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FOmWORD 

The in -p i l e  corrosion tes t  loops described i n  t h i s  repor t  were developed 
and operated by members of t h e  Homogeneous Reactor Pro jec t  of Oak Ridge National 
Laboratory. Corrosion s tudies  for t h e  HRE a re  under t h e  general  supervision of 
E .  G. Bohlmann. Original  development work on the in -p i l e  loop program was done 
by G. X. Jenks, and t h e  progrmi i s  now being d i rec ted  by G. H. Jenks and 
H. C .  Savage. Others vho have contr ibuted subs t an t i a l ly  t o  t h e  design, develop- 
ment, fabr ica t ion ,  or operat ion of t he  in -p i l e  loops a re  J. N. Baird, s. J. B a l l ,  
W. N .  Bley, S. E. Bolt ,  N. C .  Bradley, V. A. DeCarlo, C .  B. Graham,  D. T. Jones, 
R. A. Lorenz, T. H. Mauney, J. R.  McWherter, J.  L. Redford, J. A. Russell ,  
A. J. Shor, D. S. Toomb, Jr., F. J. Walter, and C .  D. Zerby. 

Vie in-p i le  loop program has been described regwlarly i n  HRP Quar t e r ly  
Progress Reports, beginning with the report  i n  October 1952 (Om-1.424) and con- 
t inu ing  through the report  f o r  t h e  per iod ending on January 31, 1960 (ORNL-2920). 
Descriptions of t he  engineering development of t h e  loops and summaries of each 
of t h e  loop experiments are included i n  the  27 repor t s  of t h a t  progress-report  
s e r i e s .  

A motion p i c tu re  e n t i t l e d  "In-Pi le  Loop Tests  of Homogeneous Reactor 
Mater ia ls"  has been produced by Oak Ridge National Laborztory. 
color,  sound; pro jec t ion  time, 25 minutes) d-escrtbes a t y p i c a l  i n -p i l e  loop ex- 
periment i n  t h e  radiation-corrosion program of the  Homogeneous Reactor Project  
at  O m .  P a r t i c u l a r  emphasis i s  given t o  the  loop components and auxi l ia ry  
equipment and t he  procedure used i n  performing t h e  experiment and i t s  subsequent 
examinatlon i n  hot  c e l l s .  A copy of  t he  f i l m  may be borrowed, vithout cost ,  
from t h e  f i l m  l i b r a r y  i n  t h e  Publ ic  Information Division of t h e  nearest  AEC 
Operations Office.  

This film (16 mm, 
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IN-PIE3 COKROSION TEST LOOPS FOH AQUEOUS H0MOGETGOUS REACTOR SOLbTIONS 

H.  C .  Savage I?. D. Keel 

A3STMCT 

A n  i n -p i l e  corrosion tes t  loop i s  described which i s  use? t o  
study the  e f f e c t  of r eac to r  r ad ia t ion  on t h e  corrosion of' r ra ter ia ls  
of construction and the  chemical s t a b i l i - t y  of f u e l  solut ions of 
i n t e r e s t  t o  t he  Aqineous Homogeneous Reactor Program at OflNL. 

Aqueous solut ions oi uranyl s u l f a t e  a r e  c i r cu la t ed  i n  t h e  loop 
by means of a 5-gpn canned-rotor pump, and the ~ m p  loop i s  designed 
f o r  operation at temperatures t o  300°C and pressures t o  2000 pia 
while exposed t o  r eac to r  r ad ia t ion  i n  beam-hole f a c i l i t i e s  of the 
LITR and O m .  
October 1954, and s i n c e  t h a t  tirile 17 o the r  i n - p i l e  loop experiments 
have been completed. 

Operation of t he  f i r s t  loop i n -p i l e  was beginn i n  

Design c r i t e r i a  of t he  pmp loop and i t s  associated a u x i l i a r y  
In -p i l e  operating equipment and instrumentation are described. 

procedures, s a f e t y  features ,  and operating experience a r e  presented. 
A cost  surrimary of t he  design, fabr icat ion,  and i n s t a l l a t i o n  of t h e  
loop and experimental f a c i l i t i e s  i s  a l s o  included. 

1. PURPOSE AND SCOPE OF TEE PROGW4 

One of the  b a s i c  advantages irhererit i n  aqu-eous homogene0u.s reactors  i s  t he  
f l u i d  s t a t e  of t h e  f u e l .  This feature makes possible a sirflple mechanical design, 
a low fuel  inventory wit'n high power density, continuous processing of t h e  f u e l  
t o  remove f i s s i o n  products and radiation-damage products, and m a x i m u n i  u t i l i z a t i o n  
of  t h e  neutrons produced i n  the Tissioning of t he  f u e l .  Concomitant with these 
advantages, however, are important and d i f f i c u l t  problems. Since extremely 
radioact ive m a t e r i a l s  a r e  c i r cu la t ed  a t  high temperatures and high pressures,  
t'ne materlals of c o n s t n x t i o n  rriu.st lie r e l i a b l e ;  even s r n a l l  leaks cannot be t o l -  
e r a t ed .  Al so ,  s ince t h e  components of t h e  c i r cu la t ion  system become radioactive 
from contact; with t'ne fue l ,  maintenance requires  s p e c i d  equipment for rercote 
operation aTld presents  unique problems. Therefore the e f f e c t  of varied dynamic, 
chemical, and radiabion conditions on possible  hcmogeneous-reactor fuel systems 
and materials of construction must be establ ished before the technology f o r  
homogeneous reactors  can be considered adequate The i n -p i l e  loop program of 
tile ORNL Homogeneous Reactor Project ,  i n  addi t ion t o  the program of experiniental 
operation of homogeneous reactors,  i s  designed t o  a i d  i n  supplying the  required 
information. 
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Ma;,or Prc jec t  a t t e n t i o n  has been giver. TC rencLors i n  vnich a so lu t ion  of 
u~ranyl  si~l.*?ate a d  miter  (box?! H20 ail3 &0) i~ circulai,ed through a react ing 
ccre and an ex tzrna l  heat  exchangcr. In  suck a circulzti.r.g-fue1 reac tor  system, 
many fac$ors  a f f ec t  t he  behavior 05 materials. 
power densi ty  i n  t h e  core, fiow v e l o c i t i e s  and tirrhl;~leilca, ;'tie cornpositio.a 
of t 3e  f a e l  solut ion,  t h e  operatjhg temperature and pressu-e;  and the neutron 
f l i u .  ?"re c3enical s-Labili ty of t he  f u e l  sol_ul;lon iinder reac tor  operating con- 
d l t i o n s  a l s o  n u s t  be invest igated.  The irra&<.aLi.oLi or' st i c -  and rocking- 
autocla-ve assemSlLes pcrrni.ts t h e  simulation of some of t h e  cordi t lons encoui- 
t e r e 6  i.n I?onoger_eoirs-reacuor systeas  bui  does not al.low tne & p l i c a t i o n  of t he  
dynamic conditions, vhich have been sho-~,m is be im9ortxn-t i n  both i n - p i l e  and 
out-of -pi7.e s;udies . Forced-circulation loops i r r a d i a t e d  wit'r.in experimental. 
reactor  beam holes  provide o2portuni t ies  f c r  s t ; t d y  ihg dymmic var iab les  and more 
ileIirly approximate t h e  envirorcnental conditions found i n  an operating homogeileous 
reactor .  

h o 2 g  tkese f a c t o r s  are  tke  

2 .  EXPERIMENTAL FACI1,i'I'IES JUTE PROCEDUXES 

A t  ORNL t h ree  reectors--the OfiYL Grapk-i'ie Reactor, t h e  Low-Intensity Test 
Reactcr (LITT) ~ and the Cak Ridge Research Reactor (Om) --are ava i lab le  for use 
i n  i r r a d i a t i o n  s tud ie s .  
than t k - a t  of L1;e Graphite Reactor, veI'e selected f o r  use i n  the  i n - p i l e  1-oop 
prograrn, and xhree hor izcnta i  beam-ho1.e f a c i l i t i e s - - t r ; o  i n  Yrie LITR and- oi?e i n  
t h e  OIVi--have been used. 

T'?e LITR and CHil, ? v - h i  ch have slow-neutron fl.ijxes grea te r  

The i n - s i l e  10073 program was cLesigsed t o  i-nvestigate,  i n  successive experi-  
men'Ys, t he  riasly f a c t o r s  afCe2tir-g the behavior of constructi.oii mater ia ls  md 
f i x 1  solut ions under reac tor  i r radiat ior , .  'To t h i s  end a rep]-aceable loop  package 
and p e r m a n e n t - o ~ e r a t i n g - f a c i l i t y  zoccept 'vJas used. A plan viev and perspectlve 
of t h e  I.ocp package and f a c i l i - t y  are shoTwn i n  Figs .  1. and 2 ,  Each pwcp-loop 
a s s e d d y  and t h e  coi'rosion t e s t  specirnens contained i n  it cons t i tu te  an experi-  
ment. The e n t i r e  loop  i s  dismmtled and exsnined. a.ftei- i n -p i l e  operation. The 
operating f ac i l - i t y  i s  designed t o  accommodate a succession of loop  packages. 
I-t was believed t h a t  t h i s  approac5, as opposed t o  a f ixed loop ?\Tith replaceable 
t e s t  specinens, would provide nore complete information on rrxiteria1.s behavior by 
examinati.or. of loop  components, Se s a f e r  because of  t he  opportunity t o  iiiake L a -  
provemen'is on each successive loop, f a c i l i t a t e  contaiment  of the radiosct ive 
f u e l  solct ion,  and e c t a i i  l e s s  reaistor down-the f o r  i n s t a l l a t i o n  and checkout. 
An operat ional ly  exact mockup o€ t he  in -p i l e  f a c i l i t y ,  i n  -$hicPL each loop package 
i s  tes-led pi-ior t o  i n -p i l e  operai  ion, contributed s u b s t a n t i a l l y  to successful  
prosecGtion of the 2rogran.  

After a loop  assembly' lias been constmcted t o  frit one of the horizontal  
facil.l'ij.es a.nd af Ler i'i has demonstrated s a t i s f a c t o r y  performance out-of-pj-l-e, 
it i s  placed In p o s l t i o n  i n  the  r eac to r .  Fuel so lu t ion  i s  then c i rcu la ted  i n  
t h e  Ihop ?or a predetermined length of time or u n t i l  a i a i l c r e  i n  some p a r t  of 
t ke  sys-aex requires  ihat the  assenibly be renoved f r o m  t he  reactor .  IvY.ile t h e  
experirr.en; i s  i n  progress, a l l  o7erations (samplicg of - i~ie  f u e l  sol!*tion, a.cidin.g 
gas to -:he systern, and replacing f u e l  rer-oved by sm?l.ing) are perfomed by 
meaas of Zontrols a-; the face of t he  sliield. The loop  is drained and purged, 

- - ~  
'G. H .  Jenks , D .  T . JoEes, arid H. C . Savage, "Circiilating In-Reactor Loops, " 
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Fig. 1. Plan View of In-Pi le  Loop and OperatSng 
Fac i l i t y ,  LSTR. 

a l s o  by the use of equipment a t  t h e  face of the shield,  before j t  i s  removed 
Prom the  reactor .  After a n  experjrrlent i s  Lerrriinated, t he  loop i s  separated from 
i t s  shield plu,n, and taken t o  R hot c e l l  for. dismantling.2 
contain corrosion specimeiis a r e  taken out  of the assembly and t r ans fe r r ed  to 
o the r  f a c i l i t i e s ,  where Yne specimens are removed ai14 examined. 

Small sect ions t h a t  

2D. T. Jones et ai . ,  "In-Pile Circulat ing Loop Is Disnantled is This Equipment," 
Nucleonics 12, 5 (Nov. 1951-1.). 
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Fig .  2 .  Perspective Drawing of In-Pi le  Loop and Operating 
F a c i l l  ty, L I D . .  

j. DESCRIPTION OF TJOOP AN2 COMPONENTS 

The primary object ive of tlle loop design i s  t o  s i r rdate  t h e  high-pressure 
f u e l  system of an aqueous homogeneous reactor ;  ihe chemical., radiat ion,  and 
dynamic condi.tions i n  t h e  loop shou.15 correspond, insofar  as possible,  to those 
conditions i n  a r eac to r .  I n  addi t ion t o  the  requircments of t n e  pri.rr,ary objec- 
t i ve ,  t h e  design of t h e  loop package and i t s  coi:i?onenLs are  res t r icbed  by t h e  
s i z e  ard shape ol' t h e  irrad.?.atioc f a c i l j - t i e s ,  and. t h e  neutron f l u x  availBble i n  
t h e  LITR and ORR bean holes d.i.ctates t he  rad ia t ion  condi t iors  Vt-zLcli can be 
achieved ir t h e  loop. 

5.1 Gereral Requirements f o r  Simulation of a Reactor 

A loop %at i s  t c  operate iz a hor izoc ta l  'nole of a reac tor  must meet cer- 
t a i n  general  specif icat ions 5.f t ke re  i s  t o  be x ty  s i n i l i ~ t u d e  between the  loop 
and a reac tor  f u e l  system. One port ion of t h e  loop  m i s t  extend i n t o  t h e  high- 
f I . ux  region of t h e  hole, near tlhe reactor  laLt ice ,  ard tile ot'ner p o r t i o n  nlust 
be out of t h e  high-flux reg ion ,  back toward the outer  face of t'ne sh7.el.d. The 
vohx-e of f u e l  coniained in s ide  the i r r a d i a t e d  zone shou1.d be an a p p e c i a b l e  
f r ac t io rA  o f  t b  t o C a l  volume, t o  sinalate reac tor  conai t iors ,  and it i s  desi.r- 
able  t h a t  t he  ;urface-area-to-voli*me r a t i o  be kept s m a l l  t o  mj.nir:iize t h e  buildup 
of corrosion prOdlictS i n  t h e  fuel. solut ion.  'I%e i n - p i l e  test-ihg should be car-  
ried out at f i s s i o n  po-vrer Cenoitirs,  flow v e l o c i t i e s ,  terqeratures ,  and pressures 
approximaLi.ng those oroposed f o r  reactors .  'The r a t e r i a l s  used i n  the construction 
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of t he  loop should be the same as those used o r  proposed f o r  use i n  a reactor ,  
and the  fuel so lu t ion  c i r cu la t ed  through the loop should have a chemi-ea1 compo- 
s i t i o n  s i m i l a r  t o  t h a t  of solut ions proposed for use i n  a r eac to r .  

3.2 Description of the Experfmental Beam Holes 

The geometry and neutron-flax d i s t r i b u t i o n  of the two LITR T a c i i i t i e s  , 
IFB-2 and HB-4, and t h e  ORR f a c i l i t y ,  DT-1, used. i n  -the i n - p l l e  loop program 
influenced the  design of the i n - p i l e  loops.  
horizontal  beam holes  are shown i n  Fig. 3. Since the th ree  beam holes d i f f e r  
only s l i g h t i y  i n  ove r -a l l  and tapered-section dimensions, it has been possible  
t o  provide a basi.c loop package s u i t a b l e  for use i n  any one of t he  f a c i l i t i e s  
with only minor dimensional rnodif i ca t ions  . 

The approxi-nate dimensions of these 

UNCLASSIFIED 
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L l T R  H B - 4  BEAM HOLE 

L l T R  HB-2 BEAM HOLE 

DIMENSIONS ARE I N  I N C H E S  

ORR H N - I  BEAM H O L E  L I N E R  

Fig .  3.  Beam-Hole Dimensions, In-Pile Loop F a c i l i t i e s .  
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'The LTTX i s  designed t o  operate n t  a power level. of j Mw. A t  t h i s  power 
l e v e l  t he  neutron-flux d i s t r i b u t i o n  i n  holes  JB-2 and HB-4 i s  shown i n  Fig. 4. 
Current operat ion OF t he  ORR i s  to a m a x i m m  of 20 Mw, and a t  t h i s  power l e v e l  
t'ne slow-neutron f h x  d i s t r i b u t i o n  i n  hole  KN-I. i s  also shown i n  Fig.  4 .  
a l l  t h ree  f a c i l i t i e s  t h e  flux decl ines  r ap id ly  with d is tance  from t i e  r eac to r  
l a t t i c e .  For  t h i s  reason t h e  loop vas designed so  that an appreciable  f r a c t i o n  
(-22%) i s  contained i n  t h a t  sec t ion  of t h e  loop closest t o  the r eac to r  l a t t i c e ,  
and the  remaining so lu t ion  i n  o the r  port ions of t h e  loop undergoes very l i t t l e ,  
i f  any, f i s s ion ing .  In  one sense t h i s  dupl icates  an aqueous homogeneous reactor 
i n  t h a t  f i s s ion ing  occurs almost exclusively ir, t he  core sec t ion .  Advantage i s  
taken of t h i s  f a c t  t o  i n s t a l l  corrosion-test  specimens i n  t h e  loop i n  both t h e  
fo-rward pos i t ion  where f i s s ion ing  occurs, and i n  pos i t ions  removed from the  f o r -  
ward pos i t ion .  Thus i n  each loop t h e  corrosion e f f e c t  i n  the  presence of nuclear  
f i s s ion ing  cm- be compared d i r e c t l y  wi-tk? t h e  e f f e c t  i n  t h e  absence of nuclear  
f i s s ion ing  but  with so lu t ion  containing f i s s i o n  products. 

i n  
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DISTANCE FROM LATTICE END OF B E A M - - H O L E  L I N E R  ( in . )  

Fig. 4.  Thermal-Neutyoii Flux Gradlent (Unperturbed) i n  
Beam Soles  HN-1, ORR, and K13-2 and !dB-4, LiTR. 
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3.3 Basic Design of Loop 

A schematic diagram and physical  da t a  f o r  a t y p i c a l  i n -p i l e  loop are given 
i n  Fig.  5. Current ly  t h e  loop i s  designed f o r  operation a t  temperatures t o  
300°C and a t  pressures  t o  2000 ps i ,  whereas i n i t i a l  loops were designed f o r  and 
operated at only 250°C and 1-000 psi.. Increasing Yhe operat ing temperature and 
pressure of t he  loop merely required an increase i n  the  ndl t'nicknenses o f  
various loop co1r:ponents m d  did  not a l t e r  t'ne bas i c  loop sti-ucture. The loop 
designed for operat ion i n  the  O H 3  d i f f e r s  from those designed f o r  operation i n  
the  LITR on ly  i n  the  i n t e r n a l  configurat ion of t h e  core sec t ion  and i n  the  loop 
hea t ing  and cooling capacity.  Again, i;hese d i f fe rences  do not a f f e c t  t h e  bas i c  
design. 

Tne port ion of t h e  loop exposed t o  t h e  region of high neutron f lux  i s  en- 
larged so t h a t  an appreciable f r a c t i o n  of t'ne f u e l  contained i n  t'ne system w i l l  
be i r r ad ia t ed .  This enl-arged sect ion,  ca l l ed  t h e  "core,'' contains a n  array of  
corrosion specimens as does t h e  " in- l ine"  sample holder,  which i s  i n s t a l l e d  i n  
t h a t  port ion of t h e  loop outs ide the  high-flux region. 

Tine loop i s  a l s o  equipped with a pressur izer  and  pressurizer-heater  , through 
which a s m a l l  por t ion  of t he  f u e l  so lu t ion  c i r cu la t e s  a t  a low r a t e ,  t h e  neces- 
sa ry  hea ters  a n d  coolers  f o r  maintaining loop temperatures, and a small  canned- 
ro to r  pump f o r  c i r cu la t ing  f u e l .  F l a r e  6 I l l u s t r a t e s  t he  arrangement of the  
components of t'ne loop  assembly. Deta i l s  shown a r e  those incorporated I n  the  
loops designed for operation i n  the  LITR. 

Figure 7 i s  a photograph of an i n - p i l e  loop. Tne over -a l l  length of t'ne 
loop, including t h e  p u ~ ~ p ,  i s  about '7 f t ,  and ,all cop-ponents l i e  within a circu-  
l a r  cross  sec t ion  not exceeding 8 i n .  i n  diameter. The t o t a l  loop volurne i s  
1800 rd, of which 1550 m l  i s  occupied by f u e l  solut ion,  leaving 250 K L  of vapor 
space i n  t h e  pressur izer  when operat ing a t  temperature and pressure.  >'Lie1 solu- 
t i o n  i s  d i s t r ibu ted  as follows: 
interconnects  t'ne pmp and core, 500 ml. i n  the  core sect ion,  250 rol in t he  pump, 
and 550 m l  i n  t he  pressur izer  and i t s  interconnecting tubing. 

