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SUMMARY

Potential toxic chemical concentrations in the air near vents of single-
shell tanks have been evaluated using three scenarios. The first scenario
duplicates the conditions existing the morning of January 28, 1992, when
several workers reported exposure to toxic or irritating gases near the BX and
BY tank farms in the 200-East Area at Hanford. The results of this scenario
indicate that it is unlikely that a tank in either tank farm could have been
the source of the gases associated with the incident. 1In the other two
scenarios, maximum potential concentrations under worst-case and bounding
conditions were examined. The results of these scenarios show that air
concentrations of all toxic gases reported to be in the tanks fall below their
time-weighted average, threshold limiting values within 5 m of tank vents
under worst-case conditions involving a restricted air flow to the tanks.

When unrestricted air flow to the tanks and worst-case conditions are assumed,
the maximum gas concentrations fall below time-weighted average, threshold
Timiting values within 15 m of vents.
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INTRODUCTION

On January 28, 1992, several workers at a drill site adjacent to BX and
BY tank farms in the 200-East Area at Hanford reported exposure to toxic or
irritating gases. The BX and BY tank farms are a potential source for these
gases. Therefore, the Pacific Northwest Laboratory (PNL) was asked to
estimate concentrations that might be expected from releases from the tanks.
Specifically, the two questions addressed to PNL were:

1) What might the concentrations have been from tank re]eases 1n the BY and
BX tank farms the morning of January 28, 1992?

2)  What are the maximum concentrations that might be expected from tanks in
the BY, BX, and C tank farms?

This report is PNL’s response to those questions. The report contains a
description of the mathematical models used to estimate the concentrations,
lists the assumptions made in the calculations, and presents the results of
the evaluation.

CONCLUSTONS

Three single-shell tank release scenarios were examined in detail. Each
scenario involves assumptions designed to ensure that model concentration
predictions do not underestimate actual concentrations. The first two
scenarios are routine releases in the sense that they could occur under normal
operations. The third scenario assumes that a large opening is available to
supply air to the tanks.

The first scenario is based on conditions existing on the morning of
January 28, 1992. The wind direction at the time of the incident makes it
unlikely that a release from either BY or BY tank farm would have affected the
drill site where the personnel exposures took place. Further, dispersion
modeling results indicate that the maximum concentration of each of the known
gases in the tanks would be less than 1% of its time-weighted average,
threshold 1imit value (TLV) at a distance equivalent to the distance between
the tank farms and the drill site. Therefore, it is unlikely that a tank in
either tank farm was the source of the gases associated with the incident.
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The second scenario evaluated the concentrations that might occur under
a postulated set of worst-case conditions not involving physical modification
of the openings to the tanks. In this scenario, the gas concentrations fall
below TLVs within 5 m (16 ft) of the tank vent. The concentrations would be
less than 20% of the TLV by 10 m (31 ft), and less than 1% of the TLV by 50 m
(165 ft).

The third scenario is a bounding case. The scenario includes the worst
case scenario conditions. In addition, the restrictions on flow into the
tanks are removed because a 42 in. access cover is assumed to be open. In
this case, the concentrations well above TLVs are possible near the tank
vents. However, concentrations decrease to the TLV at about 12 m (40 ft) and
fall to less than 2% of the TLV by 100 m (310 ft).

MODELS USED

The primary model used to evaluate the potential releases from the
sing1e-shé11 tanks is the straight-line Gaussian dispersion model for
concentrations at tiie plume centerline during a continuous uniform release.
The model is

x/Q = (F +mnUog,a, )" (1)
where y = the concentration at ground level on the axis of the plume (mg/m’)
Q' = the release rate (mg/s)
F' = the flow rate of the source (m%/s)
U = the wind speed (m/s)
o, = the horizontal diffusion coeftficient (m)
o = the vertical diffusion coefficient (m).

Equation (1) assumes complete reflection of material at the ground (no
deposition) and no depletion from chemical or physical transformation of the
effluent. It is appropriate for estimating 30-min to 1-hr average
concentrations downwind of a continuous release at ground level.

