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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. Wi"H RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND EDEFUL, LAWS AND REGULATIONS SHOULD BE REVIEWED. 

TURERS, OR SUPPLERS ?io WARN AND PROPEZCY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING ~~~ AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING "EX3 OBLIGAIIONS UNDER 
LOCAL, STWE, OR FEDERAL LAWS. 
NOTHING CONTAINED IN ANY API PUBLICATION IS To BE CONSTRUED AS 

API IS NOT UNDERTAKING TO THE DUTIES OF EMPLOYERS, MANUFAC- 

GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 

THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABL- 
ERED BY LE'MERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR I"GEMENT OF LEXîEñS PAENT. 
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This volume of the final report provides documentation of some of the 
results of a two year project entitled Hazard ResDonse Modeliny Uncertainty ( A  

Quantitative Methodl. 
tasks related to evaluating the performance of commonly used hazardous gas 
dispersion models is summarized. 

Work that has been accomplished on the technical work 

Eight datasets are used in the evaluation. Those field experiments that 
involve the release of dense-gas clouds are Burro, Coyote, Desert Tortoise, 
Goldfish, Maplin Sands, and Thorney Island. Those field experiments that 
involve the release of passive clouds are Hanford (Kr85 tracer studies) and 
Prairie Grass. 
Modelers’ Data Archive (MDA), and an extensive set of software was developed 
to prepare data-files for each model evaluated. 

Data from these experiments are placed in a common format as a 

Fourteen dispersion models are evaluated, including six publicly= 
available computer models (AFTOX, DEGADIS, HEGADAS, I-, OB/DG, and SLAB) 
and six proprietary computer models (AIRTOX, CñARM, FOCüS, GACTAR, PHAST, and 

TRACEI. 
McQuaid) are also evaluated for comparative purposes. 

A simple Gaussian plume formula and a set of nomograms (Britter and 

The statistical evaluation indicates that there are a few models that can 
successfully predict concentrations with a mean bias of 20 percent or less, a 
relative mean square error of 50 percent or less, and little variability of 
the residual errors with the input parameters These models are identified in 
Section VII. It is also clear that model performance is not dependent upon 
model complexity. 

It is necessary to point out that this evaluation exercise has been by no 
means independent, since all of the models have been previously tested by the 
developers with at least one of the datasets. Furthermore, some of the 
results may be fortuitous, since, in a few cases, certain models have been 
applied t o  source scenarios for which they were not originally intended. 

iv 
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EXECUTIVE SUMiARY 

A. OBJECTIVE 

The overall objective of this project is to develop and test computer 
software containing a quantitative method f o r  estimating the uncertainty in 
PC-based hazard response models. This software is to be used by planners and 
engineers in order to evaluate the predictions of hazard response models with 
field observations and determine the confidence intervals on these 
predictions. This particular volume (II) provides an example of the 
application of the software to 14 typical hazard response models and 8 sets of 
field data: 

B. BACKGROUND 

The U . S .  Air Force and the American Petroleum Institute, among others, 
have increased emphasis on calculating toxic corridors due to releases of 
hazardous chemicals into the air. 
models recently developed in order to calculate these toxic corridors. 
However, the uncertainties in these models have not been adequately 
determined, partly due to the lack of a standardized quantitative method that 
could be applied to these models. 
present a limited evaluation of their own model, and the U S 3 A  has published 
some partial evaluations, but a comprehensive study has not been completed. 

There are dozens of PC-based computer 

Individual model developers generally 

C. SCOPE 

The scope of the overall project has included acquisition and testing of 
databases and models, development and application of model evaluation 
software, and assessment of the components of uncertainty. The current 
volume (II) emphasizes an example application of the model to a reasonably 
comprehensive set of 14 hazard response models and 8 independent iield 
experiments. Both proprietary and publicly-available models are considered, 
and the field data cover a wide variety of source scmarios and thermodynamic 
benav ior . 

ES-1 
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D. METíODûLûGY 

The statistical performance measures are taoulated and discussed fo r  six 
publicly-available computer models (AFTOX, DEGADIS, HEGADAS, INPUFF, OB/DG, and 
SLAB) and six proprietary computer models (AIRTOX, C i ,  FOCUS, GASTAR, 

PHAST, and TRACE). In addition, results are presented for two simple 
analytical models-the Gaussian plume model (GPM) and the Britter and McQuaid 
model (I3&M). These models were applied to data from eight field tests, where 
the source scenarios include continuous dense gas releases (Burro, Coyote, 
Desert Tortoise, Goldfish, Maplin Sands, and Thorney Island<), instantaneous 
dense gas releases (Thorney Island-I), continuous passive gas releases 
(Prairie Grass and Hanford-CI, and instantaneous passive gas releases 
(Hanford-I I .  

The report contains discussions of the following major topics: 

Creation of Modelers Rata Archive (MDAb-Each field experiment 
is described in detail and the data from all experiments are 
combined in a consistent Modelers Data Archive (MDA) that can 
be used to initialize and evaluate all of the models. The MDA 

is listed in an Appendix to Volume II, and a floppy disk 
containing the MDA is available to all interested persons. 

Application of Models t o  MDA--The 14 models are reviewed and 
methods of applying them to the MDA are discussed. 
cases, preprocessor and postprocessor software had to be 
written so that all 14 models could begin from the same set of 
input data and could produce consistent output data. 

In many 

Statistical Model Evaluation-The model performance measures 
(mean bias, mean square error, correlation coefficient, 
fraction within a factor of two) and their confidence limits 
are calculated f o r  each model and each data group and are 
presented in tables and figures. The primary mode o f  graphical 
presentation is a figure with mean square error on the vertical 
axis and mean bias on the horizontal axis, on which points are 
plotted for each moael. Summary tables are provided. 

ES-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



API P U B L * 4 5 4 b  92 W 0732290 0505454 914 

Residual Plo t s - -  Many figures are given, in which ratios of 
prediction to observation are plotted versus input parameter 
(for example, wind speed or stability) for each model. 
Conclusions are given in summary tables. 

Sensitivity Study--The Monte Carlo sensitivity software is used 
to determine the sensitivity of the CLAB model to variations in 
input parameters. 

E. CONCLUSIONS 

A few models can successfully predict concentrations with a 
mean bias of 20 percent or less, a relative scatter of 50 
percent or less, and little variability of the residual errors 
with input parameters. 

The four models (BM, GPM, SLAB, and HEGADAS) that produce the 
best "Factor of Two" agreement are on the list of six models 
(BM, GPM, SLAB, HEGADAS, CHARM, and PHAST) that produce the 
most consistent performance for the statistics describing the 
mean bias and the variance. 

The performance of any mode 
complexity. 

is not related to its cost or 

In two of the three data groups, the "best" model is one which 
was not originally developed for that scenario (that is, GPM for 
continuous dense gas releases and SLAB for continuous passive 
gas releases I .  

The BM, GPM, SLAB, and HEGADAS models demonstrate the most 
consistent performance for the "fraction within a factor of 
two" (FAC2) statistic. 

The results of the analyses in this section lead to the 
recommendation that the following simple, analytical formulas 
can be confidently used for screening purposes for sources over 
flat, open terrain: 

ES-3 
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BM (Britter and McQuaid) for continuous and instantaneous 
dense gas releases. 

GPM (Gaussian Plume Model) for continuous passive gas 
releases. 

There are insu€ficlent field data to justify recommendations 
f o r  instantaneous passive gas releases. However, the EPA’s 
INPUFF model appears to perform reasonably well for the Hanfard 
dataset in Figure 14b. 

These screening models would not be appropriate for source 
scenarios and terrain types outside of those used in the model 
derivations. For example, because the screening models neglect 
variations in roughness length, they would be inappropriate for 
urban areas or heavily industrialized areas. 

F. RECOMMENDATIONS 

This evaluation exercise has been by no means independent, since all of 
the models have been previously tested by the developers with at least one of 
the datasets. Furthermore, some of the results may be fortuitous, since, in a 
few cases, certain models have been applied to source scenarios for which they 
were not originally intended. 

In the future, our model evaluation software should be used to evaluate 
models with new independent datasets. 
standards for models so that they all conform to certain scenarios and to 
certain input and output data requirements. 

An attempt should be made to set up 

ES-4 
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SECTION I 
INTRCDUCTION 

A. OBJECTIVES 

This is Vo,me II of a three volume set descriYArig the results of a 
project in which a quantitative method has been developed to determine the 
uncertainties in hazardous gas models. The first volume discusses the 
user’s guide for this model evaluation method and the third volume discusses 
the three components of model uncertainty--data input errors, stochastic 
fluctuations, and model physics errors. The current volume provides an 
example of the application of the procedures. 

The Phase II research has had the following eight technical objectives or 
tasks. The volume of the final report that deals with each of the following 
tasks is listed in parentheses at the end of the paragraphs. 

Task 1: 
Bases. A computerized archive of field data sets has been 
prepared. This archive includes a broad range of source 
conditions, meteorological conditions, and averaging times. The 
information in the data base is sufficient to run any of the 
models. (Volume II) 

Archival of Data Sets and Preparation of Modelers Data 

Task 2: Archival of Hazard Response Models, including Testing. A 

comprehensive archive of available microcomputer-based hazard 
response models has been prepared. This includes recently 
developed or modified publicly-available models such as CLAB and 
DEGADIS, as well as proprietary models that are in common use. 
(Volume II) 

Task 3: Application of Models to Test Data. Predictions from 
the models obtained under Task 2 were produced for the field 
tests obtained under Task 1. In some cases it was necessary to make 
additional calculations so that the input data are in the form 
acceptable by the model, o r  so that the model output data are in 
the form required by the moael evaluation soitware. (Volume II) 
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Task 4: Further Development of Model Evaluation Software. The 
statistical model evaluation software has been refined and further 
developed so that it is sufficiently general to take a wide variety 
of input data sets and calculate a complete set of possible 
performance measures. It is possible to calculate confidence 
intervals (that is, model uncertainties) from this procedure. 
(Volume I) 

Task 5: Application of Model Evaluation Software. The model 
evaluation software was applied to the model predictions and 
data sets in our archive. 
for certain classes of models and sizes of data set were made. 
(Volume III 

Estimates of typical confidence limits 

Task 6:  Assessment of Data Uncertainties. The contribution of 
data uncertainties to total model error were estimated. 
of this research involves investigation of Air Force meteorological 
instrumentation and quality control/quality assurance procedures, as 
well as field tests by NCAR scientists of instrument accuracy and 
representativeness. (Volume III1 

Part 

Task 7: Assessment of Stochastic Uncertainties. The contribution 
of stochastic or random uncertainties to total model error was 
further studied, and a quantitative procedure was developed for 
estimating this component as a function of receptor position, 
source type, sampling and averaging time, and meteorological 
conditions. 
toxic response were studied. 

The effect of these fluctuations on relations for 
(Volume III) 

Task 8: Assessment of Model Physics Errors. Dimensional analysis 
and various reduction procedures were applied to the complete 
archive of data sets and models in order to isolate the 
contribution of errors in model physics assumptions to the total 
model uncertainty. (Volume III) 
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BACKGROUND 

The U . S .  Air Force and the American Petroleum Institute, among others, 
have increased emphasis on calculating "toxic corridors" due to potential 
release of hazardous chemicals. The Ocean Breeze/Dry Gulch (OB/DGI model 
was originally used for calculating these corridors, and does contain an 
estimate of model uncertainty. However, the OB/DG model does not account 
for many important scientific phenomena, such as two-phase jets, evaporative 
emissions, and dense gas slumping. 
advanced scientifically, but do not include model uncertainty. The intent 
of this research is to fully develop quantitative model evaluation 
procedures, better estimate the components of the uncertainty (data input 
errors, stochastic uncertainties, and model physics errors), and test the 
procedures using a wide spectrum of field and laboratory experiments. 

The new models mentioned above are more 

Several evaluations of dispersion models applicable to the release of 
toxic material to the atmosphere were reviewed in the Phase I report for this 
project. We repeat reviews of the more recent studies, and include an 
overview of a recent evaluation program sponsored by EPA. 

1. EPA Model Evaluation Program 

The EPA has been sponsoring a related dense gas model evaluation 
project being performed by TRC Environmental Consultants. 
ideas and information with the EPA scientists, and have reviewed a 
preliminary draft copy of their final report (Reference 1). The 
purpose of this section is to briefly compare the methods and results of the 
two studies. 

We have exchanged 

The two studies are evaluating the models in the list below: 

EPA USAF/API 

DEGAD IS DEGAD IS 
Publicly Available SLAB SLAB 

GAUSSIAN PLUME MODEL 
INPUFF 
AFTOX 
HEGADAS 
OBIDG 
Britter EL HcQuaid 
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E P A  USA.F/API 

CHARM CXARM 
Proprietary A IRTOX AIRTOX 

TRACE 
FOCUS 

rnG 
FOCUS 

SAFEMODE PIIAST 
GASTAR 

It is seen that the USAF/API study includes six more publicly-available 
models and one more proprietary model. 

The following field data sets are used: 

E P A  USAF/API 

Desert Tortoise Desert Tortoise 
Goldfish Goldfish 

Dense Gas Burro Burro 

Coyote 
Maplin Sands 
Thorney Island 

EPA USAF/API 
Passive Gas Prairie Grass 

Hanford 0 8 5  

The EPA study was deliberately restricted to data sets in which dense gases 

were continuously released for periods of three to ten minutes. 
numbers of individual field tests in the EPA and USAF/API studies are 9 and 
118, respectively. 

The total 

The E P A  contractor permitted the model developers to advise them 
on how to run the models ( for  example, definitions of input conditions and 
choices of model options), whereas the models were run in a more independent 
manner in the USAF'/API study. The developers were asked to comment on the 
way their models were set up in the USA.F/API study, but the final decision 
was made by us. 

The model performance measures used in the two studies are 
Both considered maximum concentrations and plume wiaths on similar. 

monitoring arcs. In any given field test, there were about two to seven 
monitoring arcs. 
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The results of the ETA study were inconclusive. The EUCE, C M ,  

DEGADIS, and C i a  model perforaances were not significantly different. and 
“none demonstrated good performance consistently for all three experimental 
programs”. In contrast, as will be shown below, the USXIAPI results were 
more conclusive, perhaps because of the much larger set of data. 

2. Model Sensitivity Studies 

During 1986 and 1987, Professor Carney of Floricia State University 
prepared several papers for the AFESC on the sensitivity of the AFTOX, CHARM, 

and PUFF models to uncertainties in input data (Reference 2 ) .  His 1987 paper 
applied the uncertainty formula suggested by Freeman et al. 
which has also been applied by Hanna (Reference 4)  to a simplified air 
quality model. If concentration, C, is an analytical function of the 
variables xi (i = 1 to n), then the uncertainty or variance V 
by the equation 

(Reference 31, 

= 6 is given 
C C 

n n 
vc = i=l (ac/axi)‘ vxi 

+ 0.5 f (a2c,ax;] vxi 2 

i=l 

where Vxi is the uncertainty o r  variance in input variable xi. 
is a Taylor expansion and implicitly assumes that the individual uncertainties 
are much less than one. Carney (Reference 2 )  finds that the wind speed, u, 
contributes the most uncertainty to the concentration, C, predicted by the 
AFTOX model. 

This equation 

3. Summary of Field Data 

Ermak et al. (Reference 5 )  has put together a comprehensive 
summary of 26 “bench mark“ field experiments, including data from Burro (LNG), 

Coyote ( L N G ) ,  Eagle (Nz041, Desert Tortoise (NH3). Maplin Sands (LNG and L P G )  

and Thorney Island (Freon). This study (funded by AFESC) presents input data 
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required by models and includes observed peak concentrations, average 
centerline concentrations, and average height and width of the cloud as a 
function of downwind distance. 
anyone t o  run and evaluate his model. 

These data are sufficiently complete for 

4. A Methodology for Evaluating Heavy Gas Dispersion Models 

In another recent draft report prepared f o r  AFESC, Ermak and Merry 
(Reference 6 )  review methods for evaluating heavy gas dispersion models. 
first list several specific criteria of interest to the Air Force: 

They 

The methodology is to be based on comparison of model 
predictions with field-scale experimental observations. 

The methods of comparison must be quantitative and statistical 
in nature. 

. The methods must help identify limitations of the models and 
levels of confidence. 

The methodology must be compatible with atmospheric dispersion 
models of interest to the Air Force. 

These criteria are similar to those for our present study. 

The Ermak and Merry (Reference 6 )  report is a review of general 
evaluation methods and heavy gas model data sets, and does not contain 
examples of applications of any new evaluation methods with field data sets. 
They first review the general philosophy of moael evaluation, pointing out 
that sometimes evaluations of model physics are just as important as 
quantitative statistical evaluations. Much of their pnilosophical 
discussion follows the points made in a review paper by Venkatram (Reference 
7). 
contains an irrational physical assumption (for example, dense gas plumes 
accelerate upward) is not a good model. Also, they recognize that most 
model predictions represent ensemble averages, whereas field experiments 
represent only a single realization of the countless cata that make up an 

For example, a model whose Predictions agree with field data but which 
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ensemble. They emphasize that observed concentrations are strong functions 
of averaging time, and that most heavy gas dispersion models do not include 
the effects of averaging time. 

Heavy gas dispersion models are distinguished from other dispersion 
models by three effects: reduced turbulent mixing, gravity spreading, and 
lingering. The main parameters of interest in evaluations of these models 
are the maximum concentration, the average concentration over the cloud, and 
the cloud width and height (all as a function of downwind distance, x ) .  

Ernak and Merry emphasize the ratio of predicted to observed variables and 
define several statistics, such as the mean and the variance. Methods of 
estimating confidence limits on these statistics are suggested, and the report 
closes with an example of the application of some of their suggested 
procedures to a concocted data set drawn from a Gaussian distribution. 

5 .  Comprehensive Model Evaluation Studies 

Mercer’s (Reference 8 )  review emphasizes estimation of variability 
or uncertainty in model predictions, which he finds is typically an order of 
magnitude when outliers are considered. 
Lamb (Reference 91, which is also appropriate for our discussion. 

He includes the following quote from 

“The predictions even of a perfect model cannot be expected 
to agree with observations at all locations. 
of model validation should be one of determining whether observed 
concentrations fall within the interval indicated by the model with the 
frequency indicated, and if not, whether the failure is attributable to 
sampling fluctuations or is due to the failure of the hypotheses on which 
the model is based. From the standpoint of regulatory needs the utility of 
a model is measured partly by the width of the interval in which a majority 
of observations can be expected to fall. If the width of the interval is 
very large, the model may provide no more information than one could gather 
simply by guessing the expected concentration. In particular, when the 
width of the interval of probable concentration values exceeds the allowable 
error bounds on the model’s predictions, the mode? is of no value in that 
particular application. ” 

Consequently, the common goal 
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Mercer (Reference 8 )  then produces concentration predictions of 

ten different models for a dense gas source equivalent to that used in the 
Thorney Island experiments. 
predictions range over an order of magnitude at any given downwind distance. 

This comparison shows that the 10 model 

6. CMA Model Evaluation Program 

The Chemical Manufacturers' Association (CMA) sponsored an 
evaluation of eight dense gas dispersion models and nine spill evaporation 
models (References 10 and 11). The authors ran some of the models 
themselves and requested the developers of proprietary models to run their 
own models using standard input data sets. 
factor of two to five. The comparisons are clouded by the use of some data 
sets that had already been used to "tune" certain of the models tested. 

Model uncertainty is typically a 

C. SCOPE 

This introductory section has provided an overview of the objectives of 
the entire project, which was initiated because there are no standard 
objective quantitative means of evaluating microcomputer-based hazard 
response models. 
sponsored wholly or in part by the U.S. Air Force and the American Petroleum 
Institute: ADAM, AFTOX, CHARM, DEGADIS, SLAB, and OBAIG. A few data sets 

There are dozens of such models including several 

exist for testing these models, but, up until now, the models have not been 
tested or intercompared with these data on the basis of standard statistical 
significance tests. The U.S. EPA recently sponsored a related model 
evaluation project (Reference 11, which had a more limited scope and 
considered fewer models and datasets. 

In this volunie, we focus on a demonstration of the system to evaluate the 
performance of micro-computer-based dispersion models that are applicable to 
releases of toxic chemicals into the atmosphere. The study includes a total 
of 14 models and 8 datasets. The datasets are described in Section II, and 
the models are described in Section III. Results of the statistical 
evaluations are presented in Section IV, and a scientific evaluation of the 
distribution of residuals is presented in Section V. 
Carlo procedures described in Volume I can be used to investigate the 

One example of how Monte 
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Sensitivity Of a model to uncertainties in the input data is discussed in 
Section VI. The overall results are presented in Section VI: .  

When reading about the evaluations presented in Section IV and V, it is 
important to remember that, in many cases, there can be more than one way to 
apply a given model to a given dataset. Our approach has been to retain a 
fair degree of "independence" from the developers of the models being 
tested. We assembled/developed the data required as input to the models, 
assembledídeveloped the data against which the models are compared, applied 
the models, and then requested comments on our approach from the developers 
of the models. We supplied each developer with a description of the 
datasets and the procedure used to apply the developer's model to each 
dataset. We also provided a list of the concentrations obtained from the 
model, and those concentrations against which the modeled concentrations are 
compared, but we did not provide any indication of model performance 
relative to other models used in the study. Comments solicited in this way 
resulted in changes to our evaluation only if errors in the application were 
discovered; In this way, we were able to maintain a uniform approach to all 
of the models, and we consider the results indicative of what would be 
obtained by modelers "in the field. " 

This approach did not, however, preclude earlier discussions with the 
model developers. Upon reading the user's manuals, clarifications were 
sometimes needed, and these were addressed by means of telephone 
conversations and/or letters. Some of the models in the study underwent 
revisions during the study, so that some interaction focused on implementing 
new versions of the models. Such new versions sometimes contained bugs that 
became obvious as we began to use them, and this information was immediately 
passed on to the developer, and generally resulted in a revision. We 
emphasize, however, that none of these interactions focused on model 
performance issues arising from work performed during this study. Section 
III B characterizes the nature of our  interactions with each of the model 
developers . 
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S E C T I O N  I I  

DATASETS 

A. C R I T E R I A  FOR CHOOCING DATASETS 

The hazard response models included in this study (see Section 3) possess 
widely varying capabilities, but the majority do have several traits that 
influence the choice of datasets for evaluating this group of models. Chief 
among these is a preference for treating near-surface releases. As a result, 
we have not included datasets in which an elevated (say, more than a meter or 
two above the surface) source is used. Beyond this restriction, our criteria 
for selecting the datasets include: 

1. 

2. 

3. 

4. 

5. 

6 .  

Concurrent meteorological data must be available, obtained from 
sensors located near the site of the trials. 

Concentrations should be available at more than one distance 
downwind, with sufficient lateral resolution to document the spatial 
structure of the cloud. 

Temporal resolution of the concentration measurements should be less 
than the smaller of the duration of the release or the 
time-of-travel from the point of release to the nearest monitor. 

Datasets chosen should document dispersion over a wide range of 

meteorological dispersion regimes. 

Datasets chosen should include passive or “tracer” gas releases as 
well as dense-gas releases. 

Datasets chosen should include instantaneous releases and continuous 
releases. 

Many field experiments have been conducted for the purpose of evaluating 
dispersion models. Draxler (Reference 12) reviews nany carried out uith 
positively or neutrally buoyant sources. Hanna and Drivas (Reference 131 
review many carried out uith negatively buoyant sources. A total of 16 

datasets derived from these reviews were considered for hclusion in this 
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T A B E  1. LIST OF EXPERIMENTS THAT W E E  CONSIDEREL) FOR THE MODEL EVALUATION 
DATA ARCHIVE. 

Material Dense Type of Release 
Name Released Gas Quasi-Continuous Instantaneous 

Burro LNG I I 

I I 
d d "Eagle 

*Falcon LNG I v/ 
Goldfish HF I v 
"Porton Down Freon-12 I 

Maplin Sands LNG, LP 4 I 
Prairie Grass I 
*Dry Gulch FP 4 
"Ocean Breeze FP 
"Green Glow Fp I 

'Sandstorm Be I 
'Adobe Be I 

Coya te LNG, LM4 I/ v/ 

m3 Desert Tortoise 

"2'4 

Thorney Island Freon-12 (Ns 1 I I 

Hanford KI-*' 4 

* Not included in the modeling data archive 

12 

I 
I 
I 
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project, and are listed in Table 1. Nine involve releases of denser-than- 
air gases, while seven involve the release of gases or suspended particles in 
amounts small enough to act as passive tracers. 

Based on a review of the data and the documentation for these 16 
experiments, a decision was made not to consider seven of them. Neither the 
ADOBE nor Sandstorm experiments were included in the study, since they were 
concerned with the transport and diffusion of buoyant exhaust clouds from 
rocket motors. Few of the models tested in this project can accommodate a 
buoyant cloud, and furthermore, there are not sufficient data on the exhaust 
characteristics of the rocket motors in the data reports to adequately define 
the temperature and volume f lux  of the jet. Data from the Falcon Experiments 
were excluded from the study for two reasons: only one of the trials was 
successful from the point of view of evaluating diffusion models, and a data 
report is not available. The Eagle tests were also excluded, since some of 
the tests involved the use of a barrier to the flow, which sets them apart 
from the remainder of the datasets used in the study, and there were 
instrument problems with the remaining tests. 

Of the remaining 11 experiments, 5 are tracer experiments (that is, the 
chemical that is released behaves as an inert or passive non-buoyant substance 
as it disperses downwind). The Prairie Grass experiment provides high quality 
dispersion data over a wide range of turbulence regimes at an ideal site. The 
Dry Gulch, Ocean Breeze, and Green Glow data are not included because they are 
similar to the Prairie Grass data, yet cover a more limited range of 
stabilities. 
because it provides good data for puff releases as well as quasi-continuous 
releases of neutral-density or passive gases. 

The Kr8’ tracer experiment conducted in Hanford, WA is included 

One of the remaining dense-gas dispersion datasets was recently dropped 
from consideration as well. The Porton Down dataset includes 42 trials in 
which mixtures of Freon-12 and air were released in the form of an 
instantaneous cloud. Those trials include variations in initial cloud 
density, wind speed, and surface roughness, but they lack an extensive 
array of monitors capable of providing continuous concentration measurements. 
The primary monitors provided only dosage measurements. These dosages can be 
used to estimate a mean concentration during the time over which the cloud 
passed through the monitoring array, but we found that these estimates 
contribute little to the goal of quantifying model performance. Ve expecteu 

13 
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that the mcdels would tecd t o  produce estimates of peak concentratim wnich 
would exceed the average concentrations estimated from the dosages--and all of 
the models did. No aaditional inforaation could be obtained from the dataset. 
As a result, we have excluded the Porton Down trials from any further 
discussion in this report. 

Hence, the performance evaluations are based on a total of 8 datasets. 
In the remainder of this section, we provide: a description of each of the 
field studies (Section II BI; a description of the MDA containing data from 
each dataset (Section 11 CI; a summary of the methods used t o  calculate 
information required by the MDA (Section II DI; and an overall summary of the 
datasets (Section II EI. 

B. DESCRIPTION OF INDIVIDUAL FIELD STUDIES 

1. Burro and Coyote 

Both the Burro (Reference 141 and Coyote (Reference 151’ 

series of trials were conducted at the Naval Weapons Center (NWC) at China 
Lake, California. Sponsored by the U.S. Dept. of Energy and the Gas Research 
Institute, the trials consisted of releases of LNG onto the curface of a 1 rn 
deep pool of water, 58 m in diameter. In addition, the Coyote series expanded 
on the earlier Burro trials by studying the occurrence of rapid-phase- 
transitions (RPTI, and included releases of liquefied methane and liquid 
nitrogen. 
from spills of LNG on water. The Coyote series focused on the characteristics 
of fires resulting from ignition of clouds from LNG spills, and the series 
also focused on the RPT explosions. 
series and four trials from the Coyote series are suitable for testing 
transport and diffusion models. 

The Burro series focused on the transport and diffusion of vapor 

In all, eight trials from the Burro 

For the Burro series, twenty cup-and-vane anemometers were located 
at a height of 2 m at various positions within the test array in order to map 
the wind field. There were six 10 m tall turbulence stations, one upwind and 
five downwind, which had bivane anemometers at three levels and thermocouples 
at four levels. Humidities were measured close to the array centerline at 
eignt stations, including the upwina turbulence station. Ground heat-flux 
sensors were mounted at seven downwind stations alocg with the humidity 
sensors. Figure 1 shows the configuration of the t e s t  site. 
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Figure 1. Instrumentation Array for the 1980 LNG Dispersion Tests at NWC, 
China Lake (Reference 141. 

1 5  
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Concentrations were measured at heights or̂  1 m, 3 m, and 8 m at 25 

gas-sampling stations and 5 turbulence stations arranged in arcs at distances 
of 57 rn, 140 m, 400 m, and 800 m downwind from the spill point. The 
turbulence stations sample the data at a higher rate than the gas stations 
(3-5 Hz compared to 1 Hz). 
13 m at stations closer to the spill point, to 80 rn at stations located 800 m 
downwind. 

