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The atfiorex Pi lo t  Plant a t  Ozk R i Q e  lJatlona3, 
bboratoxy was operabd duping 1955, processing re- 
actor-irradiated thorium slugs; t o  recover U233 and 
thorium and I 2  
and Ep537, 

file1 elements to recover $35 
The radiation exposure received by oper- 

personneZ dwiw this period averaged 60 

Mst  radiation exposure was received In areas 
that were intended to be ox& slightly or nomadlo- 
active. However, because insufficient dleeontaruSna- 
tion of grocess solutions was achieved and equipment 
surfaces becam con'caJ94mted *om equipnen-k failures, 
these areas became primmy sources of personnel e m -  
sure. The inst;allation of additional shielding where 
needed and the prow% removal of surface con-tamination 
successfullgf reduced the radiation levels eurd exposures 
in these areas. R e m t e  coratpol of processing equip- 
ment and sanrpl-ing of very radioactive soPutions fYom 
process equipmen% was s u c e e s s U y  aceomglSahed, and 
assiste8 i n  the reduction of exposure to operating 
pmsontlel* 
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Higher-tinan-anticipated radiation levels  i n  various pl.ant am?.% occurred 
when ac t iv i ty  was unexpectedly cazried over from highly radioactive equip- 
ment t o  downstrean equipment ~dxic'n w a s  not shielded for  large amounts of 
radioac%ivity, when equipment f a i l ed  and process solutions contadnated the 
external surfaces 5.11 the v ic in i ty  of the fai lure ,  md when special  feed 
materials were processed i n  equipment f o r  which it was not prj.rrariLy designed. 

Low radiation exposures t.o the operating personnel i n  the pilo'i p lant  
resul ted when the shielrling, as origiimlly designed, was adequate t o  protect  
the personnel and when proper equipment spacing and oi*derly WrmenEi1t of' 

piping permitted the ins ta l la t ion  of additional shielding as required. 
Radiation protection i~as a lso  ajded by remote control of equipment, remo*te 
sampling of process solu.tions w i t h  the newly developed sampling facili-Ly, 
and more e f f ic ien t  decontamination f a c i l i t i e s  and procedures. 
t ion  and analysis OS radiation ex-osures and plant radiat ion levels also 
aided i n  reducing personnel ewosures; operators were informed of these fac ts  
and were instructed i n  proper techniques -to m i n M z e  the exposures they re- 
ce ive d. 

The collec- 

As a r e su l t  of t h i s  study, the following w i l l  be done t o  flr t l ier  reduce 
personnel exposures: 
process solutions ,to Frevent spread of contamination when leizkage occurs; 
adequate purge f a c i l i t i e s  w i l l  be designed and instal led;  and health pbqslcs 
surveys will be continued and addi'cioml shielding w i l l  be ins ta l led  as re- 
quired. 

drain pans vi11 be ins%aLl.ed under 81.1 pumps handling 

3.0 TPITBODUCTION 

An important consideration i n  the design ,and operation of any radio- 
chemical plant i s  the assurance that the plant can be operated e f f i c i en t ly  
for a long period of time without edxposing the plant  personnel t o  undue 
radiat ion dosages. Although the  permissible tolerance fo r  radiat ion expo- 
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4.0 CONTROL OF T W D I H I O N  EXPOSURE: 

4 .1  Plant Design Philosop'hy 

4.1.1 Plant Dcscription 
The Thorex Pi lo t  Plant i s  a direct ly  maintained radiochemical plant 

f o r  processing i r radiated thorium metal through one solvent extraction cycle 
t o  recover and thorium. The plant contains equipment f o r  dissolution 
of the i r radiated m e w  i n  n i t r i c  acid; feed adjustment arid acid recovery; 

solvent extraction, partitioning, and stripping columns; continuous solvent 
recovery; and semicontinuous isolat ion of $33 by sorption on Dowex-50 resin.  
The plant was  ins ta l led  i n  1.954 i n  ce l l s  5, 6, and 7 of Building 3019 (Figs. 
4.1 and 4.2). 

4.1.2 Shielding 
The cell area i n  Building 301-9 was originally constructed on the basis 

of a "group shielding" philosophy for  radiochemical processing equijpent 
i n  tha t  ce l l s  were sized t o  house a number of major elements of process 
equipr,x?nt. 
quired extensive decontamination of a l l  process piping and equipment vitElin 
the c e l l  t o  a l o w  enough background t o  permit suff ic ient  working time with- 
out overexposure t o  personnel. 
consuming, costly, and a source of radiation exposure t o  the decon"minating 
personnel. 

Direct maintenaizce of any element of the process equipment re- 

mis decontamination requirement was time- 

Accordingly, a philosophy of " u n i t  shielding" was adopted f o r  the Thorex 
Pi lo t  Plant. 
cess equipment w a s  ins ta l led  inside an indiviaual shield. 
the "unit shielding" philosophy t o  the Thorex c e l l  mea  ( ce l l s  5, 6, and 
7)  involved subdividing the existing cells in to  smaller shielded areas termed 
"cubicles. 'I The physical dimension of a cubicle was determined by the equip- 
ment it was t o  contain. Each cubicle wits formed by the erection of concrete 
parti t ions,  while allowing an open space t o  remixi for instal la t ion,  inspec- 

Under t h i s  philosophy each major element of radioactive pro- 
Application of 
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ISOLATION LAB -, UNCLASSIFIED 

CELL ROOF . 
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Fig. 4.1, View of Thorex Pilot Plant i n  the Radiochemical Processing Pilot Plant Building. 
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Fig. 4.2. Plan of Thorex Operating Area. 
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tion, or removal of equipment. 
f i n a l  closing of the cubicles. All cubicle floors were l ined with stain- 
less s t ee l  and equipped with individual drains leading t o  central. c e l l  
sumps e Built-in decontaiiinating equipment was provided fo r  all cubicles 
and major vessels. spray nozzles were ins ta l led  i n  each cubicle so that 

the cubicle and exterior surfaces of the vessels i n  the cubicle could be 
flushed with water Oi* decontaminating reagents. 
equipped with ajn internal  j e t  recirculation system s o  that decontamination 
reagents couldbe sprayed over the internal  surfaces. 
philosophy was expected t o  reduce the spread of ac t iv i ty  by containing all 
lealmge within the ce l l ,  reduce the expense arid time required fo r  decontami- 
nation prior t o  repair  or a l te ra t ion  by eliminating the need for  decontadna- 
ti% all theequipment located i n  a cel l ,  a id  t o  reduce personnel exposure. 

Loose concrete blocks were used for the 

Each major vessel was 

The u n i t  shielding 

4.1 3 Xeinote Operation 
Remotely controlled operation i n  conjunction with adequate shielding 

of very radi.oactive process equipment i s  essent ia l  t o  the control of radia- 
t ion  exposure t o  personnel. 
was made t o  elinlinabc as rnany nlanuaL operations of radioactive equipment 
as possible and t o  provide remote controlling devices i n  m operating area 
or control room suff ic ient ly  removed *om the c e U  a.rea. 

In the design of the Thorex P i lo t  Plant a31 e f fo r t  

ExtensLve instrumentation, required for control and performance eval- 
uation of p i l o t  plant p rocess ix  equipment, was instal led i n  the control room. 
Formerly, the sensing element and the recording meci . lan ism of an instrument 
were connected d i rec t ly  together by instrument l ines;  with this arrangeraent 
it was possible for  radioactive process solutions to reach the control~-oom. 
I n  the Tliorex P i lo t  Plant, a transixLtter was interposed between the sensing 
elemen% and the receiver-recorder; process solutions cannot pass beyond the 
ti-ansmittter t o  the paelboasd. 
and converts t h i s  reading t o  a 3-15 psig ais signal, which i s  transmitted 
t o  the receiver-recorder instrunent mounted on the control panel. 

f i t ters were instal led on the roof above the ce l l s  so t h a t  if radioactive 
matc-.rid was forced up the probe l ines  t o  the transmitter, the radiation 
would be limited to the roof area. 

The traiismitter mezswes the process quantity 

All trans- 



4.2-2, Control of hd.ividu&l Exposures 
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or operation was performed. 
of radiation exposure t o  be a c c u d a t e d .  

