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OS 160 treatments ( 3  h average -time per treatment) was 
$222 each, 
on a development basis, 
a &if$ supervisol~ on each sh.233, B, minirmzm of data. recording, and OW a 

few swxples W e n  f o r  a&ysis---the decontaainat3cm tlime a d  the  cost per 
'kea%mlaL would be recPuced to h2' these values, 

at a cos t  of 

The to.t;a3 pjrogrm cost 'GWS $$,QOQ. This program was conducted 
If It w e r e  &ne on a cmsh basis---3 operators a d  

A s  8, part of this pmgrm, EW a%tempt was mile to study the relative 
%%e amCQ-tfcal results were too seatkered -to * effectiveness of the reagents, 

permit evaluation, but nitric acid mil cwstic-&tra"ce w e  believed to be 
egmlly effective, raj-th eaxis%;ic-axa,l&e Less effective and caustic-ci-trate 
poorest * 
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The decontaanination panel (Fig. 3 -4) , located below the decontaminating 
solution makeup task, is  wed far rm%ing decontaminating reagents t o  various 
points. 
tank through stainless s t ee l  f lexible hoses t o  the decontamination panel and 
equipment. 
c e l l  equipment, the pimp was removed and the flexible hoses, which leaked, 

I n i t i a l l y  duping this prograqsolution w a s  pumped from the makeup 

Because sufficient head was available for  gravity drainage t o  the 

were replaced w i t h  Tygon tubing. The panel now is serviced with caustic and 
acid solutions from the i r  respective tanks and with steam and water. 
Tygon l ines  are equipped with the socket half 0f quickdisconnect couplers, 
while the l ines  leaving the panel commence wfth the nozzle half of couplers. 
The panel couplers are identified accmding t o  the destination of the pipes. 
Reagent routing is  effected by mating the socket half of the coupler on the 
Tygon l ine  w f t h  the proper nozzle. 
loaded check valves which seat when the coupler is broken. 

The 

Bokh halves of the coupler contain spring- 

4.1 Shutdown of the Thsrex P i l o t  Slant 

The shutdown of the p i lo t  plant prior t o  decontamination is  a important 
phase of decontamination, for ,  i f  tlie plant is  shut down improperly, significant 
amounts of valuable materfals held up in the system can be l o s t  and downstream 
equipment can be contaminated excessi-rely. 
from the system, thorium w i l l  be precigitaixd by the alkaline reagents. 

Also, i f  all thorium is not removed 

After seven batches of irradiated thorium had been processed i n  the p i lo t  
plant (see Figs. 4-1 and 4-2 for the Thorex feed preparation and solvent extraction 
flowsheets), the dissolver was rinsed twice with 20 gal of water. 
w e r e  jet ted t o  the feed adjustment tank, a]nd,&%er the contents of %his tank had 

been je t ted t o  the feed head tank, the feed adjustment tank was rinsed with two 

The rinses 

10-gal quantities of water. 
batch of feed solution prepared from a heel dissolving. 

These water rlnses were combined w i t h  the f inal  
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sodiuro hydroxide --$ mdii.m c i%rate vas substi tuted because sufffciemt tartaric 
ac ld  was not am.ilable. The eaneen%rat%oa o f  oxalate vas decreased to 1% because 
of the low aolubil%$;y of s&-S.11:m OXRJ-a te .  
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ended when emptying was started. 

filling was completed and emled when-the pulses and steam supgly to the 

jacket were shut off. 

Contact t i m e  i n  pulse columazs began when 

The acidity or a lka l in i ty  of  the reagents decreased with increasing 

contact time and w%t’h reuse because df jet dilution agd reaction w i t h  the 

tank heel of the previous treatment, 
treatments . 

