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1.1. The EI;CR 

The Experimental Gas-Cooled Reactor (EGCR) i s  the  embodiment of one 
of severa l  gas-cooled reac to r  designs now being developed i n  the  United 
S t a t e s  f o r  t h e  purpose of  producing competitive nuclear  power. To f u r t h e r  
gas-cooled reac to r  technology, t h e  EGCR has been designed t o  accommodate 
up t o  four  gas-cooled experfmental loops p lus  severa l  experimental f u e l  
elements i n  the  open core. The establishment of t h i s  v e r s a t i l e  experi-  
mental f a c i l i t y  -fs expected t o  f u r t h e r  t h e  development of advanced f u e l  
element concepts while t h e  react,or i s  perfortrLng i t s  prime function of 
serving a s  a power-producing prototype f o r  demonstrating the  r e l i a b i l i t y  
of the  gas-cooled reac to r .  

The EGCR i s  being b u i l t  on a b l u f f  overlooking t h e  Clinch River about 
2 miles e a s t  of t h e  Oak Ridge National  Laboratory. The power p lan t  i s  
scheduled f o r  completion l a t e  i n  1962. AII a r t i s t ' s  conception of t h e  com- 
ple ted  p lant  i s  ~ r e s e r i t e d  i n  Fig. 1.1.1. 

The r e a c t o r  i s  fueled  with TJ02 clad  i n  s t a i n l e s s  s t e e l .  The moder- 
a t o r  i s  graphite,  and t h e  cooling gas i s  he lpm at  a pressure of 315 ps ia .  
The reac to r  i s  designed t o  produce approximately 85 Mw of thermal power 
at a gas i n l e t  temperature of 510°F and an o u t l e t  temperature of 1050°F. 
The reac to r  thermal power i s  t r ans fe r red  t o  water i n  two b o i l e r s  t o  
generate superheated steam a t  1250 p s i a  and 900°F. This s t ean  i s  then 
passed t lzough a turbogenerator  t o  2roduce approximately 25 Mw of e l e c -  
t r i c a l  power. Section views of t h e  p lan t  a re  shown i n  Figs.  l .1 .2  and 
1.1.3. 

The reac to r  core i s  a v e r t i c a l  cylindeT made up of 16-Tn. -square 
graphi te  columns t h a t  a r e  19  f t  4 i n .  high. V e r t i c a l  channels t,hrough 
t h e  graphi te  calms a r e  provided t o  accommodate t h e  f u e l  elements, zon- 
t r o l  ~ o d s ,  and experimental loops. The reac to r  core i s  housed ins ide  a 
cy l indr ica l  Fressme vesse l  wi th  az~ i n f i d e  d iane te r  of 20 f t  and an i n -  
s ide  height  of 4.6 f t  . 

The r e a c t o r  containment vesse l  i s  a 1 l L - f t - d i m  cyl inder  with curved 
tcp and bot toa .  I t s  cver -a l l  height  i s  216 f t .  Access t o  t h e  contain-  
ment vesse l  5s  threugh a persormel afrl-cck and arl equipment a l r l o z k .  

The EGCR i s  designed foz f u e l  chargtng and discharging while opera- 
t i n g  a t  f u l l  power. A charge machine located  beceath the  r e a c t o r  w i l l  
load and u ~ l o a d  the  l u e l  assemblies. A se rv lce  machlre above t h e  r e a c t o r  
w i l l  t e  used t o  handle t h e  con t ro l  rods.  open core e x ~ e r i m e n t a l  assemblies, 
and loop experimental as sembiie s . 
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Fig. 1.1.1. The Experimental G a s  -Cooled Reac t  o r  P l a n t .  
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Fig. 1.1.3. EGCR Floor Plan Basement - At Elev. 841-0. 



1.2 .  Provisions f o r  Experimental F a c i l i t i e s  i n  the  EGCR 

Experimental f a c i l i t i e s  f o r  the  ESCR w i l l  be of two types - those 
u t i l i z i n g  experimental loops passing v e r t i c a l l y  through t h e  reac to r  core 
and those using open f u e l  channels wi th in  t h e  r e a c t o r  core (open-core 
experiments).  Provisions have been made f o r  the  i n s t a l l a t i o n  of up t o  
four  experfmental loops i n  the  core. Two of these  loops (designated a s  
TS-2 and TS-3) w i l l  u t i l i z e  5 1/2-in.-0.d. s t a i n l e s s  s t e e l  tubes passing 
through t h e  core along an a x i s  which i s  about 1 7  i n .  from the  c e n t r a l  
axes of t h e  core (coordinate pos i t ions  -3, -3 f o r  TS-2 and -3, +3 f o r  
TS-3). The o the r  two loops (designated as TL-1 and TL-4) w i l l  u t i l i z e  
9 1/2-in. -c.d. tubes  about 68 i n .  from the  c e n t r a l  a x i s  (coordinate 
pos i t fons  +12, -12 f o r  TL- i  and +12, +12 f o r  TL-4).  

Experimznters ' Cel l s .  Space has been provided t o  house t h e  loop 
equipnent required t o  c i r c u l a t e  cooling gas through t h e  reac to r  through- 

- - 

tubes. This space i s  i n  t h e  form of a semicircular-shaped room approxi- 
mateiy 24 f t  wide by 15 f t  deep by 291 f t  i n  mean length  located  around 
the  periphery of t h e  reac to r  containment v e s s e l  (see  Fig .  1.1.3: sec.  
1 . 1 ) .  This room i s  located  below ground l e v e l  with t h e  t o p  of i t s  roof 
a t  ground l e v e l .  The roof i s  constructed of ordinary concrete 3 f t  t h i c k  
t o  provide the  necessary rad ia t ion  shielding.  The spaceins ide  t h e  rocm 
can be divided i n t o  a s  may a s  e igh t  equal-sized c e l l s  by removable gas- 
t i g h t  metal bulkheads t h a t  a re  1 8  i n .  th ick  and f i l l e d  wi th  metal punch- 
ings.  These Sulkheads provide s u f f i c i e n t  r ad ia t ion  shie ld ing t o  permit 
personnel t c  work i n  adjacent  c e l l s  while t h e  loop equipment i n  a given 
ce l l .  i s  operat ing.  

Each experfmenters'  c e l l  i s  f u l l y  l i n e d  with a gas- t ight  s t e e l  l l n e r  
t o  provide safe  containment of any gas re leased from t h e  experimental 
h o p  eq~ipmec t .  The c e l l  l i n e r  i s  designed t o  conta in  a l l  loop gas r e -  
leased t o  the c e l l .  A 32-in. rupture d l sk  i s  provided from each c e l l  t o  
t h e  reac to r  cor;tainment vesse l  t o  r e l i e v e  t h e  c e l l  pressure i n  case reac-  
t o r  gas should a l s o  be re leased t o  t h e  c e l l  through a rupture i n  the  r e -  
a c t o r  through-tube and the  loop piping. 

Perscnnel access t o  each c e l l  i s  provided by a por table  personnel 
a i r lock  which can be posi t ioned over a spec ia l  hatchway b u i l t  i n t o  the  
r o ~ f  of each c e l l .  Access t o  t h e  c e l l  during major maintenance i s  pro- 
vid.ed k,y removing severa l  roof plugs and c u t t i n g  out  a sec t ion of the  
eel.: l i n e r .  Th.e r e s u l t i n g  opening i s  11 1/2 f t  wide by 26 f t .  long. 

Pipe C'nases. The experim.entai loop piping between the  experPmenters' 
c e l l s  and the  yeactor through-tubes w i l l  run through pipe chases i n  t h e  
reac to r  "Jiological  sh ie ld  (see Figs. 1.1.2 and 1,1.3,  see. 1 .1) .  The 
i n i e t '  pipe t o  t h e  through-tube w i l l  run hor izon ta l ly  through the  lower 
blolcgTcai sh ie ld  t o  t,he lower pressure v e s s e l  nozzle. The r e t u r n  pl2ing 
x i11  run hor izon ta l ly  through the  upper b io log ica l  sh ie ld  t o  a v e r t i c a l  
p i ~ e  chase near t h e  e x t e ~ n a l  face  of t h e  r e a c t o r  b io log ica l  s h i e l d ,  Space 



i s  provided i n  the  v e r t i c a l  chase f o r  a loop cooler. From tne  bottom of 
t he  ~ ~ e r t l c a l  chase, t he  piping w i l l  run hor izontal ly  t o  t h e  experimenters' 
c e l l .  

U t i l i t y  Tunnel. A u t i l i t y  tunnel i s  provided next t o  the  experimenters' 
c e l l s  to accommodate e l e c t r i c a l  and instrument conduits, gas and a i r  supply 
l i ne s ,  cooling water l i ne s ,  and ven t i l a t i on  system ducts. This tunnel  i s  
approximately 17 f t  deep by 12 f t  wide by 388 f t  i n  mean length.  It i s  
s i tua ted  adjacent t o  the  outer periphery of t he  experimenters' c e l l s .  The 
top of the  u t i l i t y  tunnel roof i s  a t  ground l eve l .  Personnel access t o  
t.he u . t . i l i ty  tunnel i s  through corr idors  from the turbine bui ldixg and t he  
control  building.  Suff ic ient  shielding i s  provided by t he  ou-ter wal ls  of 
the  experimenters' c e l l s  t o  p ro tec t  personnel i n  the u t i l i t y  tunnel.  

Crane Bay. A crane bay i s  provided i n  t h e  space d i r e c t l y  above the  
experimenters' c e l l s  and the  u t i l i t y  tunnel.  This space i s  enclosed by 
corrugated TransTte siding and a b u i l t  up roof t h a t  abuts  t h e  r eac to r  
containment vessel  (see Fig. 1.1.1, sec. 1.1). The ce i l i ng  clearance i s  
approximately 31 f t .  The bay i s  serviced by a 20-ton traveling-bridge 
crane f o r  removing the  c e l l  roof plugs and components from the  experimenters' 
c e l l s .  Two equipment and t ruck access doors and four  personnel doors t o  
the crane bay a r e  provided. 

Control Room. The experimenters a re  provided with a con t ro l  rcom 
which i s  located i n  t h e  main reac tor  control  building.  T h i s  eon t ro i  room 
encornpasse s an "L" shaped area  of approximately 4700 f t2.  A~proxlmately 
4 3 %  of t h i s  area  i s  over a basement, while t h e  balance i s  located on t op  
of ea??th f i l l .  Wiring access t o  the  control  panels i n  the ea r th  f i l l  a rea  
I s  by means of an overhead cable t r a y  m d  i n  the  area  over t he  t~asement 
5y means of f l o o r  s l o t s .  

L ~ o p  Piping. The major port ion of t he  loop piping w i l l  not be i n -  
s t a l l ed  u n t i l  such time a s  a particular loop des:ign i s  authorized f o r  
eonst:action. Since t h e  construction authorizations may come a f t e r  ye- 
act,nr construction i s  completed and t h e  r eac to r  has run a t  power, t he r e  
a,? cer ta i r ,  piping provtsions t h a t  must be made now while c r i t i c a l  a reas  
around %he reac tor  pressure vessel  and i n  t he  pipe chases a r e  s t i l l  ac- 
cess ib le  and present no rad ia t ion  hazard. 

I n  order to make piping provisions it was necessary t o  complete a 
fa i~2-y  detail.ed loop design. I n  the  case of t h e  spa11 tkrough-tukes (TS-2 
a?d TS-3) the  design was ca r r ied  through lin d e t a i l ,  a s  repcr ted :in Section 
1.3.  For the  l a rge  through-tubes only an educated guess could be made a s  
t o  t h e i r  fu tu re  use. I n  order t o  specify mater ia ls  and piping it was 
decided t ha t  one of t he  large  through-tubes (TL-1 ) should incorporate 
design provisions which would permit it t o  accommodate a steam-cooled ex- 
~ e r i m e n t a l  ioop. The other  large  ?bough-tube (TL-4.) was t o  incor lo ra te  
prsv'_sions f o r  accommodating a hydrogen-cooled loop o r  some ot5.e- +ype of 
3.oo-p r e q ~ i r i n g  ex t r a  containment provisions. The requirements of safe  
contatnaent of hydrogen led  t o  the  se lect ion of a double tbxough-t,u5e f o r  



t h i s  loop. The loop piping selected f o r  the  small through-tubes and 
single large through-tube was 6-in. sched.-80 type 347H s t a in l e s s  s t e e l .  
The large double through-tube was provided with &in. sched.-80 type 
347H s ta in less  s t e e l  piping. A l l  i n s t a l l ed  loop piping w i l l  be provided 
with secondary containment piping. 

A l l  lower chase loop piping from the reactor  pressure vessel  t o  the 
experimenters' c e l l  and a l l  upper chase piping from the reactor  pressure 
vessel  t o  the v e r t i c a l  pipe chase i s  being in s t a l l ed  during reactor  con- 
s t ruct ion.  The v e r t i c a l  chase piping, except f o r  a short  run of lower 
chase piping attached thereto  and leading t o  the  experimentersf c e l l ,  
w i l l  be fabricated when the loop i s  ins ta l led .  

Storage Holes. Two experimental f u e l  assembly storage holes are  
provided f o r  storage of i r rad ia ted  f u e l  assemblies. These storage holes 
a re  located i n  the-reactor  biological  shield a t  the  west end o f  the  service 
machine room. One hole i s  located a t  each end of a row of control  rod 
storage p i t s  . 

1.3. Small Helium- or  C02 -Cooled Experimental Loops 

A preliminary design and a hazards evaluation has been completed 
fo r  two small helium- or C02-cooled experimental loops t o  u t i l i z e  the  
two small through-tube f a c i l i t i e s  (TS-2 and TS-3). These loops w i l l  
u t i l i z e  the 5 1/2-in. -0.d. through-tubes and are  designed t o  use e i t h e r  
helium o r  C02 as  the loop coolant. 

I n  addition t o  designing the small loops, it was necessary- to  .carry 
through a detai led design of the  reactor  pressure vessel  nozzles, loop 
piping, and storage holes mentioned i n  Section 1.2, plus several other 
design studies. This work i s  a l so  reported o r  referenced i n  t h i s  docu- 
ment. 

Design Conditions. The small helium- or  C02-cooled experimental 
loops have been designed t o  permit experimentation a t  any temperature and 
pressure within the bounds of the  e ight  design points indicated i n  Table 
1.3.1. For example, any pressure between 500 and 1000 psia, any experi- 
ment power not exceeding 1500 kw, and any t e s t  section ou t l e t  mixed mean 
gas temperature up t o  1050°F can be used, a s  long a s  the combination of 
these variables l i e s  within the bounds of the design points,  

Although the  loop design l imi t s  the  t e s t  section mixed mean gas tem- 
perature t o  1050°F, higher experiment coolant gas temperatures can be 
achieved by attemperation (bypassing a portion of the loop gas around the  
experimental section and mixing it with the experiment gas a t  the  experi- 
mental section out le t  end). 

A basic assumption i n  the  loop design i s  t h a t  some of the experimental 
assemblies w i l l  be of a type tha t  w i l l  re lease  large quant i t ies  of f i s s ion  



Table 1 .3 .1 .  Design Condicrions f o r  Small Relium- o r  C02 -Cooled. Experimental Loops 

- - - - 

Design Condition Number 

Coolant Gas 

Test sect ion power, kw 

Gas flow, lb /hr  

Nominal operating pressure, p s i a  

Nominal operating tempera-t;ures, "F 

Test  sect ion i n l e t  
Test sec t ion  o u t l e t  
Piping, r eac to r  t o  cooler 
Piping, cooler  t o  heater  

Heater on maximum 
Eeater  off  

Piping, heater  t o  reactor  

. Maximum permissible t e s t  sect ion pressure 
drop, p s i  

Tota l  loop p lus  maximum t e s t  section 
pressure drop, p s i  

Heater on maximum 
Heater off  

In-pipe gas velocity,"  f t / s ec  

Piping, r e ac to r  t o  cooler 
Piping, cooler  t o  heater  

Heater on maximum 
Eeater  o f f  

Piping, heater  t o  reactor  

%or 6-in.  eched. -80 pipe. 



products ( so  ca l l ed  d i r t y  experiments) during normal operation.  Provi- 
s ions have been made t o  operate and maintain the  loop even i f  t he  loop 
gas i s  highly radioactive.  

A schematic flow diagram of the  experimental loop i s  shown i n  Fig .  
1.3.1. The components through which the  mainstream loop gas normally flow 
are  the  i n -p i l e  t e s t  sect ion (through-tube) containing t he  experimental 
assembly, the  mainstream gas cooler, t he  mainstream gas f i l t e r ,  th ree  
loop compressors i n  se r ies ,  and t h e  mainstream gas heater .  I n  addit ion,  
the re  i s  an auxi l i a ry  blower i n  p a r a l l e l  with t h e  loop compressors t o  
take care of a complete f a i l u r e  of t h e  l a t t e r .  

The function of t h e  mainstream gas cooler  i s  t o  remove t h e  heat 
generated by t h e  experimental assembly. The mainstream gas f i l t e r  i s  
provided t o  remove any pa r t i cu l a t e  matter i n  t h e  gas stream. This should 
help t o  concentrate t he  loop gas a c t i v i t y  i n  one region where it can be 
most e f f ec t i ve ly  shielded. The loop compressors provide the  pos i t ive  
head required t o  overcome the  loop gas pressure-drop losses  around the  
loop. The mainstream gas heater  i s  required t o  preheat t he  loop during 
s t a r t up  and t o  heat t he  loop during loop operation a t  low reac to r  power 
o r  if the  loop experimental a$sernblyldoes not contain fissionable'rha- 
t e r i a l  . 

The pr inc ipa l  aux i l i a ry  equipment and services  f o r  t h e  loop include 
a by-pass gas-cleanup system f o r  continuous on-stream fission-product  r e -  
moval, a gas t r a n s f e r  and storage system f o r  t he  t r an s f e r  and storage of 
loop gas, and an offgas system t o  take care of processing loop gas f o r  
re lease  t o  t h e  EGCR stack.  

Other systems required t o  service  t he  loop include a gas-sampling 
system t o  take gas samples from various p a r t s  of t he  loop, a water system 
t o  cool various loop components, an e l e c t r i c a l  system t o  supply power t o  
t he  loop compressors, heater. and o ther  e l e c t r i c a l  components,a gas-supply 
system t o  supply helium and C02 t o  the  loop, a gas-dis t r ibut ion system t o  
d i s t r i b u t e  t he  gas, and various leak-detection systems. 

All loop equipment, except t h e  through-tube and cooler, t h a t  con- 
t a i n s  radioact ive  gas i s  located i n  the  experimenters' c e l l .  The required 
services  a r e  provided t o  the  loops from t h e  experimenters' u t i l i t y  tunnel .  
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2 .  INHmENT SAFETY I N  DESIGN 

I n  a l l  aspects  of the  experimental loop design, sa fe ty  and con t inu i ty  
of operation have been foremost considerat ions.  The experimental loop 
design complies with a l l  generally accepted standards and codes t o  t h e  
extent  t h a t  these  a r e  applicable t o  the  loops. Components which a r e  be- 
l ieved t o  have low r e l i a b i l i t y  have been avoided wherever possible.  Where 
such components a re  unavoidable, spare components have been provided i n  
such a way t h a t  a spare can immediately perform t h e  function of t he  f a i l e d  
component. A l l  loop components which normally contain radioact ive  loop 
gas have been enclosed i n  a t  l e a s t  one add i t iona l  containment system. 

2.1. Inherent Safety of t h e  Primary and 
Secondary Containment 

The bes t  known design procedures were employed t o  provide a more 
than adequate design of t he  primary and secondary loop containment. A s  
s t a t ed  i n  Section 6.2,methodsoutl ined i n  t he  Navy Code were used a s  a 
design b a s i s  f o r  t he  experimental loops. It was recognized t h a t  t he  Navy 
Code i s  pr imar i ly  intended f o r  pressurized-water reactors ,  and allowable 
s t r e s s e s  f o r  s t r uc tu r a l  mater ia ls  a r e  given i n  the  Navy Code only f o r  
temperatures up t o  -700°F. It was fu r t he r  recognized t h a t  mater ia l  be- 
havior a t  elevated temperatures has not been completely determined. How- 
ever, from an engineering viewpoint, t h e  design procedures, a s  out l ined 
i n  t he  Navy Code, a r e  believed t o  be t h e  be s t  ava i l ab le  a t  t h i s  time. 
The allowable s t r e s s e s  a t  the  operating temperatures of t he  EGCR experi-  
mental loops were determined from experimental da ta  published i n  the  
l i t e r a t u r e .  Also, the  design was not considered acceptable unless it 
net  the  requirements of the  ASME o r  ASA Codes (and Code cases) ,  a s  app l i -  
cable.  

I n  addit ion t o  thz  design methods used, bas ic  design philosophy 
chosen f o r  t he  experimental loops l ed  t o  an inherent ly  safe  f a c i l i t y .  
For instance, adequate instrumentation with appropriate backup instruments 
and two-out-of-three sa fe ty  c i r c u i t r y  was provided t o  de tec t  a l l  f o r e -  
seeable loop malfunctions. Provisions were made f o r  an a l t e r n a t e  power 
somce (from Y-12) i n  case of a power f a i l u r e ,  and an aux i l i a ry  blower 
was provid.ed t o  ass-me a f te rhea t  removal i f  t h e  mainstream compressors 
f a i l e d  following loop depressurizat ion.  

A well-designed loop secondary containment system was provided t o  
give adequate protect ion i n  case of a primary containment f a i l u r e  (primary 
containment i s  here defined a s  a l l  piping and components t h a t  normally 
contain loop gas during any phase of loop operat ions) .  The secondary con- 
tainment of the  primary loop system cons i s t s  of the  reac to r  pressure vesse l  
(and i t s  appendages), t h e  loop containment pipe, and the  experimenters' 
c e l l .  It should be noted t h a t  a l l  out -of-cel l  por t ions  of t h e  loop a r e  



t r i p l y  contained (by the reactor  containment vesse l )  with respect t o  the  
EGCR plaEt environs. 

The reactor  vessel  provides secondary containment f o r  a l l  primary 
containment f a i l u re s  inside the reactor  pressure vessel .  The mass of 
experimental loop gas i s  small compared with the mass of reactor  gas. I f  
a loop gas re lease  i n to  the reactor  gas system should occur, the small 
increase i n  reactor  gas pressure w i l l  not lead t o  a f a i l u r e  of the  reac tor  
p e s s u r e  vessel .  

Secozdary containment of the  out-of-cell  loop piping leading t o  the  
reactor tlzrcugh-tube i s  provided by a containment pipe wh.ich i s  an ap- 
pendage t o  the  reactor  pressure vessel .  A f a i l u re  of the primary loop 
piprr-g at, t h i s  pai.nt w i l l  cause a short-duration pressure of approximately 
800 psl, inside the secondary containment pipe ( reactor  pressure vessel  
apendage) and a containment pipe temperature approaching 570°F. The r e -  
sul t ing s t r e s s  i n  the  secondary containment pipe w i l l  be about 16 000 psi ,  
whish i s  within the ASME allowable value of 16 500 ps i .  The s t ress-rugtxne 
strength of the containment pipe i s  approximately 120 000 p s i  f o r  times up 
C,o 1000 hr a t  600°F. Fui-ther, the  i n ~ t ~ t a n e o u s  containment pressure of 
800 ps i  w i l l  bleed down t o  t he  reactor  operating pressure of 315 psia .  

The secondary containment pipe f o r  the mainstream loop piping lead- 
ing from the reac tor  t o  the cooler and back t o  the experimenters' c e l l  
i s  net  an appendage t o  the reactor  pressure vessel .  A f a i l u r e  of the  
primary containment i n  this case may increase the secondary containment 
pressure up t o  approximately 600 ps ia  and the  secondary containment pipe 
tenperatme t o  about 570°F. However, the  s t resses  i n  the secondary con- 
tainment pipe even f o r  t h i s  highest pressure w i l l  only be of the  order of 
13 000 psi ,  t ha t  is, well  below the 1000-hr rupture s t r e s s  of approxtmately 
120 000 ps i  and wi.thin the ASME allowable va1u.e cf 16 500 ps i .  

For the  i n -ce l l  experimental loop piping and components, a gas- t ight  
c e l l  l i n e r  provides the secondary containment. The c e l l  with i t s  l i n e r  
is designed t o  w5thstand a pressure of 12 psig. The ant ic ipated maximum 
,cell pressure following a f a i l u r e  of the prFmary containment i n  the  c e l l  
I s  9 psig f o r  a single e e l i  arrangement. I f  two experimenters' c e l l s  a r e  
x e d  fo r  each lcop, t h i s  Fressure w i l l  be reduced 50%. Each experimenters' 
c e l l  i s  equipped with a rupture disk se t  t o  re l ieve  the pressure t o  the  
~ e a c t o r  containment vesse l  a t  10 t o  12 psig i n  the event a double failure 
of the primary coata5nment (one faLlwe m u s t  be ixside the reactor  p?es- 
s- re vesse l )  re leases  the  react.cw gas Lnto the experimenters' c e l l .  

2.2. Inherent Safety of the  Experimental Loops 

As indicated i n  Seetior-s 2.1 and 6.2, the best  h o w  procedures were 
used i n  the  desigc of the  EGCR experimental loops. The Navy Code was 
used a s  basis  of design. Further, t he  design had t o  meet the  requirements 



of the  ASME and ASA Codes (and Code cases) ,  a s  appropriate. From a 
theore t ica l  viewpoint, the  design of the EGCR experimental loops i s  con- 
sidered t o  be more than adequate i n  view of the  nominal f ac to r  of safety  
of from 3 t o  4 inherent i n  the  Codes. I n  addition, conservative calcu- 
l a t i o n a l  methods, procedures, and assumptions were observed i n  meeting 
the  code requirements, and independent checks were made wherever possible. 
For example, the  pipe s t r e s s  calculat ions  were performed a t  ORNL, using 
the  SHARE G S  3812 IBM 704 pipe s t r e s s  program, and independently a t  t h e  
M. W .  Kellog Co. ; the  agreement of t he  r e s u l t s  was within 1%. 

The sa t i s fac t ion  of code requirements i s  not considered t o  be prima 
f a c i e  evidence of loop safety  o r  the pr inciple  c r i t e r i o n  f o r  endorsement 
of the  loop design. Numerous t e s t s  w i l l  be performed t o  ve r i fy  a l l  
questionable areas  of the loop design. Some of the  more important t e s t s  
are :  (1) t e s t s  t o  ve r i fy  performance and r e l i a b i l i t y  of the  cooler, 
heater,  f i l t e r s ,  nozzle t e e  section bearings, valves, mechanical jo ints ,  
and other c r i t i c a l  components o r  component features ,  ( 2 )  an extensive 
determination of component leakage ra tes ,  ( 3 )  an evaluation of t he  reac- 
t o r  through-tubes, including buckling t e s t s ,  insulat ion t e s t s ,  and o r i f i c e  
flow t e s t s ,  ( 4 )  an exhaustive t e s t i ng  of compressor performance and r e l i -  
a b i l i t y ,  and ( 5 )  the  construction and operation of out-of-pile mockups of 
large segments of the  experimental loop complex. 

I n  addit ion,  t e s t s  w i l l  be performed on auxi l i a ry  equipment a s  deemed 
necessary, f o r  example, mockup t e s t s  of the welding machine and remote- 
welding procedures. A s  backup, the  gas-cooled loop now being i n s t a l l e d  
i n  the ORR w i l l  give a broad base of experience with many s imilar  com- 
ponents and with gas-cooled loops i n  general. 

Rigid specif icat ions  have been wri t ten t o  cover components, materials ,  
inspection, welding procedures, and t e s t i n g  procedures. These specif ica-  
t i ons  a re  based on years of loop and reactor  construction experience a t  
ORm. The material  specif icat ions  meet, as  a minimum requirement, the  ASTM 
Standards . 

During construction a l l  welds w i l l  be r i g i d l y  inspected and leak 
tes ted .  Aft,er i n s t a l l a t i on ,  piping and components w i l l  be pneumatically 
or hydrosta t ical ly  pressure tes ted,  a s  specified by the  ASME Code. 



3. FACILITY DESIGN 

3.1. General Arzangement 

The f a c i l i t y  required t o  house the EGCR experimental loops i s  made 
up of the experimenters' c e l l s ,  u t i l i t y  tunnel, crane bay, and control 
room. As shown i n  Figs. 1.1.2 and 1.1.3 (see sec. 1.1), the experimenters' 
@ e l l s  a re  a se r ies  of concrete compartments located around most of the  
periphery of the reactor  containment vessel .  The c e l l  roofs a re  a t  ground 
level .  Radially oatward from the  experimenters ' c e l l s  i s  the experimenters ' 
u t l l i t y  tunnel. This turnel  completely encircles  the reactor  containment 
vessel. One portion of the  tunnel i s  adjacent t o  the outer periphery of 

experimenters' c e l l s .  The remainder follows the periphery of the re -  
actor ccntainment vessel .  The tunnel roof i s  a l so  a t  ground level .  The 
e ~ ~ e r i m e n t e r s '  crane bay i s  located d i r ec t ly  above the experimenters' 
c e l l s  and t h a t  ~ o r t , i o n  of the u t i l i t y  tunnel which i s  adjacent t o  the 
ce i l s .  The crane bay i s  equipped with a 20-ton traveling-bridge crane 
tha t  operates on circumferential tracks and i s  enclosed by a Transite- 
sided structure abutting on the reactor containment vessel  (see Fig.. 1.1 1, 
sec. 1.1). 

The experimenters' control room i s  an L-shaped area within the r e -  
actor  control building. About 40$ of t h i s  area i s  located above the con- 
r o l  building basement, and the remainder i s  located on top  of ear th  f i l l .  
An underground corridor connects the cont,rol room basement t o  the experi- 
menters ' u t i l i t y  t w n e l .  

The experimeaters' c e l l s  are limited acess areas and a re  shielded 
by concrete t o  l i m i t  the maxlmum dose r a t e  outside the c e l l s  t o  approxi- 
riateiy 2.5 mrllir. I n  order t o  achieve th i s ,  the roof of each c e l i  and 
the c e l l  walls adjacent t o  the u t i l i t y  tunnel a re  concrete vrp t o  3 f t  
thick.  The walls Setween individual c e l l s  a re  removable caybcn s t e e l  
5:~lkheads f i l l e d  wEth s tee l  plmchings. 

3.2. Experimenters ' Cells  

The exper:imeliters' c e l l s  a re  a r r a ~ g e d  around the periphery of t he  
rsasto: containment vessel .  These c e l l s  are located below ground, with 
the top'of the  c e l l  roof at ground level .  The general arrangement of the  
eqerimenters '  c e l l s  i s  shown i n  Figs. 1 .1 .2  and 1.1.3 (see see. 1.1). 
Ad.jacent c e l l s  a re  separated by removable kulkheads so tha t  the  c e l l  area 
can e i the r  be expanded i n t o  one large room, i f  a l l  bulkheads a re  removed, 
or  divided into a s  many a s  eight ident ical  ce l l s ,  i f  seven bulkheads a re  
inserted.  The c e l l  I s  24 f t  wide and 15  f t  3 in .  deep. The length of 
the inside wall of the mdivided c e l l  area i s  approximately 2.44 f t ,  while 
the iengt,h of %he outside w a l l  i s  388 ft. The experimenters' u t i l i t y  
tJ1arnel i s  located around the  periphery cf tkle outside wall. 



The concrete roof plugs t h a t  form a par t  of the roof of each experi-  
menters' c e l l  a r e  removable. The resu l t ing  opening (11 1/2 f t  wide by 
26 f t  i n  mean length) permits the  removal and replacement of large loop 
components. Another penetration i n  t he  c e l l  roof provides f o r  personnel 
access through a portable personnel a i r lock (see sec. 6.15) i n t o  each 
experfmenters' c e l l .  

Each c e l l  has a number of gas-t ight penetrations f o r  piping, e lec -  
t r i c a l  leads, e tc .  A 42-in. penetration i s  provided between the  experi- 
mentters1 c e l l  and the  reactor  containment vessel  f o r  the penetration of 
t t e  main loop piping and the  demineralized-water l ines .  Another penetra- 
t i o n  i n  the  same wall  contains a 32-in. rupture disk f o r  c e l l  pressure re- 
l i e f  (see sec. 6.10).  The wall  between the  c e l l  and the  experimenters' 
u t i l i t y  tunnel has numerous penetrations, including penetrations f o r  t he  
c e l l  ven t i l a t ion  system, the  loop gas supply system, e l e c t r i c a l  l ines ,  
3uilding a i r ,  e t c .  Each c e l l  i s  provided with a &-in. f l oo r  drain  penetra- 
t ion.  The f l o o r  drain  l i n e  contains two valves i n  s e r i e s  t o  assure sec- 
ondary containment. A de ta i led  discussion of the  c e l l  penetrations i s  
presented i n  Section 6.9. 

I n  order t o  provide adequate radiat ion shielding f o r  personnel work- 
ing i n  the  crane bay and u t i l i t y  tunnel, the  experimenters' c e l l  walls  
are  designed with a suf f ic ien t  thickness of concrete t o  reduce the dose 
r a t e  i n  these adjacent areas  t o  l e s s  than 2.5 mr/hr. I n  the  or ig ina l  
design the  c e l l  roof w a s  2 f t  3 in .  of ordinary concrete and the  outer  
wall  was 2 f t  of ordinary concrete. Subsequent shielding calculat ions  
indicated t h a t  these thicknesses were insuf f ic ien t ,  so the  roof th ick-  
ness was increased t o  3 f t  of ordinary concrete, and 7 i n .  of Barytes 
concrete was added t o  t he  outer c e l l  wall.  

Shielding i s  provided between adjacent experimenters' c e l l s  by a 
removable bulkhead, a s  discussed above. This bulkhead i s  fabr icated i n  
t$he f o : ~  of a hollow s t e e l  s h e l l  18 3/4 in .  th ick.  It i s  f i l l e d  with 
s t e e l  punchings f o r  shielding. This construction permits removal of the  
shielding aggregate by vacuuming t h e  plenum when it i s  desired t o  remove 
the  bulkhead. Removal of the aggregate reduces the bulkhead weight so 
t ha t  it can be handled by the experimenters' crane. 

Each experimenters' c e l l  i s  equipped with a carbon s t e e l  l i n e r  t o  
provide leakt ight  secondary containment f o r  t he  primary loop piping i n  
the  ce l l .  The c e l l  l i n e r  i s  designed t o  withstand a maximlm in t e rna l  
pressure of 12 psig. A 32-in. rupture d i sk  pro tec t s  the  c e l l  against  
overpressure by re l iev ing  the  overpressure t o  t h e  reac tor  containment 
vessel  if it exceeds 10 t o  12 psig.  The c e l l  l i n e r  w i l l  be f<bricated, 
leak tes ted,  and patched by welding u n t i l  i t s  leakage does not exceed 
1.0% of the  weight of a i r  i n  the  c e l l  a t  12 psig over a 24-hr period. 

The experimenters' c e l l  l i n e r  i s  fabr icated by seal-weiding rec-  
tangular sheets of 10-gage carbon s t e e l  (ASTM-~246) t o  rectangular bar 
stock, which i s ,  i n  turn, fastened t o  anzhor bo l t s  embedded i n  the  concrete 



walls, f loor ,  and cei l ing.  The anchor b o l t s  are  placed i n  sleeves t o  
allow l a t e r a l  motion due t o  thermal expansion of the  l i n e r .  The anchor 
bo l t  nuts a re  seal-welded t o  the  anchor b o l t s  and the  c e l l  l i n e r .  The 
l i n e r  on the  removable roof hatch i s  seal-welded t o  the  c e l l  l i n e r  i n  
such a manner t h a t  the  sea l  weld i s  accessible from the  top  of the  hatch. 
Removal of the hatch plugs requires  t h a t  the sea l  be cut f i r s t .  The l i n e r  
i s  rewelded a f t e r  replacement of the  hatch plugs. After fabr ica t ion  a l l  
exposed surfaces of the  l i n e r  w i l l .  be painted with Phenoline 300 o r  an 
equivalent solution.  

