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This spec i f ica t ion ' defines the requirements f o r  the design, mater ia l  

select ion, fabr icat ion,  test ing,  inspect ion and i n s t a l l a t i o n o f  the sodium 

heated steam . generator . waterls team c i  r c u l  a t i  on system (SGWCS) f o r  the 

1000 MWt LMFBR Demonstration P lant  and spec i f i es  the CE SGWCS Design i n  

compl iance w i t h  these' requirements . 

. .  . 

A. LMFBR - L i q u i d  Metal ~ a s t  Bkeder  Reactor . ' . . 

B. . SGWCS - Steam s en era tor ~ a t e r l s t e a m  C i  r cu l  a t  i on  System 
. . 

C. ' ASME - American Society Mechanical Engineers 
. . 

D. ANSI ' - Atneii can National standards 1ns ti t u t e  ' ' 

E. RDT '- ~ e a c t o r  Development Technology 

F. AEC . -  Atomic 'Energy Comni s s i  on 

G. MCR - ~ a x i m ~ m ~ o n t i n u 6 ~ s  Rating' 

H. CR - ~i rcu l  a t i on  .Ratio . . 

, . , . I. 2 PURPOSEOF EQUIPMENT , '. ,; 

SGWCS equipment i s  an i n t e g r a l ,  p a r t '  b f  a 1000 M W ~  'LMFBR Demonstration 
. . 

P lant  design. . ~ s p a r t  o f  the ~emonst ra t ibn Plant  design', the SGWCS de l i ve rs  

superheated steam t o  d r i ve  a turbine-generator system. 
'. . .  , . 

A. The r e a c t o r  sha l l  u s e  three (3) and' three (3 )  secondary sodi um 

loops. One SGWCS w i l l  be connected t o  each secondary loop. A t o t a l  o f  

three (3) Steam Generator 'Water/Steam Systems (SGWCS) sha l l  be used i n  

the LMFBR Demonstrati on P lant  design. 

B. The SGWCS covered by t h i s  spec i f i ca t ion  i s  designed t o  absorb reactor  

generated heat from the secondary sodium'loop by means o f  producing 

steam' i n  the evaporators and. superheaters. The SGWCS, using the 

p r i n c i p l e  o f  water r c c i  r cu l a t i on  i n  the water evaporator sect ion o f  

the steam generator, sha l l  produce a r e l i a b l e  supply o f  superheated 

steam t o  a turb ine and remove decay heat during shutdown. 
. . 



- .  . . 
Each SGWCS contains three (3) sodium heated evaporators, 

. . 

three (31 sodium heated iuperheate;s, steam . dim, . -  three . . (3) 
. . 

recirculating pumps, valves and conriecting.piping. 

. . (See SGWCS Schematic Arrangement - Appendix "C") 

1.3 COMPONENTS AND SERVICES TO BE PROVIDED 

A- The design of the SGklCS contains several .re1 ated.%ystems 

that are part of the . SGWCS . b u t  are.not included i n  th i s  

specification; - 

they are: . . 

(1).   he evaporator and :superheater vessels ( to  ends of nozzles). 

(2)  ~ v a ~ o r a t o r  and superheater vessel in le t  and outlet 

' isolationvalves. 

(3) ~ v a ~ c i r k o r  and superheater vessel dump valves . 
. . 

(4) ~ h ;  waterlsteam dump system. 

(5) T ~ ~ S G W C S  control- system., 

B.  he pressure . par t '  . terminal points of the SGWCS are (but not' 

including).: . . 

(1 )  he feedwater stop and check valve arrangement. 

( 2 ) .  The evaporator in le t  nozzles . 
(3) The evaporator dump. valves. 

(4)  The evaporator outlet' nozzles. 
. . . . 

( 5 )   he superheater i nl e t  nozzles . . . 

. . .  

' ( 6 )  The superheater dump valves. 
. . 

(7 )  The superheater outlet  nozzles. ' " 

(8) The common superheater steam lead t o '  the turbine. 



. . 

C -  ~om~onents . . and services that shall be supplied include 
. . 

. . 

the fojlowi ng: . . 

. . . . . .. ' (1 ) . three (3 )  complete steam generator watei/steam circula- 

tion systernk as described i n  ~ee t i ons  11.0 and 1 i3 A and B. 
. . 

( 2 )  ~ n s t m e n t a t i o n  w i t h  connections. 
. . . . . . 

(3) ~henna l  insulation .. . . 
. 

(4) ~ ' i rcula t ing pymp miscellaneous high pressure p i p i n g .  

(5) Structural attachments and l i f t i n g  lugs. . , ' 

. . 

(6)  rain and vent connections w i t h  double valves . . 
. . 

(7)  Safety valves. 

(8) ~ e n n ~ n a l  point connections with b u t t  'we1 ded ends. 

: . (9 )  ' ~rawings and: instruction manuals. 

(10) RDT and Code Procedure Comni ttments, such as reports, 

certifications, t e s t s , .  etc.  

(1 1 ) . speci a1 ' tools and spare parts, i f  they are feqii red, for  

.' maintaining the SGWCS. 
. . 

(1 2 )  ~ e r v i  cis  ~f an engineer to supervi se ' the steam s en era tor 
Water/Steam instal 1 a t i  on and to instruct personnel i n 

operation and maintenance of the system. 

(13) Delivery of equipment to the plant s i t e .  

D. Components and services that shall not be supplied include 

the fol 1 owing : 

(1 ) All piping external. t o  the SGWCS such as piping downstream 
. . 

of' the drain vent double valves, safety, valve discharge 

pipin.i and silences, etc. 

( 2 )  ~i rcul atihg pump miscellaneous low pressure pi ping. . . 



- . 

W 
. - ( 3 )  All unloading,:storage, f ield erection labor, crane 

.. - . : service, r igg ing:  and logging, and tools, except those 

.special tools furnished w i t h  the SGWCS. . 
. . .  . . 

. . . .  . 
(4)  Foundation and striucture for  supporting the SGWCS. 

2.0 APPLICABLE DOCUMENTS 

The following documents are :a- part o f .  this .specification except 

where. specified herein. Those amendments in effect ' on specification 

date issue,. shall only apply unless.~ othe'rwise specified. Where the 
. . .  . . . 

specification :appears t o  confl i c t  w i t h  the requi rements of the . . . 

referenced document, such conflict shall be brought to the.. attention 

of the specification issuer fo r .  resolution.' 
. . 

b 
. . . . 

2.1 REACTOR DEVELOPMENT AND TECHNOLOGY ( R O T )  STANDARDS ' - ' ' 

'u 
RDT C 7-ZT* ~herinocouple ~ a t e r i  a1 , I ron-cons tantan, 

. . . . 

~agnesium-oxide ~nsu la ted ,  Sheathed 
. . 

RDT C 7-4~* 
. . 

.. . 

RDT C 7-6T* 

Thermocoupl e Materi a1 , ' I ron-Cons tantan, . '  

~ i g n e s i  um-0xi de 1nsul ated, sheathed . " 

~hermocou~l e Assembly, ~ i c l  ear ~ r a d e ,  

chrome1 -P vs A1 umel, Stainless steel 

Sheathed, Magnesi um-0xi.de Insulated 

RDT ' E  15-2T* ~ ~ q u i  reme?ts f o r  nuclear components , . 

(supplement' to ASME ~ o i  ler  and 'pressure 

RDT F 2-2T* 

RDT 'F 3-6T* 

RDT F 3-37T* 

RDT F 4-20T* 

Vessel Code, Section I I I ) .  

i ty Assurance ' ~ r p ~ r a m  Requi remeits 

Non-Destruct1 ve Examination 

Speci a1 Requi rements for Metal Products 
. . 

Operation and Mai ntenange Manuals 



I d e n t i f i c a t i o n  No. 

RDT F 5-11" 

RDT F 6-5T* 

RDT ~-6-10!* 
. . .  

RDT F 6-l ' lT* 

Cleaning and c lean l iness  ~ e ~ u i r e m e n t k  f o r  

Nucl ear  Requi remen t s  

We1 ding Qua1 i f i c a t i o n s  ( ~ u p p l  ernent t o  

ASME ~ o i  l e r  & Pressure  vessel Code, 

Sect ion I X )  , . . . 

Requirements "concerning ~ e l ' d i  ng 

. ~ e p a i r  o f  Mater ia ls  by :welding 

~ e q u i  rements f o r  Subassembly.. Fabr i  c a t i  on 

and Marking ." . . 

RDT F 7-2T* preparat ion f o r  Seal i n g ,  packaging, Packing 
. . .  

and   ark in^ o f  Components f o r  Shipment and 
. . 

Storage 
. , . . 

. .. . . .  

RDT F 7-3T* Requi rements . f o r  l d e n t i  f i c a t i o n  mark ing o f  
. . . . . . 

. . ~ e a c t o r  ' p l a n t  components a n d  P i  p ing  

RDT F8-IT* Pre-1 oadi h g  Threaded F a s t e n k ~ s  a id '  c losures* 

RDT F ,8-6T* 

RDT F 9-IT* 

RDT 2-4T* 
. . 

Requi rements f o r  Ho is t i ng  and Rigging. 

Requirements f o r  Nuclear Components a t  

Elevated T.ernperatures (Supplement t o  ASME 

E l  evated Temperature Code 1331 ) 

Requi rements f o r  es tab l  i s h i n g  and execution 

o f ,  a program by the  con t rac to r  t o  v e r i f y  

. . '  the  qua1 i ty o f  i terns and 'services 

RDT 3 - 4 ~ *  Cal  i b r a t i o n  system t o  Control  Accuracy 

o f  Measurement and. Test :Equipment 



~ 1 1  mater ia l  RDT standards t h a t  are appl i c i  

able t o  the SGWCS design ( t o  be provided 

1 a te r )  . 
. . . . 

*. "T" which appear a t  the end o f  RDT Standard 
numbers designates approval f o r  use as 
"Tentati  ve" standard 

2.. 2 AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) CODES 

The SGWCS sha l l  be ,designed t o  ASME  oiler and Pressure Vessel Code 
..... . 

w i th  ~dd&da and: appl i cab1 e Code cases : 

NOTE - The design o f  the SGWCS w i l l  requ i re  various sections o f  

the Code t o  apply; see Schematic SGWCS Code Responsibi l i ty  

Sketch i n  Appendix "C". 

Section I11 Class 1 Power Boi lers  

Section. 111 Power Boi 1 ers 
Code Case 1331-7 

sect ion 11 ' ' Power ~ o i  1 ers 

. . - Section' I X  We1 ding Qua1 i f ica t ions  

2.3 AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) STANDARDS 
. . . . 

ANSI  B1.1- Uni f i'ed Screw Threads 

ANSI 816.9 Wrought Steel Bu t t  Welding F i t t i n g s  

ANSI 816.26 Buttwelding Ends . f o r  Pipe,  Valves,, . : 

Flanges and F i  t t ' ings . . . 

ANSI 831.1.0 Power P i  p ing 

ANSI B46.1 . . Surface Texture . . 

ANSI ~ 1 4 '  Draf t ing Manual 



3.1 REQUIRED TECHNICAL FUNCTIONS 

The SGWCS sha l l  : 

A. Absorb reactor  generated heat from. the secondary sodiuin loop 

by means o f  evaporators and superheaters t o  produce a s tab le  

supply o f  superheated steam t o  the turbine. . 

. . .  

B. Remove decqy reactor  generator' heat f r o m  the secondary sodium 

loop during shutdown and emergency condi ti ons. 

. C. . , ~ n i u r e  proper boi  le rwater  r e c i  r c u l  i t i o n  supp l y  t o  the 

' evaporators and steam f l ow  t o  the superheaters a t  normal and 

upset ,. emergency and f au l  t ed  operations . 

D. Minimize the. e.ffects o f  a possi b1.e water - t o  - sodium 
. . 

. . 

leak. 

E. P r o i i  de des lgn  ra ted superheated steam, from evaporators and super- 

h e a t e i i - : i n s e + v i ~ ~  t o  the turb ine t h r o t t l e  consistent w i t h  the '  number o f  
. . . . 

'. ' evapoartor and :superheater modul e$ t ha t  may be. out  o f  serv ice f o r  iepa i  r. 

3.2.1 ' ' Required ' Process ' Parameters 

The SGWCS sha l l  be designed t o  meet the fo l lowing process 

parameters : 

A. The SGWCS sha l l  be designed t o  meet Maximum Continuous 

Rating. (MCR) condit ions 1 i s t e d  i'n Table 1 : 

TABLE 1 ' . 

Maximum Continuous Rating (100% ~ o a d )  Design ~ rocess '  Parameters ' ' 

Note: The LMFBR Plant  has three ( 3 )  steam generator water/steam 

c i r c u l a t i o n  systems. This tab le  i s  f o r  one (1 j SGWCS. 



100% Load 'Design . ~ o n d i  t ions 

Steam  low .- Lb/Hr - (rounded) . . 1,200;OOO 
. . Steam Drum pressure - psig 2,700 

Superheater 'outlet  Pressure - psig .2,500 

Superheater Outlet Temperature - : F . - 900 

Feed Water Drum In le t  Temperature - F 460 

Thermal Rating - - MWt 
- 

330 
(Partial  Listing.'- remainder to  be provided a t  a l a t e r  date) 

B..  ' Physical Properties ,and Purity of Feed Water 

The Feed Water purity l imits a re  given i n  Table 11. 

TABLE 11 

Properties PPB - 
(1) Total dissolved solids 50 (max) 

(2) S i l ica  20 

(4) Copper 2 
, ' .  . .  

(5) . Oxygen . 5 

(6)  ~ ~ d r a z  ine 10 

C. Physical Properties and p u r i t y  of ci rculating'  water shall  
1 

be he1 d . to feedwater properties and purity . 
3.2.2 Requi rcd Systcm Configuration 

The LMFBR Uemonstration Plant shall  contain three (3) 

dupl icate  steam generator water/steam ci rcul ation systems(SGWCS) - 
one for  each secondary sodium loop. 

NOTE - See SGWCS Schematic Arrangement in Appendix "C". 



A. Each system will =ontain three (3) evaporators and 
. . . . 

' 

three (3) superheaters, steam drum, three (3) recircu- 
. . 

lating -pumps, valves, piping, etc. 

5. There shall be no piping interconnections between in- 

dependent systems; however, the feedwater for  a1 1 three 
. . 

(3) systems will come from a common source and the 

superheater steam leads from a1 1 -three (3) systems w i  11 

be tied together for  steam delivery to the. turbine. 

3.2.3 Flow ~ i s t r i bu t ion  

Each SGWCS. produces h i g h  pressure superheated -steam to the 

turbi ne generator i n the fol 1 owing manner: 

A. ~eedwater i s  fed to the steam drum and' reci rcul ated w i t h  

the boiler water by reci rculating pumps to the evaporators. 

B. Heat i s  transferred in the evaporators from the sodium to 

the witer where i t  becomes parti a1 ly vapo'ri zed. 

C. The steam water mixture i s  separated into saturated steam 

and water in the steam drum. 

D. The saturated water i s  recirculated with incoming feed 

water; the saturated steam i s  passed through the superheaters. 

where saturated steam i s  superheated to turbine conditions. 

3.2.4 Evaporator Section Reci rcul at.ion Requirements 

  he evaporator recirculation section of the SGWCS shall be 

designed to: 

A.  Produce an.ample, predictable and stable circulation for 

normal operatlon over the load range and for upset, emqrgency, 

and faulted operating conditions. 

NOTE - For operating definitions see Appendix "Kt'. 



B. Provide hydraul i c .  f l e x ' i b i l  i ty t o  

(1 ) Adjustment o f  c i  r c u l  a t i o n  t o  i n d i v i d u a l  evaporators. 

'(2) ~ n c r e a s e  i n  t o t a l  water c i r c u l a t i o n  f low.  

(3) ' I nco rpo ra t i on  o f  o r i f i c e s  a t  ' t h e  i n l e t  o f  t h e  

evaporators f o r  operat ing s t a b i  1 i ty  . 
C. Produce saturated steam o f  ( t o  be provided l a t e r )  q u a l i t y  

t o  the  superheaters t o  minimi,ze unpredicable opera t ion  

o f  t he  superheaters. 

D. Supply water r e c i r c u l a t i o n  f l o w  t h a t  does n o t  conta in  

. e n t r a i n e d  itearn . which . may a c t  a s  an i n t e r n a l  feedwater 
. . . . 

heat ing device thus undermining the  bas ic  des ign para- 

meters upon which the  evaporators were designed. 

E. Provide s u f f i c i e n t  p i p i n g  f l e x i b i l i t y  t o  permi t  

temperature changes from 80 F. - 690F without'damage 

t o  p i p i n g  and components. 

3.2.5 Superheater Sect ion Requirements 

The superheater sec t ion  o f  t he  SGWCS s h a l l  be designed 

t o :  

A. Provide ample and p red ic tab le  steam f l o w  f o r  normal 

operat ion over the  load range and f o r  upset, emergency 

and. f a u l t e d  operat ing condi t ions.  



B. Provide - duf f ic ient  p ip ing f l e x i b i l i t y  t o  permit ' . .  

temperature changes f r o m  80F t o  960F without 'damage t o  
- .  p i  ping and cm~onents  . , . . 

3.2.6 Structural  Requirements 

3.2.6.1 Design Objectives 

Structural  requirement detai 1s o f  the c i r cu la t i on  system shal l  

be evaluated . for  adequacy o f  heat t rans fer  and s t ruc tura l  

in tegr i ty ,  through the design l i f e  time o f  30 years. and 

under a l l  . the .. steady state and t rans ient  conditions. 

s t ructura l  design shal l  consider t h e c f f e c t  o f  ..pressure, 

thermal and cyc l i c  loadings f o r  the design a t  nornai and 
. . 

upset, emergency and ' fau l ted conditions .. 
Pressure p a r t s  sha l l  be designed t o  w i  thsta'nd a f u l l  

vacuum a t  operati ng .temperature. 

A'; see operating: and Design Parameters - Appendix . . "B" 

B. See b ~ e r ~ t i i n i l .  ~ e s c r i ~ t i o n s  and Thermal ~ r a n s i e n t s  i n  

3.2.6.2 stress L i m i t s  ' . . . 

. .  . 

, Allowable stress l i m i t s  f0.r a l l  materials used, i n  the . . 

fabrication, o f  the c i rcu la t ion  system components and stress 
. . 

analysis 'procedures shal l  be i n  accordance w i  t h  the. appl i cabl e 

section o f  the ASPE Boi ler  Pressure and Vessel code and 

appl i cabl e RDT Standards. ' . 

3.2.6.3 Seismic Considerations 
. . 

S ta t i c  analysis shal l  be performed on Class 2 components. 

A. Earthquake Zone 3 
. . 

. . 

B. OBE .Acceleration .2G ~ o r i  zontal 
. l G  Vert ical  

. .  . 

a c t i  ng s.imul taneous.1~ 



3.2.6.4 Vibrat ion 

The SGWCS and a l l  i t s  pa r ts  sha l l  .be designed s.0 t h a t  

they i h a i l  no t  be damaged o r  caused t o  malfunction e i t h e r  

by i n t e r n a l l y  generated v ibrat ions,  such as, f low- induced 

v ibrat ions,  mechanical v ib ra t ions  derived from pump . 

operation and check v a l v e  s l  an ac t ion  o r  b y  i n p a c t  loads 

caused by shi  pplng. 
. . 

3.2.6.5 D i f f e r e n t i a l  Thermal ~ x ~ a n s i o n  . 

The SGWCS sha l l  accomodate d i  f f e r e n t i  a1 thermal expan- 

s ion fo r  piping, tubing; 'and s t r u c t u r a l  supports - i .n  a c i  rcu- 

1 a t i  on- system i n  accordance t o  appl< cab1 e ~ e b t i  ons o f  the 

ASME Codes. . . 

. . 

3.2.6.6 Thermal Transients . ' 

Major pressure par ts  and p ip ing  components.-shall be 
.. . 

designed t o  w i  . t h i t and  . .  the operating t rans ients  a t  normal 

and upset, emergency and fau l ted  condit ions using stress 

c r i t e r i a  o f  sect ion 111 o f  the ASME ' B ~ i l e r  and Pressure 
. . . . . . 

Vessel Code. 
. . 

A .  See operating ~ e s c r i ~ t i b n s '  and ~he rma l  Transients i n  
. .  . . . 

Appendix " K" . 
3.2.6.7 . Drum and Nozzle Loads 

. . 

SG'WCS drum and nozzles sha l l  be designed t o  accomnodite 

the p ip ing  loads t o  meet: 

A. Maximum design f l e x j b i l  i t y  req'uirements f o r  normal 
. . 

and maximum upset operating conditions-. 

8. Operating t rans ients  a t  -normal and upset, emergency and 

fau l ted  condi t ions using c r i t e r i a  o f  'Section I11 ' o f  the 

ASME ~ o i  l 'e r  and Pressure Vessel' Code. , ' 

(1)  See Operating Descr ipt ion & ~ r a n s i e n t s  - Appendix "K"  



The SGWCS shall  bedesigned to  accommodate the shock 

forces caused by the quick isolation and .dump of the steam/ 

water side o f  the SGWCS d u r i n g  water-to-sodium leak. . . . . 

3.2.6.9 Deformation a n d  Deflections ' ' '' . 

~eformati  ons  and deflecti  6ns from a1 1 causes, incl udlng 

. i n e l a s t i c  behavior, creep and ratchetting, shall be 

determined for  a1 1 components, the i r .  

supports and'appurtenances i n  a manner consistent w i t h  ex- 

cepted s t r e s s -  and structural analysis. ' . 

