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1.0 

1.1 

. ; 

INTRCDUCTION 

System Functions 

Mill IN AND REHEAT STEAM SYSTE.'l 

-.1. . • -~ _ .. 

The· main steam piping serves primarily to deliver main steam 
. .... ._ ~ ': .-~~ ... -*!;~;~i!;~~.:·:: .... ··..; .... -~·' .~ -.. ~- •.. 

from the steam generators to the high pressure (HP) turbine • 
. , .... _ ... ,;w·~- ...-, ..,~ · t."''tn~- .. ·~·,.,... ,· ---..r. .. . ...,. 
It ·also ·p·rovides.·rnain steam to the steam generator feed pump 

.. ' ... ' ·.:·-.. ;: 4-= __ :-.;, . 

........ turbines, ·emergency steam generator .. feed pump turbine, ;5econd .. ·. 
~,.Tor-~~"~ ·~~,·~~· ,_ ... - ....... · .. ~.,~... .. . - .. •. ,.. ... --"::. - · .. 
stag~-r.i"heaters of the~ moisture separator-r~hea"ters, turbine .. , . 

bypass valves and the turbine gland seal system. 

" 
l • 

' 

. . . -

• t•.:· ~._~f:,-: ,.J-x-'"' .... -i-J-= .. -... "~ ··-. - . .... - ·-.. · .. :- ... 
. : . . --.:;-t.-'~:. ,, .. ;: .:· ... ·-.,. ~: -· ·-~ ·:-:.~ ..... -:.... •• ... . 

( ) 

. The reheat steam piping serves primarily to deliver reheat 
.. • r - ._.,. .. ...!~ .. • .:,J:;, .. ., ,.•._:: .. •• . • . ' .. 

steam from the exhaust of the HP turbine to the moisture 
-41 _. ..-- .~ IZ~~·""'·.tc--•~::.~;...,W':' - ·- .. -

separator-reheaters -and then to the inlet of the two low 
• _,., .... ~· · . ...... Ui.lf:!O::I~---~1!! ~·- . ........... .=-... .-.. . • • . . :.; . 

:.,..;.r~•,..........--...-,~\'fiP!scsa:rilt:.....-~~·•JA.~\1,~-..r~..:....:·• ,~t· ,..;.&.·.!~\ "• J?f.-&,A..; • ·- • .. -..,· .. 
pressure (LP) turbines. It also provfdes reheat steam· to~·- ........ '-'··~ 

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 

diagrams): 

a. Gland Seal Steam System (Dwg. No. 2002) 

b. Bleed Steam System (owg. No. 2003) 

c. Auxiliary Steam System (Dwg. No. 2004) 

d. Feedwater and condensate System (Dwg. No. 2005) 

. 
~ 

..:. 

• • • • ··\. · ...... -- _ . ..... ,.:.~; __ • _ _ - .... . '1: 

e. Demineralized ~ervice Water System (Cwg. No. 2007) 
•• • .. .. • • '"'r- I~·-.., .<!,: - • .. """-'"-_. • .... .. ·:, '-.\. • ., 

f. ·· Feedwater .Heater Drains System ' (owg. No. 2009) 
~· o. .C., • '" ~ . ~ I •- • ~ II. ' ....... _,...... .. - • • '· · .. 

g. '"".:rurbine Lube Oil Pur~~i~ation .and. Transfer System .~ 
(Dwg. No. 2011) . : ·- • :·· r ""'~ I r 

- ~ . .. ~· - • • • • • · :: I • ) I 
h. Instrument and Service Air System (Dwg. No. 2012~ 

. . . . 

. . 
-~_;_ 



.. .. . . 
) ~ 

k. Steam Generator Secondary Side Vent and Drain System 

1 . 2 
·. :. 

. : 
(owg. No. 2414) 

1. H2 .and co2 Supply Systems (Secondary Plant) (Dwg. No. 2532) 

.~ -· 
Summary D;scription of the Svstem (Refer to B&R Dwg . No. 2002, 

. . . 
.. '., .(~:f~~r.~~;~~~.:~~-=l-~:; :-:. . : · .. =-~:--~ Rev. 20) 

-~ ~;;, ... . . - ·' -~~!:11' .... -· · · -· ·: :.!-·-- ·. .. •' ... .. .... 
High pressure steam is discharged into four main steam lines 

• ., -:..~ • • • .,. . ~\'~ · ~: ..: - .. ~ . - ., • • • iP .. - · 

.. .. 
. from two steam generators. ·. Each linf;! carries one-fourth of the 

·~.,..;.i~.bor~~..,.:GI--g it Z'li1'0W3t.W'~,..-.;~~- :..;..;.~.Pl"~~-~i>~-, ~ . . . cr:- - total turbine steam to one ·of the fout' high pressure turbine - -. . 
$;. -;;,;~~.-·.;.-:;~~;i!!!fllu:;. .... . ~.m.-~--~~ ........ ~ .... ~.~:.:;;::::~~=-..:. :o.~ 

stop (throttle) valves. -The high pressure t urbine exhaust 'steam · . 

enters four identical moisture separator-reheater units where ~ 
. :- ....... ,..~ -·- ... ··~:t :-'a. =:t· .. -:~. .. .. . . ';.! . ... ;-..... •• ·- · '- • ... .. _ . ...... .. .. - -......_ 

moisture is remoye~.and the steam is reheated before entry into 
'-..... 

.. .. ~- .. ........ _ . . . ... .. . 
the two low pressure turbines. Low pressure turbine exhaust 

.. . ... !J,... ... ..... _ · ~·~' ... u•,:- • ..t,..:W '· -'.,. .. ,~ .. .. . . ..... 

steam enters the two separate main condenser shells where it 
•''" ,.••I" .: !.~ .. 'f - .: --:~· -,a '• .- ~ I • .. 

:-r• .-.-~ •• ,.;:-4 , -~ -.is condensed .and returned to the condensate, and feedwa ter......(:,:. .. -.--~~· 
.. , .. , ...... ... • ---.:< .,).!'~~,.. .. ~~--· .... ~~tt~ .. i.,"' ~f.:0..-'~1 ·~ .. ,• -'" ., ., • , .. .... ~ • . / r • 

() 

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

from the high pressure and low pressure turbines to supply the . . ' ._,. ..; ..... ·~ 4:· 
feedwater heaters, the first stage reheaters of the. moisture 

separa t or-reheaters and the auxiliary·-steam system. ·. Refer to . . 

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

four main steam l i nes from the steam generators to the high 

pressure turbine contains a main steam isolation valve. Up­

stream of the main steam isolation valves are the main steam 

safety valves and the a~~ospheric d~~p valves. From each pair . - . ... 

of ~ tea~ li~es ~ ~ ~eparat~ take-off lines serve as: 

~-2', • : • =.~ . .-. ...:-:'{, .. ~~-.:.~-,~.:A {:!~:·•: • .. : -•. : ~:-;:.:·~~1,~:;· . 
... ..... - .. 

1. ~.Turbine bypass or steam generator dump to t.lte condenser. _ .. 
- ~ . ·:..,.,t; '", l • .• ~ .;.-~ ... 'f""" ... , :::::'-11-""',,'"'•" .. .. : .,. .., ... ~ .. .~ '" .. ·~ ...... •"'·- . .._ ... 

2. ~Steam supply~ to a' s t eam· g'enerator feed 'pump turbine . and···:·"-
... .. ...... 

of two mo i sture separa.t or-

from the take-off line of steam 

= 

; 

.. 
f 

J 

---------~· 



. ·. 

-
"-• 

I . : 
3. Ste~~ supply to the e~ergency ste~~ generator feed pump 

turbine (required flew available from either steam 

once-th:ough ste~~ generators to the HP turbine. 3ranch 

piping is ·required to supply main steam to the two ste~~ 

genera-cor feed pi.unp turbines. ·Ad.ditional branch piping is 

necessary for the reheating of high pressure turbine exhaust 
•• , . .. : •.t: .• ~ ·'"- -1- •• • '7" · . .. 1' .,... 

ste~~. turbine gland sealing steam, · the turbine bypass and 
. ~:: t:· ... .:._ ...... . . !l~ «.;;~~ -~ .. ' ; ~' ' ·.... ... . .. .. .. ... . , 

emergency steam· ge~erator · feed pump · turbine:·•.-..., .. ~~"!'!: l ~::t>*'t::" ~-..t;.. , _ 

. .. -·-;t .. 

The =~heat steam system consists of the piping and valves . . 
necess~ry to carry the H? turbine exhaust steam to the four 

moisture separator - reheaters and then to the two LP turbines. 

Reheat ste~~ system piping also carries reheat steam from the 

outlet s ide of the moisture sepa:ator-reheaters to the steam 

generator feed ~ump turbines. 

Refer to Figu:e 1 of the Feedwa~~r and Condensate System 
"· '"..., ,,. ~ ... . .. ... - ... . . .. _~ 

Descr i ption, I~dex Yo. ~A !or the turbine heat balance which 
... ~ - - .. .. .. • ..... :.- ; . , ;'",1'1 . • • • - - ... 

g ives heat :ates and flews::.•:) ·:· · .. ;:, i. :""":.: .• ;J. . .:::;: . ~,-:-:-
..... -·- . ~ ..... - ----~~ .... ~. -.·-;."'-· · ... - ... ... ..:.....r. .. . -~-=-- .. ·: ~ '\J.....l....i.::f': -". - ,._.... • ---'-t,l_ • :"'! Y' • W.; "\... . ......... '"'•••:....._·· .. .. . ,_.. ~~:,~ :t ~~ ..... .;' ~-! ... '~:. ::..... ,-.·.'· ._ ,...., ' .. .:'!- ~_;.~.:...~ .... , 

Each ste~~ generator has ~NO nozzles which supply s -ceam through 

·. 