Release rates for single-shell tanks have not been measured directly.
They have been estimated from concentrations reported for the headspaces in



the 102-C and 103-C tanks'® and preliminary concentration estimates for tank
BY-104®) and the flow rate through the tank air vents. Vent flow rates have
been estimated by C1aybrook“) for a variety of scenarios including the
atmospheric conditions on the morning of January 28, 1992. Given the
concentration and flow, the release rate is calculated from

Q" = x F | (2)

where yx, is the concentration in the tank (mg/ma), and F’ is the vent flow
(m/s).

Wind speeds selected for use in Equation (1) range from 1.5 m/s to
6 m/é. A wind speed of 1.5 m/s is near the Tow end of the wind speed range
for which Equation (1) is valid. At lower wind speeds, the model gives
unrealistically high concentrations. The U.S. Nuclear Regulatory Commission
(NRC 1982) permits reduction of concentrations estimated by Equation (1)
whenever the wind speed is less than 6 m/s in neutral and stable atmospheric
conditions. The wind speed at the time of the January 28, 1992 event was
about 6 m/s. Using a wind speed greater than 6 m/s would not result in
concentration estimates that are higher -than those obtained with a 6-m/s wind
speed.

The diffusion coefficients (ay and 0,) are measures of the spread of the
plume. They are generally considered to be functions of atmospheric stability
and distance from the release point. Frequently, they are estimated using
graphs that contain curves relating diffusion coefficient to distance and
stability (e.g., Gifford 1961). However in this instance, the distances

(a) Ulbricht, W. H., Jr. 1991. "Report on the 241-C Tank Farm Air Sampling
Results of 1989." WHC-SD-WM-RPT-019 Rev. 0, Westinghouse Hanford
Company, Richland, Washington. Hereinafter referred to as Ulbricht
1991,

(b)  Pingel, L. 1992. "Preliminary Results of BY-104 Vapor Space
Monitoring." Memo dated January 28, 1992, to G. T. Dukelow,
Westinghouse Hanford Company. Hereinafter referred to as Pingel 1992.

(c) Claybrook, S. W. 1992. "Natural Circulation Rate Predictions for the
Tank BY-104." Memo dated February 12, 1992 to R. E. Raymond,
Westinghouse Hanford Company. Hereinafter referred to as Claybrook
1992.



involved are generally less than the Tower limits of the graphs. Rather than
extrapolate the curves, the diffusion coefficients are estimated as a function
of trave} time and stability using atmospheric boundary Tayer similarity
theory. This approach is widely recommended where atmospheric turbulence
measurements are available (Gifford 1976; Gryring 1987; Hanna et al. 1977;
Irwin 1983; Randerson 1979; Weil 1985).
In this approach, the horizontal diffusion coefficient is calculated
using ' '
o, = o, t Fy(t) | (3)
where o, is the standard deviation of the crosswind component of the wind
vector (m/s), t is the time since release (s), and F(t) is a nondimensional
factor related to the turbulence time scale. A similar expression is used to
estimate the vertical diffusion coefficient. In that expression, o, the
standard deviation of the vertical component of the wind vector replaces o,
and F,(t) replaces Fy(t). In the present application, both Fy(t) and F,(t) may
be assumed to have a value of 1.0 in calculation of the diffusion coefficients
used in Equation (1). The full expressions for Fy(t) and F,(t) will be used
in computing diffusion coefficients used to estimate concentrations during
calm wind conditions.

Turbulence measurements are not made routinely as part of the observa-
tions at the Hanford Meteorological Station. However, o and g, can be
predicted from the friction velocity, u., which is a scaling velocity for wind
profiles and turbulence statistics in the atmosphere (Hanna, Briggs, and
Hosker 1982; Panofsky and Dutton 1984). Furthermore, the friction velocity
can be estimated directly from a wind measured at a known height if the
stability and surface roughness length, z_, are known. The surface rcughness
length in the vicinity of the 200 Areas at Hanford has been estimated in many
of the meteorological research programs conducted by PNL and predecessor
contractors. Typical estimates range from about 0.03 to 0.1 m (Horst and
Elderkin 1970; Powell 1974).