The lateral spacing between stations varied from 

The Coyote series maintained a similar array of instrumentation. 
However, only two of the turbulence stations (one upwind, one at 300 rn 
downwind of the spill site) were instrumented with bivane anemometers because 
of a concern that they might be damaged. Gas concentrations were measured at 
heights of 1 m, 3 m, and 8 m at 24 gas-sampling stations and 5 turbulence 
stations arranged in arcs at distances of 110 m, 140 m, 200 m, 300 m, 400 m 
and 500 m downwind from the spill point. Note that there were in fact only 
one and two gas sensors deployed at distances of 110 ni and SOO m downwind, 
respectively. The lateral spacing between stations varied from 30 rn at a 
distance of 140 m downwind to 60 rn at a distance of 800 m downwind. 
shows the configuration of the test site. 

Figure 2 

Data from all eight Burro trials and three of the four Coyote trials 
are available on 9-track tape prepared by Lawrence Livermore National 
Laboratory (LLNL). Comparison data-reports (Burro, (Reference 14): Coyote, 
(Reference 15)) are also available, and proved very useful in preparing the 
data for use in the evaluations. The individual trials contained in these 
reports include 

Burro: 2, 3, 4, 5, 6, 7, 8 ,  9 

Coyote: 3, 5 ,  6 

A brief summary of the characteristics of the source emissions and 
the meteorological conditions for the eight Burro trials and four Coyote 
trials is given in Table 2. 

2. Desert Tortoise ana Goldfish 

These two series of field experiments were conducted at the 
Frenchman Flat area of the Nevaaa Test Site. The first in the series. Desert 
Tortoise (Reference 16) was aesigned to document the transpon and 

16 
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Figure 2. Instrumentation Array f o r  the Coyotr Series at NWC, China Lake. 
"Old" Locations Mark those used in  the  Burr0 S e r i e s  (Reference IS). 

17 
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TABLE 2. SUMMARY OF THE BUE30 AND COYOTE XIALS. 

Spill Spill Averaged Averaged Atmospheric 
Test Material Volyme ljate Wind Speed Vind Direction Stability 
Name Date Spilled (rn 1 (m /min) (m/s 1 (degrees 1 Class 

Burro 2 

Burro 3 

Burro 4 

Burro 5 

Burro 6 

Burro 7 

Burro 8 

Burro 9 

Coyote 3 

Coyote 5 

Coyote 6 

18 June LNG 

2 July LNG 

9 Ju ly  LNG 

16 Ju ly  LNG 

5 Aug. LNG 

27 Aug. LNG 

3 Sept. LNG 

17 Sept. LNG 

2 Sept. LNG 

7 Oct. LNG 

27 Oct. LNG 

34.3 

34. o 
35.3 

35.8 

27.5 

39.4 

28.4 

24.2 

14.6 

28. O 

22.8 

11.9 

12.2 

12.1 

11.3 

12.8 

13.6 

16. O 

18.4 

13.5 

17.1 

16.6 

18 

s. 4 

5.4 

9. o 
7.4 

9.1 

8.4 

1.8 

5.7 

6. O 

9.7 

4.6 

221 

224 

C 

C 

217 C 

218 C 

220 C 

208 C/D 

235 E 

232 D 

205 C 

229 C 

220 D 
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r- 
diffusion of ammonia vapor resulting from a cryogenic release of liquid 
ammonia. 
from a spill pipe pointing downwind at a height of about 1 m above the ground. 

The liquid jet flashed as it exited the pipe and its pressure decreased, 
resulting in about 18 percent of the liquid changing phase to become a gas. 
The remaining 82 percent of the NH -jet remained as a liquid, which was broken 
up into an aerosol by the turbulence inside the jet. Very little, if any of 
the unflashed liquid was observed to form a pool on the ground. Dispersion of 

the vapor-aerosol cloud was dominated by the dynamics of the turbulent jet 
near the point of release, but the slumping and horizontal spreading of the 
cloud downwind of the jet zone indicated the dominance of dense-gas dynamics 
at later stages. 

For each of the four trials, pressurized liqilid NH3 was released 

3 

Figure 3 shows the configuration of instrumentation used during 
Desert Tortoise. 
2 m at various positions within the test array in order to define the wind 
field for the planning of field experiments and the subsequent calculation of 
plume trajectories. In addition, a 20 m tall meteorological tower was located 
just upwind of the spill area, with temperature measured at four levels and 
wind speed and turbulence at three levels. Ground heat fluxes were measured 
at that tower and at three locations just downwind of the spill. 

Eleven cup-and-vane anemometers were located at a height of 

NH concentrations and temperatures were obtained at elevations of 3 
1, 2.5, and 6 m on seven towers located along an arc at a distance of 100 m 
downwind of the source. 
6 m level of the towers and within the lateral domain of the towers. 
Additional NH3 concentration observations at elevations of 1, 3.5, and 8.5 m 
were taken on five monitoring towers at a distance of 800 m from the source, 
where the lateral spacing of the towers was 100 m. Finally there were two 

arcs with up to eight portable ground-level stations at distances of 1400 m or 
2800 rn, and on occasion at 5500 m downwind. No information on vertical 
distribution of NH concentration was available from these more distance arcs. 

In most cases, nearly all of the plume was below the 

3 

3 The Goldfish trials are very similar to the Desert Tortoise NH 
tr ials described above. 
release mechanism and some of the same sets of instruments. Note that 

Hydrogen fluoride (HF) was released using a similar 

19 
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ai I .Gas sensor station 
*Anemometer station 

I 

Frenchman Laket~eu 

I 

Figure 3. Sensor Array f o r  the Desert Tortoise Series Experiments. 

20 
                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



_______ __ - ~ I A P I  P U B L * 4 5 4 b  9 2  0732290 0505475 6 4 9  

although six trials were conducted, the last three involved a study of the 
effectiveness of water sprays, and are not included in this evaluation 
demonstration. A portion of the liquid HF flashed upon release, creating a 
turbulent jet in which the unflashed liquid was broken up into an aerosol that 
remained in the jet-cloud. No pooling of the liquid was observed. 

H ï  samplers were located on cross-wind lines at distance of 300, 
1000, and 3000 m from the source. The closest line has 11 sampling locations, 

with instruments at heights of 1, 3 ,  and 8 m at the inner 5 positions and 
instruments at a height of 1 m on the outer 6 positions. The 1000 m line has 
13 sampling locations, with three levels of measurement on the inner 9 and 
only one level on the outer 4. The 3000 m line has 11 sampling locations, 
with a similar variation in sampler heights. In general the observed height 
of the H F  cloud was less than the highest sampler level at the 300 m sampling 

line, but appeared to extend above the highest sample levels at the larger 
distances. The maximum ground level concentration and the cloud width could 
be accurately estimated in each test. 

Data from the Desert Tortoise experiment are available on a 9-track 
tape from U L ,  and a companion report similar to the ones prepared for Burro 
and Coyote is also available (Reference 16). No such report is scheduled to 
be produced for the Goldfish experiment. 

(not the three mitigation effectiveness trials) were obtained from Mr. 
D. Blewitt of AMOC0 (one of the sponsors of Goldfish), and much of the 
documentation for these trials may be found in a paper that appeared in the 
International Conference on Vapor Cloud Modeling (Reference 17). The 
individual trials contained in these reports include: 

Data for the 3 dispersion trials 

Desert Tortoise: 1, 2, 3, 4 

Goldfish: 1, 2 ,  3 

21 
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Table 3 provides an overview of these two field experinents. Most 
of the trials were performed auring “neutral” stability conditions, with 
moderate wind speeds of 3 to 7 in is.  Although generally similar, note that 
Desert Tortaise trials differ from Goldfish trials in that the spill rates are 
about an order of magnitude greater. 

3. Hanford Kr8’ 

The results from 13 dispersion trials conducted at the Atomic Energy 
Commission’s Hanford reservation are reported by Nickola (Reference 18). Five 
of these trials involved the instantaneous release of small quantities of the 
inert radioactive gas krypton-85 (Kr 1, and the other eight involved 
short-period releases of Kr85 over periods of ten to twenty minutes. 

85 

Up to as many as 64 detectors were operated along arcs located 200 m 
This section of the W o r d  field and 800 n downwind of the point of release. 

diffusion grid is nearly flat, and is covered with sagebrush and steppe 
grasses. Most of the detector locations consisted of’one detector set at 1.5 m 
above the surface. However, each row also included three towers on which five 
detectors provided a vertical profile of the Kr85 clouds. 
shown in Figure 4. 
the top of the diffusing clouds. 

The configuration is 
Note that the uppermost detectors did not extend above 

Meteorological data are reported for averaging periods of 1 minute, 5 

minutes, and the period over which data were collected during a trial. These 
data are taken from the faster-response instruments nounted on the 25 m tower 
located near the source, when available. Otherwise, the data are reported 
from strip-charts recorded by instruments on the 122 m tower. 
time-series of meteorological and concentration data for both the 
instantaneous and continuous releases of KrS5 are printed in the data report 
for the study (Reference 181. Vina speed, the standard deviation of 
wind speed and wind direction, and temperature are reported for consecutive 
l-ninute periods during each trial. 
samplers (1.5 m above the ground) and the elevated sampling masts are reported 
at intervals of 38.4  seconds for the continuous release trials, and are 
reported at intervals of either 1.2. 2.4, or 4.8 seconds for the Instantaneous 
release trials. 

Tabulations of 

Concentration data from the near-surface 

22 
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TABLE 3. SUMMARY OF DESERT TORTOISE AND GOLDFISH EXPERIMENTS. 

Spill Averaged Averaged Atmospheric 
Trial Duration 3ate Wind Speed Wind Direction Stability 
Name Date (sec) (m min) ( m / S  1 (degrees 1 Class 

DT 1 24 Aug. 126 7. o 7.4 224 D 

DT 2 29 Aug. 255 10.3 5.7 226 D 

DT 3 1 Sept. 166 11.7 7.4 219 D 

DT 4 6 Sept. 381 9.5 4.5 229 E 

GF 1 1 Aug. 125 1.78 5.6 - 
GF 2 14 Aug. 360 O. 66 4.2 - 
GF 3 20 Aug. 360 O.  65 5.4 - 

D 

D 

D 

2 3  
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\ 
Source 

A- 25 -m Meteorology 122-rn -VA 
Meteorology Tower Ïower 

Figure 4. ConfiguratASn of Meteorological Towers and Kr8’ Detectors for the 
Hanford Kr Trials (Reference 181. 
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A s  part of a project funded by the EPA, TXC Environmental 
Consultants, Inc. had entered the concentration data and meteorological data 
for six of the eight instantaneous release trials into computer files. 
two trials dropped from use for this project were less desirable than the 
others because portions of the clouds drifted to the side of the array of 

detectors. We obtained these data and entered data for the five continuous- 
release trials into LOTUS 1-2-3 worksheets, preserving all of the information 

and structure of the original tables. The following trials comprise the data 

recorded on magnetic media: 

The 

Continuous-Release Trials: c1, c2, a, c4, c5 

Instantaneous Release Trials: P2, P3, P5, P6, P7, P8 

A summary of the meteorological data for six of the eight instantaneous- 

release trials and a l l  five continuous-release trials is presented in 
Table 4. 

4. Maplin Sands 

The dispersion and combustion trials conducted at Maplin Sands in 
1980 (Reference 19) involved the release of liquefied natural gas (LNG) and 
refrigerated liquid propane (LPG) onto the surface of the sea. 
released in both a continuous and an instantaneous mode. 

3 during each trial was approximately 20 m . 

Each liquid was 
The size of a spill 

Because the objective of the trials was to study the benavior of LAG 

and' L P G  vapor clouds over the sea, the site was located on the tidal flats of 

the Thames estuary. 
the spill area to meet the requirement that the spill occur on the sea 
surface. 

meteorological instruments and sampling instruments along arcs downwind of the 
spill area. Figure 5 shows the pontoon configuration at the start of the 

series, and Figure 6 shows the revised configuration used after Trial 35. 

A shallow dike 300 in in diameter was constructed around 

Pontoons with either 4 m masts or 10 m masts were used to position 

A 

2 5  
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TABLE 4. SUMMARY OF HANFORD mYPTON-85 T R A C 3  .XLEASES. 

Duration Total Release Wind Speed Qualitative 
Trial Date Start End (min & Emitted Rate at 1.5 m Thermal 
No.* (1967) ( E T 1  ( E T  1 sec 1 (Ci) (Ci/Sec) (rnps) Stability 

P2 Sep 14 
C1 Sep 15 

P3 Oct 17 
C2 Oct 17 

PS Oct 23 
C3 Oct 23 
P6 Oct 23 

.P7 Oct 24 
C4 Oct 24 

Cc Nov 8 
P8 Nov 8 

2300: O0 
0000: O0 

0738: O0 
0801: 50 

1052: 40 
1101: 25 
1130: O0 

1052: 30 
1104: 30 

0512: 22 
0602: O0 

-. 

0015: 28 

- 
0801 : 50 

" 

1115: 40 
I 

I 

1114: 28 

0532: 13 - 

- 
15: 28 

I 

15: OS 

I 

14: 15 - 
- 
9: 58 

19: 51 - 

10. o 
10.9 

10.0 . 
10.9 

10. o 
23.8 
10. o 

10. o 
22.8 

20.4 
10. o 

- 
O. O1 17 

- 
o. 0120 

- 
O. 0278 - 

L 

O. 0388 

O. 0171 - 

1.3 
1.3 

4.2 
3.9 

8. O 
7.1 
7.3 

4.6 
3.9 

2.6 
1.5 

Very Stable 
Very Stable 

Neutral 
Uns tab 1 e 

Unstable 
Unstable 
Unstable 

Uns table 
Uns tab le 

Stable 
Stable 

* P: Denotes a puff (instantaneous) release 
C: Denotes a continuous (short-period) release 

2 6  
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Figure 5.  

Figure 6. 

Initial Configuration of the Maplin Sands Site .  

it- a -- .v A 

Revised Configuration of the Maplin Sands Site (After Trial 35) 

27 
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total of 260 serisors were deployed in these trials. SOO of xnich vere gas 
concentration sensors. Other ’,:,es or‘ sensors includea: 

Parameter 
Wind speed 
Wind direction 
Turbulence 
Air temperature 
Relative humidity 
Insolation 
Sea surface roughness 
Sea current 
Sea temperature 
Cloud temperature 

ïnstrzment 3 o e  Number Of Sensors 
Cup anemometer a 
Vane 5 
Ultrasonic anemometer ó 
Platinum resistance 8 
Humicap 2 
Solarimeter 2 
Conductivity probe 1 
Turbine 2 
Platinum resistance 2 
Thermocouple óó 

Table 5 summarizes features of each or̂  the Maplin Sands trials. The 
combustion aspects of some of these trials removes the vapor cloud, so the 
dispersion data are available only up to the marnent o Ï  ignition. 
these trials are used in the performance evaluations. 
instantaneous trials are retained. Within the continuous propane trials, 
trial 45 is dropped due to unsteady winds, and trials 51 and 55 are 
dropped because the vapor-clouds largely “missed” the sampler array. .Within 
the continuous LNG trials, tr ial  37 is dropped due to the buoyant nature of 
the cloud, t r ia l  39 is dropped because the cloud was ignited within 1 minute 
of the release, and trial 56 is dropped because much of the cloud did not pass 
through the sensor array. Trials 9, 12. and 15 are also dropped from the 
study because much of the LNG evaporated in the air prior to reaching the 
water (ReÎersnce 201, thereby complicating the nature o f  the release (a simple 
evaporating pool description is not  appropriate). 
actually used in the performance evaluation are: 

Not ali of 
None o Î  the 

îherefore, the trials 

LNG: 27, 29, 34, 35 
LFG; 42, 43, 46, 47, 49, SO, 52, 54 

5. Prairie Grass 

Project Prairie Grass, designed by Air Force Cambrlage Research 
Center personnel, was held in n o r t h  central Nebraska near O’Neill in the 
summer of 1956 (Reference 21). 

continuously over !O-ninute aerloàs from grouna levei in the 70 trials that 
Small amounts o Ï  SU, were released - 

28 
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Duration OI Uînd 
Trial Volyne 3ate steady flou Speed 
Number (m 1 (m /min) (SI ( i d s  I Comments 

Continuous 
Propane 

42 
43 
45 
46 
47 
49 
50 

' 5  1 

2.5 
2.3 
4.6 
2. s 
3.9 
2. o 
4.3 
5.8 

180 
330 
330 
360 
210 
90 
160 
140 

3.7 
5.5 
-2 
s. 1 
5. ó 
6.2 
7.9 
6.9 

Underwater release 

Wind very unsteady 

Igni teci 
Ignited 
Ignited 
Plume center missed sensors 
Underwater release 52 

54 
"55 

5. 3 
2.3 
5.2 

140 
180 
150 

7.9 
3.8 
5.5 At edge of sensor array 

Continuous LNG 

* 9  
'12 
Y 5  
27 
29 
34 
35 

*37 

1.6 
O. 7-1.1 
2.9 
3.2 
4.1 
3. o 
3.8 
4.1 

300 
340 
285 
160 
225 
9s 
135 
230 

8.9 
1.5 
3.6 
5.5 Ignited 
7.4 
8.6 
9.8 
4.7 Plpe end below water surface 

4.1 Ignited 
5. 1 ?lume only brieFly over 

sensors 

Buoyant plume 
*39 
*só 

4.7 
2.5 

60 
80 

Instantaneous Propane 

3.4 '63 17. 

Instantaneous LNG 

5.5 Ignitea 
5 . 6  Ignited briefiy 

'22 12. 
*23 8.5 

These trials are not included in the ?erformance evaluation 

2 9  
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APT PUBL*454b ît! m 0?3??290 0505484 b5L M 
comprised the project. Dosage neasurements were made on arcs located at 
distances of 50. 100, SOO, 400, and 500 meters aomwind. About half OÏ the 
b w .  b.;als were conducted auring unstable daytime conditions and the rest were 
held at night with temperature inversions present. Meteorological 
measurements included wind speed. direction, and fluctuations in direction 
from cup anemometers and airfoil type wind vanes. Micrometeorological data, 
rawinsonde data, and aircraÎt soundings were also taken. 

The site was located on virtually flat land covered with natural 
prairie grasses. The roughness length determined for the site by some of the 
researchers was 0.6 centimeters. 
meters along the arcs using midget impingers. 
given as 10-minute averages. 

Dosages were measured at a heignt of 1.5 
The meteorological data were 

Earlier, the Porton Down dataset was dropped because most of the 
data obtained in the monitoring array are in the form of dosages. why, then, 
are the dosages obtained during Prairie Grass acceptable? The reason is that 
the duration of the Prairie Grass releases (10 minutes) is long enough to 
create a quasi-steady plume over the monitoring array. In the absence of 
meandering, the time series of concentrations that might have been measured 
would have a plateau-like appearance. 
from the dosage (assuming a time-scale equal to the duration of the release 
= 10 minutes) would then be a fair estimate of the peak concentration. The 
Porton Down data, on the other hand, involve instantaneous releases, vnich 
would result in a time series of concentrations that minht have been measured 
which would have a peak-like appearance. 
from the dosage and the time i t  takes such a cloud to pass a monitor is a poor 
estimate of the peak concentration. Hence, the dosages from the Prairie Grass 
dataset are more useful for evaluating model performance. Note, however, that 
the average concentrations are still expected to be less than the peak 
concentrations. 

The average concentration estimated 

The mean concentration estimated 

Table 6 provides a summary of the meteorology for a subset of 44 
trials that will be used on this project. These 44 îepresent the jest o? the 
program. and have been useu excensively by other researchers (for example. 
Reference 22; Reference 23: Reference 241. 
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T U L E  6.  CUMMARY OF S~~ METEuRCLCGICXL DAi.4  rTCM ?%IXIE c;uSS X I U .  

TRIAL U sTA8ILIi-Y 
( m / S  1 C L G C  

7 
8 
9 

10 
13 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
29 
32 
33 
34 
36 

4.2 
4.9 
o .  9 
4. 6 
1.3 
3.4 
3.2 
3.3 
3.5 
5 . 8  
8.6 
6. 1 
6.4 
5.9 
6.2 
2.8 
2.6 
3.5 
2.2 
8 . 5  
9. o 
1.9 

B 
C 
C 
B 
F 
A 
A 
D 
E 
C 
D 
D 
D 
D 
D 
A 
E 
D 
F 
D 
D 
F 

37 
38 
41 
42 
43 
44 
45 
46 
48 
49 
50 
5 1  
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

4. ó 
4. 1 
4. o 
5. s 
5. o 
5.7 
6. 1 
5.2 
8. o 
6.3 
6.6 
6. 1 
2.5 
4. o 
5.4 
4.3 
6.7 
1.9 
2. ó 
4.9 
8. O 
5.2 

D 
D 
E 
D 
C 
C 
D 
D 
D 
C 
C 
D 
F 
D 
D 
D 
D 
F 
ï 
D 
D 
C 
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6. Thorney Island 

"he Heavy Gas Dispersion Trials project at ï h o n e y  Island (Rer'erence 
2 5 )  organized by the British Health and Safety luecutive consists of the 
following five types of trials: 

For 

Phase I - the instantaneous release of a preformed cloud 03 
approximated 2000 in3 of dense gas over flat terrain. 
trials were carried out. 

Sixteen 

Phase II - Ten trials were carried out to study the effects of 
obstacles on Phase I-type releases. 

Continuous release trials - Three trials in  which approximately 

flat terrain. 

2000 m 3 of heavy gas was released at a rate of 5 m 3 /sec over 

Gi l1  trial - A single Phase I-type of release. 

Phase III- Six continuous release trials in w h i c h  
enclosure surrounded the gas container. 

fenced 

this project, we are focusing on the Phase I trials (iten $1) and the 
con-inuous-release trials (item *3). 
Phase I are similar in design to those conducted earlier at Porton Down. but 
the size of the source is approximately fifty times larger, and continuous 
monitors were used to obtain concentration measurements. 

The instantaneous-release trials or' 

A gas container with a volume of 2000 m 3 was filled with a mixture 

of freon and nitrogen. 
container collapsed to the ground upon release. 
trials, the gas container simply served as a storage tank. 
then be ducted below the ground to the chosen release position. 
inechanism was designed to give a around-level release with zero vertical 
momen tun. 

For instantaneous release trials. the sides of the gas 
For continuous release 

The gas would 
The release 

32 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A 30 m tall meteorological tower was uas locsced 153 n upwind iron 
the release point. The instrumentation consisted or̂  five cup anemometers, 
live temperature sensors, two sonic anemometers, and one sensor tac;? lor 
relative humidity, solar radiation and barometric pressure. Cour 
trailer-mounted towers, with a total of eight sonic anenometers. were also 
deployed. Note that the 30 m tall touer was replaced by a 20 ni tall touer for 
continuous release trials. 

Thirty-eight towers were used to measure gas concentrations. 
Measurements were taken at four levels. The lowest gas sensor was ?ositioned 
at a height of 0.4 m; and the hignest at 4 m on towers close to the spill 
point, 10 m at most other towers, and 14.5 m at towers in the far field. 7he 
towers were placed on a rectangular grid with distances up to about 800 m from 
the release point. The four trailer-mounted towers mentioned previously also 
had gas sensors mounted at four different heights. 
instrumentation at the site is shown in Figure 7. 

The configuration of 

Copies of the 9-track tapes containing data for the instantaneous 
release trials were obtained through the MI, who had contributed to the 
experiments, and who are Co-funding this model performance evaluation. We 
have averaged the 20-fIz data in blocks o Î  0.6 seconds each. Data for the 
continuous release trials were obtained from TRC Environmental Consultants, 
Inc., who had digitized plots or^ the data to producr data corresponaing to 
30- averages. A total of 9 of the 16 continuous release trials ana 2 of the 

3 instantaneous release trials were retained for the evaluation. Trials 10, 
11, and 46 were dropped because of wind-shifts during the trial; trial 4 was 
dropped because the cloud became elevated: trial 5 was dropped because the 
release mechanism malfunctioned, producing 2 clouds rather than 1; and trials 
14, 15, and 16 were dropped because the density of the initial cloua appeared 
to be stratified. The trials included in this study are: 

Instantaneous releases: 6 .  7, 8, 9 ,  12, 13, 17, 18, 19 
Continuous releases: 45, 47 

A brieÏ summary o Ï  'Lhe characteristics o Ï  the source en-ssions ana 

the meteorologicai conditions for the ?hase I ar.d continuous release trials 
is siven in T'able 7 .  

3 3  
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Figure 7. Configuration or' I n s t m e n c a t i o n  Used for the ?h.ase I ::rials ar. 
Thorney Islana (Reference 35) .  
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u 
U ind * Volume Ini t ia1 

Trial Speed Stability Releasea Zela t ive 
Number Date m / S  Class m Density 

- 
3 

Phase I 
006 8/4/82 

007 8/9/82 

O08 9/9/82 

O09 9/15/82 

012 10/15/82 

013 10/19/82 

017 6/9/83 

O18 6/10/83 

o19 6/10/83 

Continuous 
045 6/9/84 

047 6/15/84 

2. 6 

3 . 2  

2.4 

1.7 

2.6 

7 .5  

5. o 
7.4 

6 .  4 

2.1 

1.5 

DIE 
c 
I 

D - 
- 
L. 

D 

DIE 

D 
DIE 

V F  

F 

1580 

2000 

2000 

2000 

1950 

1950 

1700 

1700 

2100 

2000 

2000 

1.60 

1.75 
1.63 

1.6U 

2.37 

2.00 

4.20 

I. 87 

2.12 

2. o 
2. o5 

Wind speeds are at 10 m heignt on the 'A' mast averaged over the duration 
of each experiment. 

Pasquill Stability Categories are assessed from observaticn. solar 
radiation, vertical temperature gradient, standard deviation o Î  horizontal 
wind direction and Richardson number. 
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C. CilFAïfCN OF A Y O D E L Z X '  DATA r\RCiIvE 

Application o Î  14 aissimilar rnoaels to 8 databases concaining a total o Ï  

96 trials demands that the data je placed in a common fomat. Furthermore, 
this format must include enough infomation to satisfy the input requirements 
or' all o l  the models. We have developed what may be called a Modelers' Data 
Archive (MDAI to perform this function. It certainly does not contain all or' 
the data from each experiment; rather, it contains only that information that 
we have used in running the 14 models. As such, the MDA is a subset of the 
complete database. Table 8 liscs the information contained in an MDA file. 
Most of the entries are self-explanatory. 

At the beginning of the MDA, imiomtion is given that defines the 
experiment and trial, followed by a listing of several chemical properties of 
the released substance. Chemical properties include the molecular weight, 
normal boiling point, latent heat of evaporation, heat capacity of the vapor 
phase, heat capacity of the liquid phase, the density of the liquid, and the 
Antoine coefficients. 
calculating vapor pressure as a function of temperature are taken from the 
SLAJ3 user's guide, since only SLAE requires these as input. Physical 
properties of the release are then given, which not only provide specific 
dimensions, but also information on the general type of the release (source 
type and source phase1 so that appropriate information can be passed to each 
of the models. Meteorological data appear next. Tempem*ures at two 
specified heights and wind speed at one specified height 
the Monin-ûbukhov length scale, L [although this may be specified directly). 
what is termed "domain average" values of wind speed and two measures of 
turbulence follow. This speed is the value actually used in the models, along 
with either the calculated value of L, or that observed. The earlier wind 
speed is used only in estimating L. If many near-surface neasurements of wind 
speed are available, than a true udomain-average" speed can be used. However, 
if only one tower i s  available, then the speed measured near the surface (for 
near-surface releases) should be used as the "domain-average" speed. Site 
information includes the surface roughness Length, soil (or water) 
tenperature, and a soi l  nioisture Inaicator. The Bowen ratio is a neasure o Î  

the importance o Î  the latent heat flu in computing the gonin-3bukhov length. 

The coefficients f o r  the Antoine equation f o r  

rsed to estimate 
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I t  is the ratio of the sensible heat f lux to the latent heat flux, and is 
generally estimated rather than calculated or seasured. Tie last infomation 
in the file describes uhat specirk inforination should be obtained Îrom the 
model when applied to a particular experiment ana trial: concrntration 
averaging time, concentration of interest (for specifyinq the lateral extent 
of the cloud or signaling how Ïar downwind the model calculations should 
extend), and receptor height and distances. Two averaging times are 
given. 
dataset, and a longer averaging time that corresponds to the duration of the 
release (for quasi-continuous releases). 

These correspond to the shortest averaging time contained in a 

In many cases, not all of the entries are needed to c.haracterize a trial. 
For example, no heat exchange or changes in phase occur in the Thorney Island 
trials, so the thermal properties of the gas are not used. Whenever this is 
the case, a value of "-49.9" may be contained in the MDA Tile. 

