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.. .___ -I_____ NOT,CE -.- .-1_- -.-l-_ll_.___ 

T h i s  report was prepared  as an OCCOUM of Government  s p o n s o r e d  work. Nei ther  t h e  Uni ted  States, 

nor t h e  Commiss ion ,  nor any  person s c t t n g  on bsholf of t h e  Commission: 
A. Moken o n y  warronty or represento t ton ,  e x p e s s r d  or impl ied ,  wt th  r e s p e c t  t o  t h e  occvracy, 

c o m p l e t e n e s s ,  01 u s e f u l n e n s  of t h e  informotion c a n t a m e d  in this  report ,  or t h a t  t h e  u s e  of 

any informotion, a p p a r a t u s .  method,  or p r o c e s s  disclosed in t h i s  reporf may not in f r inge  

pr iva te ly  owned r ights ,  or 

B .  Assumes ony liabilities w i t h  r e s p e c t  to the me OF, or +or dilmagos r e s u l t i n g  from the  u s e  of 

any tnformation, opporo tus ,  method, or p r o c e s s  d i s c l o s e d  tn t h i s  report .  

A5 u s e d  In t h e  above, "person a c t i n g  on behal f  of t h e  C O m m l 5 s l O n "  i n c l u d e s  any e m p l o y e e  or 

c o n t r a c t o r  of the Commission, or employee. of such cont fac tor ,  t o  t h e  e x t e n r  t h a t  such e m p l o y e e  

or contrclctoi of t h e  Commission, or e m p l o y e e  of such cont rac tor  prepures ,  d i s s e m m o t e r ,  or 

provides  O C C ~ S S  to, ony informatron pursuant  t o  h:s employmcnt  of contract with t h e  Commission, 

or hrs empfoyment  wi th  such cont rac tor .  
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5UILDl NG 4507, HIGH LEVEL CHEMICAL DEVELOPMENT FAClLlTY 

1.0 1 NTRODUCTIQN 

1.1 f'wrpose and Uses 

The High Level Chemical Development facility, 5ldg. 4507, was constructed in 1957 
and is used for radiochemical separation process studies with very highly irradiated fuel 
for such programs as Power Reactor Fuel Processing, Waste Disposal, and Fused Salt Fluoride 
VolatiIity. 
pins containing comparatively small amounts o f  fission products and heavy elements are 
dissolved for laboratory-scale process development. I t  has a high degree o f  versatility 
for work in the f ie ld of flowsheet development. One cycle of solvent extraction, a 
complete fused salt fluoride volat i l i ty  plant, and two general purpose cells used for 
dissolution and high level waste disposal contain radioactive materials. 
solution, as solids, or as gaseous fission products or volati le chemical compounds of 
fission products and heavy elements. 
be done i n  the future. 

Small sections of irradiated fuel or prototype fuel elements or irradiated fuel 

These occur in  

Very high act iv i ty level chemical experiments wi i  I 

1.2 Location and Distance from Other Facilities 

Figure 1, part of the Oak Ridge Notional Laboratory Permanent Facilities Plan, 
shows the location of the High Level Chernicat Development Facility i n  the plant 
complex. The distances of  the various buildings from Bldg. 4507 are: 

SI&. Distance Act iv i ty inventory 
No. Name! f t  Direction Equiv. Pu, 9 P 7 ,  curies 

4.507 High Level Chemical Develop- - - < 1 now; no <40,000 
ment Facil ity l i m i t  with 

containment 

4505 Unit  Operations Abuts North -1 (1,000 

4581 High Level 17eadiochernical Lab 68 North No l i m i t  11,000 or more 

4508 Metals and Ceramics 100 Souih Unknown (350 

4500 Central Research and Adminis- 48 East Unknown (3550 

3587 S ~ t h  Fie 4 Service Shops None No ne None 

(abuts 45505) 

tration (wing 1) 
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1.3 Building Description 

Building 4507 (Figs. 2 and 3) was constructed as a brick building, but the new pent- 
house structure w i l l  be constructed from insulated sheet metal panels sealed into one 
continuous shell. 
i s  to be sealed against leaks so as to be able to maintain -0.3 in. H 2 0  pressure with respect 
to atmosphere. 
Primary containment i s  provided by the cell block, which i s  44 ft long, 19 f t  6 in. wide, 
and 22 ft 3 in. high, and contains four cells. Each cel l  has a usable volume that i s  10 
ft  long, 6 ft wide, and 11 ft high, separated from one another by 4-ft-thick concrete 
walls. The rear wail o f  the cel l  block i s  5 ft 6 in. thick and the front wall, which has 
four dense lead-glass windows (one for each cell), i s  4-ft-thick special barytes concrete. 
All  openings into the cel l  are sealed against extraneous leaks, allowing air access to the 
cel l  only as planned via the filtered air  inlet duct i n  the rear door. 

Vestibule entrances for personnel are being provided and the building 

The building and penthouse provide secondary containment for the facility. 

. 

1.4 Personnel Control 

The numbers of  people normally i n  Bldg. 4507 and in  other buildings i n  the area 
are: 

Bldg. No. 

45 07 
45 05 
4501 
45 08 
4500, wing 1 
Field shops 

No. of People 
Weekdays Nights and Weekends per Shift 

3 -6 
65 
68 

200 
100 
30 

1-2 
3 -5 
3 -5 

Unknown 
1 -5 
0 

The change room shown i s  a check point for personnel entering the potentially 

The planned 
contaminated charging area. 
4507 and 4500 w i l l  be established by Health Physics i n  an emergency. 
evacuation route from the building i n  an emergency i s  shown i n  Fig. 1. 

