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INTRODUCTION 

The Plutonium Fuels laboratory (308 Building), 300 Area, is operated 
,cor the USAEC by Battelle-Northwest Laboratories of the Battelle Memorial 
Institute. The Laboratory is specifically designed and constructed for the 
development and fabrication of experimental nuclear reactor fuels containing 
highly toxic radioactive materials~ Several major activities are conducted 
within the building: plutonium fuels development, FFTF fuel fabrication, 
isotopic heat source development, and experimental studies of basic proper
ties of radioactive materials. This report is a safety analysis of all the 
facilities and activities within the building, and is divided to describe 
each separately. Pertinent details on design, construction, etc. of'the 
entire building are described in Part 1.. Nuclear safety limits for the 
entire building and for individual facilities therein are presented below. 
Interactions between the various facilities are discussed at the end of 
the report. 

General Nuclear Safety Li!Ilits 
For the Plutonium Fuels Laborat0rL(308 Buildinu 

In this document only those limits stated in the section, "Nuclear 
Safety Limits," are regarded as binding, .1\11 other material presented is 
intended to be descriptive or to be justification for the nuclear safety 
limits. 

1. Type and Quantity of Materials 

Fissile materials and other radioactive materials will not be 
routinely processed and stored in the building in solution forms. The 
maximum amount of fissile material in the building in solution form 
will not be allowed to exceed 230 grams. 

The quantity of a given fissile material handled as a batch 
in transfer, processing, and storage will not exceed 45% of the 
critical mass of that material. 
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The Polonium Glove Box Facility 

1. Inventory Limits 

a) The total amount of polonium in the building will not 
exceed 10 grams at anyone time. 

b) The amount of unencapsulated, exposed polonium in the 
glove box will not exceed 0.5 grams. 

c) The amount of polonium in the waste receptacle in Room 213 

will not exceed l mg. 

Promethium Glove Box Facility 

1. Inventory and Storage Limits 

a) The total amount of 147Pm in the building shall not exceed 
860 grams. This material shall be stored only within the 
glove box in Room 114. 

b) The total amount of 1~7Pm in the glove box which is not 
double canned or encapsulated in heavy walled containers 
shall not exceed 400 grams. 

2. Limit on Flammable Gases 

No flammable gases shall be introduced into the glove box xn 
Room 114 • 

. P 

Experimental Studies Facilities 

1. Inventory Limits 

The only radioactive materials (other than 235U, 233U, and 239PU) 

that will be received or handled and the permissible amounts are listed 
below. 

Nuclide 
147Pm 
244Cm 
241Am 
238pU 

Maximum Amount in 
Bui1ding~ Curies 

50,000 
1,100 

44.5 
450 
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SUMMARY PART I 

Work in the Plutonium Fuels Engineering Facilities is directed to 
the development, fabrication, and examination of plutonium enriched reactor 
fuels. The Facilities are managed by the Fuels and Materials Department. 
Support is p,,'ovided by Radiation Monitoring, Critical Mass Physics, Chemical 
Research and Analysis, Nondestructive Testing, and others. 

The equipment used in the facilit'ies provides extremes of tempera
tures or pressure. The materials processed are either fissionable or of 
high specific activity. The experimental nature of the work and the volumes 
of material processed cause safety to depend largely on administrative con
trols which are based on approved manuals and the Battelle-Northwest opera
ting guides. Engineered safety features, such as the glove box ventilation 
system, the building ventilation system, and controlled fiSSile material 
storage areas promote contamination and criticality control. 

Two credible accidents have potential for high ~adiation levels or 
se~ious contamination incidents within the building and some contamination 
release to the environs. These would be general fire in one or more rooms, 
and a criticality during the glove Lox processing of Pu02• Conse'quences 
of these accidents are discussed at the end of this section. 
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PART I: THE PLUTONIUM FUELS ENGINEERING FACILITIES 

DESCRIPTION OF 308 BUILDING AND ENVIRONS 

Site Description 

Plutonium Fuels Laboratory (308 Building) is located in the southeast 
corner of the 300 Area. Refer to Document No. BNWL-CC-1693 for a descrip
tion of the 300 Area, and to Figure 1-1 for' a plot plan. BNWL-CC-1693 dis
cusses flood and earthquake contingencies for the Area; it is classed as 
Zone II for expected earthquake severity. Tornados are extremely rare in 
the area, and hurricanes "apparently unknown •. " 

308 Building Description 

The 308 Building is a two-story reinforced concrete structur with a 
gross floor area of 49,000 square feet~ Nine thousand square feet of the 
first floor is an attached service and office area, and ei~ht thousand SQuare 
feet of the second floor is devoted to maintenance shops and ventilation 
equipment. Two service corridors run the 1 ength of the buil ding: a tunnel 
runs underneath the ground floor main corridor, and another 'service corridor 
runs between the first and second floor 1 evel s.. The corridors provide 
primary access to building util ities and exhaust ventilation ducts. Refer 
to Figures 1-2 and 1-3 for plan and el evation drawings of the first and 
second floors, the tunnel, and the service corridor. 

The construction is of 911 reinforced concrete, with two-foot-square 
reinforced concrete columns supporting a slab-type second floor. Non-load
bearing partition panels are made of 8"' concrete block, and blocks exposed 
to the building interior are plastered to forma smooth, easily decontam
inated surface. The structure is designed to resist forces of earthquakes 
of credibly severity for Zone II, and withstand windstorms involving wind 
speeds of 100 mph. 

308 Building Description - Systems 

Ventilation System 

The confinement of radioactive materials within the building 'is 

based on the operation of the ventilat;on system and a nearly airtight 
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FIGURE I-2c 
Sectlon View of tn.e Plutonium Fuels Laboratory 
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building shell. The ventilation supply system provides washed and fil-
tered air to the building through ceiling diffusers, and exhausts the air 
th~ough high efficiency filters located at floor level. Up to 15 air 
changes are provided per hour, and it has been demonstrated that the down
ward sweep of the air is effective in confining contaminatino spills to a 
small area. Exhaust air from the rooms is filtered a minimum of two times 
(and that from the glove boxes three times) before release to the atmosphere. 
All air is sampled at least once before release to the atmosphere. Primary 
glove box filters are changed after prolonged and severe release of fissile 
material within a glove box and definite loss of material. Appreciable 
(gram quantity) accumulations of fissile material in filters beyond the 
first stage have not been noted. 

The building exhaust system is separate from that for the glove boxes, 
except that the final filter bank serves both systems (Figure I-4). The 
building exhaust system capacity is 135,000 CFM. The glove box exhaust 
system provides a normal capacity of 1 CFM per glove box, and an emergency 
capacity of 450 CFM per glove box. These systems maintain pressure levels 
within the building consistent with potential contamination levels: the 
glove boxes are 1.0 in. H20 negative relative to the laboratory rooms; the 
rooms are slightly negative relative to the corridors; and the entire lab
oratory area is 0.05 in. H20 negative relative to the atmospher~. The of 
office area and change rooms are maintained at a positive 0.15 in. H20 
relative to the atmosphere. 

Two high efficiency filters (described as lIabsolute filters" in 
Figure I-4) are in series between any laboratory room and the environs. 
Before installation these filters are DOP tested to be at least 99.97% 
efficient for particles 0.3 micron in diameter and larger at flow rates 
not in excess of five feet per minute. The filters are rated as IIfire 
resistant". Each filter is protected from dust loading by a 1 or 2 inch 
thick fiberglass roughing filter. The final filter bank just ahead of the 
exhaust fans is protected from fire damage by an automatic fog deluge 
system. 

Air samples are taken daily of glove box and room air after primary 
filtration (Numbers 1 and 2 in Figure I-4). Samples are checked weekly on 
the air coming out the stacks after final filtration (No.3). 
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None of the installed samplers are connected to alarms. However, por
table air monitoring devices with alarms are used when needed. 

Gas, Water, and Waste Systems 

All laboratory rooms are provided with steam, dry air, nitrogen, and 
process water. In addition, some glove boxes are connected to bottles of 
8% H2-92% Ar mix located on the loading dock. Liquid waste exits the building 
in three separate sewers: a sanitary sewer, a process sewer (to 300 Area 
retention system), and a contaminated waste sewer (to 300 Area crib waste 
storage). Contaminated dry waste is sealed in packages for disposal in the 
200 Area burial site •. 

Alarms and Emergency Systems 

Refer to Fi~ures 1-2 and 1-3 for the location of fire alarm pull boxes, 
criticality detectors, radiation detectors, fire alarms, criti.cali.ty alarms, 
and other al arms. {Note that the radi.ation detectors are not connected to 

alarms but simply record total radiation received.} 

The criticality detectors presently used are gamma ray sensitive, and 
will activate alarms within the building and at 300 Area Patrol headquarters 
when the radiation dose rate to them exceeds 5 R/hr. Neutron sensitive de
tectors (set to alarm at 20 mrem/hr) are installed but have not been used 
routinely. The neutron sensitive detectors are scheduled to replace the 
gamma sensitive detectors. 

In addition to the above, the office area has a heat-sensitive sprink-
1 er system util i zing 160°F sprinkl er heads which will activa te indi vidually 
if the temperature around them exceeds 160°F.. There. are no sprinkl ers in 
the laboratory area, because of the criticality potential, but each labora
tory room has heat sensors which will activate the fire alarms if the tem
perature exceeds 160°F or if the rate of temperature rise exceeds 10°F/min.; 
these are located on the ceilings of the rooms. 

The fire, evacuation, and criticality alarm systems are tested once 
a month. 
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308 Building Ventilation Flow Diagram 
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Emergency power is available for lights, a1ann systems, the vault 
freezer, and a 6,000 CFM exhaust fan. The power comes from 384 Building 
via a 2400 volt cable, a 225 KVA transformer, and a 480 volt circuit brea
ker which is isolated from the normal switchgear by a bus tie breaker. 
Loss of nonna1 power causes the tie breaker to open and the emergency in
coming breaker to close automatically, thus maintaining power to equipment. 
The fan is connected to the glove box exhaust system, and will maintain 
the glove box negative pressure. Regular power has been lost over 20 
times in the past nine years, but the emergency fan has never failed to 
operate on these occasions. The fire alarm system will operate on a standby 
battery power source if both normal and emergency power is lost. 

Electri cal Sys tel11 

The normal electrical supply to the building transformer is 2400 
volts. A 1,000 KVA transfonner and a 480 volt switchgear is located in a 
sheet metal shed adjacent to the 308 Building. Refer to Figure 1-5 fO} a 
line drawing of the system. 

PLUTONIUM FUELS ENGINEERING FACILITIES DESCRIPTION 

The Plutonium Fuels Engineering Facilities include those areas of 
the Plutonium Fuels Laboratory not occupied by the FFTF Fuel Fabrication 
Demonstration Facility, the isotopic heat source projects, and the experi
mental studies projects. Thus', Rooms 102, 106, 112, 120, 131, are con-
si dered part of these facil i ti es • Rooms 101, 103, 105, 107 t 111, 219. 215, 
and 231 are used jointly by Plutonium Fuels Engineering and other building 
occupants. 

The facility is primarily a pilot-scale reactor fuel development 
and fabrication laboratory, specialized in handling plutonium and other 
toxic mate,"ials. The installed equipment allows for production of a wide 
variety of fuels, along with high temperature x-ray diffraction, metallog
raphy, radiography, and other research and development activities. 

The processes in fuel fabrication include casting, extruding, machin
ing,draw sizing, straightening~ rolling, annealing, autoclaving and welding 
for metal fuels, and densification" particle sizing, blending, peilet 
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pressing and sintering, vibratory compacting, and cladding for ceramic 
fuels. See Figures 1-6 and 1-7 for examples of metal and oxide reactor 
fuel preparation. 

Plutonium metal and oxide are the most COllll1On fissible materiails in 
the laboratory, along with natura~ uranium oxide. 235U, 233U, and 237Np are 
less common, but are also processed and stored. 

ORGANIZATION 

The Fuels and Materials Department is responsible for the safety of 
the work conducted within the Plutonium Fuels Engineering Facilities as well 
as the rest of 308 Building. The initiation, administration and enforcement 
of safety practices are promoted by the safety representatives, the building 
manager, and the radiation monitoring specialists assigned to the building. 
Their duties include the following: 

The criticality safety representative originates Criticality Safety 
Specifications (CSS) as needed, and checks to see that the Specifications 
and thei r 1 imi ts !ire read, understood, posted, and followed .. Thi s incl udes 
requesting proofs of compliance from operating management (e.g., physical 
hood inventories) whenever circumstances seem to warrent such requests. It 
also includes reviawing all process changes involving fissile material. 

The building manager is responsible in a general way for the safety 
aspects of every activity within the bwilding, and particularly for the safe 
and continued operation of "facility services" such as electric power t con
tainment integrity, alarm systems, etc. He oversees design changes in both 
equipment and the facilities. He is also responsible for giving orientations 
to people unfamiliar with the building, to acquaint them with the criticality, 
radiation and contamination potentials. 

The radiation monitoring specialists determine the radiation levels 
that exist in the building, monitor operations, and recormlend radiation con- . 
trol practices to management. 

The specialists monitor all non-routine activity in which radiation 
exposure and contamination spread are possible, such as receiving or ship
ping radi(lactive mater;al, or moving contaminated equipment. 
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308 Building Electrical Service 
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li'IGURE 1-6c 
Finishing Operations 
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The Plutonoum Fuels Engineering Section of the Fuels and Materials 
Department directly supervises work in the PFE facilities. 