The punip de l ivers  5 t o  6 gpm agains t  a b f t  head, so that, the  average 

450 171 i n  the 3/8-iri. sched-li-0 piping which 

l i n e a r  f l o w  veloci-by i.n t he  3/8-:i.n. main loop piping i s  8.5 f p s .  
l i n e a r  flow ve loc i ty  i s  0.8 fps  i n  the  core sectl.on of t h e  LITR loops and 2 fps  
i n  the  core sec t ion  of ?;he ORB loop. Flow ve loc i ty  pas t  corrosion t e s t  speci-  
mens i s  var iab le ,  with v e l o c i t i e s  LIP t o  45 fps  being obtained by mems of spec ia l  
hol.ders vhich provide a tapered channel t o  d i r e c t  and increase the  flow pas t  the  
specilrneris. 

The average 

The loop i s  connected t o  aux i l i a ry  equipment; a t  .the r eac to r  face  by meaxis 
of four tubes of c a p i l l a r y  d.irr;.ensions. Two of these  tubes a re  joined t o  the 
main-stream port ion of t i e  loop, and they a re  used i n  making f u e l  addi t ions,  i n  
witbdr:Lwing samples of solut ion,  and i n  drainlng and purging the  loop. The 
o ther  two tubes open in-to t h e  gas space i n  the pressur izer .  One i s  used t o  
connect t he  loop with strain-gage pressure c e l l s  at  the  face of t h e  reactor ,  
and t h e  o ther  i s  used t o  mke gas addi t ions t o  the  loop. 

3.3.1 Materials  of Construction 

Thus far, most of t h e  loops have been fabr ica ted  e n t i r e l y  of type 347 stain- 
less steel (excluding corrosion t e s t  specimens, specixen holders,  and pump 
bearings) ,  s ince t h i s  has been the  o p t i n m  m t e r i a l  of construct ion of a l l  
components and piping, ex terna l  t o  the  core vessels ,  i n  HRE-1 and HE-2. 
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Fig .  5. SchermtIc Diagram and Phys;cal D a t s  for ' i 'ypical Ln-Pile Loop. 
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Fig. 6 .  In-Pile Loop Assembly Showing Outlines of HB-2 and HB-4 Containers. 
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CORE SAMPLE HOLDER 
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LOOP HEATER 

A .  

d LINE SAMPLE HOLDER 

Fig. 7. Photograph of In-Pile Loop. 

In order to extend the in-pile loop testing to fuel solutio 
of interest but were potentially highly corrosive to type 347 st 
under reactor radiation, a titanium core section was incorporated in one loop 
and another was constructed entirely of titanium. Normally 
all-welded construction. Heliarc welding is used, and each weld is checked both 
by dye-penetrant and by x-ray examination. However, in the loop which used the 

A specially designed transition joint 
, two mechanical joints were used to join a titanium core section 
ess steel loop piping. 
used in this application. 

e the quality of all material use 
and metallurgical history are che 

ans of applicable techniques, such as x-ray, dye-pene 
and tiltrasonic examinations ensures freedom from physic 

dess steel, representative samples of' each lot or heat are sub- 
jected to the boiling 
recommended by ASTM A2 ty-control test. A mean cor- 
rosion rate for five 4 
required material used 

$ nitric acid test in accordance with the procedure 

than 0.002 in. per month is 
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STA' INLESS STEEL , L O A D C A P  I 5 I N C H E S  

Fig. 8. 
Stainless Steel. 

High-pressure Closure, Titanium to Type 347 

3.3.2 Circulating Pwnp 

Fuel solution is circulated in the loop by a small canned-rotor pump of 
the centrifugal type (Fig. 9). 
against a head of 40 ft when pumping solution at 300°C and 2000 psi. 
performance curve for this p m p  is shown in Fig. 10. 

It is designed for approximately 5-gpm f l o w  
A typical 
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Fig. 9. 5 -gpm Canned-Rotor Centrifugal Pump . 
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Fig. 10. PerSoMnance Curves of In-Pi le  Loop Pump with 
Three-phase, 220-v S t a t o r  f o r  Power Supply Frequencies of ~CO, 
60, and 80 cps. 

All p a r t s  of t h e  pump exposed t o  the c i r cu la t ing  ? ' h i d  arg Fabricated of 
type 3k7 s t a i n l e s s  s t e e l  with t h e  exception of the  pump bearings.  IEowever, one 
pump vas fab r i ca t ed  e n t i r e l y  of titan-lum f o r  use i n  the  t i t a n i m  loop mentioned 
above. The pmp 'oearings operate  i n  and a re  lubr ica ted  b y  t h e  process f l u i d ;  
however, the f l u i d  within the  pwnip rotor cavi ty  i s  maintained a t  a temperature 
below 125°C t o  prevent excessive bear ing corrosion and t o  prolong t'ne l i S e  OC 
t h e  motor-stator windlngs . 

In t h e  design, emphasis I s  placed on s impl ic i ty  s ince  t h e  pump is  not re -  
usable a f t e r  it becomes radioact ive during operat ion In t h e  r eac to r  and, i n  
f a c t ,  o f t en  Fs dismantled f o r  examination along with the  r e s t  of t h e  loop. 
Pump r e l i a b i l i t y  i s  achieved by ca re fu l  fabrication- and by r i g l d  Inspect ion 
and t e s t i n g  procedures. Tne cost  i s  minimized by the use of as many standard 
interchangeable p a r t s  as possible  and by ca re fu l  design. 
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The pump i s  of s ingle-s tage constructlon and i s  approximately 6 i n .  i n  
d i m e t e r  azd 12  i n .  i n  length. The puns s t a t o r s  used. 5.n t he  f irst ;  15 loops were 
desiGeC For 1 1 O - v ,  hO-cyc?k,  single-pilase current,  and used c l a s s  A insulat ion;  
however, t he  s t a t o r  design was changed. &s a r e s u l t  of severa l  f a i l u r e s  due t o  
e l e c t r i c a l  s h o r t - c i r c u i t s  i r _  tile s t a t o r  windings. The present p-mp s t a t o r  i s  
desigced~ for three-phase, 2 ? G - v ,  60 -cycle power" aid uses c l a s s  H i n su la t ion ,  

7he g m p  bearicgs and j o . c n a l  bushinzs a re  of t h e  sleeve t y - p  and are fab- 
ricaLed of p m e  s ip te red  aluminum oxide .4 

Graphitar-lL. bearings and St;ellite.-3&P o r  l7-;1 PH stain]-ess s t e e l  journals--  
were triec?. and were o_oerate& i n  loops t?efore s in te red  a.lii.rciriiuii 0xid.e w a s  se lected.  
ThLs chicmically i n e r t  rnaterial  has perfonfled exce l len t ly  i.n t h i s  appl.icatioi1, and 
"o~Jtboard" bearings of t h i s  m a " i t i r i a 1  arc  now being used; t h a t  i s ,  a bearing i s  
placec on each sLde of tile ro to r  body. 0ui;board bearings provide good weight 
d i s t r i b u t i o r  over Cie bearing surfaces,  make dynamic balancing of the r o t o r  com- 
pai-at5veI.y easy, and provirk i r r t eg ra l  tiirust -bearing surf aces i n  both t h e  forward 
and i-earvar:J. dj-i-ections. 

Several  bearing- journal. combinations-- 

The solutior,  ir, t h e  pim;'l r o t o r  and bearing region and t'ne s t a t o r  windings 
are  cooled by c i rcu la t ing  water through a cool-ing jacket on t h e  p u q i  and cooling 
coils clamped i n  sl.o'is i n  t he  s'iator. Transfer of h e a t  from the  hot end of t h e  
p w p  t o  tiie p u ~ p  r o t o r  cavi ty  i s  minimized by a therrrLal- b a r r i e r .  An  a i r  gap i n  
-t:-le thermal b a r r i e r  reduces Lransfer of heat  by conduction, aiid t h e  close f i t  
of -the then-nal b a r r i e r  within tile pump housing ana around t h e  r o t o r  sha f t  pre- 
v e Y , i ; s  excessZv-e traasfer o f  t ke  hot ( t o  j 0 0 " C )  solut ion from t he  impel.l.er region 
tG t he  cooler  (-125OC) solution in t he  r o t o r  ana bcarj~iig regj.on. 

3.3.3 Loop Heater 

The 1003 temperature i s  naii i tainea and control led by means of an assembly 
of Ca l rod - typ  e l zc - i r i c  hea te rs  cas t  ?n a11 alcainwr. a a t r i x  around a p a r t  of t h e  
m i n  loo? piping. Two dl.fferent loop hea-ter designs have been used. TFLe hea ter  
f o r  loops operatEd. i n  tk-e LITH consj-sts of foixr -750-w o~.emeiits (3000 w t o t a l )  
equally spaced arouiid the circunference of the piping; the loop coo1.er (discussed 
'oelow) i s  fabricated. a s  a separate mit. 

For t'ce 03P. loop,  a cooler and a hea ter  of higher caDacity than used I n  t h e  
LI ' lT 1 oop -r?ere required.. The loop  heater  m u s t  have the capabil . i ty of overriding 
t h e  loop cooicr i n  order t o  maintain loop ternpereture i n  t h e  event of a reactor  
shutdo-m. Increased cooling was requj-red i n  t h e  ORR loop  because of the higher 
slcw-ne3dror :lax and thus  a l-igher fue!. f iss ion-heat  load and increased gamma 
heafuing of 'ciie metal wall of t h e  loop core Yrorn reactor  rad.iation. For the ORE 
loop  'iiie heater  and coo;er were combined i n t o  a s ing le  x n i t  . This was done f o r  
two reasons: (1) to  allow rrAaxirnm. u t i l i z a t i o n  of t h e  1.imited loop a r e a  ava i l -  
ab l e  for heating ar,d coo1ir.g and ( 2 )  Lo provide close coupligg of t hese  units, 
which al.l.ows K-ore rapid respouse t o  changes i n  b o p  heat  Load. The coribined 
-mit i s  fabr ica ted  by cast ing the  Calrod-type eleaen'is and the  cooling c o i l  i n  
an aluminum matrix around the main loop  pj.piii6 as shown i n  Fig.  11. Each unit 
i s  26 i n .  long and contains four  1000-1.r elements. Two of ty-ese u n i t s  were i n -  
corporated i n  t ke  0RH loop  _"ai- a t o t a l  loop  heating capacity of 8000 W. 

jA. LSJeitzberg and 11. E .  Savage, Perfomaice Test o r  220-v Paree-Pklase S t a t o r  f o r  

' * ~ a & ~ e ~ s  a Pump Bearing aid Jocrcal  Material, O€QJL 
Use with 5-gpm .- In-Pi le  Loop Pump, ORNL CF-1-177 (Oct. b, 14'57). 

CF-57-11-122 (Nov. 



UNCLASS'F I t D  
CCNL-LR-OWG 21460 

CALROD - 

GUIDE RING- ,+ COll. ALUMINUM \ ,JcolL 

 GUIDE R I Y G   GUIDE R I N G  
'>$ 

i- CALROD 

Fig. 11. Heater-Cooler f o r  OIB Loop. 

3.3.4 Loop Cooler 

A cooler  i n  the  nain loop c i r cu la t ing  stream removes t h e  f i s s i o n  and gmma 
heat  generated i n  the  loop. The amount of heat  generated is ,  of course, depend- 
en t  upon tke  neutron flux and the  f u e l  inventory i n  the core.  Thus t h e  loop 
cooler  must be capable of s t a b l e  and r e l i a b l e  operation over a wide range of 
hea t  removal capaci ty .  
t o  a sudden change i n  heat  load, ~t~1iFch can occur as a result of a r eac to r  scram. 

In  addition, t h e  cooler  must be able  t o  adjust rap id ly  

Again, as i n  t h e  case of the loop heater ,  two d i f f e ren t  loop cooler  designs 
have been used. !?he cooler  used i n  the  i n i t i a l  LITR loops consis ted of a metal 
jacket  w i t h  two concentric arnu2.i surrounding a sec t ion  of t h e  main loop  piping. 
The out,er annulus i s  used as t h e  coolant flow channel, and t h e  cooliiig capaci ty  
is adjusted to t he  requirement for each loop experiment by f i l l i n g  t h e  inner 
,annulus with materials such as  cas t  aluminum or s t e e l  wool i n  order  -to vary the  
over -a l l  heat-transfer coe f f i c i en t .  

The cooler  i n  t h e  ON? loop was combined with the  loop hea te r  (see Sec. 3.3.3) 
by means or" a coolant flow channel of 3/8-in. tube cas t  i n  an aluminum matrix 
along with the  loop hea te r s .  Tn both designs the  coolant medium i s  air  or water 
o r  mixtures of t he  two, depending on the  heat  remowJ requirement;. In  t h i s  
manner, wide va r i a t ions  i n  heat  r e m v a l  capacity a re  achieved, a s  indicated ir?_ 
Fig.  12.  

The data shown i n  Fig. 12 w e r e  obtained w i t k t  t he  comb1nat:lon heater-cooler  
unit &scribed above. 
removal capaci ty  i n  excess of 7 kw caxri be obtained. Two units cavl be incorpo- 
r a t ed  iii a loop t o  provide 1 4  kv of cooling capacity.  
can be rap id ly  decreased from -7 kw t o  -2 kw by rnerely stopping the  water l n -  
j e c t i o c  i n t o  the  air-water rnlxture being used as t h e  coolant medium. 
cooler i s  n o m l l y  used t o  rerr:ove an amount of heat  i n  excess of the  to t a l .  f i s -  
s ion arid gamma heat being generated i n  the  loop, and t h e  loop  hea ter  power i s  
cont ro l led  so t h a t  it balmices  t h i s  excess and cont ro ls  t h e  loop temperature. 
A core cooler  vas also used i n  Yne ORR loop a s  m addi t iona l  a id  i n  removing 
gamma heat  from t he  core metal W a U j  t h i s  cooler  i s  discussed below. 

It can be seen tinat for one u n i t  28 in. long a hea t  

l'ne capaci ty  of the cooler 

The loop 

3.3.5 Core Cooler 

Die core cooler incorpornted i n  t h e  ORR loop controls  the w a l l  temperature 
i n  order t o  prevent bo i l i ng  of  f u e l  so lu t ion  on the core wall surface and t o  
reduce thermal s t r e s s e s  by removing p a r t  of  t h e  gmma heat  €rom t h e  ex terna l  
surface.  
rore waL1 would be  3 t o  4 w/g. 

It was ant ic ipa ted  t h a t  gamma heat ing of t he  fomard  port ion O C  t he  
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Fig. 12.  Cooling Capacity of  Two Heater-Cooler Units, 
om Loop. 

The core cooler  cons is t s  of a cooling c o i l  (3/ l6- in .  OD, 0.028-In. w a l l )  
of s t a i n l e s s  s t ee l  cast i n  an alxninum rnatrix 1/4 i n .  t h i c k  around the core as 
shown i n  F ig .  13. A s  i n  t h e  loop cooler, air, water, and air-water  mixtures 
are used as coolaEt media t o  ob ta in  a wide va r i a t ion  of cooling capaci ty  and t o  
provide f o r  rapid reduction of  t h e  cooling r a t e  i n  the event of a r eac to r  scram. 
The cooler  ha.s a heat  r e n o v d  capaci ty  of up t o  4000 w, as shown i n  Fig. 14. 

3.3.6 Pressur izer  a z d  Pressur izer  Heaters --- 
?"ne pres su r i ze r  performs many functions i n  tne in -p i l e  loop, and i t s  i m -  

portance cannot be overeixphasized. I n  addi t ion  t o  t h e  usua.1 pressur izer  func- 
t i o n s  of providing overpressure t o  prevent outgassing o r  cavita3,lon i n  the main 
loop  streax and 3,s R reservol r  t o  provi.de expinsion volume for t h e  fuel solution 
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Fig. 14. Cooling Capacity of Core Cooler, ORR Loop. 

when heated from room temperature to elevated temperatures, a great deal of 
information about, and control of, conditions within the loop are obtained from 
knowledge and control of the conditions within the pressurizer. 

The pressurizer is constructed of 1 1/2-in. sched-80 pipe and has welded 
end caps. 
42% of the total loop volume (1800 m l )  . 
zontal position (refer to Fig. 6) f o r  several reasons: (1) in order to fit the 
pressurizer within the dimensions of the experimental beam hole, (2) to provide 
maximum surface-area-to-volume ratio between the liquid and gaseous phases in 
the pressurizer, and (3) to keep the height of the vapor space small so as to 
minimize stratification of the steam, oxygen, and hydrogen in the vapor space. 
The large surface-area-to-volume ratio between the liquid and gaseous phase is 
desirable from the standpoint of maintaining equilibrium conditions between 
these two phases. 

Its total length is 1.9 in. and its volume is 750 m l ,  which is about 
The pressurizer is mounted in a hori- 

The pressurizer is connected to the loop at each end by means of O.25O-in.- 
OD, 0.150-in.-ID tubing. 
routed through the pressurizer and returned to the loop main stream by means of 
this tubing. In this manner the concentrations of gases dissolved in the pres- 
surizer and loop (oxygen and/or hydrogen) are in equilibrium, and knowledge of 
this concentration is obtained by careful measurements of the partial pressure 
of the gas in the pressurizer. 
Two tubes of capillary dimensions are attached to the pressurizer end caps in 
the upper vapor space, and a thermocouple well extends into the lower, liquid 
space of the pressurizer. 

A small portion of the loop solution (-0.1 gpm) is 

This is discussed in more detail in See. 7.4.1. 

An assembly of Calrod-type electric heaters cast in an aluminum matrix 
around the 1/4-in. tubing line upstream of the pressurizer is used to heat the 
solution in the pressurizer to a temperature above that of the solution in the 
loop. 
to maintain the pressurizer 30 to 40°C above the loop temperature, if desired. 
Steam pressurization of the system prevents gas evolution from the liquid in the 

The heating capacity of this pressurizer heater (1500 w) is sufficient 
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main loop c i r cu la t ing  stream and pump cavi ty  and a l so  provides steam di luent  f o r  
t h e  r a d i o l y t i c  hydrogen and oxygen i n  t h e  vapor space of the  pressi i r izer  du.rlrtg 
in -p i le  operation. 

I n  addi t ion  t o  t h e  pressur izer  heater ,  t h e  e n t i r e  body of the  pressur lzer  
i s  surrounded by a heat ing jacket  which i s  used t o  maintain, as nearly as pos- 
s ib l e ,  a uniform temperature tlirougholut t'ne pressur izer .  Equilibrium t'nermal 
conditions i n  the  pressur izer  a r e  important i n  determining t h e  p a r t i a l  pressures 
of steam and gas from measuremenks of absolute pressure and temperature and t o  
minimize s t r a t i f i c a t i o n  of t he  gases within the  pressur izer  vapor space. Usually 
tlne wall of t h e  pressur izer  i s  operated at  a temperature a few degrees below t h e  
l i q u i d  temperature so t h a t  a s m a l l  amount of steam will condense on t h e  ins ide  
w a l l  t o  prevent deposi t ion and drying o f  mater ia l s  such a s  uranyl  su l f a t e ,  copper 
sulfa-te, m d  corrosiori products which might catalyze t h e  reac t ion  of hydrogen 
and oxygen i n  t h e  event of s t r a t i f i c a t i o n  and/or concentration of these  gases. 

3.3 .7  Loop Core Section 

The loop core sect ion,  t h a t  p a r t  OP t he  loop nearest  the  reac tor  l a t t j - ce ,  
i s  enlarged t o  expose an appreciable f r a c t i o n  of  t he  loop fuel so lu t ion  t o  t h e  
highest  neutron flux. I n  addi t ion,  t he  core sec t ion  contains corrosion specimens 
(discussed below) f o r  determination of th-e corrosion res i s tance  of var ious ma- 
tesials exposed t o  Piss ioning f u e l  so lu t ion .  To prevent loca l ized  overheating 
i n  t h e  f u e l  md to remove gama  heat  from t h e  core metal wall, a miform d i s t r i -  
but ion of flow i n  t h e  core i s  desirab1.e; furthermore, t he  f l o w  of .Fuel so lu t ion  
must be d i r ec t ed  pas t  t he  corrosion specimens i n  a known manner so t h a t  t h e  
e f f e c t  of ve loc i ty  on corrosion can be evaluated. 