Consequently, the following relationships are used to estimate o, and
o, The Jogarithmic wind profile, which describes the variation of wind speed
with height in the atmospheric boundary layer in neutral conditions is
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U(z) = u/k In( z/z, ) (4)
where z is the height above ground (m) and k is the dimensionless von Karman
constant with a value of about 0.4. A wind measurement height of about 10 m
and a surface roughness of 0.05 m are appropriate for Hanford. Making these
substitutions, the friction velocity is estimated as

u, = 0.0755 U. (5)

Hanna, Briggs, and Hosker (1982) suggest that within a few meters of the
ground during stable and neutral atmospheric conditions, o, and o, are
approximately equal and‘are related to u, by

o,= 0, = 1.3 u. (6)
These equations give a narrow, conical plume that has o
about 1 m at a distance of 10 m from the release point.

Equations (1) through (6) are suitable for estimating concentrations for
wind speed that are not too close to 0. As a practical matter, the wind speed
is defined as calm when the wind speed is below the threshold of an
anemometer. During these conditions, there are still air motions that
disperse material. Gaussian puff models can be used to evaluate potential
concentrations during "calm" winds.

The Gaussian puff model for an instantaneous ground-level release is

v and o, values of

x(r,t)/Q = 2 G(r,t) / [ (2m)¥% a *(t) o (t) 17 (7)

where t is the time following release, Q is the mass of material released, r
is the distance from the center of the puff, and o  is the radial diffusion
coefficient. The G(r) term is an exponential expression that specifies the
variation in concentration as a function of distance from the puff center. It
has the form

G(r,t) = exp(-0.5[r/o (t)"]). (8)



The diffusion coefficients in Equations (7) and (8) must be specified as a
function of time following release rather than distance from the source.
Having shown the dependencies of yx, G, O and o, on r and t explicitly, we
will dispense with this formality for the remainder of the discussion.

Equations (7) and (8) cannot be used directly to estimate concentrations
that might result from a continuous release in calm winds. However, a
continuous release in calm conditions can be modeled by a sequence of puffs.
For a constant release rate, we rewrite Equation (7) as

NAt ‘
x/Q' = tzocz GAt/ [ (2m)**afo, 1) (9)

where Q' is the reledse rate, At is the time interval (s) between puffs, and N
is the number of puffs released since the start of the release. Note that t =
nAt for 0 < n < N.

The diffusion coefficients in Equation (9) are each proportional to time
to a power greater than 1/2. Equation (9) is of the general form

$/Q" «L n” (10)

with v > 1. Therefore, the summation converges to a limit for N sufficiently
large and sufficiently small At. In both cases, sufficiency is a function of
distance and the velocity selected to characterize the random air motions.

Having arrived at Equation (9) and determining that the equation has an
asymptotic limiting value, we turn to estimation of the diffusion coeffi-
cients. For consistency with the plume model, we would 1ike to use Equa-
tions (3) and (6) to estimate diffusion coefficients for Equation (9). To do
this, we must relate the diffusion coefficients to something other than the

“mean wind speed, and we must supply initial values of the diffusion coeffi-

cients for t=0. The first of these objectives is accomplished by setting the
friction velocity, u., to a suitably small value. A value of 0.05 m/s has
been assumed for this purpose. The second objective is accomplished by
setting the concentration at the center of each puff equal to the concentra-
tion at the release point '



/U = 1/F =2 At/ [(2m)¥% 0 % g, ]. ' (11)

ro Z0

If we now assume that o = o, =g, then

z0

o,= 2F At/ (2m)¥2, (12)

A short computer code that implements the model described by Equations
(7) through (12) has been developed. Tests of the code show that with the
assumption of u, = 0.05 m/s, x/Q’ has reached or is approaching a limiting
value at distances of 100 m or less when N=120 and At=30 s (t=1 hr). A
cursory examination of the sensitivity of the limiting value to At shows that
A=30 s is reasonable but leads to small overestimates of the limiting value.
Estimates of the 1imiting concentration are sensitive to changes in the value
of u.,. Increasing u, to 0.1 m/s reduces the limiting x/Q’ by a factor of
about 2.2 and decreases the time required to reach the limiting value.
Decreasing the value of u, to 0.025 m/s has opposite effects. Hanna and Chang
(1992) suggest that o, near the ground has a minimum value of about 0.5 m/s.
Assuming u,=0.05 m/s results in a o,=0.065 m/s, which is clearly conservative
when compared with 0.5 m/s.

