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EXECUTIVE SUMMARY

Low-Level Tritium Research Facility for

University of Toronto Institute for Aerospace Studies

The objective of the Low-level Tritium Research Facility for the

University of Toronto for Aerospace Studies (UTIAS) is to investigate

tritium-material interactions and how they differ with respect to

protium and deuterium. The tritium laboratory will also be employed to

study tritium retention, tritium imaging, and the effect of tritium on

diagnostic devices.

This report is a preliminary design document of the UTIAS Low-Level

Tritium Research Facility including the fundamentals of tritium, a

description of the facility, tritium laboratory requirements and the

safety analysis of the laboratory.

The facility is designed to handle a total elemental tritium inventory

of 10 Ci, though it will initially commence operation with 1 Ci and

later increased to the maximum value. In the event of an instantaneous

emission of the total tritium inventory within the laboratory, the

working personnel would be exposed to an airborne tritium concentration

less than the maximum permissible. Moreover, with all the safety

features included in this design the likelihood of such an accident is

very remote. Thus, the tritium laboratory design is intrinsically safe.
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1.0 INTRODUCTION

The objective of the University of Toronto Institute for Aerospace

Studies' (UTIAS) low-Level Tritium Research Facility is to investigate

tritium-material interactions and how they differ with respect to

protium and deuterium. The Tritium Research Facility will initially

commence operation with a total inventory of 1 Ci and later it shall be

increased to its maximum value of 10 Ci.

This report is a preliminary design document of the UTIAS Low-Level

Tritium Research Facility including the fundamentals of tritium, a

description of the research facility, tritium laboratory requirements

and safety analysis.

2.0 FUNDAMENTALS OF TRITIUM

2.1 Radiological and Physical Characteristics

Tritium is a radioactive pure beta emitter, and thus it is a poten-

tial health hazard. The range of the beta particle (maximum energy

of 18.6 keV) in soft tissue is five microns. This is not large

enough to reach the radiosensitive layer of the skin at a depth

greater than forty microns or the sensitive tissues of the eye at a

depth of 3 mm. Therefore, tritium poses little threat as an

external radiation hazard. Hence, it can be treated like any

hazardous chemical, that is, prevented from entering the body in

dangerous quantities.

Tritium is a hazard within the body. It enters the body through

several paths. Namely, inhalation, absorption through the skin as

tritiated water vapour from the air and contaminated surfaces, and

via ingestion of contaminated water, and foods. Tritiated water

vapour (HTO or T20) is readily absorbed by the body. A very small

fraction of inhaled tritium gas is absorbed into the blood stream

while virtually all of the inhaled (and ingested) tritiated water
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is assimilated by the body. Tritium does not concentrate in any

particular organ of the human body (nor does it bioaccumulate in

the environment or in food chains). Thus, it is considered that

tritium distributes itself throughout the human body, on the

average in 63 kg of soft tissue1.

Tritiated water has an average biological half life of ten days.

Tritiated water vapour assimilated by the body equilibrates in

approximately 2.5 h. Tritium contaminated water is readily

absorbed through the skin but the uptake of tritium gas is neglig-

ible. However, tritium gas may be absorbed via contact with

contaminated surfaces.

Some tritium properties are given below:2

Radioactive decay 3H (0) 3He

Half life 12.26 years

Maximum energy 18.6 keV

Maximum range in air 0.6 cm

Mean energy 5.7 keV

Mean range in air 0.05 cm

Ionization in tissue 47 per micron

Energy loss in tissue 3.3 keV per micron

Specific activities 1 g tritium - 9.58 x 103 Ci

1 cc (STP) - 2.58 Ci

2.2 Radiological Protection Rules

The radiotoxic effect of ionizing radiation to humans is computed

in rads. One rad is defined as a dose of 100 ergs of energy

deposited in 1 gram of body tissue. The dose rate from

radioisotopes within the body is in rad/s. Since all radiations do

not produce the same biological effects for a given amount of

energy delivered, for instance some decays produce a relatively

greater number of ionizations in a shorter distance due to its high
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specific ionization and consequently it is more harmful, a quality

factor, QF, (or Relative Biological Effectiveness, RBE) is intro-

duced to reflect this. The product of the dose rate and the

quality factor is defined as the does equivalent rate in units of

Rad Equivalent Man or REM/per unit time .

A quality factor (QF) of unity is recommended for tritium by the

International Commission on Radiological Protection. However,

there are studies that indicate that the QF may reach a value as

high as three. To illustrate the potential damage from tritium,

consider tritium in organic compounds, like thymidine and

deoxycytidine which are directly incorporated into the DNA of

cells, which may have a biological half life longer than tritium

oxide. Moreover, in the event of tritium decay virtually all of

the beta energy is deposited in the DNA, and a helium atom is left

in place of a hydrogen isotope, thereby altering the DNA molecule1*.