The structure of the MDA file allows information describing a turbulent, 
two-phase jet-release to be specified within the same framework as a 
single-phase, evaporating pool-release. We have developed a set of programs 
to read the MDA files and produce tables of data needed to run each model. 
These tables provide all data in the units requested by the model. At the 
same time, the programs create all input files read by m y  of the models at 
the time of execution, so that these models are essentially driven directly 
from the MDA files. The goals satisx'fed in producing the MDA and software in 
this way are: 

1. To document assiimptions used to initialize the models in a consistent 
way, 

2. To automate the process of preparing model-runs to the maximum 
possible extent, 

3. To develop a way to easily implement alternate methods o f  
initialization, and 

4. To develop a framework for investigating the inÎluence of data 
uncertainty on assessing model performance. 

In addition to an MDA f i l e  Tor eacb exyeriment, concentration files were 
also yepared Tor the aistances ana averaging tines contained in the MDA. 

Concentrations reported In these Tiles re9resenc the largest -lalues measured 
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at each diS:anCe. f o r  each averagizg the. For some datasecs. a measure of 
the scale OÏ the lateral half-wicth of the concentration distribution is 

characterized as Q at each location downwind. 30th :he concentrations and 
the values OI Q are compared to ?redicted values t o  produce neasures of nodel 
perfornance as described in Section IV. 

Y 
Y 

D. METHODS FOR CALCULATING REQUIRm V A R I A B E  

Much or̂  the information required t o  complete the M I A  for each dataset is 
readily obtained. However, some entries do require explanation. In the 
following sections, we discuss how the MDA for eacn of the datasets was 
prepared. The MDA for each dataset is listed in Appendix A. 

Measures of the observed concentration field must also be derived from 
the datasets. The performance of the models is assessed by comparing modeled 
" centerline" or "peak" concentrations and crosswind cloud-widths (Q 1 with 
those derived Ïrom the measured concentrations. The method used to 
characterize the observed values is best illustrated by considering a generic 
dataset in which time series or̂  measured concentrations are available at 
several heights and locations along severa1 monitoring arcs downwind of the 
point of release. For each arc, the peak concentrations and Q are obtained 
as follows: 

Y 

Y 

A peak "instantaneous" concentration is found by selecting the single 
largest measured concentration from among all concentrations reported by all 
samplers at all heights, along the arc. No "instantaneous" 6 is estimated. 
Next, a peak average concentration is found. To do this, we review the time 
series of concentrations along the arc, and define an averaging winaow that 
excludes the leading and trailing edges of the cloud. The length of this 

window is typically of the same order as the duration of the release for a 
quasi-continuous source. Concentrations are averaged over this window at each 
receptor, thereby producing a cross-section of average concentrations along 
the arc (across the cloud). The largest concentration in the cross-section 
is selected to represent the ped average concentration. Note that there is a 
likelihood that this inethod will slightly underestimate the peak, which nay 
fall between recEptors. A second-noment calculation involving the averaged 

concrntrations at the lowest measurement-heignt along the arc then determines 
CT 'rfowever, several conaitions nust Se satisfied before suc;? a Q can be 
considered valid: 

Y 

Y' Y 

3 9  
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1. mere must be at least four  inonicors regortino; non-zero values 
or’ average concentration. 

2. The receptor showing the maximum concentration aust not be 
located at either end of the arc. 

3. The lateral distribution must not exhibit a clear bi-modal 
pat tern. 

Departures from this treatment o f  a generic dataset are identified in the 
following discussions f o r  each dataset. 

1. Burro 

The data report (Reference 14) contains summary sheets f o r  

the trials, which serve as the basis for most of the data placed in the MDA. - 
The following comments should be noted: 

The mixture of methane, ethane, and propane that makes up the LNG 
is reported in the summary sheets. 
calculate the molecular weight o f  the mixture, but all other 
properties in the MüA are For pure methane. 

We use this imiormation to 

The source diameter is calculated by assuming that the spill rate is 
equal to the total evaporation rate. 

a function of the rate of release. 

Using an evaporation rate per 
unit area of 0.085 !qg/m 2 /s for LNG on water, the diameter varies as 

The source containment diameter is set equal to the diameter of the 
water test basin created for the series of experiments. 

The relative humidity is that termed “downwind numiditi>” in the 
sunmary sheets. 

The temperatures and wind speed used in calculatizg the 
Monin-Obukhov length are obtained from the “upwinà .tertical profile” 
data. 
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The domain-averaged wind speed and turbulence data use the average 
values listed on the summav sheets. 

The Pasquill-Gifford stability class values are assigned on the 
basis of characterizations such as "neutral", slightly stable", etc. 

The following correspondence uas assumed: 

unstable, slightly unstable 
neutral 
slightly stable 

C 
D 
E 

Peak concentrations (both "instantaneous" and average), and the Q 
Y' 

for the average concentration distribution along each monitoring arc 
are found as described for the generic dataset- Cross-sections o i  

concentrations along each arc, which are plotted in the data report, 
provided the means for defining the windows for averaging the 
concentrations. 

2. Coyote 

The structure and documentation for the Coyote dataset is nearly the 
same as that for Burro, so that the process of preparing the MDA is virtually 
the same. The only departure is in specifying the Pasquill-Gifford stability 
class. The data report for Coyote (Reference 151 does not  provide the 
stability classification. However, a later summary of a dataset for 
dispersion modeling (Reference 2 6 )  does report the stability class for each of 
the three trials in the MDA. 

3. Desert Tortoise 

The information placed in the MDA for this experiment is taken from 
the data report (Reference 16). The following comments should be 
noted: 

The exit pressure is assumed to equal the ?ressure measured prior to 
the.point of discharge. It is not the tank Fressure that is listed. 

41 
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The wind sgeed and the temperatures used to calculace the 
Monin-ûbukhov length are those measured at  site Gal. 

The domain-averaged wind data are those reported as :he average 
values at 2 rn. 

The spill rate is the rate actually listed, with no adjustments for 
the results of the mass-Îlux estimates made from the data obtained 
along the arc at 1OOm downward of the point of release. 

Peak concentrations and values of Q Î o r  the arcs at aistances of 
100 m and 800 m downwind o f  the point of release are obtained in the 
mamer described f o r  the generic dataset. 

Y 

Goldfish 

The MDA for  the Goldfish experiment was prepared front information 
contained in Blewitt (Reference 171, and from information obtained directly from 
Mr. D. Blewitt of MCO, one of the sponsors or' the experiment. The following 
porints should be noted: 

Some chemical properties listed f o r  HF vary among several 
references. 
Handbook (Reference 27) is 7460 calJmol, which is equivalent to 
1.558~10~ J/kg. But Large's Handbook o Î  Chemistry (Reference 2 8 )  

and a basic chemistry textbook (Reference 291 !ist the latent heat 
of vaporization as 1.8 KcaUmol, which is equivalent to 
3.76~10 J k g .  Several of the models that are  evaluated also list 
the physical properties of HE. PI-IASï uses 1.266~10~ JAg at 293 K, 
and the user's guide f o r  S í  contains an example in which the 
latent heat of vaporization for HF i s  3.732~10 JAg. These 
differences may be due to different assumptions by the references 
regarding the degree ol polymerization or' the HF. We have chosen 
the number used by SLAB for this progerty o17 HF, because personnel 
at LLNL have developed S i l  and have conàucted the Goldfish tests. 

The latent heat of vaporization listed in Perry's 

5 

5 

The diameter of the discharge orifice is not Listed in any of the 
rer'erences f o r  this experiment. The values useci in tne MDA were 
obtained from Mr. D. Blewitt of AMOCO. 
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Concentration measurements for short sampling tines (of order Is) 
are not available. Instead, averaging times are assumed to be 
tither 68.6s. or 58.3s. depending on the sampler ?osition. As a 
result, we only characterize the peak concentration for the 
averaging time associated with all samplers in a particular arc. A 

corresponding value of r is calculated from Lhe concentrations 
reported at monitors along the arc during the same period that 
contains the peak concentration. The methodology follows that for 
the generic case except no averaging is performed. Hence, the 

averaging time associated with Q is either 88.3 or 69.6s. 

Y 

Y 

5 .  Hanford Krg5  

KrgS is a radioactive gas, and was released in very small quantities 
both as a continuous release and as an instantaneous release. The 
instantaneous releases were accomplished by sealing a small volume of the gas 
in a quartz vial, and then dropping a weight onto the container to crush it. 
The continuous releases were accomplished by adding a very sinall amount of 
Kr8’ to a cylinder of compressed argon gas, and releasing the mixture at a 
controlled rate. In both cases, the Krg5 was quantified in terms of its 
disintegration rate: Cils for the continuous releases, and Ci for the 
instantaneous releases. Concentrations downwind of the release were measured 
as radiation counts, and converted to the equivalent Ci/m 3 (actually expressed 

as p~i/m~). 

Using a half-life of 10.4 years, we calculate that there are 
kg-moles of Kr8’ associated with 1 Ci. Because the instantaneous release made 

use of only 10 C i ,  the mass and volume of the gas in the vial was very small. 
The continuous release rate did not exceed 0.0388 C i / s  of which amounts 
to approximately 7.8~10 kg-nole/s. However, because the Xr8’ was 
introduced into an argon carrier-gas at an unspecified mixing ratio, we do not 
know the initial dilution of Kr . 

-10 

85 

3ased on these considerations, we have modeled the Hanford Kr 85 

trials with a neutral-density gas, released at a small rate. 
to be “dry air”, which ensures that aense-gas eifects will ,?oc be significant 

in the simulations. E-ission rates (kg/s) or total aass released (kg) of the 

The gas is taken 
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"ary air" are estaclished by arbitrarily assigning 1 k g  O Î  niaSS :3 1 Ci, 
that the instantaneous releases are modeled as i Î  10 kg (- 113 kg-aolel ox' 

"dry air" were released, and the continuous releases are moaeied ôs if 0.03SS 
kg/s (at most) of "dry air" were released. 

so 

Smaller amounts of "ary air" could have been modeled. For example. 
we could have assigned 1 g of mass to 1 Ci. 
To gauge the effect of choosizg 1 kg/Ci rather than 1 g/Ci in obtaining 
modeled normalized concentrations (that is, C/Q in Crc/rn3 o r  Nui3], w e  ran the 

This may alter model predictions. 

The results are: S U B  model both ways. 

TRIAL 

HC1 

HC2 

HC3 

HC4 

HC5 

HI2 

HI3 

HI5 

HI6 

HI7 

HI8 

These results 

DIS" 

200 
800 
200 
800 
200 
800 
200 
800 
200 
800 

200 
800 
200 
800 
200 
800 
200 
800 
200 
800 
200 
800 

indicate 

110.3 0.1093 
13.21 0.0132 
3.384 0.00338 
O. 255 O. 000255 
6.121 O. 00612 
0.467 0.000467 
6.785 O. 00679 
O. 486 O. 000486 
15.44 0.0155 
1.274 O. 00127 

1583 
87.85 
430.5 
14.61 

14.31 
375.6 
13.58 
328.8 
10.88 
785.5 
29.99 

388.2 

2.489 
O. 0995 
O. SO49 

O. 01526 
o. 4497 

O. 01486 
o* 4346 
O. 0141 
O. 3784 

O. 01127 
o. 979 

O. 0318 

1.009 
1.001 
1.001 
1.000 
1.000 
1.000 
o. 999 
1.000 
O. 996 
1.003 

O. 636 
O. 883 
o. 853 
o. 957 
O. 863 
O. %3 
O. 864 
O. 963 
O. 869 
O. 965 
O. 802 
o. 943 

that the initial size o Ï  the source (within CWB at 
least) has a minor influence on scaled concentrations predicted at distances 
of 200 and 800 rn from the source for the continuous release trials (HC's), but 
can have a significant influence on the prediction of concentrations f o r  the 
instantaneous release trials (HI'S). Note that 10 kg of "dry air" at standard 
temperature and pressure occupies approximately 7.7 n 3 , which corresponds to a 

cube that is almost 2 n on a sice. 
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Tables f o r  I N P W  and GTM were also ?repared to see to wnat extent 

the size of the source aifects the  scaled concrncrations that are predicted. 

In applying both of these models. we specified zn initial Q and IT to assure 
that the peak concentration at the source did not exceed the density of the 

gas at the source. Therefore, we expect to see at least a small eÎfect oi 

initial source volume on the predicted concentrations. 

Y Z 

TRIAL 

HCl 

HC2 

H U  

HC4 

HC5 

HI2 

HI3 

HI5 

HI6 

HI7 

HI 8 

TRIAL, 

HCl 

HC2 

H U  

HC4 

HC5 

DIST 

200 
soo 
200 
800 
200 
soo 
200 
800 
200 
800 

200 
soo 
200 
800 
200 
800 
200 
800 
200 
800 
200 
800 

INPUFF Model 
1 kg /Ci  1 g / C i  
C(pprn) C(pprn) RATIO/lOOO 

69.21 0.06942 
7.53 O. 007535 
2.366 O. 002369 

O. 1933 O. 000193 
3.054 O. 003058 

O. 2534 O. 000253 
7.677 O. 007691 

O. 6247 O. 000625 
21.69 O. 02173 
2.281 O. 002282 

3408 3.68 
110.2. 0.1133 
452 0.4415 

12.94 o.ol.305 
111.3 0.1132 
3.034 O. 003048 
113.7 0.1156 
3.029 O. 003044 
132.1 O. 1349 

3 0.003016 
1059 1.136 
31.11 O. 03167 

o. 997 
o. 999 
o. 999 
o. 999 
o. 999 
1.000 
O. 998 
1.000 
O. 998 
1.000 

O, 926 
o. 973 
1.024 
O. 992 
o, 983 
o. 995 
o. 984 
o. 995 
o. 979 
o. 995 
o. 932 
o. 982 

GPM Model 
1 kg /Ci  1 g/Ci  

DIST C(pprn1 C(ppm) RATIO/1000 

200 
800 
200 
800 
200 
800 
200 
800 
200 
800 

86.62 O. 08803 
7.661 O. 007695 
2.139 O. 002145 

O. 1465 O. 000146 
3.463 O. 003475 

O. 2373 O. 000237 
8.71 O. 008758 

O. 5978 O. 000598 
23.68 O. 02386 
1.575 O. 001879 

o. 984 
O. 996 
o. 997 
o. 999 
o. 997 
o. 999 
o. 995 
o. 999 
O. 992 
O. 998 
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The continuous release trials show little influence, as was found for the %a 
runs. A greater effect is seen in the preciictions at 200 m ?or the 
instantaneous releases, but it is not as large as the eÎfect seen in the SLAB 
runs. 

Because the trials are rnocieled as if "dry airn were released, the 
information on chemical properties in the MDA is taken from standard 
references. 
report (Reference 18). The following points shouïd be noted: 

Release rates and meteorological data are taken from the data 

a 

4 

. 

b 

. 

6 .  

contains 

The source temperature is set equal to the ambient temperature 
measured at the lower instrument-height. 

The release rate of XI-'' in C i l s  is numerically equal to the release 
rate of our  surrogate in kws. 

No distinction is made between the " w i n d  speed" entry, and the 
"domain-averaged wind speed. I' 

Concentrations reported in units of Clím 3 are converted to ppm by 

dividing by the factor p x lo6, where p i s  the density of dry air 
at ambient temperature and pressure. 

For the instantaneous releases, onïy peak concentrations for an 
averaging time of 4.8s are available. No r values are calculated. Y 

For the continuous releases, short-term peak concentrations are 
obtained for an averaging time of 38.4s. 
calculated, and values of r are calculated following the 
methodology of the generic dataset. 

Longer averages are 

Y 

Maplin Sands 

A series af data reports (Reference 30). one for each trial, 
information used to prepare the MDA f o r  the LNG and the LPG trials. 

The following points should be noted: 

Molecular weights are calculated on the basis o f  the listed 
composition of the U G  or LX for each trial. 
are those f o r  methane ( f o r  LVG) or propane ( f o r  L U G ) .  

All other properties 
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The temperature of the source is the boiling point temperature. 

The source diameter is calculated by assuming that the spill rate is 
equal to the total evaporation rate. We use an evaporation rate per 
unit area of O.OS5 kg/m /m for LNG on water, and a rate OÏ 
O. 120 kg/m /s for LPG on water. 

2 

2 

* The duration of the spill is that listed as the period of steady 

discharge. 

- Relative humidity for trials 29,  34. and 35 is not that listed in 
the data reports. Dr. J. Puttock informed us that the fetch for 
these three trials was over open water, rather than land. Relative 
humidities derived from measurements made at 1 m above the surface 
near the point of release are more representative than those listed 
in the data reports. We have placed the revised values in the MDA. 

Cloud cover is not reported, but photographs are included for each 
.trial. We have estimated the cloud cover on the basis of these 
photographs. 

Concentration data are available in the form of plots, rather than 
on magnetic tape. We have obtained the peak concentration at a 
number of distances downwind of the release from plots of saximum 
concentration versus distance. Because the spacing of samplers 
along each arc was not small relative to the size of the 
vapor-clouds, reported concentrations cannot be considered good 
measures of the "true" peak concentrations, and no calculations of 
IT were attempted. 
Y 

7. Prairie Grass 

Data used to prepare the MDA for this dataset are derived from 
several sources. The 44 trials chosen for this evaluation are those deemed 
most useful by Briggs (Reference 22) .  Much of the meteorological data, and 
all source data and Concentration data were ootained from Mr. 3. Kunkel o Ï  

S G L ,  who had created data files from the original data report (Reference 21) .  

Later analyses of the Prairie Grass data provided estiniates o Î  u, and L 
(Reference 241, and (r (Reference 2 3 ) .  The following ?oints should Se noted: 

Y 
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. SO? is the tracer-gas released, so all chenicai properties are those - 
for SO,. 

I 

Concentrations are derived from dosages, for releases of 10 min 
duration. Therefore, no short-term concentrations are available. 

Because the Prairie Grass data are frequently cited as having been 
used in the development of the Pasquill-Glfford (PG) dispersion 
curves, which are said to be applicable for a surface roughness of 
0.03 m, the roughness length for the Prairie Grass site mignt be 
thought to be 0.03 m. Ail values o Î  cZ obtained 
from Prairie Grass had been "re-scaled" to be consistent with the 
roughness length 0.03 m when these data were used to develop the PG 
curves. 

This is not true. 

The actual roughness f o r  the site is 0.006 m. 

8. Thorney Island 

The data report (Reference 31) provided most of the 
information used to prepare the MIlA. 
(Reference 32) provided estimates of the roughness length for each tr-al (this 
varied by wind direction), and provided computed values of u, ana heat flux, 
from which the Moniniibukhov length w a s  calculated without requiring surrogate 
methods (as were employed for the other datasets). The following additional 
points should be noted: 

Addit ional  analyses by Putto& 

Molecular weight is calculated from the relative density of the 
cloud. 
is computed, and multiplied by the relative density. :Knowing the 
molar volume o f  a perfect gas at ambient conditions, the molecular 
weight of the FreoWNitrogen mixture i s  found. Ail other chemical 
properties listed in the MDA are those ror pure Freon-12. 

The density of the air at ambient ternpe.rature and pressure 

The temperature of the cloud is set equal to the ambient temperature 
at "level 1. " 

No distinction is aase between the tower wind speed ana the 
domain-averaged wind speed. 
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Peak concentrations f o r  the conticuous releases are limited to 
averaging times o Î  20s. because these data were digitized from plots 
of the time series. No further averaging was applied, and no 

estimates of Q were attempted due to the nature o Ï  the monitoring 
array. The array is rectangular, but the orientation was generally 
not orthogonal to the wind direction, wnich means that sampli,ng TOWS 

or arcs across the cloud could not be formed. However, it was still 
possible to determine peak concentrations at certain distances with 
reasonable accuracy. 

Y 

Peak concentrations i o r  the instantaneous releases represent an 
averaging time of O. 6s, so these are considered " instantaneous" 
values. Because the release was not quasi-continuous, and because 
of the nature of the monitoring array, no values of 6 were 
estimated. 

Y 

E. SUMMARY OF DATASETC 

An overview of the general characteristics of each of the experiments 
contained in the MDA is useful when interpreting the performance of the models 
that have been evaluated. Table 9 lists important characteristics of each 
datase t. 

Three experiments document releases of LNG on water: Burro, Coyote, and 
Maplin Sands. A small pool of water was used in the 11 trials of Surro and 
Coyote, while the 4 Maplin Sands LNG trials were performed over shallow water 
at the coast. 
range, but the total spilled during Maplin Sands trials was less than that at 
the other sites. The most significant difference between Maplin Sands and the 
Burro-Coyote trials is seen in the averaging times and the qualitative 
assessment of the lateral resolution of the sampling array. Concentrations 
f rom both Burro and Coyote were averaged over a period of "steady" release 
conditions, wnich correspond to periods when each sampler vas within the 
vauor-cloud. With good spatiai coverage along each sampling arc, the 
resulting concentrations are viewed as being representative oi? average, 
in-cloud concentrations (but not peak concentrations). Spatial coverage oi? 
the Maplin Sanas vapor clouds was not  good, and we have  sed the peak 

The duration of spills during these trials covers a similar 
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3-secand-average concentration cata. 
pealk. short-tern concentrations at some aistancos during some trials. but not 
others. We uould expect there to be greater scatter in the Ferformance oÏ  

models on the Maplin Sands trials than on the Surro and Coyote trials as a 
result of these differences. As a separate model comparison, short term peaks 
are also evaluated for the continuous dense gas data sets. 

Thus. ve nay have a good measure of 

The Desert Tortoise and Goldfish experiments document two-phase turbulent 
jets. Although similar in many respects, the difference in the minimum 
averaging time of the concentrations is significant. 
time is only 1 second in the Desert Tortoise experiments, but is 6 6 . 6  or 88.3 

seconds (approximately half the duration or’ the releases), in the Goldfish 
experiments. 
concentrations in the Goldfish experiments represent in-cloud averages. 

This minimum averaging 

Consequently it is difficult to assess whether or not reported 

One experiment, ïhorney Island, involves the release of mixtures of freon 
and nitrogen to simulate a generic dense gas release in which density 
differences are controlled only by dilution. 
sampled, rather than jus t  the freon, these trials need not be modeled as 
releases of freon that are initially diluted. 

Because the total mixture was 

Finally, two experiments involve the release of “trace“ amounts of gases 

which are meant to document passive dispersion processes. 
“continuous” releases of at least 10 minutes duration (the longest durations 
in the study). 
Grass t o  infer average concentrations does not raise the same problems found 
in the Porton D o m  dataset. 
gas, with mass taken to be equivalent t o  its radioactive content (in Curies). 
The SO 
released in small quantity as a jet, so that it behaves as a neutral-density 
gas cloud. We have initialized each of the aense-gas models with the actual 
conditions of the release so that some dense-gas calculations may actually be 
performed for the initial stages o I  the dispersion, especially for those 

moaels that do not  simulate the effects of entrainment or^ air into turbulent 
jets. 

Both are 

Because of the long duration, use oi dosage data from Prairie 

We have modeled the Kr8’ releases as a neutral 

released in the Prairie Grass trials is denser than air, but it is 2 

51 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



API PUBL*454b  92 W 0732290 0505506 042  m 
STGION 111 

M O D O S  

A. CRITïRIA FOR CXOOSiNG MODELS 

Several dispersion models that are either publicly available or 
proprietary were initially considered for inclusion in this demonstration of 
the system to evaluate the performance of micro-computer-oased models 
applicable to releases of toxic chemicals into the atmosphere. 
potential models uas derived from the tabulation presented in the ?hase I 
report for this project, and from the list of models of interest to the t w o  

sponsors of this project (USAF and A P T ) .  

the models f o r  the demonstration included the following: 

The list of 

Criteria considered in selecting 

1. The model must be available in a version that runs on a "PC. " 

2. If the model is proprietary, the developers must be willing to "loan" 
a copy f o r  use on this project. 

3. Models that obtain chemical properties from an internal database must 
either incide a l l  the chemicals required for the datasets incfuded 
in the evaluation, or they must provide a mechanism for altering the 
chemical database. 

Models that satisfy these criteria were also judged on the ease with which 
they can be applied to many trials. 
f o r  which a postprocessor can be prepared to extract specific information for 
each trial, were given preference over similar models that require far more 
user-involvement. 

Those that are readily "automated" and 

A total of 24 candidate models are listed below: 14 that nave Seen 
included in this demonstration are marked with an asterisk: 

ACTOR 
ADAM 

CADM 
*c-rARM 
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AFTOX DEGAD IS .OB/DG 
*AIRTOX *FûCUS ( & W l  *?FAST ( C W I / U H A Z A N  1 

&OHA * G S M  *sa.iu.3 

.ülCìIE *G?H *rRAG 
taritter & McQuaid *HEGADAS *TRAG 

Three of the models not chosen are closely related to models that are 
included, and so are listed in parentheses. 
version of EAJUP. SAJXTI and U", along with PHAST, are part of the family 
of models developed by Technica Ltd. for different computer systems. 
the representative that we include in the evaluation, is the version 
specifically designed for use on micro-computers. Also, LOMPUEF, which 
requires a VAX computer rather than a micro-computer, uses the INRIFF 
dispersion model, which is included in the evaluation. Reasons for not 
including the remaining six models are: 

FOC[IS is essentially a later 

PHAST, 

ACMR (Anaiysis of Consequences of Toxic Releases): 
by the New Jersey Department of Environmental Protection (Reference 33). 
It operates within the framework of a L O T E  worksheet, and contains 
algorithms for treating negatively and neutrally buoyant vapors resulting 
from either continuous or instantaneous releases. This was submitted to us 
as a new model late in the program, so there was not sufficient time to 
incorporate ACTOR in our model evaluation so f tme  system. 

This model was developed 

ADAM (Air Force Dispersion Assessment Modell: 
developed for the U.S. Air Force by Rag and Morris (Reference 34) as an 
improvement to the OBíDG model, which does not account for dense gases or 
in-plume chemistry and thermodynamic effects. 
to include the special chemical properties of üF and liquid fluorine (LF2). 
With this change, ADAM can be applied to releases o Î  nitrogen tetroxide (NsO41, 
phosgene (COC12), anhydrous ammonia (N"H), cnlorine (C12), sulfur dioxide 
(SOZI, hydrogen sulfide (%SI, fluorine (FS), and hydrogen fluoride (HF). For 
these chemicals, it includes algorithms for chemical reactions, aerosols, and 
mixing processes for up to 16 types of releases. It was not included in this 
demonstration because several chemicals required for the datasets are not among 
those treated by ADAM, and no simple facility is provided to incorporate "new" 
chemicals in the database. 

The ADAM model was originally 

The model was recently modified 
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ALOHA (Areal Locations of Hazardous Atmospheres): The NOAA (Xatlonal Oceanic 
and Xtniospneric Xaministrationl ALOHA air nioael is aesigneci t~ ?roviae 
atnospneric dispersion estiniates based on the Gaussian equations. 
the ALOHA air sodel is equivalent to a simple Gaussian plume noce1 vith an 

averaging time o Ï  ten minutes, and does not consider eifects o Î  cense gases, 

chemical reactions, liquid-vapor mixtures, and liquid releases. The ALOHA 

model is the "air" part OÏ the comprehensive NOAA M O  model (Reference 351, 
and is still under active development. For example, Version 5 has been under 
development during the past tuo years, and contains algorithms that 
approximate the dense gas dispersion model DEGXDIS. It is intended for 
application to hazardous vapors released at ground-level. 
Macintosh machines, AïûHA is straightfomrd and easy to use. 
included ALOHA in our evaluation because (1) version 5 is designed to emulate 
the DEGADIS model, which is included in the evaluation. (2) version 4 is 
functionally equivalent to the simple Gaussian plume calculation coded as GPM 

in the evaluation, and (3) both versions are designed for the Macintosh 
computer environment, and are not compatible with the systems used f o r  the 
rest of the models. We note that a windows-based Doc version is under 
development, but is unavailable for this effort. 

Version 4 of 

As implemented on 
Ue have not 

ARCHIE (Automated Resources f o r  Chemical Hazard Incident Evaluation): ARCHIE 
was developed for the Federal Emergency Management Agency ( M I ,  the U.S. 
Department of Transportation (DOT), and the U.S .  hvironmental Protection 
Agency ( D A ) ,  and is described in a handbook that can be obtained from 
regional FEbM offices (Reference 36). The primary ?urpoce of ARC3IE is to 
provide emergency preparedness personnel with several integratea estimation 

methods that may be used to assess the vapor dispersion, rire, - -  and explosion 

impacts associated with episodic discharges of hazardous materials into the 
terrestrial (that is, land) environment. The program is also intended to 

facilitate a better understanding of the nature and sequence of events that 
may follow an accident and their resulting conseqyenczs. 