Administrative Controls 
Administrative controls for the facilities include the followinc:r: 

1. Formal ized Nuclear Safety Procedures set forth in BN~l 

Operating Guides and Procedures manuals. 
2. Criticality Safety Specifications (CSS), which give safe 

procedures for handling and storage, usually on the basis of batch 
control. Batch control always limits the size of the batch (in terms 
of grams of fissile material or numbers of fuel rods, plates, etc.) 
and gives spacing requirements to isolate each batch from other fissile 
materia1s.* The technical basis for the CSS is provided by tile Senior 
Specialist, Critical Mass Physics Section. His approval is required, 
as well as that of the !~anager, Nuclear Safety and the operating 
management, before a CSS is in effect. CSS are based on the two
contingency policy.** 

3. Bi-month1y audits for criticality safety by Nuclear Safety 
Personnel. 

4. Frequent inspections of the building by management for the 
purpose of: 

(a) Deterwining if operations are being carried out safely 
and within the limits and controls of applicable ess's. 

(b) Determining need for revision uf a CS5 or addition of 
a new one. 

(c) Checking the labeling of r.aterial, the posting of 
limits and safety rules, and the correctness of fissile material in
ventories. 

* Batches representing more than 0.45 of the critical ~ass of the 
material as descritJed in the eS5 are never allo\'/ed. 

** The b-/o-contingency policy states that two or more unlikely, un
related events (such as operator error or equipment failure) must 

take place simultaneously before critica'iity is even possiLle. 



-8- BNWl-CC-1906 

5. Posted Radiation Work Procedures (RWP's), prF>pared by Radiation 
Monitoring, and process engineers. These outline the methods to be used for 
the prevention of contamination spread and excessive radiation doses to per
sonnel. 

6. Orientation program for peopl e unfamil iar with the bui.l ding .. 

SAFETY ANALYSES 

The following sections describe contingencies and controls related 
to specific areas of activity witnin facilitie~ used and shared by the 
Pl utonium Fuel s. Engineering Section.. Most of these descriptions invol ve 
only criticality cortingencies and criticality control. The last sections, 
however, deal with fires, radiation and contami.nati.on control? and natural 
contingencies. 

RECEIVING AND SHIPPING FISSILE MATERIAL 

Criticality. Limits and ContrOls 

Fissile material is only recieved in nonsolution forms, and only 
through the loading dock located at the north end of the building. No non
routine shipments greater than 230 grams* are received or sent without prior 
knowledge and consent of the Senior Specialist, Critical Mass Physics, the 
Fuels and Materials Department criticality safety representative and the 
Manager, Nuclear Safety. t.10st arge shipments (greater than 5 kg) are 
either from offsite or from another contractor, and these shipments arrive in 
drums or birdcages similar to those pictured in Fi9ures 1-8, 9, and 11. 

Specific controls are enforced when fissile material is received or 
gathered for shipment: 

1) Spacing reguirements and stacking 1 imi tations (if any) appl icabl e 
to shipping containers are explained to the personnel who are to do the load-

* 230 grams is 45% of 520 grams, which is the minimum critical mass of the 
most reactive fissile material (Pu) under the optimum conditions of shape 
(sphere), moderation (H/Pu=800), and refl ection (full water reflection). 
Thus, even if this limit were exceeded by an additional 230 grams, and all 
the conditions for criticality optimized, criticality would still not occur. 
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FIGURE 1-8 
Mod~l 30 Shipptng Contai ,ner 
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FIGURE 1- 9 
Models 55 (I2] ) and 10 (' 5) 



FIGURE I-IO 
Transfer and Storage Cans 
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ing or unloading; these requirements are met during the loading or un
loading and for as long as the containers remain unemptied. 

2) Within the building the spacing between fissile material in 

shipping containers and any othel" fissile material is at least 3 feet. 

3) As quickly as practical, the contents of receiving containers 
are remved, repackaged if necessary, and placed either in vault 107, 

Room 215, or in glove boxes •. 

4) As soon as fissile material is rel1l)ved from the container, the 
following controls are applied: 

a} The material is divided into allowed batches.* (The amount 
that constitutes an allowed batch is either defined by a specific C55 or 
a 230 gram 1 imi tis used) •. 

b) The spacing between allowed batches, and between such 
batches and all other fissile material, is at least three feet (except 

in storage). 

5) The Fuels and Materials Department Criticality Safety Repre

sentative is present during the loading or unloading of a shipment 
involving more than one urunoderated minimum critical mass of a given 
material. 

6) Only one shipping container is normally loaded or unloaded at 3. 

time. 

7) Only personnel experienced in handl ing fissile material and 
cognizan~ of the hazards involved are authorized to unload large ship
ments. 

*'his merely involves separation of pacltag,s.. Shipment of fissile 
,.{aterial are never received in which the amount of material in a single 
pt-Jckageexceeds a total allowed batch limit. 
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Criticality Contingencies 

The amount !Jf fissile material in one shipment may vary from 
a few grams to over 50 kg. The majority of shipments involving more 
than 230 grams are of unmoderated Pu metal buttoflS or Pu oxide powder. 
These materials are conwnonly received double-canned and in lLD-l type 
shipping contain~rs (Figure 1-11) with two cans (of the types in 
Figure 1-10) per container and 1 to 2 1/2 kg Pu per can. The dimen
sions of the button can are usually 4 1/8 x 5 1/2 inches. TypicallYj 
these containers are assembled in front of tile storage area after 
being unloaded from a truck, and the cans are removed, marked, and 
stored. 

In almost all cases, a 7ihipment of such cans could not 
be made critical even if all cans were removed at once and heaped 
together, providing moderating materials were not allowed between or 
in the cans. Clayton's experimt!nts(6)indicate that criticality cannot 
be aChieved with 100 such cans containing loose (2 g/cc smear density) 
Pu02, even if the cans are in a tight, cubic, fully reflected array. 
Abbey (l)states that more than 30 such cans with 2 kg of metal per 
can would not be critical in a fully reflected, cubic, ti~ht array. 
The above number of cans and material quantities would never be 
received or sent in a single shipment. 

Thus, the introduction 1)f moderators in and between the cans 
would be necessary for criticality to occur during the receiving of 
fissile material even if the above (:ontrols ayre exceeded. Water 
flooding is the most obvious mechanisms by which this could take place, 
and th~ flooding is improbable while the cans are being unloaded and 
stored. All this can be sutmlarized as follows: 

a) Criticality will nGt occur in the absence of water floodinq 
(or some other mechanism for inadvertent moderatitJn) during the loadino 
and unloading of a shipment of fissile material, provided it is isolated 
from other fissile material. 
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b) Even in the event of water flooding, criticality is not 
possible if the fissile material remains in watertight packages and 
if the controls listed in this section are exercised. 

STORAGE OF FISSILE MATERIAL IN VAULT 107 

Criticality Limits and Controls 

Vault 107 is a small, high room with a vault type, combination 
locked, 2 hour fire-rated door.. The safety of fissile mater'ial stor
age in the vault is maintained by simple administrative controls supp
lemented with design features. Access to the vault is extremely lim
ited. The door combination is known to only three people and is 
changed periodically~* The minimum spacing between safe masses* of 
fissile mater'ialwithin the vault is 12 inches edge-to.edge (or 
center-to-center in special cases). Only one safe mass is permitted 
to be moved into or within the vault at one time. The usable storage 
areas and applicable controls include: 

a) The cubicles: Ranged along the south wall of the vault 
are 32 cubicles, 18 on the fir$t level and 14 on the second, with 
about two feet between levels (see sketch, Figures 1-13, 1-14) .. 
The cubicles are made of 1/811 steel plate and are diamond-shaped, 
with a cross section of 2 feet x 2 feet. Each level of cubicles is 
shielded by a row of 1/81• thick lead doors, supported from the floor 
and from two steel beams running the length of the vault. Storage 
control s in the cllbicl es are: 

*One safe mass = 45% of the minimum (reflected) spherical critical 
mass of a fissile material as packaged., Fissile material is allowed 
in the vault only in watertight-sealed cans and will remain as 
packaged. 

** The three people ass'ipned access to the vault are also directly res·' 
pG,!sible for the physical entry, movement, and storaqe of fissile 
mat~)";al therein.. They also control and post the fissile mass inven
tory of each cub; c 1 e 
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1) The amount of fissne material allowed in the storage cubicle 

'is 1 imited to one safe mass of the roost reactive materid1 stored in that 

cubic1 e,. 

2) The minimum edge-to-edge spaci.ng allowed between material in a 

large cubicle and that in adjacent cubicles is 12 inches.. (Thus only the 

area under the dotted 1 ine in Figure I-13 is to be used for storage).o The 

diamond shape of the cubicles aids in maintaining this control, since a 

dislodged can will fall only toward the bottom of the diamond .. 

3) Cans of fissile material in the 12" x 1211 cubicles may be 

stored only end-to-end in a single row along the bot-tom of the diamond. 

4) Moderated fissile material is stored only in large cubicles 

along one edge of the array. This reduces the interspersion of moderators 

within the array. 

5) A fissile material inventory sheet ;s posted on each cubicle 

door. 

b) The freezer: Freezer #1, a 1 1/2 cubic foot upright freezer, is 

positioned in the northwest corner of the vault, under the stairway to the 

second level., Storage within the freezer is 1 imited to positions marked 

by 14 metal rings, with a minimum dfuter-to-centcr distance of 13 inches 

between the rings. Only Pu metal buttons, Pu metal a-loys, and double

sealed cans of Pu02may be stored in the freezer. These materials are 

stored there because their spontaneous heat is harmful to the metal and 

plastic inner container's. The freezer is connected to emergency power to 

assure continued operation. 

1) Only 2.6 kg of fissile material may be stored per marked 

1ccation and only in one container; the material in that container" must 

be in a single watertight package .. The ring at each location prevents 

accidenta,l movement of the container. 
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2) Only one container may be moved into or within the 
freezer at one time. 

c) Storage on the Floor: There is room under the stairway 
for two storage locations on the floor. spaced 3 feet apart and 3 
feet from the freezer and cubicle$~ Only unmoderated fissile 
material may be stored at these locations. 

Criticality Contingencies in Vault St~ge 

The estimated maximum capaciti~s of the vault storage areas are 
shown below: 

. Storage Area 
Cubicles 
Freezer 
Floor 

Total 

Capacity! kg of fissile material 
315 
39.,2 

5 .. 6 

360 

The amount of fissile material in the vault has not normally 
exceeded 150 kg, of which no more than 1.5 kg has been moderated 
material., In the absence of full reflection it is not probable that 
cans of this material ranging in volume from 0.23 liter to mor~ than 
10 liters would become critical if piled loosely together. Refer to 
Abbey':s table(1 }of minimum critical numbers of cans in cubic array 
(pg. 306). 

In order for criticality to occur in the vault, there would 
have to be a mechanism by which (a) the cans of material were thrown 
violently together and fully reflected, or (b) moderating materials 
(such as water) are introduced into the cans. Mechanism (a) wouid 
probably invovle the collapse of the building due to earthquake. 
Occurance of mechanism (b) is minimized by the fact that entry of 
water into the vault is forbidden, even for fire fighting purposes. 
It is improbable that experienced personnel assigned access to the 
vaul t would commi.t the gross errors in storaqe and handl ing necessary 
to cause criticality with the material as packaged. 



-14- BHWL...cC-1906 

STORAGE .. IN ROOM 215 
.'11 A • 

Cr1 ti.cal1tr Limi ts and Con;trol s 

Room 215 is used for the storag, of Pu-Al and mixed Pu02...u02 
fuel blends fn C.lns, rods, and finished fuel elements.. fipure [ ... 15 
indicates the distribution of this Nterial wtthtntheroorn. Shelves 
for Pu-Al and a be. for hanging PRTR elements in a si.ngl@""slab array 
are located along the west wall. Metal cabinets for oxide storage 
a ........ ra.nged around the south and Hst sides of the roOM; and c.arts 
and racks for fuel rod stora.ge are located in the rOOM center .. 

The major criticality safety controls are: 

1) The _tal shelves for Pu-Al storage are quite narrow (9 tf 

deep).. The total fissile weight on them is limited to 36 kg,. 

2) The density and ,",Pu of the Pu-.Al are limited so that 
even if the a.rray werefuny reflected, criticality would not occur. 

3) The amoun:! of fiSSile IIIterial in lIeh cabinet fs U.ited 
to lesl than O.4SMCM for the as-packaged Mlt,rial s'toNdfntba't 
cabinet.. The spaCing bet_en cab1ne'ts is grelter than 3 feet. Only 
11m1 ted amounts of material as determi ned by CSS may be moved among 
the cabinets at one time co 

4) The room is locked. Ind only three people have access to 

it' 

5) Theroomfs classed '*0" for firefighting purposes .. 

Crf t'fCll1~l Con'U.!!Iepc~i es 

In the absence of a.ccidental moderation of some of the f15siie 
material stored in this room, criticl.11tyis improbable. Furthermore, 
s1mplewaterfJooding of properly stored material will not tfUse 

sufficient moderation 'for criticality • 

• As in vault 101 ,the t~ree people assigned acc.ss t1'> the rOOM are 
directly responsible for the phySical entry .. movement and storaqe 
of fiss1lemateri,ll 'therein. 
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If flooding were to occur, the. Pu-Al would probably stay on the 
shelves and remain sealed watertight, the PRTR elements would remain 
hanging in a single row (thereby remaining safe) and cans of oxides, even 
if dislodged, should remain separated and sealed, thus reducing the chance 
for criticality. Only some mechanism by which containers of fissile material 
become both unsealed and flooded (such as earthquake plus flooding, or fire 
plus flooding) would make criticality in this room a real possibility., The 
existing doors and drainpipes make flooding from internal sources quite 
remote. 

