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BUILD1 NG 3505, METAL RECOVERY FACILITY 

1.0 INTRODUCTION 

1.1 Purpose and Uses 

Bwilding 3505, the Metal Recovery Plant constructed in  late 1951, w i l l  provide for 
the final solvent extraction cycle and product concentration by evaporation for low- 
enrichment uranium solutions. In the past, 30 separate programs to recover uranium, 
plutonium, neptunium, or americium from sweh sources as irradiated fuel elements, 
precipitated sludges, wnd, scrap, and fluorfnator ash have been completed. 
wi l l  limit operations to solutions from previous operations in  Eldg. 3019 so that Bldg. 3505 
wi l l  at  any time contain less than 250 curies of beta-gamma activity and 1 g of plutonium 
or i t s  hazard equivalent, 
Bldg. 3019 operutions on the most active feeds indicates that B l d g .  3505 wi l l  contain 
a total of 20 curies of activity at any one time. 

Future plans 

A conservative estimate of the decontamination factors in  

1 2  Location and Distance from Other Facilities 

Figure 1, part of the Oak Ridge Nutional Laboratory Permanent Facilities Plan, shows 
the location of Bldg. 3505 in the plant complexe 
from Bldg. 3505 are: 

The distance of the various buildings 

- 
Bid!% Distance Activity Inventory, 
NO. Name ft Direction curies 

I_ _p_ 

3505 Metal Recovery Plant 20 

351% Multicurie fisdsn Product Plant 55 South 1 06 

252% Power Reactor Fuel Processing 200 West 
Addition 

1 06 

3588 Chemi cal Isolation Laboratory 170 Southeast High-level a 

3550 Old Chemistry Bwilding 200 East Neg I igi  b I e 

2506 Store;, Paymaster 240 Northwest 0 

3824 CerPtiraQ Maehipe Shop 290 North 0 

With the operational l im i t s  and estimated curies of  contained activity, Bldg. 3505 does not 
pose a threat BO any sf the nearby operations, 
and 3517 and the Laboratory '%st'' chemical waste tanks dwarf Bldg. 3505 operations. The 
red overlay to Fig. 1 shows the  security fence and evacuation route from Bldg. 35013. 

In fact, the curie contents of  Bldgs. 2527 

.̂._.........-..._..I ......-........ 
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1.3 Building Description 

. 

Figure 2 shows a plan and sectional view of Bldg. 3505, which i s  a steel-frame 

The primary 
metal-siding structure with numerous windows bnd a roof of  m i l d  steel decking covered 
with 2 in. of glass fiber batting insulation topped with sand and gravel. 
containment zone, the radiation zone, i s  shown on the red overlay. 
tainment zone, the contamination zone, i s  shown on the green overlay. 
of the process cells i s  shown i n  Fig. 3. 
the sides of the cells but not for the cell tops. 

The secondary con- 
The construction 

The building provides secondary containment for 

1.4 Personnel Control 

The numbers of people normally in Bldg. 3505 and in  other buildings in the area 
are: 

No. of People 
Nights and Weekends, 

Bldg. No. Week-days - per shift 

3505 7 

35 17 12 

2527 

35 08 

18 

13 

3 
6 

4 

0 

3550 67 0 
25 06 

3024 

2a 
34 

0 

0 

Personnel check points and the emergency evacuation route are shown on the green 
overlay of Fig. 2. 

1.5 Process Description 

Low-enrichment uranyl nitrate solution resulting from fuel dissolution, a uranium- 
plutonium partitioning and second uranium solvent extraction cycle, and evaporation 
at  BIdg. 3019 i s  transferred by underground pipeline to Bldg. 3505. This solution i s  
further purified and concentrated by a cycle of solvent extraction, evaporation, and 
silica gel adsorption of zirconium-niobium activity, 
a tank external to the building until shipped. 
operations is shown schematically i n  Fig. 4. 

The purified product i s  stored i n  
The equipment required for these 
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1.6 Criticality 

235 
With building operations restricted to low-enrichment uranium the maximum U 

concentration w i l l  be less than 4 g/liter and hence “always safe.” 

1,7 Liquid Waste Systems 

Two types of  liquid wastes are generated i n  this building. All process wastes, such 
as the extraction column raffinate, condensate from evaporation, or solvent cleanup 
raffinates, are colleeted and sampled i n  the building waste tank P, and transferred to 
the laboratory “hot” chemical waste system via waste tanks W-5 or W-6, Wastes such 
as condenser cooling water or condensed steam from heat exchangers are discharged to 
the Laboratory low-level waste system via manhole 16. 

1.8 Gaseous Waste System 

Airflow in  the bui6ding (Fig. 5) is from nonradioactive areas to radioactive areas to 
The cell 

The equipment off-gas system (Fig. 7) discharges 

equipment items. 
exhaust (Fig. 6) i s  to the Laboratory 3039 stack cell ventilation system after passing 
throwgh a roughing and absolute filter. 
via a deep bed filter to the Laboratory 3039 stack equipment off-gas system. 

The building exhaust i s  to the atmosphere with no treatment. 

1.9 Monitoring Systems 

Manhole 16 i s  equipped with a monitoring station for liquid wastes. Any appreciable 
activity detected i s  the signal for a building shutdown for the necessary maintenance to 
eliminate the source, Both the cell exhaust and the equipment off-gas are monitored for 
activity after being filtered and before being discharged to their respective plant systems. 
Any appreciable activity detected in  either system i s  the signal for a building shutdown 
and appropriate action to eliminate the source. The monitoring systems are shown i n  the 
green overluy of  Fig. 2. 