., 

.. __ ... 

-1 \ ..... . 

• f 

flow from each stea:n c;enera::or or a total of 6. 4 perc•mt. 

Turbine bypass control is described in Section 2.2.3. ~~in 

steam is automatically admitted to the ste~~ generator feed 

pump turbines at loads below about 290 ~~e and during one 

pump operation because the nor~l source of reheat steam 

is not capable of supplying sufficient steam for feed p~~p 

,. 

.... ••• .. "' • . .· .-- "$,•<- .... ...... ,~.., . . ... . : • • , • - · . .. •• 
turbine operation under ,.the.se conditions. The steam c;enera:or 

feed p~~p turbines e~~aust to the condenser cold sh~ll. Th~ 

inlet and exhaust stearu piping of the steam generator feed 

pump turbines is arranged to allow one pump operation. 

·1·-. . _.-... .. _ .. •; :--

The ~No-stage reheaters require main steam supply to the 

second ·stage reheaters. The main steam branch piping to 

each second stage reheater is equipped with a war:ninc; valve 

and a control valve in parallel. The warming valve is used 

to purge noncondensibles from th~ reheater prior to the 

admission of heating ste~~. The control valve is required 

by the ~urbine. control system to central the reheat ste~~ 

temperature curine; COLD S'l'Ai\T or nOT START as described in 

the Wes~inc;house ~anual 

In addition to the turbine by-pass connection ~hich is co~mon· 
. , 

to both ~in ste~~ lines of each steam gener~tor, there i s 

a take-of! from one main steam line o!"each steaQ generator~ . , 

which supplies steam to the emergency ste~~· generator feed 
. -. 

pump drive turbine. These tines contain check valves which 

prevent flew from one ste~~ generator to ::he ocher. j:dividual _ 

isolation valv~s in each ~-teac sapply line ope·n aut~matlcally ':'· · 

; 

upon toss of both steam generator feed pumps or loss·· of all . 
four reactor coolant pumps. An alternate stea~ supply from 

: 

. ~ ... . . 

• 
~----j - ·- ;,. 
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2.1 

2 . 1.1 

the auxiliary $~am system is also provided. Refer to 

the Auxiliary Stearn System Description, Index No. 3. 

A pressure control valve maintains the turbine inlet 

pressure constant at _ 2~4 psig with upstream pressure 

varying up to 1050 psig. A de motor operated isolation 
• • · • \ •• ~r ... • •"' • •· 

valve located at the emergency feed pump turbine will open · ·r ... : ~ .., ! _ .. ,.._ · ":1\. r: .. - ·....:. . .;· _. _,,~ . .. • 
automatically ' upon loss of both steam generatur feed pumps 

:- .. ·. 
or loss of all four reactor coolant pumps. 

. . 
~~~ p ' ... .; ··;-:.~;~t~.-fat:!!--~~;.....;,~ ... ·~r-;.:.~:- e;~'".:.:-!.!':i.·----··: -•. !:--~!.J..;..:... 

The only connection on one steam generator main steam piping 

which does not have a corresponding connection on the other 
·.• . . .. .. • ·"::~ · .. _ . . 

steam generator is the ·gland steam take off from a main 

ste~m line of steac generator RC-H-lA. This single source 
..: -· -... . 

is possible since ~~syftem will always function with 

both steam generators in operat i on. No provision is made 

for starting up a steam generator while the other is 

operating. The use of one gland steam source will prevent 

the possibility of cross. connecting th'e main steam piping 

between the two steam generators upstream of the turbine 

stop valves. During plant start-up, gland sealing steam 

can be obtained through a connection to the auxiliary steam 

supply from ~~e boilers of TMI No. l plant. 

DETAILED DESCRI?TION OF THE SYSTEM 

Comconents •·. 
- . 

Steam Generators RC-H-lA, lB __ • .. ·~ .• .. 

The. two once-th:-otigh s tca:u c;er.~~~~-;,~~ · R~-R-lA·, lB (see Table 1) 

are located in the reactor building at El. 281'-6". They are 

• installed vertically and have a height of 73 ft.- 2~" from .. -· 

· ... 
.X. --- -·-··-------·-----

. 

j 
! 

' 

; 

-4 • ~ . -
.. 
! 
~ 

--------------------------~------------------------~ 



. · . . , · . .. 
• t 

the bottom of the support skLrt to che cop of the prL~ary 

inlet ~ozzle and have a dia~eter of ll~ feet. 

The steam 'generator is a shell and tube heat excha~ger. There -. ~ -. -· . 
are .. lS,33l .. In~o~el tUb~s with an outside diameter of 0.625 

:·.. . ..::.::--;.· .. . ~ .. ~ . · ·~.:.. - · .. _ .... ~ . ... . . 
~ -. ..• ~ :": inch in each.' steam ge~erator tube bu~dle. Each tuhe is 56 ft. 

:-~~;~ r-··~~ .. ~ _ _, ._ .. ~_.~'· \';-~ .. . ,. ·- · -~~r ~r~P.-4 ...... -.:.~:~....-... ~.;, .:....;:-·. , .• 
2 3/8 inches long and is rolled and welded Lnto the top and 

# :· ~ !~· .. - bottom tul::esheet.s ;·· The-··inner surfaces · o:· the ~ ·heads and.: .... ~ 

tubes and the outer surfaces of the tubesheets comprise the 

., 

l 
!t 

~ 

~ 
...... ~-F:.: 

. . .. ... ,~ -

prL~y side. The secondary side consists of the inner surfaces 

-.· ~:the s·h~ll and- tubesheets. and the outer surfaces o: the tubes • 

··-

' _.., 
' . " .... 

.. ::::. 
PrL~ary coolant (!rom the reactor) enters th~ stea~ gene~~tor 

· thro'ugh the inlet nozzle in the top~ head, pazs~s dcwr.•..ta::f'· 
·--- ·--··· -----·---------------------------through the tubes, collects in the bottom head, and flews 

out through two ou~let nozzles to return to the reactor • . ... .. ···-· .. 
Feedwater enters thrcugh . the header and 32 nozzles, flews 

dcw~..tard in the annulus be~..teen the baffle and shell,enters 

the tube bundle at the lcwer tubesheet and flews upward 

through the bundle on the outside of the tubes. The tubes 

are stabili=ed in. support plates with tri-lobed holes ~hich 
.. . . '- .. . - . .. 

allcw upward flow of the secondary fluid. aeat frcm the 
.. .. .. 

prL-:~ary cool'ant' is t.ransfe~~;d ' to the ~seco~dary fluid. This 
' ...... ... · ~- -- ··' ··- . .... .. ... 

heat transfer converts feed-..tater to dry superheated steam · ·-
•..thi~~ · ~~·i;·; -~~~~J'~~-<-;~~~ -;:;:~~·;:~~-~" ~·~i;~-·noz~lis. · ··· : -.~ . 

·.· 
... 

A ~No-sect ion cylindrical baffle, upper and lcwer, surrour.ds 

the tube bundle. It directs flew of feedwater downward and 
; 
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-

2.1.2 

2.1.3 
·} .._ 

2.1.4 

-r •· 
\ --:-· 

1 
• I 

The design pressure and temperature of ~~e pri mary side of 

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

steam design conditions are 1050 psig and 600°F. . . . 
I ,-1 . . .. \ ' 

For additional information refer to Babcock and Wilcox 

.. - .... •. -~,.-.. , ... • ·- -· ~t""-"j;. .... . -
Turbbe Generator Set -~~.t-..:.~ 

• .f --~ • "'w•• : '": • - -- J +r." 

~· 

For information refer to Westinghouse Steam Turbine Instruction . . .... · ... . 
Manual No. l2SO-c734 (1.00} and Westinghouse Hydrogen Cooled 

. , .. 
Turbine Generator Instruction Manual s.o. 76-P-0704. (1.00). 

Also refer ~to Table 2. · ~-~ ·!l:.~ · · 
- . ....... . ,_.;,. .. .. ..... ... ~-... ~ 1·. ·--S:~.$· '··: ~-. .. .... · ·"'-16>--J 

~ . . ; 
··- . --" "~-· .. 

Moisture Secarator- Reheaters: Mo-T-li\, lB, ~. 2B 

For a description of ~he moisture - separat~r-rehe~ters, refer 

to the Feedwater Heater Drains System D-escription , Index 

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

S.G.- Feed P~o Turbine Casing Drain Tanks; FW-Tli\ , lB 

Tue S.G. Feed pump turbine casing drain tanks (see Table 3) 
: · .... 

are located in the Turbine Building at an elevation of . _ ,. 
~ . -· ' . ....... .... .. 

281'-6". They ' are vertical cylindrical tanks, each having 
- .. - · · ., ..,~ -;. ~ ,-•::. :-._. .., .., _ _. ·J • C! •' lt1>-._ •-' .,.• ''• .. 

a capacity of 80 gal. Th~e tanks serve as a collection 
.. .. .:":. · .... ....... ~ ••. .: "" · - .rv-.....,.-., ' •• ,.;..-; . .... .. -:- ._; • ., .. 

device for the···condensed steam from each SGFP turbine casing 
-~ . ... . .. .--4, . ... • _ •• ~ -=~!.~Jl:~ • ·"\~ -,; -v : • .... ::- ·.:.~ :"':.' ....... "- i • 

during normal operation and from the first stage drains and . .... .. ' . ·-
the above seat drains for the S.G.P.P. turbine lew prer·sure 

stop valve. during start-up. 
· ' 

: 

' .. 
! 

. . 
t 
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S.G. Feed Pumo Turbine Casina Drain Tank Pumps 

FW-P-2A, 2B, 2C, 20 

The S.G.F.P. Turbine casing drain tank ~umps (see Table 5) 

are located in the Turbine BuildL~g at an elevation of 281'-6". 

They ·are sin~l~\it~g-e, centrifugal pumps each driven by a 
.. !' ~ ••• ~.'--::f··:o:. .. ·., .~ ..•... ::.;.:-.• .. - . . - ~· • . ··. 

3 H.P: · electric motor. Each pump delivers 37 GP~ at a T.D.H. 

... 

.r. . 

j ' .. -:--.·' .J;.."':r~"": ... .: ;r.:"'~,..,;.;-. .. l. ... 0. - · •• 4 .. 0 -· - .. • 

of 65 ft. The pump casing is split radially and has flanged 
~~~-.;jf~~~ .. ~~~~~..o~"";:iw;:ti-~.lHt.'.:-~~f...t-~-. ....A!·-";. : : 

