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This r epor t  describes t h e  design o f  %he p l a n t  
tha-t w a s  coastnicted -to remove Insoluble fission and 
corrosion products f r o m  t h e  circulat*i.ng fuel s o l u t i o n  
o f  -the Homogeneous Reactor Test (HRT). 
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&is report desc-ribrs t h e  design o f  the plant that was  constructed t o  
:)i"oL:sss the I ~ X T  (8nmoS-nrous Rearcor  est) ~ U P I  so lu t ion  f o r  removal of cor- 
rclsioc and f i s s i o n  products. 
a-mund the r2ar {,or hea t  exchanger an& is  continuously centrifuged t o  concen- 
t r a t e  t h ~  i n s o l u b l ~  tori-osion and f i s s i o n  products, the fuel- beillg returned Lo 
thns reac Lor The UiT, an experimental yeactor fuelcd w i t h  an aqueous uranyl  sulfate 
a o l i ; t r n r ~  that, is circula-bed a t  high tzmp twes  and p-wssure, i s  designed -io 
0;jerat.e a t  a m a x i t n i m  power of 1-0 Ma, 

A 1 0 5 - g p m  stream of f u e l  so iu t ion  is  bypassed 

The corros ion and nonvolati le f i s s i o n  proiluc ts productd i n  ihe ojwr-ation 
of a. homogeneous reactor gradually acciimulate i n  the  fue l ,  and in large reacLors 
would quickly become a s i g n i f i c a c t  neutron poison unless removed conl  inuously 
or at shor t  in",ervals ( ~ i g s ~  I and. 2), '1'1ie requtred procpssing rate increases 
ra;~lclly wiYn increasing power dens i ty  of t h e  reactor.  'The only proved method 
of compl rztely t-etriov ing these gaisons from the fuel solut ion,  sol-vent extract5 on, 
i =  cxTJensive ur;.lsss the inso luble  prociilcts aye f i rs t  ccncentrated iuCo a rel- 
atively small vol~~mme. For a power sha t ion  consis t ing of Vnrce 450-Mw reac'iors 
t h e  saving i-? Trocesslng cost as a r e s u l t  of the concenlratian is e s t i n a t e d  t o  
be about $'rUO per  dayb For a reac tor  t he  s i z e  of Yne iFKT l i t t l e  0% no fuel  
processing woulrl be required dul*ing :he schzduled l i f e  of the reoct,o-r; a. fuel. 
p-cocess-i ng p lan t  i s  not  r,nqui.rcd t o  reduce neutron poisons ., However, s incc  
Chc~ KR2 CbcmipaC P l a n t  w a s  desigaed f o r  use i n  obtaining infonmai;ion nccess3x-y 
f o i  the design of fuel processing u n i t s  f o r  larger reartors, the concentration 
s t e p  \Jas included, 

Tn Lhe IiHT gaseous and v o l a t i l e  f j ss io i i  proaucts (xenon, krypton, a n d  
iodine' arc co&?tinuously s t - r ipped  Prom thi. f u e l  so lu t ion  a5 it is  let clowii 
i , ~  &'-F i G T d - ~ > r e s 3 U f e  s y s h n .  The nonvolati le f i s s i o n  products and the COFTO- 
'- 2 ~ o n  - 
rc&c tor  tenip~ratur?,  as (1-f only  slightly soluble, (2) ' i lydrolyzabl~ t o  i n so l -  
able oxides:, (3) solublcp and (4) of uncer",airi behavior. Most sf the w o r s t  
neu%ruil prisons and most of t h r .  corrosion products a m  i n  the f i rs t  two groups 
arid can  7 3 ~  r e a d i l y  removed by cent r i fuga t ion .  O f  the remaining P i s a i o n  and 
c o r m s i o n  products, nickel i s  probabl-jr the  worst because of i t s  e f f e c t  on fw3_ 
sol i i t ioq  a t a k i l i t y  as wcll as its e f f e c t  as a neutyon poison. lf the yrocessiag 
rate is  high rnough to keep i t s  concPntration low, the other  so luble  nuclides 
wi1-1- be of little imporlance, 

psoduct,- may bc clarsificdj2 according t o  t'n-ir chemical behavios at 

When the IWZ operates a t  the T-Ih power level, 5 g o f  ir isoluble ?rission 
pim3uc.t~ is  produced pey day, At the asswwd cor ros ion  rates of 10 mpy f o r  
the zircoiliutkl COTE tank and 1 Oipy Yor the  skainless  s teel ,  about 53 of COT- 
rosion products per  day i s  produced- Tfiese so l  ids arc removed from t'ne f u e l  
so lu t ion  by deposit ion on hot  surfacps i n  the reactor systern, by agglomeration 
and s e t t l i n g  out in 1-elativel-y stagnant areas such as the &ump tanks, and by 
t h e  proc?.ssing p l a n t .  The extent t o  which each mechanism ,uo?rexns the behavior 
of s o l i d  p a r t i c l e s  i n  the reactor  is noL j ~ t  known. 

A s  o r i g i n a l l y  conceived, the  processing p lan t  wmld rcnove the P ission 
product s o l i d s  frcm the f u ~ l  s o l u t i o n  and. the I) 0 would be rcco\Fered i n  t w o  
steps,  
as s. highly coacentraied solia+,ion and l a t e r  evaporatc.d t o  dryness and t rans-  
ported to aiiothcr f a c i l i t y  f o r  uranium recovery by solvent cx t r ac t i  on.3 
design h id  to be uodified when it was discovered that  the r a t e  o r  corrosioii i n  

2 t'i~ so1 i d s  3eing f i rs t  conidentrated by evaporation and stored temporarily 

'Thas 
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t h e  reac tor  would be much higher than previously thought and t h a t  the  mass of 
corrosion products would be so grea t  t h a t  these so l id s  could not be co centrated 
s i g n i f i c a n t l y  wi'chout making subseq1Len.t t r ans fe r  v i r t u a l l y  impossible e t  I n  the  
a l t e r ed  design the so l id s  were dropped d i r e c t l y  from the underflow PO% i n t o  a 
c a r r i e r  ins ide  the  cell,which could beremoved and replaced per iodica l ly  by open- 
ing and flooding the  c e l l .  
by a system f o r  dissolving each batch of slurry,sampling the  solution, and s to r -  
ing the remaining so lu t ion  pending t ranspor t  t o  another f a c i l i t y  for  uranium 
recovery. 

In a Later design change thZs c a r r i e r  was replaced 

2,o pRacEss AND PMW DEYCRIFTION 

2.1 Flowsheet (Reference Dwgs F-20268 through 70, D-27447 through D-27452) 

When the Chemical Processing Plant is i n  operation, a Ls-gpm stream is 
continuously withdrawn from the 400-gpm c i r cu la t ing  fuel so lu t ion ,  
f i s s i o n  and corrosion products i n  th . i s  by-pass stream a re  concentrated i n  a 
small volume of fuel so lu t ion  by means of a hydroclone (hydraulic cyclone) 
(Fig. 3 ) .  The bulk of the so lu t ion  is  returned t o  the  reac tor -  Per iodica l ly  
%he system is i so l a t ed  from the  reacLor and the  accumulated f i s s i o n  and cor- 
rosion products are discharged. A t  t h i s  t i m e  uranium is added t o  replace the 
uranium j u s t  removed with t he  s o l i d s  and t h a t  burned i n  reac tor  operation. 

The s o l i d  

The s o l i d s  concentrate is boiled t o  recover D20 for re turn  t o  the system, 
and the so l id s  a r e  dissolved i n  10.8 M H2S04 t o  provide a representat ive sample 
fo r  analysis .  

1 

After  t he  sample has been taken, the rest of the solukion is discharged 
t o  a tank where it is s tored  u n t i l  the  r ad ioac t iv i ty  has decayed s u f f i c i e n t l y  
SO t h a t  subsequent handling w i l l  be . re la t ively easy. The aged so lu t ion  is  
t r ans fe r r ed  t o  a c a r r i e r  outs ide the ce l l  and  transported t o  a solvent ex- 
t r a c t i o n  f a c i l i t y  f o r  recovery of the urmiwn, 

The processing p l an t  f o r  the  RRT is i n  an area adjacent t o  and south of' 
the reac tor  area (Fig. 4), 
f t  deep. 
c r e t e  r ad ia t ion  sh ie lds .  
i n s t m e n t  c e l l  40 x 9 x 9 f t  deep, 
e n t i r e l y  below grade; access t o  the  processing cells is from the top  only, 
s ince the  p l an t  was designed f o r  underwater maintenance. 
cessing p lan t  operating a rea  is shorn i n  Fig,  5 and a model of the  cell equipment i n  
Fig. 6. 

There axe t w o  processing c e l l s ,  each 12 x 24 x 20 
They a re  separated from each other  and from. the  reac tor  c e l l  by con- 

There is  an access c e l l  12 x 27 x 20 f t  deep and an 
The processing and access c e l l s  a r e  

A view of the pro- 

The w a l l s  of the  processing c e l l s  are made of barytes concrete (Fig. 7) 
except where the walls a r e  backed w i t h  ea r th  f i l l ;  here ordinary concrete is 
used. 
a neutron sh ie ld .  A l l  w a l l s  are lined w i t h  a 3/4-ine-thick steel  plate ,  which 
is c lad  with 304 s t a i n l e s s  s t e e l  on the  bottom of t h e  c e l l  and f o r  4 ft up the  
sides, The r e s t  of the  p l a t e  is painted w i t h  multiple coats of Arnercoat. The 
c e l l  is covered w i t h  t w o  layers of 2- f t - th ick  bary-tes plugs (Fig, 8) and is  

The w a l l  between the  reactor and the processing c e l l s  contains colemenite, 
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Fig. 4. Ground Floor Plan, HRT Chemical Processing Plant. 
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Fig. 6 .  Layout of HRT -CPP. 
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sealed with a t h i n  s t e e l  membrzne t h a t  l ies between the layers of plugs and 
i s  welded to  the tdnk  l i n e r  a t  t h e  periphery. Some process piping is c a s t  
i n  the concrete w a l l s .  Access sleeves 12 i n .  i n  diameter contain the service 
pjping and the remaining process piping. 

The processing c e l l s ,  sealed t o  prevent escape of radioactive so lu t ion  
or vapor i n  the event of a s p i l l ,  a r e  designed f o r  a maximum i n t e r n a l  pressure 
o f  50 psig but wi.1.1 normally be operated a t  7.5 ps ia .  
and holds the  c e l l s  a t  tine desired operating pressure.  A second pump is  also 
avai lable  f o r  t h i s  service if maintenance on the f i rs t  pump should be necessary. 
The maximum leakage r a t e  of a i r  i n t o  o r  ou t  of the c e l l  has been s e t  a t  20 
l i t e rs /min .  

A vacuum pump pumps down 

2 3 Material  Specif icat ions and Assembly 

Cells and Buil.dings . Material  spec i f ica t ions  f o r  the  c e l l s  and bui lding 
addition were according t o  Job Specif icat ion m-1316, "Specifications f o r  t h e  
Construction of the Addition t o  Building No. '7500 and the Chemical Technology 
Cel ls  hXT Project  ." ---- 

Equipment. Austeni t ic  s t a i n l e s s  s t e e l  i s  the pr inc ipa l  mater ia l  used i n  
t h e  construction of the  process equipment. Hefrigeration l i n e s  a re  of copper 
both inside and outs ide t h e  c e l l .  Water, steam, 2nd a i r  l i n e s  outs ide the c e l l  
a r e  general ly  of carbon s t e e l .  For equipment t h a t  would come i n  contact with 
a process solut ion KRT spec i f ica t ions  were followed. M!TM spec i f ica t ions  were 
allowed. where a process so lu t ion  would not contact the  equipment. The s p e c i f i -  
cat ions used 

HRP-200 : 
WP-20la: 
ImT-202A: 
HRP-203: 
HRP-250: 
H R P - ~ ~ ~ T :  
IIRP-252~: 

HRP- 302 : 
HRP- 30 3 : 

HRP-253Tz 

HRT-CP-2: 
mT - cp- .E: 

HKT-CP- 1 : 

most f requent ly  were: 

modified 
oval  and 
modified 
modified 
t it an ium 
t-i tanium 
t i tanium 
seamless 

347 a u s t e n i t i c  s t a i n l e s s  s t e e l  
octagonal r ing  j o i n t  gaskets 
347 a u s t e n i t i c  s t a i n l e s s  s t e e l  f langes 
347 a u s t e n i t i c  s t a i n l e s s  s t ee l  leak de tec tor  tubing 
ingot 
p la te ,  sheet, and s t r i p  
bar, rod, and wire 
t i tanium tube and pipe 

l/"--i.n* low-pressure bellows-sealed control  valve 
high-pressure bellows-sealed cont ro l  valve 
t i tanium pla te ,  sheet, s t r i p ,  bar, rod,  F r i r e ,  and tubular  products 
wrought 20-29 CuMoNb a u s t e n i t i c  s teel  
HRT-CP pump P-1 

A more complete l i s t i n g  may be obtained from CF-,57-1-136, HRP and PIKT 
Specif icat ion L i s t ,  January 24, 1.95'7. 

Assembly. Since the  processing p lan t  w a s  d-esigned for underwater main- 
tenance, equipment t h a t  w a s  most l i k e l y  t o  require  replacement w a s  i n s t a l l e d  
with ring j o i n t  f langes.  
place.  
used welded j o i n t s  and reference t o  t h i s  drawing was made whenever possible  = 

Equipment uni ike ly  t o  need replacement w a s  welded i n  
k drawing (D-20250) w a s  made which standardized the  most f requent ly  

*01&1g t o  d i f f i c u l t y  i n  obtaining mater ia l  (Carpenter 20 s t a i n l e s s  s t e e l )  t h a t  
would meet t h i s  specif icat ion,  HRT-CP-4 was customarily waived and the  material. 
procured according t o  provisions of the  ASME Code Case 1188 (Special  Ruling) 
Speci-al S tee l ;  Use of Plates, Pipe, Tubes, and Forgings i n  Welded Construction 
re Sec. V I I I .  
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I n  cases where a process s o h t i o n  would come i n  contact with the welded 
r 

joint ,  HRP welding spec i f ica t ions  were use&; these  spec i f ica t ions?  des i g m d  
t o  produce %he highest  qua l i t y  weld pract icable ,  were: 

HRP-I: 

HRP-2a: 

ERP- 3a: 

R R P - ~ ~ :  

. 
welding procedures for welding chromium-nickel stainless steel 
pipe, p la te ,  tubing, and. general  shapes ( i n t e r n a l  use) 
iner t -gas  shielded-arc welding of chromium-nickel s t a i n l e a s  
s t e e l s  ( i n t e r n a l  use) 
me ta l l i c  a r c  welding of chromium-nickel s t a i n l e s s  s t e e l s  
[ i n t e r n a l  use 1 
s p e c i a l  welding procad.ures and welding inspect ion of 347 
s t a i n l e s s  steel  (ex terna l  use) 

3.1 Hydroclone System (Reference DVgD D-27k51) 

The solids concentration s;y$%em carnsists a=f a heater, screen, hydroclone, 
underflow pot, and pump and a supp%emetatary system f o r  charging fresh uranium 
so lu t ion  t o  t h e  batch of fuel  re turr~ing to the reactor t o  replace %hat burned. 
i n  the  r eac to r  and removed w i t h  the so l ids ,  
Chemical Processing Plant tha t  is ope~ated a t  reac tor  temperature and pressure, 
518'F, 1700 ps ia .  Fuel  so lu t ion  is withdram from the  main c i r cu la t ing  loop of 
the r eac to r  j u s t  downstream from the gas separator ,  passes t h o u g h  the solids 
concentration system, and is returned %a %he reac tor  a t  a poin t  downstream from 
t h e  main heat  exchangere Return of the so lu t ion  a t  thPs pa in t  makes the prae- 
su re  drop through the  heat exchaLgePg which is 40$ sf the pressure dxog i n  t he  
r eac to r  system, avai lab le  t o  he lp  &rive the solut3,on through the  hydroclone, 
thereby decreasing the  Load on t h e  pumpo 

It is the  only p a r t  of the  

Heater H-3 (Reference B%a@;. B-202$) Fae l  en ter ing  the  Chemical Processing 
Plan t  from the  r eac to r  loop grasses tkcough a heater (Pig. 9 )  e 

be operated a t  a temperatare a few degrees above t h a t  of" the f u e l  so lu t ion  flow- 
ing through it, but  must be kept w e l l  below 62690  
f u e l  so lu t ion  forms two l i q u i d  phases9 %he exact temperature depending on the 
so lu t ion  concentration (Pig, IO), heavier phase is .much smaller i n  voSume 
but  contains t h e  bulk of the uranlum and WOUM be concentrated i n  the  hydroclone 
underflow pot,removing a s i g n i f i c a n t  pax% of the uranium inventory of the rea.c+,or. 
The s o l i d s  t h a t  accumulate on the walls csf the hestar during the m n  w i l l  be 
washed off o r  redissolvet2 at  the  end of the m n  b.g back washing the hea te r  wi%h 
cold f u e l  solut ion.  The p o s s i b i l i t y  t h a t  the amzlnti 02 s o l i d s  removed from the 
c i r cu la t ing  f u e l  can be lncspeaepd by de-si%ion on a hot  sur face  will be 
determined. 

The heater  will 

Around this temperature the 

The hea ter  is  a 4 - f t  s ec t ion  of 1/2-in. Sch. 80 pipe, 50 in.  long, jacketed 
A thermocouple measures with fou r  Calrod hea ters  e a s t  i n  an aluminum matrixs 

t he  temperature of t h e  aluminum matrix and cu ts  aff t h e  power t o  the  hea ters  
whenever the  matrix temperature exceeds 617%. 
t i ons  are: 

The design and operating eondi- 

Four Calrod tubular  elements 2000 watts a t  230 v o l t s  
Heated. sur face  area 0.572 f t 2  
Heater volume 276 
Operating pressure 2000 p s i a  
Operating temperature 61-79 
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Screen F-1 (Refcrcnco Dwg. C-2025'1). The screen (Fig" 11) removes from 
the  f u e l  so lu t ion  the  f i s s i o n  and corrosion product, so l id s  t h a t  a r e  la rge  enough 
t o  plug the  o r i f i c e s  of the hydroclone. 
Sch. 80 pipe containing a 30-in. long inner screen of 1/4-in. t i t m i u m  tubing 
with 3/32-ing holes ( s l i g h t l y  smaller tban the  smallest  opening i n  the  hydro- 
cl.one). 
t h e  underflow pot t o  the low-pressure system. The design and operating condi- 
t i ons  are:  

This screen is  a sec t ion  of 1/2-in. 

The p a r t i c l e s  s t a y  i n  the fi3.trr u n t i l  f lushed out by the  discharge of 

Operating pressure 
Operating temperature 
F i l t e r  hole diameker 
Number of f i l t e r  holes 

2000 psja 
617°F 
3/32 in .  
946 

Hydroclone S-1 (Reference Dwg. D-26412). Fiss ion and corrosion product 
so l id s  a re  separated from the f u e l  so lu t ion  by a hydraulic cyclone separator,  
or "hydroclone," t o  which the  so lu t ion  is  f e d  through a t angen t i a l  entry.  I n  
t he  s t rone  cent r i fuga l  f i e l d  thereby induced the heavier s o l t d  p a r t i c l e s  are 
forced t,o t h e  periphery of the  u n i t  and downward in to  the underflow pot; c l ea r  
so lu t ion  from the  center  of t h e  hydroclone passes t o  t he  pump. I n  a normal 
hydroclone i n s t a l l a t i o n  about 10% of thc  feed stream is  discharged with the 
separat;ed so l ids ;  the  o-tiner 90% goes out t h e  overflow. 
Plant  such a s p l i t  of t he  feed stream ~ o u l d  r e s u l t  i n  a 0.15 gpm discharge of 
f u e l  solution--too high by a f a c t o r  of a'c least 50. This discharge i s  reduced t o  
0,002 gpm by using so-cal led "induced underflow," i n  which the  underflow is d i s -  
charged i n t o  a closed vesse l  d i r e c t l y  below t h e  hydroclone, an equal. volume of 
so lu t ion  being forced from the  ves se l  back in to  the  hydroclone and out  t h e  over- 
flow, The rap id  swir l ing motion of t he  stream s e t s  up a flow pa t t e rn  i n  t'ne 
underflow pot  by which (Fig,  12) the so l id s  and so lu t ion  a re  ca r r i ed  toward t h e  
walls of t h e  uvlderflow pot and are gradually slowed, The s o l i d  p a r t i c l e s  s1.owly 
s e t t l e  and the  so lu t ion  f lovs  back t o  the  center  and i s  d r a m  back i n t o  t h e  
hydroclone. 