Personnel monitoring instruments are located at the check points indicated on the 
green overlay of  Fig. 2. 

Area radiation and air contamhation monitors are also available and are equipped 
with audible alarms which stwnd i f  any abnormal activity appears. 
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2.0 SUMMARY* 

2.1 Radioactive Material Content o f  Facility 
- 

Material 

lodine-131, cwries 

Krypton -85 curl es 

Mixed nonvolatile 
fission products, curies 

Heavy elements 

Pu239, g 

u233f g 

U235, kg 

U238f kg 

~1-232, cwries 
24 1 Am curies 

Other, wries 

Design 
Capacity 

0 

0 

25 0 

(1 

0 

2.1 

300 per day 

0 

0 

0 

Estimated Inventory 
In Plant In Largest Vessel 

0 0 

0 0 

20 20* (a**) 

(1 (1 

0 0 

10.5 8.96 

1500 1280 

0 0 

0 0 
0 0 

"Feed tank, 4000 liters at 320 g uranium per liter. 
"*Produet evaporator, 40 liters at 400 g of uranium per liter. 

2,2 Criticality Incident Potential 

235 With building operations restricted bo low-enrichment uranium the maximum U 
concentration w i l l  be less than 4 g/liter and hence "always-safe." 

2 3  Exalosion and Fire Potential 

The solvent used in  the Pwrex process i s  a 30-70 volume % mixture of tributyl 
phosphate and Amsco 125-82, The diluent, Amsco 125-82, ha5 a closed cup flash point 

*Calculations and assumptions are given i n  Volume ! of this report. 
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of 328T and i s  flammable i n  air from 1.1 to 6.1 volume %. The solvent mixture can be 
nitrated by concentrated nitric acid above 135OC. 

The plunt has the capacity to hold 350 gal o f  solvent. The largest single tank i n  the 
system can, and mwat, hold all this solvent. 

Each pswnd of solvent consumed in  a fire releases more than 10,000 Btu. 
so8vexab in the system burnedl, more than 22,000,000 Btw of heat would be released. 

If all the 

Each P Q W ~  of solvent nitrated in  a detonation releases approximately 1000 Btu. 
Detonation reactions will, w i h  almost 100% certainty, rupture the containing process 
vessel when as much as 1 Ib of material i s  involved. 
all heated vesseIs are provided with temperature shutoff o f  steam at 118OC (reaction w i l l  
not proceed belaw 135Y), steam pressure limitation to 35 psig, and density control by 
water addition with an alarm set at the density of solution that boils at 118'C. With 
these safeguards, the probability of a detonation i s  extremely low. The construction of 
Bids, 3505 i s  such that ea detodation reaction would rupture the primary containment shell. 

To prevent a detonation reaction, 

A l l  cells thaf can conceivably contain solvent are equipped with a rate-of-rise 
detection system which actuates a wet-pipe spsinkIes system. 
i s  kept as low Q S  possible to decrease the magnitude of the fire hazard. 
stored i n  closed grounded vessels. 
cautions this record should be maintained. 
would re le~se but l i t t le  activity to the environment. 
would extinguish itself On Q short time. 

In-process solvent inventory 
All solvent i s  

No fire has occurred to date, and with the above pre- 
A large solvent fire exterior to the vessels 

A solvent fire in  a closed vessel 

2.4 Release of Radioactive Msatericol 

A defsnation reaction, the maximum credible accident, produces about 100 cu f t  of 
gas. If al l  this gas containing 100 times the content of process solution a stable aerosol 
coes!d carry should be released to the secondary containment area, the resulting concen- 
tration would be 6,8 x lom9 pc/ml air. The 40-hr mpc for the material being handled 
i s  2 x $0-8 pc/mIe This accident would result in reaching 34% o f  the 40-hr mpc level. 

Using the more realistic assumptions usually employed, the release of activity i s  
estimated as: 

1. Potall activity released through VOG system, curies 2.2 10-7 
1.2 x 10-6 

3. Total activlfy released to stack, curies 1.5 x 10-6 
4. Total activity released into building, curies 1.76 10-9 
5. A ~ f ; v i t y  i n  buildingf euries/m3 8.1 10-13 

2. Total activity re6eased through COG system, curies 

6. Total activity released from building, curies 6.6 x 



-15- 

7. Ground activity due to fallout 20 meters downwind from 2,4 10-15 

8. Distance to which ground i s  contaminated to hazard 0 

9. Maximum downwind dose, rem < 10-6 

building, curies/m2 

level, meters 

Resorts i n  This Series 

Vol. 1 
VOl. 2 

Vsl. 3 
Vsl. 4 
Vol. 5 
Vol. 6 
Vol. 7 

Vol. 8 
Vol. 9 
VOl .  10 
VOl. 1 1  

Summary ReForf of Hazards Evaluation 
General Description of  Oak Ridge Site and 

General Description of Liquid Waste Disposal System 
Detailed Assessment of Solid and Liquid Waste Systems 
Hazards Report for Building 3019 
Hazards Report for Building 3505 
Hazards Report for Building 2527 and PRFP High 

Hazards Report for Building 3026 
Hazards Report for Building 3508 
Hazards Report for Building 4507 
Hazards Report for Building 3517 

Surrounding Areas 

bevel Waste Tanks 

OR N 1 -2 95 6 
CF-60-5-27 

CF-60-5-28 
CF -60-5-29 
CF -60-5 -20 
CF-60-5-2 1 
CF-60-5-22 

CF -60-5 -23 
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CF-60-5-25 
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3.0 FACILITY DESCRIPTION 