. · .~ ~: .. - :: . s l de suction <!nd top discharge connections. The impeller. is a _ ·-
~..'!~·~' ~ ~ ;-~t . ... ~)~bfll,~!im~~T~~~~-~~~ .-:::.._,._ .. : . . :-: ..... ~,;:.. ..... · 

-

2 .1.6 

closed type. :: .. z:'.~J---~- · ~- " : .... : : .... ~ . •. . -: · '--·· - --· · ~ · · • - • 
: - • 0 .. 

.. l • • 

T~e "pumps are pro•.rided with ball type thrust. and journal 
. r. ~ . . 

bearings, and are lubricated by a self-contained oil syste~. 
· ·.... .:~ .... --=- . , ... ,.a ... 

The. bearing housing is provided with a constant level oiler 
•• • • • ~-.: •~ • ,;;o • •• .• : • •• 

and _indica tor. ';-. :.; ...... • • . .. ·-:; 
-~'-··~· <tl' 0 t--- · .. 

Mechanical seals are used to prevent leakage. 

' . 
.:::•- • r .. • 

Pt.:.rnps FW-P-2A and 2C receive power from 480V ~tee 2-31.3. Pumps 

~~-P-2B and 20 receive power from 480V MCC 2-41B. ?~rnp controls 

and indicating lights, including an overload trip light are 

located on Panel 17 in-the Control Room. 

HP Turbine Crossunder Pioina Drain Tank: ~-T-1 
-· . ..... - - · ---... .. -

The HP turbine crossunder piping drain tank ~-T-1 {See ~able 4) .. ... .... -;;,· .. · ,. -· .. ~-=- -·· - : .. , ·~ ._ :.· .. . ~~.. -
is located in the turbi~e building at ~1. 306'-3". It is mounted 

... ~--- - ... • ........ ~-- · • -' • - • • • 1 ·- ': · ·-

I ..;. 

vertically with. a 3'-0" diameter, 4'-0" straight s i de, made 
"'. :.= ~ ....... t:..iWl'~~~~ ... -:...~~ ~,: 1.: 1:'"-';-7;~~ .... ·-·· . ... ~:~.c~~ -:;;~: --~ \--...~ ... ~ :- ...... p~_., .-. '!:. :;: ·:. ..: 
.... of carbOn steel and has a capacity of 200 gallons. The tank -.~": .. ·~· . . .~c .... , .. ~ ... _ .. _ . .-,.,~....-... .. .. :-.. • - --~ . . ........ • ~ :o 

ha~ four- L~let .~onn~ctions to receive· draL,s :rom the :our 

crossunder pipes, a vent connection to the heater drain tank 
.. . ~ ...., .. .. .. . . . 

HD-T-1 a bottom drain connection, t~o level controller _con-



.. .. ' ; 
. 
2.1.7 " 

. ··:· ~· -
2.1.a 

, 
~ : 

Steam Generator Feed Pumo Tur~ines : r~-U-L~, lB 

Refer to section 2.1.4 and Table 3 of the Feecwater and 
. . . 

Condensate System Description, Index No. 4A. 

,.,-~.:~::;·;:-·. ;-: .. -- . :.~ .. ~~i~: ~: ': · ... ~- ~· ·-~. -~~.-;. ~:: 
~ . ··""' .... ..... ~·· .... _,~ .. ,<_~~\,."".~ :.·":~·-.. ···..: ...... ~o :;t;- , ... c.- ... 

Emera;nc; steam Generator Feed Pump Turbine: EF-u-1 
..... . 

~ 
! 

' 
·~· ·' •'!:.r"""'- --·-... ·.·~ ·· .. , •. _ _... ~·:- ~ 

Refer to section 2.1.5 and Table 4 of the Feecwater and·~ ~ 

~~=~~~i!~~~;~~~~ft~~i~i~~~,.~~~mfi~~i~~~1i1P,~~~~~-~~~~1j··~~~r~~~"~-~~i··~j~~~~- --~~~~~~~i;;i~~~~~~~~~~~;. 
2.1.9 

~ .. 

Major System valves .. ,_ .. 
'"':" _ .... ..... -_,..~ ........ ... ~-- ... .-1'~ ... .. -·· -- ... ~~ . ~ ••• , .... -

Main steam to .HP Turbine Isolation valves MS-V4A,4B, 7A, 7B 

A motor operated 24" . Y-type globe valve ~.ade of cs with 
..... . .... ~-t.,..~ ":r .... .,L'~:z.~ . .;~~:Jc:t-. ' ·:-;!-,.. :', ·~. -~- ;. ~... ...·.df'4:, .. ·- ~ .... ; o ... 

. , _600 lb. ANSI _ra_ti?g ' and design tempe~atw:e. of 600 .F _is :,_ ... 
. ~".~!!·.Q."':."-~ ~,.;. \'":'~~· , . . ... - .. • ' .. .. ... - .. ··""•.!!.; ........ !. ""': ..... ··-! ·: . .. . ·:--

provided in each of the four main steam lines !rom the · 
"""" • . ., ........ - •·· ,.-.~ .r ·• _, .. ... • "' • ~ ., • ... 

steam ge;e;ator;··;~tween the m~in steat;.safety valves and oC . . •-::-. . .., . ·,.. " ..... -·. .. 
the H? turbine main stop valve. The isolation valves are 

nuclear class N-2. The valves are normally open and can be . . .. . .. , ... 
remote ~anually operated from Containment Isolation Panel · 

~ .,,._.. .. '"""'"" a - • • " • • •~ • • •• .. .. ... ... .. - .. 

No. 15 where valve position is also indicated. The motor -.. 
operators of valves ~S-V4A, 7A and MS-V4B, 7B are powered 

from _the engineer~d safety featares 480 volt motor control 

centers 2-21 EA and 2-11 ~· respectively. The stroke tL~e 
· ' ..... . .. .....f· . 

of each valve is 116 secon~s. Local indication and pushbutton 
. ,.- -... ~·-· .. ~ ... -- ~~.... ... - -· .... ~_, -r-· ..... :._... .............. ~";-.4 - ... ·=_..: -·- ... :..;.. -- ...... 
control is also available : - · - • ':-: ~~..,..-:~t' ~- ~~~-~ .;7~. ;~. c·l;"'::!;-:: 

- ...... ,..... :~.:-- ~ _·::., .·# .~;,f.'!"!:.::. ;;.."'-# .. , ,_ ...... ,! :~; ~~~' • .:; .. 'ft-. -::::::"'~..:;~. ..,. .: .. ~ ;. .. -- .._ __ .. • , • 
Emeraencv Stearn Generator Feed ?urno Turbine Stearn Shut Off 

Va 1 v~s :-tS·:..vliA. ,"~ llB · ; : · ::~~~~-~-· ·:t(·: . . ~:~ ·.. · · ~· -·· : ··)-. · 
~ . . ...• _. ..... ~ ..:,,. . ·-.~ -· . . ~ . ...;.• .......,., .. -· "... -;.. ~·I>:'"'!J-!. l ;,i;/J..,M .,. ~•· •. r -.- :. ·.,~-;• ... • "t,1fi'.,.,.,._• ........ (_ ... ·F .,.A~ .. . ,.~ .. ... ....,_ • -'4: - '4 ... - • _...., .. .. ~ ··z' ::: .. -. .. ~ :-· .. ~· 

A motor oper-t:ed 4" gate valve :r.ade of CS with 600 lb. ANSI ' ·· -'.-· . .-: 
..,;.. ... --··~ .. ,~~ .. ~~ .... · - .. --.:::,~~-·*':" ... -...:. .. ~~,..., ... -;: ... ~~o·,·.:n ... ~,.. .... --e=· ~:-~~ tl :""--·~ C" - : . .. !; -

rating and design tenperature of 600 P is provided in each of 

the t wo main steam supply lines to the energency steam genera t or 
.,.,'• •,.., o A ,•, ;. ,.;.... a 4 .. '"' -~ • - • 

feed pump turbL~e ~F-u-1. The valves· are nuclear class N-2. ; 
. ... .... __ .• • .:•t: •..!.. ... .. · ...... .. .... '- . ;·!:;;.;;_.. • . - . 0 • .. • ":" 