PROCESSING FISSILE MATERIAL IN A TYPICAL GLOVE BOX 

Criticality limits and Contro" s 

Unpackaged, unclad fissile material in the facilities is processed 
in hoods or in glove boxes of the type pictured tn Figure 1-16., The glove 
boxes have sloping steel frames supporting Q.375 inch acrylic plastic and 
occasionally overlapping sheets of 0 •. 25 inch 105 Kev x-ray 1 ead 91 ass. 
These glove boxes are airtight in order to contain alpha contamination 
within the boxes, and this provides the added advantage that only con
trolled amounts of moderators can even come near unmoderated fissile mat
erial, except for cases where moderating liquids (water or oil) pass 
through the glove box in pipelines., In these cases., floodin9 ana moderation 
from a leak in the 'line is prevented by limiting the capacity of the liquid 
system, or by continuous operator surveillance of the glove box, or by 
electronic liquid detectors, which can detect a water buildup on the box 
floor of less than 1/8 inch, and which close the lines by means of sol
enoid valves. These valves are "fail-safe ll in that they fail closed; they 
must be energized to remain open. The likelihood of a valve remaining 
open due to sticking or damage will be minimized by periodic testing and 
protectivemai ntena nce. 

Where no 1 ines of 1 iquids traverse the box internal,ly, moderation 
of unmoderated material can only occur if a person de1iberately enters the 
moderator and mixes it with the material. Where such mixing is routine, 
and the amount of moderator entered is not limited, the amount of fissile 
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material in the box is limited to 230 grams. Only where such mixing is 
stric:tly controlled are .~fe (reflected)* unmoderated masses of up to 2.8** 

kg <-til) or 5.0 kg (oxide) of fissile material allowed per glove box. 

The most iRlPOrtant controls are that no more than 2~O liters*** of hydrogen" 
ous 11qufds aV'e permitted in a glove box, and that no more than 15 ~rams 
of fissile material (\re to be mixed with moderating materials at anyone 
time .. 

Certain fissile materials are in a fom such that the normal reg
ulations ma)' be mdified. However, general rules may only be modified if 
repl.ced by specific CSS relating to specific materials and designated 

flo\JebOxes and processes. 

The mass limits for individual glove boxes are clearly designated 
by , standard Sign posted on the box, and a minimum spacing of 1 foot is re
qUirtd between fissile material within a glove box an.d any other fissile 
material. "Continuouslnventorfes are kept of the fissile material collect
ed in;l .love box. A person making a transfer Of fissile material must 
record tite trtnsfer. determine the new balance, and sign the inventory 

sheet. A second pttyson is required to witness the transfer, check the bal· 
al);-:e, and~1gn the sheet. The same kind of inventory control is exercised 
on hydrogea.1IUs 1 'Squfds. Frequent regul ar inspections are carried out by 

lllnagement W assure that these limits ind controls ar'€: (J.~;,,.; ., r"'(' 
1A40.1 is appended to s .. .ow the kind of control s currently in effect on 
processing fissi1i! material in glove boxes. It is provided only as an 
examele of the type used to cover all phase.s of processing and storing 
fissile material within the building. 

** 

*** 

Fun reflection is always assumed in establ ishing critical ity safety 
limits; thus. one earl exceed accepted safety factors in handl in9 un
mQd.,-ated fissile material only by exceeding the allowed amount, the 
allowed moderation level, or the approved geometry and spacing. 

This Umit wl1l soon be changed to 2.60 kg. which is 45% of the min
imum r<eflected critieal mass of Pu alpha phase metal with more than 
5% 2lt0pu content. All plutonium handled in 308 Building has 240pU 
contents in excess of 51. 
Be$ides the 2.0 liter limit, the presence of more than 2 kg Be, 10 kg 
carbOn. or 3.0 liters Oil is forbidden in glove boxes under general 
"unmoderated material" mass limits. The moderating effect of such 
materials as plastie bags. plastiC sample vials and tubes, etc. is 
examined by the Senior Sp!cialist, Critical Mass Physics, before use 
of such materials is Q ·,1 owed to become rout; ne . 



FIGURE 1-16 
Typ;ical Glove Box Co.nstruction 
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Critical ityConti ngenc i es 

Fissionable materials in a variety of types and forms may be handled 

in the glove boxes, including pure metals,alloys, loose ceramic powders, 

pressed ceramic pellets, and cermets. Processes wi thin glove boxes ar'e 

vaded; they include (but are not limited to) weighing, sieving, spher

oidizat~on, blending, mixing binder 'into a ceramic powder, pressing, sinter

ing, and grinding pellets, casting, E!xtruding, cutting, machinina, etchinq, 

and welding. 

When the entry of fissile and moderating materials into glove boxes 

;s allowed, the possibility exists for entering more than the allowable 

limit, and for ignoring rules concerning the use of moderators; in short, a 

critical assembly can be brought toge~,ther within a glove box. However, it 

is worthwhile to examine the number' of gross operator errors or equipment 

failures that would be necessa,'y for criticality to occur. 

1) Exceeding the 230 gram liri1~!.: Theoretically" if dn operator 

enters as little as 520 9rams of Pu in a glove box where moder,ation is not 

limited (and where the fissile material inventory should be no more than 

230 grams), he could build a critical assembly without breaking any more 

rules; but he would have to work at it with educated deliberation. The 

material would have to be finely divided (such as loose oxide powder) so 
that it could be mixed thoroughly with over 12 liters of water in a single 

cc.ntainer with amfnirnum diameter of 12 inches. tn many glove boxes it 

would be ~:npossible to enter ~uch a container. The container would then 
have to be completely surrounded by several inches of water or' by some solid 
reflecting material like teryllfum. If any of these conditforls were not met, 

thetsm?unt of fisslle material needed fer criticality would bE! more than 520 
grams. 11" more than 2.2 times the glove box limit. 

2} gxceeding unmoderated ffssnema~!ial limits: SiJr.lply exceedin9 

tbestatad mass limits for unmoderated fissile matarials will not cause a 

criticality, unless those limits are exceeded at lea~;t two-fold in the case 

of pure b1etals and at least four-fold in the else of taD density (5,,6 Qlcc) 
oxides. Other controls would have tlt be exceeded as wen. To be specific: 

a} The material would ha.ve f~o become moderated.. The soecified 

limit for moderated ffissile Platarials itl a qlove box with uunmoderated" 
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limits 1s 15 grams. This rule must be broken for criticality to occur. 

b) The material would have to be concentrated. At leait one 
container would have to contain over twice the entire volume of ftlOderatinp 

liquids all~edin the glove box. in addition to over 520 gra. of finely 

div:ided f1,$sne material. The only procedurally allowed J:IOderators1nthe 
-308 ·Puildi'n9g10ve boxes are hydrogenous liquids. 

Despite all the contingencies required. an accidental criticality in 
.a glove boxoperat1on. particularly one involving plutoniun oxide. cannot 
be comple·tely ruled out. Consequences of such. criticality arc discussed 
at the end of Part 1. 

P,RQCESSING FISSILE MATERIAL IN A:41HtERCOr~NECrED GLOVE OOX LUjE 

Criticality L1mits.ndControls 

A typical 308 lSul1d1ng91ovE': box is not connected to another glove 
box; however. interconnected 11nes of glove hoxes exist in the building. and 
discussion of the one in Room 131 will provide .u",'es of th. controls that 
are imposed on such ltnes. 

Refer to Figure 1 .. 17. rtote that the plove box line is divided into 
three sections (box no.':; 27 .. 29, 30-31, and 32-36) by the walls on each end 
of plove box 31. Separate limits and procedures rr.ay be applied in each 
glove box, providEd the fissile material in each remains separated from that 
in the ottler by at least 1 foot. There is a general rule that the total 

amount of fissile material allowed in a section shall not exceed 0.45 
of the critical mass for that material. 

Cri tt.cal ity Contingencies 

As previously discussed, simply exceeding 'fissile mass limits in 
a single glove box ,~ill not cause a criticality. If mass limits in more tban 
one glove box in a section are exceeded (by no Ci'ore than ti'Jo-fold), and if 

all the rna terial in that section is assembled in the most hazardous array, 
criticality will not occur as 10nq as the fom of the material remains as 

, , 
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specified when the 1 imits were establ ished.. The most important chanpe in 
form is, in general, increases of the moderation of the materi.al, and this 
would be the most probable cause of criti.cality. 

Two possibflities exist for accidental moderation: the leaking of 
oil from the 200 .. Ton Clearing press (Section l} and the lealdnq of coolin9 
water from the vacuum induction furnace (Section 2).. Most of the oil in 
the Clearing press system is located below the level of the glove box floors; 
therefo,re, it must be pumped into the glove boxes to flood them.. In order 
~~or this to happen, the press must be operatin~ while unattended ( a pro
cedural violation) and tHe packing glands in the press cylinders must fail 
catastrQphica11y. In order for a leak in the furnace cooling coils to 
flood section 2, an external hose to the coil must be left connected and a 
valve left open while the operator is not in attendance, which involves two 
violations of standard procedure, and the coolant line must develop a pross 
leak which is undetected for at least two hours.* 

PROCESSING FISSILE MATERIAL IN ENCLOSED FURNACES 

In glove boxes employing water-cooled furnaces to heat or melt 
fissile material, there are two major nuclear safety concerns: 1) a cool
ing line leak that floods the fissile material suffiCiently to m~ke it 
critical, and 2) a leak that would cause steam formation rapid enough to 
rupture the glove box or initiate a metal-water r!action. 

Critical ity Control! 

The gene.ral controls on glove box flooding from leaks have been out
lined in previous sections: continuous operator surveillance is required 
as long as water can flow through lines that run inside a glove box (unless 
the box has two independent electronic 'liquid detectors which will shut off 
the water if liquid level on the box floor exceeds 1/8 inch). 

* Thi s last condi ticn stems ft'om the fact that the Illaximum flow from a 1 eak 
in the 1/4" cooling coil.; would be 1.6 gal/min. t and that the water would 
fall into glove box #30, which is located below the general box floor 
level, is held to a 230 gram limit, and has a capacity of about 340 9a11ons. 



Most of the continuous' cooling systems inside glove boxes aN de5i9-
nateclsothat when the system is properly turned off, more than one meehani ... 
cil faUure orhUlftln error would have to take place before water could flow 
'.gail'Jtl'Jttle $1$_. In cases lfhere this is not true, liquid detectors are 
inope"ttonto protect 'the glove box from f~ooding. If power is lost to 
these.tectors, it win also be lost to the solenoid valves to which they 
are attached; and these valves will ;llut.omatically close off the wl.ter flow 
upon loss of power • 

Where vacuum or special-atmosphere furnaces are enclosed in chanDers. 
a l1q"dddeteetor on the glove box floor could not detect a 11ne leak on the 
insi'deofthe chlllDer. In such cases, continuous operator surveillance 1 s 
required. 

Steam Fomtation.Contfn9!nc1es 

Separate analyses of the designs of the vanous water-cooled furnaces 
in the building show that steamformat10n~sudden enough. and contained 
sufficiently to rupture a glove box and injure personnel would only occur 
under the following conditions: a water leak occurs fnsi·de the fumace 
whichspra,ys more than 501 of the line flow directly into the hot zone. In 
no case are such conditions credibly attainable. 

Meta:l"'WaterReacti.ons 

10 only one furnace 1n 308 Building is a metal-water reaction possible: 
the la.-ge vat:uum induction furnace in Room 106, which is an induction heated 
furnace in a 16 cubic foot bell jar. 

The furnace is inoperable at the present time, and before it is put 
back in operation, the following precautions will be taken: 

1) Flow switches on all cooling lines inside the vacuum chambet' will 
be tested. These switches shut off the water flow in the event of a pres
sure decrease in the lines. 

2) Electronic liquid or vapor detectors will be installed in the 
vacuum chamber. These detectors will shut off both power and water to the 
furnace if wate ... or water vapor is detected inside the vacuum chamber. 
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AUTOtLAVIHG fUEL RODS 
......... £ !, .. _ • t r. "'. 

The large. 8utoclaving facflities in Room 115 consists of two upright 
cylindrical autoclaves wi'th 6-1/2 in .. inner diameters, 12 foot inner lengths 
and 1 1/8 inch thick steel walls ... Up to 40 1/2 inch-diameter rods may be 
loaded fnto an autoclave at one time, covered with water, sealed, and heated 
slowly to approximat.ely 400·C. As the heat increases, some of the water 
forms steam which forces the rest of the water from the autoclaves fnto two 
large horizontal bl0wd0wn tanks .. , (These tanks are located fn the same 15-
foot deep well in which the autoclaves sit). Simultaneously, a pumpwi11 
draw the water out of the tanks and into a sewer leading to the 300 Area 
crib waste system., When operating pressures 'approx. 1 ~OOO ps'la) have been 
reached in the autoclaves, they are valved off from the tanks. If pressure 
rises in the autoclave, a preset pressure relief valve will allow steam to 
escape into the b lowdown tants. If this relief valve fa n s t a rupture dist 
will break when autoclave pressures exceed 1300 ps1'a, which will also allow 
steam to rapidly drain off into the tanks. At the end of a nonnal run 
steam is slowly drained into the tanks, condensed, and pumped out. 

There are two nuclear safety concerns connected with the operation 
of the autoclaves: 

1) Can criticaHty occur either in t~e blowdown tanks or· in the 
autoclaves themselves? 

2) Could (possibly contaminated) steam somehow escape from the 
autoclavin!l system at any point at any time? 

