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ABSTRACT 

Currently, chemical dispersion calculations performed for safety analysis of DOE facilities assume a 
PasquUl D-Stability Class with a 4.5 m/s windspeed. These meteorological conditions are assumed 
to conservatively address the source term generation mechanism as well as the dispersion 
mechanism thereby resulting in a net conservative downwind consequence. While choosing this 
Stability Class / Windspeed combination may result in an overall conservative consequence, the 
level of conservative can not be quantified. The intent of this paper is to document a methodology 
which incorporates site-specific meteorology to determine a quantifiable consequence of a chemical 
release. 

A five-year meteorological database, appropriate for the facility location, is utilized for these 
chemical consequence calculations, and is consistent with the approach used for radiological 
releases. The hourly averages of meteorological conditions have been binned into 21 groups for the 
chemical consequence calculations. These 21 cases each have a probability of occurrence based on 
the number of times each case has occurred over the five year sampling period. A code has been 
developed which automates the running of all the cases with a commercially available air modeling 
code. The 21 cases are sorted by concentration. A concentration may be selected by the user for a 
quantified level of conservatism. 

The methodology presented is intended to improve the technical accuracy and defensability of 
Chemical Source Term / Dispersion Safety Analysis work. The result improves the quality of safety 
analyses products without significantly increasing the cost. 
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INTRODUCTION 

Currently, chemical dispersion calculations performed for safety analyses of DOE 1 facilities assume 
a Pasquill D-Stability Class with a 4.5 m/s windspeed. These meteorological conditions are specified 
in Craig et al. [1] along with the option of using 50% site-specific meteorology. Craig states that this 
approach is consistent with the approaches taken by FEMA2, DOT 3, and EPA 4 to conservatively 
address source term generation as well as dispersion. The D-stability and 4.5 m/s assumptions are 
generally conservative when considering both the source term generation and dispersion for 
chemical releases. For instance, Pasquill F-stability and 1 m/s windspeed is conservative for 
dispersion, but may not be at all conservative when used to determine the amount of material 
becoming airborne following a spill. Craig goes on to state that more complex, realistic models 
which utilize site-specific meteorology, are justified. 

The Savannah River Site (SRS) site-specific meteorology is available and is currently utilized for 
radionuclide dispersion calculations. In order to incorporate the site-specific meteorology for 
chemical releases, Version 5.1 of the ALOHA code [2], must be run for each set of meteorological 
conditions (windspeed and stability class) contained within the site-specific joint frequency 
database. The meteorology that will correspond to a desired conservative concentration will vary 
depending on the chemical released, the puddle size, and the downwind distance. It is therefore 
necessary to run ALOHA a series of times for each scenario, sort the runs by concentration, and 
choose an appropriate concentration percentile. This paper documents the automation of these 
ALOHA runs. 

The discussion within Craig does not clearly define "50% meteorology". It is postulated that the 
DOE desires a conservative estimate of chemical concentrations at the receptor locations. In the 
current Draft Appendix to DOE-STD-3009-94 states that, "...actual 95% weather (as defined by a 
minimum of 1 year of hourly weather data) without regard to wind direction can also be used for 
dispersion calculations. Actual 95% weather may, however, be scenario dependent." This article 
documents a methodology to calculate 95% chemical consequences for postulated accidents that 
incorporates scenario-dependent source-term evaluation. 

INPUT 

The concentration of a chemical downwind of an accident is dependent on two phenomena, the 
source term release mechanism and the dispersion mechanism. If the release mechanism for the 
source term is evaporation, then it and the dispersion mechanism are dependent on the 
meteorological conditions. For events with source term mechanisms that do not depend on 
windspeed or stability class (e.g. fires or deflagrations), the source term and dispersion calculations 
are not linked, and the meteorology only affects the dispersion mechanism. 

The meteorological conditions appropriate for the chemical source term and dispersion calculations 
are from a five-year database. The probability of occurrence for each windspeed class and stability 
class for a given SRS meteorological tower is known. The windspeeds contained within the 
Meteorological Joint Frequency Distribution are for a range of windspeeds, (e.g. 2 m/s - 4 m/s). 
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In order to minimize the computation time, all 16 compass sectors are combined into a single, 
direction independent case. This reduces the number of ALOHA runs by a factor of 16. Also, the 
average windspeed for each range of windspeeds is used. 

