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ABSTRACT 

The Gas-Cooled F a s t  Breeder Reactor  (GCFR) Demonstration P l a n t  u s e s  
helium loops t o  t r a n s f e r  heat from the reactor core t o  the steam generators. 
Helium flow i n  each loop i s  provided by a  c i r c u l a t o r  d r i v e n  a  30 ,000  
horsepower e l e c t r i c  motor. 

Experimental  v e r i f i c a t i o n  of the  designs fo r  the c i rcu la tor ,  c i rcu la tor  
service system, main and pony motors, main and pony motor c o n t r o l l e r s ,  loop  
i s o l a t i o n  v a l v e  and in s t rumen ta t ion  and c o n t r o l  systems a r e  needed t o  
demonstrate t ha t  operational and s a f e t y  requirements  a r e  m e t .  I n  a d d i t i o n ,  
each production ci rculator  must be acceptance tes ted pr ior  t o  i n s t a l l a t i o n  i n  
t h e  p l an t .  The t e s t  f a c i l i t y  w i l l  a l s o  accommodate t h e  c o n n e c t i o n  o f  
a d d i t i o n a l  helium loop equipment and piping t o  permit flow tes t ing  of other 
components. 

A GCFR helium c i r c u l a t o r  test  f a c i l i t y  sized for  f u l l  design conditions 
i s  proposed f o r  meeting the  above requirements .  The c i r c u l a t o r  w i l l  be 
mounted i n  a  l a r g e  v e s s e l  containing high pressure helium which w i l l  permit 
t es t ing  a t  the same power, speed, pressure, temperature  and f low cond i t i ons  
i n t e n d e d  i n  t h e  demons t r a t i on  p l a n t .  The e l e c t r i c  d r i v e  motor f o r  t h e  
c i rculator  w i l l  obtain i t s  power from an e l e c t r i c  supply and d i s t r i b u t i o n  
system i n  which e l e c t r i c  power w i l l  be taken from a loca l  u t i l i t y .  

The conceptual des ign  decr ibed i n  t h i s  r e p o r t  i s  t h e  r e s u l t  of c l o s e  
i n t e r a c t i o n  between t h e  General  Atomic Company (GA), designer of the GCFR, 
and The Ralph M. Parson Campany, architect/engineer for  t h e  test  f a c i l i t y .  A 
r e a l i s t i c  e s t i m a t e  of t o t a l  p r o j e c t  c o s t  i s  presen ted ,  t o g e t h e r  wi th  a  
schedule fo r  design, procurement, cons t ruc t ion ,  and in spec t ion .  The t o t a l  
e s t i m a t e d  c o s t  of t h i s  f a c i l i t y  e s c a l a t e d  t o  t h e  per iod  of spending, 
including T i t l e  I, I1 and I11 engineering, s i t e  work, bu i ld ing  mod i f i ca t ion ,  
s p e c i a l  f a c i l i t i e s ,  u t i l i t i e s ,  s tandard  equipment, and cont ingency i s  
$18,902,000. Expense funded operating and c a p i t o l  equipment c o s t s  a r e  a l s o  
presented. 

Th i s  r e p o r t  i s  provided a s  support  f o r  a  DOE Schedule 44 Construction 
Project  Data Sheet request for  f i s c a l  year 1982 l i n e  item funding of t h e  GCFR 
Circulator Test Faci l i ty .  
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SECTION 1 

PURPOSE 

The .purpose of  t h i s  document is t o  summarize and s e t  f o r t h  the  design and 
estimated cos t  f o r  a Gas Cooled Fast Breeder Reactor  Helium C i r c u l a t o r  T e s t  
F a c i l i t y  c o n s t r u c t e d  w i t h i n  a n  e x i s t i n g  b u t  modif ied  High Temperature Gas 
Reactor H e l i u m  Circulator  Test Faci l ty .  

The purpose  of t h i s  modi f i ed  f a c i l i t y  i s  t o  provide the  equipment, support 
functions and services  necessary t o  permit f u l l  s c a l e  t e s t i n g  o f  t h e  he l ium 
c i r c u l a t o r  and a s s o c i a t e d  components fo r  the  Gas Cooled Fast  Breeder Reactor 
Demonstration Power Plant .  
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SECTION 2  

PROJECT SCOPE 

2.1 INTRODUCTION 

I m p l e m e n t a t i o n  of  t h e  n a t i o n a l  o b j e c t i v e  f o r  t h e  development of energy 
sources  makes i t  imperat ive t h a t  the  Gas-Cooled F a s t  Breeder  R e a c t o r  (GCFR) 
be  deve loped  a s  an  a l t e r n a t i v e  s o u r c e  o f  power. Des ign  s t u d i e s  have been 
underway s ince  1963 under c o n t r a c t  t o  t h e  Depar tment  of  Energy  (DOE) and a  
u t i l i t y  g r o u p .  The c u r r e n t  program c a l l s  f o r  t h e  completion of  des ign  and 
cons t ruc t ion  of  a  demonstrat ion p l an t  by 1991. 

One of  t h e  h ighes t  p r i o r i t i e s  i n  t h e  GCFR program i s  t h e  t e s t i n g  of t h e  
c i r c u l a t o r s ,  t he  c i r c u l a t o r  d r i v e  motors,  t he  motor c o n t r o l l e r s ,  t h e  c i r c u l a -  
t o r  d i f f u s e r  and t h e  l o o p  i s o l a t i o n  v a l v e  a t  t h e  same power, speed,  pres- 
s u r e ,  temperature and flow c o n d i t i o n s  i n t e n d e d  i n  t h e  d e m o n s t r a t i o n  p l a n t .  
T h i s  h i g h  p r i o r i t y  i s  based on the  dual  func t ion  ope ra t i on  of t h e  c i r c u l a t o r s  
i n  t h e  GCFR. The he l ium c i r c u l a t o r s  n o t  o n l y  p r o v i d e  t h e  n e c e s s a r y  f l o w  
r e q u i r e m e n t s  f o r  t h e  r e a c t o r  when i t  i s  a t  100 percent  power, bu t  they  a l s o  
p r o v i d e  r e s i d u a l  h e a t  removal  f o l l o w i n g  no rma l ,  o f f - n o r m a l  and a c c i d e n t  
cond i t i ons  r e s u l t i n g  i n  r e a c t o r  shutdown. 

\ 

A progress ive  d e v e l o p e n t  program has been planned f o r  t h e  c i r c u l a t o r ,  
t h e  c i ' r c u l a t o r  d r i v e  mo to r s  and c o n t r o l l e r s ,  t h e  c i r c u l a t o r  s e r v i c e  system, 
t he  c i r c u l a t o r  d i f f u s e r  and the  loop i s o l a t i o n  va lve .  The cu lmina t ion  o f  t h i s  
p r o g r a m  i s  t h e  i n t e g r a t e d  f u l l - s c a l e  d e v e l o p m e n t ,  q u a l i f i c a t i o n  and  
acceptance t e s t i n g  of  t h e s e  c.omponents i n  t h e  GCFR Helium C i r c u l a t o r  T e s t  
F a c i l i t y  d e s c r i b e d  i n  t h i s  r e p o r t .  This  f a c i l i t y  must be a v a i l a b l e  i n  FY-84 
i n  order  t o  support  f u l l  power demonstrat ion of  t he  GCFR by 1991. 

T h i s  work r e f l e c t s  a  c o n t i n u a t i o n  o f  p r ev ious  conceptual  design work 
60r a  GCFR H e l i u m  Ci rcu l a to r  Test ~ a c i l i t y  a s  r e p o r t e d  i n  GA-A15300 "Update 
Des ign  f o r  a  Helium Ci rcu l a to r  Test F a c i l i t y " ,  by General Atomic. Company and 
The Ralph M. Parsons Company, Apr i l  1979.  The r e a s o n  f o r  t h i s  d e s i g n  u p d a t e  
was t h e  d e s i r e  t o  reduce t he  f a c i l i t y  cos t  by modifying an e x i s t i n g  fac . l . l i ty  
and t h e  need t o  accommodate changes t o  test hardware concepts  and r a t i n g s .  

2.2 TEST PROGRAM OVERVIEW 

T e s t s  w i l l  be r e q u i r e d  t o  e v a l u a t e  t h e  pe r fo rmance  of t h e  pro to type  
helium c i r c l ~ l  a t o r ,  t he  d i f f u s e r ,  tlie main c i r c u l a t o r  m o t o r ,  t h e  pony m o t o r ,  
t h e  motor  c o n t r o l l e r s ,  t h e  c i r c u l a t o r  s e r v i c e  module, t h e  i s o l a t i o n  va lve ,  
t h e  t h e r m a l  b a r r i e r  and a  v a r i e t y  o f  a s s o c i a t e d  i n s t r u m e n t a t i o n .  T h e s e  
components  w i l l  be s u b j e c t e d  t o  a  deve lopment  t e s t  program t o  demonstrate 
t h a t  t he  performance r e q u i r e m e n t s  f o r  a l l  normal  and emergency c o n d i t i o n s  
w i l l  b e  met . .  The t e s t  program w i l l  a l s o  i n c l u d e  t h e  q u a l i f i c a t i o n  and 
acceptance t e s t i n g  r e q u i r e d  f o r  t h e  p r o t o t y p e  c i r c u l a t o r .  u n i y  a c c e p t a n c e  
t e s t i n g  w i l l  be c a r r i e d  o u t  on e a c h  p r o d u c t i o n  u n i t  and t h i s  w i l l  no t  be 
considered a  p a r t  of  t h e  development t e s t i n g .  



2.2.1 DEVELOPMENT TESTING 

I n i t i a l  t e s t s  w i l l  be  conducted on t h e  s e r v i c e  system a t  a low 
o r  ambient t e s t  v e s s e l  p r e s s u r e  t o  check  o u t  t h e  o p e r a t i o n  o f  t h e  s u b s y s -  
tems and t o  d e m o n s t r a t e  abnormal  r e a c t o r  o p e r a t i n g  cond i t i ons .  T e s t s  w i l l  
a l s o  be conducted t o  ob t a in  ope ra t i ng  information f o r  t h e  c i r c u l a t o r  s e r v i c e  
m o d u l e ,  b e a r i n g s ,  s h a f t  b r a k e  and . j e t  pump. T e s t s  w i l l  be  c o n d u c t e d  t o  
e s t a b l i s h  per formance  c h a r a c t e r i s t i c s  o f  t h e  b e a r i n g  w a t e r  s y s t e m  d u r i n g  
t r a n s i e n t  c o n d i t i o n s ,  pe r fo rmance  o f  t h e  v a r i o u s  s e a l i n g  s y s t e m s ,  and  
performance c h a r a c t e r i s t i c s  o f  t h e  back-up b e a r i n g  w a t e r  b o o s t e r  pump and  
bear ing water bypass piping requi red  f o r  c i r c u l a t o r  coastdown. 

The c i r c ~ r l a t o r ,  i t s  d r i v e  motor and c o n t r o l l e r ,  and i t s  s e r v i c e  
and c o n t r o l  sys tem w i l l  be t e s t e d  unde r  cond i t i ons  meeting t h e  minimum re- 
quirements f o r  reduced ope ra t i ng  speed and temperature  c o n d i t i o n s  a s s o c i a t e d  
w i t h  r e a c t o r  opera t ion .  The c i r c u l a t o r  development t e s t i n g  w i l l  encompass t h e  
following: ' 

a .  Helium-Compressor Sea l  System Trans ien t  Tes t s  

b. Compressor Shutdown Sea l  and Shaf t  Brake Tes t s  

c .  Compressor Vibra t ion  Tes t s  

d .  Low Speed Tes t s  

e .  Hot Res t a r t  Test 

f.. Endurance T e s t s  

g .  Acoust ic  and Vib ra t i on  Tes t s  of Components 

h .  ~ e ~ r e s s u s i z a t i o n  Tes ts .  

Development t e s t s  w i l l  a l s o  be  per formed on t h e  i s o l a t i o n  v a l v e  and    he 
thermal b a r r i e r .  

QUALIFICATION TESTING 

The c i r c u l a t o r  q u a l i f i c a t i o n  t e s t i n g  w i l l  inc lude  t h e  fol lowing 
o p e r a t  ions : 

a .  S t a r t  r n t a t i o n ,  naxiaium a c c e l e r a t i o n  a t  300 rpmlmin. 
.Ro ta t i ona l  speed determined by helium hea t  up r e t e .  

b. Helium warm up a t  100°F/hr up t o  des ign  temperature  600°F. 

c. S e t  speed  t o  1000 rpm a t  300 rpmlmin ;  r e c o r d  d a t a  t o  
gene ra t e  compressor performance maps. 

d .  Repeat s t e p  "c" i n  500 rpm incramente t o  3060 rpm.  



e .  M a i n t a i n  s p e e d  (3000  rpm) and t e m p e r a t u r e  600°F f o r  24 
hours.  

f .  Ten cyc l e s  of  t h e  fol lowing ope ra t i ons :  

(1  ) S t a r t  from no r o t a t i o n ;  
( 2 )  Acce le ra te  f o r  100% load cond i t i ons  a t  de s ign  speed; 
(3 ) Run a t  100% load f o r  60 minutes;  
( 4 )  Shut down. 

g .  B r i n g  c i r c u l a t o r  up t o  s p e e d  (3000 r p m )  a t  3 0  rpmlmin 
w i t h  h e l i u m  t e m p e r a t u r e  a t  595°F and p r e s s u r e  a t  1 4 5 0  
p s i a .  Hold f o r  60 minutes and then shu t  down power supply.  
Speed w i l l  be  r educed  t o  z e r o  a n d  p r . o c e d u r e  w i l l  b e  
r e p e a t e d  u n t i l  2 0 0  h o u r s  o f  o p e r a t i n g  t i m e  have  been  
accumulated . 

2.2.3 ACCEPTANCE TESTING 

A c c e p t a n c e  t e s t s  w i l l  b e  c a r r i e d  o u t  f o r  p r o t o t y p e  and 
product ion c i r c u l a t o r s .  The t e s t s  w i l l  i n c l u d e  t h o s e  t e s t s  d i s c u s s e d  unde r  
Q u a l i f i c a t i o n  Tes t ing ,  wi th  t h e  except ion  of t h e  endurance test .  Data w i l l  be 
cont inuously recorded and t h e  time sequence o f  a l l  d a t a  w i l l  be s y n c h r o n i z e d  
by a  t i m e  code  f o r  r e f e r e n c e .  Ins t rumenta t ion  w i l l  be c a l i b r a t e d  before  and 
a f t e r  t e s t i n g .  The q u a l i f i c a t i o n  t e s t  p r o c e d u r e  and t e s t  r e p o r t  w i l l  be i n  
accordance wi th  app l i cab l e  q u a l i t y  assurance manuals. 

ORGANIZATION RESPONSIBILITIES 

The d c s i g u  and c o n s t r u c t i o n  o f  t h e  GCFR c i r c u l a t o r  t e s t  f a c i l i t y  w i l l  
r e q u i r e  t he  coopera t ive  e f f o r t s  of s e v e r a l  d i f f e r e n t  companies and o r g a n i  za- 
t i o n s .  Among t h e s e  a r e  G e n e r a l  Atomic Company, a n  a r c h i t e c t  e n g i n e e r ,  a  
cons t ruc t ion  company, numerous component vendor s ,  Helium Breede r  A s s o c i a t e s  
and the  Department of Energy. 

DOE and  Helium Breede r  A s s o c i a t e s  w i l l  be involved because of t h e i r  
r e s p o n s i b i l i t i e s  a s  GCFR program managers. It i s  expected t h a t  b o t h  o f  t h e s e  
o r g a n i z a t i o n s  would be i n v o l v e d  i n  t h e  s e l e c t i o n  of the  a r c h i t e c t  engineer  
and t h e  cons t ruc t ion  con t r ac to r .  

G e n e r a l  Atomic Company r e s p o n s i b i l i t i e s  w i l l  inc lude  es tab l i shment  of 
f a c i l i t y  f u n c t i o n a l  des ign  c ' r i t e r i a ,  s e l e c t i o n  of  t h e  a r c h i t e c t  e n g i n e e r  and 
c o n s t r u c t i o n  c o n t r a c t o r ,  procurement of major f a c i l i t y  hardware such a s  t h e  
test loop  v e s s e l  and p ip ing  and power d i s t r i b u t i o n  e q u i p m e n t ,  t e s t  a r t i c l e  
d e s i g n  and p r o c u r e m e n t ,  t e s t  suppor t  ins t rumenta t ion  des ign  and procurement 
and post  cons t ruc t ion  f a c i l i t y  i n spec t ion  and acceptance. 

A f t e r  c o m p l e t i o n  o f  c o n s t r u c t i o n  G e n e r a l  Atomic Company w i l l  a l s o  be 
r e spons ib l e  f o r  ope ra to r  t r a i n i n g ,  f a c i l i t y  checkout and f a c i l i t y  ope ra t i on .  

The  a r c h i t e c t l e n g i n e e r  w i l l  be r e s p o n s i b l e  f o r  t h e  d e s i g n  o f  t h e  
f a c i l i t y  inc lud ing  b u i l d i n g  modi f ica t ions  , test loop sys t em,  and p r o c e s s  and 



control instrumentation. The architectlengineer will also be involved in the 
selection of the construction contractor, the monitoring of construction 
progress, construction inspection, and facility systems checkout. 

The construction contractor will be responsible for the modification of 
the facility and surrounding area needed for the switchyard and other 
subsystems. He will also be responsible for installation of all piping, 
wiring, equipment, circulator and motors. 

A more detailed definition of the project organizational responsibili- 
ties will be described in a Project Management Manual which will be written 
prior to the start of Title I design. 

2.4 FACILITY OVERVIEW 

The test facility, the major parameters of which are presented in Table 
2.1, will be housed in the existing HTGR building at GAC in San Diego, 
Ca1ifornia:This building is a single-storied high bay rectangular steel 
framed structure with corrugated asbestos cement siding and a shallow pitched 
insulated roof deck. The building will be modified as required to accommodate 
the new system and test equipment. 

The testing loop, shown schematically on the Helium Loop and Auxiliary 
systems Piping and Instrument Drawing No. ME-103, will consist of a circ- 
ulator and its diffuser, the main circulator motor, pony motor and the test 
vessel with internal flow ducting and isolation valve, the large diameter 
piping loop which incorporates a restrictor valve (control valve) and a heat 
exchanger, and the rapid depressurization valve and blow down line. 

The circulator test vessel, shown on Drawing ME-101, will be divided 
into two compartments. The circulator will be mounted in the outlet compart- 
ment end. The circulator, driven by a variable speed main motor, will dis- 
charge helium through a diffuser into the outlet compartment, and then into 
piping where the flow will be controlled by the use of a restrictor valve. 
The energy ,imparted to the helium by the circulator will be transferred to 
the ~owtherm coolant in the heat exchanger. The cooled helium will then flow 
to the inlet compartment where it will pass through internal flow ducting to 
the main c.irculator to complete the loop. 

The Dowtherm coolant will transport the energy received in the, heat 
exchanger to an outdoor air cooler where it will be dissipated to the 
atmosphere. 

Cooling water for the main motor, motor controllers, circulator service 
module, compressors and other equipment will be circulated through an outdoor 
cooling waterlair heat exchanger, which will dissipate the waste heat to the 
atmosphere. The pumps for the Dowtherm coolant and the cooling water system 
pumps and the Dowtherm coolant storage tanks will be located outdoors on the 
north and west sides of the building. 

Electric power for the faci.lity will be provided from the local 
electric utility's 138 kV transmission system. The 138 kV will be stepped 



down t o  6 . 9  kV a t  t h e  f a c i l i t y ' s  main power t ransformer .  The 6 . 9  kV w i l l  be 
d i s t r i b u t e d  t h r o u g h  t h e  f a c i l i t y  d i s t r i b u t i o n  s y s t e m  t o  t h e  m a i n  m o t o r  
c o n t r o l l e r  and t o  t h e  l o a d  c e n t e r  t r a n s f o r m e r s .  The main motor c o n t r o l l e r  
w i l l  r e c t i f y  and i n v e r t  t h e  6 . 9  kV s o  a s  t o  provide 6 . 9  kV v a r i a b l e  f r e q u e n c y  
power t o  t h e  main c i r c u l a t o r  motor. The load c e n t e r  t ransformer  w i l l  reduce 
t h e  vo l t age  t o  480 v o l t s  f o r  o t h e r  f a c i l i t y  e l e c t r i c  power needs.  

T h e . h e l i u m  f o r  t h e  l o o p  and t h e  n i t r o g e n  u s e d  f o r  i n e r t i n g  t h e  loop  
w i l l  be s t o r e d  i n  high pressure  b o t t l e s  o u t s i d e  t h e  bu i ld ing .  

O t h e r  s y s t e m s  used  i n  t h e  f a c i l i t y  w i l l  i n c l u d e  a  vacuum sys t em,  a  
compressed a i r  system, a  high p u r i t y  water  system and a b u f f e r  helium system. 

The  e x i s t i n g  b u i l d i n g  s e r v i c e s  w i l l  be u sed  by m o d i f y i n g  a n d / o r  
r ep l ac ing  p a r t s  a s  needed t o  make t h e  systems se rv i ceab le .  

The e x i s t i n g  p a r k i n g  a r e a  w i l l  be modified, and unimproved a r e a s  w i l l  
be graded and paved f o r  a  driveway t o  t h e  s e r v i c e  ya rd  and f o r  i n s t a l l a t i o n  
of new equipment. 



TABLE 2.1 

FACILITY OVERVIEW 

1. Helium Loop Design Conditions 

Fluid 
Design Pressure & temperature, PSIGIOF 
Operating Pressure & temperature, PSIGIOF 
Maximum flow, lbslsec 
Pressure drop at maximum flow, PSI 

2. Test Vessel and Loop 

Diameter; length & wall thickness, FT 
Head opening, FT 
Weight, LBS 
Loop piping inside diameter, FT 

3. Electrical Power 

Commercial supply, KV 
Main power transformer 

Type 

Voltages, KV 
Rating 

Primary, MVA OAIFA 
Secondaries, MVA OAIFA 

Load center transformers (2) 
Type 

Voltages, KV 
Rating, KVA 

DC system 
Voltage, V 
Rating, Ampere Hours 

4. Building 

Gross floor space, Ft2 
Ground floor, ft2 
Basement and sub-basement, f t2 
Mezzanine, ft2 
New receiving door, W x H, ft. 
Test bay traveling bridge crane, tons 

Clearance, ft., approximate 
Equipment room monorail, tons 

Clcorance, ff., approximate 

Helium 
16351650 
14351575 
1393 
23.6 

Outdoor, oil immer- 
sed 3 phase, 3 
winding 
13816.916.9 

Outdoor, oil immer- 
sed 3 phase, 3 
winding 
6.910.48 
1000/1150 



TABLE 2.1 

FACILITY OVERVIEW 
( Contd) 

5.  Gas Storageand Supply 

Helium, cubic f t lps ig  
Nitrogen, cubic f t l p s i g  

7. Cooling Water System Heat Removal, BTUIHR 

8.  Demineralized Water System Storage, g a l .  

9 .  Compressed Air, ACFMIPSIG 

10. Vacuum System, ACFMImm Hg Abs 
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SECTION 3 

DESIGN REQUIREMENTS 

3.1 TEST AND SUPPORT SYSTEMS PERFORMANCE REQUIREMENTS 

This section discusses the design and performance requirements for the 
'test systems and the immediately supporting subsystems. 

3.1.1 ELECTRIC POWER 

Electric power will be required for the main helium circulator 
motor, the pony motor, support auxiliaries and facility services. 

3.1.1.1 Main Helium Circulator Motor 

The main helium circulator motor will be powered from 
two identical thyristorlinverter motor controllers for variable speed 
control. These controllers require separate three phase, 60 hertz, 6.9 kV 
sources of a combined rating sufficient to drive the circulator to 15% 
overspeed under full pressure and temperature conditions. At its rated speed 
of 3000 rpm the circulator will have a power requirement of 30,000 HP. The 
motor will be a conventional totally enclosed three phase synchronous motor. 
The motor controller will have an efficiency of 97%. Upon startup the motor 
inrush current will not exceed 150% of full load current. 

3.1.1.2 Ponv Motor Reauirements 

The pony motor will be a 350 HP induction motor 
powered from a single thyristor/inverter motor controller for variable speed 
control. The controller requires three phase, 60 hertz, 480 volt power. The 
controller efficiency will be approximately 97%. 

3.1.2 CIRCULATOR TEST VESSEL 

The test vessel, as shown on Figure 3.1, shall be a horizontal 
pressure vessel, made of carbon steel. It shall be constructed to allow the 
circulator to be mounted by means of a bolted flange joint with two concen- 
tric O-ring closure seals. 

The flange joint shall be constructed to exhibit the same 
stiffness characteristics as provided in the demonstration plant. 

A thermal barrier made of special high temperature thermal 
insulation materials shall be attached inside the vessel outlet compartment 
by means of studs welded to the wall. It shall be a prototype of the 
insulation to be used on the walls of the concrete surrounded metal lined gas 
passageways in the demonstration power plant. 



The v e s s e l  s h a l l  be designed and f a b r i c a t e d  i n  accordance wi th  
the  American S o c i e t y  o f  Mechanica l  E n g i n e e r s '  B o i l e r  and P r e s s u r e  V e s s e l  
Code, S e c t i o n  V I I I ,  D i v i s i o n  1, and be designed f o r  t h e  fol lowing ope ra t i ng  
condi t ions  : 

Normal opera t ing  p re s su re  
Design pressure  range 
Normal opera t ing  temperature 
Maximum des ign  temperature 
Rel ief  p ressure  

1435 ps ig  
vacuum t o  1635 ps ig  
575 "F 
650 O F  

1635 ps ig  

3.1.3 CIRCULATOR HELIUM LOOP PIPING 

A l a r g e  d i a m e t e r  . f l o w  l o o p ,  e x t e r n a l .  t o  t h e  c i r c u l a t o r  t e s t  
v e s s e l ,  w i l l  be requi red  t o  provide a  c i r c u l a t i o n  p a t h  f o r  t h e  h e l i u m  from 
t h e  v e s s e l .  T h i s  l o o p  mus t  a c c o m o d a t e  a  r e s t r i c t o r  c o n t r o l  v a l v e ,  a  
helium/Dowtherm G hea t  exchanger,  connect ions f o r  t he  r a p i d  d e p r e s s u r i z a t i o n  
blow down l i n e  and provis ions  f o r  a  f u t u r e  a d d i t i o n  t o  t he  loop.  

The pressure  drop c h a r a c t e r i s t i c s  o f  t h e  h e l i u m  l o o p  mus t  be 
s u c h  a s  t o  p e r m i t  a  flow of a t  l e a s t  1393 l b / s e c  of  helium, a t  a  p r e s su re  of 
1435 ps ig  and a  temperature of 575"F, with a  t o t a l  p r e s s u r e  d r o p  e x t e r n a l  t o  
t h e  v e s s e l  o f  no more t h a n  23.6 p s i .  A t h r o t t l i n g  va lve  ( r e s t r i c t o r  va lve)  
must be provided t o  permi t  he l i um f l o w  c o n t r o l  o v e r  t h e  r a n g e  o f  a t  l e a s t  
0 -393  l b s / s e c .  The v a l v e  p o s i t i o n  must be r e m o t e l y  c o n t r o l l e d  from t h e  
c o n t r o l  room. The v a l v e  c o n t r o l  s y s t e m  m u s t  i n c l u d e  a  v a l v e  p o s i t ' i o n  
ind i c a  t o r .  

A c o u s t i c  measurements  w i l l  be made a t  t h e  fol lowing flows and 
d i f f e r e n t i a l  p ressures  : 

Mass Flow 
lbmlsec. 

The helinm/Dowtherm G h e a t  exchange r  s h a l l  b e  r e q u i r e d  t o  
remove 2.25 M W  t o  22.5 MW t h e r m a l  e n e r g y  (7 .9  X l o 6  BTU's per  hour t o  79 X 
l o 6  BTU ' s  per hour) from t h e  helium. The Dowtherm G t e m p e r a t u r e  a n d / o r  f l ow  
s h a l l  be con t ro l1 . ed  a s  r e q u i r e d  t o  m a i n t a i n  a  hea t  exchanger helium o u t l e t  
temperature o f  + - 5°F over t h e  temperature range of 120-600°F. 

A l l  p i p i n g  and p r e s s u r e  boundary  components  a t t a c h e d  t o  o r  
i n s t a l l e d  w i t h i n  t h e  he l ium l o o p  s h a l l  be d e s i g n e d  a n d  c o n s t r u c t e d  i n  
a c c o r d a n c e  w i t h  t h e  American S o c i e t y  of  Mechan ica l  E n g i n e e r s '  B o i l e r  and 
Pressure  Vessel Code, Sect ion V I I I ,  Divis ion 1. 



3.1.4 HELIUM SUPPLY AND STORAGE 

P r o v i s i o n s  s h a l l  be  made t o  s u p p l y ,  s t o r e  and r e c l a i m  he l ium.  
Helium w i l l  be added t o  o r  w i t h d r a w n  f r o m  t h e  h e l i u m  l o o p  by  a  s u p p l y  and  
s t o r a g e  s y s t e m .  C o n t r o l  s h a l l  , b e  p r o v i d e d  from t h e  c o n t r o l  room w i t h  l o c a l  
manual o v e r r i d e .  He l ium s u p p l y  s h a l l  a l s o  be  r e q u i r e d  f o r  t h e  c i r c u l a t o r  
s e r v i c e  sys tem.  

The l e a k a g e  o f  h e l i u m  from t h e  h e l i u m  s y s t e m s ,  i n c l u d i n g  t h e  
t e s t  v e s s e l ,  i s  n o t  expec ted  t o  exceed 1% o f  t h e  t o t a l  h e l i u m  i n v e n t o r y  p e r  
day  a t  d e s i g n  p r e s s u r e  and t empera tu re .  

3.1.5 BUFFER HELIUM SUPPLY SYSTEM 

B u f f e r e d  h e l i u m  s u p p l y  o f  12 a c f m  s h a l l  be  r e q u i r e d  f o r  t h e  
c i r c u l a t o r  s e r v i c e  m o d u l e  a t  a p p r o x i m a t e l y  1 5  p s i  a b o v e  t h e  t e s t  v e s s e l  
p r e s s u r e .  S i n c e  7  acfm s h a l l  be r e t u r n e d  from t h e  s e r v i c e  module, a  make-up 
of 5  acfm s h a l l  be r e q u i r e d  from t h e  helium s u p p l y  sys tem.  

3.1.6 . COMPRESSED AIR SYSTEM 

Compressed a i r  a t  100  p s i g  s h a l l  b e  r e q u i r e d  f o r  i n s t r u m e n t s  
and  c o n t r o l s ,  p n e u m a t i c  t o o l s ,  c l e a n i n g  e q u i p m e n t ,  a n d  m i s c e l l a n e o u s  
maintenance purposes  . 

3.1.7 H I G H  PURITY WATER SYSTEM 

A h i g h  p u r i t y  wa te r  system s h a l l  be r e q u i r e d  t o  s u p p l y  w a t e r  t o  
t h e  c i r c u l a t o r  s e r v i c e  system f o r  u s e  a s  t h e  c i r c u l a t o r  b e a r i n g  l u b r i c a n t .  
F o r  n o r m a l  o p e r a t i o n ,  5  gpm o f  makeup deminera l i zed  wa te r  s h a l l  be r e q u i r e d  
i n t e r m i t t e n t l y  from a  wa te r  s t o r a g e  t ank .  Supply p r e s s u r e  t o  t h e  s y s t e m  s h a l l  
not  be l e s s  than  20 p s i a .  

3.1.8 COOLING WATER 

C o o l i n g  w a t e r  s h a l l  be r e q u i r e d  f o r  t h e  main motor ,  main motor  
c o n t r o l l e r ,  c i r c u l a t o r  s e r v i c e  m o d u l e ,  h e l i u m  c o m p r e s s e r  p a c k a g e ,  a i r  
c o m p r e s s e r ,  and  b u f f e r  helium c o o l e r .  Cooling water  r e q u i r e m e n t s  s h a l l  be a s  
fo l lows  : 

I tem Flow (GPM) Heat  Duty  (BTU/hr) .- 

C i r c u l a t o r  motor c o o l e r  830 5,300,000 
C i r c u l a t o r  s e r v i c e  module c o o l e r  170 1 ,200,000 
Helium Compressor c o o l e r  2  0  200,000 
B u f f e r  helium c o o l e r  30 300,000 
A i r  c a n p r e s s e r  c o o l e r  2  0  700,000 
Main motor c o n t r o l l e r  c o o l e r  4  0  200,000 



3.1.9 VACUUM SYSTEM 

A vacuum system shall be required to attain an absolute 
pressure of less than 1 mm of Hg. within 8 hours. This shall be used to purge 
and dryout the helium loop before filling with helium. 

3.1.10 NITROGEN SYSTEM 

Nitrogen shall be required for inerting the helium loop after 
shutdown. It shall also be needed as a cover gas for the demineralized water 
supply and the Dowtherm G storage tank. 

3.1.11 INSTRUMENTATION 

Instrumentation and controls for monitoring and controlling 
the test and facility equipment shall be required in the control room, 
including a data acquisition system with various recorders and readout 
devices. 

3.1.12 HELTIJM RAPID DEPRESSURIZATION SYSTEM 

The Helium Rapid Depressurization System shall have a 
controllable opening rate, fast acting valve connected to the circulator 
vessel discharge line upstream of the restrictor valve. The helium loop 
safety valves shall be connected to the same line. They shall both be piped 
to a blowdown line which shall discharge to atmosphere. The rapid 
depressurization requirement shall permit a rapid pressure reduction in the 
testing loop from 1485 psia to 34.8 psia in 201.2 seconds. 

3.1.13 CIRCULATOR REPLACEMENT 

Provisions shall be made to allow for the replacement of the 
circulator after testing has taken place. This shall require that the main 
motor along with the pony motor be moved away from the test vessel to enable 
the circulator transporter access to support and remove the tested circulator 
and to replace it with the new circulator to be tested. 

3.1.14 CIRCULATOR SERVICE MODULE LOCATION 

The center line of the circulator service module shall be 
below the center line of the circulator, and no low point traps shall be 
permitted in the piping between the circulator service module and the 
connections.on the circulator. 

3.1.15 PROVISIONS FOR FUTURE TESTING 

A space not less than 35 feet high 30 feet wide and 30 feet 
long shall be provided for future testing. The design shall not prevent 
access from the helium loop flanges to this space. 



3.1.16 NOISE LIMITATION 

The c i r c u l a t o r  n o i s e  l e v e l  i n  helium i s  expected t o  be 160 db 
a t  maximum ope ra t ing  condi t ions .  The noise  l e v e l  of  t h e  main c i r c u l a t o r  m o t o r  
t h r e e  f e e t  ou t s ide  of t he  motor casing w i l l  be no g r e a t e r  than  95 db. 

o To prevent i n t e r f e r e n c e  wi th  a c o u s t i c  measurements  o f  t h e  
c i r c u l a t o r ,  t h e  r e s t r i c t o r  va lve  s h a l l  not  emit more than  
3.5 Wat t s  o f  a c o u s t i c  e n e r g y  i n  any o c t a v e  band i n  t h e  
range of 63-8000 Hz. 

o P e r s o n n e l  no i se  exposure, f o r  8 hour occupancy i n  the  t e s t  
bay ,  s h a l l  n o t  be g r e a t e r  t h a n  85  d b .  The  u s e  o f  e a r  
p r o t e c t o r s  i s  permiss ib le .  

o Noise a t  t h e  property boundary due t o  t h i s  f a c i l i t y  s h a l l  
be no more than 65 db during daytime ( 7  a.m. t o  7 p.m.) o r  
60 db a t  n ight .  

3.2 FACILITY REQUIREMENTS 

T h i s  s e c t i o n  d i scusses  the  design b a s i s  f o r  t he  f a c i l i t y  which suppor ts  
t he  t e s t  systems and subsys t ems  and accommodates p e r s o n n e l .  A few of  t h e  
c o d e s  o r  s t a n d a r d s  a r e  s u f f i c i e n t l y  b r o a d l y  a p p l i c a b l e  t o  most of t h e  
f a c i l i t y  design t h a t  a r e  l i s t e d  h e r e .  O t h e r s  o f  a more s p e c i f i c  n a t u r e  a r e  
included i n  t he  ind iv idua l  s e c t i o n s  t h a t  fol low,  a s  app l i cab le .  

o ERDA Manual Appendix 6301, "General Design C r i t e r i a "  

o The Uniform Building Code (UBC) 

o Occupational S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  (OSHA) S t a n d a r d s ,  
1976 Ed i t i on  

o C a l i f o r n i a  P u b l i c  Resources  Code ( C o a s t a l  Resources Planning and 
Management P o l i c i e s )  

3.2.1 SITE 

S i t e  work i s  a l l  t h a t  c o n s t r u c t i o n  e x t e r n a l  t o  t he  f a c i l i t y  bui lding.  
Applicable codes and s tandard s h a l l  be: 

o American S o c i e t y  of C i v i l  Engineers (ASCE) "Manual of P r a c t i c e  No. 
37, Design and Construct ion of San i t a ry  and Storm Sewers." 

o A m e r i c a n  I r o n  a n d  S t e e l  I n s t i t u t e  ( A I S I )  "Handbook of  S t e e l  
Drainage and Highway Construct ion Products." 

o S t a t e  of  C a l i f o r n i a  Department  o f  T r a n s p o r t a t i o n  " C o n s t r u c t i o n  
Manual. " 



E x c a v a t i o n  a n d  g r a d i n g  f o r  r o a d w a y  e x p a n s i o n ,  
r e m o v a l  o f  a b r u p t  g r a d e  changes  on a c c e s s  r o a d s ,  t r u c k  t u r n o u t  a t  t h e  
b u i l d i n g  t ruck  access ,  parking, and a r e a  f i r e  hydran ts  s h a l l  be r equ i r ed .  

3.2.1.2 Roads, Walks and Pa rk ing  

A new 1 3  f o o t  d r iveway  s h a l l  be r e q u i r e d  t o  t h e  
s e r v i c e  ya rd  on t h e  west s i d e  of t h e  bu i ld ing  f o r  access  t o  equipment and t h e  
e l e c t r i c  s w i  tchyard . 

The e x i s t i n g  paved p a r k i n g  a r e a  s h a l l  be  modified 
bu t  space w i l l  be r e t a i n e d  f o r  21 .veh ic les .  

3.2.1.3 Subs t a t i on  Yardwork 

E l e c t r i c  s u b s t a t i o n  yards  s h a l l  be grave led .  

3.2.2 STRUCTURAL 

3.2.2.1 Codes and S tandards  

o Applicable Codes and Standards t o  be used: 

o  A m e r i c a n  C o n c r e t e  I n s t i t u t e ,  A C I  3 1 8 - 7 7 ,  
" B u i l d i n g  Code R e q u i r e m e n t s  f o r  R e i n f o r c e d  
Concrete ." 

o A m e r i c a n  I n s t i t u t e  o f  S t e e l  C o n s t r u c t i o n ,  
"Manual S t e e l  Cons t ruc t ion ,"  Seven th  E d i t i o n  a s  
amended. 

o  A m e r i c a n  N a t i o n a l  S t a n d a r d s  I n s t i t u t e ,  ANSI 
A58.1-1972, " B u i l d i n g  Code R e q u i r e m e n t s  f o r  
Minimum Design Loads on B u i l d i n g s  and O t h e r  
S t ruc tures . "  

o A m e r i c a n  Welding S o c i e t y ,  AWS D 1 . l  " S t a n d a r d  
Code f o r  Welding i n  Building Construct ion.  " 

3.2.2.2 Design Loads 

D e s i g n  l o a d s  and f o r c e s  f o r  a l l  s t r u c t u r e s  s h a l l  
inc lude  dead,  l i v e ,  wind ,  e a r t h q u a k e ,  i m p a c t ,  s p e c i a l ,  and m i s c e l l a n e o u s  
l o a d s ,  a s  d e f i n e d  below.  Equipment loading s h a l l  be used, a s  a p p l i c a b l e ,  i f  
equipment loads  i nc lud ing  impact  a r e  g r e a t e r  t h a n  t h e  minimum d e s i g n  l i v e  
l o a d s  o v e r  t h e  a r e a  occupied by t h e  equipment. A l l  suppor t s  s h a l l  be designed 
f o r  t he  maximum l i v e  load t h a t  i t  is poss ib l e  t o  put  i n  o r  on t h e  equipment. 



Dead Loads (DL) 

Dead load i s  the  v e r t i c a l  load due  t o  t h e  w e i g h t  o f  
a l l  permanent s t r u c t u r a l  and nonstruc t u r a l  components of a  s t r u c t u r e ,  such a s  
wa l l s ,  f l o o r s  , r o o f s ,  p ip ing ,  f i xed  equipnent , hea t ing ,  v e n t i l a t i n g  , and a i r  
c o n d i t i o n i n g  s y s t e m s .  The v e r t i c a l  and l a t e r a l  p r e s s u r e s  of l i q u i d s  s h a l l  
a l s o  be t r e a t e d  a s  dead loads ,  a s  provided i n  Sec t ion  9.2.4 of A C I  318-77. 

L ive  Load (LL) 

L i v e  l o a d  i s  t h e  l o a d  supe r imposed  by t h e  use and 
occupancy of  t h e  a t r u c t u r e ,  n o t  i n c l u d i n g  s e i s m i c  l o a d ,  o r  dead  l o a d .  The 
f o l l o w i n g  un i fo rm l i v e  l o a d s  s h a l l  be used a s  minimum, i n  pounds per square  
f o o t  of  ho r i zon ta l  p ro j ec t i on .  . 

Roof 20 psf  
Floor  100 spf 
S t a i r s  & Walkways 100 psf  
Off i c e  Area 50  psf 

Wind and Tornado Load 

The d e s i g n  wind load s h a l l  be twenty (20 )  pounds per  
square foo t  of v e r t i c a l  p ro j ec t i on .  Tornado loads  s h a l l  not  be considered.  

Seismic Loads 

The f a c i l i t y  s h a l l  be  d e s i g n e d  f o r  Zone 3, .  i n  
accordance with Chapter 23, of the Uniform Building Code. 

3.2.2.3 Bui ld ing  S t r u c t u r a l  

The b u i l d i n g  i s  e x i s t i n g .  A new f l o o r  s h a l l  b e  
p r o v i d e d  o v e r  most o f  t h e  e x i s t i n g  t e s t  p i t .  S t e e l  suppor t s  f o r  equipment 
s h a l l  be provided and f l o o r  pads and foundat ions s h a l l  be added where needed 
t o  s u p p o r t  t h e  new equipment. S t r u c t u r a l  s t e e l  s h a l l  be A36 w i t h  A325 b o l t s ,  
and 3,000 p s i  concre te   hall be used. 

3.2.2.4 Support S t r u c t u r e s  Outs ide  Bui ld ing  

S t e e 1  Supports  

S t r u c t u r a l  s u p p o r t s  s h a l l  be provided f o r  equipment 
i n  t h e  yard a r e a ,  using A36 s t e e l  A325 b o l t s .  

Foundations 

B e a r i n g  p r e s s u r e  w i l l  be l i m i t e d  t o  2000 p s f  on  
t h r e e  f e e t  o f  compacted b a c k f i l l  and a  33% p e r m i s s i b l e  i n c r e a s e  f o r  l o a d  



c o m b i n a t i o n s  which  i n c l u d e s  wind o r  s e i smic .  Concrete  re inforcement  s h a l l  be 
A615 Grade 40, and 3,000 p s i  c o n c r e t e  s h a l l  be used. 

3 . 2 . 3  ARCHITECTURAL 

The a r r angemen t  of  equipment i t ems  s h a l l  be based p r i m a r i l y  on 
f u n c t i o n a l  f n t . e r r e 1 a t i o n s h i p  an.d s h a l l  max imize  s p a c e  u t i l i z a t i o n  o f  t h e  
e x i s t i n g  bu i ld ing  and.  minimize c o s t s .  

E x i s t i n g  womens and mens r e s t r o o m  and  l o c k e r  rooms s h a l l  
remain i n  t h e  same l o c a t i o n .  

A maximum o f  6 o p e r a t i n g  and maintenance personnel  per  s h i f t  
and 1 3  p e r  24 hour per iod  a r e  e s t ima ted  f o r  t h e  f a c i l i t y .  

3 . 2 . 4  BUILDING SERVICE REQUIREMENTS 

The d e s i g n  requirements  f o r  b u i l d i n g  s e r v i c e s ,  which  i n c l u d e s  
a i r  c o n d i t i o n i n g ,  h e a t i n g  and v e n t i l a t i o n  s y s t e m s ,  f i r e  p r o t e c t i o n ,  and  
plumbing s h a l l  be a s  fo l lows:  . . 

3 . 2 . 4 . 1  Codes and S t anda rds  

The fo l lowing  codes and  s t a n d a r d s  s h a l l  be  u sed  a s  
a p p l i c a b l e  i n  t h e  des ign  : 

o Amer ican  S o c i e t y  o f  H e a t i n g ,  R e f r i g e r a t i o n  and 
Air Condit ioning Englneer s ( ASHRAE ) 

o S h e e t  M e t a l  and  A i r  C o n d i t i o n i n g  C o n t r a c t o r s  
Nat iona l  A s  s o c i a  t i o n  (SMACNA) 

o Uniform Plumbing Code, 1976 E d i t i o n  

o Plumbing and Drafnage I n s t i t u t e  (PDI) 

o American S o c i e t y  o f  Mechanical Engineers  (ASME) 

o American Soc i e ty  of Tes t i ng  and M a t e r i a l s  (ASTM) 

American s o c i e t y  of Plumbing h g i n e e r s  ( ASPE) 

American Nat iona l  Standards I n s t i t u t e  (ANSI) 

American Water Works Assoc ia t ion  (AW'WA) 

Fac tory  Mutual (FM) 

Cast  I r o n  S o i l  Pipe I n s t i t u t e  (CISP) 

Underwri ters  Labora to r i e s ,  Inc . (UL) 



3.2.4.2 Bea t ing ,  V e n t i l a t i o n  and A i r  Condi t ion ing  Systems 

Beating and v e n t i l a t i n g  s y s t e m s  s h a l l  b e  r e q u i r e d  
f o r  f o u r  ( 4 )  g e n e r a l  ' a r e a s .  These  i n c l u d e  t h e  o f f i c e ,  c o n t r o l  room, and  
t o i l e t / l o c k e r  room a r e a s ;  test bay a r e a  ; e l e c t r i c  and m e c h a n i c a l  equ ipmen t  
room; and  t h e  basement and b a t t e r y  room. The c o n t r o l  room s h a l l  be maintained 
a t  a  s l i g h t l y  h igher  a i r  p ressure  w i t h  r e s p e c t  t o  t h e  o t h e r  a r e a s  t o  l i m i t  
i n t r u e i o n  of dus t .  

Outdoor Deslnn Condi t ions  

Sunaner = 83OF DB, 71°F W.B., 1% 

Dai ly  range 12" 

Winter = 42 OF 

Eleva t ion  = 100 F t .  above sea  l e v e l  

HVAC Requirements Areas Temperature - % RH A i r  Flow Rate  

Off i c e  

Control  Roan, 

T o i l e t  h o c  ker  Room 

68OF min. 20 min. As r equ i r ed  t o  main- 
78'F max. 80 max. t a i n  temp. and a  0.10 

inch.  WG p o s i t i v e  
68 OF max. 20 min. p ressure .  
78 OF max . 80 max. 

68OF min. 20 min. A s  requi red  t o  main- 
78'F max. 80 max. t a i n  temp. and a  0.10 

inch  WG nega t ive  
pressure .  

Helium Loop, Helium 55OF min. N / A  As r equ i r ed  t o  main- 
C i r c u l a t o r  Service 104°F max. t a i n  temp. 
Module, Test Bay and 
Receiving Area 

E l e c t r i c a l  & Mechanical 55°F min. N /A As r equ i r ed  t o  main- 
Equipment Room 104 OF max. t a i n  temp. 

J a n i t o r  Closet  and 
Restroans.  

B a t t e r y  Room 

55OF min. N /A 2  C F M / F ~  

55°F min. N /A 5  a i r  changes/min. 
104 OF max. 

3.2.4.3 F i r e  P r o t e c t i o n  Systems 

The f i r e  p r o t e c t i o n  system wi th in  t h e  bu i ld ing  s h a l l  
be designed t o  : 

o D e t e c t ,  e x t i n g u i s h ,  l i m i t  and c o n t r o l  f i r e s  and 



t h e i r  r e s u l t a n t  hazards and damaging e f f e c t s .  

o Provide s u f f i c i e n t  c a p a c i t y  and c a p a b i l i t y  f o r  
d e t e c t i n g  and suppressing f i r e s  and t r a n s m i t t i n g  

- alarm t o  the  c o n t r o l  roan. 

o P r o v i d e  equipment inc luding  po r t ab l e  f i r e  ex t in-  
gu i she r s  t o  a i d  personnel i n  t h e  c o n t r o l  o f  i n -  
c i p i e n t  f i r e s  and i n  manual f i r e  ex t inguish ing .  

o P r o v i d e  a w e t  p i p e  f i r e  s p r i n k l e r  s y s t e m  
t h r o u g h o u t  t h e  f a c i l i t y  e x c e p t  t h e  c o n t r o l  
room-of f  i c e  complex. 

o The  c o n t r o l  room complex ,  c o n s i s t i n g  of  t h e  
o f f i c e  and c o n t r o l  room, and t h e  moto r  c o n t r o l  
m o d u l e s ,  s h a l l  b e  s e r v e d  by Halon 1301 f i r e  
suppression systems. 

o A d r y  p i p e  s p r i n k l e r  sys t em s h a l l  back up t h e  
Halon system i n  t h e  c o n t r o l  room and o f f i c e .  

o The f i r e  p r o t e c t i o n  sys t em d e s i g n  requirements 
a r e  a s  follows: 

Outside Temperature Summer 90°F 
Winter 40°F 

Ins ide  Temperature Winter 55 OF min. 

Earthquake zone NFPA E a r t h q u a k e  
Area 3 

Ordinary hazard (Group 2 )  NFPA No. 1 3  

The wet p ipe  and d r y  pipe s p r i n k l e r  systems s h a l l  be 
designed i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s .  of NFPA No. 13  f o r  O r d i n a r y  
Hazard Occupancies, Group 2. 

P o r t a b l e  f i r e  e x t i n g u i s h e r s  s h a l l  be  r e q u i r e d  i n  
accordance wi th  the  requirements of NFPA-10. 
, 

A Halon 1301 f i r e  s u p p r e s s i o n  s y s t e m ,  a t  a des ign  
concent ra t ion  of s i x  percent ,  s h a l l  be r e q u i t e d  i n  t h e  c o n t r o l  room complex 
and f i v e  p e r c e n t  f o r  t he  motor c o n t r o l l e r  modules. The f i r e  alarm and detec- 

. t i o n  system design s h a l l  be i n  accordance wi th  t h e  r equ i r emen t s  of  NFPA-12A. 
The f i r e  alarm design s h a l l  be i n  accordance wi th  NFPA No. 72A and 77D. 

3.2.4'.4 Plumbing System 

o The h o t  and c o l d  domest ic  water system p res su re  
s h a l l  be m a i n t a i n e d  a t  4 0  p s i .  The h o t  w a t e r  



t e m p e r a t u r e  s h a l l  be  m a i n t a i n e d  a t  140°F. The 
s a n i t a r y  sys tem s h a l l  d r a i n , o f f  s a n i t a r y  w a s t e  
from t h e  b u i l d i n g .  

3.2.5 ELECTRIC SYSTEMS 

T h e  e l e c t r i c  s y s t e m s  s h a l l  c o n s i s t  o f  t h e  f o l l o w i n g  
subsystems : 

Main Power 
L i g h t i n g  
Ins t rument  and C o n t r o l  Power 
D i r e c t  Cur ren t  
Ground ing 
Raceways, Power and Cont ro l  Cables  
Communication and Annuncia t ion 

3.2.5.1 Codes and ' S t a n d a r d s  

The f o l l o w i n g  c o d e s  and s t a n d a r d s ,  l a t e s t  e d i t i o n s ,  
w i l l  be used as a p p l i c a b l e  sin t h e  d e s i g n :  

o  N a t i o n a l  E l e c t r i c a l  Code 

o  N a t i o n a l  E l e c t r i c  M a n u f a c t u r e r s  A s s o c i a t i o n  
(NEMA), S t a n d a r d s  

o  Amer ican  N a t i o n a l  S t a n d a r d s  I n s t i t u t e  ( ANSI ) 
S t a n d a r d s  

o  U n d e r w r i t e r s  L a b o r a t o r i e s ,  I n c .  (UL) f o r  Master  
Labeled L igh t ing  P r o t e c t i o n  Systems 

o .  S t a t e  o f  C a l i f o r n i a  D i v i s i o n  o f  I n d u s t r i a l  
S a f e t y ,  High Voltage E l e c t r i c a l  S a f e t y  Orders  

o  S t a t e  o f  C a l i f o r n i a ,  D i v i s i o n  o f  I n d u s t r i a l  
S a f e t y ,  E l e c t r i c a l  S a f e t y  Orders  

o  S t a t e  o f  C a l i f o r n i a  General  Order No. 95 

o  IPECA S p e c i f i c a t i o n  f o r  8 kv  a n d  600 v o l t  
C r o s s - L i n k e d  P o l y e t h y l e n e  I n s u l a t e d ,  S h i e l d e d  
Power Cables  w i t h  a  P o l y v i n y l  C h l o r i d e  j a c k e t .  

o  TPECA S p e c i f i c a t i o n  f o r  C o n t r o l  and Instrumen- 
t a t i o n  Cables ,  f o r  Non-Flammable , S h i e l d e d  a n d  
Non-Shielded , S i n g l e  and Mu1 ti-Conduc t o r  Cab les .  