Building Description - 

Building 3505 i s  loca ted  i n  t h e  main Oak Ridge National Laboratory a rea  
and i s  bounded by t h e  p l an t  l i q u i d  "hot' ' chemical waste tanks on the  north, 
t h e  f i s s i o n  product p l an t  on the  south, and Third and Fourth S t r e e t s  on tine 
west and east ,  respec t ive ly  (F ig .  1). 

r 

The present  s t r u c t u r e  (Fig.  2 )  i s  t h e  r e s u l t  of severa l  addi t ions  t o  t h e  
f a c i l i t y  b u i l t  i n  1951 t o  recover uranium from p r e c i p i t a t e d  sludges i n  t h e  
p l a n t  tank farm. 
78 x 58 x 1-7 f t ,  enclosing t h e  rad ioac t ive  processing c e l l s ,  chemical makeup 
area, cont ro l  room, o f f i ces ,  change room f a c i l i t i e s ,  and a maintenance area.  
A s i m i l a r l y  constructed two-level addi t ion  on the  north s i d e  of t he  c e l l  block 
houses a sample g a l l e r y  on the second f l o o r  and a pu l se r  a l l e y  on the  f i r s t  
floor. The d i s so lve r  room a t  the  northwest corner i s  constructed of hollow con- 
c r e t e  block and houses two underground equipment p i t s .  The roof of t he  bui ld ing  
i s  a Class I1 combustible roof b u i l t  up of tar and gravel  over composition roll- 
type roofing on metal  decking. 

The p r i n c i p a l  bu i ld ing  is  a s t e e l  -frame metal  -s iding s t ruc ture ,  

West of t h e  bui ld ing  a 35 x 6 x l 3 - f t  s torage  canal i s  located.  The con- 
c r e t e  w a l l s ,  which a r e  1 f t  t h i ck  and extend 3.5 f t  above ground leve l ,  extend 
beyond the  west end of t he  canal t o  enclose a decontamination pad which dra ins  
back i n t o  the canal.  A monorail moves over the  cen te r l ine  of the canal, s e rv i c -  
i ng  the  complete length  of t h e  canal  and, through a double dooy, the  equipment 
p i t s  i n  t h e  d i s so lve r  room. A metal canopy covers t h e  monorail and canal.  The 
canal i s  contaminated from previous operations.  

The c e l l  block construct ion i s  shown i n  Fig. 3. The explosive force 
necessary t o  breech the  w a l l s  i s  a l s o  ind ica ted  on t h i s  f igure .  

3.2 Process Description 
c_ 

Uranyl n i t r a t e  so lu t ion  i s  received i n  batches from Bldg. 3019 through an 
underground p ipe l ine .  
and fe r rous  sulfamate t o  the  chemical condi t ions necessary f o r  a Purex type 
solvent  ex t r ac t ion  cycle.  F i n a l  decontamination of t he  low-enrichment uranium 
is obtained by t h e  extract ion,  by 30% t r i b u t y l  phosphate, of uranium i n  p r e f e r -  
ence t o  f i s s i o n  products.  The uranium i s  removed from the  orgariic e x t r a c t  by 
contact  w i t h  water. 
).COO g of uranium pe r  l i t e r  and passed through a bed of s i l i c a  gel, f o r  addi -  
Li-onal zirconium-niobium removal, t o  a product surge tank. The solvent  
r a f f i n a t e  i s  t r e a t e d  by successive contacts  with sodium carbonate and d i l u t e  
n i t r i c  a c i d  solut ions,  f i l t e r e d ,  and then re-used. T'ne flow i s  shown i n  Fig. 4. 

Each batch i s  ad jus ted  by t h e  addi t ion  of n i t r i c  ac id  

The r e s u l t i n g  so lu t ion  i s  evaporated t o  approximately 

Equipment e x i s t s  for two cycles  of solvent  extract ion,  recovery of n i t r i c  
acid, and continuous d i s so lu t ion  of f u e l  elements. 
d i s so lve r  must provide f o r  scrubbing t h e  d i s so lve r  of f  -gas, s ea l ing  the  secon- 
dary  containment shell, secondary containment of t h e  canal, and treatment of 
IAe s torage  canal water. 

Any new fu tu re  use for t h i s  
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3.3 Waste Disposal 

All p l a n t  e f f luen t s  are regarded as waste streams and sources of  possible  
spread of contamination. 
cludes cooling water, f l o o r  drains, condensed steam, and a l l  gaseous mater ia l  
leaving the  bui lding.  

In addi t ion  t o  a l l  process l i q u i d  wastes, t h i s  i n -  

The various process wastes and the  f l o o r  dra in  flow t o  t h e  bui lding waste 
tank, P-1, where they a re  sampled before t r a n s f e r  t o  t h e  O W L  i n t e m e d i a t e -  
l e v e l  waste system v i a  W - 5  or W-6. 
estimated t o  be 0.019 cur i e  p e r  ga l  (Sect.  4.1.1).  Cooling water and condensed 
serv ice  steam a r e  discharged t o  the ORNL low-level waste system v i a  manholes 16 
and 185. 
records the  r e l a t i v e  a c t i v i t y  of 1% of  t he  t o t a l  flow. 
a r e  taken  a t  4-hr i n t e r v a l s  f o r  laboratory determination of gross alpha and 
gama. 

The concentration of t h e  bui lding feed i s  

Manhole 1-6 i s  equipped with a beta-gamma monitor, which samples and 
I n  addition, samples 

Degraded solvent  i s  removed from the  bui lding t o  drums, which are then 
transferred t o  the OWL burial ground. 