Two core designs have been used i n  the  in -p i l e  loops. ?tie core used i n  tfie 
LITR loop i s  sho5m i n  Fig. 1 5 .  The f u e l  so lu t ion  en ter ing  t h e  core i s  d i rec ted  
around the  corrosion-specimen assembly and then through t h e  f l o w  channel i n  
which t h e  high-velocity t e s t  specimens are located.  Bulk f l u i d  ve loc i ty  i n  the  
annular space surrounding the  specimen holders  i s  0.8 f p s  a t  5 gpm. 

UNCLeSSIFIED 
O W -  L R-DWb 2'064 R 

CORE ANNULUS SPECIMENS 

Fig. 1 5 .  Core for LITH Loop. 

The second core design, used. i n  the  ORX loop, i s  shown i n  Fig.  16. The 
core sec t ion  i s  divided in to  two chambers by means of a longi tudina l  b a f f l e  p ln t e  
i n  order  t o  increase the  f l o w  ve loc i ty  i n  the  core for improved heat  t r a n s f e r  and 
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prevention of excessive metal temperatures and boil-ing i n  the core.  I n  t h i s  
design, f u e l  enteririg thc  a r c  passes d i r e c t l y  through t he  f i r s t  of two channel- 
type specimen nolde:-s ami i s  subsequen-tiy d i rec ted  through the  second specimen 
3older before leaving the  core.  The bulk fl.u.id ve loc i ty  i n  the a m u l a r  space 
surrounfiing t h e  specimen hol.dkrs i s  2 f p s  at 5 gpm. 
See. 3.3.5) i s  a1.so incorporated j.n 'iiiis design. 

A core cooler  (see 
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p ig ,  16, Core f o r  ORR LOOP. 

3.3.8 Corroaioii T e s t  Specimens 

Although nany d i f f e r e n t  r a t e r i a l s  have been sub jec ted  t o  corrosion t e s t s  
i n  i n - p i l e  loops, t'r,e Ereatest  emphasi:; has been placed on evaluating t h e  
r a d i a t  ion- c o ri"o s ion re s is t a n c e of s t a i n k  3 s s t ee 1 s , tit ani>an and i t s  a l loys  , 
and zirconium arxi i t s  all-oys. These mater ia ls  were used i n  the cons tmct ion  of 
HFOZ-2 (Zircaloy-2 i s  t h e  core-tank mater ia l ,  piping i n  -tile external. c i r c u l a t i o n  
system i s  of type 347 s t a i n l e s s  s t e e l ,  and tital;ium i s  used i n  some high- 
turbulence regions of the  c i r c u l a t i o n  system ex tema i  t o  t he  co re ) .  
material-s, various types of corrosion spezirnens have been used.; mong these  
types are:  coupon, s t ressed,  coupled ( t o  t e s t  f o r  possible  galvanic couple 
ac t ion  uider  r ad ia t ioc ) ,  in,pact, and. tensile specimens. 

O f  these 

Eac:i 1 .00~  contains corrcsion t e s t  specimens of various types i n  a t  least  
two loca t ions .  One s e t  i s  located i n  the  core sect ion m d  thus i s  held i n  the  
region of highest  f l u x  and is ssbjected t o  t h e  highest  concentration of short- 
l i v e d  f i s s i o n  products. A dupl.icate a r r a y  of specimens i s  situetet3 i n  t h e  cir- 
culat ion system. removed f r o a  $he high-flux region, so tha t  a direct, comparison 
of t h e  corrosicri res i s tance  of t'ne material-s iii am3 out ol" d i r e c t  rad ia t ion  can 
be made. 

Fi,Ti.ire I.(' skom the  coupoil specimens and holder used i n  determining the  
e f f e c t  of ve loc i ty  on corrosion. F l a t  coupon specimens form a continuoils septuw 
d o m  the center  cf t he  tapered channel so t h a t  t h e  bulk-fluid fl.ow ve loc i ty  
var ies  f r o m  9 i o  ' k j  f p s  as t'ne sol.iltion t raverses  the holder.  IC some loops 
holders with s-traight-channel f 1 . o ~  sect ions are used so t h a t  t he re  w i l l  be no 
ve loc i ty  gradient over t h e  coupons. The specimen holdel- shown i n  F i g .  17 i s  
desi;.ned t o  contain tvel.ve 1/2 x ?../2 x 0.060-in. cou?ons, but  i n  some I.oops 
twecty-four 1/?1 x I./? x 0.060-in. coupons have been used. The channel-type 
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Fig. 17. Coupon Holder axd Coupons 
with Velocity-Distribution Cu .ne .  

holders i n s t a l l e d  In  the in-line and core posi t ions of a loop  a r e  i d e n t i c a l  ex- 
cept t h a t  t he  holder i n  the  core sect ion has pa* of t h e  outs ide wall rachined 
away i n  order  t o  reduce neutron absorpticjn. 
used t o  i n s t a l l  tes t  specimens i n  the  in - l ine  posi t ion.  Because of t h e  1oV 
neutron-absorption cross sect ion and t h e  good corrosiori res is tance of Zircdoy-2,  
it has been favored as a constnict ion material fo r  the  coupon holders, alt?iough 
some have been made of titanLi.un and some of s t a i n l e s s  steel. 

Fj.gure 18 i l l u s t r a t e s  the method 

ORNL-LR-DWG UNCLASSIFIED 2065 

--BODY ,-CORROSION SPECIMEN HOLDER I-COHROSION SPECIMENS 

Fig. 18. In-Line Holder f o r  Coupon Specimeris. 
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Fig.  19. Corrosion Specimen Assembly i n  Core Sect ion,  0% Loop. 
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ed to in coupon specimens, is 
older Fig. 19). In this loca- 
velocities of either 0.8 or 2 fps, 

depending on the core in which they are installed, 
45-fps velocity of fluid passing the coupons in the cha 

Various impact and tensile 
U N C L A S S ’ F l E D  spec ns (Fig. 20) ,  machined 

T - 8 2 1 f  

lutions, have also been instal- 
led in both the in-line and 
core positions along with the 
coupon samples. An array of 
impact specimens surrounding 
a core coupon holder i s  shown 
in Fig. 21. 

INCHES 

TENSILE 

IMPACT 

Stressed and coup1 
(Fig. 22) of vari 
ials have been t 

Each stress-specimen 

In some loops, corrosion 

Fig. 20. Impact and Tensile S 

sed, coupled, or coupon 
phases to obtain c rative data on the corrosion resistance of materials in 
those environments . 

I M P A C T  T E S T  
S P E C I M E N S  R E M O T E  T O N G  

Fig. 21. Array of Impact Spec urrounding a Core on Holder. 
Photograph Taken in Hot C e l l  After f r o m  the Loop. 
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Fig. 22. Stressed- and Coupled-Specimen Assemblies, LITR Loop. 

4. AUXILIARY EQUIPMENT 

personnel, to minimize the pos- 
eactor facility, to provide m a  

on of the loops, various auxiliary equi 
ed at each beam-hole facility. Most of 

sis, although some is associate 
" and i s  replaced or ,  where possible, is re-used on su 

draining the fuel solutlon and 
imilar to those encountered 
must be perf omed remotely 
le, if any, maintenance o f  
g operation. A schematic 

in two equipment c 
1 raphs of which are 
Figs. 24 and 25. These two ch , identified as the large 
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Fig. 24. Equipment Chambers w i t h  Cover Plates  and Shielding Removed, ORR Loop. 
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Fig. 25. Top View of Large Equipment Chamber with Cover Removed, ORR Loop. 
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ected. Both chambers a re  enclosed and sealed with gas- 
maintained a t  subatmospheric pressure, and a r e  contin- 

uously flushed with air which is exhausted t o  the  reactor  off-gas system. Lead 
shielding surrounds the chambers f o r  protect ion of personnel against  radiat ion.  
Among the  types ed i n  the chambers are tanks t o  s t o r e  t h e  
f u e l  and the f i  removed from t h e  Loop, f u e l  and gas addi t ion 
systems, f u e l  s ems,  pressure transducers, and interconnecting l i n e s  
and valves required t o  perform the  various operations.  Thi 
as the  equipment associated with the  loop package, i s  discu 

4.1 Fuel Containment 

Absolute containment of the  h ighly  radioactive f u e l  solut ion was  a prlmary 
consideration i n  the  design and f ab r i ca t ion  of the  loop and associated equipment. 
All operating procedures a r e  des i  d t o  prevent the  accidental  uncontrolled 
release of radioactive mater ia l .  e loop i t s e l f  i s  the  primary containment 
vessel ,  and i t s  l e a k - t i  ness i n i t i a l l y  i s  assured by carefu l  and extensive 
acceptance t e s t s  during the  fabr ica t ion .  In  t h e  event of a leak or break i n  
t h e  loop while operating in-pi le ,  containment of  t h e  f u e l  i s  f u r t h e r  assured by 
addi t ional  containment vessels .  

4.1.1 Loop Container 

In  order t o  contain the fuel solut ion in t h e  event of a loop leak o r  rup- 
ture ,  the  loop i s  enclosed i n  a 1/8-in.-thick s t a i n l e s s  s t e e l  jacket as shown 
i n  Fig. 26. The container v o l w  is  approximately 35 l i t e r s .  Based on t h e  

UNCLASSIFIED 
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B U L K H E A D  
LOOP-AND-SH 1 ELD -PLUG 

CONNECTOR WELDED BEFORE INSTALLATION 
IN REACTOR 

Fig. 26. LITR In-Pile Loop Package with Container Jacket i n  Place, 

assumption t h a t  a massive rupture would re lease  t h e  e n t i r e  loop contents i n t o  
t h e  container while operating a t  295"C, and assuming no heat loss ,  the  maximum 
pressure expected in the container would be 267 p s i a  at  203°C. 
r ap id ly  decrease as a r e s u l t  of cooling and condensation of the  l i q u i d  vapor, 
leaving a negl igible  pressure ( l e s s  than 20 ps ig)  of noncondensables. 
t i o n s  based on the  Unfired Pressure Vessel Code give an allowable i n t e r n a l  
pressure i n  the container i n  the order of 400 ps i ;  thus the  loop container 
design i s  adequate i n  t h i s  respect .  

This would 

Calcula- 

The charcoal t r a p  and radiat ion detector  shown i n  t h e  loop-container sweep 
gas i n  Fig.  23 i s  not used t o  contain fission-product gas but i s  used as a sen- 
s i t i v e  measure of r ad ioac t iv i ty  r e su l t i ng  from a loop leak. 
gas absorbed from t h e  sweep gas i s  monitored, and aa indicat ion of a c t i v i t y  c loses  
the sweep-gas solenoid valves t o  contain the leak within the  loop container.  

Any fission-product 
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4.1.2 Container Bulkhead 

The thermocouple leads,  e l e c t r i c a l  leads,  cap i l l a ry  tubing, and cooling- 
water tubing necessary f o r  loop operat ion penet ra te  t h e  loop container through 
a bulkhead loca ted  at the  r ea r  of t he  loop. A l l  penetrat ions through t h i s  bulk- 
head are made leak- t igh t .  The design of t h e  bulkhead and t h e  var ious types of 
s e a l s  used a r e  shown i n  Fig.  27, and. t he  completed bulkhead i s  shown i n  Fig.  28. 
This bulkhead forms a p a r t  o f ,  and i s  welded to ,  t he  main body of t h e  loop 
container .  

4 .l. 3 Beam-Hole Liner 

I n  order  t o  prevent mechanical damage to ,  or contamination of ,  t h e  experi-  
mental beam holes  i n  which the  loops are operated, a l i n e r  i s  i n s t a l l e d  i n  each 
beam hole.  
and i s  s ized  f o r  a close f i t  wi thin t h e  beam hole .  The l i n e r  i s  at tached t o  t h e  
small equipment chamber a t  t h e  face  of t h e  r eac to r  and extends i n t o  t h e  beam 
hole  t o  a point  c lose t o  the  reac tor  l a t t i c e .  The beam-hole l i n e r  i s  a permanent 
p a r t  of t h e  in -p i l e  loop f a c i l i t y .  Since t h e  loop package, which cons is t s  of 
t h e  loop in  i t s  container  and t h e  r ad ia t ion  sh ie ld  plug (discussed below), i s  
designed t o  f i t  very c lose ly  within the  dimensions of t h e  beam-hole l i n e r ,  a 
dupl ica te  l i n e r  f o r  each beam hole  i s  used i n  out-of-pile t e s t  procedures t o  
ensure t h a t  t he  loop package w i l l  f i t  within t h e  experimental beam-hole l i n e r .  

Each l i n e r  i s  made of s t a i n l e s s  s t e e l  approximately 1/8 i n .  t h i ck  

The beam-hole l i n e r  and t h e  loop container  a r e  cooled by c i r cu la t ion  of 
water i n  t h e  annular space (-1/8 in. th i ck )  between the  two. 
s a r y  t o  prevent overheating of t h e  containers  as wel l  as the  p a r t s  of t h e  reac tor  
s t ruc tu re  and sh ie ld ing  close t o  the  loop by gamma hea t  generated i n  t h e  m e t a l  
containers  and heat  rad ia ted  from the  loop. 

Cooling i s  neces- 

4.2 Shield Plug 

A r ad ia t ion  sh ie ld  plug approximately 5 f t  long i s  incorporated i n  each 
loop package and i s  in se r t ed  i n  t h e  beam hole  along with t,le loop. 
which cons is t s  of lead, paraf f in ,  and water encased i n  s t a i n l e s s  s t e e l ,  extends 
from the  back of t he  loop t o  t h e  face  of t h e  r eac to r  and i s  v i s i b l e  i n  Fig. 26. 
Since all service lines t o  the  loop must pass through the  plug, a number of 
passageways a r e  obtained by incorporat ing tubing from end t o  end; t h e  tubing 
i s  sp i r a l ed  through an angle of 90" t o  prevent rad ia t ion  leakage. 

This plug, 

4.3 Loop and Shield-Plug Connector 

The loop and sh ie ld  plug a r e  joined i n t o  one r i g i d  assembly by means of a 
spec ia l  connector (see Fig. 2 9 ) .  
signed t o  couple and lock after one ha l f  of t h e  connector i s  bol ted  t o  t h e  
sh i e ld  plug and the  o the r  t o  t h e  bulkhead of t h e  loop container.  A l l  service 
l i n e s  pass through the  connector, which i s  spec ia l ly  designed so t h a t  t h e  serv ice  
l i n e s  (thermocouple leads,  e l e c t r i c a l  wires, cap i l l a ry  tubes,  and cooling-water 
l i n e s )  may be e a s i l y  cut when the  loop i s  removed from the  reac tor .  The capi l -  
l a r y  tubing can be pinched of f  i n  two places  and cut  between t h e  pinched areas  
on removal. To pro tec t  t h e  thermocouple and e l e c t r i c a l  l eads  from t h e  cooling 
w a t e r  i n  the annular space between the  loop package and beam-hole l i n e r ,  a th in ,  
l eak - t igh t  brass  membrane i s  used t o  cover t h e  connector. 
cord" f o r  easy removal when t h e  loop i s  removed from t h e  reac tor .  

The connector i s  f ab r i ca t ed  i n  two halves  de- 

It contains a " r i p  
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4.4 Valves and Tubing 

A s  mentioned previously,  four  cap i l l a ry  tubes connected t o  t h e  loop termi- 
nate  a t  t h e  face  of the  r eac to r  i n  the  s m a l l  equipment chamber, and f i v e  valves, 
loca ted  a t  t h i s  point ,  a r e  used t o  make a l l  t h e  withdrawals from, and addi t ions 
to ,  t h e  loop while it i s  operat ing in -p i l e .  By r e fe r r ing  t o  t h e  schematic d ia -  
gram (Fig.  23),  it can be noted t h a t  these f i v e  valves a r e  interconnected with 
t h e  var ious pieces  of a u x i l i a r y  equipment by means of cap i l l a ry  tubing and o the r  
valves. Capi l la ry  tubing (O.05O-in. I D )  i s  used throughout t o  minimize holdup 
of so lu t ion  ex te rna l  t o  the  loop. 

Up t o  75 high-pressure valves a r e  required t o  perform the  var ious operations.  
Some of t h e  valves are exposed t o  f u e l  solut ion,  some t o  water, and some t o  dry 
gas. 
s t a i n l e s s  s t e e l  bodies and i n t e g r a l  s ea t s .  Different  mater ia l s  f o r  t h e  valve 
stems, such as hardened type 420 s t a i n l e s s  s t e e l ,  17-4 F'H s t a i n l e s s  s t e e l ,  and 
~ t e l l i t e - 6 ,  have been used successful ly .  
" ro ta t ing"  and "nonrotating" design have been used. The valves cur ren t ly  i n  
use, and which have given the  bes t  service,  a r e  those with type 304 s t a i n l e s s  
s t e e l  bodies and i n t e g r a l  s ea t s  and with a p a r t i a l l y  hardened type 17-4 W 
s t a i n l e s s  s tee l*  stem of the  nonrotating design. A photograph of an assembled 
valve ( sec t ioned  t o  show i t s  construct ion)  and i t s  components i s  shown i n  
Fig.  30. The valves  a re  loca ted  ins ide  t h e  equipment chambers and a r e  operated 
by means of extension handles which pass through the  equipment-chamber w a l l .  
Figure 31 shows the  design of t he  coupling between the  valves and extension 
handles and the  method of sea l ing  the  penetrat ions through the  chamber w a l l .  

They are needle valves ra ted  f o r  30,000-psi service and have type 304 

I n  addi t ion,  valve stems of t h e  

4.5 Fuel Storage and Weigh Tank 

A 1 2 - l i t e r  s t a i n l e s s  s t e e l  tank of "ever-safe" dimensions i s  mounted per- 
manently i n  the  l a rge  equipment chamber at  the  face  of t h e  reac tor  i n  each of 
t h e  in -p i l e  loop f a c i l i t i e s .  A l l  f u e l  so lu t ion  drained or removed from the  
loop during in -p i l e  operation, except samples f o r  analyses,  i s  s tored  i n  t h i s  
tank. The tank i s  suspended from a remotely ind ica t ing  weigh system so t h a t  
t h e  quant i ty  of f u e l  so lu t ion  it contains i s  known a t  a l l  times and may be com- 
pared with the  quant i ty  ca lcu la ted  t o  have been withdrawn from t h e  loop. 

A sampling s t a t i o n  i s  provided so t h a t  t h e  contents of t he  f u e l  s torage 
tank may be sampled f o r  chemical ana lys i s  a s  desired,  and tubing and valves 
i n  t h e  equipment chamber allow t r a n s f e r  of t he  so lu t ion  from the  s torage tank, 
after appropriate  decay periods,  t o  a shielded ex terna l  removal tank i n  which 
it i s  sen t  t o  a processing p lan t  f o r  uranium recovery. 

4.6 Gas Storage and Holdup Tank 

Several  rout ine loop operations (e.g. ,  f u e l  sampling and loop draining and 
f lush ing)  involve the  handling, holdup , and subsequent re lease  of f ission-product 
gas. Most of t h i s  radioact ive gas i s  vented t o  and held up i n  a gas s torage and 
holdup tank, which i s  mounted permanently i n  the  la rge  equipment chamber. This 

* 17-4 F'H i s  a precipi ta t ion-hardening s t a i n l e s s  s t e e l .  The p a r t i a l l y  hardened 
condition (H-1000)  i s  used because of i t s  corrosion res i s tance  and hardness 
(Rockwell C-35) along with moderate d u c t i l i t y  (e longat ion of 2 in . ,  14%), 
which i s  achieved by heat  treatment a t  lOOO'F f o r  4 h r  followed by air-  
cooling. 
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Fig.  30.  Valves Used i n  OFCR In-Pi le  Loop Fac i l i t y ,  Nonrotating-Stem Type. 

tank i s  fabr ica ted  of s t a i n l e s s  s t e e l  and has a volume of about 40 l i t e r s .  A 
remotely ind ica t ing  strain-gage pressure c e l l  monitors t he  pressure i n  the  tank; 
the  tank can be vented, if required,  t o  t h e  r eac to r  off-gas system. If i t s  
a c t i v i t y  has decayed su f f i c i en t ly ,  t h e  gas may be vented d i r e c t l y  t o  t h e  r eac to r  
s tack;  however, i n  t h e  event of excessive ac t iv i ty ,  t he  gas may be vented through 
charcoal t r a p s  f o r  adsorption and a n  addi t iona l  decay period. 
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Fig. 31. Valve-Handle Penetrat ion and Sea l  Tkrough Equipment -Chamber Wall. 

