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Introduction

Radiological Engineering was requested [1] to provide bases for the
Tritium Stay Time Charts [2]. These charts were developed by
calculating stay times based upon unprotected exposure to HTO
concentrations in air and applying correction factors according to
the type of plastic suit being worn.

Summary/Recommendations

values calculated for the original "No Respiratory Protection”
Tritium Stay Time Chart [2] were calculated utilizing intake data
from ICRP 30, biological data from ICRP 23 and calculating doses
based on different HTO air concentrations. The "12 mil Thick Suit"
Tritium Stay Time Chart [2] appears to have been derived by
multiplying stay times in the "No Respiratory Protection” chart by
a factor of ~250. Likewise, the "9 mil Thick Suit" Tritium Stay
Time Chart [2] appears to have been derived by multiplying the "12
mil Thick Suit" stay times by a factor of 10.

No technical bases could be located or determined from available
empirical data to justify the factors used for the 12 mil and 9 mil
plastic suits. Based upon available empirical data [3,4,5] and the
following discussion, we recommend the revision of these charts as
shown in Tables 1 through 3.

Discussion

Tests performed at Los Alamos National Laboratory (LANL) on the SRP
airline-type supplied air tritium suit [6], showed that the plastic
suit provided a fit factor well above 10,000 for all test
conditions. These tests primarily tested the suit for in-leakage
of contaminants by introducing a non-tritiated challenge aerosol.
The aerosol had a Mass Median Aerodynamic Diameter of approximately
0.42 — 0.66 microns. This sub-micron particle size distribution
resulted in a behavior similar to that of gases [7]1. Wwhile the
plastic suit had a fit factor of 10,000 or greater, these tests do
not account for the fact that HTO will permeate the suit material,
thus reducing the protection afforded the user.
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To determine the protection afforded by the plastic suit in a HTO
environment, the breakthrough time and permeability of the suit
must be considered. The permeability will be a function of the HTO
concentration outside the suit and the suit material.

Available empirical data [3] allowed the calculation of a reduction
factor for the 12 mil polyvinylchloride (PVC) suit relative to room
air activity. The reduction factor (RF), or ratio of room air HTO
concentration to suit equilibrium HTO concentration, was used to
determine the protection afforded by the 12 mil PVC suit in a HTO
vapor atmosphere.

Additional empirical data [4,5] allowed the calculation of a "Saran
Suit" (9 mil Saran-Chloropel suit) reduction factor (SRF) relative
to the 12 mil PVC suit RF. Two SRFs were required to characterize
the protection afforded by the Saran suit relative to the PVC suit.
The first SRF was developed by calculating the ratio of the 9 mil
Saran suit breakthrough time to the 12 mil PVC suit breakthrough
time. The first SRF is only valid until breakthrough occurs, which
is 95 minutes for the 9 mil Saran suit. The second SRF was
developed by calculating the ratio of the 12 mil PVC suit
permeation rate to the 9 mil Saran suit permeation rate. This SRF
is valid after breakthrough occurs in the 9 mil Saran suit.

Bases for the calculation of the revised stay times, the RF, and
the SRFs follow in the Bases/Assumptions section. Additional
information can be found in Radiological Engineering’s Job Folder
LTB0O115.

Bases/Assumptions

Equation for Stay Time
(No Respiratory Protection)
T =D / 1887*A where T= time in minutes
D= dose in mrem
A= HTO air activity in wuCi/cc
The 1887 value is a conversion factor derived as follows:

1887 (mrem*cc/uCi*min) = (6.29E-02 mrem/wCi) (2E+04 cc/min)(1.5)

6.29E-02 mrem/uCi is the committed dose equivalent per intake of
unit activity ([8}].

2E+04 cc/min is the respiration rate for reference man (91].
The 1.5 value accounts for the fact that 2/3 of the intake is

received through inhalation and 1/3 of the intake is received
through skin absorption.
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12 mil PVC Suit Reduction Factor

Data obtained from integrity testing [3] of the 12 mil PVC plastic
suit allowed the determination of a RF for the 12 mil PVC suit air
activity relative to room (box) air activity. The RF was obtained
by dividing the room (box) air HTO concentration by the HTO
concentration in the plastic suit. The RF was then plotted as a
function of room (box) air activity (shown in attached Diagram). An
exponential equation gives the best fit to describe the reduction
factor as a function of the room air activity. This equation is
given by

RF = 320.01 x 10(~7-4415E-07A)

where A is the room air acEivity in E-5uCi/cc. This equation has a
correlation coefficient, R®, of 0.83.

The RF was multiplied by the "No Respiratory Protection" stay times
to obtain stay times when using the 12 mil PVC suit.

9 mil Saran-Chloropel (CPE) Suit Reduction Factor
Two "Saran Suit" Reduction Factors (SRF) were determined for the 9
mil Saran-CPE suit based on the ratio of the 9 mil Saran suit

breakthrough time to the 12 mil PVC suit breakthrough time and on
the ratio of the two permeation rates for each suit [4,5].

SRF-1 (For times < 95 min.)

SRF-1 (Saran breakthrough time/PVC breakthrough time) = 95/16 = 6.3
SRF-2 (For times > 95 min.)
SRF-2 (PVC permeation rate/Saran permeation rate) = 0.07,0.03 = 2.3

This indicates that prior to breakthrough, the 9 mil Saran-CPE suit
provides about six times more protection than the 12 mil PVC suit.
After breakthrough, this protection drops to about a factor of two.
The appropriate SRFs were multiplied by the 12 mil PVC suit stay
times to obtain the 9 mil Saran-CPE suit stay times.

The Revised Stay Time Charts shown in Tables 1 through 3 assume the
following:

° permeation is only for HTO vapor in contact with the suit.
Permeability (and consequently the stay times) of the suit
changes if the HTO contacts the suit in any other form (i.e.
water, oil, Freon, etc.).

° Gloves on the suit are equivalent or less permeable to HTO
than the suit material.

° Suit equilibrium concentration occurs instantaneously after
breakthrough.
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° A minimum air flow rate of 5-6 scfm is maintained during
suit use. Calculations do not address additional dilution of
suit air activity due to the increased volume of air supplied
to the suit (18-20 scfm).

° For Self-Contained Breathing Apparatus (SCBA) respiratory

protection alone, the "No Respiratory Protection" stay times
can be multiplied by three to obtain an appropriate stay
time for SCBA protection. This assumes that 1/3 of the
intake occurs through absorption.
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