This  allowed a more usef'ul a d  informative record 

4.2.2 Health Physics Surveys 
Health Physics personnel made daily surveys throughout the Thorex Pi lo t  

Plant with a paper-shell cutic-pie $0 determine radiation levels  and dis- 

cover contaminated areas. The resu l t s  09 these surveys were recorded and 
posted i n  the control room fo r  ready reference by the operating personnel. 
A Health Physics representative was present at the daily meeting of Thorex 
personnel t o  report  on existing radiation hazards. Health Physics surveyors 
checked for surface contamination by means of smear tests a t  routine inter-  
vals. 

tes ted again t o  determine the degree OT decontamination. 
or maintenance personnel were allowed t o  vork i n  a coiitaminated area, the  

area vas surveyed and vorking time w a s  determined by Health Physics survey- 
ors. Strategically located instruments i n  t'ne Thorex Pi lot  Plant contin- 
uously rrlonitored the air t o  detect a.ny accumulation of air-borne contamina- 
t ion.  Ilealth €'@sics survey resu l t s  together with personnel exposure records 
were published i n  a weekly report  for the purpose of conveying timely in- 
formation on radiation hazads and exposure t o  Thorex personnel. 

Any contaminated areas found were promptly cleaned and then smew- 
Before operating 

5.0 THOREX PILOT PLAIT2 RADIAlllION L;EVEL? 

5.1 Operating Sumnary 
After the p i l o t  plant w a s  tes ted for  three weeks w i t h  nonirradiated 

thoriuli feed, the processjag of irradiated thorium tras be,w on December 
27, 1954 (Table 5.1). During 1955, 14 runs were made u s i w  irradiated 
thorium fur feed, and 5 runs mre  made using contanhated thorium or  uran- 
i u m  products f r o m  ea r l i e r  runs t o  obtain f'urther decontajrilination or -to test 

newly instal led second thorium cycle equipment e In  November and December, 
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the equipment was modified s l igh t ly  and I 2  EER fue l  elements were processed. 
Doimtime between runs was used for  decontamination, maintenance, and modifi- 
catrion of the Thoi-ex process equipment. 

5.2 P b u t  Radiation Level Surveys 
A complete survey of the plant  radiat ion levels vas made mch day by 

Eealth Physics swveyors. 
contains tanks f o r  pregaring nonradioactive and thorium solutions and p u p s  

Ten areas were surveyed. The solution mkelui, area 

Tor 

The 
for 

t lie 

transferring the solutions t o  the _nrocessing equipment i n  the ce l l s .  
solvent room contains a tank for  preparing Lfresh solvent and two t d c s  

holding solvent recovered f r o m  the process. 

solvent extraction system i n  the c e l l s  * 
The solvent i s  pumped to 

The isol.ation laboratory con- 
t a ins  ion-exchange r e s in  columns for  sorption of  $33 product and auxili3q 

equiprnent f o r  e lut ing the uranium and other materials from the columns. 

roof mea over the c e l l s  contains the dissolver off-gas control valves, 
dissolver condenser, a decontamiiiation solution inalieup tank, the quick- 

discomect panel fo r  routing decontamination reagents t o  the c e l l  equipment, 
a transmitter rack, and many other smaLl vessels and piping. FYocess solu- 
t ions are sampled by means of newly developed samp3ing equipment located i n  
the sampling gallery.  
product solution from the  process. The dissolver, feed preparation equip- 
ment> f e d  tank, extraction col.tunn aqueous waste catch t a d c s ,  and -?-ecycle 

equipment a re  contained ira cubicles i n  ceU. 5. 
par t i t ioning aid stripping columns, solvent recovery system, second thorium 
cycle, and may tanks and small vessels necessary t o  -the process. The pipe 
tunnel contains the c o l u m ~ ~  pulsers and several. pmps. 

The 

In the BT decay area, three tanks contain thorium 

Cells 6 and 7 contain the 

5.2.1 

Genei%Lly tne radiation levels  were about 2-3 n r / k .  No radiation 
above 11 m/hr was ineasured i n  the I;dceur, iLTea,except d w h g  the f i f t y -  
second week,95 m/hr TWS raeasued when irradiated thoriuifl that lad been 

processed t’nrouil;h one cycle 02 solvent extraction was recycled back t o  the 
head tanlrs i n  the d c e c p  mea  Tor reprocessing. 
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autatmtic sam;plers worked vqry w e l l .  
easily @ with prac t ica l ly  no e m s u r e .  

Several thousand sqples were W e n  

5.2.6 BT &cay k e a  
In the decay =ea, located outside the pilot plant, concentrated 

tJmrium product containing residual. fission products ;Pram the  pp?cess ?&s 

stored i n  three 95O-gal t a n k s .  

ted the =-ea up t o  1350 mr/hr during week 15 (F'ig. 5.3). 
the area was shielded with 6-in. bary"ces blacks, which reducd  the background 
through the d o o r  t o  5-30 m/&. 

Ledcage from thg Bc t;ransfer pump contamina- 
The dw- to 

5.2.7 C e l l  5 
Drainage f'ram the various radioactive cubicles i n  cell 5 t o  the cell 

sump produced radiation levels exceeding 1 r/hr for ll. weeks, and a maxi- 

m reading of 6 r/hr ms recorded during week 6 (=. 5.2). 
in sung activity corresponded with the plant processhg schedule. 
was shielded with a 1/2-in. lead cover. 

lead shield, genef.all?J was less than 50 mr/h r  and on tifo occasions was 2 

and 5.5 r/br, 
but  solution leakage from the S-4-P Cuno filter was responsible f o r  the 
reading of 5*5 r/hr during week 20, 

The trend 
The sunlp 

Radiation fram the feed pump (S-4-P) cubicle, measured tbro@ 8 b i n .  

No reason was found for  the first high value during week 2, 

5.2.8 CeU 6 
During week 3, the background reading a t  the c e l l  6 doommy pose t o  

1.5 r/& because ac t iv i ty  WELS carried over f r a m  the extractian ccrllumn to 
the partitioning column and BT evaporator (the evaporator read 5.1 r/hr) 

and solution leaked &am a seal an the thorium product transfer ~unrp 

(P-3-P). Afy,er the first 8 weeks of plant operation, rattiation &am the 

BT evaporator r-ined below 200 m/hr far tbe remainder of the ;year ex- 

cept during the Neptex program in Decamber, the MghJy concenkated u235- 
Hpe37 product i n  the BT enparator increased the evaparatar radiation 
level  up to 4.5 r/w (FQ. 5.4). 



-16 - 

5.2.9 Cell 7 
In c e l l  '7, during processing of highly contaminated solvznt i n  the 

Neptex program (weeks 48-50), the radiation level  of the solvent recovery 
column increased t o  7.4 r/hr (Fig. 5.4). 

The c e n t r i m e ,  used for removing solids from the recovered solvent, 
required shieldinge Dur ing  the first i r radiated feed runs, the radiation 
leve l  f'rom the centrifuge reached 8 r/hr but a f t e r  lead shielding w a s  in- 
stalled, the centrifuge radiation leve l  'r~tzs 0.1-1.1 r/hr during the remain- 
der of the yew. 

'j .2.10 Pipe Tunnel 
In ll weeks of the yem, the radiation l eve l  of  the pulscr leakage 

catch tank exceeded 100 m/hr, and during most of the remaining IL neks w a s  
below 50 mr/k (Fig. 5.1). 
outside the processing cel ls .  

These levels vere too high for an area located 

6.0 PERSONNEL EXPOSURES 

6.1 Personnel Exoosure Data 

6.1.1 merating I?ersonnel 
In processing radioactive materials during 1955, operating personnel 

i n  the Thorex Pilot Plan t  received a t o t a l  exposure of 71,191 mrep (film 
badge measurement). 
or  9 m-ep greater than the established g o d  of' 50 m-ep/mn-wcek. 
the year 44 persons worked f o r  w i o u s  numbers of weeks Fn the p i l o t  plant. 
Twenty-th*ee persons averaged 50 mep/week or  l e s s  of exposure, 16 averaged 
between 51-100 rrrrep/week, I L  averaged 100-200 rmep/week, md 1 person aver- 

This is  an average OS 59 mrep/man-week f o r  t h i s  period, 

During 
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aged 2 l O  mep/week over a 5-week period during startup of the p i l o t  p l a t .  

Thirteen overexposures (in excess of 500 mrep/week)totaling 3,775 mep were 
received by U operating personnel &wing the yeaz,with the overages ranging 

&om 20 to 2,230 mrep/person. 