The dispersion model within ARCAIE is essentially the Gaussian plume 
model for point-source releases, with correction terms for relezses of 
finite-duration. No heat transfer, chemical effeczs. or dense-sas effeccs are 

simulated. We do not include ARCXIE in the evaluation becouse t he  Gaussian 
plume ana 7uÏf calculations o Ï  GThi and INPUT are re?resentative o Ï  t h i s  

class of dispersion mocieling tecimiques. 
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CcU)M (Calm Air Dispersion Modell: 
SoftSkills, ïnc. Moser (ReÎerrncr 37) describes it as a generalizad p-ogram for 
modeling the spreading and dispersion o l  dense-gas clouds during calm 
periods. We have not included CADM in this evaluation because the number o Î  

trials in which dense-gas clouds are released during calm or lowwind-speed 
meteorological conditions i s  small. 

CADM uas developed by and is available :rom 

HGSYCTEM (Heavy Gas System): HGsycr"EM is a recently-developed revision to the 
HEGADAS model, designed especially f o r  modeling releases of hydrogen fluoride 
( € F I .  The development of the model, first known as HF?RSEMM. focused on three 
areas (Reference 38): (1) the modeling of the complex thermodynamics 
of EIF/HsO/Air mixtures (Including aerosol eÎfects on cloud density); (21 the 
treatment of a wide range o f  surface roughness conditions (including possible 
multiple surface roughness conditions); and (3) jet flow and air entrainment 
for pressurized releases of HF, follöwed by transition to ground-based dense 
gas dispersion. First, the WADAS model was modified to meet these 
oojectives. 
from pressurized releases, dispersing initially as an elevated HF plume. 
touchdown and slumping of an initially-elevated dense HF glume were also 
modeled in ñFPLüME, with a link into HEGADAC to complete the modeling o f  the 
transition from an elevated to grounded dense gas cloud. 
estimation model, a pool evaporation model, and a far-field Gaussian model 
(linked to HFPLUME) were added to provide a more complete source and 
dispersion modeling package. 

The HFFLüME model was developed and tested to simulate jet flows 
The 

Later, a source 

We have not included HGSISTEM in th is  evaluation because the code was not 
received until late in the study and there was insufficient time to 
thoroughly test the program and correct the few "bugs" that were found during 
initial test runs. Furthermore, it was found that the foniats o Î  the outputs 
vary depending upon which of the major modules is used in a simulation. so that 
significant work still remains in being able to eÎficiently obtain results from 
the model wnen simulating the many trials used in the evaluation. 
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3. DESC3IPTION OF M O D E S  EVALUATED 

14 models were evaluated-+ of these aro publicly-availaole ( Z O X .  

3ritter & McQuaid, DEGADIS, GTf?. 'XEZXDAS, I N P E ,  OB/CG. ana C L G 3 ) .  and 5 are 
proprietary (AIRTOX, C W ,  FOCUS, GXCTAR, PIIACT. and 'iTuCE!. Those teraed 

"publicly-available" can be obtained from published texts. from their 
developers, or from the EPA for the cost of reproduction. ïhe source-code 
f o r  these models is distributed along with the user's guides. Those termed 
"proprietary" are sold by individual companies, which typically provide 
technical support for the product and reference materials, but do not provide 

the source-code. Primary references f o r  these 14 models are listed below: 

AFTOX (3.1) 
AIRTOX 

BM 
CRARM (6.1) 

DEGADIS (2.1) 

FOCUS (2.1) 
GXSïAR (2.22) 
GPM (Gaussian Plume Model) 

HEGADAS (NTIS) 
INPUFF (2.3) 

OB/DG 
PHAST (2.01) 
CLAB (Feb, 1990) 
TRACE II 

Kunkel (Reference 39) 
Xeinold et al. (ReÏerence 40 1, 
Mills (Reference 41 1 
Britter & McQuaid (Reference 42) 

El tgroth (Reference 43 1 
Havens (Reference 44 1, 
Spicer and Havens (Reference 451 
Quest Consultants (Reference 461 

EFtC (Reference 471 
Hanna et ai. (Reference 48)  

Wi tlox (Reference 49 1 
Peterson and Lavdas (Reference 50) 

Nou (Reference 511 

Tec-hica (ReÏerence 52 1 
Em& (Reference 531 

DuPont (Reference 541 

All of the developers of the proprietary models nave provided us with 
copies of the software, with the stipulation that the models be used only for 
this one project. 
the datasets, and have discussed the procedures for doing this with the model 
developers only when user's guides were unclear or when proolems were 

encountered, much as any purchaser of the moaels would. Comments on our 

methods or̂  appiying all of the nodels were solicited from the developers only 
after the evaluations were completed, and responses vere incorporaced into 
revisions to the evaluation only when these were considered s a j o r .  In this 
way, ve believe that the results of this evaluation are consistent yith 

"routine" use of the models. 

We have independently applied these proprietary nodels to 
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1. m0X 3.1 (Air Force Toxic Chemical Dispersion Hodel) 

The U.S. Air Force AFTOX model, version 3.1, was developed by Kunkel 
(Reference 391, and is based on the SPIUC model developed by the S''el1 Oil 
Company (Reference 551. 

Breeze/Dry Gulch (OB/DG) dispersion model, uhich is an empirical regression 
equation derived more than two decades ago from a series of diffusion experiments 
conducted by the Air Force at Cape Canaveral, Florida, Vandenberg AFa, 

California, and in Kansas . The data from over 200 diffusion tests were used to 
derive the OB/DG equation, and these sanie data have been used in the development 
and testing or' the AFTOX model. 

AFTOX is intended to be an improvement over the Ocean 

AFTOX is an interactive Gaussian puff/plume model. AEMX does not 
consider dense gas effects, but does treat five different types of releases: 

o Continuous gas 
Continuous liquid 
Instantaneous gas 
Instantaneous liquid 

o Continuous buoyant gas released Írom a stack 

The model determines whether the release i s  a gas or liquid based on 
whether the air temperature is above or below the boiling point teaperature of 
the chemical. 
releases are assumed to be area sources. 
the area source is assumed to have little affect on concentrations at most 

distances of interest. 

Gas releases are assumed to be point sources and liquid 

For the latter case, the geometry of 

AFTOX uses either one of two methods to determine stability: 

1) wind speed and solar elevation angle (Reference 5 6 ) .  or 
2) observed r8 (Reference 571 

Concentration estimates are adjusteà for the effect. o Ï  averaging 
time on the degree of lateral meandering. 
averaging time are assumeci by the moael f o r  quasi-continuous releases. 

gefault values o Ï  the concentration 
For 
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releasa .iurations quai t o  o r  greac:er than fiitein minutes. the  ieiault 
averaging time is fifteen minutes-. For ohorter releases, tke default 
averaging time is qual to :he aczual duration of release. The user can 

override the deÎault averaging times in the range f rom one t o  Îifteen ninutes. 
For instantaneous releases, the averaging time is one minute and the user does 
not have the option oi choosing other values. 

I 

AFTOX does not accept a variable emission rate. For continuous 
releases, the release duration can be specified as either finite or infinite, 
and a duration of 10,000 minutes uill be assumed internally by AFTOX for the 
latter case. 

Because A F T O X  runs only in the interactive mode, repeated runs 

become very time-consuming, and repeated runs are frequently needed because 
solutions are  given as a function of time. 
time after the spill as an input parameter for the diffusion calculation. 
Multiple A F M X  runs, each one with a different elapsed time, are necessary in 
order to find the maximum concentration at a fixed distance downwind of the 
source. A more efficient uay to find the maximum concentration at a given 
location is to run AFLUX using the assumption that the release duration is 
infinite, and specify a relatively long elapsed time, say 30 minutes. 
However, such a procedure is appropriate only if the source duration is longer 
than the averaging time. 

The user must specify the elaDsed 

The latest version of AFïOX was received in August, 1989. Among 
other changes, version 3.1 has renedied several problem encountered by Sigma 

in running version 2.1 and reported to the developer. 
locations of interest is handled properly now, and the model now considers 
distances of travel greater than 1000 m during unstable meteorological regimes. 
However, another problem has been identified that affects concentrations 
calculated within 100 m downuind o Î  an instantaneous release. We found that 
the time-series of such concentrations shows an abmpt (nearly instantaneous) 
rise from zero. 

CLanging times and 

1 
A previous version of AFTOX only lets the user sqecify the concentration 
averaging time if the rslease is equal to ar greater :kan one hour duration. 
For shorter releases, the nodei assumes a default ten-niinute averaging tine. 

5 9  
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This resalts in a distorted time-series of calculated concentration. 
receptors Further downwina, the calculated time-series o Ï  conceneration agrees 
with that from a simple Gaussian puff  model. 
simple guff model, modeled concentrations near the source are considered 
suspicious. This apparent problem was reported to the developer, but has not 
been rectified. 

At 

&cause .AFTOX is based on the 

2. AIRTQX 

The AIRTOX modeling system was developed and is distributed by ENSI 

Consulting and Engineering. 
developed as a LOTUS 1-2-3 spreadsheet. 
configuration of AIRTOX that requires the user to specify the "release 
profile" (the information required to ini tíalize the dispersion model 1. 
point out that a number of auxiliary programs (spreadsheets) are available 
from EN% for calculating release characteristics f o r  a wide range o Ï  source 
types. However, because our model evaluation and comparison activities focus 
on simulating trials in which the characteristics of the release are known, 
the auxiliary programs are not required. 

The system operates within a user-interface 
EN= proviaed Sigma with a 

They 

AIRTûX calculates concentrations of toxic or flanunable chemical 
concentrations downwind of time dependent releases. 
take the form of a liquid, gas, or a two-phase combination of liquid and gas. 
The model user must input the release rate and meteorological conditions as a 
function of time. For each release scenario, the user must qecify whether 
the release is a "catastrophic" (non-jet) or an "engineered" (jet) release. 
catastrophic release would occur in conjunction with a general failure of a 
containment vessel. 
designed orifices such as relief valves or rupture disks. 

The chmical releases-can 

A 

Engineering releases would occur through specially 

All emissions from a release, including those attributed to a liquid 
pool, are assumed to occur at ground level. 
directly-released gas, flashed gas, and suspended aerosol are calculated 
separately from the concentrations due to pool emissions. 
concentrations are later combined by the model in the calculation or' the 
tenporal and spatial concentration profiles. 

Concentrations due to the 

These component 
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Three different types of dispersion are treated in the AIRTOX model. 

For jet releases, the growth and ailution of the plume is controlled by the 
turbulencr generated by the diyferenci In velocity betxeen :he amoient air and 

the csre of the jet. The effective gravitational acczleration felt by the jet 

is proportional to the relative density difference between the jet and the 
ambient air. Either one of two criteria are used to determine the transition 
of the jet to a buoyancy dominated plume. The first is the criterion that the 
jet velocity falls to a value equal to the ambient wind speed. 
criterion is that the upward or downuard velocity, due solely to buoyancy 

effects, equals the jet velocity. 

The second 

When it reaches the ground, whether from a catastrophic or jet 

release, a heavier-than-air plume will spread in the lateral direction due t o  

gravitational slumping. The height and width of a jet release plume, which 
falls to the ground, are assumed to be the same. For catastrophic releases, 
the height is assumed to be equal to one-fourth of the width. The rate of 
air entrainment is modeled as a function of plume height, atmospheric 

stability, wind speed and surface roughness. 
lateral direction is slowed as inore ambient air is entrained into the plume, 
thereby reducing its density with respect to air. An analytical expression 
is used to compute the height and width of the slumping plume as a function 
of downwind distance. When the lateral growth rate of the plume equals that 
which would occur under passive dispersion, then the concentrations downwind 

from that point are calculated by use of a conventional Gaussian plume model. 
The Gaussian model uses the Briggs dispersion coefficients for rural 
surroundings. 

coefficients is modeled in a fashion similar to that used in the E?A 

Industrial Source Complex (ISC) model. 

The plume rate of spread in the 

The influence of building wakes upon the passive dispersion 

Prior to soliciting comments on our  modeling approach, interaction 
between Sigma Research and the developer of AIRTOX was limited to clarifying 

aspects of the "snap shot" representation of the predicted concentrations. 

During the review, the developer noted an inappropriate specification of the 
cloud temperature within the model. This was corrected in the final statistics 
used in our evaluation, as noted in section III.C.2. 
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3. Britter & McQuaid Model 

The Britter and McQuaid (B&M) model is given as a cet; o5 simple 
equations and nomograms in their Workbook on the Dispersion of Dense Gases 
(Reference 42). 

and field studies of dense gas dispersion, plotted the data in 
dimensionless forra, and drew curves that best fit the data. The nodel i s  best 
suited to instantaneous or continuous ground levei area or volume sources of 
dense gases. Sigma has reduced the nomograms t o  electronic form to create the 
model referred t o  as "BM. 'I 

The authors collected the results or" many laboratory 

The following parameters are used in the model: 

3 Qo (m 1 * 
Initial cloud volume 
Initial plume volume flux 
Wind speed at z = 10 rn 
Duration of release 
Downwind distance 
Initial gas density 
Ambient: gas density 
In i t i a l  buoyancy term 
Characteristic source dimension 

instantaneous release 1/3 Di = Qo 
Dc = (qo/u) continuous release 

Roughness length, averaging tine, and atmospheric stability class are not 
included in this list because the available data do not show any strong 
influence of these parameters. 
averaging time for the continuous plumes in these experiments is about 3 to 10 
minutes, the representative roughness length is a few cn (that i s ,  a flat 
grassy surface), and the representative stability class is about C or D (that 
is, neutral to slightly unstable). 

It can be stated that the representative 

The following criteria are used to decide whether the release should 
be considered to be instantaneous or continuous: 
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uTo/x >: 2.5 + Continuous 
uTo/x a O. 6 

0.6 i UT /x 5 2.5 + Calculate both uays, take minimum Concentration. 
+ Instantaneous 

O 

The following criteria are used t o  aecide whether the release is 
sufficiently dense that dense gas formulas should be used: 

(go'qo/u Dc) >: O. 15 Continuous 

1/2/uD = 0.20 Instantaneous (go' Q,) i 

where go' = g(po - pa)/p, is the reduced buoyancy parameter, 

Oc = (qo/u) 
case, and Di = Q, '13 is that for the instantaneous case. 

is the representative source dimension for the continuous 

Computer software containing equations f o r  the two nomograms 
presented in Figures 8 and 9 are then used to estimate the normalized downwind 
distance (WD. for an instantaneous release or x/Dc for a continuous release) 

1 
that a given normalized concentration (Cm/Co, where C 
concentration in the cloud o r  plume and Co is the initial concentration) 

occurs, as a function or̂  the initial stability parameter ((go'Qo 
an instantaneous release or (go 1' qol '/'/u for a continuous release). 

is the maximum 
ill 

1/3 1/2,u for 

In order to assure that C,/Co smoothly approaches 1 as x approaches 
0.0, we include the following interpolation formulas at small x (that is, for 
x 5 30 Dc or x 5 3 Di): 

306 í x / D c  1 -' 
1 + 306(~/D~)-~ 

cm/co - - Cantinuous 

1 c /Co = Instantaneous 
1 + 3.24(x/Di III 

.. 
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Figure 8. Correlation for continuous releases from Britter and McQuaid 
(Reference 421. 

Figure 9. Correlation for instantaneous release from 3rltteer and McQuaid 
(Ref erencz 42 1. 
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The 3&M method is not  really appropriars for the near-source region 
of jets or f o r  two-phase plumes. "vever, the authors ?oin t  out that the jet 
effect is usually minor at downwind distances beyond aoout 100 ni. 

Furthermore, they suggest a method f o r  accounting f o r  the eÍfects ot a two- 
phase ammonia cloud. For example, on page 73 of the Workbook they discuss the 

cloud initialization procedure for the PotcheÎstroom ammonia accident. They 
assume that enough ambient air is mixed into the ammonia plume to completely 
evaporate the unflashed liquid and that the initial density equals the 

air-ammonia mixture density at the normal boiling point of ammonia 
(T = 240°K). and volume, Q,, they 
assume that there are no thermodynamic processes acting in the cloud (that is, 

'cloud 
simulating the datasets that involve 2-phase clouas. 

After calculating this initial density, p 
0' 

= Ta) in subsequent calculations. We have used this method for 

We emphasize that the B&M model is included in this analysis as a 
benchmark screening model. 
its range of derivation. For example, it would be inappropriate for 
application in urban areas. 

It should not be applied to scenarios outside of 

4. CEiARM 6.1 (Complex and Hazardous Air Release Model) 

The CIIARM model, developed by the Radian Corporation (Reference 43). 
is a Gaussian puf f  model. CHARM treats any release to be a series of puffs, 

each of which can be described by procedures reviewed below. The following 
four types of releases are considered by CrIARM: 

Continuous liquid 
Continuous gas 
Instantaneous liquid . Instantaneous gas 

If the release is continuous, the user is asked to Input the emission duration 
together with information on whether the emission rate is constanr, decreasing 
linearly, or decreasing exponentially. 
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~~ allows the p u t Î  characteristics o Ï  the source to 5e calculated 
from the input release data, or it accepts pur'f inr'omation directly from the 
user. For continuous or instantanevus liquid releases, CAARM calculates, if 
required by the user, the rate of emission of mass from the storage 
container. It then uses the Snell STILLS (Reference 5 5 )  nodel to 
calculate the length of tine required for the liquid to evaporate into the 
air, the size of the liquid pool which will form, and ultimately, the puff 
dimension. 
material during the source term calculation. However, the newly released 
version 6 does include an entrainment algorithm for jet-releases. 

No water vapor or air is assumed to be mixed with the puff 

CHARM uses the conventional Pasquill-Gif5ord dispersion parameters 
to estimate the widths for elevated puffs (nor in contact with the ground) or  
any puffs not heavier than air. 
Gaussian model for neutrally buoyant material. On the other hand, CHARM uses 
the dispersion parameters in the Eidsvik (Reference 581 model to estimate the 
widths o f  heavier-than-air puffs on the ground. OUUIM allows a variable 
concentration averaging time, but the ef€ects of wind meandering are not 
si mu1 at ed , 

CHARM ultimately reduces to a standard 

The CHARM model is operated by means of a sequence of menus or 
screens in an interactive process whereby the properties of a series of puffs 
are determined and meteorological data are enterd. Results of the subsequent 
transport and dispersion calculations are presented in the form of on-screen 
graphics: centerline concentrations at (ar nearl'specified distances downwind, 
and crosswind distance to a specific concentration are obtained from the plot 
of concentration contours on the screen. 
movable "cross-hair' can be invoked to define a position. and the 
concentration at this position is displayed at the bottom ox" the screen. 

This process is feasible because a 

One particular refinement contained in Version 6 of the model has 
proven essential in applying OWIM to the datasets that include instantaneous 
releases and monitors placed within 100 m of the point of release. 
version can be implemented with a time-step of 1 second, rather than 1 minute. 
With a transport speed greater than 1.5 i d s .  a p u f f  would ?ass by a l l  
receptors located within ?O0 m by the end of the ?irst ?-niin time-step. With 

The new 
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Version 6 oẑ  C3ARt-í vas sent to Sigma Research for Qse in this study 
after efforts to apply version 5 to instantaneous release trials proved 
unsatisfactory. We notified the developer of o u r  problem, and were told or' the 
release of version 6 .  The first copy or' version 6 sent to us would not load 
properly, and after discussing a problem found in its replacement, one other 
bug was identified and fixed by the developer. All other interactions with the 
developer were initiated in response to our request for comments on o u r  methods 

Ïor applying CHARM in this study. These discussions are summarized in Section 
I III. c. 2. 

the resolution afforded Dy the 1-s time-step, all trials Can be xoaeled with 
aaequate resolution. 

5 .  DEGADIS 2.1 (DEnse Gas DISpersion Model) 

The DEGADIS model was first developed by Havens and Spicar (Reference 
59) f o r  the U.S. Coast Guard for application to LNG spills from tankers. It is 
an adaptation of the Shell HEGADAS model, designed to model the dicersion of 
dense gas (or aerosol) clouds released at ground-level with zero initial 
momentum, into an atmospheric boundary layer flow over flat, level terrain. More 
recently, an algorithm for the dispersion of vertical jets emitted perpendicular 
to the mean wind (Reference 601 has been included by Savens (Reference 441 as a 

"front end" to the DEGADIS 2.1 model. Note that this model does not include a 
"release model", so that the characteristics of the source must be provided by 
the user. 

The DEGADIS model uses the concept of atmospheric take-up rate, or 
the rate at which source material can be taken up or absorbed by the 

atmosphere, to determine the possible formation of a so-called secondary 
source blanket. If the gas release rate does not exceed the potential 
atmospheric take-up rate, the model assumes that the gas is taken L ~ Y  directly 
by the atmospheric flou and is dispersed downwind. 
release rate exceeds the potential atmospheric take-up rate, the nodel 
assumes that a denser-than-air secondary source blanket is formed over the 
primary source. 

spreads laterally as a density-driven fiou with entrainment from the t op  of 
the source Slanket by wina shear and air entrainment Into the aavancing rront 

However, if the gas 

The blanket is represented as a cylindrical gas volume wnich 
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edge. The blanket spreads laterally until the atnospneric take-lip rate from 
the top is balanced by the air entrainment rate from the side and, if 
applicable, by the rate of gas addition from under the blanket. The blanket 
center is assumed stationary over the source. The atmospheric take-up rate 
is assumed to increase with increasing friction velocity and decreasing 
density excess or' the gas (relative to the ambient air). 

Once the secondary source blanket (if any) stops grow-, DEGADIS 
proceeds to calculate the downwind dispersion. The model treats the 
dispersion of gas entrained from the secondary vapor cloud as if it were 
emitted from an area-source. 
horizontally homogeneous central core uith Gaussian edges. 
has been entrained to reduce the density of the cloud, entrainment rates 
(that is, dispersion rates) nearly conform to dispersion rates for passive 
(neutrally buoyant) clouds. The lateral length scale is consistent with the 
PG (Reference 61)  u' -curves, but the vertical scale is not always consistent 
with the PG u'=. The formulation for the vertical scale approaches the PG cz 
f o r  neutral conditions in the far-field, and the values for stable conditions 
are similar to the corresponding PG pz values. But the vertical length scale 
in the far-field does not approach the PG eZ values during convective 
conditions. 

Concentration profiles are assumed to have a 
Once enough air 

Y 

DEGMIIS always requires the user to input the concentration 
averaging time, regardless of whether the simulation is steady or transient. 
DEGADIS assumes that the effects of averaging time on observed plume 
properties arise primarily as a result of horizontal plume meander. Spicer 
and Havens (Reference 45) state that for a concentration averaging time, ta, 
other than 600 seconds, the u' contained in the model is scaled by: 

Y 

( ta/600s l o*  (41 

The most recent version (2.11 of DEEADIS incluaec an algorithm for 
vertical nomentum jets, based on the model of Ooms et al. (Reference 60). The 
"jet model" serves as a front-end f o r  the DEGADIS model, and a "bridge" is used 
to initialize DEGADIS by means of the output from the jet nodel. iiowever, ue 

note that DEGADIS will not oe invoked if the cloud that results from the jet 
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nodel is effectively passive (not dense relative to air). In this case, the jet 
model calculates concentrations using dispersion rates that match the PG rates 
for both Q and Q Hence, if the complete DEGADIS (2.-1) systen wert to ae 

applied to trials from "tracer" experiments, the jet model would be used 
exclusively, and the results should be similar to those obtained with a simple 
Gaussian plume model. 

Y 2' 

DEGADIS 2.1 is supported through an electronic bulletin Soard run by 
the R A .  Several minor updates have been made to the model during the duration 

of this stuay and we have kept our  version current. The only interaction with 
the developer which was specifically related to applying DEGADIS t o  the 
datasets used in this study, was a discussion related to initializing an 
instantaneous dense-gas release. 
height of the cloud were large compared t o  its radius. 
cloud should more closely resemble a "pancake" than a top-hat. 
interactions specifically related to the application of DECIDIS in this study 
occurred between Sigma Research and the developer prior to our request f o r  

comments. Issues raised by the developer at that time are summarized in 
Section III. C. 2. 

The model would not run properly if the 
In fact, the initial 

No other 

6.  Focus 2.1 

The FOCUS model is being maintained and distributed by Quest 
Consultants, Inc., and is descended from the WIAP model developed by Energy 

Analysts, Inc. A comprehensive hazards analysis sof tuare package, it 
includes the Ïollowing release models: 

Instantaneous gas 
Instantaneous liquid 

Regulated gas (constant emission rate uith finite duration) 

Regulated liquid (constant enission rate with finite auration) 
- Transient gas 

Transient liquid 
Transient tuo-phase 

If any of the above release moaels produces a liquid flow, a liquid 7001 
vaporltation nodel s r i l 1  be executed SeÏore the dis-ersion xoaeis are run. 

6 9  
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ReLease of liquid onto water, soil. concrete, and ics is treated in this Pool 

vaporization model. 

FOCUS contains the following four vapor dispersion models to 
determine the transient (strict steady state dispersion is not considered by 
FOCCJS) behavior of vapor introduced to the atmosphere: 
lighter-than-air gas dispersion model, where a version or' the Gaussian 
instantaneous area source model is included: (2) Transient heavier-than-air 
gas dispersion model, where a version of the algorithms used in D W I S  is 
included; (3) Transient lighter-than-air gas dispersion model, where a version 
of the Gaussian transient area source model is included; (4 )  Momentum jet gas 
dispersion model, where a version of the Ooms momentum jet gas diqersion 
model is included, and the jet can have any orientation. 

(1) Instantaneous 

Having an extensive set of release models, FOCUS is designed to be 
run with only the basic information such as chemical species, release 
temperature and pressure, meteorological conditions, release rate and orifice 
size. 
cryogenic pool spill and horizontal jet), jet speed, and aerosol fraction will 
all be determined within the model. 
specified by the user for a regulated release, o r  f o r  an unregulated release, 
calculates the release rate internally according to the geometry OÏ the 
release. 
evaluation exercise. 

Other information such as the exact type o f  release (for example, 

FOCUS either accepts the-release rate 

User-specified release rates were always used for this model 

In addition to the vapor dispersion, FOCUS also has models that 
perform hazard analyses on explosion and fire radiation. 
model under evaluation that is able to calculate thermodynamic properties of a 
mixture of many (up to ten) chemical components. 

FOCUS i s  the only 

FOCUS requires the user to specify a dispersion coefficient averaging 
time to account for plume meandering. There is a minimum or' 1 minute and a 
maximum or' 600 minutes f o r  the averaging time. 
concentration estimates only affect dispersion predictions in the far field, 
but not in the near field due to the dominating source eÏfect. 

Different averaging times f o r  

7 0  
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FOCUS is designed mainly to Se run i n  the interaccive noae. XCJS 

can also be run in the batch node; but this requires a working :knowledge 3f 
the model. The execution time or^ FûCJS is comparable to that or' 9EGÀDIS. 

Comprehensive graphics capabilities are also built into the sodel. 

The developer of FONS provided a tutorial at Sigma Research in the 

use of' the model. 
to "automate" the process of applying the model. As stated above, driving the 

model in batch mode rather than in interactive mode requires a working 
knowledge of the model. 
different from that associated with other models in this study, we nust 
emphasize that the tutorial was directed towards the mec-hanics o Î  the modeling 
system, rather than the specifics for modeling each of the trials in our study. 

This was especially helpful in developing the procedure used 

Although this interaction with the developer is 

7. GASTAR 2.22 (GSeous  Transport from Accidental Releases) 

The GASTAR model, developed jointly by Cambridge Environmental 
Research Consultants (CERCI of England and EnviroTech Research Ltd. of 
Canada, is a system of computer programs written in FORTRAN for simulating 
the dispersion of dense and passive gases released in to  the atmospnere. 

version that Sigma currently has is 2.22. 
different release scenarios. 
considered by GASTAR: 

The 

G S T A R  covers a wide spectrum of 
The following three basic types of releases are 

Isothermal 
Thermal 
Aerosol 

and each type of release can be characterized as: 

Instantaneous 
Continuous (finite duration) 
Time-varying 

As a result, releases such as cryogenic pool spill, catastropnic release, and 

two-phase jet can all be treated by the model. 

7 1  
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For continuous or time-varying releases. a secor.dary source blanket . 

foms as a result or^ the balance between the emission rate ana the rate of 
uptake by the atmosphere. The jet module of GASTAR simuLates a ;et or' 

arbitrary orientation. The aerosol fraction for an aerosol release is 
specified by the user, rather than calculated by the model. 
simulates a release in calm wind conditions. 

G i S ï A R  also 

The basic dispersion algorithm used in GASTAR is similar to that 
In brief, the similarity approach is used to used in HEGADAS and DEGADIS. 

reduce the basic equations of motiop to a set of ordinary equations. 
equations are  then further written in a bulk (or box-aodell form, and modified 
to re-introduce the assumed profiles. 
used in the model are a uniform central core with error-function edges. 
vertical concentration profiles are in the form of exp(-z i. 5 1 for the passive 

plumes, and exp(-z) when the puffs or plumes are aense. 
atmospheric turbulence and cloud top entrainment on the dilution o Î  the source 
cloud are included in the model. 

These 

The horizontal concentration profiles 
The 

Effects o Ï  

G M A R  has an averaging time option available for plumes to account 
for meandering. 
consistent with the puff dispersion parameters. 
used by GASTAR to modify the dispersion coefficients according to the 
averaging time. 