4.7 Fuel Sampling Equipment 

During operat ion of a loop in-p i le ,  samples of t h e  c i r cu la t ing  f u e l  solu-  
t i o n  a r e  withdrawn rout ine ly  for chemical analyses.  The samples a r e  ava i lab le  
in determining the  e f f e c t  of f i s s ion ing  and r eac to r  r ad ia t ion  on the  chemical 
s t a b i l i t y  of t h e  f u e l  solut ion,  which contains uranyl su l f a t e ,  copper s u l f a t e  
(as a rad io ly t ic -gas  recombination c a t a l y s t )  , and excess ac id  ( f o r  chemical 
s t a b i l i t y ) .  
corrosion of t h e  s t a i n l e s s  s t e e l  loop and t h e  concentration of f i s s i o n  products 
can be determined. Based on these determinations, appropriate  adjustments i n  
the  chemical composition of t h e  f u e l  can be made i f  required,  and some general-  
ized corrosion information can be calculated.  

Further,  t h e  concentration of various soluble  products from the  

Since t h e  f u e l  so lu t ion  i s  h ighly  radioact ive,  t h e  sampling operation must 
be performed remotely. 
so t h a t  subsequent f u e l  addi t ions can be made t o  maintain t h e  so lu t ion  inventory 
i n  t h e  loop. 
remove samples from the  loop i s  loca ted  i n  the  s m a l l  and l a rge  equipment chambers. 
The sampling procedure i s  described i n  some d e t a i l  i n  See. 7.4.8. 

The quant i ty  of f u e l  removed i n  sampling must be known 

The equipment (descr ibed i n  the  following sec t ions)  required t o  

4.7.1 Standard Drain Volume 

A s m a l l  (3- t o  6 - r i ~ )  tank of known volume i s  mounted i n  t h e  l a rge  equip- 
ment chamber and i s  i d e n t i f i e d  as t h e  "standard dra in  volume." This tank is 
connected by means of c a p i l l a r y  tubing and valves d i r e c t l y  t o  the  loop main 
stream, and, s ince it i s  opened d i r e c t l y  t o  the  loop, it i s  designed t o  with- 
stand t h e  maximum an t ic ipa ted  loop pressure (2000 p s i ) .  
a complete loop drain,  a l l  so lu t ion  removals from the  loop a r e  performed i n  a 
batch-wise fashion by f i l l i n g  and draining of t he  "standard dra in  volume" so 
t h a t  t h e  quant i ty  of so lu t ion  removed can be calculated.  I t s  contents  are 
routed e i t h e r  t o  the  f u e l  s torage tank i n  t h e  equipment chamber o r  t o  t h e  sample 
tank, mounted outs ide t h e  equipment chamber, i n  which t h e  sample i s  t r ans fe r r ed  
t o  t h e  chemical labora tory  f o r  ana lys i s .  

Except i n  t h e  case of 
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Fig. 32. Fuel Sample Tank and Carrier. 
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4.7.2 Sample Tank and Shielded Carr ie r  

A sample container  with valved openings a t  each end, whose volume i s  s l i g h t l y  
l a r g e r  than t h a t  of t h e  standard d ra in  tank, i s  used t o  contain the  so lu t ion  
samples removed from the  loop. 
designed c a r r i e r  with lead  sh ie ld ing  t o  reduce rad ia t ion  l e v e l s  t o  an acceptable 
l e v e l .  The c a r r i e r  i s  made i n  two halves so t h a t  t h e  tank can be removed for 
r epa i r  or replacement. Figure 32 i s  a photograph of t he  sample tank and i t s  
c a r r i e r ,  with t h e  c a r r i e r  opened t o  show the  method of i n s t a l l a t i o n  of t h e  tank. 
A spec ia l ly  designed connector, outs ide the  l a rge  equipment chamber, i s  used t o  
connect t he  sample tank t o  the  t r a n s f e r  l i n e  from t h e  "standard d ra in  volume." 
The connector i s  designed so t h a t  any radioact ive f u e l  so lu t ion  held up i n  the  
tubing ex terna l  t o  the  sample-tank valve can be f lushed back i n t o  t h e  f u e l  
s torage tank. Details of t he  connector a r e  shown i n  Fig.  33. 

This sample tank i s  mounted within a spec ia l ly  
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Fig.  33. Fuel Sample Tank Connector. 

4.8 Fuel and Water Addition Equipment 

Fuel addi t ions t o  t h e  loop operat ing a t  temperature and pressure a re  made 
by means of an expansion chamber located i n  the  la rge  equipment chamber. The 
expansion chamber cons is t s  of a s t a i n l e s s  s t e e l  tank designed t o  withstand the  
m a x i m u  expected loop operating pressure (2000 p s i ) .  
heat ing and cooling jacket,  t h e  expansion chamber allows t r a n s f e r  of f u e l  t o  
the  loop by means of t he  thermal expansion of t h e  aqueous so lu t ion .  To add 
so lu t ion  t o  t h e  loop, t he  expansion chamber i s  completely f i l l e d  with so lu t ion  
from a reservoi r  tank outs ide the  equipment chamber and then opened t o  the  loop 
through a cap i l l a ry  tube.  

Enclosed i n  a combination 

It i s  then heated t o  a predetermined temperature, 
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depending upon the desired quantity of fuel addition. 
this temperature, the chamber is closed off from the loop and cooled. When the 
pressure in the expansion chamber has decreased to subatmospheric, it is refilled 
from the external reservoir. In this manner the exact quantity of fuel expanded 
into the loop is measured. 
loop in each expansion. 

Immediately upon reaching 

Some 30 to 40 m l  of solution can be added to the 

4.9 Gas Addition and Metering Equipment 

In order to stabilize the uranyl sulfate solution and to minimize corrosion 
of the containment material, it is necessary to maintain oxygen gas dissolved in 
the fuel solution. This is accomplished by maintaining a partial pressure of 
oxygen in the vapor space of the pressurizer; as a result of fuel flow through 
the pressurizer, oxygen is transferred to the fuel solution in the loop main 
stream. A gas addition and metering system is provided to maintain the desired 
quantity of oxygen in the loop since it is necessary to replace the amount that 
is consumed in the corrosion process. This system consists of a stainless steel 
tank of approximately 200-ml. volume equipped with an accurate pressure-measuring 
device. The tank is mounted in the large equipment chamber and is connected by 
means of capillary tubing and valves to the vapor space of the loop pressurizer. 

The tank, whose volume is accurately known, is pressurized with oxygen gas 
to a pressure well above that in the loop. When the tank is opened to the pres- 
surizer, oxygen is forced into the loop and the quantity of oxygen injected is 
determined from the pressure change of the metering tank. 

By measuring the oxygen partial-pressure increase caused by the addition 
of a given quantity of oxygen gas and from a knowledge of the solubility of the 
gas in the fuel solution, the vapor volume and thus the liquid level in the 
pressurizer can be calculated. The over-all corrosion rate of the loop can 
also be estimated from the oxygen addition (consumption) measurements. 

4.10 Charcoal Traps in Off-Gas System 

Charcoal traps are installed in the ORR loop off-gas system to contain and 
hold up fission-product gases before discharge to the reactor stack. For reasons 
of economy and simplicity, a single-trap design is used (Fig. 34). Each trap 

UNCLASSIFIED 
ORNL-LR-DWG 3 9 7 9 7 A  

2 - i n  IPS  SS, 
S C H E D - 4 0  PIPE ,,, L I N D E  MOLECULAR 

S I E V E  M A T E R I A L  

( T A I N L E S S  STEEL WOOL 

,SEAL WELDED 

I h - E l  

Fig. 34. "Unit" Charcoal Trap. 

consists of a section of 2-in. sched-40 stainless steel pipe, 2 in. in inside 
diameter and 16 in. long (0.031 ft3), and contains about 440 g of 14-18 mesh 
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Columbia G cliarcoal. Different  s e r i e s  and p a r a l l e l  arrangements of t h e  "unit" 
t r a p s  a r e  used t o  meet the capacity and fLov requirements of t he  various off- 
gas systems (F ig .  35). 
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Fig .  35. Charcoal-Trap I n s t a l l a t i o n ,  ORR Loop 

4.11 LOOP Retraction Mechanism 

F a c i l i t y .  

A t  t h e  ORR loop f a c i l i t y  a r e t r a c t i o n  mechanism I s  provided which allows 
the  loop package t o  be p a r t i a l l y  withdrawn from t h e  beam hole ,  thereby reducing 
t h e  f lux l e v e l  so t h a t  d a t a  and loop operation can be checked a t  reduced f l u x  
l e v e l s  without reactor  power reduction. The loop package (which includes the  
shield plug and c i r cu la t ing  loop; -8 i n .  i n  diameter and 12 T t  long) i s  r e t r ac t ed  
as a u n i t .  
means of a screw m-echanism and a s l i d i n g  s e a l  as shown i n  Fig.  36. 
seal i s  necessary t o  contain t h e  water circula-Led i n  the annular space between 

Retraction o r  i n se r t ion  of t he  loop i s  accomplished manually by 
To.e s1.iding 
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Fig. 37. Loop Carrier. 
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5. LOOP INSTRUMEXTATION 

The loop instrumentation5' performs several functions. Briefly these 
functions are: 
the heaters and coolers, (2) to provide information about conditions within 
the loop (temperature, pressure, pump performance, etc.), (3) to warn of abnormal 
conditions, and ( 4 )  to perform automatically a number of actions which will 
reduce the hazards arising from these abnormal conditions. The automatic pro- 
tection usually consists of reactor setback or scram, but also includes correc- 
tive action in the loop, such as pump cutoff, heater shutoff, or energizing 
emergency power systems. It should be kept in mind that the greatest hazard in 
a loop experiment is the possible release of large amounts of radioactive ma- 
terial, and all the automatic safety interlocks are used to preclude any such 
possibility. 

(1) to control loop temperature by automatically controlling 

The instrument and control panels for the three in-pile loop facilities 
are located near the equipment chambers at the face of the reactor shielding. 
Because of the complexity of the loop, a large number of instruments are re- 
quired to adequately control the loop at operating conditions and provide in- 
formation required for evaluation of conditions within the loop. Figure 38 is 
a photograph of the instrument and control panel used for the loop operated in 
the HE3-4 beam hole of the LITR. 

5.1 Temperature Measurement and Control 

The in-pile loops are normally operated in a temperature range of 250 to 
300°C. Some 50 to 60 thermocouples are used to measure, control, or record the 
temperatures of the loop itself and the temperatures of most of the associated 
auxiliary equipment. 
control of the primary-loop temperatures. 
are used. All the thermocouples are glass-insulated, and all are of iron- 
constantan except one, which is Chromel-Alumel, and it is located in the thermo- 
well in the liquid phase of the pressurizer, along with an iron-constantan 
thermocouple. 

However, the major concern is with the measurement and 
Here, some 14  to 18 thermocouples 

5.1.1 Loop Temperature 

Figure 39 is a schematic diagram showing the location of thermocouples 
around the loop circuit in the LITR loops. Thermocouples 9 and 10 in the pres- 
surizer and thermocouple 13 in the main loop stream are inserted into thermo- 
couple wells. 
bonded to the well by a discharge welding technique. All other thermocouples 
are attached on the various loop surfaces by spot welding and are then insulated 
with glass tape and aluminum foil. 

After installation in the wells, the thermocouple junctions are 

Full-case electronic recording potentiometers are used for the measurement 
and control of these temperatures. The loop temperature is controlled from 
thermocouple 13, located in a thermocouple well in the in-line corrosion speci- 
men holder, and a controller with pneumatic output positions the Variacs supply- 
ing the loop heater power. The thermocouple that controls the loop temperature 
and the thermocouples that measure the core nose temperature and the core inlet 

>J. A. Russell,Jr., "Instrumentation for Solution Loop Experiments Inside a 

6R. A. Lorenz, Prelmnary Report on Instrumentation f o r  OF3 HRP Loop HN-1, 
Nuclear Reactor, 'I ISA Journal 9, 930 (1957). 

o m  CF-56-10-104 (oct. 23, 1956). 
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Fig. 39. Thermocouple Locations, LITR In-Pile Loop. 

and outlet temperatures are connected to full-case electronic recording potentio- 
meters equipped with extended-range scales (225 to 325°C) in order to obtain 
maximum precision during in-pile operation. A deviation in the loop temperature 
of from 1 to 2°C is considered significant when indicated by any one of the 
thermocouples, and corrective action, to the extent of reactor scram in some 
cases, is initiated with a 5°C deviation in loop temperature. 
atures at the core nose or at the core outlet may indicate solution instability, 
with resultant deposition of uranium in the core. A decreasing loop temperature 
affects the activity of the catalyst used for recombination of radiolytic gas 
formed in the loop and may allow outgassing and reduction of circulation in the 
main stream. 

Increasing temper- 

5.1.2 Pressurizer Temperature 

The temperature of the pressurizer is usually 10 to 30°C above that of the 
loop to provide steam overpressure. A small bypass stream from the loop is 
routed through a pressurizer heater where it is heated to the desired tempera- 
ture before entering the pressurizer. To ensure equilibrium thermal conditions 
in the pressurizer, a heating jacket surrounds the pressurizer. After passing 
through the pressurizer, the solution is returned to the main loop stream. 

The temperature in the pressurizer is controlled from a thermocouple at- 
tached to the tubing between the pressurizer heater and pressurizer. 
signal from the full-case electronic recording potentiometer positions air- 
operated Variacs to regulate the power to the pressurizer heater. 

The output 

In order to obtain an accurate measure of the temperature of the solution 
in the pressurizer, two thermocouples (one, iron-constantan; the other, Chromel- 
Alumel) are installed in a thermocouple well in the pressurizer. 
couples are connected to a precision electronic potentiometer with push-button 
point selection for intermittent use. For the periods between the precision 
measurements one of the two thermocouples is connected to a full-case extended- 
range recorder for continuous monitoring. The pressurizer-jacket temperature is 
indicated and controlled by a thermocouple attached to the jacket and connected 
to an electronic extended-range potentiometer (225 to 325"C), and the power sup- 
ply to the heating jacket is automatically adjusted by an air-operated Variac 
which is actuated by the potentiometer output. 

The two thermo- 
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5.2 Pressure Measurements 

The loop pressure is measured by two strain-gage-type pressure cells which 
are mounted in the small equipment chamber and are connected to the loop pres- 
surizer by capillary tubing. One of the cells is connected to a strip-chart 
recorder for continuous monitoring of the loop pressure, and the other is con- 
nected to an extended-range precision indicator; the precision measurement, made 
periodically, is used in conjunction with precision temperature measurements in 
the calculation of steam and gas pressures within the pressurizer. 

Eight additional pressure cells, mounted in the large equipment chamber, are 
used to indicate pressures in other parts of the system, such as the "standard 
drain volume," fuel expansion chamber, gas holdup tank, and gas addition tank. 
These cells are connected to the extended-range precision indicator, which is 
equipped with push-button selector switches, and are measured periodically as 
desired. 

All pressure cells are selected for low hysteresis to improve the accuracy 
of readings, and a 12-v d-c power supply constant to +O.l$ is used to energize 
the bridge circuits of the pressure cells. Zero and span adjustments for each 
pressure cell are made by means of transducers designed at OXNL, and the d-c 
supply voltage is checked and adjusted before precision readings are taken. 

5.3 Miscellaneous Power Measurements 

All electrical power input to the loop (as well as the cooling rate) is 
continuously monitored. These power measurements furnish a measure of the per- 
formance of individual components such as the pump, loop heater and cooler, and 
pressurizer heater, and they also provide information on the over-all performance 
of the loop. 
the core may be determined from the difference in the total loop power input 
with the reactor on and with the reactor off. 

For example, the amount of fission and gamma heat generated within 

5.3.1- Pump Power 

Electrical power input to the pump is usually a qualitative indication of 
the circulation effected by the pump (refer to Fig. 10). Zero power input indi- 
cates, of course, complete pump stoppage and is caused by openings in the stator 
windings or in some other part of the pump circuit. 
low pump power may mean gas binding of the impeller or an obstruction in the 
main circulating line and, consequently, reduced fuel flow. High power input 
may indicate a low rotational speed, which m y  be caused by excessive friction 
in the pump bearings, and a correspondingly low circulation rate. Very high 
power input may mean complete mechanical seizure of the rotor. For these rea- 
sons a full-case electronic recording instrument with a 0 to 1500-w range is 
used to indicate and record pump power and, in conjunction with the pump temper- 
ature measurement, to gage the performance of the pump. 

On the other hand, moderately 

The pump motor is a 220-v three-phase induction type, and indicating volt- 
meters and ammeters are provided to check the electric balance between each of 
the three phases. 

5.3.2 Loop Heaters 

Electric power to the loop heaters is monitored continuously by indicating 
wattmeters. To obtain a more accurate measure OS the heater power input over any 
period of time, integrating watt-hour meters are also used in the heater circuit. 
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5.3.3 Pressurizer  Heaters 

A fu l l - case  indicat ing and recording poteritiometer i s  used t o  measure t'ne 
pressurizer-heater  power, while an indicat ing wattmeter monitors e l e c t r i c  power 
input t o  the  pressiiriLer jacket heater .  A s  i n  t h e  case of t he  loop heaters ,  an 
accurate measui-e of t'ne t o t a l  power input t o  cach hea te r  over x ~ y  period of time 
i s  obtained by means of watt-hour meters. 

Since a constarit temperat1lr.e d j  f ference i s  maintained between the solut ion 
i n  the  loop and t h a t  i n  the pressurizer ,  t h e  pressiir izer-heater power provides 
a quan t i t a t ive  metering of t h e  pressurizer  flow r a t e .  This r e l a t ionsh ip  i s  
v e r i f i e d  on each loop by calYoration, and a t y p i c a l  ca l ib ra t ion  curve i s  shomi 
i n  Fig. 40. A decrease i n  the  hea te r  power (f'low r a t e )  can r e s u l t  from e i t h e r  
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a partial. plugging of t he  pressurizer  c i r c u i t  o r  a decrease i n  the flow i n  t h e  
loop main s t r eam,  since flow through the  p re s su r i ze r  i s  regulated by the pres- 
sure drop i n  the  loop stream between the  points  a t  which the  i n l e t  and r e tu rn  
connections of the p re s su r i ze r  a r e  made. 

5 . i t  Radiation Monitors 

Six r ad ia t ion  monitors a r e  used i n  each i n -p i l e  loop f a c i l - i t y  t o  de t ec t  t'ne 
escape of any radioactive materl.al. These detectors  a l s o  monitor the r ad ia t ion  
l e v e l  i n  the s m a l l  and l a r g e  equi.pment chambers during varioiis operations,  such 
as removal o f  solut ion samples :kom the  I-oop. Radiation 1evel.s measured by all 
s i x  of the monitors a r e  continuously indicated throughout t he  i n - p i l e  loop 
operat ion.  



Four of t h e  de tec tors  a re  ion-cha,mber gama moni.’iors mou;&ed ir t h e  sIiia.11 

ecpipinent chamber, one being cl-ose Lo each of the f o u r  cayj.l.lal-y tubes t h a t  a r e  
connected d i r e c t l y  i o  t h e  loop.  Each of t he  ion chambers i s  connected t o  an 
OkUlL-built d-c e lec t roxe ter  mounted i n  the  control  panel, and each el-ectrometer 
i s  equipped with a f ive-posi t ion range se lec tor  so  timt the  f u l l - s c a l e  reading 
caz be varied from -350 mr/hr t o  700 r/hr.  

A P i f t i i  monitor i s  a s c i n t i l l a t i o n  garma detec tor  used. t o  de t ec t  any leak- 

‘This de tec tor  i s  mou-xted close t o  a charcoal t r a p  (for adsorp- 
age of ri-aterial from the loop i t s e l f  by monitoring a continuous a i r  sweep of t h e  
1009 container.  
t i o n  of any f ission-produc-i gases and increased s e n s i t i v i t y )  i n  the  l a rge  equip- 
ment chamber, throiugh which the a i r  sweep is routed. 