One of the two valves i s normally open and an interlock is · · ~ . 
' :.. · .. · ~- ·"'" ·:. · .. .. ·::! . .. : ::;.. ..... ·· . • • • ' -: ... r ··.:. .... _ .... , •. : .. .. • · -: c;-:; ~... .. . -'" 

Q: ~: . .. ·. prov_ided.so that· ·...,h.en one valve .is open t."le other .• is .~lO!!!:d.:~ .. ~-- !· .. : t 
• .... • .... · ·• ' ·.~ \~ "~· -~:. 41,.·.:~~.;..9:~~1~ .. ! -: .. "-!..""•.: .. · .. -:·· '! .. •• ·.- : .. ••• • ~ 1.1' ~-~· ' . •::s ... • -..'! -.: ·:. ····- • "'! 
-· ... - The valves are · remote ::-.anually .operated from Panel ~o. 4 ! ~~~ ;:-,,,.,__ ~ 
• ... ::· · '"•"'~~~·:~.:~~': :~,~ ~...:!,:~).:.:,.k • .. -. ·;..: ... • ·~. j• ·. , ·~~- -.:"!' .. •' ~ • • 1- ... ·•· ~:i\.._,~. • ;:; •.1 .. ·.~r ...... ~· ·,: •. ~ · .. ,.•4 1 
"!' ·.: -.- ~, , ~ =~~~·'·' .. t :-..~,..1;'1'\ • .... .., ~-; ~ • • · .., .: ....: --~:..,. ·.-:· ...... · t.: _( .: :~·- t "'~)-.. :::·· .. '-\·.~· .,~ ::.· •. ~~,.._.~ •. 
-r ~~ , ... ... .......,...:...• • •:r ~~ ... , ~-:;~.,;.~.~~i_:!! J-.f, ... t-., .•-.-:..! , , -• _.~,;..'-~-· J.:~·~ .... '=" • ";'1 ....... ~:"; .., ·>~~~i~~~Jlf£•:.:-.~!if~.!'- .. - ! ;-J.- 4 

:..:. : .. -~~-~--·~ .. ... . - ,.-... ;..-::..: ~,;.;~~- :..- - ! :~ .. ~-:. .~ ·..: "': . , ., . - .. . .. ~ .. : ';: .-· '-~,·..: ii ~ .. ~t-s: "fl*!ir.'"·:.~ or;.· .: • · '· .,:· ~ 
"-'! ~~::_ ~·.;.s~~y-"::i. :....+.•-!:"r.f~S. ... -.. ~-,.. -·10 ·· ;: ·~..;1 :~ : -·o~o!.: 'A~~~;o:"~~~,~~..;c~~: ·· ii-:! <P ! 
~.:,~~~'t\tt.~~ltf;~~:,;;, .~Z"~;:~~~N,2t;."1'f._~;J..""!..~~~ ~~f..~~~t~~j 

• .: : 6 

-~-- _;·!.-~_ .. _ :_:.:_ ... __ : ___ ;:·_,;::__·..:_-.,.::-:-~- -.L_:·t 



where valve position is indicated. Valve position indication 

is also displayeq pn Panel No. 15. Local indication and 

pushbutton control is provided. Tho motor operators of valves 
I . 

MS-VllA, 113 are powered from DC distribution panel OCC-lA. 

The stroke time ' of each valve is 20 seconds. 
• • · l . •.- .. ;; ... :- ~ ... 

Main .Steam to Auxiliaries Isolation Valves MS-VlSA, lSB 

. 
~ 
!' 

A motor operated 10" gate valve made of carbon steel with 600 1~. ~ 
. . . ~ ..• . . 0 -

ANSI ' rating and design temperature of 600 F is provided in the · 

r:.;~.;~~~:-~e~~~if~~~~~tfa.;~h .. -;~~~i;";ft-~£of~6~:Yj~~·~,~ 
• - ": .. ·~ ..... ~~~~~,~~ .... ~-. . .. .,...~ '-';"!1:!~'4t • .. :·:..~,~-· .. .._ .. - ...... · . . ......... --~-··.- ~. · - . .. 

nuclear Class N-2. The .valves are no~ally open and can be 
.. ... . .. ..._ . .. :•/'" · .. ;.:... . ~ . •· ...... ~~ .. ;::--,_ ·.;:.#- - . .. ,. -

- ' .. , ·~: • ~ remote manually operated from Containment Isolation Panel 15 "' 7 ·--- · ~-~ 

r·. 
\ ... 

. - .- ... :r- .... ... ·.•· ., "-· . ·. 
where ' valve 'position is also indicated. The motor operators 

of valves MS-VlSA, 158 are powered from the engineered safety 

feature 480 volt motor control ~enter 2-21EA, 2-llEA respectively. 

The strok; time of each valve is 50 seconds. Local indication 
.. w~.~;.~, · •..,...:t.,..\~- . .... • . ·-.~• .... . -·~·· ' .. . ·- - · - .... and pushbutton acntrol is available. : ··~ · .. "_, --·--.---~- -;;~~--·· - ~- · 

!?rbine Byoass Shutoff v,lves MS-V23A, 24A and MS-V23B, 248 

TWO no~ally open motor 'operated ~0" gate valves made o~ 

carbon steel with 600 lb. ANSI rating and design temperature 
0 of 600 F are provided in the turbine bypass lines from steam 

generators RC-H-lB, lA. The valves are remote manually 

-.. 

; 

• • 



·. ·. 

0 

.· . .. _ :;-

.. ~ 

.-. 

Atmosoheric oumo .valves MS- VJA, 38 

One diaphragm _operated 8" globe valve made of carbon steel . 

with 600 lb. ANSI rating and design temperature of 600°F is 

provided in th~ by;:>ass to _~t."ttosph~r~_. take..::..off line 
... ... ~ ~ _.. . - ' -- ... :... . 

from. steam _generators Rc-a-lB, lA. · The valves are controlled 
, .,._ ;.~ . ............ -~~.,..,..~ .. --... ·- - . -- _.., ___ .. --, .... --

by the turbine bypass controls (I~S) and are utili~ed when the 

condenser is lost due t9 _ !!i~her _ a loss of cooling water ·or - -:- ·· ~ 
. ... -f\ • 1.':'. - '---~..:;!~-.:-~.· :,.! ;:. •_ .~::~~- ... . - .. ........ ~:....... ..... ..-- ..... .;,. .. 

high_condens_er. pressure.~~A~r~ is provided from the instrwnent-:'!~~- ·..; 

air system. 

Reheat Steam Temoerature Control valves MS-V31A,31B,37A,378 

One · diaphia"'g~ operat~d 6"._globe valve :Mde of carbon steel 
-· -·-~"' .. .. • •! . • . • ,.. .. - •. ·-- • 4. ... ._.. • ....... _ - .. - 0 

with 600 lb. ANSI rating and design temperature of 600 F is 
~ ... ... .r~ . . ... - , 

p~ovided in. the . main steam supply line to the second stage 
• • • •, ":":#... .. . . . ... • 

~eheater of the moisture separa~~ ~ reheaters ~~T-18, ' lA, 

; .• 

28, 

2A respectively. The valves are -controlled by the reheat valve 

controls on Turbine Supe~visory Panel 16 to control the tempera-

ture of the reheat· steam to the 

from the instrument air system. . . . -

LP turbines . 

f.0. ()Mr::} I - •t t It, ~ .. \ . .... 
~u , .,, . 
V~-tl ·~ 



. .. . .. · . Emergency Steam Generator Feed P~~ Turbine Control Valve MS-V~07 . : 
A DC motor operated 6" gate valve r:~ade of carbon steel ·.lith 

300 lb. ANSI rating and design ter:~per~~ure of 400°: is provided 

at the emergency steam generator feed pump t urbine EF-U-1 

steam inlet. A control switch wi th open, close and automatic 
~ . . ....... 

positions- l~ p~~~ided ~~'~alv~ ~peration on Plant Control 

: 

~ 
Panel 4, along with valve position indication. The valve is ~ 

"""- - ,. . 
normally .clo~ed .and ' the. control switch is in the automatic w-

·-~~,..,.,. . ........ -~~·....._,_ .: t• r•4!4WA~-··-~~ .. ...,.~..=-~ ..... -J":--~ .~-ra.;_:.. .:· ..... "-~ • .c·=..•..;...t!'L •• 

position. · The · valve will open automatically if both steam · 

generator feed pumps trip or if all four reactor coolant •. , 
t . .. .. ' ·""-· .. - .. ~- • • :- .... . - - , ...... ~----- ... ~ 

pUmps trip. The valve motor actuator is powered from (DCC-LA) 
..,. . ..... '!" .... :.:-· ,.:_. 