There is a minimuof 20 seconds fo r  the averaging time, 
The usual 0.2-power law is 

GASTAR is highly modular in design. It has a simple 110 structure 
in that all the input files, interface f i l e s  between nodules, and the output file 
are very compact. 
even for transient releases. 
capabilities. 
mode. 

The model runs very  fast among the models under evaluation, 
It also has built-in comprehensive graphics 

The model can be run in either the batch or the interactive 

Several interactions with the developer of GS"AR o c c u r &  prior to 
The version of the model originally sent to us did our request for comments. 

not yet have a momentum jet algorithm. 
several hypothetical scenarios. 
scenario caused the model to crash. 
revision was sent to us. Later, the jet module was finished, ana the new 

When first tested, we ran the model f o r  
The use of a roughness lerigth OI 1 in in our 

When the developer vas infomeù oÎ this, a 
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version w a s  delivered by the developer. NO other suDstantive Interactions ïith 
the developer occurred prior to our request for comments. 

8. GTM (Gaussian Plume Model) 

Any evaluation of modeling tec;miques can benefit from comparisons 
with simple, well-!mown techniques. With this in nind, we have prepared a 
simple Gaussian plume model. 
explained in many applied air pollütion nodeling texts, such as Hanna et al. 
(Reference 48). 
flexibility OÏ accepting an initial value f o r  the plume-spread parameters Q 

j r  
Q We use initial values to ootain peak "centerline" concentrations at the 
source that, when expressed in ppm. do not exceed an initial value for the 
concentration (most of the time, the initial concentration is one million ppm, 
which corresponds to a pure gas). 

This model follows the general practice 

It is designed for point-source releases with the added 
and 

2' 

The curves for r and r are similar to the PG values, but are Y z 
formulated as by Briggs (Reference 62) for open-country sites. 
are made for surface roughness, density, aerosol chemistry, or wind speed 
measuring height, but an averaging time is included. 
multiplying the applicable value of r by (t/toIom2, where t is the averaging 
time (min) and t is equal to 10 min. 

No adjustments 

This is done by 

Y 
O 

9. HEGADAS (NTIS) 

HEGADAS, a model developed by Shell U . L .  is designed to model the 
dispersion of a ground-level, area-source dense cioud released with zero 
initial momentum. 
(Reference 63) and a user's guide for the latest version is written by Witlox 
(Reference 49). 
does no t  treat aerosols. Heavy gas effects are due to either large molecular 

weight or low temperature. Heat and water vapor transfer are considered. No 

"source-nodules'' are contained in the model, so that all emission information 
nust be provided by the user. 

The basic model was first described by Colenbrander 

The version obtained for this project (available from NTISI 

E3ecause HEGADAS is written in ANSI 7ORTRAN. the program can be 
transported to other computer envixnments vith ease. The nioael is run in 

7 3  
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Satch node and it perinits validation of the inpur: parameters, so that the 
possibility oÎ user input errors Is reduced. 

The algorithms in HEGADAS are similar to those in DEGrU3IS with 
regard to the area-source formulation. the secondary source blanket, and the 
dispersion formulation. As in DEGADIS, the lateral dispersion parameter is 
calculated by: 

(P = s 2  ( 5  1 Y 

where 8 and ,9 are functions of the stability class, but these must be 
specified by the user (tables are provided). Furthemore, according to the 
user's guide, 6 for continuous releases should be scaled based on the 
averaging time, tav* 

8 =  'iûmin (t av / 6 0 0 ~ 1 ~ ' ~  (6) 

where t i5 in seconds, and alo min are the tabulated values for an averaging 
time of ten minutes. 
time explicitly. 
03 S f o r  a particular averaging time. 
of 2iI, which are applicable to instantaneous releases. 

In other words, HEGADAC does not accept the averaging 
Instead, it is the user's responsibility to specify a value 

The user's guide also tabulates values 
It is assumed that 

= 2 ' 5  íûmin (7) 

f o r  all stability classes. 
time is implied. However, as just stated, HEGu3AS does not accept the 
averaging time exylici tly. 

Thus, a lower limit of 18.75s f o r  the averaging 

The user must also provide the Monin-Obukhov length, L, which is a 
measure of atmospheric stability. 
length as a function of surface roughness is provided in the user's guide. 
However, the practical usex'ulness oit' such a figure is limited. Therefore, 
Sima has developed the following enpirical equations for different stability 
c?asses t o  approximate the curves in the figure: 

A figure containing the Monin-Obukhov 
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o. 103 

O. 171 

O. 304 

(both L and -. are in necers) 
zO 'O Class A: L = -11.43 

Class E: 

Class C: L = -123.40 z 

L = - 25.98 * to 

O 

Class D: L = m(9999 is actually input) 
O. 304 Class E: L = 123.40 zo 

O. 171 Class F: L = 25.98 zo 

Finally, HEGXDAS should not be applied to instantaneous releases. 
The developers note that the HEGABOX model would be needed for this class o 
releases. As a result, we have not applied HEGXDAS to trials that involve 
instantaneous releases. 
we had requested comments on our approach. No interactions occurred before 
this. . 

This direction from the developer was obtained after 

10. INPUFF 2.3 

1 ° F  version 2.3 is the current version of D A ' S  Gaussian puff 
The Gaussian puff diffusion model that is applicable to multiple sources. 

equation is used to compute the contribution to the concentration of each puff 
at each receptor during each time step. Computations in INPUFF can be made 
for single or multiple point sources at up to 100 receptor locations. 
default mode, the model assumes a homogeneous wind field. However, the user 
has the option of specifying the wind field for each meteorological period at 
up to 100 user-defined grid locations. Three dispersion algorithms are 
utilized within INPUFF for dispersion downwind of the source. These include 
Pasquill's scheme as discussed by Turner (Reference 6i1 and a dispersion 
algorithm discussed by Irwin (Reference 641, which is a synthesis of Draxler's 
(Reference 651 and Cramer's (Reference 661 ideas. The third dispersion scheme 
is used for long travel times in which the growth oi the p u Ï i  becomes 
proportional to the square root of travel time. Optionally the user can 
incorporate his own subroutines for dispersion and plume rise. 
incor?orated through deposition and gravitational settling algorithms 
(ReÎerence 6'7). A soi'trrare plotting package is provided to aisplay 

In the 

Removal is 

7 5  
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concentration versus time for a given recepcor and the pur'f tïaJeCCOrieS ar'keer 

each simulation time. 

Because INPUFF contains no dense-gas algorithm, its use on this 
project will highlight the importance o Ï  dense-gas er'fects in the near-field 
of the release. Farther downwind, the lack o Î  a dense-gas module m y  not be 
as important. 

Il. OB/DG (Ocean Breez-ry Gulch) 

The Ocean Breezemry Gulch (OWDC) model (ReÎerence 51) was developed 

Dispersion data were collected at those two sites (Cape Canaveral, 
for use in support of rocket fuel handling operations at Cape Canaveral and 

Vandenberg. 
Florida = Ocean Breeze; Vandenberg AFB, California = Dry Gulch) and at the 
Prairie Grass, Kansas, site during the 1950s and 1960s. 
to develop a purely empirical correlation known as the OBAG model: 

These data were used 

-1.96 -O. 506 (AT 4.33 
e Cp/Q = O. O0211 x 

4.92 o r  C /Q = 0.000175 x (AT + 10) P 

where the ratio of the concentration to the source strength C /Q is in s faœ3, 
the downwind distance x is in m, the standard deviation of wind direction 
fluctuations re is in deg, and AT i s  defined as the temperature difference 
('FI between the 54 ft. and 6 ft. levels on a tower. Wind speed is absent 
because it is strongly correlated with AT. 
version used in this evaluation, accounts for the strong correlation between 
r8 and AT. Stabilities ranged from neutral to unstable during most of these 
tests. 

P 

Equation (21, wnich i s  the 

12. P€MST 2.01 (Process Hazard Analysis Software Tool  1 

P M  is a PC-based model developed 5y Tec,hica Ltd., who provided 
Sigma with version 2.01. 
characteristics of a release, and for simulating initial mixing in turbulent 
jets, dense-cloud dispersion. and passive dispersion. 

The system includes modules for calculati.?q the 
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The release moaule includes emissions calculations f o r  two-phase 

flow f rom an orifice in an infinite reservoir a r  from a ?ipe connecttd to a 
storage vessel. A flow rate calculated from the iaitial conditions I s  held 

constant in the subsequent analyses until all of the material has Seen 
released. The presence of aerosols in vapor released to the atmosphere is 
explicitly treated. 
cloud tends to produce "small" droplets that tend to remain suspended in the 
cloud. When liquid released to the atmosphere collects on the ground, PIIAST 

uses a liquid spill model to estimate the vaporization rate. 

The result of the calculation or̂  droplet size in the 

Dense-gas dispersion is nodeled after Cox and Carpenter (Reference 

68). Concentrations within the cloud cross-section are uniform. Mixing occ'xs 
by means of entrainment across the top of the cloud and entrainment at the 

edges of the cloud. 
the Richardson number of the cloud. The latter depends on the rate at which 
the cloud is spreading due to gravity. This model is used until the rate of 
spreading by gravity becomes less than that due to passive dispersion. at which 

point a Gaussian model is used. 

The former depends on the turbulence of the atmosphere and 

The developer of P U S T  had been contacted a number of times prior to 
our  request for comments. These earlier interactions centered on specific 

requests about the formulas used in the model. In particular, more guidance on 
the definition of the surface roqhness parameter vas requested, and a request 
was made for the equations used to model a cloud as if it were released Ïrom a 
virtual line-source. No other interactions occurred before comments on our 
methods for applying the model were requested. 

13. SLAB (February, 1990) 

The CLAB model was first developed at Lawrence Livermore National 

Laboratory (UNLI for application to data Ïrom fieia experiments at their 

testing facility. 
there was minimal documentation. 
(Reference 53) so that n o w  both transient and steaay nodes are Incluaed. 

The original S'LU nodel included only the transient mode and 
The code has been I'urther improved 3y Ernak 
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To date, Sigma has received five versions a Ï  C.¡Gi. dated 12/88, 

1/S9, 2/59, 11/59, and 2/90. X Comprehensive user's guice was delivered with 
the 11/89 version. The latest version includes revisions to the ?lume rise 
fornulas. the time-averaging formulas. and formulas for calculating maximum 
concentrations at receptors elevated above the surface. %e 1989 version 
of the S U B  model is designed to consider the following source types: 

Continuous evaporating pool 
. Horizontal jet 
. Vertical jet 

Instantaneous or short duration evaporating pool 

In the case of an evaporating pool release, the source is assumed to 
be all vapor. 
the source may be part vapor and part liquid droplets, and the user must 
specify the initial liquid mass fraction. 

However, in the case of jet and instantaneous source releases, 

Transport and dispersion are calculated by solving the conservation 
equations of mass, momentum, energy, species, and half-wtdth, with the cloud 
modeled as either a steady state plume, a transient puff, or a combination o f  

both depending on the the duration of release. 
mode, the crosswind-averaged conservation equations are solved, and all 
variables depend only on the downwind distance. 
the volume-averaged conservation equations are solved, and all variables 
depend only on the downwind travel time o f  the puff center of mass. 
related to downwind distance by the height-averaged ambient wind speed. 
basic conservation equations are solved using the Runge-Xutta numerical 
integration scheme (in space or time). 

In the steady state plume 

In the transient puff mode, 

Time is 
The 

The instantaneous ensemble averaged concentration is obtainea as a 
solution to the basic conservation equations. The time-averaged concentration 
at any given location is then calculated using the instantaneous ensemble 
averaged concentration. the concentration averaging time, and the assumed 
profiles in the lateral and vertical directions. Calculation of the 
time-averaged volume concentration in sLr2B includes the effects of lateral 
cloud meander and the finite length of the spill on the averaged value. 
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S i A B  is not run in the interactive scce. The reauirad input file is 
easily prepared and macy simulations can be TIX in batch noae. 8ecause SLAB 

is coded in .WS1 F O R T " ,  it c m  be transporzed ta other computer environments 
with Íew =>roblerns. 

In spite of the fact that five versions or̂  S U B  were submitted during 
the course oÏ this study, interactions vith the developer were Limited. The 
versions were not being developed in response to our use of the model in this 
study . 

14. TRACE II 

Version II of TRAG uses release and dispersion algorithms similar to 
those contained in Dupont's S A E X  system. It is able to model instantaneous, 
steady-state, and transient releases of toxic chemicals. Dense, neutrally 
buoyant, and positively buoyant gas releases may be modeled as well as liquid 
pool evaporation, liquid release flashing, and aerosol formation. Physical 
properties f o r  over 100 chemicals are available through a chemical data base 
that may be expanded by the user. 

TRACE computes emission rates and the thermodynamic state of the 
emission from information on the chemical properties, environmental variables 
(atmospheric pressure and ambient tenperature), tank specifications (length, 
breadth, height or diameter), rupture geometry (circular. rectangular, smooth 
or jagged edges) and the containment variables (pressure, temperature). 
Release scenarios are grouped into three categories: 

1. Gas flow through a rupture 
2. Two-pnase flow-through rupture 
3. Liquid flow-through rupture 

Depending upon the initial containment variables, the release may 
undergo a flashing phenomena and T R A E  will caiculate 'Lhe fraction of liquid 
that flashes to vapor, ana the resultant temperature OÏ the cfoud. ;he 

aerosol content of this stream (liquid dropiet Craction entraineci) depenas 
upon the flashing fraction, the LiquiUvapor density r a t io ,  the ratio of heat 

7 9  
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transfer between the liquid and vapor pnases. the velocity OÏ the stream. and 
the surface tension. Depending upon the conaition during :he release. it is 
possible to have a flash. an aerosol, and a liquid pool fraction. 

The initial vapor cloud, in general, consists ox' a flashed vapor and 
liquid droplets. An initial air entrainment Tonnulation determines the 
quantity of air in the cloud. 

The model for the liquid stream that forns the pool consists of a 
system of coupled ordinary differential equations for  the pool  volume, pool 
radius, and mass evaporated. The amount of liquid evaporating from a pool is 
dependent upon the exposure area and the heat balance of the pool. 
case of multicomponent liquid spill, the model treats the spill as an ideal 
liquid solution. The mass transfer rate equation for evaporation is applied 
to each component, and the total evaporation rate is obtained by summing all 
compounds. 

In the 

For.dense gases, the model uses different modules f o r  simulating 
behavior in the air and on the ground. When the cloud i s  in the air, the 
model solves conservation equations for mass, momentum (horizontal and 
vertical), and energy. On the ground, the equations additionally include the 
simulation of gravity slumping and frictional draghixing due to surface 
roughness effects. 
height-averaged wind speed within the cloud. 
transition into a Gaussian phase when the density difference between the cloud 
and the ambient air is less than a specified ratio and/or the rate of change 
of cloud dimension is corngarable to the rate of change of the crosswind 
Gaussian dispersion coefficient. 

The motion of the cloud on the ground is detemined by the 
The dense gas model has a 

Prior to requesting comments on our use of the model, interactions 
with the developer were limited to questions about specifying the depth OÏ a 
liquid pool, and the implenentatlon of averaging time in the model. After 
requesting comments, the developer nade several suggestions, which are 
discussed in Section III. C. 2. 
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C. APPLICATION OF HOD- TO DATASETS 

A l l  14 moaeis have bee.? "interfaced" with the Hocelers' gata Archive 
(MDA). and 12 have been "automated." The "interface" between a soael ana the 
MDA is a program designed to extract information from the !dDA file, and to 
prepare a table of input parameters and data required f o r  each model. These 
tables would allow an analyst to enter all data in the requested units while 
executing each of the models. Choices about methoas of initialization are 
made in the program. "Automated" models do not require us to manually enter 
data from these tables. That is, programs have been developed to construct 
all necessary input files, so that the automated moaeis can be run in batch 
mode. 

1. MDA Interface 

Missing data in the MDA files are denoted by the value " -99 .9" ,  and 
may be present because no measurements are available, or because particular 
data are not relevant to the type OÏ release. The first step in processing 
the data in the MDA is to replace certain types of missing data with either 
default or calculated values. These are summarized here. 

Initial Concentration 
Ambient Pressure 
Exit Temperature 

Soil Temperature 
Normal Boiling Point 
Relative Humidity 

Bowen Ratio 

M-O Length, u,, PG Class 

1.OEM6 ppm (no dilution) 
1.0 atm 
ambient temperature (KI measured nearest 
the ground 
ambient temperature (KI as above 
ambient temperature (KI as above 
80 percent if over uater 
50 percent if over wet s o i l  

20 percent if over d r y  land 

5 (essentially dry) 
estimated 

The last of the entries above indicate that the Monin-Clbukhov length scaie 
(LI, the friction velocity ( u - ) ,  and the ?asquill-Glfiord stability class nay 

be estimated. 
measuremenrs, a wind speed. the surface roughness leriqth f z  1, ana the Bowen 

ratio. This is accomplished 3y solving the surface áixiLzrLt7 3roÏile 

L and u, are normally calculated from a pair OI temperature 

u 
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equations, and the calculated values usually replace any that may be reported 
in the MDA. This is done if values report4 in the MDA were derived in a 
similar way (that is, from profile neasurements of wind speed and 
temperature). 
in Section II, flux measurements were used to calculate the Monin-ûbukhov 
length for these trials, rather than the profile method. Therefore, the 
interface program does not: replace the values reported in the MùA for the 
Thorney Island trials. 
estimated from Golder's curves, making use of the calculated value of L, and 

the surface roughness. 

A special case is the 'ilioney Island dataset. As pointed out 

If the P-G stability class is missing, this is 

If temperature measurements at two elevations near the surface are 
not available, either the reported values of L and u, are retained, or these 
are estimated from the reported P-G stability class by making use o f  Golder's 
curves once again. 
stability or turbulence regime nust be provided in the MDA. 

This clearly requires that some information on the 

Several consístency checks are also made. Of particular note is a 
This must be check on whether the diameter of the release is provided. 

provided for releases characterized as an evaporating pool, o r  as a 
horizontal jet. If it is missing f o r  these types of releases, processing of 
the dataset is halted, and an error message is written to the screen. 

In addition to supplying default values and providing estimates of 

These calculated properties are needed to initialize models 
missing data, the MIJA interface program also provide calculated properties 
of the release. 
that do not have extensive modules f o r  estimating the source-term. The MDA 

contains primary data obtained from data files and reports for each o f  the 
experiments used in this program. 
models typically forces the modeler to, at a minimum, convert some of the 
units of measure, or compute a volume flux from mass flux and density 
information. 
treat aerosols at all to the Desert Tortoise trials , the user needs to ao 
far more to initialize the model in such a way that aerosol effects are 
simulated to some degree. 

However, the application of any one of the 

In some cases, such as the application of a model that does not 

Recognizing that data in the archive are not complete in this 
sense, the second step in processing the data in the HDA is to calculate a 
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number o Î  quantities from :he inÏoraation proviata in :he YEA,  ric cl? are 
needed to initialize one or nore oÎ :he models :o je -.vãluacai. These 

quantities are discussed below. 

Wind Coeed at I -- and i0 II: Several moaels assume, either e-uplicitly 
or implicitly, that the wind speed provided by the user is that neasured at a 
height of lorn above the surface. Other models implicitly require a nieasure 
of the transport speed near the surface (which we take to be 1 m above the 
surface) in order to initialize then properly as discussed iater in 
estimating the diameter of an area source. Many o Ï  the datasets include wind 
speed measured at some other height ( u ( z ) ) .  We have used the wind speed 
profile from surface similarity theory t o  calculate the speed at 10m from a 
knowledge of L, u(z), and z 0 :  

The functions 9 
( 6 )  through (9) in Volume III. The wind speed at 1 m is calculated by means 
of the same equation, with the "10's" replaced with "1's. " 

are quite complex, and are thoroughly aescribed in equations m 

The use of the symbol "u" for wind speed on the right-hand side of 
the equation has a specific purpose. Two wind speeds are entered into the 
MDA. The first is denoted as "us", and is the speed measured on the same 
tower, and for the same averaging time, as the temperature measurements. 
This speed is used in concert with the temperature measurements to estimate 
the Monin-ûbukhov length scale. The second is denoted as "u1', and is the 
transport speed, which may represent an averaging time longer or shorter than 
iiwsl', or even an average of wind speed measurements from several locations. 
We use "u" rather than "ws" to estimate the wind speed at 1 and 10 a, because 
these estimates are related to transport. We assume that the Monin-ûbukhov 

length calculated on the basis of "ws" applies to the entire duration ana 
domain of the particular trial. 

9oilinP; Toint Temerature at Ambient ~ Y O S S X T O :  Several DI the 
t v i  ,als ;lere =erformea at acnosûneric pressures $,ifforenr: frcm "I zca ' ' ,  so the 

boiling point temperature I s  nor: equal t o  the normai jailing Foin: 

8 3  

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



temperature. 
provided in the MDA. the actual bo i1 i .q  point temperature is calcrilated. 
This calculation uses the same formulation as the S U 3  noael: 

if the coefficients ( & B I  for the vapor ?ressure equarion are 

where P is the ambient pressure in atmospheres. 

Volumes & Densities: The ambient temperature, the temperature of 
the material at the point of release, and the boiling point temperature o f  

the material can differ. Depending on the type of release, the properties of 
the release given t o  a model may be any one OX these. 
volumes and densities are calculated f o r  each of these temperatures, assuming 
ideal gas behavior. These include 

ThereXore, several 

Molar Volume , 
Vapor Density, 
Volume Flux, and 
Total Volume Released. 

ProDerties af Moist Air: Moisture in the air alters m y  of its 
properties. Those that are calculated are the molecular weight and density: 

(121 
5417.8( V273.2 - 1Tc 1 Psat = .O0603 e 

= MUa W(ambieni: 'a 

where MW denotes nolecllar weignt, MV denotes molar volume, and FZH is the 
relative humidity in percent. 
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Trratnent Aerosols: For cryogenic releases, a ?ortion of the 
liquid that is released flashes ta vapor, and the remaining licuid is 
frequently broken up into Fine aerosols wnich remain suspenaed in the cloud. 
The mass fraction that flashes to vapor is calculated from the relation for 
simple flashing: 

where T is the storage temperature just before the liquid reaches the 
atmosphere (the exit temperature in the MDAI, T is the boiling-?oint 
temperature, A is the latent heat of vaporization, and c is the specific 
heat of the liquid. This mass fraction that is in the vapor state allows us 
to calculate the following properties of the mixture at the boiling-ooint 
temDera ture: 

S 

bP 
Pl 

Density, 
Effective Molecular Weight, 
Volume Flux, and 
Total Volume Released. 

These properties could be used to initialize a model that does not treat 
two-phase vapor clouds if we assume that the aerosols evaporate so slowly 
that the simulation should not consider any heat exchanges due to 
evaporation. In this case, the cloud of suspended aerosols is treated as if 
it were a gas with an effective molecular weight that is adjusted so that the 

proper density is achieved. 

A second method for initializing this type of model allows all of 
the liquid to evaporate, so that none of the aerosols survives. Because this 
requires heat from the ambient air, a substantial amount of air is mixed into 
the cloud, which possesses 1 tenperature equal to the boiling-point 
temperature. This dilution assumption represents the extreme opposite to 
first method. iiather chan never allowing the aerosol to evaporate. which 

emphasizes the importance of the initiai density of the nixture, all of the 

aerosol is immediately evaporated, with much dilution, which enpnasizes the 
importance of the mixing that takes place during the rapid ?nase changes. 

8 5  
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The following properties ar= calcu?aced for a diluted vacor ClOUà at 
boilinq Doint t emera tu re :  

Density, 
Mole Fraction Vapor, 
Contaminant Mass Fraction, 
Total Volume Released. and 
Volume Flux. 

Models that are able t o  simulate the dispersion a f  a single-phase nixture of 
air and vapor can use these calculated properties of the diluted source cloud 
at the boiling-point temperature. 
models is that of the chemical released. 
source directly must be given an effective molecular weight, as before, but 
this time the molecular weight is chosen to produce that density at ambient 
conditions which equals the density of the diluted cloud at the boiling point 
temperature. 

Note that the molecular weight f o r  these 
Models which cannot accept a diluted 

Several o f  the properties of the diluted cloud are computed as 
follows: 

Initial mole fraction of vayor in the cloud (MFW: 

kq-moles vapor kg-moles air * = kg-moles air + kg-moles vapor 

MwV -1 
= (1 * q(l-fl]) 

Contaminant mass fraction (W): 

(1-fl mass contaminant mass air 
cMF = mass contaminant * mass air = [I * mass aerosol 

-1 

(17) 

(18) 

J  ci^ = c (air) r(air) - T. 
P O? 
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3erisity of the cloua: 

MFV wv + (1 - mv) ma 
P =  

bP 
Mv 

(19) 

where Muv is the molecular weignt of the vapor, Mu 

of the air, f is the fraction of contaminant that flashes to vapor 
(initially), A is the latent heat OI vaporization of the contaminant, and dE 
is the heat released in cooling the air to the boiling point temperature or^ 

the contaminant. 

is the molecular weignt a 

Soecifving Source Dimensions: Not all models accept source 
dimensions that are explicitly provided in the MDA. A good example is 
DEGADIC, which must characterize a source as a ground-level area source, 
regardless of whether the source is a rapidly evaporating pool, or a 
turbulent horizontal jet. Also, the MDA for a cryogenic release may provide 
information on the physical dimensions of the point at which the material is 
released to the atmosphere, but the ensuing flashing process largely 
determines the initial character of the resulting two-phase jet, so that the 
initial properties of the source must be estimated. The following discussion 
outlines the assumptions made in estimating the dimension of the release for 
various types of releases, and for various types of models. 

(11 Liquid Release In to  an Evaporating Pool (EPI 

This release is characterized as an area source in all or^ the 
models that require a sokrce-dimension, and the diameter of the poo l  (either 
bounàed or unbounded) must be provided in the MDA (a missing value indicator 
is not allowed). Therefore, the MDA values are used without alteration. 

(2) Instantaneous -Release (IR) of a Gas or a Cryogenic Liquid 

This type of release is a lso  characterized as an area source in all 
of the models that require a source-dinension. If the MDA sliould contain the 
diameter of the cloud resulting from the inscancrneous release of a gas, as 

in the Thorney Island trials for example. that aiameter is used uithour 
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alteration. However, if the diameter is nor: proviaeci. or if the ZLoud 
results from a c.ryogenic release. the diameter is calculated l o r  a volume 
shaped as a cylinder in which the radius or' the base is equal t o  :he heignt: 

diameter = 2 (20 1 

The volume used depends on the tenperature of the cloud, and In the case of 
cryogenic liquids, the method selected ?or the simulation of aerosol effects. 

(3) Extended Release of a Gas as an Area Source IASI 

The diameter o f  the source region contained in the MIA is used when 
available. 
it is estimated in the following way. 
calculated from other information contained in the MIA. 

velocity scale, an areal scale is obtained. 
at a height of 1 m as the velocity scale, we interpret the resulting scale as 
the area of the equivalent area source which produces the volume flux. 
Hence, the diameter of the source is estimated as: 

However, if the diameter of the sourcs is missing from the MDA, 

When divided by a 
The volume flux is known, having been 

Taking the transport wind speed 

diameter = 2 K (21 I 

where Q is the volume flux f o r  the gas at the exit temperature. 
the volume flux must contain any air which may be six& with the gas before 
reaching the atmosphere. 

Note that 

(4) Extended Release as a Horizontal Jet (Either a Gas or 
Cryogenic Liquid) 

Several o f  the models included in the evaluation can accept 
information that describes a jet, while others cannot. 
specify the dimension o Î  the source will first be described Sor those models 
that do accept a jet. 
without modification. 
ZiDA for sources characterized as horizontal jets.) 
the initial diameter or' the jet musc be consistent with the total volume 
flux, including the fraction o Ï  the liquid that flashes to vapor. 

Methods used to 

For gases, the diameter contained in the 'IDA is used 

(Remember that this diameter nust je proviaed in the 

For cryogenic ìiquias, 

Or if all 
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of the liquid is evaporated by mixing in air, the volume flux nilst ir.c?ude 
the air as well. We assume that the speed of the jet is equal to the speea 
of the liquid at the orifice, and that the cross-sectional area of the jet 
enlarges t o  accommodate the change in density. Denote the density of the jet 

and the density of the liquid as p then: 1' as Pj , 

jet diameter = orifice diameter Gj ( 2 2 )  

For models that simulate aerosols, p .  equals the density of the vapor/aerosol 
J 

mixture at the boiling point temperature. It is assumed that the droplets 
are small enough to remain airborne. 
aerosols, p .  would equal either the density of the vapor/aerosol mixture at 
the boiling point temperature if we assume that the aerosols never evaporate, 

or p j  equals the density of the vaporlair mixture of the diluted jet if we 
assume that all of the aerosols are evaporated at the source as a result of 
entraining a sufficient amount of air. 