3.2.5.2 Main Power System 

The m a i n  power s y s t e m  s u p p l y i n g  t h e  f a c i l i t y  s h a l l  
have t h r e e  v o l t a g e  l e v e l s .  



138kV System 

T h i s  p o r t i o n  o f  t h e  system s h a l l  t ransform,  c o n t r o l  
and meter  t he  power from the  l o c a l  u t i l i t y  138kV, 3 phase power sys tem t o  t h e  
t e s t  f a c i l t y ' s  power d i s t r i b u t i o n  sys t em.  Power s h a l l  be stepped down from 
the  t ransmission l i n e  vo l t age  l e v e l  t o  t h a t  requi red  f o r  t h e  motor c o n t r o l l e r  
b y  means  o f  1 3 8 1 6 . 9 1 6 . 9  kV, 3 w i n d i n g  power t r a n s f o r m e r  w i t h  a d e l t a  
connected primary and two 6.9 kV secondary windings; one c o n n e c t e d  d e l t a  and 
one connected wye; t h e  t ransformer t o  be furn ished  with a fa raday  s h i e l d .  

Control  and m e t e r i n g  s h a l l  be accompl i shed  w i t h  a 
138 kV o u t d o o r  o i l  c i r c u i t  breaker  wi th  an i s o l a t i n g  swi tch  and wi th  outdoor 
3 phase 138 kV meter ing equipment. 

6.9 kV Svstem 

T h i s  p o r t i o n  of  t h e  system s h a l l  r e c e i v e  power from 
t h e  6.9 kV windings o f  the  main power t ransformer and s h a l l  p r o v i d e  power t o  
t h e  f a c i l i t y ;  both t o  t he  main motor and t o  the  t e s t  f a c i l i t y ' s  a u x i l i a r i e s .  

Outdoor meta lc lad  s w i t c h g e a r  s h a l l  p r o v i d e  c i r c u i t  
s w i t c h i n g ,  d i s c o n n e c t i o n ,  m e t e r i n g  and r e l a y i n g .  M e t a l  e n c l o s e d  bus duc t  
s h a l l  connect the  main power t ransformer t o  t h e  motor c o n t r o l l e r  s w i t c h g e a r ,  
from t h i s  s w i t c h g e a r  t o  t h e  main c i r c u l a t o r  motor c o n t r o l l e r ,  and from t h e  
c o n t r o l l e r  t o  t h e  v i c i n i t y  o f  t h e  m a i n  c i r c u l a t o r  m o t o r .  The a c t u a l  
connection to  the  motor s h a l l  be by i n s u l a t e d  f l e x i b l e  power cab le .  

Metal enclosed bus d u c t  s h a l l  a l s o  c o n n e c t  t h e  wye 
connec t ed  s e c o n d a r y  winding  o f  t h e  main t ransformer t o  t he  6.9 kV f u s e  load 
b r e a k  s w i t c h  a s sembly  t o  s u p p l y  power t o  t h e  t e s t  f a c i l i t y ' s  480  v o l t  
a u x i l i a r y  power system. 

. 7 . 5  kV power c a b l e  s h a l l  c o n n e c t  t h e  6 . 9  kV fused  
load break swi tch  assembly t o  t h e  load c e n t e r  t ransformers .  

480 V o l t s  

T,his p o r t i o n  o f  t h e  sys tem s h a l l  provide power f o r  
a l l  m o t o r s ,  o t h e r  t h a n  t h e  main  m o t o r ,  and  f o r  a l l  l ower  v o l t a g e  n e e d s  
through 6.9 kV. t o  480 v o l t  t ransformers .  

M o t o r s  l a r g e r  t h a n . 1 0 0  h o r s e p o w e r  s h a l l  b e  
c o n t r o l l e d  by power a i r  c i r c u i t  b r e a k e r s .  L i g h t i n g  t r a n s f o r m e r s ,  welding 
o u t l e t s ,  b a t t e r y  cha rge r s ,  smal le r  motors and o the r  miscel laneous l o a d s  s h a l l  
be c o n t r o l l e d  by motor  s t a r t e r s  a n d / o r  molded c a s e  c i r c u i t  b r eake r s  i n  a 
motor c o n t r o l  cen t e r .  The two e x i s t i n g  480 v o l t  mo to r  c o n t r o l  c e n t e r s ,  Nos. 
MCC-1 & MCC-2 s h a l l  be used t o  f u r n i s h  power t o  var ious  a u x i l i a r i e s  of t h e  
test f a c i l i t y .  They s h a l l  be suppl ied  power from t h e  480 v o l t  swi tchgear .  

The 480 v o l t  a u x i l i a r y  power s h a l l  be metered by two 
watthour meters ,  one on each bus of  t h e  480 v o l t  swi tchgear .  Load c o n n e c t i o n s  



shall be made with 600 volt power cables. 

3.2.5.2 Lighting 

T h e  existing lighting system shall be used 
throughout the test facility. It shall be energized from the 480 volt portion 
of the power system and additions shall be made to it to provide an adequate 
lighting system with convenience outlets in all equipment, control, test and 
maintenance areas, both indoors and outdoors. 

3.2.5.3 Instrumentation and Control Power - 
120 volt, single phase power for the instrumentation 

and control circuits shall be supplied from special circut breaker panels. 
These panels shall be furnished power from the 480 volt motor control centers 
through 4801120 volt transformers, each with a Faraday shield. 

3.2.5.4 Direct Current 

A complete 125 Volt D.C. system shall be provided 
consisting of a station battery, battery panel, 125 volt main and distribu- 
tion panel and a 3 phase 480. Volts A.C. to 125 Volts D.C. battery charger. 
All D.C. panels shall be equipped with thermal magnetic circuit breakers. 

3.2.5.5 Groundinn 

A grounding system consisting of a heavy copper 
cable grid electrfcally connected to copper electrode type ground wells shall 
be provided within the 138 kV substation. This grounding system shall also be 
connected to the existing grounding system within the test facility site. 

All new electrical equipment shall be connected 
either to the existing grounding system on the new grounding system, using 
copper cables, cadweld and/or pressure type connectors. This shall also 
include the fence around the 138 kV substation. 

3.2.5.6 Racewavs. Power 6 Control Cables 

7.5 KV Power Cables 

All 7.5 KV power cables shall meet the IPECA 
specifications for cross-linked polyethylene insulated shielded power cables 
with a polyvinylchloride jacket. They shall be installed underground in 
individual. pnlyvinylchloride coaduits and above ground in individual 
galvanized steel conduits. These cables shall be installed in existing 
conduits, both underground and overhead, wherever possible. 

480 Volt Cables, Conduits and Raceways 

Lighting and 480 volt power cables shall be stranded 
copper conductors with GOO volt insulation. All tray conduit runs will have 



30% spare capacity. The smallest 480 volt power conductor shall be No. 12 
AWG. These cables shall be installed in the existing underground and overhead 
conduits wherever possible. . . 

3.2.5.7 Communication and Annunciation 

Public Address System 

The existing public address system shall be expanded 
to provide audio contact from the control room to all principal equipment and 
operating areas, both indoorssand outdoors, including the 138 KV substation. 

Telephone System 

The existing telephone system shall be expanded to 
provide telephone sets and telephone jacks for two-way communication be tween 
the control room and all equipment, test and maintenance areas, including the 
138 KV substation. 

Annunciation System 

All electrical alarm points shall be annunciated in 
the control room by means of a solid state annunciation system. This 
annunciation shall be in the form of a visual and an audible signal. 

3.2.6 INSTRUMENTATION AND CONTROL 

3.2.6.1 Codes and Standards 

The design.and fabrication of instruments and acces- 
sories shall comply with following codes and standards as applicable and 
referenced herein. 

AMERICAN NATIONAL STANDARD INSTITUTE (ANSI) 

o ANSI B2.1 Pipe Threads 

o ANSI B16.5 Steel Pipe Flanges and Flanged 
Fittings 

o ANSI B16.9 Forged Steel Fittings, Socket- 
(in its Welding and Threaded 
entirety) 

o ANSI B16.10 Face- to-Face and End-to-End, 
Dimensions of Ferrous Valves 

o ANSI B16.11 Forged Steel Fittings Socket 
Welding and Threaded 

o ni6.25 Buttwelding Ends 



o  ANSI B31.3 P e t r o l e u m  R e f i n e r y  P i p i n g ,  
S e c t i o n  137 Leak T e s t s  

o  ANSIB41.0 G a g e s - P r e s s u r e  ( a n d  V a c u u m )  , 
I n d i c a t i n g  Type-Elas t ic  Element 

o  ANSI C39.5 ~ l e c t r i c a l  S a f e t y  R e q u i r e m e n t s  
f o r  M e a s u r i n g  a n d  C o n t r o l l i n g  
I n s t r u m e n t a t i o n  

o  ANSIC83.9 Panel  Mounting Racks ,  P a n e l s  a n d  
A s s o c i a t e d  E q u i p m e n t s ,  
Nomenclature and Dimensions 

o  ANSIC83.66 P r e p a r a t i o n  f o r  D e l i v e r y o f  E l e c -  
t r i c  and E l e c t r o n i c  Components 

o  ANSI C-1 Na t iona l  E l e c t r i c a l  Code 

INSTRUMENT SOCIETY OF AMERICA ( I SA) 

o ISARP-3.2 F l a n g e  Mounted S h a r p  Edged O r i -  
f i c e  P l a t e s  f o r  Flow Measurement 

o  ISA Terminology, Dimensions, and 
RP-16.1.2.3 S a f e t y  P r a c t i c e s  f o r  I n d i c a t i n g  

Var iab le  Area Meters  (Rotameters)  

o  ISA RP-18.1 S p e c i f i c a t i o n  and  G u i d e s  f o r  t h e  
U s e  o f  G e n e r a l  P u r p ' o s e  
Annunciator6 

o  ISA C96.1 T e m p e r a t u r e  M e a s u r e m e n t  
Thermocouples 

o  ISA RP-59.2 Airborne Sound Measurement 

3.2.6.2 Cont ro lRoom 

The b u l k  o f  t h e  i n s t r u m e n t a t i o n  s h a l l  be housed i n  
t h e  c o n t r o l  room and connected by a p p r o p r i a t e  t r a n s m i s s i o n  d e v i c e s  t o  t h e i r  
s e n s o r s .  P r o v i s i o n  s h a l l  be made f o r  t o p  e n t r y  t o  t h e  v e r t i c a l  c o n t r o l  
p a n e l s .  T h e  c o n t r o l  room i s  . a d e q u a t e  t o  a c c o m m o d a t e  a l l  i n t e n d e d  
i n s t r u m e n t a t i o n  and c o n t r o l  d e v i c e s .  

3.2.6.3 C o n t r o l  and I n s t r u m e n t a t i o n  C a b l e s  and T r a y s  

The c o n t r o l ,  i n s t r u m e n t a t i o n  and e l e c t r i c a l  c a b l e s  
and pneumatic l i n e s  s h a l l  be r u n  i n  a p p r o p r i a t e  c a b l e  t r a y s .  E l e c t r i c  and  
i n s t r u m e n t a t i o n  s i g n a l  c a b l e  s h a l l  r u n  i n  s e p a r a t e  t r a y s .  Spare  conduc tors  
e q u i v a l e n t  t o  30% o f  t h e  i n s t a l l e d  conduc tors  w i l l  be r e q u i r e d  t o g e t h e r  w i t h  
a n  a d d i t i o n a l  3 0 %  unused  t r a y  c a p a c i t y .  A l l  c a b l e  i n  t r a y s  s h a l l  be UL 
l s b e l e d  f i r e - r e s i s t a n t  c a b l e  o r  approved e q u i v a l e n t .  
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SECTION 4 

PROJECT DESCRIPTION 

This section contains descriptions of the test hardware, test and 
support systems, main building, site, and utilities. 

4.1 TEST HARDWARE 

Test hardware will consist of the helium circulator radial compressor, 
the circulator diffuser, the isolation valve, the main and pony motors, the 
main and pony motor controllers, the main circulator service module, thermal 
barrier and the circulator control system. 

4.1.1 HELIUM CIRCULATOR 

The electric motor powered helium circulator will consist of a 
bearing assembly and radial compressor impeller as shown on Drawing 024696. 
The impeller will be mounted on a horizontal shaft which will be supported by 
water lubricated bearings. Two radial bearings of shrouded step design will 
be used. This type of bearing was selected because it will provide a large 
hydro-dynamic lift and will be suitable for operating hydrostatically without 
undue complication. 

Bearing water flow will cause rotation of the impeller shaft, 
consequently a .pneumatically operated drum brake will be used to prevent the 
rotor from turning when the drive motor is not powered. The drum brake will 
be located on the shaft between the main drive motor and the compressor bear- 
ing housing, as shown on Drawing 25031, Sheet 1. The brake can be applied at 
up to 300 rpm. 

4.1.2 DIFFUSER 

The kinetic energy of the gas leaving the impeller will be 
partly converted to pressure in a diffuser consisting of thirteen conical 
pipes as shown on Drawing 25031, Sheet 1. The diffuser will be installed 
separately from the circulator and remains in the test vessel when the 
circulator is removed. 

4.1.3 ISOLATION VALVE 

The GCFR main circulator isolation valve is shown on Drawing 
025205. The valve will consist of two semi-elliptical flat plates supported 
on a common hinge joint. In the open position, the two valve plates will be 
nearly parallel to the centerline of the inlet duct. When closed, the plates 
will have rotated into a position 45" to the duct centerline. The valve will 
be self-actuating, remaining closed at no helium flow, and will be provided 
wi'th a fiber optic position indicating system. One high pressure gas jet 
system per valve blade provides auxiliary closing force in case a blade is 
hung up in thc open position. 



4.1.4 THERMAL BARRIER 

The thermal barrier will consist of multilayers of high-purity 
aluminasilica ceramic fiber blanket attached to the circulator test vessel 
wall and outlet piping with cover plates and welded attachment fixtures as 
shown on Drawing ME-101. The metal parts will be carbon steel, surf ace 
hardened by nitriding in the areas where sliding movement due to thermal 
expansion must take place. 

4.1.5 MAIN CIRCULATOR MOTOR 

The main motor will be a 30,000 HP synchronous machine rated 
for full power operation at 3000 rpm. The motor will be totally enclosed with 
a housing designed to contain missiles from any rotating motor parts. The 
motor air cooling system will be self-contained with an air-to-water heat 
exchanger within the motor housing. The bearing lubrication system will be 
separate from the motor. The voltage rating will be 6,900 volts at full load 
with starting being accomplished at zero frequency by a non-safety class, 
variable frequency controller. 

4.1.6 PONY MOTOR 

The pony motor will be a three phase induction motor rated at 
approximately 350 HP, suitable for variable speed operation over a speed 
range of 300 to 1500 rpm. This motor will be safety related and will be 
coupled to the outboard end of the main motor drive shaft. 

4.1.7 MAIN CIRCULATOR MOTOR CONTROLLER 

The adjustable frequency electric power supply consists of two 
parallel equally rated systems, either o,ne of which can drive the motor. This 
solid state electric power supply functions in the following manner. Alter- 
nating current is supplied to each supply train from a conventional rectifier 
transformer. This AC power is rectified to DC and smoothed by DC reactors. 
The DC power is iu.verCed into AC at a frequency selected for the desired 
motor speed. The normal operating range for the power supply is from an 
output which will provide 10% motor speed to that required for 100% motor 
speed. During normal operation, the commutation of the rectifier and inverter 
is of the "line commutated" type. 

Below 10% speed, insufficient voltage is provided by the motor 
controller for line commutation and a different mode of operation becomes 
necessary for starting. For starting, the DC power is turned on and off at 
the frequency desired and this pulsed DC power is directed to the proper 
motor windings by the inverter thyristors. This results in a three-phase 
system of low frequency pulses being applied to the motor and permits 
starting and accelerating from standstill. 



4.1.8 PONY MOTOR CONTROLLER 

The e l e c t r i c  power f o r  t h e  pony motor w i l l  be from a  s e p a r a t e  
s o l i d - s t a t e  c o n t r o l l e r .  I t  w i l l  be  c o m p a t i b l e  w i t h  t h e  o p e r a t i n g  a n d  
s t a b i l i t y  requirements of t h e  pony motor over i t s  e n t i r e  speed range. 

4.1.9 MAIN CIRCULATOR SERVICE MODULE 

The c i r c u l a t o r  s e r v i c e  system w i l l  provide a  c losed  water pump- 
ing  loop t h a t  supp l i e s  the  c i r c u l a t o r  wi th  approximately 200 gpm o f  h i g h  pu r -  
i t y  b e a r i n g  w a t e r  a t  a p p r o x i m a t e l y  150 p s i  above t e s t  v e s s e l  p ressure .  A l l  
c i r c u l a t o r  f l u i d  system components and ins t rumenta t ion ,  i n c l u d i n g  c i r c u l a t o r  
b r a k e ,  b u f f e r  he l ium and s t a t i c  s e a l  a c t u a t i o n  systems, w i l l  be l oca t ed  on 
the  c i r c u l a t o r  s e r v i c e  module. Water make-up t o  t h e  s e r v i c e  module w i l l  b e  
from t h e  high p u r i t y  water system shown on drawing ME-104. 

4.1.10 CIRCULATOR INSTRUMENTATION 

The c i r c u l a t o r  c o n t r o l  s y s t e m ,  n o t  t o  be c o n f u s e d  w i t h  t h e  
motor c o n t r o l s  o r  t he  c i r c u l a t o r  s e r v i c e  s y s t e m ,  w i l l  p r o t e c t  t h e  mach ine  
from damage and w i l l  be p ro to typ i ca l  of t he  system intended t o  be used i n  t h e  
GCFR demonstrat ion p l an t .  A s h a f t  speed measurement sys t em w i l l  be u t i l i z e d  
t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  a  p o s s i b l e  ove r speed  c o n d i t i o n .  A s h a f t  
d i s p l a c e m e n t  measurement  sys tem w i l l  p r e v e n t  damage t o  t h e  b e a r i n g s  and 
d e t e c t  a  r o t o r  unbalanced condi t ion .  Bearing temperatures  w i l l  be measured t o  
provide a  d i v e r s e  method of d e t e c t i n g  pend ing  f a i l u r e s .  The pe r fo rmance  o f  
t h e s e  s y s t e m s  d u r i n g  t h e  o p e r a t i o n  of  t h e  test f a c i l i t y  w i l l  c o n t r i b u t e  t o  
des ign  improvements i n  t he  p l an t  c i r c u l a t o r  c o n t r o l  system. 

4.2 TESTING LOOP 

T h i s  s u b s e c t i o n  d e s c r i b e s  t h o s e  po r t i ons  of t h e  f a c i l i t y  t h a t  w i l l  be 
r e q u i r e d  f o r  t e s t i n g  o f  t h e  h e l i u m  c i r c u l a t o r s ,  c i r c u l a t o r  d i f f u s e r ,  
i s o l a t i o n  v a l v e ,  m o t o r s  and c o n t r o l l e r s ,  and c i r c u l a t o r  s e r v i c e  module. The 
t e s t  loop w i l l  c o n s i s t  of t h e  helium loop and rap id  d e p r e s s u r i z a t i o n  s y s t e m .  
Provis ion  f o r  f u t u r e  t e s t i n g  is  a l s o  d i scussed  here .  

4.2.1 HELIUM LOOP 

The he l ium loop w i l l  be t h a t  flow c i r c u i t  t h a t  w i l l  permit f u l l  
helium flow from the  c i r c u l a t o r  a t  t h e  d e s i g n  p r e s s u r e  and t e m p e r a t u r e .  I t  
w i l l  i n c l u d e  t h e  c i r c u l a t o r  t e s t  v e s s e l ,  t h e  c i r c u l a t o r  and d i f f u s e r ,  t h e  
i n t e r n a l  duc t ing  wi th in  the c i r c u l a t o r  v e s s e l ,  t h e  i s o l a t i o n  v a l v e ,  p i p i n g ,  
t h e  r e s t  r i c  t o r  v a l v e ,  t h e  h e l i u m / D o w t h e r m  G h e a t  e x c h a n g e r ,  a n d  
i n s t r u m e n t a t i o n  a n d  c o n t r o l s ,  a s  shown o n  ME-101, 1 0 2  a n d  1 0 3 .  T h e  
f l ow/  p r e s s u r e  d r o p  c h a r a c t e r i s t i c s  of t h i s  c i r c u i t  (F igure  4-1 ) w i l l  be such 
a s  t o  enc lose  a l 1 , o f  t he  ope ra t i ng  po in t s  of  t h e  c i r c u l a t o r  t o  be t e s t e d .  



4.2.1.1 C i r c u l a t o r  T e s t  Vesse l  

The c i r c u l a t o r  t e s t  v e s s e l  w i l l  be  a  l a r g e  c a r b o n  
s t e e l  p r e s s u r e  v e s s e l  which w i l l  house t he  helium c i r c u l a t o r ,  t h e  d i f f u s e r ,  
t h e  i s o l a t i o n  v a l v e ,  t h e  i n l e t  f l ow  d u c t i n g ,  t h e  t h e r m a l  b a r r i e r  a n d  
a p p r o p r i a t e  i n s t r u m e n t a t i o n .  The v e s s e l  has been s i zed  t o  provide f u l l  s c a l e  
s imula t ion  of  the  c i r c u l a t o r  mounting con f igu ra t i on  i n  t he  GCFR Demons t . r a t  i o n  
P l a n t  p r e s t r e s s e d  c o n c r e t e  r e a c t o r  v e s s e l  (PCRV). The test v e s s e l  w i l l  be 
c y l i n d r i c a l  i n  shape with one end f langed f o r  a t tachment  o f  a  t h e  c i r c u l a t o r  
a s sembly  and the  o t h e r  end c losed  with a  s emi -e l i p t i ca l  head. The i n t e r i o r  of 
the  v e s s e l  w i l l  be d iv ided  i n t o  i n l e t  and o u t l e t  compar tments  by  means o f  a  
f l a n g e d  and d i s h e d  head forming a  p a r t i t i o n ,  a s  shown on Drawing ME-101. The 
v e s s e l  w i l l  be 11 f e e t  3  inches i n  e x t e r n a l  diameter  wi th  a  wa l l  t h i c k n e s s  o f  
6 .08 i n c h e s  and w i l l  measure  approximately 23-112 f e e t  from t h e  body f l ange  
f ace  t o  t h e  tangent l i n e  of  t h e  s emi -e l i p t i ca l  head. The body f l a n g e  a d a p t o r  
w i l l  have a  71 i n c h  d i a m e t e r  open ing  f o r  i n s e r t i o n  and a t t achmen t  of t h e  
c i r c u l a t o r  assembly. 

The i n t e r i o r  s u r f a c e  of  t h e  v e s s e l  w i l l  be  c o a t e d  
wi th  a  z inc  coa t ing  m a t e r i a l  t o  provide r u s t  p r o t e c t i o n .  The re  w i l l  a l s o  b e  
twen ty - fou r  318 inch and twelve 112 i n c h  s t u d s  welded to  t h e  i n t e r i o r  wal l  of 
th,e v e s s e l  o u t l e t  compartment t o  s u p p o r t  t h e  t h e r m a l  b a r r i e r .  T h i s  t h e r m a l  
b a r r i e r  w i l l  be a  s p e c i a l  high temperature  i n s u l a t i o n  intended t o  be used i n  
the  PCRV of the  GCFR Demonstration P l an t .  I ts i n s t a l l a t i o n  i n  t h e  c i r c u l a t o r  
v e s s e l  w i l l  be f o r  t h e  pu rpose  of  e v a l u a t i n g  i t s  e f f e c t i v e n e s s  under f u l l  
temperature and pressure  ope ra t i ng  condi t ions .  

Two l a r g e  n o z z l e s  o f  56 i n c h  and 50 i n c h  i n s i d e  
diameters  w i l l  p r o v i d e  f o r  c o n n e c t i o n  o f  s u p p l y  and r e t u r n  p i p i n g  of  t h e  
he l ium l o o p ,  r e s p e c t i v e l y .  I n t e r n a l  b e l l  mouthed duct ing w i l l  d i r e c t  helium 
from t h e  i n l e t  compartment towards t he  c i r c u l a t o r  i n l e t .  The i s o l a t i o n  v a l v e  
w i l l  be housed  i n  a  s e c t i o n  of  c i r c u l a t o r  i n l e t  d u c t i n g  which has  a  s l i p  
j o i n t  t o  a l low f o r  thermal expansion.  A b a r r i e r  s c r e e n  i n  t h e  d u c t i n g  w i l l  
p r e v e n t  t h e  i n g e s t i o n  of  f o r e i g n  o b j e c t s  i n t o  t h e  r a d i a l  compressor. Thus, 
t h e  flow pa th  of  t h e  he l ium l o o p  w i l l  be from t h e  i n l e t  n o z z l e ,  i n t o  t h e  
v e s s e l  i n l e t  compartment through t h e  i n l e t  duc t i n g  , pas t  t he  i s o l a t i o n  va lve ,  
through the  c i r c u l a t o r  r a d i a l  compressor  and t h e  d i f f u s e r ,  i n t o  t h e  v e s s e l  
o u t l e t  compartment and the  o u t l e t  nozzle .  

A 20 inch d i a m e t e r  f l a n g e d  manhole ,  l o c a t e d  i n  t h e  
lop p i p i n g  and an  1 8  inch diameter  manhole loca ted  i n  t h e  v e s s e l  p a r t i t i o n ,  
.11 p r o v i d e  f o r  . p e r s o n n e l  e n t r a n c e  i n t o  t h e  v e s s e l  f o r  i n s p e c t i o n  a n d  

m a i n t e n a n c e .  Four i n s t rumen ta t i on  nozz les ,  a  gas  j e t  supply l i n e  nozzle  ( f o r  
i s o l a t i o n  va lve  breakaway) and a  d r a i n  nozz le ,  a l l  f l a n g e d ,  w i l l  c o n s t i t u t e  
t he  remaining ves se l  pene t r a t i ons .  

The v e s s e l  w i l l  be supported on t h e  f l o o r  of t he  test 
bay by means of  welded saddles .  

T h e  v e s s e l  w i l l  b e  d e s i g n e d  a n d  f a b r i c a t e d  i n  
saaordancc w i t h  the Auieilcau Soe iery  O f  Mechanica l  E n g i n e e r s  ' B o i l e r  and 
Pressure  Vessel Code, Sec t ion  VIII, Div is ion  1. 

\ 



4 . 2 . 1 . 2  C i r c u l a t o r  Helium Loop P ip ing  

High pressure  and h igh  t e m p e r a t u r e  h e l i u m  w i l l  f l o w  
from t h e  v e s s e l ' s  56 inch diameter o u t l e t  nozzle  i n t o  the  helium loop p ip ing .  
The piping w i l l  be r educed  t o  48  i n c h  d i a m e t e r  a t  t h e  48  i n c h  r e s t r i c t o r  
v a l v e .  T h i s  v a l v e  w i l l  c o n t r o l  t h e  he l ium f l o w  i n  t h e  l o o p .  A f t e r  t h e  
r e s t r i c t o r  va lve ,  t h e  48 inch piping w i l l  c o n t i n u e  t o  t h e  hel ium/Dowtherm G 
h e a t  exchange r  v i a  a  mitered f langed 180  degree r e t u r n .  The d ischarge  of t h e  
hea t  exchanger w i l l  be connected t o  50 inch diameter  piping f o r  r e t u r n  o f  t h e  
c o o l e d  h e l i u m  b a c k  t o  t h e  i n l e t '  compartment  of t h e  v e s s e l .  T h i s  w i l l  
c o n s t i t u t e  t he  helium loop piping e x t e r n a l  t o  t h e  c i r c u l a t o r  v e s s e l .  

A l l  p i p i n g  and p r e s s u r e  boundary components a t t ached  
t o  o r  i n s t a l l e d  w i th in  t he  helium l o o p  w i l l  be  d e s i g n e d  and c o n s t r u c t e d  i n  
a c c o r d a n c e  w i t h  t h e  American S o c i e t y  of Mechan ica l  E n g i n e e r s '  B o i l e r  and 
Pressure  Vessel Code, Sect ion V I I I ,  D iv is ion  1 .  

4 . 2 . 1 . 3  Helium/Dowtherm G Heat Exchanger 

The helium flowing through the  he l ium l o o p  w i l l  h ave  
up t o  2 3  MW o f  t h e r m a l  energy imparted t o  i t  a t  r a t e d  opera t ion  of t h e  c i r c -  
u l a t o r  compressor by h e a t  o f  compres s ion  and t u r b u l e n c e  d i s s i p a t i o n .  T h i s  
t h e r m a l  e n e r g y  w i l l  be t r a n s f e r r e d  t o  t he  Dowtherm G coolan t  i n  t he  helium/ 
Dowtherm G hea t  exchanger f o r  d i s s i p a t i o n  t o  t h e  a tmosphe re  by an  o u t d o o r  
Dowtherm G / a i r  hea t  exchanger. The helium/Dowtherm G h e a t  exchanger w i l l  be a  
s i n g l e  pass ho r i zon ta l  s h e l l  and tube type  u n i t  with 48 i n c h  d i a m e t e r  i n t a k e  
and 5 0  i n c h  d i s c h a r g e  c o n n e c t i o n s .  The t h e r m a l  r a t i n g  w i l l  be 7 9  m i l l i o n  
BTU/hr when pass ing  1 , 3 9 3  l b s / s e c  of  helium f l o w  a t  an  i n l e t  t e m p e r a t u r e  o f  
5 8 8 O F .  The o u t l e t  t e m p e r a t u r e  of  he l ium w i l l  be 576°F when t h e  Dowtherm G 
coolan t  is  flowing 3450 GPM with an  i n l e t  t e m p e r a t u r e  of 3 0 0  O F .  The d e s i g n  
t e m p e r a t u r e  and p r e s s u r e  f o r  t h e  t u b e  s i d e  of  t h e  h e a t  exchanger  w i l l  be 
650°F and 1635  psig.  For t he  s h e l l  s i d e ,  t he  des ign  t e m p e r a t u r e  and p r e s s u r e  
w i l l  be 650°F and 150 ps ig .  

4 . 2 . 1 . 4  R e s t r i c t o r  Valve 

The he l ium l o o p  r e s t r i c t o r  v a l v e  w i l l  be  a  4 8  inch  
diameter  b u t t e r f l y  va lve  furn ished  w i t h  a .  pneuma t i c  a c t u a t o r ,  a  p o s i t i o n e r  
and a  handwheel. The func t ion  of t h e  va lve  i s  t o  a d j u s t  t h e  helium loop  pres- 
s u r e  drop t o  s i m u l a t e  v a r i o u s  r e a c t o r  sys t em o p e r a t i n g  c o n d i t i o n s  o f  t h e  
demonstrat ion p l an t .  

4 . 2 . 1 . 5  Helium Loop Ins t rumenta t ion  and Cont ro l  -- -- - .- - 

Ins t rumenta t ion  i s  l oca t ed  i n  t h e  h e l i u m  l o o p  p i p i n g  
t o  measure  he l ium p r e s s u r e ,  t e m p e r a t u r e  and flow. Helium loop p re s su re  and 
flow a r e  recorded i n  t he  c o n t r o l  room. High p r e s s u r e  i s  a l a rmed  i n  t h e  con- 
t r o l  room. Helium loop  temperature en t e r ing  and leav ing  t h e  Dowtherm G/Helium 
hea t  exchanger is  a l s o  recorded i n  t he  c o n t r o l  roan. High h e l i u m  t e m p e r a t u r e  
i s  alarmed i n  t h e  c o n t r o l  room. 



The r e s t r i c t o r  v a l v e  c a n  be r e m o t e l y  ope ra t ed  from 
the  c o n t r o l  room, w i t h  t h e  v a l v e  p o s i t i o n  b e i n g  i n d i c a t e d  i n  t h e  c o n t r o l  
room. 

4.2.1.6 Acoust ics  

The  s o u n d  p r e s s u r e  w i t h i n  t h e  p i p e  e n v e l o p e  a s  
generated by the  flow of  helium through the  r e s t r i c t o r  va lve  has a  n e g l i g i b l e  
e f f e c t  on t h e  sound p r e s s u r e  l e v e l  i n  t h e  d i scharge  chamber of t h e  v e s s e l .  
The ca l cu l a t ed  d i f f e r e n c e  w i l l  be 50 dBA and t h e  v a r i a t i o n s  i n  o c t a v e  bands  
range between 57 and 88 dB. 

Sound p r e s s u r e  l e v e l  i n  t h e  t e s t  bay  w i l l  be de- 
creased by the  a p p l i c a t i o n  of a c o u s t i c  i n s u l a t i o n  on t h e  v e s s e l  and p i p e  s y s -  
tem and a c o u s t i c  a b s o r b t i v e  p a n e l s  a p p l i e d  t o  t h e  c e i l i n g  of t h e  t e s tbay .  
With t h e  use of a  double acous t i c  i n s u l a t i o n  s y s t e m  on t h e  p i p e  and v e s s e l  
and 2  i n c h e s  of a c o u s t i c  a b s o r b t i v e  p a n e l  on t h e  c e i l i n g  t h e  a n t i c i p a t e d  
no ise  l e v e l  i n  t h e  t e s t  bay w i l l  b e  92 dbA, which i s  7  dbA above  t h e  e i g h t  
h o u r  o c c u p a n c y  l e v e l  l i m i t .  E a r  p r o t e c t o r s  c a n  be employed t o  r e d u c e  
personnel exposure t o  below the  85 dbA requirement.  

The  s o u n d  p r e s s u r e  l e v e l  i n  t h e  c o n t r o l  room i s  
a n t i c i p a t e d  not  t o  exceed 60 dBA. 

4.2.2 RAPID DEPRESSURIZATION SYSTEM 

The h e l i u m  l o o p  r a p i d  d e p r e s s u r i z a t i o n  s y s t e m ,  a s  shown o n  
Drawing ME-103, i s  d e s i g n e d  t o  s i m u l a t e  a  d e s i g n  b a s i s  a c c i d e n t  f o r  t h e  
demonstration p l an t  f o r  t h e  purpose of sub j ec t ing  t e s t  h a r d w a r e ,  s u c h  a s  t h e  

- i s o l a t i o n  v a l v e ,  t o  r a p i d  p r e s s u r e  changes. The system w i l l  c o n s i s t  of an 8  
i n c h  d i a m e t e r  v a l v e  mounted i n  a  blowdown l i n e  w h i c h  w i l l  e x h a u s t  t o  
a t m o s p h e r e  o u t s i d e  of t h e  b u i l d i n g .  The v a l v e  w i l l  have  a  c o n t r o l l a b l e  
opening r a t e  t o  provide a  helium loop d e p r e s s u r i z a t i o n  c o n d i t i o n  s i m i l a r  t o  
t h a t  which would occu r  i n  t he  r e a c t o r  v e s s e l  i n  t h e  event  of a  l i n e  break o r  
a  major l eak .  D i f f e r e n t  d e p r e s s u r i z a t i o n  r a t e s  s i m u l a t i n g  d i f f e r e n t  l e a k  
s i z e s  w i l l  be a v a i l a b l e  by ad jus t i ng  t h e  va lve  c o n t r o l l e r .  

The system w i l l  c o n s i s t  o f  a  p n e u m a t i c a l l y  a c t u a t e d  c o n t r o l  . 

v a l v e  p r o v i d e d  w i t h  a  p o s i t i o n e r  and c h a r a c t e r i z i n g  cam and t h e  necessary  
e l e c t r o n i c  and pneumat ic  i n s t r u m e n t a t i o n  t o  program t h e  v a l v e  t o  a l l o w  
d e c r e a s e  i n  p r e s s u r e  from 1485 p s i a  t o  3 4 . 8  p s i a  i n  201.2 s e c o n d s .  The 
e l e c t r o n i c  and pneumatic hardware w i l l  be housed i n  a  c o n t r o l  c a b i n e t  mounted 
l o c a l l y .  The d e p r e s s u r i z a t i o n  sys t em i s  designed f o r  both l o c a l  i n i t i a t i o n  
and f o r  i n i t i a t i o n  from the  main c o n t r o l  room. The i n s t r u m e n t a t i o n  w i l l  b e  
ad j u s t ab l e  t o  permit v a r i a t i o n s  i n  t h e  va lve  opening time. 

4.2.3 PROVISIONS FOR FUTURE TESTING 

The he l ium p i p i n g  l o o p  be tween  the  c i r c u l a t o r  t e s t  v e s s e l  and 
the helium/Dowtherm hea t  exchanger w i l l  c o n t a i n  s e t s  o f  f l a n g e s .  By r emova l  
o f  t h e  m i t e r e d  r e t u r n  bend po r t i on  of t h e  loop ,  a  f u t u r e  t e s t i n g  loop  may be 
connected i n t o  t h e  helium loop of  t h i s  f a c i l i t y .  A s p a c e  3 5  f e e t  h i g h  x  30 



feet wide x 30 feet long will be available to the east of the test building 
for a future test loop. 

4.3 SUPPORT SYSTEMS 

.This subsection describes those systems of the test facility that will 
be,required to' support the needs of the testing loop. 

4.3.1 DOWTHERM SYSTEM 

A Dowtherm G system, as shown on Drawing ME-103, will be 
provided to transfer thermal energy from the helium loop. 

The Dowtherm wi.11 be pumped through the Helium/Dowtherm heat 
exchanger to an outdoor Dowthermlair heat exchanger on the west side of the 
building. The thermal rating of the system will be 79 million BTU per hour 
with 3450 gpm Dowtherm flow. The Dowtherm enters the helium cooler at 300°F 
and leaves at 400°F. The outdoor air cooled heat exchanger will be forced 
draft, one bay, with two fans per bay and louvers to control the air flow 
over the tubes. 

The system contains a 3,500 gallon tank which serves as both a 
storage and an expansion tank. During long periods of shutdown the Dowtherm 
can be transferred from the circulating loop to storage by use of the drain 
pump. Nitrogen will be provided to maintain an inert blanket on the Dowtherm 
in the storage/expansion tanks. 

The temperature of the helium leaving the Dowtherm/Helium heat 
exchanger will be controlled automatically, with the controller located in 
the control room. The output of the temperature controller will modulate the 
3-way control valve and the position of the heat exchanger louvers to provide 
temperature control. The Dowtherm circulating pumps can be operated from the 
control room or locally. The Dowtherm drain pump will be operated locally. 

4.3.2 HELIUM SUPPLY AND STORAGE SYSTEM 

A gaseous helium supply and storage system, as shown on Drawing 
ME-103, will be provided to charge the test loop and to provide storage for 
reclaiming helium from the loop. The system will consist of gaseous helium 
storage bottles, a helium compressor system including inter and 
after-coolers, and a dryer and associated piping valves and controls. '*The 
storage bottles will be located to the southeast of the building. The total 
contained volume in the bottles will be 2120 cubic feet. They will be rated 
for 3,500 psig with a working pressure of 3,000 psig, and will be charged 
with 99.992 purity industrial grade helium. 



After air evacuation, helium will be fed from storage directly 
to the test vessel. When the pressure difference between the bottles and the 
helium loop has equalized, part of the helium compressor system will be 
started to transfer the remainder.of the helium loop charge from the storage 
bottles to the loop. When the pressure reaches 755 psig, filling will be 
stopped and the helium circulator will be started to heat the helium in the 
loop by compression. When the helium temperature and pressure approaches 
rated conditions of 575°F and 1,435 psia, the automatic control of the 
Dowtherm G cooling system will then take over to control the gas temperature. 
Makeup helium will be added to the helium loop by the transfer pressure 
compressor. 

Excess helium may be removed from the helium loop by use of the 
.igh pressure compressor or the depressurization valve. Helium will be 
ransferred back to the storage bottles when the system is to be shut down. 

Heat generated by the compression process will be removed by the water cooled 
intercooler and aftercooler. The helium dryer will remove moisture to a 
dewpoint of 40°F prior to storage. 

Control of the system will be local except that the transfer 
compressor may also be operated from the control room. Compressor package 
trouble will be alarmed in the control room. 

4.3.3 BUFFER HELIUM SUPPLY SYSTEM 

. .  The buffer helium system, as shown on drawing ME-103, will 
receive helium from the helium loop, cool it, compress it and supply it to 
the circulator service module for use at the labyrinth shaft seals of the 
circulator. The system will consist of a helium cooler, two helium 
compressors, all necessary piping and valves, instrumentation/and controls. 

The buffer helium compressors will supply 12 ACFM helium to the 
circulator service module at 1,540 psia and receive 7 ACFM at 1,400 psia. The 
difference will be made up from the helium loop. I 

The buffer helium system will be locally controlled. High 
helium temperature will be alarmed In the control room. 

4.3.4 NITROGEN SYSTEM 

Nitrogen, as shown on Drawings ME-105, will be required for 
inerting the helium loop, pressurizing the high purity water storage tank, 
and providing an inert cover on the Dowtherm G storage tank. When the helium 
loop dryout has been completed by the vacuum system in pr'eparation for a 
prolonged shutdown, nitrogen will <be admitted to blanket the system to 
prevent the entrance of air. No provision will be made to recover the 
nitrogen. 

Gaseous nitrogen will be stored in bottles adjacent to the 
helium bottles on the west side of the building as shown on Drawing GA-101. 



C o n t r o l  of  t h i s  system w i l l  be l o c a l .  Pressure  i s  maintained by 
s e l  f-contained pressure-reducing r e g u l a t o r  va lves  . 

4.3.5 VACUUM SYSTEM 

The vacuum sys tem a s  shown on Drawing ME-103, w i l l  be provided 
t o  evacuate  a i r ,  h e l i m ,  o r  m o i s t u r e  f rom t h e  Helium Loop. B e f o r e  c h a r g i n g  
t h e  l o o p  w i t h  he l ium i t  must be evacuated i n  o rde r  t o  minimize mixing of a i r  
and helium. This  w i l l  be accaupl ished i n  a  per iod of  e i g h t  hours  o r  l e s s  t o  1 
mm Hg a b s o l u t e  p r e s s u r e .  A f t e r  shutdown,  t h e  vacuum system w i l l  be used t o  
dry  o u t  t h e  helium loop o f  a n y  m o i s t u r e  which may have  e n t e r e d  t h e  v e s s e l  
through t h e  water bearing s e a l s .  Control  of t h e  system w i l l  be l o c a l .  

4.3.6 COMPRESSED A I R  SYSTEM 

A compressed  a i r  s y s t e m ,  a s  shown on Drawing ME-105, w i l l  be 
provided f o r  instruments  and c o n t r o l s ,  pneumatic t o o l s ,  c l e a n i n g  e q u i p m e n t ,  
and  m i s c e l l a n e o u s  m a i n t e n a n c e  p u r p o s e s .  The sys tem w i l l  be purchased a s  a  
package with a l l  t he  cauponents mounted on a  s k i d .  T h i s  w i l l  c o n s i s t  o f  two 
30 Hp compres so r s  w i t h  a s s o c i a t e d  c o o l e r s ,  a n  a i r d r y e r  and a i r  r e c e i v e r  
capable of d e l i v e r i n g  100 SCFM of  d ry  c l ean  a i r  a t  1 2 5  p s i g .  Norma l ly ,  o n l y  
one  compressor  w i l l  be working. I f  necessary,  both compressors can be brought 
up a t  t h e  same time t o  meet a  sudden surge of  demand. 

A d e s s i c a n t  type d rye r  w i l l  be provided t o  d ry  t h e  a i r  t o  a  dew 
p o i n t  o f  40°F.  T h i s  u n i t  w i l l  b e  e l e c t r i c a l l y  r e g e n e r a t e d  a n d  f u l l y  
a u t o m a t i c a l l y  c o n t r o l l e d .  A r e c e i v e r  w i l l  a l s o  be p r o v i d e d  t o  dampen t h e  
f l u c t u a t i o n  o f  p ressure  which normally i s  inheren t  of  a  r e c i p r o c a l  compres so r  
u n i t .  

C o n t r o l  o f  t he  system w i l l  be l o c a l .  Compressor t r o u b l e  w i l l  be 
alarmed i n  t he  c o n t r o l  roan. The system supply pressure  w i l l  be i n d i c a t e d  and 
low pressure  w i l l  be alarmed i n  t h e  c o n t r o l  room. 

4.3.7 HIGH PURITY WATER SYSTEM 

High p u r i t y  w a t e r  w i l l  be requi red  f o r  l u b r i c a t i o n  of t he  main 
c i r c u l a t o r  bear ings.  This  water w i l l  be p r o v i d e d  t o  t h e  c i r c u l a t o r  s e r v i c e  
modu1.e b y  t h e  h i g h  p u r i t y  w a t e r  s y s t e m ,  a s  shown on Drawing ME-104. 
Demineralized water w i l l  be s to red  i n  a  1000 g a l l o n  s t o r a g e  t a n k  l o c a t e d  i n  
t e s t  b a y  room 108.  T rea tmen t  w i l l  be p r o v i d e d  by a n  ammonium h y d r o x i d e  
i n j e c t i o n  u n i t  f o r  pH c o n t r o l  and a  h y d r a z i n e  i n j e c t i o n  u n i t  f o r  d i s s o l v e d  
o x y g e n  c o n t r o l .  The c i r c u l a t i o n  pump w i l l  be  o p e r a t e d  d u r i n g  t r e a t m e n t  
ope ra t i ons  t o  i n su re  proper mixing. Oxygen and pH a n a l y z e r s  w i l l  be used  t o  
check  t h e  q u a l i t y  of  t he  h igh  p u r i t y  water a f t e r  t rea tment .  Nitrogen w i l l  be 
u sed  t o  b l a n k e t  t h e  w a t e r  i n  t h e  t a n k  and p r o v i d e  a d e q u a t e  p r e s s u r e  f o r  
t r a n s f e r  t o  the  main c i r c u l a t o r  s e r v i c e  module. 

Control  of  t h e  system w i l l  be l o c a l .  Low s to rage  tank l e v e l  and 
low system pressure  w i l l  be alarmed i n  t h e  c o n t r o l  room. 



4.3.8 COOLING WATER SYSTEM 

c o o l i n g '  wa te r ,  a s  shown on Drawing ME-104, w i l l  be provided f o r  
the  following : 

1. Main c i r c u l a t o r  motor a i r  c o o l e r s  

2.  Main c i r c u l a t o r  motor o i l  coo le r  

3. C i r c u l a t o r  motor c o n t r o l l e r  coo le r s  

4. Main c i r c u l a t o r  s e r v i c e  module c o o l e r s  

5. ' Buffer  helium cooler  

6. Helium recovery compressor package coo le r s  

7. Compressed a i r  af t e r c o o l e r  

Water w i l l  be c i r c u l a t e d  t h r o u g h  a two bay ,  d r y ,  o u t d o o r ,  
f o r c e d - d r a f t ,  a i r -cooled hea t  exchanger loca ted  t o  the  no r th  of t h e  bu i ld ing .  
There w i l l  be two f ans  per bay with c o n t r o l l a b l e  l o u v e r s  f o r  r e g u l a t i n g  t h e  
a i r  f l o w  o v e r  t h e  f i nned  cool ing c o i l s .  The cool ing water coo le r  i s  designed 
t o  provide 90°F supply based on a  summer t e m p e r a t u r e  of  83OF d r y  b u l b .  The 
l o u v e r s  and c o n t r o l  v a l v e  i n  t h e  water l i n e  w i l l  au toma t i ca l l y  r e g u l a t e  t h e  
c o o l i n g  w a t e r  t e m p e r a t u r e .  The t h e r m a l  r a t i n g  o f  t h e  sys tem w i l l  be  1 0  
m i l l i o n  BTU/hr w i t h  1200 gpm of  w a t e r  flow. Two 100 percent  capac i ty  pumps 
w i l l  c i r c u l a t e  t h e  w a t e r  t h r o u g h  t h e  sys t em and an  e x p a n s i o n  t a n k  w i l l  
accommodate v o l u m e t r i c  changes  due t o  temperature  and se rve  a s  a  r e s e r v o i r  
f o r  makeup water .  

The c o o l i n g  water temperature c o n t r o l l e r  w i l l  be l oca t ed  i n  t h e  
c o n t r o l  roan. The o u t p u t  o f  t h e  t e m p e r a t u r e  c o n t r o l l e r  w i l l  modu la t e  t h e  
3-way c o n t r o l  v a l v e  and t h e  c o o l e r  l o u v e r s  t o  provide temperature  c o n t r o l .  
Cooling water temperature i s  recorded  i n  t h e  c o n t r o l  room. The c i r c u l a t i o n  
pumps can be operated from t h e  c o n t r o l  room o r  l o c a l l y .  

4.3.9 ELECTRIC POWER SYSTEM 

Four e l e c t r i c  subsys tems  make up the  e l e c t r i c  power system f o r  
this f a c i l i t y .  They a r e  the  main c i r c u l a t o r  motor power system; t h e  a u x i l i a r y  
power  s y s t e m ;  t h e  d i r e c t  c u r r e n t  s y s t e m ,  and t h e  c o n t r o l ,  m e t e r i n g  and 
p ro t ec t i on  system. 



4.3.9.1 Main C i r c u l a t o r  Motor Power Svstem 

The main c i r c u l a t o r  motor w i l l  be suppl ied  w i t h  power 
from t h e  e l e c t r i c  u t i l i t y ' s  138 KV t ransmiss ion  system through a main power 
t ransformer ,  switchgear ,  t he  motor c o n t r o l l e r s  and in t e r connec t ing  e l e c t r i c a l  
conductors .  

The main t ransformer ' w i l l  s t e p  t h e . v o l t a g e  down 
from the  t ransmiss ion  vo l t age  of 138 KV t o  t he  c o n t r o l l e r  and mo to r  l e v e l  o f  
6.9 KV.  T h i s  t r a n s f o r m e r  w i l l  be loca ted  wi th in  t h e  high vo l t age  switchyard 
a d j a c e n t  t o  t h e  b u i l d i n g .  I t  w i l l  be a n  o u t d o o r  o i l  immersed, 3 w i n d i n g  
t ransformer ,  r a t ed  and connected a s  fol lows : 

138 kV "H"-Winding 30139.9 MVA oA/FA - Del ta  Connected 
6.9 kV "X"-Winding 15/20 MVA OAIFA - D e l t a  Connected 
6.9 kV "Y"-Winding 15/20 MVA OAIFA Wye Connected 

The t r a n s f o r m e r  impedances  w i l l  be ZHX = ZHY = 10% 
and Zxy = 20%, a l l  on a 30 MVA b a s e .  With t h i s  a r r a n g e m e n t  t h e  e q u i v a l e n t  
r e a c t a n c e s  f o r  t h i s  3 w ind ing  t ransformer w i l l  be Zh = 0 and Zx = Zy = 10%. 
T h i s  w i l l  m in imize  t h e  e l e c t r i c  i n t e r f e r e n c e  between t h e  two s e c o n d a r y  
w i n d i n g s .  The t r a n s f o r m e r  h igh  vo l t age  binding w i l l  .be sh i e lded .  "The n e u t r a l  
of t h e  6.9 kV wye connected w ind ings  w i l l  be c o n n e c t e d  t h r o u g h  an  o u t d o o r  
n e u t r a l  g round ing  r e a c t o r  t o  a switch yard grounding mat. This  r e a c t o r  w i l l  
l i m i t  the  maximum f a u l t  c u r r e n t  dur ing  ' a  phase-to-ground f a u l t  c o n d i t i o n  t o  
a p p r o x i m a t e l y  20 p e r c e n t  o f  t h e  f a u l t  c u r r e n t  which would occur during a 3 
phase  f a u l t ,  w i t h o u t  c a u s i n g  an  o v e r  v o l t a g e  c o n d i t i o n  on t h e  u n f a u l t e d  
p h a s e s .  The X O / X l  r a t i o  of  t h e  6.9 kV system during a phase-to-ground f a u l t  
w i l l  be approximately 6.5 a t  t h i s  locat ion. .  

M e t a l  e n c l o s e d ,  non- s e g r e g a t e d  p h a s e  bus  duct  w i l l  
connect t he  t ransformer  6.9 kV windings t o  t h e  6.9 kV o u t d o o r  m e t a l  e n c l o s e d  
s w i t c h g e a r ,  a l s o  loca ted  i n  t he  switchyard.  The switchgear  w i l l  provide f a u l t  
i n t e r r u p t i o n  and c i r c u i t  s w i t c h i n g  f o r  b o t h  o f  t h e  6 . 9  kV c i r c u i t s .  The 
c i r c u i t  b r e a k e r s  w i l l  be in te rchangeable  and of t h e  magnetic a i r  break draw- 
ou t  type.  The switchgear  ground bus w i l l  be grounded t o  t h e  e x i s t i n g  ground-  
i n g  g r i d .  A d d i t i o n a l  metal  enclosed non-segregated bus duct  w i l l  connect t h e  
6.9 kV switchgear  t o  t h e  motor c o n t r o l l e r s .  These  c o n t r o l l e r s ,  a s  d e s c r i b e d  
i n  S e c t i o n  4 .1 .7 ,  w i l l  c o n v e r t  t he  e l e c t r i c  power from both 6.9 kV windings 
o f  t h e  t r a n s f o r m e r  t o  d i r e c t  c u r r e n t .  The d i r e c t  c u r r e n t  w i l l  t h e n  b e  
i n v e r t e d  t o  v a r i a b l e  f r e q u e n c y  6.9 kV a l t e r n a t i n g  c u r r e n t  f o r  t h e  mo to r  
supply. Non-segregated, m e t a l  e n c l o s e d  b u s  d u c t  w i l l  convey t h i s  v a r i a b l e  
f r e q u e n c y  power t o  t h e  immedia te  v i c i n i t y  of t h e  main c i r c u l a t o r  mo to r  
te rmina l  box. F i n a l  connection t o  t h e  motor w i l l  be by f l e x i b l e  copper cab le .  