DC power panel. Local indication and pushbutton concrol is 
.. • •". . • .• • . ..._ .. : ~ ' -; ·-. r "" ; ·- -

also ·available.~:C~' · - ~. -~·:··" 
.I ...... - _ _ : • ::' .!::;~ .... :"' .. ... . . .... ~ --.--- . ,~~- · 

Steam Gener~tor -Fe~d Pumc Turbi~e Exhaust Valve ~-V44, 45 . .. ~ 
electri~ motor operated.- S4" butterfly valve ;nade of CS wi th . . 
lb. A~~A rating and design temperature of 250°F is provided 

~n 

~5 
~in the exhau~t piping of the steam generator feed pUr:lp turbines 

~ FW-U-L\, lB respectively, to· per:nit :naintenan·::e on the steam 

~generator feed . pump turbines. Remote manual oceration 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 powered from motor control centers 

~ 2-4lB, 2-JlB·.~ f~~~e-ctlvely~_;:• The · stroke"" tir.le of each valve 

Q 
~., ... ,.,. .. ·.;. .. ·-r·~t;.~;:::" ~=· .,. ,.,~.~.! :~ ... · ~r r4!( • :i~.:- .)_... ·- ....... - ------7 ,...=. ·-:~ 

• • ... - ......... ·~~ ·.~-~ ••• .• -- .. • ......... ~>-

... l.S one m1nute. ~-;•,?.~-:~.:_:.!.:·.::~.:. · • :::--:-· .~ ·._ ..... · _- ...,· .-

a? __ ~ steam G~·~:.:~~O~~;~r~- Pu~o Tu-rbine T~~~ vatv~; MS-4SA, 49B 

491\ 499 - -;:~·~·.t:!;--.::. y.;-. > · t:- -n~·.:c ...... ! .. ;.;:--: ~;~~ -:,._- -r·::...-...-, --·--- --'~t:t--.:. ~ .. -.- . .r-- ~ ... .. -~"-s ~ . .,.,... ..... .:- .. -.. . ,... _,... ~ 
~"" ' :,..:,~.:~: .. ~:;.;:; __ -- ·Jt- ~- ,..._.;;..,"!._,:·:· :• ... -.t - ......... ... ...... ....... --- "'..:.: ~ '\. """{ ... - ' 

The trip valves-_are held in the full open- pos i tion' by- terbine -
- .. J '- f.·~=--_, .... ... · '-~·-..... ... - .. ... -· .. 

control oil pressure. Reheat steam passes through the LP trip .. 
valves MS-V48A, 4aa to ~he LP steam throttle valves and ~ai~ 

·.~ 



· . . , . 

·. 

HP Turbine ~ain Stoo and Control v~lves (4 valves} 

For a description of the HP turbine main stop and control 

valves, refer to the We~tinghouse Instruction Manual (1.00). 

.· ... ---::: -
LP Turbine Reheat Ste~m - Interceot valves (4 valves) 

For a descri?tion of the LP turbin~ reheat steam intercept 
• ....,. .. ,....... - · .... .!: . ... , • • .. ...... ~ 

valves, refer to the Westinghouse Instructior. Manual (1.00). 

LP Turbine Reheat Steam Stoo valves (4 valves ) 
< 

• • 

• _,; .... """ ~-, • ...~ •• ..... .._....~6 .. ~;-..... . ... ---- ~· ---~ .. ...e-,~· ...... ~··· ... ~-~· • .....,--_........,_ 
For a description of the LP turbine reheat steam stop valves, 

- · ~ ... •• ~-·- -::: .: - . ..:~"! • 

refer to the Westinghouse Instruction ~anual (1.00). 

;:::~~:·.: :>_ ~- +~~~~;~~:-.;::?: ~}~~j~~:~ .. :_i~ ~:- . ·. ·- . - .. 
Gland Seal Steam ?ressure Regulator Block Valve, ~.S-'1266 

For a _de~-~-~~~-~~ -~f ~:e ~?-~~~~d· s:~al ·s~eam ·s~;~::. bloc~ valve, 
refer to the W~tinghouse Instruction Manual (1.00). Remote 

manual operation ar.d position indication are provided on the 

Turbine ~uxiliaries ~onitorin~~-~7. The valve is powered 
{,' ·; f~ !" ' ·"" 

from motor co~t.rol center 2-3 ·.:. i; f.{! ·::l H o· ~& ~~- .. 
. . {tfd~~~ ;~ fit~b~ l l k~~ Bll: 
. II li~fJ~~ t.t·l 

Gland Seal Steam ?ressu::-e Regulator valve, ~-V267 krfr; 
For a .~escription o! the gland seal steam pressure ::-egulator · - >' : .. . ,.~ 

, • •• h .. _ 

valve MS-V267, ::-efer to the Westinghouse Instruction ~anual ·.•··-·i -:;· ;: ~ 
~ . -! ··:-: - .- ! - , •. 

(1.00) ; .. -J .... . . . , . ··--- ...... . 1, 

... · 

Gland Seal. S team ·P::-~ssure .Regulator Bv:;ass vat~~·;· ~-V268 

For a description of th~ gland seal steam p~essure regulator 
•t · ·-.,·~€~· , ·-.-~· · . -,. .. _ .. ..... - .... '· .: .,..,_ ...... _ -· -~ .. .: -- .•·- - .... 

bypass valve~:-refer to- the, Westinghouse Inst::-uctlon Manual . . 
• ... • ... ., - .;t..:-.-:.;· . ---

(1.00). Remot~ ~nual ope::-ation and position indication are 

provided on the Turbine ~uxiliaries ~on itoring ~anel 17. The 

"• ' I 

. ;. · 
I ': 



• . 
... , . .. 

2.2 Instruments, controls, Alarms, c omputer Incuts and Procec~Iv~ 

C) Devices 

2.2.1 Instruments 

All main and reheat steam system major instrumentation is .... .... - ~ 

listed in 'Tables 7 and a. : A list of malfunctions which will 

cause a turbine trip is provided i~· Table 9. ~ ............ ~,.. .·.,:::-:"":':;.~~ ~ ... ,. .. ~~'-~~~~ .... :·~-:r.. :.- ·-· - ._ . · :.~. . -- ~ 

• - .. ·• - ...... -,#JI ... : •• - -·~- ·-.~-... ~"-C'~~ iia&~:~_..,,.,. .. ~~---.;..,;;.;":lo,~ ...... f • .• :;;~_. ....... . - ~-'· 2.2.2 Turbine Control: . · - · ~ .. : ·· -=--- · ·- ....... .,...,. .• _ -:~· · '4.,. . - . 

... ~----

- ·' 

Steam pressure and temperature are held constant at the 
.. . .,._ . .. ... ~ . - . .. .. .._.... . ...... .,.....__, .. __ ..__,~ .. ,_..~···~,_...,..~-~ ..-.,_.. ............ _ . . -- -......-- ....... -... ......-..- ... , ... ";"' 

turbine inlet by the steam generators, reactor and turbine • 
.. ., ... _ '~... · . .. -... 

The only way the turbine can supply more or less energy is to 
_: ····'- ... ~ . _-,.:-; . ~ .. 

inceease or decrease steam flow to the turbine. The flow ~ 
'I · ...,: ·~jo...,--t.:~f ._-:.....~ ...;:·.:,....;\".V ••• -,.;.-• •: ":.. t. ~ 

to the turbine is 'therefore a function of the turbine control 
.. . . ·. - ~-··' • ....: ... #"'· .IJI.a; .. - .. 

valve ' positiot:l~·~-~ .:~ ::--~~ :::· --· ·:·· . • · '. n~n~- nn~ (~~ rtg f].~\ ' 
- · ~-~~: ~:~ ; ·:J c.··~ ::.~~ .... ~:~_.~ .. . ~~~~~·--=::: ·. ~~\tb~t·t\ u~t~~i u~~~:fJ~·-
The control of the turbine is accomplished by a simple pressure 

controller. The turbine header pressure modified by the 
. .. .. ; . ' . ":. -·· ~-·~,... · ".. ... . 

error. between unit load demand and generated MWe, is compared 
: • ~ ........ c.:.-

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

generated are sent to the -turbine governor valve motor control 
.......... 'r f' 'l " - · .. .. -

where they are integrated into a spee~, ·:iet point·: - Until · .- . ~~:-::--:-::;-3-
., •S"~·,;j'";~ .... . • -:::-~;.:: • ..... , r ""~-: . ........ ~=.- · · -• ,.. ._,. I - - ~~. -;: '· • . .. • .. • ~ 

.,., the ' pressure error- is reduced within a dead band, the culser ,-:.h.;:. ~-­
.""' • ~.~~ .. ~t... ..-..;. ~:.t.;;;..J;,_.~-.: ~~~~:-:...• ·• ~ .. ;:._::.;."'$-:.t.::q-".r;•• ~ ='·"oiiiJ~ S' • ,_ .... •_ l - - - _..,_ • : .. : ~ - ~ 
will ' continue to generate a demand for turbine· valve movement . .. .. ~ :.. .... ,-. 

... ~- .......... · ;-' t ' =:.';, :' . .. •,:.. .... !: , ... ~· ... , .. - ~. ~~~ ·~ .... , • -": .. :·~J.·;- .. . . ~. ~ 

The "turbine control- station gives . the~ " operator ' the option of 
- .. '. : .... -:-~~- -: · ;. ·~ "" .. -... ; .~-.. ~ ,·.,. l"" -:-; •• ~:-:: ::-- ·--~ - •• ..-· 

letting the ICS control pressure· .. or, by transferring the 
••-- • •. :: ,. _ -..:,. ·~ ':"'- ...r .... •""'- - .·•-\"1! '· I"••• """.!..;.."" ...._.,., ... ~ :: JM:_•.,.,. ,. _. t • t.· _ ,__ .- • · 

turbine control: s-tati_on" to- manual .• -allowing the operator to -
• ; . t • ;,:.- ... - ; ... · ... ""_, .. :: . .. _~~ -,~.r ....... -::,...:~'-(! : -..~:~ ~·~::- . ~--=--· · --~ - .- "". Opt<:.. .. - .. .. • - ,... ,. - - :- . · . ..... . 