A BE’J thei-mal-neutron 6-e iec tor  i s  mounted i n  t h e  closure door of ‘die mal l  
eqiiipment charAber d i r e c t l y  i n  l i n e  with the reactor  beam hole i n  order t o  de tec t  
any leakage of therrr,al neutrons. The neutron de tec tor  i s  connected t o  an ORNL- 
b u i l t  d-c e lec t roxe ter  wi~ti-1 a five-range se lec tor  sv i t ch  such t h a t  t h e  f u l l -  
scale  instrument reading caxi be varied. from 1 x lo“ t o  2 x lo6 neutrons/cr2*sec.  

5 .5  Reactor Safety interlocks and Alarm Condltions 

A l l  reactor  s a f e t y  inter locks and alarm c i r c u i t s  a r e  designed, primarily,  
Lo minimize the  possi.bj.lity of uncontrolled r e l ease  of radioact ive material, and 
t h i s  hazard l .s  increased v1ie::ever t h e  h o p  operation devi.ates from prescribed 
conditions. Since the  pump l o o p  i s  a closed c i r c u i t ,  tenperatures  i n  any p a r t  
of t h s  c i r c u i t  a r e  refl.ected i n  other  p a r t s .  Triis in te r re la t ionship  of ten;per- 
a t u r e s  provides several  points  of te:iiperati*i.e measurement f o r  s a f e t y  inter locking 
of t‘ne loop with t h e  reactor .  The rate an.d nagnitude of excursions 0 - F  any of 
t he  controlled variables ,  such as ternFerature or pressu-re, are natui-ally depend- 
en t  on t h e  p a r t i c u l e r  event vhich occurs, and. excursions of these control led 
conditions a re  iiistriur,ented t o  give an alarm or reactor  setback or t o  automati- 
c a l l y  i n i - t i a t e  correct ive act ion.  

A diagra.mma-tic presentat ion of  t h e  safety and d a m  i.nterlocks which u,ay 
be actuated by a service f a i l u r e  ( e l e c t r i c a l  power, water, o r  a i r )  o r  a loop- 
coniponen-t faj.1-ili-e o r  rnal.function i s  s’noi.rrl i n  Fig.  41. A b r i e f  discussion of 
t he  s a f e t y  h l ie r locks  and a l am conditri.ons Follows. 

5 .5 . 1 Fuel  C i reil lat  ing Pumn 

P.?sl.fimction o r  f a i l u r e  of t h e  fuel. c i rcu la t ing  pump results: i n  p a r t i a l  o r  
complete loss of f u e l  c i r cu la t ion .  Since the pump power i s  ind ica t ive  of t h e  
c i r c u l a t i o n  r a t e  (Fig.  IO), a l o c a l  al-ann consis t ing of a v i s i b l e  l i g h t  and an 
audible signal.. i s  i n i t i a t e d  when the pump power deviates  +l@ from normsl. If 
t h e  ownp p o w r  deviates  +2G$, a reactor  sel;imck i s  i n i t i a t e d  t o  s top fi .ssion 
a-cd emla heat  generation i n  the loop core.  

- 

5.5.2 Low - Loop Tenperature 

A decrease iz  the loop tem.pera’iure r e s u l t s  i n  a decrease i n  the  rate of 
recombination of t h e  hydrogen and oxygen dissolved i n  the loop main stream (by  
reduction i n  ca t a lys t  a c t i v i t y ) .  

A decrease of 3°C i n  loo? temperature 
results i n  a .local panel-board alarm. A 5 ° C  decrease i n l t i a t e s  a reac tor  s e t -  
beck t o  s top the generation of r a d i o l y i i c  gas.  

Excessive radiolyt ic-gas  pressures a re  avoided 
i_ minim?Lze tile hazard of an explosion. 
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5.5.3 High Loop Temperature 

High loop temperature, except i n  t‘ne core, i s  not of primary importance 
from a s a f e t y  standpoint.  
i n  a l o c a l  alarm so t h a t  the operator may iu7:t;iate correct ive act ion.  

An i-ncresse i n  loop temperature of 5 ° C  r e s u l t s  only 

5.5.4 High Core Temperature 

The ternperatu-re a t  the most foi*ward pos i t i on  of t h e  loop core sect ion i s  
ind ica t ive  of t he  amount of f i s s i o n  and gama  beating. rl’hus an increase i n  t h e  
core temperature would ind ica t e  a concentrating of f u e l  solut ion (chemical 
i n s t a b i l i t y )  o r  a recluetion of heat t r a n s f e r  i n  the core region (from loss of 
f low).  
board. A 1 0 ° C  increase r e s u l t s  i~r i  a r eac to r  setback t o  stop t h e  generati.on of 
f i s s i o n  and gamma heat.  

A 5 ° C  increase i n  core temperature results i n  a l o c a l  alarm a t  t h e  panel 

5 .5  -5 Low Pressurizer  Inlet; Temperature 

The ternperatu.re o f  fuel. enter ing the  pressurizer  i s  control led by the 
pressurizer-heater  power. A decrease i n  the pressurizer  temnperature, which 



may be csused by f a i l u r e  of -tile pres s ix i ze r  heater ,  r e su . l . t s  i n  a decrease i n  
the r a t e  of recornbination of radj.olytic gases and a l s o  redu-ces the  quant i ty  of 
diluient steam. Too great  a% increase i n  th.e  concentration of these gases 
(H2 f 1/2 0%) would cons t i t u t e  ai? exp1.osion hazard. 
i n l e t  temperature r e s u l t s  i n  a. l o c a l  a l ~ a m ,  and a ~ I ~ O C  decrease r e s u l t s  i n  a 
reactor  setback. 

A 3OC decrease i n  pressurizer  

5.5.6 R:.gh P r e  s su r  i z e r Temperature 

An increase i n  the pressurizer  temperature r e s u l t s  i n  ail increase i n  the  
loop  pressure,  which cou1.d affec-t. the i n t e g r i t y  of the loop. 
i s  cause f o r  a l o c a l  panel. board alalnr. An increase of 5°C i n i t i a t e s  a r eac to r  
setback t o  s top the production of r a d i o l y t i c  gases un-t:i.I. t he  loop temperatures 
a r e  brought back under control .  

An increase of 3°C 

5.5.7 -.__.I. Low Loop Pressure 

The loop pressure i s  made up of steam vapor pressure,  excess-oxygen p a r t i a l  
pressure,  and the  p a r t i a l  pressure of radiolyGic gas. A decrease i n  loop pres- 
sure can have ser ious consequences f o r  one of several  reasons: 
steam pressurizat ion re suJ . t s  i n  an increase jn t h e  concentration of r a d i o l y t i c  
gas, wi.tii an increase i n  tiie p o s s i b i l i t y  of an explosion (as noted i n  S e e .  5 . 5 . 5 ) ;  
( 2 )  it may indicate  a leak; a d  ( 3 )  a decrease i n  t'ne Lotal system p r e s s w e  may 
allow outgassing i n  Yhe main .loop stream and a f f e c t  t he  r a t e  of fue l  c i r cu la t ion .  
A decrease of 20 p s i  from the  normal operating pressure w i l l  give a l.ocal alarm, 
and a decrease of 115 p s i  w i l l  r e s f i t  i n  a r eac to r  setback t o  stop production of 
radio]-y'iic gas. 

(1) a loss  of 

5.5.8 High Loop Pressure -- 

b increase i n  bile loop pressure i s  undesirable, as it can a f f e c t  t he  
integrj.-iy of the loop. A pressure increase may a l s o  r e s u l t  from increasing 
amomts of rac?i.olyt,ic gas i n  the  pressurizer ,  which i s  hazardous i f  explosive 
proportions a r e  a t t a ined  ( s e e  See. 7.4.2). Increases of 20 and 45 p s i  r e s u l t ,  
respectively,  i n  a l o c a l  alarm and a reactor  setback. 

5.5.9 T,oop Leak 

Any leakage of radioacii-ve mater ia l  from the loop would be confined wit'nin 
ihe loop container.  'To de tec t  such a leak a t  t he  e a r l i e s t  possible moment and 
a,llow e a r l y  co r re r t ive  action, a small. a i r  sweep through the container i s  main- 
ta ined a t  all .  times. This a i r  i s  routed through a charcoal t r a p  t o  adsorb 
radioactive gases picked up by the air ,  and a radi.ation detector  nounted c lose  
t o  t h i s  trap i s  s e t  t o  give a l o c a l  alarm and a reac.tor setback. Furthemore,  
i f  r ad ioac t iv i ty  i s  detected., valves i.n 'ihe air-sweep l i n e  a r e  closed automati- 
c a l l y  t o  confiiie t he  r ad ioac t iv i ty  wi1;hi.r~ t'ne container.  

5.5.10 Capillary-Tube Leak 

A leak i n  one of' t he  fou r  capi-l lary tubes connected t o  t he  1 .00~  and termi- 
nat ing in.  the s m a 1 . l  equiprr,en-t chamber would r e s u l t  i n  the discharge of f u e l  
solut ion into tiie equipment ciia&ers. The equipment chambers a r e  maintained a t  
a slight1.y negative pressure v i a  the  reactor  off-gas system. I n  addition, t h e  
equipment chaxher is  connected to t he  reactor  'not-drain systelii. 
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The four  r ad ia t ion  monitors located near these foiir  Lubes i n  t h e  s m a l l  

equipment chamber a r e  used to give a itrarniiig and a r eac to r  setback when radio- 
a c t i v i t y  i s  detected.  Water spray nozzles mounted i n  t'ne chambers may be used 
t o  f l u s h  any radioact ive mater ia l  t o  t h e  hot-drain system, and rharcoal t r a p s  
a r e  provided €or adsorpition of radioact ive gascs before discharge t o  the reactor  
stack. 

5.5.11 Beam-Hole Radiation 

The neutron d-etector mounted i n  the lead door of t he  s m a l l  equipment chamber 
d i r e c t l y  i n  l i n e  with the be-m hole w i l l  s i gna l  a r eac to r  setback upon detect ion 
of neutron leakage from the  beam hole .  

6. LOOP TESTINC: AND PREPARATORY OPERATIONS 

P r i o r  t o  t h e  f i n a l  assembly of a loop the core, pressurizer ,  p re s su r i ze r  
hea.ter, and i n - l i ne  specimen assemblies a r e  checked separa-te3.y and calllbrated 
f o r  flow rate vs pressure drop. The pimp i s  operated i n  a t e s t  stand t o  ersure  
s a t i s f a c t o r y  performance before it i s  insta. l led i n  .the loop. 

After  the I.oop has been assembled, it i s  ready f o r  t h e  various t e s t s  and 
operations t h a t  a r e  perforined before it i s  approved f o r  i n -p i l e  service.  Hydro- 
s t a t i c  pressure checks i n  excess of operating pressure , measurements of .the flow 
r a t e  through t'ne d i f f e r e n t  components of 'the system ( t h e  pressure t aps  used f o r  
thi.s purpose a r e  subsequently seal-welded), and leak checks w i t h  a helium l eak  
d-etector a r e  made. If no leaks a r e  detected and i f  flow indicat ions a r e  sa t i s -  
factory,  t'ne loop i s  connected t o  a l l  service l i n e s  (thermocouples, pressure and 
d ra in  l i n e s ,  and e l e c t r i c a l  l eads ) ,  and the  sh i e ld  plug and loop connector a r e  
mounted in pos i t i on  so t h a t  the service leads can be passed through the openings 
provided. The loop i s  t'nen operated with a. 3 hit $ trisodiurn phosphate solut ion 
c i r cu la t ed  a t  100°C t o  degrease tne loop piping. This i s  followed by operation 
with a 5 wt  % n i t r i c  ac id  solut ion at  l0O"C:.  T'ne n i t r i c  ac id  solut ion i s  regu- 
l a r l y  analyzed t o  v e r i f y  the required high q u a l i t y  of t'ne mater ia ls  used i n  the 
construction of t he  loop i n  terms of nature and buildup of  corrosi.on products. 

6.1 Pressure-Temperature Correlation 

Since t h e  water-vapor pressure i n  the  loop pressurizer  must be accu-ately 
known i n  order t o  detennine t h e  p a r t i a l  pressures of added oxygen and r a d i o l y t i c  
gas, a pressure-temperature co r re l a t ion  i s  made i n  t h e  loop  a t  elevated. temper- 
a tu re .  This c a l i b r a t i o n  i s  made by evacuating the  loop and charging with wat,er. 
The loop i s  then brought to operating temperature, arid the  pressure observed i n  
t h e  p re s su r i ze r  i s  compared with t h e  pressurizer  temncerature measurement. Norm- 
a l l y  a va r i a t ion  of up t o  - t l ° C  i n  temperature, compared with the  steam-table 
pressure-temperature relatyonship , i s  considered acceptabl-e, and any deviation 
within t h i s  l i m i t  i s  used as a temperature correct ion f a c t o r  during i n - p i l e  
operat  ion. 

6.2 Out-of-pile Operation 

Following the  "steam ca l ib ra t ion , "  oxygen gas i s  added and the  loop i s  
operated. a t  temperature and pressure f o r  1.00 t o  200 h r .  During t h i s  period the 
loop i s  c a r e f u l l y  checked f o r  proper operation, a l l  therrmcouple and pressure- 
c e l l  measurements are checked f o r  accuracy and rel iabi l . i ty ,  2nd the  influence of 
t'ne pressurizer-  jacket temperature on the oxygen partiaI.-pi-essure detei-mination 
i s  observed (Fig.  42 ) .  
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on Oxygen P a r t i a l  Pressure i n  Pressuri .zer .  

The loop  i s  then f i l l e d  with a solut ion of menriched u r m y l  s u l f a t e  con- 
tai-ning copper s u l f a t e ,  used t o  catalyze tlie recombination of r a d i o l y t i c  hydrogen 
and oxygen, and siil.furic acid,  required t o  maintain chenics!. s t a b i l i t y  of t h e  
f u e l  sol-ution, a t  t h e  concentrations proposed f o r  i n - p i l e  opera-tion, The loop 
i s  opt2rai;ed f o r  a prescribed time (usua l ly  1-00 t o  200 h r )  at  opera-ting temperature 
and p res swe .  Again, carefu l  a t t e n t i o n  i s  given t o  proper loop operation, and 
thermocouple and pressure measurements are m.ad.e. Throughout t he  out-of -p i l e  t e s t  
operation inteimit ter , t  l eak  and e l e c t r i c a l  checks a r e  made; and s ince t,he 1-oop 
container has not beeu i n s t a l l e d ,  r epa i r s  ( i f  required) car. be m a d e .  
loop container i s  i n s t a l l e d  arouiid the  loop and welded t o  t h e  container bulkhead, 
through whicfi a l l  service l i n e s  pass. The con-t;ainer-aud-bulkhead assembly i s  
pressure- tes ted t o  400 p s i a  with helium gas t o  v e r i f y  i t s  abi.l.ity t o  contain any 
3.en.k~ o r  ruptures of t h e  loop during operation. 
t'hi-oiigh t h e  container w a l l  i s  not permissible,  a small helium leak ra te  I s  allow- 
ab le  t,hrou.gh t h e  thermocouple, e l e c t r i c a l  w i r e ,  and -tubing penetrat ions i n  t h e  
container bulkhead. 
t o  .the reactor  off-gas system ( t o  which the  loop  f a c i l i t y  i s  vente&), a t o t a l  

Next, the 

Although 1.enbage of helium 

Based on the tolerances f o r  discharge of radioact ive gases 

I__ 

7H. F.  McDuffie e t  a l . ,  "Homogeneous Catalysis  I'or Xoulogencous Reactors. -- 
Ca-talysis of t h e  Reaction Between Hydrogsn and Oxygen," J. Phys. Chem. 62 
1030 (1-958). 

-J  
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helium l eak  r a t e  of 2 x low3 scc/sec through the  bulkhead seals with a 50-psi 
d i f f e r e n t i a l  pressure i s  considered acceptable.  A radiation-shield. plug i s  then 
jo in t ed  t o  the  loop by means oE t h e  connector, and the  connector i s  then covered 
with a t h i n  brass membrane ( s e e  Sec. 4 .3) .  

To ensure t h a t  t'ne canned 1.00~ and shj.eld plug w i l l  f i t  within the  b e m  
hole of the experimental. reactor ,  a dupl icate  o r  :flockup of' t he  beam-hole l i n e r  
i s  provided f o r  out-of-pile t e s t i n g .  
a l l y  i d e n t i c a l  t o  t'ne one i n  the r eac to r .  T2e completed loop and shield-plug 
assembly, which i s  r e fe r r ed  t o  as t he  loop package, is i n s t a l l ed .  in t'ne mocklip 
beam-hole l i n e r  and checked f o r  proper f i t ;  operation of t he  loop within t h i s  
clvpl.i.cate l i n e r  i s  continued u n t i l  t he  loop i s  judged s a t i s f a c t o r y  for i n -p i l e  
operation. 

This mockup beam-hole U n e r  i s  dimension- 

During the preparatory operations and perfomance checks, a t y p i c a l  1.00~ 
is  usua l ly  operated for approximately 500 hr .  A suwnary o f  these operations f o r  
a t y p i c a l  loop i s  shown i n  Table 1. 
performance i n  t h e  out-of-pi le  t e s t s ,  it i s  ready f o r  i n - p i l e  operation. Ca.nnon 
miLtipoint disconnect plugs f o r  thermocouple and e l e c t r i c a l  leads allow the loop 
package t o  be unplugged at t he  mockup a d  t o  be plugged i n t o  i d e n t i c a l  discon- 
nects  at the  reactor .  After  it i s  removed from the mockup, the loop package i s  
t ransported t o  t h e  r eac to r .  

After t he  1.00~ has demonstrated s a t i s f a c t o r y  

Table 1. Summary of Preparatory Operations 
f o r  a Typical Loop 

Conditions 

4 3 w t  % tr isodium phosphate + He, 100°C 
24 5 w t  '$ KN03 + He, 100°C 

Variab1.e H20 ( "s-team ca l ib ra t ion" )  
100 H20 + 02, 250°C 
40 0.17 m U02S04 (normal) + 0.031 m CuS04 

+ 0.006 m H2S04 + 02, 250°C 
Instal .1 container can around loop, connect sh i e ld  plug, 

and install. assembly i n  beam-hole l i n e r  mockup 
150 o .Y( ^frz U O ~ S O ~  (nornial) + o .031 "iiz CUSO~. 

f 0.006 m H$04 + 02, 250°C 

7 .  IN-PI-LE OPERATING CONDITIONS AND I'ROCEDURXS 

ln order For s ign i f i can t  data  t o  be ob'iained from an in -p i l e  loop, the loop 
must operate f o r  a r e l a t i v e l y  I.ong period of t:ime (1000 t o  2000 h r ) ,  and this 
operation must be p r a c t i c a l l y  continuous after h s t a l l a t i o n  in -the r eac to r .  
Maintenance operations t h a t  may be performed while t he  loop i s  i n  place i n  the 
reactor  a r e  very l l h i t e d .  Therefore great  care i.s taken t o  ensure troub1.e-free 
operation. During the period of t'norough t e s t i n g  preparatory t o  in -p i l e  opera- 
t i on ,  t h e  loop must demonstrate s a t i s f a c t o r y  performance. It must supply evi-  
dence that it i s  capable of long-tern1 operation without mairitenance. Then, a f t e r  
t he  loop has been instal.led i n  t he  reactor ,  misoperation i s  guarded agairist by 
close adherence t o  check l i s t s  ( s e e  the  appendix) t h a t  detail each s t ep  ir, -the 
operations.  T-n t he  foll.owing paragraphs, some important opera-tional procedures 
a r e  b r i e f l y  described. The loop flowsheet (Fig.  2 3 )  should be r e fe r r ed  t o .  