For those that do not simulate 

J 

Models that do not accept a jet as a source are initialized as an 
area source. Equation 21 is described previously. Note that the treatment 
of aerosols influences the value of the volume flux used in this equation, as 
does the presence of air. 

2. Initializing Individual Models 

The final step in processing the data in the MDA is the preparation 
of files specifically designed for each of the models that are being 
evaluated. A subset of the MDA "interface" files is presented in Appendix B 
to illustrate how each model is applied to the different types of releases. 

As an overview of the procedures employed in initializing the models, 
the following sections address each model in turn, and summarize procedures 
for each type of release. This discussion is organized into several 
categories which cover aspects of specifying chemical properties, 
meteorological data, treatments of various types of sources, and our approach 
to extracting results for comparisons with observed data. The final category 
summarizes major comments received from the developer of each model. 

8 9  
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- AFTOX 

I 90 

AFTOX does not contain algorithms for simulating dense gas effects, 
aerosols, or initially dilute mixtures, but it does contain an evaporative 
emissions algorithm. Initialization procedures in this evaluation are 
limited to defining the meteorology, and specifying the mass emission rate 
(or total mass released if the spill is an instantaneous release) and pool 
area (if the spill is an evaporating liquid). 

CHEMICAL DATABASE: A chemical database is contained in the model, 
primarily t o  provide information on slowly evaporating pools, and to convert 
between mass concentrations and volume concentrations. We modified AFTOX so 

that it always obtains the molecular weight of the vapor-cloud from the input 
file, rather than making use of the chemical database. 
evaluation, because the molecular weight is the only property required t o  

model all of the trials, and is only used in converting concentrations from 
mass units to volume units. 

This simplifies our 

WIND SPEED MEASUREMENT HEIGHT: AFTOX requests both a wind speed 
and the height at which the speed is measured. 
MDA. 

These are obtained from the 

AVERAGING TIME ISCUEC: Averaging time for the concentrations 
predicted by the model are supplied by the user, and this is used t o  

approximate the effects of meanders in the flow. However, the minimum 
averaging time allowed is 60 s. No dosage-type averaging is done. 

INITIAL CONCENTRATION: AFTOX dispersion calculations do not 
consider volumetric aspects of the initial vapor cloud, which can at times 
lead to near-field concentrations in excess of 1 part-per-part. 
of source clouds that are diluted with air, we have specifiea an effective 
molecular weight for the vapor-air mixture (the model has been changed to 
allow the user to specify this molecular weight). 
weight to convert from mass concentrations to volume concentrations. Near 
the source, we have applied an adjustment to all of the concentration 
predicted by AFTOX to force the results to values that do not exceed 1 
part-per-part. The adjustment is given by: 

In the case 

AFTOX uses this molecular 
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C' = C/(l + Cl ( 2 3  1 

where C' and C are in parts-per-part. 

EVAPORATING POOL SOURCES: This type of source is not explicitly 
contained in the trials used in this evaluation, because AFïOX treats a 
boiling pool as a gaseous release. 

TWO-PHASE JET SOURCES: AFTOX does not treat aerosols or density 
effects, so the phase of the material release does not matter. The 
consequences of this neglect of density effects will be seen in the model 
evaluations with field data in Section IV. 
point-source model, so that the area of the jet is not needed. 

Note that AFTOX is basically a 

VAPOR-JET SOURCES: This type of source is simply modeled as a 
po int-source. 

POSTPROCESSING: Concentrations and sigma-y values can be reported 
at distances specified by the user, so no further processing is needed to 
extract these. 

ISCUES RAISED IN REVIEW: AFTOX computes a stability class from 
either <r 

modeler. 
within the MDA, we calculated a value for re that would produce the stability 
class listed in the MDA, or derived from other information in the MDA. This 
was accomplished by "inverting" the calculation contained in AFTOX. This 
method assures consistency in the evaluation in that all models that make use 
of a stability class are using the same value. 

or from the wind speed and solar elevation provided by the e*  
We have always provided a value for r If re was not available e'  

A IRTOX 

The version of AIRTOX that is being evaluated does not contain a 
source-model, so that all enission rate, temperature, aerosol fraction, and 
jet velocity information is calculated from the FDA. The nodel will 
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explicitly account f o r  initial dilution, aerosol evaporation. and entrainment 
f o r  turbulent jets, which simplifies initialization procedures. 

CHEMICAL DATABASE: AIRTOX has an extensive chenical database, 
which contains most of the chemicals used in these trials. Those that are 
not included are: 

(11 Freon-12 We have changed the molecular weight listed for 
Freon in the database to 121.39 ghole, and have left all other properties 
unchanged. 

(2) Freon+Ns The Thorney Island trials used a mixture of 
Freon-12 and Nitrogen as the vapor cloud. 
mixtures by creating a "chemical" for each of the trials. Using Freon as the 
base for all other properties, we change the molecular weight to reflect the 
mixture. 

We simulate the density of these 

(31 Kr8' The Hanford trials used the radioactive 
properties of Krypton-85 t o  track the tracer-cloud. We model these trials as 
if an.amount of ''dry air" were released, equal in mass emission rate t o  the 
radiation rate. Chemical properties of "dry air" were obtained by starting 
with nitrogen (MW=30), and changing the molecular weight to 29.0. This 
procedure essentially results in a small amount of gas being released which 
is nearly equal to the density of the air. 

(41 LPG LPG is modeled as pure propane. 

( 5 )  LNG LNG is modeled as pure methane. 

Note that the cases in which Freon-12 or a mixture of Freon-12 and 
Nitrogen was released are isothermal: the temperature of the cloud and air 
are equal, and heat transfer from the ground is not important. This aspect 
allowed us to modify the molecular weight without regard for any of the other 
properties of the gas, because the transport and dispersion processes are not 
influenced by the thermodynamic calculations. 

WIND SPEED MEASUREMENT HEIGHT: The model assumes that wind speeds 

92 
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are equivalent to those measared at 10 m above the suface. Se estimate 
winds at 10 m if the MDA contains winds measured at some other height. 

AVERAGING TIME ISSüES: No averaging times can be s?ecified. 
AIRTOX does not adjust for meander effects, and does not produce dosage 
information, as the output is in terms of concentration "snapshots." 

INITIAL CONCENTRATION: A dilution factor can be provided to 
simulate releases that are diluted, so that any initial concentration can be 
matched. 

EVAPORATING POOL SOURCES: The emission rate, pool area, and pool 
temperature can be explicitly given to the model. A nominal pool depth of 
0.01 m has been assumed for these simulations. 

TWO-PHASE JET SOURCES: Aerosols and jets are explicitly treated, 

so that the properties of the jet calculated from the MDA can be accepted by 

the model. The only adjustment to the initial condition of the jet is that 
due to flashing. As described in subsection 3.3, the initial diameter of the 
jet is estimated from the diameter of the orifice, and the density of the 
mixture (see Equation 22). 

VAPOR-JET SOLJRCEC: Jets are explicitly treated, so that no other 
initialization procedures are required. 

POSTPROCESSING: Concentrations and sigma-y values are reported at 
distances that are determined within the model. We obtain information at 

other distances in the following way. 
information in the form of "snapshots" at fixed intervals in time. We search 

through the time-history of concentrations at each distance to locate the 
maximum value at each distance. Concentrations and sigma-y values at the 
distances listed in the MDA are then found by interpolating linearly between 
these. 

The files produced by AIRTOX report 

ISCUES RAISED IN REVIELl: Two changes were naae to the way in which 

AIRTOX was applied to the trials. 

93  
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(1) Releases of boiling liquids onto water had made use of values 
of thermal diffusivity and conductivity for wet soil, rather than those for 
water. This was done because no values for water were listed as options in 
AIRTOX. The developers have suggested, and we have used, the following 
values for water: 

94 

conductivity: 1.41 E-O3 kcal/m-s-K 
diffusivity: 1.41 E006 m /s 2 

(2) The version of AIRTOX used in this study reports 
concentrations that are converted from mass units to volume units by assuming 
a cloud temperature equal to the ambient temperature. 
temperature should have been used, and this change has been implemented in 
later versions of AIRTOX. 
account f o r  the cloud temperature. The correction factor depends on the 
initial temperature of the cloud, the ambient temperature, the heat 
capacities of the cloud and air, and the concentration (niole fraction) 
originally reported by AIRTOX. 

The actual cloud 

We have changed all concentrations from AIRTOX to 

BRITTER & MCQUAID [BM) 

BM is a “workbook” model applicable to either continuous or 
instantaneous releases of vapor clouds that are denser than air. The 
nomograms that form the basis of the model require only a limited amount of 
inf‘ormat ion. 

C3EMICA.L DATABASE: None. 

WIND SPEED KACUREMENT HEIGHT: The model implicitly assumes that a 
wind speed measured at 1û m will be provided. 
if the MDA contains winds measured at some other height. 

We estimate the speed at 10 m 

AVERAGING TIME ISSUES: No averaging time is explicitly 
incorporated in the procedure. 
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INITIAL CONCENTilATION: Tie model requires an initial volume o r  

volume flux, and an initial density, so that any initial concentration can be 
accommodated. 

EVAPORATING POOL SURFACcC:: These are modeled as a continuous 
release of vapor; the size of the pool is not needed. 

TWO-PHASE JET SOURCES: Aspects of the jet are not included, but 
aerosols are modeled by mixing enough air into the cloud to evaporate all 
aeroso 1. 

VAPOR-JET SOURCES: Aspects of the jet are not modeled. 

POSTPROCESSING: The model provides the ratio of the concentration 

at each distance to the initial concentration, so that concentration 
estimates in ppm are easily calculated without the need for interpolation. 
No estimate for c is made. 

Y 

CHARM is operated by means of a sequence of menus or screens in an 
interactive process whereby the properties of a series of puffs are 
determined and meteorological data are entered. Because the menu system 
makes use of the special cursor keys (those without standard ASCII equivalent 
codes), the model could not be "automated" for use during this project. 

CHARM allows the source data to be calculated directly from primary 
release information (for example, tank pressure, hole size, etc.). or it 
accepts puff information specified by the user. We have used the 
"user-specified" release option in order to obtain source-parameters directly 
comparable to those used in the other models being evaluated. We note that 
this is Version 6.1 of the model, which has only recently been released. 
This version allows a minimum resolution of 1 second in simulating releases, 
rather than the 1 minute used in Version 5, wnen properly initialized. This 
is particularly important in obtaining concentrations at receptors near the 

source, because concentrations are only provided at distances equal to the 
product of the wind speed and the time-step. 
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CHEMICAL DATABASE: A chemical database is used by CHARM. As in 
the application of AIRTOX, most of the chemicals needed for the evaluation 
are provided. We note the following exceptions: 

(1) Freon+Ns The Thorney Island trials used a mixture of 
Freon-12 and Nitrogen as the vapor cloud. We simulate the density of these 
mixtures by creating a "chemical" for each of the trials. Using Freon as the 
base for all other properties, we change the molecular weight to reflect the 
mixture. 

(2) Kr8' The Hanford trials used the radioactive 
properties of Krypton-85 to track the tracer-cloud. We model these trials as 
if an amount of "dry air" were released, equal in mass emission rate to 
the radiation rate. 
using the entry for oxygen, and changing the molecular weight to 29.0. This 
procedure essentially results in a small amount of gas being released which 
is nearly equal to the density of the air. 

The chemical properties of ''dry air" were obtained by 

(3) LPG LPG is modeled as pure propane. 

(41 LNG LNG is modeled as pure methane. 

WIND SPEED MEASUREMENT HEIGHT: CHARM requests both a wind speed 
and the height at which the speed is measured. 
MDA. 

These are obtained from the 

AVERAGING TIME ISCUEC: We make no allowance for averaging time 
because meander effects are not explicitly included. 
average concentrations as an option, but this average is related to the 
predicted dose-it does not include averaging time effects on the dispersion 
process. 

CHARM 6.1 does provide 

INITIAL CONCENTRATION: The initial fraction of air contained in 
the vapor cloud is specified by the user, so that any initial concentration 
can be modeled. 
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SOURCES: When operated in the "user-sceciiied" moce, there is no 
difference in the types of duta needed to initialize the different types oi 
sources. For each type, CHNU4 needs characteristics to define each puff, 
including temperature, diameter, initial horizontal and vertical velocity, 
molar air fraction, and aerosol fraction. 

POSTPROCESSING: No postprocessing is done in applying CHARM. 

because the concentration data are obtained "manually" by means of the screen 

options. Typically, a cursor is placed at the required distance, and time 
series of concentrations is generated for that distance. The peak value is 
read from the display. No information on the lateral scale of the cloud has 

been obtained. Note that all concentrations were estimated for receptors 
placed on the ground. 

ISCUES RAISED IN REVIEW: 
(11  The application procedure for the Thorney Island trials was 

questioned, because rather than modifying the molecular weight of "Freon-12'' 
to represent the mixture of Freon-12 and nitrogen, the nitrogen could have 
been treated as "air." That is, the release could have been considered a 
diluted release, and the simulated concentrations of Freon could have been 
adjusted later to represent the original cloud (Freon + "air"). This method 
would be preferred if heat transfer were important. However, we have 
demonstrated that the methods are equivalent in this application to the 
Thorney Island trials. 

(2) The Hanford trials were originally modeled as if carbon 
monoxide (MW=281 were the gas released. Although CO is only slightly less 
dense than air, this cloud was predicted to rise. After this problern was 

diagnosed by the developer, we modeled the Hanford trials with all niodels by 
using gases with molecular weight set equal to 29.0.  The developer also 
pointed out the inherent problem oi using a surrogate gas for the 
tracer-releases that cannot preserve the actual volumetric aspects of the 

release (see the discussion of the Hanford dataset in Section II). 

(3) The size  of the discharge o r i f i c e  used ciuring the Goidfish 
trials was questionec by the developer. Previous EAR?! simulations ui these 
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trials had used a larger value, wnich resulted in a flow sperd of 1 to 3 m/s 
at the point of release, rather than a flow speed of about 20 m/s. However, 
the size of the orifice contained in our MDA is the reported value. 
developer also suggested that the size of the jet be set equal to the size of 
the orifice, without allowing for the volume of the liquid that flashes to 
vapor. 
initialize other models, and was not adopted for this study. 

The 

This latter suggestion is not consistent with methods used to 

DEGAD IS 

Although DEGADIS 2.1 contains the ûoms jet model (JETPLUME) for 
vertical jets, none of the trials in this evaluation involve vertical jets. 
But because the two passive gas continuous source experiments (Prairie Grass 
and Hanford) involved releases of small volumes of tracer material from a 
horizontally-oriented orifice, it was possible to simulate them as 
vertically-oriented jets with insignificant change in the initial jet 
elevation. Consequently these two experiments were modeled with JETPLUME. 

The initializations of all other experiments were made compatible with the 
basic area source formulation of the dispersion model. 

CHEMICAL DATABASE: Properties of a feu chemicals are contained in 
the code, but allowance is made for modifying any of these properties when 
setting up individual runs. Therefore, no "database" information was relied 
upon in this series of evaluations. 

WIND SPEED MEX!3FE"T HEIGHT: DEGADIS requests both a wind speed 
and the height at which the speed is measured. 
MDA. 

These are obtained from the 

AVERAGING TIME ISSUES: An adjustment for averaging time is made to 
the rate of growth of the "tails" of the lateral distribution of 
concentrations. The lower limit allowed varies by stability class, with the 
minimum value equal to approximately 18 s. 
perform dosage calculations, even for the transient version of the nodel. 
Time-series of predicted concentrations could be averaged in this way, but 
this would require the development of additional code. 

No mechanism is provided to 
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INITIAL CONCENTRATION: A chemical mass fraction can be specified 
by the user, so that any initial concentration can be simulated at the 
source. 

EVAPORATING POOL SOURCES: The iNG and LPG trials involve rapidly 
boiling pools. 
temperature and pool area specified from the MDA. 

These are readily simulated as an area source, with the clou 

TWO-PME JET SOURCES: Aerosols are not treated explicitly in the 
model. When using the isothermal source option, a series of data describing 
the concentration-density relationship is supplied by the user, and this can 
simulate density effects resulting from evaporation of the aerosols. 
these evaluations, we have used a simple form of this relationship: 
of points describing the density of the vapor-aerosol-air mixture and the 
mass concentration of the vapor-aerosol in the cloud (as a function of the 
mole fraction of vapor-aerosol in the cloud) obtained by assuming complete 
adiabatic mixing. That is, the heat released by cooling the air (which is 
entrained) to the boiling-point temperature of the vapor is used to evaporate 
a portion of the aerosol. 
of the aerosol, additional air raises the temperature of the cloud of vapor 
and air. This is what a user would be able to do without access to 
supplementary aerosol calculations. 

In 
a series 

Once sufficient air is entrained to evaporate all 

VAPOR-JET SOURCES: Being an area source formulation, jets must be 
represented as an "equivalent" area source. 
Section III. C. 1. 

The approach is described in 

POSTPROCESSING: Concentrations are obtained at the distances 
specified in the MDA by interpolating linearly between those concentrations 
listed in the output files. Widths are calculated from interpolated values 
of "half width" and " C y " ,  which describe the lateral distribution of 
concentrations. The width, measured as "u I' is equivalent to the distance 
from the center of the cloud to the point at which the concentration drops to 
EXP(-O.S) times the concentration at the center of the cloud. 

Y '  
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ISCUES RAISED IN REVIEW: 
(1) The developers noted initially that the area-source part of 

DEGADTS should not be applied to passive tracer releases. 
modified our test procedures and applied JETPLUME to those experiments. 

Consequently, we 

(2) We had originally treated aerosols by providing DEGADIS with 
initial conditions in which all aerosol had been evaporated by the entrainment 
of a sufficient amount of air. 
treatment of the evaporation process be used. 
relationships are readily implemented, we did change our method fo r  treating 
aerosols. This method was described above. 

The developers recommended that the fuller 
Because the adiabatic mixing 

FOCUS 

FOCUS is operated by means of a sequence of menus or screens in an 
interactive process whereby the material properties, and characteristics of 
the weather, release, and terrain are entered. FOCüS can be run either in 
batch mode or in interactive mode once the input f i l e  is created. 
approach is t o  create one template input file for each of the datasets by 
running the input nodule of Fû(=uS. 
each trial by updating the meteorological and release conditions in the 
corresponding template input file, so that all FOCUS runs can be run in batch 
mode. We note that because the Thorney Island trials use mixtures of 
Freon42 and nitrogen, which affects the thermodynamic calculations of the 
input module, all input files for the Thorney Island dataset were created 
manually. 

Our 

The MDA then creates the input file for 

FOCUS allows the source data to be calculated directly from primary 
release information (for example, vessel volume, hole size, pipe length, 
etc.) or it accepts regulated release information specified by the user. 
have used the regulated release option in order to obtain source-parameters 
directly comparable to those used in the other models being evaluated. 
contains algorithms to treat aerosols, turbulent entrainment for jets, and 
evaporating pools. FOCUS has a dispersion algorithm similar to those of 
DEGADIS. 

We 

FOCUS 
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I CHEMICAL DATABASE: A chemical database is used by FOCUS. All of 
the chemicals needed for the evaluation are provided. 
only model in this study that deals with multi-component releases 
explicitly, like the Thorney Island trials. The model calculates the 
thermodynamic properties of the mixture internally. We note the 
following exceptions: 

(1) KrE5 The Hanford trials used the radioactive 
properties of Krypton-85 to track the tracer-cloud. We model these 
trials as if an amount of Carbon Monoxide were released, equal in mass 
emission rate to the radiation rate. 
28, is slightly less dense than air. Because we cannot alter the 
chemical properties in the database, we decided to use a gas slightly 
less dense than air rather than a gas that is slightly heavier than 
air. 

FOCUS is the 

CO, with a molecular weight of 

(2) LPG LPG is modeled as pure propane, since its 
mole fraction is very close to unity. 

mole fraction is very close to unity. 

I ( 3 )  LNG LNG is modeled as pure methane, since its 
~ 

~ 

WIND SPEED MEASUREMENT HEIGHT: FOCUS assumes that the wind 
speeds are measured at 10 m. We estimate winds at 10 m if the MDA 
contains winds measured at some other height. 

AVERAGING TIME ISSUES: Averaging time for the dispersion 
coefficients is specified by the user. No dosage-type averaging is 
done. 

INITIAL CONCENTRATION: The initial fraction of air contained 
in the vapor cloud can be specified as additional components of the 
mixture being released, so that any initial concentration c a  be 
modeled. 

SOURCES: The user can either specify the release as an 
unregulated release, where emission rate is calculated internally 
based on primary release information (for example, vessel vclume, hole 
size, pipe length, etc.), or specify the release as a regulated 
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release, where emission rate is input by the user. 
such as aerosol fraction and jet velocity are all calculated 
internally by FOCUS. 

evaluation study (the other is AFTOX) that allows the user to specify 
the surface roughness both at the spill point and the surrounding 
area. Due to the uniform sites for our datasets, we use the same 
roughness for both. 

Other parameters 

SURFACE ROUGHNESS: FOCUS is one of only two models in this 

POSTPROCESSING: Concentrations are obtained at the distances 
specified in the MDA by interpolating linearly between values 
contained in the output files. No estimates for oy are provided. 

GASTAR 
GASTAR mainly is operated by means of a sequence of menus or 

screens in an interactive process whereby the material properties, and 
characteristics of the weather and release are entered. However, 
because of the simple 1/0 structure, GASTAñ can a lso  be easily run in 
batch mode. 

entrainment for jets, and evaporating pools. GASTAR has a dispersion 
algorithm similar in concept to those of HEGADAS and DEGADIS. 

database. Most of the chemicals included in this evaluation can be 
drawn directly from the database, but there are several exceptions: 

(1) Freon+N2 The Thorney Island trials used a mixture of 
Freon-12 and Nitrogen as the vapor cloud. We simulate the density of 
these mixtures by creating a ttchemicaln for each of the trials. Using 
Freon as the base for all other properties, we change the molecular 
weight to reflect the mixture. 

properties of Krypton-85 to track the tracer-cloud. We model these 
trials as if an amount of "dry air" were released, equal in mass 
emission rate to the radiation rate. 
is dry air, so modifications were not needed. This procedure 
essentially results in a small amount of gas being released which is 
nearly equal t o  the density of air. 

GASTAR contains algorithms to treat aerosols, turbulent 

CHEMICAL DATABASE: GASTAR includes an extensive chemical 

(2) KR85 The Hanford trials used the radioactive 

One of the gases in the database 
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(3) LPG LPG is modeled as pure 7ropane. 

( 4 )  LNG L.JG is modeled as pure methane. 

WIND SPEED MEASURMENT HEIGIIT: The model assumes that the wind 

speeds are equivalent to those measured at 10 m above the surface. We 

estimate winds at 10 m if the MDA contains winds measured at some other 
height. 

AVEZUGING TIME ISSüES: Averaging times for the dispersion 

coefficients is specified by values in the MDA. No dosage-type averaging is 
done. 

INITIAL CONCENTRATION: A dilution factor can be provided to 

simulate releases that are diluted, so that any initial concentration can be 
matched. 

EVAPORATING POOL SOURCEC: The emission rate, pool radius, and pool 

temperature can be explicitly given to the model. 

TWO-PHASE JET SOURCES: Aerosols and jets are explicitly treated, 
so that the properties of the jet calculated from the MDA can be accepted by 

the model. The only adjustment to the initial condition of the jet is that 
due to flashing. As described in Section III.C.l, the initial diameter of 
the jet is estimated from the aiameter of the orifice, and the density oi the 
mix ture. 

VAPOR-JET SOURCES: Jets are explicitly treated, so that no other 
initialization procedures are requirea. 

POSTPROCESSING: Concentrations and width parameters (from which 
sigma-y values can be derived) are reported at distances that are determined 

within the model. Concentrations and sigma-y values at the distances listed 

in the MDA are then found by inter-olating linearly between these. 
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GAUSSIAN PLUME MODEL/INPUFF 

These models are applied in this evaluation as point source models, 
and contain no algorithms to simulate aerosols or density effects. 

CHEMICAL DATABASE: There is no chemical database. 

WIND SPEED MEACUREMENT HEIGHT: No measurement height is required, 
as these models assume that a wind speed representative of the transport 
speed is supplied. We have used the "reported" wind speed from the MDA, 

regardless of the height at which it was measured. Note that this is seldom 
equal to the wind speed estimated at 10 m for these trials. 

AVERAGING TIME ISSUS: The steady-state GPM does include an 
adjustment to the lateral spreading parameter which is meant to incorporate 
meander effects on mean concentration distributions. INPUFF does not. The 
lower limit allowed for this adjustment is 20 s. 

INITIAL CONCENTRATION: The initial concentration produced by these 
models is controlled by the initial size o f  the plume or puff. 
values of sigma-y and sigma-z are calculated to produce a peak mass 
concentration at x=O which is equal to the density of the cloud at the 
source. 
concentration at the source. 

Initial 

This automatically provides the proper specification of the volume 

EVAPORATING POOL SC"RCES: These are treated as sources o f  pure 
vapor emanating from a point. 

TWO-PHASE JET COURCES: Because aerosols are not treated by these 
models, we have initialized these sources by including enough air to 
evaporate all of the aerosols, as described in subsection 3.3. 
related to the jets themselves are ignored. 

Aspects 

VAPOR-JET SOURCES: Aspects related to the jets are ignored. These 
sources are modeled as simple point sources. 
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POSTPROCESSING: Concentrations are provided in the outr>ut at the 

distances specified in the MDA. 
these distances, but no information on the width is provided in the output 
from INPUFF. 

Widths (sigma-y) are also provided by GTY at 

ISSUES RAISED IN REVIFcl: Three options are provided in INPUFF for 
specifying the puff coefficients r and Q We used the option that invokes Y z' 
the PG values of r and r that are typically employed in plume-models. This Y z 
was done to be as consistent as possible with the GPM calculations, so that 
together, GPM and INPUFF represent a well-known bendbark against which the 
performance of other models may be compared. 

HEGADAS ( NT IS 1 

This version of HEGADAS is very similar in operation to DEGADIS. 
The basic formulation is that of an area source from which a dense gas 
emanates. 

CHEMICAL DATABASE: No chemical database is incorporated in HEGADAS. 

WIND SPEED MEASUREMENT HEIGHT: The height at which the wind is 
measured is a required input to the model, and is provided by the MDA. 

AVERAGING TIME ISSUES: Averaging time is included by altering the 
parameters that determine the growth rate of the lateral tails of the 

horizontal distribution. The approach is equivalent to that contained in 
DEGADIS, except that the user must specify the parameters rather than the 
averaging time. 

INITIAL CONCENTRATION: There is no provision for an initial 

We must use an effective concentration other than that of a pure gas. 
molecular weight for the air/chemical mixture in those trials that require an 
initially dilute cloud, and adjust predicted concentrations to reflect the 
concentration of the chemical in air. Isothermal conaitions are imposed. 

EVAPORATING POOL SOURCES: The rapidly boiling pools  of LVG and LPG 

are treated as area sources, as in DEGXDIS. 
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TWO-PHASE JET SOURCEC: The inability to accept a diluted vapor 
cloud results in the need to use the "pseudo-gas" approach described in 
Section III.C.l. Aerosols are evaporated by adding air t o  the source, but 
the resultant ''chemical" is characterized by a molecular weight that depends 
on the mixture of gas and air at the boiling point temperature of the gas. 
At the suggestion of the developers of HEGADAS, we employ a non-isothermal 
simulation for the dispersion of this "pseudo-gas." 
of the cloud is the boiling-point temperature, and the heat capacity is the 
mole-fraction-weighted mean of that f o r  the vapor, and that f o r  air. 

The initial temperature 

VAPOR-JET SOURCES: The initialization described in Section III.C.l 
that allows a jet to be characterized as an area source is followed in the 
application of HEGADAS. However, a lower limit to the size of the area 
source ( 8  m square) was imposed in order to obtain results at distances 
contained in the sampler arrays. The model provides concentration estimates 
at internally determined distances, which are based on the scale of the area 
source. We had explored the sensitivity of the predictions to changes in the 
size of the area source, and found that to be small for those trials in which 
the limit-values were required. 

POSTPROCESSING: Concentrations are obtained at the distances 
specified in the MDA by interpolating linearly between those concentrations 
listed in the output files. Widths are calculated from interpolated values 
of "MIDP" and "Cy", which describe the lateral distribution of concentrations. 
Note that the definition of "Sy" in HEGADAS differs by a constant factor from 
the definition used in DEGADIS.  

ISSUES RAISED IN REVIEW: In addition to the suggestion that the 
non-isothermal option be used in simulating aerosols, the following were 
raised: 

(1) The surface transfer parameter for dispersion over water 
should be set to 4, not 3. 

Coyote, and Maplin Sands trials. 
We have reset this parameter t o  4 for the Burro, 
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( 2 )  The linear interpolztion used to obtal2 ccncentrations at 

points Setueen those provided by :?.e lodel can lead ta significant 
unaerestinates of the predicted czzcentrations close to the source. The 
parameter XCïtP controls the spacing cf' points provided by HEGADAS. We 
revised the algorithm used to specify XSTEP (it depends on the length of the 
area-source) so that an absolute step-size of 5 m is always obtained. This 
minimized interpolation errors. 