Criticality Contil)gencies and Controls 

If only fissile material which is encased in welded tubes is placed 
in the autOClaves, and if one assumes that these tubes would not rupture 
until steam pr'essllre had driven most of the water out of the autoclave, 
the only li.kely way that criticality could occur within the autoclave it~elf 
would be a gross mistake on theoperatorls part about the number of rods of 
a given type that may be safely entered and covered with water. Limits on 
these numbers are es.tablished in cri.ticali.ty safety speCifications, and 
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would have to be exceeded by over a factor of two in order for criticality 
to occur; such a gross mtstaRe is "mete ,-si,nce only" persoMe 1 who 
are cognizant of tfte criticality rules and hazards involved are permitted 
to operate this facility •. 

The major potential causes of criticality in the "blowdown tanks are; 
the failure of several tubes or welds in a single run, and subsequent in-· 
jectionof loose fuel into the blowdown tanks (at least 520 grams of fissile 
material would have to be injected or accumulated).. 

The fir~t of these situations ~uld most likely occur after operating 
temperature and pressure had been exceeded. Two temperature control circuits 

1 and two pressure relief devices exist to assure that these conditions shall 
i not be exceeded, and the record of one weld failure out of several thousand 
f autoclaved rods indicates that multiple failures in one normal run are indeed 
f unlikely. 

Even if fuel and steam were injected violently into the tanks, the 
solution level in the tanks could not exceed 0.5 inch (the residue of con
densed steam). It is not credible that at autoclaving temperatures (not 
exceeding g SOO°C) metal fuel could be melted and forced into the tanks. 
This leaves only the possibility that some ceramic fuel may be mixed with 
the steam .'esidue. But 0.5 inch is well below the critical slab hei9hts of 
solutions of ceramic fuels in water .. 

The possibillty of accumulatfons from single faflures in many runs 
causingacri"tica lity is negated by the fact that the tanks woul d be 
pumped dry and cleaned of all fissile material after each failure •. 

Steam Escape Controls 

The lids of the autoclaves are held in place by circumferential clamps 
which are fastened together by 2 bolts, 7/8 fncti in diameter.. An estimated 
4,000 psi would be necessary to blow off the lids. It is estimated that some 
of the pipe fittings for pipes leading from the autoclaves to the blowdown 
tanks might rupture at 1500 psi; however, even attainin~ that pressure would 
require operator error in setting the trfpping level on the pressure control 
system (or failure of the system to detect and trip) plus failure of the 
rupture disc to rupture (or else installation of an improper disc). 
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FIRE CONTINGENCIES 

Fires within a Glove Box . 
In over half the glove boxes in 30B Building, devices such-as furnaces, 

lathes, welders, etc. exist which. are capable of igniting flarmtablematerials. 
Several factors make large glove box fires and gross contamination spl"~d 
unlikely: 

1) General operating procedures pl"Ohfbit accumulations of combustibles 
in a glove box.. Without large accumulations of combustibles, a fire large 
enough to ignite bags, gloves, or plastic panels is not likely to occur. 

2) Where a potential ignition source exists (as in a glove box con
taining a frequently used furnace), the glove box is cOl1ll1only operated on an 
inert atmosphere, which inhibits oxidation of any sort. 

3) Use of flamnable liquids (e •. g •. , cleaners) in glove boses is only 
allowed in special, limited operations under stringent controls •. 

4) Fires are most likely to happen in an area of high wor-kactiVity 
and during a time when people are present.. MgO sand is available in every 
glove box for instant use. Special connections are installed on every glove 
box for the use of dry chemica1 fire extinguishers. The extinguishers als.o 
are equipped with probes for penetrating gloves. Personl'lel are trained in 
the use of these extinguishers; Fi9ure 1-18 depicts one in operation. 

Fires Outside a Glove E.QX 
~;..;o..o;..: •• --.. ----- - • -

No fissile material is stor~d in U,a 308 Pouilding in such a way that 
credible coilapse of racks, shelving, etc., due to fire could lead directly 
to a criticality. Therefore, the major nuclear safety concet'n with a fire 
outside a glove box is whether the spread of flames could be la:~:~~~n()lIgh and 
prolonged enough to destroy a glove box or other means of contamf;natiotlcon
tainment, and whether people might breath any released contamlnat'ion. Several 
controls make this unlikely: 

1) Combustibles are not allowed to accumulate near Qlove boxes or 
storage areas. 
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2) A fire large enough to consume a glove box or release double
canned material would almost certainly set off the automatic alarm system 
if nOt first extinguished or at least detected I)y people. Trained fire
men would be on the scene before extensive damage had been done .. 

3) Evacuation of the building would be prompt and certainly in 
advanc.e of any s·ignificant contamination rel ease. Reentry is 1 imited to 
those with assault masks (under established procedures), until it is 
assured that airborn contamination and surface contamination throughout 
the building are below permissable levels. 

4} Significant contamination rel ease to the environs is not ex
pected. No laboratory rooms have any windows, and doors would normally 
rema;l" shut., It is unlikely that both sets of fil tel'" beds between room 
air and the stacks would be destroyed by fire, since a heat-activated 
deluge system is installed in the main exhaust duct to protect the final 
filter beds. 

gONTAM1NATIONAND '. RADIATION CONTROL 

Contamlnation Control 

"Contamination" is a term used herein to describe the presence of 
a1pha-emittinQmaterial (mostly plutonium) in quantities larger than 
10-8 uCi (or.lo-13 uCi/cc in air). The control of radi.oactive materials 
other than alpha emitters present in the building is discussed in 
Part HI. 

The principal engineered features of contamination control within 
the bu.ilding are the glove boxes and the overall ventilation system, 
which were discussed earlier. Procedural controls are very important 
in diScovering the 1 imiting contamination spread: 

1) Strict procedures have been establ isbed for blgiing mott!riai 
out of glove boxes and for changing gloves. in order to prevent solid 
or airt)orn contamination from escaping from a glove box .. 

2} Gloves arachecked periodically for weakening and holes. and 
contamination spills due u> glove ruptures are held to a sman number, 

1 
1 

I 
1 
1 

I 
'I 
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3) Portable alpha detection equip~ent is available for people 
actually working in glove boxes, and they are procedurally required to sur
vey their hands and arms before- leaving thf:! box .. 

Contamination spills not connected with glove box work are rareL 
Fissile and other high activity materli:lls are stored within the building 
only after beir.g double canned I' , sealed in welded metal containers. 
Material leaving a laboratory room is surveyed for surface contamination, 
and every person is required to survey his hands and feet upon leaving any 
1 aboratory room and upon 1 eaving the 1 aEioratory section. If at any time 
contamination is discovered, the contaminated person or- article is not moved 
until radiation monitoring personnel have had an opportunity to l'ePlO\le or 
control the contamination and determine the source and extent of the incident. 

Unl ess a primary means of contd i nment (e .. g .. , a g<, ove box or sealed 
metal can) is destroyed, gross contamination release in the building is un
likeiy .. Even under such circumstances, the contamination would probably 
be confined to a small area by compartmentation and ventilation control .. 

During the 1 ife of the building, there have been ahout tltlenty 
electrical outages, ranging in duration from a few minutes to two and a half 
days. Emergency precautions such as covering glove ports, sealing bags, and 
taping hoods shut are ~aken as soon as power loss is detected, in order to 
prevent radioactive materials from escaping into rooms. Except i hone case*to 
date, emergency power has been maintained during outages, and the emergency 
glove box exhaust fan has operated and maintained neqati"ve relative glove 
box pressures.. Room air samples and surface smear samples have never 
revealed spread of contamination from glove ~oxes during electrical outages 
in the buildinq .. 

Radiation Control 

The activities of the radiation monitorina specialists assi~med to 
the buildin9 constitute the majority of day-to-day radiation controls. These 
specialists assess the radiation hazards of new or non-routine operations, 
and inform management immediately of any unusual radioloqi"cal conditions 
within the buildin9. They assist in estaolishing maximum expected dose rates, 
mark'Ing off radiation zones, distributing and collecting dosimete.rs, and 

*For one 36 hour planned outage all ventilation was shut off. 
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reporting personnel exposures .. At thei.r s.uggestion? management occasionally 
institutes special radiati.on controls, such as special slJielding limite.d 
access storage and work areas, etc. 

In almost no case in 308 Buil di.ng is sudden exposure to hi9h amounts 
of radiation credible. Two cases where thfs is not strfctly true are the 
x-ray units in Rooms 220 and 105.. The unit in room 220 is contained in a 
glove box and exposure to hands fs: the only radfCl.tion nazard. Tfle unit in 
Room 105 is larger and not contafned in a glove box; however, an interlock 
mechanism prevents the 105 unit from befng turlled on until the 1 ead--l i ned 
door to the room is completely closed; and tfle door must remain closed for 
the unft to remain operating.. Limits on the operatfon of both uni.ts are 
specified in radiation work procedures .. 

CONTINGENCIES ARISING FROM NATURAL CAUSES 

Windstorms 

Destructive tornadoes and windstorms of hurricane intensity are 
virtua lly unknown in the 300 Area.. The strongest recorded wind gusts ; n the 
Area have not exceeded 75 mph. Since the 308 Building was built to withstand 
winds of up to 100 mph, it is not considered likely that windstorms will 
cause damage to the 308 Building. 

Flood 

The high-water level of the Columbia River duri.ng 100 year maximum 
flood stage at 300 Area is estimated to be 364 ft. abov~ sea level. 308 

Building is situated 404 ft. above sea levelh River flooding of the build
ing is not considered likely. 

Earthquakes 

Recorded earthquakes in the I-ianford area have not exceeded three on 
the Modified Mercalli Scale (t~M-III), and are not expected to exceed MM-VII. 
The 308 Building is designed to withstand earthquakes of up to MM-VIII in
tensity. Serious damage to the PFL due to earthquakes is net expected .. 

. , 
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CONSEgUENCESOF ASSUMED ACCIDENTS 
< <.( • - <. i( • ... «. " - I( 'C""~ 

Criticallt}"~l"!1 a GloYE! -Box 
. -. < ,,' .... - - -, 

The safeguards which have. been estab.llshed to prevent a criti.ca 1 tty 
are described in a previous s·ectfor .. · This section discusses tfle consequences 
of a critical tty in the unl ikely event that one occurs,. 

A criticality incident in a glove box probably would nvt exceed 5 x 1017 

total fissions, and would probably be limited to a single but'st since it 
would involve fi%ile material in nonsolution form; thus the energy of the 
criticality would be expected to put the material in a noncritical configur
ationL The principal consequences of such an incfdent would be the neutron 
and gamma radiation exposure to people within th~ building., Table 1-1 was 
adapted from Aspinall's report~(2) It gives an estimate of the dose a person 
could receive from external radiation, starting at vari.ous distances from 
the incident and evacuating promptly (2 second delay) at a s.peed of 16.5 
ft/sec .. (2} Comparison of Table I values with Wachter's report(17) and a 
review of criticality accidents (5) shows reasonable agreement. It is evi
dent that anyone wi.thin a radius of 20 feet of the incident mi9ht receive 
more than 450 Rem.. The number of people within this radius depends upon 
the work done in the vicinity; there could be as many as five, but would 
more likely be two. 

Mechanical damage to the glove box mi~ht include rupture of bags, 
gloves, and the glove box panels. 5 x 1017 fi.ssions would provide 3850 kcal 
of heat which is sufficient to produce 350 cubic feet of steam if water is 
available. This would pressurize the average glove box (volume, 200 cubic 
feet) to 700 inches H20 (30n in. H20 above atmospheric pressure). Gloves 
and bags tend to fail at differential pressures above 20 in. H20. Water 
probably would be present if a criticality did occur, si.nce accidental water 
moderati.on is the most 1 ikely cause of a criticality in the PFL. Safequarcls 
such as limited volume water systems,. operator surveillance during coo1ing water 
usage, and automatic water detection and shut-off systems nearly assure the 
prevention of accfdenta 1 flooding . 
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TABlE..' I...J 
~ t. . .. 

Dose Received from a Cri.ticality (5 x 1017 fissions) 

Initial Distance from 
" tlrelnt'ideJ1t (feet) 

3 
6-1/2 

10 
16 
33 

Calculated· Dose from 
RadtatfOri '(Rem} 

11,000 
3,1-00 
1,350 

550 
80 

If serious damage to the ~love box occurred, some fJlutonium release to 
the room would be expected. However, the dose in the vicinity of the crit
icality from inhalation of airborne plutonium or fission products would prob
ably not be significant compared to the external dose from e.xposure to neutrons 
and gamma radiation. 

In the environment a potentially significant exposure pathway would 
be via inhalation of iodine or plutonium. There would not be enouqh 
fission gases released to cause a si~nif'icant offsite exposure from E:xternal 
radiation. 

The quantity of several fission gases formed during a f x 1017 fission 
criticality is given in Table 1-2. 

TABLE 1-2 

Radioactive Fission Gases Formed in a Criticality 
(5 x 1017 fissions) 

Isotope 

131 I 0~505 

1331 6.70 
1351 22.5 
1 33Xe 1.41 

l35Xe 20.90 

• & ~ 
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Much of the iodine would be expected to r~TIain in the plutonium

water mixture but since we lack data on release which we feel are 

surely appl icabl e we assume compl ete rel ease of iodine... w~ al so assume 

complete release from the cri.ti.cal mi.xture of the noole qases. We 

use 50% plate plate-out of iodine prior to release to the environment but 

take no credit for fil tration.. There are high effic<iency fll ters but 

no charcoal absorbers illl the 308 ventil ation system.. With these assumptions 

the resultant release to the environment is: 

1/2 the iodine 

all the noble gases 

Airborne plutonium would be effectively filtered by the high

efficiency filters which remove at least 99.,95% of particles of 0 . .3 micron 

minimum diameter. If all the plutonium involved in a criticality became air

borne inside the buil di.ng ~ a most unl ikely occurrence, the estimated Pu 

release to the environment would be 0 . .85 grams or 0 .. 05 Ci. of 239PU .. 