SINGLE-SHELL TANK RELEASE RATE

Equation (2) equates the release rate to concentration and flow. For
the analyses described below, the concentration used to estimate the single-
shell tank release rate was selected from Table 3 of Ulbricht’s report“).
That table lists concentrations for organic gases measured in the headspaces
of tanks 102-C and 103-C after the tanks had been sealed for several months.
Table 1 1ists the maximum concentration reported for each gas, regardless of
tank or measurement location. Preliminary measurements®) indicate that
organic gas concentrations measured in tank BY-104 are significantly lower
than those listed in Table 1 for the same gases. For example, the concen-
tration of 1-butanol was a factor of 80 lower in tank BY-104, and the

(a) Ulbricht 1991.
(b)  Pingel 1992.



Table 1. Maximum Organic Gas Concentrations (mg/ma) Measured
in Tanks 102-C and 103-C in October 1989%)

Material Tank Conc. TLV STEL CEILING % TLV
- 1-butanol 3.72E+02 1.5E+02

methylene chloride 2.50E+00 1.7E+02 1.40
acetone 2.16E+03 1.86403  2.4E+03 120.00
carbon disulfide 6.80E-02 3.1E+401 0.22
chloroform 2.70E-02 4.9E+01 0.06
trichlorofluoromethane 4.80E-01 5.6E+03
1,1,1-trichioroethane 2.71E-01 1.9E+03  2.5E+03 0.01
carbon tetrachloride 5.00E-02 3.1E+01 0.16
1,3-dichloropropene 2.40E-02 4.5E+00 0.53
benzene 2.80E-01 3.2E+01 0.88
vinyl acetate 6.80E-01 3.5E+01 7.0E+0l 1.90
2-butanone 2.58E+401 5.9E+02 8.9E+02 4.4
2-hexanone 5.70E+00 2.0E+01 ‘ 29.00
tetrachloroethylene 5.20E-02 3.4E4+02 1.4E+03 0.02
toluene 6.20E+01 3.86+02 5.7E+02 16.00
4-methyl-2-pentanone '1.40E+00 2.1E+02  3.1E+02 0.68
1,1,2,2-tetrachloroeth. 2.69E-02 6.9E+00 0.39
o-xylene 3.10E+00 4.3E+02 6.5E+02 0.71
tributyl phosphate 1.97E+02 2.2E+00 9000.00
n-paraffin hydrocarbons 1.10t+04 1.8E+02 6300.00
ammonia 2.60E+02 1.7E+01  2.4E+01 1500.00

concentration of acetone was a factor of 250 lower. Therefore, the concen-
tration used in estimating the release rate for single-shell tanks is based on
measurements of the concentrations in the headspace of tanks 102-C and 103-C.
Table 1 also lists exposure limits set for each of the gases in milli-
grams per cubic meter. The column headed TLV gives the Threshold Limit Value
for occupational exposure to the gas (ACGIH 1990). This is the maximum time-
weighted average concentration to which workers can exposed on a routine basis
(8 hr/day, 5 days/week). Note that a TLV does not exist for an unspecified
mixture of n-paraffin hydrocarbons; the TLV listed is for n-hexane. The TLV
for n-hexane was chosen ever though n-hexane is not on the 1ist of compounds
included in n-paraffin hydrocarbons because n-hexane is chemically similar to
other compounds on the n-paraffin hydrocarbon‘list and has a lower time-
weighted average TLV (50 ppm) than other compounds on the list. The compound

i (a) Ulbricht 1991.




with the next lowest TLV is nonane (200 ppm). The co1uhns labeled STEL and
Ceiling give concentration limits for shorter exposure periods. The final
column in Table 1 gives the ratio of maximum headspace concentration to the
TLV in percent. Those gases with ratios greater than 100% are of concern, and
tributyl phosphate is of most concern. Therefore, the following analysis is
based on a release of tributyl phosphate and assumes a tank headspace concen-
tration of 197 mg/m’.

Flow rates for the analysis, obtained from S.‘C1aybrook“), are based on
a finite-difference model of the tank system. For the January 28, 1992,
scenario, the tank system consisted of an isolated tank, and for the worst-
case scenarios, the tank system comprised two tanks joined in series by a
3-in. overflow pipe. Each tank has access openings and a vent. The flow rate
through the release vent depends, to a large extent, on the atmospheric pres-
sure tendency, the temperature differences among the tanks and between the
tanks and the atmosphere, and the infiltration of air from the atmosphere to
the tanks. The tank circulation model does not consider the effects of wind
speed on vent flow. However, these effects should be small because the vent
outlets are generally within a foot or two of the ground and are pointed
directly toward the ground.