During normal loop operation, c e l l  ven t i l a t i on  w i l l  not be permitted, 
although the  c e l l  w i l l  be allowed t o  "breathe" v i a  two small l i n e s  t h a t  
Sypass the  main ven t i l a t ion  intake and exhaust valves (see see. 6.7). 
Each of these by-pass l i ne s  contains suf f ic ien t  valving t o  provide sa fe  
i so la t ion  of t he  c e l l  i f  a radioactive gas re lease  i n to  the  c e l l  should 
occur. Vent i la t ion i s  avai lable  during major maintenance work i n  the  c e l l .  
The ven t i l a t ion  i s  established by an induced-draft system. The ven t i l a -  
t i o n  r a t e  can be varied from an average of 4.40 cfm t o  a maximum of 1760 cfm 
per c e l l .  A more deta i led description of the  c e l l  ven t i l a t ion  system i s  
provided i n  Section 6 .7 ,  

Each experimenters' c e l l  i s  cooled by two 50-kw air-to-water c e l l  
coolers using service water, which enters  the  c e l l  from the experimentersP 
u t i l i t y  tunnel. During loop operation using C02, the  c e l l  a i r  temperature 
w i l l  be maintained above 88'F by 'throttling the water flow t o  the  c e l l  
coolers ( o r  turning on the  e l e c t r i c  heaters, i f  necessary) t o  prevent the  
condensation of high-pressure C02 i n  the  gas l i n e s  ins ide the  c e l l .  No 
temperature controls  on the  coolers w i l l  be required during helium loop 
operation. A thorough discussion of the c e l l  coolers and cooling require-  
ments i s  presented i n  Section 6.11. 

The experimenters' c e l l  i s  drained by means of a 4-in. l i n e  t h a t  goes 
t c  the  EGCR warm waste system. The drain  l i n e  i s  constructed of s t a in l e s s  
s t e e l .  Secondary containment i s  maintained by two s t a in l e s s  s t e e l  b a l l  
valves ( 2  in .  nominal) i n  se r ies .  These valves a re  equipped with pnewnatlc 
operators and a re  spring-loaded t o  f a i l  closed. They a r e  controlled by a 
water-level monitor upstream of the  valves and a re  interlocked with the  
c e l l  vent valves (see sec. 6 .7) .  A minimum water l eve l  i s  maintained i n  
the drain pipe next t o  the  drain  valves a t  a l l  times t o  insure against  
c e l l  gas leakage th;-ough the valves. Should water co l l ec t  on the  c e l l  
f l o o r ,  the loop operator can drain t he  c e l l  5y opening the drain  valves.  
The drain valves w i l l  au tomt l ca l l y  close when the water l eve i  i n  the  drain  
pipe drops t o  8 i n .  below the :el l  f l oo r  l eve l .  

Originally, it was recommended by Kaiser Engineers tha t  a eonzrete 
f loor  be poured on top  of a 3-in. sand cushion over the c e l l  l i ne r ,  with 
the contact surface ketween the  concrete and the  l i n e r  sealed wi*h a r e -  
s i l i e n t  caulking compound. This f l oo r  would then serve as  a wear f l o o r  
and provide anchor supports f o r  the  i n - ce l l  piping. Because of t h e  probable 
d i f f i c u l t i e s  of decontaminating the conzrete f l o o r  it i s  now anticfpated 



t ha t  it w i l l  not be i n s t a l l ed .  The loop piping w i l l  be anchored t o  the  
concrete f loor  below the c e l l  l i n e r  with adequate seal-welding a t  the c e l l  
l i ne r ,  and a grating w i l l  be i n s t a l l ed  t o  provide a wear f l oo r .  

3.3. Experimenters' U t i l i t y  Tunnel 

The experimenters' u t i l i t y  tunnel i s  a concrete tunnel of rectangular 
cross section t h a t  i s  approxim.ately 17  f t  deep by 12 f t  wide. The main 
portion of t h i s  tunnel i s  adjacent t o  the outer periphery of the experi- 
menters' c e l l s  and i s  approximately 380 f t  long. The ends of t h i s  main. 
portion of the tunnel are  connected by a smaller tunnel which completes 
a c i r c l e  around the reactor  containment vessel .  The u t i l i t y  tunnel i s  
located below the experimenters' crane bay, and i t s  roof forms a par t  of 
the crane bay f loor  a t  ground leve l .  

A t  the  present time, the only access t o  the  experimenters' u t i l i t y  
tunnel i s  through a single-entrance corridor from the turbine building. 
Because of the hazards associated with a single entrance t o  the tunnel, 
it i s  planned t o  provide addit ional openings f o r  emergency e x i t .  These 
w i l l  consist  of hatchways through the  tunnel roof i n to  ' the experimenters' 
crane bay. The exact location and number of these e x i t s  w i l l  be de te r -  
mined a t  a l a t e r  date .  

The experimenters' u t i l i t y  tunnel contains most of the service l i n e s  
f o r  the experimenters' c e l l s .  Among the pr inciple  items located i n  the  
tunnel are  the  c e l l  ven t i la t ion  exhaust header, instrumentation and con- 
t r o l  connections between the c e l l s  and the experimenters' control  room, 
e l e c t r i c a l  power cables t o  the  ce l l s ,  gas d i s t r ibu t ion  l i n e s  from the gas 
and a i r  supply systems, and service water l i n e s  f o r  c e l l  cooling. Most of 
the service l ines ,  with the exception of the c e l l  ven t i la t ion  ducting, a re  
located beneath a s teel-grat ing f loo r  which i s  mounted approximately 3 f t  
above the tunnel f loor .  Four water drains a re  provided along the con- 
c re te  f l oo r  of the  tunnel. These drains connect t o  the warm waste l i n e s  
leading t o  the experimenters' and auxi l iary sump tank. Each drain  l i n e  
contains a 4-in. manual b a l l  valve tha t  can be opened with a long-handled 
wrench from the u t i l i t y  tunnel. 

The u t i l i t y  tunnel i s  equipped with an automatic f i r e  alarm system. 
Wat,er hoses and wall-mounted hand-operated C 0 2  extinguishers are  provlided. 
The tunnel i s  equipped with standard and emergency l ight ing,  and several  
forms of communication and alarms are provided (see sec. 5.18). 

Mo special  provisions have been made f o r  forced vent i la t ion  of the  
u t i l i t y  tunnel. Some vent i la t ion  w i l l  be obtained whenever the  c e l l  
vent i la t ion system i s  operating, since the vent i la t ion  i n l e t  valve t o  
each c e l l  i s  open t o  the  u t i l i t y  tunnel, and a valve a t  the head end of 
the c e l l  ven t i la t ion  exhaust duct a l so  opens t o  the u t i l i t y  tunnel. Suf- 
f ic ien t  shielding i s  provided between the  experimenters' c e l l s  and the  



u t i l i t y  tunnel t o  reduce the dose r a t e  i n  t he  tunnel t o  l e s s  than 2.5 
mr/hr during normal loop operation. 

3 Experimenters' Crane Bay 

The experimenters' crane bay cons i s t s  of t he  space d i r e c t l y  above 
the  experimenters' c e l l s  and the  experimenters' u t i l i t y  tunnel.  It i s  
a horseshoe-shaped area  approximately 380 f t  long by 46 f t  wide. It i s  
enclosed by corrugated Transite siding and a bu i l tup  roof t h a t  abuts the  
reac tor  containment vessel .  The ce i l i ng  clearance i s  approximately 31 f t .  
The bay i s  serviced by a 20-ton crane. 

Two equipment and truck access doors a r e  provided. These a re  approxi- 
mately 16 f t  wide and 14 f t  high. The r o l l i n g  s t e e l  doors a r e  motor op- 
erated from inside the  crane bay. Four standard personnel doors a re  a l so  
provided. They a r e  about equally spaced along the  periphery of t he  crane- 
bay enclosure. 

A 20-ton traveling-bridge crane, operating on a circumferential  
t rack having an inner  radius of 61 f t  and an outer radius of 101 f t  (40- 
f t  span), serves the  experimenters' crane bay. The crane has a dual ho is t  
system, a 20-ton ho is t  and a 5-ton hois t ,  each having a l i f t i n g  height of 
40 f t .  The maximum l i f t  clearance above the  crane-bay f l o o r  i s  approxi- 
mately 20 f t .  The crane t r o l l e y  i s  fed from a 100-amp, 460-v, 3-phase 
f eed ra i l  along the perimeter of the  inner w a l l  of t he  crane bay. The op- 
e ra t ion  of the  bridge, hois ts ,  and t r o l l e y  i s  controlled from the  crane- 
bay f l o o r  by means of a pendant push-button control  s t a t i on  suspended by 
a f l ex ib l e  cable from the  t ro l l ey .  

Three f e e t  of concrete shielding i s  provided over a l l  experimenters' 
c e l l s  containing loops. Above unused c e l l s  and above the  u t i l i t y  tunnel 
the  concrete i s  2 1/4 f t  th ick.  As a r e su l t ,  there  i s  a 9-in.  concrete 
ledge over a l l  experimenters' c e l l s  t ha t  a r e  used. Personnel hatchways 
t o  each of the  eight experimenters' c e l l s  a re  provided (see sec. 6.15).  
The experimental loop compressor motor-generator s e t s  a r e  mounted above 
the experimenters' u t i l i t y  tunnel. It i s  planned t o  bui ld  an extension 
r a d i a l l y  from the  crane-bay enclosure t o  house t he  decontamination chemical 
uni t  (see sec. 8 .3 )  and the  helium and C02 supply systems (see sec. 5.8 
and 5.9) .  

A r t i f i c i a l  l igh t ing  i s  supplied by f i f ty -one  750-w f ix tu re s  located 
above the crane, four  e x i t  l i g h t s  (two 25-w l i g h t s  over each personnel 
door, with one on the  direct-current  emergency power system), and f i ve  
75-w wall-mounted l i g h t s  on the direct-current  emergency power system. 
Receptacles f o r  120-v and 460-v power a r e  provided i n  the  crane-bay area.  

Communications include master telephone s ta t ions ,  sound-power phones, 
and a PA system (see sec.  5.18). No area rad ia t ion  monitors a re  included 



within the  crane bay, but  evacuation alarms and f i r e  alarms w e  provided. 
Plant  and instrument a i r  a re  supplied (see sec. 5.17). 

Wall-mounted water hoses and hand C02 exLinguishers a r e  included f o r  
f i r e  f ight ing.  A t  present, there  a re  no provisions f o r  ven t i l a t i ng  t he  
crane bay. However, s t r uc tu r a l  provisions have been made f o r  the  addi- 
t i o n  of fans  and louvers a t  a l a t e r  date.  
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3.5. Shielding 

The experimenters' c e l l s  are  considered t o  be l imi ted access areas  
and a r e  shielded t o  give acceptable dose r a t e s  i n  accordance with tolerance 
l eve l s  f o r  occupational exposure a s  specified by the  In te rna t iona l  Com- 
mittee on Radiological ~ r o t e c t i o n . '  The c e l l  shie lding i s  designed t o  
l i m i t  t he  maximum dose r a t e  outside the c e l l  t o  approximately 2.5 mr/hr. 
This dose r a t e  i s  assumed t o  be due t o  f i s s i o n  products c i rcu la t ing  i n  the  
experimental loop gas and deposited on the  i n t e r i o r  surfaces of t he  loop 
e quipment . 

Shielding of the  experimenters' c e l l s  i s  provided by the  use of con- 
c re te  f o r  the  roof and u t i l i t y  tunnel wall. The c e l l  roof i s  ordinary 
concrete, 3 f t  th ick.  The u t i l i t y  tunnel wall i s  a composite of 2 f t  of 
ordinary concrete and 7 in .  of barytes concrete (density, 210 l b / f t 3 ) .  
The use of these two materials  resul ted from progressive design changes. 
The i n i t i a l  2 f t  of ordinary concrete was the  thickness calcula ted during 
ea r ly  design work. Further s tudies  indicated t h a t  more shielding was 
needed. The 7 i n .  of barytes represented an e f for t  t o  provide t he  neces- 
sary  shielding, while a t  the  same time conserving i n - c e l l  space. 

The wal l  between adjacent c e l l s  i s  an aggregate-fi l led,  carbon-steel  
bulkhead, 18 in .  th ick .  This bulkhead i s  designed t o  be removable, thus 

' ~ e ~ o r t  of Committee I1 on Permissible Dose f o r  I n t e rna l  Radiation 
(1959), Health Physics 3, 3 (1960). 



providing experimenters with addit ional c e l l  space when required. A 
weight l imita t ion of 20 tons imposed on the bulkhead by the capacity of 
the crane f o r  servicing the c e l l s  made it necessary t o  specify f i l l i n g  
of the bulkhead with an eas i ly  removable material. Consideration of 
shielding properties, cost, and mechanical properties led  t o  the selec- 
t i on  of ea s i ly  removable s t e e l  punchings a s  the  aggregate material .  

Several component shields are  needed and w i l l  be provided. A t  present, 
the  mainstream gas f i l t e r  shield i s  specified a s  4 in .  of lead. This 
shield i s  expected t o  give acceptable dose r a t e s  i n  a l l  locations outside 
.the c e l l .  Cel l  penetrations and the bypass pur i f icat ion system are  other 
examples of components and systems which may r e  quire addi t ional  shielding. 

3.6. Emerimenters ' Control Room 

The experimenters' control  room i s  located i n  the  reactor  control  
building and encompasses an L-shaped area of approximately 4700 f t2. 
About 40% of t h i s  area  i s  serviced by the control  building basement, 
while the  balance i s  located on top of ear th  f i l l .  The control  room i s  
s i tuated i n  an air-conditioned open bay, with a 14- f t  ce i l i ng  and a vinyl-  
tile-covered concrete f loor .  Wiring access t o  the control  panels i n  the  
ear th  f i l l  area i s  by means of overhead cable t rays  and i n  the  basement 
area by means of f l oo r  s lo t s .  

The instrument panels and computer equipment w i l l  be brought i n to  
the control  room through an 8- by 8 - f t  access door. This door i s  located 
on the west s ide of the  control  rood a t  ground leve l .  Another door, 5 by 
8 f t ,  i s  a l so  located on t h i s  side at ground leve l .  Four addit ional 
doors provide-access t o  the corridor between the experimenters' control  
room and the reactor  control  room. 

The control  building basement i s  105 f t  long by 50 f t  wide with a 
12-f t  ce i l ing  clearance. One corner of t h i s  room i s  walled-off t o  form 
a 62-ft -long by 37-ft -wide basement f o r  t h e  reactor  control  room. The 
remainder of the  room forms the experimenters' control  room basement. A 
10- by 10- f t  corridor 36 f t  long connects the experimenters' control  
building basement t o  the  experimenters ' u t i l i t y  tunnel. 

The communications and alarms i n  t h i s  basement include an intercom 
sta t ion,  a P.A. system, a f i r e  alarm, and an evacuation alarm (see sec. 
5.18). 



4. PRIMARY LOOP DESIGN 

4.1. Introduction 

Each of the experimental loops consists basical ly  of a reactor  
through-tube, a mainstream gas cooler, a mainstream gas f i l t e r ,  three 
gas-bearing compressors i n  series,  and a mainstream gas heater.  The r e -  
actor  through-tube i s  a 5 1/2-in.-o.d., 0.218-in.-wall tube extending 
s t ra ight  through the reactor core between a top and bottom nozzle of the 
reactor pressure vessel .  The through-tube provides a primary contain- 
ment ba r r i e r  between the loop gas ( e i the r  helium o r  C02) and the  reactor  
gas (helium) within the  reactor pressure vessel. Instrumented fue l  as -  
semblies are  placed i n  the  reactor by inser t ion inside the through-tube 
a s  a subassembly of an experimental s t r inger .  The experimental s t r inger  
i s  inserted through the run of a t e e  welded t o  the top  nozzle. The ex- 
perimental loop gas flows up through the  through-tube in to  the experi- 
mental str inger,  past the  experimental fue l  assembly, through the branch 
of the top nozzle tee,  and t o  the mainstream gas cooler where the experi- 
mental fue l  element power i s  transferred t o  a water-steam system. 

The experimental s t r inger  consis ts  of a top  nozzle breech closure 
(~ridgman closure) f o r  sealing off the loop gas from the secondary con- 
tainment system (upper sn i f f e r  region), a shield plug f o r  maintaining 
the in tegr i ty  of the  reactor  biological shield, a support s t ructure  f o r  
an instrumented fue l  assembly, an instrumented fue l  assembly, insulation 
f o r  l imiting heat l o s s  t o  the reactor gas, and the  instrumentation neces- 
sary t o  obtain useful data .  

The mainstream gas cooler i s  a re-entrant tube heat exchanger with 
loop gas flowing around tubes containing boiling demineralized w8ter. 
The cooled loop gas then flows t o  the mainstream gas f i l t e r  inside the  
experimenterst c e l l .  The en t i re  loop gas flow passes through the f i l t e r  
where most of the par t iculate  matter i n  the gas i s  removed. The loop 
gas then flows through three centr i fugal  gas-bearing compressors which 
are  connected and operated i n  ser ies .  

Next, the loop gas flows through the mainstream gas heater which i s  
a resistance-heated (high-current ) U-shaped section of pipe, and returns  
t o  the reactor through-tube i n l e t .  During normal loop operation the  
heater i s  used t o  adjust  the  gas i n l e t  temperature entering the experi- 
mental fue l  assembly. The heater i s  a l so  used f o r  preheating during loop 
startup, f o r  experimentation without a f i ss ion  heat source i n  the loop, 
and f o r  tes t ing .  

Four m,echanical pipe joints  containing double metall ic seals  with 
a pressurized gas-buffered zone between the  seals  are required i n  each 
loop. These are  located a t  the  i n l e t  and out le t  of the f i l t e r  and a t  
the  in l e t  and out le t  of the three compressors i n  ser ies .  The mechanical 



joints are used t o  f a c i l i t a t e  removal of the  compressors and f i l t e r .  The 
buffer gas i s  used t o  detect  seal  leakage and provide p a r t i a l  protection 
against the leakage of radioactive loop gas i n t o  the experimenters' c e l l  
fn  the event of seal  leakage. A l l  valves i n  the main loop are manually 
operated and require entrance t o  the c e l l  f o r  operation. This prevents 
the very serious hazard of inadvertent i so la t ion  valve closure during 
loop operation. 

Each experimental loop i s  provided with a dummy shield plug t o  be 
ins ta l led  i n  the  top nozzle while the  reactor i s  i n  operation but there  
i s  no experimental assembly ins ta l led  i n  the  through-tube. A d i f fe ren t  
type of dummy shield plug i s  provided f o r  use while t he  reactor  i s  i n  
operation pr ior  t o  in s t a l l a t ion  of the  through-tube. Each loop i s  also 
provided with a d m y  s t r inger  which i s  basical ly  an experimental s t r inger  
with the instmmented f u e l  assembly replaced by a dummy (unfueled) fue l  
assembly. The dummy str inger  i s  used f o r  t e s t  purposes with o r  without 
the reac.tor i n  operation. 
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4.2. Reactor Through-Tube Assembly 

4.2.1. Through-Tube Assembly 

Design Philosophy. The design of the reactor through-tube assembly 
i s  based on a welded-joint concept. Ear l ie r  designs by Kaiser Engineers 
contemplated the  use of mechanical joints ,  a s  shown i n  Fig. 4.2.1, t o  
permit replacement of the tube. The expansion joint was necessary t o  pro- 
vide f o r  d i f f e ren t i a l  thermal expansion between the through-tube and the  
reactor pressure vessel. 

Since mechanical joints were not available tha t  met the loop leak- 
t ightness requirements and since the  development of a double-seal mechani- 
ca l  joint of the s ize  required (along with the  complications of shielding 
the arrangement during tube removal 6 was not considered feasible,  other 
ways f o r  i n s t a l l i ng  the tube were examined. The welded-joint concept was 
selected because it was considered the only way of obtaining a helium 
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Fig. 4. 2.1. Top Nozzle Tee Section for 5 114-in. Through-Tube with 
Mechanical Joint and Bellows. 



leaktight joint a t  the high operating temperatures and pressures of the 
EGCR experimental loops. It a l so  offered the advantage of permitting 
the la rges t  through-tube s ize  f o r  a given s ize  hole i n  the  EG-CR core. 

Since commercial bellows were not available f o r  operating a t  t he  
maximum loop design temperature and pressure and an extensive develop- 
ment program would be required t o  obtain sat isfactory bellows, other 
methods were examined t o  provide f o r  d i f f e r e n t i a l  thermal expansion. An 
expansion leg  of the  i n l e t  loop piping was selected as  the  best  method 
of providing f o r  the  r e l a t i ve  expansion of the through-tube and the  reac- 
t o r  pressure vessel .  Expansion loops were considered more r e l i ab l e  than 
bellows and required very l i t t l e  development e f for t ,  although they did 
present a more d i f f i c u l t  design and space proSlem. 

Description. Three types of reactor  through-tube assemblies are 
required f o r  the  EGCR experimental loop f a c i l i t i e s :  (1) a 5 1/2-in. -0.d. 
through-tube assembly f o r  loops TS-2 and TS-3, (2)  a 9 1/2-in.-0.d. 
through-tube assembly f o r  loop TL-1, and (3 )  a double through-tube as- 
sembly with a 9 1/2-in. -0.d. outer through-tube and an 8 l /4-in.  -0.d. 
(maximum) inner through-tube f o r  loop TL-4. Each through-tube assembly 
consis ts  of three subassemblies: (1) the through-tube (two through- 
tubes f o r  TL-4), (2 )  the top nozzle inner and outer tees ,  and ( 3 )  the  
bottom nozzle inner and outer t ees .  

The top and bottom nozzle outer t e e s  are  welded t o  the reactor  
pressure vessel  nozzle extensfons and become a permarient par t  of the  
reactor  pressure vessel .  The branches of the  inner and outer t e e s  of 
each top nozzle a re  welded t o  the  primary and secondary containment 
piping, respectively.  This connects the  primary loop piping t o  t he  
t,h-rough-tube and connects the  secondary containment piping t o  the  reac- 
t o r  pressure vessel, but the  reactor  gas i s  isolated from the secondary 
containment region. I n  the  case of t h e  bcttcm nozzle, the  design per- 
~ S ; s  the reactor  gas t o  en te r  the containmer~t region a l l  the way back 
t o  the experimenters' c e l l .  The reactor  press7Jre vessel  and the  con- 
t,ainment pipe attached t o  the bottom nozzle serve as secondary contain- 
ment f o r  the  single through-t!u?ae loops (TS-2, TS-3, and TL-1). For the 
double through-tube loop (TL-4) the  reac tor  gas does not extend beyond 
the top and bottom nozzles, and the outer through-tube serves a s  secondary 
containment. 

Each through-tube i s  designed a s  a replaceable item. Final  a t tach-  
ment of the tube t o  the  reactor  pressi&-e vessel  i s  performed by remotely 
welding the tube t o  the  top and bottom inner tees .  To replace the  tube, 
the tube-to-tee welds aye removed by remotely machining away the weld 
(see sec. 8.2). 

Definitions. Frimary con%ainment components are  defined as  those 
components of t he  through-tube assembly tha t  contain the loop gas. Secondary 
containment components are defined a s  those components of the  through-tube 
assembly t h a t  contain loop gas a f t e r  f a i l u re  of a primary loop component. 



For t he  s ingle  through-tube loop, t h e  secondary containment components 
of the  bottom nozzle contain reac to r  gas, and t h e  secondary containment 
components of t he  t op  nozzle contain a i r  during normal loop operation. 
For the  double through-tube loop, the secondary containment components 
of both nozzles contain a i r  o r  some other  gas. 

P a r t i a l  I n s t a l l a t i o n .  The i n s t a l l a t i o n  of t h e  eqe r imen t a l  loops 
w i l l  not be completed when t he  r eac to r  i s  scheduled t o  s t a r t  operating. 
However, t he  top  and bottom nozzle t e e s  w i l l  be fabr ica ted  and f i e l d  
welded t o  t he  r eac to r  pressure vessel ,  and a long sect ion of t h e  primary 
and secondary containment piping w i l l  be f i e l d  welded t o  t he  t e e s .  
Through-tubes w i l l  not be i n s t a l l e d  i n  any of t he  loops. Therefore, r e -  
ac to r  gas w i l l  be allowed t o  from the  top  nozzle inner t e e  t o  the  
capped end of t h e  upper primary piping. Reactor gas i s  normally contaiced 
i n  t h e  region between t h e  primary and secondary piping at tached t o  t h e  
bottom nozzle t e e s ;  but since a through-tube i s  not i n s t a l l ed ,  r eac to r  
gas w E l l  be contained i n  both t h e  primary and secondary piping. 

Design Cr i t e r i a .  The Navy code1 and t he  ASME Unfired Pressure 
Vessel Code, Sec$ion V I I I ,  were used a s  a design ba s i s  f o r  t he  primary 
and secondary containment- ( see sec . 6.2).  The methods out l ined i n  t h e  
gavy Code were used a s  a guide i n  performing a d e t a i l  s t r e s s  analys is  
of the  components. A l l  welding and associated l i qu id  penetrant  inspec- 
t i o n  performed on the  through-tube assembly must meet t he  applicable 
ORNL welding and inspection speci f ica t ions  o r  an approved equivalent 
vendor's spec i f i ca t ion  (see sec. 4.2.5). 

The primary containment i s  f abr ica ted  of type 34'773 s t a i n l e s s  s t e e l .  
The highest temperature por t ion of t he  secondary containment i s  a l s o  
fabr ica ted  of type 347H s t a in l e s s  s t e e l .  The lower temperature port ion 
i s  fabr ica ted of carbon s t e e l .  A l l  type 347H s t a i n l e s s  s t e e l  and carbon 
s t e e l  pa r t s  a re  fabr ica ted i n  accordance with t he  applicable ORNL ma- 
t e r i a l s  speci f ica t ions  (see  sec. 4.2.5). 

A l l  p a r t s  of t he  t o p  and bottom nozzle inner  t e e s  f o r  loop TL-1 
t h a t  a re  subject t o  a x i a l  thermal gradients  and may be exposed t o  con- 
densate ( i f  the  loop i s  cooled with steam) a r e  overlaid w%th Inconel. 
The overlaid weld metal i s  i n  accordance with Section V I I I  of the  ASME 
Boi ler  and Pressure Vessel Code, pa r t  UCL. The f i l l e r  metal i s  BP-87 
o r  BP-85 with a f in i shed  thickness of 1/6 i n .  The f in i shed  pa r t  i s  
penetrant inspected i n  accordance with the  applicable ORNL speci f ica t ion 
and radiographed i n  accordance with Section VIII of t h e  ASME Code, Par t  
UW-51, and ASTME-142-59T. The porosi ty  s i z e  i s  l imi ted t o  "medium" as  
described i n  Section V I I I  of t h e  ASME Code, Appendix A. Ir; ca lcu la t ing  
the  s t rength  of t h e  nozzle, no c r ed i t  was taken f o r  the  over la id  metal. 

l ~ e n t a t i v e  S t ruc tu ra l  Design Basis  f o r  Reactor Pressure Vessels and 
Direct ly  Associated Components, PB-151987, United S ta tes  Department of 
Cornmerze. 



4.2.2. Bottom Nozzle Tees 

A bottom nozzle t e e  section f o r  the 5 1/2-in. -0.d. loops (TS-2 and 
TS-3) i s  shown i n  Fig. 4.2.2. A bottom nozzle t ee  section f o r  the  
9 1/2-in. -0.d. single through-tube i s  shown i n  Fig, 4-2.3. A bottom 
nozzle tee  section f o r  the 9 1/2-in.-0.d. double through-tube i s  shown 
in  Fig. 4.2.4. 

Design Temperatures and Pressures. The primary containment i s  
designed f o r  1100 ps ia  a t  975OP. The secondary containment i s  designed 
f o r  750 psia at 650°F. The bottom ball-lock assembly i s  designed f o r  
750 psia a t  650°F. Design provisions have been made t o  keep t h i s  closure 
below 350°F because of i t s  elastomer O-ring. 

Bearing Surfaces. The outer surface of the inner t e e  has a bearing 
surface tha t  mates with an inner bearing surface on the  outer tee .  Since 
the bottom nozzle outer t ee  i s  f i l l e d  with reactor  gas, t h i s  bearing must 
be a sliding, dry-fr ic t ion bearing which can operate i n  helium a t  tempera- 
t u re s  up t o  950°F. The base material f o r  both bearing surfaces i s  type 
347 s ta in less  s t e e l  with a hardened surface overlay of approximately 
Rockwell C-48 hardness. This bearing a c t s  as the  through-tube and piping 
guide and transmits the pipe reactions t o  the nozzle. 

The loading of the  bearings i s  discussed i n  a design analysis (see 
references i n  sec. 4.2.5). The load imposed on the bearing surface i n  
the bottom nozzle t e e  r e su l t s  from the pipe .reactions of the mainstream 
piping (see Design Analyses, Appendix A.3.3, pp. A.3.3-1 t o  A.3.3-5). 
The resul t ing load on the bearing surface i s  derived from the ax ia l  loads 
and bending moments transmitted t o  the  t e e  by the thermal growth of the 
mainstream piping. A s  a r e su l t  of t h i s  load there  i s  a tendency f o r  t he  
bearing t o  r ide  on i t s  edges. This load i s  slowly applied a s  the piping 
comes up t o  loop temperature. The maximum load occurs at the end of the 
through-tube expansion. However, the loop piping w i l l  creep a t  loop 
temperature and thus rel ieve the pipe react ion load on the tee ,  Since 
t h i s  i s  a time-dependent function, no c red i t  was taken f o r  t h i s  load re -  
duction i n  the  bearing design. 

Bearing surface t e s t s  under simulated loop conditions are  i n  progress. 
The f i r s t  t e s t  conducted revealed heavy scoring ~ o f : ~ C h e ~ ! b e b r $ ~ u r f a c e s ,  
but the surfaces did not appear t o  self-weld. These f i rs t  t e s t s  were with 
bearings having S t e l l i t e  6 against S t e l l i t e  6 surfaces with a Rockwell 
hardness of C-34. Additional t e s t s  a re  scheduled, including t e s t s  of 
Linde flame plate  LW-IN against LW-IN with a surface hardness of Rockwell 
C-71 and S t e l l i t e  12 against S t e l l i t e  12 with a surface hardness of 
Rockwell C-48. A 1 1  t e s t s  are  being conducted with a constant r a d i a l  load 
of 2000 l b  on a fu l l - sca le  bearing f o r  a small through-tube. This load 
i s  approximately 400 l b  greater than the calculated load from the pipe 
reactions. The actual  slowly applied type of bearing loading could not 
be mocked up i n  a bearing t e s t ;  therefore, the f u l l  t e s t  load w a s  applied 
f o r  the f u l l  length of the t e s t  stroke. 
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Ball-Lock Assembly and Blind Flange Leak Detection. Access t o  the  
inner t e e  breech plug i s  obtained by removing the  bottom nozzle b l i nd  
f lange and t h e  bal l - lock assembly and shie ld  plug from the  outer  t e e  
using t h e  charge machine. The bal l - lock assembly has an elastomer O-ring 
s ea l  t h a t  s ea l s  the  reactor  gas. This s e a l  i s  backed up by a double 
O-ring s e a l  i n  the  b l i nd  f lange.  Two connections are  provided f o r  l eak  
checking t he  s ea l s .  One l i n e  connects t o  the  a rea  between t he  bal l - lock 
assembly s ea l  and t he  f i rs t  double O-ring. The other  l i n e  connects t o  
the  a r ea  between t he  double O-rings. These leak detect ion l i n e s  connect 
t o  the  reac to r  leak-off system, The l i n e  connecting t o  t h e  a r ea  between 
the  double O-rings has a valve t h a t  i s  normally closed and a pressure 
ind ica to r  upstream of the  valve. The l i n e  connecting t o  t he  region be- 
tween t h e  b l ind  f lange and t he  breech closure contains a t e e  connection. 
The branch of the  t e e  contains a valve t h a t  i s  normally closed. This 
valve connects t o  a vacuum system. The run of the  t e e  on the  downstream 
side contains a valve t h a t  i s  normally open and connects t o  the  leak-off 
system, A pressure indicator  i s  connected t o  t h e  l i n e  jus t  above the  
valve. The ba l l - lock  assembly o r  b l ind f lange sea l s  a r e  checked by ap- 
plying pressure t o  one o r  the  o ther  s e a l  a reas  and watching f o r  a pres-  
sure r i s e  t o  ind ica te  the  presence of a leak.  If a reac to r  gas leak t o  
the  region between t he  bal l - lock assembly and the  b l ind  f lange occurs, 
the  reac to r  can be shut down and t he  leak f ixed.  However, r e ac to r  and 
loop operation can continue f o r  some time a f t e r  the  leak s t a r t s  by c lo s -  
ing t he  two valves i n  the  leak-detection l i n e .  

Nozzle Cooling. The nozzle coolant i n l e t  i s  connected above t h e  
bottom t e e  assembly and i s  routed out through the  bottom pipe chase t o  
the  through-tube nozzle cooling system (see  see. 5.16). The coolant  
en te r s  above the  t e e  and flows up the  outs ide  of the  through-tube between 
the  tube and t he  nozzle extension and discharges i n t o  t h e  r eac to r  bottom 
plenum. The basic function of t h i s  coolant i s  t o  maintain the  carbon 
s t e e l  nozzle and nozzle extension below 650°F and t o  minimize t h e  thermal 
growth of the  through-tube. Instrumentation i s  included i n  t h i s  system 
t o  p ro tec t  t he  nozzle and nozzle extension i f  t h e  nozzle cooling should 
f a i l  ( see  kec. 5.16). 

Nozzle Reactions. The pipe reac t ions  of t h e  primary and secondary 
containment pipes a re  transmitted t o  t h e  reac to r  pressure vesse l  nozzle. 
These reac t ions  r e s u l t  i n  a bending moment a t  t he  nozzle-to-vessel junc- 
t i o n .  The maximum combined moments from these  reac t ions  a r e  l e s s  than 
the  maximum allowable moments f o r  the  nozzle-to-vessel  junction, a s  
determined by   re en street.^ The combined moments discussed i n  the  design 
analys is  (see sec. 4.2.5) a re  based on a through-tube thermal growth of 
5.75 i n .  without spring hanger supports. These moments a re  g r ea t e r  than 
allowable. The through-tube growth i s  estimated t o  be l e s s  than 4.75 i n .  
( see  Design Analyses, Fig .  A.l.1-3). The moments have been determined 
based on 4.75-in. growth with hanger supports. The moments w i l l  be r e -  
ported i n  a forthcoming document. The moments based on a through-tube 

2~emo  from B. L .  Greenstreet t o  W. S. Chmielewski, Feb. 1, 1961. 



thermal growth of 4.75 i n .  are  within the maximum allowable f o r  the 
nozzle-to-vessel junction. 2 

Field  Welding. The en t i r e  bottom nozzle t e e  assembly i s  welded t o  
the  reactor  pressure vessel  nozzle extension jus t  above the  p i n t ,  where 
the  :~ozzle coolant en te rs  the  extension. This weld i s  made i n  the  f i e l d  
a f t e r  the  yeactor pressure vessel  has been erected i n  place 5ut  before 
the  biological  concrete shield has been poured around the nozzles. This 
weld i s  coordinated with the  f i e l d  welding of the  charge nozzles t o  the  
reactor  vessel .  The center  charging nozzle i s  welded f i r s t ;  the bottom 
nozzle assemblies f o r  the  small loops a re  welded next; and then the  addi- 
t i o n a l  charge nozzles and the  bottom nozzle assemblies f o r  t he  iarge 
loops are  welded. The work progresses r ad i a l l y  outward from the ax is  
of t he  zeactor pressure vessel .  Before the biological  concrete shie ld  
i s  poured, it i s  a l so  necessary t o  make the  f i e l d  welds where the  inner 
and outer t e e s  join the  primary loop piping and secondary containment 
piping, respectively.  

Through-Tube Cooling and Insulation.  The through-tube i s  a seamless 
tube a p p r o ~ m a t e l y  64 f t  long with an adapter welded t o  each end f o r  the 
purpose of welding the  tube t o  the  t op  and bottom nozzle inr,er t ees .  The 
through-tube has an o r i f i c e  and guide r ing  t h a t  f i t s  inside a guPde sleeve 
located i n  the  bottom gr id  support s t ructure  of the  reactor  core. This 
o r i f i c e  i s  i n s t a l l ed  and replaced with the through-tube. The puz-pose of 
t h i s  o r i f i c e  i s  t o  regulate the  reactor  gas flow up the outside of the  
though-tube.  The function of t h i s  reactor  gas flow i s  t o  remove the  
gamma and neiutron heat  generated i n  t he  tube and i n  the  graphi,te sursound- 
i ~ g  the  tu'be. The flow must be adequate t o  maintain the  t h r o l ~ h - t u b e  wall 
tem7erat1ne ".elow 1075°F. 