As a consequence of this release of iodine and plutonium the cal

culated consequences to individuals 1· mile do-wnwind of the building would be 

a dose of 0.3 rem to the thyroid, 15 rem lifetime dose to bone and 0 .. 12 rem 

to the lung. If the plutonium was of mixed isotopic composition, 65% 239pu, 

29%2I+UpU, 5% 2410U and 1 % 242pU, the dose wou·il d be 55 rem to bone and 2 rem 

to lung tissu~. 

In the event of a criticality the airborne plutonium would be only a 

small fraction of the actual total involved and the dose to bone and lung 

tissue would be proportionally smaller than the values given in the p'~e

ceeding paragraph. 

Fire Within a Glovebox 

In the event of a fire in a glove box plutonium would become airborne 

and if the glove box failed, a serious plutonium inhalation exposure could 

occur to individuals within the room unless they evacuated before plutonium 

was rel eased from the glove box.. Experience has shown that individuals 

wearing effective respiratory protection (masks) woul d probably receive atout 

1/1000 of the inhalation exposure that non-protected individuals woul~ receive. 
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Assault masks are strategically located in areas of low contamination 
such as in hallways for use as needed.. It is believed that p,ven during 
a large fire within the building the final filter bank would remain in
tact due to the presence of the fog del uge system mentioned on page 3 •. 
The system is activated by temperature sensors when the air temperature 
rises to 300 OF. The system is installed iii the main exhaust plenum 
and has the capacity to cool 135,000 CFM of air from over 900 OF to 
less than 150 OF. 

A large fire could spread plutonium contamination to other rooms 
of the building. A period of loss of use of the facility would occur. 
This and the decontamination of the facility and equipment in order to 
return them to use coul d be cost"jy. 

The assumptions used for calculating projected doses presented 
in this section are given in Appendix A. 

, , 
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SUMMARY - PART II 

The FFTF Fuel Fabrication Demonstration Facility is located in the 
Plutonium Fuels Laboratory (308 Building), and is designed to produce ~FTF 

fuel pins on a developmental basi~. The facility is comprised of two paral
lel fuel lines enclosed in a series of glove boxes normally operated under 
dry air or inert atmospheres. A glove box ventilation exhaust of up to 
450 CFM is automatically attainable shculd emergency conditions requirp. 
large air flows. 

The fabrication work is under the direction of the Deputy Manager, 
FFTF Fuels Department. In addition to technical personnel from FFTF 
Fuels Department, support is provided by members of Radiation Monitoring, 
i~uclear Safety, Reactor Physics, Fuels and Materials Department, Ceramics 
Department, and Craft Services. 

Administrative controls are based on approved manuals and BNW 
operating guides. 

Limits of tne quantity of fissionable material are established for 
each operating station, and portable alpha detection devices are located 
throughout the faci 1 i ty. 
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PART II: THE FFTF FUEL FABRICATION DEMONSTRATION FACILITY 

DESCRIPTION 

Facility Description 

Approximately 10,000 square feet on the first floor of the Plu
tonium Fuels Laboratory (Rooms 101,103,105,111,113,117, 
119 i 125, 134, and 138) are occupied by the FFTF Fuel Fabrication Demon
stration Facility. Refer to Figure 11-1 for a plan of the Facility, and 
to Figures 1-2, 3 for the PFL plan. 

Versatility inherent in the design of the PFL permits the isolation of 
rooms 117, 119, and 125 without changes to the existin~ room ve~tiln
tion supply, room exhaust, or basic laboratory utilities. The compart
mented rooms and the glove box orientation provide for isolating areas 
from other building functions and other portions of the development line 
to promote safety and insure continuity of work. 

Alternating between the two pellet lines win provide pilot scale 
processing. The functions of plutonium storage, fuel pin decontamination, 
welding, etching, radiography, and main corridor travel share joint faci
lities with other users. 

Glove Boxes 

Primary containment of plutonium is provided by the glove boxes. 
FFTF glove boxes are constructed of stainless steel with acrylic panels or 
safety glass and are essentially leak-free. Dry air or inert atmospheres 
are used within the boxes with variable purge rates and exhaust capacities 
of approximately 450 CFM under energency conditions. Glove box atmospheres 
are automatically controlled at a negative pressure by self-sensing supply 
and exnaust valves; and the exhaust air is filtered three times before 
release to the atmosphere. 

. , 
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fFTF Fuel Fabrication Demonstration Facility 
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Standard gloveboxes provide complete contamination containment 

of fuel material containing high energy gamma emitters. 

Fire detection devices ~re located in the ceiling of each room~ and 
the top of each glove box, to give early warning of an excessive tempera
ture rise due to fire. These precautionary devices are expected to prevent 
or greatly minimize, the spread of contamination to the surrounding· area in 
case of fire. (See Figure I-2a, Part I, for alarm location.) 

Firemen have received training in extinguishing glove box and other 
fires. Special dry chemical extinguishing systems are available and instal
led on all glove boxes. In addition, the operating staff of the Plutonium 
Fuels Laboratory have been trdined to fight glove box fires. 

Process Description 

Each pellet line consists of six operating stations, the first four 
of which are isolated in the first rooms of the line. These include (l) 
U02-powder blending, (2) ballmilling or particle surface preparation, (3) 

particle binding and (4) U02-Pu02 powder granulating (Figure 11-2). 

The characteristics of the work make the pellet lines a potential 
source 'of radioactive contamination, thus the two lines assure continued 
pilot scale operation in event of contamination of one line. Normally, the 
second pellet line is used for development studies and only used when equip
ment fails or when additonal capacity is required. Once the powder is granu
lated, the contamination potential is reduced. The process is then continued 
in the next room with steps 5 and 6 (Figure 11-1) for pressing and sintering 
of pellets. Further steps are pin loading, decontamination, welding, and 
x-ray. Pin gaging, leak checking, gamma scan, eddy current, and ultrasonic 
nondestructive testing steps are located 1n a separate room and provide in
line fuel pin check inspection before delivery of the pin to the clean room 
fuel assembly area. 

A dust-free environw.ent is required for the fuel pins, pin assembly 
equipment, and subassembly testing equipment. Rooms 138, 134, and 132 are 
provided with air10cks and the existing controlled ventilation will provide 

I ... 
'1 
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clear. room conditions. A 15-foot deep assembly and storage pit is provided 
in room 134-138. In the pit~ the pins and other hardware are assembled 

into subassemblies which are approximately twelve feet long and are trans
ported by monorail and bridge crane to the subassembly storage pit in room 
134. The assembly and storage pit is designed for the necessary physical 
separations and radiation shielding. For criticality considerations, no 
water lines are 'permitted within Room 134-138. 

ORGANIZATION AND ADMINISTRATIVE-CONTROLS 

'Organization'and Assignment of Responsibilities 

1. Project Director: Deputy Manager, FFTF Fuels Department 
2. Technical Staff: 

Project Leader: Manager, Process Demonstration Section is 
responsible for coordination of activities and 
direction of pilot line effort. 

Engineers are assigned responsibility for operation of the facility. 
Two engineers are involved in the fuel preparation areas of the 
pilot lines (Rooms 117 and 119). 

An engineer supervises the pellet pressing, sintering, and grind
ing areas (Room 113). 

An engineer,is responsible for nondestructive testing (Room 125). 

An engineer supervises the subassembly fabrication area (Rooms 
134, 138). 

Each of the engineers is supported by one or more technicians. 

Supporting Departments: 
Critical Muss Physics 
Atmospheric Sciences 
Radiation Monitoring 

3. Building personnel providing support activities: 
• Engineering p'arsonnel from Plutonium Fuels Engineering; 

responsible for review of the facility and coordinC"tion of 
facility installation and operation relative to other 
308 building activities. 
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Maintenance personnel assigned to 308 Building 
Radiation Monitoring personnel assigned to 308 Btrilding 

Administrative Controls 

1. Formal industrial radiation and nuclear safety procedures as 
described in BNW Operating Guides and Plutonium Fuels Laboratory 308 Build
ing General Instructions for Radiation Zone Work, and all revisions there
to are adhered to at all times. 

2. Minimum qualifications for personnel administering the Radiation 
Monitoring system -- Personnel assigned radiation protection responsibili
ties will have demonstrated competence in evaluating radiation p~oblems 
associated with high exposure plutonium oxides and the instigation of pro
per contamination control measures. 

3. Training Program for Operating Personnel -- All pet'sonnel invol
ved in the project will have an understanding of the proper operation of 
special process equipment thru specialized training, and in general radia
tion work procedures used in the 308 Building. 

Trainin9 in glove box techniques and special handling problems 
related to plutonium is provided to each man before fissile materials are 
introduced. Special attention is given to the use of air locks, 'bag-out 
procedures, waste disposal, decontamination, care of hood"gloves, use of 
instrumentation, the general building prOCedures, criticality safety speci
fications and·RWP·s written specifically for the Demonstration Facility. 

4. Inventory/Criticality Control -- Criticality limits are posted 
at each station with an inventory sheet maintaining a balance of fissile 
material present in the hood. A transfer of material requires independent 
verification by two operators. A log sheet is located on each glove box 
which reflects the quantity and type of material present in the station. 
Accounting on a by-difference basis wili accumulate residue material 
remaining in each box for criticality considerations. 

Administrative control on the fuel line is augmented by utiliza
tion of an on-line computerized data acquisition system maintained in the 
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office area of the 308 Building. Features of this system allow access to 
material status and quantities at all essential stations on the line. In
puts on movement of fuel from station" to station are an~lyzed within the 
computer to assure the established parameters are not exceeded. The analy
sis will consist of: 

• ve"rification of the shipping station by lot or batch number to 
assure that the material is shown as residing in that station 

• verification of the r.:!ceiving station to assure the present 
status and the materi al transferred W"j 11" not exceed the estab
lished criticality safety limits. 

The operating station remains on standby status pending authoriziition of 
the transfer. 

SAFETY ANALYSIS 

Criticality Potential 

"The batches of "fissile material that will be processed through the 
line allows little possibility that a critical mass could be assembled. 

The hoods in the main part of the powder-pellet l'ine are spaced 16 
inches apart. All other hoods are at least three feet apart. Each hood wiil 
be limited to 45% of a critical mass; or the fuel will be limited to a safe 
geometry. In all operations, administrative controls are imposed such that 
no single error, accident, or equipment fai.lure can result in a criticality 
hazard. 

Criticality Limits and Controls 

Each hood will either be limited to 45% of a critical mass, or else 
the fuel will be limited to a safe geometry. 

Table 11-1 presents estimated minimum critical masses and numbers of 
pins that will be in the line. The values for pins ure for cylindrical 
geometry and full water reflection; all other values are for spherical 
geometry, full water reflection. 
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TABLE II-l 

ESTIMJI.TED fHNH1Ur .. ! CRITICAL r'1ASSES 

Fuel Dsnsity rfjin. Critical 
Unmoderated Systems (g/cm ) nass (kq Pu) .. -

·PuOZ Powder 5.6 22 

PuO . 
2 11.46 10.8 

31 wt% Pu02-U02 (Nat. U) PO\,/der 5.7 72 

31 wt% Pu02-U02 (Uat. .. \ 
U) Pellets 11.1 26 

31 wt% Pu02-U02 (Nat. ll) Pins 11. 1 approx. 1900 pins** 

31 wt% Pu02-U02 (94%235U) Powder 5.7 22* 

31 wt% Pu02-U02 ~94%235U} Pel12ts 11.1 10.8* 

Wa ter f-'lodera ted Sys terns 

Pu02 PO\'/der i n ~!a ter Optimum .52 

31 wt% Pu02-U02 (Nat. U) Powder in Optimum .60 

\'/a ter 

31 \'It% Pu02-U02 (Nat. U) Pins in Optimum approx. 95 pins 

\'/ater 

31 wt% Pu02-U02 (94%235U) Powder in Optimum .52+* 

water 

31 wt% Pu02-U02 (94%235U) Pins in Ootimum approx. 65 pins 

water 

* This value not yet available; so conservati~ely assumed to be same as 
for plutonium system. 

** Fuel Pin - A single piece of clad tubing (,,0.230 11 dia.) containinfj both 
fuel pellets and internal hard\'Jare cOr.1ponents, and having a vlelded cap 
in each end. 
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Controls on transfers between glove boxes dnd storage areas include 
the following; 

1. Transfers will be limited either to 45% of a critical mass, or 
be on a vehicle designed to assure criticality safe geometry. 

2. Two operators must verify the form and th€;' fissile \Ii/eight of the 
material to be transferred before the ty'ansfer takes place. 

3. In addition to operator verification) a computerized Data Acqui
sition System will check the transfer. Verification that the transfer does 
not violate any safety limits must come from both systems before the tl"ans
fer is made. 

4. Fuel movement outside the containment of the glove box line is 
accompl i shed through util i zation of geometri ca lly safe Pu02 carts and fuel 
element carts (Fi gures II -4 and II -5) . Engi neered safety fea tures of these 
carts include the provision of a fixed center-to-center spacing between 
fissile masses in separate carts at all times. The loading area of the 
oxide cart provides an inclined surface which prevents placing 1OOY"e than 
one container on the cart. Fuel cannisters are transported in a six-
inch diameter receptacle in the loading surface which limits transfier to 
one'five~inch cannister per cart. 

Design of the fuel pin cart provides for loading in a horizontal 
position. A cranking mechanism provides for tilting the pin column to a 
vertical positioil prior to any movement of the cart. When tl1e pins al"'e 
placed in a vertical position, a 36-inch center-to-center spacing is pro
vided with Y'eference to all other fuel carts. 