The wye connec t ed  motor windings w i l l  be grounded t o  
t h e  e x i s t i n g  f a c i l i t y  grounding g r i d  t h r o u g h  a 1 5  kVA 6 k ~ / 2 4 0  v o l t  s i n g l e  
phase  t r ans fo rmer ,  terminated on the  secondary s i d e  w i th  a 240 v o l t  r e s i s t o r .  
This  r e s i s t o r  w i l l  be s i zed  t o  d i s s i p a t e  t he  c a p a c i t i v e  KVA d e v e l o p e d  d u r i n g  
a phase t o  ground f a u l t  condi t ion  w i th in  t h e  motor windings. 



4.3.9.2 Aux i l i a ry  Power System 

A l l  f a c i l i t y  e l e c t r i c  power r e q u i r e m e n t s  o t h e r  t h a n  
t h e  main c i r c u l a t o r  motor  and d i r e c t  c u r r e n t  requirements  ( o r  t he  needs of 
t he  telephone system) w i l l  be suppl ied from the  a u x i l i a r y  power s y s  tem. T h i s  
a u x i l i a r y  power sys t em w i l l  t a k e  power from t h e  wye wind ing  o f  t h e  main  
t r a n s f o r m e r  and s t e p  it down t o  480 v o l t s  t h r o u g h  t w o  6 . 9  kV/480  v o l t  
t r a n s f o r m e r s .  Outdoor  m e t a l  e n c l o s e d  6 . 9  kV s w i t c h g e a r  loca ted  w i th in  t h e  
switchyard w i l l  connect t h e  6.9 kV/480 v o l t  t r a n s f o r m e r  t o  t h e  s u p p l y .  T h i s  
s w i t c h g e a r  w i l l  c o n t a i n  l i g h t n i n g  a r r e s t o r s ,  a n  incoming  f u s e d  l o a d  
i n t e r r u p t e r  swi tch  and two outgoing i n t e r r u p t e r  swi tches .  . 

The two t r a n s f o r m e r s  w i l l  be o i l  immersed o u t d o o r  
t y p e  1000/1150 KVA "OAIFA'.' c o n n e c t e d  d e l t a  on t h e  h i g h  v o l t a g e  s i d e  and 
grounded  wye on t h e  low v o l t a g e  s i d e .  Each w i l l  be a  p a r t  of  a  s e p a r a t e  
i n t e g r a l  meta l  enclosed load cen t e r  capable  of  providing normal f u l l  f a c i l i t y  
a u x i l i a r y  power requirements a t  i t s  "FA" r a t i n g .  Each load c e n t e r  w i l l  have a  
6.9 kV/480 v o l t  d r y  t y p e  t r a n s f o r m e r ,  a  ma in  480 v o l t  dra 'wout t y p e  l o a d  
c i r c u i t  b r e a k e r ,  and a  480 v o l t  bus t o  which 480 v o l t  d rawout  t y p e  l o a d  
c i r c u i t  b reakers  w i l l  connect. One load c e n t e r  w i l l  c o n t a i n  a  " t i e "  c i r c u i t  
b r e a k e r  f o r  in te rconnec t ing  the  load c e n t e r s .  This  c i r c u i t  bre.aker w i l l  be of 
t he  kame r a t i n g  and interchangeable  wi th  t he  main c i r c u i t  , b r e a k e r s .  The main  
and t i e  c i r c u i t  breakers  w i l l  have t h e i r  c o n t r o l  c i r c u i t s  p r o t e c t i v e l y  i n t e r -  
connected t o  prevent p a r a l l e l i n g  of the  load c e n t e r  t ransformer on e i t h e r  480 
v o l t  bus .  Motors  100 HP and e l e c t r i c  hea t e r  l oads  100 KW and l a r g e r  w i l l  be 
d i r e c t l y  fed from the  load c e n t e r s .  S m a l l e r  m o t o r s  and o t h e r  l o a d s  w i l l  be  
s e r v e d  f r o m  f o u r  motor  c o n t r o l  c e n t e r s ,  l o c a t e d  i n  Equipment Room 1 0 9 .  
Instrument ,  l i g h t i n g  and m i s c e l l a n e o u s  c o n v e n i e n c e  120 and  240 v o l t  power 
w i l l  be s u p p l i e d  from s m a l l  d r y  t y p e  t r a n s f o r m e r s  c o n n e c t e d  t o  t h e  motor 
c o n t r o l  cen t e r s .  

A l l  e l e c t r i c  m o t o r s ,  a l l  s t e e l  b u i l d i n g  c o l u h n s ,  
t ransformer n e u t r a l  grounding r e a c t o r s  and r e s i s t o r s  and a l l  s w i t c h g e a r  and 
motor  c o n t r o l  c e n t e r  ground busses  w i l l  be connected t o  t h e  grounding g r i d .  
The h i g h  v o l t a g e  s w i t c h y a r d  s t e e l  s u p p o r t  s t r u c t u r e s  and t h e  l i g h t n i n g  
a r r e s t o r s  w i l l  be connected t o  the  switchyard ground mat. 

4.3.9.3 D i r e c t  Curren t  System 

The f a c i l i t y  w i l l  be f u r n i s h e d  w i t h  a  complete 125 
v o l t  D.C. system, which w i l l  c o n s i s t  of a  125 v o l t ,  60 c e l l ,  320 ampere h o u r ,  
8  hour r a t i n g  s t a t i , o n  b a t t e r y ,  a  b a t t e r y  pane l ,  a b a t t e r y  charger ,  'and a  125 
v o l t  D.C.  d i s t r i b u t i o n  p a n e l  w i t h  manua l ly  o p e r a t e d ,  m a g n e t i c a l l y  t r i p p e d  
c i r c u i t  h r e a k e r s .  The d i s t r i b u t i o n  panel ,  a  b a t t e r y  charger ,  and a  125 v o l t  
D.C. d i s t r i b u t i o n  panel with manually opera ted  m a g n e t i c a l l y  t r i p p e d  c i r c u i t  
b r e a k e r s  w i l l  comple t e  t h e  D . C .  system. The d i s t r i b u t i o n  panel  provides  125 
v o l t  D . C .  power t o  t h e  f a c i l i t y ' s  c o n t r o l  and i n s t r u m e n t a t i o n ,  b r e a k e r  
c l o s i n g ,  t r i p p i n g  and c o n t r o l ,  emergency l i g h t i n g ,  and f o r  t h e  o r d e r l y  and 



s a f e  s h u t d o w n  of  t h e  f a c i l i t y .  The b a t t e r y  w i l l  be s i z e d  t o  handle '  t h e  
fol lowing loads : 

Operat ion Dura t ion  (Hrs) 

Emergency Light Load 4  

A l l  b r eake r ' s ,  f o r  c o n t r o l ,  c l o s i n g ,  
t r i p p i n g  & i n d i c a t i n g  c i r c u i t s  

Annunciators 8  

A b a t t e r y  c h a r g e r  w i l l  s u p p l y  t h e  normal  125  v o l t  
D . C .  l o a d  p lus '  t h e  r e c h a r g e  of  i t s  a s s o c i a t e d  b a t t e r y  w i th in  2 hours . 'The 
D.C. system is  ungrounded and w i l l  be equ ipped  w i t h  a  ground d e t e c t o r  f o r  
cont inuous monitoring of ground f a u l t  c u r r e n t .  

4.3.9.4 Control .  Metering and P r o t e c t i o n  Svstems 

A l l  incoming c i r c u i t  b r e a k e r s ,  inc lud ing  t h e  138 kV 
o i l  c i r c u i t  breaker  (d i scussed  i n  Sec t ion  4.6.1), t he  two 6 .9  kV a i r  c i r c u i t  
b r e a k e r s ,  t h e  480 v o l t  a i r  c i r c u i t  b reakers  and the  480 v o l t  bus t i e  breaker  
w i l l  be con t ro l l ed  from the  main c o n t r o l  room, with a  t e s t  c o n t r o l  s w i t c h  a t  
t h e  i n d i v i d u a l  b r e a k e r .  A l l  480 v o l t  a u x i l i a r i e s  suppl ied  from t h e  480 v o l t  
switchgear  u n i t s  and the  ma jo r i t y  of t he  a u x i l i a r i e s  s u p p l i e d  from t h e  mo to r  
c o n t r o l  c e n t e r s  w i l l  be c o n t r o l l e d  from t h e  main c o n t r o l  room w i t h  t e s t  
c o n t r o l  s w i t c h  a n d / o r  t r i p  s w i t c h  l o c a t e d  l o c a l l y .  A l l  c i r c u i t  b r e a k e r  
pos i t i ons  w i l l  be ind ica ted  both l o c a l l y  and i n  t h e  c o n t r o l  room. 

A l l  e l e c t r i c  instruments  and meter ing a s s o c i a t e d  w i t h  
t h e  main d r i v e  motor  w i l l  be loca ted  i n  t he  main c o n t r o l  room. The vol tmeter  
and vol tmeter  swi tch ,  i n d i c a t i n g  t h e  vo l t age  on each 480 v o l t  s w i t c h g e a r  b u s ,  
w i l l  a l s o  be  l o c a t e d  i n  t h e  m a i n  c o n t r o l  room.  A l l  o t h e r  e l e c t r i c  
ins t ruments ,  meter ing and r e l ay ing ,  a s soc i a t ed  with t h e  480 v o l t  s w i t c h g e a r ,  
w i l l  be loca ted  on t h e  480 v o l t  switchgear .  

The p r o t e c t i v e  r e l ay3  f o r  t he  p r o t e c t i o n  o f  t h e  main  
t r a n s f o r m e r  and f o r  t h e  p r o t e c t i o n  of  t h e  138 .kV o v e r h e a d  l i n e  w i l l  be 
c e n t r a l i z e d  and mounted i n  t h e  main c o n t r o l  room. A l l  o t h e r  p r o t e c t i v e  
r e l a y s ,  a s s o c i a t e d  w i t h  e i t h e r  t h e  6 . 9  kV an'dlor 480 v o l t  switchgear  u n i t s  
w i l l  be mounted on hinged panels  wi th in  t he  a s soc i a t ed  switchgear  u n i t s .  

I 

P r o t e c t  i o n  of e l e c t r i c  equipment w i l l  be accomplished 
by means of  coordinated r e l a y  systems, fu se  and c i r c u i t  b r e a k e r  o p e r a t i o n s ,  
t he rma l -magne t i c  over load  devices  and a  s e l e c t i v e  t r i p p i n g  arrangement. This  
p ro t ec t i on  s y s t e m  i s  d e s i g n e d  t o  o f f e r  maximum s e r v i c e  d e p e n d a b i l i t y  and 
minimum shutdown time due t o  e l e c t r i c  d i s tu rbances .  



4.3.9.5 Alarm and Annunciation System 

The o p e r a t i o n  o f  any  e l e c t r i c  a l a r m  p o i n t  w i l l  b e  
a n n u n c i a t e d  l o c a l l y ,  with a  combination of t he se  p o i n t s  being annunciated i n  
t h e  main c o n t r o l  room under  a  t i t l e  g i v i n g  t h e  t y p e  and l o c a t i o n  o f  t h e  
t r o u b l e .  T h i s  w i l l  i n c l u d e  e l e c t r i c  equipment i n  t h e  t e s t  f a c i l i t y ,  t he  480 
v o l t  s w i  tchgear , t he  switchyard and o t h e r  ope ra t i ng  a r e a s  wi th in  t he  s i t e .  

4.3.10 CIRCULATOR TRANSPORTER 

The c i r c u l a t o r  t r a n s p o r t e r  w i l l  ' c o n s i s t  o f  a  mobi l  t e s t - r i g  
t h a t  w i l l  have t h e  c a p a b i l i t y  o f  s u p p o r t i n g  and c e n t e r i n g  t h e  c i r c u l a t o r  
d u r i n g  i n s t a l l a t i o n  o r  removal. from t h e  t e s t  v e s s e l .  This  w i l l  a l s o  g ive  t h e  
c i r c u l a t o r  t he  c a p a b i l i t y  of  being moved i n  and o u t  of  t h e  t e s t  f a c i l i t y  f o r  
observa t ion  o r  shipment. 

4.4 BUILDING 

4.4.1 SPACE UTILIZATION 

4.4.1.1 General 

The e x i s t i n g  HTGR-HCTF b u i l d i n g  was d e s i g n e d  and  
cons t ruc ted  t o  house a  v e r t i c a l l y  o r i en t ed  v e s s e l  and a s s o c i a t e d  equ ipmen t  . 
The r e s u l t a n t  s p a c e s  a r e  n o t  a d e q u a t e  t o  accommodate  t h e  h o r i z o n t a l  
v e s s e l / m o t o r  a r r a n g e m e n t ,  i n t e n d e d  f o r  u s e  i n  t h i s  p r o j e c t ,  w i t h o u t  
modi f ica t ions  . 

The pr i luary  a l t e r a t i o n  c o n s i s t s  of  adding a  new f l o o r  
s t r u c t u r e  over p a r t  of  t h e  e x i s t i n g  t e s t  p i t ,  a s  shown on Drawing AR-101, 
t h e r e b y  c r e a t i n g  a d d i t i o n a l  f l o o r  space f o r  t he  new ground-level helium t e s t  
l o o p .  The t e s t  l o o p ,  c o n s i s t i n g  o f  t h e  c i r c u l a t o r  v e s s e l ,  m o t o r ,  l a r g e  
d i a m e t e r  p ip ing ,  r e s t r i c t o r  va lve  and hea t  exchanger,  r e q u i r e s  f l o o r  space i n  
excess  of 60 f e e t  by 40  f e e t ,  and a d d i t i o n a l  a c c e s s  and c l e a r a n c e  s p a c e s .  
Such space does no t  p r e s e n t l y  e x i s t  i n  t he  bu i ld ing  without br idging the  p i t .  

4.4.1.2 I n t e r i o r  Arraneement 

The i n t e r i o r  arrangement of t h e  bu i ld ing  was d i c t a t e d  
mainly by equipment  and s y s t e m  p l acemen t  ( s e e  Drawing AR-101, AR-102 and  
AR-103) t o  reduce u t i l i t y  runs and l i m i t  bu i ld ing  a l t e r a t i o n s .  

4.4.1.3 Off ice /Cont ro l  Room 101 

The o f f i c e ~ c o n t r o l  room i s  f u n c t i o n a l l y  r e l a t e d  t o  
t h e  o p e r a t i o n ,  monitor ing and c o n t r o l  of  t h e  t e s t i n g  a c t i v i t i e s  be ing  c a r r i e d  
o u t  i n  t h e  t e s t  b a y .  The e x i s t i n g  C o n t r o l  Room w i l l  b e  m o d i f i e d  t o  
accommodate t h e  ins t rumenta t ion  and c o n t r o l  equ ipmen t  f o r  t h e  new sys t em.  A 
p o r t i o n  o f  t h e  C o n t r o l  Room w i l l  b e  d e v o t e d  t o  a  new p r i v a t e  o f f i c e  
s u f f i c i e n t  f o r  two people.  Since t he  c o n t r o l  room i s  p r e s e n t l y  on a  c o n c r e t e  



s l a b  on g r a d e ,  a l l  c o n d u i t s ,  c a b l e s ,  and wiring w i l l  be run overhead, above 
t h e  suspended c e i l i n g .  A small  trough i n  t h e  f l o o r  w i l l  be c u t  t o  r u n  c o n d u i t  
from t h e  c o n t r o l  console  t o  o the r  c o n t r o l  equipment. An e x i s t i n g  obse rva t ion  
window i n  add i t i on  t o  g l a s s  v i s i o n  p a n e l s  i n  t h e  p a i r  o f  d o o r s  t o  t h e  t e s t  
bay w i l l  a f f o r d  v i s u a l  s u r v e i l l a n c e  of t he  t e s t  a r e a .  

4.4.1.4 Shop 102 

The e x i s t i n g  s h o p  w i l l  p r o v i d e  l i m i t e d  i n - h o u s e  
maintenance and r e p a i r  c a p a b i l i t y .  

The e x i s t i n g  t o i l e t s  a r e  a d e q u a t e  a n d  r e q u i r e  no  
modi f ica t ion  . 

4.4.1.6 Receiving and P r e ~ a r a t i o n  Room 107 

The e x i s t i n g  r ece iv ing  a r e a  w i l l  be used f o r  e v e r y d a y  
d e l i v e r i e s  of  equipment  and s u p p l i e s  t o  the  e x t e r i o r  loading dock. It w i l l  
s e rve  a s  a  temporary s to rage  and s t ack ing  space  p r i o r  t o  p lacement  i n  o t h e r  
l o c a t i o n s  wi th in  the  f a c i l i t y .  No modi f ica t ions  a r e  requi red .  

4.4.1.7 Equipment Room 109 

The e q u i p m e n t  room w i l l  c o n t a i n  t h e  main mo to r  
c o n t r o l l e r  components, t h e  pony moto r  c o n t r o l l e r ,  t h e  480 v o l t  e l e c t r i c a l  
l o a d  c e n t e r ,  and t h e  e x i s t i n g  and new motor c o n t r o l  c e n t e r s ,  a s  we l l  a s  t h e  
main helium c i r c u l a t o r  t e s t  v e s s e l  and the 30,000 horsepower e l e c t r i c  m o t o r .  
The v e s s e l  and motor w i l l  be mounted on a  new concre te  s l a b  on grade.  O i l  and 
water a u x i l i a r y  cool ing  systems f o r  t he  motor w i l l  be mounted on a  s k i d  n e a r  
t h e  motor, and connections made wi th  f l e x i b l e  l i n e s  and quick  d isconnec ts .  

4.4.1.8 T e s t  Bay 108 

The t e s t  bay w i l l  c o n s i s t  o f  e x i s t i n g  ground f l o o r  
s p a c e  a d j a c e n t  t o  t h e  e x i s t i n g  p i t  w i t h  new f l o o r  s p a c e  c r e a t e d  b y  t h e  
a d d i t i o n  o f  t he  new f l o o r  s t r u c t u r e  over t he  p i t .  The new f l o o r  space w i l l  be 
p a r t i a l l y  devo ted  t o  t h e  b a l a n c e  o f  t h e  h e l i u m  l o o p :  t h e  l a r g e  d i a m e t e r  
p i p i n g ,  t h e  r e s t r i c t o r  v a l v e ,  and t h e  helium/Dowtherm G h e a t  exchanger. I n  
a d d i t i o n ,  t h e  h i g h  p u r i t y  w a t e r  s t o r a g e  t a n k ,  t h e  ammonium-hydrox ide  
i n j e c t i o n  package  and the  hydrazine i n j e c t i o n  package w i l l  be l oca t ed  i n  t h e  
northwest corner .  Equipnent access  t o  t he  p i t  below t h e  new f l o o r  w i l l  be b y  
a  removable  f l o o r  h a t c h .  The e x i s t i n g  1 5  . ton c a p a c i t y  b r i d g e  c rane  which 
se rves  t h i s  bay will remain i n  s e r v i c e  with no mod i f i ca t i ons .  



The a d d i t i o n  o f  a  new f l o o r  o v e r  t h e  open t e s t  p i t  
w i l l  t r ansform t h i s  s p a c e  i n t o  a  basement .  The basement  w i l l  c o n t a i n  t h e  
b a l a n c e  of  t h e  t e s t  support equipment and systems a s  fol lows:  Buffer  Helium 
Compressor package ,  Helium Recovery Compressor  package ,  Helium C o o l e r s ,  
Helium Drye r ,  A i r  Compressor Module, Ba t t e ry  Charger,  Vacuum Pump, t h e  Main 
C i r cu l a to r  Service Module, and the  e x i s t i n g  t e s t  v e s s e l ,  which w i l l  r ema in  i n  
p l a c e .  The upper  p o r t i o n  o f  t h e  t e s t  v e s s e l  w i l l  be removed t o  accommodate 
t he  new f l o o r .  Future  removal of  t h e  v e s s e l  w i l l  n o t  be p o s s i b l e  w i t h o u t  a  
p a r t i a l  d e m o l i t i o n  and removal  o f  t h e  new f l o o r  s t r u c t u r e ,  a s  we l l  a s  t h e  
helium loop piping and equipment above. 

Two new l a d d e r s  w i l l  provide eg re s s  from the  basement 
i n  a d d i t i o n  t o  t he  e x i s t i n g  s ta i rway.  The e x i s t i n g  l a d d e r  w i l l  be r e l o c a t e d  
due  t o  a  c o n f l i c t  w i t h  t h e  he l ium l o o p  p i p i n g  above .  The s e r v i c e  module 
l adde r  w i l l  p r o v i d e  a c c e s s  t o  t h e  i n t e r m e d i a t e  o p e r a t i o n  and m a i n t e n a n c e  
p l a t f o r m  n i n e  f e e t  above t h e  basement l e v e l .  A new l adde r  w i l l  cont inue from 
t h e  platform up t o  t h e  ground f l o o r  l e v e l .  A s econd  new l a d d e r  w i l l  g i v e  
access  t o  t he  ground f l o o r  l e v e l  from t h e  basement e l e c t r i c a l  equipment a r e a .  

B a t t e r y  Room SB-1 and E l e c t r i c  Equ%pment Area SB-2 

The s u b - b a s e m e n t  i n  t h e  n o r t h w e s t  c o r n e r  o f  t h e  
basement, which is  a t  a  l e v e l  1 3  f e e t  lower t h a n  t h e  basemen t ,  c o n t a i n s  t h e  
B a t t e r y  Room a n d  E l e c t r i c  Equ ipmen t  Area ,  p r i m a r i l y  c o n s i s t i n g  o f  DC 
d i s t r i b u t i o n  panels .  The B a t t e r y  Room w i l l  c o n t a i n  a  3 - t i e r  b a t t e r y  r a c k .  
V e n t i l a t i o n  w i l l  be exhausted t o  t he  ex . te r ior .  

4.4.1.11 S torage  M-1 

The e x i s t i n g  mezzanine space w i l l  cont inue t o  be used 
f o r  s t o r a g e  o f  p a r t s ,  e q u i p m e n t ,  a n d  s u p p l i e s ,  w i t h  t h e  a d d i t i o n  o f  
a d j u s t a b l e  s h e l v i n g  and s t o r a g e  b i n s .  The a l l o w a b l e  f l o o r  l o a d i n g  i s  7 5  
pounds per square f o o t .  The space i s  pro tec ted  by a  m e t a l  r a i l i n g  on t h e  two 
o p e n  s i d e s ,  a n d  i s  a c c e s s i b l e  b y  a n  e x i s t i n g  m e t a l  s t a i r w a y  from t h e  
r ece iv ing  a r e a  below and a  l adde r  t o  t h e  ground f l o o r  a t  t h e  oppos i t e  end. 

4.4.1.12 A r c h i t e c t u r a l  Cons idera t ions  

The e x t e r i o r  appearance o f  t h e  e x i s t i n g  b u i l d i n g  w i l l  
r emain  v i r t u a l l y  unchanged excep t  f o r  t he  a d d i t i o n  of a  new 16 f e e t  wide by 
18 f e e t  high ro l l -up  access  door i n  t he  e a s t  e x t e r i o r  w a l l ,  i n  t h e  p l a c e  o f  
a n  e x i s t i n g  p a i r  of  6 f o o t  by 7 f o o t  h i g h  swing ing  doors .  The new door i s  
necessary t o  provide d i r e c t  access  f o r  t he  placement and . removal  o f  b o t h  t h e  
new t e s t  v e s s e l  and t h e  main and pony m o t o r s ,  i n  a d d i t i o n  t o  t h e  he l ium 
c i r c u l a t o r  compressor assemblies .  The e x i s t i n g  l a r g e  r o l l i n g  doo r  may n o t  be  
used  f o r  t h i s  pu rpose  due t o  i n t e r f e r e n c e s  with diagonal  rod bracing along 
column l i n e  C.  



W h i l e  t h e  v e s s e l  w i l l  mos t  l i k e l y  r e m a i n  i n  p l a c e  
throughout  t h e  p r o g r a m ,  t h e  m o t o r  w i l l  be  d i s e n g a g e d  and  removed s e v e r a l  
t i m e s  t o  e n a b l e  t h e  r e m o v a l  a n d  i n s  t a l l a t  i o n  o f  s e v e r a l  helium c i r c u l a t o r  
c a n p r e s s o r  a s s e m b l i e s  f o r  t e s t i n g  i n  t h e  v e s s e l .  

E x i s t i n g  s t e e l  r a i l i n g s  o n  c o n c r e t e  c u r b s  which a r e  
no  l o n g e r  n e c e s s a r y  d u e  t o  t h e  new f l o o r ,  w i l l  be  removed t o  f a c i l i t a t e  
movement and  a c c e s s  throughout  t h e  new t e s t  bay. New c u r b s  and r a i l i n g s  w i l l  
be p laced  around new f l o o r  open ings  a s  r e q u i r e d .  

The  l o w e r  h a l f  o f  t h e  e x i s t i n g  f u l l - h e i g h t  gypsum 
b o a r d  and  m e t a l  s t u d  p a r t i t i o n  s e p a r a t i n g  t h e  e x i s t i n g  t e s t  bay 108 a n d  
e q u i p m e n t  room 1 0 9  w i l l  be  removed t o  f a c i l i t a t e  a c c e s s  b e t w e e n  t h e  two 
spaces .  S ince  sound l e v e l s  g e n e r a t e d  i n  t h e  t e s t  v e s s e l  a r e  t r a n s m i t t e d  byt 
t h e  h e l i u m  throughout  t h e  ' t e s t  l o o p ,  sound a t t e n u a t i o n  between t h e  t m  s p a c e s  
i s  no  l o n g e r  n e c e s s a r y .  The p o r t i o n . o f  t h e  w a l l  a b o v e  t h e  m i d - h e i g h t  
h o r i z o n t a l  s t e e l  s t r u t  w i l l  remain i n  p l a c e  t o  a c t  a s  a  b a f f l e  a g a i n s t  sound 
r e f l e c t i , n g  o f f  t h e  i n t e r i o r  roof  s u r f a c e .  

Two-inch t h i c k  r o c k w o o l  a c o u s t i c a l  c e i l i n g  p a n e l s  
w i l l  be i n s t a l l e d  on t h e  e n t i r e  i n t e r i o r  roof s u r f a c e  t o  a s s i s t  i n  a c h i e v i n g  
a c o u s t i c a l  a b s o r b t i o n  c h a r a c t e r i s t i c s  n e c e s s a r y  t o  r educe  o p e r a t i o n a l  sound 
w i t h i n  t h e  f a c i l i t y  t o  a c c e p t a b l e  l e v e l s . .  

, 

4 . 4 . 2  MODIFICATIONS AND ADDITIONS TO EXISTING STRUCTURE 

The o n l y  t r u e  " m o d i f i c a t i o n "  t o  t h e  e x i s t i n g  s t r u c t u r e  w i l l  
i n v o l v e  t h e  e a s t  e x t e r i o r  s t e e l  w a l l  framing where t h e  new 16 f o o t  x  1 8  f o o t  
r o l l - u p  door w i l l  b e  i n s t a l l e d .  The e x i s t i n g  m i d - h e i g h t  h o r i z o n t a l  s t e e l  
s t r u t  w i l l  be  r a i s e d  t o  t h e  n e c e s s a r y  h e i g h t  f o r  t h e  new open ing  and t h e  
remaining s t e e l  g i r t s  and door frame w i l l  be removed and f raming p r o v i d e d  f o r  
t h e  new opening i n s t a l l e d ,  

A d d i t i o n a l  s t r u c t u r a l  members a s s o c i a t e d  w i t h  e x i s t i n g  w a l l  
p e n e t r a t i o n s  and a c c e s s o r y  s t e e l  p l a t f o r m s  w i l l  be removed. 

A l l  o t h e r  e x i s t i n g  s t r u c t u r a l  s t e e l  members, i n c l u d i n g  d i a g o n a l  
rod b rac ing  w i l l  remain i n  p l a c e ,  u n d i s t u r b e d .  

The new f l o o r  s t r u c t u r e  over  t h e  e x i s t i n g  p i t  w i l l  n o t  r e q u i r e  
any  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  s t r u c t u r e ,  s i n c e  t h e  18 i n c h  t h i c k  c o n c r e t e  
p i t  w a l l s  a r e  more t h a n  adequa te  t o  s u p p o r t  t h e  new l o a d s .  

4 . 4 . 3  FACILITY CONTROL ROOM 

F a c i l t y  c o n t r o l  s y s t e m s  w i l l  i n v o l v e  s y s t e m s  w h i c h  a r e  
independent  o f  t h e  t e s t  f u n c t i o n  o f  t h e  f a c i l i t y  o r  a u x i l i a r y  s y s t e m s  w h i c h  
s u p p o r t  t h e  t ' e s t  f u n c t i o n s .  F a c i l i t y  c o n t r o l  w i l l  be accomplished from t h e  
c o n t r o l  room and from l o c a l  c o n t r o l  s t a t i o n s .  



A l l  i m p o r t a n t  equipment and p rocess  f u n c t i o n s  f o r  both  t e s t  and 
f a c i l i t y  s e r v i c e s  w i l l  be m o n i t o r e d  and c o n t r o l l e d  f rom t h e  c o n t r o l  room. 
Local c o n t r o l ,  a s  deemed d e s i r a b l e ,  w i l l  a l s o  be provided.  

C o n t r o l  p a n e l s  i n  t h e  c o n t r o l  r o o m  w i l l  c o n s i s t  o f  
a p p r o x i m a t e l y  twenty-two f e e t  of e igh ty- four  i n c h  h i g h  v e r t i c a l  p a n e l s  and an 
o p e r a t o r  desk-type conso le .  Func t ions  which m u s t  be f r e q u e n t l y  m o n i t o r e d  o r  
c o n t r o l l e d  dur ing  o p e r a t i o n  w i l l  be d i s p l a y e d  o r  c o n t r o l l e d  from t h e  s i x  f o o t  
f a c i l i t y  s e c t i o n  o f  t h e  c o n t r o l  pane l s .  Support  o r  l e s s  f r e q u e n t l y  m o n i t o r e d  
o r  c o n t r o l l e d  d e v i c e s  w i l l  o c c u p y  t h e  r e m a i n i n g  s i x t e e n  f e e t  of v e r t i c a l  
p a n e l s .  Approximately s i x  f e e t  o f  v e r t i c a l  pane l  space w i l l  be d e v o t e d  t o  t h e  
e l e c t r i c  power sys tems,  approx imate ly  s i x  f e e t  t o  t e s t  pa ramete rs  and s p e c i a l  
equipment and f o u r  f e e t  t o  a u x i l i a r y  and s e r v i c e  sys tems.  

A l l  i n s t r u m e n t  and  c o n t r o l  s i g n a l s  w i l l  be t e rmina ted  i n  t h e  
c o n t r o l  equipment c a b i n e t s  l o c a t e d  i n  t h e  c o n t r o l  room b e h i n d  t h e  c o n t r o l  
p a n e l s .  Any s i g n a l  c o n d i t i o n i n g  d e v i c e s  r e q u i r e d  t o  t r a n s l a t e  i n c o m i n g  
s i g n a l s  i n t o  s i g n a l s  i n t e l l i g i b l e  t o  t h e  c o n t r o l  room i n s t r u m e n t  o r  c o n t r o l  
d e v i c e  w i l l  be mounted i n  t h e  c o n t r o l  e q u i p m e n t  c a b i n e t s .  S i m i l a r l y ,  any 
ou tgo ing  c o n t r o l  s i g n a l  t h a t  r e q u i r e s  t r a n s l a t i o n  f o r  t r a n s m i s s i o n  w i l l  h a v e  
i t s  c o n d i t i o n i n g  d e v i c e  mounted i n  t h e s e  c a b i n e t s .  T h i s  arrangement p rov ides  
f o r  o r d e r l y  maintenance of i n s t r u m e n t a t i o n  and c o n t r o l  c i r c u i t s  and s y s t e m s  
wi thou t  i n t e r f e r i n g  wi th  c o n t r o l  room personne l .  

C o n n e c t i o n s  f r o m  t h e  c o n t r o l  e q u i p m e n t  c a b i n e t s  t o  t h e  
i n s t r u m e n t a t i o n  and  c o n t r o l  d e v i c e s  i n  t h e  c o n t r o l  p a n e l s  w i l l  be r o u t e d  i n  
overhead t r a y s  and i n  covered c o n c r e t e  t r e n c h e s  i n  t h e  f l o o r .  

4.4.4 HEATING, VENTILATING AND A I R  CONDITIONING 

The h e a t i n g ,  v e n t i l a t i n g  and  a i r  c o n d i t i o n i n g  s y s t e m s  (HVAC) 
i n s t a l l e d  i n  t h e  f a c i l i t y  w i l l  provide  comfort  c o n d i t i o n s  i n  occupied a r e a s ,  
p rov ide  environment c o n t r o l  f o r  e q u i p m e n t  p r o t e c t i o n ,  and  remove h e a t  f rom 
t h e  t e s t  b a y  a r e a ,  e l e c t r i c  and mechanical  equipment room, and t h e  basement. 
These systems a r e  chown on Flow Diagrau ME-106. 

4.4.4.1 O f f i c e ,  C o n t r o l  Room and Shop 

An e x i s t i n g  f a c t o r y  f a b r i c a t e d ,  w a t e r  c o o l e d  a i r  
c o n d i t i o n i n g  u n i t  w i l l  p rov ide  f i l t e r e d  and cond i t ioned  a i r  t o  t h e  o f f i c e  and 
c o n t r o l  room a r e a  v i a  s h e e t  m e t a l  supp ly  and r e t u r n  d u c t s  s o  a s  t o  m a i n t a i n  
6 8  OF minimum a n d  7 8  OF maximum t e m p e r a t u r e s .  No h u m i d i f i c a t i o n  w i l l  be  
provided.  F r e s h  a i r  makeup w i l l  be in t roduced  t o  t h e  system f o r  t h e  o c c u p a n t s  
a n d  t o  m a i n t a i n  s p a c e  p o s i t i v e  p r e s s u r e  w i t h i n  t h e  c o n t r o l  room a t  
approximately  0.10 inch  WG. Heat ing w i l l  be p r o v i d e d  b y  a n  e l e c t r i c  h e a t i n g  
c o i l .  The m e n ' s  and women's t o i l e t  a r e a ,  i n c l u d i n g  t h e  j a n i t o r ' s  c l o s e t ,  i s  
m e c h a n i c a l l y  v e n t i l a t e d  t h r o u g h  s h e e t  m e t a l  d u c t w o r k  a n d  e x h a u s t e d  t o  
atmosphere by a  power roof e x h a u s t e r .  



4.4.4.2 B a t t e r v  Room 

T h e  b a t t e r y  room w i l l  b e  h e a t e d  a n d  v e n t i l a t e d  t o  
m a i n t a i n  space  t empera tu res  of 55°F  minimum a n d  104OF maximum. A i r  w i l l  b e  
drawn f rom t h e  basement th rough  door  l o w e r s  and, d i s c h a r g e d  t o  t h e  a tmosphere  
v i a  power w a l l  e x h a u s t e r s .  E l e c t r i c  u n i t  h e a t e r s  w i l l  p rov ide  space  heat . .  

4.4.4.3 Basement 

A 4700 cfm s u p p l y  f a n  w i l l  p r o v i d e  f i l t e r e d  a i r  t o  
t h e  b a s e m e n t  a r e a  b y  s h e e t  m e t a l  d u c t s  t o  remove h e a t  d i s s i p a t i o n  f r o m  
e q u i p m e n t .  A i r  w i l l  be r e l i e v e d  th rough  t h e  t e s t  bay a r e a s  and exhaus ted  by 
t h e  common power r o o f  v e n t i l a t o r s .  The s u p p l y  f a n  w i l l  be  a u t o m a t i c a l l y  
c o n t r o l l e d  b y  a  t h e r m o s t a t  which  e n e r g i z e s  t h e  u n i t  when t h e  t e m p e r a t u r e  i n  
t h e  basement r i s e s  above 75°F. 

4.4.4.4 T e s t  Bay A r e a s  and Equipment Room 

F i l t e r e d  a i r  t h r o u g h  l o u v e r s  w i l l  b e  p r o v i d e d  t o  
v e n t i l a t e  t h e  e q u i p m e n t  room a n d  t e s t  b a y  a r e a s  and w i l l  be exhausted by a  
w a l l  e x h a u s t e r  and power roof  v e n t i l a t o r s .  Sound a t t e n u a t i o n  i s  p r o v i d e d  i n  
t h e  e x i s t i n g  o u t d o o r  a i r  i n t a k e  l o w e r s .  For  a i r  movement i n  t h e s e  a r e a s  t h e  
w a l l  e x h a u s t e r  and one o f  t h e  power roof  v e n t i l a t o r s ,  which i s  l o c a t e d  on t h e  
r o o f  a b o v e  t h e  r e c e i v i n g  a r e a ,  w i l l  be running a l l  y e a r  round.  The remaining 
power v e n t i l a t o r  w i l l  be a u t o m a t i c a l l y  c o n t r o l l e d  b y  t h e  room t e m p e r a t u r e ,  
which w i l l  be s e t  f o r  80°F. No h e a t i n g  w i l l  be provided i n  t h e s e  a r e a s .  

4.4.5 F  IRE PROTECTION 

4.4.5.1 Genera l  

The p u r p o s e  o f  t h e  E i r e  p r o t e c t i o n  s y s t e m s  f o r  t h e  
f a c i l i t y  w i l l  be  p r o t e c t i o n  o f  t h e  g e n e r a l  p u b l i c ,  p r o t e c t i o n  o f  p l a n t  
p e r s o n n e l  and p r o t e c t i o n  a g a i n s t  l o s s  of  equipment.  Although t h e  combus t ib le  
l o a d i n g  i n  t h e  f a c i l i t y  w i l l  be minimal ,  t h e  p o t e n t i a l  f o r  a  f i r e  w i l l  e x i s t .  
Choos ing  a d e q u a t e  f i r e  p r o t e c t i o n  f o r  t h e  f a c i l i t y  was d e t e r m i n e d  by t h e  
fo l lowing  : 

o C l a s s i f i c a t i o n  o f  occupanc ies  

o  F i r e  Hazard  A n a l y s i s ,  t y p e  o f  e q u i p m e n t  a n d  
m a t e r i a l s  

0 Cost 

o  C o d e s  a n d  s t a n d a r d s  i . e . ,  N a t i o n a l  F i r e  
P r o t e c t i o n  A s s o c i a t i o n  (NFPA) , F a c t o r y  M u t u a l  
Company, and t h e  Underwr i t e r  L a b o r a t o r i e s .  



T h e  C l a s s i f i c a t i o n  o f  O c c u p a n c i e s  (NFPA # 1 3 )  
i n d i c a t e s  t h a t  t h e  f a c i l i t y  r a n g e s  f rom L i g h t  H a z a r d  t o  O r d i n a r y  H a z a r d  
( G r o u p  2 ) .  T h e r e f o r e ,  e x c e p t  f o r  t h e  d o n t r o l  room, t h e  f a c i l i t y  w i l l  be 
p r o t e c t e d  by a  wet p ipe  s p r i n k l e r  s y s t e m ,  which  c o n f o r m s  t o  NFPA c o d e s  and  
s t a n d a r d s .  T h e  c o n t r o l  r o o m ,  m o t o r  c o n t r o l l e r  module  a n d  pony m o t o r  
c o n t r o l l e r  w i l l  be p r o t e c t e d  by a  Halon 1301 system. 

4.4.5.2 Wet P i p e  Automatic S p r i n k l e r  System 

The wet  p i p e  s p r i n k l e r  s y s t e m  c o n s i s t s  o f  a n  a r e a  
d i s t r i b u t e d  n e t w o r k  o f  w a t e r - f i l l e d  p i p e s  w i t h  u p r i g h t  s p r i n k l e r  h e a d s  
i n s t a l l e d  on p ipes .  The system w i l l  be a c t u a t e d  by t h e  s o f t e n i n g  o r  m e l t i n g  
o f  a  f u s i b l e  l i n k  i n  t h e  s p r i n k l e r  h e a d .  The r e l a x a t i o n  o r  m e l t i n g  of t h i s  
l i n k  w i l l  a l low a  t e n s i o n a l  l e v e r  arm t o  unb lock  t h e  f l o w  p a s s a g e ,  a l l o w i n g  
w a t e r  t o  b e . d i s c h a r g e d  i n t o  t h e  f i r e  a r e a .  I n  t u r n ,  t h e  f low o f  wa te r  i n  t h e  
p i p i n g  system w i l l  a c t i v a t e  an a larm check i n  t h e  m a i n  s u p p l y  l i n e ,  c a u s i n g  
a n  alarm dev ice  (wa te r  gong) t o  be t r i g g e r e d .  

Halon 1301 System 

T h e  p r o t e c t i o n  o f  t h e  c o n t r o l  r o o m  w i l l  b e  
accanp l i shed  by a  t o t a l  f l o o d i n g  Halon 1301 system. Halon 1 3 0 1 ,  a n  o d o r l e s s ,  
c o l o r l e s s ,  non- t o x i c ,  n o n - c o r r o s i v e ,  c l e a n  agen t  was chosen because  of t h e  
fo l lowing  advantages  over t h e  o t h e r  t y p e s  : 

o  S a f e t y  t o  pe rsonne l  

o  Equipment c o s t  

o  Decreased sub-cooling of components 

o  T,ess space/weight  f o r  agen t  s t o r a g e  

o  Less p r e s s u r e  b u i l d u p  

o  B e t t e r  c o n t r o l  o f  a g e n t  l o s s  through u n c l o s e a b l e  
openings  

H a l o n  1301  e x t i n g u i s h e s  f i r e s  b y  a  c h e m l c a l  c h a i n  
r e a c t i o n  and no t  through oxygen s t a r v a t i o n .  Following ex t ingu ishment  t h e r e  i s  
n o  r e s i d u e  t o  c l e a n  u p .  The s y s t e m  combines  h i g h l y  e f f e c t i v e  d e t e c t i o n  
d e v i c e s  w i t h  s p e c i a l l y  des igned components f o r  h igh  speed a g e n t  d i s c h a r g e .  I t  
w i l l  be e l e c t r i c a l l y  o p e r a t e d  and have normal d e s i g n  d i s c h a r g e  t ime of l e s s  
than  t e n  s e c o n d s .  Agent  s t o r a g e  c o n t a i n e r s  w i l l  be s t r a t e g i c a l l y  l o c a t e d  
thr.oughout t h e  zone t o  be p r o t e c t e d .  

T h e  m o t o r  c o n t r o l l e r  m o d u l e s  w i l l  be  p r o t e c t e d  i n  
c a s e  o f  f i r e  by a  t o t a l  f l o o d i n g  Halon 1301 s y s t e m  w i t h  a  d e s i g n  c o n c e n t r a -  
t i o n  o f  5 p e r c e n t .  Each c a b i n e t  s e c t i o n  w i l l  be p r o t e c t e d  by i t s  own system,  
the reby  reducing t h e  c o s t  o f  i n s t a l l a t i o n .  Each c a b i n e t  s y s t e m  w i l l  c o n s i s t  



o f  a  Ha lon  1 3 0 1  c y l i n d e r  and  1 2  f e e t  o f  112 i n c h  copper  t u b i n g .  The Halon 
1301 c y l i n d e r  w i l l  be mounted on t h e  back o f  t h e  c a b i n e t  and piped t o  t h e  t o p  
of t h e  c a b i n e t .  The s y s t e m  w i l l  c o n s i s t  of  t h e  fo l lowing  c a b i n e t s  and Halon 
requ i rements  f o r  each c a b i n e t :  

Breaker  
Trans  former 
Conver te r  
Cool ing 
D. C .  Reac to r  
Conver te r  
Breaker  
C o n t r o l  

3 .4  LB Halon,  5  LB Cyl inder  
1.5 LB Halon, 5  LB Cyl inder  
5.2 LB Halon,  10 LB C y l i n d e r  
1.5 LB Halon, 5  LB C y l i n d e r  
6.7 LB Halon,  10 LB C y l i n d e r  
5.2 LB Halon, 10 LB Cyl inder  
3.4 LB Halon,  5 LB C y l i n d e r  
1 .8  LB Halon, 5  LB C y l i n d e r  

T h e  p o n y  m o t o r  c o n t r o l l e r  w i l l  be  p r o t e c t e d  b y  a  
t o t a l  f l o o d i n g  Halon 1301 system w i t h  a  d e s i g n  c o n c e n t r a t i o n  o f  5  p e r c e n t .  
The s y s t e m  w i l l  c o n s i s t  o f  a  5 pound Halon 1301 c y l i n d e r ,  s o l e n o i d  r e l e a s e ,  
manual r e l e a s e ,  p r e s s u r e  s w i t c h ,  f l e x i b l e  connec t ion  and 1 0  f e e t  o f  1 1 2  i n c h  
c o p p e r  t u b i n g .  The H a l o n  1 3 0 1  c y l i n d e r  w i l l  be  mounted on t h e  c a b i n e t  and 
p i p e d  t o  t h e  t o p  o f  t h e  c a b i n e t .  The H a l o n  1 3 0 1  F i r e  S u p p r e s s i o n  S y s t e m  
p r o p o s e d  w i l l  be d e s i g n e d  f o r  t o t a l  f l o o d i n g  o f  t h e  p r o t e c t e d  a r e a s  i n  
accordance w i t h  NFPA Standard  12A. 

P o r t a b l e  F i r e  E x t i n g u i s h e r s  

P o r t a b l e  f i r e  e x t i n g u i s h e r s  w i l l  b e  p r o v i d e d  
t h r o u g h o u t  t h e  f a c i l i t y  and  w i l l  be  20 p o u n d ,  d r y  c h e m i c a l  ( p o t a s s i u m  
b i c a r b o n a t e )  t y p e .  The e x t i n g u i s h e r s  w i l l  b e  c o n s p i c u o u s l y  l o c a t e d  s o  t h e y  
a r e  no t  l i k e l y  t o  be blocked,  h idden o r  damaged. 

4.4.6 PLUMBING 

4.4.6.1 Genera l  

W a t e r  s u p p l y  t o  t h e  f a c i l i t y  i s  provided th rough  a n  
e x i s t i n g  6 i n c h  d iamete r  combined f i r e  and d o m e s t i c  w a t e r  s y s t e m ,  v a l v e d  s o  
t h a t  t h e  domes t i c  system can be s h u t  down w i t h o u t  impa i r ing  t h e  s u p p l y  t o  t h e  
f i r e  p r o t e c t i o n  s p r i n k l e r  system w i t h i n  t h e  f a c i l i t y .  

An e x i s t i n g  b a c k  f l o w  p r e v e n t o r  a n d  a  p r e s s u r e  
reduc ing  v a l v e  ensure  t h a t  no c o n t a m i n a t i o n  o f  t h e  s y s t e m  w i l l  o c c u r ,  and  
reclu~ce. t h e  wa te r  p r e s s u r e  t o  40 p s i  f o r  t h c  plumbing f i x t u r e s .  

A 112 i n c h  d i a m e t e r  p i p e  l i n e  i s  t a k e n  o f f  t h e  m a i n  
d o m e s t i c  w a t e r  l i n e  t o  t h e  e x i s t i n g  2 0  g a l l o n  e l e c t r i c  h o t  w a t e r  h e a t e r  
l o c a t e d  i n  t h e  j a n i t o r ' s  c l o s e t .  The ho t  w a t e r  h e a t e r  w i l l  supp ly  1 4 0 ° F  w a t e r  
t o  a l l  l a v a t o r i e s ,  and t h e  s e r v i c e  s i n k .  The men's t o i l e t  room c o n t a i n s  one 
w a t e r  c l o s e t ,  a  u r i n a l  and two l a v a t o r i e s .  The women's t o i l e t  room w i l l  
c o n t a i n  a  wa te r  c l o s e t  and a  l a v a t o r y  complete w i t h  c o u n t e r t o p .  



An e x i s t i n g  w a t e r  c o o l e r  f o r  d r i n k i n g  i s  l o c a t e d  i n  
t h e  a i s l e w a y  o u t s i d e  t h e  t o i l e t  rooms, and a  s e r v i c e  s i n k  i s  i n s t a l l e d  i n  t h e  
j a n i t o r ' s  c l o s e t .  A sump pump l o c a t e d  i n  t h e  p i t  w i l l  p e r i o d i c a l l y  t r a n s f e r  
any accumulated wa te r  t o  t h e  was te  l i n e .  Normal o p e r a t i o n  o f  t h e  sump pump 
w i l l  be a u t o m a t i c a l l y  c o n t r o l l e d  by a  f l o a t  s w i t c h ;  however a  manual o v e r r i d e  
w i l l  a l s o  be provided.  

4.4.6.2 Sewer 

An e x i s t i n g  4 i n c h  s a n i t a r y  sewer  p i p e  c o n n e c t s  t h e  
b u i l d i n g  t o  t h e  e x t e r i o r  sewer l i n e .  

4.4.7 COMMUNICA'IIONS 

The e x i s t i n g  c o m m u n i c a t i o n  sys tem w i l l  be used w i t h  a d d i t i o n s  
added a s  r e q u i r e d ,  t o  provide  : 

o  T e l e p h o n e  s e t s  and p u b l i c  a d d r e s s  s p e a k e r s ,  w i r i n g  race-  
ways, and t e l e p h o n e  j a c k s  f o r  i n t r a p l a n t  communica t ions  i n  
a l l  a r e a s ,  i n c l u d i n g  t h e  swi tchyard  and o u t l y i n g  a r e a s ,  a s  
d i c t a t e d  by o v e r a l l  f a c i l i t y  o p e r a t i o n s .  

o  A p u b l i c  a d d r e s s  s y s t e m  which i n c l u d e s  a  power a m p l i f i e r ,  
p r e a m p l i f i e r  , s p e a k e r s  and  h o r n s .  Two t y p e s  o f  h o r n s  , 
i n d o o r  and  ou tdoor  w i l l  be p rov ided .  Speakers  w i l l  be used 
i n  t h e  o f f  i c e s  and c o r r i d o r  a r e a s .  

4.4.8 LIGHTING 

The e x i s t i n g  l i g h t i n g  s y s t e m s  w i l l  be  u s e d  w i t h  a d d i t i o n s  a s  
r e q u i r e d  t o  meet t h e  minimum recommendations o f  t h e  I l l u m i n a t i o n  E n g i n e e r i n g  
S o c i e t y  ( I E S )  and  t o  p r o v i d e  a n  a d e q u a t e  l i g h t i n g  system i n  a l l  i n d o o r  and 
o u t d o o r  o p e r a t i n g  a r e a s .  

The l i g h t i n g  s y s t e m  a d d i t i o n s  w i l l  be added i n  accordance  w i t h  
t h e  fo l lowing  : 

I n d o o r  l i g h t i n g  w i l l  be  p r o v i d e d  by  f l u o r e s c e n t  a n d  mercury 
d e v i c e s .  Non-highbay a r e a s  w i l l .  u t i l i z e  f l u o r e s c e n t :  and i n c a n d e s c e n t  1 i g h t  i n g  
w i t h  a p p r o p r i a t e  o v e r l a p  f o r  i n c a n d e s c e n t  emergency coverage.  Each l i g h t i n g  
t r a n s f o r m e r  w i l l  be s u p p l i e d  from a  d i f f e r e n t  480 v o l t  m o t o r  c o n t r o l  c e n t e r .  
S t  a i r w e l l s ,  d o o r w a y s  and cloced a r c a o  w i l l  be covered by emergency l i g h t k n g .  
N o r m a l l y ,  t h i s  l i g h t i n g  w i l l  be  powered f r o m  120 v o l t  A . C .  b u t  w i l l  b e  
a u t o m a t i c a l l y  t r a n s f e r e d  t o  1 2 5  v o l t s  D.C. upon A.C. power i n t e r r u p t i o n .  

Highbay a r e a s  w i l l  u t i l i z e  mercury l i g h t i n g  wi th  a  s m a l l  amount  
o f  emergency incandescen t  cover .  