JANUARY 28, 1992, RELEASE SCENARIO EVALUATION

The event that triggered this analysis was exposure of personnel to
irritating and possibly toxic fumes at a drill site near the BY and BX tank
farms between 8:30 a.m. and 9:30 a.m. on the January 28, 1992. The locations
on the drill site where the fumes were reported were generally north of the
tank farms and 200 to 300 feet from the closest tanks.

Records of the Hanford Meteorology Station, located about 3 miles to the
west of the event site, and of the 200-East Area telemetry station, located
about a mile southeast of the event site, show southerly winds at about 10 mph
at the beginning of the period. During the period, the wind directions varied
from southerly to southwesterly and the wind speed freshened. By the end of
the period, the winds were southwesterly at greater than 20 mph. The records

(a) Claybrook 1992.



also show that the station barometric pressure was rising continuously
throughout the period and that the ambient air temperature was about 54°F.

Dased on a 0.02-in. Hg per hour pressure increase, which is less than
observed, and an ambient air temperature of 54°F, Claybrook estimates'? a
flow of 2.6 cfm (0.0012 ma/s) through a 4-in. vent for an isolated tank at a
temperature of 80°F. The release rate corresponding to this flow and a
tributyl phosphate concentration of 197 mg/m3 in the tank headspace is
0.24 mg/s.

Figure 1 shows plume centerline [Equation (1)] concentrations of
tributyl phosphate as a percentage of the TLV versus distance for a 0.24 mg/s
release rate and the meteorological conditions of the morning of January 28th.
The predicted concentrations are an order of magnitude lower than the TLV at a
distance of 10 ft (3 m) from the vent. At a distance of 165 ft (50 m), the
model predicts that the concentrations will be well below 0.1% of the TLV.

It is Tikely that the concentrations predicted in Figure 1 exceed the
actual concentrations in the plume at the time of the event because

1) The tank headspace concentration and vent flow are used to estimate the
release rate for the model calculation to give the maximum potential
release rate. If the concentrations in the BY104 tank are typical of
concentrations in the tanks in the BY and BX tank farms, the concen-
trations in Figure 1 may be high by a factor of 100.

2) The model used does not account for any dispersion caused by structures,
changes in topography, or the impaction of the air flow from the vent on
the ground beneath the vent. These omissions will cause the model to
overestimate concentrations near the release point. As the distance
from the tank increase, these omissions become insignificant.

3) The dispersion model does not account for plume meander. Wind records
from the 200-East Area telemetry station show that the 15-min wind
direction averages between 0830 and 0930 on January 28, 1992, ranged
from 190° to 240°. This meander would reduce the average concentration
at any location downwind of the tank farms.

4) The concentration in the tank headspace and the forces driving the
release are assumed to be unaffected by dilution from the infiltrating
air.

(a) Claybrook 1992.
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There is a possibility that short-term concentrations could exceed the
predicted concentrations. Gaussian plume dispersion models [e.g., Equation
(1)] estimate concentrations averaged over periods on the order of 30 min to
1 hr. Within this period, concentrations fluctuate above and below the
average. Concentration fluctuation data collected in experiments at Hanford
(Ramsdell and Hinds 1971) indicate that I-min average concentrations near the
centerline of a ground-level plume exceed the 30-min average by a factor of
4 or more about 1% of the time.

Given the Tow concentrations predicted by the model, and the 1ikelihood
that the model predictions are high, it is unlikely that the January 28, 1992,
exposure event was caused by a release from either the BX or the BY tank farm.
If the actual time of exposure was later than 0900, the probability of a
release from either of these tank farms being the cause of the exposure is
extremely low because the wind following 0900 was from the southwest and
steady. Any gas released after 0900 would have passed well to the east of the
locations where the exposure occurred.