The flow of a i r  through Lhe bui lding i s  from nonradioactive t o  ac t ive  a reas  
a n d  from a c t i v e  areas  to equipment items located i n  these  a reas  (Fig. 5 ) .  

The c e l l  ven t i l a t ion  exhaust i s  t o  the ORNL 3039 stack c e l l  ven t i l a t ion  
system v i a  a roughing and absolute  f i l t e r  (Fig.  6).  
absolute  f i l t e r  i s  monitored Tor a c t i v i t y .  

The flow downstream of the  

The off-gas exhaust from t h e  vessels  i s  t o  the  OWL 3039 stack vessel  o f f -  
gas system v i a  a high-eff ic iency Hanford type deep-bed f i l t e r  (F ig ,  7 ) .  
f low downstream from the  f i l t e r  i s  monitored f o r  a c t i v i t y .  

The 

The bui lding exhausts d i r e c t l y  t o  the  atmosphere through a roof-mounted 
fan. 
building. 

This i s  permissible w i t h  t h e  low-ac t iv i ty  operations allowed i n  the  

IC. 0 HAZARD DESCRIPTION 

4.1 Radiation 

4.1.1 Quant i ty  

Because of t he  physical  l imi t a t ions  of t h e  process ce l l s ,  operations i n  
t he  fu tu re  w i l l  be r e s t r i c t e d  to those meeting the  following c r l t e r i a :  

1. T’ne feed s h a l l  be depleted or low-enrichment uranium so lu t ions  t h a t  
r e s u l t  from two cycles of decontamination a t  Sldg. 3019. 

2 .  The t o t a l  a c t i v i t y  i n  the bui lding a t  any one time shal l  be less  
than 250 cur ies  of beta-gamma and/or 1 g of plutonium o r  i t s  hazard 
e qu i V a l  en t  . 

The maximmi ac - t iv i ty  content of any power reac tor  f u e l  t o  be processed has been 
ca lcu la ted  as 7OO,OOO cur i e s  p e r  300 kg of uranium, Conservative estimates of 
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1000 and 150 f o r  decontaaination f a c t o r s  i n  a p a r t i t i o n i n g  and second uranium 
cycle, respectively,  ind ica te  t h a t  t he  a c t i v i t y  i n  the  bui lding w i l l  a c tua l ly  be: 

Volume, (3 -y Activity,  
Location l i t e r s  pu, t3 u, kg cur ies  

Feed tank  
Extract ion column 
Raff inate  separator  
Raffina'ce catch tank  
S t r ipp ing  column 
Product phase separator  
P roduc t evap o ra to r  
Product surge tank 
S i l i c a  ge l  columns 
Product s torage tank 
( w e s t  of bui ld ing)  

4000 
230 
40 
750 
43 5 
1.73 
40 
500 
25 

7500 

0.004 
< 0.001 
< 0,001 
< 0.01 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0,001 
< 0.001 

1280 
12 

< 0.01 
< 0.1 
11 
9 
16 
160 

3000 
10 

If the  20 cur ies  i n  t h e  feed tank i s  pess imis t i ca l ly  assumed t o  be a poin t  o . ~ - M ~ v  
gama source, a n  observer 4 f t  from t h i s  source, with t h e  c e l l  2 - f t  concrete w a l l  
i n  t h e  intervening space, would be exposed t o  approximately 2.3 mr/hr. 

4,1.2 Control 

Although t h i s  bu i ld ing  operates w i t h  a low a c t i v i t y  leve l ,  s t r i c t  standards 
f o r  radi.ation exposure control  a r e  pmcticed t o  min imize  personnel exposure. 
standards, i n  use o f f i c i a l l y  s ince May 6, 1958, a r e  out l ined i n  a Building Standard 
Prac t ice  Manual. S t r i c t  adherence t o  these  standards has been l a r g e l y  responsible 
f o r  achieving an average p l an t  exposure of  only 33.7 mr/week, although p a s t  pro-  
g r a m  have included complete process c,ycles f o r  mater ia l  i r radi .a ted t o  over 500 
Mwd/ton. 

The 

Two e s s e n t i a l  p a r t s  of t he  control  system, shown i n  t he  red overlay t o  
Fig.  2,' a r e  the  r a d i a t i o n  cont ro l  zone and the  rad ia t ion  monitors. The rad ia t ion  
cont ro l  zone i s  monitored d a i l y  by Health Physics. Radiation l eve l s  a r e  c l e a r l y  
noted i f  s ign i f i can t .  "lie process c e l l s  are locked except during approved entry, 
a.s described i n  t h e  standards manual, The permanently i n s t a l l e d  monitors a r e  
checked f o r  ca l ib ra t ion  da i ly .  

4,p C r i t i c a l i t y  

With building opera t ions  r e e t r i c t e d  t b  Low-enriclment uranium, the maximum 
U235 cQncentrktion,will  be l e s s  than 4 g l l i t e r  and hence "always 3afe." 

4.3 Chemical 

4.3.1 ~ u a n  t i t y  

The maximum quantity,  use, and hazard of t h e  various chemicals used i n  the  
p l a n t  are given i n  Table 1. 



. ,  . 