... establi-;;h the~ amount of •'generation:~-. For···a complete'· descri ption 
..... .. .; - ···;. :;.:-- •.• - 4'\ \-.. ·' . ... ::: ' ., ( -

of the turbine control, refe1.· to the Bailey Integrated control -
- - .. - .. - - ··~ 'f"' • 

Syst~m·, . Instr~ction · ao~k, -V~lume ·2 ri. 09). 

.. 



· . • .. . . .. 
2.2.3 Turbine 9voass Control 

~1 ,_ 
Automatic and remote manual turbine bypass valve control i~ 

furnished to allow steam to· flow from the steam generators 

d~~ing ~tartup' before the turbine is rolled and synchronized 

and also at low turbine steam flow demand. Two turbine -...... ... __ ., - '· ·-·-
bypass valves at the hot condenser and one a~~ospheric dump . 

, 

':' 
_ valv~are provided_for each steam generator. The turbine i . ,. . \." ... ..: .· ~ ·. . .. . . ... . : 
bypass control serves four automatic functions: , _. 

_, , ,,...,__""~~- 4,,.---.,,._....,_41~ ~W)O.~·<.L"'o<.~-..... ~--" ..... .... ~~-·-r..: .. Jt$ •• ..r ···':'"!'\"' 
·: -._,.F~~s-T JOo> 4 O -· ~ O .. .. ~t..-· .· ~ ··~· . .. 0 ~ .... , O .... .. • -'0 

. -....... ·."":~· - 1. ~_;.?v~de p~:.ss~~-.,sg.~t:!:~~:-.~:t . ~o~ pl~~t _ _l~a~s.- up '!>to_lS~~""be~ore,:w ... 
the turbine is capable of accepting pressure control. 

-~--:.;- . --:. :\:;~~~)~~</~~;.:;:;· ~ > ::~- ---:~:- - ~ :·7~-:'~:-- · . . . . 
2. Provide a high 'pressure relief if the turbine header pres-

. - ~ : 04 ...... , • • • .. "' • • • :.. - 4 - · 

· sure exceeds its ~et poirt by 50 _psi during plant operd.tion 
• • • '· .... ·• • • • .. . • 4.. • • • • • 

: 

•: ._above 15% load when the ICS" is· controlling the steam pressure. 
• • ': . 0 0 • • .- • 

i ' , 

3. Provides an indepen~e~t high pressure relief that will 

~ r~lieve proportional'li -to steam generator pressure above 

1050 psig. . •. -: -_:~S,'P,OOR _ ORI~~~f&e 
4. Provides pressure control after a reactor~~~~~~psi 

... -· ·~I'J ... ... c:.·~""Wl.. ..... ~ ·'!'!W -!'":oof...4.1~~·.~':·!'Q•~~ .... -.. ·-r~~·z,.~---~~-·~"'- - h • - ; : -:z.a~ 

. above nor:nal turbine· header 'set- point tO "prevtmt0 'excessive . ..; ·! : 
-··. ~...;.t-..'--(.~!-~..t~~,..·~..ss:..~~·~--r .. <;.~ ... ~~ .... ~.~~, • .;...... -· ~ ---" ~~ 

.., -~ • - ~ ...,~··~y~;;;;...:;~~- , . • ~ - - ·~·p· -1 1•...:· ··-·r·-···- , . .. .... . • ··~- ,.. 
z • • • • .r~ ·· coolJ.ng of the reactor coolant fluid. ~ -· -.=-:.- ·•~ri~rt?·;,,:\ ~.il-· ·•:-, .- ;· · .:: .. ,._, 

:.;,. .. - ..,j~;.-~~w.-:t ..... Jt-iN~~~,c;~:i -~\.l:J~,~;..~...tJ!.li~,.:.~~~ ":'~:""~~:.-,_;t~"':: .• .;;:~ ~':t:;:;t:: :;::;.;: 
·~:: ~ ·t:...:· .-.~~t:o..:'"'·: .~~ .. ..: •"!. .f ••. ~?-r~ trf'~~~~-:" ..... . :.~-,~..: &..~ q~t""' .:.~l':":!·.~-.--:': -c.~~; .; -..~·-•!~sf-:-:• .... .. - - - .. .- . .• 

... ; _:;~,~'";~~-~ ... ·~ -'··~--~-~.:2..;.~ .. ;: ~:~.~·~"1 -~!: -4#· .. . · ~-:--~~= . ;.~... : .;--._::-.~-·-rl ;:::: . "- ~--=~ . . .. . : ..• 
.. When the condenser is lost due to either a loss of cooling 
-_;·~· ~ . • • .. .... ., .. • .... .... or •.':f.F.~-·~',· ~ - .';i,~-· -· •;-::- .".:- • ... . .. 

,._ water or high condenser pressure, the turbine bypass valves 
.:.:.···~· - - ._ . ~ ~ ... --.~ -- : :. - .-.·• ·";· .... ...... ._ ·· - ~ - .. ·' . ;,-1 .. &r. • ·;:.~ - ... -

·- " to ' condenser 'are shut:·-:-·-- -rurbine -byPass-~control is' auto·:..··.~: · :-}'· 
..... ::'1:-~.·~~: : ~-- :,:.~ 1, ... .,.:,_, · · . : .. . ~:· ·-~- - ,. ..... -_~,-v-:""-... .. . .. ...- • . .• : -...... -::-, ;,tf·"' :o..:: ... ! - ......... '7! .. ......... .. 

- matically s·..,itched 'to the atmospheric dump _valves •,o~hen ·'" .·f· '• .. . . ... _ ·~· -:· .... .... - . :.· '*' • ;.. ...... .. - •• u 

this occurs and modulates the valves. 



. 2.2,4 . . . . Feedwater Latchinq System 
./ 

The feedwater latching system is provided to autc~atically 

stop feedwater from entering a steam generator if a ~ain 

steam line ruptures and cuases a low main steam pressure. 

Two pressure switches are provided for each main stea~ line 

fro~_.the ste~'U · gener~·tors-: ~ w if a low steam pressure occurs for 

any reason in either main steam lioe from a ste~'U generator 

,J 
r 

and both pressure switches are activated, each pressure 

·.:t!t~':.- ~-d~~C::~~~-; ... ~~~ii:~~~~-~!~.~~.11~.~~-Y~.l:.ve • • When both solenoid' ~~;at;-i'f.«-~. . -
valves are activated, the ~ntegrated control system (ICS) 

. ~.:;... ~-··~ ··- :!-~ . ·=-··· --• .!. ;..·.:... -=--..:..:-=---.. .. _.. -~·~--:.:.....!'":";1 
pneumatic signal to the startup and main feedwater control -..... ,·· 

~ · 1 . · - •. , ... , ........ :;- -t"" 

valves of the steam generator will be vented to atmosphere. 
J.. • • ·' • ...,_ .• 

The feedwater ·control ·~alves will be automatically closed • 
.. , ~~ ... ;.• -; •• • . .... ,. •• • ••t ..... i :...-..~ ~· · ! '-ti~ .::: .· . 

The low main steam line pressure will also cause electric 
. ... - • : ..: ·.: · •• • .. . ..... f --

motor ope rated feedwater and emergency feedwater block . . .. 
valves ~oi-Vl2A, 129, l i A, 17B.' 19A. and 19B to close. A 

feedwater latching bypass switch is provided on Plant control 

- . . 
Panel 4 for each steam generator to allow startup operation ... : . ·-. . . 
of the steam generators or to override the control signal ·-.. · ..... - · 
during plant operation. Refer to Burns and Roe Instrumentation 

and Control Schematic Dwg. 3090 Sheet 74 for full .logic 

2.2.5 

2.2.6 

c 



.. .. . .. 
MO-T-L\, la and M0-T-2A, 2B are each provided with three 

safety valves. The emergency steam generator feed pump 

turbine EF-U-l · is also fitted with a single steam inlet 

safety valve. · Design and performance data for all the 
. .. ..... .. 

safety valves are listed in Table 6. 