An auxiliary check point i n  the corridor between Bldgs. 

1.5 Process Description 

Building 4507 i s  used for flowsheet development i n  the Power Reactor Fuel Process- 
ing Program and associated development work. 
installed and designed for experimental work i n  processes that use sulfuric acid or caustic 
decladding agents and a nitric acid core dissolvent. 
equipment for Darex feed preparation and a miniature mixer-settler solvent extractor. 
Cell 3 contains 2-liter scale glass experimental equipment for either Sulfex or Darex 
decladding and feed preparation studies. 
Fused-Salt Fluoride Volat i l i ty  process now being investigated for uraniurn-zirconium alloy 
fuels. 
Figures 4 and 5 are an equipment flowsheet and layout, respectively, of the lMMl Facility. 

The 1MMI"Facility i n  cel l  1 is permanently 

Cell 2 contains 2-liter scale glass 

Cell 4 i s  equipped for experiments on the 

Nickel, Inconel, and stainless steel are the principal materials of construction. 

* Intermediate -sca I e m ixer-sett I er. 
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1.6 Crit icali ty 

Criticality i n  Bldg. 4507 i s  controllled by mass limitation. Equipment sires, which 
i n  tu rn  regwlate batch sizes, are so small that minimum natwral-water moderated and 
reflected critical masses of 510 g for Pu239, SS8 g for U233/ and 800 g sf U235 are  
never reached, 
Power Reactor fuel will have 36 g of Pu239, and an experimental run with Consolidated 
Edison fuel will  have 138 g of U235 snd 56 g of 16233 far Q total of 194. g. More than 
one batch of material w i l l  not be permitted i n  the IMMl Facility at one time. Future 
experiments with new and different fuels sf now unknown coinposition will also be made, 
using m a s  l imitatian for safety against criticalify. 

A n  experimental run of high burnvp (2o,OOO Mwd/ton) Yankee Atomic 

1.7 Liquid Waste Systems 

There are three l iquid waste systems serving Bldg, 4567 (Fig. 6): (a) the high level 
radioactive waste system, (b) the  filter-aid slurry collection and storage system, and 
(c) the protess cooling water waste system. Liquid radioactive w 5f .e~  are collected by 
co 2-in. hecadet- which l e a ~ e s  the east of BI&. 4507, and thefa turns south to connect 
with the 4-in. header that ties BBdg. directly to the Liquid Radioactive Waste Ta& 
Farm. Slurry wastes, arising from filter operations in  Cell 1 that use filter-aid, are sent 
to a special storage pit south of the building where the solids are permitted to settle. 
Clear supernatants are permitted to owl-flew to  o second tank and are then jetted to the 
high-level radiooctivr waste header. 
periodically with one that i s  empty. 
operation sf aspirators, heating iackets, coils, etc. (expected to contain only limited 
arnaetkats of radisactive materials), leaves each cell via er 2-in. nonradioactive drain which 
t ies to  Q common header exiting from the north side of the building. It continues into 
5ldg. 45435, psses through Q radiation monitoring station, and then connects to a 4-in. 
process water  waste hea 

The tank containing the settled sa8 ids i s  replaced 
Process coaling water waste, arising from the 

1.8 &sesus - Waste S_istems 

Building 4567 has a vessel off-gas system, a cel l  ventilation system, and two forced 
one in the: new penthQuse (Figs. 2, 3, and 7). air exhausters, one in the change room an 

Any vacuum requirements i n  tk expeslrnenfs are met by watar-operated aspirators where 
pc~ssible. Also avai lable  for use are small, IscaBly instailed v a c u ~ m  pumps or a central 
a m  far the whole building, both of which are provided with liquid-entrainment traps 
arid filters for renaoving parkiculates, 
the vessel off-gas systern; the ceait.rer1 vacuum pump i s  being designed to discharge into 

SmcaII V Q C ~ B L B ~  pumps used in  cell 1 discharge into 

the  cell ventilation system. 

Ltpcoliy scrubbed vessel off-gas from each of: the  fowr cells goes to a 2-in. header 
that emerges from the east side of Bldg. 4567 to connect with a niain 12-in. header from 
Bldg. 4500. This l i n e  goes fo the 30317 stack area, where the  vessel off-gas goes f h i - ~ u g h  
cp CsttreII precipitator (saon to be bypcessed for the  new csavstic scrubber installation), 
is filtered and  manitsred, arad is than discharged up the stack, 
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The cell ventilation system permits a maximum of 1000 scfm of  air to be with- 
drawn from each cel l  through a 16 x 24 in. vent at i t s  base which connects to a 
30-in. header leading to the 3039 stack. 
but a filtering (roughing plus absolute) and monitoring station i s  being designed for the 
combined cel l  ventilation a i r  for Bldgs. 4501, 4505, and 4507. Air enters each of the 
four shielded cells i n  4507 from the charging area through a duct equipped with an ab- 
solute f i l ter  located i n  the rear door. 
to the cel l  ventilation duct. 

This a i r  now discharges directly to the stack, 

The two hoods i n  the operation area also connect 

Exhausters i n  the change room and the new penthouse discharge to the atmosphere 
through absolute filters. All  air  makeup must pass through dust-stop filters and enter 
the building through two openings i n  the operation area, one near the hoods and one 
near the air  conditioner, one opening i n  the makeup area at  the air conditioner, and 
one opening into the new penthouse. In an emergency, a l l  a i r  inlets to the building 
and the two exhaust exits from the building w i l l  be closed and the fans stopped, either 
automatically or by manually operated switches. 
evacuate the building to -0.3 in. water, relative, via the cell ducts and a new normally 
closed duct between the penthouse and the cell ventilation duct. 