I n t e n d e d  P r i n c i p a l  I n t e r i o r  Type of L i g h t i n g  and Des ign  L i g h t i n g  L e v e l s  

Area I l l u m i n a t i o n  Type of  F i x t u r e  

C o n t r o l  Room, Shop, O f f i c e  100 f t .  c a n d l e s  F l u o r e s c e n t  
Tes t  P i t ,  High Bay Areas 6 0  f t  . c a n d l e s  Mercury Vapor o r  Lucalox 

( a t  f l o o r )  
T o i l e t s  20 f t  . c a n d l e s  Incandescen t  

E l e c t r i c  c o n v e n i e n c e  o u t l e t s  w i l l  b e  p r o v i d e d  throughout  t h e  
b u i l d i n g  n e a r  f l o o r  l e v e l  s o  t h a t  a n y  f l o o r  a r e a  c a n  be  r e a c h e d  w i t h  a  25 
f o o t  e x t e n s i o n  c o r d .  Outdoor l i g h t i n g  w i l l  be provided i n  a l l  ou tdoor  equip- 
ment a r e a s ,  on a l l  roadways and pa rk ing  a r e a s ,  and a t  a l l  b u i l d i n g  e n t r a n c e s .  
Roadway and  p a r k i n g  a r e a  l i g h t i n g  w i l l  be  p h o t o  e l e c t r i c  c o n t r o l l e d .  A l l  
o t h e r  o u t d o o r  l i g h t i n g  w i l l  be manual ly  c o n t r o l l e d  f r o m  t h e  l i g h t i n g  p a n e l s  
w i t h i n  t h e  b u i l d i n g .  

I n t e n d e d  P r i n c i p a l  E x t e r i o r  Type of L i g h t i n g  and Des ign  L i g h t i n g  L e v e l s  

Area I l l u m i n a  t i o n  Type of  F i x t u r e  

E x t e r i o r  Equipment Area 2-5 f t .  c a n d l e s  Mercury Vapor o r  Lucalox 
Equipment Areas 2-5 f t  . c a n d l e s  Mercury Vapor ' o r  Lucalox 
E x t e r i o r  Doorways 2-5 f  t . c a n d l e s  Mercury Vapor o r  Lucalox 
Roadways & Parking Areas 2-5 f t .  c a n d l e s  Mercury Vapor o r  Lucalox 

Emergency l i g h t i n g  w i l l  be provided i n  t h e  138 kV s w i t c h y a r d .  

4.5 SITE 

4.5.1. LOCATION 

The s i t e  i s  l o c a t e d  i n  t h e  s o u t h w e s t  p o r t i o n  o f  t h e  S o r r e n t o  
Va l l ey  i n  San Diego, C a l i f o r n i a  on General  Atomic Company p r o p e r t y ,  s o u t h  o f  
D u n h i l l  D r i v e  and  w e s t  o f  t h e  p r i v a t e  road i n t o  t h e  s i t e .  The e x i s t i n g  s i t e  
i s  f o r  t h e  HTGR Helium C i r c u l a t o r  Tes t  F a c i l i t y .  

4.5.2 ARRANGEMENT 

T h e  f a c i l i t y ,  as shown o n  d r a w i n g  GA-101 i n  S e c t i o n  8 ,  i s  
s i t u a t e d  on a n  i r r e g u l a r  shaped p l o t  o f  l a n d ,  w h i c h  i s  t h e  p r e s e n t  s i t e  o f  
t h e  HTGR H e l i u m  C i r c u l a t o r  T e s t  F a c i l i t y .  T h e  b u i l d i n g  i s  l o c a t e d  
approximate ly  240 f e e t  w e s t  o f  t h e  p r i v a t e  r o a d ,  w i t h  t h e  e n t r a n c e  t o  t h e  
s i t e  b e i n g  approx imate ly  560 f e e t  from Dunhi l l  Dr ive .  A dr iveway on t h e  s o u t h  
and n o r t h e a s t  s i d e s  o f  t h e  b u i l . d i n g  w i l l  p r o v i d e  v e h i c u l a r  a c c e s s  t o  t h e  
b u i l d i n g  r e c e i v i n g  e n t r a n c e  and t o  t h e  s e r v i c e  and pa rk ing  a r e a .  

The main power t r a n s f o r m e r  w i l l  be l o c a t e d  i n  t h e  f e n c e d  1 3 8  kV 
s w i t c h y a r d ,  a d j a c e n t  t o  t h e  n o r t h e a s t  c o r n e r  o f  t h e  b u i l d i n g ,  where a  t i e  
l i n e  t o  t h e  l o c a l  u t i l i t y ' s  n e a r b y  1 3 8  kV t r a n s m i s s i o n  l i n e  w i l l  p r n v i c l ~  
power f o r  t h e  f a c i l l  ty. A n i t r o g e n  aid IlePirmm g a s  b o t t l e  a r e a  w i l l  be l o c a t e d  
a d j a c e u t  t o  t h e  s o u t h  s i d e  o f  t h e  b u i l d i n g  and  a  c o o l i n g  w a t e r l a i r  h e a t  



exchanger, for facility cooling water, will be located adjacent to the 
service yard to the north of the building. A Dowtherm G cooler and associated 
equipment will be located to the west of the building. 

4 . 5 . 3  PHYSICAL IMPROVEMENTS AND DEMOLITION 

The physical improvements to the site are those things done to 
the land to adapt the site to the needs of the facility, other than the 
placement of outside equipment. 

4 . 5 . 3 . 1 .  Grading and Drainage 

The site will be graded to blend with existing 
contours, removing the existing dirt pile on the north side of the building 
where compacted fill will be added to support the cooling water cooler and 
the switchyard area. 

4 . 5 . 3 . 2  Roads and Parking 

The existing roads and parking area will be utilized 
without need of improvement. A new driveway will be added which will curve 
around the west side of the building giving access to' the Dowtherm equipment 
and transformers, ending with a paved service yard area. A paved area for 
helium and nitrogen bottle storage will be added south of the parking area, 
with a retaining'wall for the difference in elevation of the two areas. All 
new paving will be constructed upon compacted backfill, with six (6) inches 
of base course material. 

4 . 5 . 3 . 3  Demolition 

Demolition will consist of removal of parking and 
drive area north and west of the butlding and the removal of equipment . 
foundations and guard ports to the north and west of the building. 

4 . 5 . 4  ACOUSTICS 

The sound pressure levels outdoors, as generated by the 
Dowtherm G and cooling water coolers, will not exceed 5 0  dBA at the plant 
boundary. 

The sound pressure levels, as generated by the emergency 
blowdown system, will be negligible due to low magnitude and short duration. 
The noise spectrum at the outlet pipe is dominated by high frequency noise 
which will be absorbed by the atmosphere and the terrain. 

4 .5 .5  ENVIRONMENTAL IMPACT'ASSESSMENT 

The site information used in preparing the facility conceptual 
design and the environmental impact assessment is representative of the area 
in which the existing facility is located. 



4.5.5.1 D e s c r i p t i o n  of t h e  Proposed A c t i o n  

The p r o p o s e d  a c t i o n  i s  t o  m o d i f y  a n  e x i s t i n g  t e s t  
f a c i l i t y  f o r  d e v e l o p i n g  and  q u a l i f y i n g  t h e  GCFR h e l i u m  c i r c u l a t o r s  a n d  
a s s o c i a t e d  equipment.  Th i s  f a c i l i t y  l a y o u t  i n c l u d e s  t h e  f o l l o w i n g  items: 

1. ~ u i l d i n ~  wi th  11,875 s q u a r e  f e e t  ( g r o s s )  
2. E l e c t r i c  s w i t c h y a r d  
3. E l e c t r i c  Transformer  s t a t i o n .  
4. A i r  coo led  h e a t  exchangers .  
5. Helium and n i t r o g e n  s t o r a g e  
6 .  Driveways and pa rk ing  s p a c e s  f o r  t w e n t y - t w o  c a r s  

based on a  maximum occupancy of  13 p e r s o n s  

The e x i s t i n g  b u i l d i n g  i s  a  r e c t a n g u l a r  s t e e l - f r a m e d  
s t r u c t u r e  102 f e e t  l o n g  by  82 f e e t  w i d e .  The i n t e r i o r  c o n t a i n s  a  s i n g l e  
s t o r i e d  h i g h  bay a r e a  approx imate ly  28 f e e t  h i g h  and a  t e s t  p i t  1 8  f e e t  d e e p  
w i t h  a  s u b - p i t  a n  a d d i t i o n a l . 1 3  f e e t  d e e p .  The s o u t h w e s t  c o r n e r  o f  t h e  
b u i l d i n g  h a s  a  c o n t r o l  room a n d  t o i l e t  room c o m p l e x .  A 15  t o n  c a p a c i t y  
t r a v e l i n g  b r i d g e  c r a n e  runs  t h e  f u l l  width  o f  t h e  bay over  t h e  t e s t  p i t ,  and 
a 1 2  t o n  c a p a c i t y  monora i l  i s  l o c a t e d  over  a  p o r t i o n  o f  t h e  e q u i p e n t  bay. 

E x i s t i n g  s o u n d - t r a p  l o w e r s  a r e  l o c a t e d  on t h e  n o r t h  
s i d e  f o r  b u i l d i n g  v e n t i l a t i o n .  

Normal b u i l d i n g  communicat ions ,  e l e c t r i c ,  mechan ica l  
and f i r e  p r o t e c t i o n  sys tems w i l l  be provided.  

M o d i f i c a t i o n s  t o  t h e  l a n d  r e q u i r e d  f o r  t h e  f a c i l i t y  
w i l l  i n c l u d e  l i g h t i n g ,  g r a d i n g ,  d r a i n a g e ,  p a v i n g  a n d  l a n d s c a p i n g  t o  comply  
w i t h  t h e  s c i e n t i f i c  r e s e a r c h  c h a r a c t e r  o f  t h e  a r e a .  A c c e s s  i s  f rom t h e  
e x i s t i n g  p r i v a t e  road which s e r v e s  t h e  a r e a .  

4.5.5.2 D e s c r i p t i o n  of t h e  E x i s t i n g  Environment 

The a r e a  i s  b a s i c a l l y  i n h a b i t e d  b y  a  l a r g e  number o f  
s m a l l  b u s i n e s s e s  p e r f o r m i n g  i n d u s t r i a l  t y p e  work a n d  i s  c u r r e n t l y  z o n e d  
S c i e n c e - R e s e a r c h  ( S R )  o r  M a n u f a c t u r i n g  ( M I - A ) .  T h e  m a j o r i t y  o f  t h e  
s u r r o u n d i n g  a r e a  i s  u n d e v e l o p e d ,  w i t h  s m a l l  h i l l s  and canyons.  The a r e a  t o  
t h e  N o r t h  i s  p a r t l y  p o p u l a t e d  w i t h  b u s i n e s s e s  p e r f o r m i n g  r e s e a r c h  a n d  
d e v e l o p m e n t .  A c c e s s  i s  p r o v i d e d  by a n  I n t e r s t a t e  Highway w i t h  o f f ramps  b o t h  
a t  t h e  n o r t h  and s o u t h  ends  o f  t h e  a r e a .  A l l  t h e  c i t y  s t r e e t s  l o c a t e d  i n  t h e  
a r e a  a r e  improved and capab le  of  hand l ing  heavy l o a d s .  

4.5.5.3 P o t e n t i a l  Environmental  Impact  

4.5.5.3.1 C o n s t r u c t i o n  T h e  o n l y  a d v e r s e  i m p a c t  
d u r i n g  c o n s t r u c t i o n  w i l l  be  t h a t  t y p i c a l  o f  e x c a v a t i o n  a n d  c o n s t r u c t i o n .  
P r o v i s i o n  w i l l  be made t o  m i n i m i z e  a i r  p o l l u t i o n  t h r o u g h  compl iance  w i t h  
a p p l i c a b l e  F e d e r a l ,  s t a t e  and l o c a l  l a w s ,  codes  and r e g u l a t i o n s .  R e q u i r e m e n t s  
f o r  e n v i r n n m e n t a l  p o l l u t i a a  c u u L r o l  will be s t a t e d  i n  t h e  p r o j e c t  
s p e c i f i c a t i o n s .  



W a t e r  w i l l  be  u s e d  t o  r e s t r i c t  d u s t  t o  
t o l e r a b l e  l e v e l s  on a c c e s s  roads  d u r i n g  c o n s t r u c t i o n .  

A f a c i l i t y  o f  t h i s  s i z e  w i l l  n o t  r e q u i r e  
a n  ex t remely  l a r g e  l a b o r  f o r c e  n o r  impose any t r a f f i c  problems on t h e  a r e a .  

4.5.5.3.2 O p e r a t i o n  A i r  p o l l u t i o n  d i s c h a r g e  f r o m  
t h e  f a c i l i t y  w i l l  be i n s i g n i f i c a n t  s i n c e  i t  i s  e l e c t r i c a l l y  powered .  V e r y  
m i n o r  a m o u n t s  o f  h e l i u m  and  n i t r o g e n  w i l l  l e a k  i n t o  t h e  a i r  a s  a r e s u l t  o f  
normal t e s t i n g .  D e p r e s s u r i z a t i o n  t e s t i n g  w i l l  i n c r e a s e  t h e  amount  o f  h e l i u m  
r e l e a s e d  b u t  w i t h o u t  a d v e r s e  e f f e c t  t o  t h e  environment .  

H e a t  w i l l  b e  d i s s i p a t e d  b y  d r y  t y p e  
f o r c e d  a i r  h e a t  e x c h a n g e r s  l o c a t e d  a t  t h e  r e a r  of  t h e  p r o p e r t y .  The a n t i c i -  
p a t e d  sound l e v e l  a t  t h e  s i t e  boundar ies  f o r  t h e s e  h e a t  e x c h a n g e r s  w i l l  n o t  
exceed 50 dba. 

V e h i c u l a r  t r a f f i c  t o  and  f r o m  t h e  s i t e  
w i l l  be minimal.  A f t e r  c o n s t r u c t i o n ,  i t  i s  e s t i m a t e d  t h a t  a p p r o x i m a t e l y  65 
t r i p s  a  week would be g e n e r a t e d ,  invo lv ing  1 3  c a r s .  

The p e r s o n n e l  r e q u i r e d  t o  o p e r a t e  t h i s  
f a c i l i t y  w i l l  be  p a r t i a l l y  s u p p l i e d  f rom e x i s t i n g  a n d  new employees .  The 
a n t i c i p a t e d  i n c r e a s e  o f  new e m p l o y e e s  w i l l  n o t  s i g n i f i c a n t l y  i m p a c t  t h e  
e x i s t i n g .  f a c i l i t y  o r  t h e  C i t y  of San Diego. 

P l a n s  
4.5.5.4 C o o r d i n a t i o n  w i t h  F e d e r a l ,  S t a t e ,  R e g i o n a l  o r  L o c a l  

C o n s t r u c t i o n  a n d  u s e  o f  t h i s  f a c i l i t y  d o e s  n o t  
c o n f l i c t  w i t h  any known p l a n  o r  program sponsored by a g e n c i e s  o f  t h e  F e d e r a l  
Government, S t a t e  of  C a l i f o r n i a  o r  t h e  C i t y  of  San Diego. 

4.6 UTILITIES 

4.6.1 ELECTRIC 

The e l e c t r i c  u t i l i t i e s  w i l l  c o n s i s t  o f  t h e  fo l lowing  twr, p a r t s :  

o  The 138 kV power l i n e  f r o m  t h e  l o c a l  e l e c t r i c  u t i l i t y ' s  
1 3 8  kV t r a n s m i s s i o n  s y s t e m  t o  t h e  Helium C i r c u l a t o r .  T e s t  
F a c i l i t y ' s  138 kV s w i t c h y a r d .  

o  The t e s t  f a c i l i t y ' s  138 kV s w i t c h y a r d .  

4.6.1.1 The 138 k V P o w e r L i n e  

T h e  H e l i u m  C i r c u l a t o r  T e s t  F a c i l i t y ' s  1 3 8  kV 
s w i t c h y a r d  w i l l  b e  c o n n e c t e d  i n t o  t h e  l o c a l  e l e c t r i c  u t i l i t y ' s  1 3 8  kV 
t r a n s m i s s i o n  s y s t e m  by means of a n  overhead 138 kV power l i n e ,  a p p r o x i m a t e l y  
900 f e e t  i n  l e n g t h .  T h i s  l i n e  w i l l  be des igned  and c o n s t r u c t e d  i n  a c c o r d a n c e  



w i t h  t h e  S t a t e  of C a l i f o r n i a ' s  General  Order No. 95. It w i l l  be b u i l t  us ing  a 
two po le  "H" frame c o n s t r u c t i o n  a r ranged  f o r  a  c o n d u c t o r  s p a c i n g  o f  1 0  f e e t  
w i t h  two o v e r h e a d  g r o u n d  w i r e s  and a  s t r u c t u r e  spac ing  of approx imate ly  350 
f e e t .  The conductor  w i l l  be 300 mcm ACSR and  t h e  g r o u n d  w i r e s  w i l l  be 1 1 2  
i n c h  diameter  s t r a n d e d ,  g a l v a n i z e d  s t e e l .  

The c o n n e c t i o n  i n t o  t h e  e l e c t r i c  u t i l i t y ' s  1 3 8  kV 
t r a n s m i s s i o n  s y s t e m  w i l l  be by means of an  overhead,  manual ly  g roup  o p e r a t e d  
138 kV load  break s w i t c h  and a  po le  s t r u c t u r e  t o  which t h e  e l e c t r i c  u t i l i t y ' s  
l i n e  can be dead ended. 

4.6.1.2 The 138 kV Switchyard 

Incoming  power w i l l  be  c o n t r o l l e d  by t h e  f a c i l i t y ' s  
138 kV s w i t c h y a r d  which  w i l l  b e  a r r a n g e d  a s  shown on Drawing EE-102. The 
i n c o m i n g  1 3 8  kV l i n e  w i l l  t e r m i n a t e  a t  an "A" frame type  dead end s t r u c t u r e  
f rom which  i t  w i l l  be  c o n n e c t e d  t o  a h o r i z o n t a l l y  mounted  1 3 8  kV g r o u p  
o p e r a t e d ,  3 p o l e ,  v e r t i c a l  b r e a k  d i s c o n n e c t  s w i t c h  equipped w i t h  a  3  p o l e ,  
group o p e r a t e d  grounding swi tch .  The s w i t c h  w i l l  be  mounted d i r e c t l y  u n d e r  
t h e  "A" frame s t r u c t u r e .  

T h e  i n c o m i n g  1 3 8  kV d i s c o n n e c t  s w i t c h ;  1 3 8  kV 
o u t d o o r ,  pad-mounted, o i l  c i r c u i t  b reaker ;  t h r e e  o u t d o o r ,  b a s e  mounted ,  1 3 8  
kV c u r r e n t  t r a n s f o r m e r s  and t h e  138 kv bush ings  of t h e  main t r a n s f o r m e r  w i l l  
a l l  be connected i n  s e r i e s  b y  means o f  overhead ACSR b a r e  c o n d u c t o r s  and  t h e  
138 kV s t r a i n  buswork.  The overhead 138 kV s t r a i n  buss  w i l l  t e r m i n a t e  a t  one 
end o f  t h e  incomirlg "A" frame dead end s t r u c t u r e  and a t  t h e  o t h e r  end o f  t h e  
main t r a n s f o r m e r ' s  "A" frame dead end s t r u c t u r e .  

The 138 kV m e t e r i n g  c u r r e n t  t r a n s f o r m e r ' s  o u t g o i n g  
c o n d u c t o r  w i l l  a l s o  be connected t o  a  h o r i z o n t a l l y  mounted v e r t i c a l  b reak  138 
kV d i s c o n n e c t  s w i t c h  ahead o f  t h e  t h r e e  mete r ing  p o t e n t i a l  t r a n s f o r m e r s  r a t e d  
801.12 kV and  c o n n e c t e d  i n  wye. These p o t e n t i a l  t r a n s f o r m e r s  and t h e  c u r r e n t  
t r a n s f o r m e r s  w i l l  s u p p l y  t h e  r e v e n u e  m e t e r i n g  e q u i p m e n t ,  c o n s i s t i n g  o f  a  
k i l o w a t t  h o u r  m e t e r  and a  r e c o r d i n g  k i l o w a t t  demand m e t e r .  B o t h  w i l l  be  
mounted i n  an  ou tdoor  weather-proof mete r ing  c a b i n e t .  

4.6.1.2.1 S . w i t c h y a r d  B u s e s  & M a j o r  E q u i p m e n t  
R a t i n g  A t h r e e  phase f a u l t  on the. 138 kV bus  a t  t h e  s w i t c h y a r d  w i l l  p r o d u c e  
t h e  fo l lowing  f a u l t  d u t y  and c u r r e n t s .  

o  3 phase f a u l t  MVA 4150 MVA 

o  RMS Symm. Amperes 17.4 kA 

o  Mmentary  F a u l t  Amperes 27.8 kA 



Equipment and Bus R a t i n g s  

Momentary F a u l t  Ampere 
Switchyard Equipment R a t i n g  a t  138 kV 

o  Incoming 138 kV Disc . Sw . 61 kA 

o  Bus P.T.'s 138 kV Disc .  Sw. 40 kA 

o  Main O i l  C i r c u i t  Bkr . 58 kA 

o  138 kV S t r a i n  Buses Designed f o r  40 kA 

o  138 kV Rigid Buses Designed f o r  40 kA 

L i g h t n i n g  P r o t e c t i o n  The s w i t c h  y a r d  e q u i p m e n t  a n d  
t h e  main t r a n s f o r m e r  w i l l  be  p r o t e c t e d  by l i g h t n i n g  a r r e s t o r s  on t h e  l i n e  
s i d e  o f  t h e  138 kV s t a t i o n  d i s c o n n e c t  s w i t c h .  L i g h t n i n g  a r r e s t o r s  w i l l  be  
c o n n e c t e d  so  a s  t o  ground h i g h  f requency  s u r g e s  and w i l l  have no s h a r p  bends 
i n  t h e i r  connec t ions .  The a r r e s t o r s  v o l t a g e  r a t i n g  w i l l  be 120 kV. 

S w i t c h y a r d  G r o u n d i n g  S y s t e m  The s w i t c h y a r d  w i l l  be 
provided w i t h  a  g rounding  s y s t e m ,  a s  i n d i c a t e d  by Drawing No. EE-102. The 
s y s t e m  w i l l  c o n s i s t  o f  b u r i e d  b a r e  c o p p e r  c a b l e  meshes  and  c o p p e r  a n o d e  
ground w e l l s  wi th  t h e  anodes i n s t a l l e d  below t h e  water  t a b l e ' s  low l e v e l .  The 
g r i d  w i l l  e x t e n d  t h r o u g h  o u t  t h e  swi tchyard and load c.enter t r a n s f o r m e r  a r e a  
and w i l l  c o n n e c t  t o  t h e  g r o u n d i n g  g r i d  w i t h i n  t h e  Hel ium C i r c u l a t o r  T e s t  
F a c i l i t y  Bui ld ing .  

A l l  s w i t c h y a r d  e q u i p m e n t ,  s t r u c t u r a l  s t e e l  
s t r u c t u r e s ,  n e u t r a l  g r o u n d i n g  r e a c t o r s  and  t h e  s w i t c h y a r d  f e n c e  w i l l  b e  
connected t o  t h e  grounding g r i d ,  a s  i n d i c a t e d  by Drawing No. EE-102. 

' The d e t a i l s  o f  t h e  grounding sys tem a r e  d e s c r i b e d  i n  
t h e  O u t l i n e  S p e c i f i c a t i o n ,  S e c t i o n  2 4 ,  w h i c h  i n c l u d e s  t h e  s i z i n g  o f  t h e  
anodes ,  connec t ing  c a b l e s ,  grounding c a b l e s  and t y p e  o f  connec t ions  . 

S w i t c h y a r d  C o m m u n i c a t i o n s  a n d  L i g h t i n g  T h e  
switchyard w i l l  be included w i t h i n  t h e  b u i l d i n g '  s c o m u n i c a t  i o n  a n d  1 i g h t  i n g  - 

systems a s  o u t l i n e d  under paragraphs  4.4.7 and 4 .4 .8  of t h i s  r e p o r t .  

4.6.2 WATER 

T h e  e x i s t i n g  w a t e r  s y s t e m  w i l l  b e  u t i l i z e d  f o r  t h e  new 
f a c i l i t y .  

4.6.3 AQUEOUS WASTE DISPOSAL 

T h e  e x i s t i n g  w a s t e  s y s t e m  w i l l  b e  u t i l i z e d  f o r  t h e  new 
f a c i l i t y .  



4.6.4 TELEPHONE 

. The e x i s t i n g  t e l e p h o n e  s e r v i c e  w i l l  be u t i l i z e d  f o r  t h e  new 
f a c i l i t y .  
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SECTION 5 

SAFETY EVALUATION 

This section addresses personnel, equipment and structural safety 
aspects of the facility. 

5.1 FIRE PROTECTION AND RISK EVALUATION 

The facility building is constructed in part of structural steel and 
reinforced concrete, in part of concrete block and in part of insulated metal 
siding and roofing. The existing structure conforms to and the modifications 
will conform with the requirements of NFPA-101. 

There are no immediately adjacent buildings or other structures. 
Therefore, this facility will not create a fire hazard to other facilities 
nor be endangered by a fire in them. The encircling roadways and paved areas 
will provide an effective firebreak to prevent endangering the facility from 
grass or ground fires. 

5.1.1 FIRE PROTECTION 

The facility will be equipped with automatic sprinkler systems 
throughout except in the control room area and in the motor controllers where 
automatic Halon 1301 systems will be used. Portable fire extinguishers will 
be located in all areas for quick local attention. All of the automatic 
systems will alarm in the control room and at the local GAC fire station. 

5.1.2 MOST PROBABLE FIRE INCIDENT 

The most probable cause of fire in this facility would be from 
insulation failure in electric equipment. The main motor controller is valued 
at $2,489,000 but with the automatic fire protection systems, it is highly 
improbable that any fire loss would equal or exceed $100,000. 

It is believed that this facility will meet the criteria of the 
"Improved Risk" rating and the requirements of ERDA Manual Chapters 0552 and 
6301. 

5.2 EXPLOSION AND HIGH PRESSURE PROTECTION 

High pressure helium gas will be used in this facility at pressures up 
to 1635 psig in the circulator vessel, and up to 3200 psig in the helium 
supply and storage system. The nitrogen storage system will also be at 3200 
psig, although its intended use for blanketing will be at a much lower 
pressure; approximately 20 psig. The vessels in all high pressure systems 
will be designed and fabricated in accordance with the ASME Boiler and 
Pressure Vessel Code, Section VIII, and the piping with ANSI B 31.1. Gas 
s t a s a g c  cyliadeis wlll c u ~ l l u r ~ l ~  iu  he U. S. Iseparcrneile of 'I'ransportation Title 
49, Code of Federal Regulations, Transportation Parts 100-199. 



5.3 'INDUSTRIAL SAFETY 

The principal industrial safety hazards and risks that may be 
encountered during operation of this facility will be: 

o Standard hazards associated with office space, and multi-storied 
large equipment test facilities. 

o Standard hazards associated with movement of heavy equipment. 

o Implosion and explosion hazards from high vacuum and intermediate 
pressure gas systems. 

o Electric shock from contact with high and intermediate voltage 
electric systems. 

o Burns from high temperature vessels and piping. 

Single or dual fatalities will be the maximum probable consequences of 
injuries that would result from these hazards. Property damage could occur 
from several of them. Measures taken to prevent accidents and reduce damage 
and risks from these hazards are discussed below. 

5.3.1 RISKS ASSOCIATED WITH OFFICE SPACE, AND LARGE EQUIPMENT TEST 
FACILITIES 

These risks will be controlled by designing and modifying the 
facility in accordance with the requirements of ERDA Manual Appendix 6301, 
and applicable national, federal and state standards, codes and regulations. 

Emergency electric power will be provided from batteries for 
lighting of all stairways, hallways, ladders, exits and essential equipment 
areas, both indoors and outdoors. 

Railings will be used for all open pit areas and stairways. 

5.3.2 RISKS ASSOCIATED WITH MOVEMENT OF HEAVY EQUIPMENT 

For installation purposes, all heavy equipment will be moved by 
outside contractors whose business is .the moving of large and/or heavy 
objects. They will use licensed equipment and employ trained operators. 

The transporter for the circulator will have elevation and 
positioning capability from a stable secure platform. The circulator will be 
secured on the transporter by large clamps or bolts so that there will be 
very limited risk of personnel injury during movement or installation of the 
circulator. 



5.3.3 RISKS FROM FAILURE OF VACUUM SYSTEMS OR INTERMEDIATE PRESSURE 
GAS SYSTEMS 

A vacuum system will be provided for circulator vessel dryout. 
Intermediate pressure air systems will be provided for instrument and service 
air. Operations involving the use of these systems will be planned and 
personnel trained to ensure knowledgeable usage in compliance with 
engineering and operational safeguards and all governing regulations. 

5.3.4 RISKS OF ELECTRIC SHOCK FROM ELECTRIC SYSTEMS 

The electric equipment and facilities will conform to the 
latest edition of the National Electrical Safety Code, "Safety Rules for the 
Installation and Maintenance of Electric Supply and Communication Lines, ANSI 
C-2", to the requirements of the City of San Diego; and to the State of 
California Division of Industrial Safety, "High Voltage Electrical Safety 
Orders and Electrical Safety Orders"; and to the State of California General 
Order No. 95. High voltage equipment will be operated only by a qualified 
operator, as defined in the State of California Division of Industrial 
SafeLy, "High Voltage Electrical Safcty Orders". 

5.3.5 RISK OF BURNS FROM HIGH TEMPERATURE VESSELS OF PIPING 

All high temperature piping, vessel or other equipment will 
either be thermally insulated so that exposed surfaces will not exceed 150°F 
or will be protected by barriers so that personnel cannot be inadvertently 
exposed to the risk of burns. 

5.4 SEISMIC PROTECTION 

5.4.1 . BUILDING STRUCTURES 

The facility structure was designed and constructed in 
accordance with the Uniform Building Code. 

5.4.2 MECHANICAL AND ELECTRICAL EQUIPMENT 

All large fixed equipment will be secured to its foundation so 
that overturning cannot occur. The building and outside structures have been 
designed to withstand a Uniform Building Code Zone 3, Earthquake, intact. 
Therefore, it is not expected that any damage to equipment or the facility 
structurecwill oc.cur in the event of a design basis earthquake. 

5.5 RADIATION AND HEAVY METAL SAFETY 

There has been none and will be no radioactive materials or heavy 
metals handled in this facility. 



5.6 INDUSTRIAL HYGIENE 

Dowtherm G i s  a  m a n u f a c t u r e d  o r g a n i c  l i q u i d  w i t h  a  h i g h  b o i l i n g  p o i n t  
and a  low f r e e z i n g  p o i n t .  I t  h a s  v e r y  low t o x i c i t y  i n  e i t h e r  t h e  v a p o r  o r  
l i q u i d  form a s  a  r e s u l t  of  e i t h e r  i n h a l a t i o n  o r  i n g e s t i o n .  I n  a  few c a s e s  i t  
h a s  caused m i l d  s k i n  i r r i t a t i o n  upon l i q u i d  c o n t a c t  . However ,  i t  h a s  a  v e r y  
d i s t i n c t i v e  and  u s u a l l y  d i s a g r e e a b l e  o d o r ,  even i n  low vapor  c o n c e n t r a t i o n .  
The helium/Dowtherm G h e a t  exchanger  and i t s  connec t ing  p i p i n g  a r e  a l l  w e l d e d  
c o n s t r u c t i o n  s o  t h a t  l eakage  of t h e  Dowtherm G f l u i d  i s  h i g h l y  u n l i k e l y .  The 
e n t i r e  Dowtherm G s y s t e m  i s  a  c l o s e d  s y s t e m .  I t  i s  o p e n e d  o n l y  f o r  
m a i n t e n a n c e  and f o r  s t o r a g e  t a n k  f i l l i n g .  Thus,  t h e  p r o b a b i l i t y  of  s p i l l a g e  
i s  s m a l l .  I n  t h e  e v e n t  o f  s p i l l a g e ,  a s  a  r e s u l t  o f  e q u i p m e n t  f a i l u r e ,  
p r o t e c t i v e  c l o t h i n g  a n d  b r e a t h i n g  a p p a r a t u s  c a n  b e  employed t o  l i m i t  
pe r sonne l  exposure  d u r i n g  r e p a i r  and c leanup .  

5.7 FLOOD HAZARDS 

T h i s  f a c i l i t y  w i l l  be  o u t  o f  a n y  f l o o d  p l a i n  a n d  w i l l  h a v e  a  s i t e  
d r a i n a g e  s y s t e m  a d e q u a t e  t o  h a n d l e  a n t i c i p a t e d  s u r f a c e  r u n o f f .  A l l  b e l o w  
g r a d e  s t r u c t u r e s  h a v e  been  t r e a t e d  t o  r e t a r d  w a t e r  seepage .  A sump i n  t h e  
b a s e m e n t  o f  t h e  b u i l d i n g  w i l l  c o l l e c t  a n y  l i q u i d  which  a c c u m u l a t e s  a s  a 
r e s u l t  o f  l e a k a g e ,  s p i l l a g e ,  o r  o t h e r  c a u s e ,  and a  sump pump w i l l  pump i t  o u t  
o f  t h e  b u i l d i n g .  There w i l l  be a  n e g l i g i b l e  chance o f  f l o o d i n g  c a u s i n g  damage 
due t o  l i q u i d s ,  t o  any p a r t  of  t h i s  f a c i l i t y .  





SECTION 6  

SCHEDULE 

The e n g i n e e r i n g  p r o c u r e m e n t  and  c o n s t r u c t i o n  s c h e d u l e ,  F i g u r e  6 .1 ,  i s  
based on t h e  r e q u i r e d  f a c i l i t y  accep tance  and tu rnover  d a t e  o f  J u l y  1 ,  1 9 8 4 .  
I d e n t i f i e d  a r e  t h e  t i m e  p e r i o d s  i n  w h i c h  t h e  e n g i n e e r i n g  and c o n s t r u c t i o n  
must occur .  The schedu le  a l s o  i d e n t i f i e s  major  m i l e s t o n e s  and  i n t e r f a c e s  f o r  
e n g i n e e r i n g  and  d e s i g n ,  p rocurement  , i n s t a l l a t i o n  and c o n s t r u c t i o n ,  and f o r  
o p e r a t i o n a l  t e s t i n g .  

The o v e r a l l  o b j e c t i v e  of t h e  schedu le  i s  t o  produce an  e n g i n e e r i n g  and 
c o n s t r u c t i o n  p l a n  t h a t  w i l l  p rov ide  t h e  fo l lowing :  

o  Bas i s  f o r  e s t i m a t i n g  eng ineer ing  and c o n s t r u c t i o n  c o s t s .  

o  Determinat ion o f  t h e  t o t a l  t ime r e q u i r e d  f o r  f a c i l i t y  c o n s t r u c t i o n .  

o  D e f i n i t i o n  of t h e  major p r o j e c t  schedu le  pa ramete rs .  

In o r d e r  f o r  t h i s  schedule  t o  be met i t  w i l l  be n e c e s s a r y  t o  f a s t  t r a c k  
t h i s  p r o j e c t .  Th i s  w i l l  mean t h a t  t h e  normal sequence o f  a c t i v i t i e s ,  o f  f irm- 
ing  up a  d e s i g n  f e a t u r e  be fore  t h e  nex t  s t e p  i s  t a k e n ,  w i l l  n o t  a l w a y s  t a k e  
p l a c e  and t h a t  t h e r e  w i l l  be over lapp ing  o f  a c t i v i t i e s  which could  r e s u l t  i n  
sane e x t r a  work and c o s t s .  

A s  e x p l a i n e d  l a t e r  some equipment w i l l  have t o  be purchased dur ing  t h e  
T i t l e  I e f f o r t .  T h i s  w i l l  r e q u i r e  t h e  e q u i p m e n t  t o  b e  e n g i n e e r e d  a n d  
p u r c h a s e d ,  us ing some d a t a  t h a t  can o n l y  be checked a t  a  l a t e r  d a t e ,  and a l s o  
be fore  T i t l e  I h a s  been approved. L i k e w i s e ,  some e q u i p m e n t  w i l l  h a v e  t o  b e  
engineered and purchased i n  T i t l e  I1 under  s i m i l a r  c i rcumstances .  

Based  on t h e  s t a r t  o f  A r c h i t e c t  - E n g i n e e r  T i t l e  I e n g i n e e r i n g  and 
d e s i g n  of October 1, 1981, i t  is  expected t h a t  T i t l e  I1 f i n a l  d e s i g n  would be  
c o m p l e t e d  by December 1, 1982. Th is  assumes a  f i v e  month T i t l e  I a c t i v i t y ,  a  
one month review by t h e  c l i e n t  and an e i g h t  month T i t l e  I1 d e s i g n .  

Due t o  t h e  l o n g  l e a d  t i m e  f o r  t h e  e l e c t r i c  power d i s t r i b u t i o n  equip- 
ment,  t h e  e n g i n e e r i n g  f o r  t h i s  equipment w i l l  h a v e  t o  be f i n a l i z e d  i n  T i t l e  
I. The c a l c u l a t i o n s  f o r  t h e  t e s t  v e s s e l  and  l a r g e  d iamete r  p i p e  w i l l  a l s o  
h a v e  t o  be f i n a l i z e d  i n  T i t l e  I a l l o w i n g  o n l y  t h e  s p e c i f i c a t i o n s  t o  b e  
w r i t t e n  i n  T i t l e  11. 

A r c h i t e c t - E n g i n e e r i n g  T i t l e  I11 s e r v i c e s  would beg in  f i v e  months b e f o r e  
t h e  s t a r t  o f  t h e  c o n s t r u c t i o n  work t o  a l l o w  c a p l e t i o n  o f  t h e  i n s p e c t i o n  p l a n  
f o r  i n c l u s i o n s  i n  t h e  c o n s t r u c t i o n  p a c k a g e s .  The T i t l e  I11 work would t a k e  
p l a c e  over  a  p e r i o d  of 23 months, e x t e n d i n g  a p p r o x i m a t e l y  o n e  month  beyond 
rhe comp3.ecl.on of c 6 d s t r u c t i o n  t o  j>ermit the complet ion o f  a s - b u i l t  drawings  
and f i l e  c l o s e  o u t .  



6 .2  PROCUREMENT 

The s c h e d u l e  shows t h a t  some procurement s p e c i f i c a t i o n s  w i l l  have t o  be 
i s s u e d  p r i o r  t o  bo th  t h e  T i t l e  I and t h e  T i t l e  I1 review.  

The p r o c u r e m e n t  s p e c i f i c a t i o n  t h a t  must be i s s u e d  p r i o r  t o  a p p r o v a l  of  
T i t l e  I i s  t h e  e l e c t r i c  power d i s t r i b u t i o n  e q u i p m e n t ,  which  m u s t  be i s s u e d  
f o r  b i d  a p p r o x i m a t e l y  February  1, 1982. Three  procurement s p e c i f i c a t i o n s  must 
be i s s u e d  p r i o r  t o  approva l  of T i t l e  11; t h e  t e s t  v e s s e l  which must be i s s u e d  
f o r  b i d  a p p r o x i m a t e l y  J u n e  1, 1982,  t h e  l a r g e  d i a m e t e r  p i p i n g  which must be  
i s s u e d  f o r  b i d  a p p r o x i m a t e l y  J u n e  1,  1 9 8 2 ,  and t h e  Dowtherm G l h e l i u m  h e a t  
exchanger which must be i s s u e d . f o r  b i d  approx imate ly  October  1,  1982. 

6 . 3  CONSTRUCTION AND CONSTRUCTION TESTING 

I f  a n  e n v i r o n m e n t a l  impact r e p o r t  i s  r e q u i r e d  i t  would need t o  be f i l e d  
and approved b e f o r e  s i t e  work can  be s t a r t e d .  

I t  i s  e x p e c t e d  t h a t  w i t h  a  t w o  m o n t h  T i t l e  I1 r e v i e w  p e r i o d ,  
c o n s t r u c t i o n  would  s t a r t  mid F e b r u a r y  1 9 8 3 ,  w i t h  some s i t e  p r e p a r a t i o n ,  
e q u i p m e n t  r e m o v a l  a n d  d e m o l i t i o n  i n s i d e  t h e  main b u i l d i n g ,  fo l lowed by t h e  
r e n o v a t i o n s , i n s i d e  t h e  b u i l d i n g .  The o u t s i d e  f o u n d a t i o n  w o r k  w o u l d  b e  
p e r f o r m e d  d u r i n g  t h e  summer t ime  f o l l o w e d  by e r e c t i o n  of  t h e  equipment.  The 
f i n a l  s i t e  development work and c l e a n u p  would then  t a k e  p l a c e ,  c o m p l e t i n g  t h e  
c o n s t r u c t i o n  J u l y  1, 1984. 

I n s p e c t i o n  a c t i v i t i e s  w i l l  t a k e  p l a c e  a s  t h e  work i s  completed,  w i t h  
t h e  systems i n s p e c t i o n  and t e s t i n g  t a k i n g  p l a c e  i n  t h e  l a s t  t h r e e  m o n t h s  
p r i o r  t o  f a c i l i t y  accep tance  and t u r n o v e r .  
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SECTION 7 

COST ESTIMATE 

T h i s  s e c t i o n  o f  t h e  r e p o r t  summarizes t h e  c o s t  e s t i m a t e  f o r  t h e  t e s t  
f a c i l i t y .  The l e v e l - o f - e f f o r t  o f  t h i s  c o s t  e s t i m a t e  i s  c o m p a t i b l e  w i t h  t h e  
c o n c e p t u a l  d e s i g n  c o n t a i n e d  i n  t h i s  r e p o r t .  The e s t i m a t e d  c o s t s  o f  equipment 
and sys tems f o r  which GAC was r e s p o n s i b l e  a r e  i n c l u d e d  h e r e i n  a s  p r o v i d e d  t o  
Parsons  by GAC. 

7 . 1  ORGANIZATION AND BASIS 

The c o n c e p t u a l  d e s i g n  c o s t  e s t i m a t e  a s  p r e s e n t e d  i n  t h i s  r e p o r t  
i s  based on t h e  fo l lowing :  

o  Conceptual  d e s i g n  drawings  i n c l u d e d  i n  S e c t i o n  8. 

o  P r e l i m i n a r y  e n g i n e e r i n g  and c o n s t r u c t  i o n  s c h e d u l e  i n c l u d e d  
i n  S e c t i o n  6 .  

o O u t l i n e  S p e c i f i c a t i o n s  inc luded  i n  S e c t i o n  9 .  

o  Engineer ing c o s t s  a r e  t h e  General  Atomic Company's e s t i m a t e s  
o f  t h e i r  p a r t i c i p a t i o n  i n  t h e  T i t l e  I, I1 and I11 phases  o f  
t h i s  p r o j e c t  t o g e t h e r  w i t h  P a r s o n s  e s t i m a t e  o f  t h e  
A r c h i t e c t / E n g i n e e r V  s c o s t s  f o r  t h e  d e s i g n  o f  t h e  t e s t  
sys tems ,  t h e  d e s i g n  f o r  m , o d i f i c a t i o n  o f  t h e  HTGR f a c i l i t y  
and  t h e  i n s p e c t i o n  o f  c o n s t r u c t i o n .  T h e s e  A/E c o s t s  were 
d e v e l o p e d  f r o m  a  d e t a i l e d  t a s k  e s t i m a t e  o f  t h e  e f f o r t  
r e q u i r e d  t o  p e r f o r m  t h e  T i t l e  I, I1 and I11 e n g i n e e r i n g  f o r  
t h e  f a c i l i t y .  

o  I t  i s  assumed t h a t  t h i s  f a c i l i t y  w i l l  be c o n s t r u c t e d  by lump 
sum s u b - c o n t r a c t o r s  w i t h  a  c o n s t r u c t  i o n  m a n a g e r  c o n t r a c t o r  
under a  p e r c e n t a g e  f e e .  

o  Where p o s s i b l e ,  v e n d o r  q u o t a t i o n s  were  o b t a i n e d  f o r  t h e  
c o s t s  o f  equipment .  Where quo t a t i o n s  were n o t  a v a i l a b l e ,  t h e  
c o s t  w a s  d e v e l o p e d  o n  t h e  b a s i s  o f  h i s t o r i c a l  d a t a  
p e r t a i n i n g  t o  s i m i l a r  type  equipment.  

o  The p r i c i n g  o f  b u l k  m a t e r i a l  i s  based o n  c u r r e n t  e x p e r i e n c e  
i n  t h e  San Diego a r e a .  

o  S h i p p i n g  a n d  h a u l i n g  c o s t s  f o r  t h e  l a r g e  c i r c u l a t o r  t e s t  
v e s s e l  were based on s p e c i a l  s t u d i e s .  

o  Q u a l i t y  a s s u r a n c e  r e q u i r e m e n t s  on m a t e r i a l s ,  equipment ,  and 
. c o n s t r u c t i o n  a r e  l i m i t e d  t o  t h o s e  n o r m a l l y  o b t a i n e d  on a n  

t i n d u s t r i a l  p ro jec t .  



o  T e s t s  o t h e r  t h a n  t h o s e  n o r m a l l y  provided by a  c o n s t r u c t i o n  
c o n t r a c t o r  a r e  excluded.  

o  C o n s t r u c t i o n  M a n a g e m e n t  c o s t s  w e r e  b a s e d  o n  a  f i x e d  
p e r c e n t a g e  o f  t h e  t o t a l  c o n s t r u c t i o n  c o s t s ,  e x c l u d i n g  
e n g i n e e r i n g  . 

7.2 PROJECT COST ESTIMATE SUMMARY 

T h e  c o n s t r u c t i o n  and  e n g i n e e r i n g  c o s t s  f o r  t h e  p r o j e c t  a r e  
summarized i n  T a b l e  7-1.- The f o r m a t  i s  i n  c o n f o r m a n c e  w i t h  ERDA Appendix  
1 3 0 1 ,  P a r t  11, S e c t i o n  C2, e n t i t l e d ,  "Schedule 44 C o n s t r u c t i o n  P r o j e c t  Data 
Sheet."  Government f u r n i s h e d  e q u i p m e n t  i s  u s e d  i n  t h i s  t a b l e  t o  r e f e r  t o  
i t e m s  t h e  G e n e r a l  Atomic Company, a s  t h e  o p e r a t i n g  c o n t r a c t o r ,  would p rocure  
and provide t o  t h e  c o n s t r u c t o r  f o r  i n s t a l l a t i o n .  

C o s t  b reakdowns  a r e  p r o v i d e d  i n  s u p p l e m e n t a l  t a b l e s  t o  permit  
c o s t  t r a c i n g  o f  an  account  from t h e  S c h e d u l e  4 4  f o r m a t  t o  t h e  C o n s t r u c t i o n  
S p e c i f i c a t i o n  I n s t i t u t e  (CSI)  D i v i s i o n s ,  Table  7-2, 7-3 and 7-4. 

o  C r a f t  l a b o r  r a t e s  a r e  work o p e r a t i o n  c o m p o s i t e s  b a s e d  on  
l a b o r  a g r e e m e n t s  i n  e f f e c t  f o r  San Diego  a r e a  work a s  o f  
September, 1979, and i n c l u d e  t r a v e l ,  f r i n g e  b e n e f i t s ,  pay- 
r o l l  t a x e s  and  i n s u r a n c e  w h e r e  a p p l i c a b l e . .  Labor c o s t s  a r e  
based on s t r a i g h t  t ime ,  s t a n d a r d  s i n g l e  s h i f t  work week o f  
40 h o u r s .  

o  L a b o r  p r o d u c t i v i t y  inc luded  i n  t h e  e s t i m a t e  r e f l e c t s  Parsons  
s t u d i e s  and exper ience  f o r  c o n s t r u c t i o n  o f  t h i s  t y p e  f o r  t h e  
San Diego a r e a .  

o  The s u b - c o n t r a c t o r  i n d i r e c t  c o s t s  a r e  e s t i m a t e d  under C.S. I. 
Div i s ion  1, General  Requirements .  A l l  i n d i r e c t  f i e l d  c o s t s  
a r e  r e l a t e d  t o  e s t i m a t e d  d i r e c t  l a b o r  c o s t s ,  a n d  a r e  a  
p e r c e n t a g e  o f  t h e s e  c o s t s  b a s e d  o n  l u m p  sum c o n t r a c t  
e x p e r i e n c e  f o r  t h i s  type o f  work i n  t h e  San Diego a r e a .  

o  The e s c a l a t i o n  r a t e s  u s e d  f o r  c o n s t r u c t i o n  e q u i p m e n t ,  
m a t e r i a l s ,  a n d  l a b o r  w e r e  t a k e n  f r o m  e s c a l a t i o n  t a b l e s  
pub l i shed  by INEL. With an October 1979 e s t i m a t e  b a s e  d a t e ,  
e s c a l a t i o n  percen tages  were compounded y e a r l y ,  i n c l u d i n g  t h e  
t h r e e  m o n t h s  i n  1979  and  a l l  t h e  t i m e  up  t o  a n  e s t i m a t e d  
month  and  y e a r  a t  which  h a l f  o f  t h e  e x p e n d i t u r e  f o r  e a c h  
a c t i v i t y  w u l d  occur .  

o  The e s c a l a t i o n  r a t e s  u s e d  f o r  e n g i n e e r i n g  a r e  by t h e  Ralph 
M. Parsons  Company f o r  t h e  A/E and  f r o m  t h e  G e n e r a l  Atomic 
C o r p o r a t i o n  f o r  t h e i r  p a r t i c i p a t i o n .  F o r  A/ E e n g i n e e r i n g  
c o s t s ,  wi th  an October,  1979 e s t i m a t e  b a s e  d a t e ,  e s c a l a t i o n  
p e r c e n t a g e s  w e r e  compounded y e a r l y  i n c l u d i n g  t h e  t h r e e  
months i n  1979 and t h e  t i m e  up  t o  t h e  s c h e d u l e d  month and  



y e a r  a t  which  h a l f  payment f o r -  t h e  a c t i v i t y  would occur .  For  
GAC e n g i n e e r i n g  c o s t s ,  e s c a l a t i o n  percen tages  were compounded 
y e a r l y  b a s e d  on a  f l a t  r a t e  f o r  e a c h  c o m p l e t e  o r  p a r t i a l  
c a l e n d a r  year  s t a r t i n g  January 1, 1980. 

o  The c o n t i n g e n c y  used i n  t h e  e s t i m a t e  r e p r e s e n t s  Parsons  eva l -  
u a t i o n  of job scope adequacy, r e l i a b i l i t y  o f  q u o t a t i o n s ,  mod- 
i f i c a t i o n  work d i f f i c u l t i e s ,  exper ience  w i t h  c o n c e p t u a l  l e v e l  
e s t i m a t e s ,  and execu t ion  o f  t h e  e n g i n e e r i n g  and  c o n s t r u c t  i o n  
on a  f a s t  t r a c k  b a s i s .  

o  The CSI c o d i n g  system,  developed by t h e  C o n s t r u c t i o n  S p e c i f i -  
c a t i o n  I n s t i t u t e ,  w a s  u s e d  t o  i d e n t i f y  t h e  e s t i m a t e  
components. 

o  E l e c t r i c i t y ,  wa te r  and s a n i t a r y  sewer s e r v i c e s  ar ,e assumed t o  
be a v a i l a b l e  on s i t e .  

o    he' c o s t  b a s e  o f  t h e  e s t i m a t e  i s  O c t o b e r  1979. A l l  summary 
c o s t s  a r e  shown a s  "As Spent" d o l l a r s  u n l e s s  o t h e r w i s e  n o t e d .  

o  C o n s t r u c t i o n  management c o s t s  a r e  b a s e d  on a  pe rcen tage  of 
t h e  t o t a l  c o n s t r u c t i o n  c o s t s  exc lud ing  e n g i n e e r i n g .  

INCLUDED I N  COST ESTIMATES ARE: 

The c o s t s  f o r  t h e  fo l lowing  i t ems  have been inc luded  i n  t h i s  c o s t  
e s t i m a t e :  

o  T i t l e s  I ,  11, and I11 Arch i tec t -Engineer ing  s e r v i c e s ,  includ-  
i n g  p r e l i m i n a r y  e n g i n e e r i n g ,  f i n a l  d e s i g n ,  and  i n s p e c t  i o n  
s e r v i c e s .  

o  T i t l e s  I ,  11, a n d  I11 G e n e r a l  Atomic Company s e r v i c e s ,  
i n c l u d i n g  e n g i n e e r i n g ,  procurement and p r o j e c t  management. 

o  S i t e  c l e a r i n g ,  g r a d i n g ,  and e x c a v a t i o n .  

o  Demolit ion o f  e x i s t i n g  c i v i l  and  s t r u c t u r a l  f a c i l i t i e s  o n l y  
t o  t h e  e x t e n t  r e q u i r e d  t o  accomodate t e s t  equipment and new 
suppor t  s e r v i c e s  equipment i n  t h e  f a c i l i t y .  

o  T r a n s p o r t  o f  t h e  c i r c u l a t o r  t e s t  v e s s e l  from r a i l  s i d i n g  t o  
job  s i t e .  

o  F u r n i s h ,  r enova te  and i n s t a l l  helium and n i t r o g e n  b o t t l e s .  

o  Bulk m a t e r i a l s  and t h e  l a b o r  o f  i n s t a l l a t i o n .  

o  M e c h a n i c a l  and  e l e c t r i c  e q u i p m e n t ,  v e s s e l s ,  t a n k s ,  c o n d u i t ,  
w i r e ,  b u s w a y s ,  c a b l e ,  h e a t i n g ,  v e n t i l a t i n g  a n d  a i r  
condirioni~g, t i f e  p r o t e c t i o n ,  plumbing, p a i n t i n g  and r e l a t e d  
items, and t h e  l a b o r  o f  i n s t a l l a t i o n .  



o  S u b - c o n t r a c t o r ' s  overhead and p r o f i t .  

o  E s c a l a t i o n  o n  m a t e r i a l s  a n d  l a b o r  t o  t h e  m i d - p o i n t  o f  
c o n s t r u c t i o n  a s  determined from t h e  p r o j e c t  s c h e d u l e .  

o  A con t ingency  which r e f l e c t s  Pa r sons  e x p e r i e n c e  i n  d e v e l o p -  
i n g  c o s t  e s t i m a t e s  f o r  t h i s  t y p e  o f  p r o j e c t  and wi th  t h i s  
d e g r e e  o f  e n g i n e e r i n g  and d e s i g n ,  p l u s  a n  a l l o w a n c e  f o r  t h e  
i n e f f i c i e n c i e s  s o m e t i m e s  e n c o u n t e r e d  i n  " F a s t  T r a c k "  
e x e c u t i o n .  

o  I n s t a l l a t i o n  of  GAC s u p p l i e d  equipment and m a t e r i a l s .  