., 
-· 
~ 
! 

v~ ,. • · .. • .. ... -:·.,~ ... .....,.._._,. ••. - -·-· • ... •. • ... - • .... .. -: 
Rupture discs are provided on both e~~aust ends of each LP 

... ·..!~.,_., • .,.... doiili1e~flo~yoturblne--a~d both .. steam •'genera tor feed pump~.;7 ~<:·!~· _;.-., : :-:.i;~~~ 

tur~.· ~· ';. . ... ~ ::.:~OOftO· R. ~,.... , . . - --.. ·~ ·.:·;:. -......-~_.~.?."'~···~s;;-.. ~~~.. ¥ • ·~u l .. .-, . ~· · 
- • • • . -~_, _ - - • • -. •· J ~ ~· (;·:.! '·L 

i ' . ...... - .:. - 0 :_#-W- , · 6: ~ r." · 1l ~~t, 
3.0 PRINCIPAL MCOES OF OPEAAT·I ·ON·· .:._ !1 -~~~:i~ 

-. """ ... ···! 1:: - -. t" ·~..:st .. l ..... • ·~: ; • .. • • . .. : :· : .. -~. ··t : ;·-·· 

3.1 Startup ~:t.~~:'-_ -:--.. ··. :~ ~-''· ... ~:.~~ .··~.·;;;_:: .. ",;>-~:. •.:~ ~ .· ) : •=• ·-: - ..... -- - . .· .. · ... •.":. '..; -".: .. ~ ..... --; -..:r:_~r1;~ · ._ .. ;:,..";.::- ··- · P· ; ,. . ·. 
To start up the main steam and reheat system, ~~e circulating 

T ;..-•.,..,. • • ..._ • • • 

water and the . f.aed·~ater and condensate systerns are first put 
, • :oo,o:: •r •• J •' • • .. • • " _. • 

into o,e:eration~ The gland -·sealing st.eam is supplied from the · 

auxiliary steam system and _is regulated by a pressure control 

valve. The air ~xtraction_. ·system !.s then put into opera~ion 

and a vacuUM is pulled on the condenser • 

•. -:; .. !.-- ·_ -~ ... • • ::..· ~ ·. . . 
The water level of each steam generator is set at the ~~equired 

• ... ,... ·- _, <~of~. ... ... 
startup level. The rnain steam lines are opened to the con-

= denser .~hrough .. the .. turbine·_-by~ss ·valves ~which are opened . : .:_ ·- .~- __ 
- _ , -,~"l,..r-~~.AJ:•..-:;• .. tr~_;:. a:.::a-.t!•t.r,~.:~~ :)t ..:;.._:,..:!..s.:..;-t'(.--..-~~:.-:.'~!= ~*...._ ... ~: .. ... ~:'-.. -: ...t.c• _ _,.. ·..,.., ... · '~' #.. • 

by ''remote manual oceration of the tuibfne byoass-C:ontrol :·.:: ;.~ .::··;-, .. ·; ·.:· .......... 
'·r~ ~::-:. ... :··~:-: - ::.-"'..; -.~ r; ~ ""'":""" .... · :._•;e:- .. r.,.. ..., .. :·:. ......... .. _. .. .. !.·· ... • .. 

valve· station ICS12A XCS and ICSl2B-MCS on Turbine Control ~ 
~- -;::,.;~ .... o: ,. .... - .. • ...!1 .. ..£: - • •. ' r '.: . ,.. . • • •-

Panel 5 and a vacuUM of 20 · - 26" Hg is pul-led on the steam · ., 
·~ ..; .... - \_'~;:- ... , . ··:~;._ ._ .-. _ .... ';!~: ,_ -· .... -. • - ~ - ...... 

generator~. The reactor coolant pumps are started to circulate 



.. . ·.' 

. -, 

.. 

.-

,_. 

, 
circulation cont'inues. When the secondary side temperature 

0 
reaches 220 F, the bypass valves are fully closed and their 

control stations placed in automatic. Place the turbine 

• '\ ~ • ~-:- .. - .. ...... . . .:,...; • • '"::"" 1: • r-oo.--... . - - . ., - . . . . · ·~-~-;<MI~~~-~~-.,._,~ ...... ~o~":--t~-2!"'.&. ~.:~~· 
When the prl:nary . ~_oolant temperature reaches 532 F, the . 

~ ... ...~"' ; · ~--• ·· ·:·r ~ .. • •·· . • ..... . • .,. .. ... 
reactor is brought . to criticality and the power and 

. .- .... • .. • ~~~· ... -eo~,. ... • .~: (~··., ~. 0 

temperature are increased' to -8% and 558.7 F. The turbine .. : ·"" ....... ~~ ... -=~~,, ·..,;;.; .......,;. ·- ~ ' .. "-' .. -: s., ~-~ .... ~,.... • .. . .... 
b!(pass control valves automatically· control the secondary . - .. .. .. 
~ide press uri~ t the . settl~g· of the turbine header p:-essure 

• ... .,; · ·~ w--_, :_ • .... .,.,..· .. · - 'I' . . ..... : . 

control which i~ ~0 psia by dumpL~g steam to the condenser. 
0 If the LP turbine inlet metal temperature is less than 300 F, 

follow the COLD START westinghouse ope:-ating procedures . 
. .. .•• ·-. .. ·-·· · • '! • ... . .... - . ... 

for the moisture separator· - reheaters (Spec. t.OO). If 
..:!. . . 0 

the LP turbine inlet metal . temperature is above 300 F, .. .._ 
The ' turbine follow the HOT START opera tirig procedures. 

generator is started by remotely opening the tu:-bine throttle­

valves. The turbine generator is brought up to speed, . 
.. :.·--~ ·r-·-• .. ~-.. .I'P'~·- · ., •- · ... ~~ . .....-,._·"'- •• ,.!. ~ .. .__ -.... ..... ,. .., ..... · ... ----z ~- • • . ... _.. • .. ' ... .. 

synchronized and ·put on th·e - line.:: ~ Electrical load is • .:=..r--:···.J-:::-:..: ~::.. . 
• \ .: - · · -- - .. .. .. - (.. . - ........ - . . -.:..:--~ . ....... -- ·• ...... · 7"'~ .... .. - .... ':: •• -- • • 

1.ncreased to 15% reactor power and when the turbine : - -: · 
... , :..: • ~ .. ~..:' .. "' : ·.:. :.. ..: .... ::~: . .... !"""" :..~:·~·-:.:=--::. ~- .. .:-...-:~ :.. "'7... -· .. 

bypass cont=ol valves automatically close, the turbine can 
... & =- .. .. .. ~·~· . , ~ • • .,":"..:,~· _ .... . .. -.":,..,:::i·~~'f'. .... '"!'! ·-~· ~--=. ·:--

be placed in automatic control'".~ On..:e the turbine is in 
·--... _. 

automatic, the turbine bypass control valves automatically 
... !·• : . .. • •• ·-·· -.- ··"' . 1- !..t~· I":;-. ·~-~~ -, . ..... 

assume overpressure control at set point plus 50 psi. 



' 
, 

As main turbine 'lbad is increased, the reheat steam pressure 

"' ,_, increases. At about 290 MWe main generator loa d, ~~e steam 

generator feed pump turbine control will transfer from main 

to reheat s tea~o operation. ,; . o-• . 
•

0

· ·: <.... - ...... .: , 0

. · ·. -:-:-· ·: ·--~- · · .-~# .~ : • -:-- · .. _ ... ~ P.J r- ir -· ~Oflna · · ~c~·ri~· L . 0 .... • 0 ... . .. ~-~.":"-:: .... ·0 .. ~~~~-~:.n~-.;~~l ~~' .:--... . 0 N r;r. • ..._ . 0 ... 0 I • ~ .. ~ 
~ormal OPera t,_on ·~ - ·. "', ;.>:-:- 'fl {• _, ~ ·' iJ - - - -- • • ...~.. .. .. ..,>.::-"!...,:...."!'- :-- .......... ~,~ ~ ..... ; . u ... . ..... _ .. : .. , •• • ~-. . ~ 

' 
In normal operation, the - turbine will be automatically ,:. --:_;:~ • ; 

. ·.:~:....W....!ir~--.... ~~~~-..-• .,.-~.l"· ·-·i~ .. --... qtr .. ~ ... ~--- ;;~~~ -~· ~ controlled by tl'ie 1.ntegra ed control systemiCS) · to foll<JW*-~~ -

load demand. The turbine header press1.1re set point is . 0 
, , 0 • 

.. - ,-:. .· -::-·~· ...... ~~i:~~~ ... ~q;~~~~=~~,.. .. ~tllt.~·~~} .. ~..JII~·4.; t -· -~~·\..~~-
automatically~yaried in proport i on to megawatt error. · 

6 .. .. • ~ ,r; ,,...- ....... :r' ..; .. .. .. · ... - .. : . .. 

. -.: -: .. ·-~· ... ~':~~~-~~- ·... -:_.;;=~ ,:;~·_:;-,:~:.;;~~~~ .. 
Ma~ steam fl~w~ ~rom the steam g:n~rators to the HP turbine 

• -..r~-< --~ . .. • -.:r' .. .;a;..,..... _ -, ••. t :""'•· 

. : ... _: . 
. ·-

through t he HP turbine stop and control valves. After passing .. .: _ .. 
th~ough the HP turbine, the exhaust steam entecs the moisture 

• . ... . .. -;.· _.,. ~.>J.<t. • · • • I" #~~ - '· .. ·!#.- • ~ 

separator secti on of t he four moisture separator-reheater~ •. 
arranged for parallel flow. Moisture i s removed from the 

:.. - ~· :- .,. , .. ·~ 
_exhaust steam oin the moisture ~eparators. The ' steam th~n . .. . . . . ... ....... ... _, . ... . -., ... 

flows thr~ugh the fir;t· ·;t~ge 
0 

a~d second stage· reheate:-s .. . ~ 
Where it p l cks ' up heat from bleed steam and main' steam 

respectively • 0- . 
.. _,_n 

.... 
. ..... . ... t 

.. 

; 

L • 



() 

Shutdown 
r r 

Shutdown of the main and reheat steam system begins by placing 

the unit master station ICSl-MCS on Plant Control Panel 4 

in the manual position. The rate of load change is then ~et 

with~ the . rate .of load change control station ICS4-MS on 
.• ":-J:. - ..... -~ -<ft;-,.. .. - . • • • • • -

Plant Control Panel 4 and the low load limit control station 

i 
l 

l. ~: .. " ~- ... i··~·;:~~~::.~~.:"' .... ;:h·~·~~~~ .. t!~ . .. .. .:i .. .,. , ~. p .. # • • • • • - . • ~-
•.. · ._ ICS3-MS on Plant Control Panel 4 l.S set at 0%. The un1.t load 

. . 
'! 