The dose limit for tritium in compliance with the Atomic Energy

Control Board Regulations and, in general, with the Recommendations

of the International Commission on Radiological Protection (ICRP),

for an atomic worker is 5 rem per year to whole body .

The Maximum Permissible Concentration in air (MPCa) is the

standard unit for indicating the biological hazard of a radiologi-

cal atmosphere. This Is a measure of the concentration of the

radioactive material in air which is computed on the basis of not

exceeding the afore-mentioned limit for a person working 2000 h per

year.

Based on ICRP-301, an MPCa of tritium oxide corresponds to a

concentration of 20 micro Ci/m3 and an MPCa of elemental tritium

gas corresponds to a concentration of 0.5 Ci/m3.
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Other protection guides for tritium are:

MPC of tritium in water5: 5.5 micro Cl/ml

Maximum permissible surface contamination1: 1 micro Ci/m2

(skin and protective clothing)

The maximum permissible concentration on a surface (MPCS) of
fy

1 micro Ci/m is a general surface contamination guideline for B

and y emitters. The 1CRP, however, states that the surface

contamination regulation values can be relaxed by a factor of 100

for tritium. Thus, an MPCS of 100 micro Ci/m2. Note, for working

surfaces the MPCS is approximately 5-10 times that for skin and

protective clothing surfaces.

3.0 TRITIUM RESEARCH FACILITY

3.1 Tritium Laboratory

The tritium research facility will be situated within a rectangular

room of dimensions 17.5' x 10.5' x 15',(5.3 m x 3.2 m x 4.6 m), as

illustrated in Figure 1. The concrete walls and ceiling will be

coated with two layers of smooth, void-free epoxy, where each dry

layer is at least 75 microns thick. Note that the room will not

have a false ceiling. It may be necessary to apply a concrete

surfacer to provide an acceptably smooth surface before applying

the epoxy. The floor of the laboratory will be covered with high

quality smooth and Impervious vinyl sheet.

The laboratory will be equipped with a normal working bench and a

sink constructed of non-absorbing, easily cleanable material

equipped with an overflow outlet. The laboratory may have one

real-time tritium detector, possibly portable, to monitor the room

atmosphere for tritium activity. Also periodic wipe (smear) tests,

on a weekly basis, will be conducted, with the aid of a

scintillation counter, to check for surface contamination.
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3.2 Tritium Fume Hood (TFH)

The tritium fume hood and its contents essentially constitute the

entire tritium research facility. The primary purpose of the fume

hood is to house the experimental system. This is to prevent any

airborne tritium from entering into the rest of the laboratory

which forms the breathing zone of working personnel. Figure 2

shows a schematic of the TFH.

The main support frame of the TFH is constructed of stainless steel

of dimensions 51 x 4 ' x 7 ' (1.5 m x 1.2 m x 2.1 m). The sheath of

the upper part of the TFH is made from stainless steel framed

tempered glass, while the lower half is covered by stainless steel

sheets. The upper part of the TFH is accessible through any one of

the four sliding windows of dimensions 4' x 31 (1.2 m x 0.9 m) on

the front and back faces and 3* x 3' (0.9 m x 0.9 m) on the two

side faces. The lower part of the TFH is normally covered by

bolted steel sheets and is not accessible. For maintenance

purposes any ono of the steel sheets can be removed. The sliding

windows will be of the counterbalanced sash type equipped with

locks to ensure a tight seal with the use of tritium compatible

gaskets.

The table top, on which the tritium experimental system rests,

consists of an insulator encased by a stainless steel sheath. The

stainless steel plates are held together by a number of rivets with

holes through them. The table top is fastened to the main frame.

The vacuum system, which is situated beneath the table top, is

fastened to the steel plates.

Two removable dust filters are mounted at a height of 6" (15 cm)

from the bottom of the TFH. At a height of 9" (23 cm) there is a

perforated stainless steel plate which may be used for the purpose

of storing specific maintenance tools.
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The tritium fume hood will be monitored for the airborne activity

of tritium. Wipe tests will be conducted periodically to monitor

surface contamination.

3.3 Ventilation System

The tritium fume hood will be equipped with a stainless steel

exhaust fan to ensure continuous purging of the atmosphere within

the hood. The exhaust duct will run directly up from the central

area of the top of the TFH to the outside environment. The TFH

exhaust fan will be located close to the exhaust duct exit to

sustain negative pressure in the ductwork. The fan motor will be

mounted outside the exhaust duct to minimize contamination and to

facilitate repairs.

The exhaust fan serving the TFH will also provide ventilation to

the room air. The flow of laminar air will be from the room,

through the dust filters, past the perforated plates, and up the

stack. The use of large dust filters and perforated plates will

ensure a uniform sweeping air flow through the TFH. Perforated air

intake ducts will run vertically along the four corners of the room

to achieve a diffuse uniform inflow through the entire room and to

minimize the presence of stagnant areas. A pressure gauge will be

installed in the TFH to monitor the air movement.