GAC h a s  d e v e l o p e d  and f u r n i s h e d  c o s t s  f o r  i n c l u s i o n  i n  t h i s  
e s t i m a t e  f o r  t h e  fo l lowing  i t e m s :  

o  T i t l e s  I ,  11, a n d  I11 G e n e r a l  Atomic  Company s e r v i c e s ,  
i n c l u d i n g  e n g i n e e r i n g  , procurement and p r o j e c t  management . 

o  I n s t r u m e n t a t i o n  and C o n t r o l  Equipment f o r  t h e :  

Helium c i r c u l a t o r  
Main motor 
Pony motor 
Main motor c o n t r o l l e r  
Pony motor c o n t r o l l e r  
Helium c i r c u l a t o r  s e r v i c e  system 
D i f f u s e r  
I s o l a t i o n  v a l v e  and expans ion  j o i n t  
Thermal b a r r i e r  
Helium l o o p  

EXCLUDED FROM COST ESTIMATE ARE : 

The c o s t s  f o r  t h e  f o l l o w i n g  i t e m s  h a v e  b e e n ' e x c l u d e d  from t h e  
t o t a l  e s t i m a t e d  c o s t  o f  t h e  t e s t  f a c i l i t y :  

o  E x i s t i n g  b u i l d i n g  c o s t .  
o  S a l e s  o r  o t h e r  t a x e s .  
o  S e c u r i t y  and guard  s e r v i c e .  
o  Re la ted  o p e r a t i n g  expense funded c o s t s  

- RbD n e c e s s a r y  t o  complete  c o n s t r u c t i o n  
- Programat ic  o p e r a t i n g  expenses  
- O p e r a t o r  t r a i n i n g  and f a c i l i t y  checkout  
- F a c i l i t y  o p e r a t i n g  c o s t s  
- C a p i t a l  equipment c o s t s  

3 TRANSPORTATION 

S p e c i a l  r a i l  f r e i g h t  a r r a n g e m e n t s  w i l l  be  r e q u i r e d  f o r  s h i p p i n g  t h e  
285 ton Helium C i r c u l a t o r  Tes t  Vessel .  Parsons  i n  c o n j u n c t i o n  w i t h  t h e  r a i l -  



way c a r r i e r s  made a  r o u t e  a n d  c o s t  s t u d y  w h i c h  h a s  b e e n  u s e d  i n  t h i s  
e s t i m a t e .  

7 .4  UTILITIZATION OF EXISTING EQUIPMENT 

7.4.1 The h i g h  p u r i t y  w a t e r  s y s t e m  w i l l  u t i l i z e  t h e  e x i s t i n g  1 0 0 0  
g a l .  B e a r i n g  Water  S t o r a g e  Tank (T-9) i n  a  new l o c a t i o n .  The e l e c t r i c  sys tem 
w i l l  u s e  one e x i s t i n g  motor c o n t r o l  c e n t e r  (MCC) i n  i t s  p r e s e n t  l o c a t i o n  a n d  
o n e  e x i s t i n g  MCC i n  a  new l o c a t i o n .  Use o f  t h e  e x i s t i n g  b u i l d i n g  a n d  
f a c i l i t i e s  a t  no p r o j e c t  c o s t  p rov ides  a  v e r y  s u b s t a n t i a l  s a v i n g s  i n  c o s t .  

7.5 DEMILITION AND REMIVAL OF EOUIPMENT 

Limited amounts o f  d e m o l i t i o n  a n d  r e m o v a l  work m u s t  be p e r f o r m e d  a t  
t h e  HTGR f a c i l i t y  t o  accommodate t h e  equipment a s s o c i a t e d  w i t h  t h e  GCFR-CTF. 
The e s t a b l i s b e n t  o f  r e s p o n s i b i l i t y  f o r  c o s t  e s t  h a t e s  f o r  t h e  d e m o l i t i o n  and  
removal o f  equipment a t  HTGR was based on t h e  f o l l o w i n g :  

7.5.1 GAC HTGR FACILITY RESPONSIBILITIES 

o  The r e m o v a l  o f  e x i s t i n g  equipment,  and p i p i n g ,  from rooms 
where new e q u i p n e n t  i s  t o  be i n s t a l l e d .  

7.5.2 THE RALPH M. PARSONS COMPANY RESPONSIBILITIES 

o  S t r u c t u r a l  d e m o l i t i o n  and removal 

o  A r c h i t e c t u r a l  d e m o l i t i o n  and removal 

7.6 RELATED OPERATING EXPENSE FUNDED COSTS 

T h i s  s e c t i o n  i n c l u d e s  c o s t s  t h a t  a r e  d i r e c t l y  r e l a t e d  t o  t h e  f a c i l i t y  
d e s i g n ,  development and u t i l i z a t i o n  b u t  a r e  n o t  a  p a r t  o f  t h e  t o t a l  e s t i m a t e d  
c o s t  of  t h e  f a c i l i t y .  

7.6.1 RESEARCH AND DEVELOPMENT NECESSARY TO COMPLETE CONSTRUCTION 

The fo l lowing  r e s e a r c h  and development a c t i v i t i e s  'must  be com- 
p l e t e d  i n  o r d e r  t o  s p e c i f y  t h e  f i n a l  f a c i l i t y  d e s i g n  a n d  c o n s t r u c ' t i o n  
f e a t u r e s  : 

o  C o n c e p t u a l  d e s i g n  and subcomponent development t e s t i n g  f o r  
t h e  : 

CS 

C i r c u l a t o r ,  i n l e t  and d i f f u s e r  
Main c i r c u l a t o r  s e r v i c e  module 
Main motor 
Pony motor 
Main motor c o n t r o l l e r  
Pony motor c o n t r o l l e r  
I s o l a t i o n  v a l v e  



Thermal b a r r i e r  
c i r c u l a t o r  c o n t r o l  system 

o  Conceptual de s ign  of  t h e  c i r c u l a t o r  test f a c i l i t y .  

The e s t i m a t e d  c o s t  f o r  t h i s  e f f o r t  i s  $5 ,671 ,000  ( a s  s p e n t  
d o l l a r s )  . 

7.6.2 PROGRAMMATIC OPERATING EXPENSES 

Prog rammat i c  o p e r a t i n g  e x p e n s e s  d i r e c t l y  r e 1 , a t e d  t o  t h e  
f a c i l i t y  i nc lude  t h e  fol lowing a c t i v i t i e s  conducted over  a  8  y e a r  per iod :  

o  P r o j e c t  management ,  e n g i n e e r i n g  s u p p o r t ,  p r e l i m i n a r y  
des ign  and f i n a l  de s ign  of t he :  

Pro to type  
C i r c u l a t o r  
I s o l a t i o n  v a l v e  

. Main and pony motor 
D i f fu se r  
Main c i r c u l a t o r  s e r v i c e  module 
Main and pony motor c o n t r o l l e r s  
Thermal b a r r i e r  
C i r c u l a t o r  c o n t r o l  system 

o Manufacturing of  t h e  above p ro to types .  

o  Manufacturing o f  t he  No. 1 and 2  p r o d u c t i o n  u n i t s  f o r  t h e  
c i r c u l a t o r .  

The c o s t  o f  t h e  a b o v e  programmatic a c t i v i t i e s  i s  e s t ima ted  a t  
$22,981,000 ( a s  spent  d o l l a r s ) .  

7.6.3 OPERATOR. TRAINING AND FACILITY CHECKOUT 

Operator  t r a i n i n g  and f a c i l i t y  checkout w i l l  t ake  10 mon ths  a t  
an es t imated  cost: of $1,204,000 ( a s  spent  d o l l a r s )  . 

7.6.4 FACILITY OPERATING COSTS . __., 

F a c i l i t y  ope ra t i ng  c o s t s  i n c l u d e  t h e  fo l lowing:  

I n s t a l l a t i o n  and removal o f  t h e  t e s t  i t ems  ( n o t  i n c l u d i n g  
i n i t i a l  i n s t a l l a t i o n )  . 

S a l a r i e s  
Spare f a c i l i t y  equipment p a r t s  
Consumables (he l ium,  n i t r o g e n ,  p o l i s h i n g  i o n  exchange s e r v i c e ,  
po t ab l c  wa te r ,  hea t ing  gas and  e l e c t r i c  power). 

I 

F a c i l i t y  o p e r a t i o n  i s  expected t o  l a s t  approximately 52 months.  
a t  an es t imated  c o s t  of $11,382,000 ( a s  spent  d o l l a r s ) .  



7.6.5 CAPITAL EQUIPMENT COST 

C a p i t a l  e q u i p m e n t  c o s t  i s  t h e  c o s t  f o r  e q u i p m e n t  t h a t  i s  
p o r t a b l e  o r  semi -por tab le  and r e a d i l y  r e u s a b l e  e l s e w h e r e  upon c o m p l e t i o n  o f  
t h e  m i s s i o n  o f  t h i s  f a c i l i t y .  The p r i n c i p a l  type  o f  equipment f a l l i n g  i n t o  
t h i s  c a t e g o r y  i s  i n s t r u m e n t a t i o n .  T o t a l  e s t i m a t e d  c a p i t a l  e q u i p m e n t  c o s t  f o r  . 

t h i s  f a c i l i t y  i s  $275,000. 

7.6.6 OPERATING EXPENSE FUNDED SCHEDULE 

T a b l e  7 . 5  and  S c h e d u l e  7-1 shows d a t e s  and t ime  spans  f o r  t h e  
expense funded i t ems  d e s c r i b e d  above.  



TABLE 7-1 

MODIFIED HTGR-HELIUM CIRCULATOR TEST FACILITY i '  

TOTAL ESTIMATED COST SUMMARY 

Base Cost - October 1979 Do l l a r s  
Esca l a t ion  - A s  Spent Thousands o f  Do l l a r s  

A r c h i t e c t  
Engineer GAC T o t a l  

A .  Engineering 

T i t l e  I  
T i t l e  I1 
T i t l e  I11 E P r o j e c t  Administ .ration 

B .  Land and Land R i e h t s  

C .  Cons t ruc t ion  Cos ts  

1. Improvement t o  Land 

2 .  . Building - Modif ica t ions  

3 .  Other S t r u c t u r e s  

4 .  Spec ia l  F a c i l i t i e s :  

a .  Tes t  Systems 

Helium Loop 
Rapid Depres su r i za t ion  System 
Ins t rumenta t ion  and Cont ro l  

b. Support Systems 

Dowt herm System 
Helium Supply and S to rage  System 
Buffer  He1 ium System 
Nitrogen System 
Vacuum System 
Compressed A i r  System 
High P u r i t y  Water 
Cooling Water System 
E l e c t r i c a l  Power System 

c .  Tes t  Hardware 

Instal .1a.t ion 
Handling Equipment 



TABLE 7 - 1 (Cont inued)  

5.  U t i l i t i e s  

a .  E l e c t r i c a l  

b. Other u t i l i t i e s  

S tandard  Equipment 

Removal and Salvage 

S u b - t o t a l  

Contingency 25% . 

Sub- to t a l  

Cons t ruc t ion  Planning & Design (CPGD) 

To ta l  Est imated Cost o f  F a c i l i t y  

A r c h i t e c t /  
Eng i n  e e r  G AC T o t a l  



TABLE 7-2 

ENGINEERING COST BREAKDOWN 

Title I - Preliminary Design Cost - 
472 a. Engineering 

b. Escalation (.310) - 146 
Subtotal 618 

Title I1 - Final Design 
a. Engineering 
b. Escalation (.414) 

Subtotal 

Title I11 - Inspection of Construction 
a. Inspection E, Field Engineering 
b. Escalation (.647) 

Subtotal 

GAC - 

Title I 

a. GAC Liaison & Project Management 
b. Instrumentation & Control Design 
c. Purchasing 
d. Escalation (. 166) 

Subtotal 

Title I1 

a. GAC Liaison Project Management 
b. Instrumentation & Control Design 
c. Purchasing 
d. Escalation (.260) 

Subtotal 

Title I11 

a. GAC Liaison & Project Management 
b. Instrumentation & Control Field 

Engineering Test and Inspection 
c .  Escalation (.360) 

Subtotal 



TABLE 7-3  
CONSTRUCTION COST BREAKDOWN 

ARCHITECT/ENGINEER 

Cost 
C-1 Improvements to Land 

! 

Div . - Item - 
1. - Gen. Requirements 
2. Site work 
16. Electrical 

Escalation 
Constr . Mgmnt . 

SUBTOTAL 

C-2 Buildings-Modifications 

Div. - Item - 
1. Gen. Requirements 
3. Concrete 
5. Metals 
7. Thermal & Moisture Protection 
8. Doors & Windows 
9. Finishes 
15. Mechanical 

Sect. 1-Plumbing 
Sect. 2-Piping 
Sect. 3-HVAC 
Sect .  4-Fire Protection 

16. 
Escalation 
Constr. Mgmnt. 

SUBTOTAL 

I 
Electrical & Instrumentation 

C-4 Special Facilities 

a. Test System 

Helium  loo^ 
Div. - Item - 
1. Gen. Requirements 
3. Concrete 
5.  Metals 
11. Equipment 
15. Mechanical 
16. Electrical & Instrumentation 

Escalation 
Constr. Mgmnt. 

SUBTOTAL 



TABLE 7 -3 (Continued) 

Cost 

C-4 S p e c i a l  F a c i l i t i e s  (cont  Id) 

a .  T e s t  System ( ~ o n t  ' d )  
I 

Rapid Depres su r i za t ion  
Div . Item - 
1. Gen . Requirement 

11. Equipment 
15.  Mechanical 
16. E l e c t r i c a l  & ~ n s t r u m e n t a t i o n  

E s c a l a t i o r ~  
Cons t r .  Mgmnt. 

SUBTOTAL 

Ins t rumen ta t ion  and Control  
Div . Item 
1. Gen . Requirements 

16 .  E l e c t r i c a l  & In s t rumen ta t ion  ( I n s t a l l a t i o n )  
E s c a l a t i o n  
Cons t r .  Mgmnt. 

SUBTOTAL 

b. Support Systems I 

Dowtherm System 
Div . Item 
'1. Gen. ~ e q u i r e m e n t s  
3.  Concrete  
5 .  Metals  

' 11. Equipment 
15. Mechanical 
16. E l e c t r i c a l  & In s t rumen ta t ion  

E s c a l a t i o n  
Cons t r .  Mgmnt. 

SUBTOTAL 

Helium Supply & Sto rage  S y s t e ~ ~ ~  
Div . Item 

1. . Gen. Requircmcnts 
3 .  ~ o n c r  e t  e 

11. Equipment 
15. Mechanical 
16.  E l e c t r i c a l  & Ins t rumenta t ion  

E s c a l a t i o n  
Cons t r .  Mgmnt. 



TABLE 7- 3 (Continued) 

C-4 Special Facilities (Cont'd) 

b. Support Systems (Contld) 

Buffer Helium System 
Div. Item - - 
1. Gen. Requirements 
11. Equipment 
15. Mechanical 
16. Electrical & Instrumentation 

Escalation 
Constr. Mgmnt. 

SUBTOTAL 

Nit.ro,gen Sy.st,en!.,, 
Div i I t'em - - 
1. Gen . Requirements 
11. ~ ~ u i ~ m e n t  
15. Mechanical 
16. Electrical & Instrumentation 

Escalation 
Constr. Mgmnt. 

I 

Vacuum System 
Div. - Item 
1. Gen . Requirements 
11. Equipment 
15. Mechanical 
16. Electrical 6 Instrumentation 

Escalation 
Constr. Mgmnt 

SUBTOTAL 

Compressed Air System 
Div. - Item 
1. Gen . Requirements 
11. Equipment 
15. Mechanical 
16. Electrical & Instrumentation 

Escalation 
Constr. Mgmnt. 

SUBTOTAL 

Cost 



TABLE 7 - 3  (Continued) 

Cost 

C-4 .Spec ia l  F a c i l i t i e s  (Cont Id) 

b .  Support Systems (Cont Id) 

High P u r i t y  Water 
Div . Item 
1. Gen . Requirements 

11. Equipment 
15.  Mechanical 
16.  E l e c t r i c a l  & In s t rumen ta t ion  

E s c a l a t i o n  
Gonstr . Mgmnt. 

SUBTOTAL 

Cooling Water System 
Div . Item 
1. Gen . Requirgment s 
3 .  Concrete  

..- 11. Equipment 
15 .  Mechanical 
16 .  E l e c t r i c a l  & In s t rumen ta t ion  

E s c a l a t i o n  
Cops t r .  Mgmnt. 

SUBTOTAL 

E l e c t r i c a l  Power Svstem 
Div . Item - 
1. Gen. Requirements 

16.  E l e c t r i c a l  & In s t rumen ta t ion  
E s c a l a t i o n  
Cons t r .  Mgmnt. 

SUBTOTAL 

I n s t a l  l a t i o n  o f  Test. Hardware 
Div . Item 
1. .Gen. Requirements 

1 1 .  Equipment 
15. Mechanical 

E s c a l a t i o n  
Cons t r .  Mgmnt. 

SUBTOTAL 



TABLE 7 - 3 (Continued) 

Cost 

C-5 U t i l i t i e s  
I 

a .  E l e c t r i c a l  

Div . I tem 
1. Gen. Requirements 
3 .  Concrete  
5 .  Metals 

16.  E l e c t r i c a l  6 In s t rumen ta t ion  
E s c a l a t i o n  
Cons t r .  Mgmnt. 

SUBTOTAL / ' 

E .  Removal and Salvage 
Div. Item 
1. Gen . Requirements 
3 .  Concrete  
7 .  Thermal and Moisture P r o t e c t i o n  
8.  Doors and Windows 
9 .  F in i shes  

15 .  Mechanical 
E s c a l a t i o n  
Constr  . Mgmnt . 

SUBTOTAL 



TABLE 7-3 (Continued) 
GAC- FURNISHED EQUIPMENT 

Cost - 
C-1 Improvement to Land 

~nvironmental .'impact Reports 
Escalation 

SUBTOTAL 

C-4 Special Facilities 

a. Test Systems 

Instrumentation & Control 
Escalation 

SUBTOTAL 

c. Test Hardware 

Handling Equipment 
Escalation 

SUBTOTAL 



TABLE 7-4 

MODIFIED HGTR HELIUN CIRCULATOR TEST FACILITY 

FACILITY FINANCIAL SCHEDULE 

FOR. GAC FACILITY 

.(As Spent Dollars in Thousands) 
, 

GAC 
A/E Furnished 

Engineering. Equipment Construction 'Total 

- loo(1) - 100. 

- 320(11 - 320 

406 570 6,597 7,573 - .  

Total 3,501 3,681 11,720 18,902 

(l'construction planning B ~ e s i ~ n ,  CPED 



TABLE 7-5 

GCFR HELIUM CIRCULATOR TEST FACILITY 

OPERATING COST FINANCIAL SCHEDULE 

AS SPENT DOLLARS IN THOUSANDS 

F i s c a l  Year 

i 

1985 

84 

742 

1,049 

1,875 

1984 

1,982 

462 

40 

2,484 

TASK 

R%D Necessary t o  
Complete Construct ion 

Programmatic Operating 
Expenses 

Operator Training And 
F a c i l i t y  Checkout 

F a c i l i t y  Operation 
Costs  

Cap i t a l  Equipment 

TOTAL 

1986 

91 

2,257 

2,348 

1981 

2,047 

1,536 

3,583 

P r i o r  

Yesrs 

2,003 

2,003 

1987 

98 

2,469 

2,567 

1982 

7,062 

7,062 

1980 

1,621 

671 

2,292 

1983 

11,403 

235 

11,638 

1988 

54 

2,690 

2,744 

1989 

2,917. 

2,917 

TOTAL 

5,671 

22,981 

1,204 

11,382 

275 

41,513 



SCHEDULE 7-1 , .  
. . 

OPERATING EXPENSE FUNDED ITEMS . . 

. . 

TASK FY-78 FY-79 FY-80 ,FY-81 .FY-82 .FY-83. FY-84. . FY-85. .FY-86 FY-87 .FY-88. . ~ ~ - 8 9  FY-90 ' 

R&D TO COMPLETE 
CONSTRUCT1 ON 

PROGRAMMATI c OPERATI NG 

OPERATOR TRAINING AND 
FACILITY CHECKOUT . 





SECTION 8  

DRAW I NGS 

T h i s  s e c t i o n  c o n t a i n s  drawings  p repared  f o r  t h e  modi f i ed  HTGR f a c i l i t y  
a t  t h e  GAC. 

8 . 1  TEST HARD WARE DRAWINGS 

G C F R  H e l i u m  C i r c u l a t o r  T e s t  F a c i l i t y  
Schemat ic - Ind i rec t  Cooled E x t e r n a l  Helium Loop. 

025031 Sht  1 GCFR Main C i r c u l a t o r  H o r i z o n t a l  I n s t a l l a t i o n .  

025205 Main Valve - H o r i z o n t a l  I n s t a l l a t i o n .  

GCFR C i r c u l a t o r  T e s t  F a c i l i t y  M a i n  M o t o r  
C o n t r o l l e r .  

1819B23 S h t  1 A i r  Cooled Synchronous Motor O u t l i n e .  

024696 Sht 3  GCFR Main C i r c u l a t o r  I n s t a l l a t i o n  
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8.2 FACILITY DRAWINGS 

GA-101 S i t e  P l a n ,  Locat ion Map 

AR-10 1 F i r s t  F l o o r  P lan  

AR-102 Basement, Mezzanine and Roof P l a n s  

AR-103 ~ u i l d i n g  S e c t i o n s  

ME-101 C i r c u l a t o r  Tes t  Vesse l  

ME-1 02 Helium Loop 

ME-103 P i p i n g  and  I n s t r u m e n t  Diagram - Helium Loop & A u x i l i a r y  
Systems 

ME-1 04 P i p i n g  and  I n s t r u m e n t  Diagram - Cooling Water and High 
P u r i t y  Water Systems 

ME-105 P i p i n g  and  ~ n s t r u m e n t  Diagram - ~ i t ' r o ~ e n  & compressed 
A i r  Systems 

ME-106 Hea t ing ,  V e n t i l a t i n g  & Air Condi t ioning Flow Diagrams 

EE-101 E l e c t r i c  S i n g l e  L ine  Diagram 

EE-102 E l e c t r i c  Switchyard & E l e c t r i c  Equipment Layout 
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INTRODUCTION 

The O u t l i n e  S p e c i f i c a t i o n  i s  o rgan ized  i n  a c c o r d a n c e  w i t h  The CSI F o r m a t  
f o r  c o n s t r u c t i o n  s p e c i f i c a t i o n s .  Most o f  t h e  1 6  s t a n d a r d  d i v i s i o n s  a r e  
subd iv ided  i n t o  "broadscope" s e c t i o n s  which i d e n t i f y  o r  d e s c r i b e  m a t e r i a l s  o r  
equipment in tended  f o r  use  on t h e  p r o j e c t .  

Unless  s t a t e d  o t h e r w i s e ,  wherever  a  s p e c i f i c  m a n u f a c t u r e r  i s  g i v e n ,  " o r  
e q u a l "  i s  impl ied .  

Along  w i t h  t h e  d r a w i n g s ,  t h e  O u t l i n e  S p e c i f i c a t i o n  p r o v i d e s  t h e  b a s i s  f o r  
t h e  c o s t  e s t i m a t e .  



DIVISION 1 - GENERAL REQUIREMENTS 

T h i s  d i v i s i o n  o f  t h e  O u t l i n e  S p e c i f i c a t i o n  would  n o r m a l l y  b e  u s e d  t o  
i d e n t i f y  u n u s u a l  o r  out-of- the -o rd ina ry  requ i rements  f o r  t h e  c o n s t r u c t i o n  o f  
t h e  p r o j e c t  t h ' a t  m i g h t  i m p a c t  e i t h e r  s c h e d u l e  o r  c o s t .  E x a m p l e s  m i g h t  b e  
s t r i n g e n t  q u a l i t y  a s s u r a n c e ,  t i g h t  n o i s e  o r  d u s t  c o n t r o l ,  b a d  w e a t h e r  
c o n d i t i o n s  ,, d i f f i c u l t  l o g i s t i c s ,  e t c .  

T h e r e  a r e  no i d e n t i f i a b l e  u n u s u a l  g e n e r a l  c o n d i t i o n s  o r  r e q u i r e m e n t s  
f o r  t h i s  p r o j e c t  a t  t h i s  t ime.  

DIVISION 2  - SITE WORK 

S e c t i o n  1 - C l e a r i n g  

The c l e a r i n g  s h a l l  c o n s i s t  o f  t h e  removal and d i s p o s a l  of  a l l  b r u s h ,  
r o o t s  and o t h e r  o r g a n i c  m a t t e r ,  d e b r i s ,  t r a s h  and a l l  o t h e r  o b s t r u c t i o n s .  

S e c t i o n  2 - Earthwork 

The e a r t h w o r k  s h a l l  c o n s i s t  of c u t t d n g ,  f i l l i n g  and compacting f i l l  t o  
f i n i s h  g r a d e ,  p r o v i d i n g  s u b g r a d e s  f o r  p a v i n g ,  a n d  t h e  r e m o v a l  o f  w a s t e  
m a t e r i a l .  F i l l  and  b a c k f i l l  s h a l l  b e  c o m p a c t e d  t o  9 5  p e r c e n t  o f  maximum 
d e n s i t y  i n  accordance w i t h  ASTM S p e c i f i c a t i o n  D-1557. 

A l l  subgrades  f o r  paving s h a l l  be f i n i s h e d  t o  a  t r u e  compacted s u r f a c e .  

The new s i t e  work s h a l l  b e  g r a d e d  t o  g i v e  a d e q u a t e  d r a i n a g e ,  a n d  t o  b l e n d  
i n t o  t h e  e x i s t i n g  c o n t o u r s .  

S e c t i o n  3  - Paving and S u r f a c i n g  

B i t u m i n o u s  p a v i n g  s h a l l  c o n s i s t  o f  m a t e r i a l  s p e c i f i e d  and s h a l l  be 
p l a c e d  i n  a c c o r d a n c e  w i t h  t h e  S t a t e  o f  C a l i f o r n i a ,  D . e p a r t m e n t  o f  
T r a n s p o r t a t i o n  C o n s t r u c t i o n  M a t e r i a l .  

S e c t i o n  4 - Fencing 

A 1 0 - f o o t  c h a i n  l i n k  g a l v a n i z e d  s t e e l  s e c u r i t y  f e n c e ,  topped w i t h  3  
s t r a n d s  o f  barbed w i r e ,  s h a l l  be s u p p l i e d  around t h e  s w i t c h y a r d .  

A l l  t u b u l a r  members s h a l l  c o n f o r m  t o  ASTM-A120 f o r  weight  and c o a t i n g .  A l l  
s t r u c t u r a l  shapes  s h a l l  conform t o  ASTM-A123 f o r  g a l v a n i z e d  c o a t i n g .  

G a t e  p o s t s  s h a l l  be  3  i n c h  d i a .  p i p e  f o r  p e r s o n n e l  g a t e s  and 4 i n c h  d i a .  f o r  
t r u c k  g a t e s .  End and l i n e  p o s t s  s h a l l  be 3  i n c h  d i a .  p i p e .  C h a i n  l i n k  f a b r i c  
s h a l l  be 2  i n c h  mesh w i t h  9  gauge w i r e .  



DIVISION 3  - CONCRETE 

S e c t i o n  1 - Concre te  Reinforcement  

A l l  r e i n f o r c i n g  b a r s  s h a l l  be new deformed b i l l e t - s t e e l  conforming t o  
ASTM A615, Grade 60. A l l  welded w i r e  f a b r i c  s h a l l  conform t o  ASTM A185. 

S e c t i o n  2  - Cast-in-Place Concre te  

A l l  c a s t - i n - p l a c e  c o n c r e t e  s h a l l  m e e t  t h e  r e q u i r e m e n t s  o f  q u a l i t y  
s p e c i f i e d  i n  C h a p t e r  4  of t h e  A C I  318, r each ing  a  s t r e n g t h  of 3000 p s i  a t  28 
days .  

DIVISION 4  - MASONRY 

S e c t i o n  1 - Masonry U n i t s  

C o n c r e t e  b l o c k  s h a l l  b e  l o a d  b e a r i n g  h o l l o w  u n i t s ,  m o i s t u r e  
c o n t r o l l e d ,  conforming t o  ASTM C90, Type I ,  Grade  N - I .  The c o n c r e t e  b l o c k  
u n i t s  s h a l l  match t h e  e x i s t i n g  u n i t s  i n  s i z e ,  c o l o r  and t e x t u r e .  

Mortar and g r o u t  s h a l l  be a  m i x t u r e  o f  m a t e r i a l s  i n  c o n f o r m a n c e  w i t h  
ASTM C476. 

S t e e l  b a r  re in forcement  s h a l l  be new preformed type conforming t o  ASTM 
A615, Grade 60. 

DIVISION 5  - METALS 

S e c t i o n  1 - S t r u c t u r a l  S t e e l  

S t r u c t u r a l  s t e e l  s h a l l  conform t o  ASTM S p e c i f i c a t i o n  A-36, and s h a l l  
be d e t a i l e d ,  f a b r i c a t e d  and e r e c t e d  i n  a c c o r d a n c e  w i t h  AISC S p e c i f i c a t i o n s  
and Code o f  S t a n d a r d  P r a c t i c e .  A l l  w e l d i n g  s h a l l  c o n f o r m  t o  t h e  American 
Welding S o c i e t y  S p e c i f i c a t i o n  D. 1.1 

B o l t s  u s e d  t o  c o n n e c t  s t r u c t u r a l  s t e e l  s h a l l  conform t o  ASTM S p e c i f i c a t i o n  
A-325. Anchor b o l t s  s h a l l  conform t o  S p e c i f i c a t i o n  ASTM A-307. 

A l l  f a b r i c a t e d  carbon s t e e l  s h a l l  be pa in ted  w i t h  one shop c o a t  of primer.  

S e c t i o n  2  - S t e e l  F l o o r  Deck 

S t e e l  f l o o r  d e c k  u s e d  a s  s u b f l o o r  s h a l l  be fo rmed  from s t e e l  sheet 
conforming t o  ga lvan ized  coa ted  s t e e l  s h e e t s  of s t r u c t u r a l  q u a l i t y  c o i l s  a n d  
c u t  l e n g t h s ,  ASTM d e s i g n a t i o n  A-446, and  F e d e r a l  S p e c i f i c a t i o n  Q.Q-S-775a, 
Type 1, Class  D. Minimum c o a t i n g  1.25 ounces  p e r  s q u a r e  f o o t ;  minimum y i e l d  
s t r e n g t h  33000 p s i .  Welding t o  s u p p o r t s  s h a l l  conform t o  t h e  American Welding 
S o c i e t y .  



S e c t i o n  3  - Misce l laneous  Metals  

M i s c e l l a n e o u s  m e t a l  i n c l u d e s  s t e e l  a c c e s s  l a d d e r s ,  s t a i r s ,  c a t w a l k s ,  
r a i l i n g s ,  a n g l e  g u a r d s ,  w a l l  opening f rames,  f l o o r  p l a t e ,  s t e e l  g r a t i n g ,  and  
misce l l aneous  suppor t  and anchor i t ems .  

D e s i g n  and f a b r i c a t i o n  s h a l l  be i n  a c c o r d a n c e  w i t h  AISC S p e c i f i c a t i o n s .  
M a t e r i a l s  s h a l l  be new and conform t o  ASTM A-36. 

DIVISION 6 - WOOD AND PLASTICS 

None Required 

DIVISION 7 - THERMAL AND MOISTURE PROTECTION 

S e c t i o n  1 - F l a s h i n g  and Shee t  Metal  

A l l  n e c e s s a r y  s h e e t  meta l  and f l a s h i n g  work s h a l l  be .032 i n c h e s  t h i c k  
aluminum a l l o y  3003-H14. F i n i s h  s h a l l  be baked enamel o f  a  c o l o r  m a t c h i n g  t h e  
ad jo in ing  cement a s b e s t o s  s i d i n g .  

S e c t i o n  2 - Caulking and S e a l a n t s  

A l l  j o i n t s  s h a l l  be p r o p e r l y  c a u l k e d  w i t h  e l a s t o m e r i c  s e a l a n t s  a s  
manufactured by Dap, I n c . ,  o r  e q u a l .  Type s h a l l  be a s  recommended by t h e  
man~if a c t ~ l r a r  f o r  each in tended use .  

DIVISION 8 - DOORS AND WINDOWS 

S e c t i o n  1 - Hollow Metal  Doors and Frames 

A l l  hinged personne l  doors  and frames s h a l l  be  fo rmed  o f  No. 16 g a g e  
c o l d  r o l l e d  s t r e t c h e r - l e v e l e d  s h e e t  s t e e l  a s  f a b r i c a t e d  by Ceco S t e e l  Co. o r  
an  approved e q u a l .  Doors s h a l l  be f l u s h  pane l  w i t h  i n s u l a t i o n  c o r e .  

F i r e  r e s i s t i v e  d o o r s  a n d  f r a m e s  s h a l l  b e a r  t h e  p r o p e r  U n d e r w r i t e r s '  
Laboratory  l a b e l .  

S e c t i o n  2 - R o l l i n g  (Roll-up) S t e e l  Doors 

A l l  r o l l - u p  d o o r s  s h a l l  be s t a n d a r d  i t ems  a s  manufactured by t h e  Apton  
M e t a l  P r o d u c t s  C o r p . ,  o r  e q u a l .  C u r t a i n s  s h a l l  h a v e  f l a t  i n t e r l o c k i n g  
g a l v a n i z e d  s t e e l  s l a t s  w i t h  p o l y u r e t h a n e  f i l l e r  i n s e r t s .  D o o r s  s h a l l  b e  
f u r n i s h e d  w i t h  neoprene jamb s e a l s ,  weather  s t r i p p e d  g u i d e s ,  hood b a f f l e s  and 
a s t r a g a l s .  

Doors  l e s s  t h a n  100 s q .  f t  . i n  a r e a  s h a l l  be manual ly  c h a i n  o p e r a t e d .  Doors 
exceeding 1 0 0  s q .  f t .  i n  a r e a  s h a l l  b e  m o t o r  o p e r a t e d  w i t h  a  s a f e t y  e d g e  
bottom bar .  



S e c t i o n  3 - Metal  Windows 

I n t e r i o r  w i n d o w s  s h a l l  c o n s i s t  o f  f i x e d  g l a s s  s e t  w i t h  n e o p r e n e  
g a s k e t s  i n t o  ex t ruded  a luminum s t o r e  f r o n t  t y p e  f r a m e s  a s  m a n u f a c t u r e d  b y  
Kawneer, I n c . ,  o r  e q u a l .  

S e c t i o n  4  - F i n i s h  Hardware 

F i n i s h  h a r d w a r e  i n c l u d i n g  l a t c h s e t s ,  l o c k s e t s ,  h i n g e s ,  c l o s e r s ,  
t h r e s h o l d s ,  f l u s h  b o l t s ,  door  h o l d e r s ,  and a l l  n e c e s s a r y  i t e m s  s h a l l  b e  h e a v y  
d u t y  a s  m a n u f a c t u r e d  by S a r g e n t  a n d  Company, o r  e q u a l .  ' ~ x ~ o s e d  s u r f a c e s  of  
hardware s h a l l  have a  f i n i s h  a s  s e l e c t e d .  

W e a t h e r  s t r i p p i n g  s o u n d  s e a l s  s h a l l  b e  a s  m a n u f a c t u r e d  b y  Z e r o  
W e a t h e r s t r i p p i n g  Co., I n c . ,  o r  e q u a l .  

S e c t i o n  6 - G l a z i n g  

G l a z i n g  f o r  a l l  windows s h a l l  be 114 i n c h  c l e a r  tempered f l o a t  g l a s s .  
Neoprene g a s k e t s  s h a l l  be used f o r  s e t t i n g  o f  g l a s s .  

A l l  g l a s s  s h a l l  be  a s  m a n u f a c t u r e d  by a  n a t i o n a l l y  recogn ized  major g l a s s  
manufac tu re r  . 

DIVISION 9 - FINISHES 

S e c t i o n  1 - Metal  S t u d s  

M e t a l  s t u d s  s h a l l  be  n o n - b e a r i n g  s c r e w a b l e  t y p e  1-518 a n d  3-518 
i n c h e s ,  20 g a g e ,  punched  f o r  u t l i t y  l i n e s ,  c o m p l e t e  w i t h  t o p  a n d  b o t t o m  
r u n n e r s .  

A l l  l i g h t g a g e  m e t a l  framing s h a l l  be s i m i l a r  and e q u a l  t o  t h o s e  manufactured 
by U. S. Gypsum Company. 

S e c t i o n  2 - Gypsum Board (Dry-Wall) 

The complete  i n s t a l l a t i o n  o f  gypsum board s h a l l  i n c l u d e  a t t a c h i n g  5 1 8  
i n c h  t a p e r e d  edge type  S.W. t o  meta l  s t u d s  w i t h  s e l f  t app ing  sc rew f a s t e n e r s ,  
m e t a l  c o r n e r  b e a d s ,  m e t a l  e d g e  t r i m ,  a n d  f i n i s h i n g  o f  j o i n t s  w i t h  j o i n t  
compound a n d  r e i n f o r c i n g  t a p e .  M a t e r i a l s  and i n s t a l l a t i o n  methods s h a l l  be 
s i m i l a r  and e q u a l  t o  t h o s e  of  U.S. Gypsum. 

S e c t i o n  3 - A c o u s t i c a l  C e i l i n g  P a n e l s  

A c o u s t i c a l  c e i l i n g  p a n e l s  s h a l l  c o n s i s t  o f  2 i n c h  t h i c k  r o c k w o o l  
a c o u s t i c a l  p a n e l s  f a s t e n e d  d i r e c t l y  t o  t h e  u n d e r s i d e  of  t h e  e x i s t i n g  s t e e l  
roof deck w i t h  screws and  l o a d  s p r e a d i n g  w a s h e r s .  P a n e l s  s h a l l  b e  c u t  a n d  
shaped around e x i s t i n g  p i p e s ,  d u c t s ,  and equipment a s  r e q u i r e d .  



S e c t i o n  4 - P a i n t i n g  

E x c e p t  a s  e x c l u d e d  h e r e i n ,  a l l  new s u r f a c e s  of t h e  b u i l d i n g  s h a l l  be 
p r o p e r l y  p repared ,  primed, and f i n i s h e d  i n c l u d i n g  b u t  n o t  l i m i t e d  t o  f l o o r s  , 
w a l l s ,  d o o r s ,  c e i l i n g s ,  e q u i p m e n t ,  p i p i n g ,  h a n g e r s ,  c o n d u i t s ,  g r i l l e s  and 
m i s c e l l a n e o u s  exposed m a t e r i a l s .  

A c o u s t i c a l  c e i l i n g  g r i d  and p a n e l s  
Fac to ry  f a b r i c a t e d  mechan ica l  and e l e c t r i c a l  equipment 

The f o l l o w i n g  i t e m s  s h a l l  be f a c t o r y  primed and s h a l l  r e c e i v e  u n d e r c o a t s  and 
f i n i s h  c o a t s  a s  r e q u i r e d :  

Hollow m e t a l  d o o r s ,  frames and windows 
V e r t i c a l  l i f t  doors  
R o l l i n g  doors  
S t e e l  s t a i r s ,  p l a t f o r m s ,  c a t w a l k s ,  r a i l i n g s  and l a d d e r s  
Exposed p o r t i o n s  of  m e t a l  f l o o r  deck 

The f o l l o w i n g  s u r f a c e s  s h a l l  n o t  b e  p a i n t e d  b u t  s h a l l  r e c e i v e  one c o a t  of 
c l e a r  s i l i c o n e  s e a l e r :  

A l l  c o n c r e t e  f l o o r s  ( e x c e p t  B a t t e r y  Room), c u r b s  and w a l l s .  

P a i n t s ,  p r imers  and f i n i s h e s  s h a l l  be  ready-mixed  a n d  e q u a l  t o  f i r s t  l i n e  
p r o d u c t s  manufactured by: 

S i n c l a i r  P a i n t  Co. 
Devoe and Reynolds,  I n  c .  
P r a t t  and Lambert, I n c .  
E  . I. DuPont de Nemours and Co . 
Rust-Oleum Corpora t ion  
Gl idden Company 
Benjamin Moore and Co. 

S u r f a c e s  s h a l l  be  p r e p a r e d  and  p a i n t s  s h a l l  be a p p l i e d  i n  s t r i c t  accordance  
w i t h  t h e  m a n u f a c t u r e r ' s  recommendations.  C o l o r s  s h a l l  b e  s e l e c t e d  p r i o r  t o  
a p p l i c a t i o n .  

P a i n t i n g  Schedule  

A l l  me ta l  d o o r s ,  frames and 
windows : 

F a c t o r y  pr imer  
Two c o a t s  h i g h  g l o s s  Alkyd Enamel 



P a i n t i n g  Schedu le  

Exposed s t r u c t u r a l  s t e e l  and F a c t o r y  pr imer  
m i s c e l l a n e o u s  m e t a l  Two c o a t s  h i g h  g l o s s  A l k y d  

Enamel 

Gypsum board : 1 c o a t  Alkyd Primer S e a l e r  
2 c o a t s  semi-gloss Alkyd Enamel 

E l e c t r i c  & mechan ica l  equipment 2 c o a t s  Red Lead Primmer 
(wi thou t  m a n u f a c t u r e r ' s  f i n i s h ) :  1 c o a t  q u i c k  d r y  Alkyd Enamel 

B a t t e r y  room f l o o r  2 c o a t s  S y n t h e t i c  F l o o r  Enamel 

C o n t e n t s  a n d  f l o w  o f  a l l  p i p i n g  s h a l l  be  i n d i c a t e d  by a d h e s i v e  
i d e n t i f i c a t i o n  and f low markers .  

DIVISION 10  - SPECIALTIES 

Not r e q u i r e d .  

DIVISION 11 - EQUIPMENT 

Sec.t ion 1. - Heat  Exchangers and A i r  C o o l e r s  

The fo l lowing  h e a t  exchangers  and a i r  c o o l e r s  s h a l l  be provided:  

Helium/Dowtherm G Heat Exchanger 

Duty: 
Funct ion : 
Type : 

79 x lo6 BTU/hr 
To c o o l  helium from 588.1°F t o  576OF 
H o r i z o n t a l  s h e l l  and t u b e  

Tube S i d e  

Helium f low:  1393 l b s / s e c  
Design p r e s s u r e :  1635 p s i g  
Design t empera tu re :  650 OF 
M a t e r i a l :  SA-21U G r  . A 1  
Maximum P r e s s u r e  d rop :  6 p s i  

S h e l l  S i d e  

Dowtherm G f low:  3450 gpm 
Design p r e s s u r e  : 150 p s i g  
Design t empera tu re  : 650 OF 
M a t e r i a l :  SA - 516 G r .  70 
Maximum p r e s s u r e  drop: 3 p s i  



Dowtherm G / A i r  Coo le r  

Duty: 
Func t ion :  

Design p r e s s u r e :  
Design t empera tu re :  
M a t e r i a l :  
Maximum p r e s s u r e  drop:  

Cool ine  WaterIAir  Coo le r  

Duty: 
Funct ion : 

Design p r e s s u r e :  
Design t empera tu re :  
M a t e r i a l :  
Maximum p r e s s u r e  drop:  

S e c t i o n  2 - P u m ~ s  

7 9  x l o6  BTU/hr 
To c o o l  3450 gpm of  Dowtherm G 
from 400°F t o  300°F 
150 p s i g  
650 OF 
Carbon s t e e l  
12 p s i  

10  x lo6  BTU/hr 
To c o o l  1200 gpm o f  c o o l i n g  w a t e r  
from 117OF t o  95°F 
60 p s i g  
150 OF 
Carbon s t e e l  
6.0 p s i  

The fo l lowing  pumps s h a l l  be provided:  

Dowtherm G Pumps ( 2 )  

Type : 

Capaci ty  : 
T o t a l  head : 
Design t empera tu re :  
Design p r e s s u r e :  
Motor HP: 

Housing 
I m p e l l e r  
S h a f t  / Sleeve  

C e n t r i f u g a l  e l e c t r i c a l  motor 
d r i v e n ,  b a s e  p l a t e  mounted 
3450 gpm 
30 p s i  
650 OF 
150 p s i g  
100 
Carbon s t e e l  
Carbon s t e e l  
S t a i n l e s s  s t e e l  

Dowtherm G D r a i n  Pump 

Type : P o s i t i v e  d i s p l a c e m e n t ,  e l e c t r i c a l  
motor d r i v e n ,  base  p l a t e  mounted, 
complet?e w i t h  p r e s s u r e  s a f e t y  v a l v e  

Capaci ty :  20 g Pm 
T o t a l  head : 25 p s i  
Design t empera tu re  : 200 OF 
Design p r e s s u r e :  150 p s i g  
Motor UP: 112 
M a t e r i a l  of  c o n s t r u c t i o n  Carbon s t e e l  



Cool ing Water C i r c u l a t i n g  Pumps ( 2 )  

Type : 

Capaci ty :  
T o t a l  head : 
Design Temperature : 
Design P r e s s u r e :  
Motor HP: 
M a t e r i a l  of c o n s t r u c t i o n  : 

Housing 
I m p e l l e r  
s h a f t /  S leeve  

C e n t r i f u g a l ,  e l e c t r i c a l  motor 
d r i v e n ,  b a s e  p l a t e  mounted 
1200 gpm 
52 p s i  
150 O F  

60 p s i g  
6  0  

Carbon s t e e l  
Carbon s t e e l  
S t a i n l e s s  s t e e l  

S e c t i o n  3  - V e s s e l s  and Tanks  

The fo i lowing  v e s s e l s  and t a n k s  s h a l l  be provided:  

Dowtherm G S t o r a g e  Tank 

Type: H o r i z o n t a l  
S i z e  : 6  f t -  6  fn d i a  x 1 4  f t -  0  i n  long 
Capaci ty :  3500 g a l l o n s  
Design p r e s s u r e :  50 p s i g  
Design t empera tu re :  150 O F  

M a t e r i a l  of c o n s t r u c t i o n :  Carbon s t e e l  

Cool ing Water Expansion Tank 

Type : H o r i z o n t a l  
S i z e  : 3  f  t-6 i n .  d i a .  x 7 f  t-0 i n .  long  
Capac i ty :  500 g a l l o n s  
Design p r e s s u r e :  7 5 p s i g  
Design t empera tu re :  150 O F  

Material o f  c o n s t r u c t i o n :  Carbon steel 

High P u r i t y  Water S t o r a g e  Tank ( E x i s t i n g )  

Type : V e r t i c a l  
S i z e  : 4 f t - 6  in.  d i a .  x  9 R-0 i n .  long  
Capaci ty :  1000 g a l l o n s  
Design p r e s s u r e :  50 p s i g  
Design t empera tu re  : Ambient 
M a t e r i a l  of c o n s t r u c t i o n :  S t a i n l e s s  s t e e l  

Gaseous Helium S t o r a g e  B o t t l e s  (48)  

Type : H o r i z o n t a l ,  c y l i n d r i c a l  
S i z e :  18. : i n .  O D  x 3 6  f t - 0  i n .  long  
Capac i ty :  44.7 cu. f t .  each  (2145 cu.  f t .  t o t a l )  
P r e s s u r e  r a t i n g :  3 5 0 0  p s i g  
M a t e r i a l  of  c o n s t r u c t i o n :  Carbon s t e e l  



Gaseous N i t r o a e n  S t o r a g e  B o t t l e s  (10)  

Type : H o r i z o n t a l ,  c y l i n d r i c a l  
S i z e  : 18.2 i n .  OD x  36 i t - 0  i n .  long  
Capaci ty :  44.7 c u .  i t .  e a c h  (447  c u .  i t .  t o t a l )  
P r e s s u r e  r a t i n g :  3500 p s i g  
M a t e r i a l  o f  c o n s t r u c t i o n :  Carbon s t e e l  

S e c t i o n  4 - Packaged U n i t  and S p e c i a l  Equipment 

Ammonium Hydroxide I n j e c t i o n  Package 

P a c k a g e  s h a l l  c o n s i s t  o f  a  t a n k ,  i n j e c t i o n  pump, n e c e s s a r y  p i p i n g  
v a l v e s  and i n s t r u m e n t a t i o n .  

Capac i ty  : 5  gph 

Hvdrazine  I n  i e c t i o n  Package 

P a c k a g e  s h a l l  c o n s i s t  o f  a  t a n k ,  i n j e c t i o n  pump, n e c e s s a r y  p i p i n g ,  
v a l v e s  and i n s t r u m e n t a t i o n .  

Capac i ty :  5  gph 

Compressed A i r  U n i t  

P a c k a g e  s h a l l  i n c l u d e  two c o m p r e s s o r s ,  30 HP e a c h ,  d u a l  tower t y p e  
d e s i c c a n t  a b s o r b e r ,  and  a  r e c e i v e r .  I n t e r c o o l e r s  a n d  a f t e r c o o l e r s  
s h a l l  b e  w a t e r  c o o l e d  u n i t s .  P a c k a g e  s h a l l  be  f u l l y  a u t o m a t i c  
c o n t r o l l e d .  

Capac i ty :  
Discharge  press l l re  : 

Vacuum P u m ~  

100 ACFM, each  
1 2 5  p s i g  

Vacuum pump s h a l l  b e  c a p a b l e  o f  e v a c u a t i n g  a i r  o r  hel ium and w a t e r  
vapor  from t e s t  v e s s e l  a t  a tmospher ic  p r e s s u r e  t o  a b s .  vacuum o f  1 mm 
Hg, and exhaus t  t o  a tmosphere .  

Capaci ty :  60 cfm 

Dr ive r  : 3  HP e l e c t r i c  motor 

B u f f e r  Helium C o m ~ r e  s s o r  Packaee 

P a c k a g e  s h a l l  i n c l u d e  a  p r e c o o l e r ,  two diaphragm compressors  and a l l  
n e c e s s a r y  p i p i n g ,  v a l v e s ,  i n s t r u m e n t a t i o n  a n d  c o n t r o l .  M o t o r s  3  HP . 

each .  

Capac i ty :  
I n l e t  p r e s s u r e :  
O u t l e t  p r e s s u r e :  

12 ACFM 
1200  p s i g  
1300 p s i g  



Helium Compressor Package 

P a c k a g e  s h a l l  i n c l u d e  one s i n g l e  s t a g e  compressor w i t h  25HP motor, one 
two s t a g e  compressor wi th  50HP m o t o r ,  a l l  n e c e s s a r y  i n t e r c o o l e r  and  
a f t e r c o o l e r s ,  p i p i n g ,  v a l v e s ,  i n s t r u m e n t a t i o n  and c o n t r o l .  

Type : 
Capaci ' ty : 
I n l e t  p r e s s u r e :  
O u t l e t  p r e s s u r e :  

Helium Dryer 

~ i a ~ h r a g m  
V a r i a b l e  
1450 p s i g  t o  a tmospher ic  
3000 p s i g  

U n i t  s h a l l  be c a p a b l e  o f  d r y i n g  g a s e o u s  h e l i u m  a t  3000 p s i g  t o  dew 
p o i n t  of 40°F. Regenera t ion  s h a l l  be manually c o n t r o l l e d .  

Dual tower ,  d e s i c c a n t  a b s o r b e r .  
E l e c t r i c  r e g e n e r a t i o n .  

Capaci ty :  200 SCFM 
Design p r e s s u r e :  3000 p s i g  

I 

S e c t i o n  5  - C i r c u l a t o r  T e s t  V e s s e l  and I n t e r n a l s  

The c i r c u l a t o r  v e s s e l  s h a l l  be a  h o r i z o n t a l l y  mounted  c y l i n d r i c a l  
carbon s t e e l  v e s s e l  w i t h  an e l l i p t i c a l  head on one end and a  f l a n g e d  o p e n i n g  
a t  t h e  o t h e r  e n d .  The f l a n g e d  o p e n i n g  s h a l l  be d e s i g n e d  t o  accommodate a  
b o l t e d  c i r c u l a t o r  and  b e a r i n g  a s s e m b l y .  Two l a r g e  n o z z l e s  p r o v i d e  f o r  
d i s c h a r g e  and  r e t u r n  o f  t h e  h e l i u m .  A d d i t i o n a l  n o z z l e s  s h a l l  p rov ide  f o r  
i n s t r u m e n t a t i o n  p e n e t r a t i o n s  and c o n t r o l  f u n c t i o n s .  