The cell ventilation system w i l l  then 

1.9 Monitoring Provided 

Monitoring for radiation i s  provided using alarm type instruments i n  the cell 
ventilation system, and i n  the process cooling water waste system downstream from the 
building. 
material and for direct radiation by three direct radiation gamma monitrons, two constant 
air  monitors, a hand and foot counter, a 5-probe quintector, and three portable survey 
instruments. 
a total of three i n  the operating area, three i n  the charging area, and two in  the 
makeup area. 
area and one i n  the charging area. 
the building when alpha-active materials are i n  process. 
w i l l  remain near the east personnel exitrand the quintector w i l l  remain at the entrance 
to the charging area from the change room. An alpha survey meter w i l l  also be added 
to the change room instrumentation. The cel l  a i r  pressure w i l l  be measured with alarm 
type instruments to assure that the cell AP i s  -1.0 in. water with respect to the operat- 
ing area. 
located i n  the operating arearand provisions w i l l  be made to install duplicate recording 
instruments for cell pressure and radiation, vessel off-gas radiation, building monitrons, 
etc., i n  the corridor between 4500 and 4507 at  a later date. 

Work areas i n  the building are also monitored for particulate radioactive 

Five additional direct radiation gamma monitrons w i l l  be added to provide 

The constant a i r  monitors w i l l  remain as located, one i n  the operating 

The hand and foot counter 
A direct reading alpha a i r  monitor i s  planned for 

All remote detecting instruments w i l l  be channeled into one central annunciator 
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2.0 SUMMARY" 

The maximum credible accident i s  assumed to be a f i re i n  the  8 liters of TBP- 
Arnsco solvent contained i n  the rnixcr-settlers or the attainment of crit ical mass i n  a 
product catch tank. Either incident vmuld be contained i n  the primary containment 
(shielded cells) area; the effect on the environment of material released via the venti- 
lation systems i s  given i n  tables below. 

2-1 N I J C ~ ~ C ~ ~  Safety Hazards 

2.1.1 Maximum Radioactive Material Content of Facility 

I 

Inventory Design capacity -_-_I 

Makric1I per Batch In Plant  In Largest Vessel 

ladine-131, curies 
Krypton -@, curies 
Mixed nsnvolati le  

fp's, curies 

Pu239, kg 
U235, kg 

U233: kg 
Th232 (irrad), kg 
Am28.1, kg 
Of hers 

Heavy elements 

$38 kg 

<o. 1 
53 

36,480 

0.03 6 
0,192 
7,07 
0.056 
5,M - O.Qi901 

Nleg ligi ble 

These entries the same 
as design capacity, 

The above data are camposited from data on Yankee Atomic and Consolidated Edison 
fuel, which may be processed i n  the Intermediate Scale Mixer-Settler (IMMI) facil i ty 
i n  the future. 
and c1 decay time of 180 days, and the ConssIidafed fdisan fuel a burnup of 23,200 
Mwd/fsn and a decay time of 180 days. Operations i n  the lMMl faci l i ty  are on a 
pea batch basis; the size of the hutch i s  l imited by the limiting capacity for dissolving 
2 kg of stainless steel in  the dissdver. 
based an a Sulfex head-end step followed by Thorex solvent extraction; Yankee Atornic 
fuel processing i s  based on a Sulfex head-end step followed by a standard Purex 
f lowsheet. 

The Yankee Atomic fuel was assumed to have a burnup of 8200 Mwd/ton 

Processing of Consolidated Edison fuel i s  

*Cslculalions and assumptions are given in  Volume 1 of this report. 
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2,1.2 Crit icality Incident ?o~stentiaI 

Fissisnable Design Capacity, Type of  

Pbi 0,036" 4 ft of barytes OF Mass 

Isotope Enrichment kd$aY' Shield Con t ro I s  

5 ft 6 in. of ordinary 
concrete 

limitation 

0.138"" Same Sam e 

X'k 0,062** Same Same 

u235 ** 
"233 

tch of  Yankee Atomic fuel contains 36 g of plutonium, Each batch stays 

Only one batch af Yankee Atomic fuel w i l l  be 
i n  the plant for 72 hr o f  processing: 24 hr for dissolution, 24 hr for feed adjustment, 
und 24 hr for solvent extraction. 
permitted in the bwilding at any time. 

**in each experiment performed 
of uranium w i l l  be present, of the following isotopic cornposition: 

i n  lMMl on Consolidated Edison fuel, a total of 245 g 

138 g "235 

4J233 + Pa (56 +- 6)  

u238 18 

$34 4 

62 

23 

Tota I 245 

2 - 1 3  Effects of -Nuclear Reaction -- of lo'* Fissions Followed by Rupture of Vessel 

Aersso I Gaseous fp 
Wt?letXe Release 

ximum elawnwind 3ntcgrated dose from <0. QO 1 0,6 1 
VQG re!ease, rem 

COG release, rem 
Maximum downwind integrated dose from <o. 00 1 0.17 

2-min dose from secondary containment shell, rem <O.Q01 10.7 

Neutron + prompt gamma dose, rem 

Maxiniurn downwind integrated close from <Q. 00 1 < a001 
building release, rem 

O*O4" * * * 

""'Feed adjustment fank. 
*'**ThrOUgh concrete shield, 
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2.2 Expiasion and Eire Hazards 

2,2.1 Description of  Combustible or Explosive Material and Probable Reactions 
That Can Occur -- 

Amsco 125-82 and hydrogen gas a r e  present in various phases sf IMMl operation, 
Either of these swbstances i s  capable of explosive gas phase combination with oxygen 
i f  mixed i n  certain prapastisns. 