The ventilation system of the tritium laboratory will be designed

to provide a minimum of seven air changes per hour. There are two

possible sources of air supply: direct intake of fresh air from

the external environment or an indirect intake of air from the rest

of the building. The advantage of the first option is that the air

supply is clean, while the disadvantage is that the intake duct

will require a heating unit. The advantage of the second

alternative is that no additional heating (or cooling) is

necessary. The disadvantages are that drawing air from the

building may disrupt its flow of air as a result its ventilation
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system may require modifications, and the intake of potentially

contaminated air from the other laboratories of the building could

enhance the oxidation of elemental tritium gas. A judicious

selection will have to be made.

3.4 Tritium Experimental System

The tritium experimental system is shown schematically in

Figure 3. The system comprises of (from left to right): a six-way

cross (6" (152 mm) diameter tabulation, 8" (203 mm) diameter

conflat flanges), 8" (203 mm) to 2.75" (70 mm) transition flange,

1.5" (38 mm) in-line, all metal, bakeable valve complete with 2.75"

(70 mm) conflat flanges, tee piece (1.5" (38 mm) tubulation,

2.75" (70 mm) conflat flanges), 1.5" (38 mm) in-line valve, 2.75"

(70 mm) to 8" (203 mm) transition flange, and a four-way cross (6"

(152 mm) tubulation, 8" (203 mm) conflat flanges). The tee piece

is connected to the following: a 1.5" (38 mm) in-line valve,

tritium compatible turbomolecular pump, normally closed pneumatic

valve, flexible connector, KF/conflat adapter, ultra-high sealing

disc and clamp, hermetically sealed rotary vane mechanical pump,

and an oil-vapour filter.

The tritium experimental system is connected to the tritium supply

system via the six-way cross. The other four ports of the cross

are to be user specified. A sorption pump (getter), and if

required a hydrocarbon and moisture cracking filament, are

connected to the four-way cross; the other port is to be user

specified. One or more of the above ports will be used to connect

a pressure gauge(s); it is recommended that a capacitance manometer

be used for the millitorr to one atmosphere pressure range.

The tritium experimental system can operate in two ways: one, as

an open (or flow-through) system and second, as a closed system.

All non-tritium experiments would be performed on an open system
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basis where the flow of gas would be from the six-way cross via the

tee piece and the vacuum system and up the exhaust stack. During

these experiments the tritium supply system and the sorptlon pump

(or tritium getter) would be manually isolated. The open system is

also used to achieve ultra-high vacua and during bakeout. The

exhaust from the vacuum pumps travel through a duct connected to

the stack. This vacuum exhaust duct travels up along one of the

corners of the upper part of the TFH and connects to the main

duct. The vacuum exhaust will be monitored for tritium.

All tritium containing experiments will be conducted on a closed

system basis. The objective of this mode of operation is to

prevent tritium from coming in direct contact with the outside

atmosphere. During these experiments the valve between the tee

piece and the vacuum system would be closed, and all the tritium

(and protium) would be sorbed onto the tritium getter. The getter

capacity will be chosen to be at least twice the total inventory of

the hydrogen isotope supply system. Though the getter has

reversible sorption characteristics, this feature will not be used

by this facility. Rather, the used getter will be replaced with a

fresh one at every new supply of tritium. During the commissioning

phase, if the impurity pumping is found to be inadequate then an

auxiliary system will be installed to crack impurities so as to

enhance the sorption pump speed.

3.5 Tritium Supply System

The storage tank filling and experimental metering assembly are

shown in Figure 4. A stainless steel storage tank, a calibrated

volume, a palladium-silver filter, a tritium ampoule loading port

are welded to form one integral vacuum tight assembly. Ports are

provided for backfilling with argon, for flushing with hydrogen and

drawing a vacuum. Each branch of the tee Is outfitted with a

bellows valve (not shown) oriented in such a way that all the



- 9 -

arrows on the valves point away from the tee. The entire assembly

Is UHV compatible and can be baked to 150°C. Tha palladium-silver

heater is not shown.

Two gas inlet options are available: continuous bleed or by

aliquot. If a continuous bleed from the storage tank into the

experimental vessel is used, a normally closed pneumatically

actuated bellows valve is required immediately after the storage

tank. This valve is to be interlocked with the stack tritium

monitor and the vacuum monitors. Should either monitor indicate

off normal conditions, this valve will automatically isolate the

storage tank from the remainder of the system. If the aliquot feed

system is used exclusively, the pneumatic valve can be replaced

with a manually operated bellows valve. Gas from the tank Is

expanded into the calibrated volume above the tank and measured

with a capacitance manometer at this tee. The storage tank must

remain isolated from the gas feed line at all times except during a

loading of the calibrated volume. At this time all valves beyond

the tee would be closed and no uncontrolled release into the

experimental system Is likely. The valve handle should be

installed only for this loading operation and subsequently removed

after it Is complete.