The windspeeds from the database are recorded from a height of 62 meters. ALOHA requires the 
windspeed at a height of 3 meters. The power-law [4] provides a means for determining the 
windspeed at 3 meters given the known windspeed at 62 meters. The power law is given below. 

Where Ue& is the windspeed at 62m, and CE is the empirically derived power-law exponent specific 
to the Savannah River Site. The exponents for the various stability classes are presented in Table 
1. In addition, Table 1 gives the sum of the 16 different compass sector frequency of occurrences, 
the average 62 meter windspeed for each windspeed range, and the calculated windspeed at 3 
meters. 

Table 1. Windspeeds and Stabi l i ty Classes from the SRS J o i n t Frequency Database 
Windspeed Range 62m Average Windspeed Frequency of Occurrence 3m 

[m/s] [m/s] (percent of time] Windspeed 
fm/sl 

PG Stability Class A, CE=0.08 (from reference 4) 
(0-2) 1.5 6.31 1.2 
(2-4) 2.9 13.72 2.3 
(4-6) 4.7 3.18 3.7 
(6-8) 6.6 0.39 5.2 

(8-12) 9.0 0.05 7.1 
(>12) no data 0.00 N/A 2 

PG Stability Class B, CE=O.10 (from reference 4) 
(0-2) 1.6 1.06 1.2 
(2-4) 3.1 6.3 2.3 
(4-6) 4.8 3.95 3.5 
(6-8) 6.7 0.84 4.9 

(8-12) 8.9 0.16 6.6 
(>12) no data 0.00 N/A 2 

PG Stability Class C, CE=0.U (from reference 4) 
(0-2) 1.6 0.91 1.1 
(2-4) 3.1 8.57 2.2 
(4-6) 4.8 7.42 3.4 
(6-8) 6.8 2.31 4.9 

(8-12) 9 0.59 6.5 
(>12) 13.1 0.00 1 N/A 2 

PG Stability Class D, CE=0.18 (from reference 4) 
(0-2) 1.6 0.72 0.9 
(2-4) 3.2 10.38 1.9 
(4-6) 4.8 10.36 2.8 
(6-8) 6.6 1.09 3.8 
(8-12) 8.7 0.12 5.0 
(>12) no data 0.00 N/A 2 



Table 1 Cont. 
Windspeed Range 62m Average Windspeed Frequency of Occurrence 3m 

[m/s] [m/s] [percent of time] Windspeed 
fm/s] 

PG Stability Class E, CE=0.31 (from reference 4) 
(0-2) 1.7 0.31 0.7 
(2-4) 3.3 7.03 1.3 
(4-6) 4.7 9.84 1.8 
(6-8) 6.3 0.28 2.5 
(8-12) 8.2 0.00» N/A 2 

(>12) no data 0.00 N/A 2 

PG Stability Class F, CE-0.42 (from reference 4) 
(0-2) 1.7 0.1 0.5 
(2-4) 3.3 1.08 0.9 
(4-6) 4.9 2.31 1.4 
(6-8) 6.3 0.15 1.8 

(8-12) no data 0.00 N/A 2 

(>12) no data 0.00 N/A 2 

PG Stability Class G, CE=0.42 (from reference 4) 
(0-2) 1.1 0.03 0.3 
(2-4) 3.3 0.07 0.9 
(4-6) 4.8 0.21 1.3 
(6-8) 6.1 o.ooi N/A 2 

(8-12) no data 0.00 N/A 2 

(>12) no data 0.00 N/A 2 

It must be concluded that since an average windspeed was reported and the percent of occurrence is 0.00, 
the percent of occurrence is not zero but is too small appear given the number of significant figures. 
The windspeed at 3m was not determined if the Frequency of Occurrence was 0.00. 

ANALYTICAL METHODS AND COMPUTATIONS 

At this point, ideally, ALOHA would be utilized to compute the downwind concentration for all of 
the windspeed/stability class combinations with a frequency of occurrence greater than 0.00. 
ALOHA, however, limits the meteorological conditions to those which have a compatible windspeed 
and stability class. Some of the database conditions fell into ALOHA's "incompatible" range. In an 
effort to incorporate most of the database conditions, some of the values were shifted to other, 
closely related conditions. For instance, the Stability Class A, U3=3.7 m/s case was placed in the 
Stability Class B, Ua=3.5 m/s. The A Stability, U3=3.7 frequency of occurrence value (3.18%) was 
added to the B Stability, U3=3.5 value, thereby assuming a B Stability, U3=3.5 occurs 7.13% of the 
time (3.18% + 3.95% = 7.13%). See Table 1 for the Frequency of Occurrence values. Similar 
shifting was done for other meteorological conditions that were deemed "incompatible" by ALOHA; 
these results are presented in Table 2. 

By shifting meteorological cases into closely related categories, almost 99% of the database will be 
utilized. The remaining 1% is proportionally re-distributed to the "compatible" conditions in the 
Normalized Frequency of Occurrence column. The Cloud Cover column introduced in Table 2 is 
utilized within the ALOHA runs. The cloud cover must be compatible with the Stability Class / 
Windspeed condition and therefore is predetermined before the batch of cases is run. 



Table 2. Adjusted Windspeed/Stability Class Values To Be Used Within ALOHA Runs 
Stability 3m Cloud Cover Frequency of Normalized Frequency of 

Class Windspeed [tenths] Occurrence Occurrence 
fm/s] r%i f%l 

A 1.2 3 6.31 6.37 
A 2.3 3 13.72 13.86 
B 1.2 3 1.97 1.99 
B 2.3 3 6.30 6.36 
B 3.5 3 7.13 7.20 
B 4.9 5 0.84 0.85 
C 2.2 7 8.57 8.66 
C 3.4 5 7.42 7.50 
c 4.9 3 2.31 2.33 
c 6.5 1 0.75 0.76 
D 1.0 9 1.03 1.04 
D 1.9 9 10.38 10.49 
D 2.8 9 10.36 10.47 
D 3.8 9 1.09 1.10 
D 5.0 5 0.12 0.12 
E 1.3 7.03 7.10 
E 1.8 9.84 9.94 
E 2.5 0.28 0.28 
F 1.0 1.08 1.09 
F 1.4 2.31 2.33 
F 1.8 0.15 0.15 F 1.8 

Total = 98.99 Total = 100.00 

Norton Batch Builder™ [5] was used to create a program to run a series of ALOHA cases and record 
the results. The program prompts the user to select a chemical and a release type, (i.e., puddle, 
continuous direct source, or an instantaneous release). 

The user has three options for running ALOHA. The first two of the three are designed for 
evaporative releases. The third option is designed for an instantaneous release. 

Option 1 allows ALOHA to calculate the source term using its puddle evaporation model. For this 
option, the user inputs the surface area and the average depth of the puddle. ALOHA is not able to 
model multi-component puddles, therefore this option's applicability may be limited. 

Option 2 requires a source term model in the form of an EXCEL spreadsheet. The spreadsheet will 
provide the release rate as a function of the windspeed. The Norton Batch runner will run ALOHA 
using the EXCEL-Calculated release rates. 

Option 3 allows the user to model an instantaneous (i.e., puff) release of a chemical. The user is 
prompted to input the total amount of the chemical that becomes airborne. The model within 
ALOHA releases the entire quantity over an interval of one minute. 

Within each of the three options the user is asked to specify a release height. The batch file utilized 
for the examples presented in this document assumes a 50% relative humidity, no inversion height, 
95° F outside temperature, and open country terrain. These parameters can be easily changed with 
minor modifications to the batch file. 



RESULTS 

A few sample runs are included in this section to show the format of the output. The 95th 
percentile concentration is identified by interpolating between the two closest meteorological 
conditions which fall just below and just above the 95% cumulative probability. 

The output file shown in Table 3 utilizes a previously generated source term release model. It is 
noted that the model specifies a 66.56 wt% nitric acid puddle with a surface area of 378.54 m 2 and a 
depth of 1 cm. 

Table 3. Continuous Release Output 

Release Height = 0 ft Receptor Distance = 640 meters NITRIC ACID 
Cumulative Probability Cloud Wind Stability Concentration 95% Met. 

Cover 
[tenths] 

Speed 
[m/sl 

Class [mg/m 3] [mg/m 3] 

18.86 3 2.3 A 1.29 
20.23 3 1.2 A 1.3 
21.08 5 4.9 B 1.78 
28.29 3 3.5 B 1.84 
34.65 3 2.3 B 1.89 
36.64 3 1.2 B 1.91 
37.40 1 6.5 C 2.61 
39.73 3 4.9 C 2.75 
47.23 5 3.4 C 2.82 
55.88 7 2.2 C 2.91 
56.01 5 5 D 4.3 
57.11 9 3.8 D 4.43 
58.15 9 1 D 4.44 
68.61 9 2.8 D 4.57 
79.10 9 1.9 D 4.84 
86.20 1.3 E 7.04 
86.48 2.5 E 7.42 <= 
96.42 1.8 E 7.97 <s= 7.9 
97.51 1 F 10 
99.85 1.4 F 10.1 