-50- 

7.1 Checkowt Operation a t  the  Reactor P r io r  t o  
Heactor Ins Lall~aiion 

The empty loop delivered t o  t h e  reactor  i s  f i r s t  f i l l e d  with water, and 
oxyger, gas i s  ad.d.ed for ar. operating t e s t  p r io r  t o  ins-talI-at.ion i n  the  beam hole.  
This i s  accomplished by ma.kj.ng connections with the  disconnect plugs i n  the  small 
equipment chamber while the loop i s  ou-'iside the beam hole .  ConnecLtons to t h e  
a u x i l i a r y  equipment a r e  also made. This  operzting t e s t  al.lows a check of a l l  
 instrument;^ and aux i l i a ry  equipment arid a conf inflation of infoiiiiation obtained 
i n  the  mock.up. 

Next t he  loop i s  charged w i t ' ?  uranyl sulfate  sohi t ion containing enriched 
The 2 . 0 0 ~  i s  then operated i n  urantiun, and oxygen gas 7.s added ( s e e  See. 7 . 2 ) .  

a final.  checkout for a short  time a t  t'ne temperature and pressure expected during 
i n - p i l e  operation. 

7.2 'Tnitial  Fuel. and Oxygen Addition 

Uranyl s u l f a t e  fue l  solu.tion i s  charged t o  the 1009 before it i s  i n s t a l l e d  
ill t he  experimental beam hole.  This i s  done by evacuating t h e  loop and then 
allowing f u e l  t o  be dram i n t o  tine loop from a t a red  graduate so that, the weight 
and voluiile of f u e l  added can be measured exactly.  A d i f f e r e n t  procedure, de- 
scribed i n  Sec .  ,7.4.9, i s  u.sed. to add f u e l  t o  the  loop  a-f-ter i n -p i l e  operation 
i s  starLed. 
CuS04, and 0.04 m H2S04 dissolve& i n  eit;her H20  o r  D20. 

A t y p i c a l  f u e l  solut ion wolfid be 0.17 wz U02S04 (enriched) ,  0.031 m 

After  the fuel solu:t,ion has Seen charged t o  the loop, oxygen i s  introduced 
i n t o  the  vapor space of t he  p re s su r i ze r .  The oxygen is  added from t h e  oxygen 
add.ition an3 neter ing system i n  the l a rge  equiprent chamber ( s e e  Sec. 4.9), and 
the  same system i.s used when subsequent oxygen ad.ditions a r e  required during in-  
pi1.e operation. 

The amoimt of oxygen added i s  ca re fu l ly  measiirea so t h a t  it can be corre- 
l a t e d  with t i i c ?  oxygen p a r t i a l  presslure developed iii t he  pressuxizer a t  operating 
teiliperature i n  terms of the volume of oxygeri per u n i t  of pressure.  %is  "oxygen 
Iac-tor" ( c c  0, (STP)/psi O2 pressure) i s  used to  estimate t h e  quant i ty  of oxygen 
consumed i n  corrosion from !;he oxygen par t ia l -pressure measurements obtained 
during tile i n - p i l e  m. 

Oxygen ad.di.tioiis a r e  made throu.gh a c a g i l l a r y  tube whLch connects t'ne pres- 
su r i ze r  with .the oxygen ta.iik. This tube j.s f i l l e d  with water a f t e r  t h e  oxygen 
ad-dition t o  prevent possible  diffusion ol" radi .olyt ical ly  produced hydrogen i n t o  
t h i s  lirie, which would create  ami explosion hazard. 

7.3 I n s t a l l a t i o n  Procedure 

i n s t a l l a t i o n  of the loop package i.n the beam hole comprises the  following 
s ieps ,  which can usual ly  be accomplished i.n an 8-hr period: 

1. 'rhe loop package i s  in se r t ed  i n  'the experimental beam hole.  

2 .  'lihe c a p i l l a r y  tubes from the  loop package and cooling-water l i n e s  and 
air l i n e s  a r e  connected t o  corresponding l i n e s  at  t he  face of t he  reactor .  

3 .  The elecki-ical  leads and thermocouples are pl.ugged i n  and t e s k d .  



4. Cover p l a t e s  and l ead  shielding a r e  i n s t a l l e d  around the  equipment 
chambers. 

.I+ In-Pri1-e Operation of LOOP 

After  i n s t a l l a t i o n  i n  the r eac to r  beam hole, t he  loop i s  brought t o  oper- 
a t i n g  temperature and pressure.  When Yne loop has reached s teady-state  operating 
condii;j.ons, oxygen pa r t  ia l -pressure measurements a r e  begun. ( 'l?hese measurements 
a r e  rou t ine ly  made and recorded throughout the e n t i r e  i n -p i l e  operating period. ) 
A t  t h i s  point the r eac to r  may be brought t o  power. I n  the i n - p i l e  loop f a c i l i t y  
at  the OH?, t he  loop i s  normally operated i n  the r e t r ac t ed  posi t ion,  where it i s  
pract , ical ly  out of the high-neu Lron-flux region, during the  period when t h e  
reactor  i s  brought t o  power, and Lhe loop i s  then in se r t ed  f o r  exposure t o  the  
neutron f lux.  Normal operating temperature of t h e  various loops i n - p i l e  i s  i n  
the  range of 250 t o  300°C, a n d  the temperature i n  the loop main stream i s  con- 
t r o l l e d  within +2OC. The pressurizer  temperature i s  usual ly  15 t o  30°C above 
t h a t  of t he  loop and i s  more c1osel.y controlled,  usual ly  t o  wit?iin + l " C .  - 

The s t a t u s  of t he  loop during operation i s  detemined by measurements of 
t empe - ra t  ure  , pres sure, loop -heat;er power, pres  s u r i  z e r  - hea te r  power, and pump 
power. 
t o  prevent t h e  formation of explosive mixtures of r a d i o l y t i c  gas i n  t h e  pres- 
s u r i z e r  and t o  prevent bubble form-a-tiion i n  t'ne loop main s-tiearn. Further, a 
knowledge of t he  amomt of f i s s i o n  and garma heat. generated i n  tile loop i s  ob- 
t a i n e d  from the various heater-power and temperature measurements, and from t h e  
measurements t he  loop and p res su r i ze r  flow r a t e s  can be calculated.  From t h e  
measuremerits of temperature and pressure i n  t h e  pressurizer ,  t h e  p a r t i a l  pres- 
sures of steam, oxygen, and radio1ytj.c gas can be d.e-i;emiiied. 

Information obtained from such measurements provide a bas i s  f o r  ac t ion  

7.4.1 Determinat,ion of Steam, Excess-Oxygen, I_ and Radiolytic-Gas Pressure 

Precis ion measurements of t he  system pressure a1-e made by means of a s t r a i n -  
gage pressure c e l l  located i n  the s m a l l  equipment chamber and connected t o  the  
gas space i n  the pressurizer  t'nrough a 4 0 - m i l - i X  tube.  
of the p a r t i a l  p x s s u r e s  of steam, excess oxygen, and r a d i o l y t i c  hydrogen and 
oxygen. 

'This pressure i s  t h e  sum 

The p a r t i a l  pressure of steam i s  determined from t h e  precis ion temperature 
measarements of t h e  l i qu id  i n  the pressurizer .  The mea.surerr,ent of t he  excess- 
oxygen p a r t i a l  pressure i s  made a t  those times when t h e  r eac to r  i s  a t  zero power, 
or,  f o r  an ORR loop, when the loop  i s  i n  the  r e t r ac t ed  posi.ti.on ou t  of t he  neutron 
flux. This value i s  simply the  difference between the steam p a r t i a l  pressure and 
t h e  t o t a l  system pressure before f i s s ion ing  occurs. 

The radiolyt ic-gas  pressure i s  determined from the  increase i n  pressure 
whlnich results when the loop i s  placed i n  the neutron flux. For a t y p i c a l  loop 
t h e  p re s su r i ze r  i s  operated a t  it temperature 0 .C  300°C, which corresponds t o  a 
saturated-steam pressure of  1250 p s i .  Usua1.l.y about 100 p s i  of excess oxy-gen i s  
maintained i n  the pressurizer  vapor space, and a radiolyt ic-gas  pressure i n  t h e  
order o f  20 p s i  i s  normal. Thus a to.La1 system pressure of 1370 p s i  may be 
expected f o r  a t y p i c a l  i n -p i l e  loop. 
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'( .4.2 Explosive Mixtures i n  Fressurizer  

Explosive mixtures of  r ad io ly i i c  hydrogen and oxygen (knallgasx) could be 
a t t a ined  i n  the pressurizer  vapor space" 
t o  f a i l  and i f  the gases continued. t o  be generated. Similarly,  i f  the s team 
diluent  i n  the  pressu.rizer were decreased as a resi j l t  of a decrease i n  the  pres- 
su.rj.zer terrperature, the hydrogei;-oxygen and steam mixture could also approach 
an expl.osive proportion. With t he  control  specif j-cation placed on t o t a l  system 
pressu-re (+20 p s i )  and reacto.r setback (+it5 p s i ) ,  any increase jn pressiire 
which woull accompany the  f a i l u r e  of  t he  ca t a lys t  can be detected and correc- 
t l v e  action automatically taken well. before an explosive concentration i s  
reached. 

i f  t he  recoinbination ca t a lys t  were 

I n  mixtures of kna l lgas - s t em f o r  i n -p i l e  loops where pressurizer  tempera- 
t u r e s  a r e  i n  the range of 280 t o  300°C, ilo react ion ( i g n i t i o n  or detonation) i s  
possible unless t h e  r a t i o  of  p a r t i a l  pressure of knallgas t o  t h a t  of s t e m  ex- 
ceeds -'.($ (1Ight-water system) o r  -23% (heavy-water system) .'' 
l imits  the pressures which r e s u l t  from a react ion j-ncrease wj.-tli increasing 
knallgas proportion. For exanple, t he  pa r t i a l -p re s su re  r a t i o s  must be increased 
t o  about 18 and 4%, respectively,  f o r  l i g h t  and heavy water t o  produce react ion 
pressures of  about 1 . 4  times the  i n i t i a l  mixture pressure.  

Above these 

Based on these corisiderations and taking i n t o  account t he  1 .00~  design pres- 
sure o f  2000 psta,  radiol2t ic-gas  pressure increases f o r  l i g h t -  and heavy-water 
systems of 130 and 270 p s i  can be to lera ted  i n  a loop i n  which the  p re s su r i ze r  
temperature i s  300°C and wikh a normal radiolyt ic-gas  partial. pressure i n  tine 
pressuri.zer of 20 p s i .  

Since the allowable rad.iolytic-gas concentration depends on the  loop oper- 
a t i n g  conditions, each loop experiiaevlt i s  analyzed so t'nat operating conditions 
a d  sa fe ty  inter locks a r e  es tabl ished which precl.i.de the  attainment of explosive 
mixtures i n  t h o  pressurizer  vapor space. 

IT tile pressure should approach a dangerously high value, the reactor  
would be " se t  back" t u  s top generation of radi.ol.ytic hydrogen trnd. oxygen, and 
the temperature of t he  loop would. be maintained loilg enough t o  allow rccomb-1.- 
nation of t h e  hydrogen and oxygen, which woul.d. proceed even wlth ca t a lys t  
fal.l.ure but at  a much lower r a t e .  The specif icat ions placed. on temperature 
control. of the pressurizer  (+3"C) a l so  preclude any s ign i f i can t  decrease i n  
'ihe steam d i luen t  i n  tne pressurizer  vapor space, which would al.so lead t o  
explosive concentrations oT knallgas, before t'ne reactor  vi11 be signaled for 
a f a s t  setba,ck. 