Tzble 1 ___ -~ 

Maxi; ,a: Erergy Release, a Btu j lb  reaczed Cheriical Approved Triventory U s e  Ea  z ards 

b 
ReaitE, - loco 
explosive, 
co r r o  s ive 

Sal-Ling agent r o r  solvent 
extract ion,  scrub nzkeEp, 
dlssolut iorJ ,  decon tmi t a  - 
t i o n  

30 ga l  (1 drum) 

70 ga l  ( 2  d m x s )  

50 15 (2 dFJKS) 

F l r e  - 10,000 

- l O , O C 3  

flre - 10,c03 
v 
2 i r e  

Explosive, - 1000 
I-: e a l  t h  

Uranium ext rac tan t  

Extractant  di1u.en-t 

Adjust valence of feed 
f o r  soivect ex t rac t ion  

Soda ash (Ha CO 
2 3  

1300 l b  Solvent cleanu:p, decon - 
t vn ina t  i o n  

S u l f m i c  acid 
( NI12s333 ) 

Ferrous amonium 
su l f a t e  

Dc?con-cmination, valence 
adjustment 

I-Iealth 

200 lb Valence adgustrr,ent Health 

Valence a d j u t f i e a t  Eeal th  

Eeal tn  

Explosive, 
hea l th  

Kealtk 

Ferrous sulYmate 

Oxalic ac id  Decontamination 

Turco L 5 O l A  - 1000 Cecontamination 

Turco 1+502 10 lb 

----- 
a 
For hea l th  hazard see ORNL Xetal Recovery P l a n t  Safety Manual. 

Organic n i t ra t ion ,  e s s e n t i a l l y  instantanem.sly. 
r e s t r i c t e d  t o  hand cleenulp of s m a l l  e q u i p ~ e c t .  

5 Turco k 5 O l A  i s  never allowed i n  any process vessel;  ilse 
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4.3.2 Control. 

I 

-. 

With the exception of t he  f i r e  and explosion hazard cont ro ls  discussed in 
Sect .  4.4.2, normal chemical p l a n t  s a f e t y  p rac t i ces  a r e  adquate f o r  cont ro l  of 
chemical hazards. These safety p rac t i ces  are obtained through a continu-ing 
s a f e t y  program which includes issuance of a bui ld ing  safety manual, s h i f t  s a f e t y  
committees', and weekly foremen's meetings. The bui ld ing  s a f e t y  manual covers 
all chemical hazards individual ly ,  with regard to hazardous proper t ies  of t h e  
material, treatment and ant idotes ,  s torage  and handling, a.nd technica l  data.  
The s a f e t y  manual and t h e  minutes of safety committee and foremen's meetings are 
mad.e ava i l ab le  t o  a l l  employees. 

1+.4 F i r e  and Explosion 

4.4.1 Hazard 

In  the  Purex process t h e  solvent  i s  a 30-70 volume percent  mixture of 
t r i b u t y l  phosphate and Amsco 125-82. The f l a s h  po in t  of t h e  hydrocarbon d i luen t  
i s  L28'F and t h e  presence OP t r i b u t y l  phosphate has l i t t l e  e f f e c t  on t h i s  po in t .  
'I'he p o s s i b i l i t y  of  both f i r e  and. explosion ex i s t s  i n  conjunction with the  use of 
solvent .  The expl-osion p o s s i b i l i t y  i s  an e s s e n t i a l l y  spontaneous n i t r a t i o n  r e -  
act ion,  which w i l l  not  s t a r t  below 1 3 5 O C . *  
solvent  by c e l l  i.s as follows: c e l l  A, 5 gal ;  c e l l  13, 80 gal ;  c e l l  C, 50 gal ;  
c e l l  D, 10 gal;  c e l l  E, 125 gal; and c e l l  F, 300 gal .  

The maximum in-p lan t  inventory O f  

A recent  f i r e  pro tec t ion  survey** pointed out  t h e  l a r g e  f i r e  and explosion 
r i sk .  The Class I1 coni'ous-tible roof, t h e  l imi t ed  s t rength  of  i h e  c e l l  block 
s t ruc ture ,  and t h e  c e l l  roof access hatches cont r ibu te  t o  t h e  magnitude of  t h e  
r isk.  
would be opened by a force  of  10 lb/ft-- .  

The fo rce  t o  rupture  t h e  c e l l s  &s ind ica ted  on Fig. 3. The roo€ hatches 

The potential .  release of a c t i v i t y  t o  the  bui ld ing  and t o  t h e  atmosphere 
I n  a detonation reac t ion  approximately 100 f t 3  of gas i s  can be estimated. 

generated. Assiming t h a t  th is  gas c a r r i e s  a l i g h t  r a i n  (1000 mg of s olu t ion ~3 
o r  gas)  o f  t h e  most a c t i v e  solution ( s e e  Sect .  4.1) from t h e  ce l l ,  l.5 x 10- 
cur i e  would be released t o  t h e  secondary containment s h e l l .  I f  Ynis  a c t i v i t y  
wertl evenly dispersed i n  t h e  bu i ld ing  the concentration would be 6.8 x 10-9 
pcurie/ml. The maxinwrn permissible  concentration i n  a i r  f o r  a b - h r  week, of 
t h e  materials encountered has  been ca lcu la ted  as 2 x 10-8 pcurie/ml. From t h e  
above conservat ive assunpti  ons, t h e  maximum release a l l  i n  t h e  bu i ld j  ng would 
result  i n  a concen$ration of o n l y  one-third of t h e  allowable concentration. 
I n  the  event of an a c t u a l  release, t h e  vessel off-gas  and c e l l  v e n t i l a t i o n  sys-  
tems would c e r t a l n l y  iwnove a considerable por t ion  of t h e  released a c t i v i t y .  
Further,  the l i k e l y  release t o  the  bui ld ing  and atmosphere would be an aerosol  
which i s  'out 1/100 as concentrated as the  l i g h t  r a i n  assumed. 