These deformations s h a l l  be evil uated fbr the i r  :. 
. ..... 

. e f f ec t  q n :  

A. ~ u n c t i  bnal requi remeits and assumed loading requi rements . 
B. ' ~ n t e r f a c e  requirements ' for  supports and appurtenances. 

C. 'Safety and rupture. 

D. Acceptability of visible deformations i n  subsequent ' 

service inspections. 
. . . . 

3;2 16.10, ~ o r r o s i  bn ~l lowances 

A corrosion 'allowance for  all. pressure boundaries of the 

steam generator of the SGWCS shall be ( t o  be provided 1 a te r )  

The allowance shall include compensation for  the loss or  

degradation of materi a1 resul t i  ng from erosion, corrosi on, 

Intergranual penetration, chemical cleaning, and other 

envi.ronmenta1 affects .  

Failure Analysis 

A fa i lure  and effects  ana1ys.i~ evaluating the safety of -, 

the SGWCS ,desi.gn shall be performed. . a  

. . . . 



. .'. . .  . . . .  

. . 
. . 

 he r e s u l t s  o f  studies, analyses and e v i l u i t i o n s  sha l l  b e  
. . . . . . 
documented i n  . a . design report .  ' ' 

A. I f  a pipe rupture should occur, the . . loadings t ransmit ted 

' t o  the vessel . . by t h e  broken p i p e  shi1.l not  impair  
. . 

s tkuctura l  i nteg r i  . . ty o f  t h e  SGWCS "and i t s '  supports. 

3.2.7. ~ a t i r i a l s  o f  construct ion Requi rementi . ' . 

Materi  a1 s to: be used i n the cons t r u c t i  on o f  t h e  SGWCS 

sha l l  be selected from the RDT mater ia ls standards l i s t e d  i n  
. . 

paragraph 2.1 ' o f  t h i s  spec i f ica t ion.  I n  add i t i on  t o  the re- 
. . 

qui  rements of these .standards, :the selected mater ia ls '  sha~ 1 

conf6rm t o  the' requirements o f  the appl icable ASME Code. Any 

materials ' '  pmpoied for use ' i n  the construct ion o f  the'  SGWCS 

which are not  i n  accordance w i  t h  the above' requi rements'wi 11 
. . 

be approved by the s p e c i f i c a t i o n  i ssuer . '  , ~ l l  mater ia ls  used' 

i n  the cdnstkuetion o f  the SGWCS sha l l  be ( t o  be provided l a t e r ) .  

. 
, The fo l lowing fac to rs  sha l l  be considered i n  order t o  

obtain the optimum, . . . se lec t ion  o f  mater ia ls used i n  construct ing 

the steam genet-ii,t;ui.: 

A. ' Strength and creep p'ropert i  es a t  the operating temperature; 

B. Resistance .to stress-corrosion cracking . 
C. Consistant w i t h  serv ice requi rements . 
D. Resistance t o  the operat i  ng envi ronment , i nc l  udi ng we1 d 

materials',. cleanlng agents, and inspect ion and. t es t i ng  

agents, i n addl ti on t o  water-steam'. 



3.2.8 Instrumentation and Control s 

A. Pmcess ins t ryen ta t ion  and controls shal l  be provided 

t o  monitor and control the steam generator f o r  nopa l  

operation over the. load range and f o r  upset, emergency 
. . 

and faulted operating conditions. A l is t  of. instrumentation 

and control s is provided i n  Appendix 'ID" ( t o  be provided 

1 a te r )  . 
B.. The SGWCS shall  include provision f o r  periodic inspection 

.-. and cal i bration of control instrumentaf ion. 

C. The SGWCS shall  include provision fo r  removal and replace- 

ment of contr3l instrumentation. ~ k i  t i ca l  operating 

control instrumentation :s ha1 1 i ncl ude redundancy, wherever 

possible, t o  minimize unscheduled shutdown of the un i  t. 

~ e . s l . ~ n  Life 

.An expected service l i f e  of 30 years shall  be used as a basis 

f o r  the design. ~o'm~onents for  which a 30 year 1 i f e  
.. . 

expectatiori. cannpt b e  reasonable assured shall  be designed and 
. . . . .  . . 

i n s t a l l e d t o  convenient rep1 acement. 

Safety ' Requirements 

The design of the SGWCS shall meet the safety requirements of: 
. . 

A. Applicable, local , . s t a t e  and 'national safety requirements. 

B. Applicable sections of the LMFBR Demonstration plant. PSAR. 

3.2.11. Requi k d ~ a i n t e n a n c e  and Operation- Deiign 

3.2.1 1.1 Maintenance Requirements 

The following maintenance c r i t e r i a  shall apply to  the. 

design 'of the SGWCS: 

A. ~ l l e  design shall  pemi t access for  removal , replacement 

and maintenance of sys tem  component'^. 



- - -  
3.2.11 .1 FIAIMTENANCE REQUIREMENTS (continued) 

B. The system'shall be capable of complete drainage of 

pressure parts except i n  the bayonet tubes. 

C. There shall  be a capabil'ity f o r  isolat ion of circulating 

pumps (no double val ves) whi l e  t h e  uni t is i n .  operation. 

0. The system shall  be designed fo r  surveillance and 

i n-servi ce inspection of c r i  t i ca l  components as 

l i s t e d ' i n  ( t o  be added). . . .  

3.2.1 1.2 Operation ~ e ~ u i r e m e n t s  . . 

The SGWCS shall  be designed t o  provide: 

''.  eating . of the system from dry ( ine r t  gas) a t  ambient 

temperature to  water;/steam f i  1 led a t  400°F a t  a ra te  of 

50F/hr. 

B. Satisfactory operation under normal and upset, 

emergency and faulted operating conditions as provided 

i n  ~ p ~ e n d i x  "Kc: 

C. Su f f i c i en t  superheated steam to the turbine consistent 

w i t h  . . the number of evaporator and . superheater . modules 

in operation. - . 

3.2.12 General Feature Requi rements 

A. The design of the SGWCS shall contain isolation valves t o  

permit .quick isola.tion and dump of the water/steam 

side of an evaporator and superheater following a 

water-to-sodi . um . 1 eak. The SGWCS ' shall be is01 ated 

and depressurized in (time-to be ,provided l a t e r ) .  

. . 
The design shall permit physical retio"a1 of thg failed 

. . 

component and permit steam generator operation with 

. remaining components. 

NOTE: ' This specification refers  t o  b u t  does not cover the 

steam/water side quick isolation valves , dump valves 

and dump system. 



. . . . . .  . . 

. B. The SGWCS shall  be capable of operation w i t h  
. . 

. , . . 

. . o n e o r  two steam generating se t s  our of service. 
. . 

Note : A steam, generating s e t  consists of one evaporator 

and one su~erhea  ter-sodi um connected. 
. . 

'C, The SGWCS design i h a l l  have the capabili ty t o  remove 
. . 

reactor generated heat a t  shutdown and emergency 
. . 

conditions. . . .. . 

D. The SGWCS shall contain prPvision f o r  :rel.ief of. 
. . . . 

. . 
. . 

. . pressure caused by mal-operation using pressure 
. .. . .  . 

. . re1 ief  valves instal  led on major components. 
. . . . 

E. 'Venting, .drain connections, connections fbr r e l i e f  
. . - .  . . .. . , 

. . .  . 
. . and safety valves, internal chemical feed 1 i nes , 

. .  . 

. instrumentation taps ,  and 'any additional connections 
. . . . .  

and appurtenances required sha l l :  be ( t o  be l a t e r ) .  
. . 

F. Clips and rings for  supporting i.nsulation, shall be 

provided pr ior  to  final heat treatment. Requi rements 

fo r  insulation shall  be ( t o  be provided l a t e r ) .  . . 

4 .o FABRICATION REQW IREME'NTS 

~abr i ca t ion  sllall  be i n  accordance with appl i cabl e RDT Standards 

and ,ASME Codes 1.is ted in Section 2.0 - Appl i cabl e Documents. 

5.0 INSTALLATION AND FIELD SERVICE REQUIREMENTS 

Instal lation and f i e ld  service requirements shall be in accordance 

with applicable RDT Standards and ASME Codes 1 isted in Section 2.0 - 
Applicable Documents. 



Reports and documentation shall  be i n  accordance w i t h  appl icable 

RDT standards and codes 1 isted i n  Section 2 .O - Appl icable Oocuments. 

7.0 DWWING AND' MANUAL REQUI REMEMS 
. . 

Drawings and manuals shall be i n  accordance w i t h  ROT Standards 

and Codes 1 is ted i n  section 2.0 - Applicable Documents. . 

. . 

8.0 . QUALITY ASSURANCE REQUIREMENTS 
., . . - ~ u a l  i ty assurance requirements shall be in accordance w i t h  appl i cable 

RDT standards. and Co.des 1 isted i n  section 2.0 - Appl icabl e ~ocuments. 

9.0 PREPARATION FOR DELIVERY REQUIREMENT . . 

Preparation for .  del i very shall be inaccordance with. appl i cab1 e 
. . . . 

RDT Standards and Codes 1 isted i n  Section 2.0 - Applicable Documents. 

10 .O GENERAL REQUIREMENTS 

A. Services. of ..an engineer to  supervise . . $he SGWCS instal  1 ation, and, 

t o  instruct  personnel in operation and maintenance. shall be provided. 

11.0 SPEC1 FICATIONS . . . . 

- The following information provides specific detai,ls of the CE design 

of the SGWCS for  the 1000 MWt LMFBR   em on strati on plant in compliance 

with requirements outlined in sect ions 1 .O to  10.0 of th is  specification. 

1 1 .1 System Arrangement 

A. The SGWCS arrangement information i s  found in Appendix "C" 

in the following items: 

(1) A schematic sketch of the evaporator and superheater 

water and steam side pressure parts. 

( a )  The SGWCS has three ( 3 )  evaporators, three ( 3 )  super- 

heaters, one ( 1  ) steam drum and three ( 3 )  reci rculating 

pumps, valves and connecting piping. 



(b) The complete LMFBR   em on st rat or Plant has nine 

(9)- evaporators, nine (9) superheaters, three 

(3) drums and nine (9) reci rculating pumps. 

(2) Layout drawings - ND-723114, ND-72311.5 and . 

ND-723116. 

(3) A three-page sumnary of pressure parts - number, size 

and materi a1 . . . 

. . . . 
Note - See Section 1.3 -as not a1 1 components are included, 

provided, etc; by th is  specification. . . 

B. The SG'WCS piping arrangement fkm steam drum to circulating 

pumps makes use-of C-E s:tandard Controlled . . Circulation Boiler. 

arrangement. . . 
. . 

(1) Height of steam drum above rgcirculating pumps allows 

the design to meet a l l  NPSH requirements. 

(2) Flexibility loops have been instal led in the supply piping 

from steam . . drum feeding the anchored evaporators. 

11.2 System Features 

11.2.1 Steam Generator Wateristeam Circulation System Description 

The flow path i s  as follows (See Appendix "C" for drawings 

and pressure part size 1 istings'): 

A. Feedwater flow i s  brought t o  the60.I' ID steam drum through 

a 10-314" 0.D'. feedwater stop and check arrangement where 

i t  i s  fed through two ( 2 )  8-518" O.D. lines into the drum. 



. . - - .  .. . 

The mixture leaves the drum (equal flow) t h6ugh  four  

(4) 12-3/41. 0. D. dchcomers. 

The mixed f l u i d  enters the 20" 0.0. pimp suct ion manifold . 

where i t  i s  equal.ly d i s t r i bu ted  t o  two (2) operating pumps, 
. . 

through 20" x 16." 'O.D. reducers and 16" O.D. pump suct ion 
. . . . 

val ves: " . . 

. . 

Bo i l e r  water i s  -discharged . . f r o m  . the two (2) operating 
- .  

pumps, through ' 12-314" O.D. $ischarge valves and 1.4" O.D. 
. . 

discharge 1 ines, t o  the 18" O.D. 'pump discharge manifold 

where i t  flows bymeans o f  two ( 2 )  18'' O.D. 1 i n e s  (wi th  

o r i f i c e s )  t o  the 16" O.D. evaporator i n l e t  header. 

The mixed water i s  fed  equal ly to 'the three '  (3); i nd iv idua l  
. . 

evaporators through 16'! O.D. i s o l a t i o n  valves, where f l  u i  d 

i s  heated t o  a design steam/water mixture. 

The steam/water mixture leaves  the three (3) evaporators 

by 16" O.D. discharge l i nes  w i th  o y t l e t  i s o l a t i o n  valves. 

Tlie 1 inks swage ' t o  20" O D  d i s t r i b u t i o n  .bot t les where the 
. .. . . 

m i x t u r e  i s  del ivered uniformly over. the drum length by 
. . 

means o f  60-5'' 0. D. tubes. 

 he steam/water mixture enters C-E standard cont ro l  1 ed 

c4rculat ion 60'' I.D. drum in te rna ls  .where the steam and 

saturated water. are separated. 

The separated b o i l e r  water i s  reservoired i n  the drum and 

mixes w i th  the incoming feedwater, and the mixture begins 

the rec i r cu la t i on  f low path j u s t  described. 

The separated saturated steam leaves the drum evenly over 

the drum length by 18-5" 0.D; tubes where i t  enters a 14" 

O.D. saturated steam co l l ec t i on  header. 
, . 



. . 

J. The . . saturated . . stearti . . proceeds . . .  by a'. l2&/4! 0. D. satchi1 
. . . . . .  . . . . 

handle and single 16" O.D. lead t o  a distribution bottle 
. . . .  . . . . . .  . . . . 

. . . .  ... . . 

where i t i s  fed equal ly, th iough  15-5" 0 .  D. tubes, t o  
. . 

the three (3) 14" O.D. suderheater in le t  leads. 
. :  

K .  The steam enters the three (3) individual superheaters, 
. . . .  

th rough  14" O.D. isol'ation valves, where i t  i s  heated t o  

superheated steam. 

L.  Thesuperheated steam discharges from the superheater, 
. . 

t h rough  three (31 14" O.D. leads w i t h  isolation valves. 

t o  a 14" O.D. discharge manifold where i t  i s  fed by a 

12-314" O.D. satchel handle to a single 16'' O.D. super- 

heater outlet lead. 

M.- Although i t  i s  n o t  shown.ondrawings~and sketches, the 

single; superheater outlet leads from each independent 
. . 

SGWCS ark t ied together for ste&n'delivery ta the turbine 

throttle.  

11.2.2 s ~ ~ ~ ~ a n d ~ e a c t o r ~ e e i ~ ' ~ A t ~ e t a i ~ s  . '  

In a manridr similar t o  t h a t  described above the SGWCS i s  

capable of'. removi,ng reactor .decay heat during shutdown and 

emergency. conditions. 

11 .2.3 ' ' SGWCS ' and "Steam/Idater.' Is61 at ion li and ''Dump 

A. The. SGWCS i s  designed to quickly' isolate and dump the 

water.or steam from an evaporator o r  superheater component 

following a water-to-sodi um tube 1 eak in approximately 

(time- to be. provided 1 ater) . 
B. The return to operation o f  the SGWCS a water-to-sodium leak, 

i s  described in Section 11.8.1. 



NOTE: I s o l a t i o n  'valves, d w p  va l  ves and, dump s y s t ~  

are bui  1 t i n t o  the SGWCS. ~owkver, they are  n o t  
. . 

provided by t h i s  spec i f ica t ion.  

11.3 DETAIL SYSTEM PERFORMANCE CHARACTERISTICS AND GENERAL FEATURES 
. . 

11.~3.1   vapor at or Rec i rcu la t ion system . 

A. The design o f  the SGWCS sha l l  use t h e e  (3) c i r c u l a t i n g  

pumps. Two (2) :a& maintained i n  continuous 

operat ion whi le  the t h i r d  pump i s  maintained on h o t  

standby . 
(1) . The rec i ' r cu la t ing  pumps are.  placed on automatic 

. . con t ro l  operation. , The spare pump w i l l  be on ho t  

standby serv ice '  and. w i  11 be placed i n t o  .serv ice i n  
. . 
. . 

( t o  be added) seconds. 

(2) Each pump has a suct ion and discharge valve f o r  

i s o l a t i n g  a pump f o r  repa i r .  The other pumps are 

maintained i n  normal operation. 

B. Two ( 2 )  c i  f cu l  sting pumps provide a constant, s tab le  

and predi  c tab l  e water r e c i  r c u l  a t i  on f low over the 1 oad 

-range. The design o f  the pumps provide a c i r c u l a t i o n  

r a t i o  (C.R.) o f  3.5 fo r '  Maximum .Continuous Rating (MCR) 

(CR increases as the load i s  decreased). The fo l low ing  

features describe. the performance o f  the r e c i  r cu l  a t i  ng 

pumps : 

(1) The c i r c u l a t i o n  system i s  designed'to pr&i.de. , 

add i t iona l  c i r c u l a t i o n  capab i l i t y  . . t o  a CR o f  4.0 a t  

MCR on a. permanent basis f o r  two (2 )  c i r c u l a t i n g  pump 

operat i  on (See paragraph 11.3.1'-D) 



11 -3.1   vapor at or ~ e e i  rcul ation System (continued) 

8. (2) Pump performance curves are provided in Appendix 

"C" for  two pump designs operating over a range ' of 3.5 
. .. 

and 4.0 CR. 

(3) Operation of three (3) pumps will increase circulation 

by approximately 10% over the. design flow. In a 

similar manner one pump operation produces approximately 
. . 

68% of the design flow. . . . . . . 

C. ' The design of the .SGWCS pemi ts the ' operation of . , - 

any two of the three recirculating 'pumps without affecting 

the water distribution throughout the system;; ' : 

D. The design of the SGWCS incorporates an orifice installed 

a t  t h e  pump discharge side of the circulation system. The 

orifice provides a pressure drop in to  the system that can 

be removed or adjusted t o  increase boiler 'water circulation, 

to adjust the evaporator fluid distribution and to add 

s t a b i l i t y  to hbated circuitry i f  i t  i s  required. 

The orifice i s  installed i n  the lines feeding the evaporator 

in le t  header form the pump discharge. However, the design 

. . of t h e '  evaporator may permit the instal lation of the orifice 

inside the evaporatbr uni ts .  . . 
. . ,  

E. The 'design of the SGWCS uses a 60" I .  D. conventional con- 

trol led circulation C-E steam drum with standard internal s 
. . 

and associated system design. The steam drum design has 

proven successful appl ication on units operating a t ,  the same 

pressure and temperature conditions. The  steam drum shall  be 

deslgned to provide the fol 1 owing conditions :, 



11 -3  . . 
11.3.1 Evaporator Rec i rcu la t ion  system (continued) 

. . 

E. ( 1 ) .  The steam drum w i l l  provide steam o f  ( t o  be 

prov ided 1 a te r )  tqual i ty and bo i  1 e r  water t h a t  i s f r ee  
. . 

from carryunder o f  entrained generator steam. 
. . 

(2) ' Steam and water mi'xtures enter ing the drum, i n t e rna l  s 

. . and b o i l e r  water leaving the drum are uni formly d is -  

t r i b u t e d  over the drum length t o  insure even water 

l eve l  and sa t i s f ac to r y  drum i n te rna l  operation re- 

. . 
g a d 1  ess o f  which' c i  r cu l  a t i ng  pumps o r  evaporators 

are ' i n  operation. - 

11.3.2 Superheater. Section .. 

A. t he  desigri o f  the SGWCS sha l l  provide s tab le  and i r e -  

d i c t t b l e  s teak  d i s t r i b u t i o n '  t o  the superheater uni t s  

regardl ess o f  whi ch superheater modul es are i n  serv ice . 
B .  saturated steam leaves the steam drum uri i formly over 

' t he '  drum length regardless o f  which superheaters are i n  
. . 

.. . . . 
. . service.' 

. . 

SGWCS General 
. . 

~ & e d  on the de f i n i t i on ,  and appl i c a t i o n  o f  the ASME Code 

Documents as i d e n t i f i e d  i n  Section 2.2, the design o f  the 

SGWCS s ha1 1 provide : 

A. Check and stop valves. a t  the feedwater i n l e t  o f  each 

steam drum. 

B. Quick c los ing valves act ing as stop valves a t  the o u t l e t  

o f  each superheater. 

11.4 DETAIL PROCESS 'PARAMETERS 

The design of the SGWCS sha l l  meet the required .process parameters 

provided i n ' sec t i on  3.2.1. 



1 1 .5 COMPONENT DETAILS 

11.5.1 P ip ing  . 

The pipe s i z i n g  and arrangement f o r  the SGWCS i s  based on 

stress, hydraul i c .analysis and operational requirements. P i  p ing 

design and mater ia l  are consistant  w i t h  service requirements . 
The. de&ign o f  the f o r  the SGWCS i s  provided i n  ~ ~ p e n d i x  

"C" .and consists of :  
. . -  

A.: Three (3). page s m a r y  o f  pressure par ts  p ip ing .  
. . 

(1) The SGWCS piping' s izes are based on 1 i m i t i n g  the 

- f l u i d '  and steam ve loc i t i es  t o  less than: 
, . . . 

. (a) 19 f t / sec  f o r  water 

'(b) 25 f t / sec  f o r  water/steam mixture 

. (c) 41 f t /seC f o r  saturated .steam . . 
. . 