The to t a l  and average weekly exposure of operating persannel increased 
t o  a, maximwrt in the third week 09 processing and then generally decreased 
thsoughout the reminder of the ye=, except during t h e  Nep-teX program in 
the last 9 weeks of the year (Fig. 6.1). 
pressed as percentages of the total, for the first; through the fourth qum- 

ters of 1955 Were 43.5$ 23.5, 9.3, and 23.7, respee%iveu,  

Total. radfation exposures, ex- 

6 d . 2  AnalyticaJ. Persome1 
Analytical personnel who worked on both Thorex and i’&W fiecovesy 

PSanfsiE.saqles received a t o w  radiation expcsure of %,%5 mep during 

1955,, 
axdlyses was performed by analytical. personnel for the Tfiorex and IvL3taL Re- 
covery P i lo t  PLan-ts: AssUm;ing 

%ha% the aver%e dosage per analysis was approximately equal, for the Thwex 
and ?&tal. Recovery samples, a t o t a l  exposure of 56,202 mrep would haare been 
received by a.na&ticd personnel Trom norex swqples, or an average of 53 

mrep/m-week. 

average of 87.5 m%p/m-week (Fig. 62). A yearly %OW of 43,267 

659 of these a,nd.yses were nack for ‘dlhorex, 

Overexposures (in excess of 500 anrep/wek) t o w i n g  5,400 m*eg -.rere 
received by 27 %nalyticaJ_ persons during the yeas. 

swes received fkorabotb %rex and & k W  Recovery sanrples, expessed 8 s  

percentages, for -the Sirs& %&#ugh the fourth quarters of 1955 were 29.9, 

24,2, 17.2, and 28.7, respeclively, 

Total rdiatioxb exp-  



0
 

!2 
0

 

2
 

0
 

% 
0

 

2 
0
 

f
 

I
,

 
0
 

0
 0

 
L

n 

Ln 
3

 

0
 

0
 

0
 

f
 

0
 

0
 

0
 

m
 

0
 

0
 

0
 

cu 

0
 

0
 

0
 

r-4 

0
 



0
 
0
 

f”--- 
.-- I 

Q
 
0
 

r-4 
0

 

L
n

 

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

--..-__.__ 

L -- 
. ..- . .!_.. 

.J. 
i ......... .. .

 

0
 

Q
 

0
 

L
n

 

0
 



-20- 

u p
i 

M
 



372 mep/naan-week. 

of 3,900 mep. 
during the install%tion of an alternate solvent recovery s y s t e m ,  
s t f l a t i o n  of this s y s t e m  vas rushed t o  coqpletion, prior to the. startup of 
irradiated feed run RD-13, and 6@ of the t o w  expome received by first 
cycle maintenance personnel for the last 30 weeks of 1955 was received during 

this installation. Neglecting the high wosure receilreaby maintenance per- 
sonnel w h i l e  ins-txdliw th i s  sys2;ens, the average exposure received by era$% 
personnel w h i l e  doing mahkaance work on other first cycle equipment dwing 
this period, weeks 23 though 52, was 166 mrep/anan-week. 

rnent received & total .  radiation exposure of 22,866 mrep during weeks 23 %bough 

52 (fige 6,3)*  
giving an average expxure of I@ mrep/mm-wee~. 

Sevenkeen pmom of this group were overergposed a t o w  

All overexposures were received Hthin two consecutiE weeks, 
The in- 

&intenanee personnel, engaged in the inst-tion of second cycle equfp- 

During thls tbne, 1lh4.2 man-weeks of work were perfomd, 
six pepsans were overex- 

posed EE %OM of 995 ~ e p .  



Tablt: 5.1 Radiation Exposure t o  Thorex Pilot Piant Personnel. by Locatlon and C?eration.from Dosimeter Readims , 1952 

Tota l  Exposure: 24,635 mr 

1 Equipment SWP1-im3 Irrsl?ectfon 
-- 

Exposure, $I of Total j 1 
Solution 1 Slug 
Makeup Loading and 

Charging 
-I_ 

Locat ion 

1.08 
~ 

C ont r 01 
Room 

I 

1.35 a .43 
I 

_ _  

Makeup 
Area 

I i 
0 1 1.75 1.90 

I 

3 * &  5.36 1.04 
- ____1;_- F 

I 

4.60 0.07 14.42 

I 4.84 1 0.82 1 25.39 
- 

I 

0.21 I 0.04 

0 1 0.13 1 0.12 j 

- 

0.04 0. oa 7.30 1 9.54 

0 

12.84 

Ssola-t ion 
Laboratory 

100. GO 

0 

! i Sampling 1 7.28 1 0.06 1 0 1  I 0 Gallery 

i BT Decay I -37 I 1.58 ' I 0 1  0 Area i I 

I 
j Basesnent 
I 

0 

O i  
1 0.02 j Pipe 

Tunnel i 
0 

I 1 0.42 1 0.07 1 I 0 1 1.38 Uns p c  i- i fieci 

Equipent 

I 

0 :  I 0 I 0.05 

0 0 1 0.02 1 
5-72 i 0.44 1 0.10 

0 

1.60 1 0.01 
I 
! 4.23 i 
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(l6$), equiprnient operation (E$), and pmd.u@t handling (X$). 
afIlQunt (1%) of radiation was received during the pe3afo~ma;llce of mfsecXLaneous 

operations. 

A significant 
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Basement. Radiation exposure received i n  the basement area was only 

a sinall portion (2.5$) of the t o t a l  e,xposure received by Thorex operating 
personnel. 
product was &mned and. sampled i n  %he basement w i t h  background radia.tion 
levels  as high as 260 inr/hr (Fig. 6 .lo, weeks 4 and 3 6 ) .  

of thorium product i n  t h i s  area vas discontinued, and radiation expsure 
w a s  negligyole for the reminder of the y e a  except f o r  the last  month. 
To make room f o r  second cycle equigment, the cl.e~~i1 solvent catch -tank (T-5) 
was moved from c e l l  7 t o  a cubicle i n  the basement. 
program, t h i s  tank became contaminated, produciiig a reading of 1200 m-/hr 
through the cubicle door on one occasion, and radiation was rece-ived by 
personnel while s e r v i c i x  equipment i s z  t h i s  area. 

The majoz- portion of this exposure vas received when thorium 

The handling 

During the Meptex 

Pipe Tunnel, Conti-ol Room, and k i ~ e u p  Area. Radiation received i n  
these  three areas amoun'ceCt t o  only 3$ of the t o t a l  exposure t o  Thorex per- 

sonnel for 1955. The cwilulative exposure curve of Fig. 6 .U indicates 
t h a t  Yle r a t e  of exposure accumulation corresponded approximately wit11 

the processing of radioactive material- in the plant, and the average expo- 

sure r a t e  for the year was 1.5 mr/m-week. 
posure were equipment inspection and decontamina-Lion. 

Operations result ing i n  ex- 

6.2.3 
Saqpling. 

Operation Pert'ol-llzed Idlien Radiation Received 
Smpling operations accomted for 16% af the to%al  redia- 

T h i s  t o t a l  w a s  a c c m -  t i on  exposwe to operating personnel during 1955. 
l a t ed  mainly while sampling i n  the gallery (465) and i n  the isolat ion 
laboratory (317;). 
w a s  accumulated during the f irst  7 weeks o f  the year (Fig. 6 * ~ ) ,  a d  -Hie 
average exposure r a t e  was 31 mr/man-week %or this period. Over h<df  the 
exposure due t o  szmpling i n  this ?-week period occurred in the isolation 
lakoratory . 
exposure, including t h a t  due t o  sampling, vas reduced i n  the isolat ion 
Iaboratoory, and the average c ~ o s u r c  r a t e  for  smgling decreased. t o  6 
mz-/man-week f o r  the reminder of the year. 

Approximately 4575 of the t o t a l  exposure due t o  sampling 

After several u n i t s  of equipment h a d  been shielded, radiation 
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Equipment IiispectSon. The operation resul t ing i n  the grea%est pro- 
portion [21$) of  radiation exposure t o  operating ,personnel was equipment 
inspection, aad of t h i s  amount, 2876 w a s  received i n  c e l l  5 and 46$ i n  ceUs 
6 and 7. The accumulation of exposure during the year (Fig. 6.7.3) was 

maintained a t  an average ra te  o f  12.5 nr/man-veek, and 8 weeks 0% high 
exrposure (dosimeter readings greater t1im.n 200 mc) were primarily respon- 
s ib le  for this exposure ra te .  
ings 430 im) fo r  the ye,v occurred i n  week 4 during routine equipment 
inspection i n  cell 6. 
ment were a t  the i r  hizhest peak of the yeas- (the BT evaporator read 6.1 
r/b:). 

d-wing weeks 6 and ' 7 .  

arem ( c e l l  6, BY decay area, and isolat ion laboratory), where radiation 
levels  ranged R-om 400 to 2000 m/k .  
exposure curve i n  week 13 vas caused by norroutine equipment Inspection 
o f  welds i n  the bottom of the parti t ioning column and i n  a 'cransfer l i n e  
connecting the CV catch tank (T-4) and t'ne rework tank ( N - 8 )  which 'had 

lejked and vere repaired durLng t 'nis week. The accumulation of exposure 
r&ile inspecting equipment increased ra,pidly during weeks 23 and 2k* A l l  

this exposure vas received i n  cell 5 wMle repairs were being mde on the 
feed pumps a d  f i l t e r s .  The operation of the al ternate  solvent recovery 
system required frequent routine inspection of the two glass spray columns 

i n  c e l l  7. The high 
pea33 i n  the exposure curve of Fig. 6.13 i n  week 45 resulted Tram radiation 
received during inspection of  the mintellance work performed on equipment 
i n  cell1 5 pr ior  t o  Yne startup of the TJeptex runs. 

The highest weekly eqosure (dosimeter read- 

A t  this time the radiation levels of c e l l  6 equip- 

Routine equipment inspection also accounted for the high e,xposures 
These exposures were received primarily' i n  three 

The sharp peak i n  the radiation 

This accounted f o r  the hjgh exposure during week Ib2.  

Slug Loading and Chargi-ng and Solution Pb.kerrp. The radiation received 
while performing these operations amounted t o  6$ of the t o t a l  exposure t o  
opei-a-Ling personnel for  1955. 
at t r ibuted t o  slug loading and charging and the reminder %o solution 
malieup. 

the isolat ion laboratory, and most of -this occurred v i th in  the f irst  7 

Fifty-eight per cent o f  t h i s  amount was 

Exposure during solution raakeup vas received p r i m i l y  [6*) i n  
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weeks of the year, 
week 6, was accumulated en t i re ly  i n  the isolat ion laboratory while making 
up solutions. The intermi-ttent nature o f  slug loading and charging i s  

responsible fo r  the steplike appearance of the cumulative exposure cwve 
of Fig. 6.14.. 
coincides with slug loading m d .  charging operations. 
T ~ S  received for  each loadirig and c h a r g i x  of thoriun. slugs, and approx- 
imately 51 m w a s  received for each of the 12 MI33 e lemnts  t h a t  were loaded 

and c'mged during the Neptex program. 

T!ae highest weekly exposure, which occurred during 

Each peak i n  the weekly exposure curve, except for  week 6, 
Approximately '$9 n r  

Product €hn.dlinge The handling of product---thorium, t?33 ? $!35, or 
Np237---accomted for  l2$ of the t o t a l  radiation exposurge t o  operating 
personnel. This exposure was accumulated mainly i n  the isols-tion labora- 
tory, c e l l s  6 and 7, and the BT decay area. 
product handling was received i n  the first and last  portions of the year. 
Forty per cent of the exposure was received while handling 333 product 
i n  the isolat ion 13;boratory i n  weeks 2 -tlrough 4. 
product 211 tliz roof area and. i n  c e l l s  6 and 
to t a l .  
resul ted Prom handling thorium product i n  the BT decay area where 2-19-9 
leakage hail c o n t d n a t e d  the area t o  10 r/lnr. 
while handling product were 3*7 inr/roan-~m4c (weeks l-k), 2 xru./man-week 
(week 5-b7), and 26 rm-/nm-week (week M-52). 

Most of the exposure due t o  

The hancUiw of Neptex 
accounted for  37% of the 

The pale i n  the weekly exposure cu-ve of Fig. 6.15 for  week 1 5  

Personnel exposure rates 

Equipment Operation. The operation of equipment accounted f o r  l2$ 

of the L o t d  radiation e,xposure to operating personnel. This t o t a l  was 
accumiilated mainly i n  ce l l s  6 mid 7, BT decay area, aiid c e l l  5. Except 
for  the f irst  three veelrs of the year, the accumulation of exposure vas 
re la t tve ly  constant, with an average for  'clze yew- o f  '7 nr/man-i.reek (Fig. 

6.16). 
Decontamination. In order t o  decrease the exposure of operating and 

maintenance personnel, it w a s  necessary t o  keep the 'Diorex P i lo t  Plant as 
f r ee  of contamination as possible by prompt and thorough decontdna5ing  
procedures. These operations accounted for  t'ne second highest proi,'ortion 
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(16qi) of exposure t o  personnel; however, i f  these operations had not been 
ca- r ied  out, the accumulation and spread of contamination would have soon 
forced a plant shutdown t o  avoid excessive personnel exposure, Exposure 
due t o  decontaminating operations was received ma in ly  i n  ce l l s  6 and 7 
(3C$), c e l l  5 (e@), and the isolation laboratory (20$), and the exposwe 

r a t e  varied from an ave rxe  of 12 m/man-week during the f i rs t  half of  
the year t o  7 mr/ma,n-veck during the last  half. 

of exposure received during decontamination is  presented i n  Fig. 6.17. 
The high exposure received i n  week 3 resulted fiom intensive decontamination 
of the isolat ion laboratory and ce l l s  6 and 7. Radioactive solution from 
a faulty check vrilve vas tracked throughou-L the isolat ion laboratory, and 

this area remained contaminated for  several weeks. 
the extraction column t o  the other equipment accumulated rayidly during 
the production run i n  January, and this  necessitated a complete plant de- 
contamination prior t o  maintenance and construction. 
i n  weeks 7 through ll. Similarly, an intensive decontamination program 
was carried aut i n  ce l l s  6 and 7 during week 22 i n  preparation for the 
ins ta l la t ion  of second cycle equipment. 
meter readings of 580 m)  resul t ing from &econtax3:jation occurred during 
week 45. 
and modification resulted in th i s  high emosm-e. 
it was necessary t o  accomplish the following repairs i n  c e l l  5 prior t o  
the Neptex program: replacement of the agi ta tor  i n  the feed adjustment 
tanlr (S-2), unplugging of the jet  suction line on %he S-2 outer jacket, 
and unplugging of the vapor l i n e  from S-2 t o  the acid fractionator ( S - 9 ) .  

The weekly nccwmlation 

Activity carryover f r o a  

ThLs was accomplished 

The highest weekJy exposure (dosi- 

Again, extensive decontamimtion pr ior  %o equipment rmintenance 
In t h i s  lattel- instance, 
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7.0 EVALUATION 

‘1.1 Radiation k v e l s  and Exposure 

7.1.1 RadiaLion Levels 
H i g h  radia”ci.on levels  i n  vwious areas of  %he Thorex P i lo t  Pla;iit resul ted 

f o r  the most part from higher ac t iv i ty  cwryover in to  downstream equip- 
ment than was anticipated i n  the or iginal  design. Activity carryover Pfon 
the ex”iraction column in to  the part i t ioning column and the BT evaporator 
produced the highes”c radiat ion levels  i n  c e l l  6 (Table ‘r.1) * 

decon-tzniiia’ied thoriuni product stored i n  the BT decay area ra ised i t s  ra- 
diat ion leve l  1~0.00 mr/lr ,  and additional shielding had t o  be erected 
t o  prevent excessive e,qosure t o  personnel. Similarly, uranium product 
containiw more f i s s ion  products than expected was isolated i n  unshielded 
resrin columns tht rapidly became radiation hazards t o  operating personnel. 
1,evels were greater than 6 r/hr, and lead shielding had t o  be ins ta l led  
.‘io _nrotect personnel. Accumulation of f i s s ion  products i n  the solvent 
recovery system, especia2ly i n  the c e n t r i m e ,  was responsible for much 

of the radiation hazard i n  c e l l  7. 
t o  the highest l eve l  (8 r/k-) of m y  c e l l  equipment i n  the vicini ty  of which 
personnel normally operated. 
the solvent recovery system also increased radiation leve ls  i n  the solvent 
room t o  493 m / k .  

Insuf‘ficiently 

The c e n t r i m e  becam contamina-ted 

Insufficient decontamination of solvent by 
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Table 7.1. Plant RadPation Levels by k e a s  l.3uing 1955 

1 6 
Drainage ~ T o m  c e l l  cubicles i n t o  ce l l  swnp 
Activity carryover from exkrac’cion column 

t o  par t i t ioning colrmi and BT evaporator 
1iccLuniLa’cion of activity i n  solvent re- 
covery system centrifuge 

lccumulation of sctivi-l;y i n  the contan- 
inant resin coltma (L-2) 

:kid leak i n  5-3 condenser 
nxq leakage (P-19-1’) 
~aiq> l e d a g e  (T-4-1’) 
Contminated solvent used d u r i x  Ueptex 

S p i l l  r e s u l t i q  coin blowing clown 5-2 

pY-og33Zl 

mm-~lcr lines 
- I_ - --- .- - -- 

The equipn1en.t failurcs---pump, weld, valve and filter ledwp--pro- 
&icing the major radiaticin kazaxds to personnel perforrfiiw routine operations 
vere ’chose rdiich alloired radioactive solutions t o  contaninate operating 
areas. 

active solution from the leaks was easi ly  spread t o  o%her areas. The fail- 
m e  of the Cuno f i l t e r s  on the radioactive feed pumps caused the contrunina- 
tion of tile f l o o r  in c e l l  5 to a l eve l  of 5.5 r /b .  
occssions produced excessive radiation levels in c e l l  6, %lie BT decay area, 
the pipe -iunnel, and the solvent room. 
transrer puiq ( P - ~ - P }  con*km!na-ted the f l o o r  i n  c e u  6 three tiaes t o  
radiat ion levels  of 1+1-2.2 r/-hr. 

in the BT deczy =ea. (1350 m/hi”) resulted f r o m  leakwe from the BT poduc t  
rmlortding p m p  (P-19-P) . m p  ledcage (from T-4-P) a lso caused the iii&est 

These failures not only caused high exposure rates, but %he raclio- 

s ~ m p  ledcage on s ix  

Leakage i’rorn the thorium product 

Tlie highest radiation level observed 
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radiation l eve l  (81.0 mr/hr)  i n  the  pipe tunnel. 
solvent meterin6 p u ~ p  (&I-13-P and &14-P) did not produce excessive radia- 
t i on  levels  i n  the solvent room, but  surface contamination resul t ing *om 
this l edage  vas tracked in to  nonradioactive operating areas. 

check valve allowed radioactive solution t o  spi1.l- i n  the walk-in hood i n  
the isolat ion Laboratay.  

i n  this hood subsequently tracked t h i s  solution throughout t‘ne isolat ion 
laboratory, producing a highly contaminated mea. Bocess solution f rom 

weld leaks produced coiitaminated m e a s  as follows: the base of the  parti- 

tioning colunvl developed a leak a t  a CTOSS weld, resul t ing i n  a contarnina- 
t i on  of 18 r / h  i n  the B-column cubicle; the T-4 cubicle i n  cell ‘7 was con- 
taminated by a weld leak iii a new l i n e  fi.0111 T-4 t o  N-8; a weld lealk i n  
condenser S-3 allowed rad-ioactive solution &om the dissolver t o  contaxinate 

the roof area, f l o o r  with oiie spot reading 13 r/b; and the c e l l  5 f loor  
vas contaminated by leakage from a faul ty  weld i n  t‘ne discharge l i n e  o f  the 

j e t  from the feed pump discharge l i n e  t o  N-16. !The l?i@hes-t radiation 

l eve ls  i n  the smpling gallery resulted from equipmerrt faj.1u.i-es. The 
frequent necessity of unplugging sa.n-gler l i nes  by blowing them down with 
s’ieam or air resul-iied i n  contanination o f  the  savpling gallery floor on 
seven occasions, with t’ne nios-1; radioactive spot reading 10 r/hr. 

Solvent leakage from the  

A faul%y 

Personnel operating the Fsolation equipment 

Processing of other mterfia1.s (Reptex pro~ram) i n  equipment designed 
for the Thorex process vas another source of Zii.g’n radiation levels.  Con- 
centrating the Neptex product and N-p237 i n  the BT evaporator increased 
the radiat ion l eve l  of t h i s  equipment t o  i t s  second highest l eve l  of the 

year, 14.5 r/hr* 

the  rad-iatioii levels  of almost all tne equipment i n  the sol-vent recovery 
system t o  the ‘highest l eve ls  of the year (?-l3,  7.9 r/k;  T-column, 493 
m/h.r; 14-14, 200 mr/hr; and T-8, 575 m/lr). 

i n  a ctrurn (reading 13 r /h r )  axso caused radiat ion e q o s u e  t o  operating 
personnel. 

Contaminated solvent used i n  the Neptex progmm raised 

The storage o f  Neptex p~ofiuct  
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Craf’t 

Craft 

‘j’ .l. 2 Radiation Exposure 
The g o d  of an average exposure of 50 mrep/m-week was nearly reached; 

the average ewosure t o  Thorex opera’cing personnel was 59 mrep/man-week. 
Overeduposures t o  operating personnel were relatively. few, and o d y  one 
re la t ive ly  high overexposure (2230 mep) occurred during the year. 
to reduce personnel exposure by shielding, and operational and equipment changes 
were successful, as evidenced by the r a t io s  of 4.7/2.5/1 of t o t a l  radiation 
received during the first through the t h i r d  quarters of 1955. 

Efforts 

and 
Neptex 
Ist cycle 
Thorex 

2nd cycle 
Thorex 

Table 7.2. S w  of Radiation Exposures t o  
Thorex Pi lo t  Flant Personnel f o r  1955 

Weeks 
1-44 

45-52 
1-52 

23-52 

23-52 

Total 
3xposuTe, 
-_L-- me3? 
60,221 

10,970 
56,202 

30,180 

22,866 

Includes exposure received i n  handling of ThoreqNeptex, and Pktal Recovery a 
samples. 

The program t o  control radiation exposure was successful as shown by 
the relation between radiation exposure and the ammnt of thorium processed 
i n  the plant; (Table 7.3). 
second quarter m s  a factor of 1.9 less than that received i n  the first 
quarter, the amount of i r radiated thorium processed decreased by a factor 

Although the t o t a l  exposure received i n  the 
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of 2.2, and the exrosure per kilogram of irradiated thorium increased f r o m  
10.5 t o  E . 3  mrep. 
quarter w a s  handled in  a continuous production run, while processing during 

the second quarter w a s  accomplished i n  four separate development runs. The 

increase i n  the exposure per kilogram of irradiated Sborium processed of 
the second over the first quarter may be at t r ibuted t o  the ex$oswe received 
i n  performance of riscellaneous operations during tize damtime between runs 
when? no thorium was being processed. A comparison of the second and th i rd  

quaxters, when approximately equal. amowts of irradiated thorium vere pro- 
cessed i n  similar types of development m s ,  shows .that a decrease i n  totall 
e,uposure by a factor of 2.5 was accompanied by a decrease of exposure per 
kilogram of trradiated thorium processed from 12-3 t o  5.5 mep. 

Bbst of the irradiated thorium processed i n  the first 

Table 7.3. Relation between RadLation Received by Operating Personnel 
izlrd Thorium Processed i n  1955 
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The average exposure t o  "horex operating personnel was itemzied by 

location and type of operation (Table 7.4). 
dosimeter readings, which were converted t o  FTR measurements by EniLtiply- 
ing by 2.9. 
measurements of 71,191 mrep by the t o t a l  dosimeter rneaswements of 24,635 

The data were obtained f'ron 

T h i s  factor was obtained by dividing the to t& film badge 

mr f o r  the year. 

A comparison of the average exposure rate for  the t o t a l  Thorex year 
(weeks 1-44) and the latter period (weeks 27-kk) shows a decrease by a 
factor of 1.5 i n  the two average rates. 
this latter period easily surpassed the  goal of 50 mrep/man-week, with 
an average of approxbately 39 mrep/mm-week. 

Personnel exposure rates during 

Table 7.4, Average Exposure Rates t o  Thorex Operating 

Personnel by locations and Operations 

Location 
Cell 5 
CeUs 6 & 7 

Roof mea 

Isolation lab 

Sample gaLLer3 

BT decw area 

Basement 

Pipe tunnel 
Control room 
Mkeeup area 

Unspecified 
T o t a l  

Werage Exj 
mer?, 

IJeelrs 
1-44 

7 
13  

4 

13 
5 

6 

1 

2 

6 

57 

)sure Rate, 
mn-week 

$?e ek s 
27-44 

6 
11 

7 

2 

4 

2 

0 

1 

6 

39 

Operation 
Sanp1ix-g 

Equipmnt 
inspection 

and charging 
and solution 
makeup 

Product h a d l i n ,  
Equipment 

Deconmna t ion  
Unspecified 

Slug loading 

operation 

.verage ,Ekposure Rate 

1-44 27-lilc 
10 5 
13 10 

3 2 

6 
8 

9 5 
8 8 

57 39 



-52- 

Operating personnel engaged in  the Neptex program received an aver- 
age exposure of 65 mep/man-week during the weeks 45 tkrough 52. 
persons were overexposed t o  a combined t o t a l  of 290 mep i n  th i s  period. 
Activities responsible for the increased exposure t o  operating personnel 
were decontamination and maintenance i n  c e l l  5, Neptex product lxxd.liiG 

i n  c e l l  6 and the roof area, and slug charging i n  %he roof mea. 

Three 

There were 13 overexposures received by 11 pemons, but  detai ls  of 
two overexposures were not available (Table 7.5). 

Table 7.5. S v  of Overexposure t o  Thorex Operating Personnel during 1955 

OPeration 

product 
handling 

operation 
( c e n t r i m e )  

maintenance 

inspection 

Equipment 

Equipment 

Equipnent 

unknown 
T O W  

Location 
Isolation h b  

Cell 7 

Cell 5 
Cell 5 

unknown 

Overexposure (above 500 mrep/weelr) 

Total, mrep Overexposures 
No. of 

535 

2230 

400 

20 

5 90 
3775 - 

4 

1 

5 
1 

2 

13 

A radiation exposwe average of 57 rnrep/man-week was  received by ecnalyt- 

i c a l  persannel i n  conducting 28,100 analyses for the Tnorex Pi lot  Plant dur- 

ing 1955. 
2 mrep per armJ..ysis. 

The t o t a l  exposure amounted t o  56,202 mrep, or an average of 
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Craft personnel involved i n  f irst  cycle Thorex and i'3eptex maintenance 
and modification received a t o W  of 30,180 mrep i n  weeks 23 through 52, 
an average exposure rate of 312 mep/naan-week. 
the c r a f t  personnel working t i m e  tw spent i n  the very radioactive c e l l s  
or  s l i gh t ly  radioactive weas, high exposure ra%es were received by these 
persons. Seventeen c r a f t  personnel working on first cycle equipmant were 
overexposed, aU. within a --week period w h i l e  coapleting a, rush insh2.1- 

ation of the al ternate  solvent recovery system i n  cell 7. Craft; personnel 
involved i n  second cycle ins ta l la t ion  received a total .  of' 22,866 mep i n  
weeks 23 through 52, receivjng a average exposure of X6p mrep/man-week. 

Because essentiaUjr all 

7.1.3 
Greatest personnel exposures generaJ2.y occurred during the time and 

Relation between Radiation Received and Plant Radiation k v e l s  

in the areas where high radiat ion levels  exiskd except for c e l l  5. 
5 equipment, which is  the most radjoaetive i n  t h e  plant, w a s  almost com- 
p le te ly  unit shielded, and the reasons for entering the ce l l  during routine 
operations were few. 
and not routine operations. 
c e l l  5, extensive decontanimtion (especially i n  the cubicle containing 
the equipment t o  be repaired) tm carried out 4x1 lower the radiation levels  

and a,llaw longer working time; this resulted i n  the lack of s imilar i ty  
between the c m e s  representing exposure and radiation levels. 

Cell 

Lwge exposures resulted *om equipment failures 
Prior t o  all. rnainterzance work t o  be done i n  

The re la t ion  between exposure and radiation leve l  i n  cells 6 and 7 
corresponds t o  a greater extent than that i n  c e l l  5; however, tfiese amas 

a lso  haxe the i r  exceptions. 
occurred within the Tirst 10 and the last 5 weeks of the year. b d i a t i o n  
exposures were also high during these stme two periods, with routine opera- 
t ion  of equipment, equipmnt inspection and product handling accounting 
for most of this exposure. 
of high exposure, althou&h the radiation levels  were rels.tively low, which 
resulted f r o m  decontamina-tion and repair  of a weld le& i n  the parti t ioning 
column, decontamination prior t o  ins-i;dllat;ion of second cycle equipnent, 

The highest radiation levels i n  cells 6 and 7 

~n weeks 10 through 47, there were three periods 



and operation o f  the al ternate  solvent ~ ~ C Q V W Y  sys'cexa, 

Two areas i n  which thc re la t ion  between personnel exposure and radia- 
t ion  levels were st r iking were the isolat ion laboratory and the BT decay 

area. During the f i r s t  7 weeks of the ycar, the radia-bion levels of the 
contaminant columns iil the isolat ion 1ahorator.y rose rapidly to a high 
of  6.2 r/b, and exposure increased correspon~ngly.  
were shielded, t'neir radiation levels generally decreased t o  l e s s  than 
100 m/hr for  the reminder of' -the yea ,  and the average rate of exposure 
decrease& by a factor of approximately 22. SiinjWly, the ins ta l la t ion  
of shielding i n  the BT mea. decreased i t s  bac-owtd radiation level from 
a high of 1350 m/hr t o  l e s s  -than 50 m/hr, and the average exposure raLe 
pr ior  t o  the s'nielding insta1.lation was reduced by a factor of 10 fa- tlie 
reminder of the ye';. 

m e r  t'ne co~umns 

7.2 Tnorex Design Philosophy 

7.2.1 Unit Shielding 

The effectiveness of -t'no uni t  shielding ii?s=taUed. i.n the Thorex Pi lo t  
Plant i n  reducing peraomel exyosure is  indicated by the low average rate 
of e q o s - n e  of a,pproximately 20 mrep/m,n-veek received in cells 5, 6, and 
7 dwing 1955, and the %OW eqooswre 02 28,500 riep.  Alihough tile shield- 
ing f ac i l i t i e s ,  as or ig iml ly  designed, measurably reduced radiation levels  
and exposures, it soon becane necessary t o  provide additional shieldinl;, 

such as complete closure of cubicles and un i t  shielding of  individual 
pieces of equipment with lead, -to reduce -the radiation levels and exposures 
t o  the desired levels. Fission product carryover and acc1xmlztion i n  
equipmen% downstream from t l e  feed pwya,,ration an& extraction system pm- 
duced higher radiation levels than expected and necessitated installation 

of the additional shielding. 
duced the exposure rate for weeks 27 through & t o  16 mrep/rmn-weelr. 
compared t o  the over-all rate OS 20 mep/m.n-week the effects of the addi- 

t iona,l  shielding were felt more strongly in the isolation laboratory and 

BT decay area, where averwe exposwe rates were reduced by factors  of 
22 and 10 over their respective averages pr ior  t o  the  ins ta l la t ion  OS the 
m i  t shielding . 

Tfie additional shielding i.n the ce l l s  re-  
Rs 
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The effectiveness 09 the uni t  shielding philosophy i n  reducing expo- 
sure may be seen by comparing the eyposures i n  c e l l  5 and the i so la t ion  
laboratory. Although the uranium product gross a c t i v i t y  was reduced by 
a factor of approximahely 10 
of the t o t a l  exposure t o  operating personnel for 1955 was received i n  the 
i so la t ion  laboratory i n  the first 6 weeks of the year (pr ior  t o  installa- 
t i on  of shielding), w h i l e  only 14.4$ 09 the  totdL vas received i n  c e l l  5 
throughout 1955. 

4 less than the feed material i n  c e l l  5, 13.5% 

Tfie individual drain f a c i l i t i e s  ins ta l led  i n  each cubicle were gen- 
e r a l l y  successrul i n  preventing the spread of ac t iv i ty  throughout the 

ce l l s ,  except on two occasions when the c e l l  5 floor was contaminated 
t o  a level of 5.5 r/hr by leakage &om the feed pump f i l t e r s .  
5,drainage f k o m  the individual cubicles i n to  the ce31 sump produced radla- 

t i on  levels  greater than 1 r/hr, and as high as 6 r/hr,in the sunrp f o r  22 
weeks during the yew. 
out the cell, excessive personnel exposures would have been incurred dur- 

ing decon-nation. 

In  c e l l  

If this a c t i v i t y  had been allowed t o  spread through- 

7.2.2 Remote Operation 
Exposure t o  personnel who remotely controlled the "horex P i lo t  Plant 

anounted t o  only 0,24$ (171 mrep) of the to-tal exposure t o  operating per- 
sonnel. In d i rec t  contrast, approximately 2000 mrep were received by 
personnel while operating the a l te rna te  solvent recovery system i n  ce l l  7 .  
No instaxmentation was furnished this system, and frequent t r i p s  i n to  c e l l  
7 t o  check the column in"cRrfsrces and l iqu id  flow rates were required. 
Radioactive solutions were allowed t o  reach the control panel through in-  
strument l i nes  on only one occasion. 
trying t o  f lush  heavy solution from a phase separator (N-ll), and radio- 
act ive solution was forced back through the instrument lines of the  ex- 
t rac t ion  column interface control ler  t o  the panel board. 

spot under t h i s  instrument read 3 r/hr. 

High-pressure air  w a s  emloyed in  

One cont;amimted 
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A t0-k.d. of 5,160 mep TBS received by operating personnel w h i l e  s q l i n g  
i n  the sampling gallery during 1955. 
t o t a l  eQosure t o  operating personnel and 4 5 . s  of exposure received i n  
all sawlpling operations. Direct sampling, specifically i n  the isolat ion 

laboratory, accounted fo r  more than half the exposure at t r ibuted t o  sampling. 

T h i s  amount represents 7.3$ of the 

7.3 lielation of Radiation Exposures t o  Equipment Performance ctnd G-pera- 

t iona l  Procedures 

7.3.1 
The %o-tal of 10,346 mr received as the r e su l t  of equipment fa i lures  

represents 14.6% of the t o t a l  exposure t o  operating personnel during the 
yeax (Table 7.6). 

Effects of Various Types of Equipment Failures on Exposures 

Leakage fYom pumps transferring sli@litly radioactive solution tended 
t o  contaminate wide weas i n  the vicini ty  of the purnps, and decontamination 
and repairs t o  these purnps resulted i n  the largest  proportion (2$)  of 
the exposure t o  operating personnel. POOI. off-gas vacu-um on -the feed ad- 

justment system was caused by plugging of the vapor l i n e  between the feed 
adjustment tasllr (5 -2 )  and the acid fractionator ( S - 9 )  with Raschig rings 
f’rom the f’ractionator. Considerable exposure vas received i n  the repair  
of this system. Weld leaks, responsible for  1k6$ of the exposure, occurred 
i n  the bottom of the parti t ioning column, a t ransfer  l i n e  from the contm-  
inated solvent catch tank (T-k)  t o  the recycle hold tank ( ~ - 8 ) ,  dissolver 
condenser (S-3) and i n  a j e t  l i ne  t o  N-16. Equipment t h a t  fhiled as a 

result of corrosion was the feed adjustment tanik agi ta tor  m d  the acid 
cooler (s-13). 

No detailed records of exposure t o  craft  personnel during equipment 
repairs were kept i n  1955. 



Table 7.6. Effects of Equipment Failures on Thorex Operating Personnel 

Type of 
Equipment Failure 
Weld le& 
V a l v e  leaks 

pump leaks 
Fi l t e r  leaks 
Plugged sampler 

l ines  
Corrosion 

Plugged transfer 
l ines  

Feed pwqps 

Ekgost 

Decontamination 

6% 
739 

1255 
229 

339 

560 
1123 

174 

e Received, mrep 
Equipment Inspection 

and Repair 
832 

102 

1020 

493 
232 

832 

580 

1160 

Total 
1508 

841 
2275 
722 
571 

1392 
1703 

1334 
103U 

6 of 
r o w  

8.1 
22.0 

7.0 
5 *T 

13-5 
16.4 

14.6 

12.9 

7.3.2 
Equipment Inspection. 

Effects of Operatiom1 Procedure on Exposure 
The operational procedure resulting i n  the 

greatest e,uposure t o  persomel was  equipment inspection (15,130 mrep, or 
21.2$ of the t o t a l  exposure for  1955), and 75% of t h i s  exposure was re- 
ceived i n  ce l l s  5, 69 a d  7. Routine equipment inspection consisted of 
valve and equipment checks prior t o  run startups and periodical inspection 
of equipment throughout the plant during the run t o  e m w e  proper opera- 
t ion or early discovery of improper operation. 
inspection accounted f o r  exposures of ll.,803 mrep, or 7% of the total .  
Dbch of this  exposure was received during the first 8 weeks of the p a r  
when radiation levels were generally at  their  highest, and an average of 
23 mrep/m-week was received i n  this period. After the instal la t ion of 
additional shieldtng, the average exposme ra t e  Tor routine equipment 
inspection decreased t o  7 mrep/man-week for the rerminder of the year. 

This type of equipment 
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Monroutlne equipment inspection is  associated with equipment fa i lure  
and consists o f  diagnosing the cause and extent of the failure and check- 
ing the resu l t s  of i t s  repair .  
spection i s  sporadic and generally unpredictable, and the exposure received 
mounted t o  3360 mrep (28$ of t o t a l )  Prom three separate occasions when 
mjor equipment repairs 7m-e &e. 

Exposure f r o m  t h i s  ty-pe of equipment in- 

Decontamination. During 1955, 11,390 mep (16$ of t o t a l )  w a s  received 
by personnel perfoxming decontamination operations, and t h i s  was received 
mainly i n  ce l l s  5, 6, 3,nd 7 and the isolat ion laboratory. 
average weekly exposure ra te  for the l a s t  half of 1955 was lower by a 
factor of l.8 (9  vs 5 rmep/man-week), this improvement was  due primarily 
t o  equipment repairs and modifications t h a t  reduced the mount of contam- 
ination rather than t o  a change i n  the decontamination procedures. 

Although the 

Sampling. The average exposure r a t e  due t o  saurpling i n  the first 
7 weeks o f  operation was lowered by a factor of 5 (31 vs. 6 mep/man-week) 
during the remainder af the year. 
increased shielding i n  the isolat ion laboratory and not t o  improvdsanlpling 
procedures. 
11,310 m, or  1 5 . 8  of the yeaxly to t a l .  

This reduction was due primarily t o  

The t o t a l  radiatfon exposure during sampling mounted t o  

Equipment Qeration. Equipment operation accounted for an exposure 
6 f  8770 mrep (12.3% of to t a l ) ,  which was received primarily i n  the cells 
and the BT decay area. 
mep/m-wcek, and there was no significant change i n  this r a t e  as a 
r e su l t  of varying the procedures. 

A total. of 8550 mep (L2i of t o t a l )  T ~ S  received 
during handling of the thoriun, $33 9 $35, and N1723T products during 1955. 
Although the average exposure r a t e  f o r  the year was 'j' mreplman-week, the 
exposure was accumula,ted during three d i s t inc t  periods of varying exposure 
rates .  In weeks 1 thPougb 4, exposure during product hanuing was a t  a 
r a t e  of 36.5 mrep/m-week. This resulted mainly from handla  uranium 
product i n  the isolat ion laboratory before shielding was  instal led.  In 
weeks 5 through 4'7, the exposure r a t e  was 2 nrep/m-week, and the elrpo- 

The average r a t e  of exposure for the year w a s  8 

Product €kindling. 
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Cell  

5 
6 

7 1 Total 

sure was p r i m r i l y  accumulated i n  the BT decay mea where pump le€&age 
had contaminated the area. 
last 5 weeks of the year resulted i n  an average exposure r a t e  of 27 mr/ 
man-week. 

The handling of Neptex product during the 

Reasons for  Entering Radioactive Cells. Table 7.7 presents a mi- 

estimate of the number of tws the radioactive ce l l s  i n  the Thorex Pi lo t  
Plant were entered during 1955. 
meter record sheets by the summation of the number of times radiation was 

received i n  these cells. 