Water rinses were not made between 

4.4 Reagent Flow Patterns 

Tne flow patterns tlnrough. the equtpment were established t o  obtain the 
Bes% compromise among the following objectives: 

The pieces of equigmeat included ina ea& flow pattern and the dlrectiora of 
Solutions were made sap in 8 decontami- reagent %masfen* we shotm io P%g, 4-3. 

nating ~ o l u t i o n  makeup %mk,~C-1.73 mid were distributed t o  the various groups 
via the quick-disconnect dec6ntamlnation panel. Although generally 
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External decoh-tamination spray nozzles were used for washing the 
external surfaces inside the high-radiation-level cubicles. 

4.5 $ W l T W  fiscellaare €ma h d f l i c a l ,  Requests 

s~mp1es were taken 8% %he end of all treatments from vessels having 
samplers. 

probable that a s 5 g n i f i c m t  B ~ Q W %  0% contamination might be renaved i n  the 
vessel. 0 Samples were reeireeilated Q Q 5  hr during each treatment;, and for  ap- 

proximately 10 rnin a% the - t h e  of sampling. 

Smples mre taken a% the  beginning 0% a treatment when 1% was 

1. Thorium 
2. U233 slgha or grass d g h a  ( g r o s s  alpha w a s  requested if  $he 

estimated t h o r i u ~  concentration was  less than 10 g l l i t e r )  
3. Protac;stfn.irm gaawln 

4. Gross beba 

5. Gross g m a  

6. Ruthenium, zirconimn, and szioblusn gamma and to%al  rare earth beta 

requested only for the metal heel dissalution solutions i n  tbe d i ~ ~ ~ l - ~ e r .  

Caustic satnples were t a k m  jn glass bot t les  w i t h  an interior paraffin 
coat, end. acid smgles w e r e  taken in glass l a ~ t t E e ~ .  



4.6 Radiation Monitoring 

Before deeantmination was begun, n preliminary survey of t h e  plan% 

radiation level5 was made. 
equipment tms measured, and the loc8tion a t  vhieh each pieee o f  equipment 

gave the highest reading was marked. 
levels were measured at the  snaked locations. 

The radiation from each principal piece of 

After every two treatments, the radiation 

Eard-shell and soft-shell cu t i e -phs ,  fish-pole probes, dosirneters, and 

a specially fabricated small-chmbered, long-probe c u t i e  pie were used far 
monitoring the rad%atiQn level 0-P the equipment 

The plant was opemted eont5.nuausly by Tom rotat ing shifts ,  making it 
necessnry for  a niimber of persons to make the r d i a t i o n  surveys. 

The feed preparation and metering equipment (dissolver, feed ad justxnent 
tank, acid recovery tankp and feed tank) vas deeontarninated from 100 r/hr to 
150 m/hr at eontact and 75 m/hr at  Imekground* (Table 5-1). 

equipment (ex-traction column, rework systern and miscellaneous waste eollection 
tank) was decontminatzd from 1.00 r/hr t o  150 m r / h r  a t  eontact and 75 m/lw at  

background - The radiation levels of LIE pmtt t ion ing  and strippLng colimns, 
the thorium and maniwn product hand-ling equipmen%, and t h e  solvent recovery 
system, 2-10 r/hp” init&ally, were reduced t o  50 m/kr at  cantaet and 10 m r / h  
background (2 r/hr was the radiation l eve l  at the base of the part i t ioning 
co~umn ana 10 r= /k  s i ~ m  at the base of the solvent recovery colmnn). 

The intermediate 

+e Background reading 2s taken about the middle of a eubicle, 1-3 ft 
 way from equipment,. 



100 150 75 

100 170 95 

2 -10 50 10 
I I 
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Table 5-3 

Radiation Levels and Decontamination Treatments 
of Thorex P i lo t  Plant Equipment 

Equip- Radiation Level, 

Eiumber k s c r i p t i o n  Location I n i t i a l  I Final  1 
ment mr/hra I 

I 2 3 System 

S-1 cubicle 
5-2 cubicle 
__I__ 

s-1 
5-2 

s -5 
s-9 
5-12 

.___ 

Dissolver 
Feed adjustment tank 
Recycle acid tank 
Acid fract ionator  

Lean acid tank 

~ ~ 

___. ........... .- ......... .. 

____ 
.. 

Dissolution 
and feed 
adjustment 

. N - 1  cubicle 
N-1 cubicle 

P i p e  tunnel 
S-13 cubicle 

~ 

.............. 

