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ABSTRACT 

An evaluation of the hazards in Bldg. 2527 and the very high-activity waste storage 
facil ity indicates that the accident with the most serious consequences, a nuclear excursion 
which ruptures a vessel that contains the most radioactive process solution, would result 
in a probable radiation exposure to personnel in the secondary containment shell of approxi
mately 0.1 rem and a maximum downwind exposure to ORNL personnel of approximately 
1 rem. The fallout of radioactive particulate matter would be such that neither the hazardous 
ground concentration nor the required decontamination level would be exceeded. 

Standards of construction and containment, assumptions made to evaluate the potential 
hazards of release of radioactive material, and methods of calculation used for development 
of thi s hazards analys i s are given in ORI'-IL-2956, Summary Report - Hazards Analyses of 
Radiochemical Processing and Waste Disposal at Oak Ridge National Laboratory, Sects. 4.0, 
5 . 0, and 6. O • 

HOllCE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge Notional Laboratory. It is subject 
to revision or correction and therefore does not represent a final report. The 
information is not to be abstracted, reprinted or otherwise given public dis· 
semination without the approval of the ORNL patent branch, Legal and Infor
matj on Control Department. 



." 

'. 

-2-

CONTENTS 

Part I. BUILDING 2527, FUEL STORAGE AND DISSOLUTION FACILITY 

1.0 INTRODUCTION 

1. 1 Pu rpose a nd Uses 
1.2 Location and Distance from Other Facilities 
1.3 Building Description 
1.4 Personnel Control 
1.5 Process Description 
1.6 Criticality 
1.7 liquid Waste Systems 
1.8 Gaseous Waste Systems 
1.9 Monitoring System 

2.0 SUMMARY 

4 

4 

4 
4 
6 
6 

11 
11 
11 
11 
15 

16 

2. 1 Nuclear Safety Hazards 16 
2.2 Explosion and Fire Hazards 18 
2.3 Evaluation of Noncriticality Event Leading to Release of Radioactive 19 

Material 

Part II. BUILDI NG 2527, VERY HIGH ACTIVITY WASTE STORAGE FACILITY 21 

1.0 INTRODUCTION 21 

Part I. 

1. 1 Purpose and Uses 
1.2 Location and Distance from Other Facilities 
1.3 Building Description 
1.4 Personnel Control 
1.5 Process Description 
1.6 Criticality 
1.7 liquid Waste Systems 
1.8 Gaseous Waste Systems 
1.9 Moni tori ng Systems 

3.0 PLANT AND PROCESS DESCRIPTION 

3.1 Plant Description 
3.2 Process Description 
3.3 Waste Systems Description 

21 
21 
21 
21 
23 
23 
23 
23 
25 

27 

27 
30 
31 



• 
" 

-" 

-. 

4.0 HAZARD DESCRIPTION 

4.1 Radiation 
4.2 Criticality Considerations 
4.3 Chemical Hazards 
4.4 Fire and Explosion Hazards 
4.5 Maximum Credible Accident 

-3-

5.0 OPERATING AND EMERGENCY PROCEDURES 

Part II. 

3.0 SYSTEM DESCRI PTI ON 

4.0 HAZARDS 

5.0 OPERATI NG AND EMERGENCY PROCEDURES 

Vol. 1 
Vol. 2 

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

Reports in This Series 

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

Surroundi ng Areas 
Description of ORNL Liquid Waste Systems 
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 

Level Waste Tanks 
Vol. 
Vol. 
Vol. 
Vol. 

8 Hazards Report for Building 3026 
9 Hazards Report for Building 3508 
10 Hazards Report for Building 4507 
11 Hazards Report for Building 3517 

Page 

44 

44 
45 
48 
49 
51 

54 

55 

55 

56 

ORNL-2956 
CF-60-5-27 

CF-60-5-28 
CF-60-5-29 
CF-60-5-20 
CF-60-5-21 
CF-60-5-22 

CF-60-5-23 
CF-60-5-24 
CF-60-5-25 
CF-60-5-26 



.. 

. . 

-4-

Part I. BUILDI NG 2527, FUEL STORAGE AND DISSOLUTION FACILITY 

1.0 INTRODUCTION 

1. 1 Purpose a nd Uses 

Building 2527 is a proposed extension of the ORNL radiochemical pilot plants and 
is for receipt, storage, and dissolution of power reactor fuels. It will be used in con
junction with the existing solvent extraction foci lities in Bldgs. 3019 and 3505 to demon
strate processes for power reactor fuel recovery and recycle by solvent extraction. All 
types of radioactivity from long-decayed reactor fuel will be present at various points 
in the system. Radioactivity in the fuel elements as received will consist primarily of 
solid fission products and plutonium; after dissolution, gaseous fission products will be 
released and the remaining activity will be in liquid form. 

1.2 Location and Distance from Other Foci lities 

Building 2527 will be located west of Third Street, between Central Avenue and 
Burial Ground Road (Fig. 1-1). Adjacent facilities include four buildings containing no 
activity and three containing varying amounts of activity, plus a proposed very high level 
waste storage facility. The distances of the various buildings from Bldg. 2527 are: 

Bldg. Distonce Activity Inventory, 
No. Name 1t l5frection curies 

2527 (Conal) 108-109 {mixed fp's in solids} 

(Cel Is) 106 (mixed fp's in solution) 

Waste Storage 25 East 3 x loB (mixed fp's in solution) 

2528 Thorium Oxide Preparation Plant 175 South Negligible (0, in solids) 

3505 Metal Recovery Plant 200 East <103 (Zr, Nb, Ru, in solution) 

3517 Multicurie Fission Product Plant 300 Southeast 1()6 (mixed fp's in solution) 

2506 Stores, Paymaster 100 North 

2525 Shop 100 Northwest 

2516 Warehouse 100 West 

2519 Centrol Steam Plant 200 Southwest 
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1.3 Building Description 

The faci lity will consist of a deep canal for receipt and storage of fuel assemblies; 
two 6-ft-thick concrete-shiel ded cells; an area for cell auxi liaries; a vessel off-gas treat
ment system; and cell off-gas treatment and disposal equipment including a 100-ft stack. 
Figures 1-2, 3, 4, and 5 are plan and sectional views of the building with lines of contain
ment and areas of possible contamination indicated on Fig. 1-2. The primary containment 
shell is to be the massive concrete wall in the case of the cells; in the case of the canal, 
heavy concrete walls on the sides and 12 ft of water above the fuel elements constitute 
the primary containment shell. Cell walls will be as leaktight as possible and blast-resistant. 
Secondary containment is provided by a leak-resistant building operated (in case of emer
gency) under negative pressure and having a filtered exhaust system. 

1.4 Personnel Control 

The numbers of people normally occupying Bldg. 2527 and adjacent facilities are: 

Bldg. No. 

2527 

Waste Storage System 

2506 

2516 

2519 

2525 

2528 

3505 

3517 

No. of People 

Weekdays 
Nights and Weekends, 

per shift 

18 

0 

28 

0 

7 

75 

3 

7 

12* 

4 

o 
o 
o 
4 

o 

3 

6 

Personnel working in potentially contaminated areas of Bldg. 2527 normally will enter 
and leave the facility only by way of the change room, at which point they will be 
checked for radioactive contamination. Access to the equipment pit area will be required 
only for periodic maintenance; monitoring will be provided at the exit from this area as 
required. 

*There may be up to 50 additional men during periods of construction. 
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1.5 Process Description 

The processes under consideration for demonstration in Bldg. 2527 are Darex, Sulfex, 
and Zirflex. Darex as applied to uranium metal and U02 fuels utilizes dilute aqua regia 
contained in a titanium system for dissolution of stainless steel cladding and core material. 
Residual chloride is subsequently removed by boiling in the presence of concentrated nitric 
acid. Darex (as applied to stainless steel-clad Th02-U02), Sulfex, and Zirflex are 
selective dissolution processes utilizing dilute aqua regia, sulfuric acid, and ammonium 
fluoride, respectively, to dissolve the cladding material without appreciably attacking the 
core material. The first two reagents are used to dissolve stainless steel, whi Ie the latter 
is used for Zircaloy cladding. A schematic equipment flowsheet is shown in Fig. 1-6. 

1.6 Criticality 

Nuclear safety (criticality) is a vital concern in this plant due to enrichment (up to 
20%) and the quantity of fuel to be processed per batch (up to 22 kg of U23S_U233 
mixture in 228 kg of thorium). Nuclear materials will always be situated behind a thick 
shield of water or concrete, which will minimize radiation exposure resulting from a 
nuclear excursion. 

1.7 liquid Waste Systems 

liquid wastes will be routed from the building according to their composition. 
Radioactive waste solutions are expected to be of low specific activity and will be sent 
to the concrete waste tanks. Normally activity-free steam condensate and cooling jacket 
water will be (a) recirculated through an intermediate cooler or (b) monitored with 
provisions for impounding or treatment if contamination is detected (see Fig. 1-7). 

1.8 Gaseous Waste Systems 

Gaseous wastes from the plant originate in the dissolvers, vessels, cells, and building. 
Figure 1-8 is a schematic flowsheet of the gaseous waste disposal system. The dissolver 
off-gas will be treated for removal of particulate matter, chemically hazardous materials 
(nitrogen oxides, hydrogen, and ammonia), and biologically hazardous materials (Kr85 
and 1131). Nitrogen oxide will be removed by reaction with air, caustic scrubbing, and 
decomposition over a high-temperature rhodium catalyst bed. Hydrogen and ammonia 
will be reacted with air over a 400°C platinum bed under conditions carefully controlled 
to preclude formation of explosive mixtures. Iodine is to be removed by caustic scrubbing. 
Further cleanup will not be necessary unless decay times are materially decreased below 
the currently anticipated 180 days. Rare gas recovery is to be by absorption in Freon 12 
at a pressure of 100 psi and a temperature of -120°C. Alternatively, the dissolver off
gas may be discharged to the atmosphere without treatment at a remote tall stack. 
Vessel off-gas will be passed through a condenser and an absolute burstproof filter before 
entering the plant vessel off-gas system for subsequent treatment before discharge. Venti
lation air for the cells will be passed through a roughing filter and two absolute filter 
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(a) All these tanks are existing uncooled 170,000 gallon capacity concrete tanks. 

Fig. 1-7. Liquid waste disposal system. 
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systems in series prior to discharge to the environment via a 100-ft local stack. Venti
lation air for occupied areas will be either discharged directly to the atmosphere or 
passed through an absolute filter prior to discharge in the case of potentially contaminated 
areas. 