I n  tile Chemical Processing 

As t he  hydroclone i.s operated the  concentration of so l id s  i n  the  underflow 
pot  increases,  and eventual ly  the  outgoing so l id s  concentration would be equal 
t o  t h e  incoming, Long before such a concentration is  reached, however, t h e  con- 
t e n t s  of 'tlie underflow pot will.. be dumped f o r  dissolving and sampling. 
d i sso lver  system is  designed t o  operate most e f f ec t ive ly  with a charge of 400 Q 

o f  so l id s  and Yne operating cycle of the hydroclone system is se lec ted  so t h a t  
no more than t h i s  amount accumulates i n  t he  underflow pot. 

The 

The hydroclone used t n  the  processing p lan t  i s  a hollow truncated t i t an ium 
con2 %bout 2-1/2 i n .  long with a maximum Sore of 0.56 in .  (Fig. 1-3). The flow 
r a t e  through t h e  uni t ,  about 1.5 gpm at  a pressure drop of 40 psi ,  is cont ro l led  
by a u n i t  which keeps the  pressure d i f f e r e n t i a l  between the  i n l e t  and o u t l e t  of 
t he  hydroclone constant a t  a prese t  value by increasing or decreasing the  fre- 
quency of the  power supply t o  the  system pump ( P - l ) *  
gage measures the  pressure drop, The design and operating conditions are:  

A d i f f e r e n t i a l  pressure 

Design pressure 
Operating pressure 
Operating temperature 
Flow ra te  
Pressure drop 

2000 p s i a  
1660 p s i a  
564%' 
1.05 a m  - 40 p s i a  
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The predi-cted e f f ic iency  of a hydroclone of t h i s  s ize ,  based on calculat ions 
made by the  Unit Operations Section of the C emlcal Technology Division, i s  
shown i n  Fig. 14 f o r  various p a r t i c l e  s i z e s .  ' 
a 1-1/2 i n .  2500-lb flange t h a t  i s  welded di,Lctly t o  the  underflow pot. 

The hydroclone i s  i n s t a l l e d  i n  

Tvo other hydroc1.ones t'nat have been considered f o r  use i n  t h e  processing 
p lan t  have maximum bores of 0.25 and 0.40 i n .  
hydroclones a r e  shown i n  Figs. 15 and 16. 

Performance curves f o r  a l l  th ree  

Underflow Pot T - 1  (Reference Dwg. E-25113). The mixture of so l ids  and 
f u e l  solut ion separated by the  hydroclone is  temporarily s tored  i n  t h e  underflow 
pot. The underflow pot (Fig. 17) i s  made of &in. Sch. 160 347 s t a i n l e s s  s t e e l  
pipe. It i s  23 i n ,  long and has a capacity of 2,O3 g a l ,  The hydroclone is  
mounted d i r e c t l y  above it and the  drain l i n e  i s  at the bottom of the pot .  
s i d e  o u t l e t  is provided f o r  rec i rcu la t ing  the  underflow pot contents p r i o r  to 
sampling . Two themowells a re  provided. 

A 

The temperature must be regulated throughout a run. During the  run up t o  
1. Irw of the heat generated by the wastes held i n  the  underflow pot must be re- 
moved t o  preTzent the solut ion from overheating; a t  the end of each run the  
so lu t ion  must be coaled t o  approximately 212OF before t h e  pressure is  rel ieved 
i n  order t o  prevent f lashing;  and a t  the beginning of the next run the  material 
being returned t o  the reactor  must be heated t o  the reactor  operating temperature. 
Temperature i s  regulated by pumping air  past  the surface of the  underflow pot, 
the  temperature of the  a i r  being varied t o  control  the  amount of heat  removed. 
The a i r  is  pumped from outside the processing c e l l  by one of two blowers (P-1.2 
and P-151, heated by a furnace (H-ll), blown p a s t  the surface of the underflow 
pot, and discharged outside the  c e l l .  The blowers operate a t  ambient a i r  tem- 
perature  and are located oubside the  c e l l .  Each blower has a capacity of about 
50 scfm of a i r  a t  a discharge pressure of It. psig.  
air  needed, the second being provided only t o  ensure uninterrupted air  flow i n  
case of malfunction of t h e  f i rs t .  Any escape of radioactive so lu t ion  from t h e  
chemical processing c e l l  by a leak from the underflow pot i n t o  an a i r  l i n e  is 
prevented by c i rcu la t ing  the air  through eighteen 3/8-in. tubes spaced i n  
aluminum b i l l e t s  along t h e  s i d e  of the  pot. 
thus be i n t o  the c e l l  r a t h e r  than i n t o  an air  l i n e  leading outside the c e l l .  
The b i l l e t s  a re  attached t o  the underflow pot by a spring-loaded s t r a p .  

Ei ther  w i l l  supply all the  

Any leak i n  Yne underflow pot  w i l l -  

The c i rcu la t ing  a i r  i s  heated by six 3400-wa-tt combustion furnaces, mounted 
outside t h e  c e l l .  Each furnace consis ts  of a detachable e l e c t r i c  heatlng element 
2 f t  long t h a t  can be f i t t e d  around t h e  pipe t h a t  c a r r i e s  t h e  air. 
l i m i t s  the maximum heater  temperature t o  147O0F. Four of the  furnaces a r e  con- 
t r o l l e d  by a Variac, t h e  output being regulated by the  temperature of the  under- 
flow pot. The other  two furnaces a r e  on a t  a l l  t i m e s  t h a t  a i r  is being heated. 
The maximum temperature t o  which the a i r  i s  heated i s  about 7009; normal operating 
temperature is about 490%. 

A cutoff 

A t  the  end of each processing run the  high-pressure system of the  processing 
p lan t  i s  i so la ted  from the reactor  by closing the valves i n  t h e  l i n e s  connecting 
the p lan t  t o  t h e  reactor  and sea l ing  t h e  l ines  by freezing plugs. The underflow 
pot  is then cooled t o  about 212°F and vented t o  Yne low-pressure system. During 
the  grea te r  p a r t  of t h i s  cooling cycle the solut ion temperature w i l l  be too  low 
f o r  t h e  copper-catalyzed recombinktion of deuterium and oxygen t o  be e f fec t ive ;  
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most of t h e  gas t h a t  is r a d i o l y t i c a l l y  produced during this t i m e  w i l l  c o l l e c t  
i n  t h e  vapor space t h a t  is  formed as t h e  so lu t ion  cools. 
allowed t o  accumulate, acc identa l  i gn i t i on  could cause a n  explosion of s u f f i c i e n t  
violence t o  rupture the  underflow pot. 
cooling cycles of 2 and 4 hr  has been ca lcu la ted  (Fig. 18);7cyeles longer than 
4 hr w i l l  be dangerous. 

If s u f f i c i e n t  gas i s  

The force  of such explosions throughout 

I n  a series of runs made by t h e  Unit Operati ns Sect ion the  ove r -a l l  hea t  
t r a n s f e r  coe f f i c i en t  was  found t o  be 19 Btu/hr.Pt8*oF/ft. The estimated so lu t ion  
coe f f i c i en t  was 100, t h e  air coe f f i c i en t  338 t he  ves se l  Ira11 coe f f i c i en t  180, and 8 
t h e  coe f f i c i en t  of t h e  gap between the aluminum b i l l e t s  and t h e  underflow pot  1800 
The ca l cu la t  d length of t h e  cooling cycle %wed on an over -a l l  coe f f i c i en t  of 
19 Btu/hr*ft’-$/ft was  3 hr* The f a l l  i n  underflow pot  temperature during a 
3-hr cooling cycle is shown i n  Fig.19 and t h e  r ise i n  temperature of the Psnderr 

9 flow pot  during the heat ing cycle i n  F igo  20.- 

Pump P-1. The pump (Fig. 21) suppl ies  pressure f o r  e f f i c i e n t  operat ion of 
t h e  hydroclone* Ofthe t o t a l  head of about 40 p s i  needed, 16 gsi  is  furnished by 
t h e  pressure drop across t h e  main hea-b exchanger i n  t h e  r eac to r  system and 24 p s i  
by the pump. 
supply of 30 t o  80 cps s o  thal; i ts output can be control led without a vn ve 
Performance curves f o r  three d i f f e r e n t  frequencies are shown i n  Fig. 22.{l0j 

The pump bearings must be kept a t  a temperature of 150°P o r  below. 

The pump i s  designed Lo operate from a variable-frequency power 

!This 

Two discharge 
is  done by cooling the  f l u i d  c i r cu la t ing  behind t h e  thermal b a r r i e r  that i s  i n  
contact w i t h  these  bearings by means of a 3-g-pm flow of water. 
nozzles a r e  provided, one f o r  noma1 flow and one f o r  r ec i r cu la t ion  of the under- 
f l o w  pot  contents p r i o r  t o  sampling. This second discharge nozzle is normally 
closed with a f reeze  plug. Accumulated gases may be discharged when necessary 
through a vent t o  t h e  low-pressure system- %is l i n e  is normally closed. TWO 
microphones are at tached t o  the p u p  s o  t h a t  evidence of bearing wear can be 
detected.  The design and operating conditions are: 

Design pressure 
Operating pressure 
Operating temperature 
Normal r a t e  
Head 
Current frequency 

3.2 High-pressure Sampling System 

2000 p s i a  
1684 p s i a  
$649 
1.5 gpm 
100 f t  a t  60 eps 
30-80 CPS 

Two samples are taken from t h e  high-pressure loop of t h e  processing p lan t .  
The sample of thg hydroclone overflow i s  taken while the p lan t  is operat ing a t  
1700 p s i  and 518 F and is removed. j u s t  downstream f r Q m  the hydroclone overflow 
port. A stream of about 0.2 g p m  is bled off through a hea t  exchanger, pressure 
reducing valve, and sample i s o l a t i o n  chamber t o  a dump tank i n  the r eac to r  low- 
pressure system. The stream is allowed t o  f low u n t i l  t h e  l b e s  are w e l l  flushed, 
and then 5 m l  I s  trapped i n  t h e  i s o l a t i o n  chamber. 
emptied by remote cont ro l  i n t o  a sample bo t t l e ,  which is  placed i n  a c a r r i e r  and 
t ransported t o  t h e  ana ly t i ca l  laboratory.  

The i s o l a t i o n  chamber i s  

The sample of the underflow pot  contents is  taken (a t  200% and 17 p i a )  
a t  the end of a processing run, after the  so lu t ion  has been cooled and ven-bed. 
Since t h i s  sample w i l l  have a high concentration of so l ids ,  it is necessary t o  
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c i r c u l a t e  t he  so lu t ion  for some &ime to assure reasonable homogeneity of t h e  
sample, 
t he  sampler a t  a rate of 3 gp. A small volume is i s o l a t e d  and removed f o r  
ana lys i s  i n  the  same way as t h e  high-pressure sample. The underflow pot  sample 
is c i r cu la t ed  through the  saqpley-, hea te r  X-39 screen F-1, and underflow pot T-1 
by t h e  pump P-1. 

Pump P-1 is used t o  c i r c u l a t e  the  contents of t h e  underflow pot through 

Sampler Reference Dwgs E-15820, D-15821 znd 2, C-15%23, a-19824 through 
7, C - m n d  g9 D-15830 thrmgh 6, D-15839 t k ~ o u g h  45). The sampler (Fig- 23) 
i s  i n  a steel compartment located near %he top of the  processing c e l l  and sealed 
o f f  f r o m t h e  c e l l ,  There a're tu0 sampling mechanism, one f o r  t h e  hydroclone 
overflow sample, which is i d e n t i c a l  with Qhe high-pressure sampling mechanism 
of the  reactor ,  and one fo r the  underflow-pot sample, which is similar t o  that; 
of the  o ther  samplers buL the  s i z e  o f  various openings are somewhat l a r g e r  s o  
t h a t  the expected higher" s o l i d s  concentration. can be handled. The two i s o l a t i o n  
chambers a r e  served 'by a comoa loading and manipulating deviceo The so lu t ion  
being sampled is allowed t o  flow through %he sampling s t a t i o n  u n t i l  t h e  volume 
i n  the i s o l a t i o n  chaniber is deemed repmsenta t ive  a d  is then valved o f f  from 
t h e  flowing stream. An evacuated sample flask i n  a holder (Fig. 24) is  lowered 
through the  loading %ube t o  the transfer mechanism- The f l a s k  i s  posit ioned and 
r a i sed  mechanically in%o place so thGt V A ~  k a n s f e r  needle punctures the  rubber 
diaphragm on the  sample flask,  and t h e  sample is dropped i n t o  the  f l a s k  by 
raisfng the i s o l a t i o n  chamber plug. The previous operations a r e  then reversed 
and the  sample f l a s k  i s  withdrawn froill t h e  samples compartment i n t o  a smnple 
c a r r i e r  mounted d i r e c t l y  ab.ove. 

Sample Cooler H-'j (Reference Dwg. D-24151). The 0.2 gpm of f u e l  solut ion 
taken from the overflow is cooled [Fig. 25) so t h a t  f l a sh ing  w i l l  not  occur i n  
t h e  t h r o t t l i n g  valve o r  sampler, djince uranium peroxide might p r e c i p i t a t e  i n  
the  f u e l  so lu t ion  a t  8. temperature below 140?F, the  en ter ing  cooling water is 
preheated t o  this temperatxrc with a steam-jet mixer. 
is designed t o  hanale s o l i b  an8 requires  no such precaut foa . l l  

The underflow sampler 

The cooler is b u i l t  i n  s i x  sect,ions mounted i n  s e r i e s ,  four  sec t ions  8 f t  
Pe r t inen t  da'sa are: long and two 6 f t  long. 

To ta l  sur face  a rea  3.5 ft2 
Operating pressure 1700 p s i  
Operating temperature 527- 160% 
Cooling watct. rate 2-3 QPm 

I n  the  f irst  sec t ions  of the cooler %be process so lu t ion  temperature is  
near 527OF and the  temperature o f  the process l i n e  is very l i t t l e  lower* 
cooling w a t e r  i n  contact  with the surface of the  tube immediately f l a s h e s  t o  
vapor and the surface of the  tube is e s s e n t i a l l y  insu la ted  with a layer of 
steam. The hea t  t r a n s f e r  rate is  thus much l w e r  than under more normal condi- 

compares wi th  a calculated coefficient of 200 Btu/hr-ft*O F i n  the cooler 
sec t ions  of the  exchanges. 

Any 
- 

t ions ;  an o v e r a l l  coe f f i c i en t  of 40 B tu /h r* f t  8 *?F has bee8 calculated.  This 

The cooling-water l i n e s  a r e  a poss ib le  path f o r  escape from the  c e l l  of 
t h e  h ighly  rad ioac t ive  fie1 so lu t ion  cinder a reac tor  pressure of 1700 ps i ,  
Therefore, ins tead  of conventional constmctlon, t h e  cooling water flows 
through a c o i l  wrapped around the  process pipe so that any leak  i n  t h e  process 
pipe w i l l  be i n t o  the  cell rwther than i n t o  a cooling water l i n e *  Good hea t  
t r a n s f e r  i s  obtained by cas t ing  the whole assembly i n  aluminum. 
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3.3 Fuel Addition System (Reference Dwgo E-25051) 

The usual procedure f o r  replacing the uranium consumed i n  the  reac tor  and 
t h a t  removed from the  processing p lan t  with the f i s s i o n  and corrosion product 
so l id s  is t o  charge it t o  the reac tor  v i a  the chemical processing p lan t  (Fig. 26). 
An a l t e rna te  method i s  v i a  the  reac tor  fuel-system dump tanks. About 47 g is 
requireit t o  replace the  uranium conSmqd i n  the  reac tor  and 86 g t o  replace t h a t  
discharged t o  the  processing plant .  l2l 

A concentrated so lu t ion  of uranyl s u l f a t e  i n  D 0 i s  charged t o  the  f u e l  
supply tank, from which it is pressured t o  e i t h e r  tge reactor  dump tank o r  the  
processing p lan t  high-pressure system. Any uranium solut ion t h a t  remains i n  
the  f u e l  supply tank o r  the charging l i n e  is washed dawn with a small  amount of 
D 0 from the  D20 r in se  tank, and enough D 0 i s  added so t h a t  the so lu t ion  volume, 
wzen heated t o  operating temperature, w i d  j u s t  f i l l  t he  high-pressure systeme 
This D20, the  condensate from the evaporation of the previous batch of f u e l  
solution, is withdrawn from the D20 receiver  (T-2). 
i s  charged by emptying a carefu l ly  ca l ibra ted  meter tank (T-5). 

The cor rec t  quant i ty  of D20 

After the  f u e l  has been charged t o  the high-pressure system and di luted,  
t h e  system is  i so l a t ed  from the  low-pressure system and leak-checked by heat ing 
the  underflow pot t o  40OoF and noting the  system pressure.  The system i s  pres- 
sur ized t o  reac tor  operating pressure, t o  avoid the  danger of rupturing the  
underflow pot by heating an acc identa l ly  ove r f i l l ed  system, by opening one of 
t he  valves i n  the  l i n e  connecting it t o  the  reactor.  The piping is then heated 
t o  operating temperature a t  a r a t e  of 2103 per hour by per iodica l ly  opening 
and closing the  other  valve i n  the  l i n e  connecting it t o  the reactor,  thereby 
permitt ing in te rmi t ten t  flow of hot f u e l  solut ion,  

The danger of an imbalance i n  pressure forcing radioact ive so lu t ion  outs ide 
the  c e l l  through t h e  charging l i nes  i s  avoided by i n s t a l l i n g  automatically 
operated valves on both l i n e s  j u s t  inside the c e l l .  These valves a re  ins t ru-  
mented t o  c lose when the  system pressure reaches 5 ps iga  

Fuel Addition System Tanks T-11 and T-16. The f u e l  supply tank and the  
D20 r i n s e  tank a r e  mounted outs ide the  processing c e l l ,  
tank and the  D20 r in se  tank a re  made of lengths of 2-in. pipe; each is  8 i n .  
long ove ra l l  and has a t o t a l  volume of 407 ml. 
conditions are: 

Both the  f u e l  supply 

The design and operating 

Design pressure 
Operating pressure 
Operating temperature 

500 p s i a  
17 ps i a  
loo?!? 
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LteO DISSOLVER AND LOW-PRF;SSUEE SAME’LIITG SYSTEM 

4.1- Dissolver System (Reference Dwgs D-27451 and 2) 

The concentrate o f . f i s s i o n  and corrosion product so l id s  i n  f u e l  so lu t ion  is 
dumped once a week from t h e  high-pressure system o f  t h e  chemical p l a n t  t o  the 
d isso lver .  The so lu t ion  i s  boiled. u n t i l  more than 954’0 of t h e  D20 has been d i s t i l l e d  
of f  slzd co l l ec t ed  i n  the D2O rece iver  f o r  use i n  t he  next fie1 charge t o  t h e  reactor .  
By a system of valves and freeze plugs t h e  d isso lver  i s  then i s o l a t e d  from the  p a r t  
of the chemical p l a n t  t h a t  contains D2O ( t o  prevent contamination of t h e  D20 inventory 
i n  t he  r eac to r  w i t h  H 0)  and connected t o  t h e  p a r t  t h a t  contains B2O. Concentrated 
s u l f u r i c  ac id  i s  add& from outs ide  the  ce l l  t o  d isso lve  t&e solids,  and when 
d isso lu t ion  i s  complete, a sample i s  taken and t h e  remaining so lu t ion  i s  discharged 
t o  t h e  decay s torage system. 
w i l l  be compared w i t h  t h e  analysis of t h e  dissolved so l id s .  If these  analyses eon- 
sis ten t ly  agree, t h e  d isso lv ing  operation may be discontinued. 