WORST-CASE SCENARIO

A second scenario was examined to evaluate the maximum potential hazard
associated with releases from tank vents. This scenario was selected to
maximize the vent flow and minimize atmospheric dispersion. The atmospheric
conditions for the scenario were a low ambient air temperature, rapidly
falling pressure, a low wind speed, and stable atmospheric conditions. The
Tow wind speed and stable atmosphere minimize atmospheric dispersion and are
consistent with atmospheric conditions generally used in safety evaluations.
The Tow temperature and falling pressure are included in the scenario to
maximize the driving force for the release. The tank system for the scenario
included two tanks to increase the inflow to the tank from which the release
is occurring, a larger vent, and an elevated tank temperature. In this
scenario, as in the previous scenario, the tank headspace concentration of
tributyl phosphate given in Table 1 is used to estimate the release rate.

It should be noted that the releases in the worst-case and January 28,
1992, scenarios are "normal" events driven by environmental conditions. In
neither case is the release caused by an accident or rare event such as an

12



earthquake or tornado. However, the specific combination of conditions
assumed in the worst-case scenario is extremely unlikely (probably < 0.01%).

In the worst-case scenario, the ambient air temperature is assumed to be
29°F. This is approximately average air temperature during January, which is
the coldest month at Hanford (Stone et al. 1983). The barometric pressure is
assumed to be falling at 0.16 inches Hg/hr. This rate of pressure decrease
was observed as a frontal system approached Hanford November 3, 1958 (Stone
et al. 1983). However, in the last 10 years, pressure falls exceeding
0.10 in./hr have occurred at the Hanford Meteorology Station only 16 times.

No pressure falls exceeding 0.12 in./hr were observed during this period. The
wind speed assumed for the worst-case scenario is 1.5 m/s. Stable atmospheric
conditions are also assumed for this scenario, but have little affect on the
estimated concentrations.

With the worst-case atmospheric conditions and the worst-case tank
system, the vent flow is estimated to be 0.0099 m/s (21 cfm).(” Combined
with a tributyl phosphate concentration of 197 mg/m’, this vent flow gives a
release rate of 2.95 mg/s. Thus, the worst-case release rate is approximately
6 times larger than the release rate estimated in the January 28, 1992,
scenario.

Figure 2 shows the tributyl phosphate concentrations predicted by the
Gaussian plume model for the worst-case scenario. Plume centerline concen-
trations exceeding the TLV are predicted to occur to a distance of slightly
greater than 4 m (14 ft). At 10 m from the vent, the predicted concentration
is about 20% of the TLV, and at 50 m (164 ft), the predicted concentration is
less than 1% of the TLV.

There may be some question whether a 1.5-m/s wind speed provides a
conservative estimate of the concentrations. Equation (1) clearly shows that
concentrations will increase if a lower speed is selected. Validity of the
Gaussian plume model depends on the existence of a well-defined wind direc-
tion. As the wind speed decreases, the direction becomes poorly defined, and
gases will diffuse but their center of mass tends to remain in one place. The

(a) Claybrook 1992.
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continuous-release puff model was developed to examine concentrations in the
1imit as the mean wind speed goes to zero. Figure 3 compares the l1imiting
concentrations under calm wind conditions with concentrations in a plume with

a 1.5-m/s wind speed. The indication by Hanna and Chang (1992) that o, has a

minimum value that is about an order of magnitude higher than the value used
in the puff model strongly suggests that the calm wind concentration estimates
in the figure are high. The concentrations in the plume are higher than the
calm wind case. Increasing the wind speed would reduce the concentrations
predicted by the plume model. Therefore we can conclude that the concentra-
tion estimates made by the plume model with a 1.5-m/s wind speed are
adequately conservative.

BOUNDING CASE_SCENARIO

A third scenario was evaluated to determine the potential concentrations
that would result if the supply of air to the tank system were unlimited. The
atmospheric conditions for this scenario are the same as for the worst-case
scenario. The tank system and tank temperatures are also the same, except
that a 42-in. access cover was assumed to be open in the tank attached to the
release tank. Under these conditions, the flow through the release vent is
0.073 m’/s (155 cfm),® and the release rate is 14.3 mg/s.

The bounding case release rate is approximately 5 times larger than that
of the worst-case scenario. Note, however, that this scenario involves more
than normal environmental conditions, it also involves opening a large tank
access.

Figure 4 shows the concentrations predicted for the bounding case
scenario. Near the tank vent, the concentration is well above the TLV. The
concentration decreases to the TLV at 12 m (40 ft) and is less than 2% of the
TLV at 100 m (310 ft).

(a) CTajbrook 1992.
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