I CHEMICAL DATABASE: There is no chemical database. Chemical 

properties required by the model are listed for 14 substances in the users 
guide. We note that the following chemicals are not contained in the table, 
and must be constructed from outside sources of information: 

l 

SLAB - 

I ( 3 )  L P G  L P G  is modeled as pure propane. 

SLAB explicitly allows the user to node1 horizontal jets, with or 

without aerosols, as well as evaporating pools. Therefore, much of the data 
contained in the MDA can go directly into the model. 

~ 

( 4 )  LNG LNG is modeled as pure methane. 

(1) Freon+N2 The ïhorney Island trials used a mixture of 
Freon-12 and Nitrogen as the vapor cloud. We simulate the density of these 
mixtures by taking properties of Freon as the base for all other properties, 

and we change the molecular weight to reflect the mixture. Isothermal 
conditions must be assumed, and are appropriüte for these trials. 

(2) Kr8' The Hanford trials usea the radioactive 
properties of Krypton-85 to track the tracer-cloud. We model these trials as 

if a small amount of "dry air" (with molecular weight equal to 29 g/mole) were 
released, equal in mass emission rate to the radiation rate. This procedure 
essentially results in a small amount of gas being released which is nearly 
equal to the density of the air. 
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WIND SPJXD MEXUREMENT HEIGHT: The height at wnich the wind is 
measured is a required input to the model, and is provided by the MDA. 

AVERAGING TIME ISSUES: SLAB explicitly accounts for meandering 
effects and time-averaging of concentrations (such as for dose calculations) 
for the period specified by the user. None of the other models in this 
evaluation do both. 

INITIAL CONCENTRATION: The model assumes that the material 
released is pure, being undiluted. 

EVAPORATING POOL SOURCES: The emission rate, size of the pool, and 
temperature of the pool are explicitly accepted as input. 

TWO-PHASE JET SOURCES: SLAB includes algorithms for the treatment 
of evaporation of aerosols, and entrainment due to turbulent jets. This type 
of source is characterized by the liquid mass fraction, temperature, and 
cross-sectional area of the jet. This area includes the fraction o f  the 
material that flashes to vapor, as discussed in Section III.C.l (Equation 
22). The velocity of the jet is determined internally by conservation of 
mass. 

VAPOR-JET SûUR(=Ec: These sources are specified in the same way as 
the two-phase jets, except that the liquid mass fraction is zero, and the 
area of the release is simply the area of the orifice through which the gas 
is emitted. 

POSTPROCE(jS1NG: Concentrations are obtained at the distances 
specified in the MDA by interpolating linearly between values contained in 
the output files. 
distance between the center of the distribution and the point at which the 

Linear interpolation is also used to estimate the lateral 

concentration equals Cor EXP(-O.S), which is our operational definition of 
sigma-y. 
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TRACE contains algorithms to treat aerosois, and allows for sources 
that are initially diluted with air, but does not contain a turbulent 
entrainment algorithm for jets. 

CHEMICAL DATABASE: TRACE includes an extensive chemical database. 
Most of the chemicals included in this evaluation can be drawn directly from 
the database, but there are several exceptions: 

(1) Freon+N2 The Thorney Island trials used a mixture of 
Freon-12 and Nitrogen as the vapor cloud. 
mixtures by creating a "chemical" for each of the trials. Using Freon as the 
base for all other properties, we change the molecular weight to reflect the 
mix ture. 

We simulate the density of these 

(2) Kra' The Hanford trials used the radioactive 
properties of Krypton-85 to track the tracer-cloud. We model these trials as 
if an amount of "dry air" were released, equal in mass emission rate to 
the radiation rate. 
modifying the file for nitrogen. 
This procedure essentially results in a small amount of gas being released 
which is nearly equal to the density of the air. 

The chemical properties of "dry air" are obtained by 
We change the molecular weight to 29.0. 

(3) LPG LPG is modeled as pure propane. 

(4 )  WG LNG is modeled as pure methane. 

WIND SPEED MEASUREMENT HEIGHT: The height at which the wind is 
measured is a required input to the model, and is provided by the MDA. 

AVERAGING TIME ISSUES: Averaging time is an input to the model, 
and is usea to simulate the effects of meander for "longer" averaging times. 
However, the formulation produces insignificant adjustments to the predicted 
concentrations if the averaging time is less than 900 s, which is the case 
for most or  ̂ the trials included in this evaluation. 
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INITIAL CONCCNTRATION: The initial concentration is specified as 

an air/chemical mole ratio. 

EVAPORATING POOL SOURCES: Evaporation from pools is characterized 
by the initial pool radius, pool temperature, and flow rate into the pool. 
These quantities are obtained from the MDA. 

depth, and an albedo is required, and we have used deÎault values of 0.01 m 
for the minimum depth, and an albedo of 0.15. The emission rate for the 
vapor is calculated within the model. 

In addition, a minimum pool 

TWO-PHASE JET COURCEC: The amount of liquid that flashes to vapor 
is computed by TRACE, but the amount of liquid that remains suspended as 
aerosol in the jet (rather than deposited on the ground) can be specified by 
the user in the form of an "aerosol/flash" mass ratio. The mass ratio chosen 
in this evaluation is lOOOO. ,  which is large enough to force all of the 
liquid to remain in the cloud. 
how much air is entrained as some portion of the aerosol is evaporated. Ue 
have followed the recommendations contained in the manual, and selected the 
default mode for this option. This default mode mixes in sufficient air to 
evaporate all of the aerosol, but unlike the method described in Section III. 
C.l, the thermodynamic calculations allow the cloud to become supercooled. 
As a result, less air is required, and the resulting mixture is denser due to 
the' lower temperature, and the smaller fraction of air. 

A second option allows the user to specify 

VAPOR-JET COURCES: No entrainment calculations are performed for 
turbulent jets, so this type of source is simply initialized as a release of 
gas from an area derived from the diameter of the release reported in the 
MDA. 

POSTPROCESSING: Concentrations are predicted at up to 4 distances 
provided by the user. Therefore, trials that involved more than 4 distances 
were simulated several times in order to avoid the use of interpolations 
based on only 4 points. 
in the output from the model. 

No information compatible with sigma-y is provided 

ISSUES RAISED IN REJIEW: The developers of TRACE suggested that 
linear interpolation not be used in obtaining concentrations at specific 
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distances. As a result, no intir?olation rras usen,. as noted above. A 

suggestion was also made that we ?erform off-centerline calculations f o r  

comparisons with the Thorney Island trials. We retain the centerline 
calculations because a clear trajectory for the observed cloud is not 
well-defined ana we wish to apply all of the models in a similar way. 

I 
l 

This regression formula requires distance, and At over a specified 
height interval. It provides concentration in mass units, divided by the 
emission rate. Therefore, to perform the OB/DG calculation, we obtain two 
temperatures and the heights at which they were measured, and the distance to 
each monitor from the MDA. Concentrations are converted to ppm (volume) by 
means of the emission rate, molar volume, and the molecular weight of the 
gas. Finally, we avoid predicting concentrations in excess of 1 part-per 
part by using the adjustment formula discussed for AFTOX. No estimates of CT 
can be obtained from OB/DG. 

, 
Y 

PHAST 

PHAST requires a release scenario, rather than specific information 
on the rate of release, aerosol fraction, source-induced entrainment, etc. 
For example, liquids may be released from some sort of container, through a 
hole or release valve, and the user must specify the storage conditions and 
the size of the hole. With this type of information, PHAST calculates the 
properties of the release, including the emission rate. Because our aim is 
to reproduce controlled experiments in which the properties of the release 
are fairly well known, we must "engineer" the description of the release in 
order to obtain the stated properties of the release. 
requires some iteration in which tank pressure or hole size is varied. As a 

result, the input data listed on the top portion of each page in Appendix B 

are not those actually used in reproducing the stated emission rates. 

This generally 

CHEMICAL DATABASE: PUASï has an extensive chemical database, 
which contains most of the chenicals used in these trials. Those that are 
not included are: 
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(1) Freon*NZ The Thorney Iclana trials used a mixture 

of Freon-12 and Nitrogen as the vapor cloud. We simulate the density of 
these mixtures by creating a "chemical" for each of the trials. Using Freon 
as the base for all other properties, we change the molecular weight to 
reflect the mixture. 

The Hanford trials used the radioactive 85 (2) Kr 
properties of Krypton-85 to track the tracer-cloud. We model these trials as 
if an amount of "dry air" were released, equal in mass emission rate to the 
radiation rate. Chemical properties for the "dry air" are specified by 
taking the property-file for NO (MW=301, and changing the molecular weight to 
29.0. This procedure essentially results in a small amount of gas begin 
released which is nearly equal to the density of the air. 

(3) LPG LPG is modeled as pure propane. 

(4) LNG LNG is modeled as pure methane. 

Note that the cases in which Freon-12 or a mixture of Freon-li! and 
Nitrogen were release are isothermal: the temperature of the cloud and air 
are equal, and heat transfer from the ground is not important. This aspect 
allowed us to modify the molecular weight without regard f o r  any of the other 
properties of the gas, because the transport and dispersion processes are not 
influenced by the thermodynamic calculations. 

WIND SPEED MEASUREMENT HEIGHT: The model assumes that wind speeds 
are equivalent to those measured at 10 m above the surface. We estimate 
winds at 10 m if the MDA contains winds measured at some other height. A 

related parameter i5 the Surface Roughness Parameter (CRPI, which depends on 
the roughness length (zol, and the height at which the wind speed is assumed 
to be measured (10 m . The SRP is defined as SRP = 0.4/ln(10/tol. 

AVERAGING TIME ISSUES: No averaging times can 5e specified. 

EVAPORATING POOL SOURCES: The emission rate, pool area, and pool 
temperature are provided in the MDA, but PHAST generally performs its own 
evaporation calculations, so it does not use these data. We found that the 
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TWO-PHASE JET SOURCES: Aerosols and jets are explicitly treated, 
SO that the properties of the two-phase jet are calculated within PHAST on 

the basis of the storage conditions and exit circumstances. We use the 
liquid leak from a Padded Liquid Vessel scenario in which the temperature and 

pressure are obtained from the MDA, and the hole size is varied until the 
stated emission rate is obtained. Note that the chemical properties of HF 

(for the Goldfish trials) differ from those assumed in the MDA, and as a , 
, result, the fraction flashed is on the order of 1.5 percent, rather than the 

15 percent used to initialize other models in this evaluation program. 

evaporation rate and the size of the pool deternined by PX4sT results in a 
net emission rate that is less than that given to all of the other nodels. 
To circumvent this situation, the developer of PHAS'ï indicated that something 
like a "user-specified" mode of release can be obtained by altering the 
chemical property database. If a chemical is listed as a "reactive liquid", 
PHAST allows the modeler to specify the area of the source, and the emission 

rate. We implemented this approach for all LNG and LPG spills. 

~ 

113 

VAPOR-JET SOURCES: Jets are explicitly treated, so the only 
initialization procedure required is specifying the release scenario. We use 

the Pressurized Gas Vessel scenario in which the vapor escapes from a hole in 
a short (1 m long) line or, for the Prairie Grass trials, from a hole in the 
vessel. The diameter of the hole is taken from the MDA, and the pressure is 
varied in order to obtain the stated emission rate. 

POSTPROCESSING: Concentrations are reported at three fixed 

distances as well as at an extensive list of other distances that are 
determined within the model. These are tabulated manually. Measures related 

to v are also listed at these distances. Recall that (r is defined as the 
lateral distance from the center oi the cloud to the point at which the 
concentration equals EXP(-0.5) times the concentration at the center. A box 

model is used to simulate the initial development of'the cloud when the 
material is denser than air. This produces an estimate of the mean 

concentration in the cloud, and its "radius." Because the box model employs 
a "top-hat" profile for the lateral distribution of Concentration in the 
cloud, the distance from the center of the cloud to the point at which the 

concentration "equals" EXP(-0.5) times the concentration at the centsr of the 

Y Y 
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cloud, is equal to the reported "radius." Therefore, we use the reported 
"radius" as our measure of 6 Once a transition t o  "passive" dispersion is 
signaled in the model, a virtual line-source formulation is matched to the 
cloud and the lateral distribution of concentration is characterized in terms 
of the half-width of the virtual line-source, L, and a lateral "dispersion 
coefficient" , . From the equations describing a line-source, the condition 
that is given by: 

Y' 

where ERF is the error function. 
of L and S 

This implicit equation for o- as a function 
Y 

for a line-source is solved using an iterative method. Y 

ISCUEC RAISED IN EVIEX: The central issue raised by the developer 
was the use of the "reactive liquid" specification that allowed us to model 
the evaporating pools of LNG and LPG in a manner consistent with the other 
models. Also noted, was a difference between version 2.01 used here, and the 
current version-the new version accounts for upwind spread of the cloud 
during the slumping phase, which results in larger concentrations. This 
effect would be most noticeable for the Thorney Island trials. 

D. SUMMARY OF MODELS 

The models evaluated here have considerable variation in their 
capabilities and input requirements. 
complex release typified by the Desert Tortoise and Goldfish experiments, 
including aerosols, entrainment processes associated with momentum jets, 
variable averaging times, detailed meteorological data, and site roughness. 
Others contain no modules that explicitly simulate aerosols, or dense-gas 
effects for that matter. These attributes are summarized here in order to 
highlight differences among the models which influence how each is applied to 
the various datasets. In Section II.E, we summarized significant attributes 
of the datasets included in this evaluation. Table 10 summarizes the ability 
of each of the models to account for these and other attributes. 

Some models simulate all aspects of a 
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The type of release (neutral, dense, 2-phase) has obvious implications 
for the dataset. The chief question that arises is: "How well do models 
perform in simulating dense-gas dispersion trials when no dense-gas 
algorithms are included?" Four models (AFTOX, GPM, INPWF, and OB/DG) are 
designed for neutral releases only, and one (BM) is designed for dense-gas 
releases only. The character of the release indicates if entrainment and 
mixing induced by the turbulence associated with jet-like releases are 
included. Half of the models do not treat jets, which may influence their 
relative performance on the Desert Tortoise and Goldfish datasets. 
duration of the release identifies models that are not able to treat 
instantaneous releases. Three models (GPM, HEGADAC, and OB/DG) do not, and 
so these models are not applied to the datasets with instantaneous releases. 
Note that as we have defined the various releases, all that are not 
instantaneous are considered continuous, regardless of the actual duration. 
Furthermore, we use a constant emission rate for those releases, so that 
"transient release" modes available in some of the models are not evaluated. 

The 

The next two categories describe attributes of the surface beneath the 
cloud. S i x  models distinguish aaong several categories (for example, dry 
s o i l ,  wet soil, water) in order to better represent heat and water vapor 
exchanges between the cloud and the surface. 
exchange altogether (these models do not treat dense-gas clouds) or request 
just the temperature of the surface. 
roughness of the surface in order to characterize the turbulent surface-layer 
of the atmosphere. 
a roughness length, because the length of 0.03 m is implicit in the PG 
dispersion rates that they use. BM and OB/M;, on the other hand, do not 
consider the roughness of the surface. 

The rest either ignore heat 

Most of the models cio require the 

The simple Gaussian models GPM and INPUFF do not require 

The averaging time is broken down into a meteorological averaging time, 
and a dosage averaging time. 
use of algorithms that recognize the effect of averaging time on the 
atmospheric motions which affect the dispersion process. For a continuous 
release, the meander of the plume over longer averaging times increases the 
lateral spread of the "average plume." Eight of the models allow this type 
of averaging to be specified, and four more imFlicitly fix this averaging 

The meteorological averaging time refers to the 
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The last attribute in the table is the height at which concentrations 
are provided. 

of these place receptors at the surface, which is appropriate if peak 
concentration estimates are needed for surface-level releases). We note that 
all of the other models except CHARM were applied to the datasets with the 
actual height of the near-surface monitors specified. 
receptors used in a model can be very important when evaluating model 
performance against observed concentrations, especially with thin, dense-gas 
clouds. Measurements made near 

the point of release may not capture the largest concentrations if the depth of 
the cloud is less than the height of the sensor. Furthermore, the modeled 
cloud may be very shallow, so that a receptor placed at the height of the 
monitors may "miss" the sodeled cloud. 

model, and the details of the trial, large underpredictions overpredictions 

may result. Given this component of uncertainty in the evaluation, the results 

obtained at monitors/receptors placed near the point of release may not, in 
general, be "reliable. " 

This height cannot be adjusted in eight of the models (six 

i 

The height of the 

Monitors are usually placed above the surface. 

Depending on the formulation of the 

period to approximately 10 min by their use of PG dispersion rates in the 
passive linit, or the far-field. The dosage averaging time refers to the 

process whereby a time series of predicted concentrations are averaged over 
some specified period. This generally is relevant to instantaneous releases, 
or true transient releases. Two models, CHARM and INPUFF, allow the user to 
control the averaging period for this type of average, but do not alter the 
corresponding meteorological averaging period, so the result must be 

interpreted carefully. SLAB, on the other hand, incorporates both types of 
averaging, CO that when an averaging period is specified, both aspects are 

treated consistently. 
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SECTION IV 

STATISTICAL MODEL EVALUATION 

A. PERFORMANCE MEASURES AND CONFIDENCE LIMITS 

The statistical evaluation methods used in this study are those described 
in Volume I. The model evaluation software package, BOOT, is based on 
recommendations by Hanna (Reference 691, who has applied an earlier version of 
the software to several air quality modeling scenarios. 
can calculate the model performance measures known as the fractional bias (Fi3). 

geometric mean bias (MGI, normalized mean square error (NMSEI, geometric mean 
variance (VG), correlation coefficient ( R I ,  and fraction within a factor of two 

(FA2 1, which are defined below: 

The software package 

% - "  
P FB= 

0 . 5 ( %  + XI 
P 

2 (Xo - XPI 
NMsE= - x x  

O P  

VG = exp [ knxo - enx ] '1 
P 

(25 I 

(26 I 

(27 I 

(28 1 

FAC2 = fraction of data for which 0.5 5 X /X 5 2 .  (30) 
P O  

where X is an observed quantity, and X is the corresponding modeled 
quant i ty. 

P O 
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Because the logarithmic forms of the nean bias and :ne variance (equations 
25 ând 2s) are nore difficult to visualize than the absolute form (equations 
25 and 271, we prefer to use the absolute versions whenever possible. However, 
use of the absolute performance measures (FE and NMSE) is most justified only 
if Xo and X are never very different (say, within a factor of two). 
example, this situation would occur if a l l  data were taken on a monitoring arc 
at a fixed distance downstream, if the source emission rate were constant over 
a l l  experiments, and if meteorological conditions were similar. However, if a 
data set contains several pairs of data with X /X and X /X equal to 10, 100, 
or nore, then the logarithmic forms (MG and VG) are more appropriate. SInce 
the observed concentrations vary over many orders of magnitude in the current 
study, due to the use of field data from a wide range of downwind distances, 
for a wide range of source emission rates, and from variable meteorological 
conditions, and also since C /C or C /C are often large in our data sets, we 

use MG and VG in the following analyses. 

For P 

O P  P O  

O P  P O  

Because of certain characteristics of the logarithm (that is, 
= h ( X  í X  I ) ,  equations (26)  and (28) can be rewritten: 

O P  
(enx O -Wp' 

(32 1 

A "perfect" model would have both MG and VG equal to 1.0. 
(MG) values of  0 . 5  and 2.0 can be thought of as "factor of two" 
overpredictions and underpredictions in the mean, respectively. A geometric 
variance (VGI value of about 1.6 indicates a typical factor of two scatter 
between the individual pairs of observed and predicted values. 

Geometric mean bias 

If there is only a mean bias in the predictions and no random scatter, 
then the following relation is valid: 
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The line representing this relation is drawn on the figures presented later in 
this section. At a given MG, the value of VG cannot be less than the values 
given by equation ( 3 3 ) .  

The values for the performance measures do not, alone, "tell the whole 
story." We would also like to know whether the mean bias for a particular 
model is significantly different from zero, for example. In addition, if 
model A has a geometric mean bias (MG) = 1.1, and model B has MG = 1.3, we may 
judge model A to have a "better" MG, but this conclusion may not be 
significant. Therefore, we also wish to know if MG (or any other measure) for 
model A is significantly different from that for model B. These questions 

require estimates of the 95 percent confidence intervals about the performance 
measure, and the differences between performance measures. 

Our software employs bootstrap resampling methods to estimate the 
standard deviation, r, of the variable in question. Then the 95 percent 

confidence intervals are calculated using the student-t procedure: 

(341 1/2 95% confidence limits = mean k tg5r(n/(n-1 1 

where n is the number of data pairs. Tables in which the student-t parameter, 

tg5, 
statistics textbooks (for example, for large n, tg5 - 2). 
follow, 95 percent confidence limits on the geometric mean bias, MG, are drawn as 
horizontal lines, and significant differences in MG or VG values between 
different models are discussed for the few models with the best performance. 

is given as a function of degrees of freedom, n-1, can be found in most 
In the figures that 

B. RECULTS OF EVALUATION 

Performance measures are calculated from modeled and observed 
concentrations, and modeled and observed cloud-widths. The individual 

observed values and the modeled values for each monitoring arc (distance) of 
each trial, for each model, are listed in Appendix C. Two groups of 
concentrations are presented for the continuous dense gas field trials. The 
first includes modeled and observed concentrations that represent the longest 

averaging period available for that particular field trial, up to the period 
over which the observed concentrations can be considered steady. The second 
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group represents the shortest averaging period available, but only f o r  those 
four datasets that include both long and short averaging times. 
the shorter averaging time are included because the predictions of some models 
are intended to represent short-term maximum concentrations. Matrices of the 
models and datasets included in Appendix C are presented in Tables 11 and 12. 

The data far 

Performance measures for concentrations can be evaluated f o r  all 14 

models and eight datasets, but there are several "holes." The holes arise 
because GPM, HEGADAS, and OB/DG are not applicable to instantaneous releases, 
and because modeled concentrations could not be obtained from DEGADIS and FOCUS 
when applied to the Hanford instantaneous releases. Furthermore, the Britter 
and McQuaid (BMI model is not appropriate for passive gas releases. 

Performance measures for cloud-widths can be evaluated for eight models and 
six datasets (in some cases, the model is incapable of predicting cloud widths, 
and in other cases, the dataset is insufficient for estimating the observed 
cloud width). 

Overall statistics could be calculated by combining results from all of 
the trials without regard for whether individual records were from a dataset 
containing instantaneous releases of a dense-gas cloud, or from a dataset of 
quasi-continuous releases of a passive tracer-gas. However, these datasets are 
sufficiently different that we wish to identify the performance of models for 
each type of dataset separately. 
groups of datasets, and have divided the continuous dense gas datasets into two 

separate groups--one for short averaging times (Group 11, and one for long 
averaging times (Group 2). The five groups are defined below: 

To do this, we have identified four distinct 

Group 1 All continuous-release dense-gas datasets, for short averaging 
times-that is, minimum time resolution in the data. (Burro, 
Coyote, Desert Tortoise, Goldfish, Maplin Sands, Thorney 
Island-Continuous 1 

Group 2 Same as Group 1 but for longer averaging times approximately equal 
to the duration of release (several minutes) 

Group 3 All continuous-release, neutral-buoyancy passive-gas datasets 
(Prairie Grass and Hanford-Continuous) 
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Group 4 All instantaneous-release dense-gas datasets (Thorney 
Island-Instantaneous) 

Group 5 All instantaneous-release neutral-buoyancy passive-gas datasets 
(Hanford-Instantaneous) 

Groups 1, 2, and 3 each include two or more experimental sites, but groups 
4 and 5 each include a single experimental site. 
for a group of several datasets brings up the difficult statistical problem of 
the best way of combining performance measures when several different types of 
field experiments are being analyzed. Hanna (Reference 69) recommends a method 

suggested by Tukey (Reference 70) in which, if the total dataset can be broken 

down into m datasets or blocks consisting of i points each, then the mean 
statistical parameters are calculated for the entire group of data, and 95 

percent confidence intervals are calculated by blocked bootstrap or jackknife 
resampling. These m groups or blocks of data are separated by some sort of 
difference in input variables or environmental parameters (for example, one 
block may be high-wind cases and another block may be low-wind cases). 
this blocking procedure, the resampling is done within blocks so that there 
always are im points resampled from a given block. 

Obtaining performance measures 

m 

In 

Predicted cloud widths are also evaluated. Because the monitoring 
network in several of the field tests (for example, Maplin Sands and Thorney 
Island) had insufficient resolution to define cloud widths, only two distinct 
groups of datasets are represented: 

Group 2 above, minus Maplin Sands and Thorney Island-Continuous. 
Group 3 above. 

1. Evaluation of Concentration Predictions 

a. Group 1: Continuous Dense Gas Releases with Short Averaging 

Times, All Distances 

Statistics calculated for Group 1 (continuous dense gas 
releases with short averaging times) are listed in Appendix D-1, and the 
overall geometric mean bias, MG, and geometric variance, VG, for each model 
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are shown in Figure loa, 
observations would be placed at the MG = 1 and VG = 1 point on this figure. 
model that has no random scatter but suffers a nean blas would be placed 
somewhere along the parabolic curve that represents the sinimum possible value 
of VG that corresponds to a particular MG (see Equation 33).  Therefore, all 
of the points must lie "within" the parabola. Furthermore, the dotted lines 
on the figures mark the values of MG that correspond to "factor-of-two" 
differences in the means. 
estimates that are within a factor of two of observed values, on average. 

A perfect model compared against perfect 
A 

Models that fall between the dotted lines produce 

The results illustrated in Figure 10a include all trials and 
all monitoring arcs for the datasets that involve short-term averages from 
quasi-continuous releases of dense-gas clouds (Burro, Coyote, Desert Tortoise, 
Goldfish, Maplin Sands, and Thorney Island (continuous)). The geometric mean 
bias MG values for all of the models except FOCUS, AIRTûX, INPUFF, and OBDG 
are within the dashed vertical lines, indicating that, on average, peak 
modeled concentrations are within a factor of two of peak observed 
concentrations. 
in Figure 10a can be summarized as follows: 

The tendencies of these models to overpredict or underpredict 

Models that Overpredict by More Than a Factor o f  Two: 
FOCUS 

Models that Overpredict by Less Than a Factor of Two: 
GASTAR, HEGADAS, P W T ,  DEGADIS 

Models with No Significant Overprediction or Underprediction: 
BM, AFTOX, TRACE 

Models that Underpredict by Less Than a Factor of Two: 
SLAB, GPM, CHARM 

Models that Underpredict by More Than a Factor o f  Tuo: 
AIRTOX, OBDG, INPWF 

The FOCUS, AIRTOX, OBDG, and INPWF models have a relatively 
large geometric variance, VG. The other models are "bunched" within a VG 
range of about 1.4 t o  2.6. GASTAR has the smallest VG, inaicating a typical 
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a. Shortest available averaging times 

Figure 10. Model performance measures, 
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b. Longest available averaging times 

Geometric Mean Bias MG = exp(lnCo - lnC 
P 

and Geometric Variance VG = exp[(lnCo - !nC 1 ¿ 1 for concentration 
P 

predictions and observations for the continuous dense gas group of 
datasets (Burro, Coyote, Desert Tortoise, Goldfish, Maplin Sands, 
Thorney Island). 95 percent confidence intervals on MG are 

indicated. The solid line is the "minimum VG" curve, from 

Equation (33 ) .  The dashed lines represent "factor of two" 
agreement between mean predictions and observations. 
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scatter of slightly less than a factor of two. Note that the model (TRACE) 
with the best geometric mean does not have the smallest variance, and the 
model (GASTAR) with the smallest variance does not have the best geometric 
mean. 

b. Group 2: Continuous Dense Gas Releases with Long Averaging 
Time, All Distances 

Figure 10b shows the results for Group 2, for the same models 
and datacets as Group 1, but for concentrations associated with the "longest 
available" averaging times (approximately equal to the duration o f  the 
release). 
between Groups 1 and 2 are Burro, Coyote, and Desert Tortoise, which comprise 
approximately 1/3 of the data points in the combined set. 
for Group 2 that are plotted in Figure 10b are listed in Appendix D-2. 
Comparison of Figure 10b with Figure 10a shows, as expected, a shift of all 
models towards the left of the figure (that is, towards the overprediction side). 
The tendencies of the models to overpredict or underpredict in Figure 10b is 
summarized below. 