The anailysis of t he  sample of t h e  underflow-pot so l id s  

Dfssolver D-3 (Reference Dwgs. E-27401, D-27444)* The d i s so lve r  (Fig. 27)  .is 
a 5.9-gal tantalum-lined vesse l  w i t i ?  a dcuble jacket,  which permits the use of s t e m ,  
cooling water, o r  both. The valves  a r e p r o t e c t e d  from corrosive ho t  dissolver 
so lu t ion  vapor by coolers  i n s t d l e d  on each l i n e  d i r e c t l y  below the va lws ,  and are 
backed up w i t h  freeze plugs t o  seal m i n o r  leaks. 

Af te r  the 2 g a l  of  uranyl sulfate, so lu t ion  i n  D20 i n  dumped from the underflow 
po t  t o  the dissolver ,  the  high-pressure system i s  washed w i t h  D20, which i s  also 
dumped t o  t h e  d isso lver .  The so lu t ion  in the dissolver i s  concentrated by bo i l ing  
unt i l .  i t s  bo i l ing  po in t  exceeds t h a t  obtainable  w i t h  30 p s i  steam. D20 recovery i s  
not ca r r i ed  further because subsequent dfsso lu t ion  of the corrosion product so l id s  
i s  bel ieved -to be much more d i f f i c u l t  i f  these  so l id s  have previously been baked t o  
dryness, The expected r a t e  of boildown i s  5-10 lb of Up0 p e r  hour. 

The corrosion and f i s s i o n  prQduct so l id s  l a  the  d i s so lve r  are dissolved by 
ho t  concentrated s u l f u r i c  acid, which slowly converts a l a y e r  of  oxide on each 
p a r t i c l e  t o  t h e  s u l f a t e  which dissol7ses readily i n  d i l u t e  acid,  The disso lu t ion  
procedure i s  a stepwise procedure of bo i l ing  the  so l id s  i n  concentrated acid, 
d-Lluting the so lu t ion  t o  dissolve the sulfate l ayer  and expose €resh oxfde surface, 
b o i l i n g  again i n  concentrated a c i d  t o  convert rn0r.e oxide, d i l u t l n g  t o  d l sso lve  t h e  
sulfate, and repeat ing u n t i l  dlssolu%inn is coro;plete. I n  p r a c t i c e  two treatments 
w i t h  concentrated a c i d  have been found t o  give over 99$ disso lu t ion .  
of between 10.8 and 50,2 M Is best for co-n-\TF;.rking the oxides t o  sulfates and a 
concentration of 4 M - or less i s  su i t ab le  f o r  d i sso lv ing  t h e  s~ iLfa t e .~3  

About15 l i t e r s  o f  4 M H2SOlI i s  added t o  t h e  d i s so lve r  from the d isso lv ing  
so lu t ion  charge tank, T-26, outs ide t h e  cell ,  and water I s  boi led  o f f  u n t i l  bo i l i ng  
po in t  readings ind ica t e  an a c i d  concentration of 10~8 M, 
boi led  f o r  4 h r  a t  t o t a l  ref lux.  The uppel- p a r t  of the d i s so lve r  j acke t  i s  cooled 
t o  increase i n t e r n a l  r e f lux  and allow the  use of  high bo i l ing  rates t o  increase 
ag i t a t ion .  Water i s  then added from t h e  d isso lv ing  so lu t ion  charge tank t o  d i l u t e  
t h e  so lu t ion  t o  4 M, and t h i s  so lu t ion  is  also boi led  f o r  4 h r  a t  t o t a l  r e f lux  
and then evaporatez t o  10.8 M. The w a t e r  vapors are vented t o  t h e  H20 system 
entrainment separa tor  and recombiner-condenser. 
bo i led  m o t h e r  4 hr, d i l u t e d  again t o  4 M, and then boi led  another 4 hs. 
t i m e  a t  r e f lux  i s  16 hr.  

A concentration 

The 10*8 M so lu t ion  is  

The so lu t ion  i n  the d i s so lve r  i s  
The t o t a l  

c 
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Afte r  a sample has been taken (See. 4.4) t h e  so lu t ion  is  pressurized by 

The disso lver  and sampler a r e  washed bo i l ing  t o  one of t h e  two decay tanks. 
with water charged from outs ide  t h e  c e l l  and t h e  wash solutior,  i s  a l s o  t r a n s -  
f e r r e d  t o  a decay tank. The l as t  t r a c e s  of water a r e  removed from t h e  d isso lver  
by heat ing with 25O-lb steam with a purge of  oxygen t o  sweep out  H20 vapor. The 
valves connecting t h e  d i s so lve r  rail& the  na tu ra l  water system are then closed 
and t h e  l i n e s  are sealed with freeze plugs, The valves connecting t h e  d isso lver  
with t h e  D20 system a r e  opened and t h e  associated f reeze  plugs thawed, 
i s  then ready f o r  t h e  next  charge, 

The d isso lves  

I n  bo i l ing  10.8 M s u l f u r i c  ac id  (Fig.  28), corrosion rate of most materials  
of construct ion i s  prEhibi t ive.  Only glass, tantalum, and t h e  noble metals are 
r e s i s t a n t .  Two g lass - l ined  vesse ls  were b u i l t  for t e s t i n g  t h e  process, bu t  tantalum 
was se lec ted  f o r  t h e  p l a n t  d i s so lve r  because of i t s  superior  shock res i s tance  and 
radia-tion stabil i ty.  
upper end. A 0.02-in.-thick tantalum. l i n e r  is f i t t e d  ins ide  t h e  vessel .  This l i n e r  
has s u f f i c i e n t  r i g i d i t y  t o  withstand without buckling t h e  pressure var ia t ions  
expected in t h e  operation of t h e  dis,wlver, i ,e , ,  from full vacuum t o  30 ps i a ,  The 
gasket f o r  t h e  flanged dissolvel- head i s  made of  t h i n  gold sheet.  The flanged head 
i s  made of Carpenter-20 s t a i n l e s s  steel  s ince tests have shorn that, corrosion i n  
t h e  vapor space a t  t h i s  height  above t h e  solu-bion i s  negl igible .  

The d i s so lve r  i s  a 4-ft sec t ion  of 6 in .  p ipe  flanged on t h e  

I n  test ‘puns, hea t  t r a n s f e r  from the jacke t  t o  t h e  s‘olution w a s  found t o  be 

This was remedied by f i l l i n g  t h e  gap w i t h  mercury t o  EL height of 
poor because o f  t he  s m a l l  air gap between t h e  tanta.lum l i n e r  and t h e  d isso lver  
vessel p r q e r .  
about 1 f t  and with helium t h e  rest of t h e  way. 
mercury t o  a higher  l e v e l  without r i sk ing  col lapse of t h e  l i n e r  under vacuum 
opera t ion , )  

(!The gap could not  be f i l l e d  wFth 

The corrosion of tantalum by mercur a t  t h e  operating temperature 
of t h e  d isso lver  was found t o  be acr,ep+ably lov.  1114 

I n s t m e n t a t i o n  f o r  t h e  d i s so lve r  cons ls t s  of a thermowell for  measuring 
so lu t ion  temperature and a bubbler probe f o r  l e v e l  indicat ion.  I n  order  t o  reduce 
t h e  number of connections t o  t h e  d isso lver  vessel ,  t h e  3/lt-in. dip l e g  w a s  used 
fo r  a bubbler l ine.  Density is determined by sampling and analyzing t h e  d isso lver  
solut ion.  

The d i s so lve r  i s  in su la t ed  with s i x  to e igh t  thicknesses  of aluminum f o i l  wrapped 
with aluminum mesh. !The design and operat ing %onditlons are: 

Volume 
Operating volume 
Design pressure 
Ope r a t i n g  p r e  s sure 
Operatlng temperature 
Cooling water serv ice  
Heat t r a n s f e r  a r ea  

Upp e r j a ck e t  
Lower Jacket  

5.3 gal  
Variabl. e 
500 p s i 8  
0 - 30 p s i a  
80 - 400°F 
2 @m 

2 4”26 f t2  
2.50 f t  

Reflux Condenser H-21 (Reference Dwg. D-27419). The H - 2 1  r e f lux  condenser 
condenses and cools t h e  vapor reaching it during the  bo i l ing  of the d i s so lve r  contents 
and thereby reduces the co-mosion of valve HCV 6-3-4 mounted above t h e  condenser. 
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The condenser i s  a l - f t  3-in. length of jacketed Carpenter20  pipe which 

dra ins  to t h e  dissolver .  Service connections a r e  provided for e i t h e r  steam o r  
cooling water. 
conditions are:  

There i s  an expansion j o i n t  on t h e  jacket .  The design and operating 

Design pressure 500 p s i a  
Operating pressure 30 p s i a  
Operating temperakure 80 - 2 5 0 ~ ~  
Heat transfer a rea  0.3 f t 2  
Cooling water service 1.0 gpm 

Jacke ts  H-16 and H-17 (Reference Dwg. D-24221). These coolers a r e  1-ft  lengths  
of jacketed pipes  i n s t a l l e d  beneath t h e  entrainment separators  S-2 and S - 3  (Fig. 3).  
They condense water vapor t o  form and maintain a water s e a l  t o  keep water vapor 
f lowing i n  t h e  des i red  d i r ec t ion  and prevent poss ib le  shor t -c l rcu i t ing  of t h e  condenser 
c i r c u i t .  "he design 
and operat ing conditions are: 

Cooler B-16 i s  mounted below S-2 and cooler  H - 1 7  i s  below S-3 .  

Design pressure 500 p s i a  
Ope r a t i n g  pressure 17 p s i a  
Operating temperature 10003' 
Cooling water se rv ice  1 g e m  

Reflux Condenser 11-20 (Reference Dwg. C -27418) a The H-20 reflux condenser 
condenses t h e  vapor boi led  off  from the d isso lver  during t h e  refluxing. The condenser 
i s  a 2 - f t  6-in.  l ength  o f  jacketed Carpenter-20 pipe which dra ins  t o  the dissolver .  
Service connections a r e  provided f o r  e i t h e r  s t e m  or cooling water. There i s  an 
expansion j o i n t  on t h e  jacket .  The design and operating conditions a re :  

D e s i g n  pressure 500 p i a  
Operating p res  sure 30 p s i a  
Operating temperature 
Heat t r a n s f e r  asea 
Cooling water se iv i ce  4.0 gpm 

80 - 2 O°F 
0.6 f t  3 

4.2 Dissolver Recombiner System 

Entrainment Separators S-2 and S - 3  (Reference Dwg. D-20240 and 41). The 
t w o  entrainment separators,  S-2 and S-3 (Fig.  29) i n  the D20 and BgO systems, 
respectively,  are i d e n t i c a l  in the e s s e n t i a l s  of construction. They remove 
entrained l i q u i d  from t h e  vapor boi led  from t h e  so lu t ion  i n  t h e  d i s so lve r  or decay 
tanks. The separa tors  are 4 in .  dia and 3 ft  6 in .  long and are made of 347 s t a i n -  
less  steel. Each u n i t  i s  jacketed with a 7 - i n . d i a  stainless steel can f i l l e d  with 
Santo-Cel i n s d a t i o n . 1 5  

Vapor en te r s  an entrainment separa tor  through a t angen t i a l  e n t r y  t h a t  separates  
t h e  Large drople t s  by cent r i fuga t ion .  
severa l  900 changes i n  t h e  d i r ec t ion  of t he  vapor stream and separates  smaller 
drople t s  by impingement. I n  a t h i r d  sec t ion  above t h e  baffles an 8-in.  thickness 
of Yorkmesh removes t h e  smallest  d rople t s  ., An ove ra l l  de;entrairnxxi-k f a c t o r  of a t  
least l o 4  is expected.16 

Immediately above, a ba f f l ed  sec t ion  creates 

The subsequent evaporation of l i q u i d  tha t  has impinged on t h e  Yorkmesh w i l l  l eave  
deposi ts  of so l id s .  If these  deposi ts  should accumulate s u f f i c i e n t l y  t o  plug t h e  
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separator, cooling water w i l l  be sen t  through a s m a l l  c o i l  above the  w i r e  mesh 
to crea te  condensate which w i l l  wash the  deposits from the  mesh. The COFL has a 
condensing capacity of  23 lb/hx=. 

The entrainment separators were designed f o r  a maximum throughput of 85 lb/hr.  
It i s  no t  now expected t h a t  a throughput higher than 20 lb/hr w i l l  be used. 
design and operating conditions are: 

The 

D e s i g n  pressure 500 ps ia  
Operating pressure 17 p s i a  
Operating temperahre 2100F 
Cooling water service 2 g e m  

( i n  t e rmi-t; t en t ) 

Superheaters H-7 and H-8 (Xeference Dwg. c-20266). The two superheaters, H-7 
and H-8, i n  the  D 2 0  and H20  systems, respectively,  a r e  iden t i ca l  i n  construction. 
They superheat t h e  vapor going t o  the  recombiners t o  prevent condensation on the  
ca t a lys t  bed and t o  increase t h e  e f f ic iency  of'recombination. 
i s  a 3-ft 9-in.  length of jacketed 1-in. 347 s t a i n l e s s  s t e e l  plpe (Fig. 30). 
Steam a t  250 p s i  hea ts  the e x i t  vapor t o  a calculated 293OF a t  a lO-lb/hr f l o w  
rate.1'7 
opemt ing  conditions are: 

Each superheater 

A themowell  is i n s t a l l e d  i-il the  vapor e x i t  l i ne .  The design and 

8 Deslgn pressure $00 ps i a  
Operating pressure 17 ps i a  

' Operating temperature 2930F 
Heat t r ans fe r  area. 0.76 f t2  
Steam consumption 1.33 lb/hr 

Recombiners R-3  and R-4 (Reference Dwg. D-20253). The two recombiners, 
R-3 and R-4, i n  the  D20 and He0 systems, respectively, aye iden t i ca l  i n  construction. 
They recombine the  r ad io ly t i ca l ly  produced deuterium ( o r  hydrogen) and oxygen t o  
prevent these gases from building up t o  such concentration t h a t  they became an 
explosriola hazard. 

Recombiner R-3 i s  operated about, 8 hr/week t o  recombine about 1.3 moles of Dg. 
A s  t h i s  gas i s  pyoduced it i s  d i lu ted  wFth s u f f i c i e n t  D 2 0  vapor t o  be kept w e l l  
below the  explosive l i m i t  a t  all times. 
t o  recombine about 3.8 moles of H2. 
recombiners R-3 and R-4 are not used; the recombiners on the  decay tariks w i l l  recombine 
the  radiolyt ical . ly  produced H2, the  o n l y  explosive gas produced i n  the processing 
p l an t  during t h i s  time. 

Recombiner R-4 i s  operated abuut 2h hr/week 
During the  remaining p a r t  of the  week the 

The recombiners (Fig. 31) are b u u t  of a ?-in.  length of 3-in.  pipe, 5 i n .  of 

A thermocouple i s  mounted i n  t he  middle of  the ca ta lys t  bed.l 
which i s  f i l l e d  with p l a t in i zed  alumina i n  the form of 1/8 x 1/8-in. ri&& c i r cu la r  
cyl inders .  
mantle keeps the  ca t a lys t  bed dry t o  prevent poisoning by moisture. 
cradles the  lower half of the recombiner i n  such a way t h a t  the  recombiner can be 
removed f o r  maintenance without removing the  mantle. The heat  load i s  calculated 
t o  be 124 Btu/hr; 250-pound steam w i l l  be used. 
a r e  : 

A heating 
The mantle 

The design a d  operating conditions 

.... 



-46 - 

VAPOR OUT 

S T E A M  

CONDENSATE 

I N  

ou T 

L 

i 

UNCLASSIFIED 
ORNL-LR-DWG 33890 

. IPS S C H . 4 0  

‘-THERMOWELL 

e--29in. I P S  SCH. 40 

VAPOR I N  

Fig. 30. HRT-CPP Superheaters H-7 8 H-8. 



-47 - 



-48- 

Design pressure 500 p s i a  
Ope rat i.ng pres  sure  
Operating temp era tu re  

17 p s i a  
29 5 OF 

Condensate Gage Tank T-3 (Reference Dwg. C-24184). For  easy d i s so lu t ion  of t h e  
s o l i d s  removed from t h e  r eac to r  it i s  e s s e n t i a l  that they not  become d ry  during t h e  
T320 recovery s tep .  
may be emptied i n t o  t h e  d i s so lve r  a t  t h e  end of  each boildown. 
conditions are: 

To prevent t n i s  t he  350 cc  of D20 i n  t h e  condensate gage tank 
The design and operating 

Design pressure 500 p s i a  
Operating pressure 17 p i a  
Operating temperature 110'~ 
Tota l  volume 354 ml 

Condensers 11-1 and H-2  (Reference Dwgo D-20253), Condenser H - 1  i n  t h e  D20 system - 
condenses the  vapor bo i l ed  o f f  from the d isso lver .  Condenser H-2  serves a similar 
function i n  the H20 system. 

'Yne condensers are a conventional. design of shell-and-tube heat  exchanger 
The t o t a l  hea t  (Fj.g* 32), 

t r a n s f e r  area i s  '7.5 ft'. 
of thermal stresses.l9 

Nineteen 1/2-in. 18-gage tubes 3 f t  long are used. 
A n  expansion j o i n t  i s  provided on t h e  j acke t  f o r  re l ie f  

The design and operating conditions are: 

Design pressure 500 p s i a  
Operating p res  sure 1'1 p s i a  
Operating temperature 293 - lb°F 
Heat t ransfer  area 7.46 ft2 

(ou t s ide )  
Cooling water service 2 ern 

Jacket  H-14 (Reference Dwg, B-2b l7 ) .  A seal i s  needed i n  t h e  r e f lux  l i n e  from 
condenser H - 1  -to d i s so lve r  D-3  t o  prevent D20 vapor from by-passing t h e  condenser 
system and overloading t h e  cold t r ap .  This seal i s  provided by put-ting a loop i n  t h e  
r e f l u x  l i n e  and in s . t a l l i ng  a small condenser on the loop t o  candense suf f ic ien t  D20 
vapor t o  make t h e  i n i t i a l  seal ,  
The design and operating conditions are: 

The jacke t  i s  a 4-f t  length of jacketed 1/2-in. pipe.  