Since the tmough-tube tempe~at~ure  i s  a funet,ion of the  geometry of 
the  experimental f u e l  assembly, each experimenter must examSne his experf- 
nent t o  determine the  r ad i a l  and a x i a l  tetnperatu~e prof i re  of the f a e i  
asse.m%ly and the  ax i a l  temperatvure p ro f i l e  of the  tube. Severai f u e l  as.- 
sembly geometries and conditions t ha t  would appear t o  give the  worst 
through-t-ube tempez'ature and reactor  gas flow requirement eond.it,ions have 
been examined. The fue l  geometries reported by Kossmeyer3 were selected 
a s  ty~ . ' , . ca l .  The reac tor  gas t,emperatme (tllbe coolant temperatwe) .vs 
d i s t a ~ c e  from t.he bottom of the  core i s  snown i n  Fig. 4,2.5 for a 1.5OC-kw 
unattem~erated fu.el assembly4 and i n  Fig. 4.2.6 f o r  a 15GO-kw attemperat,ed. 
a s s e m t ~ l . ~ . ~  I n  each case, four d i f fe ren t  reactor  gas mass f l ~ w  r a t e s  up 

3 ~ .  E .  Korsmeyer, W. R .  Huntley, and N.  Ozisik, Comparison of Fuel As -  
sembly Tests Prognosticated f o r  the EGCR Loops, ORNL CF 60-1-1, Jan. L, 1960. 

4 ~ .  W .  Moggle, Steady State  Radial and Axial Temperature P ro f i l e  of an 
EGCR 5 l j 2  in .  o.d. Thru-Ttbe f o r  1.500 kw Operation, ORNL, CF 60-11-55. 

5 ~ 0  W .  Noggle? Steady State  Radial and Axial Temperature P ro f i l e  of ari 
EG2E 5 i / 2  i r ~ .  oad.  Through- tube Dming 1500 kw Operation, ORNL CF 60-12-67. 
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the outside of the  through-tube a r e  shown. The through-tube outside 
surface temperatures vs  distance from the  bottom of the  core a r e  shown i n  
Fig. 4.2.7 f o r  a 1500-kw unattemperated f u e l  assembly4 and i n  Fig. 4.2.8 
f o r  a 1500-kw attemperated f u e l  assembly.5 I n  each case the  same four  
reactor  gas mass flow r a t e s  up the  outside of the  through-tube a r e  ind i -  
cated. 

Unattemperated fue l  assemblies operating a t  335 kw were a l so  studied 
i n  d e t a i l  because they appear t o  give the  maximum tube surface temperature 
and the  maximum temperature drop condition across the tube. The tube 
outside surface temperature v s  ax ia l  distance from the  bottom of the  
core and the  temperature drop across t he  tube a r e  shown i n  Figs. 4.2.9 and 
4.2.10, respectively.  

The through-tube i s  insulated on the  ins ide from the  hot loop gas by 
using r e f l ec t i ve  insulat ion (see sec. 4.13). The insulat ion i n  the bottom 
nozzle and the  reac tor  bottom plenum i s  in s t a l l ed  when the  through-tube i s  
ins ta l led .  The insulat ion i n  the top  nozzle inner t e e  and the  reac tor  
pressure vessel  t op  nozzle and nozzle extension i s  i n s t a l l ed  a s  an i n t eg ra l  
par t  of the  experimental s t r inger  (see sec. 4.3) when the  s t r i nge r  i s  i n -  
s t a l l ed .  

Design Temperatures and Pressures. The through-tubes f o r  the  s ingle  
through-tube loops' (TS-2, TS-3, and TL-1) a r e  designed f o r  an i n t e rna l  

of 1 1 0 0 - ~ s i a  a t - 1 0 7 5 " ~ .  The inner through-tube f o r  t he  double 
through-tube loop (TL-4) i s  designed f o r  350 ps ia  at 1075°F. 

S t ress  Analysis. A design analysis  has been completed f o r  a 5 1/2-in. - 
0.d. through-tube f o r  loops TS-2 and TS-3. This tube i s  5.5 in .  o.d., with - 
a 0.218-in. wall.  The pressure d i f f e r e n t i a l  across the  through-tube i s  
normally not over 800 p s i  (1100 psia  maximum loop pressure and 300 ps ia  
reactor  operating pressure) .  The s t r e s s  created by a l o s s  of pressure has 
been considered i n  the  Design Analyses (see sec. 4.2.5) f o r  both a reac tor  
gas and a loop gas depressurization (see Appendix A.1.3-2 of t he  Design 
Analyses). During a l o s s  of loop pressure, the  through-tube w i l l  ex- 
perience a 300-psig external  pressure ( reac tor  gas pressure) .  To meet 
Section VIII of the  ASME Code, the  calculated external  pressure f o r  a 
5 1/2-in. -0.d. tube with a 0.218-in. wall i s  300 psig a t  1075°F (see Design 
Analyses Appendix A. 1.3-2 ) . Greenstreet reported6 an instantaneous external  
collapsing pressure of 900 ps i a  f o r  a 4-in.-0.d. type 347 s t a in l e s s  s t e e l  
tube with a temperature of 1200°F at  one end, 1170°F a t  the  center, and 
1130°F a t  t he  other  end. The mean radius-to-thickness r a t i o  and the  ova l i t y  
r a t i o  of t he  tube were 15.43 and 0.9982, respectively.  A s imilar  type 347 
s t a in l e s s  s t e e l  tube collapsed under an external  pressure of 990 ps i a  with 
a temperature of 1200°F a t  one end and 920°F a t  the  other end. A s  t h e  mean 
radius-to-thickness r a t i o  decreases, t he  allowable external  pressure i n -  
creases. The mean radius-to-thickness r a t i o  of the 5 1/2-in. -0. d .  through- 
tube i s  12.115, with an ova l i ty  of 0,9941. The maximum end temperatures 

6~ngineer ing  Test Status Report f o r  EGCR f o r  Period December 15, 1960 
t o  January 15, 1961, p, 12. 
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Fig. 4.2.7. Axial Tube Temperature Profile for Case of the Central 
Control Rod Fully Inserted and Bank Insertion to 62 in. (ak = 0.025). 
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Fig. 4.2.10. Temperature Drop Across Through-Tube vs Axial Distance 
of Through-Tube from Bottom of Reactor Core. 



are  950 and 1075"F, Comparing the  proposed through-tube with t h e  t e s t ed  
tube, the  th?ougk-tube design appears s3 be adequate, with a f ac to r  of 
sa fe ty  of 3 t o  4. 

A preliminary design analysis  of a through-tube f o r  loop TL-1 has 
been co~npleted. A 9 1/2-in.-c.d. through-tube with a 0,500-in. wal l  ap- 
pears LO he adequate t,o neet the  i n t e r n a l  pressure condit ions of 1100 p s i a  
and the  300-2sig external  pressure. 

Provisions fo r  Thermal Gr~wth .  Space f o r  through-tube thermal growth 
of 5 7 4  i n ,  has been designed i n t o  the  'bottom n.ozzle outer  t e e .  The 
maxfmum tl?rougl?-tube growth i s  expected t o  occur with a loop gas i n l e t  
temperature of 950°F and ou t l e t  temperature of 1050°F. This problem was 
exaniined in d e t a i l  f o r  t he  5 1/2-in.-0.d. tube,  

The we]:,-all thermal growth depends on the  condit ions and geom.et,ry 
of t he  f i v e  r e g i ~ n s  shown i n  Fig ,  402,11.  For t h e  bottom nozzle a wlde 
ra-cge of r e s u l t s  can be obtained by varying t he  tube insula.tion thickness 
GY" th.e nozzle i.ool.ani. flow, The conditions shown f o r  region I of F:ig. 
4.2.1.2 a re  based on 100-lh/hr nozzle coolant flow and 1/4- i n .  of r e f l ec -  
t i v e  insul.ati.on ins:ide the  through-tube . 

The -temperature of the  through-tube i n  t he  bottom plenum region i s  
a f i - m c t i o ~  of t ne  reac.r.or gas f i lm  coef f ic ien t  and, the insu la t ion  ins ide  
the  tube. The tube surface temperature,, a s  shown on Fig ,  4t..2.12, i s  based 
on l / 4  i n ,  of ref l .ec t ive  insu ia t ion  and the  f i lm  coef f ic ien t  calcula ted 
from BITI da tZan7  The t.hrough-tube surface temperature p r o f i l e  t,hrough the  
ccze i s  based, on a 950°F i n l e t  loop temperature with an unattemperated 
fuel. eley-en+, operating a t  335 kw and a reac tor  coolant flow up the  outside 
of thz  tube of 450 ~ b / h r .  The through-tube temperature p ro f i l e  f o r  t he  
t.op plenum i s  based on a loop temperature of 1050°F and a reac tor  p1,enum. 
te.nperature of 1050°F. 

For t.he top  nozzle a wide range of r e s u l t s  can be oStal,ned by va;ry- 
ing th.e insu la t ion  thic'kness o r  the  n.ozzle coolant flow, The condit ions 
shown. OLI F ig ,  4;2.12 a re  based or, 1/2 i n ,  of i n su l a t i on  ins ide  the  t h~ough-  
tube and 75-lb/'r,r nozzle coolant flow. This condit ion was se lected t o  
match the  nozzie annulus coolant -cem.perature of 461°F and thereby prevent. 
inducing th.erm.al, s t r e s s e s  i n  the  nozzle a t  t h i s  pos i t ion ,  

The tenperature of the th~ough-tube,  and thereby i t s  growLh., i s  con- 
t r o l l e d  by tihe tegperatuce a2d flow ra tme of the  i n t e r i o r  nozzle cooling 
gas, t he  f i l m  coef f ic ien t  between t he  tube wall  and t he  bottom reac tor  
plenum gas, the  reac tor  gas flow r a t e  up the  outs ide  of t h e  tube, the  
loop gas i n l e t  tempel-atu~e, ar.d t h e  geometry of t he  experimental fuel .  a s -  
sembly ,. 

7~,. 3. FLanfgan, G .  R ,  Whitacre, and R. R. Hazard, Model Studies of 
Flow and Mixing i n  t he  Part , ial ly Enriched Gas Cooled Power Reactor, BMI- 
1397, Nov. 30, 1959. 
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Fig. 4.2.12. Axial Temperature P r o f i l e  f o r  a 5 112-in. Through-Tube 
and the Reactor Pressure Vessel. 



To cont ro l  thermal growth of t h e  through-tube, loop operation must 
be coordinated with reac tor  operation; t h a t  i s ,  the  di f ference between 
the  average a x i a l  temperature of the  reac tor  pressure vesse l  and the  
average a x i a l  temperature of the  through-tube must not exceed 600°F. This 
problem does not appear during normal operation; however, it may occur 
during loop shakedown operation with a cold reactor .  I n  addit ion,  during 
reac tor  shutdown and cooling off  t he  loop, the  loop operator must permit 
the  loop t o  cool down with t h e  reactor ,  t h a t  is ,  not t o  t r y  t o  maintain 
temperature with the  loop heater .  

The outer  through-tube f o r  the  9 1/2-in. -0.d. double tube has an 
expansion jo in t  t h a t  provides f o r  d i f f e r e n t i a l  thermal expansion between 
t h i s  tube and the  reactor  pressure vessel .  The design pressure f o r  t h i s  
tube i s  350 psig  i n t e rna l  o r  external  pressure a t  a maximum temperature 
of 950°F. The design of t h i s  jo int  i s  within the  present technology of 
bellows rrlanufacturers; however, a cycle t e s t  of the  bellows assembly w i l l  
be made. 

4 . 2 .  Top Nozzle Tees 

A t op  nozzle t e e  section f o r  the  5 1/2-in.-0.d. loops (TS-2 and 
TS-3) i s  shown i n  Fig. 4.2.13. A top  nozzle t e e  sect ion f o r  the  9 1/2-in.  - 
0.d.  s ingle  through-tube loop (TS-1) i s  shown i n  Fig. 4.2.14 and t he  
9 1/2-in.co.d. double through-tube loop (TL-4) i n  Fig.  4.2.15. 

Design Temperatures and Pressures. The primary containment i s  de- 
signed f o r  1100 p s i a  a t  975°F. The secondary containment i s  designed f o r  
750 p s i a  a t  650°F. The Bridgman closure i s  designed f o r  1100 p s i a  a t  
650°F. Design provisions have been made t o  keep t h i s  closure below 350°F 
because of i t s  elastomer O-ring. The t op  b l ind  flange i s  designed f o r  
750 p s i a  at 650°F. The flange bo l t ing  i s  discussed i n  t he  design ana lys i s  
(see sec. 4.2.5). This bo l t ing  has been designed t o  hold the  maximum 
t rans ien t  pressure resu l t ing  from a primary containment loop f a i l u r e  
(see  Design Analyses Appendix A.3.3.5-10). More b o l t s  have been added 
than a r e  required t o  meet the  t rans ien t .  The ex t ra  b o l t s  a r e  intended 
t o  prevent t he  f lange sea l s  from "burping" a t  the  i n s t an t  of the  pres-  
sure re lease .  

Bridgman Closure. The t op  Bridgman closure provides access t o  the  
through-tube f o r  i n se r t i on  or  removal of an experimental f u e l  assembly. 
The Bridgman closure a l so  provides a means f o r  a t taching and handling 
the  top  nozzle sh ie ld  plug and the  r e s t  of the  experimental s t r i n g e r  
(see sec. 4 .3) .  A l l  instrumentation ins ide  t he  through-tube must pass 
through the  Bridgman closure e l e c t r i c a l  connector. This connector i s  de- 
signed f o r  1100 p i s a  a t  350°F. The e l e c t r i c a l  connector t h a t  penetra tes  
the  secondary containment i s  designed f o r  750 ps ia  a t  350°F. A f l e x i b l e  
coupling connector i s  provided t o  e l e c t r i c a l l y  connect t h e  Bridgman 
closure connector t o  the  secondary containm.ent connector. This f l e x i b l e  
coupling connector must be removed by hand before t he  instrumented f u e l  
s t r inger  can be removed by t he  service machice. 
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Bridgman Closure and Blind Flange Leak Detection. Access t o  t h e  
through-tube nozzle i s  obtained by removing the  top  b l ind  flange by hand 
and then removing the  top  Bridgman closure using the  service machine. 
The Bridgman closure has an elastomer crush-type O-ring sea l .  This s ea l  
i s  backed by a double O-ring s ea l  i n  the  b l ind  flange.  A leak detect ion 
system s i m i l a r  t o  the  one discussed f o r  t he  bottom nozzle i s  provided. 

Nozzle Cooling. The nozzle coolant i n l e t  i s  located jus t  below the  
outer t ee .  It i s  routed under the loop piping t o  t he  cooler chase and 
connects t o  the  through-tube nozzle cooling system. The hazards t o  t he  
top  nozzle resu l t ing  from a l o s s  of t h i s  cooling system a re  described i n  
Section 5.16. 

The concrete t h a t  surrounds the  top  nozzle and nozzle extensi.on must 
be maintained at 120°F. The heat flow path i s  from the  through-tube t o  
the  nozzle o r  nozzle extension and t o  the  surroundfng concrete. Since 
the  nozzle cooling gas i s  a t  125OF i n l e t  and t he  loop gas i s  at 1050°F, 
the  nozzle gas becomes the  heat sink f o r  tke  heat l o s t  from the  through- 
tube. 

A separate l i n e  has been added t o  connect with the  annu1.u~ between 
the  inner  and outer  through-tubes of the  9 1/2-in. -0.d. double-tube 
nozzle. When using a double through-tube, t h i s  l i n e  can provide f o r  
coolant t o  flow between t he  two tubes and thus reduce t he  d i f f e r e n t i a l  
thermal growth between t he  inner tube and outer  tube and the  reac tor  pres-  
sure vessel .  Also, c i rcu la t ion  of gas between the  through-tubes may be 
required t o  detect  inner through-tu5e leaks.  

Nozzle Reactions. The pipe react ions  of t he  primary and secondary 
containment pipe are transmitted t o  t h e  reac tor  pressure vesse l  nozzle. 
The resu l t ing  maximum combined moments a-re below the  maximum allowable 
moments a s  determined f o r  t h e  reac tor  riozzle by   re en street^ ( see  Design 
Analyses Appendix E.l.O). The maximum s t r e s s  condition occurs when t h e  
reactor  i s  hot and the  loop i s  cold. The Cend.ing moment i s  l e s s  by a 
f ac to r  of approximately 20 when the  reac tor  and loop a r e  both hot.  All  
s t r e s se s  i n  each nozzle component a re  wel l  within t he  allowable s t r e s s  
c r i t e r i a  (see sec . 6.2 and Design Analyses Appendix A. 2.0, B. 2.0, and 
c .2 .0 ) .  

F ie ld  Welding. The e n t i r e  top nozzle assembly i s  field-welded t o  
the  reac tor  pressure vessel  nozzle. This weld i s  made a f t e r  t h e  reac tor  
pressure vesse l  i s  erected i n  place and before t he  b io log ica l  concrete 
shie ld  i s  pourxed around the  nozzle. Eacn weld i s  coordinated with t he  
f i e l d  welding of t h e  control  rod nozzles and t he  s m e i l l a n c e  nozzles, 
a l l  of which extend t o  the  service machine f l ao r .  The nozzle welding 
s t a r t s  a t  the  center  of the reac tor .  The center  c o n t r d  rod nozzle i s  
welded t o  the  reac tor  vesse l  f i r s t ,  followed by t he  welding cf  the  nozzles 

8 ~ e m ~  from B. L. Greenstreet t o  W. S. Cl-mielewskt? Feb. 1, 1961. 



f o r  the  small through-tubes (TS-2 and TS-3 ) . Working r a d i a l l y  outward, 
the  f i e l d  welds a r e  made f o r  the  control  rod nozzles, the  survei l lance  
nozzles, and t he  nozzles f o r  the  l a rge  loops (TL-1 and TL-4). Each 
weld i s  x-rayed and t e s t ed  a s  the  work progresses r a d i a l l y  outward. Ac- 
cess  t o  an individual  nozzle f i e l d  weld a f t e r  the  adjacent  nozzles a r e  
welded i s  extremely l imi ted.  

A short  length of primary and secondary containment piping i s  f i r s t  
welded t o  t he  t e e s  a t  t he  f ab r i c a to r s '  shop. After erect ion t h i s  pipe 
w i l l  extend beyond t he  congested a rea  around t he  nozzles and thus  permit 
access t o  the  loop piping f o r  f i e l d  welding. 
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4.3. Experimental Str inger  

The experimental s t r inger  (instrumented experimental assembly) con- 
s i s t s  of a top Bridgman closure, a shie ld  plug, support s t ructure  f o r  an 
instrumented f u e l  assembly, an instrumented f u e l  assembly, insulation,  
and the instrumentation necessary t o  obtain useful  data.  

4.3.1. Bridgman Closure 

Access t o  t he  through-tube f o r  inser t ion  o r  removal of experimental 
assemblies (instrumented and uninstrumented) i s  by means of a breech 
closure which sea l s  off the upper end of the  top  nozzle inner t e e .  This 
closure i s  a modified EGCR reactor  nozzle breech closure assembly (AC: 
Dwg. 5 9 2 7 - ~ ~ ~ ~ - M S - 2 1 9 )  i n  which the  outer spline r ing  i s  shorter ,  the  
e l e c t r i c a l  connector i n  the  breech body i s  modified (see sec. 4 .3 .5))  
the closure i s  provided with an elastomer peripheral  O-ring ra ther  than 
a metal O-ring (metal O-ring sea l  may not meet .the leaktightness require- 
ments), ASME Code Committee approved materials  a re  subst i tu ted f o r  ALSI 
4140, and the  closure i s  designed f o r  1100 ps ia  and f u l l  vacuum instead 
of 350 psia .  

The shie ld  plug i s  connected t o  the  Brigman closure by means of a 
bolted s p l i t  r ing.  Suff ic ient  space i s  l e f t  between the  closure and the  
shield plug t o  permit i n s t a l l a t i o n  of a pressure t ransmit ter  and two 
dif ferent ia l -pressure  t ransmit ters .  This el iminates t he  need f o r  pene- 
t r a t i n g  the  Bridgman closure with pneumatic tubing. Only e l e c t r i c a l  
leads penetrate the  closure. 

The Bridgman closure supports the  f u l l  weight of the shield plug, 
instrumented fue l  assembly, and support s t ructure  only during the  l i f t i n g  
and lowering operations (see  sec. 8 .1 ) .  With the closure i n  posit ion,  
the  weight of the  instrumented f u e l  assembly and support s t ructure  i s  
supported by the top  nozzle. Any d i f f e r e n t i a l  thermal ex-pansion between 
the  top nozzle inner t e e  and the  shie ld  plug i s  taken up a t  the  s p l i t  
r ing.  This motion w i l l  be taken i n t o  account i n  mounting the pressure 
and d i f f e r e n t i a l  pressure t ransmit ters  and i n  routing thermocouple leads.  

Two posit ion l i m i t  switch assemblies a re  provided f o r  each top  
Bridgman closure.  These switches a re  used t o  indicate  ro ta t iona l  a l ign-  
ment of the  closure before the  sealing operation i s  performed. 

4.3.2. Shield Plug 

I n  order t o  maintain the  i n t eg r i t y  of the  reactor  biological  shield,  
it i s  necessary t o  i n s e r t  a shield plug in to  the  top nozzle inner t e e .  
This shield plug prevents streaming of neutrons and gamma rays through 
the biological  shield by way of the nozzles. With the  reactor  i n  



operation, access t o  the  service machine room w i l l  be permitted only while 
a l l  shie ld  plugs a r e  i n  place. Even with the  reactor  shut down, access 
t o  the service machine room w i l l  not generally be permitted unless a l l  
shield plugs a re  i n  place. I f  a shie ld  plug i s  removed from a nozzle and 
the  service machine i s  attached t o  t h a t  nozzle, access w i l l  be permitted 
i f  the  reactor  i s  shut down. During through-tube removal, access t o  a 
l imited area  of t he  service machine room w i l l  be permitted even though 
the  shie ld  plug i s  removed and the  service machine i s  not at tached t o  
t h a t  nozzle. 

Unlike the  d m y  shield  plug (see sec. 4.14)) the  shie ld  plug in -  
cluded i n  the  experimental s t r inger  i s  severely l imited i n  length. It 
must not extend below the  branch of t he  top nozzle inner t ee ,  since t h i s  
would obstruct loop gas flow. This requirement r e s u l t s  i n  a shie ld  plug 
of approximately half  the  length of a standard EGCR shield  plug. 

Experimental data  w i l l  be taken on the dummy shield  plug before the  
f i n a l  design of the  experimental s t r inger  shie ld  plug i s  completed. The 
s t r inger  shie ld  plug material  has not been established.  Since the  op- 
era t ing temperature of the  top Bridgmm closure must be l e s s  than 350°F) 
every e f fo r t  w i l l  be made i n  the  f i n a l  design of the  shie ld  plug t o  l i m i t  
heat t r ans fe r  along the  plug length. Heat conduction along the  plug 
length w i l l  be reduced by a s e r i e s  of deep rectangular grooves cut  around 
the  circumference of the  plug, and convection w i l l  be minimized by the  
small clearance between the  plug and the  top nozzle inner t e e .  The only 
shield plug cooling w i l l  be an air flow of 400 lb/hr  outside of the top 
nozzle outer t e e .  This w i l l  not contribute g rea t ly  t o  cooling the  shie ld  
plug, sin2e the  heat must be t ransferred through both the  inner and outer 
t e e s  plus numerous gas f i lms.  

A l l  instrument leads and tubes penetrating the  shie ld  plug (see sec. 
4.3.5) w i l l  be spira led t o  minimize neutroq. and gamma streaming. I n  
routing instrument leads and tubes, allowance w i l l  be made f o r  d i f f e r e n t i a l  
thermal expansion between the  shie ld  plug and the  leads m d  tubes. 

1.3.3. Instrumented Fuel Assemblv 

I s  i s  planned t o  t e s t  a wide var ie ty  of f u e l  assemblies within the 
EGCR loops. The requirements a s  t o  means of support, use of attemperation, 
e tc . ,  are  highly dependent on the  nature of the  f u e l  assembly t o  be tes ted .  
Therefore, it i s  possible only t o  describe i n  general terms tha t  portion 
of the  s t r inger  assembly containing the  f u e l  assembly. 

The service machine height l i m i t s  t h e  length of experimental s t r i nge r  
t ha t  can be handled. As a resu l t ,  only 10.2 f t  of the  ac t ive  core length 
of 14.5 f t  can be reached by the  experimental s t r i nge r  t o  t e s t  f u e l  as-  
semblies. The lower 4 .3  f t  of act ive  core may be f i l l e d  with an uninstru-, 
mented assembly, but it must be i n s t a l l ed  and removed from above a s  a 
separate un i t  ( see sec . 5.12). 



The maximum permissible loop gas i n l e t  temperature t o  the  reac to r  
through-tube i s  950°F, and the  maximum permissible o u t l e t  temperature i s  
1050°F. Where higher instrumented experimental assembly i n l e t  gas tem- 
pera tures  a r e  desired,  an uninstrumented experimental assembly w i l l  be 
placed i n  the  through-tube below the  experimental s t r i nge r .  The uninstru- 
mented assembly w i l l  serve a s  a preheater. Where higher experimental out-  
l e t  temperatures a re  required, attemperation of the  i n l e t  gas w i l l  be 
used. 

4 . 3 .  Instrumented Fuel Assembly Support St ructure  

The nature of the  support s t ruc tu re  extending between the  sh ie ld  
plug and t he  instrumented f u e l  assembly w i l l  depend on t he  experiment 
being run. The support may take many forms, such a s  a tube o r  a s e r i e s  
of rods.  For an attemperated instrumented f u e l  assembly, a tubu la r  
section (attemperator s leeve)  w i l l  extend a t  l e a s t  from the  bottom of 
the  f u e l  por t ion of t he  assembly t o  a point  5 pipe diameters above a 
ventur i  ( see  sec. 4 .3 .5) .  The extension above the  ventur i  i s  required 
t o  maintain the  accuracy of the ven tur i .  For an attemperated experi-  
ment, mixing of t he  attemperator stream and the  t e s t  sect ion stream may 
take place a t  any point  above t h i s  tubular  sect ion but before enter ing 
the  branch of t he  t op  nozzle inner  t e e .  I f  mixing takes  place near the  
branch of the  t ee ,  thermal expansion of t he  through-tube w i l l  be l e s -  
sened, since t he  flow of cooler  attemperator gas w i l l  continue f o r  a 
g rea te r  length  of the  through-tube. I f  mixing takes  place shor t ly  a f t e r  
leaving t he  ventur i ,  thermal expansion of t he  through-tube w i l l  be g r ea t e r  
but mixing w i l l  be more complete when entering the  branch of the  t e e  and 
the pressure drop of t he  attemperated port lon of the  loop w i l l  be con- 
s iderably  smaller, 

Ei ther  a mixing chamber w i l l  be provided o r  the  through-tube insu la -  
t i o n  thickness w i l l  be increased where the  attemperator stream and t he  
very hot  t e s t  sect ion stream come together.  This w i l l  prevent over- 
temperature e i t h e r  i n  the  through-tube o r  i n  t h e  top  nozzle inner  t e e .  

I f  the  support s t ruc tu re  takes  the  form of a tube extending up t o  
t he  v i c i n i t y  of t he  shie ld  plug, provisions w i l l  be made f o r  gas flow out 
of the  tube and i n t o  the  branch of t he  t e e  with a minimum of pressure 
drop. One of th ree  methods may be used. F i r s t ,  the tube may be replaced 
with a s e r i e s  of rods f o r  support i n  the  area  d i r e c t l y  beneath the  sh ie ld  
plug. Since t he  gas stream would be di rected against  the  sh ie ld  plug, 
t h e  end of the  sh ie ld  plug would be curved t o  d i r e c t  flow toward t he  
branch of the  t e e .  I f  such a method i s  used, means w i l l .  be provided f o r  
always a l igning the  curvature of the  shie ld  plug with t he  b r a ~ c h  of the  
t e e .  Second, t he  tube could be replaced with a s e r i e s  of rods f o r  support 
i n  the  a rea  d i r e c t l y  beneath the  shie ld  plug, a s  above, but the  end of the  
shie ld  plug would not be curved t o  d i r ec t  flow and no a l i g ~ m e n t  of t he  
shie ld  plug would be required; however, the  pressure &fop would be higher.  
Th?rd, the  tube could be extended t o  the shie ld  plug and la rge  openings 



could be provided around the  tube. This arrangement would be e s sen t i a l l y  
t he  same as  the second case, but there  would be l e s s  flow area.  No al ign-  
ment of the  shield plug would be required. 

As discussed. in  Section 5.12, an annular space w i l l  be provided be- 
tween the support tube and top  nozzle inner t e e  t o  provide a gas flow 
path when f i r s t  l i f t i n g  the  experimental assembly f o r  removal. During 
the  i n i t i a l  l i f t i n g ,  gas w i l l  flow up past  t he  assembly, down through the  
annulus between t h e  support tube and the inner tee ,  and out through the  
branch of the  inner t e e .  After fu r the r  l i f t i n g  of the  assembly, the  
shield plug w i l l  move high enough t o  provide a flow path through the  run 
of the  t e e  i n t o  the  service machine. Before l i f t i n g ,  the  shie ld  plug 
f i l l s  the  run of the  t ee .  

4.3.5. Instrumentation Requirements 

Flow Through the  Experimental Assembly. I n  order t o  obtain heat 
t rans fe r  da ta  on attemperated instrumented f u e l  assemblies, it i s  neces- 
sary t o  measure flow through the  t e s t  section ( t o t a l  gas loop flow minus 
attemperator flow; see Fig. 4.3.1). For unattemperated instrumented f u e l  
assemblies, t he  i n - c e l l  loop gas flow measurement i s  iden t ica l  t o  flow 
through the  t e s t  section and i s  therefore  the  only flow measurement r e -  
quired. 

For attemperated instrumented f u e l  assemblies a venturi  i s  placed 
downstream of (above) the  t e s t  section.  I n  order t o  compute the  t e s t  
section flow, t he  following measurements a re  taken: d i f f e r e n t i a l  pressure 
across t he  ventur i  (upstream t o  t h r o a t )  m23, ventur i  i n l e t  pressure ( t e s t  
section ou t l e t  pressure) P2, and ventur i  i n l e t  temperature ( t e s t  sect ion 
ou t l e t  temperature ) T3. 

The design of t he  venturi  w i l l  vary with the  type of experiment. N o  
s ingle ventur i  i s  cor rec t ly  shaped f o r  a l l  gas temperature and flow condi- 
t ions,  even with a given gas. I n  order t o  minimize pressure l o s s  through 
the  venturi ,  it must be machined t o  provide an idea l  cross sect ion -vs 
length f o r  t he  given experimental conditions. It i s  more than jus t  a 
simple conical  nozzle, cyl indr ical  throat ,  and conical  d i f fuser .  

A minimum of 5 pipe diameters (preferably 10 or  more pipe diameters) 
of s t ra igh t  pipe w i l l  be provided upstream of the  venturi  t o  e s t ab l i sh  
uniform turbulent flow i n t o  the  venturi .  A minimum of 5 pipe diameters 
of s t ra igh t  pipe w i l l  be provided downstream t o  es tab l i sh  the  proper 
ex i t  conditions. 

Calibration of the  venturi  w i l l  require the  use of a dummy s t r i nge r  
(see  sec. 4.4).  The dummy s t r inger  w i l l  be an experimental s t r i nge r  i n  
which the  fue l  assembly has been replaced by a dummy assembly which dupl i -  
cates  the f u e l  assembly geometry and weight. 
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The d i f f e r e n t i a l  pressure and pressure t ransmit ters  f o r  flow deter-  
mination through the  venturi  w i l l  be located between the  Bridgman closure 
and the  shield plug. Pneumatic tubes w i l l  be run from the  ventur i  along 
the  f u e l  assembly support s t ructure  t o  the  t ransmit ters .  

Pressure Drop Across t he  Experiment. I n  order t o  determine the flow 
vs  pressure drop charac te r i s t i cs  of a pa r t i cu l a r  fue l  assembly, it i s  
necessary t o  measure the  d i f f e r e n t i a l  pressure across t he  experimental 
assembly, M12. A d i f f e r e n t i a l  pressure t ransmit ter  i s  located between 
the Bridgman closure and the  shield plug f o r  t h i s  purpose. Pneumatic 
tubes run from the f u e l  assembly t o  the  t ransmit ter .  

A l l  pneumatic tubes are  l /8-in.  -o.d., 0.020- t o  0.028-in. -wall type 
347 s t a in l e s s  s t e e l .  The tubes must be small enough t o  minimize routing 
problems and la rge  enough t o  keep down delay i n  transmitt ing s ignals .  

Temperature Measurements . Numerous thermocouples a r e  required i n  
order t o  obtain useful  da ta  from the experiment and t o  provide f o r  safe 
operation of the  loop. The temperature-measurements required f o r  an 
attemperated assembly are:  T1, t e s t  section i n l e t  gas temperature; T2, 
f ue l  element surface or center temperature; T3, t e s t  section o u t l e t  gas 
temperature ; T4, attemperator stream ou t l e t  gas temperature ; and T 5 ,  
ou t l e t  mixed mean gas temperature. Temperatures T3 and T4 are  not r e -  
quired f o r  an unattemperated f u e l  assembly. Three operating thermocouples 
plus two spares are  required f o r  t he  measurement of T5,  since t h i s  s ignal  
may be used t o  scram the reactor .  The number of thermocouples measuring 
Tz w i l l  depend upon the  experiment being run and the  capacity (number of 
p ins )  of the  e l e c t r i c a l  connector penetrating the  Bridgman closure.  

Connectors. A s  mentioned i n  Section 4.3.1, a l l  pressure and tem- 
perature s ignals  from the  experimental section penetrate t he  Bridgman 
closure through an e l e c t r i c a l  connector a s  e l e c t r i c a l  signals.  No 
pneumatic s ignals  pass through the closure. The Bridgman closure con- 
nector w i l l  a l so  accommodate the  e l e c t r i c a l  power leads f o r  the  pressure 
and d i f f e r e n t i a l  pressure t ransmit ters .  The use of a 63-pin connector 
i s  presently being investigated.  A t  the  most, 15  pins a re  required f o r  
t he  three  pressure and d i f f e r e n t i a l  pressure t ransmit ters  (maximum of 5 
leads per t ransmi t te r ) .  The remaining 48 pins can be used f o r  24 tempera- 
t u r e  measurements (2 leads per measurement). The d i s t r i bu t ion  of tempera- 
t u r e s  measured, including t h e  number of points  measured f o r  an attemperated 
assembly, could be a s  follows: t e s t  section i n l e t  gas temperature (l), 
fue l  element surface or  center temperature (16),  t e s t  section ou t l e t  gas 
temperature ( 1  ), attemperator stream ou t l e t  gas temperature (l), and out - 
1.et bulk mean gas temperature ( 5 ) .  Two addi t ional  f u e l  element surface 
or  center temperatures could be measured fo r  an ma t t empra t ed  assembly 
because it would not be necessary t o  measure T 3  and Tq.  

The e l e c t r i c a l  s ignals  and power leads  f o r  the  t ransmit ters  must 
a lso  pass through the  top nozzle outer t ee .  It i s  planned t o  use four  



20-pin connectors f o r  t h i s  purpose, t h a t  i s ,  four r e l a t i ve ly  smal l  con- 
nectors ra ther  than a  smaller number of large connectors because of 
space l imi ta t ions  i n  the area.  The connectors must be small enough t o  
pass between the  top  nozzle bl ind flange bo l t  posit ions.  I n  addition, 
the distance between the  top  of the  Bridgman closure and the  bottom of 
the  bl ind flange i s  only s l i gh t ly  greater  than 2  i n .  Since the  con- 
nectors cannot penetrate the  blind flange i t s e l f  ( the  service machine 
room f loo r  must b e - c l e a r )  the  connectors must be l e s s  than 2  i n .  i n  
diameter and penetrate around the circumference of the  top nozzle d i r ec t l y  
beneath the top  nozzle flange. 

L i m i t  Switches. Each top  Bridgman closure i s  provided with two 
l i m i t  switch assemblies. The switches a re  used t o  indicate  both v e r t i -  
c a l  and ro ta t iona l  alignment of the  closures before the  sealing operation 
i s  performed. I n  addition, the  switches control  a  se r ies  of indicator  
l i g h t s  t o  show tha t  a l l  shield plugs a r e  i n  place, and they actuate  an 
e l e c t r i c a l  in ter lock on the  one door of the  service machine room which 
does not require a  key t o  open. This prevents unsupervised entry  t o  t he  
service machine room when the shield plugs a r e  out.  