( d )  120 f t / j e c  f o r  superheated steam 
(2) Operating and design parameters 1 i s t e d  i n  Appendix "BP. 

B. "' Process' p ip ing arrangement drawings ND-723114, ND-723115, 
. . 

' and ~~723 -116 .  . . 

. . . . .  . .  . . . 

See ~ i ~ e n d i ' x  "GI' I for  steam drum sub-speci f i c a t i  on. 

11.5.3 Recirculat ing Pump 

See Appendix "HI1 f o r  r ec i  r c u l a t i  ng pumps sub-speci f i  cation.. 
. . 

11 .5.'4 : ~ e c i  r cu l  a t i  ng Pump Suction and Discharge Val ves 

See Appendix "J1 ' ' fo r  r ec i r cu la t i ng  pump suction and discharge 
. , . .  

val ve specif icat i .on. 
. . 

11.5.5 SGWCS Protect ion Against Over-pressure ' -  Safety 'Valves 

Evaporator and Superheater Vessels 

Safety r e l i e f  valves f o r  protect ion O f  the sodlum heated SGWCS 

components agal ns t  over-pressure w i  11 be provided. 



11.5.5.1  vapori it or and superheater v e s s e l s  (cont inued) . . . 

. . 

Safety 6 1  i e f  valves w i l l  be se lec ted i n  accordance w i t h  t h e  . . 
. . 

requirements of Sect ion I o f  ASME ~ b i l e r  & pressure Vessel code. 

I n  general, t h e  requirements of para. PG-67.2 o f  Sect ion  I , w i  11 . 

. . . . 

be f o l  l owed  i n  t h a t  t h e  sa fe ty  va l  ve - c a p i c i  t y  s h a l l  be such t h a t  ' the  

. valves ~ $ 1 1  discharge a l l  t h e  steam t h a t  can begenera ted w i thout  

a l l ow ing '  t h e  p r e s s l l k  t o  r i s e  more than 6% above' t he  h ighest  pressure 

a t  which-the valve i s  set, and i n  no case t o  more than 6% above the 

maximum al lowable working pressure (design pressure). Also, since 
. . 

each. heat absorbing . component o f  the  sodi um heated steam ,generator 
. . 

system - i s  comple te ly .~ i .so la tab le  by qu ick  c l o s i n g  valves, over-pressure 
. . 

p r o t e c t i o n  i s  requ i red  i n  each o f  these components. Sect ion I a1 so 
. . . . 

requ i res  a t  l e a s t  .two safety valves be i n s t a l  l e d  on steam genera t i ng  

u n i t s  ,of . . . .  more . than 500 sq. ft. o f  heat ing.sur face.  Since both the  

evaporator and'superheater components are much 1 arger than t h i s ,  a t  

l e a s t  two sa fe ty  valves w i l l  be incorporated on each component. 

. . 

I n  de tenn i  n i n g  t h e .  re1 i e v i n g  capac i ty  f o r  each evaporator and 

superheater component, the  f o l l o w i n g  l o g i c  was app l ied  s ince there  are  

no prec ise  ' ru les  t o  fo l  1 ow i n  Sect ion I. Each component was considered 

t o  be i s o l a t e d  on the steam/water side, wh i le  the  sodium f l o w  continues 
. . 

t o  t r a n s f e r  heat t o . t h e  i s o l a t e d  component. F o r . t h i s  condi t ion,  t h e ' .  

re1 i e f  capac i ty  was ca l cu la ted  . i n .  order  t o  prevent the  pressure r i s e  

exceeding s i x  (6%) percent above the  design pressure, which i s  a lso  

the  s e t  pressure o f  t h e  sa fe ty  valves. This r e s u l t s ,  f o r  t he  

evqporator operat ing CR o f  3.5; i n  a re1 i ev ing  capacl t y  o f  270,000 1 bs/hr;  

whereas f o r  the supe~heater  f i l l e d  w i  t h  saturated steam, t h i s  resul  t s  

i n  a re1 i e v i n g  capaci ty  o f  116,000 1 bs/hr. Though the  capac i t ies  may 

appear 1 arge, the  corresponding va l  ve requ i red  are the  small e s t  standard 



Evaporator and Superheater Vessels (continued) 

Section 'I valves available a t  this pressure and temperature 
- .  . . 

ratings; A C R  of 4.0 requires negligible change i n  the s i z e  of the 

safety valves. 'The safety re1 ie f  capacity of each valve instal led 
. . 

i n  theevaporator s h a l l  be 135,000 lb/hr. The safety re l ie f  

capacity of each superheater valve shall be 58,000 I bs/hr. 

For the' steam drum relieving capacity,, considering only the 

i n p u t  fo r  the three (3) evaporators, was calculated according t o  
. . 

Appendix A-12 .of section I. .. t h i s  formula s t a t e s  that  the re1 ieving 

capacity shall equal 75% of the heat input divided by 1,100. 

T h i s  fesul ts  i n .  a required re l ie f  capacity of 510,000 lbs/hr for  
. . . . 

the steam drum. One 2-1/2" power operated control valve wi 11 be 

instal  l e d 6 0  the steam drum for  operational control. 
. . 

11.5.5.3 ~ k p o r a t o r  Section ' . 

The re l ie f  capacity of the SGWCS evaporator section includes the 

reli(f capacity of three (3) evaporators and a steam drum. As a 
. . 

resul t ,  the to ta l  re1 ie f  capacity i s  1,320,000 1 bs/hr (three 

evaporator units plus steam drum equals 270,000 1 bs/hr x 3 plus 

510,000.1 bs/hr) which is, greater '  than.-.the 1,200,000 1 bs/hr. steam 

generator capacity for  the three (3)  evaporators. This does not 
. . 

include the capacity of t h e  superheater safety val ves which are 

not permitted by Para. CG 68.2 of Section I ,  because there are 

intervening valves between the evaporator and superheater components. 

(1 )  Drawings of typical safety valves are in Appendix "C". 

( 2 )  Valves are 1 isted in Appendix "E". 



11.5.6 ~ t e a m l ~ a t e r    sol at ion and Dump Valves 
. . 

Steam/watG isolation and . dump . valves are  not covered by th i s  

specification. 

1 1.5.7 Evaporator 

~ v a ~ o r a t o r s  are not covered by this speci f i cat i  on. 
. . .  

1 1.5.8 superheater 

Superheaters. are not covered. by t h i s  speci fication. 
. . 

11.6 DETAIL INSTRUMENTATION AND CONTROLS 

Process instrumentation, logic and controls..for the SGWCS interface with the 

overall plant .control system of the LMFBR Demonstration Plant. The fol lowing 

instrumentation and controls w i  11, be provided f o r  the SGWCS: 
. > 

A. ~nstrumentation for  measuring and recording SGWCS procesi parameters and 

equipment .operation such as flows, pressures, temperatures, drum level 

and steam conductivity . 
. . 

(1 ) A 1 i s t  ,of instrumentation fo r  the SGWCS i s  included ( t o  be added). 

( 2 )  process' parameters are included i n  Appendix' "C" . , 
( 3 )  Back up  instrumentation sensors are provided' when such equipment 

. .  . 

. is . '  inaccessible f o r  convenient maintenance. ( A  1 i s t  t o  be provided 

1 a t e r )  . 

B. '  Following functions are performed by' controls instrumentation b u t  are not 

i ncl uded. in thi  s speci f i cat i  on : 

(1) steam drum water level control t o  hold water level within the 

.requi'red 1 imi ts . 
( 2 )  Circulating pump controls for  placing hot standby pump into operation 

following the loss o f  an operating pump, pump protection system 

pump s t a r t  up and shut down. 



1 1 ;6 DETAIL INSTRUMENTATION AND CONTROLS ( ~ o n t  i nued) 
. . 

B. (3) steam cbn t ro l s  such as feedwater f l o w ,  steam f low, super- 

heater  o u t l e t  pressure, superheater o u t l e t  temperature con t ro l  1 ers  . 
. . 

11.7 DETAILS OF FEATURES TO R'EDUCE THE EFFECTS OF HAZARDOUS CONDITIONS 

f b e  design o f  t he  ,SGWCS. s h a l l  reduce t h e  e f f e c t s  o f  a hazardoux condi t ion:  
. . . . 

A. L i v e  steam problems a're -minimized by:. 
, . .  

(1 ) Checking var ious pa r t s  o f  t h e  sys tern f o r  1 eaks as the  system 

' . p ressure  i s  increased dur ing  s t a r t  up. 
. . 

(2) ~ r o v i d i r i g  safety r e l i e f  valves equipped w i t h  exhaust  s tacks which 

d e f l e c t  any steam re1 i e f  t o  inaccess ib le  areas. 

. B .  water-to-sodium tube leak  reac t i on  i s  minimi'zed by: 

(1) Prov id ing  a steam generator water/steam . . i s 0 1  a t i o n  and dump system which 
. . 

i s o l a t e s  and dumps water/steam from evaporator-superheater combination 

i n t o  a n  i n e r t  gas blanketed, c o l l e c t i o n  chamber. 

(2) p r o v i d i n g  c a p a b i l i t y  t o  ' r e l i e v e  the  pressure and r e a c t i o n  products 

generated o n  'the steam genergtdr sodium side.. ' . '.' 

NOTE: ' The"systemi . . i n  i t e m  (1') and (2)  above are  n o t  covered by t h i s  

spec i f i ca t i on .  

C. Overpressure o f  pressure par ts '  i s  minimized by.: 

(1) ~ r o v i d i n ~ a n  e l e c t r i c a l l y  operated ac tuator  r e l i e f  va lve on the  steam 
. . 

drum. This valve w i l l  be remotely operated from the ,  con t ro l  raom, 

to '  re1  ieve steam generator pressure. 

(2 )  Prov id ing  s e l f  actuated re1 i e f  valves i n  the  SGWCS t o  mairitain 1 i n e  
. . 

and vessel pre'ssures below design 1 F m l  t s .  

Do A 1 i s t  o f  operat ing alarms and corresponding c o r r e c t i v e  ac t ions  associated 

w l t h  the  operat ion o f  the SGWCS and i t s  components i s  inc luded ( t o  be 

added). 



11.8 M A I L  OPERATION AND MAINTENANCE 

11 -8.1 Operation 

The .operation o f  the SGWCS s h a l l  meet the requirements established 

f o r  upset, 'emergency and fau l  ted condi ti ons as out1 i ned i n  3.2.11 -2. 

A. Operating 1 imitat ions o f  the SGWCS are. provided as fol lows (pa r t i a l  

1 isting-remainder' . . t o  fol low) : 

(1 ) Feedwater must be made avai.1 able t o  the SGWCS i n  order t o  . 
. . 

maintain Water i n  the system t o  remove. reactor decay heat 

during p lan t  shutdown. . . 

(2) The water idvel  must be maintained w i th in  a tolerable 1 i m i t  i n  

' the  drum if the c i r cu la t i ng  pumps are t o  function properly t o '  

prevent shutdown. 

B. operating steps f o r  a recovery and  return t o  normal operation are 
. . 

as'fol lows: 
' 

(1) The ent i re  system i s  shutdown, and the component requi r ing 
... . 

major repairs i s  cut  but o f  the water and sodium p e i s u r e  . . 

.. . . . .  

parts. 

(2) The open end pressure parts are capped, and the remaining 

system i s  placed. back i n t o  normal operati on. 

1 1 .8! 2 ~ a i  nteiance .: 
, . . .  

' . A. Routine maintenance a c t i v i t i e s  w i l l  be performed during reactor .  . 

outages. The SGWCS i s  designed t o  perform t h e  f o l  lowing maintenance 

ac t i v i t i es :  . . 
. . 

. . (1 ) ' Adjust and repai r  equipment i n  p l  ace. 

(2)  Replace components wlth spare unl t ( repai r  the disabled u n i t ) .  

The design o f  the SGWCS shal l  provide the f o l  lowing madntenance 

features : 



1 1.8.2 Maintenance (Conti wed9 -- 
. . 

8. The d&ign%of  the SGWCS sha l l  the fo l lowing maintenance 

features : 

(1) items, such as motors, valves, actuators, sensors, etc. are . , 

designed and arranged t o  permit inspection, adjustment and 

repai r. 

(2)  Su f f i c ien t  space, hand1 i ng  equipment, and accessi b i  1 i ty are 

provided t o  minimize maintenance a c t i v i t i e s .  

( 3 ) .  C r i t i c a l  operating' items are designed t o  have redundancy t o  

prevent unscheduled shutdown o f  the system. 

(.4) Provis ion t o  move , large components from the bu i ld ing  t o  a 

maintenance f a c i l i t y  w i l l  be provided f o r  such items as 
. . 

c i r c u l a t i n g  pump motors, etc. 
. . 

(Part i .al  l i s t i n g  - addi t iona l  1 i s t i n g  t o  be added) 
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APPENDIX "A" 

REFERENCES 

(To be. provided 1 ater) 



APPENDIX "B" . . 

Parameter List 

.. ?his" section contains engineering parameters for the 

SGWCS. (Page 35-A, 35-8, 35-C, 35-D and 35-E are a partial 

1 isting - the remainder to be added) 
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G I  .0 SCOPE 

This speci f i c a t i d n  defines the requirements f o r  the design;' materi  a1 

selection, fabr icat ion,  test ing,  inspect ion and i n s t a l  l a t i o n  o f  a steam 

drum f o r  the SGWCS and spec i f ies  a t yp i ca l  drum n o r m ~ l l y  supplied by 

C-E . f o r  t h i s  type o f  duty i n  compliance w i t h  these kq " i& ien t s .  

61.1 INTENTION 
. .  . 

This ,dyum sub-speci f i c a t i o n  i s  pa r t  o f  the base SGWCS Spec i f icat ion 

where the e n t i r e  system behavior, design, etc. i s  out l ined i n  de ta i l .  

It i s  not  t h e  in ten t ion  o f  t h i s  spec i f i ca t ion  issuer t o  needlessly 

or 7-egal is t ica l ly  repeat base spec i f i ca t ion  information t h a t  i s  appl icable 
. .  . 

t o  the steam .drum such as general descript ion, operation, maintenance, 

s t ruc tu ra l  design, transients, etc. 

The in ten t ion  i s  t b  provide addi t iona l  s team drum- infohnation, major 

departures, e t c .  from the base SGWCS s p e c i f i c a t i o n  knowing t h a t  appl icable 

sec t ions  d f  t h e  base spec i f i ca t ion  apply w i  tho& w r i  t t kn  record; 

62.0 REQUIRED TECHNICAL FUNCTIONS AND DESIGN FEATURES - 
. . .  . . . . 

62.1 REQUIREDTECHNICAL FUNCTIONS 
. . 

  he steam drum shal l  : 
. . 

A. ~ e ~ d r a t e '  the steam/iater mixture enter ing the drum from the evaporators 

i n t o .  saturated water and saturated steam. 

(1 ) , The steam sha l l  be o f  acceptable pur i t y .  

( 2 )  Saturated water sha l l  be f ree  enough from.entrained steam so 

tha t  enter ing feedwater i s  not  heated by any entrained steam. 

B. Provide proper amount o f  water storage i n  the drum w i th  a hor izontal  

and s t ra i gh t  water leve l .  

(1) Proper i n  the extent tha t  the water leve l  can be contained w i th in  

cer ta in  speci f ied physical ( ve r t i ca l  height w i  t h i i ~  drum) 1 i m i  t s  f o r  

normal operation. 



. . 

62.1 REQUIRED TECHNICAL FUNCTIONS (fonti nued) 
. . 

C. Contain in te rva ls  t o  .allow the drum t d  be heated and cooled 

qu ick ly  and uniformly wi th  temperature change o f  f l  u i d  o r  steam/water 

mixture. 

D. Be such tha t  i n l e t s  t o  the downcomer shal l  .prevent vor tex in i  and 

large foreign objects f r o m  entefing the downcomer. 

E. Provide proper feedwater i n l e t  and mixing .within the drum: 

(1 ) .Proper i n  the sense tha t  the mixed water temperature f o r  

each downcomer shal l  have the same temperature and subcool ing. 

F. Provide a means o f  cont ro l l ing  impurity concentration w i th in  the 

SGWCS-.from the drum which normally has a higher impurity level  than 

other parts o f  the SGWCS. . . 

, . . .  

6. Be designed so thatthe.& i s - a  low pressure drop f o r  the mixed f l u i d  

leaving. the drum. This i s  required f o r  saturated water operating 

.conditions when the water level  i n  the drum i s  .the only means o f  

. .keeping the saturated l i q u i d  from flashing. 

REQUIRED TECHNICAL DESIGN FEATURES 

62.2.1 -. REQUIRED PROCESS PARAMETERS . , . . 

The drum. shall .  be .designed .to ,meet Maximum Continuous Rating (MCR) 
: . '  ' 

conditions 1 i s t e d  i n   able 4. . . 

TABLE 4 
. . 

Maximum Conti.nuous Rating. (MCR) 
Design Process Parameter 100% Load Design 

. . C0nd.i ti ons 
(1 ) Saturated steam flow - 1 bs/hr (rounded) 1,200,000 . . 

(2) Drum operating pressure - psig 

(3) C.R. . . 

(4) ' Enterlng feedwater temperature - O F  

(5 )  Drum design pressure - psig 
. . 

.2840 

(6)  Drum design temperature - OF 688 
(Par t ia l  L is t ing  - remainder t o  be added - 
A1 1 parameters' 1 i s ted  i n  Appendix ."B").. , .. 

. . . . . . 



. , 

62.2.1 REQUIRED .'PROCESS PARAMETERS (continued). 

B. Addi t ional  operating and design parameters are fqund . i n  

Appendix ' "B" . 
62.2.2 REQUIRED 'DRUM CONFIGURATION 

A. The LMFBR   em on strati on P lant  sha l l  contain three. ( 3 )  steam 

. generator water/st6am'system~; the& sha l l  be a steam drum f o r  

each SGWCS - a t o t a l  o f  'three (3) drums f o r  t h e  plant .  

B . Each drum sha l l  contai n drum i n te rna l  s., feedwater p i  p i  ng , downcomer 

vortex breakers and screens, blowdown p i  ping, etc. 
- .  

DESCR'PTION OF REQUIRED STEAM; STEAM AND STEAM WATER MIXTURE FLOW 

- . Each drum $ha l l  operate i n  t h e  f o l  1 owing manner: 
' 

A. steamlwater mixture i s  f e d  t o  the drum from evaporiitoys. 

B. " ~ ~ t ~ a m / w a t e r m i x t u y e  i s  separated i n t o  saturated steam and . . 

. .. 
. . . . 

saturated water.  .' . . 

C. separated saturated water i s .  r ese rvo i r ed  i n  the drum and mixes. 
. . . . .  . . . . . . . . 

w i  t h  . feedvkter  . .  . being fed i n t o  the 'drum. 
8 

.D.  he mixt l i re o f  saturated water and feedwater.leaves the drum by 

means. of downcomers f o r  del i ve r y  t o  the c i  r cu l  ati 'ng. pumps. 

E. . The saturated steam leaves t h e  drum by saturated steam tubes 

f o r  del i ve ry  t o  the superheater modules. 

62.2.4 REQUIRED DRUM INTERNAL REQUIREMENTS 

Drum i n te rna l  s sha l l  : 

A. separate  the steamlwater mixture i n t o  saturated steam arid saturated 
. . 

water using the, p r inc ip les  o f  cen t r i fuga l  separation and p l a te  d r i e r s .  

B. provide steam of acceptable p u r i t y  so t ha t  carryover does n o t  under- 

mine the parameters upon which the superheater modules were designed. 



62.2.4 REQUIRED 'DRUM INTERNAL REQUIREMENTS (continued) 

C. Provide. saturated water t h a t  ii f ree  enough from entrained steam 
. . .  

so that  entering feedwater i i  not heated by any entrained steam. 

.Loss of subcooling, due to entrained steam, undermines the design 

parameters upon which the evaporator modules were designed. 

D. Heat and cool the drum metal quickly and uniformly during s tart-up,  

cool down, transients, etc. 

E.   he distribution of the steam/water mixture 'entering the drum, of 

saturated steam leaving the drum and of mixed water leaving the 
. . 

drum m u s t  be uniform over the.drum length regardless of which circu- 

l a t i n g  pumps or superheater modules are i n  operation. Steam and 

steam/water' m i x t w  cross flow- j s minimized 'with proper distribution 
. . . . . . 

resulting in proper drum internal 1 oadi ng . 
REQUIRED DRUM WATER STORAGE.. 

- ' 

. . 

The drum' water storage shall be ample, a n d  have a s tk j i  g h t  and hori zkntal 

water level so that for normal control and feedwater regulation, .the 

level of the drum can be held 'within (vertical height) limits j n  the 

steam drum because high level produces steam- carryover and low level 
. . 

influences , the operati on of the 'circulating pumps. .This requires . that:  

A. The relationships of the drum diameter, location of normal water 

level height in the drum, dveilable longitudinal mixed water flow 
. . 

area to downcomers, etc. shall be such that the quantity of water 

stored in the drum i s  sufficient and that the water flow to downcomers 

i s  such that the level i s  straight and horizontal. 



62.2.5 REQUIRED 'DRUM WATER STORAGE (con ti nued) 

B. The d i s t r i b u t i o n  of t he  steam/water mix ture  en te r ing  the  drun, 

o f  saturated steam leav ing  t h e  drum and. o f  mixed water l eav ing  

t h e  drum must be kept  uniform over. t he  drum leng th  regard less  o f  

which c i rcu la t ing-pumps o r  superheater modules are  i n  operat ion 
. . .  

so t h a t  cross f l ow  o f  steam' and water i s  minimized w i t h i n  the  

drum keeping the  l e v e l  s t r a i g h t  and ho r i zon ta l .  