Design pressure 500 psia,  
m e r a t i n g  p res  sure 17 p s i a  
Operating temperahre  100°F 
Heat t r a n s f e r  a r ea  0.615 f t 2  

( ins ide)  
Cooling w a t e r  sequired 0.5 gpm 

Iodine Removal U n i t .  The catalyst i n  recombiner R-3 will be poisoned by a n y i o -  
d ine  reaching j,tfrorn t h e  reactor.  Most of t h e  s m a l l  amount of iodine i n  t h e  solut ion 
discharged from t h e  underflow p o t  w i l l  be Gtripped from th is  so lu t ion  during t h e  
f i r s t  bo i l i ng  so t h a t  R-4 w i l l  not be affected. - 

The amount of iodine i n  the solut ion discharged from t h e  underflow p o t  has been 
calculated t o  be about 0,5 mg/week, mostly 1133 and. I13lS 
quant i ty  o f  iodine w i l l  poison t h e  recombiner c a t a l y s t  i s  not  accurately known; some 

The ex ten t  t o  which -tihis 
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expe r i  mental evidence ind ica tes  that, a 10 -year accumulation wou1.d be required t o  
cause a de-lectable e f f ec t .  I n  case the  poisoning e f f e c t  should be much greater,  
however, some pro tec t ion  f o r  t h e  recombiner i s  desired,  A small can containing 
silsremd Yorkmesh i s  i n s t a l l e d  i n  the  vapor l i n e  between the  superheater H-7 and 
fine recombiner R-3. A l a rge  part, of whatever iodine i s  i n  the vapor stream w i l l  
react with ihe s i l v e r  coating and not reach the  recomloiflero 

4.3 Dissolver Addition System, DpO Storage and Metering System - 
3 0  Receiver T-2 (Reference Dwg. D-20264), 'The D20 receiver  is  the  D20 

storage vessel  foy. t he  processing p l an t  (Fig.  33). It i s  fed. with condensate from 
Tondenser H - 1  and, i f  needed, with makeup D20 through t h e  f u e l  addi t ion system. 
The evaporated from each batch oi? fuel solut ion i s  s tored  i n  t h i s  vessel  u n t i l  
i t  js I-ateT used t o  make up thc  f u e l  so lu t ion  charged back t o  Yne reac tor .  The 
vessel i s  1 2  i n .  d i a  and 24 i n .  long and has a capaci ty  o f  l0,2 gal.  
of l eve l  ind ica t ion  a r e  provided, a weigh cell. 2nd a thermal l e v e l  probe. The 
design and  operating conditions are: 

'Two methods 

Design pressure 500 p s i a  
Operating pres  sure  17 p s i a  
Operating temperature 1 h O F  
'To tal volume 10.2 ga l  

D20 Meter Tank T-5 (Reference Dwg. C-24202) arid Pressure Reservoir T-5A. Tne 
meter-Xank (Pig. 34) i s  s ized  t o  hold t h e  cor rec t  volume of D2O t o  be returned t o  
the  reac tor  a t  t h e  beginning o f  each run v i s  t h e  underflow pot. 
gravity from the  D 0 rece iver  by thawing a freeze plug i n  t he  connecting l i n e .  
meter tank i s  3 i n ,  d i a  and 66-3/14. i n .  long. 
E.11 by gravi ty  from T-2 and t o  dra in  by gravi ty  i n t o  the  underflow pot.  
gravj.dy draining has not worked well  because of a i r  bubbles co l lec t ing  i n  t h e  drain 
. l ine ,  and a pressure reservoir,  T-5A vas ins t a l l ed .  T-5 i s  pressurized by charging 
T-54 with oxy-gen under 3-5 lb pressure, which i s  s u f f i c i e n t  pressure t o  empty T-5 
and not enough t o  blov l a rge  quan t i t i e s  o f  all- tinrough the underflow pot  and vent 
system.. %"ne pressure r e se rvo i r  i s  lt i n .  d i a  and 1 f t  6 in. long; i t s  volume i s  0.94 
ga.:. a 

It i s  f i l l e d  by 
The 2 

I-t i s  mounted hor izonta l ly  so as t o  
However, 

The design and operating conditions of Cne meter tank are :  

Design pre-cz* ,>,ure 500 p s i a  
Operating pressure 1-7 p s i a  
me r a , t  ing t emp e r a t u r  e 
Volume 7.8 l i t e r s  

1-40 OF 

Dissolving Soluti-on Addition System ( Reference Dwgs. D-27405, C -27436) The 
dissolving solut ion a d d i t i o n  system (Fig,  3 5 )  charges sulfui-ic acid., process water, 
and wash w a t e r  t o  the d isso lver .  It cons is t s  of t h e  charge tank T-26, t h e  addi t ion 
tank T-28 and the  ac id  demister S-4. 
dropped i n t o  T-26. 
S-14.. 
i n  T-26 i s  equalized t o  t h a t  of  t h e  processing system. 
processing equipment a r e  opened and the  solut ion i s  drained i n t o  the  dissolver .  

Solution i s  measured i n t o  T-28 and then 
T-26 i s  valved o f f  from the  processing c e l l  and vented thrmgh 

The valve 'oelow T-28 i s  then closed, t he  vent valve i s  closed, and the  pressure 
The valves between T-26 and t h e  

Accidental discharge of process solut ion through the  d isso lver  solut ion charge 
l i n e  i s  prevented by instrumenting t h e  valve i n  this l i n e  t o  remain closed u n t i l  t he  
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pressure i n  t h e  processing syseem i s  too low -to force  so lu t ion  outs ide t h e  c e l l .  
"..is valve i s  j u s t  i n s ide  the ;processing ce l l .  

The charge tank i s  a 5 . l -ga l  tank mounted outside the  processing ce l l .  It 
i s  made of Carpenter-20 stainless s t e e l  t o  reduce t'ne corrosion from t h e  s u l f u r i c  
acid.  
operating conditions are:  

I n s t m e n t a t i o n  includes a s i g h t  g l a s s  and a pressure gage. The design and  

Design prem- Dure 500 p s i a  
Operating pressure 17 p s i a  
Operating temperature lOOOF 
Volume 5.1 g a l  

The addi t ion tank i s  an open top 4.5-gal tank mounted above and draining i g t o  
T-26. 
a r e  : 

T h i s  tank i s  a l s o  made of Carpenter-20, The design and operating conditions 

Design pressure 15 psi.a 
Operating pres  sure  15 p s i a  
Ope rat  irig temperature 100 OF 
Volume 4.5 gal 

The a c i d  demister i s  a small vessel mounted i n  t h e  vent system of T-26. It 
prevents any entrained a c i d  from reaching the vent valve and vent l i n e s  above. 
5-in. l a y e r  of glass wool i s  used f o r  the de-entraining. The design and operating 
conditions are: 

A 

Design pressure LOO psia 
Ope r a t i n g  p res  sure  
Operating temperature l O O O F  

17 p s i a  

Volume 0.1 f t 3  

4, I+ Low-pressure Sampling System (Fig .  36) 

Dissolver Discharge Coolers H-22 and I€-24 (Reference Uwg. C-27420). Corrosion 
of  t h e  stainless s t e e l  sampler by the  s u l f u r i c  a c i d  d i s so lve r  so lu t ion  i s  kept t o  a 
t o l e r a b l e  Level by cooling t h e  so lu t ion  t o  about 120°F before it i s  sen t  through t h e  
sampler. A"G t h e  probable rate of  so lu t ion  flow, about 30 f t  of cooler  i s  required 
t o  obtain this  degree of cooling. It would be best  t o  i n s t a l l  th i s  cooler below 
t h e  valve i n  t h e  discharge l i n e  from the  d l s so lve r  s o  t h a t  the valve would a l s o  be 
protected from excessive corrosion, b u t  there i s  no t  room for so l a r g e  a cooler i n  
t h i s  loca t ion .  These conf l i c t ing  requirements of valve protect ion and space require- 
ments are compromised by using two coolers, one below t h e  valve t o  cool t h e  solut ion 
s u f f i d i e n t l y  t o  furnish p a r t i a l  protect ion t o  t h e  valve and the o the r  above the 
valye f o r  t h e  additional. cooling. Cooler H-22 i s  mounted below the valve aad cools 
the solut ion t o  about 170°F; cooler H-24 i s  mounted above t h e  valve and cools the 
solut ion t o  about 120OF. 

The so lu t ion  flow rate through t h e  sampler c i r c u i t  i s  determined by Yne 
pressure b u i l t  up i n  the d i s so lve r  and t h e  pressure drop i n  t h e  sampler (Fig. 37); 
all o the r  pressure drops i n  the c i r c u i t  are nqgligible.  73.e Pate &f pressure 
buildup depends on the operating' procedul-ei The fkow through %he Low-pressure sampler 
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a t  a given heat ing rate i s  shown i n  Fig. 38. 
d i s so lve r  may not  be l imi t ed  t o  t h i s  low value, a flow rate of 0.15 g p m  has 
been assumed f o r  design calculat ions.  

Since the  hea t  input  t o  t h e  

Cooler H-22 i s  b u i l t  i n  two sections,  each 5 f t  long. Each u n i t  is  a 
jacketed length of 1/2-in. Carpenter-20 pipe,  
on t h e  j acke t  t o  r e l i eve  thermal. stresses, 
are : 

An expansion j o i n t  is  provided 
The design and operating conditions 

Design pressure 500 p s i a  
Operating pressure 30 p s i a  
I n l e t  so lu t ion  temp 250% 
Outlet  so lu t ion  temp 17001;' 
Duty 37,000 Btu/hr 
Heat transfer area 2.3 f t 2  
Cooling w a t e r  required 5.1 g p m  

Cooler H-24 (Reference Dwg. C-27423) i s  b u i l t  i n  two sec t ions  f o r  ease i n  
i n s t a l l a t i o n .  
is a Jacketed 
a re  : 

One sec t ion  i s  5-1/2 f t  and t h e  o ther  14-L/2 f t  
The design length  o f  1/2-in. Carpenter-20 pipe. 

Design pressure 500 p s i a  
Operating pres sure  30 p s i a  

Outlet  solut ion temp 120°F 
Duty 26,500 Btu/hr 

Cooling water required 5 .1  g p m  

I n l e t  so lu t ion  temp 170% 

Heat t r a n s f e r  area 4.6 f t 2  

S m p l e r  (Reference Dwgs. E-15820, ~d5821 and 2, C-1.5823, 
c-1582ZTZF9, 11-15830 through 6, D-15839 through 42, E-15843, 

long. Each u n i t  
and operating conditions 

D-15824 through 7, 
D-15844 and 5 )  The 

low-pressure sampler takes  a sample of t he  d i s so lve r  contents a f t e r  d i sso lu t ion  i s  
coaple%e, T h i s  sample i s  obtained by bo i l ing  t h e  so lu t ion  i n  the  d isso lver  and thus 
pressur iz ing  t h e  so lu t ion  through t h e  sampler. The so lu t ion  i s  cooled before reaching 
the sampler t o  rninimize corroseon. Solut ion i s  discharged from t h e  sampler t o  a hold 
tank (T-23), he ld  u n t i l  sampling i s  completed, and dropped back t o  the dissolver .  
Sampling cons is t s  i n  t rapping a small por t ion  of this  stream i n  an  i s o l a t i o n  chamber 
and by remote means t r a n s f e r r i n g  t h i s  sample t o  a carrier which i s  t ransported t o  
t h e  ana ly t i ca l  laboratory.  

The sampler i s  similar t o  t h e  high-pressure sampler i n  t h e  chemical p l an t  and 
t o  the  samplers used i n  t h e  reactor .  

The sample hold tank i s  s i zed  t o  hold t h e  e n t i r e  contents of the d isso lver  i n  
case zt-' sample has not  been taken 'before tfie dias&lvw-, is " e q t i e d .  

I, . . 
Sample Hold Tank T-23 (Reference Dwg. C-27407). The sample hold tank i s  a 

5.9-gal tank that holds t h e  so lu t ion  discharged from t h e  sampler. It i s  s i zed  t o  
hold the e n t i r e  contents of t h e  dissolver i n  case a sample has not been taken before 
t h e  d i s so lve r  has been pressur ized  empty. The contents of the sample hold tank can 
be dropped back t o  the d i s so lve r  o r  t o  e i t h e r  of  two decay tanks (T-21 and T-22). 
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The sample hold tank i s  6 in .  dia and 4 ft 1 in .  long and i s  made of 

Carpenter-20 s t a i n l e s s  s t e e l .  The tank i s  i n s t a l l e d  a t  a s l i g h t  angle t o  
f a c i l i t a t e  draining. The design and operat ing condilions are: 

Design pressure 500 p s i a  
Ope r a t i n g  pressure 17 p s i a  
Operating temperature 120°F 
Total  volume 5.9 ga.1 

5.0 DECAY STORAGX SYSmM 

After d i sso lu t ion  and sampling of t h e  f i s s i o n  and corrosion products, the 4 PI 
so lu t ion  i s  pressurized t o  one o f  two 90-gal decay tanks, T-21 or  T-22 (Reference- 
Dwg. D-27452). 
same tank. The d isso lver  so lu t ion  and r in se  a re  accumulated i n  t h e  same tank u n t i l  
13 batches have been stored. During this  t i m e  t h e  so lu t ion  i s  occasional ly  boiled. 
t o  concentrate it t o  4 M and reduce i t s  volume. The so lu t ion  i n  one tank i s  allowed 
t o  decay f o r  13 weeks w%le t h e  o ther  tank i s  'wing f l l l e d .  A t  -the end OB the decay 
per iod  t h e  so lu t ion  i s  dropped i n  ba,tches t o  a t r a n s f e r  tank and pressurized outs ide 
the  c e l l  t o  a c a r r i e r .  

The d i s so lve r  i s  r insed and t h e  rinse so lu t ion  i s  charge6 t o  t h e  

Decay Tanks T-21 and T-22 (Reference Dwg, D-27411). Decay tanks T-21 and T-22 
are i d e n t i c a l  i n  t h e  e s s e n t i a l s  of construct ion (Fig,  39). 
so lu t ion  o f  f i s s i o n  and corrosion products unti l  it has decayed s u f f i c i e n t l y  To &? 
handled outs ide  t h e  c e l l .  The a c t i v i t y  of the so lu t ion  i n  t h e  decay tanks as a 
function of time i s  shown i n  Fig. 40. 

They s t o r e  the  I+ M H Sob 

The tanks a r e  18 i n .  i n  diameter and 8 f t  4 i n .  long and  a re  made of Carpenter-20 
s t a i n l e s s  s t e e l .  The tanks a r e  jacketed along a 5- f t  9-in. length with connections 
for steam or cooling w a t e r .  
s t r e s s e s  i n  t h e  jacke t ,  Insu la t ion  i s  sFx t o  e igh t  thicknesses of  aluminum f o i l .  

An expansion j o i r t  i s  provided t o  r e l i eve  thermal 

The so lu t ion  stored i n  t h e  decay tanks has a maximum s u l f u r i c  acid. concentration 
of M, A t  t h e  bo i l ing  poin t  of t h i s  so lu t ion  the o v e r a l l  corrosion rate of 
Carpen'Z;er-20 i s  20 mils/year and there  i s  also comiderable  stress corrosion cracking. 
To keep t h i s  corrosion at a minimum t h e  so lu t ion  i s  boi led only when necessary t o  
concentrate it t o  4 M. 
1 2  hr, every 6 months. 
of about 10O0F. 
4 M H2S04 i s  0.5 mil/yr; it i s  considerably l e s s  under operat ing conditions because 
of-the i n h i b i t i n g  e f f e c t  of t he  dissolved f i s s i o n  and corrosion prodzlcts.20 

This boLling i s  required three times, f o r  a t o t a l  OS about 
The rest or' t h e  tirile -the so lu t ion  i s  kept a t  a temperature 

A t  t h i s  temperature t h e  corrosion of Carpenter-20 i n  pure 

The amount of uranium i n  a decay tank under normal operating conditions i s  
1120 g a t  a concentration of 4.42 g / l i t e r .  %nLs concentration i s  low enough t o  
be c r i t i c a l l y  safe as long as t h e  uranium remains i n  solution, and the st rongly 
ac id  so lu t ion  t h a t  w i l l  be i n  t he  decay tanks p r e c i p i t a t i o n  of umniurn i s  unlikely.  
However, t h e  tanks a r e  s ized  t o  be c r i t i c a l l y  safe even i f  p rec ip i t a t ion  should 
occur. The tanks a r e  i n s t a l l e d  ho r i zon ta l ly  so t h a t  any uranium p r e c i p i t a t e  W i l l  
s e t t l e  uniformly along t h e  length  of t h e  tank and w i l l  consequently be too low i n  
concentration t o  sus t a in  a c r i t i c a l  reaction. If dl t he  uranium i n  the t ank  should 
prec ip i t a t e ,  a l i n e a r  concentration of  0.14 kg/ft; w i l l  r e s u l t ;  a concentration of 
0.98 kg / f t  i s  required for c r i t i c a l i t y . 2 1  
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Instrumentation f o r  t i e  tanks cons is t s  of a thermowell f o r  rneasuring so lu t ion  

temperatul-e and a bubbler system f o r  l i q u i d  l e v e l  and- densi ty  ind ica t ion .  
design and operating conditions are:  

The 

Volurne 93 g a l  
Operating volume 0-67 ga l  
Design pressure 500 p s i a  
Operating pressure 1-7 p s i a  
Operating temp e r a tu re  80 -22OOF 
Steam serv ice  10 l b /h r  
Cooling water se rv ice  2 mm 

Decay Tank Recombiner Loops. There a r e  two i d e n t i c a l  recombiner loops 
(Fig.  41), one on each decay tank. Each loop cons i s t s  of a heater, H-25 and 
I€-27 (Reference Dwg. C -27422), a recombiner, R-l. and R-2  (Reference Dwg. D-27412), 
and a cooler  (Reference Dwg, C-27421). 
i n  t h e  vapor space of t h e  decay tanks below t h e  explosive l i m i t .  The h e a t e r  and 
cooler a r e  i n s t a l l e d  in  v e r t i c a l  legs so  t h a t  a flow of a i r  i s  s e t  i n  motion by 
the difference i n  densi ty  of t h e  a i r  rin t h e  two l e g s  and sweeps out t'ne hydrogen. 
'fie recoiiibiner recombines t h e  hydrogen i n  t h e  ci rcu-lat ing gas stream flow. 

These loops keep t h e  hydrogen concentration 

The maximum r a t e  a t  which hydrogen i s  produced i n  a decay tank by t h e  r a d i o l y t i c  
decomposition of  water i s  9 .4  l i t e r s / h r ,  which i s  s u f f i c i e n t  t o  produce an explosive 
concentration i n  about 20 min, Boiling the  so lu t ion  i n  t h e  tanks t o  d i l u t e  and 
sweep out t h e  hydrogen with w a t e r  vapor, as i s  done i n  the d.i.ssolver, i s  not p r a c t i c a l  
because of t h e  high corrosion rate i.n t h e  tanks under these  conditions. 

Heater Ii-25 i s  mounted above T-21 and H-27 above T-22. The flow rate of gas 
through ti?e recombiner loop depends on t he  temperature t o  which the  a i r  i s  heated 
and cool-ed and on t h e  pressure drop through t h e  loop. This flow rate  has been 
calculated t o  be about 0.75 €t3/min f o r  a hea te r  temperature of 2b°F and a cooler 
temperature of 80°F. 

Each-heater i s  a 1 2 - f t  jacketed length of  1 - in .  pipe. Low-pressure steam i s  
used i n  t h e  jacket .  The design and operating conditions are: 

Heated surface area 4.0 f t 2  
Duty 1-00 Btu/hr 
Operating pressure 1'7 p s i a  

Design pressure 500 p s i  
Operating temperature 2 5 0 ~ ~  

Each recombiner i s  4 i n .  dia and about 1 f t  long. The c a t a l y s t  bed i s  a 4-in. 
thickness of p l a t i n i z e d  Yorkmesh held i n  place w i t h  r e t a i n e r  r ings .  A s t e m - c o i l  
i n  front-of t h e  catalyst  bed- evaporates any moisture tha t  c o l l e c t s  i n  t h e  reco.mbiner. 
The recombiner i s  connected t o  the  loop witin flanges t o  f a c i l i t a t e  removal and 
replacement. It i s  not  feasi-ble t o  seal. these limes, so t h a t  t h e  u n i t  can be 
removed underwater without flooding t h e  decay tanks, and it is proposed t h a t  t h e  
recombiners be removed with t h e  c e l l  flooded only as high as t h e  recombiner flanges.  
Unit shielding might be used t o  reduce rad ia t ion  exposure. Tlne design and operating 
conditions are : 

Des ign p re s sure 
Opera.ting p r e  b - < >  ,ure 

500 ps i  
1-7 p s i  

Operating tempe ra-ture 3 0 0 0 ~  
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Cooler H-26 i s  mounted above T-21 and H-28 above T-22, When the  decay tank 
is  being boi led t o  concentrate i t s  contents it would be undesirable t o  have these 
coolers a c t  as Feflux condensers. On such occasions, therefore,  -they a r e  serviced 
w j t h  low-pressure steam instead of cooling w a t e r .  An expansion j o i n t  i s  provided 
i n  t he  jacke t  t o  r e l i eve  any thermal s t r e s ses  which might be caused by a sudden 
switch from water t o  s t e m  service or vFce versa ,  
a r e  : 

The design and operating conditions 

Design pressure 500 p s i  
Q e rat ing pres  sure  17 p s i a  
Operating temperature l-OO°F 
Heated surface area 4.0 f t 2  
Duty 250 Btu/hr 
Cooling water required 0,5 gpm 

Decay Tar& Seal  Pots  A-4 and A-5 (Reference Dwg. D-27434). Seal po t s  A-4  and 
A-5 (Fig.  32) s r e  i d e n t i c a l  i n  construction. They are i n s t a l l e d  on t h e  vapor 1 i E s  of 
T-21 and T-22, respect ively.  
t o  t he  o ther  o r  from the  d isso lver  t o  a decay tank by condensation of water vapor i n  
the  decay t a n k .  The s e a l  po ts  are shor t  sect ions o f  3- in .  pipe with a, j acke t  for 
cooling water. 