2,2.2 Specification of Ciosed-cup Flash Paint far Organics 

'The closed cup flash poiilt for Rmsco 125-382 i s  12GQF. 

2.2.3 Specification of Lower Expissive Limits in  Air  ____ 

The lower explosive limits i n  a i r  are: 

2.2.4 Inventory 

a. 
b. 

The total amount of Amsco i n  the plant i s  225 liters. 
The total amount of Amsco i n  the largest single vessel i s  150 liters. 

2.2.5 Energy Release 

a. 

b. 

A Sdfex dissolution wi l l  generote hydrogen gas at  a rate of 0.16 ft3/min under 

Energy release far Amsco 125-82 = 19,000 Btu/lb 

Total potentia! energy release i n  plant for AWISCCI 125-82 = 7.1 1 x 106 Stv 
for hydrogen = 57.75 kcaI/mole H2 (1924 Btu/liter) 

a hlcanket of N2 gas. 
the VOG header where i t  w i l l  be mixed with 10 f t3 /min  of air  to a concentratian 
of  less than 2 volume Yo 142 which i s  wel l  below the 4.1 volume % Iswer explosive 
l i m i t  of hydrogen, into the 
c e l l  ventilating air, the residual hydrogen concentration would be less than 0.2 
volume 90, assuming perfect mixing. 

This gas w i l l  not be permitted to collect but w i l l  pass into 

If the VOG should fail and all the hydrogen escape 

c. Total potentia! energy release from the icsrgest tank, the CW waste solvent 
cat~1-1 tank, containing 150 liters of Amsco = 4.7 x 106 Btu. 

2,2.6 Mecans of Preventing Explosion 
_s__-- 

a. Equipment to prevent explosions i s  the flame arrestor in  the VOG line 
downstream from the caustic scrubber. 



b. Nitrogen blanketing gas i s  present i n  the lMMl dissolver and slug 
chute during a dissolution. 

c. The maximum explosive release of energy i s  estimated as 147.5 Btu from 
hydrogen i n  the dissolver. 

d. The probability sf an explosion from hydrogen i s  very smaII since the 
dissolver i s  first purged with nitrogen before a dissolution i s  started and a blanket 
of nitrogen i s  kept i n  the dissolver during w dissolution. 

AS i t  i s  formed and diluted by an average nitrogen purge rate of 4 scfm, hydrogen 
i s  swept into the VOG system where i t  i s  further diluted with air, 
detector i s  being considered for installation i n  the dissolver off-gas line as part of the 
containment modifications. 
VOS would then be possible. 

A hot-wire hydrogen 

Actual me sssrement of the hydrogen coneentrafion i n  the 

The probability of an Amsco explosion i n  the cel l  i s  not considered very l ikely 
since the low v ~ p o r  pressure of kmscs a t  room temperature and the small quantity of 
Arnsco contained i n  h e  mixer-settlers does not permit an explosive concentration to 
develop i n  the 100 scfm COG. A combustible gas analyzet i s  being considered for 
installation i n  the COG as part of the containment modification. 

A hydrogen explosion i n  the IMMl dissolver i s  estimated to be equivalent to a 
0.1-lb T N T  explosion. 
estimated that Q pressure less than 800 psf would be exerted on the primary contain- 
ment cel l  wall and the wal l  would thus withstand the pressure. 

Because of the dissolver location i n  the ce l l  1 pit, i t  i s  

2.2.7 Fire Prevention 

A fire eye i n  each cell, four i n  the opemtisns area, six i n  the charging area, 
and one in  the change house are installed to detect fires. The usual fire-fighting 
equipment i s  on hand: one fire hose i n  the operating area and one in  the charging 

; three portable fire extinguishers i n  the operations area, two i n  the charging 
area, two in  the makeup area; a 50-Bb C 0 2  extinguisher i s  proposed far the makeup 
area and a water fog nozzle for cell 1. 

The maximum energy release in  a fire would be 7.11 x 18' Btu, from 25 liters 
of Amsco. 

T h e  probability of f ire i s  deemed slight since there i s  no spark-producing 
electrical equipment i n  the cell and the process i s  run at. room temperature. 
The probability of containing the results of a f i re without serious spread of 
radioactive material i s  deemed excel lent. 
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2,3 Evaluation of Noncrit ical i ty Event Leading to Release of Radioactive Material 

2.3.1 Description of @el% atid Vessel Involved i n  Credible Accident, Bldg. 4507 

Vessel narne Feed adjustment tank 
Vessel volume 100 liters 

Cell No. 1 

Cell ventilation 

VOG purge flow rate 10 sefm 

eerr volume 660 f t 3  

purge Slaw rate 100 scfm 

Analysis of Contents" Total Amount Vaporized or 
Susperided after Accident of Vesse I - 

Solution density, g / c c  

Pu , curies 
239 

"23.5 

~ h ~ ~ ~ ,  curies 

curies 

Mixed fp's, curies 

I , curies 

Kr curies 

13 1 

85 

2.0 
3 

2,2 7.7 x (4.0 x curie/m ) 

2.76 x lom3 

6 x lo-' 
3 36,400 0.570 (0.030 curie/rn ) 

0.1 

53 

"Based an Consolidated Edison fuel except for plutonium, which i s  based on Yankee 
Atomic fuel. 