---- 
*Knallgas 3 Stoichiometric mixture of hydrogen and oxygen 

%. A. Pray, C .  E. Schwei.ckert. and E. F. Ste-Dhan. Exolosion T i h i t s  of the 
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Saturated Mixtures of Knallgas-Stem, Syracuse Uiilversl-t,y Research I n s t i t u t e  
Report Ch.E. ;l'(3-591F (Jan. 23, 1959). 

~~~~ ~ ~~ -.----.-.I_ 7 i- ~ 
~ -~ 'I. M. Macafee, -~ r' 

' O J .  A. Luker, L. B .  Adler, and E.  C .  Hobaica, The Formation .._..__ of ___- Detonation in 

r. ~ 

A , -  
- 

1-Waier SysteT a t  Elevated Terrqeratiires, BMI-705 (Nov. I., 1951 
. T r . .  Detonation. Exolosioit and Reaction L i n i i t s  of Saturated 

%. A. Pray, C .  E. Schwei.ckert, and E. F. Stephan, Explosion T i h i t s  of the 

'I. M. Macafee , Jr., Detonatj.on, Explosion and Reaction L i m i t s  of Saturxted 
Hydrogen-OxggFn-Waier System a-i; Elevated Terriperatures, BMI-705 (Nov. I., 1951 

Stoichiorrietric Hydrogen-Oxygen-Water Mix txrec, Syracuse Report L'h .E. 
2,.73-566hF4 ( J u l y  I-, 1946). 

Saturated Mixtures of Knallgas-Stem, Syracuse Uiilversl-t,y Research I n s t i t u t e  
Report Ch.E. ;l'(3-591F (Jan. 23, 1959). 

-.----.-.I_ 

' O J .  A. Luker, L. B .  Adler, and E.  C .  Hobaica, The Formation .._..__ of ___- Detonation in 



7.4.3 Preverkion of Bubble Fomiation i n  I A e  Loop Main Stream 

Since i n - p i l e  loops a rc  p a r t i a l l y  steam-pressurized, the dissolved.-gas 
pressure 5.n the main stream can be main-Lained well  below the  sa tu ra t ion  pressure, 
and thus the  formation of  bubbles i s  avoided." Absence of bubbles i n  tlie loop 
main stream red.u.ces the  possibil.ity of explosive mixture:: i n  the system, el.imi- 
nates a possible source of  corrosion accelerat ion from cavi ta t ion,  and prevents 
gas binding of t he  pimp irripeller, which wou1.d r edwe  the  f u e l  c i r cu la t ion  r a t e .  
To maintain t h i s  condition, it i s  necessary t o  maintain the  pressurizer  terpera-  
t u r e  above t h e  loop temperature at a l l  times i n  order .to provide s u f f i c i e n t  steam 
overpressure. This requiremen-t i s  p a r t i c u l a r l y  irnpor-Lant d.u.ring heatup, because 
i n  tiie temperature range from 90 t o  1.20"C the oxygen s o l u b i l i t y  passes through a 
minimum (maximum pres  sure ) . 

Usually t h e  sa tu ra t ion  gas pressure would be exceeded f i r s t  i n  the piuiip- 
ro to r  czv i ty  where tlie temperature i s  approximately 100°C, which i s  near t h e  
point of minimum soh.ibil_ity (maximum gas p a r t i a l  pressure). Gas bubbles are 
rerzdily detected i n  t h i s  space s ince outgassing reduces c i r cu la t ion  of t he  f l u i d  
i n  t h e  pump-rotor cav i ty  p a s i  t'ne pump cooler and r e s u l t s  i n  an excessive pump 
temperature, which gives a v i s i b l e  and audible panel-board alarm. 

' r . b .1~  G a s  Addition 

A s  corrosiori proceeds i n  a s t a i n l e s s  s t e e l  loop, oxygen i s  consumed and the  
pressure of excess oxygen decreases. Thus, fron time t o  time throughout the 
period of operation, oxygen gas i s  added to t he  p re s su r i ze r  i n  amounts s u f f i c i e n t  
t o  r e tu rn  tne p a r t i a l  pressure of oxygen t o  i t s  o r i g i n a l  value (usua l ly  ab0u.t 
100 p s i  a t  300°C). For  a t y p i c a l  loop the  oxygen pressure i s  reduced by 2.8 psi. 
per day f o r  an over-all. corrosion r a t e  of 1 mpy, and t h e  oxygen pressure i s  usu- 
a l l y  not allowed t o  drop below 25 p s i ,  Under these conditions an oxygen addi t ion 
would be required about every two weeks. 

Oxygen addi t ions a r e  made from t h e  gas addi t ion and me-tering system (Sec. 
4.9). 
i s  ca re fu l ly  measured. 
p a r t i a l  pressu-re of oxygen i n  the  pressurizer  by 1 p s i .  

A s  i n  the case of t he  i n i t i a l  oxygen addition, t he  amou-nt of oxygen added 
Usually about 1.5 cc (STP) i s  required t o  increase the 

Following each addi t ion of oxygen, t he  c a p i l l a r y  tube thi-ou& which the  gas 
is  ad.ded i s  r e f i l l e d  with water from the  water expansion chamber (Sec. 4.8). 
This r e f i l l i n g  operation is made at  loop operating pressure,  and the  quant i ty  
of water i s  control led so t h a t  an excess wi .11  not en te r  t h e  loop and d.i.l.ute t h e  
f u e l  solution. 

7.4.5 Pressurizer  Flow-Rate Measurement - 
The r a t e  of f low through the  p e s s u r t z e r  i s  f ixed  by tlne pressure d.rop be- 

tween the two points  on the  loop a t  whtch -[;he pressurizer  i n l e t  l i n e  and e x i t  
l i n e  a r e  connected. This r a t e  i s  norma1.l.y a-t about 6 cc/sec (0.10 gpm). The 
r a t e  during i a - p i l e  operation i s  determined from the  pressurizer-heater  power 
measurements. A t  s teady-state  iernperature conditions ( e  .g., with tlie loop a t  
250°C and tiie p re s su r i ze r  a t  280"~; a A t  of  30°C through the pressurizer  hea te r ) ,  

nE. F. S t e p h a ,  N .  S. Hatf ie ld ,  X. S. Peoples, H. A. Pray, The So:lubil..ity of 
Gases i n  Water and i n  Aqueous Uranyl. Salt, Solutions a t  Elevated Temperatures 
and Pressures,  BMI-lO6'j (Jan. 23, 1956). 

-I 
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ca re fu l  measureifleiit of average pressurizer-heater  power i s  made by using the  
watt-hour meter. A s i m i l a r  measurelileiit of pressurizer-heater  power i s  a l s o  
made a f t e r  t he  1 .00~  temperature ha.s been lowered (or r a i sed )  5"C, which charges 
the A t  between the J-oop 2nd p res su r i ze r  by a corresponding aixoimt. From these 
two measurements t he  pressurizer  flow r a t e  can be accurately calculated.  This 
mexsnre:nent is nornally made 0n.l.y infrequently,  since a subs t an t i a l  change i n  
pressurizer  flow w i l l  be r e f l ec t ed  i.n t'ne hoster  power demand, which i s  contin- 
uously monitored and recorded. 

The fl.ow of p a r t  of t he  f u e l  soliltion through the pressurizer  i s  important 
f o r  two reasons: (1) t o  rnainta.in and control  t'ne pressurizer  ternperature by the  
f ' low of solut ion Prom the pressurizer  heater  .to the pressurizer  and ( 2 )  i n  order 
t h a t  oxygen gas ad.ded t o  the pressurizer  vapor space w i l l  be t r ans fe r r ed  t o  the 
loop, and conversely iiiat radi.ol.ytic gas generated i n  the 1.00~ core sect ion w i l l  
be t r ans fe r r ed  t o  t he  pressurizer .  I n  -this manner the concentrations of these 
gases i n  the  pressurizer  represent the concentrations i n  t'ne J.oop main stream, 
and the s e cone ent i*it t i on s can be c a1 c u l  a t  e d from p a r t  i a l -  pre s sure mea surernent s 
( see Sec. '7.4.1). 

7.4.6 Loop Main-Stream Flow I____I_-.. 

Fuel solut ion c i r cu la t e s  a t  a raLe of about 350 ml/sec ( 5  gpm) i n  Liie loop 
main stream, with 5 t o  8 cc/sec bypassed Ynroiigh t'ne pressurizer .  Thc flow r a t e  
i n  tile loop main stream i s  not rricinitored direct1.y during in -p i l e  operations.  
AlLhou& a small .  change i n  the fJow r a t e  cannot be detected, s ign i f i can t  changes 
a r e  r e f l ec t ed  i n  temperature increases i n  the core sect ion.  

For the loop core design used i n  tlne LITR I.oops, a flow r a t e  one t h i r d  of 
noma1 r e s u l t s  i n  a 5 ° C  r i s e  i n  the  core nose tempel-ature f o r  a loop i n  which 
t h e  f i s s i o n  and g m L a  heat  i s  -1200 SJ. Because of Lhe increased flow ve loc i ty  
and improved flow gecmetry of t h e  core used i n  t he  ORR loop, a decreased flow 
r a t e  had very l t t t l e ,  i f  any, e f f e c t  on the core nose temperature. I n  the OF3 
~.oop, the teniperabure r i s e  t i rough tile core (rinlet t o  o u t l e t )  w a s  accurately 
monitored by means of a d i f f e r e n t i a l  thermocouple such t h a t  a temperature increase 
o:T 2 t o  3"C, which would accompany a threefold reduction i n  flow ra t e ,  could be 
detxcted. Changes i n  the pump power demand a r e  a l s o  used as a measure o f  Large 
changes i n  flow ( r e f e r  t o  Sec. 5.3.1).  

The flow r a t e  can be changed de l ibe ra t e ly  by operating the  pimp from a 
variable-frequency motor-generator s e t ,  since the flow r a t e  i s  a h l o s t  d i r e c t l y  
proportional t o  the  pump speed. Each pump and loop a r e  ca l ib ra t ed  a t  assembly 
t o  d-etermine the  relat ionship 0.f pump speed and flow r a t e .  

7.4.7 Fission and Gamma H e a t  Measurement 

The t o t a l  f i s s i o n  and gamla heat generated i n  the  loop i s  de-temined by 
heat-balance measurements around the  loop when the reactor  i s  shwt dorm and when 
-the reactor  i s  operating at  power. 
the loop tempera-Lixre i s  the same under both conditions .) 
merely requires  a summation o f  a l l  the heater-power inputs a t  t h e  two conditions.  
During periods of reactor  power operation, s ign i f i can t  changes i n  fine f i s s i o n  
and garmila heat are detected by means of t he  thermocouples a-t-tached t o  the  core 
sectj~on of the  loop. 

(Heat l o s ses  a r e  presumed constant, s h c e  
'This determina1;ion 

The t o t a l  fission-power generation i s  a1.x determined from analyses of f u e l  
samples for Cs137 content, and a f t e r  t h e  loop has beer, removed from the reactor  
znd dismantled, -tile f ission-energy gradient along the  axis of t h e \ c o r e  normal t o  
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t h e  r eac to r  l a t t i c e  i s  determined by measuring the a c t i v i t y  of cobalt-aluminum 
monitors. Further,  t he  a c t j v i t y  of  t he  Zircaloy-2 c o n o s i o n  t e s t  specimens can 
be measured and compared with ca l ib ra t ed  controls  f o r  add i t iona l  information on 
tile flux gradient throughout t h e  core.  I n  t h i s  manrier t'kte f i s s i o n  power i n  the  
solut ion a t  individual  specimen locat ions can be determined, so t h a t  t he  e f f e c t  
of f i s s i o n  power on corrosion can be gaged. 

Sarnples of f u e l  sol.i~tion a r e  rou t ine ly  removed from the  loop during in -p i l e  
operation. The samples a r e  t ransported t o  h o t - c e l l  f a c i l i t i e s  for chemical 
ana lys i s  t o  determine the  concentration of t h e  various const i tuents ,  such as 
uranium, copper, and acid,  i n  order t o  v e r i f y  t h e  chemical s t a b i l i t y  of Yne s o h -  
t i o n  und-es the loop operating conditions.  The concentration of f i s s i o n  products 
i n  the  solut ion i s  detemined, and the amount of corrosion products foi.md. (from 
t'ne corrosion OP t he  s-Lalnless s t e e l  loop) i s  used t o  determine ove r -a l l  loop 
corrosi.on where soluble products r e s u l t  (n i cke l  i n  the  case of stainl.ess s t e e l ) .  

Since t h e  f u e l  solutiori i s  highly radioactive,  a1.l samples are taken by 
means of t'ne remotely operated equipment i n s t a l l e d  i n  the shielded, large and 
s m a l l  equipment chambers. Fuel solut ion i s  drawn through t h e  c a p i l l a r y  tube 
connected to  t h e  loop main stream i n t o  the "standard drain volume" ( s e e  See. 
4.7.1) located i n  the l a rge  equipment chamber. 
d ra in  volume" is then i s o l a t e d  from t h e  1.00~ by valves,  arid the  t,ank i s  vented 
t o  the  gas holdup tank or  d i r e c t l y  t o  the r eac to r  off-gas system, depending on 
the  mount of r a d i o a c t i v i t y  involved. The l i q u i d  sample i s  then bransferred t o  
an ex te rna l  sample tank ( s e e  Sec. 4.7.2), contained i n  a shielded c a r r k r ,  by 
applying s u f f i c i e n t  gas pressure (<5O p s i )  t o  force the solut ion through the  
interconnecting l i n e s  and valves.  

The solut ion i n  t h e  "stmd.ard 

Since t h e  volume of t he  d ra in  l i n e s  and valves connecting t h e  loop and t h e  
"stmd.Ei.rd d ra in  tank" i s  l a rge  compared with the  volume of t he  solut ion sample, 
two purge samples, which consis t  principa1.l.y of stagnant solut ion from these 
l i n e s ,  a r e  taken and discarded t o  t he  f u e l  weigh tank. 
removed from the  loop is t h e  one usual ly  re ta ined f o r  chemical analyses.  

The t h i r d  d ra in  voli.une 

Extreme care i s  exercised during the  removal of a solut ion sample t o  pre- 
vent t he  possible  esc3pe of the highly radioact ive f u e l  sol.ution i n t o  the equip- 
ment chamber. During solut ion samplhg, as wel l  as during a1.l other  operations 
performed on the  loop while it i s  in-pKie, t he  operators (minimmi of  two required) 
follow a ca re fu l ly  de t a i l ed  check l i s t  t o  avoid misoperation. A l i s t  of t h e  
various operations and an exmip1.e of a check l i s t  a r e  included i n  the  appendix. 

7.4.3 Fu.el Addition ---- 

Fuel addi t ions t o  'the loop a r e  made i n  order t o  replace the  quant i ty  r e -  
moved i n  smpl.Fng o r  to chalige t h e  f u e l  composition f o r  experimental purposes. 
Fuel i s  added whi1.e the loop i s  operating at temperature rand pressure by means 
of the addi t ion system (described i n  Sec. )-i.8), which i s  interconnected with 
t h e  loop (Fig. 2 3 ) .  
highly radioact ive f u e l  solut ion rernai.ns i n  the  l i n e s  and va.lves between the  
loop and t h e  sample  tank.  Rep1acemen.t fue l  i s  therefore  added t o  t he  loop im- 
mediate1.y a f t e r  a sample has been ta.ken; t h i s  f r e s h  solut ion f lushes the l i n e s  
used i n  sampling and. reduces the  radioact, ivity.  I n  order t o  maintain a constsnt 
f u e l  iiiventory iii the  I.oop, t he  qiuantity or f u e l  added i s  ca re fu l ly  monitored by 
means of the ca l ib ra t ion  of t h e  addi t ion system made p r i o r  t o  t h e  in -p i l e  run. 

When a f u e l  sample i s  removed from the  loop, some of t he  



Occasionally it i s  desirable  t o  cbaiige t h e  composition of the f u e l  solut ion 
i n  the  loop without stopping f u e l  circvlati-on. This i s  acconiplished by removing 
a r e l a t i v e l y  l a rge  quant i ty  of fue l ;  approximately 300 r l  of solut ion can be r e -  
moved withou-t adversely a f f  ec'iing tlie loop operat;:i.on. The amoim t; removed i s  
then replaced with f u e l  of a d i f f e r e n t  composition from the  add-ition system. 
It i s  a l s o  possible t o  s top f u e l  c i r cu la t ion  and drain the loop completely and 
recharge it with f r e s h  f u e l .  For t h i s  operation t h e  reactor  must be shut down. 

'7.4.10 Loop Draining and Rinsing -_ 
When a loop has completed an in-pi1.e run, it i s  f reed of  most of the f i s s i o n -  

product a c t i v i t y  produced during the  operation by draining am3 r in s ing  before 
removal from i t s  in -p i l e  posi-t h i .  (By removi.ng tlie fission-product a c t i v i t y ,  
t he  t o t a l  a c t i v i t y  of the loop i s  d-ecreased sub::t;antially t o  minjmize exposlire 
of operating personnel during i t s  removal, although the removal equi.pment pro- 
vided f o r  the loop contains enough shielding t h a t  the loop can be handled even 
i.f the f u e l  so1ut:ion i s  not removed.) 
t o  the  fue l  weigh tank ( see  Sec. 4.5) i n  the l a rge  equipment chamber. The tube 
-throu.gh which fuel. i s  drained i s  ecpipped with a water-cooled jacket so  t h a t  
high-'ienperature solut ion may be cooled during the  draining operation. 'The f u e l  
solut ion wit'nin the loop i s  inaintained a t  a temperature of 180"~ or above while 
draining so t h a t  any r a d i o l y t i c  gas gerierated as a r e s u l t  o:f f ission-product 
r ad ia t ion  w i l l  continue t o  be recombined. Wash sol.utions a r e  then added t o  -the 
1.00~ and c i r cu la t ed  Cor a few minu.tes t o  f lu sh  any rermining fwl. from t he  loop. 
The wash solut ions a r e  a-lso drained i n t o  the  f u e l  we<.& tank. After  a period 
of decay, t he  con-tents of t he  rue1 weigh tank a re  removed and processed f o r  
urmium recovery. 

F i r s t ,  .the I'uel i n  t he  loop i s  drained 

Interconnected with the f u e l  weigh. tank i s  a LO-l.iter gas-hol.d.up tank ( s e e  
Sec. 4.6)) where most of the radioactive gases from the loop a r e  col lected and 
s tored.  This tank, a l so  located i n  the  shielded l a rge  cqiiipiiient chamber, s to re s  
the  gases u n t i l  i t  i s  safe f o r  fA1el-n t o  be rel.eased i n t o  the off-gas system. 

7.4.11. Emergency Drai.n -- 
An emergency drain procedure i s  used i : F  it i s  necessary o r  desirab1.e t o  

r q i . d l y  rernove the fu.el solut ion from t h e  loop.  For exaiiiple, a rapid removal 
of the f u e l  solut ion would minimize the  mount of radioactive solut ion discharged 
in to  the  container i f  a leak occurred in  the  pr3.rriar-y loop pri.pirig. I n  e i t h e r  
event t h e  loop i s  drained while a t  temperature and pressure.  
drain,  described above, t h e  loop i s  cooled t o  about 18ooc before draining.)  
Since it i s  an t i c ipa t ed  t h a t  t he re  i s  i n s u f f i c i e n t  time f o r  complete recoiiibina- 
t i o n  of t he  r a d i o l y t i c  gas under these conditions, t he  gaseous contents of -the 
loop a r e  d i lu t ed  wil;h nitrogen gas inmediately before dumping. This diluent  l s  
suppl.ied from an emergency nitrogen tank iimintained a t  a pressure 300 p s i  above 
t h a t  i n  t h e  loop; t h e  addi t ional  pressure a l s o  increases the  r a t e  of discharge 
of t he  f u e l  solut ion.  By means of t h i s  procedure t h e  f u e l  solut ion can be 
sa fe ly  t r ans fe r r ed  from tlie loop t o  the  r u e 1  weigh tank i n  l e s s  than 5 min. 

(For  the normal 

'7.5 Removal Procedure 

After  t he  loop has been drairied and rinsed, t h e  small sbfeldlng door i n  
frolit of t he  s m a l l  equipment chamber i s  opened; a.U e l e c t r i c a l  and thermocouple 
leads a re  cut a n d  moved t o  one side, aad then the  c a p i l l a r y  tubes a r e  clamped 
off i.n two places and cut between the two clamps. A c a r r i e r ,  shielded with lead 
and designed t o  contain t h e  loop package, i s  placed i n  f r o n t  of ,  and. d i r e c t l y  i n  
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l i n e  wit'n, t h e  be.m hole; the  loop and shield-plug assembly i.s withdrawn part1.y 
from the beam hole and part1.y i n t o  the  c a r r i e r .  Ports i n  t h e  c a r r i e r  provide 
access t o  t h e  connections between t h e  loop and shie1.d plug, and the tubing and 
thermocouple l i n e s  passing through the connector a re  cu-t and. t h e  connector i s  
uncoupled t o  separate the loop and sh ie ld  plug. The sh.ie1.d plug i s  then drawL? 
out  of t he  c a r r i e r  while -the loop i s  drawn t'ne r e s t  of t h e  way i n t o  the  shielded 
c a r r i e r ,  i n  which it i s  transpor-ted t o  h o t - c e l l  f a c i l i t i e s  f o r  disassembly and 
examination. The sh ie ld  plug, which i s  usua l ly  only mil..dly radi.oaci;ive, i s  de- 
contaminated and used on subsequent loops. The empty beam hole i s  then f i l l e d  
with a sh ie ld  plug, which i s  l e f t  i n  place u n t i l  another loop i s  ready f o r  in-  
s e r t i on .  The removal of t h e  loop from t h e  r eac to r  bemi hole can usua l ly  be 
accomplished i n  l e s s  than 8 h r .  

During October 1954, i n -p i l e  c i rculat ior i  of  t e s t  solut ion was begun i n  tlne 
f i r s t  loop, which operated for 465 hr. Since t h a t  time 1.7 o the r  experiments 
have been compl.eted. Seventeen loops have been operated in  beam holes KH-2 and 
HB-)+ of t h e  LIT3 f o r  an accumul.ated time of 19,466 h r ;  one loop w a s  operated 
Tor 2741 h.r i n  bean? hole EX-1 of the  Om. 
atures of 250 to 300°C and a t  pressures from 1.000 t o  1600 psia .  
t h e  18 loop runs were tertninated. because of f a i l u r e  of t h e  f u e l  circul.ating 
pump ( see  See. 8.1.6), a l l  1.oops operatkd 1.ong enough f o r  s i g n i f i m n t  md s e l i -  
able data  t o  be obtained. Corrosion t e s t  specimens were r e t r i eved  from a l l  t he  
loops; and subsequent examination i n  yemote-handling f a c t l i t i e s ,  which included 
v i s u a l  observation, weight -loss determinations, and meta1.l.ographi.c examlnation, 
provided pe r t inen t  information on the  e f f e c t  of r eac to r  r ad ia t ion  on corrosion 
r a t e s  of mater ta ls  (primarj-ly Zircal.oy-2) of i r t e r e s t  t o  t he  aqueous homogeneous 
program. I-' 

The loops ha-Te a l l  operated at temper- 
.81-!;hough 9 of 

Operating experience with t h e  18 loops i s  discussed. i n  the  fol.lowing 
sect ions.  

8.1 Loop and Components 

8.1.1 Contaiment 

The : 'n tegr i ty  of t he  loops with regard t o  contsinrrieexit of  f u e l  solut ion at  
elevated temperature and pressure has beer- demonstrated; there  w a s  no incident  
of f u e l  leakage i n  any of t h e  18 loops.  

8.1.2 LOOP Hea-ters 

The performance of the loop heaters  has been exce'l..l.ent. No lncldent  of 
hea te r  mal-fiuiction or f a i l u r e  was encountered, and control  of the loop tempera- 
t u r e s  w a s  exce l l en t .  

8.1.3 Pressurizer  Heaters - 
The p res su r i ze r  hea te r  a n d .  t he  pressurizer-  jacket hea t e r  have adequately 

maintained tile p re s su r i ze r  temperatux t o  a degree sufff ici.eui; t o  a l l o w  measure- 
ment of t he  partial pressures of steam, oxygen, and r8d.iol)-t;lc gas. 

lZJ. A. Lane, H. G .  MacPherson, and F. Maslin, Eds., Fluid Fuel Reac-to-rs, 
- 

Sections 5-5 and 5-6, p 232-21?-8, Addi.son-TWer;Ley, ReadLng, Mass ., 1958. 
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Only one incident of heater  f a i l u r e  occurred, and t h i s  w a s  i n  the f i rs t  in-  
p i l e  experiment where one of the two heating elements i n  the main p res su r i ze r  
hea te r  f a i l e d  very- soon a f t e r  i n s e r t i o n  of the loop  i n t o  the  reactor;  however, 
t he  remaining element had su f f i c i en t  capacity to allow continuation of t he  run 