62.2.6 REQUIRED DRUM FEATURES GENERAL 

A. A low pressure drop vor tex breaker s h a l l  be i n s t a l l e d  i n  the 

i n l e t  t o  each downcomer, and t h e  downcomer entrance s h a l l  be s ized 

t o  prevent: 

(1) Vo r tex ing .o f  the  e n t e r i n g . f l u i d .  

(2) F l a i h i n g  o f  f l u i d  l eav ing  the  drum a t  operat ing cond i t ibns  

where t h e  f l u i d  i s  saturated f o r  normal water l e v e l  range. 

B. A screen s h a l l  be provided over each downcomer t o  prevent l a rge  

fo re ign  ob jec ts  from en te r ing  the pumps and jamming the  pump 
. . . . 

impel 1  ers. 
. , 

C. ~eedwater  s h a l l  be fed '  i n t o  the  drum' a t  (2)  two . . po in ts  and mixed 

w i t h  the  reservo i red  sa tura ted water over the  downcomer entrances 

so tha t :  

(1 ) The feedwater i s  no t  heated by any poss ib le  ent ra ined steam. 

(2) The feedwater i s  we1 1  mixed w i t h  the  saturated water being 

r e c i  r c u l  ated. 

D. A continuous blowdown p ipe s h a l l  be provided t o  ho ld  t h e  impur i t y  
. . .  

o f  the  reservo i red  drum water w i t h i n  s p e c i f i e d  1  i m i t s .  

E. The drum s h a l l  be provided w i t h  vents, dra ins,  r e l i e f ,  instruments, 

and any add i t i ona l  connections and appurtenances t h a t  s h a l l  be r e -  

qu i red  f o r  proper f i l l  i ng, dra in ing,  i n s t a l  l a t i o n  and operat ion o f  
. .. 

the  drum. 



63.0 DETAILED SPECIFICATIONS 
. . 

The fo l low ing  informat ion spec i f ies  those C-E designs ' f o r  the s t h  

drum i n  compliance'with requirements ou t l i ned  . i n  Sections 1.0 and 2.0. 

A. Omission o f  ce r t a i n  v e r i f i c a t i o n  statements i n  t he ' f o l l ow ing  para- 

graphs, regarding adherence t o  ce r t a i n  requirements 1 i sted i n 

Section 1 and 2, was made i n t e n t i o n a l l y  f o r  s i m p l i c i t y  and avoidance 

. . o f ,  need1 ess , repe t i  t ion.  

The i n ten t i on  i s .  t o  provide..addi t i ona l  detai1.ed- informat ion f o r  . 

the C-E steam drum design knowing t h a t  requirements,:in Section. 1 and 2 

apply wi thout  w r i t t e n  record.. ' 

63.1 DETAILED SYSTEM CONFIGURATION 

A. One steam drum per SGWCS - three (3) drums per pl:ant. 
. . 

B. The fol lowing steam drum drawing informat ion i s  found i n  Appendix "C" : 

(1 ) A schematic sketch o f  60" Drum 1"ternal ~ r r a n ~ ~ m e n t .  

(2) A three (3) page summary o f  pressure parts g iv ing  number, s i ze  

and mate'rial o f  pressure parts. 

(3)   he fol lowing drawings were made f o r '  the steam drum and i n t e r n a l i .  
. . 

f o r  the 30 MW SCTI ~ o d e l  fir the 1000 MW hemonstration ~l ant ; the 

drum f o r  the SGWCS i s  s i m i l a r  i n  design. - only longer i n  length.  

The .drawings are: 

(a)  7670-1E1402 Deta i l  Assembly o f  60" I .D.  Steam h rum 

(b) 7670-1E1407 Arrangement o f  In te rna ls  f o r  60" Steam Drum 

(c)  7670-1E1408 Detai 1 o f  . In te rna l  HD Panel P I  .-Drum 

(d) 7670-1B1457   ate rial f o r  60" I .D. Steam Drum 

(e) 7670-1B1458 16" O.D. Manhole Cover 

( f )  7670-1 C1446 Deta i l  o f  8" Downcomer Nozzle 

(g)  SK#07670273-0 Drum In terna l  Analysis: Sheet 



63.2 REOUI RED DESIGN PARAMETERS 

The steam drum 'is designed . .. to  meet. the required parameters l is ted in 

Section 2.2.1. 

63.3 DETAILED SYSTEM PERFORMANCE CHARACTERISTICS AND GENERAL FEATURES 

63.3.1 COMPONENTS 

63.3.1.1 DRUM SHELL 

A. The steam drum of the' SGWCS i s  designed' in accordance with proven 

procedures' establ ished i n designing steam drums fo r  control led 

circulation boilers covering a period of over twenty (20) years 

for over 250 boilers. 

Thus, the re1 ations hi ps between she1 1 drum di apeter , 1 ocati on 

of normal water level, available lqngitudinal fluid flow area to 

downcomers, etc. for the establishment of proper water storage and 

' . horizontal and straight water level design i s  se t  from both 

analysis and experience. 

B .  The 60" inside 'diameter drum i s  42' long between head she1 1 welds. 

(1) Drum plate wi 11 be establ ished similar to the method shown 
. . 

for the 30 MW Drum Material sheet in Appendix "c". 
( 2 )  Drum plate material i s  included in pressure part sumnary in 

Appendix "C" . 
(3) See 30 MW Drawings for steam drum head arrangement, manholes, 

etc; they are similar for 'the 1000 MW constructed drum. 

63.3.1 .2 INTERNALS 

A. The steam water separation equipment i s  do1 lectively known as .drum 

internal s .  They consist of primary and secondary separators and 

corrugated plate drier. The primary-secondary separator assemblies 

,have been a standard and used successfully on 250 Controlled Circula-, 

tion boilers. The corrugated plate drier has been used for over 10 years. 



63.3.1.2 INTERNALS (continued) 

A. continued 

The 60" drum i s  equipped w i t h  two (2) rows o f  primary-secondary 

separator assemblies and a corrugated p l a t e  d r i e r .  Each row o f  

separators has twenty-s ix  (26) assemblies on 18-1/2". centers. For 

the  maximum steam f l o w  o f  1,200,000 1 b/hr, each assembly i s  r a t e d  

a t  23,000 lb/hr .  The steam released per f o o t  o f  a f fec ted  drum. 

i n t e r n a l s  i s  28,600 lb /h r .  With the  r e c i r c u l a t i o n  r a t i o  o f  4 and 

an .operat ing pressure o f  2700 psig, these r a t i n g s  :are w i t h i n  l i m i t s  

o f  operat ing c o n t r o l  c i r c u l a t i o n  b o i l e r s  and assure s a t i s f a c t o r y  

performance. 

With the  above mkn t ion id  drum i n t e r n a l s  separat ion o f  water/ 

s team i n  the  ' drum i s  completed i n  th ree stages. See Schematic Sketch 

o f '  60" Drum I n t e r n a l  Arrangement i n  Appendix ' !C" ; the water and 

steam mix ture  from the  evaporator i s  in t roduced i t  the  t o p  b f  

the.  drum on both sides o f  t h e  center1 i n e a n d  sweeps the  drum s h e l l  

on i t s  path ' t o  the  bottom. This water t i g h t  compartment, t h a t  

encloses the  mix ture  against  the  drum s h e l l ,  i s  c a l l e d  - the  shroud. 

Th is  f l o w  p a t t e r n  promotes quick metal heat ing and uni form drum 

metal temperature. The mix ture  then enters the  pr imary separators. 

A c e n t r i f u g a l  separat ing fo rce  i s  created by vanes which g i ve  

the mix ture  a spinning a c t i o n  as i t  t r a v e l s  upward through the 

separator. The concentrated l a y e r  o f  water, f l ow ing  upward along 
. . 

the  sur face o f  the  pr imary tube i s  skimmed o f f  a t  t he  top  and d i r e c t e d  

downward through the outer  concentr ic  tube. I t  i s  discharged bel'ow 

the  water .  1 i ne  w i t h  the minimum disturbance t o  . the water l e v e l .  Th is  

completes the,  f i r s t  stage o f  separat ion. 



63.3.1 O.2 INTERNALS (continued) 

A. (continued) 
. . 

The steam and small quant i ty  o f  entrained water, i n  the 

separator beyond the vanes, continues upward :to a steam c o l l e c t o r  

nozzle and turns ho r i zon ta l l y  i n t o  the secondary separator. This 

consists o'f a c lose ly  spaced corrugated p la tes and i s  designed t o  

force out  the entrained water from the steam. The ve loc i t y  a t  

t h i s  po in t  i s  r e l a t i v e l y  low,, and the water can no t  be re-entrained 

from the:wetted surfaces. It runs o f f  the p la tes away from the 

steam out le ts .  The steam then leaves the separator and flows 

upward and through the corrugated p l a te  d r i e r  located a t  the top 

o f  the. drum. Thi's completes the t h i r d  and f i n a l  stage o f  

separation before the steam leaves the drum f o r  the superheaters. 

The separated water from the three stages o f '  separation combined 

w i t h  incoming feedwater and' r c c i  r i u l  ated saturated water t o  ,provide 

subcooled downcomer f low. 

(1)  I n  order t o  obtain maximum ef fect iveness o f  drum i n te rna l  

performance, uniform ' f l ow d i s t r i b u t i o n  i s  required and' i s  

accomplished by considering the f low and loca t ion  o f  r i se rs ,  

downcomers, steam ou t l e t s  and feedwater pi.pi ng . The drum 

has four  (4) rows o f  r i s e r s  w i th  an equal number o f  r i s e r s  

i n  each row. There are eighteen (18) steam - steam ou t le ts  

i n  a s ing le  row, fou r  (4) downcomers and two ( 2 )  feedwater 

i n l e t  nozzles w i t h  in te rna l  piping; a l l  are located t o  provide 

the desired d i s t r i bu t i on .  

( 2 )  F.10.w ve loc i t i es  through the drum in fe rna ls  w i l l  be s i m i l a r  

t o  those shown f a r  the 30 MW drum in te rna ls  on Drurn In te rna l  

Data Sheet found i n  Appendix "C". 



63.3.1.3 FEEDWATER LINES . 

A. Feedwater enters the drum a t  two (2) po in ts  and d iv ides i n t o  

f ou r  (4) branches t h a t  feed feedwater d i r e c t l y  i n t o  downcomer 

i n l e t  nozzles . 
. (1 ) See 30 MW drawings i n  ~ p ~ e n d i x  "C" ; arrangement f o r  lOOOMW 

. i s  s imi lar .  . . 

63.3.1.4 DOWNCOMER VORTEX BREAKER AND SCREEN . 
. . 

A. A standard C-E vortex breaker i s  i n s t a l l e d  a t  the i n l e t  t o  each 
- .  

. . . downcomer, 

(1) D iv i s ion  p la tes d i v i de  the downcomer i n l e t  i n t o  f ou r  (4) 
. . 

.equal compartments. 
. . 

(2) ~ h e . . ~ l a t e s  extend from the down.comer i n t o  the drum proper. 

( 3 )   here i s  a p la te  on top of the' extended d i v i s i o n  p la tes which 

forces the rec i rcu la ted  water t o  en te r . f rom the sides o f t h e  
, . 

, vortex breaker i n t o  t he  d iv ided compartme~ts. 
. . 

B.  here i s  a standard C-E screen bbx over the vo r t exb reake i  t o  
. . 

keep large pieces, o f  fo re ign  matter  f o r m  e n t e r i n g  the downcomer. 
. . . .  . . 

63.3.1.5 CONTINUOUS BLOWDOWN . ,. 

A standard C-E continuous blowdown l i n e  i s  provided i n  the steam drum. 

A. It i s  proper ly located and designed t o  prevent blowing down 

feedwater but  t o  remove h igh ly  concentrated water w i t h i n  the drum. 
. . 63 i3.2.1 DETAILED FEATURES 

A. The above drum in te rna l  s a re  guaranteed t o  provide steam w i t h  a 
. . 

. . maximum of 0.2% moisture carryover. 

. B,. .The drum ' i s  provi'ded w i th  vent, drain,  re1 i e f ,  tes t ,  ihstpument, 

etc. connecti.ons and appurtenances f o r  venting, 'draining; i n s t a l l  a- . 

t l o n  and eperntlon o f  the drum. 



63.3.2.1 DETAILED~~FEATURES (continued) . 

. . C. A t e s t  instrumentation is provided i n  the drum t o  check' 
. . 

actual water 1 eve1 . - 

(1) Details of t e s t  instal la t ion ( la ter ) .  - . 
. . 

D. Steam . . sahpl ing probes are 1o;ated i n  the drum and a t  steam 

outlet  fo r  steam purity tests .  

(1) Details of : installation ( l a t e r ) .  

63.4 DETAILED INSTRUMENTATION A N D  CONTROLS 

' ~rocess:~instrumentat ion,  1 ogi c and controls for  the  steam drum inter-  . 

faced w i t h  the ' overall plant. control system of. the :LMFBR Demonstration 

~1 a n t ;  nore 'the f011 owi iig :. . . . . 
. . 

A. instrumentation i s  provided tb measure and record drum process para- 
. . . . . . 

meters and equipment  operetion such as flows, pressures, drum metal 

temperature, drum, level , steam conductivity, e tc .  

(i) A detailed l i s t  of provided. iristr"mentiition fo r  the steam drum 

i s  included ( t o b e  added). 

(2 )  Process parameters aye included in Appendix . . " B " .  

(3) Backup senses for  the instruments are.  provided when such .equi.p- 

.rnent i s  inaccessible for  convenient maintenance. 

9. Drum and Demonstration plant '  logic and control s are 'required t o  

perform the following functions b u t  are not covered by th is  specification: 

( I )  steam drum water level control to  hold water level within 

required l.imi ts. 

(2) Normal expected drum pressure, steam flow, e tc .  controls. 



GJ.5 DRUM OPERATING LIMITATIONS DETAILS (Par t ia l  L i s t  - Remainder t o  follow)' 
9 .  

A. A l i s t  o f  .operating alarms .and corresponding correct ive actions 

associated wi th  the drum and i t s  components i s  included ( t o  be 

added la te r ) .  

B. Feedwater must be available t o  the drum t o  maintain water i n  the drum 
?' 

,- 
.. i f  the SGWCS i s  t o  handle the reactor decay heat during p lant  shutdown. 

, -- C. Water level  must be maintained w i th in  the drum if the c i rcu la t ing  
: 1 

pumps are t o  function properly and not be required t o  be shutdown. 

D. Drum level  must not exceed f a r  above the upper normal water leve l  

operating l i m i t  because there i s  the poss ib i l i t y  o f  carryover. 
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H 1.0 SCOPE . 

: This spec i f i ca t ion  defines requi&ments f o r  the design, mater ia l  select ion, 

fabr icat ion,  test ing,  inspect ion and i n s t a l  l a t i o n  . o f  a  rec i r cu la t i ng  pump 

f o r  the SGWCS and spec i f ies  a  t yp i ca l  pump design normally chosen by C-E 

f o r  t h i s  type o f  duty i n  compliance w i t h  these r e q u i h n t s .  

H 1.1 INTENTIONS 
. . 

A. I t  i s  n o t t h e  s p e c i f i c a t i o n i s s u e r ' s  i n ten t i on  t o  design the inner  

workings of i, r e c i  r cu la t i ng  pump; the. i n ten t i on  is. - t o  present general 
. - 

design. requi r%ments to  the pump manufacturer and a1 low h i m  the freedom 
$. . 

t o  design, se lec t  materials, etc.  (w i th in  l i m i t s )  and  assume the 

responsi bi.1 i ty f o r  the.  inner  workings o f  the r k c i  r cu la t i ng  pump. 

8. I t i s  t h e  spec i f i ca t ion  issuer 's  i n t e n t  t o  ask pump .manufacturers to .  

meet RDT Standards. However, if RDT Standards- cannot be met, i t must 
. . 

be so s-tated, and t h e  pump manufacturer must s t r i v e  t o  reach and 

i t a t e  the highest level; bf t h e  s p i r i t  o f  RDT' standards t h a t  he can 

C . The 'pump':'shbspeci f i c i  t i on i s  of t h e  base SGWCS 
. . .  

. s p i c i f i c i t i o i  where information on the e n t i r e  has been out l ined 

i n  de ta i l .  As the pump i s  an i n teg ra l  p a r t  o f  the SGWCS -speci.f icat ion, 

there i.s informat ion t ha t  i s  appl icable t o  the pump in. the base 

spec i f ica t ion,  such as Codes,, t ransients , operati  on, maintenance, 

general descript ion, etc.. . . 

I t  i s  not  the i n ten t i on  o f  the spe'c i f icat ibn issuer t o  needlessly 
. . 

repeat base spec i f i ca t ion  information i n  the pump subspecif icat ion. 

The i n ten t i on  i s  t o  provide addi t iona l  pump information, ind icate  

major departures, etc.,  from the base spec i f i ca t ion  knowing tha t  

appl icable sections of the base spec i f i ca t ion  apply wi thout w r i t t en  record. 



H 2.1 REQUIRED TECMICAL FUNCTIONS 

The rec i rcu la t ing  s h a l l  : 

A. ~ e c i r c u l a t e  b o i l e r  wa te r ,  mixed with f e e d w a t e r ' f r m  the steam drum, 

through the  evaporators  and steam/water mixture back to t h e  steam drum. 

B. Be able ,  i f  requirkd, t o  c i r c u l a t e  chemical cleaning so lu t ions  within 

s p e c i f i e d  limits without  pump damage. 

- H 2 . 2  REQUIRED TECHNICAL DESIGN FEATURES . - 
- - 

H 2.2.1 REQUIRED -SYSTEM CONFIGURATION 

A. There -are t h r e e  (3) reci rcul  a t i n g  pumps  per.^^^^^ .-..a total of 
. .. . . . 

nine (9) pumps per  p lant .  
. ,- .. . 

. . 
( I  ) See Abpendix "c '~ f o r  sche ia t i  c arrangement O~:SGWCS which shows 

. . 
typi c a i  pump arrangement. 

. . . . 

(d)  ' Any two (2)  operat ing pumps s h a l l  be capable of operat ing 
. . 

i n  para1 1 e'l t o  provi db design process  requi.rements. 
. . .-. . (b) . . ~ n ~ o n e  (1) ( i d l e )  pump s h a l l  be a complete spa re  and 

. . 

be capable ' o f  operat ing i n  paral l e l  w i  t h  the  o t h e r  pumps. 

(2) The height  of the steam drum above the r e c i r c u l a t i n g  pumps 

s h a l l  permit '  t he  design t o  meet a1 1 NPSH requi rements .. 
. . 

. . . . 

H 2.2.2 REQUIRED PROCESS PARAMETERS 
:. 

Any two (2) .pumps, operat ing i n  paral l e l  ,. s h a l l  be designed t o  meet the  

f o l l  owing process parameters ., 
A. ~ r o v i s i  ons s h a l l  be provided t o  increase  SGWCS des ign c i r c u l a t i o n  

r a t i o  (CR) from 3.5 t o  4.0 a t .  MCR; t he re fo re ,  two (2) pumps process 
. . . . 

des ign parameters a t  MCR s h a l l  be provided; they a r e  l i s t e d  i n  Table 3. 



' H 2.2.2 REQUIRED PROCESS PARAMETERS (con ti nued) 

. . 

TABLE 3 - . 

. .. REQUIRED DESIGN PARAMETERS - . 

A t  Maximum Continuous Rating 
2 Pumps .Operating - Performance o f  One o f  the Pirmps 

. . 
100% Load Design 

Condi t i ons  

(1') .Design 'C. R. 
(2) Flow GPM 
(3) Head Ft .  
(4) . Head PSI 
,(5). F l u i d  Temperature - OF 

(6) Approx. Pump Suction Pressure 
(7) SG :of F l u i d  

3.5 
,6550 

,247 :- 
.. 69 
: 639 

PSIG , 2719 
0.64 

(Pa r t i a l  L i s t i n g  - ~emainder t o  be provided) 

B. Operating, parameters. 1 i s  ted i n  Appendix "B" . 
H 2.2.3 GENERAL REQUIRED @MP FEATURES 

. . 

I' . 

A. Pump shal l b e  v e r t i c a l ,  s ing le .  stage w i  t h  v e r t l c a l  . . . . . top s u c t i o n  and 

dual. tangent ia l  hor izonta l  discharge and sha.11 be designed t o  be 
. . 

suspended f r o m  the suct ion 'nozzle w i t h  the motor down. 

(1) Length of center 1 i ne  displacement of tangent ia l  dis'charge 

nozzles and length o f  suct ion.  nozzles w i  11 be establ ished 

by the spec i f i ca t i on  issuer.  

(2) The pump sha l l  be designed f o r  counterclockwise r o t a t i  on 

when viewed from the d r i v e r  end. 

(3) Suction and discharge nozzles shal l .  be f i n i shed  f o r  welding 

' t o  SGWCS p i  ping o r  valves . Approximate O.D. o f  connection 

nozzles s h a l l  be: 

(a)  Suction - 16" O.D. 
Dual Discharge - 12-3/4" O.D. 



H 2.2.3 GENERAL REQUIRED PUMP FEATURES (Continued) 

. B. The d r i ve  s h a l l  be a can-motor o r  e lec t roners ib le  type motor. 