100.00 1.8 F . 10.8 

The next output file was generated using the ALOHA puddle evaporation model option. The 
surface area, puddle depth, distance to the receptor were the same as those used in the previous 
case. It is noted that the 95th percentile concentration is significantly larger than for the previous 
case. The difference is primarily because the second case models a 100 wt% nitric puddle with a 
higher vapor pressure than the first case which has 66 wt% nitric acid solution. This comparison 
shows possible over-conservatisms that can be introduced by allowing ALOHA to model the source 
term. 



Table 4. Puddle Release Output 

Surface Area=378.54 sq.meters Depth=l cm Receptor Distance=640 meters NITRIC ACID 
Cumulative Cloud Wind Stability Concentration 95% Met. 
Probability Cover 

[tenths] 
Speed 
fm/sl 

Class [mg/m3] [mg/m3] 

0.85 5 4.9 B 6 
8.05 3 3.5 B 6.91 
8.81 1 6.5 C 12.8 

11.14 3 4.9 C 14.2 
18.64 5 3.4 C 15.9 
32.50 3 2.3 A 27.1 
32.62 5 5 D 33.8 
33.72 9 3.8 D 34.5 
40.09 3 1.2 A 35 
50.56 9 2.8 D 38 
56.92 3 2.3 B 39.8 
65.58 7 2.2 C 55.7 
67.57 3 1.2 B 57.9 
68.61 9 1 D 75.7 
79.10 9 1.9 D 87.5 
86.20 1.3 E 123 <= 
96.14 1.8 E 127 <= 126.5 
96.42 2.5 E 128 
97.51 1 F 136 
99.85 1.4 F 142 

100.00 1.8 F 143 

Table 5 is an example of an instantaneous release of 20 pounds of formic acid. The puff is released 
at ground level and the receptor is located 640 meters downwind. For short release duration 
events, the maximum concentration at the receptor's location is not the proper value to compare to 
the acceptance criteria. Craig recommends comparing peak 15-minute average concentrations to 
the acceptance criteria. This maximum average concentration over any 15-minute period is 
determined by dividing the total dose (concentration * time), as calculated by ALOHA, by 15 
minutes. It is noted that this method for determining Peak 15-Minute Average Concentration will 
be overly conservative if the receptor is located within the puff for longer than 15 minutes. 



T a b l e 5. P u f f R e l e a s e O u t p u t 

Amount in Puff = 20 lbs Release Height = 0 ft Receptor Distance = 640 meters FORMIC ACID 
Cumulative Cloud Wind Stability Dose Peak 15-min Ave. 95% Met. 
Probability Cover 

ftenthsl 
Speed 
fm/sl 

Class [mg/m 3, min] Cone, [mg/m 3] [mg/m3] 

0.85 5 4.9 B 6.55 0.44 
1.61 1 6.5 C 7.62 0.51 
8.81 3 3.5 B 9.09 0.61 

22.67 3 2.3 A 9.51 0.63 
25.00 3 4.9 C 10.1 0.67 
31.37 3 2.3 B 14 0.93 
38.86 5 3.4 C 14.5 0.97 
38.98 5 5 D 15.7 1.05 
45.36 3 1.2 A 18.6 1.24 
46.46 9 3.8 D 20.6 1.37 
55.12 7 2.2 C 22.2 1.48 
57.11 3 1.2 B 27 1.80 
67.57 9 2.8 D 27.8 1.85 
78.06 9 1.9 D 38.4 2.56 
78.34 1 2.5 E 50.7 3.38 
88.28 1 1.8 E 59.1 3.94 
89.32 9 1 D 65.6 4.37 <= 
96.42 1 1.3 E 68.7 4.58 <= 4.5 
96.58 1 1.8 F 74.6 4.97 
98.91 1 1.4 F 76.4 5.09 

100.00 1 1 F 80 5.33 

C O N C L U S I O N S 

The methodology presented is intended to improve the accuracy and defensability of Chemical 
Source Term / Dispersion Safety Analysis work. It is a logical step to link the two disciplines and 
utilize available site-specific information. The result improves the quality of safety analyses 
products without significantly increasing the cost. The utilization of this new methodology merits 
implementation for chemical safety analyses, given requisite meteorological data are available. 
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