2,3.2 Effects cf  Accidental Release of Radioactive Material from Maximum 
Credible Accident 

Vessel Off-gas Release 

Total a~-nount, curies 
Max downwind integrated dose, 
rem 
Distance downwind of  dose, rn 

Cell Off-gas ReBeose 

Total amount, curies 
Max dcwnwind integrated dose, re;:) 
Distance downwind of dose, m 

P W  Mixed fp's I 

0.00720 3.7x 
< 0.001 <on 00 1 

1760 1768 

0.00780 1.1 x l 0 l6  
<o. 00 1 <o. 00 1 
I763 1760 
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Mixed f p ’ s  P U  

Release into Secoitdary Containment Zone 

Total amoun t ,  c u r i e s  3.6 4.4x 10-8 
Concentration, curies/m 3 5.9 x 10-7 9.3 x 19-1 1 
2-min dose to building personnel, rein 0.012 0.01 1 

Release froin Secondary Contai nment Zone 
(assuming ventilation system works) 

Max downwind integrated dose, rem 
Distance downwind of max dose, rn 150 150 

Total amount, curies  5.7 x 10-6 7.7x 
<Q. 08 1 <Q. 08 I 

2.1 x IO-’’ 2.8x 10-lS 2 
Ground falllowt a t  26 rn, curies/m 

Release from Secondary Containment Zone 
(assuming ventilation system fails) 

Total amoiint, c u r i e s  1-5 10-4 2.0 x lom8 
Max downwind integrated dose, rem 
Distance downwind of max dose, m 150 156) 

<o. 80 1 (0. 80 a 

6-9 x 10“14  round f a l l o u t  at 20 m, curies/m2 5.1 x IO-’’ 

Reports i n  This Series 

Vsl, 1 
Val. 2 

Val, 3 
Vol. 4 
Vol. 5 
Val. 6 
voll. 7 

Vola 8 
Vol, 8 
Vol. 1Q 
VOI. 11 

Summary Report of Hazards Evaluation 
GenerciI Description of Oak Ridge Site and Surrounding 

Description sf QRNL Liquid Waste Systems 
Detailed Assessment of Solid an 
Hazards Report for 
Hazards Weport far 
Hazards Report fo r  Building 2527 and PRFP High 

Hazards Report for Building 3028 

Hazards Weport tor Building 4507 
Hazards Report for Building 3517 

Areas 

Liqvi d Waste Systems 

Level Waste Tanks 

Hazards Report f o r  Building 3508 

OR WL-2856 

CF-68-5 -28 
63 F -50 -5 - 2 9 
CF-60-5-20 
CF -60-5 -2 1 
CF-68-5-22 

CF-60-5-23 
CF -60-5 -24 
CF-60-5-25 
CF-68-5-26 
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3.1 Dcscri.ption of B1d.g. 4507 
^_Y__. 

S u i l d i n g  '1-507 is a b r i c k  b u i l d i n g ;  t h e  nex pen2;house strwtz;-re will be 
const,ructml from insulated s h . x t  metd Vestibllle perscmnel  e n t r a n c e s  are 
b e i n g  provided, and %be bui lding I s  t o  be sealed a g a i n s t  leaks so  as t o  he 
able t o  maintain -0.3 in, H 0 prsssu.re v i t i z  respect "io atmosphere. %ne build-. 
i ng  a.nd, p m t h o u s e  p rov ide  secondary  cnn tahmen t  for radioactive ma,ter ia ls  
hand-led. 
I.oag, 1-9 T-t 6 i n .  w i d e ,  and. 22 f t  3 in. high and.  coritains four  ce l l s .  
cell has a usable voLumc t h s t  i s  10 ft long, 6 ft wide, a;nd 11- f.l; high, szp- 
arated from one another by 4-ft-thi.ck concrete  w:?.lla. 
cell block is 5 f t  6 i.n. thi.ck and -the f r o n t  wall; which has four  dense lzad- 
@ass windows (one for each cel.1 >, i.s b-f?;-thi.ck apsecTal bai-ytzis concrete. 
A l l  openings into the cell 8.m sealed a g a i n s t  extr.an,?ou.a leak::, aUowing sir 
a c c a s  to the c e l l  o n l y  a,w planned. v i a  the air in3.e.i; duct in t,he rear door 

2 

Primary eontairment 1s provided  by the cel.1 islock, which I s  kj-1 ft 
Each 

The year T+ll of fhc 

(Pigs. 2 and 3) .  

A 6 x 6-ft opening i.,n Yk ma.c o f  each ce2.1- is closed- by a concre. te  door 
Ynat  r o l l s  on Tahee.1.s ar~d tra.ek. Access is a;railablz to t h e  top of each cel.1 
through a It x 6-f t  opening by removdng concrete plugs. 
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Amy Package Power and Yankee A%om,i.c reactom are dlssolved i n  b o i l i n g  dilcte 
aqua reg ia  ( 5  M 1lI.W -2 M H C l ) .  The c h l w i &  i s  s?i'o.r;equ-ently remov-d from the  
dissolved fuel-solu'?icjn-by d L s t  i l l s t8 ion ,  a-ncl t h e  m : ~  id;iial n i t r l i c  acid so lu t ion ,  
which con'wins uranyl n i t r a t e  and n i t m t e s  of s-krzinlesn steel-, i s  a,d.just~ed !?or 
solvent exLract ios .  The uranium m d .  o t h z r  f i s s i o n a b l e  materia.1 are recovered 
i n  p u r i f i e d  f o r m  i n  two or more cycles of sol .vect  extiTactS.on with tributy-1. 
phosphate. 

C e l l  3 contains "2 -.Lites* scale'' glass axper.iment;ai eqi~.iprflmt, designed f o r  
either Sul.fex or Darex decladd.i.ng ani: feed preparat , ion st;;dies on Consolidated 
Edri.son f u e l .  
Zircaloy, may a l s o  be a.ccammoda,ted.. They? are 130 f a c i l i t i e s  foi- so lven t  extrac-  
tion in t'nis cell. 