Design p r e s s u r e :  
Design t empera tu re  : 
S i z e :  

OD 
T-Flange Face 
Head s 
Wall Thickness  
O v e r a l l  Length 
C i r c u l a t o r  Flange 

1635 p s i g  ( i n t . )  
650 OF 

11 f e e t  3  i n c h e s  
23 f e e t  6  i n c h e s  
2 : l  semi e l l i p t i c a l  & f l a n g e d  cover  
6.08 i n c h e s  
30 f e e t  1 i n c h  

I D  71  i n c h e s  

P e n e t r a t i o n :  
1-Helium O u t l e t  56 inches  I D  (beve led  f o r  welding)  
1 -He1 ium I n l e t  50 i n c h e s  I D  (beve led  f o r  welding)  
1 - Ins t rumenta t ion  6  i n c h e s  1500# f l anged  
3 - Ins t rumenta t ion  4  i n c h e s  1500# f l anged  
1-Drain Line 2 i n c h e s  1500# f l anged  
1 -Gas J e t  Supply 1 inch  1500# f l a n g e d  



I n s u l a t i o n :  
E x t e r n a l  
I n t e r n a l  
34 S t u d s  

68 S tuds  

I n t e r n a l s  : 

M a t e r i a l s  : 
Vesse l  s h e l l  
Vessel  Heads 
Vesse l  Supports  
and I n t e r n a l s  

Code C e r t i f i c a t e s  and 
Stamp Required : 

T e s t i n g  : 

DIVISION 12 - FURNISHINGS 

See D i v i s i o n  13 
To be f u r n i s h e d  and i n s t a l l e d  by GAC 
112 i n c h  ( f o r  i n t e r n a l  i n s u l a t i o n  

s u p p o r t )  
318 i n c h  ( f o r  i n t e r n a l  i n s u l a t i o n  

s u p p o r t )  

The v e s s e l  s h a l l  b e  d i v i d e d  i n t o  i n -  
l e t  and  o u t l e t  compartments,  by means 
o f  a n  i n t e r n a l  f l a n g e d  a n d  d i s h e d  
head.  

A . 3 6  i n c h  d u c t  c o n v e y s  r e t u r n  g a s  
f r o m  t h e  i n l e t  c o m p a r t m e n t  t o  t h e  
i n l e t  o f  t h e  c i r c u l a t o r .  

S u p p o r t s  s h a l l  be  p r o v i d e d  t o  mount  
t h e  d i f f u s e r  a t  t h e  f l a n g e d  cover .  

SA-285C and SA-36 

ASME B o i l e r  and  P r e s s u r e  Vesse l  Code 
S e c t i o n  V I I I ,  D i v i s i o n  1. 

Witnessed h y d r o s t a t i c  t e s t  and  h e l i u m  
l e a k  t e s t .  

Not r e q u i r e d  

DIVISION 13 - SPECIAL CONSTRUCTION 

S e c t i o n  1 - Acous t ic  I n s u l a t i o n  of t h e  C i r c u l a t o r  V e s s e l  

Double  a c o u s t i c  i n s u l a t i o n  s h a l l  be  i n s t a l l e d .  The i n n e r  i n s u l a t i o n  
l a y e r  s h a l l  be 3  i n c h e s  of m i n e r a l  wool of 6  l b s l c u .  f t .  d e n s i t y .  S e c u r e m e n t  
s h a l l  be by bands a p p l i e d  a s  fo l lows :  

On c v l i n d r i c a l  s h e l l  

C i r c u m f e r e n t i a l  b a n d s  s h a l l  , b e  o n  12 i n c h  c e n t e r s ,  m a c h i n e  
s t r e t c h e d  and  c lamped  i n  p l a c e  d u r i n g  t e n s i o n .  Two c r i m p s e a l s  
s h a l l  be used t o  s e c u r e  each band. 



On head 

R a d i a l  b a n d s  s h a l l  emanate from a  f l o a t i n g  r i n g  f a b r i c a t e d  from a  
3 / 1 6  i n c h  OD m e t a l  r o d  a n d  p o s i t i o n e d  c o n c e n t r i c  w i t h  t h e  
c e n t e r l i n e  o f  t h e  head .  These r a d i a l  bands s h a l l  be h e l d  i n  p l a c e  
by anchor bands. These anchor bands s h a l l  be t r i p l e  bands a t t a c h e d  
around t h e  s h e l l  24 i n c h e s  from t h e  v e s s e l  head.  

P o t e n t i a l  n o i s e  l e a k s  around n o z z l e s  s h a l l  be s e a l e d  w i t h  m a s t i c  cement. 

The o u t e r  j acke t  of t h e  c y l i n d r i c a l  p o r t i o n  of t h e  v e s s e l  s h a l l  be f a b r i c a t e d  
from 26 Ga g a l v .  s t e e l  and h e l d  i n  p l a c e  by 1 i n c h  wide s t a i n l e s s  s t e e l  b a n d s  
o n  12 i n c h  c e n t e r s .  On heads and on v e s s e l  w a l l  p e n e t r a t i o n s ,  where a  j a c k e t  
would be i m p r a c t i c a l ,  t h e  j a c k e t  s h a l l  be  made o f  Muff  1 - l a g ,  o r  e q u a l  
t r o w e l l e d  on t o  a  minimum t h i c k n e s s  of 118 i n c h  

The o u t e r  i n s u l a t i o n  l a y e r  s h a l l  be 2  i n c h e s  o f  f i b r e  g l a s s  o f  6  l b s / c u .  f  t . 
d e n s i t y .  S e c u r e m e n t  s h a l l  be by b a n d s  a p p l i e d  a s  on t h e  f i r s t  la 'yer  e x c e p t  
t h a t  t h e  anchor bands s e c u r i n g  t h e  r a d i a l  head bands s h a l l  be double.  

P o t e n t i a l  n o i s e  l e a k s  around n o z z l e s  s h a l l  be s e a l e d  w i t h  m a s t i c  cement. 

The o u t e r  j a c k e t  o f  t h e  c y l i n d r i c a l  p o r t i o n  of t h e  v e s s e l  s h a l l  be f a b r i c a t e d  
f rom Muff l - l ag  o r  e q u a l  he ld  i n  p l a c e  by 1 i n c h  wide s t a i n l e s s  s t e e l  bands on 
1 2  i n c h  c e n t e r s .  The o u t e r  j a c k e t  o f  t h e  head  s h a l l  be M u f f l - l a g  a s  p e r  
p r e v i o u s  l a y e r .  

S e c t i o n  2  - Acous t ic  I n s u l a t i o n  of P i p e  System 

Acoust ic  i n s u l a t i o n  s h a l l  be a p p l i e d  i n  two l a y e r s  t o  t h e  h e l i u m  l o o p  
p i p i n g  and t h e  d e p r e s s u r i z a t i o n  system p ip ing .  

The i n n e r  i n s u l a t i o n  l a y e r  s h a l l  be 3  i n c h e s  o f  m i n e r a l  wool of 6  l b  s / c u  . f  t . 
m i n  d e n s i t y .  S e c u r e m e n t  s h a l l  be by b a n d s  on 12 i n c h  c e n t e r s ,  m a c h i n e  
s t r e t c h e d  and clamped in p l a c e  d u r l n g  t e n s i o n .  Two c r i m p s e a l s  s h a l l  be u s e d  
t o  s e c u r e  e a c h  b a n d .  P o t e n t i a l  n o i s e  l e a k s  s h a l l  be  s e a l e d  w i t h  m a s t i c  
cement. The j a c k e t  s h a l l  be made from 26 g a  g a l v a n i z e d  s t e e l  w e l d e d  i n  p l a c e  
b y  1 i n c h  s t a i n l e s s  s t e e l  bands on 12 i n c h  c e n t e r s .  On p o r t i o n s  of t h e  p i p e s  
and v a l v e s  where use  o f  a  m e t a l  j a c k e t  i s  i m p r a c t i c a l ,  a p p l y  minimum 1 /8  i n c h  
t h i c k  Muff 1-lag . 
The o u t e r  i n s u l a t i o n  l a y e r  s h a l l  be 2  i n c h e s  of f i b r e  g l a s s  of 6  l b s / c u .  f t .  
minimum d e n s i t y .  Band and  s e c u r e  a s  p r e v i o u s l y .  The o u t e r  j a c k e t  s h a l l  be 
made  o f  M u f f l -  j a c k  s e c u r e d  by 1 i n c h  s t a i n l e s s  s t e e l  b a n d s  on  12 i n c h  
c e n t e r s .  On p o r t i o n s  o f  t h e  p i p e s  and  v a l v e s  where  u s e  o f  t h i s  j a c k e t  i s  
i m p r a c t i c a l ,  app ly  minimum 118 i n c h  t h i c k  Muf f l - l a g  . 
Notes f o r  i n s u l a t i o n  i n s t a l l a t i o n :  

I n s u l a t i o n  s h a l l  be f a b r i c a t e d  o r  p r e f o r m e d  t o  f i t  t h e  c o n t o u r  of 
equipment s h e l l s  and heads .  



A l l  j o i n t s  s h a l l  be  t i g h t l y  b u t t e d .  V-shaped v o i d s  between j o i n t s  a r e  
n o t  a c c e p t a b l e .  

S t a g g e r e d  j o i n t  c o n s t r u c t i o n  s h a l l  be used.  J o i n t s  of one l a y e r  s h a l l  
n o t  c o i n c i d e  w i t h  j o i n t s  o f  a n o t h e r  l a y e r .  

Removable  i n s u l a t i o n  c o v e r s  s h a l l  be f a b r i c a t e d  f o r  manholes and l i k e  
i t ems  a s  i n d i c a t e d  on equ ipment  d r a w i n g s .  The i n s u l a t i o n  a n d  f i n i s h  
s h a l l  f o r m  a n  i n t e g r a l  u n i t ,  c a p a b l e  o f  r e m o v a l  a n d  r e p l a c e m e n t  
w i t h o u t  damage t o  t h e  i n s u l a t i o n  cover  o f  a d j a c e n t  i n s u l a t i o n .  

Muf f l - l a g  and  M u f f l -  j a c k  a v a i l a b l e  f r o m  C h i l d e r s  P r o d u c t s  Company, 
P.O. Box 22228, Beackwood, Ohio  44122. 

DIVISION 14 - CONVEYING SYSTEMS 

Not r e q u i r e d .  

DIVISION 15  - MECHANICAL 
* 

S e c t i o n  1 - Plumbing 

T h i s  s e c t i o n  c o v e r s  f l o o r  d r a i n s ,  p i p i n g  a c c e s s o r i e s ,  i n s t a l l a t i o n ,  
c l e a n i n g ,  and t e s t i n g .  

F l o o r  Dra ins  : Z u r n  No. 415ZN c a s t  i r o n  body  w i t h  n i c k e l  b r o n z e  
t o p ,  Type B s t r a i n e r  - f o u r  i n c h  p i p e  s i z e .  

The p ip ing  m a t e r i a l s  f o r  t h e  was te  and v e n t  p ip ing  s h a l l  be a s  f o l l o w s :  

A l l  w a s t e  and  v e n t  l i n e s  3 i n c h e s  and  l a r g e r  t o  a  p o i n t  5  f o o t  0  i n c h e s  
o u t s i d e  t h e  b u i l d i n g  w a l l  s h a l l  be c a s t  i r o n .  

Waste P ip ing  : 3 i n c h e s  a n d  l a r g e r :  E x t r a  h e a v y  c a s t  i r o n  b e l l  
and s p i g o t ;  ASA-A-0.1. 

Waste F i t t i n g s :  3 i n c h e s  and  l a r g e r :  E x t r a  h e a v y  c a s t  i r o n  b e l l  
and s p i g o t ;  ASA-440.1. 

A l l  w a s t e  and  v e n t  l i n e s  2-112 i n c h e s  a n d  s m a l l e r  a b o v e  g r o u n d  s h a l l  b e  
g a l v a n i z e d  s t e e l .  

P ip ing  : 2-1 12 i n c h e s  and  s m a l l e r :  S c h e d u l e  4 0  g a l v a n i z e d  
welded s t e e l  p i p e ;  ASTM-A120. 



Waste F i t t i n g s :  2-112 i n c h e s  and  s m a l l e r :  B l a c k  c a s t  i r o n  r e c e s s  
screwed d r a i n a g e  type ;  ASA-B16.12. 

Vent F i t t i n g s :  2 - 1 1 2  i n c h e s  a n d  s m a l l e r :  1 5 0  l b .  g a l v a n i z e d  
m a l l e a b l e  i r o n  banded screwed ASA-B16.3.. 

S e c t i o n  2 - P i p i n g  

The p i p i n g  m a t e r i a l s  f o r  t h e  hel ium l o o p ,  b u f f e r  helium system,  hel ium 
s t o r a g e  and s u p p l y  s y s t e m ,  d e p r e s s u r i z a t i o n  s y s t e m  a n d  2 4 0 0  p s i  n i t r o g e n  
system s h a l l  be a s  fo l lows :  

P ip ing  : 24 i n c h e s  and s m a l l e r :  ASTM A 106 G r .  B 

3  i n c h e s  and under:  Schedule 160 
4 i n c h e s  t h r u  10 i n c h e s :  Schedule  120 

48 i n c h e s  I D  t h r u  56 I D  inches :  ASTM A 516, GR 70 

48 inches  I . D . :  Min. Thickness  2-112 i n c h e s  
50 inches  I . D . :  Min. Thickness  2-112 i n c h e s  
56 inches :  Min. Thickness  2-13/16 i n c h e s  

F i t t i n g s :  

Flanges  : 

Gaskets : 

Bol t ing  : 

Valves : 

2  i n c h  and smal le r :  ASTM A-105, 6000 l b .  S.W. 

2 -112  i n c h e s  t h r u  1 0  i n c h e s :  s e a m l e s s  b u t t  w e l d  
ASTM A 234, G r .  WPB t h i c k n e s s  t o  match p i p e  

4 8  i n c h e s  t h r u  5 6  i n c h e s :  w e l d e d ,  1 0 0 %  
radiographed t h i c k n e s s  t o  m a t c h  p i p e ,  ASTM 5 1 6 ,  GR 
70. 

ASTM A 105, Bored t o  match p ipe  

1 i n c h  t h r u  24 inches:  1500 l b .  weld neck,  R . J .  

48 inches:  S p e c i a l  "0" r i n g  groove 

1 i n c h  t h r u  24 i n c h e s :  S o f t  s t e e l  o v a l  r i n g s  

, Over 24 i n c h e s :  S e l f  e n e r g i z i n g  '"0" r i n g  

ASTM A 193, G r .  B7 

ASTM A 194; G r .  2H. 

Gate: a l l  s i z e s  1500 l b . ,  R . J .  



The p i p i n g  m a t e r i a l s  f o r  t h e  Dowtherm G System, and vacuum system s h a l l  be a s  
fo l lows  : 

Pip ing  : Carbon s t e e l ,  ASTM A53 GRB 

112 i n c h  t o  1-112 inches :  XS 

F i t t i n g s :  

Flanges  : 

Gaskets :  

B o l t i n g :  

Valves : 

2 i n c h e s  only:  s t d .  w t .  

3 i n c h e s  t o  1 6  i n c h e s :  ERW s t1  API-5L G r .  B s t d .  
w t  . 
112 i n c h  t o  1-112 inches :  3000 l b .  SW CS ASTM A105 

2 i n c h e s  t o ' 1 6  inches :  S t 1  b u t t w e l d i n g  f i t t i n g s  

ASTM A234 g r  WPB, s t d  w t  . 
150 l b .  s t1  RF ASTM A105 

112 i n c h  t o  1-112 inches :  socketweld (SX bore)  

2 i n c h e s  t o  16 inches :  weld neck ( s t d  w t .  bo re )  

1 1 2  i n c h  t o  1 6  i n c h e s :  comp. a s b .  JM60 150  l b . ,  
118 i n c h  t h i c k .  

1 1 2  i n c h  t o  1 0  i n c h e s :  ASTM A193 g r .  B7M s t u d s  2 
hexnuts  ASTM A194 G r .  2H 

Gate 
112 i n c h  t o  1-112 inches :  800 l b .  st1 SW 
2 i n c h e s  t o  16 inches :  150 l b .  s t1 RF. 

Check 
1 1 2  i n c h  t o  1 -112  i n c h e s :  800  l b .  s t 1  SW, h o r i z  
l i f t  
2 i n c h e s  t o  16 inches :  150 l b .  st1 RF, swing 

The p i p i n g  m a t e r i a l s  f o r  High P u r i t y  Water System s h a l l  be a s  fo l lows :  

Piping : S t a i n l e s s .  S t e c l  , ASTM A312 G r  TP304 
112 i n c h  t o  2 inches :  Sch. 40s .(T&C) 
3 i n c h e s  t o  8 inches :  Sch. 5s 

F i t t i n g s :  112  i n c h  t o  2 i n c h e s :  2000 l b .  S c r d  ASTM A182 G r  
TP304 
3 i n c h e s  t o  8 inches :  But tweld,  ASTM A234 GR TP304 

Flanges  : 150 l b .  RF ASTM A182 GR F304 
112 i n c h  t o  2 inches :  s c r d  
3 i n c h e s  t o  8 inches :  Slirz-on 



Gaskets  : 

Bol t ing :  

Valves : 

1/16 inch  t h i c k  Comp. Asb Ring JM60 or Equa l .  

ASTM A307 G r  B Hvy Hex Head Mach Bol t  w / ~ v y  Hexnut 

Gate 
112 i n c h  t o  1-112 inches :  150 l b .  316SS, Scrd .  
2  i n c h e s  t o  8  inches :  150 l b .  316SS. RF 

Globe 
112 i n c h  t o  1-112 inches :  150 l b .  316SS, Scrd .  
2  i n c h e s  t o  8  inches : .  150 l b .  316SS, RF 

Check 
1 1 2  i n c h  t o  1 - 1 1 2  i n c h e s :  1 5 0  l b .  316SS S c r d ,  
Swing 
2  i n c h e s  t o  8 i n c h e s :  1 5 0  l b .  316SS, FR, Wafer  
S t y l e  

The p ip ing  m a t e r i a l s  f o r  t h e  Cooling Water System s h a l l  be a s  f o l l o w s :  

P ip ing :  112  i n c h  t o  2  i n c h e s :  XS (T & C) Carbon  s t1 ASTM 
A53, g a l v a n i z e d  
3  i n c h e s  t o  10 inches :  ERW st1 ASTM A53 s t d .  w t  . 

F i t t i n g s :  

Flanges  : 

Gaskets  : 

B o l t i n g  : 

Valves : 

112  i n c h  t o  2  i n c h e s :  300 l b .  M I  s c r d  ASTM A 1 9 7 ,  
ga lvan ized  

3  i n c h e s  t o  1 0  i n c h e s :  S t 1  b u t t  w e l d i n g  ASTM A234 
G r .  WPB, s t d .  w t .  

150 l b .  st1 FF ASTM A105 
112 i n c h  t o  1-112 inches :  s c r d  
2  i n c h e s  t o  10 inches :  weld neck ( s t d  w t .  bore )  

Comp Asb JM60 
A l l  s i z e s  150 l b .  118 inch t h k  f u l l  f a c e  

A l l  s i z e s ,  h e x  head  g a l v .  m a c h i n e  b o l t s  ASTM A307 
G r .  B. f o r  150 l b .  f l a n g e s  

Gate 
112 i n c h  t o  1-112 inches :  200 l b .  s c r d  bronze 
2  i n c h  t o  10 inches :  125 l b .  PSF lBBT 

~ i o b e  
112 i n c h  t o  1-112 inches :  200 l b .  s c r d  bronze 
2  i n c h e s  t o  4  inches :  125 l b .  FF lBBT 

Check 
1 1 2  i n c h  t o  1 - 1 1 2  i n c h e s :  200 l b .  s c r d  b r o n z e ,  
swing 
2  i n c h  t o  10 inches :  125 l b .  FF .CI  s p l i t  d i s c  , 



T h e  p l a n t  a i r  and 1 5 0  p s i  n i t r o g e n  s y s t e m s  p i p i n g  m a t e r i a l s  s h a l l  b e  a s  
fo l lows  : 

Pip ing  : 

Screwed F i t t i n g s :  

4  i n c h e s  a n d  s m a l l e r :  B l a c k  s e a m l e s s  s t e e l  p i p e ;  
ASRl - A53, Grade "B" ,  s t a n d a r d  weight  

2  i n c h e s  a n d  s m a l l e r :  300 l b .  b i a c k  m a l l e a b l e  i r o n ,  
banded, ANSI - B16.19. 

Welding F i t t i n g s :  2 - 1  /2  i n c h e s  a n d  l a r g e r :  S t a n d a r d  w e i g h t  s e a m l e s s  
s t e e l ,  ASRl - A234, Grade "WPB". 

F langes  : 

Gaske t s :  

B o l t i n g  : 

Valves : 

Hose Couplings:  

P ip ing  S p e c i a l t i e s  : 
Condensate Trap 

2  i n c h e s  a n d  s m a l l e r :  1 5 0  l b .  f o r g e d  s t e e l ,  
screwed, FF, ASRl - A105, Dimensions t o  ANSI - B16.5. 

2 - 1 1 2  i n c h e s  a n d  l a r g e r :  1 5 0  l b .  f o r g e d  s t e e l ,  
s l i p -  on ,  FF, ASTM, A105, d imensions  t o  ANSI - B16.5. 

Weld-neck f l a n g e s  may b e  u s e d  a g a i n s t  f i t t i n g s  when 
i t  i s  i m p r a c t i c a l  t o  u s e  s l i p - o n  f l a n g e s .  

A l l  s i z e s :  1 / 1 6  i n c h  t h i c k  compressed a s b e s t o s  ANSI 
- B16.21, f u l l - f a c e  w i t h  b o l t  h o l e s .  

A l l  s i z e s :  C a r b o n  s t e e l  s q u a r e  h e a d  m a c h i n e  b o l t ,  
w i t h  one s e m i - f i n i s h e d  h e a v y  h e x  n u t ,  ASTM - A307, 
Grade "B". 

2  i n c h e s  and s m a l l e r :  

Gate 
200 l b  b r o n z e ,  s c r e w e d - e n d ,  r i s i n g  s t e m ,  u n i o n  
bonnet .  Crane /I424 o r  approved e q u a l .  

Globe 
4 0 0  l b .  b r o n z e ,  s c r e w e d - e n d ,  r i s i n g  s t e m ,  u n i o n  
bonnet w i t h  composi t ion d i s c .  C r a n e  # I 3 0  o r  a p p r o v e d  
e q u a l .  

Check 
400 l b .  b r o n z e ,  s c r e w e d - e n d ,  h o r i z o n t a l  l i f t ,  un ion  
cap w i t h  bronze d i s c ,  Crane /I72 o r  approved e q u a l .  
2-112 i n c h e s  and l a r g e r .  

A l l  s i z e s :  
B r a s s ,  quick-connect/disconnect t y p e ,  f u l l -  f low 
coup l ing  u n i t ,  Sna L - t i t e  s t y l e  "H" o r  approved e q u a l .  

250 p s i ,  c a s t  i r o n ,  112 i n c h  screwed,  Armstrong 1-LD, 
ur approved e q u a l .  



S e c t i o n  4  - H e a t i n g ,  V e n t i l a t i n g  and A i r  C o n d i t i o n i n g  

T h i s  s e c t i o n  c o v e r s  a l l  h e a t i n g  and v e n t i l a t i n g  e q u i p m e n t ,  d u c t w o r k ,  
i n s t a l l a t i o n ,  c l e a n i n g  and t e s t i n g .  

Wall E x h a u s t e r  

W a l l  mounted e x h a u s t e r  s h a l l  be  d i r e c t  d r i v e  and f a c t o r y  f a b r i c a t e d  of 
a luminum b a c k w a r d l y  c u r v e d  c e n t r i f u g a l  w h e e l ,  c o m p l e t e  w i t h  f e l t  e d g e d  
w e i g h t e d  m a t c h i n g  b a c k d r a f t  damper  and  d i s c o n n e c t  s w i t c h .  U n i t  s h a l l  be  
manufactured by Loren Cook Co. o r  approved e q u a l .  

L o c a t i o n  
Mezzanine 

CF M S  .P . "W.G. Motor RP M Model 
1 3 0  118 1 / 4  11140 1 5 ~  

B a t t e r y  Room 250 114 1 / 4 0  HP 1050 9 ClOW 

Supply  Fan 

U n i t  s h a l l  b e  a  d i r e c t  d r i v e  i n - l i n e  mode l  a n d  c o n s t r u c t e d  o f  a l l  
a luminum b o t h  i n s i d e  and  o u t s i d e  w i t h  a i r f o i l  b l a d e s ,  s t a t i c a l l y  a n d  
d y n a m i c a l l y  b a l a n c e d  and w i t h  a  f a c t o r y  i n s t a l l e d  d i s c o n n e c t  swi tch .  Uni t  
s h a l l  be r a t e d  f o r  4700 CFM, 112  i n c h  WG, 1140 RPM, 1-112 HP a s  m a n u f a c t u r e d  
by Roren Cook Co . Model 20CV11D o r  approved e q u a l .  

E l e c t r i c  Duct H e a t e r  

E l e c t r i c  d u c t  h e a t e r  s h a l l  have a  c a p a c i t y  of  9 kW, 3 s t a g e s ,  480 VAC, 3 
phase ,  60 Hz, complete w i t h  o v e r c u r r e n t  p r o t e c t i v e  c i r c u i t  b r e a k e r s ,  s a f e t y  
c o n t a c t o r s  and manua l  r e s e t ,  a s  m a n u f a c t u r e d  by  INDEE Co. model  QUA w i t h  
o p t i o n  E  o r  approved e q u a l .  

E l e c t r i c  U n i t  H e a t e r s  

E l e c t r i c  u n i t  h e a t e r s  s h a l l  be  o f  t h e  s u s p e n d e d  h o r i z o n t a l  d i s c h a r g e  
t y p e  w i t h  d i r e c t - d r i v e n  p r o p e l l e r  f a n .  The u n i t s  s h a l l  be complete ,  i n c l u d i n g  
h e a t i n g  e l e m e n t ,  v i b r a t i o n  i s o l a t e d  m o t o r  mounts, f a c t o r y  f i n i s h e d  c a s i n g ,  
a d j u s t a b l e  a i r  d e f l e c t o r s ,  f a n  g u a r d s ,  s t r e a m l i n e d  a i r  i n l e t  r i n g s ,  and  b u i l t  
i n  t h e r m o s t a t .  U n i t  s h a l l  be 4  kW 480 VAC, 3 phase ,  60 Hz model LUH-04-07 a s  
manufactured by Chromalox o r  approved e q u a l .  

S h e e t  Metal Ductwork and A c c e s s o r i e s  

Sheet  m e t a l  ductwork s h a l l  be c o n s t r u c t e d  o f  g a l v a n i z e d  s t e e l  s h e e t s .  
S q u a r e  e l b o w s  s h a l l  b e  p r o v i d e d  w i t h  d o u b l e  w a l l  t u r n i n g  vanes .  Ducts and 
s u p p o r t s  s h a l l  be f a b r i c a t e d  i n  c o n f o r m a n c e  w i t h  SMACNA Low V e l o c i t y  D u c t  
C o n s t r u c t i o n  S t a n d a r d s .  

F l e x i b l e  Duct  C o n n e c t i o n s  - Where s h e e t  m e t a l  c o n n e c t i o n s  a r e  made t o  
equipment,  noncombustible f l e x i b l e  c o n n e c t i o n  o f  d u r o l o n  o r  o t h e r  a p p r o v e d  
noncombustible m a t e r i a l  approx imate ly  6  inches i n  wid th  s h a l l  be p rov ided .  



R e g i s t e r s  and  g r i l l e s  s h a l l  be  f a c t o r y  f a b r i c a t e d  of  s t e e l  o r  aluminum 
and s h a l l  d i s t r i b u t e  t h e  q u a n t i t y  o f  a i r  s p e c i f i e d  e v e n l y  o v e r  t h e  s p a c e  
in tended  wi thou t  caus ing  n o t i c e a b l e  d r a f t s  o v e r  50 fpm i n  occupied zones .  

S e c t i o n  5  - F i r e  P r o t e c t i o n  

T h i s  s e c t i o n  c o v e r s  t h e  H a l o n  1 3 0 1  s y s t e m ,  p o r t a b l e  hand  f i r e  
e x t i n g u i s h e r s ,  i n s t a l l a t i o n ,  c l e a n i n g ,  and t e s t i n g .  

Halon 1301 Svstem 

The s y s t e m  i s  d e s i g n e d  t o  p r o v i d e  a  s p e c i f i c  volume c o n c e n t r a t i o n  of  
e x t i n g u i s h i n g  a g e n t  w i t h  d i s c h a r g e  t ime n o t  t o  exceed 1 0  s e c o n d s .  The s y s t e m  
s h a l l  be  c a p a b l e  o f  m e e t i n g  t h e  performance pa ramete r s  i n  t h e  N a t i o n a l  F i r e  
P r o t e c t i o n  A s s o c i a t i o n  S tandard  12A. 

T o t a l  Flood Method of  Design Pounds 
Hazard T i t l e  Volume A p p l i c a t i o n  C o n c e n t r a t i o n  of Halon 

C o n t r o l  Room Complex 1 2 0 9 6 c u f t  T o t a l  6% 307 
Flooding 

Motor C o n t r o l l e r  2772 c u  f t  T o t a l  5  % 110 
Module Flooding 

Pony Motor C o n t r o l l e r  126 c u  f t  T o t a l  5  % 
Flooding 

The e x t i n g u i s h i n g  s y s t e m  f o r  t h e  c o n t r o l  room c o m p l e x  s h a l l  i n c l u d e  t h e  
fo l lowing  components : 

Agent  S t o r a g e  C y l i n d e r s  - Two ( 2 )  200 l b .  s t e e l  c y l i n d e r s  t o  be manufac- 
t u r e d  t o  t h e  requ i rements  of Department of  T r a n s p o r t a t i o n  Spec.  48A, f o r  
c o m p r e s s e d  g a s ,  and h a v e  i n t e r n a l  n e c k  t h r e a d s  f o r  c y l i n d e r  v a l v e  
connect  ion .  

C y l i n d e r  V a l v e s  - V a l v e s  t o  be  c o n s t r u c t e d  o f  c o r r o s i o n  r e s i s t a n t  
m a t e r i a l s  and h i g h  f l o w  r a t e  e n a b l i n g  s y s t e m  t o  b e  d i s c h a r g e d  i n  t e n  
seconds .  Valves t o  be a c t u a t e d  e l e c t r o n i c a l l y .  

Discharge  N o z z l e  5 - chrome p l a t e d  b r a s s  o  r 3 0 3  S t a i n l e s s  S t e e l .  The 
n o z z l e  d i s c h a r g e  p a t t e r n  s h a l l  be a  120 degree  f u l l  cone f o r  a l l  s i z e s .  
Nozzles s h a l l  be permanently marked f o r  i d e n t i f i c a t i o n .  

The H a l o n  1301 s y s t e m  s h a l l  b e  d e s i g n e d  t o  o p e r a t e  w i t h  manua l  p u l l  
boxes and'  c r o s s  zoned smoke d e t e c t i o n  a c t u a t i o n .  

Smoke D e t e c t o r s  s h a l l  be  a r r a n g e d  i n  a  c r o s s - z o n e d  c o n f i g u r a t i o n  and 
s h a l l  a c t i v a t e  t h e  p re -d i scharge  a la rm and d i s c h a r g e  Halon 1301. 



Smoke D e t e c t o r s  s h a l l  be " s p o t  t y p e "  and  " r e s t o r a b l e "  a n d  s h a l l  be 
s u i t a b l e  f o r  use  w i t h  t h e  s p e c i f i e d  hazards .  Loca t ion  and s p a c i n g  o f  t h e  
d e t e c t o r s  s h a l l  be i n  accordance w i t h  t h e  manufac tu re r s  recommendations. 

Manual P u l l  S t a t i o n  - The manual p u l l  s t a t i o n  s h a l l  be c o n t a i n e d  w i t h i n  
a  c a s t  m e t a l  h o u s i n g  and h a v e  a  d u a l  a c t i o n  r e l e a s e  c o n f i g u r a t i o n  t o  
prevent  a c c i d e n t a l  d i s c h a r g e .  The h o u s i n g  s h a l l  i n c o r p o r a t e  a  t a m p e r -  
p r o o f  s c r e w  t o  p r e v e n t  u n a u t h o r i z e d  a c c e s s  t o  t h e  r e s e t  mechanism. The 
d e v i c e  s h a l l  have an o p e r a t i n g  v o l t a g e  o f  120 v o l t s  A . C .  and  be  mount- 
a b l e  on a  s t andard  f o u r  i n c h  j u n c t i o n  box. The Uni t  s h a l l  be Underwr i t e r  
Laboratory  L i s t e d  o r  F a c t o r y  Mutual approved. 

E l e c t r i c  C o n t r o l  Panel  capab le  of p rov id ing  s u p e r v i s i o n  of t h e  fo l lowing  
f u n c t i o n s :  

I n p u t  Power 
Manual P u l l  S t a t i o n  
I n i t i a t o r  
Alarm B e l l  
Time Delay 
Trouble  and Alarm S i l e n c e  Switch 
Alarm b e l l  and red r o t a t i n g  beacon 

The e x t i n g u i s h i n g  system f o r  t h e  main motor c o n t r o l l e r  module, t h e  pony motor 
c o n t r o l l e r  and c a b l e  sp read ing  a r e a  s h a l l  i n c l u d e  t h e  fo l lowing  components: 

A g e n t  S t o r a g e  C y l i n d e r  - S t e e l  c y l i n d e r s  t o  be  m a n u f a c t u r e d  t o  t h e  
requirements  of Department of Transpor t  Spec .  48A, f o r  c o m p r e s s e d  g a s ,  
a n d  h a v e  i n t e r n a l  n e c k  t h r e a d s  f o r  c y l i n d e r  v a l v e  c o n n e c t i o n .  The 
fo l lowing  c y l i n d e r s  r e q u i r e d  : 

F o r  t h e  Main Motor c o n t r o l l e r  Module t e n  ( 1 0 )  5  l b . ,  and s i x  ( 6 )  1 0  
l b .  c y l i n d e r s ,  each f i l l e d  w i t h  Ha lon  1 3 0 1  and  s u p e r  p r e s s u r i z e d  
w i t h  d r y  n i t r o g e n  t o  a  p r e s s u r e  of 360 p s i g  (+ 5%)  a t  70°F. - 

F o r  t h e  Pony Motor C o n t r o l l e r ,  a n d  c a b l e  s p r e a d i n g  a r e a  t h e  
c y l i n d e r s  s h a l l  c o n t a i n  5  l b  o f  Ha lon  1301 and super  p r e s s u r i z e d  
wi th .  d r y  n i t r o g e n  t o  a  p r e s s u r e  of 360 p s i g  (+ 5%) a t  70°F. - 

F l e x i b l e  C o n n e c t o r  - E i g h t e e n  ( 1 8 )  112 i n c h  by 12 i n c h e s  long f l e x i b l e  
connec t ions ,  connec to rs  w i l l  be s t a i n l e s s  s t e e l  w i t h  w i r e  b r a i d  c o v e r  
and a t e f l o n  l i n e r ,  each end wi th  112 i n c h  NPT male  t h r e a d s .  

Smoke D e t e c t o r s  s h a l l  be  " s p o t  t y p e "  and  " r e s t o r a b l e "  and  s h a l l  b e  
s u i t a b l e  f o r  use  w i t h  t h e  s p e c i f i e d  hazards .  Loca t ion  and spac ing  of t h e  
d e t e c t o r s  s h a l l  be i n  accordance w i t h  t h e  manufac tu re r s  recommendations. 

S o l e n o i d  R e l e a s e  - E i g h t e e n  ( 1 8 )  2 way normal ly  c l o s e d  e x p l o s i o n  proof 
v a l v e s  w i t h  t h e  fo l lowing  c h a r a c t e r i s t i c s :  

24 v o l t s  D.C. 
O r i f i c e  516 inch  d i a .  



Maximum o p e r a t i n g  p r e s s u r e :  630 p s i g  
Power consumption: 1 0  w a t t s  
Solenoid  : Continuous d u t y  
M a t e r i a l :  S t a i n l e s s  s t e e l  body, neoprene p lunger  i n s e r t  

P r e s s u r e  Switch - E i g h t e e n  ( 1 8 )  r e q u i r e d ,  NEMA 1 e n c l o s u r e  s w i t c h  r a t i n g  
5  amp @ 120 VAC. 

~ a n u a l  R e l e a s e s  - E i g h t e e n  ( 1 8 )  p i l o t  o p e r a t e d  d i s c h a r g e  h e a d s  w i t h  
handwheels . 
P o r t a b l e  F i r e  E x t i n g u i s h e r  

P o r t a b l e  f i r e  e x t i n g u i s h e r  s h a l l  be i n  accordance  w i t h  NFPA 1 0 ,  and of  
t h e  d r y  c h e m i c a l  e x t i n g u i s h e r  t y p e  ( p o t a s s i u m  b i c a r b o n a t e )  w i t h  20 l b s  
c a p a c i t y  and c l a s s i f i c a t i o n  of  B&C. 

DIVISION 16 ELECTRICAL AND INSTRUMENTATION AND CONTROL 

S e c t i o n  1 - Overhead Power L i n e  

A 138 kV o v e r h e a d  power l i n e ,  r e q u i r e d  t o  connec t  t h e  Helium C i r c u l a t o r  
Tes t  F a c i l i t y ' s  1 3 8  kV s w i t c h y a r d  t o  t h e  e x i s t i n g  l o c a l  u t i l i t y ' s  1 3 8  kV 
t r a n s m i s s i o n  sys tem,  s h a l l  be des igned and c o n s t r u c t e d  i n  accordance  w i t h  t h e  
S t a t e  o f  C a l i f o r n i a ' s  General  Order No. 95,  c o v e r i n g  t h e  c o n s t r u c t i o n  of  1 3 8  
kV o v e r h e a d  power l i n e s .  I t  s h a l l  be  b u i l t  u s i n g  t h e  f o l l o w i n g  t y p e s  o f  
m a t e r i a l  and equipment.  

Load-Break Disconnec t  Swi tch  

One p o l e  t o p ,  l o a d  b r e a k ,  g r o u p  o p e r a t e d  d i s c o n n e c t  s w i t c h  meeting t h e  
fo l lowing  s p e c i f i c a t i o n s .  

Vol tage  Ra t ing  
Continuous c u r r e n t  r a t i n g  
Load I n t e r r u p t i n g  Rat ing 
Basic  Impulse Level  
Number of P o l e s  
Phase Spacing 
Type of Break 
Type o f  Mounting 
Type of Opera t ing  Mechanism 
Momemtary Ra t ing  
Type. Swi.tr.h 

138 kV 
1200 amperes 
1200 amperes 
650 kV 
3  
8 f e e t ,  based on SF6 s w i t c h  

V e r t i c a l  
Horizontal-Top of  Po le  S t r u c t u r e  
Manual-Gr oup 
6 1  kA 
I T E  SF6 load i n t e r r u p t e r  o r  e q u a l  



Suppor t ing  I n s u l a t o r s :  

138  kV, S t a t i o n  Pos t  w i t h  5  i n c h  Bol t  C i r c l e  

Overhead Conductor 

S i z e  
Number of  Aluminum S t r a n d s  
Number of S t e e l  St r a n d s  
Outs ide  d i a m e t e r  of  complete  c a b l e  
U l t i m a t e  S t r e n g t h  Pounds 
Ohms per  m i l e  r e s i s t a n c e  
Ohms per  m i l e  r e a c t a n c e  
Conduc t o r  Spacing 
Approximate Length 

Overhead s t r a n d e d  s t e e l  ground w i r e  

O u t s i d e  d iamete r  
Number of S t e e l  S t r a n d s  
Type of  S t e e l  Wire 

Approximate Length 

300 MCM ACSR 
3 0  
7  
0.70 i n c h e s  
15,430 
0.311 
0.77 f o r  1 4  f o o t  spac ing  
1 4  f e e t  
3,000 f e e t  

112 i n c h  
19  
Ga lvan ized ,  Siemens-Martin 
o r  e q u a l  
1 , 2 0 0  f e e t  

Type o f  i n s u l a t o r s  - b o t h  f o r  u s e  a t  d e a d  e n d i n g  t o w e r s  a n d  a t  l i n e  
towers  : 

Suspension i n s u l a t o r s  of  t h e  b a l l  and s o c k e t  type :  

ANSI C l a s s ,  B a l l  and Socket Type 
F lashover  Vol tage  

Impulse C r i t i c a l  P o s i t i v e  
Impulse C r i t i c a l  Negat ive  
60 Hz - Dry 
60 Hz - Wet 

Leakage D i s t a n c e  
Sec t  i o n  Length 
S t r e n g t h  R a t i n g s  

M&E, LBS 
ANSI M&E LBS 

Color  
Approximate Number Rcquired 

S tandard  No. 52.11 

140 kV 
140 kV 
80 kV 
50 kV 
1 5  i n c h e s  
6-118 i n c h e s  

50,000 ' 

50,000 
ANSI 70 Grey 
235 



Type of overhead hardware a t  dead end ing  towers  and a t  l i n e  towers .  

Dead end s t r a i n  clamps 

Approximate Number Required 

B a l l  C l e v i s e  - U l t i m a t e  S t r e n g t h  

Approximate Number Required 

Conductor Tee Clamp 

Approximate Number Required 

S t r e n g t h  40,000 l b s  
(L indsay  o r  approved 
e q u a l .  ) 
30 

50,000 l b s  
(Ohio Brass  o r  Approved 
Equa l )  
3  3  

For  300 MCM ACSR 
(Lindsay o r  Approved 
Equal)  
3  6  

Socket  Eyes - U l t i m a t e  S t r e n g t h  50,000 l b s  
(Ohio Brass  o r  Approved 
Equa l )  

Approximate Number Required 3  3  

Overhead Ground Wire Clamp 
Ul t ima te  S t r e n g t h  

Approximate Number Required 

6 
12 ,000  
(L indsay  o r  Approved 
Equal)  
16 

Type of S u p p o r t i n g  S t r u c t u r e s  

"H" Frame c . o n s t r u c t i o n  a r r a n g e d  f o r  a  c o n d u c t o r  s p a c i n g  o f  1 0  f e e t ;  
u s i n g  c l a s s  "A"  wooden t r e a t e d  power p o l e s ;  wooden c r o s s  a rms  w i t h  
g a l v a n i z e d  s t e e l  c r o s s '  arm b r a c e s  and 518 i n c h  g a l v a n i z e d  s t e e l  guying 
w i r e ,  f o r  t h e  r e q u i r e d  down guys ,  w i t h  an  approved anchor .  

S t r u c t u r e  S ~ a c i n g  

A v e r a g e  s p a c i n g  between "H" frame suppor t  s t r u c t u r e s  - 350 f e e t .  S i x  ( 6 )  
H Frame suppor t  s t r u c t u r e s  r e q u i r e d .  

Conductor Tens ion  

Maximum p u l l i n g  t e n s i o n  i n  ACSR conduc to r  - 50 p e r c e n t  of  t h e  conductor  
u l t i m a t e  s t r e n g t h .  

Transmiss ion  L i n e  TaD 

C o n n e c t i o n  i n t o  t h e  e l e c t r i c  u t i l i t y ' s  138 kV t r a n s m i s s i o n  system s h a l l  
b e  by means  o f  a n  o v e r h e a d  m a n u a l  g r o u p  o p e r a t e d  1 3 8  kV l o a d  b r e a k  
s w i t c h  and  a  p o l e  s t r u c t u r e  t o  which t h e  e l e c t r i c  u t i l i t y ' s  l i n e  can  be 
dead ended. 



S e c t i o n  No. 2  - 138 kV Incoming Disconnect  Switch - a t  138 kV Switchyard 

The i n c o m i n g  1 3 8  kV d i s c o n n e c t  s w i t c h  s h a l l  b e  a  3 p o l e ,  o u t d o o r ,  
m a n u a l l y  g r o u p  o p e r a t e d ,  p e d e s t a l  mounted ,  v e r t i c a l  b reak  type .  It w i l l  be 
used a s  an i s o l a t i n g  s w i t c h  f o r  t h e  main incoming 138 kV o i l  c i r c u i t  b r e a k e r  
and s h a l l  be f u r n i s h e d  i n  accordance w i t h  t h e  l a t e s t  NEMA and IEEE s t a n d a r d s .  

Disconnect s w i t c h  cont inuous  
c u r r e n t  r a t i n g  1200 amps. 

Momentary c u r r e n t  r a t i n g  61 kA. 

Bas ic  impulse  l e v e l  650 kV. 

Locking P o s i t i v e  c l o s e d  p o s i t i o n  l o c k .  

Temperature r i s e  Not more t h a n  30C, o v e r  a  40C ambient 

I n t e r l o c k i n g  

Support ing i n s u l a t o r s  

The g roup  o p e r a t e d  mechanism f o r  t h e  d i s -  
connect  and grounding s w i t c h e s  s h a l l  be 
i n t e r l o c k e d .  

138 kV s t a t i o n  pos t  t y p e  w i t h  a  5 i n c h  
b o l t  c i r c l e .  

Phase spac ing  8  f e e t  . 
Cable connec tors  For 300 MCM ACSR conduc tor .  

Grounding s w i t c h  3 p o l e ,  manual,  g roup  o p e r a t e d .  

Type cont inuous  c u r r e n t  r a t i n g  600 amps. 

Cable connec tors  For a  250 MCM b a r e  s t r a n d e d  copper  
grounding c a b l e .  

I n s t a l l a t i o n  s h a l l  be i n  accordance wi th  Drawing EE-102. 

S e c t i o n  3  - 1 3 8  kV D i s c o n n e c t ' i n g  S w i t c h  f o r  1 3 8  kV Bus P o t e n t i a l  
Transformers  

T h e  1 3 8  kV d i s c o n n e c t i n g  s w i t c h  f o r  t h e  1 3 8  kV b u s  p o t e n t i a l  
t r a n s f o r m e r s  s h a l l  be a  3  p o l e ,  o u t d o o r ,  m a n u a l l y  g r o u p  o p e r a t e d ,  p e d e s t a l  
m o u n t e d ,  v e r t i c a l  b r e a k  t y p e .  I t  w i l l  be  used t o  d i s c o n n e c t  and t o  i s o l a t e  
t h e  t h r e e  bus  p o t e n t i a l  t r a n s f o r m e r s ,  a s  shown by Drawing Nos. EE-101. I t  
s h a l l  b e  f u r n i s h e d  i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  NEMA, IEEE a n d  ASA 
requirements  f o r  ou tdoor  group o p e r a t e d  d i s c o n n e c t  s w i t c h e s .  The d i s c o n n e c t  
swi tch  s h a l l  have: 

Continuous c u r r e n t  r a t i n g  600 amperes 

Momentary c u r r e n t  ' r a t i n g  40 kA 



Bas ic  impulse l e v e l  

Locking 

Suppor t ing  i n s u l a t i n g  

Opera t ing  mechanism 

Suppor t ing base  

Temperature r i s e  

P o s t i v e  c l o s e d  p o s i t i o n  
l o c k  

138 kV s t a t i o n  p o s t  t y p e ,  
each  w i t h  5 i n c h  b o l t  c i r c l e .  

Group Manual 

Galvanized s t e e l .  

Not more t h a n  30°C over  a 
40°C ambient .  

S e c t i o n  4 - 138 kV. Outdoor.  Base Mounted P o t e n t i a l  Trans fo rmers  

T h e  1 3 8  kV o u t d o o r ,  o i l  f i l l e d ,  p o t e n t i a l  t r a n s f o r m e r s  s h a l l  b e  
des igned ,  manufactured and t e s t e d  i n  accordance w i t h  t h e  a p p l i c a b l e  ANSI a n d  
NEMA s t a n d a r d s  f o r  ANSI m e t e r i n g  a c c u r a c y  c l a s s ,  6 0  H z ,  p o t e n t i a l  
t r a n s f o r m e r s .  They s h a l l  be r a t e d  and s h a l l  meet t h e  f o l l o w i n g  requ i rements :  

Accuracy 

Opera t ing  v o l t a g e  

Vol tage  r a t i o  

Secondary v o l t a g e  

Overvo l t age  wi ths tand  

Temperature R i s e  

B a s i c  impulse l e v e l  

No. o f  p o t e n t i a l  t r a n s f o r m e r s  r e q u i r e d  

General  Requirements 

ANSI 0 . 3  c l a s s  a t  s t a n d a r d  
b u r d e n s  - W ,  X ,  M, Y,  Z ,  Z Z .  

l i n e  t o  n e u t r a l  - 8 0  kV. 

80/0.12 kV - 3 - P o t e n t i a l  
t r a n s f o r m e r s  t o  be connected 
i n  wye t o  a 138 kV wye con- 
n e c t e d  power sys tem.  

120 v o l t s  - Wye. 

1 7 3 %  o f  normal  f o r  one min- 
u t e  o p e r a t i o n  u n d e r  emerg- 
e n c  y c o n d i t i o n s  a s  r e q u i r e d  
by ANSI S tandard  C57.13. 

55°C a t  30°C ambient .  

E a c h  p o t e n t i a l  t r a n s f o r m e r  
t o  b e  o i l  f i l l e d ,  o u t d o o r  
t y p e ,  b a s e  m o u n t e d ,  s e l f -  
s u p p o r t i n g  and  t o  b e  f u r -  
n i s h e d  w i t h  a p r imary  c a b l e  
connec t ion  f o r  No. 4 / 0  AWG, 
b a r e ,  s t r a n d e d  c o p p e r  con- 



General  Requirements (Contd) d u c t o r  and  w i t h  a secondary  
t e r m i n a t i n g  b o x ,  a r r a n g e d  
f o r  a 1 -112  i n c h  c o n d u i t  
e n t r a n c e .  

The o i l  f i l l e d  p o t e n t i a l  t r a n s f o r m e r s  w i l l  be i n s t a l l e d  o u t d o o r s  on  a s t e e l  
p e d e s t a l  and w i l l  be used i n  t h e  meter ing of a 138 kV f e e d e r  c i r c u i t .  

S e c t i o n  5 - 138 kV, Outdoor Base Mounted Cur ren t  Trans formers  

The 138 kV, o u t d o o r ,  o i l  f i l l e d  c u r r e n t  t r a n s f o r m e r s  s h a l l  be des igned ,  
manufactured and t e s t e d  i n  accordance w i t h  a p p l i c a b l e  ANSI and NEMA s t a n d a r d s  
f o r  ANSI m e t e r i n g  a c c u r a c y  c l a s s ,  60 Hz c u r r e n t  t r a n s f o r m e r s .  They s h a l l  be 
r a t e d  and s h a l l  meet t h e  fo l lowing  requ i rements :  

Accuracy - ANSI Metering Accuracy 
C l a s s  (60 Her tz )  

Ra t ing  'i 

Operat ing v o l t a g e  
Primary anpere  r a t i n g  
Secondary ampere r a t i n g  
Ra t ing  f a c t o r  

Thermal Rat ing 

One second 
F ive  seconds 

Mechanical Rat ing (RMS Symmetrical)  

Temperature r i s e  

B a s i c  impulse l e v e l  

Number o f  c u r r e n t  t r a n s f o r m e r s  r e q u i r e d  

General  Requirements : 

0 .3  c l a s s  f o r  B-0.1, B-0.2, 
B - 0 . 3 ,  B - 1 . 0  & B - 2 . 0  
bur den. 

138 kV 60 H e r t z  
160 amperes 
5 amperes 
1.5 

65 t imes  normal 
29 t imes  normal 

85 t i m e s  normal 

55 "C a t  30°C ambient 

t h r e e  ( 3 )  

E a c h  c u r r e n t  t r a n s f o r m e r  
t o  be o i l  f i l l e d ,  o u t d o o r  
t y p e ,  b a s e  m o u n t e d ,  s e l f -  
s u p p o r t i n g  and t o  be f u r n -  
i s h e d  w i t h  p r i m a r y  c a b l e  
connec tor  f o r  No. 410  AWG, 
b a r e ,  s t r a n d e d  copper con- 
d u c t o r  a n d  a s e c o n d a r y  
t e r m i n a t i n g  b o x ,  a r r a n g e d  
f o r  1 - 1 1 2  i n c h  c o n d u i t  
e n t r a n c e .  



The 138  kV o i l  f i l l e d  c u r r e n t  t r a n s f o r m e r s  s h a l l  be i n s t a l l e d  o u t d o o r s  on a  
s t e e l  p e d e s t a l  and w i l l  be used i n  t h e  m e t e r i n g  o f  a  138 kV f e e d e r  c i r c u i t .  

S e c t i o n  6  - Outdoor Meter ing Equipment 

The ou tdoor  m e t e r i n g  equipment s h a l l  be f u r n i s h e d ,  mounted  and  w i r e d  t o  
o u t g o i n g  t e r m i n a l  b l o c k s ,  on a  s t e e l  ins t rument  p a n e l ,  housed i n  a n  o u t d o o r ,  
weatherproof  s t e e l  c a b i n e t ,  w i t h  a  g a s k e t e d  hinged door .  