Actually, the only datasets that are altered by this distinction 

Statistics tabulated 

Models that Overpredict by Hore Than a Factor of Two: 
FOCUS 

Models that Overpredict by Less Than a Factor of Two: 
GASTAR, DEGADIS, TRACE, HEGADAS, PHAST 

Models with No Significant Overprediction or Underprediction: 
EM, AFTOX 

Models that Underpredict by Less Than a Factor of Two: 
CHARM, GPM, CLAB 

Models that Underpredict by About a Factor of Two: 
AIRTOX, OBDG, INPüFF 
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Except f o r  the FOCJS and AIRTOX models, which have a relatively 

large geometric variance (VG), all models have moderate values of VG, in the 

range from about 2 to 5. These values indicate that the random scatter is 
typically about two to four times the mean. Five models (GASTAR, SLAB, GPM, and 
BM) have the lowest values of VG. In this figure, it is interesting that the 
Gaussian plume model (GPM) has relatively low geometric mean bias MG and 
geometric variance VG, which may be a fortuitous result, since that model is 
the simplest of all and does not include dense gas effects. However, another 
possibility is that the centerline concentration in a plume is not highly 
influenced by the plume density, since the changes in plume width are 

compensated by changes in plume deDth. 

c. Group 4: Instantaneous Dense Gas Releases, All Distances 

In order to keep the discussions of the dense gas datasets 
together, we next consider Group 4, the Thorney Island (instantaneous release) 
trials. Figure 11 shows the results for Group 4 and the statistics are 
tabulated in Appendix D-3. 
f o r  the continuous releases of dense-gas clouds, since there is relatively 

little random scatter (except for the DEGADIC model) and the variance for all 
models tends to be dominated by the mean bias (that is, the points lie near 
the parabola marking minimum variance values, from Equation 33).  

These results are markedly different from those 

Analysis of the geometric mean bias, MG, in Figure 11 leads to 
the following conclusions: 

Models That Overpredict by More Than a Factor of Two: 
INPUFF, AFTOX 

Models that Overpredict by about a Factor of Two: 
TRACE, FOCUS 

Models that Overpredict by Less Than a Factor of Two: 
BM, PHAST, DEGADIS 

Models with No Significant Overprediction or Underprediction: 
A I RTOX 
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Figure 11. Model performance measures, Geometric Mean Bias MG = exp(tnCo - LnC 1 

predictions and Observations for the instantaneous dense gas data 
from Thorney Island. 
indicated. The solid line is the "minimum VG" curve, from 
Equation (33). The dashed lines represent "factor of two" 
agreement between mean predictions and observations. 

P 
and Geometric Variance VG = exp[(LnCo - h C  1 2 I for concentration 

P 

95 percent confidence intervals on MG are 
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Models that Underpredict by Less Than a Factor o f  Tuo: 

GASTAR 

Models that Underpredict by About a Factor of Two: 

SLAB, CHARM 

There are two models (BM and AIRTOX) with relatively low 
geometric variance of about 1.4 in Figure 11 indicating a typical scatter less 
than the mean. The AIRTOX model has the best geometric mean and the 
second-best variance, while the BM model has the best variance and the 
second-best geometric mean. The AFTOX and DEGADIS models have large variances. 

A P I  PUBLx4546 9 2  m 0732290 0505583 bTb m 

d. Groups 1 and 4 (Dense Gas Releases), Distances > 200 m 

Each of these evaluations for the dense-gas datasets in Groups 
1, 2, and 4 include monitored and modeled concentrations at all downwind 
monitoring arcs. However, comparisons of predicted and modeled concentrations 
near the source may be misleading. 
in shallow clouds may not be adequately detected by monitors placed on short 

Peak concentrations at the ground surface 

masts above the ground (even at heights of 1 to 2 ml, because the cloud may lie 
nearer the surface. A bias could result from insufficient resolution in either 
the vertical or lateral array of samplers. Concentrations modeled at the 
surface may appear to be overestimates in such cases, and overall performance 
evaluations that include these data may lead to inappropriate conclusions. 
Therefore, we have reduced the number of data points in Groups 1 and 4 by 
removing monitoring data from arcs closer than 200 m to the release point. 
This criterion removes the closest monitoring arc in all of the dense-gas 
datasets. The resulting statistics for this reduced set of data are tabulated 
in Appendices D-4 and D-5, and are summarized for Groups 1 and 4 in Figures 
1Za and 12b, respectively. With fewer data points, the 95 percent confidence 
limits on the statistical measures increase, especially for Group 4 (Thorney 
Island--instantaneous), shown in Figure 12b. 

After removal of the data from the closest monitoring arcs, 
many of the models show a shift toward either less overpredictions o r  more 
underpredictions (that is, the mean ratio C /C has decreased). This would be 

-- 
P O  
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CONCENTRATIONS 

SHORT AVEUGING TIME (G2GUP 1) AND X 2 200 H 
CONTINUOUS DENSE G A S  DATA WITH 

64 

32 

16 

&3 

4 

2 

1 

a. Continuous dense groups of datasets 
(Burro, Coyote, Desert Tortoise, 
Goldfish, Maplin Sands, Thorney Island) 

CONCENTRATIONS 
INSTANTANEOUS DENSE GAS DATA 

IGROl.JP 4 )  AND X 2. ;..:il Y 

1 

b. Instantaneous dense gas 
from Thorney Island 

Figure 12. Model performance measures, Geometric Mean Bias MG = exp(4nCo - tnC 1 

predictions and observations at distances greater than or equal to 
200 m. a: Continuous dense gas group of datasets (Burro, Coyote, 
Desert Tortoise, Goldfish, Maplin Sands, Thorney Island). 
b: Instantaneous dense gas data from Thorney Island. 95 percent 
confidence intervals on MG are indicated. The solid line is the 
"minimum VG' curve, from Equation (331. The dashed lines represent 
"factor of two" agreement between mean predictions and observations. 

P 
and Geometric Variance VG = exp[(hCo - &IC 1 2 I for concentration 

P 
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consistent with removing an overprediction tendency on the monitoring arcs in 
the near-field, where the measured concentrations may not represent peak 
concentrations, Analysis of the fractional bias in Figures 12a and 12b leads 
to the following conclusions for the dense gas data sets with the closest 
monitoring arc excluded: 

Models that Overpredict by More Than a Factor of Two: 
Continuous Release 
NONE 

Instantaneous Release 
INPUFF, AFTOX 

Models that Overpredict by about a Factor of Two: 
Continuous Release 
NONE 

Instantaneous Release 
FOCUS, DEGADIS, TRACE, PHAST 

Models that Overpredict by Less Than a Factor of Two: 

Continuous Release Instantaneous Release 
FOCUS, TRACE BM 

Models with Insignificant Overprediction or Underprediction: I 
Continuous Reléase 
DEGADIS, GASTAR 

Instantaneous Release 
AIRTOX 

Models that Underpredict by Less Than a Factor of Two: 
Continuous Release Instantaneous Release 
PHAST, HEGADAC, BM, SLAB, AFTOX GASTAR 

Models that Underpredict by about a Factor of Two: 

Continuous Release Instantaneous Release 

GPM, CHARM SLAB, CHARM 

Models that Underpredict by More Than a Factor of Two: 
Continuous Release Instantaneous Release 
OB/DG, AIRTOX, INPUFF NONE 

The results for the geometric variance in Figures 12a and 12b 
are similar to those in Figures 10a and 11, since the only difference is the 
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removal of the monitoring arcs with x < 200 m. Vlth t h i s  change. most 
variances were reduced slightly. The largest variance in Group 1 is still 
given by the AIRTOX model, and the largest variance in Group 4 is still given 
by the AFTOX nodel. 
for Group 4 (Thorney island], although the AIRTOX nodel has "moved up" into 
one of the top three positions. 

m e  GASTAR and EM models still show good performance 

e. Groups 1 and 4 (Dense Gas Releases), Distances < 200 m 

In order t o  assess the differences between model performance at 
far and near monitoring arcs, the data for x < 200 m are presented in Figure 
13. 
However, the observations may not indicate the true maximum concentration, 
because of inadequate horizontal and vertical resolution of the monitoring 
net work. 

Any dense gas effects will be amplified at these close distances. 

Comparing Figures 12 and 13, it is seen that there indeed are 
more cases of model overprediction at close distances. Because of the shifts 
in the points, some of the models (for example, SLAB, GPM, TRACE, CHARM, 
AIRTOX) demonstrate improved performance at close distances for the continuous 
sources (parts a of the figures). Shifts also occur for the instantaneous 
sources (parts b of the figures), with the performance of some models (for, 
example, DEGADIS) deteriorating at the close distances, while the performance 
of other models (for example, PKASTI improves. 

f. Groups 3 and 5: Passive Gas Releases 

The statistics f o r  the passive gas releases in Group 3 
(continuous passive-gas releases) and Group 5 (instantaneous passive-gas 
releases) are tabulated in Appendices D-6 and D-7, and the plots of geometric 
mean bias MG versus geometric variance VG are shown in Figures 14a and 14b, 
respectively. Note that statistics for the continuous releases are dominated by 
the Prairie Grass datacet, while those for instantaneous releases are derived 
solely from the Hanford dataset. 

The confidence limits on the geometric mean bias, MG, for the 
continuous releases of passive gases shown in Figure 14a are small, because 
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a. Continuous dense gas group datasets 
(Burro, Coyote, Desert Tortoise, 
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b. Instantaneous dense gas 
dataset from Thorney Island 

Figure 13. Model performance measures, Geometric Mean Bias MG = exp(hC - LnC 
O P 

and Geometric Variance VG = exp[(hCo - h C  1 2 1 for concentration 
P 

predictions and observations at distances less than 200 m. 
a: Continuous dense gas group of datasets (Burro, Coyote, Desert 
Tortoise, Goldfish, Maplin Sands, Thorney Island). b: 
Instantaneous dense gas data from Thorney Island. 
confidence intervals on MG are indicated. The solid line is the 
"minimum VG" curve, from Equation (33). The dashed lines 
represent "factor of two" agreement between mean predictions and 
observations. 

95 percent 
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Figure 14. Model performance measures, 

64 

32 

16 

g s  

4 

2 

1 

C O N r n ~ A T I O N  
INSTANTANEOUS PASSIVE RELEASES 

(CROUP 5 1 

b. Instantaneous passive gas dataset 
from Hanford 

Geometric Mean Bias MG = exp(.!nCo - tnC 1 
- P 

and Geometric Variance VG = e x p [ ( h C o  - dnC 1 2 I for concentration 
P 

predictions and observations. a: Continuous passive gas group of 
datasets (Prairie Grass and Hanford-continuous). b: Instantaneous 
passive gas dataset from Hanford. 95 percent confidence intervals 
on MG are indicated. 
from Equation (33) .  
agreement between mean predictions and observations. 

The solid line is the "minimum VG" curve, 
The dashed lines represent "factor of two" 
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the Prairie Grass dataset provides many aata-?oints. The GASTAR, TRACE, and 
CHARM models have relatively large variances. The geometric mean biases for 
Group 3 can be summarized as follows: 

Models that Overpredict by about a Factor of Two: 
TRACE, GACTAR 

Models that Overpredict by Less Than a Factor of Two: 

AFTOX, DEGADIS, HEGADAS, SLAB 

Models with No Significant Overprediction or Underprediction: 
INPUFF, GPM, OBM;, PHAST, FOCüS, AIRTOX 

The models with the lowest variance (VG - 1.5) for Group 3 are 
the HEGADAS and SLAB models. 
slightly less than the mean value. The good performance of the HEGADAS model 
is surprising and probably fortuitous since that model is being initialized 
assuming a small area source, whereas the actual release was a small point 
source. A group of other models (AIRTOX, DEGADIS, OBDG, FOCUS, GPM, INPUFF, 
PHACT, and AFTOX) have relatively low VG values in the range from about 1.6 to 
2.2, indicating that their scatter is approximately equal to the mean. 

The magnitude of the scatter for these models is 

The Hanford dataset (Group 5 )  in Figure 14b has few numbers, 
leading to a large span in 95 percent confidence limits for the geometric mean 
bias, MG. Even so, all of the models tend to overpredict the peak 
concentrations on average. The GASTAR, AIRTOX, PHAST. INPUT, and CHARM 

models have the best performance, with mean overpredictions of about 10 to 50 
percent and scatters approximately equal to the mean. The TRACE model is 
unique in its very large degree of overprediction. 

g. Analysis of Differences among Models 

Up to this point we have characterized the tendency of each 
model to either overpredict or underpredict peak concentrations, based on the 
statistical measure, but we have not selected a “best“ model. One way to 
characterize a “best” g r o w  of models is to identify the models with the 
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smallest mean bias and the smallest scatter, and then ask the question: which 
other models have a bias or a scatter wnich is not significantly different 
from that cf the "best" model? 'ihe answer provides one basis for defining the 
"best" group of models. 

Appendix D-8 contains tabulations showing whether or not the 
difference in the geometric variance between pairs of models is significantly 
different from zero, at the 95 percent confidence level. Consider first the 
results for the continuous releases of dense gas shown in Figure 12a (Group 1, 
for distances greater than 200 rnl. 
performance, but we see that its variance is not significantly different from 
the variance for HEGADAS. 
found for GASTAR & significantly different from and closer to zero than the 
bias for the HEGADAS model, although there is no difference between the biases 
of the GASTAR and DEGADIS models. We conclude that, in general, this group of 
three models does a better job than the others of matching the peak observed 
concentrations at distances of 200 m or greater for continuous releases of 
dense gases. 

GASTAR appears to have the best overall 

However, we see that the geometric mean bias MG 

A summary of model performance for the better performing models 
at distances greater than 200 rn is given in Table 13 for Data Groups 1, 3, 4, 
and 5. There are no models that appear on the list of better models for all 
four data groups. 

h. Analysis of Model Performance for Stable Ambient Conditions 

Another facet of model performance that can be evaluated with 
these data is the question of how the models perform for the subset of the 
dense-gas data for which the atmospheric stability class is either E or F 
(that is, stable ambient conditions). Because "worst-case" dispersion 
conditions are usually found for these stabilities, many model applications 
focus on these stable ambient conditions. 
geometric mean bias (MGI and geometric variance (VGI results, and the 
statistics themselves are tabulated in Appendices D-9 and D-10 for the 
continuous and passive dense-gas releases, respectively. 

Figures lCa and 15b show the 
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CONTINUOUS DENSE GAS DATA WITH SHORT 
A E R A G I N G  TIME (GROW 1) X 2 200 M, 

AND STABLE AMBIENT CONDITIONS 

0.m o 2 5  os 1 2 1 8 

ìvlû 

( O Y E R P ~ I C I I O N )  (UNDERPrnIcIION) 

a. Continuous dense gas group of 
datasets (Burro, Coyote, Desert 
Tortoise, Goldfish, Maplin Sands, 
Thorney Island) 

CONCl3U'ñ.ATIONS 
INSTANTANEOUS DENCE GAS DATA 
(GWJF 41 X 2 200 M, AND STABLE 

AMBIENT CONDITIONS 

M 

32 

16 

3 s  

1 

2 

1 I I 

b. Instantaneous dense gas data 
from Thorney Island 

Figure 15. Model performance measures, Geometric Mean Bias MG = exp(h Co - tnC 1 

P 
predictions and observations at distances greater than or equal to 
SOO m for SABLE (class E, FI conditions. a: Continuous dense gas 
group of datasets (Burro, Coyote, Desert Tortoise, Goldfish, Maplin 
Sands, Thorney Island). b: Instantaneous dense gas data from 
Thorney Island. 95 percent confidence intervals on MG are 
indicated. The solid line is the "minimum VG" curve, from 
Equation (33) .  The dashed lines represent "factor of two" 
agreement between mean predictions and observations. 

P 
and Geometric Variance VG = exp[(hCo - LnC 1 2 I for concentration 
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Comparing Figure 15a with Figure 12a. which includes all 
ambient stabilities, the models tend more towards overpredictions of peak 
concentrations during stable ambient conditions. In fact, only the OB/= 
model shows a significant underprediction in Figure 15a. 
limits are large due to the smaller number of points, one group of models 
appears to provide better performance. This group includes BM, KEGADAS, SLAB, 

CHARM, GASTAR, AFTOX, and 1°F. Note that when the unstable and neutral 
ambient conditions are eliminated, the FOCUS model performance greatly 
improves. 

Although confidence 

Comparing Figures 15b and 12b, which both apply to 
instantaneous releases of dense gases, it is seen that the models show a 
greater tendency towards underpredictions during stable conditions. As 
before, the variance is dominated by the mean bias for most models. However, 
all the 95 percent confidence limits on the mean bias are fairly broad, since 
this sample of the dataset contains few points. The performance of the 
AIRTOX, B&M, and TRACE models is fairly good, while the performance of the 
AFTOX, CHARM, DEGADIS, and 1°F models is relatively poor. 

2. Cloud Widths (cy) 

Another measure of model performance is the ability of the model to 
simulate cloud widths, which are very important for defining regions of toxic 
impacts. 
variance VG results for predicting the width of the clouds for continuous 
dense-gas releases and continuous passive-gas releases, respectively. The 
corresponding statistics are tabulated in Appendices D-11 and D-12. These 
figures correspond to the performance measures for concentration predictions 
in Figures 10b and 14a. Comparing the figures, it is immediately evident that 
predictions of the widths are generally more successful, overall, than are the 
predictions of concentration. 
probably due to the smaller range of observed values of cloud widths. 
Furthermore, the variations In variance are largely due to variations in mean 
bias, as expressed by Equation (33). 

Figures 16a and 16b show the geometric mean bias MG and geometric 

The largest values of variance are smaller, 
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WIDTHS 

(GROUP 21 
CONTINUOUS DENSE GAS RELEASES 

6.1 

32 

16 

? a  

4 

2 

I 

a. Continuous dense gas group of datasets 
(Burro, Coyote, Desert Tortoise, 
Goldfish) 

WIDTHS 
CONTINUOUS PASSIVE GAS EIELEASE 

(GÂOUP 3 )  

0.m o z  o 5  1 2 4 

MG 

(OVERPREDImoN) (UNDERPREDICTIOI 

B. Continuous passive gas group 
of datasets (Hanford, 
Prairie Grass) 

Figure 16. Model performance measures, Geometric Mean Bias MG = exp(lnCo - 2nC 1 
P 

and Geometric Variance VG = exp[([nCo - tnC 1 2 1 for plume width 
P 

predictions and observations. a: Continuous dense gas group of 
datasets (Burro, Coyote, Desert Tortoise, Goldfish). b: 

Continuous passive gas group of datasets (Hanford, 
95 percent confidence intervals on MG are indicated. 
significant difference in part a among the MG and VG values for 
the three better models (GPM, AIRTOX. and Si). The solid line 
is the "minimum VG" curve, from Equation (3e). ?he ciashed lines 
represent "factor of two" agreement between mean predictions ana 

observations. 

Prairie Grass). 
There is no 
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For the dense-gas releases, models such as GiJM and AFTOX that do not 
treat dense gases (and hence dense gas slumping) underpredict the width, as 
might be anticipated. The other models that do simulate dense gases tend to 
overpredict. AIRTOX, PHACT, and SLAB overpredict the width by less than about 
30 percent, on the average. DEGADIS, GASTAR, and HEGXDAS overpredict the 
width by a factor of two or more. 

For the passive releases, only HEGADAC tends to overpredict the 
widths. The rest underpredict by a small amount. There is no distinction 
between the performance of the simple passive dispersion model, GPM, and the 

dense-gas models. Overall, it is interesting to note that the models tend to 
slightly underpredict the width, and overpredict the peak concentrations 
resulting from continuous releases of passive gases. 
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SECTION V 

SCIENTIFIC EVALUATION BY MEANS OF RESIDUAL PLOTS 

A. PROCEDURES 

One way of evaluating the scientific credibility of a model is through 
the use of residual plots, where "residual" is defined in this application as 

the ratio of the predicted to the observed concentration (note that the 
logarithm of this ratio equals the difference between the logarithm of the two 
concentrations). 
arithmetic difference between the observed and predicted concentrations. 

Values of the residual can be plotted versus variables such as wind speed or 
stability. The residual of a good model (1) should not exhibit any trend with 

variables such as wind speed and stability class, and (2) should not exhibit 
large deviations from unity (implying a perfect match between the model and 
the observed). The SIGPLOT plotting package described in Volume I was used to 
generate the residual plots for this evaluation. 

In other applications, the residual could be defined as the 

The residuals are grouped for plotting by means of "box plots." 
Grouping is usually necessary because of the large number of data points. 
The cumulative distribution function (cdf) of the residuals within each group 
is represented by the 2nd, 16th, 50th, 84th, and 98th percentiles. These five 
significant points in the cdf are then plotted in a "box" pattern. As 
mentioned above, the residual boxes should not exhibit any systematic 

dependence on primary variables. It is also desirable that the residual boxes 
should be compact and should not deviate too much from unity. 

B. RESULTS 

Residuals for the continuous dense-gas releases are shown in Figure 17, 

where four "variables" are used: downwind distance XI, ambient wind speed 
(U), ambient Pasquill-Gifford stability class (PG C L  SS), and the number of 
the experiment (EXPERIMENT). The PG CLASS numbers follow the normal 
convention in which 1 = very unstable ( A ) ,  2 = unstable ( B I ,  3 = slightly 
unstable (CI, 4 = neutral (DI, 5 = slightly stable ( E ) .  and 6 = stable (F I .  

The number of the experiment is based on the following alphabetical ordering 
of the datasets: 

1 4 5  
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1. 

2. 
3. 

4. 

s. 
6 .  

7. 
8.  

9. 

10. 
11. 

Burro 
Coyote 
Desert Tortoise 
Goldfish 
Hanford (continuous) 
Hanford (instantaneous) 
Maplin Sands (LNG) 
Maplin Sands (LF'G) 
Prairie Grass 
Thorney Island (continuous) 
Thorney Island (instantaneous) 

Plotting the distribution of residuals against the experiment identifies 
potential "problems" with individual experiments. 
the Goldfish experiment. 
concentrations observed during Goldfish. Table 14 summarizes characteristics 
of the performance of each o f  the models that are revealed by the plots of 
residuals. The main "problem" for many of the models is not a problem for 
certain dispersion regimes or a problem with near-field or far-field 
receptors. It is a problem of uneven performance amonq the datasets. A model 
will tend to overestimate concentrations for one dataset, and underestimate 
those for another. 
variance. 
variability in performance across the datasets, which indicates that there is 
reason to believe the other models can be improved in this regard. 

A good example of this is 
All of the models tend to underpredict 

This can lead to a low overall mean bias but a large 
However, some models such as GASTAR and HEGADAS display less 

Figure 18 contains the residual plots for the instantaneous-release 
Because only the Thorney Island trials are 

Table 15 summarizes the characteristics revealed in Figure 18. 

dense-gas dataset (Group 41. 

included in this group, there is no reason to plot residuals as a function of 
dataset. The 
most common problem identified is the tendency of some dense-gas models to 
underpredict peak concentrations and of other models to overpredict these 
concentrations during low wind speed, stable conditions. Also, we see that 
the simple passive gas models tend to overpredict concentrations in general. 
The AIRTOX, BM, GASTAR, and SLAB models show the desirable trait of relatively 
small variability in their residual plots. 
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TABLE 14 

AFTOX: 

AIRTOX: 

BM: 

CHARM: 

DEGAD IS: 

FOCUS: 

GPM: 

GASTAR: 

HEGADAS : 

INPUFF: 

OB/DG: 

PHAST: 

SLAB: 

TRACE: 

PROBLEMS REVEXED BY RESIDUAL PLOTS FOR CONTINUCUS R E r n S E S  OF 

DENSE-GAS CLCUDS. (SEE FIG'JRE 17 1. 

Much of variability arises from uneven performance among 
individual datasets. 

There is a large range in performance overall, with 
particularly large underpredictions for Goldfish and Maplin 
Sands. Underpredicts for all wind speeds except very low wind 
speed. 

Tendency to underpredict at greater distances. 

Much of variability is due to Desert Tortoise and Goldfish 
trials (2-phase jets). Tendency to underpredict at greater 
distances. 

Tendency to overpredict at shorter distances. 

Large overpredictions during unstable conditions at shorter 
distances. 

Overpredictions for light wind speeds and stable conditions. 

Few problems, since there is little variability of residuals. 

Few problems, since there is little variability of residuals. 

Much of variability is due to underpredictions for the 
Goldfish and Maplin Sands trials. 

Tends to underpredict in general, with poorest performance 
found for Goldfish, Maplin Sands, and Thorney Island trials. 

Overpredicts at short distances, underpredicts at greater 
distances. 

Few problems, since there is little variability of residuals. 

Most variability arises from uneven performance among 
individual datasets. 
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TABLE 15. 

AFTOX: 

AIRTOX: 

BM : 

CH4FU.í: 

DEGW IS : 

FOCUS : 

GASTAR: 

INPUFF: 

P U T :  

SLAB: 

TRACE: 

API PUBL*4546  9 2  O732290 0505605 O97 

PXOBLEMS REIIEALR) BY RESIDUAL P L O E  FOR INSTANTANEOUS DENSE-GAS 
CLOUDS (THORNEY ISLAND). (SEE FIGURE 18).  

Large overpredictions; worse for light wind speed, stable 
conditions 

Few problems, since there is little variability in residual 
plots.  

Few problems, since there is little variability in residual 
plots. 

Underpredicts during low wind speed, stable conditions, at 
short di stances. 

Underpredicts during low winds and overpredicts during high 
winds. 

Moderate overpredictions throughout, with little variability. 

Feu problems, since there is little variability in residual 
plots. 

General overpredictions throughout, with little variability. 

A feu large overpredictions during high wind speed conditions. 

Few problems, since there is little variability in residual 
plots. 

Underpredicts during low wind speed conditions and 
overpredicts during high wind speed conditions. 
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Because there are few data-points in the dataset for instantaneous 
releases of passive-gas clouds (Hanford), we have not produced residual plots  
for this dataset (Group 5) .  The plots for continuous releases of passive-gas 
clouds (Prairie Grass - Group 3) are shown in Figure 19, and the results are 
summarized in Table 16. Among the models designed for dense-gas clouds, 
several tend to increasingly overpredict concentrations during increasingly 
unstable conditions or higher wind conditions. The MARM, GPM, HEGADAC, 
INPUFF, and SLAB models have the desirable trait that there is relatively 
little variability in their residual plots for this group of data. 
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TABLE 16. PROBLEMS REVEALED BY RESIDUAL PLOTS FOR CONTINUOUS PASSIVE-GAS 

CLOUDS (PRAIRIE GRASS 1. (SEE FIGURE 1 9 ) .  

AFTOX: 

AIRTOX: 

CHARM: 

DEGADIS: 

FOCUS : 

GPM: 

GASTAR: 

HEGADAS: 

INPUFF: 

OBAG: 

P U T :  

SLAB: 

TRACE: 

Slightly underpredicts during light wind speed, stable 
conditions. 

Trend towards underpredictions at greater distances, light 
winds, and stable conditions. 

Few problems, since there is little variability in residual 
plots. 

Overpredicts slightly in general, but with little variability 
in residual plots. 

Relative underpredictions at low wind speeds and 
overpredictions at high wind speeds. 

Few problems, since there is little variability in residual 
plots. 

Overpredicts at shorter distances and higher wind speeds. 

Few problems, since there is little variability in residual 
plots. 

Few problems, since there is little variability in residual 
plots. 

Underprediction tendency during light wind speeds. 

Overpredicts during high wind speed conditions. 

Feu problems, since there is little variability in residual 
plots. 

Overpredicts with increasingly higher winds and unstable 
dispersion conditions 

161 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



_ _ _ _ _  ____  -___ -____--  -_ - - -~ __ 
A P I  PUBLS454b 92 0732290 0505612 227 

SECTION VI 
SENSITIVITY ANALYSIS USING MONTE CXRLO PRCEDURES 

A. OVEXVIEW 

The Monte Carlo method -s one way of estimating the magn tuci of model 
uncertainties due to input data errors. The method involves running the model 
multiple times, with the input parameters slightly perturbed each time (see 
Volume I, Section 1x1. It is necessary to implement the Monte Carlo 
sensitivity analyses on a platform where the user can easily run the model 
repeatedly, efficiently extract the information of interest, and not be 
overwhelmed by the amount of the output generated. The MDA (Modeler Data 
Archive) software package previously described in this volume serves as an 
ideal choice for this platform in that the execution of most of the dispersion 
models has been automated, and in that the extraction of useful information 
from the outputs can be achieved by the post-processors that have already been 
developed. 
implements the Monte Carlo method MDAMC. 

In the following, we shall call the software package that 

B. CHOICE OF MODELS AND INPUT PARAMEEM 

There are some important criteria that should be heeded in choosing 
specific dispersion models for application of the Monte Carlo sensitivity 
analyses. First, it is desirable that the input, the execution and the 
post-processing of the model be fully automated. Second, it is desirable that 
the model can execute reasonably fast (say, less than 10 seconds for each run), 
since it is necessary to run the model hundreds to thousands of times. Last, 
as a somewhat less stringent requirement, the model should have a simple I/O 
structure, such as a small number of compact input and output files are 
involved. Based on these criteria, the SLAB model was chosen for 
testing of MDAMC. The AFTOX, DEGADIS, GASTAR and GPM models also satisfy these 
criteria, but were not used in the sensitivity study reported in this section. 

The input parameters accepted by the models can be classified as primary 
and secondary. