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HAZARD EVALUATION FOR PROCESSING TRANSURANIUM EI;EMENTS IN C E L L  4 

OF BUILDING 4507 
. 

I1 

1.0 SUMMARY 

A f a c i l i t y  f o r  the t e s t ing  of transuranium chemical flowsheets and the 

production of gram quant i t ies  of Cm-242 i s  being in s t a l l ed  i n  Cel l  4 of 

Building 4507. The equipment consists of solvent extraction contactors 

plus a l l  of the necessary supporting i t e m s  required f o r  these operations. 

The c e l l  is  designed with appropriate seals t o  contain the  high a c t i v i t y  

alpha hazardous materials as w e l l  as shield against  neutron and gamma ac t iv i ty .  

Entry and egress of samples and equipment will be made through alpha tight 

boxes shielded where required. 

o r  by removal i tf to the  alpha t ight  boxes f o r  fur ther  disposit ion.  

Cell equipment will be maintained remotely 

Radioactive l i qu id  wastes are chemically neutralized before discharge f r o m  

t he  c e l l .  Process water i s  monitored p r i o r  t o  leaving the  ce l l .  

off gas i s  scrubbed and c e l l  vent i la t ion  a i r  i s  f i l t e r e d  before discharge i n t o  

the i r  respective p lan t  handling systems. 

Radioactive 

F i r e  protection consis ts  of a heat sensing element i n  t h e  ce l l  and a 
manually operated spr inkler  head actuated by operating personnel o r  F i r e  

Department personnel responding t o  the  heat sensing element. 

2.0 INTRODUCTION 

The TRU Processing Plant chemical flowsheets that have been developed 

during t h e  past few years have been t e s t ed  at  radiation leve ls  allowable i n  
the laboratory. The in s t a l l a t ion  of equipment i n  C e l l  4 of Building 4507 will 
meet the  need t o  t e s t  these flowsheets a t  o r  near radiat ion leve ls  t o  be 

encountered i n  TRU. 
assumed by ORNL fo r  NASA heat sources requiring gram quant i t ies  of curium-2k 

and -244 wil l  be carr ied out i n ,  t h i s  c e l l  i n  conjunction with Cel l  3.  

I n  addition t o  t h i s  testing, the production commitment 

A diagram showing feed sources, schedules, and processing sequences f o r  

a l l  material t o  be processed i n  the f a c i l i t y  i s  shown i n  Fig. 1. 
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The start of  cold operations is  scheduled f o r  the beginning of August 

1963. Tracer leve l  operation u t i l i z ing  Am, Cm, rare  ear th  solutions stored 

in  the  two tanks ben$ath the lead f loor  of Cell k'.are ten ta t ive ly  scheduled 
f o r  November 1963. 
4-gram and one 8-gram batch of curium-242 should start i n  January 1964. 
t e s t ing  of flowsheets w i l l  be interspersed i n  these production commitments 

u n t i l  1965, a t  which time the c e l l  w i l l  be used f o r  routine production of 
curium-242. 

Production of ten  grams of curium-244, "followed by* one 

The 

The basic chemical flowsheets f o r  accomplishing the aforementioned 

programs i s  the Tramex Flowsheet i l l u s t r a t e d  i n  Fig. 2 and the Phosphonate 
Extraction Flowsheet i l l u s t r a t e d  i n  Fig. 3. The schematic equipment f low- 

sheet for  the processes t o  be run i n  Cell 4 is  i l l u s t r a t e d  i n  Fig. 4. m e  
engineering flowsheets, Drawing Nos. E-45802, E-45804, and E-45805, are 

included i n  the attachmentg t o  t h i s  report. 
a 

3.0 PROCESS CHEMISTRY 

The Tramex Flowsheet shown i n  Fig. 2 i s  used f o r  the separation of 

actinides and lanthanides and decontamination from f i ss ion  products. The 

separation of actinides i s  shown i n  Fig. 3 phosphonate extraction. This 

flowsheet s p l i t s  the actinides into two groups, the Am-& f ract ion and the  
E k - C f  -Es -Fm fraction. 

the  E k  t o  the te t ravalent  s t a t e  and extracting it from 8 N - RN03 with a 

dialkylphosphate. The f i n a l  separation of Es, Fm, and C f  i s  done on a 
s m a l l  cation exchange column using a-hydroxy'isobutyrate solution as a 

chromatographic e lu t r ian t .  

' 

The second group may be f'urther divided by oxidizing 

The Am-Cm concentrates from plutonium irradiat ions w i l l  be n i t r a t e  
solutions. 
the solutions t o  the chloride system. The curium242 program, the TRU ' 

development targets, and the six-month HF'IR t a rge t  processing begin with 

These special  runs w i l l  u t i l i z e  a head-end treatment t o  convert 

a t a rge t  dissolution s tep using dilute hydrochl'oric acid. 
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3.1 The Nitrate Removal Step 

The SRL concentrate w i l l  be boiled down 
d i lu ted  t o  the or iginal  volume with 3 N H C l .  

countercurrent t o  Alamine 336-HCl i n  diethyl  

a factor  of 8 i n  volume and . 
The adjusted feed flows 

benzene (DEB); 3 N - H C 1  i s  

used as scrub. 

t he  n i t r a t e  ions a re  extracted into the  Alamine 336 l ibera t ing  chloride 
The mixed feed and scrub solu-brions contain the values; 

ions i n  exchange. 

boiled down w i t h  L i C l  addition f o r  use as Tramex feed. 

The organic i s  discarded, and the aqueous stream i s  

The other concentrates (from Cell  1 operations) a r e  sal ted (about 

3 M LiN03). 

salt  - low acid feed. 
concentrated L i N O  i s  used as scrub. The actinides are stripped with 

d i l u t e  HC1; Alamine 336 (base form) i n  DEB i s  used as scrub. 
t i o n  from f i ss ion  products may be realized i n  t h i s  step. 

recovered i n  d i lu t e  HC1 and converted t o  Tramex feed by L i C l  addition and 

boildown. 

3.2 Target Dissolution Step 

These feeds a re  boiled down with diban t o  produce a high - 
3’ The actinides a re  extracted in to  Alamine 3 3 6 - ~ ~ 0  

3 
Some decontamina- 

.The actinides are 

The targets  consist  of pressed pe l l e t s  of aluminum powder and actinide 
oxide canned i n  an aluminum shel l .  

i s  used f o r  each gram of curium-242 formed. 
the  p e l l e t  matrix i s  dissolved i n  2 N H C 1  a t  a controlled ra te  by temperature 
control i n  the dissolver. 
cooling water i n  the jacket o r  coils.  The dissolver ~ o l u t i o n  will be boiled 

down with L i C l  addition t o  produce adjusted Tramex feed. 

3.3 Tramex Process 

Approximately 50 g of aluminum ( t o t a l )  

The aluminum i n  the can and i n  

- 
The dissolver w i l l  be controlled a t  6ooc by 

The feed f o r  Tramex i s  a t  l e a s t  10 M LiC1, l e s s  t h a n  0.1 M AlC13,”and - - 
between 0.02 and about 0.1 N HC1. 

aluminum solubili ty,  the large inverse dependence of the  dis t r ibut ion r a t i o  
of actinides on acid i n  t he  feed, and radiolysis of the  acid i n  the feed 

causing actinide precipitation. 

w i t h  rapid and reasonable precise analysis of the  feed. 

Complicating factors  a r e  the  l imited - 

Continuous feed adJustment i s  feasible  

.. . 
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The actinides a re  extracted in to  Alamine 336 - H C l  i n  DEB and 

scrubbed w i t h  11 M - LiC1. 

remain i n  the raff inate .  

scrubbed with Alamine 336 - HN02 - HC1 mixture. 

points - with the exception of AgU1 - are not stripped. 

The lanthanides and some f i ss ion  points 

The actinides a r e  stripped with 8 N - HC1 and 
The extraction f i ss ion  

3 .4  Tramex Products 

Curium-242 - The curium product i s  converted t o  n i t r i c  acid solution 
by repeated boildowns with concentrated HNO 

about 0.25 g / l i t e r  curium-242. 
The f i d  3' 

Cell 1 Concentrates - The americium-curium product 

t o  Cell  3, boiled down t o  essent ia l  dryness, taken up i n  

concentration i s  

w i l l  be t ransferred 

a small volume of 

0.1 N HC1, slowly added t o  2 M K CO 

Am(V) carbonate i s  precipi ta ted as KAmCO 
curium; the americium i s  recovered as a precipi ta te .  

oxidized with hypochlorite and the  - - 2 3' 
The supernate contains the  3' 

3 SRL Concentrate - "he product i s  boiled down with concentrated HNO -. 
t o  give a n i t r a t e  solution of about 5 g / l i t e r  each of americium-243 and 
curium -244. 

3.5 Special Targets f o r  TRU Development 

The special solutions t o  be processed f o r  Cf-Bk-Es-Fm recovery w i l l  be 

boiled down and di luted t o  reduce the  acid concentration t o  1 N - HC1. 

transcurium elements are extracted in to  1 M - 2-EH(phenyl phosphonic) acid i n  

DEB; the americium-curium remain i n  the aqueous raff inate .  
1.5 N HC1 i s  used. 

Relatively l i t t l e  decontamination from f i ss ion  products should be necessary 

a t  t h i s  stage. Special bench s i ze  equipment w i l l  be s e t  up i n  open-topped 

processing boxes in Cell 3 f o r  additional separations and f o r  experimental 
work as needed. 

The 

A scrub of 

The transcurium elements a re  stripped with 4 N - HC1. - 
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4.0 PHYSICAL DESCRIPTION AND CO- FEATURES 

4.1 Building Containment 
L 

B u i l d i n g  4507 i s  a brick building with a penthouse q$ructure constructed 

from insulated sheet metal. Vestibule personnel entrances a re  provided and 

t h e  building i s  sealed against leaks so as  t o  be able t o  maintain -0.3-in.- 

water with respect t o  the  atmosphere. 

secondary containment f o r  radioactive materials handled. 

description of the building and i t s  containment feature's i s  described by 

A. M. Rom, Building 4507, H i g h  Level Chemical Development Fac i l i t y  - 
Hazards Evaluation, Vol. 10, ORNL CF-60-5-25 (May 20, 1960). 

The building and penthouse provide 

A detailed 

4.2 Cell Containment 

Primary containment i s  provided by t he -ce l l ,  which has internal  

dimens-ions 6 f t  wide, 10 f t  long, and 11'9" high. There i s  a 10-in. 

l ead  f loor  in  the c e l l  beneath which a re  two storage tanks, thus making 

the t o t a l  c e l l  height 15'6" from the bottom of this  p i t  t o  the cei l ing of 
the ce l l .  

- .  

-. 
The f r o n t  and s ide w a l l s  of the c e l l  a r e  4 ft thick barytes concrete. 

. The front  w a l l  contains a 4-ft-thick lead glass window. 

5 f t  6 in .  thick concrete.and the roof i s  5-ft-thick concrete. 
in to  the c e l l  are  sealed against  extraneous leaks, allowing a i r  accesa t o  

t h e  c e l l  only as planned v ia  the a i r  i n l e t  duct in  the  rear  door. 

The rear  w a l l  is  

A l l  openings 

a 

A 6 f t  wide by 6 ft-6 in.  high opening in . the  rear  of each c e l l  i s  

This door i s  closed by a concrete door tha t  r o l l s  on wheels and track. 

sealed by a gasket j o i n t  against an angle i ron framework inside the  ce l l .  
The existing 4 x 6 ft opening i n  the roof of the  c e l l  has been replaced 

w i t h  special  roof plugs t o  accommodate the  equipment handling f a c i l i t i e s  
needed f o r  the present program. 

The c e l l  has two 10-in. dia sleeves i n  the  operating face f o r  a 

p a i r  of Model 8 manipulators.' In addition, the  f ront  of the  c e i l  has one 

6-in. sleeve, one 3-in. sleeve, and twenty-three 2-in. sleeves. The r ea r  

w a l l  contains four 2-in. sleeves and one 3-in. sleeve t o  the  second floor 
a t  the rear  of the c e l l  bank. 
and two 6-in. sleeves t o  the penthowe. 

The roof of the  c e l l  contains one 5-in. sleeve 
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Each of t he  above-mentioned sleeves i s  sealed a t  the ex ter ior  by a 

gasket o r  enters a special  bulkhead located i n  t he  cell .  

4.3  Alpha Hazard Containment 

Additional means of containment provided i n  Cell  4 i n  recognition of .. 
the alpha hazard problems are as follows: 

1. 

2. 

. 3. 

4., 

The manipulators wi l l  be equipped with a replaceable boot. 

The wall juncture i s  made w i t h  a compression rubber gasket 
sea l  r ing on the inside of an extension of the'manipulator 

sleeve (Dwg. No. D-53664). 
w i t h  a following replacement r ing with a new boot attached. 

Bulkhead boxes are in s t a l l ed  i n  the rear top,and right and l e f t  
f ront  top corners of the ce l l .  A l l  service, chemical, and 

e l e c t r i c a l  l i n e s  entering through the exis t ing holes i n  the c e l l  
face and rear  a r e  sealed i n  passing through the w a l l s  of these 

boxes (Dwg. No. E-53550). 
A bulkhead has been in s t a l l ed  immediately inside the  rear  c e l l  

entry t o  supplement t he  rear door gasketed seal (D-45943). 
This bulkhead contains a i r  f i l t e r s  f o r  c e l l  vent i la t ion and 

a viewing window containing glove ports .  

minor maintenance t o  be performed on the mixer s e t t l e r s  without 

breaking c e l l  containment af ter  proper ce l l  decontamination. 

A s ea l  p l a t e  has been in s t a l l ed  below the exis t ing roof plug 

opening and a l l  penetrations through th i s  plate are welded t o  
it and form a continuous seal with roof area maintenance and 
sampling equipment. 

This r ing i s  pushed in to  the  c e l l  

This w i l l  permit 

I 

4.4 Cell  Support Equipment 

4.4.1 Operating Area 

The operating area located a t  the window side of Cel l  4 contains the  

-. instrument panel and t h e  service piping rack. All water, air, and steam 

services entering the c e l l  from t h i s  area are m e t a l  construction and are 

equipped with check valves t o  prevent contamination backup in to  the  operating 
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area. 

t h i s  area as well as plugged i n  the ce l l .  

a r e  fed from transmitters located a t  the rear  ?f the ce l l .  
c e l l  enters the  c e l l  via  bulkhead seale.  II 

The spare l i nes  terminating i n  the operating area a re  capped off i n  
The instrument panel recorders 

Wiring t o  the  

4.4.2 Chemical Makeup Area 
The chemical makeup area contains a l l  the tanks and pumps f o r  feeding 

cold chemical streams t o  the solvent extraction equipment i n  the c e l l . ,  The 
tanks, pumps, and piping a re  a closed system equipped with a caustic scrubbed 

vent system. 

This area also contains the transmitters for  a i r  purge instruments, the  

vacuum-pressure a i r  drive system mounted i n  an alpha sealed glove box 

f o r  the in-cel l  t ransfer  pumps, the  warm water heating system f o r  the mixer 
s e t t l e r s ,  and the solution addition funnel s ta t ion  f o r  t ransferr ing solutions 

t o  the  c e l l  tanks. 
box. 

a bulkhead box i n  the  ce l l .  

4.4.3 Roof Area 

A schematic layout of the equipment located i n  the roof area i s  shown on 

Drawing E-53650 w i t h  detai led layouts shown on Drawings D-45917, E-53653, and 
D -45820. 

These funnels a re  a l so  enclosed i n  an alpha-sealed glove 

The piping from th is  area enters the  c e l l  via existing sleeves and through 

The large box straddling Cells 3 a d  4 i s  an alpha sealed Equipment 

Removal Cubicle (D-45917) t o  be used f o r  maintenance and t ransfer  of large 
items of c e l l  equipment. 
by lead and concrete shielding plugs and a gasketed seal plate .  Items 

t ransferred in to  o r  out of this  cubicle w i l l  be bagged u t i l i z i n g  standard 
alpha contaminated equipment t ransfers .  

It i s  sealed from the  c e l l  during normal operation 

The Sample Transfer System (13-53653) i s  connected t o  Cell  4 via an 
8-in. diameter shielded t ransfer  tube terminating i n  an alpha-sealed lead 
shielded glove box. 

container into a shielded ca r r i e r  o r  into the adjacent cold t ransfer  box 

where alpha contaminated t ransfer  techniques a r e  used. 

Samples a re  transferred from th is  box via a sealed 

Small items of decontaminated equipment from the  cell.may follow t h i s  

hot t o  cold box route as well as the reverse procedure being used t o  admit 

small items t o  the ce l l .  
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The c e l l  t o  box t ransfer  tube has a gasketed shielding door a t  i t s  

upper terninus t o  l i m i t  the  amount of c e l l  contamination entering t h i s  box 

as well as shield personnel hands during necessary maintenance. 
The MixerSet t le r  Drive Box (D-45820) i s  an alpha-sea3ed glove box 

The tubes containing the containing motors f o r  driving c e l l  equipment. 
f lex ib le  shaf ts  a re  a i r  purged w i t h  vent i la t ion a i r  t o  l i m i t  contamination 

from the  c e l l  through the  bearings. 

by disconnecting i n  the c e l l  and bagging them out through the  port  on top 

of t h i s  box. 

4.5 

The shafts can be removed fo r  maintenance 

Ventilation and Vessel O f f  -Gas 

4.5.1 

The existing a i r  handling and vessel off-gas flow patterns are  shown i n  
Fig. 5 and 6 and are  described by J. R. Flanary and J. H. Goode, Building 
4507 Operations Manual, ORNL 61-9-24, Rev. 1 (September 25, 1962). 

Existing Ventilation and Vessel O f f  -Gas 

4.5.2 Cell and Support Equipment Ventilation 

The a i r  handling pat terns  and pressures planned f o r  Cell 4 are  shown on 

Drawing D-45875. 
respect t o  the operating area of the building. 

The negative pressures indicated on t h i s  schematic a re  with 

4.5.3 C e l l  Vessel Off-Gas 

A l l  c e l l  processing equipment is  vented t o  a common Cell 4 off-gas 
header, passed through a caustic scrubber, a control valve t o  maintain the 

vessels a t  2 in. of water negative t o  the cell ,  and then t o  the building 
vessel off -gas header. 

4.5.4 Makeup Area Equipment Ventilation 
The makeup area tanks are  vented t o  a caustic scrubber and through 

a control valve t o  maintain the makeup tanks a t  0.5 in .  of water negative t o  
the area i n  which they a re  located. 

vent i la t ion system via  a 2-in. pipe t o  the main c e l l  exhaust duct. 
This system discharges t o  the c e l l  

The glove boxes containing the drive system fo r  the  c e l l  pumps and 

the  solution.addition funnels a re  vented to the  above system downstream 

of the  scrubber through an absolute and roughing f i l t e r .  
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The discharge from the vacuum pump used as the vacuum source f o r  the 

c e l l  pumps discharges t o  the Cell 4 vessel off-gas system. 

4.6 Liquid Waste Disposal c 

I 1  

AJJ. chemical l i qu id  wastes w i l l  be accumulated i n  c e l l  tanks anh 
sampled f o r  product content p r io r  t o  discharge t o  the plant radioactive 

chemical waste system. 

The aqueous and organic wastes from the solvent extraction system w i l l  

be neutralized by contacting with a caustic stream j e t t ed  in to  the hot drain 

from Cell 4, simultaneously w i t h  the  waste stream. The overhead boiloff 

from the feed adjustment tanks w i l l  be neutralized d i rec t ly  i n  T-403 and 

discharged by water j e t  t o  the hot drain. 

Steam condensate from the tank heating co i l s  w i l l  be checked by sampling 

and discharged t o  the process drain of Cell 4. 
will discharge t o  a monitoring s ta t ion  located on the roof of Cell 4 and 

will then discharge t o  the process dra in .  A leak of a c t i v i t y  i n  t o  t h i s  

system wi l l  automatically diver t  the  stream t o  the hot drain and sound an 

A l l  cooling water i n  the  c e l l  

alarm on the instrument panel. 

5.0 QUANTITIES OF RADIOACTIVE MATERIALS 

The quantit ies of actinides and f i ss ion  products t o  be processed i n  the  

TRU development equipment i n  Cells 3 and 4 of Building 4507 are:  

(1) 

(2 )  

(3) 
( 4 )  011-242 t a rge ts  

( 5 )  

Properties of t he  actinides and f i ss ion  products i n  these programs are  

Am-Cm rare  ear th  f ract ion from 24 SRP cross-section rods 
Am-cm-m fract ion from 8 SRP-TRU rods 
Am4m-m fract ion f r o m  112 SIP-TRU rods 

A six-month i r rad ia ted  TRU-HFIR t a rge t  

summarized in  Table 1. 

products f rm  the  SRP rods. 

and TRU-BFIR targets .  

CUI -242 targets.  

Gamma shielding is governed by rare ear th  f i ss ion  

Neutron shielding is governed by the Cm-242 

The heat dissipation rate Will be highest for the  
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Table 1. . Summary of Properties of  Actinides and 

Fission Products i n  Transuranium Development Programs 

General Process A A B A C 
Program 

I 
iln. -m -RE Am -cm -RE Am-cm-RE 

SRP Cross- SRP -TRU Cm -242 SRP -mu 
Fraction Fraction Fraction 
From 24 From 8 From 112 Six-Month 

TRU-HFIR 
Property Section Rods Rods Targets Rods Target 

Post - i r radiat ion decay time, days 1100 480 10 120 30 

Actinide content, gms 5-7 25 42 400 7.1 

F.P. content, cur ies  30, ooo 14,000 5500 200,000 6000 

Actinide heat rate, watts 3 33 1800 725 13 

FP heat rate, watts 65 50 22 700 t 39 
0 

8 x 10 6a Neutron release rate, neuts/sec 2.4 x 10 9a b3.5 x 10 9 

a - including a-n contributions from oxygen. 

b - including a-n. contributions from aluminum. 

. .  
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I. 

The calculated properties of the Am-Cm-RE f ract ion from 24 cross-section 

rods, 8 SRP-TRU rods, and 112 SRP-TRU rods a re  given i n  Tables 2, 3, and 4- 
Cm-242 w i l l  be prepared by i r rad ia t ing  Am-241 t a rge ts  i n  the ORR, GETR, 

or MTB f o r  an expoeure equivalent t o  50 days a t  a therm@ flux of approximately 
3 x 10 

clad with A l  and are  approxbately 1/2-in. -dia by 8-in. long. 

programs requiring 8 g Cm-242 it i s  planned t h a t  16 g of Cm-242 will be 

prepared ( t o  allow f o r  losses and decay) by i r rad ia t ing  1 5  t a rge ts  containing 

45 g Am-241. For programs requiring 4 g Cm-242 it is'planned that 7.5 g w i l l  

be prepared by i r rad ia t ing  7 ta rge ts  containing 21 g Am-241. 

the  targets  i n  Building 4507 will begin a f t e r  approximately 30 days of post-  

i r radiat ion decay time. The calculated products of the irradiation, 30 days 

a f t e r  reactor discharge, a r e  given i n  Table 5. 
of the  f i ss ion  products resul t ing from the i r rad ia t ion  a re  tabulated i n  
Table 6. 

14 . Individual ta rge ts  contain 3 g Am-241 as Am02-Al cermet pe l le t6  

For those 

Processing of 

The calculated properties 

Properties of a TRU-HFIR target,  i r radiated f o r  six months and allowed 
' 4  

t o  decay f o r  30 days, a re  given i n  Table 7. 
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Table . 2. Calculated Properties of the AmCm-RE 

Fraction from 24 Cross SecticPn Rods, 

as of  June, 1963 
.. 

. .  

.. 

.. 

, Heat Generation Neutron mission Rate 

Rate (neutrons/sec) 

Isotope Quantity ( w a t t s )  0 a-n SF 

Am-241 2 g  0.2 - - 
m -242 

Am -243 

cm -244 

0.003 g 

3 g  

0.7 Q 

18,000 C 

10,000 c 
190 'C 

75 

0.4 

2 

60 

4 

0.7 

0.3 

4 6 x 10 6 x 1 0  

6 3 x 10 8 x 1 0  

0 ' '  

.. 
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Table '3.. Calculated Properties of t he  Am-Cm-RE 

Fraction from 8 SRP-THU Rods, as of 

June, 1963 II 

_. 

Isotope Quantity 

Heat Generation Neutron Emission Rate 

Rate 

(watts) 
(neutrons/sec) 

0 a-n SF 

Am -241 

Cm -242 

Am-243 

cm -244 

Ce -141 

Ce -Pr -144 

0.02 g 
0.03 j 

l5 5 

C 13, ooo 

450 C 

60 C 
c 

380 

3.7 

0.1 ' 

29 ' 

0.2 

45 

6 x lo5 6 x l o5  

8 1.1 x 10 6 4 x 10 

0.2 

0.3 . 
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Table , 4, Calculated Properties of the Am-Cm-RE ' 

Fraction from 112 SRP-TRU R p d s  

120 days post-irradiation decay time " 

Isotope 

Heat Generation 
Rate 

Quantity (watts) 

Neutron mission Rate . , 

(neutrons/sec) 
0 a-n' SF 

. .  

.. 

Am -241 

cm -242 
Am -243 

cm -244 
Ce -141 

ce -Pr -144 

Pm-147 ' 

Eu-154 

Eu-155 

220 5 
390 c 
200,000 c 
4500 C 
500 C 
450 

- 
85 

1 

640 

0.5 

700 

2 

2 

2 

9.2 107 2.4 x 10 9 

.. 
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Table 5. Products of Irradiation of 45 g Am-241 

for 49 Days in Perturbed Thermal Flux of 3.0 x 10 

(30. days post -irradiation decay time) 

1 4  . 

I1 

Heat Generation Neutron Emission Rate 
Weight of Rate (neytrons/sec ) 

Isotope (d (Watts) Al a-n SF 
Isotope 

Am -241 13.5 1.4 - 
Am-242 (1) 0.2 - - - 

-. . - Am -243 2.5 - 
3.4 x lo9 0.29 x 10 9 

Cm -244 0.27 .8 0.001 109 0.003 109 

. .  Cm -242 14.7 1800. 

- - Cm -2 43 0.19 , *3 
. C  

PU-238 3-7 2.0 0.003 x lo9 - 
PU -239 0.31 - . .  - - 
Pu-240 2.1 - - - 

Pu -242 4.2 - - - 
F.P. ' s  2.6 

(5$&0 curies) 22. - 
1-131 150 curies - - - 
Xe -133 54 curies - - - 

.. 



Table 6 . ,  Properties of Fission Products Resulting from I r rad ia t ion  of Am-241. 

(2.6 grams of f i s s ion  products are formed pe r  45 grams of Am-24l'irradiated) 

Decay Time 

1 sec 1 b Y  10 d 30 d 60 a 90 d 

Beta activity, curies/gm FP ' s 5 .  218A04 8.382~103 3.872~103 2.133A03 1.284AO3 9 .255X102 
m a  activity, curies/@ 5 . 5 4 9 ~ 1 0 ~  5 . 2 7 2 ~ 1 0 ~  . 2.151~103 1 . 1 2 7 ~ 0 ~  6. 374X102 4 .386~10~  
Beta heat rate, watts/gm 3 . 8 9 7 ~ 1 0 ~  1 . 6 2 3 ~ 1 0 ~  6.500 3 702 2.296 1.686 
Total heat rate, w a t t s / @  7. 277X102 3 .796~0 '  1.614~10' 8.474 4.835 3.411 

Gamma Photons/sec-gm FP's 
GI-oup Energy, Mev Al 1 0.300 3. 968~10~ '  5 .  6 8 1 ~ 1 0 ' ~  2. 275~1-0'~ 1 . 1 5 1 ~ 1 0 ~ ~  6 . 0 1 0 ~ 1 0 ~ ~  3 . 8 4 3 ~ 1 0 ~ ~  ru 

Gamma Photons/sec-gm FP's 
GI-oup Energy, Mev Al 1 0.300 3. 968~10~ '  5 .  6 8 1 ~ 1 0 ' ~  2. 275~1-0'~ 1 . 1 5 1 ~ 1 0 ~ ~  6 . 0 1 0 ~ 1 0 ~ ~  3 . 8 4 3 ~ 1 0 ~ ~  ru 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12' 

0.630 
1.100 

19 550 
1.990 
2.380 
2.750 
3 250 

3 700 
4.220 
4.700 ' 

5 *250 

8 . 0 7 5 ~ 0 ~ ~  

2 . 1 6 8 ~ 0 ' ~  
1. OgOX1014 
7 . 6 1 5 ~ 0 ~ ~  
4 . 1 8 0 ~ 1 0 ~ ~  
3.042~10~~ 
2. 2 5 3 d 3  
1 . 0 8 6 ~ 1 0 ~ ~  

12 5.250X10 
2 . 4 8 5 ~ l O ~ ~  

3 335fiOl4 
9. 891X1013 
1. 588x1-o13 
1. 982f id3  
2. 0g3XSOE 
1 . 3 8 9 ~ l O ~ ~  
1 .789~10 '~  
1. 798d010 
1.165d01° 

3 395fiO3 
9. 8 5 0 ~ 1 0 ~  
3.067~102 

3 . 4 5 1 x d 3  

1. 230A0l3 
2. 533X1OU 
.,7.g31xlOl1 

1 . 4 2 O ~ l O ~ ~  

8 . 8 8 6 ~ 0 ~ ~  

1 . 0 5 6 ~ 0 ~ ~  

8. 865d09 

8 . 9 5 9 ~ 1 0 ~ ~  ' 3. 4 1O3A0l2 

2.557X1Ol1 
1 . 9 8 1 ~ 1 0 ~ ~  
4 . 1 1 7 ~ l O ~ ~  
4 . 5 1 3 ~ 1 0 ~  
2. 085d09 
1. 072A09 
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Table ,7. Actinide and Fission Product Content of  
* 

a TRU-HFIR Target a f t e r  6 Months Irradi9;tIon 

and 30 Days' Decay 

Heat Generation Neutmn Emission Rate 

Quantity Rate 

(watts) 

(neutrons/sec) 

Isotope (g) Al a-n SF 

Pu -242 1.0 

Am -243 0.5 

Cm -244 4.6 

- 
7 5.0 x i o  7 2.0 x.10 .. 

Cm -2 45 0.61 

cm -246 0.35 

Cm -247 0.012 

cm -248 0 033 

.. 

c Bk -249 5.6 10-5 

cf -250 5 10-5 
-4 

*-6 
cf -252 3.5 x 10 . 

Cf -254 . 1.8 x 10 

'-- 

e 

- 
- 

39 

e i 

1.1 109 

9 2.4 x 10 

F.P. ' 8  8000 curies 

I -131 53 curies 

X e  -133 23 curies 

K r  -85 1 . 3  curies 
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6.0 HAZARDS 

. 

.. 

.. 

.' 

Radiation hazards i n  the operation of Cells 3 and 4 are  caused by 

the  poss ib i l i t y  of exposure t o  penetrating radiation and normal o r  

accidental  release of radioactive material t o  thg building o r  t o  the 
atmosphere. 

penetrating radiation dose r a t e  within acceptable levels .  
release of radioactive gases and aerosols i s  minimized by passing vessel 

off gases through a caustic scrubber i n  Building 4507 and through the . 

Laboratory VOG caustic scrubber and high efficiency f i l t r a t i o n  system. 

Special safeguards a re  u t i l i zed  t o  minimize the  probabili ty of occurrence 

of potent ia l ly  serious accidents involving f i r e s  o r  explosions. If these 

safeguards should f a i l ,  however, and such an accident OCCUTS, the contain- 

ment and vent i la t ion systems lhit the ef fec ts  t o  tolerable  levels.  

The shielding of the f a c i l i t i e s  i s  such as td 'cont ro l  the  
The routine 

6 .1  Penetrating Radiation 

During normal operation i n  Cells 3 and 4 the  gamma and neutron dose 

r a t e  i n  the operating area i s  t o  be no greater  than 0.25 mrem/hr ,  with 

permissible hot spots of small area? such as those opposite w a l l  penetrations, 
no greater  than 2.5 mrem/hr. , , 
when a TRU-HFIR rod is  examined i n  f ront  of the c e l l  window, the  neutron 

dose r a t e  i n  the  operating area will be approximately 2.5 mrem/hr. 

l imited access areas, not normally inhabited by operating personnel, the 

dose r a t e  i s  t o  be l e s s  than 2.5 mrem/hr, w i t h  l imited area hot spots no 

greater  than ten times t h i s  value. For short-term, nonroutine operations, 

such as during equipment removal o r  ca r r i e r  handling,radiation levels  
as high as 500 mrem/hr w i l l  be permitted. 

such as those involving special  handling of s m a l l  samples, radiation levels  
as high as 10 R / h r  w i l l  be permitted under the  d i rec t  supervision of the 

engineer i n  charge of operations (V.C.A. Vaughen) and HP personnel. 

6.2 Operational Release of Radioactive Materials t o  the  Atmosphere 

Rare gases and halogens, from dissolution of Cm-242 o r  TRU-WIR targets, 

For special, non-routine operations such as  

In  

For very nonroutine operations, 

'' 

and miscellaneous aerosols containing actinide elements and f i ss ion  products 

w i l l  be released in small quant i t ies  through the  vessel  off-gas system t o  

. .  
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t h e  ORNL 3039 stack during routine operations i n  Cells 3 and 4. 
be no s ignif icant  halogen o r  ra re  gas release during the  processing of t he  

r e l a t ive ly  long decayed Am-Cm-RE solut icns  but-a small f ract ion of the  l i q u i d  
aerosol formed i n  mixing and pumping operations w i l l  pegetrate the f i l t e r s  

and be exhausted t o  the stack. 

Each ta rge t  w t l l  contain approximately 10 curies of '  1131 and 3.6 curies Xe 

There w i l l .  

Curium-242 t a rge t s  w i l l  be dissolved a t  r a t e s  not t o  exceed t w o  targets/day. 
133 . 

Assuming that iodine i s  decontaminated by a f ac to r  of 200 i n  the  Cel l  4 VOG 

scrubber, vent i la t ion l ines ,  and the  VOG caust ic  scrubber a t  the  3039 stack, 

the continuous release rate of 113' will not exceed 0.1 curies/day. 

that the  maximum average d i lu t ion  and deposition fac tors  f o r  the  3039 stack 

a re  1.6 x curies/m per  curie/sec and 1.6 x curies/m per curie, 

respectively, t he  maximum average ground concentration of (averaged 

Assuming 

3 2 

over one day) w i l l  not exceed 0.24 MPCa-kO and the  maximum average ground 

contamination will not exceed 4000 d/min-dm . 
t a rge ts  w i l l  be released over a period of a t  l e a s t  5-10 minutes, the  maximum 

average downwind ground concentration will not exceed 3$ M F C , - b  (0.075 mr/hr) . 
Dissolution of one six-month i r rad ia ted  TRU-HFIR t a rge t  w i l l  release 

53 curies Il3l, 23 curies  Xe133 and 1.3 curies Kr85 t o  the  VOG system. 

a system DF of  200 the  113' release (0.26 curies a t  average ra te  of 0.26 curies/day) 
would cause maximum average downxlnd ground concentrations (averaged over 1 day) 

o f  O.5$ M P C a - b  and maximum average deposition not exceeding 900 d/min-dm . 

2 Assuming t h a t  the  Xe133 i n  two - .  
- .  .. 

Assuming 

2 

Assuming tha t  the  Xe133 and Kr85 will be released over a period of a t  l e a s t  i 

.' 

5-10 minutes, the  maximum average downwind concentration from this  source w i l l  
not exceed lo$ MPC, - kO. 

Release of aerosols of mixed f i s s ion  products and actinides from 

Building 4507 t o  the  3039 stack w i l l  be maintained a t  ra tes  l e s s  than 

1 millicurie/day and 10 microcuries/day, respectively. 

f i s s ion  product6 w i l l  cause maximum average downwind ground concentrations 
of < 0.01% WCa - kO and long-term ground contamination not  exceeding 100 d/min-dm , 

The release of alpha emitters will cause maximum average downwind ground 
cmcentrations l e s s  than 0.1s W C ~  - 4o and long-term ground contamination not 

exceeding 3 d/min-dm e 

The release of 

2 

2 



-26 - 

- .  

6.3 F i res  

F i res  within Cell 3 o r  4 may be extremely hazardous, s h c e  they 

could conceivably ra i se  the  c e l l  pressure and temperature - and disperse 

radioactive materiel as smoke. A temperature indicetor,,,mounted at the 
roof of the cell ,  sounds an alarm i n  the  operating area and a t  the ORNL 

master control panel i f  the  temperature i n  e i the r  c e l l  exceeds l b ° F .  

I n  the  event of a temperature dam, a manually operated water spr inkler  

head i n  e i ther  c e l l  may be actuated a t  the  discretion of operating personnel 
o r  firemen. The volume of water will thus be l imited t o  the  minimum required 

.. 

f o r  f i r e  extinguishment. The c e l l  spr inkler  heads a re  not automatically 
actuated since water f r o m  an uncontrolled release cannot be removed con- 

veniently from the ce l l .  
Fires  i n  the operating area, charging area, and penthouse would not 

cause a serious radiation hazard because these areas are  protected by 
automatic water spr inkler  systems and w i l l  contain re la t ive ly  l i t t l e  radio- 

act ive material i n  a dispersible form. 

The worst credible consequences of a f i re  would occur i n  Cell 4 i f  

solvent ( 0.6 M Alamine -336 i n  diethylbenzene ) laden w i t h  actinides and 

f i s s ion  products were t o  leak from the mixer s e t t l e r s  t o  a c e l l  f loor  pan 

and be ignited. 

that m i g h t  burn would be no more than the  equivalent of  0.5 l i t e r s  of 

solvent containing actinides and f i ss ion  products a t  a concentration of 

10 wat t s / l i t e r  (0.6 g Am243, 0.8 g Cm244, and 700 curies rare  ear th  

f i ss ion  products). 
i n  s i ze )  would be expected t o  pass thmugh the  vent i la t ion ducts and 

- 

A s  a worst case, it is assumed that radioactive solvent 

) 

No more than 1$ of the radioactive smoke (0.01 t o  lp 

high efficiency f i l t e r s  and be exhausted through the ORNL 3039 stack. (1) 

This release would cause maximum downwind personnel doses from inhalation 
of l e s s  than 1 rem. No 

from the stack would be 
2 of p-7 and 30 d/min-dm 

f o r  optimum rainout. 

more than 35 square miles of ground downwind. 
contaminated t o  levels  greater  than 1000 d/min-dm2 

of a, even i n  the  event of worst possible conditions 
? 
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6.4 Explosions 

Possible sources‘of explosions i n  Cells 3 and 4 a re  solvent vapor 

and hydrogen generated by rad io ly t ic  decomposition of water and i n  
dissolution of Cm2” o r  TRU-HFIR ta rge ts .  
i n  cer ta in  process vessels; it i s  not possible that  an explosive concentration 
could occur i n  a s igni f icant  f rac t ion  of t h s  volume of a c e l l  since the 

temperature of the  ce l l  w i l l  be w e l l  below the f l a s h  point of the solvent 

(70 - 8OoC) and the  ce l l  vent i la t ion rate i s  suf f ic ien t  t o  d i lu t e  the ’ 

hydrogen formed a t  credible r a t e s  below t h e  minimum fLammable concentration. 

Exp?osions are possib1.e only 

An explosion would be possible i n  mixer-settlers only i f  temperature 

control were l o s t  and there i s  a source of igni t ion.  

a re  t o  be normally maintained a t  -50°C while the  flash point of the solvent 
i s  70-80°C. 

s e t t l e r ,  shock waves a t  the c e l l  w a l l s  and window would be less than those 

from the  equivalent of 3 lbs TNT (the ce l l  i s  designed t o  withstand the 

The mixer-sett lers 

If an explosion were t o  occur i n  the vapor space of a mixer 

blast e f fec ts  of 3 lbs TNT without gross breach of containment). 

pressure i n  the  c e l l  would not r ise above atmospheric. 

re lease would occur i f  the explosion i n i t i a t e d  a f i re  i n  the  radioactive 
solvent and would have the same ef fec ts  as the worst conceivable f i re  

treated i n  the previous section. 

The gas 
The wors t .ac t iv i ty  

Approximately 125 STP l i t e r s  of hydrogen gas will be generated i n  

The the  dissolution process f o r  each 100 grams of aluminum dissolved. 
hydrogen w i l l  be generated over a period of several  hours i n  each dissolu- 

The hydrogen w i l l  be di luted continuously with air such tha t  the 
i 

t ion .  
concentration of hydrogen i n  the a i r  Kill be less than 4$ ( the  minimum 

flammable concentration). 

0.8 ft3/hr, the  rate of generation i n  the Am241-Cm2k solut ion resul t ing 
Radiolytic hydrogen w i l l  be generated a t  maximum rates of approximately 

’ 242 from 15  Cm 

air  t o  reduce 

of the tanks. 

ta rge ts .  
hydrogen concentration t o  less than b$ i n  t he  vapor space 

A l l  tanks w i l l  be continuously purged w i t h  su f f i c i en t  
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The effect  of a hydrogen-air explosion i n  the vapor space of 

t he  dissolver or  other process tankage would be t o  sha t te r  the  tank 
and generate a radioactive l iqu id  aerosol i n  t h e c e l l  air. The volume 

of %-air mixture that m i g h t  be involved i n  an explosion would not , 

exceed 10 cu f t . * :  Explosion of 10 cu f t  of %-air mixture would cause 

the c e l l  pressure t o  r i s e  instantaneously t o  approximately 60 in .  w.g. 
above atmospheric but t he  capacity of the vent i la t ion system i s  such 

tha t  the c e l l  pressure would return t o  l e s s  than atmospheric pressure i n  
approximately 1 second. Such an explosion would generate shock waves 

l e s s  energetic than  those from 3 l b  TNT, which the  c e l l  may withstand 

without gross breach of containment. 

Using the methods of 0RNL-341t1(1) the quantity of radioactive l i qu id  

aerosol released through the  f i l t e r s  t o  the 3039 stack would be tha t  

equivalent t o  one c e l l  volume of a i r  a t  an aerosol concentration of 

0.14 mg/m of air. 

i n i t i a l  solution concentration (10 wat ts / l i ter) ,  the  radioactivity 

release t o  the environment would be 4 x 10 

curies of f iss ion products. This release would cause maxFmum downwind 

doses not exceeding l m r e m  and no more than  0.02 square miles downwind 

contaminated above 1000 d / m i n h  

3 Assuming t h a t  the liquid i n  the aerosol i s  a t  the 

-6 
g Ch244  and 3.6 x 

., 

.. 

2 2 of @-y and 30 d/min-dm of a. 

. 
.' 
. 

e 
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Drawing Number 

E -45802 
E -45803 _. 

E -45804 
E -45805 
D -5 3675 
D -53676 
D -53677 
D -53678 
D-53664 
E -53550 
D -45943 
D -45917 
E -53650 
E -53653 
D -45820 
D -45875 
E -53562 
E-53525 
E -53526 
E -53544 

T i t l e  - 
I1 

Am-Cm Recovery Engineering Flowsheet - 1 of 4 
Am-Cm Recovery Engineering Flowsheet - 2 of 4 
Am-Cm Recovery Engineering Flowsheet - 3 of 4 
Am-Cm Recovery Engineering Flowsheet - 4 of 4 
Am-Cm Purification Pu Recovery Raffinate No. 1 - Chemical Flowsheet 

Am-Cm Purification Pu Recovery Raffinate No.  2 - Chemical Flowsheet 

Cm-242 Solvent Extraction Chemical Flowsheet 

Solvent Extraction Recovery of Am & Cm Chemical Flowsheet 

Manipulator Boot Shoulder Seal Assembly 

Bulkheads, Plans and Details 

Cell 4 Sealing Membrane Assembly 

Equipment Removal Cubicle Layout 

Enclosures and Equipment Above Cells 3 and 4 
Sample Transfer System Layout 

Mixer S e t t l e r  Drive Assembly 

Schematic Air Flow Diagram 

MS -442, MS -4-46, 16 -stage Mixer S e t t l e r  Assembly 

Equipment Layout Cel l  4 
Piping Plan 

Equipment Layout Section Cell 4 
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