4.3.6. Insulat ion 

Each through-tube must be l ined wi th : re f lec t ive  insulat ion which 
extends between the top  nozzle inner t e e  and the  bottom nozzle inner t e e .  
The insulat ion required from the bottom. of the experimental s t r inger  t o  
the  top nozzle inner t e e  i s  an in tegra l  par t  of the s t r i nge r  assembly and 
i s  i n s t a l l ed  and removed with the assembly. Any insulation below the  
bottom of the  s t r inger  i s  ins ta l led  separately p r io r  t o  i n s t a l l a t i on  of 
the  s t r inger .  For attemperated f u e l  assemblies, insulat ion i s  placed 
between the  attemperator flow annulus and the  t e s t  section.  

A l l  insula t ion i s  of the r e f l ec t i ve  type (see sec. 4.13). A minimum 
of 1/4 in .  of insulat ion i s  required inside the  through-tube. I n  ce r t a in  
areas, such a s  the  area of mixing of the  attemperator stream. and the  very 
hot t e s t  section gas stream, addi t ional  insulat ion may be required. Be- 
cause of the high loop gas pressure, the minimum spacing between the  sheets 
of s ta in less  s t e e l  r e f l ec t i ve  insulat ion i s  118 in .  Sta inless  s t e e l  cor-  
rugated sheets are  used between the f l a t  sheets t o  maintain the spacing. 
It i s  desirable obstruct  the flow of loop gas ve r t i ca l l y  between the 
sheets of insulat ion.  However, the ends cannot be sealed, since t h i s  
might r e su l t  i n  bursting o r  collapsing the  insulat ion during a  rapid 
change i n  loop pressure. The insulat ion required between the  attempera- 
t o r  flow annulus and the t e s t  section w i l l  be determined by the  experi- 
ment design. 

4.3.7. Project  References 

Design Cr i t e r i a  (CF 61-6-3) 

Experimental Stringer Cr i t e r i a  Code D.2.3 



4.4. D u r n  Str inger  

4.4.1. General Description 

The dummy s t r i nge r  i s  e s sen t i a l l y  an experimental s t r i nge r  ( see  
sec. 4.3) with t he  experimental f u e l  assembly replaced by a dummy fue l  
assembly. The dummy s t r i nge r  cons i s t s  of a top  Bridgman closure, a 
shield plug, a support s t ruc ture  f o r  the  dummy f u e l  assembly, insula t ion,  
and instrumentation. The dummy s t r i nge r  w i l l  be used f o r  t e s t  purposes 
and p r io r  t o  i n i t i a l  power operation of a given loop. The pr inc ipa l  use of 
the  dummy s t r i nge r  w i l l  be f o r  t e s t i n g  various components a t  o r  near t h e  
normal loop operatingpressures,  temperatures, and flow r a t e s .  The reac- 
t o r  may or  may not be i n  operation while a dummy s t r i nge r  i s  i n  use. 

4.4.2. Components 

Bridgman Closure. The Bridgman closure f o r  the  dummy s t r i nge r  i s  
iden t ica l  t o  t h a t  used on an experimental s t r inger .  Some of the  thermo- 
couple f a c i l i t i e s  normally used f o r  measuring f u e l  element temperatures 
i n  an experimental s t r i nge r  w i l l  be used t o  measure temperatures i n  t h e  
v i c in i t y  of t he  Bridgman closure.  It i s  required t h a t  the  Bridgman closure 
temperature not  exceed 350°F. The rad ia t ion  heating of t he  shie ld  plug i s  
not known and cannot be determined experimentally with a dummy s t r i nge r .  
Theref ore, these temperature measurements can only ind ica te  t he  con t r i -  
bution t o  the  temperature a t  t he  Bridgman closure of heat conduction and 
convection along the  shie ld  plug and out r a d i a l l y  through t he  inner  and 
outer t e e  sect ions .  

Tests  w i l l  be run t o  determine the  s u i t a b i l i t y  of the  Bridgman 
closure O-ring sea l  a t  temperature and pressure and t o  determine whether 
t he  O-ring must be replaced each time the  sea l  i s  broken. I n  addit ion,  
the  procedure and equipment f o r  replacement of the  O-ring w i l l  be t e s t ed .  
The l i m i t  switches which a r e  used t o  indicate  ro t a t i ona l  alignment of 
the  Bridgman closure before the  seal ing operation i s  performed w i l l  be 
t es ted  under simulated normal operating condit ions.  The e l e c t r i c a l  con- 
nector i n  t he  closure w i l l  a l s o  be t e s t ed  f o r  operabi l i ty .  

Shield Plug. The shie ld  plug i s  i den t i ca l  t o  t ha t  used on an experi-  
mental s t r inger .  A s  previously mentioned, thermocouples w i l l  be used t o  
determine whether the  Bridgman closure temperature has been l imi ted t o  
l e s s  than 350°F. Shielding data  w i l l  be obtained and used t o  evaluate 
the  ,adequacy of t he  experimental s t r i nge r  shie ld  plug. 

Durmny Fuel Assembly. It i s  presently planned t o  t e s t  a wide v a r i e t y  
of f u e l  assemblies of various geometries i n  the  EGCR loops. The dummy 
fue l  assembly w i l l  have the  same weight and geometry a s  t he  f i r s t  experi-  
mental f ue l  assembly t o  be t es ted .  The dummy f u e l  assembly w i l l  be neces- 
s a r i l y  c ~ n s t r u c t e d  of a very dense material  and therefore  subject  t o  



considerable gamma heating when inser ted i n  t he  reactor  i f  the  reactor  
i s  o r  has been a t  power. Therefore, some gas flow must be maintained i n  
the loop during t ha t  time. The dummy f u e l  assembly temperatures w i l l  be 
monitored, and gas flow w i l l  be adjusted t o  l i m i t  t he  temperatures. As 
f o r  the case of the  experimental s t r inger ,  the  maximum permissible gas 
i n l e t  temperature i s  950°F and the  maximum permissible gas ou t l e t  tem- 
perature i s  1050°F. 

Dummy Fuel Assembly Support Structure.  The dummy f u e l  assembly sup- 
port  s t ructure  i s  iden t ica l  t o  t ha t  used on the  experimental s t r inger  
( see  sec. 4 .3 ) .  

Insulation.  A l l  insulation normally handled a s  an assembly on the  
experimental s t r inger  i s  included on the dummy s t r inger .  The dummy 
s t r tnger  w i l l  be used t o  determine whether the  r e f l ec t i ve  insu la t ion  w i l l  
>e damaged during i n s t a l l a t i on  or  removal operations. As described i n  
Section 4.3, the insulat ion from the top nozzle t ee  t o  the  bottom of the  
experimental s t r inger  i s  i n s t a l l ed  a s  par t  of the  experimental s t r inger  
assembiy. Insulat ion below tha t  point i s  i n s t a l l ed  a s  a par t  of t he  un- 
instrumented experimental assembly. I n  order t o  t e s t  the  design concept 
of the joint  between the s t r inger  insulat ion and the  uninstrumented ex- 
perimental assembly insulation,  a dummy uninstrumented assembly ( see  
sec. 4.4.4) i s  required. Since the through-tube and the  insulat ion do not 
have the  same amount of thermal growth, a s l i p  jo int  between the two sec- 
t i ons  of insulat ion i s  required. The dummy s t r inger  w i l l  be used t o  prove 
the  adequacy of t h i s  joint  design. 

Instrumentation. The pressure and d i f f e r e n t i a l  pressure t ransmit ters  
:included i n  the  experimental s t r inger  a re  a l so  included i n  the  dummy 
s t r inger .  The d i f f e r e n t i a l  pressure t ransmit ters  f o r  the dummy fue l  as-  
sembly pressme drop and flow w i l l  be cal ibrated a f t e r  t h e  dummy s t r inger  
has been assembled but p r io r  t o  i n s t a l l a t i on  i n  the through-tube. 

Thermocouples are  included a s  required t o  perform t e s t s .  Since the  
design of the experimental s t r inger  requires t h a t  some pneumatic tubing 
and tliermocoupl.e leads be placed i n .  the gas stream, the  dummy s t r inger  i s  
a l so  designed with similar routing of leads  and tubing i n  order t o  evaluate 
tke  meehanfcal s t a b i l i t y  of the arrangement and the  e f f ec t  of the  leads 
and tubing on the t o t a l  loop pressure drop. 

I n  addition t o  the previously mentioned t e s t s  of the experimental 
str inger components, the  dummy s t r inger  w i l l  make it possible t o  obtain 
data  02 t o t a l  loop pressure drop, check inser t ion and removal procedures, 
acd see the  e f f ec t s  of d i f f e r e n t i a l  thermal expansion on s t r inger  leads 
and tubing. The dummy s t r inger  w i l l  a l so  be used t o  t e s t  out the loop 
a f t e r  major repai-s a r e  performed on the  loop but before an experimental 
s t ~ l n g e r  i s inser ted.  



Dummy Uninstrumented Assembly 

As mentioned previously, a nonfueled version of the  uninstrumented 
experimental assembly i s  required. This assembly w i l l  be i den t i ca l  t o  
the uninstrumented experimental assembly except t h a t  t he  f u e l  assembly 
w i l l  be replaced by a dummy fue l  assembly with t h e  same weight and geometry 
as  a normal f u e l  assembly. It w i l l  be used t o  e s t ab l i sh  the  adequacy of 
the  insu la t ion  s l i p  jo int  design, t o  obtain pressure-drop data, and t o  
check procedures f o r  t he  i n s t a l l a t i o n  and removal of uninstrumented experi-  
mental assemblies . 

4.4.5. Project  References 

Design C r i t e r i a  (CF 61-6-3) 

Dummy Str inger  C r i t e r i a  Code D.2.2 

4.5. Mainstream Gas Cooler 

4.5.1. Function 

The mainstream gas cooler u t i l i z e s  an intermediate demineralized 
water-steam system t o  t r ans f e r  the  energy generated by the  experimental 
f u e l  assembly t o  a service water heat sink. The mainstream gas en t e r s  
the  cooler a t  1050°F and leaves a t  temperatures ranging from 550- to  
950°F. 

4.5.2. Desim C r i t e r i a  

The mainstream gas cooler must s a t i s f y  a number of basic c r i t e r i a  
f o r  proper operation of the  experimental loops. The two primary c r i t e r i a  
a re  (1) the  cooler must be capable of removing a l l  experimental loop heat 
from the  loop gas, and ( 2 )  the  cooler must provide secondary containment 
of t he  loop gas.  The cooler must be sized t o  remove the energy generated 
i n  the  experimental f u e l  assembly (1500 kw) plus  the  energy t rans fe r red  
t o  the  loop gas by the loop compressors (50 kw) and t he  loop hea te r  (200 
kw), f o r  a t o t a l  heat-removal capacity of 1750 kw. Not only must the  
heat exchanger be designed t o  remove 1750 kw of heat from t h e  loop gas, 
but it must be designed t o  have a var iable  heat-removal r a t e  control led 
by the  condensate flow t o  the  cooler. This condition i s  unique compared 
with conventional evaporative cooler service requirements . When conduct - 
ing high-temperature low-power experiments o r  when s t a r t i ng  the  loop, 
l i t t l e  o r  no heat  removal i s  required. I n  the  event t h a t  forced c i rcu la -  
t i o n  i s  interrupted,  t he  cooler must go from no cooling t o  maximum cooling 
very rapidly  t o  provide a natural -c i rcula t ion dr iving head f o r  the  loop 
gas. 



The cooler must provide secondary containment of the experimental 
loop gas. While it i s  normally desirable t o  hold leakage t o  a minimum 
i n  any gas system, the  l ikelihood of having radioactive f i s s i o n  products 
i n  the loop gas places a s t r ingent  requirement on t he  design and f ab r i -  
ca t ion of a l l  primary and secondary containment systems f o r  t he  loops. 
As a r e su l t ,  the  loop-gas side of the  cooler i s  of all-welded construc- 
t i on .  Although the  loop coolers are  located within the  reac tor  contain- 
ment vessel,  secondary containment of each cooler i s  required t o  protect  
personnel ins ide  the  vessel  (see sec. 6.1).  This secondary containment 
i s  provided by t he  intermediate steam system and the containment vessel  
t h a t  surrounds the  loop gas port ion of the  cooler, a s  shown i n  Fig.  4.5.1. 

The heat-removal capab i l i ty  and t he  secondary containment requirement 
are  t he  two most important c r i t e r i a  f o r  the  mainstream gas coolers, but 
a number of o ther  requirements must be considered i n  the  design. For 
instance, the  cooler dimensions must be r e s t r i c t e d  t o  the  dimensions of 
the  pipe chase ( 3  X 14 X 60 f t ) .  The cooler should be kept short ,  since 
a short  cooler provides a long cold gas l eg  t o  a id  natural  convection of 
the loop gas i f  forced convection i s  l o s t .  The steam side of the  cooler 
must be designed t o  ope ra t eby  na tura l  convection with very l i t t l e  super- 
heat added t o  the  steam. Since there  i s  a good pos s ib i l i t y  t h a t  some of 
the  radioactive f i s s i o n  products, such a s  iodine and bromine, might p l a t e  
out on the colder surfaces of t he  cooling tubes, it i s  highly desi rable  
t o  design a cooler which can be decontaminated on the  loop-gas s ide .  

A r a ther  s t r ingent  design l imi ta t ion  i s  imposed by the l imi ted head 
capab i l i t i e s  of the  loop compressors. The loop pressure-drop calcula t ions  
indicate  t h a t  the compressors may be unable t o  meet some of the  lower 
power design points  because of pressure-drop l imi ta t ions .  Consequently 
the  cooler must be designed t o  have a low loop-gas pressure drop. 

There a re  several  other design fea tures  t h a t  are  des i rable  but not 
essen t ia l .  F i r s t ,  it i s  des i rable  t o  have access t o  t he  steam s ide  of 
the  cooler i n  order t o  check the  i n t e g r i t y  of t he  system and t o  repa i r  
or  t o  plug any defect ive  tubes. Also it i s  des i rable  t o  be able t o  
dra in  t he  lowest point i n  the  steam system i n  order t o  blow down the  
system occasionally t o  remove slufige and corrosion products t h a t  might 
co l l ec t  during t h e  boi l ing process. This requirement i s  not e s sen t i a l  
i f  access t o  the  steam side of t he  cooler i s  provided t o  f a c i l i t a t e  
cleaning t he  tubes and header. 

1.5.3. Design 

After the decision was made t o  use an evaporative type of cooler 
t o  remove the  energy from the loop gas, an extensive analysis  was made 
t,o choose the  cooler design t h a t  bes t  s a t i s f i ed  the  c r i t e r i a  s e t  f o r t h  
i n  section 4.5.2. The d i f fe ren t  designs considered and evaluated i n -  
cluded straight-through tube designs using two tube sheets, f l oa t i ng  
head arrangements, U-tube designs, and re-entrant  o r  bayonet tube designs 



U N C L A S S I F I E D  
ORNL-LR-DWG 58357 

RING GASKET 

F L A N G E  BOLTS 

I N  

T 

E N T  

LOWER GAS 
B A F F L E  

Fig. 4.5.1. Mainstream Gas Cooler. 



A l l  concepts were evaluated with the  loop gas on e i t h e r  the  tube side o r  
the  s h e l l  s ide  of t he  cooler.  

The concept chosen f o r  de ta i l ed  design was a re-entrant  tube ex- 
changer wi.th gas flowing around tubes containing boi l ing water. A con- 
ceptual  design of the  system i s  shown i n  Fig. 4.5.1. The f i n a l  cooler 
design may d i f f e r  somewhat from. t h a t  pictured, since it i s  intended t o  
have t he  vendor complete t he  f i n a l  design and guarantee performance of 
the un i t .  The design shown i n  Fig. 4.5.1 w i l l  be presented a s  the  
suggested design, since it appears t o  s a t i s f y  the  c r i t e r i a  b e t t e r  than 
t h e  other  concepts considered. 

I n  the design shown i n  Fig. 4.5.1, the  gas en te rs  the  s ide  of the  
ccoler, flows up around the  outside of t he  shroud tubes, en te r s  t he  
annulus between the shroud tube and the  bo i l e r  tube, and then passes 
down the  annulus where it i s  cooled and exhausted t o  t he  bottom of the  
exchanger. The coridensate en te rs  the  side of t he  cooler near t he  bottom 
of the  steam chest ,  which forms the  t op  par t  of the  cooler. Once t he  
condensate reaches a given l eve l  above t he  tube sheet, it en te rs  the  
downcomer tubes t h a t  project  through the  t op  section of the  main steam 
tubes above the  tube sheet (see  Fig.  4.5.2 f o r  tube d e t a i l s ) .  The con- 
densate then flows down the  center  o r  downcomer tube t o  the  bottom of 
the  bo i l e r  tube. 

There w i l l  be no net  steam generation i n  the  downcomer tube once 
steady-state condit ions are  reached, since the  condensate-steam mixture 
i n  the  annulus between t he  downcomer and bo i l e r  tubes should never ex- 
ceed the  sa turat ion temperature. Also, the  condensate i n  the  downcomer 
i s  a t  a s l i g h t l y  higher pressure than the mixture between t he  downcomer 
tube and bo i l e r  tube; t h i s  should prevent bo i l ing  the  downcomer. 

After condensate reaches the  bottom of the  downcomer tube, t he  flow 
d i rec t ion  reverses and the  water passes up through the  annulus between 
the domcomer and bo i l e r  tubes, where steam generation takes  place a s  heat 
i s  t ransferred f r ~ m  the  loop gas t o  the  condensate i n  the  annulus. The 
result ing steam-water mixture continues t o  r i s e  u n t i l  exhausted from the  
bo i l e r  tubes i n t o  the  steam dome and chest  a t  the  t op  of the  cooler. 
Most of the  entrained water separates i n  the  spray sh ie ld  and f a l l s  back 
i n t o  the  condensate above t he  tube sheet. The sa turated steam and some 
entsaFned water are  then exhausted from the steam chest  by means of a 
5 - in .  steam l i n e  t ha t  t r ans f e r s  the steam t o  t he  loop condenser on the  
s i x th  f l co r .  For a de ta i l ed  descr ipt ion of the  mainstream cooling system 
see Section 5.6. 

As was discussed ea r l i e r ,  the  heat t r a n s f e r  r a t e  from the  loop gas 
t o  t he  steam i s  regulated by control l ing the  r a t e  c f  condensate flow t o  
the  eool.er. The cooler i s  designed so t h a t  increasing the  condensate flow 
r a t e i n c r e a s e s t h e  effective heat t r ans f e r  area.  This i s  accomplished by 
staggering the  downcomer tubes a t  various e levat ions  i n  the  steam chest .  
For a given condensate l eve l  i n  the  steam chest ,  the  i n l e t s  t o  some down- 
comer tubes w i l l  be below the  condensate l e v e l  and thus operating a t  
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t h e i r  f u l l  heat-removal capacity, while other  tubes, whose downcomer i n -  
l e t s  a re  above t he  water level ,  w i l l  be dry. consequently, increasing 
the  condensate flow t o  the  cooler r a i s e s  t he  condensate l eve l  i n  the  
steam chest thereby bringing more tubes i n t o  operation and increasing 
the  loop cooling. By reversing t he  process (closing the  condensate r e -  
t u rn  valve),  the  cooling r a t e  can be reduced t o  nearly zero. There w i l l  
be some heat t r ans f e r  through the  cooler tube sheet, s ince it i s  intended 
t h a t  a f i n i t e  water l e v e l  w i l l  always be maintained on the  tube sheet t o  
prevent excessive thermal s t resses .  The amount of heat t r ans fe r red  
through the  tube sheet i s  minimized by using several  inches of r e f l ec t i ve  
insu la t ion  on the  gas side of t he  tube sheet. 

The conceptual design shown i n  Fig.  4.5.1 u t i l i z e s  38 bo i l e r  tubes 
having an e f fec t ive  heat t r ans f e r  length of 11 f t  each. The steam system 
temperature w i l l  o rd inar i ly  be l e s s  than i t s  design operating temperature 
of 400°F (247 psis) a t  f u l l  power. The gas-side pressure drop calcula t ions  
f o r  a 1000-psia C02 loop indicate  t h a t  t he  pressure drop f o r  f u l l  cooling 
w i l l  be l e s s  than 1.1 psi ,  while the  pressure drop with no cooling w i l l  be 
l e s s  than 1.8 p s i .  Steam-side pressure drop calcula t ions  indicate  t h a t  the  
system w i l l  have na tura l  rec i rcu la t ion  with the  steam-condensate mixture 
leaving an operating tube with an e x i t  qual i ty  of 5 t o  10%. A s t r e s s  
analysis  study has not been completed, but the  f i n a l  design spec i f ica t ions  
w i l l  provide t h a t  a l l  primary s t r e s se s  w i l l  meet t he  ASME code require-  
ments and t h a t  a l l  t r ans ien t  thermal s t r e s se s  w i l l  be below those permit- 
t ed  by the  Naval Code (see  sec. 6 .2) .  

A number of d i f fe ren t  mater ia ls  w i l l  be used i n  fabr ica t ing  t he  
cooler.  All mater ia ls  i n  contact  with the  loop gas w i l l  be fabr icated 
from type 347H s t a in l e s s  s t e e l ,  type 304 s t a in l e s s  s t e e l ,  o r  INOR-8. 
The system w i l l  be designed t o  contain the  loop gas a t  a steady-state 
condition of 1100 p s i a  and 1075°F. All mater ia ls  i n  contact with the  
condensate and steam w i l l  be nickel-base a l loys  (Inconel o r  INOR-8), ex- 
cept the spray shie ld  a t  the top of the  cooler, which w i l l  be fa5r lcated 
of type 304 s t a i n l e s s  s t e e l .  The steam side of the  cooler w i l l  be de- 
signed t o  withstand an i n t e rna l  pressure of 1200 p s i a  a t  650°F. The 
mainstream loop piping below the tube sheet w i l l  be covered with 2 i n .  of 
mineral insula t ion.  The secondary containment piping w i l l  be made of grade 
B carbon s t ee l .  

The proposed cooler design meets a l l  the pr inciple  design c r i t e r i a  
outl ined i n  Section 4.5.2 and a l so  s a t i s f i e s  one of the  two secondary 
c r i t e r i a .  The cooler provides complete secondary containment; it i s  
reasona5ly compact; it has a low loop gas pressure drop; and it i s  pos- 
syble t o  decontaminate the loop gas side of the  un i t .  I n  addit ion,  a 
b l ind flange, located a t  the  top  of the cooler, permits access t o  the  
steam side of the  un i t .  

Because of t he  geometrical arrangement of t he  b o i l e r  tubes, it i s  
impossible t o  e f fec t ive ly  51ow down the  steam system. Consequently, 
every ~ ~ e c a u t i o n  w i l l  be made t o  use materials  t h a t  a re  noncorrosive t o  



prevent corrosion-sludge accumulations i n  the bo i le r  tubes. Since the 
demineralized-water supplied t o  the  cooler w i l l  have been previously 
boiled and condensed i n  the reactor  steam system and since the  cooler 
steam system i s  a closed cycle, the  accumulation of sluage i n  the  bo i le r  
tubes due t o  carryover i n  the water system should not be rapid. Oc- 
casionally it may be necessary t o  clean out some of t he  bo i le r  tubes. 
This w i l l  be done by opening the blind flange at the  top of the  cooler, 
removing the top section of the  bo i le r  tube and the downcomer tube (which 
i s  attached t o  the top section),  and then removing the  accumulated sludge 
i n  the bottom of the  tube. Again, it should be emphasized t h a t  such a 
cleaning procedure w i l l  be required infrequently, since the system i s  non- 
corrosive and the requirement f o r  makeup water i s  small. 

One of the  troublesome aspects of the  proposed design was the thermal- 
shock problem. As was discussed ea r l i e r ,  a t  intermediate power levels ,  
some of the bo i l e r  tubes w i l l  be operating a t  f u l l  power, while others 
w i l l  be dry. Increasing the condensate flow i n  t h i s  case means t h a t  some 
of the  bo i le r  tubes running dry a t  1050°F w i l l  be rapidly flooded with 
r e l a t i ve ly  cold water t h a t  w i l l  create a thermal-shock condition. This 
problem i s  a l leviated by d r i l l i n g  a number of small bleed holes i n  the 
downcomer tubes below the i n l e t .  These holes permit a small condensate 
flow t o  build up t o  each tube before the f u l l  flow conditions a re  reached, 
thereby gradually cooling the tube and minimizing the thermal shock. 

Another problem associated with t h i s  design was vibrat ion of the  
downcomer tube during the boi l ing process. This condition could be pre- 
vented by attaching spacers along the downcomer tube. However, the  
fabr icat ion would be somewhat complicated, since the spacers would have 
t o  be fastened inside the bo i le r  tube t o  insure t ha t  possible f r e t t i n g  
between the bo i le r  tube and the  downcomer would not damage the  bo i le r  
tube. I n  order t o  a l l ev i a t e  t h i s  problem, the bottom of the  downcomer 
tube i s  held i n  place by a downcomer guide t h a t  i s  fastened t o  the 
bottom of the bo i le r  tube and projects i n to  the downcomer tube. This 
spacer keeps the downcomer tube centered i n  the bo i le r  tube but permits 
d i f f e r e n t i a l  expansion between the tubes. 
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4.6. Mainstream Gas Heater 

4.6.1. Functions 

The functions of the  mainstream gas heater  are  (1) t o  preheat the  
experimental loop t o  i t s  required preoperating temperature before f i s s i o n  
heat i s  produced i n  the  experinental f u e l  assembly, ( 2 )  t o  maintain the  
loop a t  a preset  temperature during any experiment which does not have 
i t s  own f i s s i o n  heat source, and (3 )  t o  maintain t he  loop a t  permissible 
operating temperatures during shakedown or  t e s t  runs with the reactor  
shut down o r  the experimental f u e l  assembly removed from the  loop. Duzring 
normal loop operation, the heater  may be used t o  manually shim the  gas 
i n l e t  temperature t o  the  t e s t  section of the  loop. 

The experimental loop design c r i t e r i a  (see  sec. 4.6.3) specify t h a t  
the heater  i s  t o  be capable of increasing t he  i n l e t  gas temperature t o  the  
t e s t  section a t  l e a s t  50°F f o r  a l l  specified loop operating condit '  ions. 

Tc do t h i s  requires  a maximum of 175 kw of heater  power. Detailed heat  
t rans fe r ,  s t r e s s ,  and other  design calcula t ions  f o r  the  mainstream gas 
heater  a re  presented elsewhere (see sec. 4.6.3). 

4.6.2. Description 

The EGCR experimental loop heater  i s  an e l e c t r i c a l l y  heated U-tube 
consis t ing of two 20-ft sections of s t r a igh t  pipe joined a t  one end by a 
standard 180"-turn f i t t i n g .  Heat i s  produced by passing a large  e l e c t r i c  
current  (up t o  20 000 amp) d i r e c t l y  through the  two s t ra igh t  pipe sections 
of t he  U-tube. No e l e c t r i c  current  passes through the 180" tu rn  o r  through 
the  welds a t  each end of the s t r a igh t  pipe sections.  The en t i r e  heater  
assembly and system, including a high current  transformer, i s  located i n -  
side the  experimenters' c e l l .  

Because of the  var ia t ion  of e l e c t r i c a l  r e s i s t i v i t y  of the  pipe with 
temperature, t he  r a t e  a t  which heat can 5e added t o  the  loop gas depends 
cn the temperature of the  heated pipe sections.  The maximum heat r a t e  
f o r  the  mainstream gas heater  i s  210 kw. This r a t e  can be a t t a lned  when 
t he  average gas temperature i n  the  heater  i s  about 500°F. A t  lower average 
ioop gas temperatures, the heat r a t e  i s  l imi ted by the  c-mrent capab i l i ty  
of the  high-c-rent transformer t h a t  supplies e l -ect r ic  power t o  the  heater .  
A t  high average loop gas temperatures the  heat r a t e  i s  l imi ted by the  
po t en t i a l  capab i l i ty  of the  transformer. For heater  p i ~ e  of nominal wal l  
thickness and ave-age gas temperatures of 100 o r  950°F, the  maximum heat 
r a t e  i s  190 kw. 

The heated pipe i s  seamless type 347% s t a in l e s s  s t e e l  (6-in.  sched.- 
8 0 )  At, the maximum heat r a t e  of 210 kw, the  differences between the  
bulk gas temperature and wall temperature a r e  about 80°F f o r  helium and 
100°F f o r  GOz ,  and the  temperature difference acyoss the  wall  i s  about 
15°F. The resu l t ing  thermal s+,ress a t  the  inner pipe surface i s  5000 p s i  



and a t  the outer surface 1900 ps i .  The heated pipe i s  external ly  insu- 
l a t ed  with 3 in .  of mineral insulat ion.  

The high-current transformer i s  a i r  cooled. It has a maximum cur- 
rent  capabi l i ty  of 20 000 amp and a maximum emf capabi l i ty  of 12 v. The 
e l e c t r i c a l  connections t o  thepipe are bars  of nickel welded t o  the  pipe. 
The pipe goes through a hole i n  the nickel bar and i s  welded on both 
sides.  I n  order t o  minimize c e l l  cooling requirements, the bus bars  a re  
designed f o r  low resistance.  The r e s i s t i v e  heating of the  a i r  cooled 
bus bars  i s  about 10 kw. The en t i r e  heater system i s  Protected against  
overtemperature.. Temperatures a r e  sensed i n  the  transformer windings, 
the bus bars, and at several points along the heated pipe. The primary 
voltage t o  the  high-current transformer i s  supplied from a saturable r e -  
actor  located i n  the experimenters' crane bay. The voltage from t h i s  
reactor  i s  continuously variable from tha t  required f o r  ra ted  secondary 
voltage of the  high-current transformer t o  t ha t  required f o r  10% of 
ra ted secondary voltage. A l l  pipe supports t h a t  are fastened t o  the  
heated pipe o r  t o  the 180" tu rn  are e l e c t r i c a l l y  insulated. 
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4.7. Mainstream Gas F i l t e r  

4.7.1. Description 

The e n t i r e  loop coolant flow passes through a mainstream f i l t e r  
system where most of the par t iculate  matter i n  the  c i rcu la t ing  gas i s  
removed. This system, shown i n  Fig. 4.7.1, consis ts  of a f i l t e r  vessel ,  
a bypass valve and piping, two i so la t ing  valves, two disconnect f langes,  
and associated lead shielding. The f i l t e r  vessel  contains a p r e f i l t e r ,  
an absolute f i l t e r ,  and a p o s t f i l t e r .  The p r e f i l t e r  consis ts  of several  
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layers  of s ta in less  s t e e l  wire screen. The f i r s t  layer  i s  100-mesh type 
304 s ta in less  s tee l ,  which w i l l  s top a l l  pa r t i c l e s  la rger  than 140 p 
(0.0055 i n . ) .  This i s  followed by a heavier screen and addit ional sup- 
port s t ructure  . 

The absolute f i l t e r  i s  a Flanders ceramic AIRPURE f i l t e r  ( 5 ~ 4 0 ~ - d ) ,  o r  
equivalent, with an over-all  diameter of 18 in.  and a depth of 11 1/2 in .  
This f i l t e r  has an eff ic iency of 99.9% f o r  0.3-p par t ic les .  For t he  normal 
operating conditions of the loop, the highest pressure drop through the 
clean absolute f i l t e r  i s  5.5 i n .  HzO (based on the above f i l t e r  design) f o r  
9190 lb/hr of helium a t  950°F and 500 psia.  The pressure drops a re  con- 
siderably smaller f o r  a l l  other helium and a l l  Con operating conditions. 
The f i l t e r  elements are  guaranteed t o  withstand a pressure drop of 10 in .  
H20, and hence the pressure drop can increase by 4.4 i n .  H20 before the  
f i l t e r  has t o  be removed o r  changes i n  loop operation made t o  reduce the 
pressure drop. I f  the  loop cooler should f a i l  during operation with 
helium a t  500 psia, the i n l e t  gas temperature t o  the f i l t e r  w i l l  increase 
toward 1050°F and the pressure drop w i l l  increase toward 6.8 in .  H20. 
However, correct ive action w i l l  be taken immediately by the loop safe ty  
c i r cu i t .  

The absolute f i l t e r  i s  supported by a 1/2-in.-thick frame bearing 
against a flange b u i l t  around the inner surface of the  f i l t e r  vessel .  A 
40-mil thickness of f i l t e r  paper i s  used f o r  the  flange gasket. The frame 
i s  made from compressed Fiberfrax, a Carborundum Company ceramic f i b e r  
with duPont-colloidal s i l i c a  a s  the  adhesive. The f i l t e r  paper and the  
gasket a re  made from " ~ i b e r f r a x "  plus asbestos f i b e r s  and a small amount 
of modified s tarch ether  as  binder. Because of the adhesive and binder i n  
the  frame and i n  the f i l t e r  paper, gaseous products a re  given off by the 
f i l t e r  assembly upon reaching approximately 500'3'. Pref i r ing t o  a high 
temperature i s  required t o  dr ive off these gaseous products p r io r  t o  
i n s t a l l a t i on  of the  f i l t e r  assembly i n  the  f i l t e r  vessel. 

The p o s t f i l t e r  i s  provided t o  stop any large pa r t i c l e s  i f  the  absolute 
f i l t e r  dis integrates .  It consis ts  of several layers  of s t a in l e s s  s t e e l  
sex-een, the f i r s t  being 40 mesh type 304 s t a in l e s s  s tee l ,  which stops a l l  
330-p and la rger  par t ic les .  This i s  followed by a coarser screen and 
addit ional support structure,  a s  i n  the  p r e f i l t e r .  

The f i l t e r  vessel  i s  an all-welded type 347 s ta in less  s t e e l  pressure 
vessel  designed t o  contain the loop coolant a t  1100 psia  and 975°F. It 
i s  connected t o  the  loop by manually operated i so la t ion  valves and d i s -  
connect f langes (see sec. 4.11) on the i n l e t  and out le t  l i n e s .  Because 
of the possible accumulation of f i s s ion  products i n  the absolute f i l t e r ,  
the  f i l t e r  vessel  i s  ccmpletely surrounded by 4 in .  of lead. When the  
absolute f i l t e r  requires replacement, the  f i l t e r  vessel and shield w i l l  
be carried t o  the  disposal area where the shield w i l l  be removed and de- 
contaminated f o r  reuse. The f i l t e r  and f i l t e r  vessel  w i l l  be disposed of 
a s  a unit  by burial.. 



The f i l t e r  assembly i s  bypassed by a l i n e  containing a motor-operated 
shutoff valve. This permits t he  loop t o  operate with the  f i l t e r  out of 
service and provides a r e l i e f  i n  case the f i l t e r s  become clogged. The 
valve i s  capable of going from a f u l l y  closed t o  a f u l l y  open posi t ion i n  
20 sec. 

4.7.2. Instrumentation 

The instrumentation cons i s t s  of two d i f f e r e n t i a l  pressure t ransmi t te r s  
( P ~ T ) ,  a radia t ion element (RE), and a temperature element (TE) (see 
Fig.  4.7.1). One d i f f e r e n t i a l  pressure t ransmi t te r  i s  connected across 
the  f i l t e r  by-pass valve t o  indicate  gross clogging of the  f i l t e r  system. 
This t ransmit ter  operates over a range of approximately 0 t o  60 i n .  H20 
and has an accuracy of +1 i n .  H20. It operates an annunciator a t  t h e  ex- 
perimenters' control  board when the  pressure drop reaches a preset  value. 
The second d i f f e r e n t i a l  pressure t ransmit ter  i s  across the  absolute f i l t e r  
only. Since t he  absolute f i l t e r  i s  guaranteed t o  withstand a pressure drop 
of only 10 i n .  H20, the  absolute f i l t e r  must be removed o r  bypassed when 
t h i s  value i s  reached. The t ransmit ter  has a range of 0 t o  15 in .  H20, 
with an accuracy of 20.5in .  H20. When the  pressure drop approaches the  
f i l t e r  burs t ing value, the  t ransmit ter  opens the  f i l t e r  bypass valve a 
suf f ic ien t  amount t o  reduce the  pressure drop t o  i t s  o r ig ina l  operating 
l eve l .  This ac t ion  i s  indicated a t  the  experimenters' control  board. The 
rad ia t ion  monitor located a t  the  s ide  of the  f i l t e r  gives quant i ta t ive  
m.easurements of a c t i v i t y  accumulations i n  the  f i l t e r  vessel  up t o  3 X l o4  
r/ h r  . 
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4.8. Loop Pressure Drop 

4.8.1. General 

I n  order t o  i n i t i a t e  procurement of the loop compressors a t  an ea r ly  
stage i n  .the design e f for t ,  loop pressure drop estimates were made based 
on the loop piping layouts and conceptual component designs a s  they existed 
a t  t ha t  time. These estimates were revised twice during the design process. 
The or ig ina l ly  specified values plus the revised values are  given i n  Sec- 
t i on  4.8.4 f o r  each of the eight loop design conditions. 