For administrative control purposes each cart is clearly labeled 
with its cor.tents and the criticality safety limits. 

Fuel pins in storage and subassemblies will be neutronically iso
lated by concrete maintdin;~g eighteen inches e.dge-to-edge spacing. Indi
vidual cells will be safe dry and under water flooding. 
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Seve'~al engineered safety features in the glove box line are: 
Hydrogen Sintering Furnace (water cooled): 

Limited volume cooling system -- The one cooling circuit which 
is internal to the glove box is limited 1.3 gallons (about 
5 liters) of water volume. 

Automatic shutoffs -- In the event of a cooling failure, an auto
matic power shutdown should activate; if it does not, and 
'.'/ater reached the innel~ shell, a pressure sensing device shuts 
off heater element power. 

Hydr'aulic Pellet Press (Total oil volume = 11 gallons): 

Check Valve -- A check valve is installed in the hydraulic'system 
of the pellet press to prevent more than one gallo:l of oil 
from flowing out of a rupture in the oil line. (Continued 
operator surveillance is required to operate the press, and 
sO"it is unlikely that more than a few liters of oil could be 
forced into the glove box, even if the check valve failed). 

Cri ti ca'! i ty Conti ngenci es 

Exceeding Mass Limits - The double checks on fissile material 
transfers outlined above make the probability of exceeding safe fissile 
material mass limits extremely unlikely at every point in the line. 

Accidental Moderation '- There are two sources of accidental modera
tion in the line, both of which are located at points where unmoderated 
fissile material limits are to be applied; these sources are a possible 
leak in the internal cooling circuit of the hydrogen sintering furnace, 
and a possible leak in the oil line (inside the glove box) for the pellet 
press. In both cases, a combination of engineered safety features and 
procedural controls make criticality contingent upon more than two simul
taneous, independent, and unlikely events. 

If a leak occurred in the cooling circuit located on the lid of the 
sintering furnace and internal to the glove box, a m~ximum of 1.3 gallons 
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of water-coGld be released'to the glove box. Engineered design of the 
furnace is such that the level of water would have to exceed one inch be
fore there could be any flow past the.lid. With dispersal of the entire 
cooling system to theglove'box floor the maximum depth of the coolant 
water would be .3 inches. In addition, the furnace lid is attached with 
air-tight O-ring seal which would have to fail before any water could 
leak past the lid. If there were a leak in the oil line to the pellet· 
press the total volume of oil released to the glove box would not exceed 
1 gallon. If all 11 gallons of oil available were allowed to drain into 
the glove box, it would spread out on the box floor in a layer 3.5 inch 
thick (max.). Most of the pellets would be ,in the press, 18 inches above 
the box floor. 

Explosion and Contamination Contingencies 

Under normal operating conditions (a) if there is an internal 
cooling failure and (b) simultaneously the automatic power shutdown did 
not activate and (c) water passed the O-ring seal reaching the inner shell, 
a pressure~sensing device automatically shuts off the element power, avoid
ing·a steam~generatedexplosion. All other gases used for sintering are 
non-explosive~ If, due to a faulty lid seal a negative hood pressure is 
created by the vacuum system, a sensing device will automatically shut down 
the vacuum system to ~void loss of gloves. Should this device fail, the 
normal glove box exhaust ventilation systems and alarms would activate upon 
tri~ loss of glove box integrity. 

COi~SEQUENCES OF fvlAXIMUM CREDIBLE ACCIDENTS 

The maximum ~redible accidents in the FFTF Fuel Fabrication 
Demonstration Facility are taken to be the same as in Part I: (1) a cri
ticality during process and (2) an uncontrolled fire in or out of a glove 
box. The consequences of both types of accidents would be the same as dis
cussed in the PFL section of this report. 
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SUMMARY - PART III 

The polonium work in Room 213 of the 308 Building is directed to 
development and limited production of small, hollow, refractory metal 
microspheres containing a rare earth' po1onide. The enclosure system 
includes five glove boxes and two fume hoods. The glove boxes are 
nonnally ventilated by a recircu1atiklg inert gas system. The fume hoods 
are supplied by laboratory air which is exhausted to the nonna1 building 
exhaust system. An emergency exhaust system is provided for the glove 
boxes in the event of loss of either containment or the recirculating 
inert gas system. 

The polonium work is under the direction of the Manager,·Isotopes 
Development and Appl i cations Secti on. In addi tion '~o techni cal personnel 
from this section, support is provided by personnel from Radiation Monitor
ing, Electronics Measurement Research, Biomedical Electronics, Laboratory 
Engineering, Chemical Research and Analysis, and 308 Building personnel. 

Administr-ative controls are based upon the BNW Operating Guides and approved 
manuals. 

Accidents which might result in an uncontrolled release of polonium within 
the 308 Building are possible. Up to 10 grams of polonium may De stored 
in the 308 Building at one time, but the majority of this WOU1(1 not be 
available for possible contribution to radiological accidents. A maximum 
credible accident is postulated: the release of one (1) milligram of 
polonium to the 308 ~uilding and its environs due to a fire in Room 2i3. 
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PART III: THE POLONIUM ENCAPSULATION PROJECT 

DESCRIPTION 

Project Description 
The polonium project is designed to demonstrate the feasibility of 

fabricating polonium microspheres for advanced radioisotopic heat sources 
meeting the safety requirements of the Atomic Energy Commission for a 
SNAP-29 mission. 

Facility Description - General 
The glove box system in Room 213 for polonium work consists of five 

glove boxes and two fume hoods arranged so that all transfers of material 
into or out of the glove boxes must be carried out inside the two fume 
hoods. (See Fig. III-l). 

The glove boxes are provided with an inert gas (argon or helium) 
atmosphere which is maintained by a recirculation, purification and make
up system or a once-through flow of high purity gas. The gas pressure in 
the glove boxes is maintained between 0.4 inches and 1.0 inches of water 
below room pressure. Absolute filters are installed in each of the glove 
boxes on the exhaust side of the system. 

The atmosphere recirculation and purification equipment is capable 
of limiting output impurity to < 10 ppm total impurities. The purification 
apparatus specifically removes H20, O2, HZ' and NZ from the inert gas. 
Expected operating impurity concentrations are ~ 30 ppm total impurities. 

Each glove box is provided with an exhaust duct connected to the 
building exhaust system. These ducts are normally closed but are activat~d 
automatically in case of containment failure. For the once-through gas 
flow oper'a ti on, these ducts wi 11 remai n open as the expended inert gases 
will be exhausted to the building system. This exhaust system is connected 
to the 300 Area emergency power system. 

The two fume hoods draw air from the room and exhaust it to the 
building exhaust system. Each exhaust duct is provided with a~ absolute 
particulate filter at the point of attachment to the fume hoods. 
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A vacuum system is located under the glove box line in a separate 
fume hood. The vacuum system consists, of a mechanical roughing pump and 
an oil diffusion final pump. The vacuum system is provided with conventional 
oil traps for collection of impurities, including radioactive materials. 
Disposal tanks for drainage of dirty and contaminated oil are included as 
part of the vacuum system. 

This hood also contains a cooling water heat exchanger and recircu
lating pump. Recirculated cooling water is supplied to the vacuum vapor 
deposition chamber, furnace cooling coils, and the oil diffusion vacuum 
pump. 

The hood containing the vacuum and cooling water systems draws air 
from the room through an absolute filter and exhausts to the building exhaust 
system through another absolute filter. 

Process Description 

Figure 111-2 depicts the general process. Figure 111-3 illustrates 
the relationship of components for the typical microsphere heat source. 

The process involves: (1) formation of a rare earth po1onide fuel 
compound on the surface of refractory metal microba1100ns by solid-vapor 
reaction, (2) deposition of a refractory metal containment cladding either 
by vacuum vapor deposition (VVD}~ ion sputtering, or chemical vapor deposi
tion (CVD)~ (3) CVD of a refractory metal structural cladding, and (4) CVD 
of a refractory metal oxidation resistant cladding. Refractory metals are 
those with melting pOints above 3600 of (1980 °C). They are generally 
characterized by high temperature strength, corrosion resistance, and high 
melting points. Potentially hazardous materials used in the fabrication 
include hydrogen and refractory metal chlorides and fluorides e.g. WF~, v 
WC1 6, ReF6, TaC1 S· 

Receiving and Storing Polonium 

Shipments of polonium received at the 308 Building originate from 
Mound Laboratories, Miamisburg, Ohio. Individual shipments are limited to 
about 1 gram (4500 Ci) each, and are under armed surveillance enroute. 
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Polonium is present in the shipping package (Figures 111-4 to 
111-6) as metal plated onto platinum gauzes. The gauzes are contained in 
the innermost container (See Figure 111-6). 

Polonium is transferred from the shipping containers into the glove 
box line under RWP 308-9-68. All components of the shipping package except 
the B of E 1349 Drum and vermiculite are passed into the system. The pack
age is disassembled further inside a glove box to the stainless s-.:;eel
brass container shown in Figures II1-5 and 111-6. This primary container 
is IIwrenchll tight and employs a stainless steel O-ring to insure containment. 
This container is stored insite a lead IIcave". 

Mound Laboratory has recently adopted a new shipping container 
designed to Department of Transportation specifications. The new container 
consists of a 30 gallon steel drum as an outer container, spacing material 
composed of particle board, and an inner container composed of a 6 11 dia
meter oipe nipple capped on both ends. A small amount of vermiculite is 
used to cushion the pipe nipple in the center of the shipping container. 

Each 6" pipe nipple container has two smaller 1 1/4" pipe nipple con
tainers inside, each holding 0.1 gram of polonium in a small stainless steel 
container like that illustrated in Figures 111-5 and 111-6. 

Difficulty has been encountered in opening the 6" pipe nipple, requir
ing it to be partially opened on the laboratory floor. It is then trans
ferred into the fume hood where the inner 1 1/4" pipe nipple containers are 
removed and transferred into the adjacent glovebox. 

ORGANIZATION 

Qr9!nization and ASSignment of Responsibilities 

1. Project Director 

Kdnager, Isotopes Development and Application Section. 

2. Technical Staff 

Project leader - engineer, responsible for overall coordination 
of activities. 
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FIGURE III-3 Hollow Microsphere Heat Source, Component Relationship. 
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FIGURE 111-4 B of E 1349 Drum Containing Vermiculite and Succesive 
Internal Containers. 



FIGURE I1I-5 Internal Containers Opened to Stainless Steel Container with Brass Cap. This Stainless 
Steel-Brass Container Utilized for Glovf: Box Storage. Pipe Nipple and Caps are Sche
dule 80 Black Iron. Next Container is Copper 'l'ube with Rubber Stopper. 



FIGURE III-6 Stainless Steel Container is Sealed with Internal Stainless Steel Disc and O-Ring. 
Innermost Container is Tantalum or Stainless Steel with a Press-Fit Cap. Platinum 
Gauzes are Inside the innermost Container. 
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Four engineers are involved in various aspects of the technical 
development work. All of the engineers are supported by one or 
more technicians who assist the engineers and carry out assigned 
activities. 

3. Supporting Specialists 

Facilities support is provided by the Plutonium Fu~\ls laboratory 
Operati on, and at:di ti ona 1 support is obtai neli from Laboratory 
Engineering as required. 

One Radiation Monitoring SpeCialist is assigned overall respons
ibility for investigation and planning of radiation protection 
aspects of the project, procurement of necessary radiation pro
tection instruments and supplies, and hazards analysis including 
writing the hazards analYSis for the work. 

4. B~i lding Personnel Providing Support Activitie§. 

Engineering personnel from Plutonium Fuels Engineering - respon
sible for review of the facilit.y and coordination of facility 
installation and operation relative to other 308 Building 
activities. 

Maintenance pdrsonnel assigned to the 308 Building. 

Radiation Monitoring personnel assigned to the 308 Building. 

Administrative Controls 

1. Formalized industrial radiation and nuclear safety procedures 
as described in Operating Guides and Manuals of Battelle
I~orthwes t • 

2. Minimum qualifications for personnel administering the radiation 
monitoring program. 

Personnel assigned radiation protection responsibilities have: 
a) demonstrated competence in controlling radiation problems 

involving alpha radiation and materials of high specific 

activity, 

, 

"1 
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b) a good understanding of the special problems associated with 
handling polonium. The majority of this function is assigned 
to the Radiation Monitoring Specialist. 

3. Training Pl"ogram for Operating Personnel 

All personnel involved in the project will have a satisfactory 
understanding of the proper operation of special equipment they 
will use and general radiation work practices in the 308 Build
ing. Training in g~Qve box technique and special handling problems 
related to polonium will be provided to each mcn on t~e glove box 
before radioactive materials are introduced. Matters given special 
attention will include the use of air locks, bagout procedures, 
waste disposal, decontamination, care of hood glove, use of instru
mentation, the general building procedures, and RWP's written 
specifically for the polonium facility. 

SAFETY ANALYSIS 

Polonium Inventory 

The expected inventory of polonium in the 308 Building may rarlge up 
to 10 grams (45,000 curies)"; however, nonna1 inventory will be < 5 grams 
(22,500 curies). Polonium will be present in the glove box in three distinct 
ways: (1) as-received metal plated onto platinum gauzes and maintained in 
the stainless steel-brass shipping container (refer to Figures 111-5 and 
111-6), (2) as a rare earth po10nide fuel coating, being the outermost coating 
on some microspheres, and (3) as an encapsulated rare earth polonide fuel 
coating beneath from one to four additional refractory metal coatings. 

As development work proceeds, a greater percentage of polonium inven
tory will shift from as-recieved polonium to the encapsulated polonide stage. 
The unencapsulated, polonide coating exposed state will be limited to 0.5 
grams polonium inventory. 