1.9 Moni tori ng System 

Monitors will be provided in virtually all areas and effluent streams to warn of 
improper operating conditions. The locations and types of monitoring devices to be in
stalled are: 

Continuous 
Area or Gas Stream Air Monitor a Neutron Pressure Other 

Control room and makeup area 2 2 

Offices 

Basement 

Sample gallery 

Equipment pit area 

Crane bay 

Canal 1 

Cells 4 2 Hydrogen 

Cell ventilation air 2* 

Dissolver off-gas Hydrogen, 
oxygen 

Vessel off-gas Hydrogen 

Coolant and steam condensate 

'kOne placed ahead of and one behind filtration system • 
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2.0 SUMMARY * 

Building 2527 is to process irrodiated fuels containing the following maximum amounts 
of radioactive materia Is: 

Design Maximum Inventory 
Capacity In Plant and In Single 

Material per Day Canal Vessel 

1
13

\ curies 0.0200 100 0.0420 

Kr85, curies 9300 120,000 19300 

Mixed nonvolatile fp's, curies 800,0000 100,000,000 l,700,000a 

U233, kg 1.35a 170 2.SO 

U235, kg 10.5a 1400 220 

U238, kg 300b 10,000 250b 

Th232, kg 1200 15,000 -2500 

Pu239, kg O.72b 50 0.6b 

aThese maxima will occur during the processing of CETR fuel. The listed inventory 
of U235 and U233 will not occur simultaneously. 

bThese maxima will occur duri ng the processi rg of the PRDC radial blanket. 

Accidents that can possibly occur in this facility which would result in the release of 
activity to the environment would be a nuclear excursion in a process vessel or a 
fire or explosion of the combustible gases generated during fuel dissolution. The 
probability of occurrence of such accidents will be maintained at an extremely low 
value by the use of multiple devices which are designed to detect and prevent the 
occurrence of the accidents. The release of activity to the environment in the event 
that such accidents occur would be minimal since the process equipment is enclosed 
within tight cells, which are shielded with 6 ft of concrete, designed to contain a 
900-psf shock load, and ore ventilated through c burst-resistant absolute filter system 
which discharges through a local stack. 

2. 1 Nuclear Safety Hazards 

The nuclear safety hazards in Building 2527 are: 

*Cakulations and assumptions used are found in Vol. I of this report. 
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Maximum Quantity 
of Fissionable 

Material Involved 

310 kg U23502-Th02a 

310 kg U23502-Th02a 

310 kg U23502-Th02a 

Shield Type of Controls 

12.5 ft H20 Subcritical arrays spaced 
12 in. apart edge to edge 

6 ft concrete Geometry, 12 in. max dia 

6 ft concrete Geometry, 12 in. max dia 

6 ft concrete Concentration control, 
prior solids separation, 
sol i ds detection 

6 ft concrete Prior solids separation, 
solids detection 

6 ft concrete Presence of soluble 
neutron poisons assured 
by multiple means 

aThe U23502-Th02 mixture will contain a maximum of 7.1 wt % U235. 

bSite of the credible nuclear accident that would result in the most serious consequences. 

The most serious nuclear safety hazard will occur during the processing of ceramic 
oxide fuels which are subject to fracture and breakage into small particles that can be 
carried with process streams from the geometrically safe dissolver into other nongeometrically 
safe vessels. Multiple means are to be provided to detect and/or prevent transfer of 
undissolved fuel particles to these nongeometrically safe vessels. During the processing 
of uranium-molybdenum fuels molybdenum-bearing precipitates will either be prevented 
or retained in limited-geometry equipment because of their capacity for carrying Pu4+. 

The maximum credible accident in Bldg. 2527 would be a nuclear reaction that 
completely shatters a process vessel containing a batch of irradiated CETR solution and 
scatters its contents throughout the cell. It is believed that such an accident could be 
caused by a single nuclear burst of 1018 fissions, which would release approximately 

... 30,000 Btu and 100 cu ft of gas and steam in a small fraction of a second. The 
effects of such an accident have been evaluated and are: 
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Max downwind integrated dose from VOG release, 
rem 

Max downwind integrated dose from cell 
venti lotion release, rem 

2-min dose in secondary containment shell, rem 

Max downwind integrated dose from building 
release, rem 

Prompt neutron and gamma dose through shield, rem 

Aerosol 
Release 

<0.001 

0.006 

0.005 

<0.001 

Gaseous Fission 
Product Release 

0.012 

0.154 

0.650 

0.075 

<0.001 

It is seen that the radiation exposures due to escape of long-decayed reactor fuel and 
IIfresh II gaseous fission products to the environment and due to direct gamma and neutron 
dose through the shield would all be less than 1 rem. 

A less serious and more probable type of nuclear occident could occur due to an 
initial burst of 1017 fissions which would not result in rupture of the process vessel. Such 
a reaction would tend to recur until moderator is boiled away, fissile material is expelled, 
or a shutdown device is actuated, with the result that aerosol and gaseous fission products 
would escape to the environment through the VOG system. The maximum downwind inte
grated dose from the VOG release in such on occident can be calculated from the above 
tabulation since the dose would be directly proportional to the number of fissions that 
occur before permanent shutdown of the reaction. It is improbable that more than 
1018-1019 recurring fissions would occur in a contained reaction in Bldg. 2527 since 
detection equipment will couse nuclear poisons to be added automatically to all suspected 
vessels in the cells soon after on initial burst. 

2.2 Explosion and Fire Hazards 

The explosive and combustible materials that are to be handled in Bldg. 2527 
include nitrogen oxides, which can decompose to N2 and 02 with the liberation of 
heat, and hydrogen and ammonia, which can react violently with air. The lower 
explosive limits of hydrogen and ammonia in air are 4 and 16%, respectively. The 
maximum inventory of any of the explosive gases in the plant will be 40 cu ft. The 
inventory in the largest single vessel will be 10 cu ft. Since the energy release of 
these gases, diluted by air or other components to the extent that they could be in 
the plant is approximately 100 Btu/cu ft, the totol potential energy release in the 
plant is -4000 Btu and the potential energy release from the largest single tonk is 
-1000 Btu. 

Equipment that is installed to prevent explosions includes nitrogen purging devices, 
H2 monitors, an 02 monitor, a catalytic reactor for NH3 and H2i a catalytic reactor 



. . 

-19 -

for nitrogen oxides; and a scrubber for nitrogen oxides. Explosive mixtures are prevented 

by nitrogen blanketing of the dissolver off-gas system and steam dilution of NH3 and H2 
in the catalytic reactor. The many devices and administrative procedures that will be 
used to preclude an explosion are believed adequate to reduce the probability of explosion 
to a negligible value. Other facilities that produce hydrogen have been operated within 
the Commission without incident. Various commercial facilities producing explosive materials 
operate safely on a routi ne basis. It is therefore concluded that explosive gases can be 
processed without undue hazard. If the maximum credible explosion should occur, no 
walls would be shattered and no breaches in the containment or radiation shield would 
result. Activity could only escape by minor leaks through the cell walls or through the 
ve nti lat i on system. 

Since no combustible materials other than the explosive gases previously discussed 
will exist in the cells, the probability of a fire is negligible and no fire prevention 
equipment, as such, will be included. The equipment that will be used in fighting a fire 
in a cell, if such should occur, will be an automatic sprinkler system and automatically 
actuated valves which will shut off the inlet air supply. The sealed cells and filtered 
off-gas systems would provide a high degree of containment of a fire. 

2.3 Evaluation of Noncriticality Event Leading to Release of Radioactive Material 

The effects of a noncriticality explosion in a process vessel filled with radioactive 
material would be equivalent to a criticality explosion with the exception that a radia
tion dose through the shield and release of gaseous fission products would not occur. 
The cell and vessels that could be involved in such an accident is described as follows: 

Accident 

Vessel name 
Vessel volume, gal 
VOG purge rate, cfm 
Cell volume, cu ft 
Cell ventilation purge flow rate, cfm 
Solution density, g/ml 
Th232, curies/mg of solution 
U235, curies/mg of solution 
Mixed fp's, curies/mg of solution 
1131 , curies/mg of solution 
Kr85, curi es 

Total amount vaporized or suspended in 
the cell air after an accident 

Mixed fp's, curies 
curies/m3 of cell air 

Kr85, curi es 
curies/m3 of cell air 

Others 

Explosion in Tank That 
Contai ns Largest Amount 

of Radioactivity 

Feed adjustment tank 
1200 
50 

15,000 
1500 
1.9 

10-10 
10-9 

6.8 x 10-3 
10-10 

nil 

29.0 
0.068 
nil 
nil 

Negligible 

Hydrogen Explosion 
During Decladding 

Dissolver 
175 
50 

15,000 
1500 

Not applicable 
Not applicable 
Not applicable 
Not applicable 
Not applicable 

190 

nil 
nil 

190 
0.44 

Negligible 
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The effects of the accident are: 

Mixed fpls Kr85 

Vessel off-gas release* 

Total amount, curies 0.082 190 
Max downwind integrated dose, rem <0.001 0.003 
Distance downwi nd of max dose, m 580 580 

Cell off-gas release* 

Total amount, curies 0.41 190 
Max downwi nd integrated dose, rem 0.0062 0.019 
Distance downwi nd of max dose, m 580 580 

Release into secondary containment zone 

Total amount, curies 0.0032 0.021 
Concentration, curies/m3 3.0 x 10-7 1.9 x 10-6 
2-min dose to building personnel, rem 0.0053 <0.001 

Release from secondary containment zone* 
(assuming ventilation system works) 

Total amount, curies 5.0 x 10-5 

Max downwind dose, rem <0.001 
Distance downwi nd of max dose, m 150 150 
Ground fallout at 20 m, curies/m2 1.8 x 10-10 

Release from secondary containment zone* 
(assuming ventilation system fails) 

Total amount, curies 1.22 x 10-3 

Max downwind dose, rem <0.001 
Distance downwi nd of max dose, m 150 150 
Ground fallout at 20 m, curies/m2 4.5 x 10-9 

*The fallout of particulate matter from this source is such that the ground will not exceed 
either the hazardous or required decontamination level. 
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Part II. BUILDING 2527, VERY HIGH ACTIVITY WASTE STORAGE FACILITY 

1.0 INTRODUCTION 

1. 1 Purpose and Uses 

Some of the wastes produced in the Power Reactor Fuel Processing development program 
will be of very high specific activity and of sufficient volume that storage in existing or 
currently planned waste facilities is not feasible. The proposed waste storage facility is to 
be used only for the most active wastes. Other waste storage tanks for high-activity solutions 
are planned for installation at the Laboratory. In general, these tanks probably will be 
designed to accept wastes having a specific activity an order of magnitude less than will 
be found in the most active wastes from the Power Reactor Fuel Processing program. Wastes 
that do not present a heat generation problem will be routed to the concrete waste tanks. 
A full treatment of the waste storage system for the plant can be found elsewhere. 

The very high activity waste storage facility is completely designed and awaiting 
Commission approval to proceed. The decision to do power reactor fuel processing demon
strations at ORNL is currently being reconsidered; consequently, construction of the storage 
facility and the head-end process development facility, Bldg. 2527, is being held in abeyance. 

1.2 Location and Distance from Other Facilities 

The location of the very high activity waste storage facility is west of Third Street 
between Central Avenue and Burial Ground Road (Fig. 1-1 in Part I), Adjacent facilities 
are listed in Sect. 1.2 of Part I. 

1.3 Building Description 

The waste tanks will be housed in a concrete shielded vault as shown in Fig. 11-1. 
The vault is ventilated and equipped with a stainless steel floor pan. The vault housing 
the three 15,OOO-gal tanks will not be opened after completion of construction except for 
small ports through which corrosion specimens may pass. 