Swagelok BK series valves are recommended. These should be out-

fitted with copper stem tips. Welded VCR vacuum couplings are to

be used where disconnections are essential.

The storage tank charging procedures requires the following steps:

(i) install the tritium ampoule into the metal encasement

chamber,

(li) verify the vacuum integrity of the tank filling/metering

assembly,

(ill) break the ampoule seal,
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(iv) transfer the gas into the storage tank via the Pd-Ag filter,

(v) flush the metal encasement chamber with hydrogen to fill the

storage tank with the required amount of gas,

(vi) valve off the loading section.

The tan'c pressure is to remain subatmospheric at all times. UHV

techniques are to be used in all operations.

3.6 Tritium Monitoring

Real time measurement of airborne tritium is most conveniently

achieved using ionization chambers. These monitors are simple and

can measure tritium concentrations from a fraction of a micro-curie

and upwards with the chamber volume varying from less than one

litre, in controlled environments, to several tens of litres'*.

The UTIAS tritium research laboratory requires periodic tritium

monitoring in three specific areas: the process loop, within the

fume hood and the room. One real-time tritium monitor with the

provision for high level alarm is recommended, sensitive to a few

micro-curies per m , equipped to have the air sample drawn from

either the process or the fume hood exhaust. The tritium inventory

in this low-level facility does not warrant a dedicated real-time

tritium monitor within the room (see Appendix D); a Stephenson

"passive" dosimeter would suffice.

Scintillation counters are used for determining surface contamina-

tion via wipe tests and for tritium-in-urine analysis. Periodic

measurements of surface contamination and tritium-in-urine analysis

of working personnel are essential. The wipe tests may also be

used to confirm decontamination of components.

3.7 Equipment List

The following is a brief list of the major components required for

the tritium research facility:
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1 Tritium, fume hood (or glove box)

1 Stainless steel blower

1 Real time (portable) tritium monitor (2 additional monitors

optional)

1 Scintillation counter (optional)

1 Tritium compatible turbomolecular pump

1 Rotary vane mechanical pump (hermetically sealed)

1 Sorption pump (SAES getter)

1 Six-way cross

1 Four-way cross

3 In-line, all metal, bakeable valves

2 Pneumatic valves

1 Tritium-protium storage tank

The above list is not intended to be comprehensive but rather to

highlight the key components. Diagnostics, valves for isolation,

controller for heaters, et cetera have not been included.

4.0 TRITIUM LABORATORY REQUIREMENTS

4.1 General Requirements

1. There shall be a minimum of seven air changes per hour in the

tritium laboratory6.

2. The tritium fume hood shall be situated in the centre of the

room to achieve an even flow of air from the rest of the labora-

tory to the fume hood.

3. The exhaust duct from the tritium fume hood shall be located at

roof level with the discharge point at least 2 m above roof

level.
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4. The linear face velocity of the air into the tritium fume hood

shall be 0.5 to 1.0 m/s with one of the sliding windows fully

open.

5. The distance separating the nearest frash air intake from the

exhaust point shall be at least 10 m.

6. In the event of a failure in the operation of the exhaust fan

and if the tritium monitor alarms, then the laboratory shall be

evacuated immediately.

7. A spare exhaust fan motor shall be kept on site to permit rapid

replacement in the event of a failure.

8. All surfaces, both in the room and the tritium fume hood, shall

be smooth and impervious.

9. The use of water and elastomeric materials within the tritium

fume hood shall be minimized.

10. The tritium fume hood will be accessed through no more than one

sliding window at any given time.

11. During maintenance requiring access below the table top, no

more than one of the steel sheets shall be removed, and at the

same time all the sliding windows shall be closed.

12. Normally-closed solenoid valves shall be installed next to the

tritium-protium storage tank and just after the turbomolecular

pump.

13. Only authorized personnel shall have access to the tritium

research laboratory.
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4.2 General Operating Guidelines

The general laboratory rules for working with radioisotopes should

be respected. The most Important are the following:

1. A specified Individual shall be responsible for the safe opera-

tion of the laboratory Including enforcing safe work practice

(see No. 2), keeping the laboratory locked when not in use and

ensuring accessibility to authorized personnel only.

2. The following safe work practice should be observed in the

laboratory:

(a) No eating, drinking or smoking.

(b) Use of rubber gloves when working with contaminated equip-

ment.

(c) Tools and any parts of the apparatus used in the operation

of the experimental system should not be removed from the

laboratory.

(d) Wash hands thoroughly before leaving the laboratory.

3. In the event of an accident comply with the usual building

emergency procedures including steps to contain radioactivity

(eg, ensure all the windows of the TFH are closed, laboratory

door closed), evacuate the room and notify the individual In

charge. Also, the individuals present during the accident

should provide urine samples for analysis.