This d i f f e r s  from a conventional u n i t  i n  t h a t  the d r i v e . i s  caned 

o r  wet motor housed w i t h i n  the pump case and may be subject  t o  

f u l l  pump pressure. The Vequi red motor charac te r i s t i cs  s h a l l  be: 

three-phase, 60 Hz, *rpm, 4160 vo l t s .  The nominal r a t i n g  o f  the 

motor sha l l  be HP* w i  t h  a continuous overload .capaci.ty based on 

1.15 maximum service fac tor .  

* provided by pump manufacturer. . . 

(1) During bo i l e r . s t a r t - up  and shutdown the pump w i l l  be de l i ve r ing  
. . 

co ld  ..water f o r  a 1 i m i  ted per iod.  . ~ u r i  na t h i s  per iod the pump 

load w i  11 be substanti  a1 ly higher than normal. The motor , ' 

i e l ec tbd  shall, be capable o f  operating i n  t h i s  manner wi thout  
. . *:,", . . . . 

. imp$ir ing i t s  1 i f e  o r  performance. .<a 
(2)  whi le the. m o t o r  cav i t y  i s  i n i t i a l l y  f i l l e d  'w i th  co ld '  feedwater, 

the motor p a r t s  may eventual ly  be i n  contact w i t h  b o i l e r  water. 

Thk"motor sha l l  be able t o  operate equal ly i a t i i f a c t o r y w i  t h  

b o i l e r  water. Maximum property and impur i ty  1 i m i  t s  are ( t o  

be added). 

(3)  A l l  motor windings and terminals sha l l  be water t i g h t .  
. . 

(4) A l l  pump,motors sha l l  be interchangeable w i t h  a l l  pump casings 

furnished f o r  the SGWCS. 

C.  This t ype ,o f  pump does not  requ i re  a sha f t  seal since i t  i s  t o t a l l y  

enclosed i n  the pump casing. An a u x i l i a r y  impel ler  i s  general ly  

provided t o  insure high pressure cooled water c i r c u l a t i o n  through 

the, sha f t  sleeves, bearings and motor parts whi le  the pump i s  i n  

service. An external  cooler sha l l  be provided t o  keep the high 

pressure circulation f l u i d  from exceeding ( t o  be added) OF. ' 



H 2.2.3 GENERAL REQUIRED PUMP FEATURES (continued) . 

. . 

C. ' (continued) 

(1) The -cooler i s  a v i t a l  attachment t o  the pump and can o r  cannot 
. . 

be suppl i.ed w i t h  the pump. I t  w i l l  be- re fe r red  t o  i n  the pump 

write-up; however, the pump cooler i s  no t  covered, no t  provided, 

etc., by t h i s  spec i f ica t ion.  

D. The pump sha l l  be su i tab le  f o r  -the ho t  o r  co ld  standby service 

condit ions wi thout  impair ing i t s  performance. During the ho t  

standby condi t ion the pump w i l l  be i d l e  and subjected t o  f u l l  

press.ure and temperature. During. the co ld  standby. condit ion, the ' 

. . 

pump i s  i d l e  and:subjected t o  low pressure and ambient temperature. 
!!$. 

When a pump ii h e l d  on ho t  standby:i t w i l l  be kpet hDt by 
. . . . 

al i&iricj wa te i  t o  bypass the pump valves. I n  a c o l d  condition, 

w i t h  valves closed, i t  must be pieheated before s ta r t ing .  .The . 

M i imun  permissi b l e  t&mp&ratire d i f fe rence  between pump casing 

and b o i l e r  water fo r  normal s t a r t i n g  sha l l  be Specified ( t o  be added). 

E. The pump sha l l  be provided w i t h  the necessary thermometers, w i t h  

alarm and t r i p  contacts, t o  p ro tec t  motor/pump from excessive 

temperature. The normal motor temperature and the alarm and t r i p  

set t ings sha l l  Be spec i f ied i n  a report .  

F.   he pump sha l l  have connections t o  proper ly f i l l ,  vent, dra in  and 

.purge the pump and motor, i f  necessary, w i t h  clean water. 

6.  water fo r  f i l l i n g  motor cav i t y  sha l l  not  exceed property and impur i ty 

l f m i t s  found i n  ( t o  be added). 

H 2.2.4 PUMP PERFORMANCE REQUIREMENTS GENERAL 

A. T w o  (2)  'pump process c i r cu la t i on  parameters sha l l  be desi.gned f o r  

the SGWCS a t  MCR, see Section 2.2.2. 



H 2.2.4 PUMP PERFORMANCE REQUIREMENTS GENERAL (continued) 

A. (Continued) 

(1) A t  e i t h e r  design p o i n t  f o r  one pump operation, the  pump sha l l  

- be capable of de l i ve r ing  approximately 50% over ra ted capacity 

a t  the reduced head; the pumps sha l l  be designed f o r  continuous 

operation i n  t h i s  manner. 

(2) The pump performance s h a l l  be guaranteed' so t h a t  each pump 

sha l l  be capable o f   continuous operation a t  ra ted capacity 

and head o f  the condit ions specif ied i n  2.2.2. for  the SGMCS 

CR o f  4.0 process parameters; however,.the pump performance 

requirements f o r  the SGWCS CR o f  3.5 sha l l  be exceeded. 

sha l l  be as . f o l  lows : 

A. A complete hydrau l ic  t e s t  on water and a t  l ow '  suct ion pressure- on 

one u n i t  on the SGWCS t o  obta in  complete performance characteris t i c  
. . 

. curves. The required characteris t i c s  include' head, NPSH, power 

i npu t  . .and . o ve ra l l  e f f i c iency  versus capacity . 
. . 

B. A mechanical run a t  low pressure w i t h  water on the remaini.ng un i ts .  

C. E l ec t r i ca l  tests. Routine t e s t  outline's sha l l  be speci f ied i n  a 

report .  

D. Six (6) copies o f  .the pump performance curves sha l l  be furnished 

t o .  the specificati.0.n issuer. . . 

H 2.2.6 IMPORTANT REQUIRED INTERFACES NOT 'COVERED BY THIS SUBSPECI FICATION. 

The foll'owing interfaces are required and discussed, bu t  they are not  

covered, not  provfded, etc.  ;by t h i s  subspecif icat ion. 

A. Pump cooler which cools high pressure water t ha t  i s  c i rcu la ted  

through inner pump par ts  f o r  1 ubr i  cat ion and cool ing e f f ec t ,  see 



H -2.2.6 IMPORTANT .REQUIRED INTERFACES MOT COVERED BY THIS SUBSPECIFICATION 
(Con ti nued) 

B. Law pressure coo l ing water which i s  v i t a l  t o  pump operation. 

(1 ) It cools pump 'coolers.. 

(2) It cools+by o ther  coolers, pump water used t o  fill pump 

motor cavi  ty and pump, i f  requi  red. 

(3) It- cools purge water so t h a t  pump i s  purged clean w i t h  cool 

water, i f  required. 

(4)  his system i s  so v i t a l  t h a t  both a primary. and emergency 

(second) source i s  required. . . 

C. Law and h igh pressure f i l l  and purge which i s  used t o  fill and 

purge, - i f  required, a -motor/pump. 
. . 

D. . F i  11, vent and d ra in  system which are '  required f o r .  f i l l  i n g  and 

d ra i  n i  ng'- a pump. 

H 2.2.7 REQUIRED MATERIALS OF CONSTRUCTION. 

A .  The sha l l  be capable' o f ,  i f  required, t o  c i r c u l a t e  chemical 
. . 

. . c leaning ,solut ions, inc lud ing such i tems as impellers, impel ler  

seal r ings,  shaf t ,  casing, casing cover, considerati,on s h a l l  be 

given t o  the mater ia ls which w i  11 withstand the act ion o f  the 

chemical cleaning so lu t ion.  For the fo l low ing  chemical cleaning 
. . 

operat i  on: 

( 1 )  The c i r c u l a t i o n  o f  chemical cleaning so lu t ion  approximately 

30 minutes a t  times when the b o i l e r  i s  being chemically cleaned. 

However, t h i s  c i r c u l a t i o n  i s  no t  t o  exceed one hour t o t a l  t ime 

per year. - Total time'exposed t o  the chemical so lu t ion  w i l l  

. . no t  exceed 10 hours ti'me per year. 
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H 2.2.8 .REQUIRED INSTRUMENTS AND CONTROLS 

A. The spare pump s h a l l  be on h o t  standby and sha l l  be capable of' 

-being placed automat ical ly  i n t o  serv ice i n  ( t o  be added) seconds, 

i f  required. 
. . 

B. Instrumentation sha l l  be provided so t h a t  the b o i l e r  operator w i l l  
. . 

know t h a t  a  rec i rcu la t ing ,  pump i s  i n  operation. 
. . .  

C. process instrumentation and cont ro ls  sha l l  be provided t o  monitor 

and cont ro l  a  c i r c u l a t i n g  'pump f o r  normal and, upset, emergency 

and' faul. ted operat i  on and shutdown condi ti ons . 

The fo l lowing in format i  on spec i f ies  a  t yp i ca l  pump design normal l y  chosen 

by CiE f o r  t h i s  type . , of duty i n  accordance w i t h  requirements ou t l i ned  

i n  Section 1.0 and '2.0 o f  t h i s  subspeci f icat ion andappl  i cab le  requirements 
. . 

o f  .. the  base spec i f  i cation. 

A. There are many avai lab1 e  pump manufacturers ; however, Hayward-Tyl e r  

i s  used. i n  t h i s  subspeci f icat ion as t yp i ca l  equipment. 
. . 

H 3.1 . DETAILED .SYS~EM CONFIGURATION. 

The pump arrangement, found i n  drawings ND 723114, ND 723115 and ND 723116 

(Appendix "C") , meets the sys tem requi rements o f  Skct i  on 2.2.1 . 

The c i r c u l a t i n g  pump i s  designed t o  meet the process parameters ou t l i ned  

H 3.3 DETAILED PUMP CONSTRUCTION 

The fo l lowing i s  a  t yp i ca l  construct ion f o r  a  Hayward-Tyler (HTG) Glandless 

Motor Pump. 

Note:. See cross sect ion Hayward-Tyler Pump i n  Appendix "C" .  

A .  General 

The unl t consists o f  a  s ing le  stage cent r i fuga l  pump dr iven by an 



. . . I  

DETAILED PUMP CONSTRUCTION .(continued) ' 

. .. 

A. (continued) 

. , . . 
i i d u c t i  o n  motor o f  the wet s t a to r ,  type. 

~ h e . i n t e r i o r  o f  the  motor pump u n i t  i s  f i l l e d w i t h  cool water 

, a t  system working :pkessure.. There i s  no s t u f f i n g  b o x  on the r o t a t i n g  
~. 

pump shaf t .  The m o t o r  casing i s  b u i l t  t o  w i  ths t&d the f u l l  pressure 
. . .  . .  . . . 

o f  the system and the motor i s  woundwith special b k s s u r e  t i g h t  sub- 
. .  . . 

mersible cable;  he e l e c t r i c a l  supply i s  fed through pressure t i g h t  
. . 

cable i n l e t s .  
. . 

To keep' t h e l i p t o r  cool i t s  water: content i s  c i r c u l a t e d  through 

the external  heat exchanger by an a u x i l i a r y  impel l e r  ' i n t eg ra l  w i t h  

the t h rus t  d isc  located a t  the base o f  the motor. 

The design a lso includes a thermal b a r r i e r  f o r  minimising the 

f l a w  o f  heat from the t o  motor. 
. . 

B. Uni t Construction 
. . 

. .. 

The. construct ion o f  t h e  u n i t  i s  shown i n  the sect ional  arrange- 
. . 

m ~ n t  drawing c o i t a l  ned i n  ~ p ~ ~ n d i x  "C" : ' ' . 

. . . . . . 

The, uni t i s  desi y e d  f o r  k t i  cal  mounting w i t h  t h e  pump case 
. . 

posi ti oned uppernos t . The p i m p  and motor h ive a cornon shaft  , which 

car r ies  a r o t o r  on the lower. po r t ion  and. a key located impel l e r  a t  

the upper end. 

There are three main pressure t i g h t  coniponents, namely the 

pump case, motor-case and motor cover. Refer t o  the sect ional  . . 

arrangement drawing contained i n  Appendix "C"  f o r  component mater ia l  

speci f i  ea t i  on. 

The pump case i s  welded i n t o  the pipework o f  the b o i l e r  system 

a t  the  suct ion and de l i ve ry  branches and contains a l l  the volutes 

and passages o f  the pump. Tw in '  de l ivery  branches are employed and 
. .  . . . 



. . . .  . 

H 3.3 DETAILED. PUMP MNSTRUCTION ( i o n  . ti . nuid) . . 
. . . . . . 

. . . . .. 

B . con ti nued) . 
. . . .. . - .  

must be ar ranged t o  ensure t h a t .  there i s  a" equal  f lw from each- . . 

, . The motor and pump c i s e s a r e  connected. by means o f  a f langed. 
. . 

pressure . t i g h t  . j o i n t  secured by h igh t e n s i l e  studs and.nuts:  he 
studs are so destgned t h a t  hydrau l ic  tenstoners may b e  used t o  ass i s t  

ti gh ten in i  the m a i  ri  f 1 ange nuts. A f l e x i  t a l l  i c i j aske t  recessed i n t o  
. . 

t he  s ta in less  s tee l  overlays a t  the j o i n t  face provides. the pressure 

seal.. -. 
- .  

. .   he v t o r  case contalns 31 1 ' t he  moving p a r t s  o f  the. u n i t  other 
- .  

t haq  thi.  i . i p e l  l e r .  The  pressure' t i g h t  she1 1 i s  completed by the 

motor cover, secured and sealed i n  a s i m i l a r  manner t o  the pump case 
. . .  

j o i n t . .  T h e  impe1 lk r :o f  the "shr&ded t y p e  i s  f i t t e d  w i t h  a renewable 
.. . , 

w e i r i  ng r i ng .  ' The wedri ng r i n g  runs w i t h i n  another r i n g  located i n  
. . . . . . .  . , 

' the pump casing. . ' . 

Be1.w the impel ler  i s  located a heat ba f f l e ,  which rkduces. the 
. . 

f l o w  d f  heat down the u n i t  by convection and conduction. A sleeve 
. .  . . . . .. 

p&videa above the h e i t  b a f f l e  f6ms a l 'abyrihth. w i  t h  the under s ide 
. . . . . . .  

o f t h e  impe l le r  t o  l i m i t  sediment penetrat ion i n t o  themotor .  1f any 
. . 

. . . . . . .  

foreign matter should pass : in to  the motor e n t l o s u r ~ ,  i t  i s  f i l t e r e d  

ou t  by a s t r a i ne r  located a t  the base o f  the motor. 

. . The' s t a t o r  she l l ,  complete w i t h  the s t a t o r  pack, the. r o t o r  shaf t ,  

the journal  bearing housings and the t h rus t  assembly can be'withdrawn 

from the pressure t i g h t  motor case i n  .sequence f o r  maintenance., 

The motor . i s  o f  the squ i r r e l  cage i'riduction type wound w i t h  special  

watertight -Polyvinyl  -.chloride (P .V.C..) covered cable i n  the s ta to r .  

Phase j o i n t s  and connections t o  the leads, are molded i n  s o l i d  P.V.C.  

The s t a t o r  core i s  made o f  e l e c t r i c a l  q u a l i t y  sheet s tee l  stampings 

compressed between end pla'tes , and secured by means o f  a s p l i t  r i ng .  



H 3.3 DETAILED PUMP CONSTRUCTION (con ti nued) . . 

B. (con ti nued) . . 
. . . . 

. . 
: The r o t o r  cage i s  'of de-ox id i ied copper d i d  e l e c t r i c a l  cpa1.i ty ' 

br6nze bars,  used i n  conjunction w i t h  a laninated pack o f  e l e c t r i c a l  
. . . . . . 

qua1 i iy i t e e l  ( ~ e r o s i l  ) . 
C. Mot'or coo l ing C i r c u i t  : . ;: 

~ t ;e auxi 1 i a r y  . impel ler  ci ,rculates the H.P .. i h t e rna l  water content 

o f  the mot&- so 1,ong . i s  . t h e  motor . . i s  energizsd. The water' ii c i r cu la ted  
. . 

cont i  nudus l y  th&ucjh the be& ngs , not& windings and heat exchanger 
. . . . . .  . 

on a closed c i r c u i t .  
. . 

When t h e  no to r '  i s  s t a t i  ?nary thermo-syphon c i r c u l a t i o n  takes place 
. . 

to~'~remove' conducted . . heat from the pump end. Thus there i s  no waste 

o f  t r e a t e d ' b o i l e r  water w i t h  t h i s  design o f  u n i t .  
. . 

D: Heat ~xchanger ( ~ o t  covered, . . no t  'provided by t h e  spec i f i ca t ion )  
. . 

The' heat exchanger d issipates the, heat generated i n  the motor windings . 
~ r i c k e . t s  a r k p r o v i  de'd on the motor case t o  mount ' the heat exchanger .. 

Flanges w i t h  ra ised type faces a t  the head o f  the heat exchanger 
. . .  

. .  . 
: . connection f o r  t h e  external L P  coo l  i ng  water supply. 

' ' 

Interconnecting pipework i s  ~ u r p o s e l y  made short  and d f rec t ,  . . w i t h  

the 'heat exchanger mounted as hi.gh as pract icable,  i n  order t o  promote 

good thermo-syphon c i r c u l a t i o n  when u n i t  i s  on ho t  stand-by. 

The heat exchanger i s  o f  the she l l  and tube type, having high 

pressure b o i l e r  water on the she l l  s ide and low pressure cool ing 

water on the tube side. 

The low pressure cool ing water must be lean and from a r e l i a b l e  

source. 



H 3.4.1 PUMP PERFORMANCE DETAILS . '  

Hayward-Tyler pump performance curve, which 'meets ' the requi red pump 

design ,parameters, i s  provided i n  :Appendix "Cn . 
H 3.4.2 COMPONENT DETAILS . . 

. . 

H 3.4.2..1 INTERFACE MISCELLANEOUS PIPING SYSTEMS 
. . . . 

A.  rawi in^ E 679-677-2 (Flow Diagram B o i l e r  f o r  C i rcu la t ing  Pump) 
. . 

i s  found i n  Appendix "C". . . 

(1 ) This drawing shows t yp i ca l  mis c e l l  aneous p i  ping sys tems t ha t  

i n t e r f ace  w i t h  a c i r c u l a t i n g  pump, bu t  are no t  covered by 
. t . . . .  . 

t h i s  spec i f i ca t ion .  I t  shows typ ica l  p i p i n g  systems f o r :  . . 

.. . (a) . High and low pressure pump. f i  1.1. 
3 

. . (b) Vent p i  ping . 
. . 

( C )    rain pip ing.  ' ' 

. .. 

' ' (d) Low p ress i re  c o o l i n g  water p ip ing.  

H - 3.4.2.2 LOW PRE.SSURE COOLER . . 

 his i s  a commercial tubu lar  cooler  which i s  n ~ f  covered, no t  provided, 
. . 

by t h i s  subsp'ecificati on. 
. . . .  . 

H 3.5 DETAILED INSTRUMENTATION ' 

Instrumentation i s  provided t o  measure and record. pump process parameters. 

A. A detai  1 1 i s t  o f  provided instrumentation i s  included i n  ( t o  be added). 

B. c i r c u l a t i n g  pump l o g i c  and controls are required t o  perform the fo l low ing  

functions, bu t  they are not  covered by t h i s  subspecif i  cat ion.  

(1) Pump automation t o  s t a r t  up, shut down, place i n t o  operation a 

twi standby pump, e tc .  . . 

( 2 )  Pump d i f f e r e n t i a l  manometer cont ro l  t o  es tab l ish  whether a pump 

i s . o r  i s  n ~ t  i n  operation. 

H 3.6 DETALLED OPERATION AND MAINTENANCE 



A.  Pump i s  desi'gned t o  operate 'a t  normal and. upset, emergency and f a u l  t e d  

-operat ions and shutdown condi ti ons . 
. . 

B .  Design operat ing 1 i m i t a t i o n s -  ( p a r t i a l  l i . s t  - remai'nder t o  fo l l ow) .  

(1) The pump must n o t  be run unless t h e m o t o r  i s  completely f i l l e d  
. . 

w i t h  c i r c u i t  l i q u i d .  

(2) The pump must n o t  run wi t h  reverse r o t a t i o n  f o r  long 

or. bear ing damage w i  11. resu l  t . 
(3) Temperature d i f fe rence between the  pump case and steam drum 

must n o t  exceed 10PF p r i o r  t o  s t a r t i n g  o f  the  pump. 

(4) The pump must n o t  be run w i t h  the  pump suct ion  valve c losed? 

Every e f f o r t  should be made t o  achieve a balance flow from 

the del i very branches, i . e. , del  i very va l  ves equal l y  open. 

A period, n o t  exceeding 15 minutes, i s  permiss ib le  w i t h  unbalance 

f l&, prov id ing  f l o w  unbalance does n o t  exceed 10%. 

(5) I f  i t  becomes necessary t o  d r a i n  the b o i l e r ,  the  pump/motor 

u n i t  should be subsequently i s o l a t e d  by c los ing  the suct-ion, 

discharge and the bypass valves; t h i s  i s  done t o  keep the  motor, 

pump branches f u l l  o f  water  a t  a l l  times. 

(6) Continuous purge water must be supp l ied  dur ing  a c i d  cleaning, 

i f  necessary. . . - * .  