Other fuel types, such as U02 clad. i n  eiLhe-P stainless steel or 

Cell 4 i s  equipped f o ~  experiments on %he Fused Salt, F luor ide  V o l a t i l i t y  
Process now bei-ng iavest igatcd SOP c u w i i m - z i  xonium a l l ey  fuels.  Nickel, 
Tnconel, and s ttziuless 6teSJ. are ths pr incipal .  materials of  conrlmxtion. 

3.3 Waste System Descrip-Lion 
P 

3.3.1 Cell. V e n h i . l a t 5 s m  System 

h rnaxiniwii of' 1000 scfm imy be withdrawn from each c e l l  tiirough a 16 x 24-i.m. 
ven t  a t  i t s  base vhich connects to a 30-in. -di,a 1iea.der lead.i.iig to the  3026; stack. 
Each vent  i s  equipped wit?? 8 damper whlch may be mmually adjusted to provide 
1. in. HpO nega t ive  pressurz i n s i d e  t i e  ssalecl cell, A i 2  i n  .$lie cel.1 will be con- 
-LinuousI.y replaced by a i r  frm the  secaid.ai_-y containai.-;.:it &rea thiagilph s p e c i a l  
du.c-ts fit%& wi.t'n absdxte  fi,l%ers niid bizekflow prL?.velatz7?_-s loca-Led. i n  th.e rear 
pl.ug . 

Tine c e l l  exhaus'c ven4;s arid header 37i.l. I. n o t  be equi-pped w i t h  C<bli'ceri;; 
rather; the com'oined cell. venti1a;i;lon air  from Bldg:;. 4501, 4505> avld 4507 wi.1.1 
he f i l t e r e d  for r a d i o a c t i v e  p a r t i c u l a t e  ~zinova; before release to the s t ack .  
The presswx drop across t;i?e f i l t e r  i s  t o  be messu;-ed3 and The exhamLL a i r  moni .~ 
t ored. for r ad ioac  t Tvi t y  . 
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3.3.3 Vacuuni Sya tern 

Va,cuum is provide& in th? smaller a p e r i m e n t a l  i n s t a l l a t l o n s  by Water 
aspirators ecpipped wi th  surge  t m k s  and de -entrainmenC vessels. 
vacuum pilml>s are a . 1 ~ ~  used, ar?d- a c e n t r a l  vacuum syfiteeuo. f o r  the b u i l d i n g  i s  
be in& des 3- gned . 

Trapped 

3.3. h L i q u i d  waste Disposal. 

Thsm are t h r e e  liquid wa:st,e s ~ s t e m , ~  serving Rldg. 4507 (Fig.  6): 
-. 

(a} high -I.evel rad.i.oactive waste system, (b) filter-aid sli-~rry c o l l e c t i o n  
and storage system, and ( e )  proce t ;~  cooling water waste sys-Lem. 
radioact ive vastes are collee%ed by a 2--in,-At header, irhich leaves the eas t  
s ide  of R1d.g. 4507 and then  tu.rns south .  to connect wil;h tine 4-in. header 
t h a t  t i e s  Bldg.  4500 directly to the  Liquid Radioactive Waste  Tank $'am. 
S l u r r y  wastes, arisi.ng from ffJ-tez- operations -in. c e l l  L t h a t  w e  fil-t;er-a.id, 
are s e n t  'LC a special  s torage  p i t  s o u t h  OT the  building vhere the solids are 
permi-t-Led -to se t t l e .  Clear sqxma.t;ants WE per.mitted to overflow t o  a second 
t;mk a?d are then jett,ed t o  the htgh-lev,S- rcidioaxtivc wi~s-lie header. The tank 
coiitairri.ng the  settled s o l i d s  i s  replazed peri.odLcally vi'ilt one that i s  erilpty". 
Process  cool. ing vatccr wa,s-t;e, arising from the operation of  aspirators, iiea'iing 
jackets, c o i l s ,  et(:. (exspnct& t o  contair;  only lirnitzd. amounts of i%.di.oac'cive 
1mterial.s) lesves each cell via a 2.-In. c o l d  d m L n  whi,c'n t i e s  to a common header 
e x i t i n g  fi-orji the norLIil side of t,he b.ai.lding. It cont inues  i .nto Bl.dg. Ih505, 
panses throUgh a radia%ion monitorLng s t a t i o n ,  and then corinecta to a 4 - h .  
process mt~!or w a s t e  header. 

L i q u i d  

Pu 

Th 

Gro;s j3, y f i s s i o n  products 
00 

S r' 
85 K 1- 

bJ0 

55 
53 
a.1 
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11.. I. 1 Radiat ion Control ,  General  

A l l  r a d i o a c t i v e  p rocess ing  i s  c a r r i e d  on i n  v e s s e l s  i n s i d e  Yne shielded.  
cell, which i s  the prirnayy containment enclosurs, The  surroundjag bu.i.l,d.ing i s  
the second. l i n e  of de.fense, which ensures t h a t  any ai.rborne r ad ioac t iv i - ty  th .a t  
may escape "ne primary containment will not be sca t te red .  to t h e  environment. 

All openings i n t o  t h e  c e l l  block wi.13- be gasketed and s e a l e d  t o  wi ths ta~nd 
10  in .  55 0 p r e s s u r e -  

2 

D i f f e r e n t i a l  ai.2: p,rescur,?s from c e l l  'GO bi-ti.ldlng 'GO atmosphere are b e h g  
arranged SO t h a t  aii- f l o v  w i l l  always be from the c lean  region t o  m e  0.f 

p o t x n t i a l l y  g r e a t e r  c o n t m i n a  t i on .  