4.3 Tritium-In-Urine Analysis

Tritium absorbed in the human body equilibrates within 2.5 h and

has an average biological half-life of ten days. Tritium is

primarily eliminated through urinary excretion (approximately

50-60%) in addition to perspiration, respiration and faeces.
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Tritium-in-urine analysis is conducted by mixing urine with a

liquid scintillant and then measuring the activity in a scintilla-

tion counter. In spite of the short range of the weak beta

particles this method enables tritium assay with high counting

efficiency.

All workers in the laboratory shall submit weekly urine samples for

tritium analysis. The first set of urine samples will be submitted

before commencing the operation of the low-level tritium research

laboratory. This will ensure a complete record for each

individual. In the event an acute uptake of tritium is suspected,

a urine sample shall be submitted for analysis 2 h subsequent to

the suspected exposure. The first urine sample shall be produced

after emptying the bladder so as to obtain a more representative

specimen; further urine analysis may be required. The weekly

sampling of urine may be relaxed later based on experience.

4.4 Cleaning of the Tritium Loading and Supply System

The following procedure should be used to clean the tritium loading

and supply system before introducing any tritium:

1. Submerse the valve bodies for 15 min in an aqueous solution,

containing "MICRO" cleaner (6.25 mL/L of distilled or de-ionized

water), which is at a minimum temperature of 65°C and agitated

ultrasonically. Rinse the valve bodies in boiling distilled

water. Thereafter, rinse in room temperature distilled water.

Then rinse in ethanol and dry with a stream of oil free

nitrogen.

2. Clean the stem tips and gaskets ultrasonically in reagent grade

ethanol at ambient temperature for 15 min. Then rinse in fresh

ethanol at ambient temperature and blow dry with a stream of oil

free nitrogen.
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3. Assemble clean valves using surgically clean or lint free cotton

gloves and clean tools.

4. To clean short tubing follow the aforementioned procedure. In

order to clean long tubes mount a bottle brush with bristle on a

shaft long enough to reach the entire length of the tubing.

Attach the free end of the shaft to an electric drill. Pour a

few millilitres of a saturated aqueous solution of trisodium

phosphate into the tube with one of the ends capped with a VCR

vacuum fitting. Run the rotating brush, the bristles having

been wetted before hand, a couple of times back and forth

through the tubing. Thereafter, discard the solution, rinse the

bristle brush and tubing with distilled water, and repeat the

aforesaid procedure until the solution remains clear.

4.5 Apparatus Decontamination and Overhaul

1. To decontaminate the experimental system, normal bake-out proce-

dures are to be followed with the exception that for the first

couple of hours the bake-out should be carried out with the

experimental system closed. This will ensure that most of the

tritium evolved is gettered by the sorption pump, and thereby

reduce the contamination of the main vacuum system.

2. It is recommended that the experimental sample holders be

decontaminated at their operating temperature of approximately

1100 K. At this temperature it would take approximately 9 h for

all the tritium to diffuse out, barring any trapped tritium.

See Appendix E.

3. Each contaminated component is to be disposed in a sealed

polyethylene bag which is subsequently encased in another sealed

polyethylene bag. This is then to be placed in a metal garbage

container marked with a standard radiation symbol. Thereafter,

arrangements will be made for the collection of radioactive
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wastes by the Radiation Protection Section Staff, Collection and

Disposal Service, University of Toronto.

4. At every new supply of tritium the oil in the mechanical pump,

and the sorption pump (getter) in the experimental system will

be replaced. The pump oil will be disposed via the Collection

and Disposal Service available at the university. Arrangements

can be made to have the getter delivered to a high level tritium

laboratory for tritium regeneration if the tritium inventory

warrants this, or dispose of the getter. Disposal procedures

will be described later.

5.0 SAFETY ASSESSMENT

1. A single exhaust system is more than adequate in providing ventila-

tion to both the tritium fume hood and the room. During experimen-

tation, when accessing the TFH, a recommended operational volume-

tric flow rate of 1400 ft3/min (2379 m3/h) provides 30 room air

changes per hour; at other times a flow rate of 322 ft3/min

(546 m /h) changes the room air seven times per hour. See Appendix

B.

2. The radiological regulations recommend that the airborne elemental

tritium concentration not exceed 1 MPCa. An instantaneous

release of the total Inventory of 10 Ci will not exceed an MPCa

(10 Ci/78.0 m3 - 0.64 MPCa).

3. The rate of spontaneous conversion of elemental tritium to its

oxide form in air has second order kinetics. The conversion rate

is proportional to the square of the elemental tritium

concentration with a rate constant of 6 x 10""* mL/(mCl-h). For

instance, an airborne tritium gas concentration of 1 Ci/m3 for a

period of one hour results in a tritium oxide concentration of

6 x 10"7 Ci/m3 or 3 x 10~2 MPCa
7. It should be noted that the
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above mentioned rate constant applies to nominal room air and does

not include the contribution from surface catalysis which can be

much more dominant.