( 7 )  There,aye s t r i n g e n t  . f i r n i t a t i ons  on pump operat ion and pump on 

h o t  standby w i thou t  coo l i ng  water t o  pump coolers. So t h a t  

the pump motor windings are  n o t  damaged; the  f o l l o w i n g  l i m i t a t i o n s  

must be fol lowed: ( t o  be added) 



H 3.6.1 DETAIL 'OPERATION (Continued) 
. . .  

B .  ( ~ o n t ~ n u e d )  
. . 

(8) ~ . . h i b h  tempera.ttir6 o f  ' the i n t e rna l  h i g h  p k s s u r e  cool ing 

water,, f l a r i n g  f r om the motor t o  the cooler, automat ical ly  

t r i p s  the c i r c u l a t i n g  pump. The pump nus t be t r i pped  when 

cool ing water reaches ( t o  be added) OF. 

H 3.6.2 DETAIL MAINTENANCE . . 

L i s t i n g  o f  required too ls  and spare par ts  are l i s t e d  i n  ( t o  be added). 

H 3,7 DETAILED SPECIFICATION' GENERAL 
. . 

A. The omission o f  ce r t a i n  v e r i f i c a t i o n  statements, regarding the 

adherence t o  ce r ta in  requi rementi 1  i s  ted i n  e a r l i e r  subsections., 

was in ten t iona l  f o r  simp1 i c i  ty and avoidance o f .  needless repe t i t i on .  
. . 
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J1.0 SCOPE . 

This spec i f i ca t i on  defines requirements f o r  the design, mater ia l  select ion, 

fabr icat ion,  test ing,  inspect ion and i n s t a l  l a t i o n  o f  r e c i r c u l  a t i ng  pump 

suct ion and d i  s.charge valves of- 'the SGWCS - and spec i f ies  t yp i ca l  suct ion 

and discharge valve design normally chosen by CE f o r  t h i s  type o f  duty 

i n  comp1iance.with these requirements. 

31.1 INTENTIONS " 

A. It . i s  no t  the i n ten t i on  o f  the  spec i f i ca t ion  issuer  t o  design inner  

workings o f  suct ion and discharge valves. The i n ten t i on  i s  t o  present 

general design requirements t o  the  pump manufacturei and a l low him the 

freedom t o  desi in, se lec t  materials, etc. (w i t h i n  cer ta in .  1 i m i  t s )  and. 

assume the r&sponsi b i l  ity o f  the inner  workings o f  t h e  valves. . 

B. 1t . - i s  the s p e c i f i c a t i o n  i ssuer ' s  i n t e n t  t o  ask a valve manufacturer 
. . 

t6  meet RDT ~.tandards. However, i f RDT standards cennot be net ,  i t 
. . .. 

must be' s o  s ta ted ,  and the 'valve manufacturer must s t r i v e  t o  reach and 
.. . 

s t a t e  the highest leve l  o f  the.  s p i r i t  o f  RDT standards t h a t  he can- 
. .  - 

reach. -. : 
. . .  ' - 

C. This valve sub-speci f icat ion i s  p a r t  o f  the base SGWCS spec i f i ca t ion  

where the e n t i r e  system behavior, design, etc.  i s  out1 ined i n  de ta i l .  

It i s  not  the i n ten t i on  o f  the spec i f i ca t i on  issuer t o  needlessly 

o r  l e g a l i s t i c a l l y  repeat base spec i f i ca t ion  informat ion t h a t  i s  
. . 

appi icable t o  the steam suct ion and discharge valve such as general 

descr ipt ion,  operation, rnahtenance, s t ruc tu ra l  design, t ransients,  

etc. The : in tent ion i s  t o  provide addi t iona l  suct ion and discharge 

valve information, major departures, etc. from the base SGWCS 

spec i f i ca t ion  knowing t h a t  appl icab le  sections o f  the base spec i f ica-  

t i o n  i p p l y  w i  thout  w r i t t en  record. 



J2.0 REQUIRED TECHNICAL FUNCTIONS AND DESIGN FEATURES ' - ' 

52.1 TECHNICAL FUNCTIONS 
. . 

A. A discharge valve sha l l  : 
. . 

(1) Function as a stop' check valve. 

(2) Be capable o f  opening and c los ing by motor operator o r  by 

manual operation. 

(3) Have a low pressure drop design. 

. B. A 'suct ion valve sha l l  : 
. .  . 

(1 ) ~ u n ' c t i o n  ah a gate k i l v e .  . . . .  . . . 

(2) Be capable o f  opening and c los ing by motor operator o r  by 

manual operation. 

(3) . Have a low pressure drop design. 

A c i r c u l a t i n g  pump suct ion valve sha l l  be designed t o  meet the MCR 

. . 
TABLE 5 

' CI R C U L A ~ N G  PUMP SUCTION VALY E MCR: PROCESS PARAMETERS 
. . 

Press. 
Descript ion : Quant i t y  :“Size Desig. Class ' 

C i rcu la t ing  Pump Suction (gate) 9 16 MSS-SP-66 

Type o f  .Operati on: 

E l e c t r i c  ~ o t o r : '  440 Vol t s  - 3 Phase - 60 Cycles ''A 1800 ~ o t o i  RPM 

Port  Dimension (I .D. o f  Seat) - 11-314" Approx. inches' 
.. . . . 

Connecting Pipe Data: I n l e t  Out1 e t  

Nominal Size (inches) 16 

Design ~ o n d i  t ions:  2910 ps ig  'a t ,  688OF 

Maxfmum D i f f e r e n t i a l  Pressure against which valve i s  
t o  'be operated - 50 P S I  (upstream Pressure:. 2910 PSIG) 



n 

52.2.1 PROCESS PARAMETERS (Continued) 

TABLE 5 ' (coht inued) ' 

Flow a t  'operat i  ng ~ o n d i  t i .ons : .-  
. . 

. . .  . . 

* ' 'Normal - 2.,400,000 1 b/hr  SP. Vol. 0.0254 cu. f t / l b .  
**. Minimum - 1,550,000.lb/hr Sp. Vol. 0.0250Bcu. f t / l b .  
**. Maximum - 5,150,000 1 b/hr  Sp-. Vol. 0.01607 cu. f t / l b .  

Test Requirements: ( I n  accordance w i t h  MSS-SP-66 P a r t  I I and/or 
t1SS-SP-61', but ,  n o t  'less' thatf..the fo11,owing~rninimum requirements) 

. . .  

. Gate - 
Hydrosta t ic  Seat Test Pressure, PSIG' . 

a) Each Side o f  Wedge 4500 . 
. .  . . . 
. . . . 

* . '  2:pump operating, CR 4.0 Design - Hot ** 3. pumps opera t ing  CR 3.5 DesSgn - Hot 
***. 1 Pump operat ing CR 4..0 Design - Cold . . 

NOTE: ' ( p a r t i a l l i s t i n g  - remainder t o  be fo l l owed  a t  a l a t e r  da te ) '  

B .  The c i r c u l a t i n ~  pump discharge v a l v e  s h a l l  b e  designed t o  meet t h e  

MCR Process Parameters i n  Table 6. 

. . TABLE 6 

CIRCULATING PUMP PISCHARGE VALVE MCR PROCESS .PARAMETERS 
Press. 

Description': Q u a n t i t y  Size Desig. Class 

C i r c u l a t i n g  Pump Discharge 18 12-3/4" MSS-SP-66 

T y p e e r a t i o n  .. : 

E l e c t r i c  Motor: 440 Vo l ts  - 3 Phase - 60 Cycles - 1800 Motor RPM 

Por t  Dimension (I.D. of Seat) - 10-3/8" Approx. inches 

Connecting Pipe Data: I n l e t  Ou t le t  

Nominal Size (i nclies) 12-3/4 14 

, . Design Cond'itions: 2910 PSIG a t  688 O F  

Maximum D i f f e r e n t i a l  Pressure against  which valve i s  to.  be 
operated - SO PSI (U 

. . 
pstream Pressure: 2910 PSIG) 



52.2.1 PROCESS PARAMRERS (Continued) 

TABLE 6 (continued) 

Flow a t  Operating Conditions : ' 
. . 

' * Normal - 1,200,000 1 b/hr Sp. Vol. 0.0254 cu. . f t / l b  
** Minimum-  775,000 I b/hr Sp. Vol-. 0.0250 @cu . f t / l  b 
***-.'.Maximum - 2,575,000 lb/hr Sp. Vol. 0.01607 cu. f t / l b  

~ e s t  Requirements: (In accordance w i t h  MSS-SP-66 Part I1 and/or MSS-SP-61, 
b u t  not less  than the following minimum requirements) 

Elbow Down St.  Ck. 

. . a) Above Disc 4500 
b) Under Disc 2910 

* 2 Pumps operating CR 4.0 Design - Hot 
** 3 Pumps operating CR 3.5. Design - Hot . 

*** 1 Pump operating CR 4.0 Design - Cold .. . . 

(par t ia l  1 i s t ing  - ' remainder t o  be provided l a t e r )  

32.2.2 SYSTEM CON~FIGU~ATIONS 

There a r e  three (3) kc i r cu la t ing  pumps per SGWCS and nine (9)  
.. . 

keci rculat  ing pumps per  emo on strati on ~l ant. 
. . 

A.  here are two (2) discharge valves and irne (1) suction valve per 
. . . . 

recirculating pump. 

8. ~ h b r e  ari s i x  :(6) discharge valves and three (3) suc t ion  valves per 
, , 

SGWCS. 

C. There are, eighteen (18) discharge. valves and nine (9)  suction valves' 

per Demonstration Plant. 

32.2.3 , GENERAL FEATURES 

A. .The suction and discharge valves shall be used to  isolate  a recircu- 

1 ating Dump for  maintenance, Wder pressure and temperature conditions , 
cold. standby, e tc .  

' B .  'Discharges valves on a h0.t standby recirculating pump shall prevent back- 

flow th rough  th is  pump from the high pressure discharge manifold t o  the 

low pressure suction manifold by means of the stop-check feature. 



52.2.3 - GENERAL FEATURES (continued) . 

C. Because the suct ion and discharge valves are p a r t  o f  the r kc i r cu la t i ng  
. . 

. pump system, they sha l l  have a low pressure drop design. 

D. The' above requires a discharge stop check. valve t h a t  sha l l  have: 

(1) a f l o a t i n g  disc. 

(2) . a  pryssure seal 

E. The above required' requires a suct ion gate valve t h a t  sha l l  have: 
. . 

,' (1 ) a f l e x i b l e  wedge 
. . 

(2) a pressure seal 
. . 

(3) a bypass 

F. A s  the k c i r c u l a t i n g  pump sha l l  be a u t & a t i c a l l y  s tar ted up, shut 

down, hot  standby pump placed automati cal  l y  i n t o  operation, etc.  

the suction and discharge valves are t o  be motor operated wi th .pro-  

v i s i o n  f o r '  hand *operati6n. - .  . . 
. . . . 

DETAIL .SPECIFICATIONS 
. . . . .  . 

The fo l lowing information spec i f ies  t yp ica l  suction and discharge valve 
. . 

des ign n&mal ly chosen by C-E f o r  t h i s  t ype  o f  duty i n  accdrdance w i t h  

requirements out l ined i.n .Sections 1.0 and 2.0 o f  t h i s  sub-specifi.cation and 

applicable requirements o f  the base spec i f i c i t t i  bn. 

A. , The' omission o f  ce r ta in  v e r i f i c a t i o n  statements, regarding the adherence 

t o  cer ta in  1 i s t ed  requirements i n  the Sections 1 .O and 2.0; was in ten t iona l  

f o r  simp1 i c i  t y  and avoidance o f  needless repe t i t i on .  ,. 

B.  here are many ava i l  able valve manufacturers ; however,   ow ell Val ves 

and Limiforque Operators are used i n  t h i s  spec i f i ca t ion  as typ ica l  

equipment, 



Arrangement .drawings ND 7231 14, ND 7231 15, and ND 7231 16 show suct ion 
- . .  

and discharge'. "a1 ve 1 ocat ibn i n  the SGWCS. (See Appendix I1C") . . . 
. 

33.2 PROCESS PARAMETERS 

The valves are designed for the process parameters ou t l i ned  i n  Section 2.1. 

33.3 GENERAL FEATURES 

Both the suct ion and discharge valves a re  c l a s s i f i e d  a s  s tandard hardware. 

The va lves can be purctiased f r om any Power Valve catalogue. 
. . 

~ h e . m o b r  operators are a lso c l a s s i f i e d  as standard hardware. They can 

be purchased from any Limi torque Catalogue. 

A. ~i sdharge ~ a l  ve . . 

~ o w e l l  15001  b. Y globe valve, seal, bonnet, ~ e l , t a  seal gasket 

~ t ' e l l  i t e  .seat ing Surfaces, 'motor' operated, we1 ded ends, WCB Body mater ia l  , 

Seat I D  10-3/81', f i gu re  11 351 -YWE (See ~ o w e l i  ~ a l ' v k .  ~ a t a l  ogue f o r  f u r t he r  
. . 

information). 
. . 

' ~ i m i . t o i ~ u e  SMB 4-60, 'stem speed four  inchiminute, 1800 RPM motor, 

double torque switch, c lass B insu la t ion,  fou r  (4) t ra ined geared 1 i m i  t 

switch, 40% run motor (See Limitorque Catalogue f o r  f u r t he r  informat ion).  

, B. Suction Feed Valves 

Powell 1500 1 b OS&Y gate valve pressure, seal '  product, Delta seal gasket, 

Ste l  1 i t e  Seating Surfaces, motor operated, WCB Body, Ste l  1 i ted Pack 

under pressure, f l ex i b l e  wedge, weld ends, Seat I.D. 11-314" s im i l a r  t o  

Figure 11323 WE (See Powel 1 ,Valve Catalogue f o r  f u r t he r  informat ion).  

Limi torque SMB 1-40, stem speed 12I1/minute, 40% run motor, fou r  (4)  

t ra ined geared 1 i m i  t switch, double torque, c lass B i n s t a l  1 a t i  on, 1800 

info motor (See LimitorQue Catalogue f o r  f u r t he r  informat ion).  



. . . . 
. . . . . . 

APPENDIX "K" . . .  . . 
. . .: . . 

DE~ONSTRAT~ON PLANT STEAM . . '  

GENERATOR RDT STANDARD: 

(parti  a1 infornati on - remainder t o  fol 1 ow) 

NOTE: T h i s  wri t e  up pertains t o  t h e  evaporator and superheater vessels. 

However, t he i r  performances d i rec t ly  re la te  to  the SGWCS, and 

provide background information fo r  prel iminary analysis work. 

Transient temperatures throughout the SGWCS wi 11 be establ i shed 

and added l a t e r  in th i s  or another appendix. 



3.6 Operating Conditions 

Note:  (The information and c r i t e r i a  i n  t h i s  sect ion i s  o f  a prel iminary 

. . nature and i s  no t  i n  the form t h a t  w i l l  be contained i n  the f i n a l  

speci f icat ion.  Some of the notat ions and discussions are i n c l  uded 

f o r  prel iminary, information only and . w i  11 be deleted i n  the f i n a l  

spec. Tables w i l l  replace the curves shown ; i n  f igures 4 through 11). 

. .3.6.1 Types - o f .  Operating. Conditions - The steam .generator sha l l  be 

designed and fabr icated fo r  sat is factory  operations under the normal , upset, 
. . 

emergency andfau l ted condit ions as defined i n  paragraph NB-3113 o f  . 

sect ion I11 o f  the ASME Code and as specif ied below i n  ~ e c t i o n s  3.6.2 arid 

3.6.3. These operating condi t ion categories are defined i n  s m a r y  i n  

the f o l l  owing paragraphs. 

3..6..1..1 Normal Conditions - Normal condit'ions are any condit ions . 

experienced i n  the .course of system startup, operation i n  the design power 

range, ho t  standby and system shutdown, other than upse t ,  Emergency, Fag1 ted 
... . 

. . o r  ~e,s  ti ng Condi ti 0;s. . . 

3.6.1 ..2 ups.et ~ o n d i  t ions - Any devi i t i o n s  from ~'ormal Coidi t ions 
. . 

an t ic ipated t o  occur o f ten  enough tha t  d e s i g n  should include a capabi 1 i ty t o  
. . . . . . . . 

withstand' . . the condit ions w i  tho'ut operational impai rment are cal  l e d  'upset 

Conditions. The Upset Conditions i n c l  ud' those t ransients which resul  t from 

any s ing le  operator e r ro r  o r  control .  malfunction, t ransients caused by a f a u l t  

i n  a system component requi r ing i t s  i s o l a t i o n  from the system and transients 

due t o  loss o f  load o r  power. Upset Conditions include any abnormal incidents 
. . 

not  resul t ing.  i n  a forced outage and also forced outages ' f o r  which the 

correct ive act ion does' not  include any repai r o f  mechanical damage.. 

.3.6.1.3 Emergency Conditions - Emergency .Conditions are those 

deviat ions from Normal Conditions which require shutdown f o r  cor rect ion o f  

the' condi ti ons o r .  repai r o f  damage i n  the sys tem. The condi ti ons have .a , , 
. .. 



. . 

3.6.1.3 ~ r n e r ~ e n c ~  Conditions continued 

1 ow prbbabi 1 i ty of occurrence but  are i hcl uded to  provide assurance tha t  

no gross loss of structural integri ty  will resu l t  as a concomitant e f fec t  

of any damage developed i n  t h e  system. The total  number of postulated 
. . 

occurences f o r  such events sha i l  not cause more than 25 s t r e s s  cycles 
. . 

having an Sa value greater than tha t  fo r  lo6 cyclesfrom the applicable 
. . 

fatigue..design curves.. 

3.6i1.4 Faulted Conditions - Faulted conditions are those' 

combinations of conditions associated w i t h  extremely-low-probabi 1 i ty , 

postulated events whose consequences are such tha t  the integri ty  and 
. . . .  - 

operability of t h e  nuclear energy system may be impaired to  the extent 

that  considerations of public health and safety are invblved. such con- 

siderations :requi.re compl iance w i t h  safety c r i t e r i a  as m.ay be specified 

by jurisdictional authorit ies.  

3.6.2 Steady-State - .  and Transient Operation' - The steam generator 

shall perform under steady-state operational and environmental coridi tions , 

including transients indu.ced by varying loads. I t  shall  also operate under 

other operational transients which are not steady-state conditions. . A1 1 of 

these 'operating conditions are defined in the fol l owing paragraphs. 

Normal Condi tions 

1. Full Power Stead-State Operating Conditions - 
The steam generator fu l l  power steady s t a t e  operating conditions are shown 

in Table 3.6.1. 

2. Part Load Steady-State Operati ng Condi ti ons - 
The steam generator part  load steady-state operating conditions o f  temperature 

flow and pressure are shown in Table 3..6.1 and the curves on Figures 3.6.,1, 

3.6.2, and 3.6.3. 



. .  . 

3.6.2.1 . . Normal Conditions continued 
. . 

. . 3. ' ~ r ~  Heatup and Cool down, - Dry h e a t u p  a n d  cooldown 
. . 

. . 
ra tes  of the  steam generator shel l  a re  shown i n  the following table.  

Heatup of the  shel l  is- accomplished by t race  heating p r io r  t o  f i l l i n g  

w i  t h  sodi um. 

Temp. "F No. of 
Event Location S t a r t  End Occurrences Temperature Change 

Dry She1 1 Ambient 400 O F  10 +5"/hr. 
Heatup 

Dry She1 1 400 O F  Ambient 10 -5 O F / h r .  

4. Normal Startup and Shutdown - The normal s t a r t up  

and shutdown temperature t rans ien t  'condi t ions are  specif ied i n  the fol  lowing 

tables .  The temperature change ra tes  shown i n  the f i r s t  tab1 e apply: speci - 
f i c a l l y  t o  the i n l e t  nozzles on both the sodium and waterlsteam s ides .  

Temp. O F  No. of Max. Rate of 
Event Location S t a r t  End Occurrences . . Temp. Change 

Startup Sodium I n l e t  Nozzle 400°F 924OF 600 + 100°F/hr. 
FW In l e t  Nozzle & 
Drum 100 O F  370 O F  

Shutdown Sodium I n l e t  Nozzle 924OF ' 400°F 250 - 100°F/hr. 
FW Inlet ' -  Nozzle & 
Drum 370°F 100 O F  

During the s t a r t up  t rans ien t  sodium flow i s  held constant a t  30% t o  35% power 

and then increased.  1 ineraly  t o  40% flow a t  40% power. Feedwater flow, pressure 

and temperature are given by the following table .  



3.6.2.1 N O M  CONDITIONS (continued) 4. 

'F W F W  FW 
PLANT . CORE FLOW RATE, PRESSURE TEMP. 
CONDITION . POWER, ' %  . TIME . % .  PSI A " F 

. . 

Shutdown . . -  0 0 -- 0 250 - 100 

S t a r t  Heating 5 30 min. . - 0  t o  5 250 -- 100 

Turbine Takes 
5% Load 

Design Steam . . 

Condi t i  on 
Achieved . 

Low Power End 
o f  :Normal - 
Control Range 

5 2 hr. 30 min.. -- 5 -1500 . - - I50 

. . .. . 

35 5 hrs. -- 37 e.2560 /-: 290 

40 5 hrs: 15 min. 42 - 2563 370 

~.ul t l  power . ' i 00  6 hrs. 100 2666 460 
. .. 

 hi flow, temperature, pressure and power t rans ients  d u r i n g  shutdown are the 

reverse o f  those given f o r  star tup.  The t rans ien t  condit ions given i n  the 

above tables are summarized i n  the curves shown on' f i gu re  3.6.4. 

