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SECTION 11
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This appendix presents the methodology used to develop the distance to the toxic endpoint
for anhydrous ammonia and aqueous ammonium (30%) presented in the body of this report. This
appendix is organized as follows:

11- 1 Model Selection

11 -2 Worst-case Release Scenario - Anhydrous Ammonia

11 -3 Alternate Release Scenario - Anhydrous Ammonia

11 -4 Worst-case Release Scenario - Aqueous Ammonia

11 -5 Alternate Release Scenario - Aqueous Ammonia

11 - 6 Comparisons to ALOHA and the EPA Guidance

11 -7 Conclusions
11-1 MODEL SELECTION

TRC Environmental Corporation (TRC) has selected DEGADIS as the model which is
appropriate and matches the characteristics of ammonia releases needed to prepare Risk Management
Plans for the EPA Risk Management Program. The EPA Risk Management Program requires
modeling of both a “worst-case” release scenario and an “alternate” release scenario.

Certainly for the worst-case scenario and possibly for the alternate scenario, the maximum
offsite concentrations with anhydrous ammonia are associated with a dense gas plume which slumps
to the ground and travels downwind. Accidental. releases which result from stack or buoyant jet
emissions of ammonia are not likely to result in offsite concentrations as high as those associated with
dense gas releases. Therefore, a dense gas model with proven capability to model ammonia releases
is needed. The RMP rule assumes, however, that anhydrous ammonia is a neutrally buoyant gas and
that aqueous ammonia is a liquid.

One major test of dense gas model performance sponsored by EPA is contained in
“Evaluation of Dense Gas Simulation Models,” EPA-450/4-90-018, May 1991'. This model
evaluation compared seven dense gas models (DEGADIS, SLAB, AIRTOX, CHARM, FOCUS,
SAFEMODE and TRACE) against the measured results of accidental release field trials. For
ammonia, the field trial was Desert Tortoise conducted in 1983 at the Liquefied Gaseous Fuels Spill

Test Facility in Nevada. Three high volume, high pressure releases of 15 to 60 m’ of liquid ammonia



were suitable for model comparisons. Release times ranged from 1 to 8 minutes. There were two
arcs of downwind ammonia concentration measurements at 100 meters and 800 meters.

DEGADIS overpredicted the concentrations at each sampling arc for each test. Thatis a
favorable response since we would like the selected model to be conservative. Additionally,
DEGADIS slightly overpredicted concentrations at the second downwind arc where we want it to
be more accurate in determining the distance for the accidental release, i.e., its large overpredictions
near the source are of less consequence.

The other models which did reasonably well at the second downwind arc are TRACE and
FOCUS. The other four models (AIRTOX, CHARM, SAFEMODE and SLAB) either significantly
underpredicted the values at the second downwind arc or had erratic performance. AIRTOX, for
instance, is very low in Test 1, slightly low in Test 2 and very high in Test 4.

The primary reason to pick DEGADIS over TRACE and FOCUS is that it is a public domain
model rather than a proprietary model. DEGADIS is available from EPA to anyone to use and thus
available to all TFI members to use at their own facilities. Additionally, DEGADIS is an Appendix
B model of the EPA Guideline on Air Quality models. SLAB and HGSYSTEM are also Appendix
B models.

Although of less interest to TFI, the performance of DEGADIS for LNG spills (the Burro
experiments) and HF spills (The Goldfish experiments) is also sufficiently acceptable to recommend
its use. For the Goldfish experiments DEGADIS (D) was the best model although underpredicting,
and for the Burro experiments it was the best of the overpredicting models.

A more recent evaluation of dense gas models was performed by Hanna, 1993. This is a
comparison of the models’ performance for 123 individual tests which are continuous releases.
DEGADIS again performed well in this evaluation with relatively low variability and a tendency to
overpredict. CHARM and SLAB tended to underpredict and the vanability of AIRTOX is self-
evident. The variability of FOCUS is substantially higher than DEGADIS. While TRACE was on
average closer to the measured concentrations, its vaniability was higher than DEGADIS. The Hanna
evaluation included HGSYSTEM which had nearly equivalent performance to DEGADIS, which is
not surprising given their common heritage.