4. Special provision for hydrogen proof equipment, other than usual

safety practice, is not deemed necessary as the precautionary

measures employed for tritium are more than adequate for hydrogen.

The use of a normally closed solenoid valve will ensure closing of

the tritium-protium supply line in the event of any off normal

conditions. Moreover, the ultra-high vacuum system would also

shutdown to prevent the loss of vacuum; specifically, closing of

the solenoid valve between the turbomolecular and rotary vane

mechanical pumps. Thus, tritium-protium gas would be locally

trapped.

5. The tritium-protium storage tank provides primary containment and

the tritium fume hood, which houses the storage tank, secondary

containment. Also, the storage tank is at sub-atmospheric

pressure, therefore only in-leakage is possible. Thus, there is no

need for a tank with a secondary containment jacket. See

Appendix C.

6. Two tritium release scenarios are considered: one, the

instantaneous emission of the total tritium inventory within the

tritium fume hood, corresponding to a complete breach of the

primary containment; and two, an instantaneous emission of the

total tritium inventory within the laboratory, corresponding to a

simultaneous breach of the primary and secondary containment. In

Figures 5 and 6 are given the number of MPCa for the two

scenarios, respectively, for total tritium inventories of 1, 10,

and 15.6 Ci and with the exhaust system operating at a minimum

operational volumetric flow rate of 1181 ft3/min (2007 m3/h). It

is noted that the number of MPCa exceed unity for less than 30 s,

in scenario one, within the tritium fume hood in all three

instances. See Appendix D.
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7. The tritium permeation rate through the tritium-protium storage

tank at 298 K and 500 K, and a total pressure of 380 torr at 273 K,

are:

J(298 K) - 4.6 x lO"14 Ci/cm2/s

J(500 K) - 1.1 x 10"9 Ci/cm2/s.

The flux of tritium through the UHV components at ambient and

takeout temperatures, for a total pressure of 0.1 mtorr, are:

J(298 K) - 1.3 x 10"17 Ci/cm2/s

J(500 K;, = 2.4 x 10~13 Ci/cm2/s.

Taking the ratio of an MPCS (skin an protective clothing) for

tritium of 10 Ci/cm and the above computed permeation rates, we

obtain a conservative estimate of the time required to reach

1 MPCS:

Tritium - protium storage tank surfaces:

t (298 K) = 2.5 d

t (500 K) - 9.1 s

UHV components surfaces:

t (298 K) - 24 yr

t (500 K) - 12 h.

In view of the above estimates, it is recommended that the

tritium-protium storage tank not be baked when filled with tritium

to capacity, and that it is not necessary to use rubber gloves when

handling the exterior surfaces of the storage tank and UHV

components at room temperature. See Appendix E.



- 19 -

6.0 CONCLUSIONS

The UTIAS Low-Level Tritium Research Facility, which consists of an

ultra-high vacuum experimental system housed in a fume hood, is designed

for a total elemental tritium inventory of 10 Ci. In the event of an

instantaneous emission of the total tritium inventory within the

laboratory, the working personnel would be exposed to an airborne

tritium concentration less than the maximum permissible. Moreover, with

all the safety features included in this design the likelihood of such

an accident is very remote. Thus, the tritium laboratory design is

intrinsically safe.
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APPENDIX A

MAXIMUM PERMISSIBLE BODY BURDEN OF TRITIUM

TDE = QF x D

where TDE - total dose equivalent rate In REM/s

QF » quality factor (« 1 for tritium)

D = A x C X E

D » dose rate in rad/s

C = concentration of tritium in body in Ci/gm

E * energy absorbed per disintegration in MeV

A * conversion constant.

Conversion constant A is:

A = Ci/gm x MeV x 106 eV/MeV x 1.602 x 10~12 erg/eV

x 3.7 x 1010 dis/s/Ci x 10"2 rad/gm/erg = 592.8 (rad/s).

Energy absorbed per disintegration is equal to the average energy of the

beta particle, E - 0.0057 MeV.

The total dose equivalent rate (TDE) for an atomic worker is 5.0 REM/yr

(1.585 x 10-7 REM/s).

The maximum concentration permitted in Ci/gm is:

C * TDE/QF/A/E

- 1.585 x 10~7/l/592.8/0.0057

- 4.69 x 10~8.