5. Load Changes over the 40 - 100% Power Range - 
The steam -generator w i  11 be subjecteil t o  two types o f  '1 oad changes, i .e. 

. . . . 

step changes. i n  load and ramps. 

a. Normal Ramp change - ~ o r m a l  ramp load changes w i l l  vary . l i n e a r l y  - 

between the.end condit ions a t  40% and 100% f u l l  power w i th  a power ramp 

ra te  . . o f  3Xlmin. ' Temperature change ra tes are shown i n  the tab le  bel-ow. 

Sodium and feedwater flows vary from 39.5% t o  100% and 37% t o  100% respec- 

t i v e l y  over t h i s  power range. This informat ion i s  summarized i n  Figure 3.6.5 

f o r  a normal load decrease from 100% t o  40%. A load increase over the same 

range i s  simply the reverse o f  these curves. 

Addi t ional  temperature ramps over d i f f e r e n t  1 oad ranges can be obtained 

from the p a r t  load operation curves shown i n  Figures 3.6.1, 3.6.2 and 3.6.3. 



. . 3.6.2.1 'NORMAL CONDITIONS (Continued) - . . .  
. . 

Temp. ,." F No. .of Max. Rate of 
Event Location* 

.--- . 
Star t  End Occurrences Temp. Change 

Normal Power ' Sodium. In le t  Nozzle 924 960 9000 1 . aPF/mi n . 
Increase I F W  Inlet  Nozzle @ '  

Drum 370 460 4.5O~/min. 
. . 

, . Normal ' Power . sodium Inle t  Nozzle 960 924 9000 -l .8°~/min. . . 

Decrease FW Inlet  Nozzle (b 
460 370 ' Drum -4.5 'F/mi n . 

'*Temperature transients a t  other locations w i t h i n  the steam 
generator w i  11 be available la te r .  

b. - .  ' s tep'  Changes - . I t  i s  assumed tha t  the demonstration plant must be 

capable of performing step changes i n  power which are a t  leas t  equivalent 

to  those provided for  i n  current water reactor  plants. Therefore, the 
. .  . . 
step change i s  based on a + 10% instantaneous change in power from any 

power . l  eve1 over t h e  40% - 100% power range. The response of the plant 
. . 

to  these steps should be as quickly as possible. , However, the rate  o f  

change o f  temperature, pressure' and flow has not been determined and will 

be supp'lied l 'ater.  The C-E PWR's specify that these step changes.exhibit 

tempe.rature 'and pressure fluctuations within 'the range of the i r  normal 

speci fi.ed plant variations. The normal demonstration plant variations 

are not available, therefore, th i s  information w i l l  be supp l i ed  l a t e r .  ' 

The number of occurrences i s  estimated to  be 1500, equally divided between 

upswings and downswings . 
' . c. Fast. or Emergency Ramp Power Changes - (Later) 

6. Other Normal Operating Condi ti'ons - There are 

several other operating conditions that are considered normal b u t  are not 

included here because i t  i s  f e l t  that they are similar in transient response 

t o  some of those already l i s ted .  ~ h e s e  operating conditions would include 

Sircli th'ings as: Hot Restart a f t e r  Scram, Shutdown, a f t e r  Scram, or the 

Return t o  Power from Hot Standby or the reverse, i..e., going to Hot Standby 



3.6.2.1 N O W  CONDITIONS (Continued) 

condi t ion f rom Power Operation. A1 1 of these t r ans ien t ,  condit ions are 

s i m i l a r  . . t o  o r  a combination o f  e i  the r  nonhal s ta r tup  and normal power 
. . 

increases over t he  load range o r  the reverse,. whi ch i s  normal power decreases 

and' normal shutdown. Therefop,  they have been accounted f o r  by increasing 

the number o f  occurrences o f  the appropriate normal .operating condit ion. 

3.6.2.2 Upset Conditions - The f o l l  owing t rans ients  are de f i ned  

as upset condit ions and are considered t o  be representat ive o f  most o f  the 

group o f  p o s s i b l e  upset events. Included are curves showing t h e  expected 

thermal t rans ients  i n  the f l u i d  a t  the sodium and feedwater i n l e t  nozzles 

land t h e i r  estimated number o f  occurrences. The thermal t rans ients  a t  

other 1 oca t i  ons throughout the steam generator are  cu r ren t l y  being eval uated. 

Normal Reactor P lant  Scram - (Number o f  L i fe t ime 
. . 

Occurrences =' 350) Reactor p l an t  scram i s  an operating procedure f o r  
. . 

very qu ick ly .  reducing the power output. o f  the reactor .  t o  a low l e v e l  o f  
. . .  

-- 2-5% as determined by f i s s i . on  product decay heat. This scram might be 

a rtis'ul t b f  a f a l se  spurious e l e c t r i c a l  s ignal  o r  ei desired response from 

one o f  many p ro tec t i ve  system signals o r  an opera to r - in i t i a ted  s ignal .  The 

reactor  scram p r ima r i l y  consists o f  reducing the reactor  power by dropping 

a1 1 cont ro l  rods, and simultaneously reducing the heat t rans fe r  system f 1 ows 

by t r i pp ing  the primary and secondary .sodium pumps and feedwater pumps. The 

secondary sodi um f low coasts down t o  5% whi l e  the .feedwater. f low. coasts 

down t o  -4%. These f low decay curves and the sodium and feedwater i n l e t  

temperature t ransients f o r  the f i r s t  300 seconds fol lowing scram are shown i n  

Figure 3.6.6. Also shown i s  t h e  feedwater i n l e t  pressure drop o f  200 ps i  

which . vari.es w i th  the square o f  the flow. Furthermore, when, scram occurs, 

the turblne-generator i s  also tr ipped. A f t e r  the 300 seconds shown nn the 
. . 

curves , the t rans ient  i s  assumed t o  fo l l ow the normal" shutdown t rans ient .  



3.6.'2.2 Upset 'Condi t i ons  continued 

2. Loss o f  ~ e c i r c u l a t i o n  Pump Flow - (Number o f  

l i f e t i m e  occurrences = 2 pump) ~ e f i n i  t i o n  o f  t rans ien t  - (Later )  
. . 

.' 3. Other Upset Operating Conditions - It i s  recognized 

t h a t  there are a number o f  other operat ional 'events t h q t  are considered 

t o  be Upset Conditions. However, a t  t h i s  time since they a l l  would very 
. . 

qu ick ly  cause a reactor  scram, i t  i s  assumed t h a t  the t rans ients  would: be 

s i m i l a r  t o  a scram transient .  Therefore, allowance has been made f o r  these 

events b y  appropr iate ly.  ad jus t ing the number o f  occurrences o f  the normal 

scram. Some o f  the o ther  Upset Conditions include events. s.uch as: pos i t i ve  

r e a c t i v i t y  i nse r t i on  w i t h  scram; loss o f  e l e c t r i c a l  power t o  one primary, 

secondary o r  feedwater pump w i t h  scram, loss o f  p l an t  power w i t h  scram, . 

cont ro l  rod d rop  w i t h  scram, and turb ine t r i p  w i th  scram. . It i s  ,recognized 

t ha t  the scram fo l lowing some o f  these events might be delayed somewhat and 

therefore, momentary up o r  down temperature t rans ients .cou ld  be i n i t i a t e d .  

  ow ever, from past  experience these have been found t o  be qu i t e  shor t  i n  time 
. . 

dnd have very l i t t l e  e f f e c t  o n  $he overa l l  temperature t rans ien t  used f o r  

s t ruc tu ra l  analysis. '   here fore, since these delays were not  i d e n t i f i e d  a t  
. . 

t h i s  time, no attempt was made t o  inc lude '  them and a1 1 such events are 

: assumed t o  be s i m i l a r  t o  a normal scram. I t  should be pointed out  t ha t  as 

add i t iona l  p l an t  sys tern design information becomes avai 1,able, these Upset 

Conditions w i l l  be reconsi'dered and i f  ' t h i s  assumption appears i n v a l i d  i n  any. o f  

the cases. the t rans ient  w i  11 be considered separately. 
. . 

3.6.3 Abnormal Conditions - Abnormal condit ions are c l a s s i f i a b l e  as 

occurr ing a f t e r  a f a i l u r e  o r  malfunction o f  a component o r  system. A1 though 

no longer stated as an operating category i n  the ASME Code, the events under 

I t h i s  sect ion i n  the RDT Standards include events which now f a l l  under 

Faulted, ~mer'gency and i n  some cases, Upset Condition categories o f  the 

ASME Code. Since some Upset Conditions were a lso l i s t e d  under sect ion 3.6.2 



. . 

3.6.3 Abnormal Condi ti ons continued 

- "Steady-State and Transient Operation" o f  the RDT Standards above, e.g., 
. . 

reactor  scram, i t  was decided t o  include a1 1 Upset Conditions under t h a t  

category. Therefore, only Emergency and Faul ted Conditions w i  11 be i n -  

cluded i n  t h i s  section. 
, . 

3.6.3.. 1 Emergency Conditions - The fo l lowing ' transi-ents are 

defined .as'Emergency Conditions and are representat ive o f  a. .group o f  

possib le events but  do not  inc lude a l l  such events. Included here, 

s i m i l a r  t o  what was done previously f o r  Upset conditions, are curves 

showing the expected thermal t rans ients  i n  the f l u i d  a t  the sodium and 

feedwater i n l e t  nozzles and. t h e i r  estimated number o f  occurrences. The 

t ransients a t  other locati'o'ns throughout the steam generator are cu r ren t l y  

being determined and w i l l  be ava i lab le  i n  the near fu ture .  

1 . Single Secondary Sodi um Pump Seizure w i t h  Scram - 
(Number o f  L i fe t ime Occurrences = 3 per loop) The seizure o f  one secondary 

sodium.' pump i s .  qu i t e  s i m i l a r  t o  a 'normal scram, w i t h  the exception o f  the 

f low coastdo'wn i n  the a f fec ted loop. Since' the pump sha f t  i s  assumed t o  

seize quickly,  the impel lar  stops ro ta t i ng  and therefore creates an 

addi t iona l  resistance i n  the loop flow. This i s  assumed t o  cause a f low 

coastdown twice as f a s t  as a normal loop coastdown. The sodium i n l e t  

temperature t o  the steam generator o f  the a f fec ted loop w i  11 remain constant 

over the f i r s t  300 seconds. Feedwater parameters are i d e n t i c a l '  t o  those 

occurr ing during normal scram. A1 1 o f '  these steam generator i n l e t  para- 

meters - f o r  the a f fec ted loop are shown i n  Figure 3.6.7. Parameters i n  the 

other two secondary sodium loops and associated feedwater systems are- i d e n t i c a l  

t o  normal. reactor  scram, since scram i s  assumed t o  occur a few ins tants  

a f t e r  pump seizure. Af ter  the 300 sec. shown on the curves, the t rans ien t  
. . 

i s  assumed t o  f o l l ow  the normal shutdown t rans ient .  , 
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3.6.3.1 EMERGENCY CONDITIONS (continued) . .  . 

. 2. SingJe primary Sodium Pump ~ e i i u r e  w i t h  Scram :- 

(~umber of ~ i f e t i ~ e  Occurrences - 3 per loop) I The steam generator i n l e t  

conditions f o r  the f i rs t  300 seconds o f  t h i s  t ransient  are  shown i n  F i g u r e  

3.6.8. Everything is the same as nonnal scram. w i  t h  the important exception 
. . 

of sodium i n l e t  temperature which eventually decreases . a t  a rather  h i g h  

rate'.of -3OF/sec. T h i s  temperature ramp is caused by the stoppage of the 

primary flow i n  the seized 1 o o p . a ~  a result of closure of the check valve. 

That is, -once flow i n  t h e  primary loop is essentiel  ly  Stopped, the s&condary 

sodium l&p, even a t  low decay hea t  flows, rapidly removes the stored. heat 

i n  the IHX primary. sodium. The reduction i n  primary sodium temperature 

causes a simi 1a.r reduction .in secondary sodi um tempera'ture which ,eventual l y  

levels out near  the  steam saturation temperaturc . Sodi um and feedwater. 

fl.&s., temperatures and pressures i n  the two other main heat t ransfer  loops 

are  the same as fo r  normil scram. Furthermore, a f t e r  the 300 seconds shown 
. . 

on the curves' of Figure 3.6.8, ' t h e '  t ransient i s  assumed to follow the 
- .  . . . . . . .  . !  

normal shutdown transient.  

3. Activation of Na/H?O Protection System - (Number 

of Lifetime Occurrences - 2 per component - evaporator/superheat pair)  This 

event consists of an emergency isolation and dump of the water/steam side of 
. . 

an evaporator/superheater module pair  d u r i n g  power operation. Following the 

in i t ia t ion  of such an event, a reactor plant scram will occur, probably 

triggered by..a loss of pressure signal of the effected steam generator. For 

th i s  transient,  a delay of 5 seconds i s  assumed before scram occurs. The 

sodi um i n l e t  nozzle temperature and flow transients .are therefore similar 

to normal scram and are i l lus t ra ted  i n  Figure 3.6.9. The feedwater parameters 

will also vary according to  normal scram conditions with a 5 second delay; 

, however, t h i s  t ransient  i s  not influenced by feedwater conditions s ince  the 



3.6.3.1 EMERGENCY CONDITIONS (Continued) 

water/steam sides are isolated. Instead, when the isolation valves close 

and .the dump valve opens, the water/steam mixtures w i  11 quickly blow down. 

This ocCurs i n  both the evaporator and superheater modules simultaneously 

since the protection system of '  each pair is tied together. These blowdown 

f lom are currently being determined and are not yet available. - Therefore, . 

the internal temperature transients i n  the.  s team generator duri pg and a f te r  

t;lowdown have not been determined. They will be supplied i n  the near 

future. ' ~ ~ a i " ,  as beforeiaf ter  the f i r s t  300 seconds, the transient is 

assumed t o  be similar t o  the normal scram transient. 
. . 

4. .'LOSS .of ' Feedwater' Flow' Via ' ~eedwater Control Valve 

~1 osure w i t h  s c r i  - (Number bf Lifetime Occurrences = 2 - va l  veg) ~l.though - . 

the operating phi.losophy' for  this event has n o t  been completely defined yet,  
. . 

i t  is included and briefly discussed here because of the possible effects 

i t  m i g h t  have .on the steam drum, t h e  evaporator, and kci rcul ation pump 

designs. ~ h i . i  event is different from the loss o f  fetidwater pump power event 
. . 

i n  t h a t t h e  closing of..the feedwater~control valve stops a l l  feedwater flow 
. . . .  . .  . . . . 

whereas 4% natural 'convection flow ' s t i l l  remained af ter  l.oss of pump power. . ' . 

With- the complete loss of feedwater flow- to the steam drum, the drum level 

can drop, possibly to a pointwhere the recirculation pumps began to cavitate. 

This. condttion could damage the pumps. Furthermore, w i t h  no low temperature 

feedwater entering the drum, the drum water temperatures w i  11 begin to r i se  

a s  a function of the recirculation water temperature only. This wi 11 cause . . 

temperature transients on the drum as we1 1 as the evaporator. I t  i s  probably . . 

possible t o  eliminate this  transient by proper operating procedures and/or 

a backup feedwater supply, however, this has not yet been deterniined. 

Therefore, the t ransient ,  If any, during this event will be defined la ter .  



3.6i3.1 ERRGENCY .CONDITIONS. (Continued) 

5.' Sodi.um;Water Reaction Due t o  A DesiQn .Basis ~ e a k  - . 

The pressure, f low and temperature t rans ients  during t h i s  event w i l l  be 

defined 1 ater. . 

. * 
6. Steam L ine Rupture (Loss o f  PPessure) - This 

.transient.'has not  been defined y e t  and w i l l  be supplied l a te r .  

Other Emergency Operati rig 'Conditions -- Several 

other events which might be -considered t o  fa1 1. w i t h i n  t h i s  category by -some . .. 

designers are b r i e f l y  discussed i? t h i s  section. The RDT Standard 1 i s t s  

four  addi t iona l  events including: loss o f  primary sodium, loss .of secondary 

s o d i h ,  loss o f  operating power; and scram w i th  sodium f low continuing. 

The f i r s t  .two.events could include two i n i t i a t i n g  conditions, both o f  which 

h ive been a,ireadi discussed and specif ied. That i s ,  the loss of primary o r  

secondary f low can be taus-ed b y  power f a i l u r e '  t o  the pumps which i s  

s i m i l a r  i n t r a n s i e n t  response t o  rxiaCtor scram and i s  included hnder upset 
. . 

conditions. This event could a l s o  be caused by seizure o f  a pump as was 
. . . . 

discussed above under Emergency ~ o n d i  ti ons . The t h i  r d  event, 1 oss o f  opera ti ng 
. . . . 

. . 

parer i s  i i m i  1 ar i n  response t o  reactor scram and i s  included under Upset 
. . . .  . . . . 

dondi t ions. ' The l a s t  event, ' i .e., scram w i th  sodium /I& continuing, has 

been precluded by the control  phiiosophy o f  the demonstration p lant .  That 

i s ,  s u f f i c i e n t  backup t r i p  c i r c u i t s  w i l l  be provided t o  insure t ha t  a l l  

pumps t r i p  whenever scram occurs. 

3.6.3.2 Faulted Conditions - Only one event o f  t h i s  nature has 

been i d e n t i f i e d  thus f a r  f o r  the steam generator and even t h i s  i s  uncertain. 

This event i s  a major sod1 um-water react ion due t o  complete d rcumferenti a1 

rupture o f  mu l t ip le  tubes. Since the sodium-water react ion r e l i e f  system i s  

designed to. handle t h i s  event, i t  i s  questionable whether i t  should be 
' 

. cl ass1 f l e d  as an Emergency ra ther  than a Faul ted condi t ion.  A fau l  ted 



3.6.3.2 Faulted Conditions continued 

condition kgui res that  the integrity and operabi 1 i ty of t h e  nuclear energy 

system may. be impaired to  the extent that  considerations of public health 

and safety are involved. I t  is very unlikely that this would be the case 

following a, mu1 ti ple tube rupture. However, i f  the sodium-water reaction 

rel ief  system failed, i t  is uncertain as to what the results would be. Work 

is currently underway on 1 arge sodi um-water reactions ' and thei r  inf 1 uence . 

on the design of the plant.. The classification of this event will be re- 

evaluated when this  i s  completed and' the resulting effects included. . 





.LEGEND: 
63 . /do% SWUM FLOW. 4.35~10 /wS 

/oo% FW FLOW - 3 . 9 7 x 1 0 ~ ~ / ~ R  
EVAR FLOW I5 CONSTANT 

/.39 r 10' */L/R LSVCR LEAD RANGE 



ST- G€NERATOR SYSTEM PRESSURES 
A5 A FUNCTION aF -WEE Foe 
A*€- C. DEMO PUNT UN/7 

FIG. 3 . 6 . 3  



TIME, HRS. Figure 3.6.4 



STEAM GEhlERA70R SYSTEM 
NORMAL .LOAD CHANGE 

: SETTu\/€€IV /@*/o--. .+0°/oA7 . 460 
3% POwER/Mih/. 

' .  \ 

FEEDWATER 
490 

Figure 3.6.5 



FIG. 3.6.6 



/Oa 
\ F W  /#- PEESS. @ S T A M  DeUM , \ ' - - - - - - - -  K - - - - - - - - - -  

90 - (i.e. SAME AS NORMAL SCRAM) 

STEAM GENERATQR SYSTEM I 
SE/ZURE OF ONE SECONDARY WMP 

W/PH SCRAM 

b \ FOR A.E.C. DEMO PLANT UNIT 

50- 2 
0 e &- 
3 

I 
I 
I 

W A T E ~ S ~ E A M  FLOW ( i.e. SAME AS 
NORMAL SCPAM 

r SODIUM FLDW (SEIZED  LOOP^ _ - - -  -- - _ -  
I 0-- 1 I 

0 /OO 700 300 
TIME, SECONDS 

FIG. 3.6.7 



FW IN- PRESS. @STEAM DRUM 

0.e. SAME AS NOPMAL SCRAM) 

< 

- 'a a m  0 

5 
QI 
3 
2 600- 

b 
Q 
T 
I, 
h 400- 

STEAM GENERATOR 9 S 7 € M  
S/NGL€ PRIMARY PUMP s € / ~ c l R E  

WITH SCRAM 
Foe A.E.7. D€/LpO P L A N T  UNIT 

SH Na  INLET^ 

i.e. JAM€ AS FW /IVCET( 
- - -  - - -  NORMAL SCRAM - - - - -  f 
- 1 1 1 

i.e.' SAME AS 
FEPDWL\TER/~TEAM, w ( NORMAL SCRAM 

0 /06 200 2300 

FI'G. 3.6.8 



, So- 
3 
0 < -- 
3 
4 SO- 

? 
8 20- 

/o - - 

STeAM GCbVEeATOR SYSTEM 
/NADVER7AIV7 ACT/V;L9 7/OA/ O F  

Foe A. F. C. DEMO PLAN7 UN/T 

0 I 1 1 

0 160 1m 360 
TIME, SECONDS 

FIG. 3.6.9 



RANGE OF STEADY STATE OPERATING CONDITIONS 

b 

CONDITION 
1 

10% 
40 

10.7 

. 486d06 
92 6 
656 

2.9 

.385x105 
370 
2563 
9.0 
900 
2 500 

60 

16 
9 

.700x106 
933 
658 

6. 5 

.58x105 
412 
2 590 
6.0 
900 
2 500 

80 

21.4 

' .880x106 
945 
665 

Later -- 
11. 5 

. 772x10~ 
440 
2624 
4.0 
900 
2 51)o 

Heat Load, MWt 

SODIUM SIDE 

odium Flow Rate (lb. /hr. ) 
odium Inlet Temp. (OF) I odium Outlet Temp. (OF) 
odium Inlet Pressure (psig) 
odium P (psi) 

i STEAM -WATER SIDE 

eedwater Flow (lbs. hr. ) 
eedwater Temp. (OF) 
eedwater Pressure (psia) 
ecirculation Ratio 
team Outlet Temp. (OF) 
tcam Outlet Pressure (psig) I 

I 

Power 

26.7 

1 . 0 2 ~ 1 0 ~  
960 
673 

- 
18 

.965x105 
4 60 
2 666 
3. 5 
900 
2 500 



SPECIF ICATION 

FOR 

ISOLATION AND DUMP VALVES 

FOR THE 

SGWCS 

FOR THE 

1 0 3 0  MWt DEMONSTRATION PLANT 



CONTENTS 

1.0 Scope . 

1 .1 Intentions. 