*T. J. Colven, Jr., e t  al., "TNX Evaporator Incident,  Jan. 12, 1953, DP-25, 
May 1 5 7  1953. 

*XT. W. Hungerford, "Special. F i r e  Pro tec t ion  Survey of Reactor Fuels Processing 
Plan i Building 3505, " ORNL-CF -60 -1 -35, Jan. 19, 1960. 
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4,4.2 Control 

L 

To minimize the  solvent  f i r e  hazard, t h e  solvent  inventory i s  kept as low 
as poss ib le .  All process vesse ls  are sea led  and vented t o  the  vesse l  off-gas  
system. Unused solvent  i s  s tored  i n  a metal s torage  shack 50 f t  from t he  
building. 

T o  min imize  the  damage i f  a f i r e  should start ,  a r a t e -o f - r i s e  detect ion 
system ac tua t ing  a wet-pipe sp r ink le r  system w i l l  be i n s t a l l e d  i n  the c e l l s  
containing organic.  

N i t r a t ion  of t he  solvent  exothermically requires  concentrated n i t r i c  a c i d  
Reaching t h i s  temperature i s  prevented by: and a minimum temperature of 1 3 5 O C .  

1. 
2.  
3. 

30 lb/in.* gage l i m i t  on t h e  steam t o  the  evaporator ca landr ia  
Temperature alarm s e t  a t  118Oc on so lu t ion  i n  t h e  evaporator 
Water addi t ion  cont ro l led  by dens i ty  of bo i l i ng  l i q u o r  such t h a t  the  
bo i l ing  po in t  of l i q u i d  i s  below 118'~ f 

I n  addi t ion,  a l l  so lu t ions  t o  be evaporated a r e  f irst  passed through a phase 
separa tor  t o  remove en t ra ined  organic.  O.ther organics t h a t  might r eac t  with 
n i t r i c . a c i d  a r e  not allowed i n  t he  system. 

4.5 Maxirnum Credible Accident - 
The n i t r i c  acid-solvent  detonation, discussed above, i s  t h e  maximum credib le  

accident .  
atomic energy p l an t s  would rupture  the  cell s t ruc tu re .  This poss ib i l i t y ,  be-  
l i eved  impossible w i t h  cur ren t  safeguards, and the  l ack  of adequate neutron 

An accident  of  t h e  magnitude of those previously experienced i n  o the r  

sh ie ld ing  are the  reasons f o r  

5.0 

5 . 1  Routine 

Detai led in s t ruc t ions  i n  
by operat ions supervision f a r  

the operat ing r e s t r i c t i o n s  placed on t h i s  f a c i l i t y .  

OPERATXNG €'ROC-S 

! 

t h e  form of step-by-step run  shee ts  a r e  prepared 
a l l  operations.  Each s h i f t  foreman supervises 

the  operat ions on h i s  s h i f t  t o  see tha t  the  run shee ts  are followed. Equflf- 
brium run sheets,  s i m i l a r l y  prepared, a r e  used t o  record p e r t i n e n t  da t a  on 
equipment operation, sample8 required, and material balance. Several  of these  
shee ts  are at tached as an appendix t o  t h i s  report .  

A s h i f t  l o g  i s  maintained t o  provide a record of s t a t u s  of operat ion a t  
s h i f t  change, work accomplished, personnel present ,  and information t h a t  w i l l  
help achieve a smooth t r a n s i t i o n  from s h i f t  t o  s h i f t .  

An operat ing manual, ava i lab le  t o  each s h i f t ,  covers such items as: 
(1) sampling ins t ruc t ions ,  ( 2 )  chemical flowsheet, (3 )  chemical and physical  
data p e r t i n e n t  t o  the  system, ( 4 )  ana lys i s  spec i f ica t ions ,  ( 5 )  8 x 10-in.  
drawings of a l l  equipment items, and ( 6 )  emergency procedures. 
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5.2 Nonroutine 

Operations performed only a t  long in te rva ls ,  such as decontamination o r  
s t a r t u p  a f t e r  a n  emergency shutdown, are covered by wr i t ten  in s t ruc t ions  as 
needed. 
new chemical i s  t o  be admitted t o  the  system o r  i f  access t o  a c e l l  i s  required.  

These in s t ruc t ions  must be approved anew by the  sec t ion  chief i f  any 

If process conditions out l ined  by the  run sheets  must be changed t o  obtain 
the  des i red  l o w  l o s s  and high decontamination, technica l  supervision i s  ca l l ed  
f o r  ass i s tance .  Minor deviat ions a r e  approved a t  t h i s  leve l ,  but  major changes 
must be approved by the  sec t ion  chief .  

When a n  equipment item fails, a maintenance engineer assigned to t h e  
f a c i l i t y  surveys the  s i t ua t ion .  Craftsmen, permanently assigned t o  t h e  
f a c i l i t y ,  a r e  ava i lab le  t o  r e p a i r  t he  equipment. I f  en t ry  t o  a c e l l  i s  
required, t h e  engineer must be sure  t h e  bui ld ing  procedure rad ia t ion  cont ro l  
i s  followed and t h a t  t h e  operat ional  s t a t u s  o f  t h e  equipment i s  such t h a t  no 
s a f e t y  hazard ex i s t s .  

6. o EMERGENCY PROCEDURES 

Emergency procedures i n  t h e  bui lding conform t o  the p rac t i ces  out l ined 
i n  the  ORNL Emergency Manual. 
s p e c i f i c  bui lding in s t ruc t ions  i n  t h e  Building Operating Manual. 
squad i s  organized t o  make maximum use of  a l l  personnel poss ib le  i f  an  emer- 
gency should occur. 
p a r t s  of t h e  building. 
Each telephone has a l i s t  of emergency c a l l  numbers. 