Using an average mass of 63 kg soft t i ssue , the Maximum Permissible Body

Burden (MPBB) i s :

MPBB - 4.69 x 10~8 x 6.3 x 10*

- 3.0 x 10"3 Ci - 3 mCi.
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APPENDIX B

VOLUMETRIC EXHAUST RATE

Given that the linear face velocity, v = 0.5 - 1.0 m/s, and that no more

than one sliding window is open at any one time, the range of the volu-

metric exhaust rate (Q) can be determined:

2

Front window surface area • 41 x 3' = 1.115 m

Side window surface area =3* x 3' - 0.836 m2

Q(min) = 0.5 x 1.115 (m3/s) - 2007 m3/h - 1181 ft3/min

Q(max) - 1.0 x 0.836 (m3/s) - 3010 m3/h = 1772 ft3/min

Using the minimum volumetric flow rate, Q * 2007 m3/h, and the labora-

tory volume of 78.0 m3, the number of air changes in the room is 26 per

hour. Thus, there is no need of an additional exhaust system for the

room.

A volumetric flow rate of 2379 m3/h (1400 ft3/rain) is recommended during

experiments (or when the tritium fume hood is being accessed). The

corresponding number of changes in room air is 30 per hour. At other

times a volumetric flow rate of 546 m3/h (322 ft3/min) is recommended to

achieve seven room air changes per hour.
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APPENDIX C

TRITIUM-PROTIUM STORAGE TANK VOLUME

We know that 2.58 Ci - 1 cm3 (STP) or 1 Ci = 0.388 cm3 (STP). The

minimum tritium-protium storage tank is determined on the basis that the

total pressure (of both tritium and protium) does not exceed 760 torr.

Using a dilution factor of 1000, that is the total pressure, P, is 1000

times the partial pressure of tritium, the minimum volume V (litres) of

the storage tank for a tritium inventory of 1 Ci is computed by solving

the following equation:

P - 760 x 0.388 x 10"3 x (1/V) x 1000 » 760.

Therefore, V = 0.38 L for a tritium inventory of 1 Ci; and, 3.8 L for

10 Ci.

Considering temperature effects during bakeout at 500 K, the storage

tank pressure will rise accordingly:

Pressure Ratio - 500/273 » 1.83

Therefore, the minimum volume of the storage tank for tritium inven-

tories of 1 and 10 Ci is 0.7 and 7 L, respectively. Tritium-protium

storage tanks of 1 and 10 L of volume are recommended for tritium

inventory of 1 and 10 Ci, respectively. The 10 L storage tank may be

used for a tritium inventory of 1 Ci.
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APPENDIX D

TRITIUM RELEASE SCENARIOS

Consider a scenario where an instantaneous emission of the total elemen-

tal tritium inventory into the tritium fume hood has occurred. Assuming

that the only means of reducing the airborne activity within the hood is

by stacking to the environment and that the volumetric exhaust rate is

Q(mln), see Appendix B, the airborne tritium concentration can be

followed as a function of time:

Let C = the airborne activity in Ci/m3 at time t

Let k ™ the removal rate constant (1/h)

Therefore, C - Co EXP(-kt), where Co Is the total activity at time

zero. For a total inventory of 1 Ci, Co - 1 Ci/TFH vol («3.68 m
3) »

0.27 Ci/m3 and k - Q(min)/TFH vol. - 2007/3.68 • 545.38 (1/h). Defining

N = C/MPCa for elemental tritium gas, the number of MPCaas a

function of time can be plotted. In Figure 5 the number of MPCa in

the TFH as a function of time for total inventories of 1, 10, and

15.6 Ci are given.

Consider another scenario where an instantaneous emission of the total

elemental tritium inventory occurs within the laboratory. A calcula-

tion, similar to the preceding one, yields:

C - Co EXP (-kt),

where k - Q(min)/Lab vol.

- 2007/78.0 - 25.71 (1/hr).

In Figure 6 the number of MPCa of elemental tritium is plotted as a

function of time for total inventories of 1, 10 and 15.6 Ci. Note, the

room is decontaminated by exhausting the air via the tritium fume hood.
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In the preceding scenario it is noted that the maximum of 1 MPCa of

elemental tritium gas is reached within the laboratory for a total

inventory of 15.6 Ci. This limit of an MPCa is exceeded within the

tritium fume hood for less than half a minute (in each of the three

instances) when the instantaneous emission of the total tritium inven-

tory is contained within the fume hood- However, it is quite clear that

the likelihood of an instantaneous rupture of the tritium supply systam

is extremely small, and even smaller for a simultaneous breach of the

primary and secondary containment. Therefore, the probability of an

individual being exposed to a concentration close to an MFCa is very

remote.
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APPENDIX E

TRITIUM PERMEATION ANALYSIS

E.I INTRODUCTION

The permeation of mo^cular species involves the processes of

adsorption, dissociation, solution, diffusion, recombination and

desorption. In the analysis to follow tritium permeation will be

considered to be in one dimension and driven by pressure and

temperature .

The steady-state diffusion of atoms in one dimension is given by Fick's

law:

JH = -DH x (dX/dL)

where the subscript H denotes atomic hydrogen, X is the mole fraction of

H in the material, L is the distance from the surface, D H and Jg are

the diffusion constant of H and the flux of H in the material (metal),

respectively.