Personnel. doors  i n  the second-ary containment shell wL.l.1 be of t'ne v e s t i b u l e  
type; -the monorail  door in t,he charging nyea arid the i:oI.l-up door for the gant:ry 
crane i u  the new penthouse are d.rsfgned. t o  close au tomat i ca l ly  i n  an emergency. 

A l o c a l  and a remote inanimJ_ switch will a l s o  W provided t o  c l n s c  t'nese 
doors .  All. three swizch s i n t i o n s  a l s o  ~ ~ 3 . 1  off the nonmal air eatry and exbaiist 
p o r t s  and open the emergency exhai lst  to the cell v e n t i l a t i o n  system. 

A s  a fu.rther c o n t r o l  over  r ad ia t ion ,  all. incoming a i r  w i l l  be f i l t e r e d  through 
conven-Liona.l., expendable d u s t  -stop f i l t e r s  ., . A i r  pwsages i n t o  t h e  hot eel-1s from 
'c'& charging area w i l l  he pro-rided wit,,ki absolute f i l t e r s  and backflow p reven tem .. 
Exhaust air  w i l l  f i r s t  p a s s  through absolute f i l t e r s  vPb.rich w i l l  be provided. on - t be  
change room exhauster mid t h e  new penthouse exhauster. 

'i'he existing waste c o l l w t i o s ?  p i t  on the south side o f  Bldg. )\50'( w i l l  be 
sealed against air leakage and vi.nl,ed tu t he  c e l l  vent,i..lation sys tern. 

-%A "i-a.dTatioa zone" i s  8n azea  wher? c o n t r o l  rneasu.%es imvolve ex tema l  r a d i a t i o n  
exposure to pevsonnel., 
involve con tmnina,t ion of employees> environs, an.d/or egyipment; and. -"There there 
i s  a p o s s i b i l i t y  tlia-t radioact ive matsrial. may be depos i t ed  inside -the body l ead - -  
i n g  to in te rna l .  radia'cion ox-posui-2. A "r,?gLj.late& Z O T ) ~ "  i s  an aI:t?i3 ilrhere opera-  
tions a.re i-estricted f o r  the pb.iTose o r  :t%dioa@tive cont ,mina t ion  control.. 
zone may c0ntai.n r a d i a t i o n  zones, contamination zonesd or both, r a n g h g  i n  size 
f rom a small spo t  t o  a large area, 

"contamination zone" i s  an area. where conLrol measures 

'Wflis 



-24- 

Tize i n s i d e s  of ccl1.s 1, 2, 3u and 4 are d e s i g i a t e d  "contamination zones" a l l  
the  t i m e  and. the c e l l  top area and chargi.ng area are des igns t ed  "coni;~iIi.na%ion 
zories" when cond i t ions  war ra r i t .  Ce l l s  I, 2, 3., a.tl,d 4 and. the sample storege 
area are " r a d i a t i o n  zone:; a ' I  

Zones a r e  posted with  ~.elevrto.-t instmc'Lions regard ing  entry> occupancy, 
and depai-,tuue Necessary covei-alls, laboratory coats, caps, gloves,  shoe 
covers, masks, etc. are pro'vided f o r  cont~~i , inah: i .on zone ope;naticxio. Personnel  
-from the  Hecal~ t ' r i  Phys ics  Div is ion  prcvi.de necessary  i -adis t ion moiiitorinc, S'IT- 

f a c e  contamLnatton surveys, personnel  checks, cons:il.tation, e t c .  required.  dur ing  
"hot" opera t ions .  

Various r a d i a t i o n  monitor ing i.nstmiments a r e  f ou.i?d j.n Bldg ./ 'c507, i nc lud ing  
three d i r e c t - r a d i a t i o n  gamma d e t e c t o r s  (-rilonitroiis of which two are 1oca.t-d in 
Uie charging area and one i n  -Line ope ra t ing  area, 'ho i.ndirac.1; -radi.at.ion 'ee.ts- 
gama, deleyed blpha d e t e c t o r s  (cons%ant  a i r  monitors) are i n  use, orie ii1 the 
ope ra t ing  a r e a  anti one i n  th .e  charging area. Two contamination detectoi-s asre 
i n .  use, a hand and f o o t  coim:;er~ near the ?as% door and an. " O C ' G O ~ I ~ S ' '  quintec'cor 
i i i  t h e  change room. 
meixrs) are a l s o  availa'de. 

T h e e  p o r t a b l e  sur'vcy ins t i -~ ,ments  ( cutLe pies and. C.M Sui-ve Y 

Nizn -&e curreiit revisi .ons to maks B1d.g. 4507 sa . fer  are completed., there  
t r i l l  be three add.i.tiona1 moni-trom in the operating area, two more in the 
charg ing  area, and two new ones i n  the solution, makeup a,rea.. An a-c povei:ed 
alpha survey  meter i s  pLi3nned f o r  the chang:? mom, and an a lpha  sin= monitor 
will be needed. i f  high alpha operations a m  u.nd.e:rtakeri i n  the buildingi ; .  

4.1 e 3 

In an emergency, a l l  a h  i n l e t s  t o  the b u i l d i n g  and. tine two exkiawt e x i t s  
from the building wi.11. be closed. and the faas  st,opp?d, ei.Iher automatical.l.ly o r  
by manual.ly operated swi.l;ches. Tn=. bixi.ldi.ng w i l l  'che:n be p u l l e d  down to -0.3 i n .  
H20, i -e la t ivz  -to atmospheric7 via the cell. v m t i l a t i o n  system t'il1?ough t'ne p o r t s  
i n  tile rea,r  cell pl.ugs and v ia  a new nomaJ1-y closed d-uct that connects the new 
t h i r d  1 eve]. enclosure  wi-th the c e l l  v e n t i l a t i o n  duct .  