The meter ing equipment s h a l l  c o n s i s t  of t h e  f o l l o w i n g :  

One t h r e e  phase w a t t  hour mete r  a r ranged  f o r  semi f l u s h  m o u n t i n g  o n  t h e  
a b o v e  s t e e l  i n s t r u m e n t  p a n e l ,  t o  m e a s u r e  t h e  w a t t  hours  of a  138 kV, 
t h r e e  p h a s e  f e e d e r  l i n e  a n d  o p e r a t i n g  w i t h  t h e  f o l l o w i n g  i n s t r u m e n t  
t r a n s f o r m e r s .  

3  - 1 6 0 1 5  a m p e r e ,  o u t d o o r  1 3 8  kV p e d e s t a l  m o u n t e d  c u r r e n t  
t r a n s f o r m e r s  connected i n  wye. 

3 - SO kV/120 v o l t  o u t d o o r ,  p e d e s t a l  mounted p o t e n t i a l  t r a n s f o r m e r s  
connected i n  wye i n  t h e  138 kV t h r e e  phase  f e e d e r  l i n e .  

One A.C . r e c o r d i n g ,  c o n t a c t  o p e r a t e d ,  s t r i p - c h a r t  demand mete r  t o  t o t a l -  
i z e  t h e  impulses  r e c e i v e d  from t h e  above w a t t  h o u r  m e t e r ' s  3  w i r e  con-  
t a c t  d e v i c e  f o r  a  c o i n c i d e n t  KW demand. T h i s  d e v i c e  t o  be f u r n i s h e d  w i t h  
a  c a s e  s u i t a b l e  f o r  semi f l u s h  m o u n t i n g  o n  t h e  a b o v e  s t e e l  i n s t r u m e n t  
pane l .  

A p a n e l  mounted c u r r e n t  and  p o t e n t i a l  t e s t  b lock ;  c o n s i s t i n g  of t h r e e  
c u r r e n t  e l ements  and f o u r  p o t e n t i a l  e l e m e n t s ;  e a c h  b a c k  c o n n e c t e d  and 
mounted on t h e  above ins t rument  p a n e l .  

The r e q u i r e d  p r e s s u r e  t y p e  t e r m i n a l  b l o c k s .  

A l l  t h e  i n s t r u m e n t  and  d e v i c e s ,  a s  l i s t e d  a b o v e  s h a l l  b e  mounted  o n  t h e  
ins t rument  pane l  and comple te ly  wired t o  t h e  o u t g o i n g  t e r m i n a l  b l o c k s .  

S e c t i o n  7 - Outdoor ,  S t a t i o n  Type, 120 kV L i g h t n i n g  A r r e s t e r s  

The o u t d o o r ,  s t a t i o n  t y p e ,  p e d e s t a l  mounted 1 2 0  kV l i g h t n i n g  a r r e s t e r s  
s h a l l  b e  d e s i g n e d ,  m a n u f a c t u r e d  and  t e s t e d  i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  
a p p l i c a b l e  ANSI, IEEE and NEMA Standards  f o r  o u t d o o r  s t a t i o n  t y p e  l i g h t n i n g  
a r r e s t e r s .  

Each outdoor  s t a t i o n  type l i g h t n i n g  a r r e s t e r  s h a l l  b e . r a t e d  a s  f o l l o w s :  

Nominal C i r c u i t  Vol tage  
A r r e s t e r  Vol tage  Rat ing 
Max. ANSI Fron t  o f  Wave Sparkover 
Max. 1.2 x  50 Microsecond Sparkover 
Max. Switching Surge P r o t e c t i v e  C h a r a c t e r i s t i c  

138  kV RMS 
120 kV 
338 kV C r e s t  
282 kV C r e s t  
272 kV C r e s t  



Min. 60 Hz Sparkover  
Max. Discharge  Vol tage  wi th  1 . 5  kA . Impulse  
C u r r e n t  of 8  x  20 Microseconds 

168 kV RMS 
226 kV Cres t  

E a c h  a r r e s t e r  s h a l l  be  p e d e s t a l  mounted, f u r n i s h e d  w i t h  a  c o n n e c t o r  f o r  300 
MCM ACSR, b a r e  s t r a n d e d  conductor  and f u r n i s h e d  w i t h  a  ground c o n n e c t o r  s i z e d  
f o r  a 250 MCM b a r e  s t r a n d e d  copper conduc to r .  

S e c t i o n  8  - 138 kV Outdoor ,  Transmiss ion  O i l  Power C i r c u i t  B r e a k e r  

The 138 kV o u t d o o r  o i l  power c i r c u i t  b r e a k e r  s h a l l  be d e s i g n e d ,  t e s t e d  
and manufactured i n  accordance  w i t h  a p p l i c a b l e  ANSI and  NEMA s t a n d a r d s ,  a n d  
w i t h  ANSI S t a n d a r d s  C37.06 and C37.6.  I t  s h a l l  b e  a  3 p o l e ,  3  t a n k ,  f l o o r  
mounted, e l e c t r i c a l l y  o p e r a t e d ,  s t o r e d  energy t y p e ,  1600 ampere, t r a n s m i s s i o n  
o i l  power c i r c u i t  b r e a k e r ;  t o  be f u r n i s h e d  w i t h  t h e  fo l lowing :  

A welded s t r u c t u r a l  s t e e l  b a s e  w i t h  t h e  c o m p l e t e  b r e a k e r ,  a l l  t h r e e  
t a n k s ,  mounted t h e r e o n .  

A c o m p l e t e  o p e r a t i n g  mechanism c o n t r o l  f o r  a l l  t h r e e  p h a s e s  w i t h  a  
common weather  pro0 f mechanism housing.  

S i x  1 4 5  kV c o n d e n s e r  t y p e  b u s h i n g s ,  two p e r  t a n k ,  w i t h  c o n n e c t o r s  
a r ranged  t o  r e c e i v e  No. 300 MCM b a r e  s t r a n d e d  ACSR conduc to r .  

Nine  160015 ampere  mu1 t i -  r a t i o  b u s h i n g  t y p e  c u r r e n t  t r a n s f o r m e r s  w i t h  
r e l a y i n g  a c c u r a c y  and  w i t h  t h e i r  s e c o n d a r i e s  w i r e d  t o  t h e  s h o r t i n g  
t e r m i n a l  b locks  i n  t h e  b r e a k e r ' s  o p e r a t i n g  mechanism's hous ing .  

The 1 3 8  kV ou tdoor  o i l  power c i r c u i t  b r e a k e r  s h a l l  b e  r a t e d  a n d  s h a l l  m e e t  
t h e  fo l lowing  requ i rements :  

Maximum r a t e d  v o l t a g e  145 kV. 

Rated con t inuous  c u r r e n t  1200 amperes. 

Rated s h o r t  c i r c u i t  

I n t e r r u p t i n g  c u r r e n t  
RMS-symmetrical 

S h o r t  c i r c u i t  MVA r a t i n g  

Clos ing  and l a t c h i n g  amperes 

3 second ampere r a t i n g  

I n t e r r u p t i n g  t ime  

Impulse w i t h s t a n d  

40 kA 36 kA 

10,000 MVA 8 ,590 YVA 

64 kA 58 kA 

4 0  kA 36 kA 

3 c y c l e s  

650 kV 



S e c t i o n  9 - O u t d o o r ,  O i l  I m m e r s e d ,  13816 .916 .9  kV 3 P h a s e  3 Winding 
Power Transformer  

The 13816.916.9 kV o u t d o o r ,  3 phase  3 winding power t r a n s f o r m e r  s h a l l  be 
d e s i g n e d ,  manufactured and t e s t e d  i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  a p p l i c a b l e  
ANSI a n d  NEMA s t a n d a r d s .  I t  s h a l l  be  a n  o u t d o o r ,  o i l  immersed, 3 phase ,  3 
winding,  60 Hz, 13816.916.9 kV power t r a n s f o r m e r  r a t e d  a s  fo l lows :  

H - Winding - 138 kV - D e l t a  Connected 30139.9 MVA OA/FA 
a 

X - Winding - 6.9 kV - D e l t a  Connected - 15/20 NVA OA/FA 

Y - Winding 6 . 9  kV - Wye Connected - 15/20 MVA OA/FA 

The r a t i n g  of each winding based on a 55'155' t empera tu re  r i s e .  

Bas ic  impulse l e v e l  - 650 kV 

A p p r o x i m a t e  i m p e d a n c e s  - Zxh = 10%; Zxy = 20%; Zyh = 10% - a l l  on a 30 
MVA "OA" base.  

The t r a n s f o r m e r  s h a l l  be f u r q i s h e d  w i t h  o r  have t h e  fo l lowing  f e a t u r e s :  

T h r e e  1 3 8  kV, c o n d e n s e r  t y p e ,  o u t d o o r ,  c o v e r  b u s h i n g s ;  e a c h  w i t h  
c o n n e c t o r s  t o  r e c e i v e  a 300 MCM, ACSR b a r e  s t r a n d e d  conduc tor .  

Three  7.5 kV, condenser t y p e ,  cover  bush ings  f o r  t h e  D e l t a  c o n n e c t e d  6 . 9  
kV w i n d i n g s  and a r ranged  f o r  connec t ion  t o  a 2000 ampere, 7.5 kV o u t d o o r  
non-segregated,  m e t a l  enc losed  bus.  

T h r e e  7 . 5  kV condenser t y p e ,  cover  bushings  f o r  t h e  wye connected 6 .9  kV 
windings and a r ranged  f o r  c o n n e c t i o n  t o  a 2000 a m p e r e ,  7 . 5  kV o u t d o o r  
non-segregated,  m e t a l  enclosed bus.  

A base  mounted, s e l f - s u p p o r t i n g ,  s t e e l  t ank  w i t h  t h e  r e q u i r e d  r e m o v a b l e  
c o o l i n g  r a d i a t o r s .  

The r e q u i r e d  f a n  motor c o n t r o l  equipment w i l l  be f u r n i s h e d  t o  comple te ly  
c o n t r o l  t h e  c o o l i n g  f a n s  by t h e  t r a n s f o r m e r ' s  winding t empera tu re .  

F o u r  2-112% v o l t a g e  t a p s  i n  t h e  t r a n s f o r m e r ' s  138 kV w i n d i n g  w i t h  a 
manual, e x t e r n a l l y  o p e r a t e d ,  de-energized t a p  changer .  

M e c h a n i c a l  r e l i e f  d e v i c e ,  a r r a n g e d  t o  r e l i e v e  abnormal ly  h i g h  i n t e r n a l  
p r e s s u r e  and mounted i n  t h e  cover  o f  t h e  t r a n s f o r m e r .  

The 138 kV t r a n s f o r m e r  windings  s h a l l  be f u r n i s h e d  w i t h  a s h i e l d e d  d i s k  
winding c o n s t r u c t i o n  (Faraday S h i e l d ) .  



One 7 . 5  kV 600 a m p e r e ,  n e u t r a l  cover  bushing f o r  t h e  wye connected 6 . 9  
kV w i n d i n g ' s  n e u t r a l ;  w i t h  a  60015  ampere  mu1 t i - r a t i o  b u s h i n g  t y p e  
c u r r e n t  t r a n s f o r m e r .  

T h e  t r a n s f o r m e r  s h a l l  be f u r n i s h e d  w i t h  t h e  n e c e s s a r y  i n s t r u m e n t s ,  
gauges ,  r e l a y s ,  a l a rm and t r i p p i n g  c o n t a c t s .  

The t r a n s f o r m e r  s h a l l  a l s o  be f u r n i s h e d  w i t h  a  complete  o i l  p r e s e r v a t i o n  
s y s t e m ;  g r o u n d i n g  p a d s ;  l i f t i n g  l u g s  a n d  e y e s  a n d  p r o v i s i o n s  f o r  
j a c k i n g .  

S e c t i o n  10  - 7.5 kV Outdoor,  Metal  Enc losed  Swi tchgear  Assembly 

The  7 .5  kV o u t d o o r ,  m e t a l  e n c l o s e d ,  w e a t h e r p r o o f  d r a w - o u t  t y p e  
s w i  t c h g e a r  a s s e m b l y  s h a l l  be des igned ,  manufactured and t e s t e d  i n  accordance  
w i t h  a p p l i c a b l e  ANSI and NEMA s t a n d a r d s  and  w i t h  t h e  A m e r i c a n  N a t i o n a l  
S t a n d a r d  T e s t  P r o c e d u r e  f o r  AC H i g h - V o l t a g e  C i r c u i t  B r e a k e r s ,  C37.09 and 
C37.09a. The s w i t c h g e a r  assembly s h a l l  be f u r n i s h e d  w i t h  t h e  fo l lowing :  

An o u t d o o r ,  w e l d e d ,  b a s e  m o u n t e d ,  s e l f -  suppor t ing ,  weatherproof  s t e e l  
e n c l o s u r e ,  a r ranged  t o  be i n s t a l l e d  on a  f l a t  c o n c r e t e  pad a n d  t o  h o u s e  
two ( 2 )  2000  ampere  a i r  c i r c u i t  b r e a k e r  u n i t s  and a s s o c i a t e d  equipment 
a s  f o l l o w s :  

Each  o f  t h e  two ( 2 )  7 . 5  kV a i r  c i r c u i t  b r e a k e r  compar tments  s h a l l  be 
f u r n i s h e d  wi th :  

One 7 . 5  kV, d r a w - o u t  t y p e  2000 ampere ,  e l e c t r i c a l l y  o p e r a t e d ,  
s t o r e d  energy t y p e  incoming a i r  c i r c u i t  b r e a k e r ;  comple te  w i t h  7 . 5  
kV p r i m a r y  b u s  d i s c o n n e c t i n g  means; 125 v o l t  D.C. c l o s i n g ,  s h u n t  
t r i p p i n g  and c o n t r o l l i n g  c i r c u i t s ;  a l l  o f  which a r e  c o n n e c t e d  and  
d i s c o n n e c t e d  when t h e  b r e a k e r  i s  i n s e r t e d  and withdrawn from t h e  
s w i t c h g e a r  e n c l o s u r e .  

A 2 0 0 0  a m p e r e ,  7 . 5  kV i n c o m i n g  i n s u l a t e d  c o p p e r  b u s  s e c t i o n  
a r ranged  f o r  c o n n e c t i o n  t o  t h e  b r e a k e r '  s d i s c o n n e c t i n g  means  a n d  
t o  t h e  incoming 7 .5  kV 2000 ampere, 3 conductor  non-segregated bus 
on t h e  t o p  s i d e .  

A 2000 ranpere, 7.5 kV ou tgo ing  i n s u l a t e d  copper  bus s e c t i o n  a r r a n -  
ged f o r  c o n n e c t i o n  t o  t h e  b r e a k e r ' s  d i s c o n n e c t i n g  m e a n s . a n d  t o , t h e  
outgoing 7 . 5  kV 2000 ampere, 3  conduc to r ,  non- segrega ted  bus .  

S i x  ( 6 )  200015 ampere, m u l t i - r a t i o  c u r r e n t  t r a n s f o r m e r s ,  e a c h  w i t h  
m e t e r i n g  accuracy .  

T h r e e  ( 3 )  d raw-ou t  t y p e ,  fused  4 .0/ .12 kV p o t e n t i a l  t r a n s f o r m e r s ,  
connected wye and fused  on bo th  t h e  p r i m a r y  and  s e c o n d a r y  s i d e s ,  
s h a l l  be  f u r n i s h e d  w i t h  t h e  a i r  c i r c u i t  b r e a k e r  compartment t o  be 



c o n n e c t e d  t o  t h e  6 .9  kV wye winding of  t h e  main t r a n s f o r m e r .  These  
p o t e n t i a l  t r a n s f o r m e r s  s h a l l  be connected on t h e  i n c o m i n g  s i d e  o f  
t h e  a i r  c i r c u i t  b r e a k e r .  See Drawing No. EE-101. 

Two ( 2 )  drawout t y p e ,  f u s e d  6.91.12kV p o t e n t i a l  t r a n s f o r m e r s ,  con-  
n e c t e d  o p e n  d e l t a  and f u s e d  o n  b o t h  t h e  p r i m a r y  a n d  s e c o n d a r y  
s i d e s ,  s h a l l  be f u r n i s h e d  w i t h  t h e  a i r  c i r c u i t  b r e a k e r  c o m p a r t -  
m e n t ,  t o  b e  c o n n e c t e d  t o  t h e  6 . 9  kV d e l t a  w i n d i n g  o f  t h e  m a i n  
t r a n s f o r m e r .  These p o t e n t i a l  t r a n s f o r m e r s  s h a l l  b e  c o n n e c t e d  o n  
t h e  i n c o m i n g  s i d e  o f  t h e  a i r  c i r c u i t  b r e a k e r .  S e e  Drawing No. 
EE-101. 

A g r o u n d  d e t e c t i n g  u n i t  s h a l l  be  f u r n i s h e d  w i t h  t h e  a i r  c i r c u i t  
b r e a k e r  compartment t o  be connected t o  t h e  6 .9  kV d e l t a  w i n d i n g  o f  
t h e  t r a n s f o r m e r .  

E a c h  o f  t h e  two  7 . 5  kV a i r  c i r c u i t  b r e a k e r  c o m p a r t m e n t s  s h a l l  b e  
f u r n i s h e d  w i t h  a  h inged c o n t r o l  pane l  w i t h i n  t h e  w e a t h e r p r o o f  e n c l o s u r e  
on which s h a l l  be mounted: 

A c i r c u i t  b r e a k e r  c o n t r o l  s w i t c h  t o  be  used t o  c o n t r o l  t h e  b r e a k e r  
when i n  t h e  t e s t  p o s i t i o n .  - 

Three i n d i c a t i n g  l i g h t s .  

T h r e e  v e r y  i n v e r s e  t i m e  over  c u r r e n t  p r o t e c t i v e  r e l a y s ,  each  w i t h  a n  
i n s t a n t a n e o u s  t r i p  a t t achment .  

An i n v e r s e  g r o u n d  t i m e  o v e r  c u r r e n t  p r o t e c t i v e  r e l a y ,  connec ted  t o  
t h e  n e u t r a l  c u r r e n t  t r a n s f o r m e r  o f  t h e  m a i n  t r a n s f o r m e r  6 .  9  kV wye 
w i n d i n g .  To b e  f u r n i s h e d  o n l y  o n  t h e  c o n t r o l  p a n e l  of  t h e  c i r c u i t  
b r e a k e r  connected t o  t h e  6 . 9  kV wye winding o f  t h e  main t r a n s f o r m e r .  

The 7 . 5  kV o u t d o o r ,  m e t a l  e n c l o s e d ,  draw-out  type  s w i t c h g e a r  assembly 
s l l d l l  Lt: i.dLed as i0110i~~; 

C i r c u i t  Breaker  

Rated V o l t a g e  
Rated Continuous Cur ren t  
Rated 3 Phase Symmeterical  MVA 
Ratcd Asymmetrical Ra t ing  F a c t o r  
Momentary Withstand Cur ren t  
I n t e r r u p t i n g  R a t i n g  - RMS 

Symmetrical  Amperes a t  6 .9  kV 
Close  and Latch Ra t ing  
I n t e r r u p t i n g  Time 

Rated Maximum Vol tage  kV, RMS 
I n s u l a t i o n  Level  

Low Frequency Withs tand 

7 .5  kV 
2000 Amperes 
500 MVA 
1.25 
66 kA 

41.9 kA 
66 kA 
5 C y c l e s  
8.25 kV 



Temperature Rise  
Contacts  and J o i n t s  
I n s u l a t i o n  "Class  B" 
Terminals 

Operating Mechanism 
Operating Mechanism 

Closing C i r c u i t  
Shunt T r i p  C i r c u i t  
Control  C i r c u i t  , 

I n s u l a t i o n  Impulse Level 

Bus - 
Rated Vol tage  
Rated Continuous Current  
Momentary Withstand 
I n s u l a t i o n  Level 

Low Frequency Withstand 
Impulse Withstand 

Temperature Rise  
Jo i n t  s 
I n s u l a t i o n  "Class  B" 
Terminals 

65°C . 

80 "C 
45°C 
Stored Energy 
Voltage 
125 Vol t s  D.C. 
125 Vo l t s  D.C. 
125 Vol t s  D.C. 
95 kV 

7.5 kV 
2000 Amperes 
66 kA 

S e c t i o n  11 - 7.5 kV Outdoor Metal Enclosed Bus 

T h e  7 . 5  kV o u t d o o r  t o t a l l y  m e t a l  e n c l o s e d ,  3 p h a s e ,  3 w i r e ,  
non-segregated, se l f -cooled  bus s h a l l  be designed,  manufactured and t e s t e d  i n  
a c c o r d a n c e  w i t h  t h e  a p p l i c a b l e  ANSI s t a n d a r d  f o r  s w i t c h g e a r  a s s e m b l i e s ,  
inc lud ing  meta l  enclosed bus C37.23. It s h a l l  be used a s  fol lows:  

Outdoor  bus  from main t r a n s f o r m e r ' s  d e l t a  c o n n e c t e d  6 . 9  kV winding,  
c o n s i s t i n g  of two s e c t i o n s ;  see  Drawings Nos. EE-101 and EE-102. 

One s e c t i o n .  from t h e  main t r a n s f o r m e r  t o  7 .5  kV outdoor  switchgear  
u n i t .  

One  s e c t i o n  f r o m  o u t d o o r  s w i t c h g e a r  u n i t  t o  t h e  m a i n  m o t o r  
c o n t r o l l e r .  

O u t d o o r  b u s  f r o m  main t r a n s f o r m e r ' s  wye c o n n e c t e d  6 . 9  kV w i n d i n g ,  
c o n s i s t i n g  of two sec t ions ;  s ee  Drawings Nos. EE-101 & EE-102. 

One s e c t i o n  from t h e  main t r a n s f o r m e r  t o  7 .5  kV outdoor  switchgear  
u n i t ,  wi th  a t a p  t o  t h e  7.5 kV fused load break s .witch a s s e m b l y ;  s e e  
drawing No. EE-101. 

One s e c t i o n  f r o m  t h e  o u t d o o r  s w i t c h g e a r  u n i t  t o  t h e  main motor  
c o n t r o l l e r .  



Bus D e s c r i p t i o n  and Rat ing of t h e  Non-Segregated Outdoor Bus 

Conductors 

High c o n d u c t i v i t y  copper extruded i n  square  tube o r  channe l .  

Enc losure  

A t o t  a l l y  enc losed ,  s e l f - s u p p o r t i n g  e n c l o s u r e  f o r  an  ou tdoor  l o c a t i o n  i n  
accordance wi th  Drawing No. EE-102. 

I n s u l a t o r s  

P o r c e l a i n  i n s u l a t o r s ,  r a t e d  1 5  kV and  b o l t e d  t o  t h e  suppor t  member of 
t h e  enc losure .  

S i l v e r  P l a t i n g  

The conductor  s u r f a c e s  s h a l l  be s i l v e r e d  f o r  b o l t e d  connec t ions .  

Grounding 

The bus  e n c l o s u r e  s h a l l  be f u r n i s h e d  w i t h  copper grounding connec t ion  
p a d s  a t  e a c h  end  o f  t h e  b u s  and  a l l  g a s k e t e d  c o n n e c t i o n s  s h a l l  b e  
shunted by a No. 2 AWG copper  conductor .  

Bus R a t i n g  

Design Vol tage Rat ing 7500 V o l t s  
Nominal Vol tage Ra t ing  6900 Vol t s .  
Nominal Current  Rat ing 2000 Amperes 
Number o f  Conductors 3 
Number of Phases 3 
Basic Impulse Level  95 kV 
Momentary Shor t  C i r c u i t .  Withstand 40 kA 
Temperature Rise  65°C above 40°C ambient 

The non-segregated bus t a p  s h a l l  be r a t e d  a s  f o l l o w s :  

Design Vol tage Ra t ing  
Nominal Vol tage  Rat ing 
Nmi-nal  Current  Ra t ing  
Number of Conductors 
Number of Phases 
Bas ic  Impulse Level  
Momentary Shor t  C i r c u i t  Withstand 
Temperature Rise  

7500 V o l t s  
6900 V o l t s  
300 Amperes 
3 
3 
95 kV 
60  kA 
65°C above 40°C ambient 



S e c t i o n  12 - 7.5 kV Indoor  Metal  Enclosed Bus 

T h e  7 . 5  kV i n d o o r  t o t a l l y  m e t a l  e n c l o s e d ,  3 p h a s e ,  3 w i r e ,  
non- s e g r e g a t e d ,  se l f -coo led  bus s h a l l  be des igned ,  manufactured and t e s t e d  i n  
a c c o r d a n c e  w i t h  t h e  a p p l i c a b l e  ANSI s t a n d a r d  f o r  s w i t c h g e a r  a s s e m b l i e s ,  
inc lud ing  meta l  enclosed bus C37.23. It s h a l l  be used a s  fo l lows  : 

I n d o o r  n o n - s e g r e g a t e d  b u s  f r o m  t h e  m a i n  m o t o r  c o n t r o l l e r  t o  t h e  m a i n  
synchronous d r i v e  motor of t h e  helium c i r c u l a t o r .  

Bus D e s c r i p t i o n  and Rat ing o f  t h e  Non-Segregated indoor  bus .  

Conduct o r  s 

High c o n d u c t i v i t y  copper extruded i n  s q u a r e  tube  o r  channel .  

Enc losure  

A t o t a l l y  enc losed ,  s e l f - s u p p o r t i n g  e n c l o s u r e  from an indoor  l o c a t i o n  i n  
accordance w i t h  Drawing No. EE-102. 

I n s u l a t o r s  

P o r c e l a i n  i n s u l a t o r s ,  r a t e d  1 5  kV and b o l t e d  t o  t h e  suppor t  members of 
t h e  enc losure .  

S i l v e r  P l a t i n g  

The conductor  s u r f a c e s  s h a l l  be s i l v e r e d  f o r  b o l t e d  connec t ions .  

Grounding 

The b u s  e n c l o s u r e  s h a l l  be f u r n i s h e d  w i t h  copper grounding connec t ion  
p a d s  a t  e a c h  end  o f  t h e  b u s  and  a l l  g a s k e t e d  c p n n e c t i o n s  s h a l l  b e  
shunted by a  No. 2  AWG b a r e  copper conduc tor .  

R a t  i n a  

Design Vol tage Rat ing 7500 V o l t s  
Nominal Vol tage Ra t ing  6900 V o l t s  
Nominal Current  Rat ing 4000 Amperes 
Number of Conductors 3  
Number of Phases  3 
Basic  Impulse Level  95  kV 
Momentary S h o r t  C i r c u i t  Withstand 40 kA 
Temperature Rise  65°C above 40°C ambient 



S e c t i o n  1 3  - N e u t r a l  G r o u n d i n g  T r a n s f o r m e r  and  R e s i s t o r  f o r  Helium 
C i r c u l a t o r s  Main D r i v e  Motor 

The Helium c i r c u l a t o r ' s  main d r i v e  m o t o r  s h a l l  be grounded through a 
t r a n s f o r m e r ,  connected between t h e  m o t o r ' s  n e u t r a l  p o i n t  a n d  t h e  g r o u n d  and  
loaded by a secondary r e s i s t o r :  

The n e u t r a l  grounding t r a n s f o r m e r  s h a l l  be r a t e d  a s  fo l lows :  

Pr imary v o l t a g e  r a t i n g  
Number o f  phases 
KVA r a t i n g  
Vol tage r a t i o  
Secondary v o l t a g e  r a t i n g  

6000 v o l t s  
One 
15 KVA 
25 / 1 
240 - 120 v o l t s  

Type o f  t r ans former  Non-flammable - Askare l  indoor  
Vol tage r a t i n g  pr imary bushings  6000 v o l t s  
Vol tage r a t i n g  secondary bush ings  600 v o l t s  
Number of pr imary bushings Two 

Grounding pad f o r  t h e  t r a n s f o r m e r ' s  t ank  

The secondary r e s i s t o r  s h a l l  be r a t c d  as f o l l o w s :  

Vol tage r a t i n g  
F.L. ampere r a t i n g  
R e s i s t a n c e  r a t i n g  
Enc losure  
M a t e r i a l  o f  r e s i s t o r ' s  p l a t e s  

240 v o l t s  A.C. 
60 amperes 
1.95 ohms 
Indoor  p r o t e c t i v e  s c r e e n  
S t a i n l e s s  s t e e l  

Connectors s i z e d  t o  r e c e i v e  No. 110 - AWG 600 v o l t  power c a b l e  

Grounding pad f o r  t h e  e n c l o s u r e  

The n e u t r a l  g r o u n d i n g  t rans former  and t h e  r e s i s t o r  w i l l  be i n s t a l l e d  i n d o o r s  
i n  t h e  Tes t  Bui lding.  

S e c t i o n  1 4  - O u t d o o r ,  P e d e s t a l  Mounted 6 .9  kV T r a n s f o r m e r  N e u t r a l  
Grounding Reac to r  

T h e  o u t d o o r ,  p e d e s t a l  mounted 6 . 9  kV t r a n s f o r m e r  n e u t r a l  g r o u n d i n g  
r e a c t o r  s h a l l  be d e s i g n e d ,  m a n u f a c t u r e d  and  t e s t e d  i n  a c c o r d a n c e  w i t h  t h e  
l a t e s t  a p p l i c a b l e  ANSI and NEMA s t a n d a r d s .  

The r e a c t o r  s h a l l  be r a t e d  a s  fo l lows :  

1 n s u l a t i . o n  C l a s s  
Number of Phases 
Termina l s  
Continuous Ampere Rat ing 
Shor t  Time Ampere Kating 
Momentary Withstand Ra t ing  

7.5 kV 
1 
S i l v e r  p l a t e d  90' a p a r t  
600 Amperes 
4.6 kA f o r  4.0 seconds  
1 0  kA 



Bas ic  Impulse Level 60 kV 
Reactance - OHMS 0.71 OHMS on 6 .9  kV base  
Support ing I n s u l a t o r  - Pos t  Type 7.5 kV 
Type of Mounting P e d e s t a l  
Type of C o n s t r u c t i o n  Outdoor 
Number of Reac to rs  Required 1 

S e c t i o n  1 5  - 7 . 5  kV O u t d o o r .  M e t a l  E n c l o s e d  S w i t c h r r e a r  w i t h  Load  
I n t e r r u p t i n g  Fused Switches. 

The 7 . 5  kV o u t d o o r ,  m e t a l  e n c l o s e d  f u s e d  i n t e r r u p t e r  s w i t c h  assembly 
s h a l l  be d e s i g n e d ,  manufactured and t e s t e d  i n  accordance w i t h  t h e  a p p l i c a b l e  
ANSI and NEMA Standards .  The assembly s h a l l  c o n s i s t  of t h e  fo l lowing :  

An ou tdoor ,  weather-proof ,  pad mounted s u p p o r t i n g  e n c l o s u r e  w i t h  a  7 . 5  
kV b u s  e n t r a n c e  c o m p a r t m e n t ,  w i t h  t h e  b u s  a r r a n g e d  t o  connect  t o  t h e  
incoming 300 ampere non-segrega ted  b u s  d u c t  on  t h e  t o p  s i d e  and  t h r e e  
i n d i v i d u a l  compartments, e a c h  w i t h  a  hinged locked door .  

o  One incoming compar tment  w i t h  a  7 . 5  kV 600 ampere  b u s  s e c t i o n ,  a  
m a n u a l l y  g r o u p  o p e r a t e d ,  3 p o l e ,  600 ampere  f u s e d ,  l o a d  b r e a k  
d i s c o n n e c t  s w i t c h  and t h r e e  7.5 kV wound t y p e  c u r r e n t  t r a n s f o r m e r s ,  
w i r e d  t o  o u t g o i n g  t e r m i n a l s ,  f o r  u s e  i n  t h e  main  t r a n s f o r m e r ' s  
d i f f e r e n t i a l  r e l a y i n g  system. (See Drawing EE-101) . 

o Two o u t g o i n g  c o m p a r t m e n t s ,  e a c h  w i t h  a  7 . 5  kV 600  ampere  b u s  
s e c t i o n ,  a  manual ly  group o p e r a t e d ,  3 p o l e ,  600 ampere  f u s e d ,  l o a d  
b r e a k  d i s c o n n e c t  s w i t c h  a n d  s p a c e  t o  t e r m i n a t e  t h r e e  s i n g l e  
conductor  410 awg, 7.5 kV s h i e l d e d  power c a b l e s  e n t e r i n g .  f rom t h e  
bottom s i d e .  

Each f u s e  i n t e r r u p t e r  s w i t c h  assembly s h a l l  be r a t e d  a s  f o l l o w s :  

Each Switch 

Continuous Ampere Capaci ty  
I n t e r r u p t i n g  Capac i ty  
Number of P o l e s  
Momentary Withstand 
Operat ing Mechanism 

Fuse 

Rat ing 
I n t e r r u p t i n g  R a t i n g  6 .9  kV 
Momentary Withstand 
Number o f  Fuses  

Bus 

Continuolls Ampere Capac i ty  
Nominal Vol tage Ra t ing  

600 Amperes 
600 Amperes 
3  
8 0  kA 
Manually Group Operated 

600 Amperes 
6 .9  kV 



Bus (Contd) 

Maximum Design Vol tage Rat ing 
Basic Impulse Level 
Momentary Withstand 

The arrangement o f  t h e  f u s e d  i n t e r r u p t e r  s w i t c h  a s s e m b l y  s h a l l  be  i n  
accordance w i t h  Drawings Nos. EE-101 and EE-102. 

S e c t i o n  16 - 6.91.48 kV Outdoor Load Cente r  Trans formers  
- 

The 6 . 9 1 . 4 8  kV o u t d o o r ,  o i l  immersed, 3 phase  load  c e n t e r  power t r a n s -  
formers  s h a l l  each be des igned ,  m a n u f a c t u r e d  and  t e s t e d  i n  a c c o r d a n c e  w i t h  
t h e  l a t e s t  a p p l i c a b l e  ANSI a n d  NEMA s t a n d a r d s .  Each load c e n t e r  t r a n s f o r m e r  
s h a l l  be an  o u t d o o r ,  o i l  immersed, 3 phase ,  2  winding,  60 Hz 6.91.48 kV power 
t r ans former  r a t e d  a s  fo l lows  : 

Transformer c a p a c i t y  1000/1150 KVA "OA/FAW 

Temperature r i s e  55"/55" 

High v o l t a g e  winding connect  i o n  D e l t a  
Low v o l t a g e  winding connec t ion  W Y ~  

I 

High v o l t a g e  winding BIL 95 kV 

Impedance 5.0% on 1000 KVA base  

Each 6.91.48 kV t rans former  s h a l l  be f u r n i s h e d  w i t h  t h e  f o l l o w i n g :  

P a i n t e d  s t e e l ,  a l l  welded t r a n s f o r m e r  t a n k ,  w e l d e d  t o  a  w e l d e d  s t r u c -  
t u r a l  s t e e l  b a s e ,  formed us ing  s t r u c t u r a l  s t e e l  I beams. 

Three 7.5 kV bush ings  t o  be f u r n i s h e d  housed i n  an  a i r - i n s u l a t e d  s t e e l  
t e r m i n a l  chamber ,  a r r a n g e d  f o r  one 4  i n c h  incoming s t e e l  c o n d u i t ,  w i t h  
t h r e e  s i n g l e  c o n d u c t o r  /I410 AWG, 7 . 5  kV power c a b l e s ,  e n t e r i n g  t h e '  
b o t t o m  s i d e  o f  t h e  t e r m i n a l  chamber .  E a c h  bushing s h a l l  be r a t e d  600 
amperes. 

The r e q u i r e d  c o o l i n g  u n i t s  s h a l l  have 480 v o l t  A.C. s i n g l e  phase motor 
d r i v e n  c o o l i n g  f a n s ,  i f  1 1 4  hp  o r  l e s s .  L a r g e r  m o t o r s  s h a l l  b e  t h r e e  
phase .  

The r e q u i r e d  f a n  motor  c o n t r o l  equipment,  s h a l l  comple te ly  c o n t r o l  t h e  
c o o l i n g  f a n s  o p e r a t i o n  a s  a  f u n c t i o n  o f  t h e  t r a n s f o r m e r ' s  w i n d i n g  
t empera tu re .  

T h r e e ,  1600  ampere  600  v o l t  b u s h i n g s  s h a l l  be f u r n i s h e d ,  housed i n  an 
a i r - i n s u l a t e d  s t e e l  t e r m i n a l  chamber a r ranged  t o  be connected t o  a  1 6 0 0  
a m p e r e ,  3 p h a s e ,  m e t a l  e n c l o s e d  b u s  d u c t .  T h i s  b u s  d u c t  s h a l l  be  
i n s t a l l e d  overhead and e n t e r  the t o p  s i d e  o f  t h e  t e r m i n a l  chamber. 



Four  2-112% v o l t a g e  t a p s  i n  t h e  t r a n s f o r m e r ' s  6 . 9  kV winding w i t h  a  
manual, e x t e r n a l l y  o p e r a t e d  de-energized t a p  changer .  

M e c h a n i c a l  r e 1  i e f  d e v i c e ,  a r ranged  t o  r e l i e v e  abnormal ly  h i g h  i n t e r n a l  
p r e s s u r e  and mounted i n  t h e  cover  o f  t h e  t r a n s f o r m e r .  

A 600 v o l t  n e u t r a l  bushing f o r  t h e  wye connected 0.48 kV windings  neu- 
t r a l  connec t ion .  The bushing s h a l l  b e  mounted  i n  a n  a c c e s s i b l e  s t e e l  
e n c l o s u r e ,  a t t a c h e d  t o  t h e  t r a n s f o r m e r ' s  t a n k  and housing i n  a d d i t i o n  
t h e  n e u t r a l  bushing t h e  fo l lowing  : 

One n e u t r a l  g r o u n d i n g  indoor  r e a c t o r  r a t e d  0 .4  ohms on a  480 v o l t  
base  and 5 kA f o r  5 s e c o n d s .  T h i s  r e a c t o r  s h a l l  be s e l f - c o o l e d ,  
s e l f - s u p p o r t i n g  and  a r r a n g e d  t o  be  c o n n e c t e d  t o  t h e  g r o u n d i n g  
g r i d .  

The t r a n s f o r m e r  s h a l l  a l s o  be f u r n i s h e d  wi th  t h e  fo l lowing  i n s t r u m e n t s  
gauges and r e l a y s :  

M a g n e t i c  l i q u i d  l e v e l  g a u g e  w i t h  a l a r m  c o n t a c t s .  D i a l  t y p e  
thermometer w i t h  r e d  peak t e m p e r a t u r e  p o i n t e r  and  a l a r m  c o n t a c t s  
t o  measure t h e  t empera tu re  of t o p  l i q u i d .  

A c o m p l e t e  o i l  p r e s e r v a t i o n  s y s t e m  w i t h  a l l  r e q u i r e d  v a l v e s ,  
p r e s s u r e  and vacuum gauges.  

One t r a n s f o r m e r  t a n k  g r o u n d i n g  pad on t h e  b a c k  and  o n e  on t h e  
f r o n t  s i d e  o f  t h e  t r a n s f o r m e r  tank.  

P r o v i s i o n s  f o r  j ack ing .  

L i f t i n g  l u g s  and eyes .  

I n s t r u c t i o n  n a m e p l a t e  - s t a i n l e s s  s t e e l  - mounted on t r a n s f o r m e r  
t ank .  

S e c t i o n  17 - 600 V o l t  Outdoor Metal  Enclosed Bus 

The 600 v o l t  o u t d o o r ,  t o t a l l y  m e t a l  e n c l o s e d ,  3  phase ,  3 w i r e  n o n s e g r e -  
g a t e d ,  s e l f -  c o o l e d  bus  s h a l l  be des igned ,  manufactured and t e s t e d  i n  accord- 
ance w i t h  t h e  a p p l i c a b l e  ANSI s t a n d a r d  f o r  s w i  t c h g e a r  a s s e m b l i e s  , i n c l u d i n g  
m e t a l  e n c l o s e d  b u s  C37.23. I t  s h a l l  be used t o  connect  each 6.91.48 kV load  
c e n t e r  power t r a n s f o r m e r  t o  i t s  a s s o c i a t e d  480 v o l t  d o u b l e  e n d e d  s w i t c h g e a r ,  
l o c a t e d  i n  t h e  e l e c t r i c  equipment room. See Drawings Nos. EE-101 and EE-102. 

D e s c r i p t i o n  of The Non-Segregated Bus 

Conductor 
High c o n d u c t i v i t y  copper extruded i n  s q u a r e  tube  channel .  

Enc losure  
T o t a l  e n c l o s e d ,  s e l f -  suppor t ing ,  weatherproof  e n c l o s u r e  f o r  an outdoor  
l o c a t i o n .  See Drawing No. EE-102. 



I n s u l a t o r s  
P o r c e l a i n  i n s u l a t o r s ,  r a t e d  600 v o l t s  and b o l t e d  t o  t h e  suppor t  member 
o f  t h e  enc losure .  

S i l v e r  P l a t i n g  
The conductor  s u r f a c e s  s h a l l  be s i l v e r e d  f o r  b o l t e d  connec t ions .  

Grounding 
The bus  e n c l o s u r e  s h a l l  be  f u r n i s h e d  w i t h  copper  grounding c o n n e c t i o n  
pads a t  each end o f  t h e  bus .  A l l  gaske ted  c o n n e c t i o n s  s h a l l  b e  s h u n t e d  
by a No. 2  AWG copper  conductor .  

Conductor I n s u l a t i o n  
The conduc tors  s h a l l  be b a r e  copper .  

F i n i s h  
A l l  e n c l o s i n g  s u r f a c e s  s h a l l  be s h o t  b l a s t e d  t o  a s s u r e  a  uniform, c l e a n  
p a i n t i n g  s u r f a c e ,  followed by a  z i n c  chromate pr imer  and t h e n  two c o a t s  
o f  an  a i r  d r y  l a c q u e r .  # 

The bus  s h a l l  be r a t e d  a s  fo l lows :  

Nominal Vo 1 t a g e  Rat ing 600 V o l t s  
Nominal Current  Ra t ing  1600 Amperes 
Number of Conductors 3  
Number of Phases 3  
Momentary Shor t  C i r c u i t  Withstand 30 kA 
Temperature Rise  65°C above 40°C Ambient 
Number of Bus Runs 2  

The number o f  elbows, t e r m i n a t i n g  boxes and l e n g t h  o f  t h e  b u s  s e c t i o n s  s h a l l  
be  i n  accordance w i t h  Drawing No. EE-102. 

The 600 v o l t  bus  s h a l l  be i n s t a l l e d  o u t d o o r s .  

S e c t i o n  18 - 480 V o l t  Switchnear  (Double Ended Load C e n t e r )  

The 480 v o l t  swi tchgear  assembly s h a l l  be drawout c i r c u i t  b r e a k e r  e q u i p -  
ment conforming t o  NEMA S tandards  SG-3 & 92-5, and ANSI C-36.01 and C37.20. 

The swi tchgear  s h a l l  be r a t e d  480 v o l t s ,  t h r e e  phase ,  t h r e e  w i r e ,  60  Hz, 2000  
a m p e r e s .  B u s s i n g  s h a l l  be c o p p e r  and s h a l l  be  b r a c e d  t o  t h e  s h o r t  c i r c u i t  
r a t i n g  o f  t h e  l a r g e s t  b r e a k e r .  The arrangement s h a l l  be double  ended a s  shown 
on Drawings Nos. EE-101 and E102.. 

Power c i r c u i t  b r e a k e r s  s h a l l  be  s t o r e d  energy  t y p e ,  e l e c t r i c a l l y  o p e r a t e d ,  
a i r  c i r c u i t  b r e a k e r s ,  complete w i t h  s t a t i c  t r i p  u n i t  w i t h  l o n g - t i m e ,  s h o r t -  
t i m e ,  i n s t a n t a n e o u s  and i n t e g r a l  ground f a u l t  p r o t e c t i o n .  The 480 v o l t  f e e d e r  
b r e a k e r s  s h a l l . b e . f u r n i s h e d  wi thou t  a n  i n s t a n t a n e o u s  t r i p  u n i t .  The b r e a k e r s  



s h a l l  have t h e  fo l lowing  r a t i n g s  a t  480 v o l t s :  

Continuous R a t i n g  - Amps S h o r t  C i r c u i t  R a t i n g  - Amps. Sym. 

The b u s  t i e  b reaker  s h a l l  have au tomat ic  throw-over c o n t r o l .  The main and t i e  
b r e a k e r s  o f  t h e  swi tchgear  assembly s h a l l  be e l e c t r i c a l l y  i n t e r l o c k e d  t o  p e r -  
m i t  no more than two of t h e  t h r e e  b r e a k e r s  t o  be c l o s e d  a t  one t ime.  A l l  con- 
t r o l s  s h a l l  be l o c a l .  The i n c o m i n g  s e c t i o n  s h a l l  accommodate 1600  a m p e r e  
non-segregated copper bus duc t  . 
A w a t t h o u r  m e t e r ,  i n d i c a t i n g  ammeter, i n d i c a t i n g  v o l t m e t e r  and u n d e r v o l t a g e  
r e l a y  w i t h  a s s o c i a t e d  c u r r e n t  t r a n s f o r m e r s ,  p o t e n t i a l  t r a n s f o r m e r s  a n d  
s e l e c t o r  swi tches  s h a l l  be provided f o r  each 480 v o l t  bus s e c t i o n .  

A f u l l  l e n g t h  copper ground bus  s h a l l  be provided.  

The number and t h e  ampere  r a t i n g  of e a c h  i n c o m i n g ,  o u t g o i n g  and  b u s  t i e  
b reaker  f o r  t h e  480 v o l t  s w i t c h g e a r  a s s e m b l y  s h a l l  be i n  a c c o r d a n c e  w i t h  
Drawing No. EE-101. 

S e c t i o n  19 - 480 V o l t  Motor C o n t r o l  C e n t e r s  

Motor c o n t r o l  c e n t e r s  s h a l l  be  NEMA C l a s s  11, T y p e  B w i r i n g .  T h e  
e n c l o s u r e  s h a l l  be NEMA Type I. The r a t i n g  s h a l l  be 480 v o l t s ,  t h r e e  phase ,  
t h r e e  w i r e ,  60  H e r t z  w i t h  600 ampere  m a i n  c o p p e r  b u s ,  b r a c e d  f o r  2 2 , 0 0 0  
amperes symmetrical  minimum, s h o r t  c i r c u i t  du ty .  

V e r t i c a l  s e c t i o n s  s h a l l  be f r e e  s t a n d i n g  s e l f - s u p p o r t i n g ,  d e a d  f r o n t ,  d e a d  
r e a r  s t r u c t u r e s  a p p r o x i m a t e l y  20 i n c h e s  wide, 11 i n c h e s  deep,  and 90  i n c h e s  
h i g h ,  c o n f o r m i n g  t o  NEMA S t a n d a r d  ICS-1. Each  v e r t i c a l  s e c t i o n  s h a l l  b e  
c o m p l e t e  w i t h  f u l l  l e n g t h  v e r t i c a l  and  h o r i z o n t a l  copper buses  and w i r i n g  
t roughs  which match and l i n e  up w i t h  a d j a c e n t  s e c t i o n s .  Each  s e c t i o n  s h a l l  
c o n t a i n  no t  mare t h a n  f i v e  ( 5 )  s i z e  1 o r  2  s t a r t e r s  o r  e q u i v a l e n t .  

Uni t  compartments f o r  motor and o t h e r  f e e d e r  c i r c u i t s  through s i z e  4  s t a r t e r s  
a n d  400  ampere  c i r c u i t  b r e a k e r s  s h a l l  be of t h e  plug-in t y p e  r e a d i l y  removed 
from t h e  f r o n t  . 
Each  motor  s t a r t e r  c u b i c l e  s h a l l  c o n s i s t  of a combinat ion magnet ic  c o n t a c t o r  
w i t h  over loads ,  a  molded c a s e ,  magnet ic  t r i p  on ly  c i r c u i t  b r e a k e r ,  a  4801120 
v o l t  c o n t r o l  p o w e r  t r a n s f o r m e r ,  a r e d  i n d i c a t i n g  l i g h t  and  s t a r t - s t o p  
pushbut tons .  

Each  c o n t r o l  power t r a n s f o r m e r  s h a l l  be s i z e d  f o r  t h e  n e x t  l a r g e r  NEMA s i z e d  
s t a r t e r .  

E a c h  m o t o r  s t a r t e r  s h a l l  a l s o  be  w i r e d  f o r  a  r e m o t e l y  l o c a t e d  c o n t r o l  
s e c t i o n .  



E a c h  m a n u a l l y  o p e r a t e d  c i r c u i t  b r e a k e r ' s  s h o r t  c i r c u i t  r a t i n g  a t  480 v o l t s  
s h a l l  .be a t  l e a s t  22,000 amperes symmetr ica l .  

T h e  n u m b e r ,  a r r a n g e m e n t ,  a m p e r e  r a t i n g  a n d  s t a r t e r  s i z e  s h a l l  be  i n  
, accordance  w i t h  Drawings Nos. EE-101 and EE-102. 

S e c t i o n  20 - B a t t e r y  P a n e l s  and 125 V o l t  D.C .  System 

The b a t t e r y  pane l  s h a l l  c o n s i s t  o f  o n e  2  p o l e  molded  c a s e  a i r  c i r c u i t  
b r e a k e r  w i t h  a  t h e r m a l  m a g n e t i c  t r i p  mounted  i n  a  common NEMA 1 s t e e l  
e n c l o s u r e .  

The c i r c u i t  b r e a k e r  s h a l l  be  o p e r a b l e  by e x t e r n a l  l o c k a b l e  hand le  w i t h  open 
and c l o s e d  p o s i t i o n  i d e n t i f i e d  on t h e  door.  The c i r c u i t  b r e a k e r  s h a l l  c o n f o r m  
t o  F e d e r a l  S p e c i f i c a t i o n  W-C-375. . A l l  components s h a l l  be UL l i s t e d .  

125 V o l t  S t a t i o n  B a t t e r y  

The s t o r a g e  b a t t e r y  s h a l l  c o n s i s t  o f  s i x t y  ( 6 0 )  c e l l s  w i t h  a  nominal  
r a t i n g  of 320 ampere-hours and a  nominal o u t p u t  of  125 v o l t s ,  mounted  i n  
a  t h r e e  t i e r  r a c k .  The b a t t e r y  c e l l s  s h a l l  be t h e  s e a l e d  lead-acid  c a l -  
cium assembled i n  a  h e a t  r e s i s t a n t  s h o c k  a b s o r b i n g  c l e a r  p l a s t i c  con-  
t a i n e r .  The c e l l  d e s i g n  s h a l l  p r o v i d e  f o r  a d e q u a t e  s e d i m e n t  f o r  t h e  
normal l i f e  of t h e  c e l l ,  and e l e c t r o l y t e  l e v e l  l i n e s  s h a l l  b e  c l e a r l y  
marked on t h e  c o n t a i n e r .  

I n t e r c e l l  c o n n e c t o r s  s h a l l  be l e a d - p l a t e d  copper .  

The b a t t e r y  s h a l l  be  f u r n i s h e d  w i t h  a  t h r e e  t i e r ,  Uniform Bui ld ing  Code 
Zone  3  t y p e  s t e e l  r a c k  f i n i s h e d  w i t h  t w o  c o a t s  o f  e p o x y  b a s e  
a c i d - r e s i s t a n t  p a i n t .  

B a t t e r y  Charger  

The b a t t e r y  c h a r g e r  s h a l l  be of  t h e  s o l i d  s t a t e  c o n s t a n t  p o t e n t i a l  type  
w i t h  a r e g u l a t e d  u u t p u r  v o l t a g e  s t a b i l i t y  o f  1% from z e r o  t o  f u l l  
n o m i n a l  c u r r e n t  r a t i n g  o v e r  a n  i n p u t  v o l t a g e  v a r i a t d o n  o f  10%. The 
i n p u t  s h a l l  be 480 v o l t s ,  60 H e r t z ,  3  phase A.C. The o u t p u t  s h a l l  be  200 
a m p e r e s ,  1 3 0  v o l t s  D . C .  nom.ina1. S e p a r a t e  FLOAT a n d  EQUALIZE v o l t  
ad jus tments  s h a l l  be provided.  F e a t u r e s  s h a l l  i n c l u d e  t h e  fo l lqwing :  

1 - FLOATIEQUALIZE s e l e c t o r  swi tch  

1 - Output ammeter and v o l t m e t e r ,  2% 

1 - "AC O N "  lamp 

1 - AC powcr l o s s  a larm relay 

1 - Low DC v o l t a g e  a larm r e l a y  

1 - High DC v u l t a g e  a larm r e l a y  



1 - Low DC c u r r e n t  a larm r e l a y  

1 - Ground d e t e c t i o n  s w i t c h  u s i n g  o u t p u t  v o l t m e t e r  

1 - "EQUALIZE ON" lamp 

S e c t i o n  21 P u b l i c  Address  System 

T h e  f o l l o w i n g  p u b l i c  a d d r e s s , s y s t e m  s h a l l  b e  a d d e d  t o  t h e  e x i s t i n g  
p u b l i c  a d d r e s s  s y s t e m  a s  r e q u i r e d  t o  p r o v i d e  t h e  t e s t  f a c i l i t y  w i t h  a n  
adequa te  sys tem.  

Power A m p l i f i e r  (Four Required)  

Output 
Frequency response  
Load v o l t a g e  
C o n t r o l  
I n p u t  power source  
A u x i l i a r y  o u t p u t  

Mounting t y p e  
Enc losure  
I n p u t  . 