1.4 Personnel Control 

The numbers of people normally occupying this waste storage faci lity and adjacent 
facilities are given in Sect. 1.4 of Part I. No personnel exclusion ordinarily will be 
required for reason of radiation hazards or contamination. Operator attention will be 
required occasionolly to make jet transfers, etc., but this will be done in an area 
completely free of activity. If maintenance should be required on the 250-gal diversion 
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tank system, temporary measures will be required to restrict personnel access and to limit 
the area of potential contamination. A permanent installation is not provided for this 
purpose because it may never be needed and because temporary construction should be 
fully adequate and much cheaper. 

1.5 Process Description 

No processing takes place in the waste tanks other than removal of heat and 
dilution plus purging of radiolytic hydrogen-oxygen mixtures. 

The maximum anticipated heat generation of waste concentrates from six months' 
decayed fuel is ""'600 Btu/gal, which would cause the solution temperature to rise in an 
uncooled system at the rate of -65°F/hr. The average specific heat generation of the 
tank contents wi II be a function of fi II i ng rate and origi n of waste. Wastes generated 
by processes that dissolve fuel and cladding material simultaneously cannot be concentrated 
by a large factor and will have a specific heat generation of the order of 20 Btu/gal. 
Each waste tank is to be provided with three parallel submerged cooling coils, each of 
which can remove 770,000 Btu/hr when the tank temperature is 160°F. There is to be 
one condenser of 2.5 x 106 Btu/hr capocity to serve all three tanks if anyone of them 
should bol I. Duplicate means for solution transfer from one tank to another are to be 
provided. Coolers are provided for the jet suctions in order that transfers can be made 
even when the tank contents are boiling. See Fig. 11-2 for a simplified flowsheet of the 
system. Maximum corrosion rates are expected to be < 2 mils/yr, giving a minimum tank 
life of 33 years. Hydrogen-oxygen mixtures generated by radiolytic decomposition of 
water will be monitored and diluted with air to below the lower explosive limit. 

1.6 Criticality 

No criticality problem is anticipated. The purpose of the solvent extraction facilities 
is to recover fissile materials. Their treatment is very thorough and will include chemical 
analyses prior to discharge to this, or any other, waste system. Only very small quantities 
and very dilute concentrations of fissile material will enter the waste system. 

1.7 Liquid Waste Systems 

No contaminated liquid waste will be produced by this waste storage facility unless 
a leak develops in the cooling system. Even in this case, cooling water should leak into 
the tank rather than waste entering the coolant stream. The worst eventuality is provided 
for by use of a completely enclosed coolant circuit, which is in turn cooled by a water
to-water heat exchanger. 

1.8 Gaseous Waste Systems 

Ventilation air for the shielded vault and vessel off-gas from the storage tanks are 
the two sources of gaseous waste. Both these streams are routed into the Bldg. 2527 
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off-gas systems. The vessel off-gas is passed through on absolute filter and then goes 
-' to the 3039 stock for additional treatment prior to discharge to the atmosphere. The 

cell off-gas posses through a roughing filter and two absolute filters in series and is 
then discharged from a 100-ft stock in the vicinity of Bldg. 2527. 

1. 9 Monitori ng Systems 

Monitors will be provided as listed in the table below: 

Location or Stream CAM* Beta-gamma Pressure Flow Hydrogen Temperature 

Venti lotion air 1 1 1 

Vessel off-gas 1 1 

Air to storage tanks 1 

Outside vault 1 1 

Tonk contents 8 

* Continuous air monitor. 

2.0 SUMMARY 

The very high activity waste storage foci Iity wi II contain large amounts of fission 
products, but the amount of fissionable material that will be intentionally discharged to 
the waste tanks is very small: 

Material 

lodine-131, curies 

Krypton-as, curies 

Strontium-90, curies 

Mixed nonvalati Ie fission products, curies 

Heavy elements 

Pu-239, kg 

U-235, kg 

U-238, kg 

U-233, kg 

Th-232, kg 

Am-241 

In 
Maximum 

Single Tonk 

Negligible 

6 x 106 

1.2 x 108 

0.38 

3.75 

75 

1.0 

75 

Trace 

Inventory 
In Waste System 

Negligible 

12 x 106 

2.4 x 108 

0.38 

7.25 

75 

1.0 

75 

Trace 



-26-

Gaseous and short-lived fission products will be eliminated prior to storage by vaporiza
tion or decay. The amounts of fission products are estimates and will vary with the fuels 
processed. Strontium-90, which decays with a 28-yr half-life, is the controlling biological 
hazard. Quantities of heavy elements are based on an assumed loss of O. 1%. 

More than 500 kg of fissionable material could be held in solution in one 15,000-gal 
tank without reaching criticality. Stringent measures are taken in the solvent extraction 
co;nplex to assure absence of fissile material in the waste in order to maintain nuclear 
safety in that plant (see Hazards Evaluation of Bldg. 3019 ) and to prevent loss. Two 
successive gross errors are required for significant amounts of fissile material to reach the 
waste storage system: (1) failure of solvent extraction complex or (2) failure to analyze 
waste solution prior to transfer. 

No combustible materia Is wi II be used in the construction of the waste storage faci lity 
and no combustible material will be stored there. Fires are not seen as a credible 
accident. 

Hydrogen and oxygen are released from aqueous solutions of radioactive materials. 
In air, the lower explosive limit of hydrogen is 4%. The estimated maximum radiolytic 
yield of hydrogen is 4 cfh. If a tank filled with a stoichiometric mixture of hydrogen 
and oxygen exploded, the total energy would be -220,000 Btu, or the equal of -20 Ib 
of TNT. Because it is impractical to design a system to contain an explosion of this 
order, control measures are taken to nullify the probability of such an occurrence: 

1. Provide adequate di lution atr to reduce hydrogen concentration to 
<1% in air. 

2. Provide a low flow alarm on dilution air to all tanks. 

3. Provide a low flow alarm on composite air from the three tanks. 

4. Provide a hydrogen concentration monitor-alarm on composite air 
from the three tanks. 

5. Electrically ground all equipment. 

6. Provide flame arrestor in vessel off-gas line. 

These measures are believed adequate to reduce the probability of a hydrogen explosion 
to the point of incredibi lity. 
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BUILDING 25~7 ~ FIJEL S'lORAGE AND DISSOID'rION FACILITY, Part I, 

3.0 PLANT AND PROCESS DESCRIPTION 

3.1 Plant Description 

The main building of the proposed addition will be a ne"r shielded head-end 
pilot plant, Bldg, 2527, to be conetructed generally of concrete, concrete block} 
and steel, with Class I roof and insulated aluminum siding enclosing the crane 
bay and car~l. It will be composed of four major areas; (1) a concrete shielded 
cell area; ) cell aux.iliaries; (3) an enr;losed canal area; and (4) a main 
operating area, 

3.1,1 Concrete-Shielded Cell Area 

l'ne concrete-shielded cell area (Figs. I-2~ 3, 4.;> 5, 9, 10) will consist of: 
two large cells, 25 x ~:O x 30 ft .highi 'tTi th stainless steel-lined floors a.ld walls 
and With 6-ft-thick concrete walls and 5'~ft~thick ceiling having openings d6 re
qu:1,red for equipment and se::vice sleeves and removable roof plugs; and a third 
(centrifuge) cell located in the northwest corner of large cellI. The inside 
dimensions of this cell will be 11 x 9ft, walls will be 2-ft-thick solid concrete 
blocks; and floor and walls will be lined With stainless steel. These hot cells 
will house equi.pment for the Darex j Sulfex.~ and Zirflex processes, 

The 6-ft-thick cell walls and 5a ,ft=thick roof,~ which provide primary con
tainment, are designed to contai.n a shock wave pressure of 900 psf and a shock 
wave energy of 230 ft~lb/ 8:.:.1 ft, vlhichwould result from the explosion of 3 Ib 
cf TWf' in the cent.er of the cells, 

CeLL auxi.liari,es will cc,nsist of ~ a sampling gallery j approximately 11 x 62 
ft, located iDnnediately east of the cell area and containing a sample room and two 
instrument transmitter rooms; off-gas) and "hot ll and Heald" eqUipment pits located 
immediately beneath the sampling gallery; pits for a wat:er demineralizer system 
for the storage canals; and a rare gas recovery system located'immediatelY east 
of the off~ga6 and. eql.d.pment pit area (Figs. 1-2,i' 3, 4j 5, 9, 10), 

301 , 3 E:nclosed Cana 1 Area 

T'.::le south portion of the facility Will. be an enclosed canal area (Figs, 
I-2.;> J" 4, 5) 9.'1 10) approximately 33 ft wide by llO ft long, containing water 
of varying depths~ up to a maximum of 35ft, to provide a receiving station 
(unload.ing and decontamination pits) and two storage canals for large power 
reactor fuel elements 

3,1,4 .Main Operating Area 

·J:'t.e main operating area will consist of two stories and a basement, approxi
mately 36 x 64 ft in size, located west of the cell area (Figs. r.2) 3) and will 
provide spa.ce for offices" change and toilet room facilities, process makeup area, 
control room, and a basement eqUipment room, 
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An enclosed craneway, approximately 144 ft longj will provide 75-ton and 
auxiliary lO-ton handling capabilities from the roadway located immediately 
south of the canal area, across the canal and over both cells. 

3.2 Process De~cription 

Tb.e process equipment to be installed in the ORNL Power Reactor Fuel 
Processing Pilot Complex is to demonstrate head-end processes appli~ablc to 
the recovery of uranium and plu.tonium from spent power reactor fuels en(. to 
recover fissile material from all thorium fuels.;> stainless steel-clad 10\:
enrichment uranium fuels, and nondomestic research reactor fuels, The processes 
that will be demonstrated are: (1) Darex, a total dissolution process applicable 
to stainless steel-clad uranium fuels of all enrichments or a selecti".re dissolu
tion process for stainless steel-clad thoria fuels; (2) SulfexJ a selective dis
solution process using sulfuric acid for dissolution of stainless cladding 
and nitric acid for core dissolution; applicable only to medi.'urn- and low-enrich
ment fuels; and (3) Zirflex, a selective dissolution process similar to Juliex 
except that ammonium fll.l.oride is used to dissolve the Zircaloy cladd:i.ng, 

3.2.1 Darex Process 

The Darex process accomplishes total dissolution of stainless steel-clad 
uranium-bearing ~lels in boiling dilute aqua regia (5 ! HN03~2 ! Hel). Although 
this solution is very corrosive to most metals, titanium is almost completely 
passive to aqua regia, Dissolution of stainless steel in aqua regia is rapid, 
evolving appreciable quantities of nitrogen oxides but essentially no hydrogen. 
After the dissolution, chloride is removed from the dissolver product by evapora
tion in the presence of ~9 M nitric acid so that all subsequent operations may 
he carried out in stai.nless-steel equipment. Dilution to "Torkab1e concentrations 
follows chloride removal, Because appreciable quantities of silica are usually 
present in the cladd1ng and/or core material, it probably will be necessary to 
clarify the product to make it suitable for solvent extraction feed. Figure 1-6 
illustrates the flowsheet of equipment to be installed in Bldg. 2527. 