These u n i t s  prevent t r a n s f e r  of water from one decaytank 

When t h e  d isso lver  or a decay tank i s  being boi led t h e  water vapor goes t o  t he  
entrainment separator  a n d  t o  t h e  condenser or along any a l t e rna t ive  path where tile 
res i s tance  t o  fl.ow i s  less, i . e . ,  t o  whichever decay tank w a s  not being boi led a t  t h e  
moment, Here the  vapor would condense on t'ne l a rge  cooled surface area of  t n e  tank, 
and t h e  ne t  e f f ec t  would be t h a t  considerably more vapor would be condensed i n  t h e  
decay tank than i n  t he  condenser. The s e a l  po ts  a c t  as a one..way seal. Water vapor 
condenses i n  t he  pot  and forms a s e a l  which s tops any back f l o w  o f  vapor t o  t h e  
decay tank. When the  decay tank t o  which t h e  seal po t  i s  connected i s  boiled, t h e  
vapor passes  through t h e  s e a l  pot  wit'n r e l a t i v e l y  l i t t l e  condensation. The design 
arid operating conditions are:  

Design precc ., 500 p s i a  
Operating pressure 1-7 p s i a  
Operating temperature 100 -2200F 
Operating volume 20 i n .  3 
Cooling water required 1 gpm 

Condensate Catch Tank T-25 (Reference Dwg. D-27bO4) In  t h e  condensate catch 
tank (Fig.  43) the  condensate from t h e  d isso lver  and t h e  decay tanks i s  temporarily 
s tored  u n t i l  it i s  convenient t o  t r a n s f e r  it (by steam j e t )  t o  t h e  12,000-g&. 
waste storage tank outs ide t h e  c e l l .  
week from t h e  d isso lver  and, a t  irregular in te rva ls ,  65 g a l  of w a t e r  every 6 months 
from each decay tank .  

The tank receives  about 3 g a l  of w a t e r  p e r  

The catch tank w i l l  be emptied on an average of once a month. 

The catch tank i s  a 5 l -ga l  s t a i n l e s s  s t e e l  vessel  12 i n e  d i a  and 9 ft long. 
It  ts  i n s t a l l e d  a t  a s l i g h t  angle t o  facil i tate emptying. 
provided t o  alarm when t h e  condensate volume reaches bC gal .  
operating conditions a r e  : 

A thermal l e v e l  probe is  
The design and 
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. 
VAPOR FROM DECAY TANK 

q-in.IPS SCH 40- 

1 

3-ln. IPS SCH 40- VAPOR TO ENTRAINMENT 
SEPARATOR 

6-in.lPS SCH 40 

DATA 
DESIGN PRESSURE 500 PSlA 
OPERATING PRESSURE 17 PSlA 
OPERATING TEMP 10Oo-22O0 F 

COOLING WATER IN 

Fig. 42, HRT-CPP Decay Tank Seal Pots A-4, A-5. 
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Design pressure 500 p s i a  
Operating pressure 17 ps i a  
Operating temperature 100%' 
Operating volume 0-40 gal 
Tot& volume 50.8 gal 

Transfer Tank T-27 (Reference Dwg, D-27424). The t r a n s f e r  tank (Fig.  44) 
i s  used t o  pressur ize  so lu t ion  from t h e  decay tank t o  the  c a r r i e r  outs ide t h e  c e l l  
i n  r e l a t i v e l y  small batches, thereby aver t ing  t h e  danger of o v e r f i l l i n g  t h e  c a r r i e r .  
Pressurizing Is accomplished by closing t h e  vents  t o  t h e  t r a n s f e r  tank, boi l ing  the  
so lu t ion  i n  t h e  tank, and allowing the steam pressure t o  force  t h e  so lu t ion  through 
a cooler  (H-23)  t o  t he  c a r r i e r .  

The t ransfer  tank i s  a 5-1/2 g a ~ .  carpenter-20 stainless steel vessel 6 i n ,  
d i a  and 3 f t  9 in .  long. 
thus m i n h i z e s  holdup between transfers, 
r e l i eves  thermal s t r e s s e s .  A themowell  i s  a l s o  i n s t a l l e d ,  
conditions are: 

A w e l l  a t  one end of t h e  tank serves as a low poin t  and 
An expansion j o i n t  on t h e  steam jacke t  

Tfie design and operating 

Design pressure 500 p s i a  
Operating pres  sure 30 gsia 
Operating temperature 250 F 
Operating volume 5.5 gal 
Total  volume 5.5 ga l  

Waste Cooler H-23  (Reference Dwg, C-27435). The waste cooler (Fig.  45) i s  
i n s t a l l e d  on the l i n e  between t h e  transfer tank T-27 and t h e  c a r r i e r  C-4, It caols 
t h e  so lu t ion  being t r ans fe r r ed  t o  reduce t h e  corrosion rate and t o  s implify c a r r i e r  
handling problems. 

!The cooler  i s  an 8-ft 8-in. l ength  o f  jacketed 1/2-i~1. Carpenter-20 s t a i n l e s s  
steel  pipe.  
245OF t o  about l .b°F  i f  the so lu t ion  flow r a t e  i s  restrTcted t o  0 ~ 6  gpm. 
r e s t r i c t i n g  can b e s t  be done w i t h  t h e  valves i n  t h e  w a s t e  loading pit. 
and operat ing conditions are:  

The hea t  transfer surface is  s u f f i c i e n t  t o  cool t h e  solut ion from 
This 

The design 

Design pressure 500 p s i a  
Operating pressure 30 p s i a  
Operating temperature ~ 1 1 0  -250'~ 
WjT 32,000 Btu/hr 
Heat transfer area 2,Q f t2  
Cooling water required 4.2 gpm 

6 - 0  OFF-GAS SYSTEM 

The quant i ty  of gaseous f i s s i o n  products given off by the so lu t ion  i n  t h e  chemical 
Even t h i s  amount p l a n t  i s  qu i t e  small compared t o  t h e  amount given o f f  by t h e  reac tor ,  

i s  too high t o  be vented d i r e c t l y . t o  t h e  atmosphere, however, and an off-gas system 
similar t o  that  f o r  t h e  r eac to r  off-gas i s  required.  
t r a p s  t o  decrease the water content of  t h e  outgoing gas t o  as l o w  a value as practicablc 
a charcoal adsorber t o  hold t h e  fission-product gases u n t i l  they have had time t o  decay, 
a s e a l  po t  t o  keep outs ide  a i r  from flowing i n t o  t h e  system during any momentary drop 
i n  pressure, and. a connectlon t o  t h e  stack: 

This system cons i s t s  o f  cold 

The off-gas vents f o r  t h e  H20 and D20 
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SOLUTION OUT 

COOLING 

40 

WATER IN 

0 ESI G N CON Dl TI ONS 

DESIGN PRESSURE 500 PSlA 
OPERATING PRESSURE 30 PSlA 
DESIGN TEMP 25OoF 
DUTY 32,000 BTU/HR. 
HEAT TRANSFER AREA 1.98 SQ.FT. 

J S K E T  

DESlGh PRESSURE 90 PSlA 
DESIGN TEMP 100°F 

IPS SCH 40 

SOLUTION IN 

Fig. 45. HRT-CPP Waste Cooler H-23. 

................ - ~ i_._..__..._._ 



systems of t he  chemical p l an t  a r e  kept separate up t o  t he  charcoal adsorber t o  
prevent any contamination of t h e  D20 inventory with B20. 

Whenever a solut ion i s  boi led i n  a vessel  i n  tile chemi-cal plant,  t h e  water 
vapor generated forces  t h e  gas i n  t h e  vapor space above t h e  vessel  out  through 
the  off-gas system. 
then c rea tes  a p a r t i a l  vacuum i n  the chemictd- p l a n t  system, s ince t h e  s e a l  po t  on 
t h e  off-gas l i n e  prevents atraosphcric a i r  from replacing t h e  gas driven o f f .  
pressure i n  t h e  chemical p l an t  i s  not  equalized, fu r the r  operation f u r t h e r  
t he  system puessure and quickly makes t h e  systern inoperable by reducing Yne bo i l ing  
poin t  of the d isso lver  solut ion t o  too l o w  a temperature f o r  d i sso lu t ion  t o  occur. 
It  i s  necessary therefore  t o  add i n e r t  gas from outs ide t h e  c e l l  t o  keep the  p rePc  a oure 
i n  t he  chemical p l a n t  equipment a t  o r  s l i g h t l y  above atmospheric. 

Condensation of t’ne water vapor after boi l ing  has been stopped. 

If the 
decreases 

Cold Traps -... ~ _“__ H-4  and H-18 (Reference Dwg. D-20245). Coid t r a p s  H-)-I and ii-18 a r e  
ident?cac; H - 4  4 s  -bn tAe DpO bystem’and H-18 onc the H 2 0  system‘. 
t h e  off gas t o  condense-out t h e  water vapor an& thus prevent i t s  plugging the  char- 
coal adsorbera The condensed vapor drains  back t o  t h e  chemical plant .  

These U n i t s  c h i l l  

The cold t r aps  (Fig.  46) are 4 - f t  lengths  of jacketed 3/4-in. pipe.  The coolant 
A thennocouple measures t h e  temperature of  t h e  gas Leaving i s  c h i l l e d  water a t  b ° F ,  

the  co:l.d %rap. The design and operating conditions are: 

Design pressure 500 p s i a  
Operating pres  sure 17 p s i a  
Operating temperature h 0 F  
H e a t  t r a n s f e r  area 0.22 f t 2  

( i n s i d e )  

Sea l  I Pots A-1 and A-3 (Reference D#7g. C-271.113). Seal. po t  A-1  i n  t h e  off-gas 
l i r ie  prevents H20  vapor from ge t t ing  i n t o  t h e  D20 system and contaminating the  D20 
inventcry.  A-3, i n  t he  oxygen addt t ion l ine ,  prevents radioact ive gas from escaping 
from t h e  processing p l an t  t o  an operating a rea  v i a  t h e  oxygen addi t ion system. 

The s e a l  pots  a r e  made from a 6- in .  length of 6- in .  pipe.  They a re  half  f i l l e d  
w i t h  mercury, which suppl ies  t h e  sea l .  A b a f f l e  p l a t e  decreases inercury entrainment. 
The design and operat ing conditions a re  : 

Design pressure 50 p s i a  
Operating pressure 17 p s i a  
Operating t enipe r a tu re  
Volume 0.75 gPm 

LOO OF 

Charcoal Adsorber (Reference k g .  E-211801.) The charcoal adsorber is  similar t o  
those used f o r  t h e  reac tor  off-gas.  I t s  funct ion i s  t o  adsorb the  xenon and krypton 
froiu t h e  off-gas and hold them u n t i l  they decay 7jLrtual-1-y completely t o  s o l i d  or 
s t ab le  forms, 

Pressure Equi l izat ion.  Oxygen i s  used as t h e  i n e r t  gas which i s  added (from 
oxygen cy l inders )  t o  the chemical p l an t  system t o  keep t h e  pressure a t  t h e  desired 
l eve l .  A control  valve allows gas t o  flow i n t o  t h e  vent system i n  t h e  chemical p l a n t  
whenever t h e  pressure f a l l s  belotr a p re - se t  value and shuts o f f  t h e  flow a t  a somewhat 
higher  pressure.  The exact values o f  these pressures depend on t h e  p-ressure drop 
through the  chemical p l an t  equipment and will be determined i n  the  f i e l d .  
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Catch. Tank A-2 (Reference Dwg. C-27425). Catch tank A-2 i s  i n s t a l l e d  upstream 
and above sea l  pot*A-l.., 
equipment i n  t h e  evcn-t of a sudden pressure surge downstream. 
from a 6- in .  l ength  of 6- in .  pipe,  
design and operating conditions are:  

It prevents any flowback of mercury i n t o  t h e  processing 
The tank i s  made 

Baff le  p l a t e s  decrease mercury entrainment. The 

Design prep-  oaure 500 p s i a  
Op e i-at i ng press  ul-e 
Operating temperature. lOOoF 

17 p s i a  

Volume 0.75 g P m  

7.0 wmm DISPOSAL SYSTEM 

The so lu t ion  discharged from t h e  decay tanks via  t h e  t r ans fe r  tank a t  3-month 
in t e rva l s  i s  co l lec ted  i n  c a r r i e r  C - 4  (Fig.  '$7) i n  t h e  loading p i t  outs ide t h e  
building. If scheduling d i f f i c u l t i e s  a r i s e  and there  i s  no recovery facj-l- i ty 
ava i lab le  t o  handle t h e  waste solut ion a t  t h e  time, t h e  solut ion can be s tored  
%emporayily i n  t he  waste evaporator. 

Car r ie r  C - 4  (Reference Dwgs. D-30476 through 80)~ The c a r r i e r  vesse l  i s  20 i n .  
d in  and about 30 i n .  long and has a capacity of 30 gal.  The lead  shielding i s  
9 i n .  t h i ck  on t h e  top and s ides  and a m i n i m u m  of  5-1/4 i n .  t h i ck  on the  bottom. 
With t'nis shielding the  rad ia t ion  a t  t h e  surface of t he  carr i -er  i s  ca lcu la ted  
t o  be %bout 80 mr/hr. 
on top of t h e  c a r r i e r  by a removable cap t h a t  i s  placed over these f i t t i n g s  whenever 
t h e  c a r r i e r  i s  out  of t h e  loading p i t .  The t o t a l  weight of t he  c a r r i e r  i s  9.3 tons.  

Additional shielding i s  provided for t he  valves and nozzles 

Three nozzles a r e  i n s t a l l e d  on the  c a r r i e r .  One vi11 be used f o r  f i l l i n g  
t'ne ca r r i e r ,  one f o r  venting, and the  t h i r d  f o r  emptyjng the c a r r i e r ,  All t h ree  
a re  flanged. 

Bydrogen w i l l  be evolved from t h e  waste so lu t ion  a t  a r a t e  of  0.026 mole/hr, 
increasing t h e  pressure i n  t h e  c a r r i e r  by 0,6 psi/hr.22 This r a t e  of pressure increase 
i s  not deerfled high enough t o  j u s t i f y  the  use of a recombining mechanism on t h e  ca r r i e r ,  
since the time i n  t rans i t  i s  n o t  expected t o  exceed a f e w  hours. 

The hea t  evolved from the  vas te  soluti.on w i l l  be about 500 Btu/hr, which w i l l  
r a i s e  tine so lu t ion  temperature by about 20F p e r  hour- i f  no hea t  i s  l o s t  t o  %he 
surroundings. This temperature rise i s  considered negligi'ole and no provision 
has been made for cooling t h e  c a r r i e r  i n  t r a n s i t .  

If all uranium remains i n  solution, t he  20- t o  25-gal charge t o  t h e  c a r r i e s  W i l l  
not contain a c r i t i c a l  mass, 
from a 4 M H2S04 solut ion;  t h e  l ike l ihood o f  such p rec ip i t a t ion  i s  considered remote 
enough t h g t  a c r i t i c a l l y  safe  c a r r i e r  i s  not required. 

N o  mechanism i s  known by which uranium would p r e c i p i t a t e  

The design and operating conditions a re :  

Design pressure $00 p s i a  
Ope r a t i n g  pres  sure  
Operating temperature 120'~ 
Total volume 30 ga l  
Operating volume 20-25 gal  
We i @it 9.3 tons 

17 p s i a  
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Loading P i t  (Reference Dwgs. D-20244, D-27453 through 8, D-27GO). The 
c a r r i e r  i s  charged with waste so lu t ion  a t  the  c a r r i e r  handling f a c i l i t y  i n  the  
loading p i t  wi-th the  p i t  flood.ed t o  minimi.ze rad ia t ion  exposure. 
device pos i t i ons  the  c a r r i e r  beneath the &arging nozzles. The charging l i n e s  
are s u f f i c i e n t l y  f l e x i b l e  t h a t  't'ne nozzl-es can be sprung downward t o  mate wit'n 
t h e  c a r r i e r  nozzles. Valves a r e  adjusted from above with long-handled t o o l s .  
When t h e  t r a n s f e r  has been completed, t h e  charging line i s  flushed t o  minimize 
contamination, valves are closed, and t h e  charging nozzle connections are broken. 
The t r o l l e y  can then be cranked back i n t o  t h e  os ig ina l  posit ion,  a cover lowered 
In to  place on t h e  ca r r i e r ,  and t h e  c a r r i e r  removed from t h e  loading p l t .  
of t h i s  operation i s  shown i n  Fig. 48, 

A t r o l l e y  

A sketch 

Waste Evaporator (Reference Dwgs. D-27459, D-27Lt6l and 2, ~ - 2 M 0 6 ) .  The HRT 
waste evaporator has been modified so  that  it can a l s o  be used f o r  temporary 
s torage  of waste solutions.  It i s  made of 31+7 s t a i n l e s s  s t e e l ;  corrosion i s  no 
problem with reac tor  wastes and i s  a problem with chemical p l a n t  wastes only i,f 
'the so lu t ion  i s  a,llowed t o  exceed 120°F, 
vessel to prevent a higher  temperature, 

A cooling c o i l  i s  wrapped around t h e  

The evaporator has a capacity of 190 gal .  It i s  c r i t i c a l l y  safe f o r  any 
volume of  waste solut ion from the processing p l an t .  C r i t i ca l i t y  l i m i t s  f o r  r eac to r  
waste so lu t ions  a r e  l e s s  d e f i n i t e  and w i l l  have t o  be estimated f o r  each case. 
I n  general, any volume up t o  25 g a l  w i l l  be c r i t i c a l l y  safe, s ince  t h i s  volume 
will be held i n  the  4 i n .  evaporator legs .  
c r i t i c a l l y  sa.fe as long as t h e  uranium concentration i n  the evaporator body does 
not exceed 0 35 kg p e r  l i n e a r  foo t .  

Volumes i n  excess of 25 g a l  w i l l  be 

A sampler i s  instal led.  i n  a shielded housing outs ide  the  waste evaporator 
sh ie ld .  Solution i s  c i r cu la t ed  through t h e  sampler by means of an a i r  j e t .  

Provision i s  made for an  a i r  sweep t o  pe r iod ica l ly  purge r a d i o l y t i c  hydrogen 
A flow of' 1.5 cfm f o r  2 min every 8 h r  purges e i ther  r eac to r  from the evaporator. 

o r  chemical p l a n t  waste sol-ution. 

Instrumentation f o r  t he  waste evaporator includes a bubbler system f o r  level  
and dens i ty  measurement and thermocouples f o r  temperature ind ica t ion .  

Extra shielding on t h e  north a d  west .walls of t h e  waste evaporator s h i e l d  
perniits handling and storage of  more a c t i v e  so lu t ions  thhan was contemplated i n  
the o r i g i n a l  design. Thi.s e x t r a  shielding i s  a 12-in. -thick l a y e r  of barytes 
block stacked in s ide  t h e  sh ie ld .  Lead br icks  are subs-ti-tuted i n  one area of t h e  
west w a l l  where barytes  blocks cannot be used because of i n s u f f i c i e n t  clearance: 

The process piping i n  t h e  chemical processing loading p i t  i s  so  arranged 
tha t  so lu t ion  can be charged to t h e  waste evaporator from e i t h e r  -the r eac to r  o r  
t h e  chemical. processing dump tanks.. Solution from t h e  waste evaporator can be 
discharged t o  t h e  reactor, t h e  chemical processing dump tanks, or t o  a c a r r i e r  
i n  t h e  chemical processing loading pit;. 