Potential Accidents and Principal Control Mechanisms 

Hydrogen Combustion -- Hydrogen gas is used as the reducing agent in 
CVO portions of the process. Since hydrogen is a combustible material, 
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speci a 1 control mechani sms are prov'j ded to insure its safe use. Fi gure 
111-7 depcits the hydrogen network as used for eVD operations. Hydrogen 
must be considered at four distinct places: (1) outside the 308 Building, 
(2) inside Room 213 but outside the glove box:. (3) inside the g"love box, 
and (4) inside the fume hood. 

Hydrogen located outside the 308 Building is not considered to 
offer any unusual hazard. When not in use, the hydrogen feed line is 
doubly valved off and locked to prevent inadvertant supply of hydrogen to 
the buHding during off shifts. 

The hydrogen feed line penetrates the 308 Building only at Room 213. 
This line is approximately 15 feet long between the wall and the glove box. 
Control mechanisms to prevent supply of hydrogen to the Room 213 air 
atmosphere include: 

a) The hydrogen is valved on only when eVD operations are in use 
and operating personnel are present 

b) The hydrogen is shut off at the bottle and feed line valves by 
operating personnel in the event of any cause to evacuate the 
building. 

c) An electric valve is provided to shut hydrogen flow off auto
matically in the event of nonnal building power failure 

d) That portion of the hydrogen feed line which is in the room is 
leak tight as fabricated, and is inspected for leaks routinely. 
No mechanical equipment which might be capable of aCCidentally 
rupturing the line is planned for use in the facility. 

Inside the glove bOX, hydrogen is routed through eVD apparatus as 
previously described. Controls on hydrogen inside the glove box include 
the following: 

a) The glove box is provided with an inert gas atmospnere. The puri
fication unit removes hydrogen from the atmosphere. 

b) The evo apparatus is tested for leaks, using argon under opera
ting conditions of temperattJre and pressure, prior to intro
duction of hydrogen to the ~ystem. 
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c) The exhaust system changes the glove box atmosphere a minimum of 
two times an hour. 

d) The exhaust system is on the 300 Area emergency power system. 

e) A solenoid valve located in the hydrogen line is provided to 
automatically shut hydrogen flow off in the event of power failure. 

f) Operating personnel are instructed to turn the hydrogen off in 
the event of any equipment ma'ifunction, loss of flame at the burn
off tennination, or before any evacuation except for the criti
cality alarm. A fast action, one-quarter turn valve is provided 
for this purpose . 

. Excess hydrogen and coating gases from the CVD process are routed 
through the glove box wall and into a fume hood. Here the gases are water 
scrubbed and excess hydrogen is burned off. Control mechanisms to prevent 
an accumulation of hydrogen in the fuem hood include: 

a) The burn-off termination contains steel wool which maintains an 
ignition source for several seconds after flameout. This is suf
ficient to reignite hydrogen if momentary interruptions to the 
flow occur. 

b) The fume hood is exhausted to normal building exhaust. 

t) A solenoid operated valve is provided in the hydrogen line to 
shut it off in the event of nonnal exhaust power failure. 

d) Operating personnel are instructed to shut the hydrogen off 
manually in the event of any malfunction or evacuation, other than 
for cri ti ca 1i ty . 

Fire in Combustibles 

Non-essential combustibles are not allowed to ("cumulate inside the 
glove box line. Essential combustibles are limited and protected from ther·· 
mal exposure. Such ccmbustibles include wire insulation, glove box gloves .. 
meta l10graphy poli shi n9 paper, and pl asti c Itbagout" bags. Dry chemical fi re 
extinguishers are provided to cor.lbat any fi re inside the glove box 1 ine. 

I 
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There is some possibility of fire in contaminated wastes~ waste 
rags, filters and other materials removed from the glove box system. The 
potential fire problems with these materials are minimized through the use 
of a metal cover for the waste carton and by requir-:ug all waste of signifi
cant polonium content to be enclosed in tinned steel cans. 

A maximum total of one milligram of polonium i~ allowed to be present 
in the Room 213 contaminated waste receptacle. The Po inventory in the 
waste is monitored by surveying the surface of the ~3ste receptacle with a 
GM counter. A reading of 15,000 counts/min. or less on the receptacle 
surface is believed to indicate that less than one milligram of Po ~s con
tained therein. A major fire in the room could conceivably engulf the waste 
receptacle. 

A total of one milligram polonium release to the 308 Building is 
considered possible from such a fire. A fire of this magnitude could not 
be supported by combustibles in Room 213 alone. This wo~ld require a major 
308 Building fire. Based on the excellent fire protection facilities avail
able, and on the 308 Building construction, a fire of a magnitude which 
would result in more than one m'il'ligram polonium release is considered 
incredible. 

Cottainment Breach ------ . 
Other than containment breach resulting from fire, the only pl'ssible 

ways to lose containment would be the breaking of a glove box window or 
the loss of a glove or bag. The viewing windows in the glove Lox aV'e double, 
with plexiglass inner panes and safety plate glass outer panes; therefore, 
loss of contairunent through window breakage is unlikely. Plexig1ass shields 
are provided over the top windows to prevent inadvertent breakage. 

Containment breach through loss of a glove or a bag is possible and 
might result in release of polonium to the room. However, thE gas recir
culation system would shut down and the building exhaust system would be 
activated by release of the r.egative pressure differenti at between the 
glove box and the room. This exhaust system will draw appro;dmi1te1y 100 cfm 
of room air into the box through such a breach. A seri ous re"' ?i;1Se of pol on
ium to the room would requ~re failure of the building exhaust system and 
its emergency backup exhaust system. 
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Loss of Building Power, Normal Exhaust 

Loss of power and normal exhaust would cause: (1) the hydrogen feed 
line to be automatically closed, (2) the processes and instrumentation to 
shut down, and (3) glove box exhaust to be switched fr0m the recirculation 
system to the building emergency exhaust system. All processes f're capable 
of immediate interruption without hazardous effect. In such an event, opera
ting personnel would take additional precautionary measures such as completely 
disconnecting the hyrirogen supply to Room 213 and stopping all work. The 
glove box line would be prepared to withstand a safe loss of even the 300 _ 
Area emergency power system. Loss of power and normal exhaust would not have 
hazardous effects on the polonium glove box line. 

CONSEQUENCES OF MAXIMUM CREDIBLE ACCIDENT 

The accident assumed for estimating potential environmental conse. 
quences is the release of 1 milligram of 210po to the building interior, due 
to a fire which engulfs the waste container in Room 213. The size of the 
polonium particles which would be released in such a fire is not known~ Nor 
have accurate measurements been made of the size distribution of particles 
which become airborne as a result of normal procedures in the facility. How
ever it is known that some of the particles are smaller than 0.04 micron, 
since particles that size and smaller have been observed to penetrate the 
primary (glove box) filters. The actual effectiveness of in-place high 
efficiency filters for r'emovin~ such particles is not known.* If they are 
as effective for this particle size ~s for 0.3 micron or larger particles, 
(there is evidence in references 8 and 10 that they are not), then the 
releas~ to the environs would be less than 5 x 10-4 milligram~ or 2.2 milli
curies, which is an insignificant amount. 

To summarize 5 there is uncertainty both in what fraction of particles 
may be less than 0.3 mi cron, and in the filter effecti veness for such par
ticles. Therefore two conservative assumptions are made: 

1) All of the particles re'leased in the building interior are con ... 
sidered much less than 0.3 micron ;n diameter. 

* However, no ~olonium particles have been observed to pass through two high 
efficiency dlters in series. The detection limit is at leilst 2 x 10-12 

llet/CC. 

I 
I , 
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2) The penetration of such particles through two high efficiency 
filters is assumed to be 100%. 

On this basis, the projected dose to critical organs of an indi
vidual at 1 mile from the building due to 210po inhalation is 4 rem to the 
kidneys and 3 rem to the spleen. Assumptions on which the dose calcula
tions were made are given in Appendix A. 

I 
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SUMMARY ~ PART IV 

Fabricatton of nellets of 141Pmtls is carried on in Room 114,. 308 

BuHdin9 (as nart of a helt source development, project) t by the Isotopes 
ne\l~?lopment Section of the Fuels I!.'~d ... terialsllepartment., Tbe orocess 
includes pres$,inq Ind sinterin9 the penets in the single 910ve box in 
RO()tlB H4. 



PART IV: P~M£THTUM OXIDE PEllET FA8RICATION 

DESCRIPTION --
Prq,~ct Descr1ptipn 

The purpose of the protnethium project is to develop and produce 
mediwn-s1zed heat SOUl us (15-60 watts) made of pellets of 141Pm203_ 

147Pm is a. beta anitte ... of high specific activity (912 Ci/tJ!') t and 

heat sources made of it would be useful in aerospace and other a~pHeft ... 
tions., 

fl~ftt~ and Pro~ss Descri2t1on 

Pellets of promethium oxide up to 200 qrams ht weipbt are fabr; .. 

cited from the oxide in the s1nftle ~love box _t n Room 114" 308 SUilding .• 
Itefer to Fig. 1-2 for the relative location of Room 114 a.M to Fig. UI-8 
for IPhotoC)raoh of the !Jlove box.. Thts gliNe box is simila.'" to a hot 
cen in construction; the window Dorts are INn and the windows are 

sandwiches of 1 inch hi9h density leaded glass surrounded by acr,ylfe 

Dllstie.. The gloves Ire mete of 0.030 inch lead*lolded neoprene. 

Up to 100 grUlS of the oxide IN hl:nd-cl,rrfed at one t1~ from 
325 Building to 308 Sundin,. The .tertal is double-clnnedin tape ... 

sealed _tal cans s'fmnl? to those used fo,. ~h1ppino PlIO! powder; the 
outer Cln, conti" ns Ii 11 nf no of lead ~ The oxf deb taken fllledi ate 1, 
to the 9love box in Room n4; it is Mither stored nor left a.n~re 
else in the bulld1nq. 

In the pelletizing process .• powder is placed into a die 0/4 
to 2 inches in diameter) and pressed at 100,000 to 150.000 psi for 
about 30 secCt>1d!:, The press i $ COf'''"tfcted 1 aterall y to the glove bOlt, 

and containment 1$ mainUined by means of a steel bellows w'elded to the' 
lower plat~tl and to the ~love box extensionat>ove itt which has the 

up'per n h tan on its tor>. Oa ta on th i s be n (H-rs aopea r i n the f 0 n o\l/i 09 

table: 



t 
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TABLE III-l 

DATA ON THE RORERT SHAW CONTROL CO. EXPANSION JOINT 

Benows: 

1.0. = 6 inches 
0.0. = 10 inches 

Flanges! 
1.0. = 6.72 inches 
0.0. : 11 inches 

Bolt Circle Diameter = 9-1/2 inches 
No, of Holes = 8 
Drill Size = 7/8 inch 

Traverse = 3 inches 

Pressure ranqe ... vacuum to 150 psi, maximum 
Ternperaturerange - 800°F for 150 psi 

Once pressed, the pellets are removed from the die and sintered 
ir. a Hanford-built, 1500 W resistance-heated furnace at 1500°C for 16-24 
hours." This furnace is not water' cooled. The pellets aY"e occasionally 
ground to fit the tantalum inner lining of the heat capsule; they are 
then double-canned and taken to other buildings for encapsulation and 
weldinq. 

ORGANIZATION 

The promethium Dro.ject is headed by the Manager, Isotopes Develop
ment Section. One en~ineer is responsible for the work carried on in 
Room 114. Supportin~ groups include Radiation Protection and Non
Destructive Test1nq • 

." The furnace is not fused, and could conceivabl,v "burn Dutil if its 
voltaqe regu',ator failed; however, the highest attainable \;emperature 
would be 1790°C, the melt1nq temnerature of the platinum windings; 
the meltinQ temperature of promethium oxide is 2350°C. 
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Administrative controls on the movement and processing of prome
thium oxide are hased on approved manuals and BNW operating guides. 
Specific controls on glove box work with promethium are outlined in 
radiation work procedllres. 

SAFETY ANALYSIS 

Inventory of Promethium 

The total inventory of promethium within 308 Building is not 
expected to exceed 400 grams. As mentioned, all this material would 
be located in Room 114. 

Spread of Promethium from a Ruptured Can - Oxide is brought to 
the building after being canned so that the spontaneous heat generated 
will not heat the can air up to the point where the tape seal is broken. 
Experience indicates that this would never happen, since 60-watt (210 
gram) sources have been contained in tape-sealed cans for months without 
heating can air sufficiently to break the seal. However, as an added 
safety precaution, a portable refrigerator is used to prevent even 
this remote possibility from occurring. 

It is unlikely that in being hand-carried to the 308 Building, 
the double-canned oxide could be dropoed in such a way that the seal 
on both cans is broken, particularly considering the cans will be 
carried inside a metal refrigerator. 

Promethium is not left unattended outside a glove box within 
308 Building; therefore, it is not probable that a fire within the 
building could result in the release of promethium. 

Spread of Contamination from the Glove Box - There are three 
likely sources of oromethium release from the ~love box which will be 
examined- in order. 

1) Ruptured (or burned) gloves. 
2} Ruptured press bellows. 
3} The exhaust duct. 



lOURE IV .. J. 
Prom.etiU ,. G.love Box t ROQ~ ll~ 
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It has been found that promethium in air produces ozone which 

attacks and in a few weeks seriously detariorates rubber gloves. The 

gloves in this box are therefore coated with a polyester to slow down 

the ozone attack. To gual'd against this and the more routine causes of 
glove ruptures, the gloves are inspected regularly and changed at the 
first sign of weakening. If an undetected fire occurred in th~ glove 

box, there 1s a pO$.s1bility that gloves !flight be burned; however, unless 

the fire were quite large and spread out, the glove box exhaust would 

probably prevent extensivereleas,e of oromethiumto the room &1r. 

Accumulations of combustibles both in the qlove box and in the room are 
procedurally limited, and 910ves are not Dermitted to extend into the 

box when net in use. 

The bellows welded around th'! oress are very unlikely to rupture 

unlass stretched beyond the desiqn limita.tions. To assure that this 

will not happen, metal stops (visible in \':1g. 111 .. 8) hive been set on 

the posts surroundin9 the press. to prevent its traverse fr<m exceeding 
3 inches~ 

The exhaust duct fol" this. glove !lox is equ1PPf;;G YIHh ... he standor;':' 

hi~h efficiency filter. Measurements on the downstreatn side of this 

filter revealed no detectable anounts of oromethium being PiSSed by 
the f 11 ter. I n the event thi s fil tel" were des tl"oyed by fi re * the two 
back .. up filter beds downstream would do an equally effective job of 

stopping the oxide. 
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£Q..ff1.EQQENCJ:S OFMAXlMUH CREDtBlEACCIDENT_ 

The maximum inventory of unencapsulated, expose.d llt7Pm is 400 grams, 

stored only in the Room 114 glovebox... If an accident is postulated in which 
all 3.65 x le,5 Ci of 141Pm as oxide is airborne in the facfl itY'. the rel ease 

to the environs would be .180 curfes.. (A filter penetration factor of 
5 x 10-4 was used: 99 .. 51 removal effic iency • ) 

The projected dose to the critical organ of an individual at one 
mfle from Ilt7Pm inhalation is estimated to be 3 .. 4 rem to bone tissue •. 

Assumption!: on which the calculations are based are 9ive.n in 

~'ppend1 x A .. 



PAR T V 

EXPERIMENTAL STUDIES WITH HIGH ACTIVITY MATERIALS 
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SUMMARY: PART V 

Basic experimental work on thermal and other properties of highly 
radioactive materials will be carried out in glove boxes in Rooms 219, 220, 
223, and 225, 30B Building. Two studies, one on melting point determination 
and the other on thermal diffusivity me'isurement, are discussed to show the 
type and scale of work involved. 
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PART V. EXPERIMENTAL STUDIES WITH HIGH ACTIVITY MATERIALS 

DESCRIPTION AND ORGANIZATION 

Equipment and Process Description 

Glove boxes in Rooms 219, 220, 223, and 225 ~ll be used for 
experimental studies on small amounts of 147Pm, 147Pm203 244CM203 

241Am203 238pu02' and perhaps other high activity materials. These stu
dies will include, but are not necessarily limited to, melting pOint and 
thermal diffusivity tests and x-ray diff~action experiments. 

Although the total inventory of radioactive material may exceed 
10 grams, the amount actively studied at anyone time is about one gram or 
less; transfers between glove boxes are infrequent and usually involve 
less than 1/2 gram. Two studies are discussed in some detail to indicate 
the limited scale of operations and the type of equipment used: the 
melting point and thenna1 diffusivity experiments, bot.h carried on in 
glove box 113, Room 219. 

The melting points of various materials are to be determined by 
means of a small, 20 kW induction-heated furnace. The outer wall of the 
furnace is a stopped glass cylinder about 4 inches in diameter and 1 foot 
in length. The hot zone is in the center of a centrally located water
cooled copper block (about 3-1/2 inch diameter), which is surrounded by 
copper heat shields and atmosphere insulated from the furnace outer wall. 
In the center of the copper block sits a 3/4 inch diameter graphite 
cru~ible with a 1/4 inch deep x 1/4 inch diameter depres~ion for holding 
samples. The maximum sample temperature attainable with this arrangement 
is less than 3000 °C; melting is determined by photodiodes. 

Water cooling in 1/4 inch metal lines goes to the induction leads, 
as well as to the copper block current concentrator. The total volume of 
the recirculating water system in'the glove box is approximately 10 gallons. 
Continuous surveillance is requi~ed while this furnace is operating. The 
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furnace has a quick response; it wi 11 cool at 1.000 °C/min .. after power 
to it is shut off. Automatic shutoff will occur if the cooling water 
system fails. 

Heat capacity and thermal diffusivity tests will be performed on 
ceramic materials in a high-temperature, resistance heated. laser-pulsed 
diffusivity furnace. The furnace consists of a metal outer shell and lid 
(cooled externally) and It water-cooled inner shell (41n. diam.) con
taining both heat shields and a 1-1/2 inch diameter x 4 inch tungsten 
mesh heater. In the center of the heater a tungsten tube 1s suspended 
wi th a 1/4 inch hole. One cerami c pellet (200 mg) is held ,n this hole 
by tungsten prongs. Thennal diffusivity measurements can be made to 
approximately 2500 °C. The sample is instantaneously heated to sllightly 
higher temperature by a pulsed, 5-joule, 1/2 inch (0.6 micron wavelength) 
laser beam, which comes throUgh a glass-covered aperture in the bottom of 
the furnace. Cooling water flows inside the furnace in two separate 
coils: one to the heater electrodes and one to the copper shell. Con
tinuous surveillance is required during operation of this furnace. 
Automatic shutdown occur~ if the cooling system fails. 

Organization 

The experimental work is directed by the Manager, PhYSical 
Ceramics Section, Metallurgy and Ceramics Department. Support is 
prov; ded by Radi ati on Moni tori ng. 

SA.FETY ANALYSIS 

The nuclear safety concern with this work is to determine credible 
contingencies for gross release of radioactive materials. 
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Iny;e!ltory 
l'he following are rna~imum expected inventories! 

Grams of 
Radio8.t':"ive 

Material Grams ',~tl ~tcrial C~r1es ...• 
1 it 'Pm (as. metal) 20 20 18,000 

1\1Pm (as ceramics) 40 35 32,000 

21tltCm20, 15 13.6 1,100 

241Am201 15 13.6 44.5 

238pu02 30 26.5 450 

Controls on. Contamination Release 
Radioactive material is placed in a tape-sealed metal can, double 

bagged, and taped in a metal outet' can before beinq transferred between 
glove boxes. It is not left outside of glove boxes (except in insignifi
cant quantities or in approved shippinq containers). Gross release during 
transfer within the building is not considered likely. 

Gloves and bags are checked routinely for softening and holes, and 
glove boxes are equipped with standard self-sensing exhaust and ventilation 
valves to maintain negative box pressure. 

Sta'ndard fire prevention practices ~re in effect: accumulations of 
flaTl1llablematerials are not allo\'1ed to build up in the glove box, and fire 
extinguish(~rs are close at hand which may be inserted into the box through 
a special attachment. 

Continqencies 
-~,,:,;;,,,,,,,;;,,,;,,,;;,,::,,, 

If all the water in the recirculating system were released in the 
glove box, the water level would be far below the lower row of glove and 
bag ports. Therefore, flooding is not a continaency for contamination 
release in this qlove box. 

A ~ross leak in a cooling line inside the melting point furnace 
could conceivably cause rapid enough steam for~ation to blow the furnace 
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apart. perhaps resulting in rupture of one or more gloves and release of 
some glove box air. However, such a leak is exceedingly improbab'le con
sidering the construction of the metal tubing and fittings inside the fur
nace; and a slow leak would be readily detected by the operator who would 
shut down both the water system and the furnace. The same comments apply 
to the laser-pulsed f~rncce; it should be further noted that in the latter 
case no cooling lines run above the hot zone, so that water from a leak 
would tend to fall away from it. 

A fire inside the glove box which destroys one or more gloves is 
left as the most credible cause of contamination release. Such a fire 
would most likely be started by an overheated furnace or electrical short 
occuring while an operator was in attendance; it would probably be 
extinguished before more than a t~~w liters of air were released to the 
room. 

CONSEQUENCES OF MAXIMUM CREDIBLE ACCIDENT 

To estimate the potential environmental consequences of accidents 
involving 147Pm, 244Cm, 241Am, and 238pu, we have assumed that all the 
inventory of these isotopes within the facility became airborne. We do 
not postulate how this would occur. It seems unlikely that more than a 
small fraction would become airborne in an accident. For each of the 
materials the expected effectiveness of the high efficiency filters would 
be at least 99.95%. The resu'lting release to the environs would be 25 Ci 
of 147Pm, 0.55 Ci of 244Cm, 0,.022 Ci of 241Am and 0.23 Ci of 238PU. 

Table V-I shows the projected dose tJ individuals at one mile dis
tance from inhalation of these nuclides. 

TABLE V-I 
Projected Dose to Bone, Lung or Kidney Following Inhalation at 1 Mile 

Projected Dose - Rem 
Bone Lung Kidney 
0.47 

45 
241Am 3 2 

L38pu 90 8 
Assumptions on which the calculations are based are given in Appendix A. 
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PART VI: INTERACTIONS BETWEEN FACILITIES 

The Plutonium Fuels laboratory was designetj structurally ~nd 
mechanicctlly to minimize interactic-ns between rooms within the building .. 
The addition of administrative operational procedures are. instrumented 
to further reduce the probability of interaction. Ten years of operation 
has demonstrated the effectiveness of the design and the procedures. The 
initial years of operational experience revealed deficiencies in the ven
tilation system controlling interlocks. These were corrected, and a low 
rate of interaction in the building with unusual conditiiins existing ," 
one or ~)re laboratory rooms has been achieved. 

The 308 Building design provides for contamination control and con
tainment. Compartmentation is attained with non-load bearing walls that 
limit contamination spread. The directional ventilation system supply and 
exhaust ducts are systematically arranged to permit almost unlimited com
partmentation of the building. With these design features~ additional 
room compartmentation is feasible without increasing the probability of 
interaction. Ventilation is essentially independent in each laboratory room. 
Air balance between rooms is ,not effected by changing building air flow 
volumes. Air balance between rooms may be changed, however, when it is 
desirable to do so. Almost all laboratory work within the PFL building 
involves materials presenting radiological hazards which are handled with 
similar PNL cautions. 

Unencapsulated materials are handled in glove boxes. The glove boxes 
are not subject to ventilation inter'action. The major potential inter
action is the contamination of one glove box extet'ior by release from 
another glove box in the same room. 

Minor contamination releases (encountered during glove al:J bagging 
operations) are controlled by the dit'ectional room ventilation, so will 
not contaminate an adjacent glove box. Only a major incident (e.g. fire 
or explosion) \'Ii11 result in contamination spread to other glove boxes or 
equipment in the same room. In such an event, all operations w-ithin the 
room are effected by the contamination. 
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Duplication Qf expensive equi~1ent or facilities is avoided by shar
ing equipment between different groups whenever operational interaction or 
interference with product quality is not likely. Examples of facilities 
shared 1n 308 Building include: 

Room 101 fuel closure and component 
(shared by) FFTF &nd Plutonium Fuels Engineering 

Room 111 decontamination of weld closure zones 
(shared by) FFTF and Plutonium Fuels Engineering 

Room 103-135 radiography 
(shared by) FFTF and Plutonium Fuels Engineering 

Room 138 vibrational compaction 
(shared by) FFTF and Plutonium Fuels Engineering 

Room 2'19 metallography and ceramography 

Room 231 

{shared by} FFTF and Plutonium Fuels Engineering, and 
Chemical Ceramics 

etching of fuel components 
(shared by) FFTF and Plutonium Fuels Engineering 

A room monitor system is established in the 308 Building to provide 
administrative control of interaction in and between rooms. The functions 
and safety of each room are controlled by at least one monitor and an assis
tant. The monitors are selected from the operational group responsible for 
the space. In joint use areas, monitors may be selected from E~ach of the 
occupant groups. 

Free laboratory access is restricted to those persons having necessary 
laboratory business. These include assigned operational and service per
sonne 1 • A bu i1 di ng ori entati on is requi red before free access is permi tted. 
Visitors are required to be under escort of assigned personnel. An account
ability board is located at the entrance to the laboratory, and those enter
ing or leaving are required to so indicate on the board. The board also pro
vides a means of accounting for personnel in event of an emergency. The 
controlled acceS3 to the building, plus the accountability requirement assist 
in interaction control between groups. 
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A crew of experienced personnel from all operating groups in the 

building is assigned to act in emergency situations. Building patrol by 

the emergency crew is provided when emergency alarms ~except criticality) 

arE' inactivated by faul t or for test. Sui lding operations are completely 
suspended wi thout cri t i ca 1i ty detection. 

The foregoing items of this section are presented to demonstrate 
thclt the multiple group occupancy of the building does not compromise 
safety. Years of oparating experience in the building support the 
conclusion that interactions during nonnal and abnormal conditions are 
minimal, and with planned continuing effort they will remain so. 
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APPENDIX A 

All estimates of the projected dose to individuals in the environs 
made 'Jse of the following assumptic:ls and models. 

Bivariate normal mode equations wey'e used to cal cu1 ate the atmos
pheric dispersion of the released material. Parameters comm'')nly used 
for Hanford conditions and terrain were used in these equations. (Ref. 9). 

The release of material from the facility occurred at a height 
of 50' duri'9 unfavorable (low wind speed, moderately stable) atmospheric 
conditions when dilution of material in a plume \'Jas minimal. The release 
occurred dJring a short period of time (10 minutes) so there was no dilu
tion from plume spreading by wind direction variations. At the exposure 
pOint the individual remainec at the plume centerline where exposure is 
greatest for the duration of plume passagea The rate of inhalation 
(breathing rate) was 20,000 ce/min (350 cc/sec average). 

Standard man parameters as recommended by the ICRP(Ref. 3)were 
used. The projected lifetime dose was calculated. 




