD START Westinghouse ooerating procedures

for the noxsture separatorﬂ- reheaters (Spec. l Q0): XE

the LP turbine inlet metal temperature LS above 300° F,

follow the HOT START operatzwg orocedures. The turbine i

generltor is started by remotely open_ng the turbine throttle- =

valves. The turbine generator is brought up to speed, : PR DA
PR T -'\n—_‘,.rq..ﬂ.u_._..n-ﬂ‘i-xw. q..otq--.-.,..... Rl PR S Sk Tt e
synchronrzed and put cn the llne.;_ﬂlectrxcal load is <o ek

anreased to 15% reactor power and whep the turblne s e S

.-‘-a'

S bypass cont:ol valves automatically close, the turblne can

§-CE R L AR P T DO e Do R

be placed in automatic controls =~ Cnce the .u_bxne is in

automatic, khe turblne bypass control valves automatlcally

assume overpressure control at set poxnt plus SO p51.
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3.2 ‘

As main turbine load is increased, the reheat steam pressure

increases. At about 290 MWe main generator load, the steam

i
generator feed pump turb.me control will transfer from main :
to reheat steam operat;on._“

s e B e L B L Sa T Lt '

i
q : .".'1‘-: e S J' o "‘}:: ‘1.,.' - -

- -
orma oPeratJ.on i T e e -3

- frnn

In normal operat:.on, the turbme w:.l]. be automatxcally ey

‘iﬁmgntroned 'by the integrated control system' IICS) to follw

.~ —_r:

& Sans

: to the two LP turb:.nes el

load demand The turbine header pressure set po_nt is e ¥

*.. = !_ T, o “b.w“""’f %a&mn.- p“‘,w“m.?—:m-wg-.-\ [ vqw”.‘..::...,,;-,_.
automat:.cally varied in proportlon to megawatt error.
Y i pepen ) o e =
. o m e Sl i el ‘” _. o :-‘-.-_-_ '-'-B h: - - :.-_...'.

et =

Ham steam £lows Frorn the steam geﬁerators to the HP turbine
B R T o gt ti frke.

through "he HP turbine stop and control valves. After passing
mrouq‘-n tﬁe HP tarblne. the exh_aust steam enr.e:s the moisture
separator sect;i;epn of- .':He ffl';\:;: iﬁoxs'i:u}e- separatof-reheaters :
ar—anged for parallel flou. Moisture is :emoved from the

exhaust steam m the mc:.sture eepal.-:at:c:x.':s. 'I’he steam then

SRt Se et

flcws through the first stage and second stage reheaters
where it pxcka up heat from bleed steam and mam steam

:espectwely.' ‘The steam leaves t'.he second stage ‘reheaters . = ..

i A 2
‘and flows to the steam qenerator feed pump turbmes and also ™ e
,‘l""'\.f '..'\ v e [ " == g -

through the LP turbine reheat stop valves and mtercept valves

TR i Dl SR R s e S R

vt = ' r - . » 3 - = 5
Mam steam is also supnl*ed to the g'and ‘seal steam pressu"e Wi
e e oy S A H S A r T W AR R G S ey T T PR o~ sem

-
requlator and as heatmg steam to the second st—.rge -eneate:s
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Shutdown .

Shutdown of the main and reheat steam system begins by placing
the unit master station ICS1-MCS on Plant Control Panel 4

in the manual position. The rate of load change is then cet
with the rate of load change control station ICS4-MS on

T Ee St -

Plant Control Panel 4 and the low Ioad limit control station

T e i l'-w T s ‘;1&;‘,"‘9,“ At e . e

ICS3-MS’ on Plant Control Panel 4 LS “set at 0%. “The unit load

is reducad to 15% by lowerzng the unxt master stat;on settxng.

P B L T B e ] Y et S

The turbxne generator load is decreased to the minimum specified
in the Westxnghouse Manual (Spec. 1.00) by, usmng the turbine
generator controls. Piace the reactor control statxon

ICSZO-LS on Plant Control Pane1 4 in manual Remove the

,g...-\.-

turb;ne generator from the llne ‘and shut down the reactor.

—

Before maln steam 11ne pressure is reduced to 600 psig, nlace
the Eé@ﬁwater latchxng systea'xn bypass. Place the turbine

bypass valve controls in manual, open the “bypass valves and_
allow steam to flow from the steam generators to the condenser

in order to cool the reactor coolant to 250 Pl When Eﬁe o

prxmary coolant tenperature reaches 250° F, the decay heat

removal system_;s put into operation to further reduce .

the reactor coolant temperature. Refer to the Decay Heat

ot =3 -
I1dex Nb 20. ST R RTINS 2T

Removal System Descrxot‘on,

-t. ‘
iy At

---al‘

S A e £ SRR SO e 2
Turb;ne Trzo SEdeRRT S ; : k1 g S e
SALTTE L e S - = - ~EEA

SR

4 the turbine trips the genera.or breaxers will be aLto—

.ul " s E¥ A 4 d-‘ -—-_. -
matically opened The ICS will transfer to the tracu-ng =
= g ~ e T ‘!-'*-‘l" -
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If a main steam line ruptures, the main steam pressure will

decrease rapxdly and - the feedwater latchlng system will shut
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(‘\. +*  H.P. TURBINE CROSS-UNDER PIPING DRAIN TANK
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Power requirements 460V, 34, 60 Hz.
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