Metering Tank (Reference Dwg. D-27459). The metering tank i s  a 3-gal tank 
i n s t a l l e d  within the  waste evaporator shield and connected t o  t h e  discharge l i n e  
from t h e  waste evaporator. It provides a means f o r  metering t h e  discharge of 
waste solutjon, thereby obviating t h e  danger of overfi.ll-ing the  carrier when bhe 
evaporator i s  being emptied. 
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The metering tank i s  4 f t  6 i n .  long and 1.1 i n .  d ia .  It i s  i n s t a l l e d  
h o r i  zoritally. 

8.0 AUXILIARY SERVICES AND EQUIPrnNT 

8.1 Services 

'l%e chemical processing p l a n t  i s  supplied with a nimber of services---leak 
detection, cooling water, re f r igera t ion ,  e l e c t r i c a l ,  instrument air, process air, 
and. steam, The l a s t  four  a r e  s-tand-ard and need no elaboration; t h e  cool.ing water, 
l eak  d-etection, and r e f r ige ra t ion  systems, whJ.ch are unorthodox, a r e  described 
here i n  de t a i l , ,  

Leak Detectors (Reference Dwg. D-27447) A Leak-detection device (Fig. 49) 
i s  i n s t a l l e d  on every flange on a process l i n e  or vessel i n  t h e  processing p l a n t  
except -the d i s so lve r  head f lange,  When t'le plarit i s  i n  operation the  space 
beneath t h e  r ing seal of a flanged j o i n t  i s  pressurized t o  a pressure higher than 
t h a t  used i n  t h e  process. Any l eak  i n  tine flange w i l l  therefore  r e s u l t  i n  leakage 
from t'ne leak-detection system e i t h e r  t o  tlie process system or i n to  t h e  ce l l .  ?'his 
l eak  of leak-detection f l u i d  (D20) can e a s i l y  be detected by a l o s s  i n  l eak -  
detect ion system pressure, and cor rec t ive  ac t ion  can be taken before t h e  l eak  becomes 
bad enough f o r  process so lu t ion  t o  leak through t h e  f lange.  

The system on t h e  high-pressure flanges operates a t  2500 p s i a  and t h a t  on t h e  
low-pressure flanges a t  500 psi-a. 
de t ec to r  l i n e s  (8 are spares)  which are grouped on two manifolds. 
f i l l e d  with QO t o  a f ixed  l e v e l ;  t he  gas space remaining i s  f i l l e d  with argon 
under pressure ,  The re lat ive vel-umes of D20 and argon are such t h a t  a 1-oss of I cc 
of D2O through any f lange  w i l l  cause a 20-psi change i n  manifold pressure.  The low- 
pressure system semices b2 leak-detector  l i n e s  (4 are spares)  which are grouped 
on th ree  manifolds; A 1-cc D20 loss w i l l  cause a 5-psi. change i n  manifold pressure.  

The high-pressure system sezvices 28 l eak -  
The system i s  

Cooling-waLer Recirculation System (Heference Dwgs. C -271142, E-271+32). This 
system cools  and r ec i r cu la t e s  up t o  50 gpm of demineralized cooling water through 
the  processing p l an t .  The water i s  pumped from a head tank, T-29, through a coole:r, 
H-29, through the desired process equipment, and. back t o  the head tank (Fig.  50). 
Potable water i s  used on a once-through basis ,to cool  t h e  demineralized water. The 
maximum demineralized water temperature leaving t h e  cooler should not  exceed 8 5 ' ~ .  
I n  t h e  event of f a i l u r e  of t'ne c i r c u l a t i n g  pumpt cooling water for t'ne most urgent 
pi-ocess requirements w i l l  by-pass t h e  pump, c i r c u l a t e  by gravi ty  through the process 
equipment, and be discharged. t o  the drain.  The head tank capacity i s  suf f ic ien t  
t o  supply t h e  p l a n t  f o r  about an hour. More demineralized water can be added from 
tlie s-Lorage tank on t h e  roof, and when this supply i s  exhausted, potable water can 
be used d i r ec t ly .  This closed-cycle cooling-water system i s  used t o  avoid the 
possibi-l- i ty of chloride conta.-mination of the cooling water, which would i.nduce 
s t r e s s  corrosion cracking i n  process equipment. 

I__ - 

Tank T-29 i s  3 f t  6 in .  d i a  and 3 f t  10 i n ,  high with a capacity of 350 gal. 
Two gage g lasses  provide l e v e l  indication. A pressure switch i s  used t o  give a 
low-level- alarrn. The pump, P-29, i s  a Worthington pump with a maximum capaci ty  
of 50 @in. Cooler H-29 i s  a shell-and-tube hea t  exchangw with a hea t  t ransfer  
surface of 112 f t 2 .  
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Fig. 49. Typical HRT-CPP Leak Detection Arrangement. 
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Freeze Plugs (Reference Dgg. D-25073). Freeze plugs are used i n  t h e  process-  

ing  plant,  ins tead  of ~ a l v e s ,  t o  s e a l  process l i n e s  and s top  leakage through 
valves.  A f reeze  plug is  Pomed i n  a length  of process l i n e  wrapped w i t h  
tubing (Fig.  51) through which r e f r ige ran t  a t  - b ° F  i s  c i r c d a t e d ,  
l i n e  can be reopened by shut t ing  o f f  t h e  flow of r e f r ige ran t  and allowing the  
plug t o  t h a w .  The r e f r ige ran t  is Freon-11 cooled t o  operating temperature by - 
a primary r e f r ige ra t ion  system outs ide  t h e  processing c e l l .  

The process 

I n  t he  processing p l a n t  a f reeze  p l u g , c o i l  i s  i n s t a l l e d  adjacent t o  every 
high-pressure v a h e  t o  e n s u e  aga la s t  discharge of' process so lu t ion  i n t o  t h e  low- 
pressure system i n  t h e  event of valve f a i l u r e  and a l s o  Lo prevent minor leakage, 
which would tend  to erode t h e  vaLve seat. 
p lug  c o i l s  are i n s t a l l e d  adjacen-b t o  t h e  vaZves on t h e  d isso lver  to ensure aga ins t  
leakage through these  valves and subsequent cross-contamination of tne H20 and DgO 
systems, I n  both systems f reeze  plugs are used as a subs t i t u t e  for shut-off valves 
wherever t he  process so lu t ion  flow can be ha l ted  long  enough t o  f reeze a plug. 

I n  t h e  low-pressure system freeze 

I n  addi t ion  t o  t h e i r  use i n  process control, f reeze  plugs a re  formed i n  the  
l i n e  on both s ides  of  equipment t o  be removed t o  minimize contamimtion of process 
equipment w i t h  shFeld water. %here access is easy, por tab le  f reeze plug c o i l s  are 
used; where access i s  d i f f i c 4 1 ,  c o i l s  a r e  i n s t a l l e d  but  l e f t  unconnected t o  t h e  
re f r igera t ion '  system u n t i l  needed. 

Refr igerat ion System (Reference Dwg. ~-27'c48) The r e f r ige ra t ion  system cools 
and reeirculates r e f r ige ran t  t o  t h e  various f reeze  plug co i l s .  Up t o  20 g p m  of 
Freon-11 a t  -359  may be supplied. The system cons is t s  of a r e f r ige ra t ion  uni t ,  
a head tank, and two c i r c u l a t i n g  pmps. 

The r e f r ige ra t ion  u n i t  i s  a Tenny "Koldpak" unit with an estimated capaci ty  
Freon-22 i s  used t o  condense Freon-13 which, i n  turn, 

This complex system i s  used t o  avoid t h e  necess i ty  of having 
of 18,000 Btu/hr a t  -4OOF. 
cools  t h e  Freon-11. 
aB expansion valve in s ide  t h e  process cell, where it would be r e l a t i v e l y  inaccess ib le ,  
The system. has demonstrated the  a b i l i t y  t o  hoL6 f r o z e n  a dozen o r  more f reeze  p h g s .  

0 "he head t a n k  i s  a 3O-gal r e se ivo i r  f o r  Freon..ll whtch is  s tored  a t  -35 F. 
A float--type level switch i s  i n s t a l l e d  so t h a t  a l o w  f E o n  level w i l l  sound an  alarm 
and close t h e  valves t o  t h e  var icus  f reeze  plug c o i l s  i n  t h e  processing c e l l .  
temperature switch i s  i n s t a l l e d  t o  alarm a t  a Freon temperature of -1OOF o r  above. 
A 50-psig Mlpture d i sk  i s  aLso iristallea. 

A 

Two 25-gpm c i r cu la t ing  p u g s  are i n s t a l l e d  i n  pa ra l l e l ,  with only one operating 
a t  any given t h e .  
pressure switch automatical ly  starts t h e  idle pump and cu ts  of f  t h e  o the r  pump. 

Two types of cont ro l  are provided f o r  t he  Freon f low t o  t h e  f reeze  plug c o i l s .  

Whenever t h e  pump discharge pressure fa l l s  below 65 p s i g  a 

Freeze plugs that a r e  well insu la ted  and w i l l  thaw f a i r l y  slowly a r e  connected t o  
an automatic thermocouple scanner tha t ,  when t h e  plugs are frozen, reads t h e  
temperature a t  each p lug  once every 4 min and shuts of f  t he  Freon flow if t h e  
temperature i s  below -255'F or t u rns  on the  Freon flow i f  t h e  temperature i s  above 
-15'F0 The Freon flow t o  freeze 
plug c o i l s  that are not  connected t o  the scanne-rp i s  cont ro l led  manually from t h e  
cont ro l  room. 

This system i s  provLded with a manual cut-out. 
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Chilled Water Recireulation System T-30, P-30, and H-13 (Reference 
Dwgs. C-27443, DL27b50y 
k>OP t o  the  cold t r aps  H-4 and H-18, 
a c i r cu la t ing  pump, 53-30, and a heat  exchanger, H-13, where the  c i r cu la t ing  wat_er 
i s  cooled with re f r igerant .  
long, A gage g lass  i s  i n s t a l l e d  %or ievel indlcat ion.  !The water cooler i s  a 
l.9-gaJ- t ank  f i l l e d  w i t h  re f r igerant .  The water c i r cu la t e s  through a coil immersed 
i n  the  tank. The temperature of the  water leaving the  tank i s  control led by an 
on-off  control  of t he  flow of' r e f r ige ran t  t o  t he  tank, which regulates t h e  tempera- 
t u r e  of the  tank within narrow l i m i t s .  

T h i s  system supplies 1/2 g p m  of ch i l l ed  water a t  
The system consis ts  of  a surge tank, T-30, 

The tank 5s  a 3.4-gal tank 6 i n .  d i a  and 2 f t  7 i n .  

Space Cooler. The space cooler removes f r o m  t he  c e l l  
the  process equipment and keeps the c e l l  temperature apt o r  
cons is t s  of  a fan t o  induce c i rcu la t ion  and a cooler ra ted 
0.5 a t m .  

the  heat  given off by 
below 140?F. The unlt 
a t  35y000 Btu/hr a t  

80 %a 100 ps ig  i s  supplied Air, Stem, and E l e c t r i c a l  Supyly. Instrument air at 
from the same compressor and dr ie r  t h a t  $upply the reactor .  
compressor f a i lu re ,  an emergency supply w i l l  be maintained from cylinders.  

I n  the  event of 

Both 100- and 25O-psi s t e m  a r e  avai lable  from building headers. 

Available a-c e l e c t r i c  c i r c u i t s  include l l 5 - ,  23O-, and 480-volt. A 24-volt 
d-c c i r c u i t  i s  a l so  provided f o r  w e  i n  various relays. 

8+2 Instrumentation 

Much of t he  i n s t m e n t a t i o n  f o r  the HRT processing p l an t  i s  subject  t o  more 
s t r ingen t  conditions than are encountered i n  t he  n o m a 1  radiochemical processiag 
plant,  These conditions and othex- considerat ims,  such as inaccess ib i l i t y  of 
instruments under operating conditions and protect ion of  personnel, have severely 
r e s t r i c t e d  the  type of instrumentation t h a t  could be provided. 

The primary Instrument e lmeri ts  are mounted ins ide  the  process c e l l  so  t h a t  
connectdons between the  process plying and the  primary element w i l l  no t  need t o  
be brought i n to  an operating area.  In addition, e l e c t r i c a l  transmission of the 
s igna l  from the  primary element i s  predominantly used ins tead  of pneumatic 
transmission t o  eliminate t h e  necessi ty  f o r  open l i n e s  between the  process c e l l  
and an operating area and t o  reduce tne amount of maintenance required. The l eve l  
ind ica tors  on the  d isso lver  and decay -tanks are  exceptions; more des i r ab le  types 
of level-measuring devices simply would not function i n  t h i s  appl icat ion.  

Measurement of pressure, level ,  temperature, flov, radiation, and density 
a re  necessary f o r  proper operation of  the processing plant .  
summarized here; a de ta i l ed  descr ipt ion i s  given. i n  the  Instrumentation Design 
Report. ' 3  

Faeh of these is 

Pressure Measurement. Pressure i s  measured i n  t h e  high-pressure loop, each 
recombiner condenser loop, t he  dissolver,  the  t r a n s f e r  tank, and each sampler; 
t he  d i f f e r e n t i a l  pressure drop across the  hydroclone i s  a lso  measured. 

The primary pressure elements for the  high-pressure loop, the  recombiner 
condenser loops, the  dhssolver, and the t r a n s f e r  tank are located i n  a lead-shielded 
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water t igh t  cubicle  near t h e  top of  t h e  process ce1.l. A length of 1/8-in.  pipe 
f i l l e d  with D20 i s  provided t o  prevent process solut ion from coining i n  contact 
with the  primary elements. The pressure i n  t h e  high-pressure loop i s  measured 
by a 0- t o  2500-psi Raldwin-Lima-Hamilton Cow. type 3R-11 s t ra in-gage element. 
The o ther  pressures  a r e  measured by 0-  t o  50-psi elements of  t he  same type. 

The primary pressure elements f o r  t he  samplers a re  located i n  t he  respect ive 
sampler cubicles .  
pressure i s  used. 

A Foxboro spec ia l  inductive d/p c e l l  evacuated t o  read absolute 

The pressure drop across the  hydroclone i s  measured by a 0-  t o  50-psi Foxboro 
d i f f e r e n t i a l  pressure c e l l  mounted i n  t h e  shielded instrument cubicle. 

Level and Density Measurement. Level i s  measured i n  t'ne D20 storage tank, 
t he  dissolver,  the 'decay  tanks, and t h e  condensate catch tank. Density i s  
measured i.n t h e  two decay tanks. 
a weigh ce l l ,  a thermal l e v e l  probe, and a bub'nl-er system. 

A miscellany of sensing devices i s  used--- 

The primary measurement of t he  ].eve1 i n  t h e  D20 storage tank i s  by means 
of  a 0 -  t o  200-1'0 Baldwin-Lima-Hrtmiltoii Corp. type SR-4  load c e l l .  
of the  tarik (about 150 l b )  i s  compensated f o r  i n  t h e  e l e c t r i c a l  c i r c u i t  of t h e  
transducer.  This t y p  of standard tank weighing device i s  normally n o t  used where 
the  ac t ive  weight i s  l e s s  than ha l f  t h e  total_ w e i g h t ;  it i s  used here, where it i s  
about one-fourth the  t o t a l  weight, only because other  level-sensing devices had 
more ser ious disadvantages. Posfs2bl.e inaccuracies i n  t he  readings of t h e  weigh c e l l  
can be checked. during operation by a pneumatic device which can load  and unload 
25-lb weights (Reference Dwgs. Q-1671-83 through 8 6 ) -  A fu r the r  check i.s provided 
by a supplementary measurement of  t he  D20 l eve l .by  a thermal-level probe (Fig. 52) 
developed by the  in s t rumen ta t ion  and Controls Division. The probe cons is t s  of a 
hea ter  surrounded by thermocouples embedded i n  ;?. s t a i n l e s s  s t e e l  housing and spaced 
a t  equal dis tances  along t h e  length of t h e  probe. Since t h e  hea t  transfer coe f f i c i en t  
i s  b e t t e r  frorn t h e  probe t o  t h e  l i q u i d  t h a t  it .is from the  probe t o  the  vapor, hea t  
w i l l  be t r ans fe r r ed  nore rapidly t o  t h e  l i q u i d  phase, and the temperature i n  t h i s  
p a r t  of t he  probe w i l l  be lower -than i n  t h e  p a r t  of  t h e  probe i n  contact with t h e  
vapor phase. 

The t a r e  weight 

A modified type of thermal l e v e l  probe i s  used on t h e  condensate catch tank. 
Here t h e  probe i s  used as a high-level alarm only. 

Liquid l e v e l  i n  the  d isso lver  and t h e  decay tanks i s  measured by a bubbler 
system, This system of l e v e l  indicat ion has been avoided where possi'o1.e i n  the  
processing p l an t  because of t h e  hazard involved i n  having open l i n e s  leading 
from process vessels  t o  an operating area and t o  avoid overloading the  off-gas system 
with bubbler gas. For the d isso lver  and t h e  decay tanks, however, o ther  methods 
of measurement were ruled out  on various grounds and a bubbler system w a s  adopted 
out  of necessi ty .  
volume of  off-gas.  
measurement i s  being taken, and back-up gas flow out  t h e  bubbler l i n e  during t h e  
i n t e r v a l  the  l i n e s  a r e  open i s  prevented by a. radiation monitor which valves of f  
t he  l i n e s  where any rad ia t ion  i s  detected,  I n  t he  two decay tanks t h e  l e v e l  
measurement i s  supplemented w i t h  a dens i ty  measurement. This measurement i s  n o t  
taken on t h e  d isso lver  because t h e  need f o r  a. dens i ty  yeading w a s  not grea t  enough 
t o  j u s t i f y  a n  addi t iona l  tantalum dip l i n e .  

Spec-ial precautions have been taken t o  reduce t h e  hazard and the 
The l i n e s  a r e  valved off  except f o r  t h e  60 see when a l e v e l  



IJNC!.ASSIFIED 
t R N i  -1.3-DWG 14049 

' LEAOS TO SFNSINC INSTRUMENTS 

,C'IR&MIC BECDS 

FLANGE TO MATE WITH TAFlk NOZZLE 

'OUTER SHELL 

))-THERMOCOUPLES (481 

_-RESISTANCE HEATfR  ELEMENT 

CERAMIC HEATER SHEATH 

~ -ALUMINUM SHEATHS 

Fig. 52. Thermal Level Probe for HRT-CPP D 2 0  Storage Tank. 



-84- 

Flow-Measurement . Vapor €1 o w  i s  measured i n  each recombiner condenser 
I_ 

loop by a turbine-type flow element. These elernents ai-e i n s t a l l e d  i n  t h e  
coniiecting l i n e  between the recombiner and t h e  condensey and are cooled t o  permit 
operation a t  t h e  300°F process temperature. 

Temperature Measurement. Temperature i s  measured a t  nujllerous po in t s  i n  the 
process,  Chromel-alumel thennocouples in su la t ed  with Fiberglas a r e  used. i n  a l l  
case:;, 
Duplicate thermocouples a r e  used a-t each temperature -measuring point;. 

T!he &l_ements are sinea-thed i n  1/8-in. -o,d. t y p e  304 sta.i.nless s t e e l  tubing, 

Radiation Measurement. A ten -charinel rad ia t ion  monitoring u n i t  se m e s  the 
processinz p l a n t s  Individual ion chamber detect ion heads monitor t h e  c e l l  air, 
bubbler l i nes ,  steam condensate leaving t h e  cel l ,  cooling water leaving t h e  cell ,  
cooltng water from t h e  space cooler, and tanks “-11 and T-26. 
head i s  instrumented t o  alarm a t  excessive rad ia t ion .  