The general  p l an t  p rac t i ces  are reduced t o  
A n  emergency 

A publ ic  address system can car ry  in s t ruc t ions  t o  a l l  
A f i r e  alarm box i s  located on the  e a s t  e x t e r i o r  w a l l .  

S p i l l s  of contamination i n  t h i s  f a c i l i t y  w i l l  not a f f e c t  o ther  p l an t  
divisions and w i l l  be cleaned up by standard radiat ion-control  procedures. 

A power f a i l u r e  i s  not a ser ious incident ,  with p a s t  experience ind ica t ing  
t h a t  noma1 operations a r e  achieved shor t ly  a f t e r  power i s  again avai lable .  

7.0 APPENDIX 

Three equilibrium run sheets  a r e  attached. 
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R U  

1.0 fXSTEM CHECK 

Close %he Following Valves 

M - 1  &rain 

M-1 S w l e r  

M-1-P suction 

13gw to M-1-P suction 

M-1-P $0 S-l2 

M-1-P to S-1 (line blanked) 

Instrument Check 

Batch 

LI-Ml manometer i n d ; l c a t a  

DI-MI- manometer indicating 

LI-46 unplugged and indicating 

U3-IQ-O unplugged and indicatl% 

Solution Check 

SanrpJte M-1 M OH- 

M-1-P Recirculation 

M-3-P to M-20 

M-20-P to S-1 

M-20-9 suction 

M-20 drain 

M-6-P suction 

M-6 Recirculation 

M-6-P to S-1 

M-6 drain 

M-6 sampler 

.M OH- M - 1  f u l l .  Sp. Gr.= 

M-6 made up, Sp. Gr.= 
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Close tog 21 block WV€? 

Close Log 33 block valve 

Close tog Zg block w&ve 

@en block d v e s  to: 

2500-A 2 5 0 0 ~ ~  

Set mc-2 to o* 

mn black ~ L V E  tO 2505-B (LPW to S-3) 

CLOSE. block viLx 2506 (80# steam to S - 3 )  

Set  pmc-6 -to 0 psi and a b  switch to "open" 

Open b l m k  valves 1513% 

( s-7 off-gas ) ; 

3.5b4.B e 

Close valve 1511hA by putting air on with S-7 by-pass tog. 

- . .- . . . . . . . . . . . .- . ... 
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s-5 system 

Route DOG thru 8-14 

Close S-14 by-pass 

FiU S-14 With 

2,1 

s-14-P recircu5gl;ting thru nozzles. 

bpen M&-P suction; M-6-P 

M-6 

L a  L. L. L. 

Date 

2.3 CZose M-6 to S-1; M-20-P to S-1 
valves. 

L 
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P 

3.0 SLUG ADDI!lTON 

3.1 Place loaded slug charger on pedestal. 

3.2 open V 1509 (slug chub). 

3.3 open slug (bottom of charger). 

3.4 ~ e g b  loading slugs l n t o  s-1 by cranking M e ?  on s lug  charger. 

CAUL'ZON: Do NUX FORCE EWDIE. 

IF HIwDL;E DQES NOP TURN EASm SOMEPHXNG IS JiWMED AND EBlsT BE IREED. 

3.5 A M  Slug8 t0 diSS0lVCt'. 

3.6 If doubtful -&at charger is -Qr, revalve magazine one more turn. 

done ncvt done. 

3.7 Close slug ete, 

3.8 Close V 1509 

4.0 SLUG D3UACEETING 

4.1 Cal.cula.te No. of Uters caustic needed. 

Liters -ustic = ( ) (NO, Of S l U g S )  
M-1 Molariw 

4,2 Heaf S-1 to boiling. 

4.3 open M-20-P suction and M-20-P to s-1. 
4.4 Add ~ t e r s  ( c d c a t e d  amcnant) of caustic t o  s-1 at 

Uters/h. ~ i m e  Date 



-27- 

s-1 - 

4.4 Set  mc-2 at OC. 

"C. Time Date 4.41 k t  temp. rise t o  

4.42 Digest for  hours at O C  . 
4.43 Set  TRC-2 at 4 0 " ~ .  

4.44 open manu& valve t o  Sl Jacket Time 

4.45 Turn on s-1 sparger md cool to 6 0 " ~ .  

Date 

4.46 Sample S-1, code AJ 1/2 

Request Pu (< lo3), U (< 1 &iter). 

VOl . 
Tern. 

Time 

4.47 Jet  S-I. t o  HCWI 
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i 

L 

5.1. -I? caustic 

5.2 Jet S-1 to HCW. 

t o  s-1 and 

5.3 Add gallons process 

5.4 Jet s-1 to m. 

hold at LOO0 for 1 hour. 

water to S-1. 

- s-5 

End 
-.I 

s-1. - 
L o  L o  

Vol. 
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ORNL THOREX PILOT €"2 

RUN SHEMl 

SLUG DISSOLUTION 

RTJN XO. ( 
BATCH ( Revised Sept. 2, 1953 

FILL IN EACH BIA1\6K BEFORE PROCEEDING TO THE NEXT 

Ob j e  e t ive : 

No. of slugs to be dissolved: ( 
No. of slugs t o  be charged: ( 1 
$ Heel ( ): kg U heel ( 1 

1.0 EXSTBM CHECK 

1.1, M-2 System 

Valve Check 

Location 

- 1162~ M-u Area (M-2-p to 14-33) n61 M-U Area (M-2-P-S Suct, 

- uaoc M-U &ea (M-33 t o  S-1) 1163 M-U Area (M-2-P-S Disck.) 
3J17OA M-U Area (M-33 t o  S-1) u 6 0  M-U Area (M-2-P Suet. ) 
1164 

Set FRC-1 on m&nual at zero output. 