Assuming equilibrium at gas-metal interfaces, that is diffusion

dependent permeation, the concentration of hydrogen in the metal can

then be expressed as

X - SH x pH

where SH and pH are the solubility and partial pressure of hydrogen

atoms, respectively. Substituting the preceding expression in Fick's

equation and integrating, we obtain

JJJ » DJJ x SJJ x (p, - p« )/L

where L is the thickness of the metal.
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Using the relationship

PH = Kp

where K_ is the equilibrium dissociation constant, in the preceding

equation, we obtain the relation

Ju = Du x Su x K x (p, - p, )/L
H2 H2

PH x K x (px - p, )/L
H2 H2

1 " P2 '
H2 H2

where the permeability P for atomic and molecular hydrogen are PJI =

DJJ x SJJ and Pg2 = PJJ x Kp.

Finally, the flux of molecular hydrogen is JJJ2 * JH^
2 <

The best estimate of diffusivity, solubility, and permeability of

hydrogen in stainless steels are:

D H - 1.2 x 10~2 EXP(-54 ± 4 kJ/RT) cm2/s

S H 2 - 2 ± 0.5 EXP(-10 ± 2 kJ/RT) cm
3 (STP)/cm/atm

PH2 = (2 ± 1) x 10~
2 EXP (-64 + 4 kJ/RT) cm3 (STP)/cm/s/atm.

E.2 TRITIUM PERMEATION THROUGH STORAGE TANK

In the following calculations it is assumed that the total pressure (at

273 K) in the tritium-protium storage tank is 380 torr, and thus the

partial pressure of tritium is 0.38 torr, having used a dilution factor

of 1000. Also, the constants (eg, diffusivity, etc) are evaluated at

the upper limit•
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Tank thickness, L = 0.6 cm

Temperature T = (i) 298K (li) 500K

Partial pressure of tritium = (i) 0.42 torr (ii) 0.70 torr

Permeability of Tritium = (i) 9.1 x 10~13 (ii) 1.6 x 10"8

cm3(STP)/cm/s/atm

Therefore, the flux of tritium, J:

J(298K) = 4.6 x lCT1* Ci/cm2/s

J(500K) = 1.1 x 10~9 Ci/cm2/s.

Taking the ratio of an MPCS (skin and protective clothing) for tritium

of 10~8 Ci/cm2 and the above computed permeation rates, we obtain a

conservative estimate of the time required to reach 1 MPCS:

t (298 K) = 2.5 d

t (500 K) = 9.1 s

Using the above estimates it is recommended that the tritium-protium

storage tank not be baked when filled with tritium to capacity. Also,

the use of rubber gloves is not considered necessary when handling the

exterior surface of the tank at room temperature.

E.3 TRITIUM PERMEATION THROUGH EXPERIMENTAL COMPONENTS

Component thickness *= 0.17 cm

Total pressure * 10"1* torr

Partial pressure of tritium » 10 torr

Temperature, T - (i) 298K (ii) 500K

Permeability of Tritium - (i) 9.1 x 10"13 (ii) 1.6 x 10~3

cm3(STP)/cm/s/atm

Therefore, the flux of tritium, J, is:

J(298K) - 1.3 x 10~17 Ci/cm2/s.

J(500K) - 2.4 x 10~13 Ci/cm2/s.



- 35 -

Estimates of the time required to each 1 MPCS are:

t (298 K) = 24 yr

t (500 K) = 12 h.

Once again, the use of rubber gloves in handling the exterior of the

experimental components is not necessary.

E.4 ESTIMATE OF TRITIUM CONCENTRATIONS IN COMPONENTS

The concentrations of tritium in experimental components and experimen-

tal sample holders are computed at temperatures of 500K and HOOK,

respectively, and at a total pressure of 10"1* torr (at 273K).

Partial pressure of tritium: (i) 2.4 x 10~10 (ii) 5.3 x 10~10 atm

Solubility of T2: (i) 0.36 (ii) 1.0 cm3 (STP)/cm3.

Concentration of tritium: (i) 15 (ii) 62 micro Ci/cm3

E.5 ESTIMATE OF DECONTAMINATION TIME

The time required for a tritium atom to diffuse out of metal is given

approximately by the following relation:

t = L x L/D

where L is the distance to be traversed and D the diffusivity of atomic

tritium.

For experimental components:

Temperature, T « 500K

Thickness, L » 0.17 cm

Diffusivity, D « 7.2 x 10~8 cm2/s

Time, t - 4.7 days.
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Thus, we would expect all of the tritium to diffuse out of the experi-

mental components, barring any trapped tritium, within a period of five

days.

For experimental samples holders:

Temperature, T • HOOK

Thickness, L = 1.3 cm

Diffusivity, D - 5.1 x 10~5 cm2/s

Time, t = 9.3 h.