The Darex process can also be used for chemical decladding of stainless 
steel-clad thoria fuels due to the low dissolution rate of thoria in aqua regia, 
losses of fissile material to aqua regia have been low in tests performed to 
date on both irradiated and nonirradiated fuels, Thoria is dissolved, after 
removal of the cladding solution, in fluoride-catalyzed nitric acid, Titanium 
seems to be an adequate material to contain the thoria dissolvent when suitable 
complexing agents are used, 

3.2,2 Sulfex Process 

The Sulfex process is applicable to uranium- ?r thorium-bearing fUels of 
medium to low enrichment (10% #35 maximum) clad in stainless steel. Dilute 
sulfuric acid (3 to 6 M) dissolves stainless steel at adequate rates, releasing 
apprOXimately 8 cu ft of hydrogen per pound of stainless steel dissolved. The 
reaction between stainless steel and sulfuric acid can be initiated by contacting 
the fUel assembly with a specimen of active metal such as iron or zinc. When 
dissolution of the stainless steel cladding is almost complete, the solution 
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temperature is lowered and the supernatant liquor is transferred to a catch 
vessel. Rinsing follows to prevent contamination of the core dissolvent with 
decladding solution. The core can then be dissolved in the appropriate solu
tion, 8 M RNO for uranium or 13 M RNO -0.04 M HF-O.l M Al(NO) for thorium. 
The vessel mu~t then be rinsed to-prev~nt loss of dissolved cdr~ material to 
the decladding solution in the next batch. Tests to date on reactor grade oxide 
indicate that soluble losses of uranium from uranium oxide pellets are < 0.1%. 
In the handling of ceramic core fuels, the separation of fines from the solution 
of the clad may be required~ The quantity or size of particles produced is not 
yet accurately knowu j although current indications are that this problem is not 
severe. A centrifuge or filter is planned for removal of solids from both the 
clad and core solutions. 

Nionel, an International Nickel Company alloy, appears to be an adequate 
material of construction for containment of the dec lad solution and for all 
anticipated core dissolvents, Zirconium shows excellent corrosion resistance 
to Sulfex solutions provided the core dis solvent does not contain fluorides 
(necessary for thori'um or tho ria dissolution). 

The quantities of radioactive and fissile material that will be prepared 
for solvent extraction in Bldg. 2527 are given in Table I-I. 

3,3 Waste Syst.ems Descri:ption 

3.3.1 Process Li~uid Wastes 

Process liquid wastes are characterized by their normal acti vi ty content 
resulting from having been in contact With irradiated fuel, or having been a 
part of a fuel solution, or having removed activity from a waste stream or 
eqUipment piece. Approximate volumes and activity content of process waste 
solutions are: 

Source 

Decladding waste 
Evaporator condensate 
Miscellaneous 
Metal waste 
Caustic from scrubbers 

Liters per 
Q:eera ting Dal 

1200 
1800 
100 

nil 
400 

Curies :per Liter 

0.6 
0.05 
0.5 

1000 
0.04 

These wastes will be routed from the building to the 170,OOO-gal concrete 
waste storage tanks (described elsewhere) via 2-in, stainless steel pipes. 
Metal waste will be sent to a separate storage tank from the other wastes. 
Wastes having neglig:tble specific activity will be routed to the plant process 
waste systems, The origin and disposition of process waste is shown in Fig. I-7 . 
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3.3.2 Cooling Water and Steam Condensate 

Cooling water and steam condensate from heat exchangers and vessels that 
contain radioactive materials will be (a) recirculated through an intermediate 
heat exchanger cooled by cooling tower water or other economical means, or (b) 
will be monitored by sensitive monitoring instruments, with provisions for 
impounding and treatment if contamination is detected, The streams involved will 
normally be completely free of radioactivity and will be contaminated only in
frequently by equipment failure. 

3.3.3 Dissolver Off-gas Systems 

Dissolver off-gases from Bldg. 2527 will be either scrubbed, filtered, 
and exhausted to the atmosphere through a remote stack or passed through a rare 
gas removal system and exhausted to the atmosphere through the ORNL vessel off
gas system. The choice of system will be determined by the availability of 
funds; the rare gas recovery system is the most desirable alternative, but it 
is questionable if the additional expenditure for the system is warranted in 
view of the apparently satisfactory remote atmospheric disposal system, 

The gaseous activity that will be generated in the Bldg. 2527 dissolvers 
in the interim processing of power reactor fuels is tabulated in Table 1-2, The 
maximum acti8~ty that will be released in a single dissolution will be 1930 
curies of Kr ) from a batch of CETR fuel. Iodine and xenon isotopes will have 
decayed to such an extent '!:lefore the fuel is processed that they will be bio
logically insignificant compared with the Kr85, and particulate activity will 
be filtered below the significant level. The gas will also be passed through a 
caustic scrubber, which will further remove approximately 99.9% of the iodine 
in the DOG.* 

Remote Stack Disposal of Dissolver Off-gases. The peak release rate of 
Kr85 to the dissolver off-gas sysS5m will occur during the decladding of CETR 
fuel when up to 1200 curies of Kr may be evolved during a 20-min period 
(this release rate is at least a factor of 10 higher than that expected), Using 
this maximum emission rat,e~ 1 curie/sec, calculations were made to determine the 
peak~ maximum average, and yearly average ground dose rates that would result 
frOID. the release from the existing 3039 stack and conceptual remote stacks 
located on Haw Ridge and Melton Hill. Properties of these stacks are listed 
in Table 1·~3. The results of the calculations are tabulated in Table 1-4. 

The peak ground dose rates were calculated by· applying Suttonjs continuous 
elevated point source diffusion equation with a negligible stack height and 
vigorous lapse rate. This method was suggested by Gifford.** Atmospheric 
stability parameters and diffusion coefficients fromAECU-3066*** were used. 

*it. V. Seyfrit, liThe Removal of Iodine from Dissolver Off-gas by Caustic 
Scrubbing," HW-50259 (1957). 

**Gifford, U.S.W.B.O., Oak Ridge, Tenn., personal communication, January 1960, 

***AECU-3066, U. S. Dept" Commerce, "Meterology and Atomic Energy," (July 1955). 



Fuel Batch 
Batch Cycle 

Reactor Size, Time, 
Fuel kg hr 

CETR 250 Th 5.0 

Rural 276 Th 55 
Coop 

NMSR 222 U 18 

FWC-EC 162 U 19 

CPPD 212 U 17 

PRDC 252 U 20 
Radial 

EGCR 200 U 16 

, 

Table 1-2. Gaseous Activitl That Will Be Released 
through Bui1din~ 2527 Dissolver Off-gas §rstem 

Activity per Batch, Released to AtmosEhere Eer Batch l curies 
curies From Rare Gas Recove:z From Remote stack 

Kr85 r131 
Xe133 

x 105 Kr85a 
r131b 

x 105 
Xe133a 

x 107 Kr85 
r131b 

x 105 xe133 

x 105 

1930 .0.042 2.4 19.0 4.2 2.4 1930 4.2 2.4 

720 0.024 1.3 7.2 2.4 1.3 720 2.4 1.3 

680 0.010 0.61 6.8 1.0 0.61 680 1.0 0.61 

610 0.015 0.85 6.1 1.5 0.85 610 1.5 0.85 

280 0.011 0.64 2.8 1.1 0.64 280 1.1 0.64 

94 0.003 0.17 0.94 0·3 0.17 94 0·3 0.17 

780 0.008 0.45 7.8 0.8 0.45 780 0.8 0.45 

aThe rare @as recover,y system is designed such that it will recover 99% of the xenon and krypton. 

brt is assumed that 99.9% of the iodine will be removed in the caustic scrubber~ (Reference 
HW-50259}. ~ 
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Table I-3 Characteristics of Stacks 

Effective Sea 
Stack level Elevation Average Annual Wind Speed 

Stack Height) ft of Stack, ft at Top of Stack, mph 

X-IO, 3039 250 llOO 5.0 

Haw Ridge 500 1500 9·0 

Melton Hill 100 1456 8.5 



J 

Table 1-4, Ctrmmd Dose Rates He:,)'u.lting from Gontinuous 
ErJJi2,sis;n '01' 1 cu:r:~ez:sec .~. from St..a£.lfs~ 

,,",,,,---,,,,,,,,,,,,,,,-•. - ... ~ 

Wind Ground Dose Ratez* mrLhr 
Ground Differential Distance, Frequency, Avera&E; 

Stack IDcation Elevation, it ft % Peak JlIax. Yearly 

3039 X-10 300 460 30 250 2.5 0.05 
TSF 40 11,500 2 0.77 0.63 0.038 
HRT 260 3,500 8 7.3 3.4 0.17 
EOOR 240 12,500 10 0.65 0.54 0.10 

Haw X-I0 700 2,000 10 9·8 0.25 < 10-5 
Ridge TSF 440 10,000 7 0.56 0.33 0.023 

HRT 660 2,000 10 9.8 0 < 10-5 
EGCR 640 11,000 15 0.50 0.31 0.0'25 

Melton X-10 656 7,000 8 -:1.1 0·31 0.0013 
Hill TSF 396 4,000 8 3·0 0.85 0.005 

HRT 616 4,000 15 3·0 0·35 < 10-5 
EOOR 596 13,500 15 0.34 0.20 0.063 

*TO obtain the ground concentration in curies/m3 or the dilution factor in sec/m3, multiply 
the dose rate values by 1.2 x 10-5/2.5. 
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These peak dose rates represent what is thought to be the maximum ground dose 
rate that will ever oCC"J.r, Near the stacl~s, where the peak dose rates are much 
higher than the average, the peaks will have a short duration ("'1 sec) and a 
small frequency of occurrence (several times per hour). Far away from the stacks 
where the peaks approach t.he average, the peaks will have a somewhat longer dura~ 
tion and larger freq:.lency of occurrence, 

The maximum average ground dose rates, which represent the !J1I3.Xirmlnl ground 
dose rates averaged over about 1 hr, were calculated by Sut.ton!s equation, 

The aver'age anU"<.lal dose rate for a particular locaticm was calculated from 
v, modified Sutton equation, taking full credit:fbr distance from the stack, stack 
height, and wind directional frequency. A neutral stability parameter with 
corresponding diffusion coefficients was used. vlind roses for the X-IO area 
from OROc-99* were 'lsed. In general, conservativ-e values of wind freq,.=.p.ncy were 
used in order to compensate for cross wind dlffusio!). 

age cal~ulated peak ground dose rates in the X~10 area due to 1 ~urie/sec 
of Kr -,' being evolved from the 3039, Haw Ridge, and Melton HilI stacks will be 
250 j 10, and 1 mr/hr" respectively. The maximum average dose rate for the three 
stacks~ in the same order2 Will be 2.5, O. } and 0.31 mr/hr J while the yearly 
average dose rate for all three stacks will be less than 0,05 mr/hr. It is cal~ 
culated that the peak ground dose rates d'ile to activity from any of tb.€ stacks 
will not exceed 10 mr/hr at the HRT, 3 mr/hr at therSF, and 0.7 m:r/hr at the 
ECif;R. 