EPA issued in January 1996, a draft report’ entitled “Generic Guidance Risk Management

Program (RMP) for Ammonia Refnigeration Facilities.” This “Guidance” uses a different model,



SACRUNCH, to provide nomographs for calculations of accidental releases. TRC has reviewed this
guidance in depth. SACRUNCH is a proprietary model. It is not presently available in any public
form. Additionally, the EPA contractor who prepared the Guidance states that the model “is
comparable to ... similar models such as DEGADIS when tested against the Desert Tortoise
experiments.” In checking with the contractor for proof of this claim, TRC was told that the
document referenced is proprietary. This leads TRC to conclude that DEGADIS remains a model
of choice.

In summary, the performance of DEGADIS is as good or better than the majority of models
available. While not being the only model that could be selected, the ready availability and Guideline

status of DEGADIS led to its selection for this application.



11 -2 WORST-CASE RELEASE SCENARIO - Anhydrous Ammonia

11-2.1. Input Values
The worst-case release scenario is specified by the RMP rule to have the following

characteristics:

Anhydrous ammonia is defined as a buoyant, toxic gas which when stored at ambient
temperature or as a liquid under pressure is assumed to be released at a constant rate over ten
minutes (refrigerated tanks would be handled differently).

For this worst-case release analysis, diking of anhydrous ammonia when stored at ambient
temperature does not affect the calculation.

The windspeed is set at 1.5 meters/second (3.4 miles per hour) and F stability (assumes
nighttime, light windspeed conditions, no or little cloud cover, 1.e., an inversion).

The temperature for the atmosphere and the ammonia is assumed equal to the highest
temperature recorded in the past three years. These analyses were prepared using 43°C
(110°F). The temperature has no effect on the amount or duration of the release. The
temperature does, however, affect the amount of ammonia which is vapor versus entrained
liquid. At 35°C (95°F) the distance to the endpoint decreases by 7%. At 25°C (77°F) the
distance to the endpoint decreases by 16%. Similarly, the humidity used in these analyses was
assumed to be 50%, but no corrections need be made to other relative humidities (differences
in modeled distance to endpoint are less than 2%).

The “toxic endpoint” is 200 ppm (0.14 mg/1) for all of these analyses. There is a possibility
that sometime in the future this “toxic endpoint” might change.

The DEGADIS model has been run in the “isothermal” mode and the thermodynamics have

been entered manually for aerosol formation and rainout.

The density of the ammonia plume used in DEGADIS has been calculated assuming that a

portion of the anhydrous ammonia is flashed adiabatically at its atmospheric boiling point to vapor

and liquid, and that the remainder of the ammonia is carried along in the plume as a liquid aerosol

with the flashing vapor. In reality, some of the liquid will not be entrained and form an evaporating

pool. It is important to note that a dike may be of assistance in reducing further evaporation from

this pool, but the worst-case release scenario specified by EPA does not give credit for this situation

for anhydrous ammonia.



The toxic endpoint used is the one specified in the RMP rule Appendix A, i.e., 200 ppm (0.14
mg/liter). It is adopted from the ERPG-2 value of the AIHA which specifies exposures of up to one
hour. The RMP rule does not specify an averaging time.

TRC has written a post-processor to DEGADIS which uses the DEGADIS output to extract
distances for any averaging time. The distances for the worst-case anhydrous ammonia release are
all 10 minute average concentrations.

The DEGADIS model has been run with two different surface roughnesses (z,) representative
of two different types of terrain. These are:

. Rural terrain (surface roughness 3 centimeters): Indicative of areas where “there are no

buildings in the immediate area and the terrain is generally flat and unobstructed.” [§68.22(e)]

. Urban terrain (surface roughness 100 centimeters): Indicative of areas where “there are many
obstacles in the immediate area; obstacles include buildings or trees.” [§68.22(e)]
It is necessary at each site to select either rural or urban terrain as defined above before using
the tables. This is a subjective determination but the purpose is that if the gases from ammonia
release would be obstructed, i.e., have to go around buildings, trees or other obstacles before getting

to the pubic, then it will be significantly more dispersed than if it travels over open terrain.

11.2.B.Results

The DEGADIS model results for the worst-case release scenario for anhydrous ammonia are
presented in Table 1. This covers a range of anhydrous ammonia storage from 10,000 to 200,000
pounds. This table applies to the maximum capacity of the largest single anhydrous ammonia storage
vessel at the site. The distances should be measured from the center of the storage vessel and used
as the radius of a circle which defines the area of the worst-case release scenario impact.

Figure 1 shows the results of Table 1 graphically. The distances for rural terrain are the
longest, and the urban terrain yielded the shortest distances. Interpolation to obtain distances from

these curves is acceptable.