4.8.2. Basic Assumptions 

The following basic assumptions were made during the process of calcu- 
l a t i ng  the t o t a l  loop pressure drop: (1) the pressure drop i n  equipment 
and piping can be based on isothermal flow a t  the  ari thmetic average tem- 
perature of the i n l e t  and out le t  gas, ( 2 )  the piping from the ou t l e t  of 
the in-pi le  t e s t  section t o  the cooler i n l e t  i s  a t  a uniform temperature 
of 1050°F, ( 3 )  the piping from the ou t le t  of the cooler t o  i n l e t  of the  
heater i s  a t  a uniform temperature of 550°F (or  900°F) with the heater 
on and 600°F (or  950°F) with the heater off ,  ( 4 )  the piping from the out- 
l e t  of the  heater t o  the i n l e t  of the  in -p i le  t e s t  section i s  a t  a uniform 
temperature of 600°F (or 950°F), ( 5 )  the  loop gas inside the cooler tubes 
i s  a t  a uniform temperature of 800°F (or  975°F) with the heater on and 
825OF (or 1 0 0 0 " ~ )  with the heater off ,  (6)  the through-tube i s  insulated 
on the inside with re f lec t ive  insulat ion to t a l i ng  1/3 i n .  on a radius 
including the inside jacket, (7)  there  i s  no compressor power input t o  
the system, and (8 )  a l l  i so la t ion  valves a re  full-clearance gate valves. 

4 . 3 .  Calculations 

The mainstream gas flow path f o r  the  small helium- o r  COz-cooled 
loop includes the following pressure decreasing components: in-pi le  
t e s t  section, pipe and f i t t i n g s ,  a mainstream gas cooler, a mainstream 
gas f i l t e r ,  a mainstream gas heater, and s i x  i so la t ion  valves. 

Total pressure drops were computed f o r  helium and C02 cooling a t  
Fressures of 500 and 1000 psia.  The in-pi le  t e s t  section was assumed 
t o  be generating 1500 kw of combined f i s s i o n  and gamma heat with a gas 
i n l e t  temperature of 600°F and an out le t  temperature of 1050°F. The 
zase of reduced power operation (335 kw) f o r  a gas i n l e t  temperature of 
950°F was a lso calculated assuming a constant mass flow r a t e .  I n  a l l  
cases it was assumed t h a t  the ex i t  gas from the in-pi le  section was a t -  
temperated t o  1050°F. 



In -P i le  Test  Section. The loop design c r i t e r i a g  s t a t e  t h a t   h he 
design pressure drop f o r  the  i n -p i l e  section of the  loop w i l l  be de te r -  
mined from t h e  following formula: 

where 

W = pumping power required f o r  i n -p i l e  section,  kw, 
P 
p = t o t a l  power output of i n -p i l e  section,  kw." 

Since pumping power i s  the  work required per un i t  time t o  move a 
given mass per un i t  time agains t  a given r e s i s t i v e  fo rce  (head), the 
pumping power f o r  the  i n -p i l e  sect ion i s  

where 

M = mass flow r a t e ,  lb/hr, 

h = i n -p i l e  sec t ion  head loss ,  f t ,  

J = heat  equivalent of work, 778 f t - l b / ~ t u .  

I n  order t o  s a t i s f y  the bas ic  requirement of heat  t r anspor t  equal 
t o  heat generation, it i s  necessary t ha t  

where 

C = spec i f i c  heat  of gas, ~ t u / l b * " ~ ,  
P 

tl = i n l e t  temperature t o  i n -p i l e  t e s t  section,  OF, 

t2 = ou t l e t  temperature from in -p i l e  t e s t  section,  OF. 

The exact value of Cp t o  be used i n  Eq. (3)  i s  not known, but  a 
good approximation f o r  most gases i s  t o  evaluate C a t  (tl + t2 )/2. 

P 

9~~~~ Experimental Loop C r i t e r i a  (uncoded), i n  ORNL CF 61-6-3, 
EGCR Experimental Loops Design Cr i t e r i a ,  June 1961. 



The simultaneous solut ion of Eqs. ( 1 ) )  ( 2 ) )  and ( 3 )  g ives  t h e  maxi- 
mum r e s i s t i v e  head (h, f t )  which w i l l  be encountered i n  t h e  i n - p i l e  sec- 
t i o n :  

The i n - p i l e  t e s t  sec t ion head l o s s  can be converted t o  a defined 
pressure drop by t h e  following def in ing equation: 

where 

AP = t e s t  sec t ion  pressure drop, l b / f t 2 ,  

p l  = i n l e t  gas densi ty,  l b / f t 3 .  

Pipes and F i t t i n g s .  The following equation f o r  pressure drop was 
used i n  a l l  cases where the  pipe and f i t t i n g s  could be reduced t o  an 
equivalent  length  of s t r a i g h t  pipe : 

w2 3.36 x - A!? = 
P e ~5 ) e 

where 

A!? = pressure drop, ps i ,  

p = ar i thmet ic  average gas densi ty,  l b / f t 3 ,  

f  = Darcy f r i c t i o n  fac to r ,  

D = equivalent diameter, in. ,  
e 

L = equivalent  length, f t ,  
e 
W = mass flow r a t e ,  lb /hr .  

Values f o r  t h e  f r i c t i o n  f a c t o r  were taken from Crane Technical Paper 
No. 410, p. A-25.1° The s t a i n l e s s  s t e e l  was assumed conservatively t o  
have t h e  same r e l a t i v e  roughness a s  clean commercial s t e e l .  The equiva- 
l e n t  lengths of f i t t i n g s  were a l s o  worked out from data  given i n  r e f .  10, 
pp. A-27, A-30, and A - 3 1 .  

- - 

l0~l .ow of F lu ids  Through Valves, F i t t i n g s ,  and Pipe, Technical Paper 
No.  410, Engineering Division of Crane Co., Chicago, 1957. 



I n  a l l  cases the  equivalent diameter, D e ~  
was defined as  

where 

2 A = f r e e  flow area,  in .  , 
S = wetted perimeter, i n .  

Expansion and Contraction Losses. Expansion and contraction losses  
were calculated from l o s s  coef f ic ien t s  given i n  r e f .  10, p. A-26, and con- 
verted t o  equivalent pipe lengths on p. A-31. 

Mainstream Gas Cooler. The mainstream gas cooler pressure drop con- 
s i s ted  of a s e r i e s  of expansion and contraceion losses  plus f r i c t i o n  
Losses i n  the  cooling tube annuli.  These pressure drops were calculated 
by the  methods outl ined f o r  pipes and f i t t i n g s  and f o r  expansions and 
contractions, except t h a t  the  compressibil i ty of the  gas was taken :into 
account i n  calcula t ing the  f r i c t i o n  losses  because of the  l a rge  change 
i n  gas density.  

The equivalent of Eq. ( 6 )  f o r  compressible f l u i d  flow i s  

where 

p l  = i n l e t  gas density, lb / f t3 ,  

p2 = o u t l e t  gas density, l b / f t 3 ;  

p, OP, W, f ,  Le, and D a r e  a s  defined f o r  Eq. ( 6 ) .  e 

Mainstream Gas F i l t e r .  The mainstream gas f i l t e r  pressure drop 
consisted of an expansion and contraction a t  the i n l e t  and e x i t ,  respec- 
t ive ly ,  plus the  pressure drop through t he  p r e f i l t e r ,  absolute f i l t e r ,  
and p o s t f i l t e r .  

The i n l e t  and e x i t  losses  were determined by the  techniques d i s -  
cussed previously. To determine the absolute f i l t e r  pressure drop an 
element manufactured by Flanders F i l t e r s ,  Inc., was selected a s  a typ ica l  
element meeting the  loop f i l t e r  requirements. For t h i s  given f i l t e r  the  



pressure drop is1' 

where 

AP = pressure drop i n  f e e t  of f l u i d  flowing, 
h 
V = f l u i d  supe r f i c i a l  velocity,  

p = f l u i d  viscosi ty ,  

p = f l u i d  density,  

K '  = constant depending on proper t ies  of f i l t e r  media. 

Converting Eq. ( 9 )  t o  pressure drop i n  inches of water and using 
e i t h e r  mass flow r a t e  (w, l b /h r )  o r  volumetric flow r a t e  (Q, f t 3 / h r )  
gives 

where A i s  the  supe r f i c i a l  flow a rea  and K i s  another constant .  

Each f i l t e r  element i s  ra ted  by t he  volumetric flow r a t e  of a i r  a t  
standard pressure and temperature required t o  produce a pressure drop 
of 1 i n .  of H20 across  t he  element. Therefore, i f  subscript  "a" i s  used 
t o  designate t h e r a t e d f i l t e r ,  the  pressure drop i n  inches of water f o r  
any f i l t e r  of t he  same material  and depth a s  t h a t  of t he  r a t ed  f i l t e r  
w i l l  be 

l l ~ e r s o n a l  communication from D r .  Melvin F i r s t  t o  E. R .  Schmidt. 



Using the  ra ted values f o r  Flanders F i l t e r  5F40-d s ize  F,12 and as -  
suming the  mainstream gas f i l t e r  w i l l  be an 18-in. -o.d., 112-in. -frame 
f i l t e r ,  the  absolute f i l t e r  pressure drop ( i n .  ~ ~ 0 )  w i l l  be 

The pressure drops through the  g r e f i l t e r  and p o s t f i l t e r  were calcu- 
l a ted  from13 

AP = pressure drop, ps i ,  

a = 0.00674, 

A = f rac t iona l  open area, 

V p  (see r e f .  13) ,  C = a function of - 
D 0 

IJ 

b = 7740 - , 
A 

Do = s ize  of projected hole, i n . ,  

V = velocity,  f t / sec ,  

p = density, g/cm3, 

p = viscosity,  centipoise.  

I solation Valves. . The pressure drop i n  the  i so la t ion  valves was 
calculated from the manufacturers' values f o r  valve flow coef f ic ien ts  
(c, ) by applying the  following manufacturers ' s iz ing formula : 

where 

Q = volume flow, f t 3  ( s T P ) / ~ ~ ,  

P = i n l e t  pressure, ps i  

AP = pressure drop across valve, ps i ,  v 

1 2 ~ l a n d e r s  F i l t e r  Catalog, p. C-23. 

131nvestigation of Metallic F i l t e r  Cloths, Multi-Metal Wire Cloth 
Co., Inc . ,  p-4. 



T = absolute temperature, 460 + OF, 

S = specif ic  gravity of gas a t  STP ( a i r  = l), 

CV = valve flow coef f ic ien t .  

For the E C R  experimental loops, Eq. (15) reduces t o  

where 

W = mass flow, lb/hr; 

9, T, P, S, and C are  as  defined f o r  Eq. (15).  v 

4.8.4. Results 

The calculated t o t a l  loop pressure drops ( fo r  the  loop design a s  of 
October 28, 1960) are given i n  Tables 4.8.1 and 4.8.2 f o r  C02 and helium 
cooling, respectively.  Also l i s t e d  are  the previously calculated values 
reported on June 6, 1960. The considerable increase i n  pipe pressure drop 
given by the revised values was due t o  a large increase i n  t he  equivalent 
length of pipe and f i t t i n g s  resu l t ing  from the addition of several  expan- 
sion loops, the  addit ion of insulat ion t o  the ins ide of the  through-tube 
(not considered i n  the  f i r s t  est imate),  and t h e  use of &in. pipe f o r  
ce r ta in  sections of the through-tube entrance and ex i t  piping. The valve 
pressure drop was reduced by select ing lower pressure drop valve designs 
and eliminating t he  need fo r  a d iver te r  valve. The heater  pressre drop 
reduction resul ted from simplifying the  heater  design. The cooler pres- 
sure drop increase resul ted from an increase i n  the complexity of the 
cooler design. The f i l t e r  design remained essen t ia l ly  unchanged. Since 
t h i s  pressure drop estimate was completed, the  loop design has been s tab le  
and fur ther  major changes are  not ant ic ipated.  

A comparison of the  revised pressure drop calculat ions  and the  
or ig ina l  compressor specifications (dated Feb. 1, 1960) i s  presented i n  
Table 4.8.3 f o r  the  heater-on case. The compressor operating problems 
brought about by t h i s  increase i n  t o t a l  loop pressure drop are  discussed 
i n  Section 4.9. 

4.9. Loop Compressors 

4.9.1. Description 

Three centr i fugal  gas-bearing compressors are  connected and operated 
i n  se r ies  i n  each experimental loop t o  provide the  required loop gas mass 





Table 4.8.2. Comparison of Results  of Previous and Revised Pressure Drop Calculations 
f o r  a Small Helium-Cooled Experimental Loop 

Heater-Off Case 

Pressure Drop ( p s i )  

Operating 
Condition 5 Condition 6 Condition 7 Condition 8 

a 
Previous ~ e v i  sedb Previous Revised Previous Revised Previous Revi sed 

In-p i le  eqe r imen ta l  section 21.2 

Piping and equipment 

Pipe 1.80 

Diverter valve 1.06 

Cooler 0.42 

I so l a t i on  valves 0.63 

F i l t e r  0.13 

Heater 0.46 

Total  piping and equipment 4.5 

Total  system 25.7 
- - -  - - -- 

a 
June 6, 1960. 

b ~ c t o b e r  28, 1960. 





flow through the in-pi le  experiment. A check valve i s  connected i n  paral-  
l e l  with each compressor. These compressors are  designed f o r  operation 
with e i t h e r  C 0 2  or  helium. Figure 4.9.1 i s  a drawing of an individual com- 
pressor. Each compressor contains an e l e c t r i c  motor ro tor  and impeller 
mo-mted on a common shaft  and supported on gas-film bearings, with the bear- 
ings lubricated by the gas i n  the experimental loop. The compressor pres- 
sure vessel  consis ts  of the  compressor volute and the motor housing. The 
motor housing i s  ,joined t o  the  volute by a bolted and seal-welded flange 
joint .  

The e l e c t r i c  motor and bearing compartment are cooled by conduction 
t o  a water-cooled jacket and by a small centrifugal-type impeller attached 
t o  the  compressor shaf t  which c i rcu la tes  the gas in  the compartment across 
the water-cooled surfaces. The motor s t a to r  windings have Class H insula-  
la t ion,  consist ing of glass  tape with a s i l icone bonding agent f o r  maximum 
radiat ion res is tance.  The e l ec t r i c  motor leads are insulated and sealed 
a t  the motor housing by a ceramic type of insulator ,  with the f i n a l  closure 
s e a l  welded. One addit ional opening i n  the pressure vessel  i s  provided f o r  
supplying high-pressure gas from an external  source f o r  jacking the bearings. 
The external connection t o  t h i s  opening can be sea l  welded. 

A l l  instrumentation such a s  thermocouples and speed-measuring devices 
w i i l  be removed a f t e r  the vendors' t e s t s  are completed, and the opening 
w i l l  be plugged and sea l  welded. A shoulder i s  t o  be provided on the inner 
end of a l l  such plugs t o  prevent missile generation i n  case of f a i l u r e  of 
the sea l  weld. 

4.9.2. Design and Manufacture 

The loop compressors are  being designed and manufactured by Br i s to l  
Slddeley Engines, Limited, of England. The design and manufacture conforms 
t o  pract ices  outlined i n  Sections I1 and V I I I  of the ASME Boiler and Pres- 
sure Vessel Code and Case Interpreta t ions  1270N and 1273B, with the excep- 
t i o n  tha t  the  combined pressure and thermal s t resses  i n  one portion. of the 
vessel exceeded the values permitted by the  ASME code. The combined pres- 
sure and thermal s-tresses presented a fat igue problem, and the Navy c ~ d e  
was used a s  a bas i s  f o r  establishing the maximum allowable combined s t r e s s  
(see see. 6.2).  The ASME code i s  not intended f o r  fa t igue analysis (or  f o r  
ro ta t ing  machinery). The compressor pressure vessel  (type 347 s t a in l e s s  
s t e e l )  was specified t o  contain a l l  portions of the  ro ta t ing  assembly i n  
case of mechanical f a i l u re .  No castings were permitted. Each completed 
pressure vessel  was subjected t o  a hydrostatic t e s t  and a pneumatic t e s t  
with a i r  a t  1760 paia. These t e s t s  were conducted i n  accordance with the 
ASME code. Each impeller was overspeed tes ted  a t  130% of normal maximum op- 
erat ing speed. The f i n a l  leakage specification was cm3 ( s T P ) / s ~ ~  f o r  
the assembled compressor f i l l e d  with helium t o  a pressure of 1200 psig. The 
compressor pressure vessel  design pressure i s  1000 psia  a t  900°F. 

4.9.3. Consideration of Thermal S t ress  

I n  the or ig ina l  design of the  compressor, a s  shown i n  Fig.  4.9.1, an 
excessively high thermal s t r e s s  existed a t  the  junction of the cy l indr ica l  
portion of the vessel  and the adjacent f langes because of the close proximity 



U N C L A S S I F I E D  
O R N L - L R - D W G  49838 

Fig. 4.9.1. Gas Bearing Compressor - B r i s t o l  Siddeley Engines Ltd. 
f o r  EGCR I n - P i l e  Loops. 



of a cooling-water jacket. The water jacket was subsequently moved a s  
f a r  away from the  f lange a s  was considered possible and s t i l l  provide 
adequate cooling of the  motor and bearings. After the redesign, the  
combined s t r e s se s  a t  the  flange and cylinder junction s t i l l  exceeded 
the  maximum value permitted by t he  Navy code f o r  500 cycles of operation, 
even when deformation would not e f f ec t  operation. One solut ion t o  the  
problem would be t o  reduce the  number of operating cycles.  However, 
the compressor manufacturer s t a t ed  t h a t  p l a s t i c  deformation would not 
e f f e c t  compressor performance, thus jus t i fying an allowable s t r e s s  of 
twice t he  y i e ld  point (see see. 6.2).  The s t r e s se s  with the  optimized 
compressor vessel  design s t i l l  exceed twice t he  yie ld  point .  E l e c t r i c a l  
heaters  have therefore  been i n s t a l l e d  on the  external  surface of the  
cy l indr ica l  por t ion of the  pressure vesse l  t o  reduce the  combined s t r e s s e s  
t o  t he  allowable l eve l .  

4 . 9 .  Normal Compressor Performance 

For normal operation, a l l  three  compressors are  operated t o  supply 
the  required head and mass flow. Table 4.9.1 l i s t s  B r i s t o l  Siddeley's  
estimated compressor performance with a11 th ree  compressors operating 
a t  t h e  e ight  operating conditions o r ig ina l ly  specified.  Subsequent 

Table 4.9.1. B r i s t o l  Siddeley's Estimated Compressor Performance With 
Three Compressors Operating i n  Seriesa 

Operating Condition Number 

Gas 
I n l e t  pressure, 

p s i  
I r l e  t tempera-- 

ture ,  OF 
Mass flow, lb /h r  
Pressure r i s e  per 

stage, p s i  
Number of stage s 
Total  pressure 

r i s e ,  p s i  
Motor horsepower 

per stage, hp 
Speed, rpm 

?Data submitted with Br i s t o l  Siddeley Proposal No. 168-32986-94, March 1960. 

b ~ n l e t  pressure given a s  nominally 500 or  1000 psia;  a s  a r e s u l t ,  the  ac tua l  
motor horsepower w i l l  be approximately 2% higher than indicated.  

C 
Minimum continuous speed f o r  safe  bearing operation i s  2800 rpm (requires  

a 47-cps power supply). 



a l t e r a t i ons  t o  loop piping and refinements t o  loop pressure drop calcula-  
t i o n s  (see sec. 4.8) have resu l ted  i n  a higher required pressure r i s e  
across the  compressors than o r ig ina l l y  specified,  as shown i n  Table 4.9.2. 
With three  compressors operating, the  revised loop pressure drop require-  
ments can s t i l l  be obtained a t  the  o r ig ina l l y  specif ied i n l e t  pressure 
and temperature by changing the  compressor speed s l i gh t l y .  For example, 
operating condition 8 requires  t h a t  the  speed be increased from 10 900 
t o  11 400 rpm, and condition 2 requires  reducing the  speed from 2800 t o  
2700 rpm (see sec. 4.9.6).  For a l l  other conditions the  percentage 
change i n  speed i s  somewhat l e s s .  

The compressors a r e  su i tab le  f o r  continuous s tab le  operation a t  any 
of the head and volume flow conditions included i n  shaded area  "x" on 
Fig. 4.9.2 when operating with C02 a t  a mass flow of 41 000 lb/hr  and a t  
any of the  head and volume flow conditions included i n  shaded a rea  "Y" 
when operating with helium a t  a mass flow of 9190 lb/hr .  The s ta ted  
mass flow r a t e s  a r e  obtained by varying t he  compressor speed, i n l e t  
temperature, and i n l e t  pressure . 

4.9.5. Operation with One and Two Compressors Inoperative 

I n  the  event one of the three  s e r i e s  compressors f a i l s ,  the  r e -  
maining two compressors w i l l  be operated a t  increased speed t o  provide 
the  o r ig ina l  mass flow. A check valve connected i n  p a r a l l e l  with each 
compressor has been provided t o  mater ia l ly  reduce the  added system r e -  
s is tance due t o  the  inoperative compressor. 

I n  the  event a second compressor f a i l s ,  the  specif icat ions  require  
t h a t  t he  remaining compressor supply, without surging o r  s t a l l i ng ,  a t  
l e a s t  15% of the  o r ig ina l  mass flow f o r  48 hr .  It i s  estimated t h a t  
one compressor w i l l  ac tua l ly  supply over 60% of the  o r ig ina l  mass flow 
when operating a t  the  speed required f o r  two compressors t o  supply 100% 
flow. 

4.9.6. Compressor Operating Limitations 

A t  Operating Condition 2 with Three Compressors Operating. The 
revised loop pressure-drop est imate requires  reducing the  compressor 
speed from 2800 t o  2700 rpm. This speed i s  below the  specified range 
f o r  t he  c lutch and generator; but, f o r  t he  load incurred a t  t he  reduced 
frequency of approximately 47 cps, su f f i c i en t  cooling i s  avai lable  f o r  
both the  c lutch and generator t o  permit continuous operation. 

The minimum continuous speed f o r  safe bearing operation i s  e s t i -  
mated by t he  manufacturer t o  be approximately 2800 rpm. I f  t h i s  i s  
substantiated by performance t e s t s ,  it may be necessary t o  increase 
t he  system res i s tance  t o  permit an increase i n  operating speed f o r  
operating condition 2 only. 

A t  Operating Conditions 7 and 8 with Two Compressors Operating. 
With one of t h e  th ree  compressors inoperative a t  conditions 7 and 8 



Table 4.9.2. Comparison of Total System Pressure Drop Indicated in Compressor 
Specification and Results of Revised Pressure-Drop Calculations 

 e eater on Case) 

Operating Condition Number 

- - - -- - - - - - - -- - 

Gas C02 C02 C02 C02 He He He He 

Inlet pressure, psia 1000 1000 500 500 1000 1000 500 500 

Inlet temperature, OF 550 900 550 900 550 900 550 900 
a Specified pressure drop, psi 59.1 20.1 37.5 19.0 25.5 9.4 19.2 11.0 

Revised estimate of pressure drop, psi 60.7 18.8 41.6 24.2 26.1 9.7 20.3 14.1 

Change in pressure drop, % +2.8 -6.5 +11 +27 +2 +3.1 +5.6 +28 

?Dated February 1, 1960. 
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SOLID LINES REPRESENT THE REVISED 
DATA SHOWN IN TABLE 4 .9 .2 .  THE 

ORIGINALLY SPECIFIED PERFORMANCE. 

0 2 0 0  4 0 0  6 0 0  8 0 0  1000 1200 

VOLUME FLOW ( c f m )  

Fig. 4.9.2. Compressor Operating Areas f o r  EGCR Experimental Loops. 



t h e  speed required t o  provide t he  o r i g ina l  mass flow exceeds the  maximum 
safe operating speed of 11 700 rpm a s  determined by t h e  s t r e s s  l im i t a t i ons  
of the  motor r o to r .  On f a i l u r e  of one compressor a t  operating condit ions 
7 o r  8 it i s  necessary t o  increase the  compressor speed t o  a maximum of 
11 700 rpm and t o  increase t he  loop pressure. According t o  t h e  compresscr 
manufacturer, increasing the  loop pressure a t  a r a t e  g rea te r  than 4 ~ s i / s e c  
could damage the  t h r u s t  bearing and r e s u l t  i n  complete se izure  of t he  
ro ta ry  assembly. Check valves were i n s t a l l e d  i n  p a r a l l e l  with each com- 
pressor  t o  minimize t he  amount of pressure increase required, and design 
provisions were r i d e  t o  l i m i t  t h e  maximum r a t e  of pressure r i s e .  The 
normal compressor i n l e t  pressure a t  operating conditions 7 and 8 i s  approxi- 
mately 500 ps ia .  The required i n l e t  pressure a t  condit ions 7 and 8 with 
two compressors operating with and without check valves i s  indicated i n  
Table 4.9.3. 

Table 4.9.3. Compressor I n l e t  Pressure Required wi th  and 
Without a Check Valve Across Each Compressor 

Operating a t  11 700 rpm 

I n l e t  Pressure Without I n l e t  Pressure with 
Operating 
Condition 

Check Valve Check Valve 
(psis) ( p s i 4  

Other Operating Limitat ions.  The operat ional  ranges and l im i t a -  
t i o n s  of each EGCR experimental loop compressor a re  indicated i n  Table C.9.4.. 

For gas-bearing operation, it i s  believed t h a t  t he  presence of a 
t h i n  f i lm of oxide on the  bearing surfaces serves a s  a lubr ican t  t o  
permit s t a r t i n g  and stopping without ga l l i ng  i n  most atmospheres. It i s  
probable t h a t  i n  an atmosphere of helium containing l e s s  than 10 ppm of 
contaminants the  oxide Layer may be worn away during the  i n i t i a l  s t a r t i ng  
and stopping and t h a t  d i f f i c u l t i e s  with ga l l i ng  may be encountered on 
subsequent s t a r t s  and stops.  As a solution,  B r i s t o l  Siddeley recommended 
t ha t  t he  ro t a t i ng  element be l i f t e d  off  t he  bearings during s t a r t i n g  and 
stopping by supplying loop gas t o  t h e  bearings from an external  sourze 
under high pressurz.  This i s  known a s  jacking. Although jacking i s  
Selieved mandatory only when operating the  loop on pure helium, jacking 
w i l l  a l so  be used .to extend bearing l i f e  when operating with COz. The 
tfme during which -bearing jacking i s  applied must be kept t o  a minimum 
t o  prevent t h e  in t roduct ion of excessive gas i n t o  the  i n -p i l e  loop. 



Table 4.9.4. Operational Ranges and Lim.itations of t he  EGCR Experimental Loop Compressors 

Variable Noxmal Operation Range o r  Limits 

Loop gas 

I n l e t  p ru  P s sure 

I n l e t  temperature 

Speed 

Voltage 

Frequency 

Estimated continuous operation without. 
maintenance 

Bearing Operating -temperature 

Operating temperature of motor winding 

Ambient pressure f o r  Gearing operation 

Loop gas temperature f o r  bearing opera- 
t i o n  

Cooling water requirements 

Flow per compressor 
I n l e t  temperature 
Temperature r f  se 
I n l e t  presswe 
Pressme drop 

Helium o r  Con 

500 t o  1000 psia  

550 t o  900°F 

2800 t o  11 700 rpm 

72 t o  300 v 

47 t o  200 cps 

10 000 hx 

500 t o  1009 ps ia  

550 t o  900°F 

4 gPm 
100°F 
36°F 
40 p s i  
c1.0 p s i  

Limited by motor horsepower 

Room temperature t o  900°F a t  
1000 p s i  

2 8 0 0 ~  t o  11 700b rpm. 

100 p s i  maximum 

350" F maximum 

14.7 t o  1000 ps ia  

Room temgerature t o  900°F 

a 
Speed limited by minimum safe operating speed f o r  gas bearings.  

b ~ p e e d  limited by ~ a f e  m9ror r s t o r  speed. 



Because of t h e  long coastdown period c h a r a c t e r i s t i c  of t h e  compressors 
during stopping, a method of e l e c t r i c a l l y  Sraking t h e  compressor motor 
w i l l  be required.  

The maximum estimated jacking supply flows and pressures  and the  
increase  i n  loop pressure i f  jacking i s  applied t o  one compressor f o r  
1 min a r e  indicated  i n  Table 4.9.5. Application of jacking t o  a l l  thee 
zompressors simultaneously would r a i s e  t h e  loop pressure a t  condi t ion  6 
t o  1111 p s i a  a f t e r  1 min. The jacking period on stopping compressors i s  
t o  be l imi ted  t o  15 sec .  

L.9.8. Factors  That Could Contribute t o  Com-oressor F a i l u r e  

Loss of Cooling Water. With e l e c t r i c a l  power s t i l l  supplied t o  
t h e  compressor motor, it i s  estimated t h a t  t h e  gas bearings w i l l  s e i ze  
withir,  10  t o  30 sec following a l o s s  of cooling water. I f  t h e  e l e c t r i -  
c a l  power t o  t h e  motor i s  in te r rup ted  a t  t h e  t ime of t h e  cooling-water 
f a i l u r e ,  t h e  compressor manufacturer es t imates  t h e  motor s t a t o r  w i l l  
be permanently damaged i n  5 min. With e l e c t r i c a l  power t o  t h e  cornpressor 
in te r rup ted  but with cooling water remaining on and gas continuing t o  
c i r c u l a t e  i n  t h e  loop a t  900°F, t h e  f r o n t  bearing w i l l  approach a tem- 
pera ture  of 350°F t r i th  no damage t o  the  compressor. 

Excessive Loop Gas Temperature, Pressure, o r  Fluctuat ions .  The 
i n l e t  gas temperat~rre t o  t h e  compressGr must not  exceed 900°F i f  ex- 
cessive s t r e s s e s  i n  t h e  compressor f lange neck a r e  t o  be avoided. The 
gas pressure i n  t h e  loop must not exceed 1000 p s i a  a t  900°F. I n  order  
t o  prevent damage t o  t h e  t h r u s t  bearing and poss ib le  selizure of t h e  
r o t a t i n g  assembly, t h e  r a t e  of change of loop gas pressure should not  
exceed 4 psi /sec  during a gas pressure increase  o r  7 ps i / sec  during a 
decrease. 

Gas Bearing I n s t a b i l i t i e s .  The compressor must not operate below 
a minimum speed of approximately 2800 rpm o r  i n  t h e  compressc~r surge 
region. Compressor surge may be a t t r i b u t e d  t o  high system r e s i s t a n c e  
brought about by plugging of t h e  mainstream piping o r  valve maladjust- 
rnent. Mild surging and bearing damage may be caused Icy operat ing a t  
flows l e s s  than app.roximately 50% of t h e  design flow a t  opera t ing condi- 
.t;kon number 1 o r  approximately 40% of t h e  flow a t  conditLon 5. 

Other Factors .  Excessive loop piping reac t ion  of the  compressor 
casing may cause a pressure vessel. f a i l u r e .  Bearing f a i l u r e  may be 
brougklt a3out by a f a i l u r e  t o  maintain proper compresscr mounting a t t i -  
tude. Any change i n  a t t i t u d e  should be l imi ted  t o  a 3-deg minimum and 
a 5-deg maximum from shaf t  hor izonta l  t o  maintain a pos i t ive  g r a v i t y  
loading on t h e  t h r u s t  bearing.  Excessive v ibra t ion of the  compresscr 
base due t o  adjacent, machinery could cause i .ntermit tent  rubbing of 
bearing surfaces a s  a r e s u l t  of the  extremely c lose  running to lerances .  
Tke compressor manufacturer recommends that, no measurable v i b r a t i c n  be 
to le ra ted .  





4.9.9. P ro jec t  References 

Design Analyses (CF 61-6-4) 

Impeller  Burst Speed and Containment of Fragments 

Speci f ica t ions  (CF 61-6-5) 

H ~ L L U ~ / C O ~  Compressors f o r  EGCR In-P i l e  Loops 

Check Valves f o r  EGCR Compressors 

200 Cycle Motor-Generator wi th  200 hp Motor and a 
150 kva Generator f o r  EGCR Loops 

4 .  LO. Auxiliary Blower 

The manufacturer of the  loop compressors has  s t a ted  t h a t  a loop 
depressurizat ion r a t e  g rea te r  than 7 psi /sec would r e s u l t  i n  t h e  f a i l u r e  
of t h e  compressor t h r u s t  bearing.14 A study of t h e  loop depressmiza-  
t i o n  problem v e r i f i e d  t h a t  a 7 ps i / sec  r a t e  i s  credible .  To t ake  care  
of t h i s  problem, it i s  necessary t o  provide an aux i l i a ry  blower which 
i s  capable of operat ing during and a f t e r  a rapid  loop depressurization. 
The a u x i l i a r y  blower w i l l  subs tan t i a l ly  contr ibute  t o  t h e  removal of 
skored thermal energy and decay heat  i n  t h e  experimental f u e l  assembly 
following rapid  loop depressur iza t ion o r  any o the r  inc ident  which makes 
inopera t ive  a l l  t h r e e  loop compressors. 

An ana lys i s  of na tu ra l  convection i n  t h e  loop shows t h a t  t h i s  heat  
removal mechanism i s  much more e f f e c t i v e  a t  high gas dens i ty  than a t  
low gas densi ty  ( see  p ro jec t  references) .  Therefore, t h e  a u x i l i a r y  blower 
s i z e  has been es tabl ished from considerat ions of low-pressure opera t ion.  
The blower wheel i s  s ized t o  provide 2% of normal mass flow a t  t h e  lowest 
an t i c ipa ted  gas densi ty.  The motor f o r  t h e  blower i s  sized t o  permit 
fu l l -speed operat ion f o r  a loop pressure of 200 p s i a  o r  l e s s  f o r  both 
helium and C02 a t  a l l  an t i c ipa ted  temperatures. These considerat ions 
r e s ~ i t  i n  a 20-hp motor dr iv ing an 8-in.-diam cen t r i fuga l  blower wheel 
a t  a maximum speed of 24 000 rpm. The over -a l l  dimensions of t h e  blower 
a re  approximately 20 i n .  i n  length  and 20 i n .  i n  diameter. 

Grease-lubricated b a l l  bearings were se lec ted  f o r  t h e  a u x i l i a r y  
blower because they appear t o  give t h e  g r e a t e s t  assurance of immunity 
to rapid  depressurizat ion,  coupled wi th  proven r e l i a b i l i t y  f o r  t h e  shor t  
02erat ing times required.  The motor, bearings, and blower housing a r e  
water cooled ( see  sec. 5.6) t o  reduce blower temperatures. The e n t i r e  
blower assembly i s  housed i n  a vesse l  t h a t  i s  f i l l e d  with loop gas and 
pressurized t o  loop pressure.  

The auxilFary blower i s  i n s t a l l e d  i n  a l i n e  t h a t  i s  i n  p a r a l l e l  
with t h e  t h r e e  series-connected loop compressors ( see  Fig. 1.3.1, 

l4~el,egrarn, B r i s t o l  Siddeley t o  W .  D.  Gooch, June 16, 1960. 



sec. 1 .3) .  A check valve on t he  aux i l i a ry  blower intake l i n e  prevents 
reverse flow, which would bypass the  experimental assembly, and yet  per- 
m i t s  the aux i l i a ry  blower t o  be a t  loop pressure, ready f o r  i n s t an t  use. 
Another check valve upstream of the  mainstream gas f i l t e r  prevents t he  
aux i l i a ry  blower flow from bypassing the  experimental assembly v i a  the  
loop compressors when the  l a t t e r  have f a i l e d  and the aux i l i a ry  blower i s  
operating.  

The aux i l i a ry  blower w i l l  s t a r t  automatically when the  loop volume 
flow r a t e  drops t o  40% l e s s  than normal. Power i s  supplied t o  the  blower 
mot,or from a separate motor-generator se t  powered from e i t h e r  the  X-10 
o r  Y-12 l i n e  t o  the  EGCR. The coupling between the  motor and generator 
of t h i s  s e t  i s  a torque l im i t e r  t h a t  prevents overload of the  blower 
motor when the  loop pressure i s  above 200 psia .  