Emergency Airf low Prc?cedures 
_I-, - 

4.2.1 

'Tne experiments t o  7 x  condi~cteil. i n  -LI.ie "hot"c.;_ll_s of Bldg. 4507 wi.ll 'use 
l e s s  than  minirflum c r i t i c a l  mass of tissionable materi_a.l .  The l a rges t .  amount 
haTidled at m y  one time will bs dur ing  'die processi .ng of  Elk River Tuel-, i n  
which one - four th  a n  assem3ly w i t b  t h e  followitig amoiints of  nuclear.  materials 
w i l l .  be processed: 

Quant i ty  of Fi-t-. ,) iona3le  Material 
5 _ _ _ _ I _ ~ . . . ~ . - L ~ . . - . . - . -  
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Each experirncnt; w i l l .  inc1ud.e fuel d i s s o l u t i o n  with a c i d  and uranium ieFJ-CoVe’TY 

’oy solvent e x t r a c t i o n .  Two such experiraents are planned. 

There i s  no c r i - L i c a l i  ty hazard  i n  loadi.ng t h e  dissolver p r e p a r a t o r y  t o  an 
experiment,. 
case  t o  achieve cri’cical  mass by s t a c k i n g  together fuel  elements pf Yh.2 non.domesti@ 
research  r e a c t o r s .  
f l e c t e d  sol-ut ion i s  consider.ed s a f e  i f  “mass I.irfli.tation” techniques a r e  used, 
according t o  data i n  T T D - ~ ~ O ~ ~ ,  “Nilclear S a f e t y  G u i d e  .) ” 
nondomest7.c resear-ch reae’ior fiie.1 w i l l  contaii l  only 84 g of TJ235 .crliich LS safely 
belosr -the amount needed. t o  a t t a i n  c r i t i c a l i t y .  

ApproxLmaLe1.y 3.5 kg of U235 wou.ld be required i.n the moat favorable  

A f t e r  dissoluLion of thls fuel-, 1.4 kg of U232 i n  T U l y  r e -  

Experimental  bat;c!a!3s of 

Though n o t  contemplated at presen t ,  exTerimen’ca i n  t h e  IMP11 faci l i . ty- ,  cell 1., 
could be mx; on high-burnup f u e l s  of the  YExYK~? Atomic type. 
10-20 g o f  p1.utoniu.m pzr ki.1ogra.m 
product  catch t ank  until. c r i t i c a l i t y  is reached. 
by s-Lrictly limiting the plutonium inventory  i n  cell- 1. 

Tizese 7tr i1 -1  cantail? 
of uranii.m, which could col . lect  i n  t h e  p l r z t o n i ~ n  

‘Pizis w i l l .  be prevaa-ted, lio?ever, 

4.3 Chemicals 

1-!.,3.1 Quant i ty  

The chemical reagen-ts used i.n Bidg. 4507 are ’chose found i n  any chemical 
devel-opment l a b o r a t o r y .  
peak operai;ion of t h e  IE\MI f a c i l i t y  over a )<--week pe r iod .  

T a b l e  Z giver; the inven to ry  of reageri?;:; needed to sustain 

Heagent Coriiainer Siz? Nonnrzl. Inventory 
y____c 

Co~mnon mineral a c i d s  
N i i r i c  a c i d  (70%) 
Sixlful’ic a c i d  (95$) 

0 xi d i z i n  g age :-~t s 

Po tas s ium permanganate 
Sod im dichromate 
Sodium n i t r i t e  

Othel- Yengpnts 
Alurri iLiiun n i  ’crate 
Sodium hydrGxi.de 
Sodium carbonate  
Sodium oxal a te  
Sodium ta r i ra te  
Gelatill 
Mewuric nitrate 

Organic s o l v e n t s  
T r ibu ty l  phosphate 
AIIISCO ~ 2 5  -82 

T-lb b o t t l e  12 b o t t l e s  
9 -1.b b o t t l e  2 b o t t l e s  

1-lL? bot,tle 
1 - lb  bot-r;le 
1 -Ib ‘bo t,tle 

l b o t t l e  
1 bot-t3.e 
1 b o t t l e  

4 -1 i. t,e T b o t t l e  1 b o t t l e  

1 drw 

5 hot’des 
1 b o t t l e  
1. b o t d e  
1 botz l  c 
1 b o t t l -  

1 tJOi,tl-c 

5-gzi saPety can 1 can 
55.-gal d m n  1 drvin 
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4,3.2 Control 

By res t r ic t i .ng  t h e  inven to ry  rzagents i n  -the bui.ld,ing, a d.egree of c o n t r o l  
i s  exe rc i sed  ove r  the cornon haza,rds associated with .the storage and haadliiilg 
of  these materials e Laboratory q i . a , a t i t i e s  of mizcel laneous chamieal reagents 
are st;ored i n  metal c a b i n e t s  i a  Yhr ;"rant opera.ting %yea. B ~ l k  chemicals such 
as acids and. c a w t i - c  are stored,  i n  imtal. cab ine t s  i n  t:ne rear ( ~ e r a t i . n g  arm-2. 
Gas c y l i n d e r s  are res t r ic ted  LO those a,ctu.all.y i.n list? i n  t h e  operating arees; 
e x t r a  cylinders and empties are sto:r:e2 in racks ouix4id-e th? 5iiilding. Yluorine 
i s  piped t o  c e l l  4 from a sl;o.r.aga tank o u t s i d e  91.d.g. 4507. 

lc. 4 
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5.1 Routine - 
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5.1.4 
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5.2 Nonroutine 
P 