2.0 ~ e ~ u i   red^ Technical Functions and. Design Features 
2.1 Technical Functions 
2.2 Technical Features . 

2-2.1 Process Parameters 
2.2.2- System Configuration 
2.2.3 General Features ... 

- 3.0 Detai 1 ~ ~ e c i f i c a t f o n s  
3.1 'Systai'Configuration 
3.2 Process Parameters 
3.3 General Features 

APPENDIX 

A - ~eferences, 
B - Parameters 
C - Drawings 



. . .  

1.0 SCOPE 
. . 

This s p e c i f i c a t i o ~  defines requirements f o r  the design, ma te r i a l  select ion,  

fabr icat ion,  &ting, inspect ion and i n s t a l  l a t i o n  o f  i s o l a t i o n  and dump 
. . 

"a1 v&$ f o r . t h e  SGWCS and spec i f ies  t yp i ca l  i s o l a t i o n  and.dump design 
. . 

normally =hosen by C-E f o r  t h i s  type duty i n  compliance w i th  these requirements. 

1.1, INTENTIONS 
. . 

. . 
A. It i s  not  the i n ten t i on  o f  the. spec i f i ca t ion  issuer  t o  design the 

. . 
. . .  

inner  working o f  i s o l a t i o n  and. dump valves. The i n ten t i on  i s  t o  present 
. . 

general design requi rements t o  the valve manufacturer and a1 1 ow h im the 

freedan: t o  design, se iec t  mater ia ls,  etc. ( w i t h i n  ce r t a i n  1 i m i  t s )  and 
. , . . 

assume the responsi:bil i ty fok  t h e  inner workings o f  the valves..' . ' 

B .  It i s  the: s i ec i  f i c a t i k i s s u e r ' s  i n t e n t  t o  ask a valve manufacturer t o  
. . 

.meet RDT standards. :   ow ever , i f  RDT Standards cannot b e  met, i t  must be 

s o  stated, and the pump 'manufacturer must  s t r i v e  t o  reach and s ta te  the 

highest leve l  o f  the s p i r i t  o f  ROT Standards t h a t  he can reach. - 
; C. The i s o l a t i o n  and dump valves 'are a n  in tegra l  pa r t  o f  the SGWCS, and 

. . 

the SGWCS spec i f i ca t ion  out1 ines the e n t i r e  system i n  great  de ta i l .  I t  

i s  not  the ' i n ten t ion  o f  t h i s  spec i f i ca t ion  t o  needlessly o r  lega l  i s t i c a l l y  
. . 

repeat SGWCS speki ' f icat ' i  on informat ion t h a t  i s  appl i cab l  e t o  the i s o l a t i o n  
. . 

and dump valves, such as general descri  p t i  on, operation, mai ntenance, 

s t ruc tu ra i  design, t ransients,  e tc .  The i n ten t i on  i s  t o  provide addi t iona l  
' 

i so l a t i on .  and dump valve information, major departures, etc. from the 

SGWCS spec i f i ca t ion  knowing t ha t  appl icable '  sections o f  the SGWCS spec i f i -  

cati-on' apply w i  thout  w r i  t t e n  record. 
. . 

2.0 REQUIRED TECHNICAL FUNCTIONS AND DESIGN FEATURES 

2.1 TECHNICAL FUNCTIONS 

A. An i s o l a t i o n  valve sha l l :  

( I ) ,  Function p r ima r i l y  as a stop valve t ha t  i s  normal l ly  open; i t  

sha l l  close when required. 



-. - . 2. 
. . 

2.1 TECHNICAL FUNCTIONS 
. . . . 

A.  (2) ~ a v e . a n  operator t h a t  closes the valve i n  one (1) second (o r  less).  

(3) Have low p ressuk  drop, r e l a t i v e  t o  the design. 

B. A.dump-valve sha l l :  ' 

(1) Function p r ima r i l y  as a stop valve t h a t  i s  normally closed; i t  

sha l l  open when required. 

(2) -Have an operator t h a t  opens the valve i n  one ( . I )  second (o r  less). 

(3). Be capable o f  operating a t .  c r i ' t i ca l  pressure drop and' f l ash ing  con- 

dit ' ions. (dependent on valve locat ion) .  

2.2.1 PROCESS. PARAMETERS , 

A. . An i s o l a t i o n  valve a t  t h &  evaporator i n l e t  sha l l  be designed t o  meet 
. . .  . . 

. . 

the MCR Process parameters l i s t e d  i n  Table 1. 
. . . .  . . . . 

. . 
- TABLE .l 

EVAPORATOR INLET .ISOLATI=E MCR PROCESS PARAMETERS 
, .  . 

Descr ipt ion : 

. . , I s o l a t i o n  Valve - ~ v a ~ o r a t o r  I n l e t  

Quant i ty  

9 

Connecting .Pipe Data: . . I n l e t  Ou t le t  

Nominal, .Size. (inches) . 16 16 

Des4gn Condi t i ons  : . . 
. . . . 

2910 ?,SIG a t .  688OF . . . . . . 
. . . . 

': Maximum Di. f ferent ia1 .pressure against which valve i s  t o  be operated - 
up. t o  Downstream - 2910 P S I ,  as much as possible down t o  upstream. 

. . . . 

Flow a t  Operating Conditions: 

* Normal - 1,600,000lb/hr Sp. Vol. 0.0254 cu. f t / l b  
** . Minimum - 1,033,000 1b/hr Sp. Vol. 0.0250@ cu. f t / l b  
*** Maximum - 3,433,000 1 b/hr Sp. Vol. 0.01604 cu. f t l l b  

Special Requirements: 

. . A. One (1)  Second o r  less)  c los ing time 

B .  Low, Pressure Drop Requi'red - (h 2 P S I  

NOTES : 

* 2 Pumps operating CR 4.0 Design - Hot ** 3 Pumps operating CR 3.5 Design - Hot 
*** 1 Pump operating CR 4.0 Design - Cold 



. . 

2.2.1 PROCESS. PARAMETERS (Continued) 

B. An i s o l a t i o n  a t  the evaporator o u t l e t  sha l l  be designed t o  meet 

the MCR process parameters l i s t e d  i n  Table 2. 

TABLE 2 
EVAPORATOR OUTLET ISOLATION VALVE MCR PROCESS PARAMETERS 

Descr ipt ion : 
I 

' Quan t i t y  

I s o l a t i o n  Valve - Evaporator Out le t  9 

Connecting .Pipe Data: Outl e t  

,~orn.inal' Size (inches) . . 16 16 

Design Conditions : 

2910 PSIG . .  a t  688OF . 
I 

Maximum D i f f e r e n t i a l  Pressure against  which valve i s  t o  be operated 
- down t o  upstream - 2910 P S I  as much as possib le - up t o  down 

. . . .  . .  

Flow a t  operating ~ o n d i  t i ons  : 
. . 

* . Normal - 1,600,000 1 b/hr Sp. Vol. 0.051 cu. f t / l b .  
** Minimum - 1,033,000 Ib/hr. Sp. Vol. 0.0548 cu. f t / l b  
** Maximum - 3,433,000 l b / h r  . . Sp. Vol. 0 .01604~~ .  f t / l b  

. . 

Speci dl Requj remen t s  : 

A. One(1)'second (or .  less) c los ing time 
. :. , 

B. Low Pressure Drop Requi red - 8 2 PSI 

* 2 pumps operat ing CR '4.0 Design - Hot 
** 3 Pumps operating CR 3.5 Design - Hot 
***I Pump operating CR 4.0 Design - Cold 
. . ,  . . 

C. An . i so la t ion  valve a t  the superheater i n l e t ,  s h a l l  be designed t o  meet 

MCR process parameters 1 i s t e d  i n  Table 9. 

TABLE 3 . 

. . SUPERHEATER INLET ISOLATION VALVE MCR PROCESS PARAMETERS 

Descr ipt ion : ' Quant i t y  

I so l a t i on  Valve Superheater I n l e t  9 

Connecting Pipe .Data: I n l e t  , . Out1 e t  
\ 

14 Nominal Size (inches] .14 



2.2.1 PROCESS PARAMETERS (continued). 

Table '3 continued 

Design Conditions: 

Maximum ~ i ' f f e r e n t i a l  ~ r e s s u k  against  which valve i s  t o  be operated 
- up t o  downstream - 2840 PSI .As much as possib le down t o  upstream 

F l  ow.. at.. Operati ng Condi t i ons  : . . 

Normal .- . 400,000 l b / h r  Sp. Vol. 0.J106 cu. f t / l b  
Minimum - , 20,000 l b / h r  Sp. Vol. 0.1106 cu. f t / l b a  

Special Requirements : 
. . 

A. One (1)secbnd c los ing t ime 
... 

B. Low. pressure drop r e l a t i v e  t o  'valve design 

D. ~ n '  i s o l a t i o n  valve a t  the  superheater o u t l e t  sha.11 be designed t o  
. . 

meet M C R  process. p a r a k t e r s  1 i s  ted i n   able 4. 
. . 

TABLE 4. . . 
. . 

SUPERHEATER OUTLET ISOLATION VALVE PROCESS PARAMETERS 

Descri,ption:, Quan t i t y  

 sola at ion Valve superheater .Ou t l e t '  ' . 9 
. . 

conh'ec$$ ng PI pe bata: It11 e t  o u t l e t  

Nominal Size (inches) 14 14 

Design Conditions : 

2840 PSIG a t  960 OF. 

Maximum D i f f e r e n t i a l  Pressure against which valve i s  t o  be operated - 
Down t o  upstream - 2840 PSI.As much as possib le up t o  downstream 

Flow a t  Operating Conditions: 
Normal - 400,000 1b/hr Sp. Vol. 0.27 cu. f t / l b  
Minimum - 20,000 l b / h r  Sp. Vol. 0.27 cu. f t / l b  

Special Requirements: 
A. One (1) second c los ing time 
B. Low Pressure Drop Rela t ive  t o  Valve Design 
C. Valve considered b o i l e r  stop - t o  ho ld  against  i n i t i a l  hydro t e s t  

@ 4500 PSI 



2.2.1 PROCESS PARAMETERS (continued). 

A d h p  valve a t  the evaporator o u t l e t  sha l l  be designed t o  meet MCR 
. . 

. . 
.. . 

process parameters 1 i s t e d  . i n  Table 5. 

. . :TABLE 5 

EVAPORATOR DUMP VALVE PROCESS PARAMETERS 

Description: Quanti  ty 

Evaporator Dump Valve .. ' ,  . . 9 

. . connecting Pipe Data: I n l e t  . Outlet.  

Nominal Size (inches) . 16 16 

Design ~ o n d i  ti ons : . 

2910 PSIG a t  688 O F  

Maximum D i f f e r e n t i a l  Pressure against whi.ch vaive i s  t o  be operated - 
up t o  downstream 2910. P S I  . . - 

Flow a t  operating Conditions: 

Normal * l b l h r  Sp. Vol. 0 . 1 1 0 6 ~ ~ .  f t l l b  

Special R&ui iements :' 
. . 

A. one (1)  second opening . . t ime 

F. Adump ~ i l k  a t t h e  superheater o u t i e t  s h a l l .  be designed t o  rneetMCR 

Process Parameters .l i s t e d  i n  Tab1 e 6. 

. . TABLE 6 

; SUPERHEATER DUMP VALVE 'PROCESS PARAMETERS 

Descr ipt ion : 
. . 

Quan t i t y  

Superheater* Dump Valve 9 

Connecting Pipe Data: 

Nominal Size (inches) 

Desdgn Conditions 

2840 P S I G  a t  960 O F  

I n l e t  Out1 e t  



PROCESS PARAMETERS ( Continued) 

TABLE 6 continued. 

Maximum ~i fferent i  a1 Pressure against which valve is  to  be operated - 
up t o  downstream, 2840 PSI 

Flow a topera t ing  conditions: . ' 

Normal -:' . * l b /h r  - . Sp. Vol.. , 0.27 cu. f t / l b  

Special RequS rements: . . 
. . 

A.: One (1) second opening time 
. . 

*. By Manufacturer. . . 

. (partial    is tin^, - Remainder t o  follow) 
. . 

SYSTEM CONFIGURATION 
. . . . 

There are three (3) steam generator water/steam circulation systems for  the 
. . 

1000 MWt ~emonitiatioii Plant: 

A. ~ ~ l ~ i p m e ' n t  per SGWCS: 

(1 ) ~ h r e e  (3) evaporator, is01 ation in1 e t  valves 

(2)  Three (3) '  kvhpo~atbr isolatio; . . outlet  "a1 ves 

(3) Three (3) superheater i sol ati.on in le t  val ves 
. . . . 

(4) Three (3) superheater isolation out let  valves 

(5) Three (3) evaporator dump valves 

(6) Three (3) superheater dump valves 

B. Equipment per Demonstration Plant 

(.I) . Nine' (9) evaporator isolation in le t  valves 

(2) Nine (9) evaporator isolation out le t '  valves 

(3) Nine (9) superheater isolation in le t  valves 

(4)  H i  ne (9)  superheater i sol a t i  on out1 e t  val ves 

( 5 1  - Nine (9) evaporator dump val ves 

(6)  Nin"e (9) superheater dump valves 



. . 7. 
2.2.3 GENERAL FEATURES 

A. . The val ves shall  be used t o  i so la te  and dump the water/steam side of 

the evaporator and superheater vessels tha t  have developed water-to- 

sodium tube leak. 

B. The "a1 ves shall be operated . . by hydraul i c  driven actuafbk . 
C. Because the use . of . these valves shall be of an emergency nature, they 

sha l l .  perform, w i t h  actuators, as fo l l  ows: 

(1). An isolation valve shal l :  

(a) Be able to. cl-ose whether there i s  or. is  not pressure i n  

. - the evaporator o r  superheater vessel. - . .-. 

(b)  Be a b l e  ti close whether there is or  i i  not hydraulic 
. . 

. , avai 1 able t o .  drive actuators. 
. . . . : (c) ~ e .  capable of manual trip .. 

. . . . 

(2)  A- dump valve s ha1 1 : 
. . 

' (a) '  he above shall apply t o  a dump valve except tha t  the 
' .  . 

action is' t o  open the valve. 
. . 

D .  Becduse the evaporator isblation "a1 vek are i n  the recirculation pump 
. . . . 

&stem,' they shall have 8 1 ow pressure drop design.' 
. . .  ' 

(1 ) superheater. isolation valves shall have low pressure drop, 
. . .  . .  . . . . . . 

r e l a t i v e  to  t h e  design. 
. . . .  

3.0 DETAIL' SPECIFICATIONS 

The following information specifies typical isolation and dump valve design 

normally chosen by C-E for  th i s  type of duty in accordance with requirements 

out1 ined in .  Sections 1..O and 2.0 of th i s  specification and applicable. re- 

qui rements of the SGWCS Spect f ical i u r ~ .  

A. Omission of certain verification statements regarding the adherence to  

the requirements i n  Sections 1.0 and 2.0 was intentional for  simp1 ic i  ty 

and avoidance of needless repetit ion. 

B. There are many avai 1 able valve manufacturers; however, ,Sul zer Brothers 

Valves are used in th i s  specification as typical equipment. 



- .  
. . 

SYSTEM CONFIGURATION 

~rrangement drawings ND 7231 14, ND 7231 15, and ND 7231 1 6  show i s o l a t i o n  

and dump valve locat ions i n  the SGWCS design. . 

'3.2 - PROCESS PARAMETERS 

The valves are designed for  the process parameters are out l ined i n  2.2.1 . 
. . 

3.3 GENERAL FEATURES 

A. Sulzer I so la t i on  Valve and Actuator Descript ion 

(1) ~ s o l a t i b n  valves o f  ~ u l z e r  Type ~ ~ 2 5 0 ~  i s  shown i n  Drawing. 

1-103.045.807 found i n  ~ ~ ~ e n d i ' x  "C" . ..  . 

It i s  a s ing le  seat valve o f  the s t ra igh t - thkugh  design w i t h  
- .  

c.asting valve body. It w i l l  be operated by a hydraul ic dr iven . . 
. .  . . . . 

actuator -of  Sul zer Type A S M ~ ~ O ~ ,  which isconnected t o  a low . . 

t h rus t  h y d r a u j i c  actuat ing system; s i m i l a r  t o  the enclosed 

. . "Descript ion o f  the L igh t  ~ y d r a u l  i c  Control System o f  ASM 400f 

~ c t u a t o r s " .  A l l  components are  o f  proven design from many i n -  

sta1led.uni  ts. . >  

. . 
. . 

 he valve wil.1 cl'ose by system steam pressure and an 'addit ional 

spr ing f o r c e  i n  one (1 ) second. I n  the event, o f  a water t o  sodium 
. . . . 

tube leak, the quick c los ing w i l l  be e f fec ted by opening o f ,  a 

hydraul ic bypass pipe between the upper and the lower p is ton chamber 

o f  the hydraul ic actuator. The correct  and safe act ion .of  the valve i s  

independent on. the, o i  1 supply from the hydraul i c  actuator. , . . 

(2) .Sulter type DA 250-P . . 

Single . seat . .  .val ire o f  the straight-through design 

Material o f  valve housjng: SA 216WCB (SA 217WCG-SH Out let  only) 

Seat Surface: Stel 1 i t e  'No. ,25 

Stem'guide: S t e l l  i t e  No. 6 

Stem.: ' 17 C r  Steel ' . 



3.3 GENERAL FEATURES (Continued) - 

(3) Description o f  the L igh t  Hydraulic Control System .o f  ASH 400f 

~ c t u a t o r s  (Drwg. SK 31/18510 found i n  Appendix "C"). 

The whole control  system consists o f  two d i f f e ren t  systems ; an 

open-closed system v ia  a- fo.ur-way electromagnetic valve (6) and a 

safety system SBE. The safety device SBE i s  i n  p r inc ip le  a 

tri . p l  . i cate .pi ston by-pass . under' normal operati on t h i  s by-pass 

i s  closed by two hydraul ic  actuated ion-return valves (4 ) ,  t o  

prevent any connection between the upper and 1 ower cy l  i nder chambers; 

For t h i  s purpose. the solenoid p i l o t  val ve (3) has t o  be 

energized, so tha t  .the 'control  connections of the- hydraulic de- 
- . .  

blockable non-return valves (4) w i  11 be connected t o  the d i  s- 

. I n  case o f  an emergency, the rapid closing p i l o t  va l ve  (3) 

w i l l  be de-energized i n  that  way, tha t  the non-return valves w i l l  be 
. . . . 

hydrau l~~ca l iy  de-biocked by o i i :  (P) supplied from the o i l  supply un i t .  . 

. . . -. . .  . . . 

-  he piston df the hydraulic actuator (I.) 'moves now upwards 
. . . * . .. . . .  - 

caused by the force ac t i ng  from the steam together wi th  

the spring power of the actuator - because the o i l  o f  the upper 

cy l  i'nder chamber can flow through the two check valves ( 4 ) ,  

.. t o  'the 1 ower chamber.   he speed df the p i  ston can be selected 

by adjusting the bore o f  the t h r o t t l i n g  device'(5).  

Simultaneously wi th  the de-energizing' o f  'the rapid closing 

p i  l o t  valve (3) '  the valve. fo r .  manual operation . has . t o  be e l e c t r i c a l l y  

disconnected, t o a v o i d  undesired o i l  circulation. '  

On .loss of t he  system pressure .P the control l ab i  1 i t y  o f  the 

safety, device ' i s  maintained: 



3.3 GENERAL FEA~URES (continued) 

(3) continued 

The oi 1 pressure. of the cyl i nder chamber produced by the spring 

force and steam pressure is led through check valve (7), to the 

solenoid wal.we (3). 

B. Sulzer Dump Valves and Actuator . Description . 

(1) Th6 dump valve design i s  similar to that  described for  the 
. , 

isolation .valve (3.3A) except . that the valve and operator acticin i s  

being designed to  open. 



(To be .provided 1 ater) 



APPENDIX "B' 

PARAMETERS 

(To be provided later) . . 



DRAWINGS . . 

1. 1-103.045.807 - .Sulzer,ValveType~DA250P 

. 2. SK 31/18510 - Hydraulic Actuating System . . 

ASM 400f .for Rapid Closing . 