Table 1

TFI Worst-Case Anhydrous Ammonia Releases: Summary of Results

Distance to 200 ppm, miles, for
Terrain:
Amount Released

(Ib) Rural Urban
10,000 0.96 0.42
20,000 1.24 0.55
30,000 1.43 0.65
40,000 1.60 0.73
50,000 1.75 0.79
60,000 1.87 0.84
70,000 2.00 0.89
80,000 2.13 0.94
90,000 223 0.98
100,000 2.34 1.02
110,000 2.43 1.06
120,000 2.51 1.09
130,000 2.60 1.12
140,000 2.68 1.16
150,000 2.76 1.19
160,000 2.82 1.22
170,000 2.87 1.25
180,000 2.95 1.28
190,000 3.00 1.30
200,000 3.07 1.33
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Figure 1: TFI Worst-Case Anhydrous Ammonia Releases:
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11 -3 ALTERNATE RELEASE SCENARIO - Anhydrous Ammonia

11.3.A Input Values

The alternate release scenario selected for anhydrous ammonia is a break of a pipe leading
from or to the anhydrous ammonia storage tanks. The four pipe diameters used by the Nebraska
DEQ' were selected and a 4" pipe diameter was added to the evaluations. It is assumed that each
pipe releases ammonia for 2 minutes before an automatic or manual shutoff intervenes to stop the
flow of ammonia.

The technical assumptions in this case are very conservative, i.e., lead to longer distances than
actually expected. These assumptions are:
1) That the liquid release rate of anhydrous ammonia is governed by the Bernoulli equation [as

is done in the ARCHIE model. See Section 11-6.] It is expected that actual release rates will

be substantially less because ammonia vapors will be generated in the pipe, which results in

a lower two-phase density and lower flow rate out of the pipe than for the Bernoulli equation.

2) As with the worst-case release scenario, it has been assumed that all of the released ammonia
becomes a gas or is entrained in the gas. Depending on atmospheric conditions some portion
of the ammonia would either spill onto the ground or rainout quickly as liquid droplets. This

effect would also reduce actual peak release rates.

The windspeed is set at 3 meters/second.”" This is meant to represent the annual average
windspeed. If the average annual windspeed at the site is higher than 3 meters/second (6.7
miles/hour), the distances would tend to be less than those in the Tables.

The annual predominant stability class is D stability for all sites.

As in the worst-case release example for anhydrous ammonia, the temperature and relative
humidity have only slight effect on the distances as calculated. In actuality, such releases would be
affected by these variables in terms of both release rate and liquid dropout, e.g., the higher the
humidity the more the liquid rainout.

These alternate release scenanos evaluations have again been run as 10 minute averages using

the DEGADIS post-processor.



11.3.B.Results

The alternate release scenario results for anhydrous ammonia are shown in Table 2 and
depicted graphically in Figure 2. It should be noted that Table 2 indicates nominal diameters of
Schedule 80 pipe but the horizontal axis of Figure 2 uses the actual inside pipe diameters as obtained
from Perry’s Chemical Engineers Handbook. Note also that the endpoint distances of these alternate
releases are generally shorter distances than the worst-case releases. If your alternate release scenario

yields a longer distance, you should reconsider the alternate release scenario.



Table 2

TFI Alternate-Case Releases of Anhydrous Ammonia:
Pipe Leaks at 3 m/s Wind Speed, D Stability: Summary of Results

Nominal Pipe Release Mass Distance to Threshold, miles,
Diameter Rate Released for Terrain:
Inches 1b/min Lb*

Rural Urban

1 1,450 2,901 0.64 0.31

1.5 3,563 7,127 0.92 0.46

2 5,954 11,908 1.18 0.56

3 13,319 26,638 1.56 0.78

4 23,182 46,364 1.91 0.95

Assumes release 1s stopped through human intervention after 2 minutes
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Figure 2: TFI Alternate-Case Anhydrous Ammonia Releases:
Endpoint Distance as a Function of Pipe Diameter
(10-Minute Average)
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11 -4 WORST-CASE RELEASE SCENARIO - Aqueous Ammonia

11.4A. Input Values

The aqueous ammonia solution chosen for these scenarios contains 30% ammonia by weight.
For equivalent amounts of 24% aqueous ammonia solutions, distances can be approximated by
reducing the distance by 14%. For equivalent amounts of 20% aqueous ammonia solutions,
distances can be approximated by reducing distances by 23%. Alternatively, an estimate of the
distance can be made by using the pounds of ammonia column on Table 3, i.e., calculate ammonia
released instead of solution released to account for different solution percentages. These results will
be overestimates of 6-10%.