... 

N-1 cubicle 

,Acid cooler 

Feed pump 

Spare feed pmp 
Extraction column 

Waste catch tank 

-_ 
:.Feed ta* 

~. ...... 

~ .._. 
................... ~ 

.................... 

Waste lloldup --_L_ tank .......... ...... 1 

Rework aqueous tank 
Xework tank 

Mise. waste tank 
Parti t ioniw. column 

~ .... .- ..... 

~. .. ........ ... 

S-13 

s -4 
s -4 -I 

s-4-1s 

....... 

.............. 

N - 1  

N-2 

N - 5  
N-7  
N - 8  

N-16 
P-1 

.............. 

- 

Radioactive 
feed input S-4-P cubicle 

S-4-? cubicle 
N - 1  cubicle 

N-2  cubicle 
N - 2  cubicle 

Rework cubicle 

______ 
- 

_ ~ 

Extraction 

Rework Rework cubicle 
N - 2  cubicle 

.............. P-1 cubicle 

__ 

~ 

P-3 
E -4 
- P-3 cubicle 

P-4 cubicle 
_ .................... ~ 

BT catch tank 

BT catch tank 
~. ............................. F a t  I t  ioning 

P-15 I BT concentrate re turn ____ map.  cubicle 

R - 2  
3 tr ipping R-3 

R-5  .... 
R-9 - 
T-1 

............. T-3 
T-4 
T-10 

-. ....... 

T-5 ............. 
14-13 
M - 1 4  

.. U product hold t m k  
S i l i c a  ge l  column 

Sorption column waste tank 
......... 

Centrifuge 

Extractant head tank ____ - .......... __ 

Solvent 
recovery 

Recovered 
8 olvent 
B torage 

Footnotes on fol.1.ming page. 
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5.1.3 Extraction (l;slm @pApmemt 

This equipment w a s  d.econtmwat& with four eontactsof caustic-tartrate 
and fom af n i t r i c  acid, us& alternately. 

the IT--1 cubicle, which contains the exbractfon column and associated pressure 
pot, smgls pot, head pot, feed truik, and phase separator, was 75 m r / k  back- 
@;round. A f e w  surface-cmtwninated spats read 1000 mr/hr.  he radiation 
background i n  c e l l  5 doorway was 5 m/h.  

The average radiation level  i n  

5.1.4 Rework Equipenti, 

&contamination of the  rework system w a s  accomplished by the regula 
decontamination prscdme (el.gbt; trea'ements w$th caustic -tartrate and ni%ric  
aced). 
i n  a 1acali.zed area new the phase segwatsr. 

After decontmimWm, the highest ac t iv i ty  level fausrd was 600 m/hr 

5.1.5 Parti t ioning Colurnu a d  Thorium Concentrating Equipment 

The partltioming column and thorium evaporator equipment were de- 
contaminated t o  40 m / b  or  lecc with four  treatments of caust ic- tar t ra te  
and. nitric acid (two alkaline and two ae ld )  

tanks and decay tank required eight treatments. 
The concentrated thorium catch 

Leakage from. the s e d  of a pump (P-3-P, which pumps concentrated thorium 
solution) causedl localized cosztm-lnatican reading 200 m/lw I 

pound at c e l l  6 doorway was 10 mr/2lr. 
in ce1.1 6 w a s  40 m r / h  near the sump. 

Radiation bnck- 
The highest general bacwoun?d reading 

5.1.6 

Caustic-citrate S O h l t i O n  a m i  n i t r i c  add. were used bn t h i s  system. 

Stripping Column and Wanim Pmxluet Equipment 

Two 
t o  five treatments were required, 

The silica gel column rewkaed highly conttainated &ter  five treatments 
owi~lg Lo inadequate venting of the calm cad the  use of caustic-citrate 
solu%iola, which precipitated 3.a the column and caused channeling o f  the 

solution through the bed. Daring a subsequent decontamination after a vent 

. .  



was installed,  one treatment wi th .  3@ n i t r i c  acid reduced the radiation 
level OP -t;'ile c o l m  from ,greater than 5000 m r / h  t o  1.10 ~ / I I .  

The radiation level o f  3-U-P9  whielz pumps Yne uranium-bearing organic 
stream from the p&itlonlng column to the strip25ng column, rema.Lned high 

at the end of decantaJuin&,ion because o f  lack of t i m e  %or a sufficient 
n'Lur&cr o f  treatmen&. The p w q  w a s  shielded with lead brick. 

5.1.7 Solvent Recovery System 

The solvent reeavery system was deeon.f;amiaa"i;ed by tlie general procedure 
with the exception of t h e  centrifuge, which could not be decontaminated. Nost 

of the r a l i a t ion  from the centrifuge az-igtnated in the lower pari; of the bowl. 

Tine r adba t ton  level near %he bottom of the cenP;riisuge was reduced by wrapping 
1 i n .  of lead around the lover half  of the bowl housing an6 l/2 in .  of lead 

around the upper half. 

The ~ e m m k  systein cubicle, N - 1  cubicl.e, 5-2 cubicle, and S-l cubicle were 
sprayed once with 3 6  n i t r i c  acid sad ome irI.t;il water. 

shoved little activity, indicating no need far  further decontamination. 
Analysis of the drainage 

A radiation leTJe1 of approxin~~t~ely 200 m r / h  on the f l o w  und-e-r P-4 resulted 

~ h i a  contamination was removed frown draining solutions from P-3.6 30 c e l l  6 sump, 
by two treatments each with 3 6  n i t r i c  acEd and 208 c t ; ~ ~ t i c - - $  t a t r a t e .  

'The remaining 2@, i n  order af decreasing ImpoL-tace, was  due to zirconium, 
ruthenium, anrl rare earths. 
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Tke p o s s  ~BIIR-IB activ$ty i n  the first deeon-i;mnintxticm treatments i n  the 
feed p q m r a t i o n  equ5pmen-b wa8 about loT c / m i m / d  mi2 i n  the remaining equipment 
about 10 c/min/ml. The pass g a m a  activity i n  the f i n a l  treatments was 10 

c/min/mb i n  the feed p rep ra t ion  equipmen% md 10 c/min/mll in the remaining 

process equipment. 
equipment, protactinium contributed 1 6  snrsd niobium ?CY$ of the  @ass gamma 
act ivi ty .  
cQnstrLtuted 7@$ nnd niobium Z@J of the ! p x m  gama. act ivi ty .  
decant caninat ion OS the Thsrex feed preparation and extract ion equipment i s  limited 
by protactinium removal (Table 5-14). 

f o r  the  par t i t iming  an3 rework systems ( i .n temdia te )  and the stripping and 
solvent recovery ( t a i l  end) equipnex-it dfd not @Image appeciably from the i n i t i a l  
treatment t o  the  9iwaJ.. treatment. 

6 5 
4 

In %be first treatment of %he feed prepamition and extraction 

These percentage:; ifere reversed i n  the f i n a l  treatment; protactinium 
This indicates tha t  

Tie protactinium and niobium contributions 

Both protactinium and niobium tippew t o  l i m i t  
decontamination of intermediate equipment;, vhi le  niobim appems t o  limit t a i l -  
end equipment * 

Gamma Activi'cy i n  the Effluent Reagent 

. -. I--------- Percentage of Gross *I 1 I cJrA: 
Systems 

I.ni%iai . . _. _- I_.._._- 

. .-. .. .. . . .. . 
Feed and extraction 

Parti t ioning and rework 

Stripping and solvent r e e o ~ e r y  10 

I_.---.--._...__.___._....-.-..-. 

10 - ._I____ . . .- 

. ... . . . . . . . . . . . . .. -._ 

* . . ........ ... ..... . 



5.4 &contamination Time a?zd cost of &contamhation 

Twenty-four major pieces o f  equipment were decontamlna%eda. 'Be total 
t t m e  required for 160 reagent tmxitmmts was 480 hr, 
contact (includes solution addition, he&ting, cmolbg, and transfer). 
average compares favorably w i t h .  the actual contact t h e  for all classes of 
equipment except for cortca%enated eolua~1s, where a contact time of 6 hr is 
mare appropriate. 
operating force; two operators per s h i f t  inst-ead of three operators and a 

If the normal crew had been used, the 

average of 3 IE per 

This 

This program vas @wried out by only half the noma1 

' s h i f t  supervisor were used each shift. 

t o t a l  time required fa% d ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~  would have been halved, a d  the contact  

t i m e  reduced. to 1.5 &. 

%a cast per treatment was $222, 

solution is included i n  overhead. 
m e  cos% f o r  storp2t-g 9,000 8ti.1 of waste 

1. Mssolve the meta l . ,  heel in the dissolver with regKLar Thorex 
dissolverit containing t d e e  the fluwshee% eata;LysL concentration. 

Displace t h e  radioactive f e d  1nts the exbraetion coluran by m82?s 

0% nonradioactfve f e d  until the gamma count-, (c/nrIn/ml.) of the 

w&st.,e stream bas decreased by a factor 06 1000 asnd the prodluct 
stream contains l e s s  t h a  103 ~ 2 3 3  alpha c/min/d. 

2. 



3 .  

4. 

5 -  

6. 

7. 

The shutdown grocedure used prior to t h i s  program le f t  thorium and uranium 
i n  the dissolver as a result of insufficfent c leaoi r t .  
aver from the ex t rac t im c o l t m  t o  the partitioning column and downstream 
equipment, and thorium was lost fron the partitioning column Because caustic 
solution pumped t o  t he  column before all thorium was rernoved from the column 
precipitated the %hcarim, For subsequent decmtWnations of the Thorex P i l o t  
Plant, the s h u t d m  procedure should be modified. such tha t  ac t iv i ty  would be 
discharged t o  the  waste strew Pram the extraction column. 
w a u l &  a l s o  consewe urmiwa and be less time consuming, but would result i n  a 
loss of abaut 30 kg of thariwn whish i s  held up i n  the extraction column. 

Activi'cy was carried 

. 

A modified procedure 

After the feed and the ex t rac tmt  stream to the extraction 
column have been shut aPP, continue the pulsing snd scrubbing 
u n t i l  all the orgmte frj pulsed to the top of the column, from 
which it may be j e t t e d  t a t h e  sewmk system for  further treatment 
and storage. 
A f t e r  the scrub stream to the exearaction column i s  shut off, 

all& the partitioning column t o  operate without feed until the 
ent i re  input to the BT evaporator Ps going t o  the condensate catch 
ta& and the w a i m  prQdiuct stream contains l e s s  than 10 
d p b ,  c/min/d. 
After the part5tfoaing column has been shut down and the BT evaporator 
has been drained t o  the BT catch tank, cogtinue operation of the 

3 $33 

s t r ipping column wtil tbe mmim product stream contains less than 
1.03 u233 alpha c/min/izi~. 
Continue operation of the solvent recovery colurim and %he product 
sorption column until all material i n  $he feed tanks for the CO~LIEIXIS 

i s  exhausted. 
Shut down the solvent recovery colwnn by set t ing the Jackleg pressure 
and scrub input r a t e  at  maximum un t i l  a l l  the solvent in the column 
has been dispLaced to the solvent storage system. 