S o l i d  S t a t e ,  t e m p e r a t u r e  
s t a b i l i z e d  
200 w a t t s  nus 
20 t o  20,000 Hz +1 db - 
25 and 70 v o l t s  
i n p u t  l e v e l  c o n t r o l  
105-125 v o l t s ,  60  Hz . 
28 v o l t s  D.C. a t  50 ma 
m ax  imum 
19-inch wide r a c k  mounting 
V e n t i l a t e d  w a l l  hung 
Prov ide  i n p u t  t r a n s f o r m e r  t o  
match preamp1 i f  i e r  

P r e a m p l i f i e r  (Four  Requ i red)  

Remote p r e a m p l i f i e r ,  d e s i g n e d  f o r  o u t l e t  box mounting n e a r  microphone 
s t a t i o n ,  t o  i n c l u d e  microphone r e c e p t a c l e  and volume c o n t r o l  mounted  i n  
f a c e .  

Gain 
I n p u t  impedance 
Load impedance 
Output l e v e l  
Frequency response  
I n p u t  power s o u r c e  

60 db 
150/200 ohms 
600 ohms 
+8 dbm 
100-15,000 Hz - +2 db 
5 mA @ 24 VDC 

Microphone (One Required)  

F u r n i s h  wi th  1 5  f e e t  o f  c a b l e  and d e s k  s t a n d .  

TY pe C r y s t a l  
P a t  t e r n  Cardiod 
Frequency range  40 t o  15,000 Hz 
Output l e v e l  . -55 db 
Impedance Low (150 ohms) 



S ~ e a k e r s  & Horns 

~ o r n s '  r e q u i r e d  indoor  
Horns r e q u i r e d  o u t d o o r  
Speakers  r e q u i r e d  indoor  

I n d o o r  h o r n s  s h a l l  b e  d i r e c t i o n a l  w i t h  b u i l t - i n  t a p p e d ,  m a t c h i n g  
t r a n s f o r m e r  f o r  70 v o l t  l i n e  a s  f o l l o w s :  

Power r a t i n g  
Frequency response  
Sound p r e s s u r e  l e v e l  

D i s t r i b u t i o n  
Mounting 
Transformer  t a p s  

3 0  w a t t s  f u l l  ' range 
250 - 13,000 Hz 
123 db a t  4 f e e t  on a x i s  
w i t h  30 w a t t s  
100" 
Three-way a d j u s t a b l e  
1.8,  3 .7 ,  7.5, 15 ,  3 0  w a t t s  

O u t d o o r  h o r n s  s h a l l  be  s i m i l a r  t o  i n d o o r  h o r n s ,  e x c e p t  t h e y  s h a l l  be 
weatherproof  and have approximate ly  120" x 60" d i s t r i b u t i o n .  

S p e a k e r s  f o r  u s e  i n  o f f i c e s  and c o r r i d o r  a r e a s  s h a l l  be permanent magnet 
t y p e  mounted i n  a  s loped  f r o n t ,  w a l l  mount ing,  v i n y l  f i n i s h  b a f f l e  , com- 
p l e t e  w i t h  7 0  v o l t  m a t c h i n g  t r a n s f o r m e r .  S p e a k e r  r a t i n g  s h a l l  be as 
fo l lows  : 

Power r a t i n g  
S i z e  and t y p e  
Frequency response  
Transformer  t a p s  

15  w a t t s  
8-inch PM t y p e  
250-13,000 Hz 
112 ,  1, 2, 4 w a t t s  

S e c t i o n  22 - 7.5 kV and 600 V o l t  Power C a b l e s  

The 7.5 kV power c a b l e s  s h a l l  b e  d e s i g n e d ,  m a n u f a c t u r e d  a n d  t e s t e d  i n  
a c c o r d a n c e  w i t h  t h e  l a t e s t  a p p l i c a b l e  IPCEA s t a n d a r d s  f o r  "EPA" o r  "XLP" 
i n s u l a t e d ,  s h i e l d e d ,  s i n g l e  o r  t h r e e  conductor  power c a b l e s ,  w i t h  a  "PVC" o r  
neoprene o u t e r  j a c k e t .  

The 7 .5  kV power c a b l e s  s h a l l  be r a t e d  a s  f o l l o w s :  

Conductor m a t e r i a l  
I n s u l a t i o n  m a t e r i a l  
Outer  j a c k e t  m a t e r i a l  

.Nominal  c i r c u i t  v o l t a g e  
S h i e l d i n g  m a t e r i a l  
Conductor t empera tu re  
I n s u l a t i o n  l e v e l  system 

S t randed  copper  
"EPR" o r  "XLP" 
"PVC" o r  Neoprene 
6 .9  kV 
Copper t a p ,  l apped  
90 "C 
100% - 7 .5  kV grounded 

T h e  6 0 0  v o l t  p o w e r .  c a b l e s  s h a l l  b e  d e s i g n e d ,  m a n u f a c t u r e d  a n d  t e s t e d  
accordance w i t h  t h e  l a t e s t  a p p l i c a b l e  IPCEA s t a n d a r d s  f o  r 600 v o l t  power 
c a b l e s  w i t h  copper conduc to r s  and "EPR" o r  "XLP" i n s u l a t i o n .  



The 600 v o l t  power c a b l e s  s h a l l  be r a t e d  a s  f o l l o w s :  

Conductor m a t e r i a l  
I n s u l a t i o n  m a t e r i a l  
Nominal - c i r c u i t  v o l t a g e  
Conductor t empera tu re  
I n s u l a t i o n  l e v e l  

St randed copper  
"EPR" o r  "XLP" 
480 v o l t s  
98 "C 
100% 

E a c h  power c a b l e  c i r c u i t ,  i n c l u d i n g  7.5 kV and 600 G o l t  power c i r c u i t ,  s h a l l  
be i n s t a l l e d  i n  i t s  i n d i v i d u a l  c o n d u i t ,  whi'ch s h a l l  be  c o m p l e t e  w i t h  i t s  
i n d i v i d u a l  p u l l  boxes and t e r m i n a t i n g  c a b i n e t s .  

The above power c a b l e s  s h a l l  be i n s t a l l e d  underground i n  PVC and  g a l v .  s t e e l  
c o n d u i t s .  They s h a l l  a l s o  be  i n s t a l l e d  a b o v e  g r o u n d ,  b o t h  o u t d o o r s  a n d  
i n d o o r s ,  i n  exposed g a l v .  s t e e l  c o n d u i t s .  

The 7 . 5  kV c a b l e s  s h a l l  be i n s t a l l e d  i n  a  6 .9  kV power system w i t h  a  grounded 
n e u t r a l  and i n  a  6 .9  kV d e l t a  connected ungrounded power system. The 600 v o l t  
p o w e r  c a b l e s  s h a l l  b e  i n s t a l l e d  i n  power s y s t e m s  w i t h  t h e i r  n e u t r a l s  
grounded . 

S e c t i o n  23 - C o n t r o l  and I n s t r u m e n t a t i o n  Cables  

The c o n t r o l  and i n s t r u m e n t a t i o n  c a b l e s  s h a l l  be  d e s i g n e d ,  m a n u f a c t u r e d  
and  t e s t e d  i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  a p p l i c a b l e  IPECA s t a n d a r d s  f o r  non- 
flammable i n s u l a t e d ,  s h i e l d e d  and  n o n s h i e l d e d ,  s i n g l e  and  m u l t i - c o n d u c t o r  
c o n t r o l  and i n s t r u m e n t a t i o n  c a b l e s .  

The c o n t r o l  and i n s t r u m e n t a t i o n  c a b l e s  s h a l l  be r a t e d  a s  fo l lows :  

C o n t r o l  Cab les  - S i n e l e  & Multi-Conductor 

Design v o l t a g e  600 v o l t s  
Nominal c i r c u i t  v o l t a g e  v o l t s  A.C. 125 v o l t s  D .C .  o r  120 
I n s u l a t i o n  m a t e r i a l  o r  approved e q u a l  Non-flammable - Tef c e l  
Conductor t empera tu re  90°C 
Conductor s i z e  minimum, excep t  

f o r  l?.T & C.T. l e a d s  No. 14 AWG 
Conductor s i z e ,  minimum f o r  P.T. & C.T. l e a d s  No. 10 AWG 

I n s t r u m e n t  c a b l i n g  s h a l l  be c l a s s i f i e d  i n  accordance w i t h  c u r r e n t  c a p a c i t y  
and i n s u l a t i o n .  

A l l  i n s t r u m e n t  c a b l i n g  s h a l l  c o n t a i n  a n  o v e r a l l  s h i e l d ,  g r o u n d e d  a t  o n e  
p o i n t .  

The c o n t r o l  and  i n s t r u m e n t a t i o n  c a b l e s  s h a l l  meet t h e  requ i rements  f o r  "TC" 
c a b l e  t r a y  c a b l e s  and  s h a l l  be a p p r o v e d  f o r  i n s t a l l a t i o n  i n  l a d d e r  t y p e  
g a l v a n i z e d  s t e e l  c a b l e  t r a y s .  These c a b l e s  s h a l l  be i n s t a l l e d  underground i n  
"PVC" and g a l v .  s t e e l  c o n d u i t s .  They s h a l l  b e  i n s t a l l e d  a b o v e  g r o u n d ,  b o t h  ' 
o u t d o o r s  and  i n d o o r s ,  i n  exposed  ga lvan ized  s t e e l  c o n d u i t s ;  a l s o  i n d o o r s  i n  
g a l v .  s t e e l .  l a d d e r  t y p e  c a b l e  t r a y s .  



S e c t i o n  24 - Groundinn Svstem 

A l l  e l e c t r i c  e q u i p m e n t  w i t h i n  t h e  s w i t c h y a r d ,  t r a n s f o r m e r  s t a t i o n  and 
e l e c t r i c  equipment room s h a l l  be c o n n e c t e d  t o  t h e  e x i s t i n g  g r o u n d i n g  g r i d ,  
u s i n g  c o p p e r  t e e  b o l t s  a t  t h e  equipment,  a  No. 410 s t r a n d e d  b a r e  copper c a b l e  
and a  cadwelded connect ion a t  t h e  grounding g r i d .  

A l l  e l e c t r i c  m o t o r s ,  a l l  s t e e l  s u p p o r t  s t r u c t u r e s  i n  t h e  s w i t c h y a r d  a n d  
t rans former  s t a t i o n  a r e a ,  a l l  s t e e l  b u i l d i n g  c o l u m n s ,  t r a n s f o r m e r  n e u t r a l  
g r o u n d i n g  r e a c t o r s  and  r e s i s t o r s  a n d  a l l  s w i t c h g e a r  g r o u n d  b u s  s h a l l  be  
connected t o  t h e  grounding g r i d  a s  o u t l i n e d  above. 

A l l  c o p p e r  g r o u n d  c a b l e s  s h a l l  be  i n s u l a t e d  and  i n s t a l l e d  i n  s e a l e d  PVC 
c o n d u i t ,  when l o c a t e d  u n d e r g r o u n d  w i t h i n  2 5  f e e t  o f  a n y  uninsn1.a te .d  s t e e l  
( i r o n )  t a n k s ,  v e s s e l s ,  p i p i n g  o r  s t r u c t u r a l  s t e e l  n o t  encased i n  c o n c r e t e .  
Any underground bonding o f  copper t o  s t e e 1  must be f u l l y  , i n s u l a t e d .  

S e c t i o n  2 5  - P r o t e c t i v e  R e l a y s ,  I n d i c a t i n g  and Recording I n s t r u m e n t s ,  
I n d i c a t i n g  L i g h t s ,  C o n t r o l  and I n s t r u m e n t  Swi tches  

The p r o t e c t i v e  r e l a y s ,  i n d i c a t i n g  and r e c o r d i n g  i n s t r u m e n t s ,  i n d i c a t i n g  
l i g h t s ,  and c o n t r o l  and ins t rument  s w i t c h e s  s h a l l  be f u r n i s h e d  i n s t a l l e d  o n  
t h e  s t e e l  r e l a y  and c o n t r o l  p a n e l s  t o  be i n s t a l l e d  i n  t h e  main c o n t r o l  room. 

P r o t e c t i v e .  R e l a y s  

P r o t e c t i v e  r e l a y s  s h a l l  b e  f u r n i , s h e d  w i t h  s e m i - f l u s h ,  d r a w o u t  o r  
f l e x i t e s t  c a s e s ,  w i t h  c u r r e n t  t r a n s f o r m e r  s h o r t i n g  a n d  p o t e n t i a l  
t r a n s f o r m e r  o p e n i n g  d e v i c e s  a r ranged  f o r  mounting on t h e  c o n t r o l  p a n e l s  
i n  t h e  m a i n  c o n t r o l  room. The t y p e s  o f  r e l a y s  and  t h e i r  f e a t u r e s  o r  
purpose s h a l l  be: 

T r a n s f o r m e r  d i f f e r e n t i a l  r e l a y s  - e a c h  w i t h  a  t a p  plug f o r  s l o p e  
percen tages  of 15,  25 o r  40 and a  h a r m o n i c - c u r r e n t  r e s t r a i n t ,  f o r  
main t r a n s f o r m e r ' s  d i f f e r e n t i a l  r e l a y i n g  system. 

I n v e r s e  t ime o v e r c u r r e n t  r e l a y s  - t o  provide backup  p r o t e c t i o n  f o r  
t h e  main t r a n s f o r m e r ' s  d i f f e r e n t i a l  r e l a y i n g  system. 

Hand r e s e t  lockout  a u x i l i a r y  t r i p p i n g  r e l a y .  

Ground a l a r m  r e l a y  - t o  a l a r m  a  phase- to-ground c o n d i t i o n  i n  t h e  
c i r c u l a t o r '  s main d r i v e  synchronous motor.  

O v e r  a n d  u n d e r  v o l t a g e  a l a r m  r e l a y s  c o n n e c t e d  t o  6 . 9  1cV b u s  
p o t e n t i a l  t r a n s f o r m e r s .  

Over and  u n d e r  v o l t a g e  a l a r m  r e l a y s  c o n n e c t e d  to, t h e  .48 kV bus  
p o t e n t i a l  t r a n s f o r m e r s .  

O t h e r  r e q u i r e d  p r o t e c t i v e  r e l a y s  and p r o t e c t i v e  f u s e s  have been included 
w i t h  t h e  7.5  kV and 480 v o l t  s w i t c h g e a r  u n i t s .  



I n d i c a t i n g  and  R e c o r d i n g  1 n s  t r u m e n t s ,  I n d i c a t i n g  L i g h t s ,  C o n t r o l  and  
Ins t rument  Swi tches  

Switchboard type ammeters, i n d i c a t i n g  : 

1 p h a s e  o f  t h e  480 v o l t  f e e d e r  f r o m  t h e  6 .91 .48  kV l o a d  c e n t e r  
t r a n s f o r m e r s ,  wi th  an ammeter s e l e c t o r  swi tch .  

Each phase o f  t h e  incoming 138 kV power. 

Each p h a s e  o f  t h e  6 . 9  kV f e e d e r s  t o  t h e  c i r c u l a t o r ' s  main d r i v e  
m o t o r  b o t h  f r o m  t h e  d e l t a  w i n d i n g  and  wye w i n d i n g  o f  t h e  m a i n  
t rans former .  

1 p h a s e  o f  t h e  480 '  v o l t  f e e d e r  t o  t h e  480 v o l t  pony motor ,  w i t h  a n  
amneter s e l e c t i o n  swi tch .  

S i n g l e  phase swi tchboard type v o l t m e t e r s ,  i n d i c a t i n g  : 

Each phase of t h e  incoming 138 kV power. 

Each p h a s e  of t h e  6 . 9  kV power t o  t h e  c i r c u l a t o r ' s  main d r i v e  
motor 

The s e c o n d a r y  v o l t a g e  of t h e  n e u t r a l  grounding t r a n s f o r m e r  f o r  
t h e  c i r c u l a t o r ' s  main d r i v e  motor,  w i t h  two ranges ;  and s w i t c h .  

The  v o l t a g e  o f  e a c h  . 4 8  kV b u s ,  s u p p l y i n g  p o w e r  t o  t h e  
a u x i l i a r i e s ,  w i t h  a  v o l t m e t e r  swi tch .  

1- S i n g l e  p h a s e  s w i t c h b o a r d  t y p e  r e c o r d i n g  v o l t m e t e r ,  
i n d i c a t i n g  one  p h a s e  o f  t h e  i n c o m i n g  1 3 8  kV p o w e r ,  w i t h  a 
v o l t m e t e r  phase s e l e c t i o n  swi tch .  

The Fol lowing A d d i t i o n a l  I n s t r u m e n t s  f o r  t h e  C i r c u l a t o r ' s  Main Motor 

2- T h r e e  P h a s e  s w i t c h b o a r d  t y p e  wat thour  mete r ,  one from t h e  main 
t r a n s f o r m e r ' s  d e l t a  winding and one from i t s  wye winding.  

2- Three  phase ,  swi tchboard type  power f a c t o r  meter .  

2- S i n g l e  phase,  swi tchboard t y p e  wat tmete r .  

1- S i n g l e  phase ,  swi tchboard type record ing  v o l t m e t e r ,  two speed.  

1- S i n g l e  phase,  swi tchboard t y p e  r e c o r d i n g  ammeter, two speed.  

1- Three  phase ,  swi tchboard type t o t a l i z i n g  wat thour  mete r .  

1- Two range,  f l u s h  mounted, swi tchboard t y p e  v o l t m e t e r  s w i t c h .  

2- One phase,  f l u s h  mounted, swi tchboard type ammeter swi tch .  



A d d i t i o n a l  Switchboard C o n t r o l  Devices  

F lush  mounted switchboard t y p e  c i r c u i t  b r e a k e r  c o n t r o l  s w i t c h e s ;  
e a c h  w i t h  two s w i t c h b o a r d  t y p e  i n d i c a t i n g  l i g h t s  (one  g r e e n ,  o n e  
r e d ) .  Each i n d i c a t i n g  l i g h t  a s s e m b l y  s h a l l  be f u r n i s h e d  c o m p l e t e  
w i t h  a  r e s i s t o r  and  a  lamp assembly f o r  o p e r a t i o n  i n  s e r i e s  a c r o s s  
a  125 v o l t  D.C. c i r c u i t .  

F l u s h  mounted,  swi tchboard t y p e ,  motor s t a r t e r  pushbut ton  s t a t i o n s ,  
each w i t h  two i n d i c a t i n g  l i g h t s  (one g r e e n  and one r e d ) ;  e a c h  i n d i -  
c a t i n g  l i g h t  assembly s h a l l  be f u r n i s h e d  w i t h  a  r e s i s t o r  and a  lamp 
assembly f o r  o p e r a t i o n  i n  s e r i e s  a c r o s s  a  120 v o l t  A. C.  c i r c u i t .  

S e c t i o n  26 - Raceway Systems and E n c l o s u r e s  

Condui ts  i n s t a l l e d  underground s h a l l  be encased i n  c o n c r e t e .  Underground  
c o n d u i t s  s h a l l  be  Schedule  40 PVC 2 i n c h  minimum'size,  excep t  f o r  s h o r t  r u n s  
t o  equipment,  which s h a l l  be PVC S c h e d u l e  4 0 ,  1 i n c h  minimum. A t  e q u i p m e n t  
t e r m i n a t i o n s ,  S c h e d u l e  40  PVC o r  r i g i d  s t e e l  c o n d u i t s  w i l l  be used.  For a l l  
underground c o n d u i t  r u n s ,  elbows s h a l l  be Schedule  40 PVC. 

C a b l e  i n  t h e  t e s t  f a c i l i t y  b u i l d i n g  f o r  c o n t r o l  and i n s t r u m e n t a t i o n  w i l l  be 
r u n  i n  c a b l e  t r a y s  w i t h  c o n n e c t i o n s  f r o m  t h e  t r a y  t o  e q u i p m e n t  and  d e v i c e s  
made w i t h  e x p o s e d  o r  c o n c e a l e d  r i g i d  s t e e l  c o n d u i t s  o r  i f  underground, i n  
Schedule 80 PVC c o n d u i t s .  Only c o n t r o l  and ins t rument  i n s t r u m e n t a t i o n  c a b l e s  
s h a l l  be i n s t a l . l e d  i n  c a b l e  t r a y s .  

C a b l e  t r a y s  s h a l l  be  l a d d e r - t y p e  w i t h  9 inch  rung s p a c i n g ,  f a b r i c a t e d  from 
ga lvan ized  s t e e l  o r  aluminum. 

A l l  c o n d u i t  r u n s  e x p o s e d  s h a l l  be ga lvan ized  r i g i d  s t e e l ,  314 i n c h  minimum, 
excep t  t h a t  f o r  l i g h t i n g  raceways i n s t a l l e d  i n d o o r s ,  e l e c t r i c  m e t a l l i c  t u b i n g  
s h a l l  b e  u s e d .  A l l  c o n d u i t s  e m b e d d e d  i n  s t r u c t u r a l  c o n c r e t e  s h a l l  b e  
ga lvan ized  r i g i d  s t e e l ,  o r  Schedule  80 PVC. 

E n c l o s u r e s  f o r  e q u i p m e n t  and  d e v i c e s  i n s t a l l e d  i n d o o r s  s h a l l  be NEMA 1 
gaske ted .  Enc losures  f o r  ou tdoor  i n s t a l l a t i o n s  s h a l l  be NEMA 3 .  

I 

S e c t i o n  27 - Indoor  and Outdoor L i g h t i n g  

The l i g h t i n g  c i r c u i t s  s h a l l  be f u r n i s h e d  power from t h e  l i g h t i n g  t r a n  s 
f o r m e r s  and t h e  l i g h t i n g  p a n e l s  w i t h  t h e  208-120 v o l t  A.C. and 125 v o l t  D.C. 
s e c t i o n s  a s  s p e c i f i e d  i n  t h e  d r y  t y p e  t r a n s f o r m e r  and t h e  pane lboards  o u t l i n e  
s p e c i f i c a t i o n s .  

The i n t e r i o r  l i g h t i n g  s y s t e m  s h a l l  p rov ide  l i g h t i n g  w i t h i n  a l l  a r e a s  of t h e  
b u i l d i n g  and  i t s  e n t r a n c e s ;  u s i n g  l i g h t i n g  f i x t u r e s  w i t h  f l u o r e s c e n t ,  
incandescent  and mercury lamps where f e a s i b l e ,  a s  f o l l o w s :  

Area 
Contol  Room 
Shop 

I l l u m i n a t i o n  Type of F i x t u r e  
100 f t  . c a n d l e s  F l u o r e s c e n t  
1 0 0  f t  . c a n d l e s  F l u o r e s c e n t  



Area 
Off i c e  

I l l u m i n a t i o n  . Type of F i x t u r e  
100 f t  . cand les  F l u o r e s c e n t  

Receiving and Prep.  Room 60 f t .  c a n d l e s  Mercury Vapor o r  Lucalox 
Tes t  P i t  ( a t  g r a d e )  60 f t  . c a n d l e s  Mercury Vapor o r  Lucalox 
Equipment Rooe 20 f t .  c a n d l e s  F l u o r e s c e n t  
T o i l e t  20 f t  cand les  F l u o r e s c e n t  
E x t e r i o r  Equipment Area 2-5 f t .  c a n d l e s  Mercury V a p o r , o r  Lucalox 
E x t e r i o r  over  doorways - Mercury Vapor o r  Lucalox 

High Bay Areas 60 f t .  c a n d l e s  Mercury Vapor o r  Lucalox 

The emergency l i g h t i n g  s h a l l  be i n c a n d e s c e n t  s o  t h a t  i t  may b e  s u p p l i e d ,  b y  
e i t h e r  t h e  s t a t i o n  b a t t e r y  o r  an  A.C. l i g h t i n g  t r a n s f o r m e r .  

L i g h t i n g  f i x t u r e  mounting h e i g h t  and spac ing  s h a l l  n o t  exceed t h e  m a n u f a c t u r -  
e r ' s  recomendations,  excep t  where p h y s i c a l  r equ i rements  f o r c e  some d e v i a t i o n .  

The ou tdoor  l i g h t i n g  system s h a l l ' p r o v i d e  l i g h t i n g  i n  t h e  c o o l i n g  w a t e r  a i r  
c o o l e r s  a r e a ,  i n  t h e  pumping s t a t i o n s ,  i n  t h e  swi tchyard  and on a l l  roadways. 
The g e n e r a l  methods f o r  l i g h t i n g  t h e s e  a r e a s  s h a l l  be a s  fo l lows .  

Cool ing Water A i r  C o o l e r s  and Pumping S t a t i o n  

Outdoor mercury o r  Lucalox f l o o d l i g h t i n g ,  a d j u s t a b l e  f i x t u r e s  s u p p o r t e d  
b y  a luminum, t a p e r e d ,  p e d e s t a l  type p o l e s  w i t h  s i n g l e  and double  arms. 
Outdoor, incandescen t ,  v a p o r - t i g h t  f l o o d l i g h t i n g  f i x t u r e s  s u p p o r t e d  b y  
a luminum,  t apered  p e d e s t a l  type p o l e s .  These f i x t u r e s  s h a l l  be connected 
t o  t h e  emergency l i g h t i n g  c i r c u i t s .  

Switchyard 

O u t d o o r ,  M e r c u r y  s u b s t a t i o n  t y p e  l u m i n a i r s ,  s u p p o r t e d  b y  aluminum 
t a p e r e d  p e d e s t a l  t y p e  p o l e s  ; w i t h  m e r c u r y  t y p e  f l o o d l i g h t i n g  u n i t  s 
m o u n t e d  l o w e r  o n  t h e  s u p p o r t i n g  p o l e s  t h a n  t h e  s u b s t a t i o n  t y p e  
l u m i n a i r s .  The s u b s t a t i o n  l u m i n a i r s  a r e  f o r  l i g h t i n g  t h e  t o p s  o f  t h e  
e l e c t r i c  power equipment,  whi le  t h e  mercury f l o o d  l i g h t i n g  . u n i t s  a r e  f o r  
g e n e r a l  l i g h t i n g  requ i rements  a t  t h e  g r a d e  l e v e l .  

Roadways and P a r k i n g  Areas  

O u t d o o r  L u c a l o x  roadway l i g h t i n g  f i x t u r e s ,  c o n t r o l l e d  by p h o t o - e l e c t r i c  
c o n t r o l l e r s  and suppor ted  by a luminum, s t r a i ' g h t  p o l e s  w i t h  s i n g l e  a n d  
double arms. 

The o u t d o o r  l i g h t i n g  f i x t u r e s  mounting h e i g h t s ,  s p a c i n g s  and a r e a s  cover  
s h a l l  n o t  e x c e e d  t h e  m a i l u l a c t u r e r ' s  r e c o m m e n d a t i o n s  a n d  t h e  l i g h t  
i n t e n s i t i e s  s h a l l  be  a t  l e a s t  e q u a l  t o  t h e  minimum recommended by t h e  
I l l u m i n a t i n g  Engineer ing S o c i e t y .  

S e c t i o n  28 - Dry Type Transformers  

L i g h t i n g  t r a n s f o r m e r s  s h a l l  be two winding 60 H e r t z ,  t h r e e  p h a s e ,  gen-  
e r a l  p u r p o s e ,  d r y  t y p e  i n  v e n t i l a t e d  e n c l o s u r e s  f o r  indoor  u s e ;  w i t h  c l a s s  



H-80 o r  b e t t e r  i n s u l a t i o n . .  T r a n s f o r m e r s  s h a l l  conform t o  ANSI C89.1, NEMA 
STI-4, and UL-506, and s h a l l  be r a t e d  a s  shown on Drawing No. EE-101. E a c h  
r a t e d  a t  45 KVA. 

I n s t r u m e n t a t i o n  t r a n s f o r m e r s  s h a l l  be a s  above excep t  t h e  t r a n s f o r m e r s  s h a l l  
have a n  e l e c t r o s t a t i c  s h i e l d  between t h e  p r i m a r y  and  s e c o n d a r y  w i n d i n g .  The  
t r a n s f o r m e r s  s h a l l  b e  rate,d 2 5  K V A ,  480-1201240 v o l t s ,  s i n g l e  phase ,  t h r e e  
w i r e ,  60 Her tz .  

The r e q u i r e d  number of t h e  v a r i o u s  d r y  type  t r a n s f o r m e r s  i s  a s  f o l l o w s :  

Type 
L i g h t i n g  Transformers  
I n s t r u m e n t a t i o n  Transformers  

Requ i red  Number 
2  
2  

S e c t i o n  29 - Pane lboards  

A l l  p a n e l b o a r d s  s h a l l  b e  UL l i s t e d ,  d e a d - f r o n t  c o p p e r  bus t y p e ,  and 
s h a l l  conform t o  F e d e r a l  S p e c i f i c a t i o n  W-P-155a, Type I ,  C l a s s  1. C i r c u i t  
b r e a k e r s  s h a l l  be  b o l  t -on  t y p e ,  10,000 amperes i n t e r r u p t i n g  r a t i n g  minimum, 
and  s h a l l  c o n f o r m  t o  F e d e r a l  S p e c i f i c a t i o n  W-C-375. N e u t r a l  b u s e s  where  
s p e c i f i e d ,  s h a l l  b e  i n s u l a t e d  f rom t h e  e n c l o s u r e .  An equipment ground bus  
s h a l l  be provided i n  a l l  pane lboards .  

L i g h t i n g  p a n e l b o a r d s  s h a l l  be  c o m b i n a t i o n  p a n e l s  w i t h  l o c k a b l e  door 
c o n s i s t i n g  of  t h r e e  s e c t i o n s  a s  f o l l o w s :  

1 2 0 1 2 0 8  v o l t ,  3 p h a s e ,  3 w i r e ,  225 ampere  c o p p e r  b u s ,  s o l i d  n e u t r a l  
w i t h  1 6  s i n g l e  p o l e  15 ampere c i r c u i t  b r e a k e r s ;  Each s h a l l  be f u r n i s h e d  
w i t h  a n  A.C.1D.C. s e c t i o n  f o r  emergency l i g h t i n g .  

I n s t r u m e n t a t i o n  panelboards  s h a l l  be 120 v o l t ,  s i n g l e  phase ,  t h r e e  wire 
w i t h  n e u t r a l  b a r .  Each  p a n e l b o a r d  s h a l l  be equipped w i t h  12-15 ampere 
s i n g l e  p o l e  c i r c u i t  b r e a k e r s  and one 150 ampere main  b r e a k e r .  The m a i n  
b u s e s  s h a l l  b e  r a t e d  2 2 5  a m p e r e s .  The 1 5  ampere a i r  c i r c u i t  b r e a k e r s  
s h a l l  have amb,ient compensated the rmal  magne t i c  t r i p  u n i t s  o n l y .  

125  v o l t  DC Main D i s t r i b u t i n g  panelboard  s h a l l  be c i r c u i t  b r e a k e r  t y p e  
w i t h  600 ampere' main bus .  Main and branch c i r c u i t  r e q u i r e m e n t s  s h a l l  b e  
shown on Drawing No. EE-101. 

1 2 5  v o l t  DC d i s t r i b u t i o n  panelboard  s h a l l  be c i r c u i t  b r e a k e r  t y p e  with 
400 ampere mains and t h e  f o l l o w i n g  branches:  

240 v o l t  A . C .  o u t d o o r ,  d i s t t i - b u t i o n  p a n e l  w i t h  a copper  bus and f o u r  
( 4 )  o u t g o i n g  20 ampere  a i r  c i r c u i t  b r e a k e r s ,  e a c h  w i t h  a n  a m b i e n t  
c o m p e n s a t e d  t h e r m a l  m a g n e t i c  t r i p  u n i t  o n l y .  The p a n e l  s h a l l  b e  
f u r n i s h e d  w i t h  a n  o u t d o o r ,  weatherproof  e n c l o s u r e .  



The r e q u i r e d  number of t h e  v a r i o u s  pane lboards  i s  a s  fo l lows :  

Type Required Number 
Main D.C. D i s t r .  Panelboards  1 
L i g h t i n g  Panelboards  2  
I n s t r u m e n t a t i o n  Panelboards  
D. C .  D i s t r .  Panelboards  
Outdoor Feeder Panel  1 

S e c t i o n  30 - I n s t r u m e n t a t i o n  and C o n t r o l  

C o n t r o l  Va lves  

The f a c i l i t y  c o n t r o l  v a l v e s  s h a l l  ' b e  s i z e d  and s e l e c t e d  t o  meet t h e  
p r o j e c t  performance requ i rements ,  expected o p e r a t i n g  c o n d i t i o n s  a n d  f a c i l i t y  
s e r v i c e  r e q u i r e m e n t s .  S t e e l  f l a n g e d  v a l v e s  s h a l l  be i n  accordance w i t h  ANSI 
B16.5-1977. P a c k i n g  m a t e r i a l s  s h a l l  b e  s u i t a b l e  f o r  t h e  t y p e  o f  s e r v i c e .  
V a l v e  a c t u a t o r s  s h a l l  be d i a p h r a g m  o r  p i s t o n  t y p e  w i t h  p o s i t i o n e r  when 
r e q u i r e d .  S i g n a l  range s h a l l  be 3-15 p s i g .  

The h e l i u m  l o o p  r e s t r i c t o r  v a l v e  s h a l l  be a  48 inch  d iamete r  type  7700 c l a s s  
5 b u t t e r f l y  v a l v e  w i t h  a  43  inch  f i s h t a i l  d i s c  r a t e d  a t  1500  l b .  ANSI. The 
a c t u a t o r  s h a l l  be  a  12 i n c h  c y l i n d e r  w i t h  24 i n c h  s t r o k e .  The v a l v e  s h a l l  be 
f u r n i s h e d  w i t h  a  3-15 p s i g  p o s i t i o n e r  and a  handwheel. 

The h e l i u m  l o o p  d e p r e s s u r i z a t i o n  v a l v e  s h a l l  be  a  8  i n c h  d iamete r  type  EH 
globe v a l v e  w i t h  a  7  i n c h  n o m i n a l  p o r t  and  Whisper  Tr im 111 c a g e  r a t e d  a t  
1 5 0 0 1 b .  ANSI. The v a l v e  s h a l l  be f u r n i s h e d  w i t h  a  pneumatic a c t u a t o r ,  a 3-15 
p s i g  p o s i t i o n e r  and a  handwheel. 

D e p r e s s u r i z a t i o n  System 

The h e l i u m  l o o p  d e p r e s s u r i z a t i o n  system s h a l l  be des igned t o  s i m u l a t e  
a  d e s i g n  b a s i s  d e p r e s s u r i z a t i o n  a c c i d e n t  f o r  t h e  d e m o n s t r a t i o n  p l a n t .  The 
s y s t e m  s h a l l  c o n s i s t  o f  a  p n e u m a t i c  a c t u a t e d  c o n t r o l  valve provided w i t h  a 
p o s i t i o n e r  and c h a r a c t e r i z i n g  cam and t h e  n e c e s s a r y  e l e c t r o n i c  and  p n e u m a t i c  
h a r d w a r e  t o  p rogram t h e  v a l v e  t o  open i n  approx imate ly  80 seconds .  The e lec -  
t r o n i c  and pneumatic hardware s h a l l  be m a n u f a c t u r e r '  s s t a n d a r d  and  s h a l l  b e  
h o u s e d  i n  a  c o n t r o l  c a b i n e t  which s h a l l  be mounted l o c a l l y .  The d e p r e s s u r i z a -  
t i o n  system s h a l l  be d e s i g n e d  f o r  b o t h  l o c a l  i n i t i a t i o n  and  f o r  i n t i a t i o n  
from t h e  main c o n t r o l  room. 

C o n t r o l  E a u i ~ m e n t  C a b i n e t s  

A l l  s i g n a l  c o n d i t i o n i n g  equipment,  power s u p p l i e s  and o t h e r  n e c e s s a r y  
c o n t r o l  equipment s h a l l  be mounted i n  t h e  f a c i l i t y  c o n t r o l  equipment c a b i n e t s  
and  s h a l l  be  w i r e d  o u t  t o  t e r m i n a l '  b locks  l o c a t e d  i n  a  s e p a r a t e  a r e a  of t h e  
c o n t r o l  equipment c a b i n e t s .  The c o n t r o l  e.quipment c a b i n e t s  s h a l l  b e  l o c a t e d  
a d j a c e n t  t o  t h e  main c o n t r o l  room and s h a l l  be i n t e r c o n n e c t e d  w i t h  t h e  main 
c o n t r o l  pane l s  by p r e f a b r i c a t e d  c a b l e s .  The c o n t r o l  equ ipment  c a b i n e t s  s h a l l  

i b e  9 0  i n c h  h i g h  f r e e - s l a u r l l n g  , t o r a l l y  e n c l o s e d ,  d u s t - t i g h , t ,  NEMA 12 
cons t r .uc t ion  and s h a l l  be f a b r i c a t e d  f r o m  a  minimum o f  12-gauge  s t e e l .  The 



p a n e l  i n t e r i o r  and  e x t e r i o r  s h a l l  be p a i n t e d  w i t h  a  prim'er and a t  l e a s t  one 
f i n i s h  c o a t  o f  p a i n t .  

' C o n t r o l  P a n e l s  and P a n e l  Mounted I n s t r u m e n t s  

F a c i l i t y  c o n t r o l  s h a l l  be accomplished from t h e  m a i n  c o n t r o l  room a n d  
f rom l o c a l  c o n t r o l  s t a t i o n s .  E l e c t r o n i c  c o n t r o l s  w i t h  a  4-20 ma s i g n a l  r ange  
s h a l l  be f u r n i s h e d .  V a l v e  a c t u a t o r s  a n d  s o m e  l o c a l  c o n t r o l s  s h a l l  b e  
p n e u m a t i c  w i t h  a  3-15 p s i g  s i g n a l  r a n g e .  T h e  f a c i l i t y  p a n e l  mounted  
i n s t r u m e n t s  i n c l u d i n g  a n n u n c i a t o r ,  i n d i c a t o r s ,  c o n t r o l l e r s ,  r e c o r d e r s ,  
s w i t c h e s  , l i g h t s  , and  pushbut tons  s h a l l  be manufac tu re r '  s s t a n d a r d  and s h a l l  
be f u r n i s h e d  w i t h  t h e  v e r t i c a l  c o n t r o l  p a n e l s .  The c o n t r o l  p a n e l s  s h a l l  b e  
l o c a t e d  i n  t h e  e x i s t i n g  c o n t r o l  room. 

T h e  8 4  i n c h  h i g h  c o n t r o l  p a n e l s  s h a l l  b e  f a b r i c a t e d  i n  c o n v e n t i o n a l  
s e l f - s u p p o r t i n g  s t e e l  f r a m e d  s e c t i o n s .  C o n t r o l  p a n e l s  s h a l l  b e  Nema 1 
c o n s t r u c t i o n  f u r n i s h e d  c o m p l e t e  w i t h  t o p ,  s i d e  and r e a r  s u r f a c e s  and s h a l l  
have r e a r  a c c e s s  doors .  The pane l s  s h a l l  be f a b r i c a t e d  f r o m  3 / 1 6  i n c h  s t e e l  
p l a t e ,  l e y e l e d  and  s t i f f e n e d  a s  n e c e s s a r y  t o  s u p p o r t  t h e  i n s t r u m e n t s  and 
o t h e r  d e v i c e s .  Panel  i n t e r i o r  and e x t e r i o r  s h a l l  be pa in ted  w i t h  a  p r i m e r  a n d  
a t  l e a s t  one f i n i s h  c o a t  of p a i n t . '  

F i e l d  Mounted I n s t r u m e n t s  

F a c i l i t y  i n s t r u m e n t a t i o n '  i n c l u d i n g  g a g e s ,  i n d i c a t o r s ,  t r a n s m i t t e r s ,  
c o n t r o l  v a l v e s ,  t r a n s d u c e r s ,  c o n t r o l l e r s ,  s w i t c h e s  a n d  a n a l y z e r s  s h a l l  be 
m a n u f a c t u r e r ' s  s t a n d a r d  and  s h a l l  be  mounted l o c a l l y  on t h e  p r o c e s s  p ip ing  
and equ ipnen t  o r  nearby.  Cont ro l  s i g n a l s  and a l a r m s  a r e  t r a n s m i t t e d  b a c k  t o  
t h e  c o n t r o l  e q u i p m e n t  c a b i n e t s  i n  t h e  c a b l e  s p r e a d i n g  room o r  t o  l o c a l  
c o n t r o l  s t a t i o n s .  

The h e l i u m  loop  f low measurement s h a l l  be accomplished w i t h  a f l a n g e d  annubar 
e lement ,  model ANF, s e n s o r  t y p e  86 i n s t a l l e d  two p i p e  d i a m e t e r s  f r o m  a  90 
d e g r e e  e l b o w  i n  t h e  50  i n c h  d i a m e t e r  p i p i n g .  A c c u r a c y  s h a l l  be  - + 3% o r  
b e t t e r .  R e p e a t a b i l i t y  s h a l l  be - + 0.1% o r  b e t t e r .  
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SECTION 10  

COST ESTIMATE FOR NEW GCFR HELIUM CIRCULATOR TEST FACILITY 

10.1  INTRODUCTION 

A l l  o f  t h e  preceding i n f o r m a t i o n  i n  t h i s  document a d d r e s s e s  t h e  incor-  
p o r a t i o n  o f  t h e  GCFR Helium C i r c u l a t o r  t e s t  e q u i p m e n t  a n d  s u p p o r t  s y s t e m s  
i n t c  t h e  HTGR Hel ium C i r c u l a t o r  T e s t  F a c i l i t y .  T h i s  s e c t i o n  a d d r e s s e s  a n  
a-pproximation t o  t h e  c o s t  f o r  t h e  c o n s t r u c t i o n  o f  a  new GCFR Hel ium C i r c -  
u l a t o r  T e s t  F a c i l i t y  w i t h  t h e  same m i s s i o n ,  t e s t  equipment and r e q u i r e m e n t s .  

10.2 BASIS OF DESIGN AND ESTIMATE 

N e i t h e r  t i m e  n o r  budget p e r m i t t e d  t h e  e x e c u t i o n  of  a  c o n c e p t u a l  d e s i g n  
f o r  a  - new b u i l d i n g  and  . f a c i l i t y  t o  h o u s e  a n d  s u p p o r t  t h e  h o r i z o n t a l  
c i r c u l a t o r  a n d  d r i v e  motor concep t .  However, i t  was no ted  t h a t  t h e  equipment 
n e c e s s a r y  t o  accommodate t h e  concept  n i c e l y  f i l l e d  t h e  IITGR-HCTF b u i l d i n g ,  a s  
shown o n  t h e  d r a w i n g s  i n  S e c t i o n  8 of  t h i s  d o c u m e n t .  T h e r e f o r e ,  i t  was  
assumed t h a t  a  b u i l d i n g  o f  the  IITGR-HCTF square  f o o t a g e  would be r e q u i r e d  f o r  
a  new ' f a c i l i t y .  T h e  c o n c e p t u a l  d e s i g n  f o r  t h e  p r e v i o u s  GCFR-HCTF, a s  
d e s c r i b e d  i n  document GA-A15300, "Gas Cooled  F a s t  B r e e d e r  R e a c t o r  Upda ted  
D e s i g n  F o r  a  Helium C i r c u l a t o r  T e s t  F a c i l i t y " ,  d a t e d  A p r i l  1979 was asumed t o  
be  r e p r e s e n t a t i v e  o f  t h e  c o s t s  t h a t  would  be  r e q u i r e d ,  on a  d o l l a r s  p e r  
s q u a r e  f o o t  b a s i s ,  f o r  a  new f a c i l i t y .  To make t h i s  more r e p r e s e n t a t i v e ,  t h e  
b u i l d i n g  c o s t  was reduced by removing t h e  e x p e n s i v e  o v e r h e a d  c r a n e  and  d e e p  
p i t  r e q u i r e d  f o r  t h e  v e r t i c a l  o r i e n t a t i o n  o f  t h a t  c i r c u l a t o r .  The c o s t  p e r  
square  f o o t  was then  de te rmined ,  assuming a  p r o d u c t i v i t y  f a c t o r  o f  1 . 0 ,  and  
m u l t i p l i e d  b y  t h e  s q u a r e  f o o t a g e  o f  t h e  HTGR-HCTF t o  a r r i v e  a t  a n  
approximat ion t o  t h e  c o s t  o f  a  new b u i l d i n g  t o  h o u s e  t h e  t e s t  e q ~ i l p m e n t  f o r  
t h e  horizontal c i r c u l a t o r .  T h i s  c o s t  was then  e s c a l a t e d  forward t o  October 1, 
1979 d o l l a r s .  The u t i l i t i e s  and s i t e  p r e p a r a t i o n  f o r  t h i s  new f a c i l i t y  were  
a s s u m e d  f u n c t i o n a l l y  t h e  same a s  f o r  t h e  GA-A15300 f a c i l i t y ,  t o  h a v e  a  
p r o d u c t i v i t y  f a c t o r  of  1.0 f o r  a l l  c r a f t  l a b o r  and c o s t s  e s c a l a t e d  f o r w a r d  t o  
O c t o b e r  1,  1 9 7 9 .  Equ ipment  a n d  i n s t a l l a t i o n  c o s t s  were assumed t h e  same a s  
f o r  t h e  modif ied  IITGR-HCTF excep t  t h a t  l a b o r  was a d j u s t e d  f o r  a  p r o d u c t i v i t y  
f . ac to r  of  1.0. 

E n g i n e e r i n g  c o s t s  w e r e  assumed  t o  be  t h e  same a s  f o r  t h e  m o d i f i e d  
IITGR-HCTF. The r a t i o n a l  f o r  t h i s  a s s u m p t i o n  was t h a t  e n g i n e e r i n g  f o r  a  
m o d i f i e d  f a c i l i t y  would  n o r m a l l y  be more p e r  u n i t  o f  c o n s t r u c t i o n  c o s t  t h a n  
f o r  a new f a c i l i t y  and t h e r e f o r e  t h e  t o t a l  c o s t  would  n o t  be  much d i f f e r e n t  
( u n e s c a l a t e d )  . 

A c o n s t r u c t i o n  s c h e d u l e ,  a n a l o g o u s  t o  t h a t  i n  GA-A15300 was employed 
because  i t  would n o t  be p o s s i b l e  t o  c o n s t r u c t  t h e  new b u i l d f n g  w i t h i n  t h e  



c o n s t r u c t i o n  s c h e d u l e  o f  t h e  modif ied HTGR-hCTF. The same y e a r l y  e s c a l a t i o n  
f a c t o r s  a s  employed f o r  t h e  modif ied HTGR-HCTF w e r e  employed t o  a d j u s t  b o t h  
c o n s t r u c t i o n  and e n g i n e e r i n g .  

F i n a l l y ,  t h e  c o n t i n g e n c y  was assumed  t o  be 25%. T h i s  a l l o w s  a  downward 
r e d u c t i o n  o f  5% f o r  t h e  f a c t  t h a t  f a s t  t r a c k  c o n s t r u c t i o n  w o u l d  n o t  b e  
employed ,  b u t  i n c r e a s e s  t h e  c o n t i n g e n c y  by 5% f o r  t h e  g r e a t e r  u n c e r t a i n t y  
a s s o c i a t e d  w i t h  t h i s  approach t o  p r e p a r i n g  a  c o s t  e s t i m a t e .  

10.3 PROJECT COST SUMMARY 

The p r o j e c t  c o s t  summary p r e s e n t e d  h e r e  i s  c o n s i s t e n t  i n  o r g a n i z a t i o n  
and c o n t e n t  w i t h  t h e  summary f o r  t h e  modif ied HTGR-HCTF p r e s e n t e d  i n  S e c t i o n  
7.2 of t h i s  document and can be compared d i r e c t l y .  



TABLE 10-1 

NEW GCFR HELIUM CIRCULATOR TEST FACILITY 
TOTAL ESTIMATED COST SWlMARY 

Base Cost - October 1979 Dollars 
Escalation - As Spent Thousands of Dollars 

Architect GAC 
Engineer - 

A .  Engineering 

Title I 622 
Title I1 1,535 
Title I11 Project Administration 744 

B, Land and Land Rights 0 0 

C. Construction Costs 

1. Improvement to Land 230 2 0 

2. Building 2,477 - 

3. Other Structures 0 - 

4. Special Facilities 

a. Test Systems 

Helium Loop 3,751 
Rapid ~e~ressurization System 11 5 
Instrumentation and Control 474 

Support Systems 

Dowtherm System 5 96 
Helium Supply ;uld Srorage System 526 
Buffer Helium System 8 0 
Nitrogen System 60 
Vacuum S ys t em 2 5 
Compressed Air System 163 
High Purity Water 40 
Cooling Water System 558 
Electrical Power System 1,650 

Total 



TABLE 10-1 (Cont 'd) 

XE1V GCFR tIELIUi.1 CIRCUL.ATOR T E S ~  FACILITY 
TOTAL ESTIbUTED COST SUE.DIARY (CONT . ) 

A r c h i t e c t  
Engineer 

c .  Tes t  Hardware 

I n s t a l l a t i o n  
Handling Equipment 

5 .  U t i l i t i e s  

a .  E l e c t r i c a l  831 

b.  Other  U t i l i t i e s  6 8 

Sub- to t a l  15,110 

Contingency 2 5% 3,778 

Sub- to t a l  18,888 

Cons t ruc t ion  Planning G Design (CPGD) 

To ta l  Est imated Cost o f  F a c i l i t y  

GXC 

- 

T o t a l  



FY-SO 

FY-81 

To ta l  

TABLE 10-2 

3EW G C F R  - HELIWI CIRCULATOR TEST F.4CILITY 

FACILITY F INAiC IAL SCHEDULE 

FOR GAC FACILITY 

(As Spent ' ~ o l l a r s  i n  Thousands) 

GAC 
A/ E Furnished 

Engineering Equipment Cons t ruc t ion  T o t a l  

('I ~ o n s t r u c t i o n  Planning 8 Design, CPED , 

* Timing o f  expendi tures  es t imated  by RblP 



+ 
PI-SCAL % 1 9 d  1 '1983 . I ' 1984 tses. ;i STONES. 

 CALENDAR^ 1981 5 1982 1903 - 1984 14 198s' - ---. 7 

M O ~  o [ a  I D .  - ST. T D - ~ Y - T ~  -- - B " - i - ~ i - ~ ~ - r ~ - Y T ~  - I - SIO - I N 1 D J 1 F 1 M 1 A I 1 J 1 J I A 1 s I. Q I. SUBMIT ' ~ . L L u ~  1 ! 
DESIGN PACKA(;E 

t A A n A& &: .+. . I FOR DOE REVIEW, I 

v V 

PREPARE PROCESS FLOW DIAGWUIS 
@Il EQUIPMENT WS& - - - - -  
I 
I PREP% PIPING AND INSTRUM I REV~SE AND UPDAT#I 
.+-- @IRING AND INSTR- DIA- 

I t  
I I 

DIAGRAMS-REV. C . ? I 1 1 
FIW EQUIPME~P I D ~ T I O N  rum D E S I ~ .  

,- - - I I- 
I ARCITECTIJRAL~AND- I I 

I ,SraUCJTRAL DRAWIN I I --- - , ~ B P T ~  AND SPECIPICATI I I 'Urn~~ 
I 
o b I\- - - -QurLm~m WUR G, FO 

I 
. . I I I 

\ 
\ 1 I 

i BIW- A*- --WRON & *m*TR. STEBL. 
I SITE PACKAGE., 

, 4 BUILDING EXCAVI. 

0 I 

I 
\ - --  - -  . . I 

E N ~ I W M ( E N T L I . T I  REPORT 

FABRICA~E AND DELIVER -ST' ilES'SEC 
INSTALL HELIUM LOOP PIPING I 

f :NOTE: 1. LAND CONSERVATION PERMIT OPTIONAL . . 

i DEPENDING ON FINAL S I T E  SELECTION 

BID AND AWARD INSTALI, 'FAC~LITY I 
POWER DISTRIBWION 
EQUIPMENT 

ELECTRICAL . POWER & 1 
'. FABRICATE AND DJILIVER POWR DISTRIBUITON EQKIPMENI: 0 -------- 0 cEQU'IPBWI! r i L I G E l N h l  

SUBMIT TITLE 11' 
DESIGN PACKAGE 
FOR W E  REVIEW 

BEGIN BID PWIOD 
FOR TEST VESSEL 

ISSUE S I T E  
PACKAGE 

BEGIN R I D  PERIOD 
FOR TRANSFOIMERS 

MDBILIZE PREP. CONTi(AcTUR S I T E  

"' AND BEGIN BUILDING SITEWORK 

EXCAVATION 

' M)BILIZE GENERAL 
. CONTRACTOR i 

BUILDING COMPLETE 1 
.TU GRADE I 
&IN S E r r I N G  I 
EQUIPMENT I 

. INSTALL P I P E  ' 
CONDUIT AND 
INSTRUMENTATION 

INSTALL E L E n R I C A L  1 
EQUIPMENT ' I 
BEGIN SYSTEMS 

OPERATIONS TEST 1 
FACILITY ACCEPT- ( 
AND TURNOVER ! 

!i 

PONY MOTOR CONTROL~ER - - - - --I i ACILII 1 ENGINEERING, PROCUREMENT 
MAIN m T O R  COrnROLLER. 

.l@U CIRCULATOR SERVICE MODULE . .. TESTS AND TlJRmVER 
.CIRCULATOR CONTROL & ZNSTRUMENTATI'ON SYST& L~~ worn 