The worst-case release scenario assumes that the entire contents of the tank are released and
are treated as a liquid from which the ammonia evaporates with time. It is assumed that a pool of 1
centimeter depth is formed, and that the ground surface does not absorb any liquid (impervious
surface at ambient temperature). The rate of evaporation and release of ammonia has been calculated
in 10 second time steps, which include changes in water content and evaporation, as well as changes
in the size of the pool (decreases with time and evaporation).

The worst-case release scenario assumes there is no dike. If a dike is present and the entire
spill is contained, the rate of evaporation and release of ammonia is much less, depending on the area
of the dike, and thus the distance to the toxic endpoint is much less. Table 3 contains a column of
maximum pool area in square feet. If the diked area, in square feet is less than the listed value for the
amount of ammonium released (or solution release assuming 30% solution), the distance to the
endpoint will be less. An approximation can be made by using the square footage of the diked area
to enter the table.

Also shown on Table 3 is the amount of time, in minutes, that it takes to evaporate 90% of
the ammonia in the aqua pool. As can be seen, the length of time exceeds 60 minutes. The results,
however, have been obtained using an averaging time of 10 minutes as evaluated using DEGADOSE.

When ammonia evaporates from a pool of aqueous ammonia it is actually lighter than air.
The DEGADIS model is not designed to handle lighter than air releases. DEGADIS has been run
as if the ammonia were neutrally buoyant. The results presented are thus overestimates of the

distance to the actual endpoint.
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For this evaluation, the temperature of 110°F (43°C) was selected. The rule calls for the use
of the highest temperature in the last three years for the site. As temperature increases the
evaporation of ammonia also increases. The increased evaporation rate is balanced, however, by a
shorter release duration, leading to not much change in the distance to the endpoint. Similarly,

relative humidity has little effect on the distance to endpoint.
11.4 B Results

The results of the worst-case release scenario for 30% aqueous ammonia are presented in

Table 3. Figure 3 presents the results graphically.
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TFI Worst-Case 30% Aqueous Ammonia Releases:

Table 3

Summary of Results

Solution Ammonia | Maximum | 99% Evap. | Distance to 200 ppm, miles,
Released Released Pool Area Duration for Terrain:
Lb Lb ft? Min.
Rural Urban
10,000 3,000 5,492 74.5 0.43 0.42
20,000 6,000 10,984 74.5 0.61 0.60
30,000 9,000 16,476 74.5 0.75 0.72
40,000 12,000 21,968 74.5 0.87 0.86
50,000 15,000 27,460 74.5 0.97 0.95
60,000 18,000 32,952 74.5 1.07 1.05
80,000 24,000 43,936 74.5 1.25 1.25
100,000 30,000 54,920 74.5 1.40 1.38
120,000 36,000 65,904 74.5 1.54 1.56
160,000 48,000 87,872 74.5 1.78 1.75
200,000 60,000 109,840 74.5 2.01 1.98
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Figure 3: TFI Worst-Case Releases of 30% Aqueous Ammonia:
Distance to 200-ppm Endpoint (10-Minute Average)
as a Function of Mass Released
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11 -5 ALTERNATE RELEASE SCENARIO - Aqueous Ammonia

11.5.A. Input Values
The Alternate Release Scenario chosen for 30% Aqueous Ammonia was the release of up to

10,000 pounds of solution. The exact timing of the release is not crucial since the evaporation rate
determines the distance.

The primary difference between this alternate release and the worst-case release for aqueous
ammonia is both the windspeed and stability class. If the average windspeed at the site is higher or
lower than 3 meters per second (6.7 miles per hour), it does not affect the distance to the endpoint
by much. While the higher windspeed would increase dispersion resulting in a shorter distance, the
higher windspeed would also result in greater initial evaporation rates, and the two factors tend to
balance each other. The same balancing occurs if different temperatures and relative humidities are
used.

This evaluation was also performed with DEGADIS assuming neutral buoyancy. Since the
ammonia released is actually lighter than air, the results presented overstate the distance to the
endpoint. As before, the results are presented as 10 minute average values.

The RMP rule requires that the alternate release scenario distance to the toxic endpoint
exceed the boundaries of the site property, i.e., have any offsite impact. If the distance in the results

does not include an offsite impact the pounds released must be increased until it does.
11.5.B.Results

The alternate release scenario results for 30% aqueous ammonia are shown in Table 4

presented graphically in Figure 4.
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Table 4

TFI Alternate Case 30% Aqueous Ammonia Releases
(3 m/s D Stability): Summary of Results

Solution Ammonia | Maximum | 99% Evap. | Distance to 200 ppm, miles,
Released Released Pool Area Duration for Terrain:
Lb Lb ft’ Min.
Rural Urban
1,000 300 549 43.2 0.06 0.06
2,000 600 1,098 43.2 0.08 0.09
3,000 1,000 1,648 43.2 0.10 0.10
4,000 1,200 2,197 432 0.11 0.11
5,000 1,500 2,746 432 0.13 0.12
6,000 1,800 3,295 432 0.14 0.12
7,000 2,100 3,844 43.2 0.15 0.13
8,000 2,400 4,394 432 0.16 0.14
9,000 2,700 4,943 432 0.18 0.16
10,000 3,000 5,492 432 0.19 0.18
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11-6 COMPARISON TO OTHER MODELS

TFI members should understand the comparability of these modeling results presented in this
report and modeling results from other commonly available sources. The Local Emergency Planning
Committee, the fire department or equivalent may use or have access to the model ALOHA (which
is part of the more comprehensive CAMEO system available from the National Safety Council).
Additionally, the US EPA has published a guidance document for the RMP rule entitled “RMP Offsite

Consequence Analysis Guidance” and a “Model RMP for Ammonia Refrigeration.”

ALOHA
ALOHA uses a release rate and a release duration, as well as meteorological parameters as
its only input values along with the name of the chemical. For the worst-case release scenario for

anhydrous ammonia, Table 5 compares the ALOHA and DEGADIS results.

TABLE 5

TFI Worst-Case Anhydrous Ammonia

ALOHA Comparison
Distance to 200 ppm, miles
RURAL URBAN
R;\e“;s:it {, | ALOHA | DEGADIS | ALOHA | DEGADIS
90,000 4.23 2.23 3.36 0.98
170,000 5.59 2.87 4.47 1.25

The ALOHA model does not actually calculate a value for the urban terrain category, i.e., it
does not accept surface roughness values greater than 20 centimeters. (If one enters a surface
roughness greater than 20 centimeters, ALOHA defaults to 20 centimeters.) Thus, for urban terrain
the ALOHA results are more than 3 times longer distance than the DEGADIS results.

For rural terrain they are about twice the DEGADIS distances.
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The alternate release scenario for anhydrous ammonia was also run in ALOHA. The ALOHA
results and the DEGADIS results are similar (£8%). Results for the 3 inch pipe case are shown in
Table 6.

TABLE 6

TFI Alternate Case Anhydrous Ammonia

ALOHA Comparison
Distance to 200 ppm, miles
Amount
Released, Ib RURAL URBAN
ALOHA DEGADIS ALOHA DEGADIS
26,638* 2.05 1.56 1.74 0.78

* 3" pipe break, 2 minute release

ALOHA does not contain aqueous ammonia in its chemical lists. Additionally, it did not
allow a pool diameter of greater than 90 meters (the pool diameter for the initial pool of the 200,000
Ibs spill was 114 meters). Thus, in order to evaluate the worst-case release scenario for 200,000 lbs
of aqueous ammonia, 60,000 lbs of anhydrous ammonia was used along with a 90 meter diameter
pool. The result was about 2.5 miles or nearly double the results of DEGADIS. ALOHA does not
provide for urban terrain.

In summary, ALOHA overestimates worst-case release scenario results by about a factor of
two compared to DEGADIS in distance for rural terrain. For anhydrous ammonia in urban terrain,
the ALOHA results are three times the DEGADIS results. For the alternate release scenarios the
ratios between ALOHA and DEGADIS distances are similar.

The official guidance from US EPA on developing worst-case and alternate release scenario
distances is contained in the “RMP Offsite Consequence Analysis Guidance.” It was prepared using
ALOHA for ammonia (categorized in the guidance as a neutrally buoyant gas).

The RMP rule states that use of the Guidance to develop worst-case and alternate release
scenario distances is considered compliance with the rule. Any site may use the Guidance results and

is not required to use the DEGADIS results in this document.
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US EPA has also issued the “Model RMP and Plan for Ammonia Refrigeration” intended for
use by the many ammonia refrigeration facilities in the country. It was prepared by an EPA
contractor using SACRUNCH, a proprietary model.

Figure 5 shows a comparison of the two EPA sponsored results versus the results of
DEGADIS in two modes, transient and steady - state. Figure 5 is for the worst-case release scenario
in rural conditions. The case was chosen because it shows the greatest differences in model
performance. The release is the total pounds released in 10 minutes as required by the rule.

First, consider the DEGADIS results. When DEGADIS is used in the steady state mode, it
assumes that the release continues indefinitely at the prescribed release rate. When DEGADIS is used
in the transient mode, it assumes that the release stops at the end of 10 minutes and a puff of ammonia
moves downwind. Figure 6 shows the puff at a series of time steps as it moves downwind. The
concentrations in the puff at each time step are represented by a different set of symbols. Figure 6
is for a 100,000 pound release over 10 minutes in the transient mode where the distance to 200 ppm
was predicted as 4041 meters (2.5 miles). The model calculates that it takes 2.5 hours for the puff
to travel the 2.5 miles, i.e., an effective speed of 1 mile per hour.

The reason that the transient mode calculates much shorter distances than the steady-state
mode is that the puff spreads out in the downwind direction, which does not occur in the steady-state
mode.

The EPA Ammonia Refrigeration Guidance selected the steady-state mode in SACRUNCH
for its final results. These results agree fairly well with the DEGADIS steady-state mode results. The
EPA Guidance, however, gives substantially greater distances. The EPA Guidance is designed to be

conservative, 1.e., overestimate the distances.
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Steady State DEGADIS 2.1

1.479423285
1.539090037
1.680934548
1.771770239
1.860709548
1.957001328
2.125778198
2.237175226
2.308130026
2476233244
2.525372982
2.694547892
2.834932089
2.908764839
3.040369272
3.155944347
3.271858215
3.645863771
4.003080368
4.373847008
4.695893288
5.082471371
5.449575901
6.155717373
6.875126839
7.620993614

10000
10780
12600
14000
15400
16800
19600
21000
22400
25200
26600
29400
32200
33600
36400
30200
41440
49840
58800
68320
78400
89040
100100
123900
1498800
176400



From Table 1 in:EPA Offsite Consequence Analysis Guidance

3.200000048 10000
3.400000095 10780
3.5999999805 12600
3.799999952 14000
4 15400
4.199999809 16800
4.400000095 19600
4.5899999805 21000
4.800000191 22400
5 25200
5.199999809 26600
5.400000095 29400
5.599999905 32200
5.800000191 33600
6 36400
6.199999809 39200
6.800000191 41440
7.5 49840
8.100000381 58800
8.699999809 68320
9.300000191 78400
9.899999619 89040
1" 100100

12 123900

14 149800

15 176400



EPA Ammonia Refrigeration Guidance

0.587121189 1000
0.700757563 1500
0.814393938 2000
0.984848499 3000
1.136363626 4000
1.25 5000
1.38257575 6000
1.477272749 7000
1.590909123 8000
1.685606003 9000
1.799242377 10000
2.178030252 15000
2.518939495 20000
2.840909004 25000
3.106060505 30000
3.371212006 . 35000
3.61742425 40000
3.844696999 45000
4.053030491 50000
4.469696999 60000
4.848484993 70000
5.189393997 80000

5.511363506 90000



Transient DEGADIS 2.1

1.059999943
1.340000033
1.559999943
1.730000019
1.899999976
2.029999971
2.160000086
2.279999971
2.4000000895
2.519999981
2.630000114

2.74000001
2.819999933
2.920000076

3.00999999
3.099999905
3.160000086

10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
110000
120000
130000
140000
150000
160000
170600



0.959999979
1.24000001
1.429999948
1.600000024
1.75
1.870000005
2
2.130000114
2.230000019
2.339999914
2.430000067
2.50999999
2.599999905
2.680000067
2.75999999
2.819999933
2.869999886

10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
110000
120000
130000
140000
150000
160000
170000



Concentration (ppm)

Figure 6 TFl Worst Case release: Anhydrous Ammonia (100,000 ils in 10 minutes)
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467
496
525
554
583

31910
25730
20070
12230

3366

353
381
408
436
465
493
522
551
580
609
639
669
699

51750
51270
49250
44640
39440
33990
28600
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11 -7 CONCLUSIONS

TRC has prepared the worst-case and alternate release scenario model results using
DEGADIS. The transient mode of DEGADIS was used to simulate the short duration of the
releases, and this results in substantially shorter distances than the other available model results.

ALOHA provides distances two or more times those provided by DEGADIS for both worst-case and

alternate release scenarios.
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