Project  References 

Design Analyses (CF 61-6-4) 

Natural Convection i n  EGCR Experimental Loops 

Mechanical Jo in t s  

Four mechanical pipe jo ints  (6-in.  sched-80 IPS) containing double 
metal l ic  sea l s  with a pressurized gas-buffered zone between the  sea l s  
a re  provided i n  each primary loop piping system. These jo in t s  w i l l  
f a c i l i t a t e  the  removal and replacement of the  loop compressors and the  
mainstream gas f i l t e r .  The buffer  zone between the  metal l ic  s ea l s  i s  
pressurized by the  buffer  gas system (see sec. 5.11). The buffer  gas i s  
of the  same t.ype a s  t h a t  i n  the  experimental loop and i s  pressurized 
from 50 t o  100 p s i  above the  loop gas pressure. This fea ture  provides 
posi t ive  assurance against  leakage of radioactive loop gas i n t o  the  
experimenters' c e l l  i n  the event of sea l  leakage. 

Two s ingle-seal  mechanical jo in t s  ( l - i n .  sched-40 IPS) a re  provided 
on each head of the  t r ans f e r  pump t o  f a c i l i t a t e  removal and re~ lacement  
of the  heads. Gas buffering Is omitted on these  jo in t s  because (1) t e s t s  
have demonstrated t h a t  small-size jo in t s  (2 1/2-in. IPS and below) a re  
availakle t ha t  w i l l  remain extremely leakt ight  a t  operating temperatures 
up t o  1000°F, ( 2 )  it i s  d i f f i c u l t  t o  incorporate double sea l s  i n  small- 
s i ze  (i .e., l - i n .  IPS) mechanical joints ,  and (3 )  from the  rad ia t ion  
hazards standpoint, secondary containment i s  provided by t he  experi-  
menters' c e l l  ( t h i s  a l so  appl ies  in  the  case of the  6- in .  jo in t s  with 
double sea l s ) ,  and any secondary system can be valved off i n  the  event 
of an excessive leak without endangering the experiment. 



After extensive screening t e s t s  of s i x  commercially avai lable  a l l -  
metal seals,  the  Conoseal joint  manufactured by the  Marman Division of 
the  Aeroquip Corporation was selected f o r  t he  buffered-seal application.  
Both the  Conoseal type of joint  and the  Grayloc joint ,  manufactured by 
the  Gray Tool Company, were found t o  be sui table  f o r  the  t r ans fe r  pump 
application.  Detai ls  of the  t e s t  program leading t o  the select ion of 
these mechanical i o in t s  a re  reported elsewhere. 1 5  

The Conoseal joint  u t i l i z e s  a conical  type 321 s t a in l e s s  s t e e l  
gasket i n s t a l l ed  a s  shown i n  Fig. 4.11.1. A s  the  f langes are  brought 
together the conical  gasket i s  f l a t t ened .  This causes the  ins ide 
diameter of the  gasket t o  decrease and the outside diameter t o  increase.  
This action established a circumferential l ine-contact  sea l  between the  
edges of the  gasket and the  specia l  l i p s  on the  flanges. Since the  space 
provided f o r  t he  gasket i s  smaller than the  width of the  gasket, a very 
large r ad i a l  compression force i s  applied t o  the  gasket when the  joint  i s  
made up. The geometry i s  such t h a t  the gasket continues t o  exer t  a high 
sealing force per a n i t  area even though the  flange faces  may separate 
because of re laxat ion of the clamping bo l t s .  This type of seal ing i s  
shown i n  Fig.  4.11.2 applied t o  a double-seal gas-buffered joint .  Photo- 
graphs of single-gasketed and double-gasketed joints  of t h i s  type a re  
presented i n  Figs.  4.11.3 and 4.11.4. 

The Grayloc pipe joint  u t i l i z e s  a sea l  r ing  with a T-shaped cross  
section. Since the  angle of the top  of the "T" i s  s l i gh t ly  d i f f e r en t  
f romthe  angle of the sealing surface of the  flange, the  t op  of t he  "T" 
i s  deflected when the  flanges a re  clamped together so t h a t  t h e  i n i t i a l  
l i n e  contact progresses t o  surface contact. The primary sealing force  
i s  provided by the e l a s t i c  energy of the  sea l  r ing.  In te rna l  pressure 
i n  the joint  a l so  e c t s  t o  increase the sealing force.  Since the  l e g  of 
the  "T" ac t s  a s  a stop f o r  the  flanges, the qua l i ty  of t he  s e a l  i s  i n -  
dependent of the  torque applied t o  the clamping bo l t s  a f t e r  contact i s  
made between the  face of the flanges and the  s e a l  r ing.  A standard 
2 1/2-in.-IPS Grayloc joint i s  shown disassembled i n  Fig. 4.11.5. 

The 6-in.-IPS double-seal Conoseal jo int  selected f o r  t he  EGCR ex- 
perimental loops was designed f o r  a maximum in t e rna l  gas temperature 
of 1050°F and a pressure of 1100 psig with l.200-psig pressure i n  t he  
3ilf'fer zone. The design, manufacture, inspection, and t e s t i ng  of t h i s  
joFnt a re  carr ied out i n  accordance with applicable sections of ASTM 
Standards, Par t  I, " ~ e r r o u s  Metals," ASME: Unfired Pressure Vessel Code, 
Section 8, and ASA Code f o r  Pressure Piping B 31-1-1955. The specified 
maximum acceptable inner-seal helium leakage i s  1 x LO-' cm3 ( s T P ) / s ~ ~  
a t  design temperature and pressure. The specified maximum acceptable 
outer-seal  leakage i s  1 x cm3 ( S T P ) / S ~ C .  The 6-in. -IPS jo in t s  a r e  
pa-cbased i n  accordance with ORNL Job Specification JS-48-98. 

- 
1 5 ~ .  C .  Amos and R.  E. MacPherson, Interim Report - Mechanical Jo in t  

Evaluation Program, ORNL CF-60-9-77, Sept. 26, 1960. 



U N C L A S S I F I E D  
ORNL-LR- DWG 524474 

Fig. 4.11.1. Cross Section of Conoseal Gasket As Installed. 



U N C L A S S I F I E D  
ORNL- LR- DWG 64087 

Fig. 4.11.2. Cross Section of Conoseal Double-Seal Gas-Buffered 
Mechanical Joint. 



UNCLASSIFIED 
PHOTO 35334 

Fig. 4.11.3. Standard Conoseal J o i n t  Disassembled. 

b 



UNCLASSIFIED 
PHOTO 35762 

Fig. 4.11.4. Double-Seal Gas-Buffered Conoseal Joint Disassembled. 



UNCLASSIFIED 
PHOTO 51639 

Fig. 4.11.5. Standard Grayloc Jo in t  and Cross Section Showing Seal-  
ing Principle.  



The r e l i a b i l i t y  of 5-in.-IPS double-seal Conoseal jo in t s  was evaluated 
i n  a bending-moment t e s t  stand. The jo in t s  remained leak t igh t  t o  within 
t he  specified acceptable l im i t s  during and a f t e r  thermal cycling, mechani- 
c a l  load cycling, and pressure cycling a t  design temperatures and pres- 
s n e s  of 700°F and 300 psig, respectively.  Although the  jo in t s  under t e s t  
were not designed t o  meet the  experimental loop operating conditions, one 
of the  jo in t s  was thermally cycled between 200 and 1050°F a t  1000 psig 
i n t e rna l  pressure f o r  50 cycles and remained leak t igh t  t o  within the  
specified acceptable l i m i t s  throughout t h i s  t e s t .  Reusability, i n t e r -  
changeability, and remote operation of these jo in t s  have a l so  been demon- 
s t ra ted .  

Remote maintenance may be necessary a t  some time during the  useful  
l i f e  of the EGCR experimental loops. I n  view of t h i s  poss ib i l i ty ,  the  
problem of remote assembly and disassembly of the  Conoseal jo int  has been 
studied t o  the  extent of designing and operating a remotely control led 
So l t  runner and manipulating t oo l .  

Proof t e s t s  of 2 1/2-in.-IPS Conoseal jo in t s  of the  s ingle-seal  de- 
sign have demonstrated t h a t  jo ints  of t h i s  s ize  and type w i l l  remain leak- 
t i g h t  t o  within the specified acceptable l im i t s  during and a f t e r  repeated 
thermal cycling, pressure cycling, and mechanical load cycling a t  operating 
temperatures up t o  1300°F and pressures up t o  300 psig.  

Screening t e s t s  of 10-in.-IPS s ingle-seal  Conoseal jo in t s  have dem- 
onstrated the  i n t e g r i t y  of the  s ea l  f o r  large-size jo in t s  f o r  service a t  
temperatures up t o  1150°F. Although no problems a re  ant ic ipated i n  the  
scale-up of the  5-in.-IPS double-seal Conoseal jo int  t o  t he  6-in.-IPS 
s ize  designed f o r  EGCR loop conditions, a f i n a l  proof-test  of 6-in. pro- 
totype jo in t s  under a l l  proposed operating conditions w i l l  be performed 
pr ior  t o  i n s t a l l a t i o n  of these un i t s  i n  t he  loops. 

Since proof t e s t s  of 1/2- and 2 1/2-in. -IPS s ingle-seal  Conoseal 
md  Grayloc jo in t s  have demonstrated t he  i n t e g r i t y  of these joints  f o r  
operating temperatures up t o  1000°F, e i t h e r  design should be sa t i s fac tory  
f o r  t he  1-in.-IP$ t r ans fe r  pump application where the  maximum operating 
t,erriperature w i l l  not exceed 400°F. These smaller jo in t s  w i l l  be purchased 
fn accordance with ORNL Job Specification JS-128-112. 

Pro-iect References 

Specifications 

Buffered Mechanical Jo in t s  f o r  Gas-Cooled Loops 

1-in.-IPS Mechanical Jo in t  f o r  Gas-Cooled Loops 



4.12. Valves 

4.12.1. Mainstream Valves 

Mainstream I sola t ion Valves . Each experimental loop r e  quires eight  
hand-operated mainstream i so l a t i on  valves. One s e t  of valves, ca l led 
the  c e l l  i so l a t i on  valves, i s o l a t e s  the  i n - c e l l  port ion of the  mainstream 
loop piping from the  remaining port ion ins ide  .the reac tor  containment 
vessel .  Three other  s e t s  of valves a r e  used t o  i s o l a t e  t he  loop compres- 
sors, aux i l i a ry  blower, and mainstream gas f i l t e r ,  respectively.  A l l  
i so la t ion  valves normally operate open. 

The c e l l  i so l a t i on  valves a re  used t o  i s o l a t e  the  experimenters' 
c e l l  when c e l l  containment i s  not required (see  sec. 6.1), when pressur i -  
zation of t he  through-tube i s  desired while the  i n - c e l l  port ion of the  
loop i s  depressurized (see sec. 5.13), o r  when decontamination of the  i.n- 
c e l l  o r  out-of-cel l  piping i s  being performed. The i so l a t i on  valves f o r  
the loop compressors, aux i l i a ry  blower, and mainstream gas f i l t e r  a r e  re -  
quired t o  prevent decontaminating solutions from entering these components 
during decontamination of the  i n - c e l l  piping. 

A l l  mainstream i so l a t i on  valves a re  nominally 6 in .  They a re  de- 
signed f o r  1100 p s i a  a t  975OF. Their maximum normal operation condition 
i s  1000 psia  a t  950°F. 

F i l t e r  Bypass Valve. The f i l t e r  bypass valve i s  a motor-operated 
valve t ha t  i s  provided t o  protect  the  loop against  l o s s  of coolant flow 
due t o  a clogged mainstream gas f i l t e r  (see  sec. 4 .7) .  This valve i s  
normally operated closed. 

Mainstream Check Valves . Each experimental loop requires  f i v e  
mainstream check valves. There i s  one 6-in. check valve bypassing each 
loop compressor. The function of t h i s  valve i s  t o  bypass the  mfnstream 
gas flow around t h z  compressor i f  the  compressor should fai l . .  There i s  
a 6-in.  check valve on the  intake t o  the  aux i l i a ry  blower. This valve 
  re vents reverse flow through the  aux i l i a ry  blower, which would bypass 
t,he i n -p i l e  t e s t  section, and ye t  permits the  blower t o  be a t  loop pres-  
s u e ,  on the l i ne ,  and ready f o r  ins tan t  use. A 6-in. check valve up- 
st,ream of the mainstream gas f i l t e r  prevents reverse flow through the  
i n - c e l l  piping when t h e  aux i l i a ry  blower i s  running. This flow wcluld 
bypass the  in -p i le  t e s t  section. A l l  mainstream check valves a r e  de- 
signed f o r  operation a t  1100 psia  and 975°F. 

Mainstream Pressure-Relief Valves. Pressure-re l ief  devices a re  in -  
s t a l l ed  on the mainstream loop piping t o  provide overpressure protection.  

- 

These pressure-re l ief  devices are  designed so t h a t  the  loop conforms to 
t he  ASME Boiler  and Pressure Vessei Code, Seetion V I I I  and applicable 
nuclear code cases. 



Each section of the mainstream loop piping tha t  can be i so la ted  i s  
protected from overpressure by a d i rec t -ac t ing  pressure-re l ief  valve. 
These valves discharge t o  the gas storage tanks (see sec. 5.3) and there- 
fore must be back-pressure-compensated valves. Discharge t o  the  storage 
tanksgermi'ts primary containment of a l l  loop gas which i s  discharged or  
leaks across the  valve seats .  The gas storage tanks a re  pressure re l ieved 
t o  the experimenters' c e l l  a t  750 psia .  

4.12.2. Auxiliary System Valves 

Because of the  number of valves i n  each loop auxi l iary  system, each 
system and i t s  valve re la t ionships  must be examined a s  a composite un i t .  
Therefore, the  auki l i a ry  system valves are discussed i n  t h e i r  respective 
sections of t h i s  repor t .  

Pressure Drop Across Valves 

I n  order t o  minimize the t o t a l  primary loop pressure drop, design 
emphasis was placed on using fu l l - s i ze  valves with large flow coef f i -  
c i en t s .  To t h i s  end, preference was given t o  globe, Y-globe, and b a l l  
valve designs. Pressure drop values f o r  t yp i ca l  6-in. valves of these 
types operating a t  the  eight design conditions f o r  the  experimental loops 
are  shown i n  Table 4.12.1. The select ion of a valve f o r  the  f i n a l  loop 
design w i l l  hinge on the  outcome of valve t e s t s  and evaluations now being 
conducted. 

4.12.4. Valve Design 

Leakage. A l l  mainstream valves were specified a s  being capable of 
sa t isfying the  following leaktightness requirements before, during, and 
a f t e r  100 pressure-temperature cycles of the  valve body between 0 psig 
a t  70°F and 1000 psig  a t  1050°F, the  valve being closed a t  the  t op  of 
each cycle and opened a t  the  bottom of each cycle: 

1. Helium leakage from below the seat  t o  above the seat  w i l l  not ex- 
ceed 12 cm3 ( s T P ) / ~ ~  a t  300-psig pressure d i f f e r e n t i a l  with the 
valve body a t  1050°F and a t  70°F. 

2 .  Helium leakage from the process volume (valve open or  c losed)  t o  
the atmosphere or  t o  an intermediate volume ( f o r  double-seal valves)  
w i l l  not exceed 1 X cm3 (~TP) / sec  a t  1100 psig  pressure d i f -  
f e r e n t i a l  with the  valve body a t  1050°F and a t  70°F ( a  helium leak 
detector of the  mass-spectrograph type w i l l  be used). 

3 .  Helium leakage from below the seat  t o  above the  seat  w i l l  be no 
greater  than 150 cm3 (STF)/hr f o r  the pressure-relieving valves op- 
era t ing a t  1000 psia  and 80 t o  120°F. 



Table 4.12.1. Pressure Drop Across Gate, Globe, and B a l l  Valves f o r  t h e  EGCR 
Experimental Loop Operating Condit ions 

Pressure  Drop ( p s i )  
Across Valve 

Operating Pressure Temperat,ure Gas Densi ty Flow Rate 
Cond.ition Gas 

( p s i 4  (OF) ( l b / f t 3  ) ( l b / h r )  Gate Ventur i  Y P -K No. ~ a ; t e  Globe B a l l  
Valve Valve Valve Valve 



Corrosion, Erosion, and Abrasion. During normal loop operation no 
react ive  gases w i l l  be c i rculated;  hence, no d i f f i c u l t y  i s  ant ic ipated 
from corrosion. However, s l i gh t ly  corrosive solutions w i l l  be c i rcu la ted  
through the  loop piping during decontamination (see sec . 8.3) .  The valve 
body and t r i m  materials  a re  specified t o  be r e s i s t an t  t o  corrosion by 
these solutions.  The valves w i l l  be designed and mounted i n  the  system 
i n  such a manner t ha t  no pockets o r  crevices w i l l  e x i s t  wherein the de- 
contaminating f l u i d s  can accumulate. 

The charac te r i s t i c  high accoustical  veloci ty  of helium (3300 f t / s e c  
a t  room temperature) may create  problems i n  valves and other  equipment 
because of inherent vibrat ions .  The vibrat ions  generated i n  a helium 
gas stream are  of high frequency and may be damaging. 

The mainstream valves cannot t o l e r a t e  par t i cu la te  contamination i n  
the  ioop gas. A t  high ve loc i t i e s  entrained pa r t i c l e s  become small m i s -  
s i l e s  and rapidly  degrade surfaces against  which they impinge. Where 
possible the  primary loop components a r e  designed t o  minimize t h e i r  
vulnerabi l i ty  t o  erosive action by removing the  c r i t i c a l  surfaces from 
the  flow path. The mainstream valves w i l l  be designed t o  have the  gas 
flow channeled i n  (a manner which minimizes impingement and sudden changes 
i n  flow direct ion.  

Materials. Many sol id  substances, including some types of glass,  
are  permeable t o  pressurized helium. Consequently, specia l  a t t en t ion  
w i l l  be given t o  the  valve sealing and the  valve body designs. Castings 
w i l l  not be permitted f o r  the  valve bodies because of t h e i r  porosity.  

The valve body and nozzles w i l l  be made of type 347 s t a in l e s s  s t e e l  
conforming t o  the  requirements of the  American Standard Code f o r  Pressure 
Piping, ASA B 31-1-1955 and ASA B31.3 - 1959, Petroleum Refinery Piping. 
The valve . t r i m  and other  i n t e rna l  components w i l l  be compatible with the  
service requirements, i . e . ,  r e s i s t an t  t o  abrasion and erosion and t o  cor-  
rosion by the  decontaminant solutions.  

Nozzles. The valve nozzles w i l l  conform t o  the  dimensions f o r  
standard 6-in. sched.-80 pipe. The nozzles w i l l  be long enough t o  per- 
m i t  welding t o  the  mainstream piping without damaging o r  d i s t o r t i n g  the 
valve body and seat .  The open end of each nozzle w i l l  be machined t o  
a 37 1/2-deg bevel and 1/16-in. land.  

4.12.5. Valve Maintenance 

Continuous r e l i ab l e  functioning of each valve w i l l  be e s sen t i a l  t o  
the success of the  eqer imenta l  loop program. Therefore each valve w i l l  
be specified t o  be designed t o  operate over a continuous period of 8500 
br wf t,hout requiring maintenance o r  access t o  any par t  of the  valve, i n -  
cluding the  operator. The possible necessity of maintenance by semiremote 
methods was given consideration i n  the  experimenters' c e l l  piping layout.  
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4.13. Ref lec t ive  Insu la t ion  

4.13.1. General 

The design requirements of t h e  EGCR experimental loops indicated  
the  need f o r  i n s u l a t i n g  mater ia l  t h a t  would give a  low heat  l o s s  a t  high 
loop pressure and high temperature. The i n s u l a t i o n  must exh ib i t  good 
s t r u c t u r a l  i n t e g r i t y  and be capable of operat ing i n  contact  with t h e  
loop o r  r e a c t o r  gas without contaminating t h e  loop system o r  t h e  r e a c t o r  
system, respect ively .  M e t a l l i c - f o i l  r e f l ec t ive - type  insu la t ion  was se-  
lect ,ed f o r  t h i s  appl ica t ion.  

The insu la t ion  development program t h a t  was o r i g i n a l l y  i n i t i a t e d  t o  
develop insu la t ion  f o r  t h e  ORR No. 1 helium-cooled loop16 was expanded 
t o  include t h e  i n s u l a t i o n  problems of t h e  EGCR loops. This program was 
l a t e r  f u r t h e r  expanded by a  con t rac t  with Orenda Engines, Ltd., t o  c a r r y  
out experiments t h a t  defined t h e  thermal performance of t h e  most promising 
insu la t ion  geometry a s  a  funct ion of gas temperature, pressure,  t,empera- 
t u r e  gradients ,  and type of gas. Tes t s  were conducted a t  temperatures up 
t o  1000°F, pressures  up t o  1000 p s i  and temperature gradients  t o  9G0°F 
using helium and carbon dioxide.  1 7 - i 9  

1 6 ~ .  B .  Knight and R .  E. Helms, Determination of Sui table  Insu la t ion  
f o r  a  15/16 Helium F i l l e d  Annulus i n  the  ORR Helium In-P i l e  L ~ o p  Desigr, 
NO. 4, ORNL CF-59-8-57, A U ~ U S ~  17, 1959. 

1 7 ~ .  E. MacPherson, Jr., and H. D. S tua r t ,  The Performance of Meta l l ic  
F o l l  Insu la t ion  i n  Ver t i ca l  Gas Spaces (paper f o r  P u b l i c a t i o ~  i n  Amerlcan 
Nuclear Society Journa l ) .  

1 8 ~ e a c t o r  Pressure Tube Insu la t ion  Studies, Report on Gas Space I n -  
su la t ion  Tests ,  Orenda Engines Ltd., Nuclear-15, January 1960. 

1 9 ~ e s t  on Gas Space Ref lec t ive  Insula t ion,  P a r t s  I and 11, Orenda 
Engines Ltd., Nuclear-30, November 1960. 



The experimental loop design r e  quires a secondary containment pipe 
around the primary loop piping (see see. 6.1).  Without insulat ion be- 
tween the primary and secondary piping, the secondary piping w i l l  operate 
a t  very high temperatures. Using insulat ion between the primary and 
secondary piping 1-owers the temperature of the secondary piping and thus 
permits the use of carbon s t e e l  ra ther  than s ta in less  s t e e l  pipe. 

Since the loop gas i n l e t  temperature t o  the  reactor  core may be 
greater  than the reactor  gas i n l e t  temperature, and since the through- 
tube must pass through a bottom nozzle of the reactor  pressure vessel, 
insulat ion between the loop gas and the bottom nozzle i s  required t o  r e -  
duce the temperature of the nozzle and heat l o s s  from the loop. The 
bottom nozzle and the reactor  pressure vessel  a re  fabricated from carbon 
s t e e l  and designed f o r  operation a t  650°F (see see. 4.2).  Reflective 
insulation i s  a l so  used i n  the lower chase piping, the through-tube, and 
the mainstream gas cooler. 

4.13.2. Design and Development 

The basic geometry and method of fabr icat ing the t e s t  insulat ion 
used a t  Orenda m e  shown i n  Figs. 4.13.1 and 4.13.2, and a schematic of 
the  t e s t  r i g  i s  shown i n  Fig. 4.13.3. The r e s u l t s  of the  Orenda t e s t  
of free-convection and conduction i n  the  open gas annulus between adja- 
cent sheets of r e f l ec t ive  insulat ion spaced 0.27 in .  apart  a re  presented 
i n  Fig. 4.13.4, The t e s t s  were conducted f o r  operation with both helium 
and C02. The gas properties included i n  the correla t ions  were density 
(p ) ,  viscosi ty  (p ) ,  specific heat ( c ~ ) ,  and thermal conductivity (k) .  It 
may be seen t h a t  there i s  excellent agreement between the  experimental 
r e s l ~ l t s  and the exis t ing correla t ions  of ~cAdams, 20 ~ r a u s s o l d ,  21 and 
~ r i ~ u 1 1 ' ~  a s  t o  the  range of Grashof (NGr)-Prandtl (Npr)  number over which 
the modified Nusselt number (Nu) [apparent conductivity   as con- 
duct ivi ty  ( k ) ]  can be taken a s  equal t o  unity.  This correla  ion i s  ex- 
tremely useful i n  choosing f o i l  spacing t o  allow approximate ana ly t ica l  
determination of the  insulat ion effectiveness on the bas i s  of radiat ion 
and gas and metal conduction only. Departures from t h i s  idea l  s i tua t ion  
can occur t o  a grea te r  or  l esser  extent based on the par t icu la r  insula-  
t i o n  geometry under consideration. Inser t icn  of spacers between f o i l  
layers  provides a d i r ec t  metal conduction path across the gas gaps and 
ieads t o  an increase i n  the effect ive thermal conductivity. Continuous 
sp i r a l  wrapping of f o i l  layers  can lead t o  s p i r a l  convection paths, the  
e f fec t  of which i s  hard t o  predict  analyt ical ly .  Vent holes i n  the  

2%. H. McAdams, Heat Transmission, 3rd. Edition, p. 181, McGraw- 
H i l l ,  New York, 1954. 

2 1 ~ .  Kraussold, p. 331 i n  High Pressure ~ e c h n o l b ~ ~  by Comings, 
McGraw-Hill, New York, 1959. 

2 2 ~ .  Grigull, Die Grundgeset ze der Warmeubertragun, p. 282, Springer 
Verlag Berlin, 1955. 
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insu la t ion  can and w i l l  a c t  a s  shor t -c i rcu i t  convection'paths between 
ho t t e r  and colder annuli  and may r e s u l t  i n  increased e f f ec t i ve  conduc- 
t i v i t y  . 

The r e s u l t s  of Orenda t e s t s  on concentric polished sleeves (con- 
f igura t ion  I1 of Orenda's report19) a r e  presented i n  Fig. 4.13.5. Since 
rad ia t ion  heat t r a n s f e r  can be predicted f o r  t h i s  case with a reasonable 
degree of r e l i a b i l i t y  and the  gas spaces were su f f i c i en t l y  narrow (0.050 
i n . )  t c  suppress natural-convection e f f ec t s ,  t he  heat  t r an s f e r  by con- 
duction across the  individual  metal sleeve and gas gaps could be exam5ned. 
The riet e f f ec t i ve  conductivi ty of the  gas gap obtained by ca lcu la t ing  out 
of the  t o t a l  thermal conductivi ty the  e f f ec t  of radiant  heat t r a n s f e r  and 
metal conduction i s  a l s o  shown i n  Fig.  4.13.5. This procedure should r e -  
s u i t  i n  a determination of the  thermal conductivi ty of the  t e s t  gas f o r  
the  prevai l ing average operating condition. I n  t h i s  respect  t h i s  t e s t  
served a s  a c a l i b r a t i on  of the  t e s t  f a c i l i t y  and t e s t  procedures. The 
r e s u l t s  presented i n  Fig .  4.13.5 a re  approximately 10% below l i t e r a t u r e  
values23 f o r  helium a t  the appropriate temperature l eve l s .  The COa values 
check well  with t h e  l i t e r a t u r e  values24 a t  low pressure, but because of 
the  general ly  higher Grashof-Prandtl numbers, thermal-convection e f f e c t s  
a re  encountered a s  the pressure i s  increased. 

The e f f e c t s  of pressure and thickness on the  gross e f f ec t i ve  thermal 
conductivi ty of t he  1/8-in. corrugation-spaced f o i l  assemblies of 114 t o  
1 1/2 i n .  thickness (configuration I V ,  V, V I ,  and V I I  corresponding t o  
Orenda' s repor t f9 )  i n  an atmosphere of helium or  COa a re  given i n  Figs .  
4.13.6 and 4.13.7. These da ta  a re  being used a s  the  design da ta  f o r  t he  
heat  t r a n s f e r  ca lcula t ions  f o r  determining t he  insu la t ion  thicknesses 
required f o r  t he  various pipes and components t h a t  require  r e f l e c t i v e  
insula t ion.  

The t e s t  program has provided considerable i n s igh t  i n t o  the per-  
formance of meta l l ic  r e f l e c t i v e  insula t ion.  It has shown t h a t  natuyal  
convection can be suppressed by con t ro l l ing  the  gap width f o r  a gas when 
t he  Grashof-Prandtl number between adjacent f o i l s  i s  below 3000, a s  shown 
on Fig .  4.13.4. Thus a pa r t i cu l a r  insu la t ion  geometry can be approxi- 
mated by ana ly t i c a l  techniques . 

All the  t e s t  da t a  were obtained f o r  insu la t ion  i n  the  ver t , i ca l  posi -  
t ion ;  however, v e r t i c a l  insu la t ion  values used i n  t he  hor izonta l  posi t ion 
would be on the  conservative s ide .  With the  t e s t  da ta  available,  insu la -  
t i o n  of t he  r e f l e c t i v e  metal l ic  type can be designed t o  meet the  require-  
ments of t he  EGCR helium and C02 experimental loops. 

- - - -  

235.  Hilsenrath  and Y .  S. Touloukian, Trans. ASME, Vol. 76, pp. 967-85, 
1954. 

2 4 ~ a b l e s  of Thermal Proper t ies  of Gases, National Bureau of Standards, 
Circular  564, 1955. 
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Weldment - Insu la t ion  Can, Bottom Nozzle Tee Section E -RD - 10243 

Top Dummy Shield Plug Assemblies 

It w i l l  be necessary t o  i n s e r t  shie ld  plugs i n t o  the  t-bough-tube 
top  nozzles t o  maintain the  i n t e g r i t y  of the  reac to r  b iological  sh ie ld .  
These shie ld  plugs w i l l  s u f f i c i en t l y  reduce the  streaming of neutr30ns 
and gamma rays through the  reac to r  b io log ica l  shie ld  v i a  the  nozzles t o  
permit access t o  t he  service  machine room during loop operation. 

During the  period of reactor  operation p r i o r  t o  i n s t a l l a t i o n  of the  
through-tubes, temporary dummy shie ld  plugs w i l l  be i n s t a l l e d  i n  t h e  t op  
nozzles. After i n s t a l l a t i o n  of the  through-tubes, another type of dummy 
sh ie ld  plug t h a t  w i l l  not r e s t r i c t  loop gas flow through the  branch of 
the  top  t e e  w i l l  be inse r ted  when the  experimental s t r i nge r  i s  removed. 
This plug w i l l  permit an unobstructed flow of loop gas through the  branch 
of the  top  t e e  f o r  cooling the  uninstrumented experimental assembly whfch 
remains i n  the  lower pa r t  of t he  loop through-tube, even though the  i n s t ru -  
mented experimental assembly (experimental s t r i n g e r )  has been removed. 
Since the  shielding requirements f o r  t he  top  plugs t o  be used before and 
a f t e r  i n s t a l l a t i o n  of the  through-tubes a re  not the  same, two d i f f e r en t  
designs a r e  required f o r  the  9 1/2-in. through-tube plugs and two f o r  the  
5 1/2-5n. through-tube plugs. 

P r i o r  t o  through-tube i n s t a l l a t i on ,  the  dummy sh ie ld  plug assembly 
w i l l  consis t  of a 10-ft- long sect ion of high-density concrete (KE-EGCR- 
Spec. SC-2) i n  a carbon s t e e l  container which i s  open a t  t he  t op  and i s  
shaped t o  s l i p  ins ide  the  top nozzle. Where possible,  t he  mater ia ls  of 
the  shie ld  plug container w i l l  be l imi ted t o  r e ad i l y  obtainable ~ l p e ,  
tubing, and f i t t i n g s .  The shie ld  plug w i l l  be at tached d i r e c t l y  t o  the  
Bridgman closure by a s p l i t  r ing .  The Bridgman closure w i l l  not be r e -  
quired t o  support the  weight of the  shie ld  plug. For t he  5 1/2-in.  
through-tube, the  sh ie ld  plug ( O ~ N L - D W ~ - E - R D - ~ O A ~ ~ )  w i l l  be supported 
by adding a shoulder t o  the  t op  nozzle inner t e e  sect ion (ORNL-Dwg-E-RD- 
1.0244). The sh ie ld  plug w i l l  be supported o f f  t h i s  shoulder by means of 
lugs at tached t o  the  shie ld  plug container approximately 2 f t  from the  
t o p  of the  container.  For the  9 1/2-in. through-tube, the  shie ld  plug 
(ORNL-Dwg-E-RD-10284) w i l l  be supported by a shoulder i n  the  top  nozzle 
adjacent t o  t he  upper end of the  through-tube. A shoulder w i l l  be In-  
cluded on the  shie ld  plug container t o  r e s t  on the  top nozzle shoulder. 
I n  each case, any d i f f e r e n t i a l  thermal expansion between the  sh ie ld  plug 
and the  top  nozzle w i l l  be taken up a t  the  s p l i t  r ing  which a t t aches  t h e  
shie ld  plug t o  the  Bridgman c losure .  



After i n s t a l l a t i o n  of the  experimental loops and through-tubes, a 
shor ter  shie ld  plug w i l l  be required f o r  i n se r t i on  i n  the  top  nozzle 
when an experimental s t r inger  i s  removed. This shie ld  plug must termi- 
nate above the  branch of the  top  nozzle t e e  t o  insure unobstructed loop 
gas flow around the  loop. The design of t h i s  shie ld  plug w i l l  not be 
completed u n t i l  shielding da ta  are obtained from the  10-ft- long temporary 
shield plug. 
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Design Analyses (CF 61-6-4) 

Top Dummy Shield Plug Assemblies 

Preliminary Design Drawings (CF 61-6-2 ) 

Temporary Top Shield Plug Assembly and Deta i l s  

Code D.2.2 



5. AUXILIARY SYSTEMS AND EQUIPMENT DESIGN 

5.1. Introduction 

The gas required f o r  operation of the  EGCR experimental loops i s  
provided by the helium supply system and the  C02 supply system, both 
of which a r e  located within an extension t o  the  experimenters' crane 
bay. Gas from these  supply systems i s  piped t o  the  experimenters' 
u t i l i t y  tunnel, where it i s  d i s t r ibu ted  by the  gas d i s t r i bu t i on  system 
t o  the  individual  c e l l s  f o r  t he  purposes of f i l l i n g  the loops, pressur iz-  
ing the  through-tubes, f i l l i n g  the  gas storage tanks, and supplying 
buffer  gas. The gas d i s t r i bu t i on  system i s  connected t o  the  buffer  gas 
system, the  through-tube pressur izer  and loop f i l l  system, and t he  gas 
t r an s f e r  and storage system. 

The through-tube pressur izer  and loop f i l l  system i s  used t o  keep 
pressure i n  the  through-tube when the  loop i s  shut down but t he  reac to r  
i s  operating, t o  f i l l  t h e  loop d i r e c t l y  from. t he  gas supply tanks, and 
t o  pressurize t he  i n - c e l l  loop piping during leak checking. The pr incipal  
function of the  gas t r an s f e r  and storage system i s  t o  remove t he  main- 
stream gas from the experimental loop and s t o r e  it f o r  fu tu re  use. The 
buffer  gas system i s  used during loop operation t o  indicate  whether the  
t o t a l  leakage through a l l  mechanical jo in t s  i s  excessive and a f t e r  loop 
shutdown t o  indicate  which mechanical jo int  ( o r  j o in t s )  i s  leaking ex- 
cess ively .  

Each experimental loop i s  equipped with a gas-sampling system t o  
obtain information on f ission-product  re lease ,  deposit ion of a c t i v i t y ,  
and techniques f o r  a c t i v i t y - l eve l  control .  Each loop a l s o  has a gas 
pur i f i ca t ion  system consis t ing of a charcoal bed and U-tube cooler  f o r  
removal of a por t ion of the  f i s s i o n  products re leased t o  the  loop gas. 
This system i s  capable of removing 99.9% of t he  radioiodine enter ing 
the  bed. A loop offgas  system i s  provided f o r  each loop t o  permit safe  
discharge t o  the  atmosphere of any port ion of t he  loop gas. Thi.s system 
cons i s t s  of a l i qu id  t rap ,  a vacuum. pump, and f i l t e r s .  

Leakage through e i t h e r  t he  experimental loop primary o r  secondary 
containment within the  reac to r  containm.ent vessel  i s  detected by means 
of a s n i f f e r  gas system. This system u t i l i z e s  a i r  a t  a pressure s l i g h t l y  
,g rea te r  than atmospheric i n  the  containment volume between the  primary 
and secondary containment vessels .  Leakage i n t o  o r  from t h i s  contain- 
ment volume i s  detected by a change i n  the  a i r  pressure.  