This estimate ms obtained from the dosi- 

Sampling 
2 

4 
4 
10 

Table 7.7. Humber of Times Rd ia t ion  Was Received by Thorex Operating 
Personnel on Entering Radioactive Cells during 1855 

1 $ of Total/ 1.5 

7 4 Effectiveness of Radiation Control Frogram 
The radiation control program %hat was ins t i tu ted  fo r  the Thorex = lo t  

P l a t  succeeded i n  reducing the average exposure t o  operating personnel 
t o  59 mep/m-week during 1955. 
was higher than %he established g o d  of 50 mep,/man-week, the average rate 
for the last half of the year m s  46 mrep/man-week as a re su l t  of improve- 
ments i n  shielding and operational procedures. 

Although this average rate for the yeas 
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8.0 APPENDIX 
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Table 8.1 Radiation Exposure Received by Operatina Personnel. in Each Week 

Week, 
1955 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

___ 

(measured by film badges, mrep) 

Total, 
mrcF 

1295 
2 195 
4810 
2880 
2070 
3715 
1660 
3540 
1190 
2070 
1715 
2050 
1800 
390 
3225 
1690 
260 
590 
1525 
1266 
950 

1350 
1325 
1920 
690 
1650 
23 5 
460 
455 
590 
890 

760 
1510 
150 
410 
520 
355 
250 
iGi3 
750 

193 0 
850 
770 

3 100 
790 
620 
174 0 
1000 
2080 
123 0 
435 

0 

Number of 
Pers one 

29 
29 
29 
29 
24 
23 
24 
24 
24 
24 
24 
24 
24 
24 
23 
23 
23 
22 
21 
21 
20 
19 
20 
22 
23 
26 
26 
27 
22 
23 
23 
24 
24 
24 
24 
24 
24 
25 
23 
23 
21 
22 
21 
21 
22 
22 
22 
20 
22 
22 
20 
20 

Average 
we p/pers on 

45 
76 

165 
99 
at5 
162 

69 
148 

50 
86 
72 
86 
75 
12 
140 
74 
11 
27 
73 
60 
48 
71 
66 
87 
30 
64 
9 
17 
21 
26 
39 
0 
32 
63 
6 
17 
22 
14 
11 
70  
36 

41 
37 
141 
36 
28 
87 
46 
95 
62 
22 

8a 

Overexposure, 
meP 

0 
120 
13 0 
190 

0 
210 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
70 
60 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

290 
0 
0 
0 
0 
0 
0 
0 

2230 

380 

95 

-/week) 

Ember of 
-__I Persons .I..___- 

-. 
3. 
1 
1 

1 

1 

... 

- 
- - - 
1 - 
- 
.. 
- - 
0 
1 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
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Table 8.2 Radiation Exposure Received by Analytical Fersonnel i n  Each Week- 

(measured by fi lm badges, mrep) 

We e k , 
1955 
1 
2 
3 
4 
5 
6 
7 
8 
3 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
23 
30 
3 1  
33 
33 
34 
35 
34 
37 
38 
39 
40 
41 
42 
4 3 
44 
45 
46 
47 
48 
49 
50 
51 
52 - 

EXPOSURE 

Total, 
m r e  p 

995 
4045 
5825 
1550 
1780 
13 80 
1665 

505 
1240 
106 0 
1605 
276 5 
1395 
23 10 
4030 
1220 
2560 
2190 
1625 
780 
2463 
1-95:, 
340 
220 
760 
2-70 
280 
160 
480 
500 
13 0 

0 
2270 
1610 
3670 
3011 0 
$0 
420 
1590 
2765 
1845 
13 00 
3590 
1.570 
850 
900 

3 590 
4670 
1900 
880 
6.70 
290 

__ 

Number of 
Personnel 

21  
2 1  
2 1  
2 1  
19 
20 
26 
2 1  
2 1  
1.7 
20 
18 
20 
23 
20 
20 
19 

~- 

l a  
l a  
18 
18 
18 
15 
19 
18 
18 
17 
18 
19 
19 
17 
17 
19 
17 
19 
18 
17 
17 
19 
18 
19 
18 
17 
18 
19 
20 
21 
2 1  
21 
19 
16 
2 1  

l_l__ - 

__ .... ____.. 

Average 
inrep/person 

47 
192 
278 
74 
94 
49 
64 
24 
59 
62 
80 
134 
70 
100 
2 02 
61 

13 5 
122 

90 
43 
1-48 
3-09 
23 
12 
4 2 
13 
16 
9 

25 
26 
8 
0 
119 
95 

1.93 
169 
45 
25 
84 
134 

97 
72 
211 
87 
45 
45 

1.7 1 
222 
91 
46 
42 
14 

.-_I 

ommmsm 
(above 500 

T o t a l  

m e p  
OverexFosure, 

0 
280 
1055 

0 
0 
0 
0 
0 
0 
0 

85 
90 

0 
0 

400 
20 
50 
0 
0 
0 

80 
30 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

660 
30 
470 

50 
0 
0 
0 

'7 0 
0 
0 
70 

0 
0 
0 

1200 
760 

0 
0 
0 
0 _- -- - 

d w w k  

Number of 
Persons 

0 
1 
4 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
2 
1 
1 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
1 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
1 
4 
0 
0 
0 
0 

~ _ _ _ _ _  

- . 
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Table 8.3 Radiation Exposure Received Weekly By Maintenance 

Personnel Working on F i r s t  Cycle Xquitment 

7- 

Week, 
1955 
23 
24 

26 
27 
28 
29 
30 
31. 
32 
33 
34 
3 5  
36 
3 '7 
38 
39 
40 
41 
42 
43 
44 
l+ 5 
46 
47 
48 
49 
50 
51 

27 

52 

(measured by f i l m  badges, mrep) 

Total, 
I?lXf?p 

620 
360 
0 

150 
100 
54 0 
0 

13 0 
0 

1855 
270 
1220 
260 
0 

1060 
180 
180 

6505 
9575 
1850 
1.80 
1140 
17 50 
3.4 00 

0 
323 
85 

355 
0 

- 

EXPOSURE 

Number of 
Man-weeks 
I___ 

2 
0.6 
0 

0.2 
0.8 
1.6 
0.8 
3 -2 
6.8 
6.6 

5.6 
4.8 
0.4 
2 '4 
0.6 
1.0 
7.2 
12.2 

3 *4 
1.0 
6.0 
9 08 
3 - 2  
0.6 

5.0 

0.4 
0.4 
1.4 

8 - __ 

Average f o r  
Man-week 

3 10 
600 
0 

750 
125 
338 
0 

4 1  
0 

281 
54 
218 
34 
0 

442 
3 00 
180 
903 
785 
%:4 
100 
190 
179 
466 
0 

8 13 
2 12 

0 
44.4 
I 

- 
Total 

Overage, mcg -__- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

845 
3055 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 

Number of 
Fer s onne 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I--__ . 

- 
.- 
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Table 8.4 Radiatlon Exposure Received Weekly by 

Maintenance Fersoiinel FJhile Working on Second Cycle Equipment 

Week, 
1955 
23 
24 
25 
26 
2 7 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

(Measured by f i l m  badges, rnrc 
~ . 

T o t a l ,  
mrep 
1870 
93 0 
40 

1960 
400 
12 0 
0 
0 
0 
0 
0 
60 
945 
120 
520 
440 
970 
160 
420 
1620 

150 
0 
0 

1690 
960 

3815 
2695 
1290 
104 5 
7 00 

IEPOSURE 

Number of 
Man .. -weeks 

4.4 
6.6 
3 02 
6.6 
4 .O 
1.8 

0.4 
0.4 
1.0 
3.4 
4.4 
7 -2 
5 * 2  
5-2 
6.4 
6.0 
3.2 
3 -4 
7 04 
4.8 
1.2 
1.2 
6.8 
6.8 
9.4 
8.2 
8.2 
5.2 
7.4 

~ 

3 .a 

Average f o r  
Man-weeks 

423 
14 1 

13 
297 
100 
67 

0 
0 
0 
0 
0 
14 
13 1 
23 
100 
69 
162 

50 
124 
2 19 
31 

0 
0 

249 
14 1 
4 00 
329 
157 
169 

95 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 10 
0 
0 
0 
0 
0 

475 
3 10 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
3 
0 
0 
0 



Table 8.5 

(measured by dosimeters, mr) 
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