-... ~~ 

r- · ·­.. ': ~ · 

3A 

3.4.1 

,. 
is reduced to 15% by lowering the unit master station setting. 

" .! . ........... - - • • ,. ....... · i-'z;• :~ ., . _ ... .:. '"::":" ...... -··-' ... . . , .. ....r.~· . .. .- . . .... · .... . . .. 

The turbine "generator load is decreased to the minim~~ specified 

in the Westingho~se Manual (Spec •. ,.l.OO) -?Y, using t:he ~turbine 
.,.:: . .... . .... . . -·· . _..,: . - .. ··- .. 

generator controls. Place the re~ctor control station 
.... - . ... .· 

ICS20-~~ on· Plant Control Panel 4 in manual. Remove the -- . 
- i ! .. , • • ~;,:. - .. - · :~•t-.t~- .... . ..... -;,~- . . ·, -

turbine :generator from t11e ··line and shut down the reactor:.:,· 
• • -~ \.• 0 . ..... . ... . .... • , ~ • 0 

Before main steam ~ine __ pressure _ _ is_ reduced to 600 p~ig, place_ 

· the ~~~water - l~tcb~~ sys~~~/'1~-. bypass. Place the turbine- - -
.... _ .. ... -~-:·~ · --· .,. ---- ·- .. _ ... 

bypass valve controls in manual:, open th:_~bypass valves_ anci; 
.. 

allow steam to flow from the steam generators to the ~~~~denser 

in order to cool the reactor coolant to 2S0°F. Whe;~~~·: 
. - . - ... ·-- . . 0 

primary coo.lant temperature reaches 250 F, the decay heat 

remo~al system-is pu~ · into op~ration to: further reduce . 
~- ... 0 .. • :.:. • 

the reactor coolant temperature. Refer to the Decay neat . 
. c,;-:· :- ·.:~ ,.,...._._~u · ':11. _ ........ ~~ ....... ._...,. -. .. ---: . ....... ... -~~-Will .... ~~~__,.___..,:. 

- - Removal· SyS'tem Description: · Index N() .. 20 ;~: ·. ·--; ~"'~~-:... ~~-: ~;:-:.:~~~~,~:~.:.. :::_:~ 
.... ,.:r_'".s·-~-~· -~u..~-::..a.: ..... - , . - . .... - ... - -~~--~-=--..,.,~~ -~--'""-~ .. ~-~:--.-..,~t-
·~~.;:fi - . ~~"' ... ~~.':....· ~ ·t~ ... ~.--~~~~::·~~--~~.~:~~~~~ 
-:- · .: ~-?:::~~~::--=-:~-~=~t.::~~¥.;:~~:.: ~:.~ -~~~7I::s~~~:::-~---~.::· ~:~~q~p.~!> .. ·: :---; -- -~- · 

Scecial or Inf:-eguent Oceration :·· ·:~~;:~7:: ~ .. : .. ·-:;·-:: ~ ·· · -· · ·· · ·- ::-· · · .• . ·· .. ~· . . . . 
t ' /""\ .. 1 :· ". .... ·l- • ..... T~~· : .. "" -;;:.· ... :.:' .?- :.·.?" • : •' · " - - .. 

Turbine Trio : :~ .~-:- :: _j.~" ... ~ · ·· -, : _ .. · -ri - . . • 
~.:- ... ~.-:;·~ .. _:-; ... r ... ,.._ -.- • ' • • ; . .. .. ... _. .. 

-- ;.; 
' ---t 

-·"'".! '·· -: "·. 

If the turbine trips, the generator breakers will 
- . .. _-:;:,;-.. , -. ..... .. . ........ ·.~ ·. '-4,..!".:: -, ... . . . 

matically opened. · The ICS will . transfer to the tracking 
.. . - :. ..t:4~·,.. ~. . . .._ --. ::·., .... :t.._.;. -4.: .. .... ...:..., .• ':.. . ~ ... 

mode and reduce the unit load demand at 20% per minute to .. ~ . . .~ ......... .. 
smoothly'-reduce. 'steam prod_uction and avoid a reactor trip. 

- " ~ ""....: .... 

-..-or- - .---be auto- · - -

. . 
The main steam safety valv~s; turbine bypass valves or 

.· )c. .. • .. ~ ' • . .. - ......... . . 
a.t;n;~p~e;t"ic __ ~-~P:·Y.~l'!~s:~ill _ ~:,~i~~e-.e~:es:: ~t-:am · un~il the , . '!: ., , ;,. _ : ~ 

: 

• generated steam is reduced to the point at which-ehe · turbine ~ 
. · ~~:~-"!:tl~~!!~,.:tt.~·· ! '• ~.~ .... Jh~· ·~··, .~.,.~ •. ~ •.!"'y-.-"':: .._ ....,,~~~-.-~t,.. ,_ • • •• ~:- ~ •~..,.~"! . 11.~ • •: 

bypass valves .. can ~ handle all the generated -stea.m • . · • . ~· 't • 

. . :,::.:~j~~:-~~.:~!-1~~ ~-·~·~::~· .. :~;-~~~/ ~:~~::~~:;.;~~~~;~ ~- -~ . .-~- ~ ~!. ·~ ~ --.· •• ,~ . . =·,. ,; · .. -. ~- ~ 
-.,.ir-;f.• ... ..-:.~~;.o!~ :'~~~;1~~~:3:-'ii·~l;_\--,.-::{f::.:,.:-,.:;.~ ;!....,~ ... ·:·}.f·t:·::< ~~~:- :~ ~'-~·. ; · ,:_.:.:;, ·-';':t ·)·-.. , f i 

.:...~:.,· ·~/~l~~~~.:·~.;-----=============-:-::-:.:·::.=:--:-:::.~:?::.·-::··~-~~---::·~j-l_ 



.. . .. 
E)neraencv :. t 

Ma i n steam Li ne ·"Ruoture '1',.,.. 

If a main s t eam line ruptures, the main steam pressure will 

decrease r apidly and · the feedwater latching system will shut 

. • .. 

... 477 ... - __ ·...,.~·· 4-~.~- • ~· .... - _ ... ~ .. . .. ·: -

off the feedwa ter to the steam, genera tor. · . : 
. . . . . ~r.t~·· ··~~- . ... .,~-" ~.- .. · .. -~ •. :' j-f,!_ . - ~ .- ,. . . . :. ~! . .:.:. .. ~~., .. ..: ·- ~ . . .... "' rir&... • ~~ ·,- ......... . •t!r~~¥~~-...A~;.::!S- -

- • --- · .. • .1( ---.. - ... ~ .. fl • ;:.t "(",._ _ • ~":.. • ·- • t.: • - . .. • ~ ~ 

3.5.2 Steam Generator Tube Leak •· · --==::....;=;.:.;.;=.;;;...;==-..:...;=..;:;...-===._ .. ~.-i':.~~ .. · ··,.:1,! . 't""" _ ........ • r:'J" • .... - . - ,.. #* 
• ... - .. • • .. I . .. : • • L·.~(', . ... 

If a steam generator tube leaks, the reactor coolant which 
.. ... 

" .... is at a higher pressure than the. secondary side of the steam 
... L. • - ... .. ~·~·:--'1 ~.., ~~" ....... ·•- --c· • .._;~':'~~)or';-.~~ ... -:-"- · .. -, .. ·• - "-'·· .... - · - ..... ..... -. 
generator will leak into the secondary side. The reactor 

l ........ ..::. .. ... .. (,.!'>~- .. - . . . ...... __ -·. ~. ~ .. . 

coolant contains radioactivity and will contaminate 
................ : ......... --• • l ..,. .. . .;: ::- ..J. , "' -:__.;.. ··-· - ·. ¥ • 

the secondary side of the steam generator, the main and 
.. :4"(~ .... • .. · -·- ·~ .• · ·: ;., .... ·~- .• _, ... ~. -.. . ... ~ ,~_ . .....:;.... .. . . _ ...- :-:-

reheat steam system and the feedwater and condensate system • 

.·· 

. -.,... .: -· : ...... ., .. - . . . . . .... - . 
Such conta~~r:a~ion wiil b~' detecte4.by monitoring the off-

- . .... ' ~- .... t -. -··~~ ... - ·. • _;, _• ... ,... . • • .. ' ..... . 

gas in the a i : extracti on- system and samples from the . . .. · -·~ ... _: 
secondary s i de of ~~e s team generator~ 

If 
. . . .: \~ :.~ : .:~ ~-;>~:.j· ?~' .. ~~ .. :~ .. : 

contamination _of the ~econdary s i de 
., .. _ -. is detected, 'it must 

r . - ... '• 
be det ermined if the contamira tion level i s within the 

·-
~::- · ..... ~ -~· -

,.• ... ~ .. 
. ; .. 

- ..-,. 

:; 
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"""' .- .. \' ;. .-:' ... :-
Identification .--: 

.. 

.· 
Number installed 

Vendor 

Manufacturer . . ·• .. 

Design pressure, psig 
.. • ._.:- -.. . 
Design Temperature, °F 

Design Code 

Classification 

Cl=eanliness 
.~ 

~ .. 
• < 

·! 

·• 

.· 

. ~:... .. . ... . 

Q~al ity control· 

Seismic 

,, .. l 

- _.. __ 

.. . . . 

. *~efer to 
-~ -· .... : 
1..· .. --.... \ .... \ ......... . - .... , .. 

, , .· 

lB 

Two -· 
Babcock and Wilcox 

·aabcock and Wilcox 
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