The main pieces of handling and storage equipment f o r  experimental 
assemblies a re  the  service machine f o r  i n s t a l l a t i o n  and removal of as-  
semblies, s torage holes f o r  the  storage of i r r ad i a t ed  experimental a s -  
semblies, a f u e l  c a r r i e r  f o r  shipment of f u e l  assemblies t o  the  reprocess-  
ing o r .  examination f a c i l i t y ,  and the  spent f u e l  t r a n s f e r  mechanism by 



which f u e l  may be c a r r i e d  t o  t h e  f u e l  s torage bas in .  An experimental a s -  
sembly removal cooling system i s  required  t o  provide cooling of the  ex- 
perimental assembly while it i s  i n  t r a n s i t  from t h e  through-tube i n t o  t h e  
service  machine and while it i s  contained wi th in  t h e  service  machine. 

The water systems f o r  t h e  experimental loops cons i s t  of a deminera- 
l i z e d  water system and a service  ( r i v e r )  water system. The se rv ice  water 
i s  used pr imar i ly  t o  cool  the  demineralized water. The demineralized 
wate? i s  used i n  a11 loop gas-to-water heat exchangers except t h e  helium 
supply cooler  (containing nonradioactive gas )  and the  storage holes  
(temporary, u n t i l  demineralized water becomes avai lable  1. 

The peak air requirement of 400 scfm of instrument air and 200 scfm 
of p lant  air a r e  supplied by t h e  p lan t  and instrument a i r  system. I n s t r u -  
ment a i r  i s  used i n  t h e  experimenters' con t ro l  room, t h e  u t i l i t y  tunnel ,  
the  crane bay, and ins ide  t h e  reac to r  containment vesse l .  P lan t  air i s  
used i n  t h e  experimenters'  c e l l ,  u t i l i t y  tunnel ,  and crane bay. 

The experimental f a c i l i t i e s  a re  provided wi th  a normal e l e c t r i c a l  
power system and m emergency power supply. Communications, including 
a commercial telephone, p r iva te  l i n e  s t a t ions ,  and a public address 
system a re  provided, a s  wel l  a s  f i r e  and evacuation alarms. 

5.2. Bypass Gas-Cleanup System 

Function 

The funct ion of the  bypass gas-cleanup system i s  t o  remove a f r a c -  
t i o n  of those f i s s i o n  products which a re  re leased t o  t h e  mainstream gas 
by t h e  loop experiment. The by-pass gas-cleanup system cons i s t s  of a gas 
cooler  and a charcoal  t r a p  which removes more than 99.9% of t h e  iodine 
i n  t h e  by-pass stream. The charcoal t r a p  a l s o  removes a l a r g e  f r a c t i o n  of 
o ther  f i s s i o n  products present  i n  t h e  gas. One of t h e  purposes of t h e  
Sypass gas-cleanup system i s  t o  determine what f r a c t i o n  of t h e  mixed 
f i s s i o n  products i.n the  loop gas can be removed by t h e  charcoal  bed. No 
attempt i s  made t o  remove the  noble gas f i s s i o n  products. 

Provisions a r e  made f o r  a number of e n t r y  po in t s  i n t o  t h e  by-pass 
gas-cleanup system t o  permit t h e  addi t ion  of o the r  gas p u r i f i c a t i o n  
equipment des i red  by t h e  experimenter. 

5.2.2. Equipment Descript ion 

Gas Cooler. The gas cooler  i s  a U-tube heat  exchanger c0nsist in.g 
of two concentric  pipes, a s  shown i n  Fig. 5.2.1. The inner  pipe i s  
l - i n .  sched. -40 ~ n c o n e l -  and t h e  outer  pipe i s  1 1/2-in. sched.140 carbon 
s t e e l  (ASTM-A53-~rade B ) .  The cooled length  of t h e  heat  exchanger i s  
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Fig. 5.2.1. Bypass Gas-Cleanup System. 



approximately 25 f t .  The gas cooler i s  designed t o  cool 92 lb /hr  of 
helium o r  420 l)/hr of C02 from 900 t o  200°F. The heat i s  removed from 
the  gas by a 4-gpm flow of demineralized water ( 1 0 0 " ~  i n l e t  and 120 t o  
140°F o u t l e t ) .  The gas bypass valve (HV-154) permits adjustment of the  
e x i t  gas temperature. The gas s ide  of the  cooler i s  designed f o r  a 
pressure of 1100 p s i a  a t  975OF. It w i l l  be hydrosta t ical ly  t e s t e d  a t  
3428 ps ia  and 70 t o  100°F. The water s ide  i s  designed f o r  a pressure 
of 250 psig  a t  200°F. 

Charcoal Trap. The charcoal t r a p  cons i s t s  of a lead-shielded type 
347H s t a i n l e s s  s t e e l  vessel  containing metal l ic  s i l ve r ,  an act ivated 
charcoal bed, and an absolute f i l t e r .  The metal l ic  s i l v e r  removes t he  
halogen f i s s i o n  products a t  elevated temperatures. The act ivated char- 
coal  removes t h e  halogens and various other  f i s s i o n  products a t  lower 
temperatures. The absolute f i l t e r  removes any par t i cu la te  matter r e -  
leased by t he  charcoal bed. When the  bypass gas i s  helium a t  200°F, 
t h i s  t r a p  w i l l  remove a t  l e a s t  99.9% of t h e  iodine which en te rs  t he  
t r a p .  Krypton and xenon a re  held i n  the  charcoal bed f o r  the  calcu- 
l a t e d  decay times shown i n  Table 5.2.1, which a re  based on work reported 
by Browning, Adams, and ~ c k l e ~ . '  I f  the bypass stream i s  helium a t  
elevated temperatures ( > 2 0 0 ° ~ ) ,  the noble gas holdup w i l l  decrease. 
When t h e  bypass gas i s  C02 at  a given temperature, the  holdup time i s  
l e s s  than f o r  helium a t  t he  same temperature. 

'w. E. Browning, R .  E. Adams, and R.  D. Ackley, Removal of F i ss ion  
Product Gases from Reactor Off -Gas Streams by Adsorption, CF-59- 6-47 
( ~ u n e  11, 1959). 

Table 5.2.1. Noble Gas Retention i n  t he  
Charcoal Bed of the  Bypass 

Gas -Cleanup System 

( ~ e l i u m  Case) 

Nominal Conditions a t  Retention Times 
Gas Cooler Exi t  

Pressure Temperature 
( O F )  

Krypton Xenon 
(psis) 



The charcoal bed i s  14 i n .  i n  diameter and 14 i n .  deep. The metal- 
l i c  s i l v e r  i n  t h e  charcoal bed i s  pure s i l v e r  wire (about 1/4 l b )  placed 
i n  the  charcoal. The charcoal i s  8 t o  14mesh PBL-activated charcoal. 
P r i o r  t o  i n s t a l l a t i o n  i n  t he  t rap ,  t h e  charcoal i s  sieved t o  remove f i ne s  
and i s  outgassed by exposure t o  a once-through helium gas flow a t  900°F 
and 8 ft/min. The a f t e r - f i l t e r  i s  an absolute type of f i l t e r  t h a t  i s  
capable of operation a t  high temperatures. This f i l t e r  i s  99.9% e f f i -  
c ien t  f o r  p a r t i c l e  s i z e s  g rea te r  than 0.3 p. The charcoal bed i s  de- 
signed f o r  a pressure of 1100 p s i a  a t  975°F. It i s  shielded by a lead 
rad ia t ion  shie ld  whose minimum thickness i s  4 i n .  

Piping. The bypass gas-cleanup system piping contains a number of 
valve-152, HV-158, and HV-162) and capped t e e s .  These valves and 
t e e s  permit addi t ional  pur i f i ca t ion  equipment t o  be added t o  t h e  system 
a s  required by the  experimenters. The piping i s  designed f o r  a pres-  
sure of 1100 p s i a  a t  975°F. A l l  piping t h a t  contains high-temperature 
gas i s  insula ted t o  reduce t he  c e l l  heat  load.  

5.2.3. Operating Conditions 

The nominal flow condit ions and gas temperatures f o r  t h e  gas  cooler  
a re  shown i n  Table 5.2.2. 

The nominal flow r a t e  of t he  bypass gas-cleanup system i s  1% of 
t he  mainstream gas flow r a t e .  The maximum flow r a t e  through the  system 
i s  l imi ted t o  5% of t he  mainstream gas flow r a t e  so t h a t  the  flow r a t e  i n  
the  i n -p i l e  t e s t  sect ion i s  not  unduly reduced. The loop gas flow through 
t h e  system i s  control led  by a t h r o t t l i n g  valve (HV-164). Valves HV-159 
and HV-161 a re  i so l a t i on  valves which are  required when t he  charcoal bed 
i s  removed. 

Table 5.2.2. Nominal Gas Cooler Flow and Temperature 
Conditions f o r  the  Bypass Gas-Cleanup System 

Bypass Gas Gas Cooler Tem- 

Gas Pressure Flow Rate pera tures  (OF ) 
( p s i 4  

( lb /hr  ) I n l e t  Outlet  



5.2.4. Project  References 

Design C r i t e r i a  (CF 61-6-3) 

Design C r i t e r i a  f o r  t he  Loop Pur i f i ca t ion  System 

Par t  I : Fiss ion Product Removal 

Design Analyses (CF 61-6-4) 

Loop Purif  i c a t  iion System 

Preliminary Design Drawings (CF 61-6-2 ) 

Carbon Trap Assembly 

Instrument Diagram, G a s  Transfer, Storage, and 
Pur i f i ca t ion  Systems 

5.3. Gas Transfer and Storage System 

5.3.1. Function 

Code B.5.0 

The primary function of the  gas t r ans f e r  and storage system i s  t o  
remove t he  mainstream gas from the  experimental loop and s to re  it f o r  
future  use. The system used t o  accomplish t h i s  i s  shown i n  Fig.  5.3.1. 
The e s sen t i a l  elements of t h i s  system a r e  the t r a n s f e r  pump, gas storage 
tanks, and associa,ted piping and valves. 

5.3.2. Equipment Description 

Transfer Pump. The gas- t ransfer  pump i s  a posi t ive  displacement 
type of pump with a metallic-diaphragm head. It i s  sized t o  t r a n s f e r  
300 lb  of C02 o r  28 l b  of helium from the  gas storage tanks t o  the  ex- 
perimental loop i n  5 h r .  I f  an add i t iona l  assurance of cont inui ty  of 
operation i s  desired, a second t r ans f e r  pump may be i n s t a l l e d  i n  p a r a l l e l  
i n  a locat ion already provided i n  the  experimenters' c e l l .  

The t r ans f e r  :pump head i s  provided with t r i p l e  diaphragms t o  assure 
maximum safety:  a gas-side diaphragm, a cen t r a l  diaphragm, and an o i l -  
side diaphragm. Three &iaphragmsare required t o  present a possible in -  
jection of pump o i l  i n t o  t he  loop i n  case of diaphragmrupture. The gas- 
side diaphragm and head a r e  so contoured t h a t  the  maximum diaphragm 
s t r e s s  i s  l e s s  than 20 000 p s i .  The diaphragm i s  seal-welded t o  the  
head. The cen t r a l  diaphragm i s  provided with r a d i a l  grooves so t h a t  any 
leakage f r o m t h e  gas o r  o i l  s ide i s  vented t o  a leakage monitor and de- 
tec ted.  The gas- and o i l - s i de  diaphragms a re  made of type 347 s t a i n l e s s  
s tee l ,  a s  a re  a l l  head surfaces which come i n  contact with the  process 
gas. 





A l l  port ions of the  pump tha t  are  exposed t o  the  process gas a re  
designed t o  withstand a s t a t i c  pressure of 1200 psig a t  200°F. The gas 
temperature a t  the pump suction i s  continuously monitored. An alarm a t  
the  experimenters' control  panel warns of over temperature. 

A mechanical joint  i s  i n s t a l l ed  on the  i n l e t  and discharge of each 
pump head t o  f a c i l i t a t e  the i n s t a l l a t i on  and removal of the  head without, 
removing the  prime mover. These joints  (1-in.  sched. -40 pipe) are  de- 
signed t o  contain helium a t  a maximum temperature of 400°F and a maximum 
pressure of 1200 psig  (see sec. 4.11). The helium leakage r a t e  from each 
j o i ~ t  i s  specified t o  be l e s s  than 1 X scc/sec (see  see. 4.11). 

The transfer-pump drive motor i s  designed and fabr icated i n  accordance 
with NEMA publication No. MG-1-1959. It i s  a squirrel-cage induction 
mot3r t ha t  i s  t o t a l l y  enclosed and fan-cooled and i s  designed f o r  opera- 
t i on  on 480-v, 3-phase, 60-cycle power. It has halogen-free NEMA c l a s s  
H ir?sulation (ll!S°C maximum temperature r i s e  f o r  ambient a i r  a t  40°C). 
Across-the-line :starting i s  used. The motor should be capable of r e l i -  
able operation f o r  a period of t en  years i n  a radiat ion f i e l d  of 20 
rads/hr. The transfer-pump motor i s  sized t o  operate without exceeding 
the  nameplate ful-1-load ra t ing  a t  a l l  process conditions, even though 
it i s  capable of continuous operation a t  116% of the  nameplate r a t i ng  
without exceeding the  temperature l i m i t s  of the  insulat ion.  

Gas Storage Tanks. Each experimenters1 c e l l  contains s i x  gas 
storage tanks connected by two common headers t o  give a combined volume 
of about 200 f t 3 .  Each storage tank i s  12 113 f t  long and 24 in .  i n  
outside diameter and i s  fabr icated from 11/16-in. - w a l l  type 304H s t a in -  
l e s s  s t e e l .  Each tank i s  designed f o r  a maximum allowable working pyes- 
sure of 750 ps i a  a t  900°F and w i l l  be hydrosta t ical ly  t e s t ed  t o  1510 p s i  
a t  100°F. A parasol-type spray nozzle i s  located ins ide the  top head 
of each tank f o r  spraying with decontamination solutions.  

Both the top  and bottom storage tank headers are  2-in. s t a in l e s s  
s t e e l  pipe (sched. 40, type 3 0 4 ~ ) .  The bottom header contains a 2-in. 
drain valve (HV-175) t o  permit draining the  tanks  during decontamina- 
t i on .  The top  header contains pressme-, temperature-, and radiat ion-  
monitoring elements. The top header a l so  contains a ruptwe disk 
(XX-190) and a pressure r e l i e f  valve (PSV-191) s e t  t o  re l ieve  t he  pres- 
suye at 750 psia .  The pressure r e l i e f  valve i s  of the  balanced-Fellows 
type t h a t  permits large var ia t ions  i n  the back presswe with l i t t l e  o r  
no change i n  the  re l iev ing  pressure and capacity. The space between the  
r-upture disk and the  pressure-re l ief  valve i s  vented t o  the  loop offgas 
system (see see. 5.14) by an excess-flow valve (F~v-192) .  

Pipe and Valves. The gas t rans fe r  and storage system piping i s  
sh~wn schematically i n  Fig. 5.3.1. A l l  valves other than the  check and 
pressure r e l i e f  valves are  bellows sealed. The specified maximum allow- 
able leakage from each valve t o  the  surrounding atmosphere i s  1 X LO-' 
scc.,/sec, a s  determined by a helium leakage t e s t  a t  design pressure ( see  
see. 4.12). 



The EGCR experimental loops have been designed t o  minimize the  
number of points a t  which high-pressure loop gas can leave t h e  main- 
stream piping. The number of such points has been l imi ted t o  th ree .  
Each of these points  i s  double valved t o  reduce the  probabi l i ty  of 
p r t i a l  loop depressurization a s  a r e s u l t  of operator e r ro r .  One such 
point occurs a t  check valves XV-168 and XV-169. These valves permit gas 
flow only i n t o  the  mainstream loop piping. A second point  a t  which gas 
can leave t h e  mainstream piping i s  a t  valves HV-165 and HV-166. These 
t,wo valves a re  spring loaded t o  f a i l  i n  a closed posi t ion.  The t h i r d  
point i s  a t  valves HV-181, HV-182, and HV-183. When the  loop i s  i n  op- 
e ra t ioc?  valve HV-181 i s  locked and tagged i n  the  closed posit ion,  and 
va!.ve hV-183 remains closed and i s  backed by valve HV-182 t o  check the  
flow I f  it i s  accidently opened. Whenever the  experimental loop i s  
emptied and ready f o r  evacuation, valve HV-181 i s  opened so t h a t  the  
system can be evacuated through a 2-in. pipe. 

A l l  system piping t ha t  i s  normally i n  contact  with the  mainstream 
Loop gas during loop operation a t  power i s  type 347% s t a in l e s s  s t e e l .  
This piping i s  designed f o r  1100 ps ia  a t  975°F. The remaining system 
piping i s  type 304H s t a in l e s s  s t e e l .  

5.3.3. System Operation 

The temperatures and pressures i n  the  gas t r a n s f e r  and storage 
system corresponding t o  the e ight  experimental loop design conditions 
described i n  Section 1 . 3  are  given i n  Table 5.3.1. Also given a r e  the  
temperatures and pressures during specia l  operations such a s  loop blow- 
down o r  repressur izat ion.  

Operation. During normal experi-  
mental loop operation a t  power, the  functions of t h e  gas t r ans f e r  and 
storage system a re  t o  provide makeup gas t o  t h e  loop and t o  provide a 
containment volume f o r  the loop pressure r e l i e f  valve discharge. 

Makeup of gas which leaks from the  mainstream loop piping t o  the  
experimenters' c e l l  o r  t o  the gas storage tanks i s  provided by the  gas 
t rans fe r  pump. This pump compresses t he  gas from the  gas storage tanks 
t o  loop pressure. To provide t h i s  makeup gas flow, valves HV-170, HV-167, 
HV-171., and HV-189 are  opened and the  t r ans f e r  pwnp i s  s ta r ted .  Valve 
HV-183 i s  then opened and valve HV-189 i s  t h r o t t l e d  u n t i l  the  desi red flow 
of gas i n t o  the  loop i s  obtained ( a s  indicated by flow element FE-185). 
A cheek valve (XV-182) prevents depressurization of the  mainstream loop 
piping i f  the  t r a n s f e r  pump o r  a valve should f a i l .  I f  needed, new gas 
may be added t o  t he  gas storage tanks from the  gas dis t r ibut , ion system 
(see  sec. 5.10). 

Loop Shutdown and Depressurization. I n  order t o  remove an experi-  
mental f u e l  assembly, the  mainstream loop piping must be cooled t o  l e s s  
than 150°F and t he  pressure decreased slowly t o  300 ps ia  o r  l e s s  because 



Table 5.3.1. Gas Transfer and Storage System Temperatures and Pressures During 
Normal and Special Operations 

Based on loop volume of 149.9 f t 3  

Design Condition Number 
Operating Condition 

1 2 3 4 5 6 7 8 

During Normal Loop Operation 

Loop conditions 

Primary coolant 
Power, Mw 
Pressure, ps ia  
Average temperature, "F 
Heater (on o r  o f f )  
Mass of coolant i n  loop, l b  

Gas storage tanks 

Pressure, ps ia  
Temperature, O F  

Mass of gas i n  tanks, l b  

During Loop Blowdown 

After shutdown and loop cooling 
t o  150°F 

Pressure, ps ia  

After equalizing pressures i n  
loop and tanks 

Temperature, "F 
Pressure, ps ia  
Gas remaining i n  loop, l b  



Tabie 5.3.1 (continued) 

-- - - - - - - - - - - - 

Design Condition Number 
Operating Condition 

1 2 3 4 5 6 7 8 

During Loop Blowdown 

After  pumping gas from loop 
i n t o  t anks  

Mass pumped, l b  

F i n a l  loop condit ions 

Pressure  , p s i a  
Temperature, OF 
Remaining gas, l b  

F i n a l  s torage tank condit ions 

Pressure,  p s i a  
Temperature, OF 
Gas i n  tanks, l b  

During Loop Repressur iza t ion  

I n i t i a l  s torage tank condit ions 

Pressure,  p s i a  
Temperature, OF 
Gas i n  tanks,  l b  

I n i t i a l  loop condit ions 

Pressure ,  p s i a  
Temperature, OF 
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of service machine l imita t ions .  Following removal of the  experim.enta1 
assembly, it may be desirable t o  remove a l l  gas from the mainstream loop 
piping and s tore  it i n  the gas storage tanks. This shutdown and depres- 
sur izat ion i s  accomplished i n  three steps.  

The f i r s t  s tep i n  loop shutdown and depressurization i s  t o  cool 
the loop gas t o  l e s s  than 150°F. The second s tep i s  t o  decrease the 
loop pressure t o  about 300 psia  and t o  remove the experimental fue l  as-  
sembly. The mainstream loop pressure i s  reduced by bleeding gas i n t o  
the gas storage tanks. The gas may be bled d i r e c t l y  i n to  the gas storage 
tanks o r  it may be decontaminated by passing it through the loop bypass 
gas-cleanup system (puri f icat ion system) pr ior  t o  entering the tanks. 
This i s  accomplished by closing valves HV-164 and HV-180 and opening 
valves HV-165, HV-166, HV-167, and HV-170. Valve HV-180 i s  opened i f  
gas flow d i r ec t ly  from the primary loop t o  the storage tanks i s  desired.  
Valve HV-164 i s  opened If gas flow t o  the  storage tanks v ia  the pu r i f i -  
cation system i s  required. When the primary loop pressure reaches 300 
ps i a  o r  l ess ,  the t e s t  assembly may be removed. Depressurization i s  
then continued u n t i l  the pressures i n  the  loop and i n  the gas storage 
tanks have equalized, a s  indicated i n  Table 5.3.1. 

The t h i r d  s tep i n  loop depressurization i s  t o  reduce the loop pres- 
sure t o  atmospheric pressure by use of the  t r ans fe r  pump. To accomplish 
t h i s ,  valves HV-170 and HV-183 are  closed, valve HV-171 i s  opened, and 
the t ransfer  pump i s  s tar ted.  When the loop reaches atmospheric pressure, 
valve HV-189 i s  closed. The remaining gas i n  the  primary loop must be 
removed by the vacuum pump i n  the loop offgas system by opening valves 
HV-181 and HV-183. 

Storage Gas Decontamination. After depressurizing the mainstream 
loop piping, it may be desirable t o  decontaminate the  gas i n  the  gas 
storage tanks pr ior  t o  loop repressurization o r  p r io r  t o  discharging 
the gas t o  the loop offgas system. This i s  accomplished by closing 
valves HV-150, HV-180, HV-183, and HV-167 and opening valves HV-164, 
HV-165, HV-166, HV-171, HV-189, and HV-170. The t ransfer  pump can then 
c i rcu la te  the  gas from the gas storage tanks, through the puri f icat ion 
system, through the  t ransfer  pump, and back t o  the gas storage tanks. 
Circulation i s  continued u n t i l  the radiat ion monitor on the top header 
of the gas storage tanks indicates t ha t  the desired radiat ion leve l  has 
been reached or  t h a t  no fur ther  decontamination i s  occurring. 

Loop F i l l  o r  Repressurization. Loop f i l l  o r  repressurization using 
gas from the gas storage tanks i s  achieved by f i r s t  allowing the experi- 
mental loop and gas storage tank pressures t o  equalize and t,hen using the  
gas t ransfer  pump t o  pump the remaining gas from the storage tanks t o  the  
loop. The pressures i n  the mainstream loop piping and the gas storage 
tanks can be equalized by closing valve HV-164 and opening valves HV-183 
and HV-189. When pressure equalization has occurred, valves HV-189 and 
HV-180 are closed and valves HV-167, HV-170, and HV-171 are  opened, and 
the  remaining gas i n  the gas storage tanks i s  pumped in to  the primary 
loop by the t r ans fe r  pump. 
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~ e l i u m / C ~ ~  Transfer Pump f o r  EGCR In-Pile Loops 

5.4. Gas-Sampling System 

5.4.1. S c o ~ e  and Obiectives 

Code B.7.0 

The design of the  gas-sampling system f o r  t he  EGCR experimental 
loops must be c losely correlated with the  specified loop objectives.  
Only the requirements of the  sampling s ta t ions  f o r  t he  helium- and C02- 
cooled loops occupying the  small reactor through-tubes are  discussed 
here. The objectives of the  gas-sampling system are (1) t o  obtain in -  
formation on the  release of f i s s ion  products from f u e l  materials, ( 2 )  t o  
determine depositi.on of a c t i v i t y  i n  the system ( i .e . ,  ac t iv i ty  i n  gas, 
a c t i v i t y  deposited. i n  the  system, and a c t i v i t y  removed by f i l t e r s ) ,  ( 3 )  t o  
develop techniques fo r  a c t i v i t y  l eve l  control, including evaluation of 
the  bypass gas-cleanup system and the  mainstream gas f i l t e r s ,  ( 4 )  t o  ob- 
t a i n  information cn the  mechanical, radiation,  and thermal properties of 
unclad fue l  elements, (5)  t o  obtain information on the  decontamination 
of a contaminated gas system, and (6)  t o  obtain information a s  t o  the  
presence orbuildu:? of other gaseous contaminants t ha t  might r e s u l t  from 
fue l  element degassing, corrosion, e t c .  

I n  order t o  accomplish these objectives, the  experimental loops 
w i l l  be provided with gas-monitoring and -sampling systems tha t  w i l l  be 
capable of continuously withdrawing a small gas stream f o r  on-line samp- 
l i ng  and w i l l  a l so  be capable of removing small representative samples 
of loop gas f o r  subsequent analysis.  The continuous sample stream w i l l  
be monitored by a laire precipi ta tor  or  some other sui table  in - l ine  f i s s ion -  
product detector.  I n  addition t o  these gas-monitoring systems, the  ex- 
perimental loops w i l l  be provided with gamma monitors a t  several points 
along the  loop piping. These points include the hot pipe from the reactor,  
t he  mainstream gas f i l t e r ,  the mainstream gas cooler, the  bypass f i l t e r ,  
and t h e  Loop compressors. 



5.4.2. Design C r i t e r i a  

A gas-sampling s t a t i on  w i l l  be designed f o r  each of the EGCR experi-  
mental loops. Each s t a t i on  w i l l  have a f a c i l i t y  f o r  the extract ion of a 
small quantity of gas from each of several  designated points  i n  the loop 
f o r  t ranspor t  t o  and analysis  a t  another s i t e .  A connection w i l l  be pro- 
vided a t  each sampling point f o r  the  attachment of one o r  more of the  f o l -  
lowing types of i n - l i ne  gas analyzers: gas chromatograph, mass spectrometer, 
o r  charged-wire fission-product detector .  

If a gas chromatograph o r  mass spectrometer type of instrument i s  
used a s  a continuous analyzer, the  gas i n  the  loop must be reduced i n  both 
temperature and pressure, since ex i s t ing  equipment i s  not designed t o  with- 
stand the  high loop temperatures and pressures. A gas chromatograph r e -  
quires a continuous flow of c a r r i e r  gas which must be ca re fu l ly  considered 
f s s m t h e  view point of loop containment. Water vapor i n  the  sample gas 
w i l l  cause contamination of the  columns used i n  a gas chromatograph. Conse- 
quently, a f i l t e r  w i l l  be required upstream of the analyzer sect ion t o  re -  
move water vapor from the  sample. An analysis  f o r  water vapor requires  
a separate instrument. 

The experimental loop gas w i l l  be sampled a t  each of the  following 
points:  (1) downstream of t h e  mainstream gas cooler, ( 2 )  downstream of 
the  mainstream gas f i l t e r ,  ( 3 )  a t  the  o u t l e t  of t he  loop compressors, 
( 4 )  downstream of the  mainstream gas heater, ( 5 )  downstream of the  bypass 
gas-cleanup system, and (6 )  a t  the  ou t l e t  of the  gas storage tanks. The 
loop gas being sampled ( ~ e  or  ~ 0 2 )  may be a t  pressures of from 500 t o  1000 
ps ia  and a t  temperatures ranging from 550 t o  950°F. The gas may be radio-  
act ive .  The equilibrium loop a c t i v i t y  may be a s  high a s  10 900 cur ies  (see 
sec. 11.2).  The sampling-station design w i l l  permit taking from 3 t o  6 
samples per 24 h r  from each of the  loop sampling points.  The des i rab le  
sample s i ze  has been estimated t o  be 25 t o  50 cm3 a t  S T P . ~  The gas-sampling 
system w i l l  provide a t  l e a s t  50-cm3 (STP) samples. 

The pr inc ip le  of double-containment of t he  experimental loop gas must 
not be viola ted during extract ion of a sample. Therefore, the  sampling- 
s t a t i on  containment must serve a s  an extension of the  experimenters' c e l l  
containment. The sampling-station containment w i l l  be operated a t  a pres-  
sure of l e s s  than one atmosphere during the  sampling process t o  insure 
t h a t  any leakage w i l l  be inward. 

Adequate shielding w i l l  be provided t o  reduce the  gamma rad ia t ion  
t o  acceptable l eve l s  a t  the  surface of the sampling-station containment 
vessel .  A sample bomb w i l l  be designed with i n t eg ra l  shielding, i f  neces- 
sary, o r  w i l l  be withdrawn in to  a shielded container t o  insure t he  reduction 
of operating personnel exposure t o  acceptable l eve l s  during the process of 
extract ing and transporting a sample. 

2 ~ e r b a l  communication from J. C .  White t o  C .  L.  Segaser. 



I n  order t o  obtain the best  possible representative sample, the 
sampling l i nes  and equipment i n  and t o  the sampling chamber w i l l  be 
maintained as  near t o  the temperature of the loop gas being sampled a s  
possible. I f  pract ical ,  a decontamination system w i l l  be provided t o  
f lush  the sampling equipment a f t e r  the sampling i s  completed. A vacuum 
system w i l l  be provided t o  purge atmospheric contaminants from the system 
prior  t o  sampling. The vacuum system w i l l  a l so  be used t o  dispose of 
residual radioactive gas i n  the  system pr ior  t o  withdrawing the sample 
bomb. 

Instrumentatton w i l l  be provided t o  monitor gas pressures i n  the  
sampling s ta t ion  and equipment. Interlocks and protective devices w i l l  
be provided a s  required t o  render the operation of the sampler a s  safe 
a s  possible. The gas-sampling s ta t ion  w i l l  be eas i ly  accessible t o  op- 
erating ,per sonne 1. . 

Elastomers susceptible t o  heat and radiat ion damage w i l l  not be 
used i n  any closures, valves, or couplings which are i n  contact with the 
hot loop gas. 

5.4.3. Proposed Sampling Station 

The proposed gas-sampling system f o r  the ECXR experimental loops i s  
shown i n  Fig. 5.4.1. The principle of operation of t h i s  system i s  similar 
t o  tha t  u t i l i zed  i n  the pneumatic-rabbit tubes which are  commonly used i n  
research reactors.  The system i s  designed t o  col lect  4-cm3 samples of 
loop gas a t  the pressure and temperature exis t ing a t  any time during loop 
operation. Under the most adverse operating conditions, tha t  i s ,  a t  
lowest operating pressure (500 ps ia )  and maximum temperature ( 9 5 0 D ~ ) ,  t h i s  
4-cm3 sample w i l l  be equivalent t o  more than 50 cm3 a t  STP. The use of 
a small sample bomb should reduce or  eliminate any requirement f o r  shield- 
ing the bomb. Under the most severe operating conditions, the dose r a t e  
from a point source of 4 cm3 of loop gas has been estimated3 t o  be approxi- 
mately 10 mr/hr a t  a distance of 2 f t .  

Sampling-Station Operation 

I n  order t o  operate the gas-sampling system, the pneumatic l i n e s  
are purged by opening them t o  atmospheric pressure ( c e f l  a i r )  through 
valve V-5 with the vacuum pump of the  loop offgas system running. This 
purge removes any rnetal chips or dust t h a t  might cause the bomb t o  s t i ck  
i n  t r a n s i t .  After purging, the operator loads the sample-bomb holder 
containing the sample bombs in to  the sampling-station tube. The sampling- 
s ta t ion design incorporates alignment pins i n  the tube and sample holders 
so that  each sample bomb i s  exactly positioned opposite the correct pneu- 
matic t ransfer  l i ne .  

%erbal commm.ication from T .  H. Row t o  A. W. Culp, April 27, 1961. 
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When it i s  desired t o  take a sample, the  proper sample bomb i s  pneu- 
matically t ransferred by means of t he  t r ans fe r  l i n e  through a motor- 
operated b a l l  valve (v-2) i n to  t he  sampling chamber mounted d i r e c t l y  on 
the  primary loop gas pipe. The sampling chamber i s  a l t e rna t e ly  evacuated 
by the vacuum pump in  the loop offgas system and then purged with clean 
loop gas from the  gas d i s t r ibu t ion  system v ia  the  sampling-station tube 
and t r ans fe r  tube. The sample bomb i s  permitted t o  reach thermal equi- 
librium with the  primary loop gas piping. The en t i r e  i n s t a l l a t i o n  i s  
thermally insulated, so the bomb, pipe, valves, and l i n e s  should approach 
the  loop gas temperature at  t h a t  point. This should reduce the  possi- 
b i l i t y  of pla t ing out some of the  f i s s ion  products on cold surfaces. 

I n  order t o  take a sample, valve V-2 i s  closed and the  sampling 
chamber i s  evacuated. The motor-operated valve V-3 i s  then "c10sed"~ t o  
pressurize the  sampling chamber and bomb with gas from the  loop. Valve 
V-3 i s  then "opened." After depressurization of the  sampling chamber t o  
the  offgas system, valve V-2 i s  opened and the sampling chamber i s  purged 
with f i l t e r e d  air  from the experimenters' u t i l i t y  tunnel v ia  valve V-7 and 
the  sampling-station tube and t ransfer  tube. The purging a i r  i s  exhausted 
t o  the  c e l l  offgas system. A small,. high-temperature, high-pressure, 
check valve (v-1) i s  mounted inside each sample bomb t o  prevent the  bomb 
from depressurizing a f t e r  it has f i l l e d  with loop gas. After purging of 
the  sampling chamber, t he  sample bomb i s  pneumatically t ransferred t o  the  
sample bomb holder where the experimenter can manually withdraw the  sample 
bomb by removing the low-pressure cap i n  the sampling-station tube and with- 
drawing the sample bomb holder. After t he  bomb i s  removed, any leakage 
past  the  check valve (v-1) w i l l  be prevented by inser t ing  a sea l  plug i n  
the  check valve. 

5.4.5. Design 

The gas-sampling system and bombs w i l l  be constructed of s t a in l e s s  
s t ee l .  The bombs w i l l  have concentric r ings  of some so f t  material  on 
t h e i r  outside surfaces t o  prevent s l iding contact between the  two s ta in-  
l e s s  s t e e l  surfaces. The pneumatic t ransfer  tubes w i l l  be designed t o  
u t i l i z e  long-radius bends and the  number of ve r t i ca l  l i n e s  w i l l  be kept 
t o  a minimum. The tubes have been estimated t o  be approximately 3/4 i n .  
0.d. 

The d i f f e r e n t i a l  pressure required t o  t r ans fe r  the  sample bombs can 
be obtained by using the vacuum pump i n  the loop offgas system. For t h i s  
case, the  pressure moving the  bomb need never exceed atmospheric pressure. 
This eliminates the poss ib i l i t y  of overpressurizing the  c e l l ,  as  might oc- 
cur i f  a posi t ive  pressure source were u t i l i zed .  Actually, clean loop gas 

4 ~ n  re fe r r ing  t o  t he  position of a l l  three-way valves, t he  "open1' 
posit ion a s  used here corresponds t o  the posi t ion permitting ax i a l  flow 
through the valve while the "closedff posi t ion corresponds t o  branched 
flow through the  valve. 



( a t  30 p s i a )  from the gas d i s t r i bu t i on  system w i l l  be used t o  t r ans f e r  
the  bomb t o  the  sampling chamber, but t h i s  supply w i l l  be automatically 
terminated whenever the  c e l l  i s  sealed by the  c e l l  vent valves t o  provide 
f u l l  containment. The bomb can be t ransferred by using c e l l  a i r  pressure 
if the c e l l  i s  sealed. The use of clean loop gas t o  t r ans f e r  the  bomb 
should reduce the  probabi l i ty  of atmospheric contamination of the  sample. 