Each de tec t ion  

KE-cell-1 monitors the a i r  i n  t h e  process c e l l .  It i s  mounted i n  c e l l  D; 
a sma1L bl-ower continuously c i r c u l a t e s  a i r  from the  process cel.1 p a s t  fhe  u n i t .  
A high r ad ia t ion  level- automatical-ly cuts off the c e l l  vacuum pump and ac tua te s  
an alarma 

I#-T-12 and RE-1454 monitor, respectively, t h e  ste,m conderisa-te and t h e  
cooling water leaving t h e  process ce l l .  
automatically shuts valves on a l l  s tem l i n e s  enkering and leaving the process 
c e l l  and. al.1 w a t e r  l i n e s  leaving the  c e l l  except those from the space cooler and 

A high r ad ia t ion  level a t  e f t h e r  monitor 

cold. t r x p s *  

RE-L inonitors t h e  aFr l i n e s  of the bubbler l e v e l  system for t h e  d.isso.lver and 
t h e  decay tanks. A high r ad ia t ion  l e v e l  i n  these l t n e s  oz‘tine dissolving solution 
addi t ion l i n e  automatically shuts  valves i n  t h e  bubbler l i n e s  

~ 3 - 5 2 6  monitors the  dissolving solut ion ada i t i on  l i n e  and RE-T-11 t h e  f u e l  
A high r ad ia t ion  l e v e l  automatical l y  c loses  valves i n  these  l i n e s  addi t i on  l i n e s  

137-1458 raonitors the cooling w a t e r  f o r  t h e  space cooler.  A high rad ia t ion  
l e v e l  automatically shuts  a valve i n  t h e  discharge l i n e ,  

E l e c t r i c a l  and Instrument Connections Tlie staj  n l e s s  steel  --sheathed thermo- 
couple l i n e s  terminate i l l  tubing f i t t t n g s  a t  a sealed junction box i n  t h e  process 
c e l l  near  t’ne roof plugs. Wiring from these  Junc’tion boxes passes through scali-ng 
boxed i n  -the operating c e l l  f i l l e d  with a sea l ing  compound, Tne conduit between 
t h e  s e a l i n g  boxes and the junct ion boxes in s ide  t h e  processing c e l l  are pressurized 
with a i r  during maintenance operations, when the  c e l l  i s  €1 ooded. 

E l e c t r i c a l  l eads  froin t h e  process c e l l  pass thi-ough sea l ing  boxes in s ide  t h e  
process and t h e  operating c e l l s ,  The conduits between t h e  two sea l ing  boxes are 
pressurized 

8 ,3  Valves 

There are t h r e e  p r i n c i p a l  types of valves i n  the chemical processing ce l l :  
a 1/8-ifl. high-pressure valve, a 1/8-in. sampler valve, and a 1/2-i-n. low-pressure 



valve (Figs .  53-55). 
t o  handwheel operat ion o r  a i r  bellows motor actuat ion.  

A l l  these  valves aye bellows-sealed and are adaptable 

The 1/8-ina high-pressure valve and t h e  1/8-in.  sampler valve have a valve 
body and bellows made of 347 stainless steel. 
body and i s  also made of 347 s t a i n l e s s  s t e e l ;  t he  plugs a r e  S t e L l i t e  No. 6 .  

The s e a t  is i n t e g r a l  with the  

The 1/2-in. low-pressure valves t h a t  a r e  l i k e l y  t o  be i n  con'cact with the  
d i s so lve r  so lu t ion  have a valve body, 'uellows and plug made of Carpenter-20 s t a i n -  
less s t e e l .  
low-pressure vaLves have a valve body and bellows made of 347 s t a i n l e s s  s t e e l ;  
t h e  s e a t  i s  S t e l l i t e  No. 1 2  and the plug S t e l l i t e  No. 6 ,  

The seat i s  replacezble and i s  made of Kastelloy. The o the r  1/2- in .  

The bellows s e d  on the shaft. is  backed up by a31 ordinary packing gland. 
designed t o  prevent gross  leakage i f  t h e  bellows should fa i l .  

Underwater maintenance of  the processing p l a n t  requires  t he  use of a number 
of spec ia l  t o o h .  Some of the65 t o o l s  are used i n  both t h e  reac tor  and the  process- 
ing plant ,  bu t  some, because of speci%l requirements, a r e  unique t o  t h e  processing 
p l a n t ,  The t o o l s  f o r  common usage include por tab le  f reeze  plugs, a TV underdater 
canzera, viewing boxes, a f lange  spreader,, mirrors, a thermocouple and power lead- 
disconnect t oo l ,  underwater lamps, and an a i r -dr iven  hacksaw, P - e  t o o l s  for 
exclusive processing p l a n t  use include four tools f o r  removing t h e  hydroclone, 
s i x  t o o l s  f o r  m&ing or breaking flanges, and two miscellaneous too l s ,  

Three spec ia l  t o o l s  were b u i l t  f o r  use i n  replacing t h e  hydroclone without 
flooding t h e  high-pressure process piping wi. t h  sh i e ld  water: 
tool ,  a hydroelone access  standpipe, and a hydroclone r e t a i n e r  plug removal tool 
(Figs,  56-58). The b l ind  f lange  &bow t h e  hydroclone is removed first (Fig. 59). 
A r e t a in ing  plug moun-ted above the hydroclone i n  t he  hydroclone f lange keeps the 
s h i e l d  water out  of t h e  process piping;. 
t o  t h e  hydroclone f lange  and +;he s h i e l d  w a t e r  i n  t he  standpipe i s  pumped out through 
the discharge l i n e  by pressur iz ing  %he standpipe with air. The standpipe i s  then 
f i l l e d  with D20 t o  provide shielding, and t h e  r e t a i n e r  plug i s  removed from t he  
hydroclone flange by grappling it through t h e  standpipe wLth the r e t a i n e r  plug 
removal t oo l ,  m e  hydroclone i s  next engaged and removed with the  hydroclone 
removal too l .  The procedure f o r  replacing the hydroclone i s  t h e  reverse  of the 
proee&we f o r  removing it. 

a hydroelone removal 

The hydroelone access standpipe i s  bolted 

A v e r t i c a l  wrench t o o l  (Fig. 60) i s  used f o r  loosening and t igh ten ing  the  
b o l t s  on v e r t i c d l y  mounted f langes,  
magnet a t  t h e  end of a Long hand-le. An adaptat ion t o  enable the  v e r t i c a l  wrench 
t o  be used t o  remove a n d  replace the b o l t s  s e r ious ly  weakened t h e  bolt sockets and 
w a s  discarded. 

The bolts are removed and replaxed with a 

A r ight-angle  s t a r t i n g  wrench (Pig.  61) and a right-angle dr ive  wrench (Fig. 62) 
are used -to break and remove horizontally-mounted flanges.  
used t o  start the bol t s  i n  making hor izonta l  f langes on P-1, H-3, F-1, and T-1-2, 
and, because of d i f f i c u l t  access ib i l i t y ,  i s  used t o  break the  h o r i z o n t d  f langes 
on P-1, The d r i v e  wrench i s  used to f i n i s h  making the hor izonta l  f langes and t o  
break d1 hor izonta l  f langes except those on P-1. 

The s t a r t i n g  wrench i s  

A pneiuna.tic r ight-angle  wrench 
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13. HRT Chemical  Processing Cel l  H igh Pressure Va Ive.  
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Fig. 54. HRT Chemical Processing Cell  Sampling Valve. 
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Fig. 55, HRT Chemical Processing Cell Low-Pressure VaIve. 
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Fig. 56. HRT-CPP Hydroclone Remova I Tool. 
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Fig. 57. HRT-CPP H y d r a c l o n e  Access S t a n d  pipe. 



-91- 

Fig. 58. HRT-CPP Hydroclone Retainer Plug Removal Tool. 
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Fig. 59. HRT-CPP Hydroclone Removal Operation. 
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Fig. 61 . Remote Right-Angle Starting Wrench for Horizontally Mounted 
Flanges in HRT-CYP. 
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Fig. 62. Remote Right-Angle Drive Wrench for HorirsntaIIy Mounted Flanges in HRT-CPP. 
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i s  a l s o  available,  bu t  i s  seldom used; the  o ther  wremhes have proved. 
t o  be e a s l e r  t o  handle, The b o l t s  a r e  removed and replaced with -the same 
long-handled magnet t h a t  i s  used with Yne vertically-mounted flanges II 
b o l t  holes  a re  aligned with a r ight-angle  alig-naent p in  t o o l  p r i o r  t n  making 
the  flange. 

The 

A remote thermocouple-lead cut'cer i s  used t o  cu t  t'nermocouple leads 
close t o  the  process equipment and thereby f a c i l i t a t e  Cine remova.1 of t h e  equtp- 
ment 

A "vacimn sweeper" r i g  w i . l l  be used t o  prevent gross contamination of t h e  
shielding water whenever a flange i s  broken. Tnis r i g  cons is t s  of a r ing  designed 
t o  f i . t  around a flange t h a t  i s  t o  be broken; the  ring i s  connected t o  t h e  suction 
of  t he  sump j e t  i n  t'ne processing c e l l ,  
can be removed from t h e  v i c i n i t y  of  t he  flange and j e t t e d  t o  t h e  waste tank. 

I n  operation, up t o  16.5 gpm of wate- 
2c 

Two geneyal types of  hazards were considered i n  tize desigA of  t he  processing 
p l an t :  major d i sas te rs ,  mishaps t h a t  would suddenly re lease  l a rge  quan t i t i e s  
of highly radioact ive r eac to r  solut ion outs ide the  processing ce l l ,  and l e s s e r  
mishaps, accidents  i n  which relatl ively minor quan t i t i e s  of  r ad ioac t iv i ty  esca;l?e 
from the  c e l l  o r  i n  which a f a i l u r e  of services  causes a disrupt ion i n  t he  order ly  
operation of  the  p l a n t .  P a r t i c u l a r  emphasis has been placed on preventing o r  
containing the  r e s u l t s  of  a rupture of t h e  high-pressure process piping, s ince 
i n  t he  event of such a rupture t h e  connection between t h e  reac tor  and t h i s  system 
would provide a path f o r  escape of t h e  vhol-e reac tor  inventory. !This could 
e a s i l y  . turn what would otherwise be a minor accident i n t o  a major catastrophe. 

9.1. Ma j 01" Disasters  

Rupture of I-ligh-pressure System. If a major break should occirr i n  t h e  high- 
pressure piping i n  t'ne chemical processing ce l l ,  t h e  high-temperature reac tor  
so lu t ion  would at, once begin f l a sh ing  through Yne break and out i n t o  t h e  process- 
ing c e l l .  This includes n o t  only the  reac tor  so lu t ion  he ld  i n  t h e  chemical 
processing equipment, but, u n t i l  t h e  flow i s  shut  off, t he  solut ion i n  t he  reac tor  
i t s e l f ,  This quant i ty  of solution, i f  allowed t o  f l a s h  i n t o  the  chemical process- 
ing ce l l ,  would substantial . ly r a i s e  t h e  pressure i n  t h e  c e l l ,  A c e l l  pressure as 
high as 90 p s l a  can be expected- t o  follow a ser ious break i f  no e f f o r t  i s  made 
.Lo l i m i t  o r  control  t h e  pressure rise. Since Vne chemical processing c e l l  i s  
designed t o  withstand a maxi.mum internal .  pressure of 50 psia ,  i t  i s  obvious 
t h a t  some safeguard must be provided t o  p ro tec t  aga ins t  inordinate  pressure 
r i s e s ,  

The valves between t h e  reac tor  and t h e  chemical processing c e l l  a r e  i n s t r u -  
mented t o  c lose whenever a d r o p  i n  t he  system pressure ind ica tes  a break. If a l l  
goes w e l l ,  therefore ,  no g rea t  amount of reac tor  solut ion w i l l  flow i n t o  t h e  
processing c e l l .  It i s  qui te  possible,  however, t'nat one o r  both of  these  valves 
could f a i l  t o  c lose;  for t h i s  reason these  valves alone a r e  n o t  regarded as an 
adequate safeguard, 

It can be seen from the  calculat ions below t h a t  t h e  condensation of  D20 vapor 
t h a t  occurs w i l l  have a marked e f f e c t  on Vne time ava i lab le  f o r  emergency ac t ion  



between t,he time t h e  break i n  the processing equipment occurs and t h e  time 
the  c e l l  pressure reaches the maxirnm o f  50 ps i a ,  Eken under t h e  worst 
conditions (no D20 condensation) a t  l e a s t  35 min w i l l  be required fo r  t he  
c e l l  pressure t o  reach a dangerous level., This is s u f f i c i e n t  t i m e  for con- 
s ide rab le  remedial ac t ion  t o  be taken t o  h a l t  the flow of process so lu t ion  i n t o  
t h e  c e l l .  The shut-off  valves bet-reen t>he r eac to r  and t h e  c e l l  can be manuaLly 
closed o r  t h e  r eac to r  can be dumped, Before a r e a l l y  dangerous s i t u a t i o n  can 
develop, therefore ,  f o u r  separate  and unre la ted  mishaps must occur: (I) the 
high-pressure equipment must ruptxre, ( 2 )  one of  t h e  r eac to r  shut-off valves 
m u s t  f a i l  t o  close, (3)  the reac%or core &xnp vdve must f a i l  t o  open, and 
( 4 )  
occurrence of t h i s  combination ot' conditions i s  qu i t e  remote; t h e m f o r e  it i s  
not  deemed necessary t o  provide any spec ia l  devices t o  reduce Yne p r e s s w e  i n  
t h e  chemlcaL processing cel l  in the event of a rupture of high-pressure equipment, 

t h e  r eac to r  blanket  dump valve must fa i l  t o  openo The l ike l ihood of  t h e  

Le& of  High-pressure Solution via. Fze,-vice Lines,  A serv ice  l i n e  eonneeting 
t o  any p iece  of high-pressure process equipment; o f f e r s  a potentdal  pa th  by which 
t h e  r eac to r  so lu t ion  could escape outs ide the c e l l ,  The hazard i s  p a r t i c u l a r l y  
serious because, as was the case above, t h e  whole reactor inventory i s  involved, 
O n l y  t h ree  p ieces  of high-pressure equtpmen-t i n  the processing p l a n t  require  a 
serv ice  connection: t h e  pump P-1, -the sample cooler H-5, and the underflow pot  
T-1. 
po t  has an a i r  supply f o r  temperature re,gd.ation, %ne hazard of a l eak  i n  t h e  
underflow pot  and t h e  sample cooler i s  handled. i n  essentiaL1y t h e  same way, The 
cool ing m%er o r  a i r  is s e n t  through a c o i l  wrapped around t h e  hea t  t r a n s f e r  
surface so t h a t  a Leak of process so lu t ion  frm any OB these vessels w i l l  be 
i n t o  t h e  cell,  not i n t o  t h e  serv ice  l i n e ,  The hazard of a p u p  leak i s  guarded 
aga ins t  by i n s t a l l i n g  valves on the  cool ing  w a t e r  supply and discharge l i n e s  
and i n s t m e n % i n g  these valves t o  c lose  a t  t h e  app<earance of rad ia t ion  i n  the 
cool ing water. A rupture  d i s k  i n  the cc?oling water l i n e  w i l l  discharge the  
cooling water i n t o  t h e  processlng s e l l  if ti;e pressure I n  t h e  l i n e  becomes . 
excessive.  

The pwnp and smple cooler  are supplied with cooling water ana t h e  underflow 

Calculat ion of Flow Bake of Reactor Solutrlon into Chemicd Processing C e l l ,  
The quant i ty  of process so lu t ion  i n  the hi@-pressure chemical. processing equipment 
i s  not g rea t  enough t o  cont r ibu te  s ignif i .cant ly  t o  any pressure r i s e  after an 
equipment break; almost al_l  the  pressure rise w i l l  come from the  r eac to r  solutiori  
flowing through t h e  connecting l i n e s  and f lash ing  i n t o  t h e  chemical processing cell" 
An accurate  ca lcu la t ion  of t h e  flow rate of t h i s  so lu t ion  must t he re fo re  be made 
before t h e  r a t e  of  pressure rise and, corsequently %he t i m e  ava i lab le  f o r  emergency 
action, can be determined. 

There a r e  two l i n e s  between the  yeactor core and t h e  chernical processing 
qui-pment. F low 3.n each l i n e  i s  restricted by a high-pressure v,aLve (C, of O o 3 >  
and t h e  equivalent  o f  18 f t  of 3/8-ine 0,06~-in,-wall tubing. 
drop across  t h e  valve can be determtned from %lie o r i f i c e  equations s ince  l i - t t l e ,  
if any, f l a sh ing  of solukion w i l l  O C S U ~  in t he  valve. The caLculation of the  
pressure drop i n  the process l i n e  i s  more coraplex, however? s ince  t h e  sol.d%ion 
w i l l  p a r t i a l l y  f l a s h  t o  vapor as t h e  pressure on the  so lu t ion  1s reduced. 
been found that t h e  flow rate of such a f lash ing  solu-kion increases  as t h e  exit 
pressure i s  l m e r e d  u n t i l  a c r i t i c a l  value i s  reache& Further  lowering of the  
e x i t  pressure will not increase t h e  flow rate beyond th i s  c r i t i c a l  value, This 

The pressure 

It has 
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25 maxii-am f low r a t e  can be calcill-ated from the  equation 

where W = flow r a t e  of water p lus  steam, Lb/sec 
A = cross-sect ional  area, ft2 
g = 3 2 0 2  f t / sec2  

p = pressure, lb/in.* 
L = l ength  of pipe, f t  
K = f r ic t i -on  f a c t o r  = 0.120 
D = diameber of pipe, f t  

= dens i ty  of mixbure, l b / f t 3  

T'ne dens i ty  of the mixture var ies  with Vne pressure;  Vlerefore the  so lu t ion  
of t h e  above equation i s  a stepwise process,  
so lu t ion  from t h e  reac tor  i n t o  t he  chemical processing c e l l  i s  found t o  be 
$5 z'o/min t'lrough each processing l i ne ,  a t o t a l  of 110 lb/min. 

The maximum f l o w  r a t e  of process 

The flow r a t e  of 110 lb/min i s  a maximum f l o w  r a t e  only, t h e  flow rate t h a t  

After  2 min of flow t h e  
would e x i s t  immediately a f t e r  a break i n  one of t h e  high-pressure l i n e s  i n  t h e  
chemi-cal processing cell, and would not  1.ast very long.  
so lu t ion  l e v e l  i n  t h e  r eac to r  p re s su r i ze r  would be below the  l i n e s  connecting 
with the  chemical processing c e l l .  After  t h i s  drop i n  reac tor  l e v e l  has occurred, 
only vapor can f low to t h e  chemical processing cell.; t he  increased pressure drop 
f o r  vapor f l o w  would abrupt ly  reduce t h e  flow t o  15 lb/min. The subsequent flow 
r a t e  could be pred ic ted  r ead i ly  i f  t h e  reac tor  pressure could be predicted.  Un- 
for tunately,  such i s  not  t he  case. The drop i n  level o f  t h e  r eac to r  so lu t ion  w i l l  
cause t h e  c i r cu la t ing  pump t o  gas-bind, thereby stopping the  flow of solut ion t o  
the  hea t  exchanger. W i t h  t he  cooling of  t he  core so lu t ion  thus g r e a t l y  reduced 
o r  eliminated, the  core temperature (and pressure)  w i l l  begin t o  r i s e .  
of t h i s  r i s e  w i l l  depend on t h e  ac t ion  taken by the  operating personnel, several. 
courses of which a re  open t o  them. For purposes of calculation, a constant 
r m a t o r  pressure of 1250 psi. w a s  assumed. This reac tor  pressure w i l l  give a 
constant flow o f  15.2 l b /min  of vapor t o  the  processing ce l l . .  