- 
M-U Area (M-2-P  recir. ) ~ 6 2 ~  M-U Area (M-2-P Disch.) 

u71 M-u k e a  (FE-1 bypass) 

i 
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4 

1.2 M-1 System 
valve Check 

open Location Closed 

u 5 3  
M-1-SU 

1154 

- 

%O t o  

M-1-P 

n 4 9  

;u4% 

Lncation 
M-U Area (M-1 drain) 

M-U Area (M-1 sm@.@r) 

M-U Area (M-1-P Suet,. ) 

M-b Area (Lpw to M-1-P Suc-L,.; 

M-U Area (NaOH t o  M-1) 

M-U Area (NROH $ r p a ~ ~  %S 

M-1) 
M-U Area (M-1-P %O C-17) 

M-U Area (M-1-P t o  H@W h&) 
M-U Area (M-3-P Lo S-2.2) 

M-U Area, (M-1-P t o  S-1) 

M-U Area (M-1-P recir, 

Instzument Check 
> 

 PICA-^ controlling at 10” vacuum. 
IIIiC-2 indicating and controlling. 
LR-Sl recording and bubblers adjusted. 

IX-Sl recording and bubblers adjusted. 

(MOW controUer to inswe response). 

f 

i 

c 

1.3 S-1 System 

Close togs: 
_I_ - 20 - 21 25 34 

2 5  7 20 34 2l s-1 to IICW jet 

Close block valves for togs: - 
Open block valves to valves: 

_I_ 

Set TRC-2 t o  O0 

Set PIEIC-3 to 0 psi 

S-1 aparger off. 
Set m - 2  to 0 psi 

- 
_II 

I - 
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1.4 S-3 System 
- Open block valve to valve 2505-73 
Close md.w 2506 (steam t o  S-3) 
Set PIHC-6 to 0 p s i  and air swZtch t o  "open" 

Close valve 1514A by putting air on with Tog near PICA-1, 

1.5 Slug Chute 

Close valve 1509 below slug chute 

1.6 BDF Sys-bean 

Close valve at bottom of BDF cataJyst  tank 

1.7 Heel Addition 

2.0 SLUG ADDITION 

place loaded slug charger number ( 
Open v-1509 (slug chute ) . 
open slug gate (bottom of slug c w g e r ) ,  

Begin loading slugs in to  dissolver by cranking handle on slug 

CAIPPIOH: DO NOZ" FORCE .HAlXDm. 
IS JaMMED m MUST BE 'FREED. 

) i n  position on &he pedes%s,l,., 

IF HANDLE DOES NCrr "URN EASILY - SOMETRTT't 

Add ( ) slugs t o  dissolver, Each turn of the handle should &%?,a- 
3 slugs, 
If doubtful that charger i s  eqpty revolve slug b m e l  one more tiam 
(40 turns of handle) 

11~3pect charger according t o  Standard Practice. 
Close slug gate on charger. 

Close V-1509 
Record charging below 

Put next charger i n  position and charge 
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3.0 SLUG DISSOUJTION 

3.1 Equipen% Cheek 

&t mc-2 8% 0 

Disconnect steam Sine from S-1 t o  €E% jet  

1 Use ( 

3.3  Dc Addition 

If level. in E€ c a t a l y s t  make-up tarik, M-36, is below( ) in6333 5 

make up caWys' t  aecordbg to c3;tgLYst make-up run sheet, 
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Determine asid s t i l l  required. 

Moles acid required for dissolution ( 
Volume added as heel = liters x M =  mole s 

Volume f r o m  S-5 &er catalyst = l i ters x M =  mobs  

) moles 

TotaE moles 

Amount of acid stLJ.3- to be added moles 

Volume to be added fipom M-2 = moles/M acid in M-2 = 1. 
I 

Determe wha% f i n d ,  M-2 L. L. (LT-2) should be after additions, 

M-2 L.L, S p G  VOX liters 

4 
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4.0 S-1 TRAMSFER TO ,Sa2 
Do not wt for sample result. IItreslsfer until  s-2 contains ( 
Sta;rt next dsssolving even i f  S-1 I s  nst c m p l e t e l y  enpty. 

)li*-e 

Record following information: 

Temp. 
vo1 * 
'pla291 on 5-1 t o  S-2 jet. 

Tble  Date Opepator 

When 5-2 stops  builiiing up, turn off jet. 
TilM D a t e  Operator 

Recard following information: 

LL 
SG 

Or.4  
T e q .  

Vol * 
Build-up in 5-2 = 
Depletion i n  S-1 = 
Jet dilution = 

5.0 Agitate S-8 ( ) hours and smple. Rinse se~npler Uses about 5 minutes 

af'ter sampling, 

code: w ( ) l a n d 2  

Tinae Date cQeratar 

6 .o Close block valve to V-25OOB and set  P I E - 3  to 15 psi.  

Close block valm t o  V-2505B mil set PI3C-6 to 15 psi. 

S t a r t  next dissolvhg immediate3y. 
addition. DO NO2 JXAW S-1 EM€TY. 

7.0 Go at Least 8s fax 86 Uguid heel 
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RUN NO. 
DATA SHEET 

SLUG DISSOLUTION 

...... - ............... ........ ...... ............... 
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