A s  mentioned e a r l i e r ,  the  bomb w i l l  be sized t o  take a 4-cm3 gas 
sample. The bomb w i l l  be prepared by evacuating and f i l l i n g  with clean 
loop gas t o  a pressure of 20 p s i a  t o  seat  the  check valve and prevent a i r  
contamination during t r ans f e r  and purging. Upon heating t o  loop gas tem- 
perature, the bomb pressure may increase t o  50 ps ia .  This means t he  loop 
gas sample w i l l  be d i lu ted  by approximately 5 t o  10%. I f  an absolute loop 
gas sample i s  desired, the  sample bomb can be evacuated and a rupture disk  
mounted i n  s e r i e s  with the  check valve t o  maintain a vacuum u n t i l  the sanp- 
l f  ~g chamber i s  pressurized t o  loop pressure. 

One problem t h a t  must be considered i n  t rans fe r r ing  the  sample bom% 
t o  t,he sampling chamber i s  t ha t  the  operator must be sure t ha t  t he  bomb i s  
i n  place a t  the  sampling chamber before closing valve V-2. To accomplish 
t h i s ,  a carbon s t e e l  plug i s  attached t o  one end of the  sample bomb. A 
small c o i l  of high-temperature wire i s  wrapped around the  correspond.ing 
end of the sampling chamber. Correct posit ioning of the  sample bomb i s  
then determined by the  change of inductance of the  c o i l  when t h e  carbon 
s t e e l  plug en te rs  it. 

The one apparent weak point i n  the  sampling system i s  the  check 
valve used i n  the  sample bomb. This valve i s  subjected t o  high tempera- 
t u r e s  ( 9 5 0 " ~ )  and high pressures (1000 p s i a ) .  A spring-loaded, b a l l  check 
valve with a tungsten carbide b a l l  and sea t  i s  commercially available that. 
w i l l  take these pressures and temperatures. The unknown f ac to r  associated 
wi . t k  t h i s  valve i s  i t s  leak r a t e .  This problem w i l l  be investigated.  For 
sampling gas a t  550°F, there  a r e  a number of small r e l i a b l e  check valves 
commercially avai lable  t ha t  have Teflon sea l s .  I f  the  leak r a t e  of t he  
tungsten carbide check valve proves t o  be excessive, it i s  f e l t  t h a t  e i t h e r  
the sea t  o r  b a l l  may be replaced with a sof t  metal component which w i l l  i m -  
prove the  sea l .  I n  t h i s  case, the  so f t  metal l ic  par t  w i l l  probably be r e -  
placed each time a sample i s  taken. 

The sampling-station tube and the  pneumatic t r ans f e r  tubes w i l l  be 
designed fo r  a 50-psig i n t e rna l  pressure and a d i f f e r e n t i a l  external  pres-  
sure of 27 ps i .  A pressure-re l ief  valve (v-9) w i l l  protect  the  sampling 
statmion by opening t o  the c e l l  a t  a d i f f e r e n t i a l  pressure of 40 ps i .  The 
r e l i e f  valve w i l l  'be sized t o  handle the flow i n t o  the  sampling chamber 
from. a l l  the  primary gas valves (v-3).  Loop gas flow from the mainstream 
100p piping through these valves (v-3) w i l l  be o r i f i ced  t o  prevent rapid  
depressurization of the  loop. 



5.4.6. Containment 

The pr incipal  of secondary containment i s  never violated during opera- 
t ion  of the sampling s ta t ion.  Normally, primary containment ends a t  valve 
V-3, except when pressurizing the sampling chamber, a t  which time valve V-2 
provides the primary containment. The sampling-station tube and pneumatic 
t ransfer  tubes serve as  secondary containment when valve V-2 i s  open and 
when valve V-3 i s  closed. A number of inter locks prevent violat ion of 
containment. When removing the low-pressure cap on the  sampling-station 
tube, one or  more switches perform the following actions i f  they have not 
already been done: the vacuum pump w i l l  be turned on, a l l  valves V-2 w i l l  
be closed, a l l  valves V-3 w i l l  be opened, and valve V-5 w i l l  be closed. 
Interlocks a l so  prevent closing of valve V-3 unless ( 1 )  the pressure i n  
the sample tube i s  subatmospheric, ( 2 )  the posit ion indicator indicates 
the sample bomb i s  i n  posit ion i n  the sampling chamber, and ( 3 )  valve V-2 
i s  closed. An additional interlock prevents opening of valve V-2 a s  long 
a s  valve V-3 i s  closed. 

The purpose of valve V-4 i s  t o  provide backup of valve V-3 i f  valve 
V-3 fails. Consequently, closing valve V-4 makes it impossible t o  blow 
down the loop following f a i lu re  of any V-3 valves. The only valve tha t  
must be r e l a t ive ly  leaktight (aside from valve V-1) i s  valve V-3, since 
it sea ls  the primary loop gas system. Valves V-2 and V-3 w i l l  be designed 
f o r  operation a t  maximum loop temperature and pressure. Valve V-4 w i l l  be 
designed t o  withstand f u l l  loop pressure but can be a low-temperature 
valve. Valves V-5, V-6, V-7, V-8, and V-9 w i l l  be low-pressure, low- 
temperature valve s.  

5.4.7. In s t a l l a t ion  

It i s  proposed t o  mount the sampling-station tube i n  the  wall between 
the experimenters' c e l l  and the experimenters' u t i l i t y  tunnel. The low- 
pressure cap w i l l  be open t o  the u t i l i t y  tunnel. Preferably, the sampling- 
s ta t ion  tube w i l l  be mounted i n  one corner of t he  c e l l  where a simple 
shadow shield around one side and the end of the tube w i l l  provide sa t i s -  
factory shielding of the  penetration. Since the radiat ion l eve l  of the 
sample bombs i s  quite low, a shadow shield between the sampling-station 
tube and the primary gas piping should be suf f ic ien t .  

In s t a l l a t ion  of the  sampling-station tube i n  the c e l l  wall ra ther  
than through the  ce i l ing  has a number of advantages. For instance, it 
reduces the number of ve r t i ca l  runs f o r  the pneumatic t ransfer  tubes. I n  
addition, it permits access t o  the t ransfer  tubes (through the  sampling- 
s ta t ion tube) with a f lex ib le  too l  i n  the event a sample bomb should s t i ck  
during t r a n s i t  t o  or  from the bomb holder, and it permits i n s t a l l a t ion  of 
a vent i la t ion hood above each sampling-station tube, if desired. The 
vent i la t ion hood w i l l  be connected t o  the vent i la t ion exhaust header of 
the c e l l  vent i la t ion system. Since t h i s  i s  an induced d ra f t  system, it 
should t ransfer  any leakage of loop gas from the sample bombs d i r ec t ly  t o  
the stack. 



5.4.8. Instrumentation 

The instrumentation shown i n  Fig.  5.4.1 cons i s t s  of pressure elements 
a t  the  sampling-station tube and sampling chamber and the  bomb posi t ion 
indicator  (designated XE) a t  the  sampling chamber. This should be s u f f i -  
c ien t  instrumentation t o  insure proper operation of the  sampling system. 

5.4.9. Project  References 

Design C r i t e r i a  (OWL CF-61-6-3) 

C r i t e r i a  f o r  EGCR In-Pi le  Loop Samplicg System 

Preliminary Design Drawings (CF 61-6-2 ) 

Process Flowsheet, Gas Sampling System 

Code B.10.3 

D-RD-10113 

5.5. Fuel-Handling Equipment 

5.5.1. Service Machine 

The pr inc ipa l  piece of fuel-handling equipment used by t he  experi-  
mental loop f a c i l i t y  i s  the  EGCR service machine. This machine i s  de- 
signed t o  i n s t a l l  experimental f u e l  assemblies i n  the  loop through-tubes, 
t o  remove them, and t o  t ranspor t  them t o  and from the  reac tor  and the  
experimental f u e l  assembly storage holes o r  t o  t ranspor t  them t o  the  f u e l  
c a r r i e r  o r  the  spent-fuel  t r ans f e r  mechanism. The service machine i s  a l so  
designed t o  handle open core experimental assemblies, control  rods, shie ld  
plugsp and other  spec ia l  equipment which can be inse r ted  i n t o  any of t h e  
reactor  top nozzles. 

The service machine i s  housed i n  an upright cy l indr ica l  pressure vessel  
approximately 52 f t  high (exclusive of external  shie lding)  and 71 i n .  i n  
lnside diameter. The pressure vessel  serves as a pressure-t ight  housing 
t ha t  contains the  t oo l s  and mechanisms necessary t o  acconfplish the  &hove 
l i s t e d  functions.  To achieve mobility, the  service machine i s  mounted on 
the  t r o l l e y  of a t rave l ing  bridge crane. It can be positioned over any 
reactor  vessel  top  nozzle o r  over any of the  storage, access, o r  rehearsal  
areas.  (ICE dwgs 5927-EGCR-A-122 and 5927-EGCR-MS-130 show the  general  
arrangement of the  service  machine and the  area  i n  which it operates . )  

The service  machine can be connected t o  the  reactor  pressure vessel  
top  nozzles or t o  the  top  nozzles of the  storage f a c i l i t i e s  by an ex- 
tendible  nozzle and flange.  A valve a t  the  bottom of the service machine 
perm.its evacuation and pressur izat ion of the  service  machine and provides 
a sea l  between the  service machine and the  reac tor  pressure vessel  nozzle. 
The service machine i s  manually bolted t o  the  se lected nozzle f lange,  and 
then a l l  operations a re  carr ied out remotely from the  service machine 



control  console. ( A  detai led description of the  service machine i s  given 
i n  EGCR Study No. 11-460 and i n  Section 5.11 of Volume I of the EGCR Fina l  
Hazards Summary Report. ) 

The reactor  servicing too ls  and mechanisms a re  mounted on a ro ta ry  
t u r r e t  ins ide the  service machine pressure vessel  t o  permit indexing of 
too ls  required f o r  any par t icu la r  operation over the  service machine noz- 
z l e .  The f i v e  t u r r e t  posit ions and the mechanisms associated with each 
posit ion are  a s  follows: 

Turret 
Posit ion 

No. Tool o r  Mechanism 

I Nozzle closure t oo l  and new f u e l  storage f a c i l i t y  

I1 Experimental assembly handling too l  

I11 Replacement shield plug in s t a l l a t i on  t o o l  

Dl Shield plug removal t o o l  

V Fuel chute and instrument hois t  

Posit ions I through IV are  a l l  used during the in s t a l l a t i on  or  removal of 
an experimental assembly, with posit ion I1 being used during the  ac tua l  
l i f t i n g  of the  assembly. The experimental assembly handling too l  has a 
t o t a l  t r a v e l  of approximately 55 f t  8 in . ,  of which 9 f t  6 in .  i s  by a 
telescope drive;  the remainder i s  by a b a l l  lead screw dr ive.  It takes  
approximately 4 hr  t o  complete the t o t a l  t r ave l  i n  one direct ion.  

Cooling of the experimental f u e l  assembly during removal from the 
loop and during storage i n  the service machine i s  achieved by means of a 
blower and cooler mounted on the service machine carriage.  A deta i led  
discussion of the  operation of the service machine during the removal of 
an experiment i s  given i n  Section 5.12. 

5.5.2. Experimental Fuel Assembly Storage Holes 

The pr incipal  f a c i l i t i e s  f o r  the storage of i r rad ia ted  f u e l  assemblies 
are  the  two special  storage holes located i n  the reactor  biological  shield 
a t  the  west end of the  service machine room. One hole i s  located a t  each 
end of a row of control  rod storage p i t s .  Each storage hole f a c i l i t y  i s  
an in tegra l  un i t  located within a 50-ft-long, 18-in.-diam pipe imbedded 
i n  the biological  shield.  Each f a c i l i t y  provides storage f o r  experiments 
from e i the r  the 5 1/2-in. o r  9 1/2-in. through-tubes. Each storage hole 
f a c i l i t y  consis ts  of a primary pressure vessel  with a cooling-water 
jacket, a top nozzle closure, the necessary f a c i l i t i e s  f o r  supplying and 
controll ing the helium and cooling water, and the  required vent and evacua- 
t i on  system. A simplified flow diagram i s  given i n  Fig. 5.5.1. 



Fig. 5.5.1. Fuel Assembly Storage Hole. 



The f u e l  assemblies i n  the  storage hole f a c i l i t y  a re  cooled by the  
natural  convection of pressurized helium (up t o  350 ps ia )  up through the 
fue l  and then down along the  water-cooled wall of the  primary vessel .  
The cooling system i s  designed t o  remove 51 000 ~ t u / h r  while keeping a l l  
portions of the  f u e l  assembly a t  or  below i t s  normal in-loop operating 
temperatures. The s ta in less  s t e e l  primary vessel  (10-in. sched.40 
pipe, approximately 50 f t  long) i s  designed f o r  425 psig a t  1075°F. De- 
t a i l e d  design calculat ions  and descriptions appear i n  the  Design Analyses 
(see see. 5.5.5). 

The top of the  storage hole f a c i l i t y  i s  similar t o  the  reactor  pres- 
sure vessel  top nozzles i n  t ha t  it i s  equipped with a flange f o r  connect- 
ing the service machine nozzle and a breach f o r  attaching the  Bridgman 
closures used i n  the  reactor  pressure vessel  nozzles. The top flanged 
opening i s  closed with a bl ind flange when the service machine i s  not 
connected. Containment of any leakage from the primary pressure vessel  
through the  Bridgman closure i s  provided by a secondary containment 
volume formed by the  Blind flange closure and a cyl indr ical  vessel  t h a t  
i s  welded t o  t he  primary pressure vessel  just  below the  Bridgman closure. 
This containment volume i s  designed t o  hold 425 psia  pressure a t  500°F. 
Any leakage of a c t i v i t y  from the primary vessel  t o  the  cooling water 
jacket i s  ca r r ied  t o  the  gas separation tank by the water. I n  the  gas 
separation tank the gaseous a c t i v i t y  i s  evolved and vented t o  t he  plant  
stack through an absolute f i l t e r  and an iodine t rap.  The water system 
from the  check valve i n  the  i n l e t  l i n e  t o  and including the  gas separa- 
t ion  tank i s  designed f o r  425 psig  a t  500°F. 

Each storage hole f a c i l i t y  i s  controlled from a control  panel i n  the  
service machine equipment room on the four th  f l oo r  of t he  reactor  contain- 
ment building. C r i t i c a l  pressures and temperatures are  a l so  monitored i n  
the reactor  control  room. When not containing an experimental f u e l  element, 
the  storage hole f a c i l i t y  w i l l  contain a dummy shield plug attached t o  a 
Bridgmn closure . 

An experimental f u e l  assembly i s  inser ted i n t o  the storage hole 
f a c i l i t y  from the  service machine i n  t he  following manner. The bl ind 
flange i s  removed f romthe  flange connection f o r  the service machine, the  
service machine i s  moved in to  position, and the  service machine nozzle 
i s  connected t o  the  flange. The volume of gas between the service 
machine valve and the Bridgman closure ( sn i f fe r -gas  region) i s  then evacu- 
ated and f i l l e d  with helium. The pressures i n  the  service machine, i n  the  
sn i f fe r  gas region, and i n  the storage hole a re  equalized a t  about 300 
psig, and the service machine valve i s  opened. The Bridgman closure i s  
then unlocked, and the  closure and d m  shield  plug are  l i f t e d  i n t o  t he  
service machine. The experimental fue l  assembly carr ied i n  Turret  posi  - 
t i o n  I1 i s  then rotated over the storage hole, and the f u e l  assembly i s  
lowered in to  the  hole. While the  f u e l  assembly i s  being lowered, t he  
helium flow i s  by natural  convection from the bottom of t he  service  ma-  
chine, down between the primary pressure vessel  wall  and the  f u e l  assembly, 



up through the  f u e l  assembly, and out t o  t he  top  of the  service  machine. 
Once t he  fue l  assembly has been lowered t o  the  point  where t he  sh ie ld  
plug a t  t h e  top  of the  assembly cu t s  off  flow t o  and from the  service 
machine, the  heat  i s  removed by the natural  convection of pressuri.zed 
helium along the  water-cooled wall  of the  primary pressure vessel .  After 
the  experimental assembly has been f u l l y  inse r ted  i n t o  t he  primary pres-  
sure vessel ,  the  Bridgman closure i s  locked and the  service machine 
valve i s  closed. The s n i f f e r  gas region i s  then evacuated and r e f i l l e d  
with a i r ,  and the service machine nozzle i s  disconnected. The service  
machine i s  moved away, and t he  bl ind flange i s  replaced on the  storage 
hole. After each s t ep  t h a t  requires  making a gas t igh t  seal ,  a leak t e s t  
of the  jo int  i s  made p r io r  t o  going on t o  the  next step.  

5.5.3. Fuel Carr ier  

A f u e l  c a r r i e r  o r  cask w i l l  be provided f o r  shipment of experimental 
f u e l  elements t o  t h e  reprocessing o r  examination f a c i l i t y .  The c a r r i e r  
w i l l  be designed t o  accommodate the  13-ft- long in-core port ion of the  
experimental f u e l  assembly a f t e r  it has been separated from i t s  support 
s t r inger .  The c a r r i e r  w i l l  be a completely sealed pressure vessel  con- 
t a in ing  a gas atmosphere. The decay heat f r o m t h e  f u e l  elements w i l l  be 
removed by na tura l  convection and rad ia t ion  t o  the  c a r r i e r  vessel  wall.  
The c a r r i e r  vessel  wall  w i l l  be cooled by t he  na tura l  convection of a 
sealed water system which c i r cu l a t e s  through a water jacket i n  the  vessel. 
wall and out through finned tubes extending through the  c a r r i e r  sh ie ld  
i n t o  t he  ambient atmosphere. 

A t  the  top  of the  c a r r i e r  vessel  w i l l  be a shear o r  c l ~ t o f f  t o o l  f o r  
separating t h e  fue l  from i t s  support s t ructure .  The c a r r i e r  vessel  w i l l  
be closed by a Bridgman closure at tached t o  a short  shie ld  plug. Secondary 
containment, including a bl ind flange, w i l l  be provided around the Bridgman 
closure t o  f u l l y  contain any leakage through the  closure sea l s .  DCing 
inse r t ion  of the  experimental f u e l  elements i n t o  the  c a r r i e r  by the  s e r -  
vice mackiine, a helium supply f o r  pressurizing t he  c a r r i e r  and e i t h e r  
e l e c t r i c i t y  o r  compressed a i r  f o r  operating the  shear w i l l  be required. 
Once the  f u e l  i s  i n  the  c a r r i e r  and the  c a r r i e r  vessel  i s  sealed, no 
u t i l i t i e s  w i l l  be needed. 

The fue l  w i l l  be inser ted i n t o  the  c a r r i e r  i n  the  fcllowing manner. 
The c a r r i e r  w i l l  be positioned i n  a cradle  i n  the  hatchway of the  fo~xr th  
f l o o r  of t he  r eac t c r  containment building, and t h e  service machine w i l l  
be connected a f t e r  the  bl ind flange i s  removed. The sn i f f e r  region w i l l  
be evacuated and f i l l e d  with gas, and the  pressures i n  the  service machine, 
sn i f f e r  region, and the  c a r r i e r  vessel  w i l l  5e  equalized, a f t e r  which. the  
service  machine valve w i l l  be opened and the  Bridgman closure and sh ie ld  
plug of t he  c a r r i e r  removed. The experim.enta1 f u e l  assembly w i l l  be 
lowered i n t o  the  c a r r i e r  u n t i l  t he  proper posi t ion i s  reached f o r  t he  
separation of the  f u e l  elements from t h e i r  support s t r inger .  The separa- 
t i o n  w i l l  be made by actuating t he  cutoff mechanism. The remaining sup- 
port s t ruc ture  w i l l  be pulled back i n to  the  service  machine. The ca r r i e r ,  



Bridgman closure, and shie ld  plug w i l l  then be re inse r ted  and locked. After  
closing t he  service  machine valve and evacuating and r e f i l l i n g  the  s n i f f e r  
region, the  service  machine w i l l  be disconnected and moved away. The car-  
r i e r  w i l l  then be closed with t he  bl ind f lange and lowered t o  a do l l y  on 
the  ground f loor ,  a f t e r  which the  c a r r i e r  w i l l  be turned on i t s  s ide  and 
removed from the  reac to r  bui ld ing through the  equipment a i r lock .  

5.5.4. Spent Fuel Transfer  Mechanism 

The spent f u e l  t r an s f e r  mechanism i s  t he  means by which f u e l  from 
e i t h e r  the  charge machine o r  service  machine can be ca r r i ed  t o  t he  f u e l  
storage basin i n  t he  reac to r  service  building.  The mechanism i s  located 
a t  the  e a s t  s ide  of the  reac to r  containment building.  The spent f u e l  
t r an s f e r  mechanism, as shown i n  Fig. 5.5.2, cons i s t s  pr imar i ly  of t h e  t op  
and bottom adapter  nozzles, a movable t r a n s f e r  tube, a ho i s t ,  an incl ined 
discahrge tube leading t o  the  spent f u e l  s torage basin, a cable  c u t t e r  o r  
shear, and guide rails f o r  posit ioning of t h e  t r a n s f e r  tube. 

The spent f u e l  assembly i s  inse r ted  i n t o  t he  t r a n s f e r  tube by t he  
service machine (which i s  depressurized), and the  f u e l  elements a r e  sepa- 
ra ted  from t h e i r  support s t r i nge r  by the  shear. The t r a n s f e r  tube i s  then 
lowered down the  guide rai l  t o  an incl ined posi t ion where it mates with the  
discharge tube which i s  p a r t i a l l y  f i l l e d  with water. The i n l e t  valve t o  
the  discharge tube i s  opened and t he  f u e l  i s  released t o  t he  tube. The i n -  
l e t  valve i s  then closed, and the  f u e l  i s  t rans fe r red  t o  the  f u e l  s torage 
basin by opening the  o u t l e t  valve. Additional port ions of the  support 
s t ruc tu re  (exclusive of the  shie ld  plug and Bridgman c losure )  may be cut  
o f f  and t rans fe r red  t o  the storage bas in  i n  a l i k e  manner. ( A  de t a i l ed  
descr ip t ion of the  e n t i r e  mechanism i s  given i n  Section 5.9 of Volume I of 
the  EGCR Fina l  Hazards Swnmary Report; KE dwg. 5927-EGCR-M203 shows t he  
general  arrangement of the  system.) 
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5.6. Water Systems 

5.6.1. Mainstream Gas-Cooling System 

The mainstream gas-cooling system i s  shown i n  Fig. 5.6.1. This 
system consis ts  of th ree  separate uni ts :  t he  steam system, t he  service  
( r i v e r )  water system, and the blowdown system. 

The mainstream gas cooler i s  an evaporative cooler i n  which de- 
mineralized water bo i l s  inside re-entrant tubes and the  experimental 
loop gas passes on the  outside ( s h e l l  s ide)  of the tubes. The r a t e  of 
heat removal i s  regulated by control l ing the condensate flow t o  the water 
header t h a t  feeds the re-entrant tubes. A change i n  water l e v e l  i n  the 
header changes the number of tubes f i l l e d  with water and thus e f fec t ive ly  
changes the  heat t r ans fe r  surface of the  cooler t o  obtain the  desired 
loop-gas e x i t  temperature. The detai led operating charac te r i s t ics  of the  
cooler are  discussed in Section 4.5. 

Steam generated from demineralized water serves a s  t he  intermediate 
heat t r ans fe r  f l u i d  between the Loop gas and the  r i v e r  cooling water. 
A l l  pa r t s  of the  steam system which a re  not i n  contact with the  loop gas 
are  designed t o  contain pressures up t o  1200 psig a t  650°F so they can 
e f fec t ive ly  provide secondary containment of t he  experimental loop gas. 
The par t s  of the  steam system i n  contact with the loop gas a r e  designed 
f o r  1075°F operation. The steam system i s  composed of three primary com- 
ponents: the evaporative cooler, i n  which heat i s  t ransferred from the  
loop gas t o  demineralized w a t e r  and steam; the loop condenser, i n  which 
heat i s  t ransferred from the steam t o  r i v e r  water; and the condensate 
storage tank, which co l l ec t s  the  loop condenser condensate and a c t s  a s  a 
reservoir  f o r  addit ional condensate t o  take care of required var ia t ions  
i n  the heat removal capacity of the  evaporative cooler. 

Star t ing a t  the condensate storage tank, the  demineralized water 
passes by gravity t o  an automatically controlled t h r o t t l i n g  valve (v-1) 
mounted above the cooler and radiat ion shield near the fourth  f l oo r  of 
the  reactor  containment vessel. The water passes through valve V - 1  t 6  
the evaporative cooler mounted i n  the v e r t i c a l  pipe chase of the reac tor  
biological  shield.  The water i s  vaporized i n  the  cooler and the r e s u l t -  
ing steam i s  exhausted t o  the  loop condenser where the steam t r ans fe r s  
i t s  l a t en t  heat t o  r i v e r  water flowing through the condenser tubes. The 
resul t ing condensate drains i n to  the condensate storage tank. There i s  
only one valve (v-1) i n  the steam system. This valve t h r o t t l e s  the  con- 
densate flow and hence controls the  heat-rexoval r a t e  of the  evaporative 
cooler. Valve V - 1  i s  automatically controlled t o  maintain a given loop 
gas ex i t  temperature from the  cooler, a s  determined by the operator at  
the  experimenters' control  board. The steam system i s  drained by opening 
valve V-5. The drainage i s  t o  the warm waste system because the  con- 
densate might be radioactive i f  a loop gas leak developed t o  t h e  steam 
system inside the evaporative cooler. 
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Occasionally it i s  necessary t o  provide demineralized-water makeup 
t o  the  system because of losses.  These losses  occur when venting non- 
condensible gases, such a s  a i r  i n i t i a l l y  trapped i n  t he  system, o r  loop 
gas t h a t  might co l l ec t  from small leaks i n  t h e  evaporative cooler;  o r  
losses  might r e s u l t  from small leaks  i n  the  system i t s e l f .  Demineralized- 
water makeup t o  t he  steam system i s  provided by adding water from t h e  
demineralized-water head tank by means of a small, high-pressure, feed- 
water pump. Water i s  added through a l i n e  containing a motor-operated 
valve (V-2) i n  s e r i e s  with a check valve ( V - 3 ) .  Normally, makeup i s  
added t o  the  condensate storage tank by opening valve V-2 and keeping 
valve V-4 closed. Under some emergency conditions, such a s  a large leak 
i n  the steam system, it i s  desi rable  t o  add water d i r e c t l y  t o  t he  evapo- 
r a to r .  This i s  done by opening valves V-2 and V-4. 

Although the  gas-side portion of t he  evaporative cooler i s  designed 
t o  safely  contain loop gas a t  design temperature and pressure (1100 psia ,  
1 0 7 5 " ~ )  with no water on the  tube sheet, it i s  desi rable  t o  maintain some 
water on the  tube sheet a t  a l l  times t o  prevent very high thermal s t r e s se s  
from developing. For t h i s  reason, the  tube sheet temperature i s  monitored 
during loop operation and an a l a r m  i s  provided t o  a l e r t  t h e  loop operator 
t o  t he  condition. The operator may correct  the  condition by adding water 
t o  t he  tube sheet through valve V-4 (see sec. 4.5). This condition i s  
l i k e l y  t o  occur only when the  cooler i s  operating with no heat being 
t ransferred,  such a s  during loop s tar tup.  

A vent and blowdown system provides pressure r e l i e f  f o r  the  steam 
system and permits venting of noncondensible gases t h a t  might otherwise 
co l l ec t  i n  the  system during normal operation. The vent and blowdown 
system i s  designed t o  condense any steam t h a t  i s  vented from the steam 
system and t r ans fe r  the  noncondensible gases t o  the  reactor  offgas system. 
The vent system i s  necessary because t he  loop condenser eff ic iency i s  
d r a s t i c a l l y  reduced by the  presence of noncondensible gases. These gases 
may be a i r  i n i t i a l l y  trapped i n  the  system o r  they may come f r o m  a loop 
gas leak i n  t he  evaporative cooler. The loop condenser contains ba f f l e s  
arranged so t h a t  the  noncondensible gases a re  swept t o  one end of the  
un i t  by t h e  condensing steam. A s  these gases co l lec t ,  t h e  condenser e f -  
f ic iency decreases and causes an increase i n  t he  steam pressure and, 
ultimately, an increase i n  the loop-gas e x i t  temperature. When t h i s  condi- 
t i o n  i s  reached, the  loop operator vents the  condenser through one of two 
pneumatically operated valves (V-7 and V-9). Helium, being l i g h t e r  than 
steam a t  the  same temperature and pressure, co l l ec t s  a t  a high point  i n  
the condenser and i s  p re fe ren t ia l ly  removed by opening valve V-9. On the  
other  hand, C02 and air, being heavier than steam at the  same temperature 
and pressure, co l lec t  at a low point i n  the  system and are  p re fe ren t ia l ly  
removed by venting through valve V-7. Valves V-6 and V-8 a re  two manually 
operated globe valves which w i l l  be used i n  an emergency i f  t h e  automatic 
valves f a i l  i n  the  open posit ion.  

Under ce r ta in  emergency condit.ions, it might be necessary f o r  the  
evaporative cooler t o  rapidly  reduce the  loop-gas temperature i n  order t o  



es t ab l i sh  flow by na tura l  convection. This i s  done automatically by 
flooding t h e  cooler through valves V - 1  and V-4. The operator can a l so  
vent the  steam system t o  atmospheric pressure by opening valves V-7 and 
V-9. This w i l l  rapidly  decrease the  steam, water, and cooler tempera- 
t u r e  t o  212°F) thereby abruptly cooling the  loop gas. It w i l l  a l s o  r i d  
the  system of any noncondensible gases t h a t  might be present i n  t he  steam 
system. After the  steam system pressure reaches atmospheric, valves V-7 
and V-9 are  closed so t h a t  t h e  system can operate a t  a vacuum a s  t he  heat 
load decreases. This permits a c lose r  approach of the  loop gas tempera- 
t u r e  t o  t h a t  of t he  service  water i n  the  loop condenser. 

The blowdown system provides pressure r e l i e f  f o r  t he  steam system 
through a pressure r e l i e f  valve (v-10). This valve i s  s e t  t o  s t a r t  r e -  
l i ev ing  the  system a t  t he  system design pressure (1200 p s i a ) .  KLl gas 
i n  the  BEowdown system i s  vented t o  a blowdown condensing tank t o  con- 
dense any steam i n  the  mixture before venting t o  the  reactor  offgas 
system. This condensing tank i s  simply a tank of water i n  which the  gas 
i n l e t  l i n e  i s  located below the  water surface. A perforated d i s t r i bu -  
t i o n  tube along t he  bottom of the tank assures  adequate mixing of the 
gas and water. The noncondensible gases are  vented t o  the  reactor-gas 
venting system through a 3-in. pipe which i s  joined t o  the  offgas l i n e  
connected t o  t he  demineralized-water head tank. A check valve (v-24) i s  
i n s t a l l ed  i n  the  vent l i n e  from the  demineralized-water head tank t o  
protect  t h a t  tank against  overpressurization.  One blowdown condensing 
tank serves a l l  loop condensers. The blowdown condensing tank i s  drained 
through. valve V-23. The drain  l i n e  i s  connected t o  the  warm waste system 
because the condensing water may contain f i s s i o n  products ca r r ied  over i n  
the  vented steam-gas mixtures. Water i s  added t o  the condensing tank 
through a 112-in. pipe containing a hand-operated valve (v-22). This 
water w i l l  be added from any convenient water supply by means of a hose. 
I n  order t o  prevent the  p o s s i b i l i t y  of flooding the  tank during the  f i l l i n g  
process, no permanent water connections t o  t he  tank w i l l  be permitted. 

The port ion of the  service ( r i v e r )  water system shown i n  Fig. 5.6.1 
cons i s t s  of the  service water headers and some of the  associated piping 
on the  s i x th  f l oo r  of the reac tor  containment vessel .  The service water 
flow t o  each condenser i s  approximately 250 gpm a t  maximum loop power 
conditions. Water flows from the i n l e t  header t o  the  ioop cond.enser 
through a l i n e  containing a manually operated -valve (v-12) and a check 
valve (v-13) i n  se r ies .  The re tu rn  l i n e  contains a manually operated 
valve (v - i4 ) .  Valve V-12 i s  used to t h r o t t l e  the  service water flow t o  
obtain the  desired condensing r a t e .  Since the  steam system pressure i s  
strongly dependent on the  service water flow r a t e  (condensing r a t e )  i n  
the condenser, the  steam pressure may be varied by t h r o t t l i n g  valve V-12. 
I n  no event w i l l  t h e  service water flow be t h r o t t l e d  t o  the  point where 
t he  e x i t  water temperature exceeds 150°F. This precaution w i l l  be taken 
t o  reduce the  accumulation of excessive scale deposi ts  i n  the  condenser 
tubes.  Valves V-16 and V-17 a re  the  drain  and vext valves, respectively,  
f o r  the  service water side of the  loop condenser. Valve V-15 i s  a pres-  
sure r e l i e f  valve t h a t  protects  the  water s ide  of the  loop condenser from 



the excessive hydrostat ic pressure t h a t  might develop i f  the condensing 
water were valved off  a t  both ends while the condenser was hot.  

The service water storage tank mounted above the loop condenser 
provides emergency cooling water t o  the  condenser i f  the  normal service  
water flow i s  in terrupted.  Under ce r t a in  emergency conditions, when a l l  
cooling water flow t o  the  loop condenser i s  l o s t ,  water w i l l  flow by 
gravi ty  from the  service  water storage tank through a 2-in. l i ne ,  con- 
t a in ing  a check valve (v-11)) t o  t he  condenser. The water w i l l  flow 
through the  condenser, where the  heat w i l l  be removed from the  steam 
system by bo i l ing  some of the  service water. The water-steam mixture 
w i l l  then flow back i n t o  the  storage tank, where the  steam w i l l  be vented 
t o  the  atmosphere v i a  the  o u t l e t  l i ne ,  and most of the  entrained water 
w i l l  be separated and returned t o  the  tank. 

The service water storage tank i s  constructed of carbon s t e e l  pipe 
(30 in . ,  sched. 10)  and i s  approximately 10 f t  long. The tank contains 
suf f ic ien t  water t o  remove the  heat generated during a normal reac tor  
shutdown, plus the  heat stored i n  t he  primary loop piping and the  a f t e r -  
heat generated by the  experimental f u e l  assembly over the  f i r s t  24 h r  
following shutdown. It should be pointed out t h a t  t h i s  cooling system 
i s  employed only if a l l  cooling water flow t o  the  loop condenser i s  
l o s t .  If the  service water flow i s  interrupted,  water w i l l  be provided 
from the  emergency cooling water system v i a  the  service  water l i n e  a t  a 
su f f i c i en t  r a t e  t o  remove the  experiment a f te rhea t  without bo i l ing  taking 
place i n  t he  condenser. If t h i s  supply a l s o  f a i l s ,  then the  service  
water storage tanks w i l l  take over. 

All  service  water re tu rn  l i n e s  from the  loop condensers discharge 
i n t o  a common 14-in. d ra in  header on the  s i x th  f l o o r  of the  reac tor  con- 
tainment vessel .  This header i s  vented t o  t he  atmosphere by a 2-in. 
pipe t h a t  penetra tes  the  reac tor  containment vessel  above t h e  s ix th -  
f l oo r  l eve l .  The drain  header must be vented because the  f r i c t i o n  drop 
i n  the  re tu rn  l i n e  i s  so low t h a t  the  water i n  the  loop condenser might 
otherwise operate a t  a vacuum su f f i c i en t  t o  cause bo i l ing  of t h e  service 
water i n  the  condenser and r e s u l t  i n  excessive scale formation. Venting 
the  drain  system t o  the atmosphere external  t o  the  containment vesse l  i s  
mandatory because the  breathing act ion of the  vent must never be allowed 
t o  draw contaminated a i r  (such a s  might r e s u l t  from reac tor  d e p r e s ~ ~ i z a -  
t i o n )  i n t o  the service water discharge. 

Any accumulation of water on the  s i x t h  f l o o r  of the reac tor  con- 
tainment vessel  i s  considered hazardous t o  the  reactor  because it might 
dra in  i n t o  the reac tor  pressure vessel  through po ten t ia l ly  open nozzles 
a t  the four th  f l o o r  l e v e l  and thereby increase the  r e a c t i v i t y  of the  
core. To minimize t h i s  hazard, a f l o o r ' d r a i n  l i n e  i s  i n s t a l l e d  a t  t he  
s i x th  f l o o r  t o  dump any water, such a s  might r e s u l t  from a broken water 
l i ne ,  i n t o  t he  f i r s t  o r  second basements of the  reactor  containment 
vessel,  where it cannot i n t e r f e r e  with reac tor  operations. 






































































































































































































































































































