The exten t  

Pressure Rise i n  the Chemical Processing Cel l ,  The r a t e  a t  which t h e  pressure 
i n  -the chemical processing c e l l  w i i l  risk w i . 1 1  depend not only on the  flow r a t e  of 
r eac to r  soluti-on i n t o  the  cell bu t  a l s o  on t h e  r a t e  of  condensation of vapor on Wie 
Cell. w a l l s .  The e f f e c t  of such condensation i s  shom i n  Fig. 63 where two computed 
pressure- r i se  curves a r e  shown, one ca lcu la ted  f o r  no vapor condensation and t h e  
o ther  f o r  some vapor condensation. 

9.2 Lesser Hazards 

Leak o f  Radioactive Solut ion from Low-pressure System. I n  t he  low-pressure 
system the re  i a  l i t t l e  danger of rad ioac t ive  so lu t ion  escaping from t h e  c e l l  v i a  

_c_ 

- - -  
t h e  cooling-water l i n e s  because <ne w a k r  l i n e  pressure i s  higher  than t h e  pressure 
t h a t  w i l l  e x i s t  i n  t he  equipment; a l l  l eaks  w i l l  be i n t o  t h e  equipment, not out. 
A similar s i t u a t i o n  w i l l  e x i s t  f o r  t h e  steam l i n e s  f o r  a.s long as t h e  steam i s  
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Fig, 63. Computed Pressure Rise in HRT Chemical Processing Cell Following Rupture 
of High Pressure Equipment. 
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being used. Wher! t h e  stem service i s  shut of€, however, t he  condensate re turn  
l i n e  w i l l  provide a possible  path by which process solut ion could leak  from a vesse l  
and be ca r r i ed  outs ide t h e  c e l l .  A s  a precaution, therefore,  a l l  steam condensate 
l i n e s  leaving t h e  chemical processing ce l l  a r e  monitored f o r  rad ioac t iv i ty .  Any 
indica t ion  o f  a c t i v i t y  above a ce r t a in  m i n i m u m  w i l l  a c t i v a t e  and close a solenoid 
valve loca ted  a t  t h e  c e l l  w a l l  on each condensate l i n e .  A s  a f u r t h e r  precaution 
the  cooling-water drain l i n e s  w i l l  be s imi la r ly  instrumented, with t'ne exception 
of t h e  l i n e  from t n e  cold t raps .  

Escape of Radioactive Vapor from Processing Cel l ,  The pressure i n  t h e  process- 
ing  c e l l  i s  normally maintained at a pressure of 7.5 p s i a  by a vacuum pump. 
l i n e  leading -to t h i s  pump -is monitored so t h a t  any s ign i f i can t  air-borne rad ia t ion  
escaping from t h e  process equi.pinent w i l l  be detected and an alarm sounded, 
t h i s  rad ia t ion  should exceed a ce r t a in  minimum value, a valve instd. . led j u s t  up- 
stream of t he  vacuum pump w i l l  automatically close, thereby preventing escape of 
a c t i v i t y  from t h e  c e l l .  

The 

If 

A rupture of t h e  chemical processing high-pressure equipment may be v io l en t  
enough t o  send fragments of equipment f ly ing  around t h e  c e l l .  
could cut  one of t'ne l i n e s  t h a t  supply a i r  -Lo t h e  cooling jacke ts  on t h e  underflow 
po t  and thereby provide an escape path f o r  highly radioact ive so lu t ion  t o  escape 
froin t he  c e l l .  To safeguard aga ins t  t h i s  poss ib i l i t y ,  an  air-gpkrated valve i s  
i n s t a l l e d  i n  each a i r  l i n e  and connected t o  a c e l l  pressure ind ica tor  so t h a t  
any c e l l  pressure above 12  p s i a  w i l l  autoinatically c lose both valves. The valves 
w i l l  a l s o  be closed i f  a r a d l a t i o n  monitor on t h e  a i r  l i n e s  de tec ts  any a c t i v i t y .  

One o f  these  fragments 

Fa i lure  of Services.  '1T"ne chemical processing p l an t  i s  so  designed that the  
fai l -urc  of  a s ing le  serv ice  o r  a combination of  se rv ices  w i l l  not lead  t o  damage 
of t h e  equipment 01" se r ious ly  i n t e r f e r e  w i t h  operation of t h e  p l an t .  
pract icable ,  emergency capaci ty  has been provided to l essen  t h e  d is rupt ion  covered 
by a serv ice  f a i l u r e .  

Vhere 

A failure of  t h e  i n s t r u m e n t  a i r  supply would riot be c r i t i c a l .  There i s  
provision made for emergency capacity if t h e  f a i l u r e  i s  i n  t h e  compressor. 
t h e  f a i l u r e  should be elsewhere and t h e  emergency supply could n o t  be used, 
then t h e  various process valves would " f a i l  sa fe"  so  t h a t  an  order ly  shutdown 
could be made wLthout danger o r  catastrophe. 

If 

A f a i l u r e  of t h e  cooling-water se rv ice  could be due t o  a f a i l u r e  of t h e  
pump o r  a f a i l u r e  of t he  cooling-water supply f o r  t he  hea t  exchanger. I n  the  
event of pump f a i l u r e  t h e  pump w i l l  be by-passed and the grav i ty  head of t h e  
supply tank w i l l  be u t i l i z e d  t o  force -the minimum quant i ty  of cooling water 
through the  system on a once-through bas i s ,  I n  t h e  event of a cooling water 
supply fa i lure ,  t he re  w i l l  be s u f f i c i e n t  water i n  t h e  supply tank t o  cool  
t he  e s s e n t i a l  equipment f o r  several  hours. 

A f a i l u r e  of t he  r e f r ige ra t ion  system f o r  t h e  f reeze  plugs would cause 
some d i f f i c u l t i e s  i n  t h e  operation of t he  processing plant ,  bu t  would c rea t e  
no hazardous conditions 

A f a i l u r e  of t h e  steam supply should cause no t rouble .  

A n  e l e c t r i c a l  f a i l u r e  would be t h e  most ser ious o f  t h e  service f a i l u r e s  
because i n  addi t ion t o  i t s  d i r e c t  e f fec ts ,  it would shut off  a number of 
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the other services as well. 
down the solution Bump P-1 and shuttfng off heater H-33 the indirect effects 
would shut off the a i r  stream that rewated the tempera'cure of the underflow 
pot, res t r ic t  the flow of' cooling water, shut o f f  the refrigeration sptem for 
freeze plugs, and shut o f f  %he compressor for t h e  instrument air system. The 
effect of electrlc failure on operation of the cooling waterf refrigeratian, and 
instrument air systems has al_read.y been d.iscussedc !Fhe shutting off of the 
process pmp P-1 and heater H-3 w t l l  farce suspension of operations but w i l l  
create no hazard. The most seriaus effect of an electric faLlum would be the 
shutting down of  the air stream regulating the underf'low pot  temperature. 
With %his streram shut off, the underflow pot will shortly overheat and cause 
a phase separation of t h e  uranim solution. 
t o  provide ensergency cooling of the  underflow pot. 
provided by discharging gas fmm cylinders into the air pipes. 
per: hour would be required. 

The direct e f f e c t  w o u l d  be l i a i t ed  t o  shutting 

Far this reason it will be necessary 
Emeygency cooling ccluld be 

Abuvt five cylinders 



-102 - 

10.0 REFErCFNCES 

1. E. D. Arnold, A. T. Gresky, 3. J. Klotzbach, A. R. I rvine,  "Preliminary 
Cost Estimation: Chemical Processing and Fuel Costs for a Thermal. 
Breeder Reactor Power Stat ion,  I' 0 ~ ~ ~ - 1 7 6 1  (January 27, 1955). 

2. D. E. Ferguson, R. E. Leuze, and R. A. McNees, "Predicted Behavior of 
Fiss ion Products i n  t h e  HRT; ' I  CF -56 -2 -87. 

3. H.  E. Williamson,"HRT Sol ids  Production R a t e  Considerations i n  Chenical 
F a c i l i t y  hesign, CF-55 -7-42, 

4. W .  L. Carter, "Design C r i t e r i a  for t h e  HRT Chemical Plant, CF-54-11-190. 

5. W. R. Ga.l.1, "HRP and HRT Specif icat ion L i s t , "  CF-57-1-136. 

6. T .  A. Haas, "Hydraulic Cyclones for Application t o  Homogeneous Reactor 
Chemical Processing, O R N L - 2 3 O l  (November 18, 1957). 

7. B. 0. Fleeren, "Deuterium Explosion 'lazard i n  HRT Underflow Pot, 'I CF-56-1-142. 

8. ' khemica l  J'echnology Division Unit Operations Section Monthly Progress Report, 
June, 1956," p , 35, CF -56 -6 -177. 

9. H. 0. Weeren, "Modifications t o  Underflow Pot  and Cooling System, 'I CF-55-10-83. 

10. "Chemi-cal Technology Division Unit Operations Section Monthly Progress Report, 
JKQ, 1956, '' p.  47, CF-56-7-150. 

1.1.. W.L. Carter, "Sampler Gperation and Uranium Peroxide P rec ip i t a t ion  i n  t h e  
HRT Chemical Processing Plant, I '  CF-56 -4-87. 

12. W. L. Carter, "Design and Gperation of Fuel Addi-tion System for t h e  ImT Chemical. 
Processing Plant ,  I' CF -76 -2 -109 

1-3. "Chemical Technology Division Unit  Operations Section Monthly Progress Report, 
October, 1956, 'I  p.  19, CF-56-10 -83. 

14.  L. R. Trot ter ,  "Corrosion Studies on Tantalum and Type 347 S ta in l e s s  S t e e l  
i n  Contact with Cerrdow and Mercury, CF-57 -8 -66 

15. W. L. Carter, "Design Calculations f o r  t'ne Entrainment Separators f o r  t h e  
HRT -CPP, CF -56 -5 -58. . 

1.6. P. 9. Hariey, "Perforinance Test of HRT Fuel Solution Evaporator and Entrainment 
Separator, CF-64-10-51. 

17. W. L. Carter, "Design Calculations on Superheaters H-7 and H-8 f o r  IiRT-CPP," 

18. W. L. Carter, "Design and Operation of t h e  Recornbiners f o r  the HRT-CPP," 

CF -56 -5 -131. 

CF -56 -3 -139 



-103 - 

19 " 

PO. 

21. 

22 s 

23 * 

24. 

W. L. Carter, "Design of Condensers H-1 and H-2 for HRT Chemical Processing 
Plant, CF -56 -3 -138. 

tlHomogeneous Reactor Pro jec t  W a r t e r l y  Progress Report f o r  Per iod Ending 
October 31, 1956, 'I p. 79, ORNL-2222 ( 2 / 5 / 5 7 ) .  

S. Visner; L. C. Noderer, " C r i t i c a l i t y  of U-235, -H20-D20 Systems i n  Cylindrical  
Geometry, I' ci" -5 4 -5 -170 .) 

J. ,W. .Boyle -to B. F. Bottenfield,  H. 0. Weeren, Memorandum, "Determination of  
Rate of Hydrogen Evolution from Waste Bolutions." 

C .  9, Lisser,  "Instrumentation Design Report f o r  t h e  HRT-Core Processing Plant, 
CF -57 -10 -131. 

R. H e  Winget, "Vacuum Sweeper, Tests  f o r  HRT-CP," CF-56-5-70. 

25. M. We BenJamin, J. C. Miller, '%low of a Flashing Mixture of Water and Steam 
through Pipes, 'I  (64) Oct. 1942, T r a n s  ASME. 

I -- 
Q 

Other repor t s  of i n t e re s t ,  no t  r e fe r r ed  t o  i n  t h e  text are: 

Introduct ion 

26. W. L. Carter, F. C. McCullough,"An Analysis of  the Gas Separator  f o r  U s e  as a 
Sol ids  Concentrator, I' CF -56 -9 -24. 

27. "HRT Process Flowsheets, CF -55 -5 -156. 

28. R. E. Blmcol H. K. Jackson, W. H. Lewis, E. L.. Nicholson, J. W. Ullmmn, 
"Review of HIiT Core Processing P lan t  Design, I' CF-56-4-171. 

29. J. C, Bresee, P. A. H a a s ,  and J. K. Langsdon, "Experiment& Evaporator Studies, 'I 

P l a n t  Description 
30% 

CF -56 -2 -156 

"Chemical Fechnology Division U n i t  Operations Sect ion Monthly Progress Report, 
De~ernber~J.1955, " p. 12, CF-55-12-154. 

31. "Chemical Technology Division Unit Operations Sect ion Monthly Progress Report, 
January, 1956," p . 28, -56 -1 -175. 

32 I "Chemical Technology Division Unit Operations Section Monthly Progress Report, 
May, 1956, I' P O  42, CF-56-5 -197. 

Solids Concentration 
33. R. B,' Lindauer, "Operating Procedure f o r  the HRT Chemical Plant, I' CF-56-3-32. 

34. D. C. Hamilton, e t  al, "Free Convection i n  Fluids Having a Volume H e a t  Source," 
om -1769. 

35. P. A. Haas, J. K. Langsdon, "Heat Removal from a Proposed Hydroclone Underflow 
Pot Geometry f o r  a Volume Heat Source, I' CF-55-10-7. 



-104- 

36. "Effect of Copper Cata lys t s  and Recombination Rates, 
Technologyl, TID -2013 (June 195'1) e 

Reactor Science and 

3'9. W D. Rurch, "Underflow Sampler, CF -55 -1.0 -119. 

D i  s solve 1- Sys t ern 
38. H. 0. Weeren, "Suggested Procedure f o r  Operation of t h e  Dissolver System," 

c ~ - 5 6 - ~ ~ - 2 4 .  
Decay Storage Systea 
39- W .  R. G a l l ,  'Ro E. Aven, "Outer Dwnp Tank Recombiner Program," CF-55-5-187. 

Waste Disposal System 
h0. II. E. Williamson, ''J3YT Chemical F a c i l i t y  Carrier Shielding Calculations, 

CF -55 -8 -174. 

Services, Instrumentation, and Tools 
b l o  W. L. Carter, "Design of Leak Detection System for HRT Chemical Processing 

Plant, CF-55-2-113, 

42. R. E, Brooksbank, "Effect of HRT-C? Cooling Water Requirements on t h e  Reactor 
Circulat ing Loop, " CF -56 -11. -57. 

43. H. A. McLain, R. E. Aven, and R. C .  Robertson, "HRT Cooling Water System 
Modifications, CF-56 -8 -152. 

44, C .  C. Haws, Jr., "HRT Chemical Processing Pro jec t :  Test  of  Standard Freeze 
plugs, CF -55 -10 -23 

45. R. C .  Robertson, H. A. McLain, "Modified HRT Refrigeration System, CF-57-8-67. 

46. 13. 0. Weeren, "Pipe Line Designation Table f o r  t h e  HRT Chemical Processing 
Plant ,  I '  CF -56 -11 -88, Revision 2. 

'+7. R. IC. Adams, "Instrument In te r locks  f o r  t h e  HRT Chemical. Processing Plant ,"  
CF -56 -2 -99 

48. "Homogeneous Reactor P ro jec t  Quarterly Progress Report for Period Ending 
A p r i l  30, 1957, p .  36, ORNL-2331 (August 14, 1957). 

49 E 
"Homogeneous Reactor Pro j e c t  Quarterly Progress Report f o r  Period Ending 
Oc-tober 31, 1956," 'p. 31, February 5, 3-957, OWL-2222. 

- 
50. "Homogeneous Reactor P ro jec t  Quarterly Progress Report f o r  Period Ending 

July 31, 1956, 'I p. 26, ORiTL-2148, September 20, 1956. 

51. "liomogeneous- Reactor P ro jec t  Quarterly Progress Report f o r  Period Ending 
April 30, 1956,11 p. 42, Om-2096, J u l y  6, 1956. 

52. R. H. Winget t o  il. 0. Weeren, llToo1s f o r  Chemical P l an t  Underwater Maintenance." 



-105 - 
Hazards 

53. He 0. Weeren, "Pressure Rise i n  Chemical Processing Cell Following a Rupture 
of H i g h  Pressure Equipment, " CF-55-10F@. 

54. H. 0. Weeren, "Res t r ic t ing  Flow of Solution from Reactor t o  Chemical Processing 
C e l l  i n  t he  Event o f  a Major Break i n  Process Piping, " CF-55-6-69. 





-107- 

ORNL- 2784 
Reactors - General 

TID-4500 (14th ed. ) 

INTERNAL DISTRIBUTION 

1. 
2. 
3 .  

4-5. 
6. 

7- 26. 
27 * 
28 
29 - 
30 
31 9 

32 * 
33 

34-35. 
36 9 
37 
38 
39 9 

40. 
41 0 

42 
43. 
44 0 

45 
46. 
47. 
48. 
49 
50. 
51. 
52 
53 
540 
55 
56 9 

57 
58 
59 
60 
61. 
62. 

C. E ,  Center 
Biology Library 
Health Physics L ib ra ry  
Central  Research Library 
Reactor Experimental 
Engineering Library 
Laboratory Records Department 
Laboratory Records, ORNL R.C. 
A.  M. Weinberg 
L. 53. Emlet (K-25) 
J. P. Murray (Y-12) 
J .  A. Swartout 
E ,  11. Taylor 
E, D. Shipley 
F. L, Cul le r  
M. L. Nelson 
W. IT. Jordan 
C. P. K e i m  
J. B. Frye, Jr. 
S. C. r i n d  
A.  H. SnelL 
A.  Holl aender 
K. Z. Morgan 
M. T.  Kelley 
T. A. Lincoln 
R, S. Livingston 
A. S. Householder 
C .  S .  H a r r i l l  
C .  E, Winters 
H. E. Seagren 
D. P h i l l i p s  
W. K,  E i s t e r  
F. R. Bruce 
D. E. Ferguson 
R.  B. Lindauer 
H. E. Goeller 
C. W. Hancher 
R. A. Charpie 
J. A.  Lane 
M. J. Skinner 
R. E,, Blanco 
G. E. Boyd 

63 * 
64. 
65 * 
66. 
67. 
68. 
69 
70 
71 
72 
73 * 
74 * 
75 
76 
77 9 

78 
79 
80. 
81. 
82. 
83 * 
84. 
85 
86. 
87 
88. 
89 0 

90 
91 * 
92 
93 
94. 
95 
96 
97 
98 9 

99 0 

100. 
101. 
102. 

104. 
103. 

W. E. Unger 
R. R.  Dickison 
A. T. Gresk;y 
E. D. Arnold 
C. E. Guthrie 
J. W. KLlmann 
K. B. Brown 
K. 0. Johnsson 
J. C. Bresee 
PI M, Reyling 
H. 0. Weeren 
A. M. Rom 
W. L. Carter 
F. C. McCullough 
J. C. Suddath 
B. F. Bot tenf ie ld  
R. H* Winget 
P. A. Haas 
G. B, Berry 
H. F. Bauman 
S. E. B e a l l  
N, C.  Bradley 
J. R. Buchanan 
W. D. Burch 
S .  R. Buxton 
J. R. Engel 
J. D. Flynn, Jr. 
D. F. Frech 
R. H. Guymon 
R. J. Harvey 
P. N.  Haubenreich 
J, W. H i l l ,  Jr. 
J. 0. Kolb 
J. L. Redford 
D. M. Richardson 
H. C. Rol le r  
D. Scot t ,  Jr. 
L. B. Shappert 
D. M. Shepherd 
0. 0. Yarbro 
D. L. Katz (consul tan t )  
I. Perlman (consultant) 



-1-08- 

105. M. Benedict (consul tant)  108. J. 11. Rushton (consul tant)  
106. C .  E .  Larson (consul tant)  109. OEWE - Y - 1 2  Technical Library, 
107. H. Worthington (consul tant)  Document Reference Section 

EXTERNAL DISTRIBUTION 

110. Division of Research and Development, AEC, OR0 
i.n.-698. Given d i s t r i b u t i o n  as shown i n  TID-4500 (14th ed.) under Reactors- 

General category (75 copies - OTS) 