t o  i.ts scheduled completion. 

8 .1 .4  Loop Cooler 

'The severs1 loop-cooler designs used have been e n t i r e l y  adequate i n  removing 
th.e f i s s i o n  and gamma heat generated within loop. By using air, water, or 
mjx'iures of the two, a wide range of cooling ca.pacity w a s  possible  and allowed 
the cooling r a t e  t o  be varied as required f o r  each loop experiment. 

8.1.5 Core Cooler 

A core cooler w a s  i ncoqora t ed  only on t h e  loop operated i n  the ORR. A t  
t h e  beginning of i n -p i l e  operation the cooling r a t e  of t he  cooler w a s  adjusted 
t o  remove approximately 1 kw of garm-a heat from t h e  core metal w a l l  by use of 
ail appropriate mixture of  a i r  and water as .the coolant medium. After  350 h r  of 
in-pi.1.e operation it became evident t h a t  t h e  coolant c i r c u i t  w a s  p a r t i a l l y  
plugged. Backwashing of the  coolant tube w a s  successful i n  removing t h i s  p a r t i a l  
plug. However, a f t e r  an add i t iona l  TOO h r  of operation the core-cooler c i r c u i t  
became almost completely plugged and could noi; be opened. There w a s  some evi-  
der.ce t h a t  p a r t i c u l a t e  matter w a s  enter ing the  coolant l i n e ,  since f locculated 
materia,l.  s~as  observed passiag through the rotaiieter used t o  monitor t he  water 
i n j e c t i o r ,  even though the l i n e  contained two f i l t e r s  of 5-p pore s i ze .  

Subsequent t o  removal from the reactor ,  t he  cooling c i r c u i t  w a s  t e s t e d  i n  
the  remote-handl.ing f a c i l i t y  and was found t o  be open. Thus the re  i s  a t  present 
no explanation of the reason for t he  plugging. Futxre core cool.ers w i l l  c0nt;ai.n 
tubing of l a r g e r  diameter. 

8.1-.6 C i rc -da t ing  Pump 

Nine of t he  18 in -p i l e  loop  experiments were tenuinated as a r e s u l t  of 
circulating-puqp malfunction o r  f a i l u r e .  I n  each case t'ne pump w a s  examined i n  
t h e  recote-handling f a c i l i t y ,  arid the  cause of f a i l u r e  w a s  determined so t h a t  
design improvements could be made on subseqaent pumps. 

ICh.ese examinations revealed t h a t  t he  f i rs t  two pump f a i l u r e s  were the  
resul-1; of excessive wear of t he  bearings, which were made of Graphitar-14. 
Journal bushings of e t t i ier  S t e l l i t e  98w o r  17-1-1 PH s t a i n l e s s  s t e e l ,  p a r t i a l l y  
hardened, were used. This type of f a i l u r e  was a t t r i b u t e d  p a r t i a l l y  t o  the over- 
hung r o t o r  and single-bearing-journal design and p a r t i a l l y  t o  the  bearing and 
journal materia1.s . 

The pimg w a s  redenipgted so t h a t  two outboard bearings were p r e s s - f i t t e d  
i n t o  the s t a i n l e s s  steel housing, and a t  the same t i n e  pure s in t e red  aluminurii 
oxide was used f o r  both the bearings and journal bushings. The f i rs t  two rede- 
signed pumps f a i l e d  as a r e s u l t  of slippage of the aluminum oxide bearing i n  
the housing, which reduced the axial clearance of the ro to r ;  seizure  occurred 
between the  f ron t  and r e a r  bearing t h r u s t  siurfaces. This condition w a s  corrected 
by mechanically pinning the bearings i n  the housings. That t h i s  corrected t h e  
problem i s  evidenced by the f a c t  tiiat 12 pumps incorporating these iniproveaents 
have operated in -p i l e  without bearing f a i l u r e .  
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However, t h ree  of t h e  twelve pumps t h a t  operated without bear ing d i f f i c u l t y  
f a i l e d  as a r e s u l t  of e l e c t r i c a l  breakdown of t h e  s t a t o r  windings. The pump 
s t a t o r s  which f a i l e d  were wound f o r  single-phase, 110-v current,  and used c l a s s  A 
insu la t ion .  The s t a t o r  was redesigned f o r  three-phase, 220-v current ,  and e lec-  
t r i c a l  insulatj-on was changed bo c l a s s  E. 

No pmp f a i l u r e s  of any descr ip t ion  were encountered i n  t h e  last th ree  in -  
p i l e  loop experiments. The pumps i n  these loops contained aluininum oxide bear- 
ings and journals,  and three-phase, 220-v staLor windings with c l a s s  H i n su la t ion  
were used. 
includes the  ORK loop)  w a s  6200 hr ;  thus it i s  f e l t  t h a t  t h e  pumps present ly  i n  
use w i l l  give long-term, troubl-e-free serv ice .  

The cumulative in -p i l e  operat ing time of these  th ree  loops (which 

8.2 Auxil iary Equipment 

The perfoniiance of t he  aux i l i a ry  equipment associated with each of  the 
th ree  i n - p i l e  loop f a c i l i t i e s  has been exccll-ent. Although some d i f f i c u l t y  has 
been encountered with the  high-pressure valves (discussed below) , no loop ex- 
periment was terminated as a r e s u l t  of f a i l u r e  o r  malfunction of any of the  
equipment i n  the  smaU and la rge  equipment chambers. "here has been no incident  
of re lease  of radioact ive mater ia l  from the  system, even though severa l  hundred 
h ighly  radioact ive samples of file1 so lu t ion  have been removed from t h e  loops and 
addi t ions of f u e l  and oxygen gas were rout ine ly  made t o  each loop while it was 
operat ing a t  temperature and pressure in -p i l e .  

8.2.1 Valves 

Of t h e  approximately 75 high-pressure valves required t o  perform t h e  var ious 
operations,  such a s  the  removal of f u e l  samples and t h e  addi t ion  of f u e l ,  water, 
and gas, about 20 t o  25 a re  considered " c r i t i c a l . "  The valves i n  t h i s  category 
a r e  regular ly  used i n  t he  more hazardous operat ions of fuel. sampling and addi- 
t ions ,  Thus these  valves a re  used t o  t r a n s f e r  highly radioact ive f u e l  solut ion,  
under pressure,  t o  var ious tanks i n  the  equipment chambers and must remain leak-  
t i g h t  throughout an in -p i l e  experiment during which individual  valves  may be 
opened and closed 200 t o  600 times.  
only t o  t h e  fuel solut ion,  while o thers  are operated i n  a gaseous atmosphere. 

Some of these valves a r e  normally exposed 

A l l  valve bodies and sea t s  have been of e i t h e r  type 3014 or type 316 s t a i n -  
For the  f i r s t  1-7 loops, valve stems of hardened type 420 stajnless l e s s  s t e e l .  

steel were used, and these s t e m s  were ro ta ted  when t h e  valve was opened o r  
closed. 
occurred and these f a i l u r e s  were general ly  of two types:  
s ion  of t he  stem mater ia l  exposed t o  tile f u e l  solut ion and ( 2 )  excessive g a l l k g  
between the  plug and s e a t  mater ia l .  Although operation of t he  loop could be 
continued by making char-ges iri t h e  operating procedures, the f a i l u r e s  were 
troublesome m d  also created a po ten t i a l  hazard. 

Normall-y during each loop operation, some two t o  s i x  valve failures 
(1) excessive corro- 

Because of these  f a i l u r e s  a valve development program w a s  i n i t i a t e d  and 
resu l ted  i n  changing t h e  valve stem mater ia l  t o  p a r t i a l l y  hardened 1.7-4 PH 
s t a i n l e s s  steel, which was found t o  be more corrosion r e s i s t a n t  t o  t h e  f u e l  
solut ion,  and the incorporation of a nonrotati-ng valve stem. Valves of -t;ii.Ls 
design were incl.uded i n  t h e  ORR i n -p i l e  1.00~ fac? ' . l i ty .  Tha-i; this type of valve 
w a s  superior  t o  t h e  type or igi .nal ly  used i s  indicated by the  f a c t  t h a t  n o t  a 
s ing le  valve f a i l u r e  w a s  encountered during 2700 h r  of operat ion of the  ORR 
i n -p i l e  loop. 



-60- 

8.2.2 Fuel Sazpling Equipment 

The pei-f'o:rmance of the f u e l  samplhg equipment has been exceptional.  Nonn- 
a l l y  some 20 samples of fuel solut ion a re  removed from a 1.00~ during an in -p i l e  
experirnenl;. Ea& sampling operation involves the taking of several  purge samples 
t o  c l e a r  the l?Liies of ma-terial held the re .  The sample o r  purge i s  f i r s t  i so l a t ed  
i n  the "standard d ra in  volume" located i n  -tile large equipment chamber, and the 
sample i s  then t r ans fe r r ed  t o  the sample con- t ake r  l ocakd .  outside the equipment 
chamber, whi1.e a l l  purges a r e  drained i n t o  the  f u e l  weigh t ank .  
no escape of  l;?iis highly radioactive mater ia l  during any of t he  sample removals, 
tile only d i f  F:i.culty b e k g  tha t  occasionally an i n s u f f i c i e n t  quant i ty  OF sample 
w a s  obtained. This diff icul . ty  w a s  corrected by improvemaits i n  the sampling 
procedure and did not requ.ire rnajor a l t e r a t i o n s  t o  the sau:pling equipment. 

'There has been 

8.2.3 Fuel. and Water Addition System 
I 

The f u e l  and water addi-tion systems have allowed close control  of t he  f u e l  
inventory of each loop experiment, and the chemical composition of t h e  f u e l  w a s  
changed without d - i f f i cu l ty  during several  i n - p i l e  loop runs. On several  occa- 
sions the loop was completely refueled a f t e r  i n -p i l e  operation had cormenced.. 

8.2 . ) I -  G a s  Addition and Metering System 

The cxygen addi t ion and. rr;eteriiig systems i n  the  th ree  f a c i l i t i e s  have been 
e n t i r e l y  adequate i n  maintaining the desired oxygen concentration i n  the  1.00~ 
experiments as well  as providing the means of calcu.l.ati.ng ove r -a l l  loop corrosion 
based on the amount of oxygen consumed. 

8.2.5 Charcoal Traps 

Since the re  i s  e s s e n t i a l l y  no demsnd 011 t he  charcoal t r a p s  unless a l a rge  
uncontrolled release of radi.oactivity i s  encountered, and since no such event 
occilrred durlng operation of the  ORR loop f a c i l i t y ,  which contained the t r aps ,  
no r e a l  eval.u.ation of  t'nese t r a p s  has been made. 

8.2.6 Loop Retraction Mechanism 

The r e t r a c t i o n  mechanism i n s t a l l e d  i n  the ORR h o p  f a c i l i t y  proved t o  be 
extremely usefid. i n  obtaini-ng data  duriry: -the loop operation. When 'the loop 
was re t racted,  the f i s s i o n  and garma heat  generated i n  the loop core sect ion wit6 

reduced t o  lC$ of t h a t  encouatered i n  t h e  f u l l y  in se r t ed  posit ion; t h i s  w a s  
adequate f o r  providing a comparison o f  loop operation i n  and 0u.t of r eac to r  
r ad ia t ion  without requ.iring a reactor  shutdown. Duri.rig the experilnetit, t h e  
loop w a s  r e t r ac t ed  a t o t a l  of 28 times; no mechanical. d i f f i c u l t i e s  were 
encountered. 

8.3 I n s t m i e n t a t i o n  

The instrumentation associated with the  in -p i l e  loop i s  qui te  cornp1.e~ (see 
Sec. 5 ) ,  and exceptional r e l i a b i l i t y  arid accuracy a r e  required of t h i s  i n s t i u -  
mentation. The instruments used have been e s s e n t i a l l y  standard types, cormon 
t o  a l l  operations where close control  of temperature and pressure i s  required.  
However, i n  order to ensure rnaximum accuracy and r e l i a b i l i t y ,  tine instruments 
a r e  ca re fu l ly  selected for t h e i r  accuracy arid a r e  rou t ine ly  checked during 
operat  ion.  

. 
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Considering the  number of Instruments used, t he  iristrument d i f f i c u l t i e s  

have been qu i t e  negl igible .  A survey of 10 i n - p i l e  loop experiments i n  t h e  
LITR, covering 11,000 h r  of  loop oper3;tion, showed tha-ti 20 unscheduled r eac to r  
shutdowns of 1j min o r  more were caused by the  in-pi1.e loops. Twelve of these 
shutdowns were caused by instrument malfixnctlon, and eight  r e su l t ed  from abnormal 
loop conditions.  O f  t he  12 instrument fa:i.I.iires, only one w a s  noted in.  t he  e ight  
e l ec t ron ic  potentiometers used f o r  temperature, pressure,  and pump and pressurizer-  
heater- power monitoring c i r c u i t s .  The remaining 17. instniment f a i l u r e s  were 
confined t o  the  s i x  r ad ia t ion  monitors ( i o n  chambers and d-c e lectrometers) .  

The instrunentat ion detected and gave t h e  a.ppropriate correct ive ac t ion  
( r e a c t o r  power reduction) f o r  every abnormal condition which occurred during 
the  10 experiments. Of the eight  abnorrnal coriditions recorded, f i v e  were c i r -  
cu l a t ion  f a i l u r e  caused by pump malfunction ( s e e  Sec. 8.1.6). 

9 .  COST SUMMARY 

A breakdown of cos t s  f o r  t he  i n - p i l e  loop f a c i l i t i e s  a t  the  LITR and ORR i s  
given i n  Table 2 (loop not included).  
ment and control  panels, bean-hole l i n e r s ,  sh i e ld  plugs , shielded c a r r i e r s  , 
equipment chambers , and a u x i l i a r y  equipment permanently i n s t a l l e d  a t  t he  r eac to r  
s i te .  

Included i n  these cos t s  a r e  t h e  in s t ru -  

Table 2. Summary of Costs of LITR F a c i l i t i e s ,  HB-1-k and KB-2, 
and OF3 F a c i l i t y ,  H N - 1  

(Costs include mater ia ls ,  labor,  and overhead) 

m-it F a c i l i t y  m-2 F a c i l i t y  KN-1 

Design $ 56,300 $ 18,000 $ 63,000 
I n s t  rumentat ion 61, ooo 45 , 000 35,000 
Fabrication and i n s t a l l a t i o n  172,700 11-1 7 , 000 7. je, 000 

Total- $290, ooo $21.0,000 $310,000 

The lower cos t s  of t he  HB-;! f a c i l i t y  r e f l e c t  tile f a c t  t h a t  it w a s  a dupli-  
ca t e  of t h e  Hf3-l~ f a c i l i t y ,  which reduced the  number of new design drawings r e -  
quired and, as a r e s u l t  of experience with the  KB-4 f a c i l i t y ,  reduced t‘ne f a b r i -  
cat ion and i n s t a l l a t i o n  costs .  

The higher cos t s  of the f a c i l i t y  i n  beam hole HN-1 of t h e  ORR r e su l t ed  from 
the f a c t  t h a t  more extensive modifications t o  t h e  b e m  hole were required. t o  
adapt, it t o  the  loop package, m d  a loop r e t r a c t i o n  mechanism was added. Also, 
t h e  instrument and control. panel included add i t iona l  instnimerrtation t o  provide 
f o r  “dual-track“ sa fe ty  inter locking of a l l  s a f e t y  c i r c u i t s  with the reactor .  
A dual-track s a r e t y  in t e r lock  makes use of two independent c i r c u i t s ,  one oT 
which operates on contact closure (make-up) and one on contact break (dropout) - 
Mnke-up and dropout ensures tha-t s a r e t y  act ion of tiie control  system i s  not 
voided by the occurrence o f  shorts or open c i r c u i t r y .  
mentation w a s  f o r  two complete instrument panels: one for tile OF3 f a c i l i - t y  and 
one f o r  a niockup f a c i l i t y  used t o  tes t -operate  a l l  loops before i n s t a l l a t i o n  
i n  the reactor .  

T’he $35,000 f o r  fns t ru -  
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Table 3 presents the costs for a typical, bare in-pile loop and represents 
the cost of the loop which is fabricated for each experiment. All loop and pump 
components are machined, tested, and assembled by ORNL personnel. 

Table 3 .  Summary o f  Approximate Costs fo r  a 
Typical, Bare In-Pile Loop 

(Does not include costs of component testing and final loop testing) 

Loop (minus pump) : Materials 
Machining 
Assembly 

Pmp: Materials - 
Aluminum oxide bearings 
Aluminurn oxide journals 
Stator 
Stainless steel 

Machining 
Assembly 

Loop and Pump Total 

$ 350 
2 , 200 
3,200 

$5,750 

$ 100 
100 
20 
7 5 

1,300 
640 
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10. APPrnIx  

Check L i s t  Used f o r  Oxygen Addition t o  Loop 

The deta-i.led, s tepxise  check l i s t  which i s  followed i n  making an oxygen 
addi t ion t o  the  loop during i i i-pile operation i s  included here as an i l l u s t r a t i o n  
of t he  complexity of operaLiona1 procedures for an in -p i l e  loop. The pref ixes  
V, P, RD, and Ii' indicate  valve, pressure, radiati.on detection, and temperature, 
respect ively,  and i d e n t i f i c a t i o n  numbers a r e  those shown on flowsheet i n  Pig. 23 
and tbermocouple locatiori  diagram, Fig. 39. This check list i nd ica t e s  t h e  
extreme care t h a t  i s  taken t o  prevent misoperation. 

These operat; iLons a r e  ca r r i ed  out by two operators--one performs t he  rnianual. 
operations reqiuired, such as opening and closing valves, and the  o the r  observes 
these operations and i n i t i a l s  t h e  check l i s t .  
Yne check l i s t  i s  f i l e d  f o r  future  reference,  and a new sheet i s  used for sub- 
sequent operations.  These de ta i l ed  check l i s t s  a r e  used i n  carrying out a l l  
normal and emergency opcratj.ons required i n  t h e  operation of t h e  experiment. 
%ne following i.s a l i s t  of v r i t t e n  procedures covering a l l  expected opera-t;i.ons: 

Upon completion of each operation, 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9- 
1.0 . 
11. 
12. 
13. 
14. 
15 ' 
16. 
17. 
18 
19. 
20. 
21 * 
22. 
23 

Loop s tar tup,  out-of -pi le .  
Loop shutdown, out -of - p i l e ,  
Pressure-cel l  ca l ib ra t ion .  
In se r t ion  of loop i n t o  beam hole. 
Instnunent i n t e r lock  check-out . 
Fuel weigh tank ca l ib ra t ion .  
Oxygen balance sheet during operation. 
Oxygen addi t ion t o  loop. 
Water expansion i n t o  loop. 
Fuel sample removal- Prom loop. 
Operation o f  loop, out-of -p i l e .  
Fuel expansion i n t o  loop. 
Fiss ion and gama heat  measurement. 
P re s smize r  flow measurement. 
Recombination of r a d i o l y t i c  gas measurement. 
N o m 1  loop d ra in  procedure. 
Emergency loop drain procedure. 
Loop removal from reactor .  
G a s  f l u s h  of f u e l  wejgh tank. 
Sample from f u e l  weigh tank using sample tank. 
Sample from f u e l  weigh tank using g l a s s  centrifuge cones. 
Fuel t r ans fe r  from weigh tank t o  removal tank. 
Equipment maintenance between experiments. 
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I. 

DE'TAILJCD PROCEDURE AI\sD CHECK LIST TO BE FOLLOWD DURING 
IN-PILF, OPEaTION WHEX ADDING OXYGXDI TO LOOP 

Oxygen Addition t o  Loop No. 

Da-te : 

Recorder: 
b n p  time meter at 

Loop operating h r :  

Operator: I 

start  of O2 add.: 

I___- 

Operator's 
I n i t i a l s  

OXYGXN ADDITION TO ADDITION AND METERLNG TANK 

A. The following s teps  (1 through 8)  involve 
f lushing of l i n e s  with oxygen. 

1. Check t o  see that all. valves a re  closed 
except V- j 3  ( loop  container off-gas)  and 
V-205 (equipment chamber oPf-gas). 

2.  Adjust oxygen pressure on oxygen header 
t o  300 p s i  above loop pressure by means 
of regulator  on oxygen s t a t i o n  and 
opening V-510; close V-510. 

3 ,  Flush contents of header to off-gas by 
opening V-38, 40, 44, 146, and 56 i n  o f f -  
gas l i n e .  ( I f  r ad ioac t iv i ty  i s  noted by 
an increase i n  BD-1 r eadkg ,  V - 1  t o  loop 
i s  probably not leak-t ight  . ) 
Cl.ose V-40 i n  off-gas l i n e .  4. 

5.  A@n ref i l l .  header with oxygen as i n  
s t ep  2 by opening V-510; close V-510. 

Vent t o  off-gas by opening V-40; 
cl-ose V-40. 

6. 

'-(. R e f i l l  header b r i t ?  oxygen f o r  t h i r d  
flush by again opening V - g l O ;  close 
v- y o .  

close v-40. 
8. Vent t o  off-gas by opening V-40; 

B. The following s k p s  ( 9  through 13) a r e  
t o  f i l l  the oxygen addi t ion and metering 
t a l k  with oxygen. 

Instrument 
Readings 

Header 
Press . 

Beader 
Press. 

Reader 
Press.  

9. Close valves 38, 44, 46, and 56. 
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Operator 's  Instrument 
I n i t i a l s  Readings 

10. 

11. 

12. 

13. 

Adjust voltage on strain-gage pressure 
c e l l  P-4 on addi t ion  tank. K Factor 

Zero Set, 
Point 

Open V-77 on addi t ion  tank and V-510 
on oxygen header. Oxygen pressure 
on header pressure gage should be 
300 p s i  above I-oop temperature. 

Slow1.y open V-38, which allows oxygen 
t o  en ter  t he  addi t ion  tank, unki l  
addi t ion  tank pressure (P-L) i s  at  
l e a s t  100 p s i  above 1 .00~ pressure;  
then close v-38. 

Close V - 5 l O  on oxygen header, 

Head.e r 
Press.  

I 

I?-4 

II. TRANSFER OF OXYGEN FROM AnDITION TANK TO LOOP 
(Loop must be i n  r e t r ac t ed  pos i t ion  I n  ORK or  
reac tor  must be shut down i n  LITR before  
proceeding. ) 

A. Record in the  space below 'the data as 
noted ( l o o p  pressure and temperature, 
addi t ion tank pressure and temperature) 
a t  2-min in t e rva l s  u n t i l  a l l  readings 
a r e  steady. 

Pressur izer  Pressi i r izer  Pressur izer  Addition Tank Addition 
Pres sure Temperature Temperature Pres sure  Tank 

Time (P-1) ( TC -10) (TC-9) ( P-4.) Tempera-ture 

- -__-_I __-.- 

- 
P-4 average . . . . . . . . . . . . . . . . . . . . . . . . .  
Amount of 02 t o  be added . . . . . . . . . . . . . . . . . .  

lll_. 

Expected addj--Li.oii tank pressure (P-4)  a f t e r  addi t ion . . . .  
B. Addition of oxygen. CAUTION: P-)+ mus'i be at l e a s t  100 p s i  

higher than P-1. 

1. During t'nis operation watch RD-1. An increase i n  
rad ia t ion  i n t e n s i t y  ind ica tes  a 1.00~ pyessure higher 
than the  addi t ion  tank pressure,  and V - 1  should be 
closed immediately. 
quired amount of oxygen using v-1; then CLOSE v-1. 

Watch P-4 and bl-eed i n  t h e  re- 

--_I- 

2.  Check V - 1  Tor t igh tness .  



c 

C .  Obtain accurate addition tank pressure.  Record 
readtngs as before on 2-rain in t e rva l s .  Begin read- 
ings immed-iately i n  order t o  de t ec t  leaks.  Pressures Pump Time 
and ter~iperatures obtained here and before add.iti.on Meter 
( I I - A )  a r e  used t o  accurately deterniine the  amout  Hours 
of oxygen added t o  t h e  loop .  Circ .  

Pressu-rizer Pressurizer  Pressurizer  Addition Tank Additi.on 
Pressure Temperature Temperature Pressure Tank 

'Tine (P-1) (TC -10) (TC-9) (P-4) Temper at ure 

D. CLOSE V-37. 

E .  F i l l  cap i l l a ry  tubing used i n  oxygen addi t ion with 
water by using the  procedure, "Water Expansion t o  Gas 
Addition Line." 
o r  loop in se r t ed  (ORR) before making the water expansion. 

Reactor may be brought t o  power (LITR) 
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