The calculati.ODs cl~arly indicate that Since, in reality:> ler85 would. be dis
persEd at a rate of 1 cU:de/sec for more than 20 min per batch of fuel (about 
70 minutes per week);, direct disp0rSal of the dissolver off~gases to a remote 
sta=k would be safe. Direct disposal of ttle gases to the 3039 stack would probably 
not be feasible, however, since the high peak dOS9 rates, up to 250 mr/hr, would 
disturb OFj'~L lQ:.J'-level counting experiments and Healtt. Physics moni taring proce
d'xres 0 

Dissolver Off~ s Diaposal through Rare Gas Removal S stem. The conceptual 
rare gas removal system Fig, I-II) can be divided into two main sections: the 
gas pre?aration section upstream of the main compressor and the rare gas removal 
B~ction beyond the compressor. 

Two gas preparation systems Will be used, If the off-gas contains oxides 
of nitrogen (1{hich are present in Darex off-gas and in off-gas from nitric acid 
dis901:;.~tion of uranium and U02 ), air will be added to t.he surge tank t.o convert 
the NO to N0

2
. Subsequently, the gas will be scrubbed in caustic sCT'<lbber A for 

N0
2 

removal. The gas stream will then be heated, filtered to remove particulate 
ma't:5er, and sent to an N

2
0 reactor to decorqpose the N

2
0 into N2 and 02 over a 

400 C rhod:l.um catalyst bed. After being cooled .. the gases wilL be sent to the 
main compressor, Off-gases containing either hydrogen (from Sulfex) or ammonia 
(f~om Zirflex) will be caustic-scrubbed and filtered as before, but air will not 
be added to t,h e surge tank. After fi 1 tra tion, the hydrogen or ammonia wi 11 be 
by~passed to ot~er eqUipment, where it will be reacted with air over a platinum 
c~~aly.:t ~~ 400 C in the presence of sufficient steam to dilute the H2-02 or 

¥.~ 

·u • S • W . B. 0., CBk Ridge, Tenn., "A Meteorological Survey of the Oak Ridge Area, II 
ORO-99 {November 1953). 
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NH -02 mixt-J.re below its lower explosive l:i.mi to A :recirculating steam system 
mo~ivated by a steam jet will be used to reduce the over-all volume of steam 
required for this dilution, Temperature control of tt.e system will be accom~ 
plished by desuperheating the recycle steam with process '''ater. Excess steam, 
rare gas, and NO formed fruring the combustion of NH. will be vented through a 
pressure controller to a condenser. Caustic scrubbJr B will then remove t.he N02 
formed by the !'eacti.on of NO with the excess oxygen in the system, Therefore .. 
the gas streams entering the main compressor from e1 t~her scrubber B or the N20 
reactor will cont.ain essentially No' O~, and the rare gases, and ,dll be saturated 
v1i tb we ter vapor. "- -

C~6es entering the rare gas removal system will be compressed to about 100 
pSi, Cooling j condensation of water vapor, and residual nitrogen oxides removal 
Will occur in the regegerator syst.em, The rare gases will then be absorbed in 
Freon~12 at about -120 C in the liquid Freon scrllbcer, The decontaminated gas 
stream will return to the regenerator system to provide refrigeration for the 
feed gas and to pick ~.lp depOSited water and nitrogen oxid.es for disposal at the 
stack. A separation of the rare gases from absorbed N<':I and 0 .... Will be carried 
out in the fractionator J but the overhead from this column wifl contain sufficient 
rare gas to necessitate its recycle to the feed gas stream 0 After be:i.ng stripped 
from the solvent .. the rare gases will be compressed and then stored in shielded 
cylinders, 

The estimated number of curies of actin ty that. wll1 be released to the 
atmosphere per day with the rare gas removal sys4;em during processing of the ORNL
committed power reactor fuels, decayed six months J are shown in Table 1-2, Parti
culate activity has not been included because, after the DO(~ has been passed 
through a scrubber and filters J this type of act:i..v1 ty will o~cur as a smaller 
fraction of the permissible ground concentration "!:.han the Kr/j5, 

Average ground concentration will be highest during the 75-day CETR pro
cessing program, If average annual weather cor...ditions exist during this campaign, 
the 3039 stack plus atmospheric dilution Will be L6 x 10-5 sec/m3 and the corre
sponding maximum average ground concentration will be 4,3 x 10-9 ~c/cc, This 
grO'l:i.nd concentration, which wou.ld occur in the8~=lO area, corresponds to 0004% 
of tbe maximum permissi~le concentration of Kr ,the gontrolling radioisotope¥ 
in air for 40 hr/week occupational exposure, 1,2 x 10"· v-c/cc, The dilution at 
a distance;; mile§ from the stack~ during average annual weather conditions p would 
be 2 x lO~8 sec/roj , which corresponds to an average ground concentration 0.00003% 
of the rope. The maximum ayerage ground concentration during the time required 
for decladding CETR fuel wou.lr.l be 1% of the mpc}J wlth instant.aneous peak values 
as high as the mpe, 

3,3,4 Vessel Off-gas System 

Process vessels in Bldg. 2527 Ylill be vented to the 3039 stack through a 
6-in. stainless steel pipe off-gas line, The line will contain a condenser and 
absolute bUrst resistant deep bed filter in the proximity of Bldg, 2527 tl:) remove 
steam and the bulk of the particulate material from the air streams prior to dis
charge of the air to the staGk. The only air that Will be released through the 
yessel off-gas system Will be that bel.ng used in the process to sparge vessels 
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or airlift solutions plus relatively small amounts of instrument air and in
leakage. 

Experience in evaporating radioactive solutions has shown that the activity 
of evaporated water or steam from the solution is negligible compared with the 
activity of the liquid part.icles in the gas stream. These liquid particles, 
which '1;rary in size from a fraction of a micron to several hundred mi crons de~ 
pending on the velocity of the gas stream, have essentially the same ~r):ilposi tion 
as the solution from wh:i,~h they have escaped. Using particle size distributions 
obtained in cooling tower experiments,*' Thorex Pilot Plant sparg:i,p..g data.l'~·* and 
settling velocities given in the Chemical Engineers Handbook,*** it was possible 
to derive a relationship which yields the maximum particulate concentration in 
an air stream as a function of the minimum superficial velocity of the stream. 
This relationship is shown in Fig, I-12. For superficial velocities less than 
about 0,15 ftl sec J an aerosol formed by vigorous mixing of a solution vtl th air 
is metastable and contains particles with a mean particle Si:zetof approximately 
10 microns and has a concentration in the order of 10-15 mg/m~ After several 
changes of direction in the off-gas line, the mass mean particle s~ze will be in 
the order of 3 microns and the concentration will. be about 10 mg/m c The particle 
size distribution at this point Will contain e~ual weight fractions of particles 
in the ranges of < 0.4 ~, 0,4 to 1,3 ~, 1,3 to 3 ~j 3 to 5 ~y and> 5 ~.tt This 
particle size distribution is shown on logarithmic probab:lUtypaper in 01-13. 

'I'lle concentration of liquid particles that pass thl'ough an absolute filter 
may be calculated from the data of Fig < I-2 and characteristics of the fi.lter, 
It is c(.mservatively assumed that a CWS or Cambridge type absolute fi,lter w"ill 
remove all particles greater than 5 ~, 99095% of particles in the range 5-0,3 ~, 
95% c:f particles between 0,3 and 0,1 ~, and 87% of particles less than 0,1 j.l, 

Using these assUlIq?tions and the particle size distribution given 1.n Fig, 1-2, 
the concentration of liquid pa.rticles in filtered air would be 

'I'he llBXimum permissible concentration in air of radioactive aerosols that 
contai~t~ypical PRFP solutions, six months' decay, were calculated from data in 
NBS-69 I T the maximwn permissible concentrations are weighted,! using the frac-
tion of activity of each type in a typical PRFP solution containing 6.8 ~-I' 

*K. Ko M"C.Kelvey and M, Br'ookeJ) "The Industrial Cooling Tower" II Elsevier Pilblishing 
Co. j New York j 1959. 

R. Parrott j ORNLs persor~l communication, Oct. 20~ 19590 

*lC*,j. H. Perry.9 "Chemical Engineers Handbook j II McGraw-Hill Beck Co. fl Inc o.y 

New York» 1950. 

tP. 1. Magill et aI" !lAir Pollution Handbook," McGraw-Hill Book Co,,; Inc, 
r.lew York, 1956; S. K. Friedlander et a1., "Handbook on Air Cleaning, II USEAC J 1952, 

ttI. C. Suddath; ORN1,9 personal communica.tj,on; Oct, 21, 1959. 

tttNBS Handbook 69)1 lfM9.ximwn. Per:missible Body Burdens and Maximunl Permiss~ble 
Concentration,s of Radion:uclides in Air and j,n Wat.er for O~cu:pational Exposure; II 
June 1959. 
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F r g. 1-13. The particle size distribution of a stable aerosol which has encountered 
several changes of direction in a pipeline. 
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curies/ml, and a correction is made for the probable plutonium concentration, 
the gross ~-y mpc for occupational (40 hr/week) exposure is 6.6 x 10-9 ~c/cc. 
The maxim~~ ground concentration resulting from sparging and ai~1ifting typical 
head-end solu.tions and from the maximum credible nuclear excursion in a process 
vessel have been estimated from this value of mpc and the aerosol data. The 
folloWing assumptions were made to calculate the gra'lnd concent:cation resulting 
from sparging a vessel: 

, .... 
2. 

/ 
2 Air sparge rate = 1.3 scrm ft of 

Average annual vleather condit~ons 
atmosphen!!V= 1.6 x 10-5 sec/m ) .. , 
PRFP vessel diarnnter = 5 ft 

vessel sectional area 
(dilution in 3039 stack and 

The air flm" rate in the vessel off-gas from a sparger then would be 

-2 3 = 1.2 x 10 m /sec 

This flow rate j the SOlu~ion activity (6.8 x 10F3 curie/rug), the particulate 
concentration (0.14 rug/m ), and the stack dilution may be used to calculate the 
maximwn average ground concentration: 

= 8 -10 J 

1. 3 x 10 ~c/cC 

This maximmn. average ground concentration corresponds to 2.8% of the mpc. The 
percentage will vary in direct proportion to the number of spargers that are 
ol?e:reting at an;y particular time. During normal plant operation it should not 
be neces'sar..f to use more than t-w-o spargers simultaneously. 

The maximum average grouncl concentration resulting from the operation of an 
airl:ift was calculated by methods S'!iJnilar to those used for sparging. These 
calculations, in which average annual weather conditions and a conservative air~ 
fIm., per airlift, 1.5 sefm, were used, showed that each airlift will cause a . 
maximum average ground ~oncentration of 0.17% of the mpc. During normal head
end plant operation it should not be necessary to use more than two or three 
air·lifts at the same time, 

3.3.5 ael~ Ventilation System 

Vent:i.lation air from the Bldg. 2527 cells Will be passed through burst
resistant filters, combined with sufficient air to make a total of 13,000 cfm, 
and blown to the atmosphere through a 100-ft-high 3-ft-dia stack. The pre
filtered ventilation air will enter the cells through intake lines near the 
ceiling and exit thraugh 30-in. ducts located near the floor. The air exit 
is baffled to prevent air from being splashed into the ducts. Approximately 
0.5 in. II~O negative pressure will be maintained in the cells by the exhaust fan . 
This nega~ive pressure will cause a normal air flow of 1500 cfm per cell and an 
airflO'tV' of 10,000 cfm during the infrequent occasions when a cell roof plug is 
removed. All a.ir that enters the cells will normally leave through the filters 
and stack, since the air intake lines will have check valves to prevent backflow 
a~d other cell openings will be tightly sealed to minimize leaks. 
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The filters are burst-resistant in the sense that an orifice vlill be 
provided in the ventilation line ahead of the filter to limit the air flow 
such that a pressure drop across the filters cannot reach the bursting pressure, 
6-8 in. v.g. For example, if the orifice is designed for a pressure drop of 0.1 
in. v.g. at the normal cell air flow of 1500 cfm and an incredible pressure of 
20 in. of water suddenly developed in the cell, 18 in. w.g. presoure drop would 
occur at the orifice and the pressure at the filter would not exceed 2 in. v.g. 
This orifice would also provide a pressure drop of 4.4 inb w.g. for the 10,000 
cfm that is required when one of the roof plugs is removed 0 This difficulty can 
be overcome by (1) providing a blower with sufficient capaci.ty or (2) removing 
the orifice during shutdown when the cells do not contain appreciable activity 
and it is desired to open the roof plugs. 

The only way whereby appreciable activity can get into the cell ventilation 
air is through the rupture of, or leak from, a vessel. An accident of this type 
is treated as a maximum credibJij; accident in Sect. 4.5. 

4.0 HAZARD DESCRIPTION 

4.1 Radiation 

The maximum activity of fuel to be handled in Bldg. 2527 is greater than 
has been routinely encountered previously, with the possible exception of some 
specIal purpose run.s that were made in order to recover raciiolanthanum (Ra-Ia) 
or Pa233 from short~decayed irradiated thorium (short dd'y rrhorex). It is ex
pected that most fuels will be processed only after ~180 daysi decay. Presumably 
most fuels will net be shipped from the reactor site prior to 120 days v decay. 
The fuel assemblies from the Consolidated Edison Thorium Reactor are 'the most 
active of any scheduled for processing; the activity of a 250-kg batch (two 
assemblies) and the shielding thickness required to reduce the radiation field 
to 0.25 mr/hr are: 

Activity per 250~kg batch 

Shield thickness for 0,25 mr/hr 

Canal (water) 
Dissolver 
Solvent extraction feed tank 

6 
1.7 x 10 curies 

12.5 ft 
6 ft 
5.3 ft 

The canal and operating areas are therefore adequate for ~ll-time occupancy 
and the roof area of the cells (With 5-ft shielding) is adequate in the worst 
case for limited occupancy. Under actual installation conditions j the activity 
level over the cells probably Will not exceed 0,25 mr/hr; and under the worst 
conditions, the activity would be only 2.5 mr/hr at one or two spots, 

Process solution saIllples will be taken by fully remote means} remotely loaded 
into a shielded carrier j and transported to the analytical faCility. MOst of the 
samples will be transported to the existing Bldg. 3019 analytical faCility. A 
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maximum sample activity of 35 curies of gross beta-gaIlh"l19. with negligible alpha 
will occur when 5 ml of the most radioactive process solution is transported, 
The radiation dose rate at the surface of the sample carrier will be l:l.!lIi ted 
to '10 mr/hr, 

Fuel assemblies will be loaded into the dissolver singly (in the case of 
large assemblies) or poasibly as a cluster of assemblies held together by an 
expendable cage. Tney ';fill be drawn vertically through a shielded tube in the 
canal loading area into a vertical charger located on a pad sligl'1tly above water 
leveL The carrier will be Ehielded with 11 in, of leadJ ,{hieh will limit the 
radiation field at contact to 10 mr/hr. Dissolver closures and shield:i.ng vJill 
be so arranged that at no time will radiation escape directly from the dissolver 
or fuel assembly. 

4.2 Cri ticali ty Conside.ra tions 

This facility is igtsnded for processing} under semiproduct.ion conditions, 
fuels enriched to 20% ~j, Fuel types range from the ceramic oxide type 
(typified by CETR fuel made of Th02-U02 ) clad in stainless steel to the sodium
bonded uranium alloy type, through the aluminum-clad uranium-aluminum alloy 
class, Enrichments vary from the n:aximum. stated above to depleted in some of 
the uranium metal fuels, The enrichment and batch size of one dissolve~ charge 
for various fuel assemblies is: 

Reactor Fuel 

CE'rR 
Rural Coopers t:i ve 
NMSR 
FWC-EC 
CFF!:> 
PRDC Radial Blanket 
EGCR 
Nondomestic Research 

Batch 
Total 

250 
276 
222 
162 
212 
252 
200 

10 

Sizez k~ 
U-235 

22 
11 
10 

3 
7 

nil 
5 
2 

Enrichment.l. 72 

9 
4,2 
4,6 
2 
3,2. 

deplet.ed 

20 

Undissolved fuel constitutes the greatest criticality hazard becau.se in 
this condition high concentrations of fissionable material are readHy attained. 
Special pr~cautions are therefore required in the fuel storage canals" in the 
dissolver~ and in any other pieces of eqUipment that may receive significant 
amounts of undissolved fueL Homogeneous solutions encountered in processing 
of power reactor fuels can also reach cri ticali ty j but simple control measures, 
such as dilution, are usually applicable. 

4,2.1 Nuclear Safety Control in Fuel Storage Canal 

In the fuel storage canal individual fuel elements will be stored in 
eri ticali ty-safe racks which are one element wide and approx:i:r:r:ately 15 it 
long, The racks Will be made of heavy metal for structural integrity and will 
be separated from one another by at least 12 in. of water to prevent interaction, 
Fuel elements will be transported via a crane from a shipping carrier to the 
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racks or from the racks to the dissolver~usually one element at a time "but 
always in a batch such that it could not cause a nuclear reaction in the case 
of a crane or operator accident. 

It is thought that procedures and interlocks that Will be designed into 
the canal operations Will preclude any nuclear reactions, Even a nuclear 
reaction should occur, the gaseous fission products would probab~y not be re
leased from the fuel, and the direct radiation dose rate at the Sllrf'ace of the 
canal 'iOula. be even lower t·han the dose rate through 6 ft of concrete (s,ee 
Sect. 1~.2,2). 

4.2.2 Nuclear Safety Control in the Process 

The general plan for criticality control in the process is limitation. of 
geometry in the dissolver, settling eqUipment, and other equipment tr_at 
will in the norma.l course of operation contain solid fissile matter; 'Use of 
instrumentation, procedures, etc., to detect and/or prevent accumu.la tion of 
significant amounts of fissile solids; and use of soluble nuclear poisons and 
concentration control. for homogeneous solutions. Figure I-6 is a schematic 
representation of the proposed process equipment, which shows the geometrically 
safe dissolvers and solids separation equipment. Neutron, specific gravity, 
and radiation monitors that will be used to detect solids in the nongeometri
cally safe vessels which follow the dissolver are also shown, other monitors 
will be used to ensure that the required amount of soluble :aeutron poisons are 
in solution. The decision to use a conditionally safe system il/aS based on 
the premise that administrative procedures and instrumentation can decrease 
the probability of a nuclear incident to a very low value and that the faCility 
is adequately designed to prevent excessive exposure of personnel to radiation 
and to prevent any significant spread of contamination to the environment if 
a nuclear reaction should occur, The nuclear safety proced:.aes and eqUipment 
are described more completely elsewhere."*" 

Two rather difficult problems in cri ticali ty control resul.t from the un
usual natm~e of the fuel being processed. In the first case, the ceramic 
oxide fuels are subject to breakage and fracture due to thermal mech-
anical shock, etc., and therefore some fraction of the fuel may be transferred 
from the dissolver to subsequent vessels with the various dissolvents, Since 
subcritical amounts of fuel might always be removed from the dissolver) pro
gressive accumulations in subsequent vessels might cause a nuclear il1eident, 
Therefore precautions must be taken to prevent removal of undissolved fuel 
from the dissolver complex or to prevent accumulation of a critical mass in a 
subsequent vessel of unsafe geometry. Several means are available which can 
accomplish these results. In the second case, molybdenum contained in the 
CPPD and PRDC fuels precipitatesunder certain conditions when the fuel is dis-
solved in ni tr1c acid. This presents a cri ticali ty problem due to "carryingll 

·If 
J. P. NicholS, "Proposed Methods for Maintaining Nuclear Safety in the Darex-

Suli'ex Head-End Process," ORNL-CF-59-10-40 (October 1959); A. R. Irvine et aL, 
IIA Review of Factors Bearing on the Nuclear Safety of Equipment for the PRFR 
Head··End Facility, II ORNL-CF-60-1-102 (January 1960); A. R. Irvine) II.Management 
Criticality Review, Power Reactor Fuel Processing," ORNL-CF-6o-1~82 (January 1960). 
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capacity of the precipitate for a large fraction of the pu4
+. It is there

fore necessary to either positively prevent formation of a precipitate or 
to arrange to maintain any precipitate in a geometry or batch safe condition. 

It is planned that detection and automatic pOisoning systems will be in
cluded in the facility to signal evacuation orders and shut down any nuclear 
reaction. The detection system probably Will consist of BF~ counters strategi
cally located in the cells and selectively shielded to perm!t adequate dis
crimination of neutrons from gamma radiation. The reaction shutdown system 
probably Will consist of cadmium solutions stored under a high pressure, which 
Will discharge into process vessels in the event that a nuclear reaction is 
detected. 

Experience has shown that the most probable nuclear reaction in a Bldg. 
2527 process vessel would consist of an initial and most powerful surge of 
approximate~~ 1017 fissions, Such has been the case in approximately 15 prompt 
critical excursions which have occurred, several in heterogeneous systems, in 
critical assembly laooratorie~ and production plants. In solutions and water
moderated lattices the energy release in 1017 fissions is apparently sufficient 
to temporarily shut down the nuclear reaction due to thermal expansion and 
bubble formation and may allow time for the action of a permanent shutdown 
procedure to prevent recurrence of the reaction. If a shutdown device is not 
actuated after the initial surge, the reaction may tend to recur and gradually 
boil away the moderator or expel fissile material from the reaction vessel un
til pe~manent subcriticality is obtained. This type of ac19dent is typified 
by the recent Idaho incident in which approximately 4 x 10 fissions occurred 
in a period of approximately 7 min before permanent subcriticality was achieved. 

It is expected that the most probable nuclear reaction, of the type de
scribed in the preceding paragraph, would not result in the rupture of a pro
cess vessel, In the previous accidents the individual exnursions occurred in 
periods of approximately 0,1 sec or longer and &id not result in vessel rup
tures even though some of the vessels had restrictive vents. Excursion times 
of the order of 0.1 sec are relatively long by physical standards, and the 
energy of an excursion may be released without formation of a high-pressure 
blast or shock wave, The consequences of such a nuclear reaction that would 
be contained in a process vessel would be that plant operating personnel would 
receive direct exposure from prompt neutrons and gammas Which passed through 
the cell wal~and activity would be released to the environment through the 
vessel off-gas system. 

The integrated direct radiation dose through 6 ft of concrete that might 
be received by Bldg. 2527 personnel before they evacuate in the event of a 
nuclear reaction is: 

Number of Fissions in 
Nuclear Reaction 

Integrated Dose at OUtSide 
of Cell Wall, rem 

0.0012 
0.012 
0.12 
1.2 
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The dose rate t};.a't personnel. would receive from the ini t1a.l surge would 
probably be of the order of L2 rnrem 11lith credible exposures as high as 
L2 rem in the event that peraonnel di,d not evacuate the building and reaction 
shutdown mechanisms did not operateo 

4 .3 Ai~tivity ReleasE:~.~a Contained Nuclear Reaction 

If a contained m.lclear reaction o::curred in a process vessel) activity 
l<Tculd be released to the vessel off~gas system and thence to the environment. 
The activity wo-ald c;onsi.at of fresh gaseous fission products and solution 
particles, 

Particles of the pr,JcesB sclut:lon would ue carri~,;d into the vessel ofi'-
gas system by the steam and small amo·,mt of gas genereted in the nuclear 
ree.ct:i,on, Most of the steam would be condensed in llearby vessels, the vessel 
off~gas condenser, and:tn the '\fro lines near the pr~cer,s building. The only 
activity that wou:id escape to the 3039 st~ack cleaning system through the burst
resistant VOG: filte::'s would exist as extremely small solution particles entrained 
in any air that might be flowing through the line" The mpe of particulate 
activity resulting from any co~ceiva.ble nuclear ref!ct;ion would be equal to the 
mpc for normal PRFP solutions, since shor;t~11ved. activity resulting from fresh 
fissions is biologically insignificant ;;oIl'1:pared with activity from long-decayed, 
power reactor f'ueL It may be conclud.ed, that", since particulate activity from 
an accidentW'ou.ld be carriEd through the f:i.lters only 5 . .1.1 a prevailing air 
stream and Sl.n.::ce any air flo'l:lfing in the VOO sy!;'tem "rQuld Hlready have the stable 
aerosol concentration and particle dze d'i.stribution from sparging or airlifting, 
a nw:;lfi6.!' ,$X;;U:r8l0::1 '.ro'1..:.::l probably not irll.:rea:';'::.' 'the act~vit;y c,f thlil filtered air, 
and thus t~,:,o::; gl'OUUl ,.:;emcentration9 by any significant aromm":, ove'!" that a.lready 
presen.L The cOX1seg,uem:E:s due to the release of gaseo~.l.s fission products that 
would be formed j.n th.a maxi:aru:lll contained nuclear accident may be calculated in 
a manner analogous to that described in Sect 0 4 5 since the n:a.ximum downwind 
dOBe from a VOO r€' 1.ease is directly proportions,l to the munber of fissions 
that C:;:C1lr :::.n the reaction, 

It is veryunUkely-, though not completely lncom,!eivab.le,JI that a nuclear 
reaction could OCC\IT whicb would rupture a process vessel and scatter its 
contel:!,ts ".llr;(.)ughO'lJ.t a prvces5 c;ElL 'The c.onsequences of such an accident, in 
addi t::on. to direct radiation expClsure and release of activity to the vessel 
off=g;assystemj wou,ld be that activity could 'be released t.:; i;he atmosphere 
,..hrcri.1gh the cell vent:i.J.ation system and cracks in thl:: cell walL This type 
:;f accident is treated as the :maxim.:un credible accident in Sect. 4,5, 

4.3 Chemical Hazards 

No unusual hazariis due to chemicals are anticipated. Chemicals to be 
used are ~SO, J 600/0 HNO $ a'queous Hel" 50% NaOH", Boraxp Al(NO ) !I Cd(NO ) , 
and Nfl F. 'Fa~ili ties f~r handling the above chemicals have nt3t3Yet beeJ 2 
design~d; standard safety devices will be provided. The products of reaction 
of several of the chemicals With the fuel or its cladding can react violently 
wi th ai,r (see be:ow), 
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4.4 Fire and Explosion Hazards 

Since Bldg. 2527 will be used only to prepare aqueous solutions of 
irradiated fuel and will not normally contain organic solvents, there will be 
relatively few fire and explosion hazards in the building. Exceptions are 
flammable gases generated in dissolution, radiolytic gas generated in radio
active solutions, and some decontaminating solutions. 

Possible explosion r~zards common to the dissolver off-gas and rare gas 
recovery system will include the explosion of hydrogen or ammonia caused by 
inadvertently leaking air inte the system, the exothermic decomposition of N02 or N 0, and the vaporization of a liquefied gas in a closed vessel (adequate 
safe~y valves will be provided to protect against this hazard). Air inleakage 
to the system filled with hydrogen or ammonia Will be prevented by nitrogen 
purging before and durir~ operation. In addition, continuous monitoring of 
the off-gases will warn of' hazardous oxygen concentrations before tlle mixture 
reaches its explosive limits. During combustion of the hydrogen or ammonia 
and air, the mixture will be diluted with steam to well below its explosive 
limits. 

Complete removal of 'the oxides of nitrogen upstream of the rare gas system 
will eliminate the hazards associated with these constituents. The N02 will be 
scrubbed out with caustic followed by a heatad catalytic bed for the decomposi
tion of the N",O • 

t::: 

The maximum credible ~table detonation pressure for a hydrogen-oxygen 
explosio:1. has been determined to be about 30 atmospheres for a mixture initially 
at 1 atmosphere pressure. This would be comparable to a peak shock wave pres
sure from about 3 Ib of TNT 3 ft from the center of the blast.* At 20 ft the 
peak shock wave pressure l,¥'ould be about 400 psf I which is less than the deSign 
pressure of 900 psi; so the explosion should be contained in the cell. 

The naximum c"-:'edfble release of activity from the dissolver off-gas and 
rare gas recovery system wou.ld occur if a line ruptured due to a hydrogen
oxygen explosion during the decladding of CETR :fuel. Such an ac~1dent would 
resu.l't :l.n a !Il..8X1mum release of 190 c1J.ries of Krtl5 J 10% of the Krtl5 in the 
fuel) to the::el1. ventilat:ion system before the decladdlng operation could be 
halted. The c!'l:lcula t~;d.,\'t: effects of such an accident are given in Table I-5. 
Release of the rare gases to the atmosphere from the stack would not present 
grave decontamination prab1.ems y since the gases would be diluted by the pre~ 
vailing wind and would not produce fallout, 

Potentially explosive mixtures of hydrogen and oxygen are formed by the 
radiolytic decomposition of water in vessels that contain solutions of radio
active materia1. The yield of 'hydrogen in typical solutions that Will occur 
in Bldg. 2527 Will vary from 0.03 to 0.1 molecule per 100 ev of ~-1 radiation 

iJ. P. Nichols, iI'hie Effects (If a Detonation in a Process Cell, II ORNL-CF-
59-11-115 (November 1959). 
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Table I-5. Effects of Accidental Release of Kr85 
from Building 2527 

Vessel Off-gas Release 

Total amount, curies 
Max downwind integrated dose, rem 
Distance downwind of max dose j m 

Cell Off-gas Release 

Total amOUI!t, curies 
Max dOlinwind integrated dose, rem 
Distance downwind of max dose, m 

Releaae into Secondary Containment Zone 

Total amount, curies 
Concentration, curies!m3 
2-m::i.p..-dose to hJ.11cdng personnel, rem 

R.eli:;8,se from Secor~dary Containment Zone 
(ass·i.1!~ng vent:l.latio!! system works) 

Total amount j curies 
lofax. downwind integra. ted dose, rem 
Distance do'\mwind of max. dose, ~ 
Ground fallout at 20 m, curies/m 

Re:ease from Secondbry Containment Zone 
(s,sEUllling ventila tit;::::. system fails) 

TO'c;al amount.. c'Llrles 

190 
0.003 

580 

190 
0.019 

580 

0.021 -6 
L9.x 10 
<0.001 

150 

.!:IJ8X dowml'ind integrated dose, rem 
Dist..a!1ce downwind of max dose, m..., 
Ground. fallout at 20 m" curies/mc-

150 
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depending on the solution nitrate concentration 0 It·is plar~ed that vessels 
that may generate potentially explosive amounts of radiolytic gas will be 
sparged with sufficient air to dilute the radiolytic gas below its minimum 
explosi ve limit. Radiolytic gas is also formed in a nuclear excursion with a 
yield of approximately 0,005 molecule per electron volt of energy evolved in 
the excursion. This is ordil'.arily an insigI'.ificant hazard, since the energy 
evolved in the excursion is approximate~ 100 times the energy that would be 
evolved if the resultant radiolytic gas burned to faml water, 

4,5 Maxim~ Credible Accident 

The maximum credible accident that could occur in a Bldg. 2527 process cell 
is a nuclear reaction that completely shatters a process vessel containing a 
batch of irradiated CETR fuel solution and scatters its contents tgroughout the 
celL This fuel solution, .rhi.ch could contain as mach as 1.7 x 10 13-1 curies 
of fission products, is the most hazardous solution t~~t will be r£ndled in the 
plant j including solutions of a emitters. In the maximum credible single energy 
release, approximately 100 cu ft of gas and steam could be released to the cell 
in a small fraction of a second. This release could occur as a reslilt of the 
maximum credible single nuclear burst)' 10ld fissions;I which is a factor of about 
10 higher than what is considered to be t.he most reaUstlc single burst. Approx
imately 30,000 Btu of energy and 2.0 8M cu ft of radiolyti(\ gas are released 
in 1018 fisstons; approxi:rnately 100 cu ft of steam could be prod~eed. if it is 
assumed that 10~ of the energy is used for the prOO11ctlon of same, Since the 
Bldg. 2527 cells are designed to contain a shock. wave equivalent to that from 
3 lb Cof TI'lfT (energy release = 5700 Btu with 50% appearing as a shock wave) J they 
wO'.1::"d certainly contain the nu'~lear burst since in this type of explosion a 
:::ign1fic:antly srmller fraction of the total energy would appear as shock. 

The effects of the maximum credible accident wou.ld be that the cell air 
pressure would be rapidly increased to approximately 4 in. w.g. positive pres
sure and a large fraction of the solution of fiesior. products would be dispers
ed in the cell (and vessel) air as an aerosol. Tuia air, which is laden with a 
very radioact.ive aerosol, could then be released to the environment through 
the vessel off-gas system, the cell ventilation system" and leaks in the cell 
wall and secondary containment shell. Fresh gaseous fission products from the 
reaction would be released in these same air streams. The calculated effects 
of an accident of this type in the worst concei:va'ble vessel, the feed adjust
ment tank during CETR processing, are given in Table I-6. 

The effects of a maxi~~ credible noncr1ticality accidentNQuld be equi
valent to the maximum credible criticality accident with the exception that 
there would be no direct radiation dose or release of gaseous fission products. 
The effects of type accident are given in Table 1-7, 
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Table I-6. Effects of a Nuclear Reaction of 1018 Fissions in Feed 
Adjustment Tank Foliowed by Rupture of Tank 

Max downwind integrated dose from VOG release, rem 

Max downwind integrated dose from cell ventilation 
release, rem 

2-min dose in secondary containment shell, rem 

Max dowmlind integrated dose from building 
release, rem 

Prompt neutron and gamma dose through shield, rem 

Gaseous 
Fission 

Aerosol Product 
Release Release 

<0.001 0.154 

0.006 0.650 

0.005 0.075 

<0.001 <0.001 

0.012 



-53-

Table I-7. Effects of Accidental Release of Radioactive Material 
from Maximum Credible Noncriticality Accident in Building 2527 

Vessel Off-gas Release 

Total amount, curies 
Max downwind integrated dose, rem 
Distance downwind of max dose, m 

Cell Off-gas Release 

Total amount, curies 
Max downwind integrated dose, rem 
Di stance downwind of max dose, m 

Release into Secondary Containment Zone 

Total amount, curies 
Concentration, curies/m3 

2-min-dose to building personnel, rem 

Release from Secondary Containment Zone 
(assuming ventilation system works) 

Total amount, curies 
Max downwind integrated dose, rem 
Distance downwind of max dose, ~ 
Ground fallout at 20 m, curies/m 

Release from Secondary Containment Zone 
(assuming ventilation system fails) 

Total amount, curies 
Max downwind integrated dose} rem 
Distance downwind of max dose, ~ 
Ground fallout at 20 m, curies/m 

0.082 
<0.001 

580 

0.41 
0.0062 

580 

0.0032_
7 3.0 x 10 

0.0053 

5.0 x 10-5 

<0.001 
" 150 

1.8 x 10-10 

1.22 x 10-3 
<0.001 
.~ .. ~ .. 150 

4.5 x 10-9 
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5.0 OPERATING AND EMERGENCY PROCEDURES 

Because Bldg. 2527 is a proposed facility rather than an operating system, 
detailed procedures for operations and for emergencies have not been prepared. 
Detailed operating procedures will be prepared for the process system during 
the final stages of design and construction and will specify the step-by-step 
operations to be performed. Detailed emergency procedures have not been formally 
prepared. Some of the possible emergencies and appropriate procedures, many 
of which are carried out by automatic controllers, are: 

Emergency 

Nuclear chain 
reaction in cell 

Explosion causing 
rupture of vessel 

Fi:t'e in cells 

Nuclear chain 
reaction in canal 

Means of Detection 

Neutron monitor 

Cell pressure 

Cell temperature 
indicator 

Neutron monitor 

Procedure 

1. Add nuclear poison to all 
probable points of reaction 

2. Evacuate building 

3. Determine source of reaction 
by observation of pressure charts, 
samples, etc., and proceed only 
with management approval 

1. Close air inlet to cells 

2. Close air entry pOints to 
secondary containment areas 
and maintain these areas under 
0.3 in. H2O negative pressure 

3. Determine cause of explosion 
and proceed only with management 
approval 

1. Close air inlet to cell 

2, Admit water to cell via 
decontamination sprays 

3. As last resort, CO2 could 
be admitted via the ceIl air 
entry system 

1. Evacuate "building 

2. If reaction blows assembly 
apart, determine cause and 
further separate fuel assemblies 

3. If reaction continues, 
determine gamma and neutron 
field; if satisfactorily low, 
mechanically place cadmium strips 
in vicinity of reacting assemblies; 
if not low enough, add massive 
amounts of Cd(N03)2 to canal 
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Part 110 BUILDING 2527, VERY HIGH ACTIVITY WASTE STORAGE FACILITY 

3.0 SYSTEM DESCRIPTION 

Three l5,OOO-gal waste tanks and a 250-gal diversion tank are to be housed 
in a concrete vault located partially below grade near proposed Bldg. 2527. The 
storage tanks Will be in a common room 26 x 36 x 13 ft high, which has a stainless 
steel pan on the floor and reaching 2 ft up the walls. A diversion tank will be 
in a separate cuibcle, ~ x 10 x 11 ft high, fitted for contact maintenance pro
cedures. The diversion tank will serve aiS a I1 switching statton!! for all solution 
transfers; that is, any time a solution transfer is made j into or out of the system 
or between tanks, the solution will pass through the diversion tank. The shielding 
walls will be 6 ft thick and the roof 5 ft of normal concrete. TIle vault is to be 
made of reinforced concrete and will be permanently sealed with the exception of 
the diversion tank cubicle, the corrosion specimen removal ports, and an air entry 
port. The enclosure is designed to contain a shock wave having a pressure of 900 
lb/sq ft and energy equal to 230 ft-lb/sq ft. A slight negative pressure is to 
be maintained in the enclosure, although no ventilation will be needed under normal 
operating conditions. Ventilation air will pass through the filtration system 
provided for Bldg. 2527, consisting of one roughing filter (80% NBS) and two ab
solute filters (99.95% DOP) in series. Vessel off-gas flow will be monitored for 
volume and hydrogen content and will be filtered in the vessel Off-gas system 
serving Bldg. 2527 prior to going to the 3039 stack for additional treatment and 
dispersal. Figure II-l shows the general layout of the storage system and its 
components. 

~lese tanks are to contain acidic wastes, Fission product decay heat is to 
be removed by means of cooling coils installed in a minimum of three parallel 
banks, eacg of whi.ch is capable of removing 770,000 Btu/hr when the tank contents 
are at 160 F. As heat removal capacity is a direct function of the temperature 6 
difference between coolant and the tank contents, each coil will remove -1.5 x 10 
Btu/hr 'when the wastes are at the bOiling point. In the event of coil failure, the 
defective coil can be detected and isolated. Contamination of the environment 
via a coil failure is prevented by use of an enclosed coolant circuit, which is 
in turn cooled by cooling tower water in a water-to-water heat exchanger. A 
125 sq ft condenser is provided for the off-gas from all three tanks. This con
denser is adequate to condense the steam from any single tank if all its cooling 
coils should fail simultaneously. The major features of the waste tanks are 
enumerated in Table II-19 

It is planned that sufficient tank capacity will be held in reserve to per
mit movement of solution from a leaking tank to an adjacent one. Duplicate 
routes are available to perform any necessary service. 

4.0 HAZARDS 

The hazards in storage of waste derive primarily from the fact that large 
quantities of highly active wastes are retained over an indefinite period. 
Volumes and activity level of the more active wastes to be stored in these tanks 
are: 
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Source of Waste 

Declad CETR 
Declad NMSR 
Darex dissolved NMSR 

Voltune, gal per 
metric ton of fuel 

105 
52 

1220 

Specific Activity, 
/3-7 curie sigal 

37,000 
25,000 

1,100 

Heat Generation, 
Btu/gal 

600 
420 

18 

The primary concern is With containment. For the systems currently under 
consideration, the corrosion rate is low (~ 2 mils/year) with a minimum corro
sion allowance of 66 mils. Corrosion specimens will be installed and inspected 
at intervals. If a coil fails, only part of the tank's cooling capacity is lost. 
If a leak develops in a tank, means are available under the worst conditions to 
transfer solutions to another vessel and to pick up the leaked solution as well. 
Duplicate means of transfer are available for all process streams. 

The probability of chemical explosion or fire is limited to problems with 
radiolytic hydrogen. The amount of hydrogen liberated per unit of decay heat 
decreases as the nitrate concentration in the solution increases and is there
fore expected to be quite low. Airlift type circulators are to be used to en
hance heat transfer and the air sweep provided Wi~l prevent accumulation of 
hydrogen. Flow alarms will be installed on each air inlet stream as well as on 
the combined vessel off-gas flow. In addition, a hydrogen monitor will show 
the hydrogen concentration in the effluent air, thereby providir~ another safe
guard. The tanks will each be electrically grounded, and a flame arrestor will 
be provided on the vessel off-gas line. 

A hydrogen explosion under the worst conditions would be equivalent to 
....eO pounds of TNT, which no doubt would rupture the storage tank and breach 
the shielding walls. Explosions of hydrogen-oxygen mixtures can be prevented 
by dilution and by exclusion of sparks. Dilution air will be supplied to each 
tank by means of air spargers. The flow to each tank will be monitored and pro
vided With an alarmj in addition, a flow alarm on the vessel off-gas will provide 
a check on the total air flow to the system. A hydrogen monitor-alarm system 
will provide additional assurance of adequate dilution air. Sparks will be 
eliminated from the system by electrical grounding and the use of flame arrestors 
in the off-gas line. 

Criticality is not a s:i.gnificant hazard in this system. Normal operation 
Will cause -4 kg of fissile matter to be discharged to each l5,000-gal tank, 
which would be a concentration of ~~08 g/liter. A concentration of > 10 g of 
fissile matter per liter is required for criticality. Stringent measures are 
taken in the solvent extraction complex to prevent entry of fissile matter 
into the waste system in order to prevent losses and to ensure nuclear safety 
in that plant. In addition to careful operation of the extraction columns, wastes 
are sampled and analyzed prior to transfer to the waste tanks • 

5 .0 OPERATING AND EMERGENCY PROCEDURES 

Because this is a proposed faCility, detailed procedures have not been pre
pared. Instrument panel boards and alarms Wi 11 be installed both locally and in 
the control rooms of Bldg. 2527. Normal operating procedures would provide for 
routine surveillance of all instruments and for periodic removal of corrosion 
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Table II-I. Specifications of ~isb:-activi ty Waste Tanks . 

Capacity, gal, each 

Material of construction 

Operating temperature, maximum, of 

Number of parallel pipe coils 

Pipe size, in. 

Pipe schedule 

o Cooling water temperature, F 

Inlet 

Outlet 

Heat transfer coeffiCient, Btu/hr.sq ft.oF 

Heat transfer area per coil, sq ft 

Heat removal capacity per coil, Btu/hr 

Condenser surface area, sq ft 

Condenser heat removal capacity, Btu/hr 

Corrosion rates, ipy at 176°F in 2 ~ HN0
3
--1.82 ~. 

stainless steel 

Corrosion allowance, in. 

Peak hydrogen generation per tank, scfh 

Air ;purge rate, 6cfm 

15,000 

304L stainless steel 

160 

3 

2 

40 

100 

110 

40 

350 

770,000 

125 
6 2.5 x 10 

0.0023 

0.066 

4 

5 
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specimens to determine the rate of attack on the tank. One tank will be held 
in reserve at all times • 

The folloWing table lists some emergencies that might arise and the appro
priate remedial procedure: 

Emergency 

Leak in cooling coil 

Failure of all coils in a Single 
tank 

Leak in one tank 

Failure of electrical supply 

Failure of cooling water system 

Remedial Measure 

Pressure-test ee.ch coil and inste.ll blinds 
to isolate defective coil 

Turn cooling water to jet suction coolers 
and transfer tank contents to spare tank 

Transfer contents of tank to spare tank; 
rinse floor of vault with water and 
transfer to spare tank (Note: floor 
drains empty into diversion tank) 

Use emergency electrical supply; if this 
does not work, use process water routed 
directly through coils; monitor effluent 
on emergency basis 

Use process water routed directly through 
coils; monitor effluent on emergency 
basis 
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Distribution 

1-100. Laboratory Records 


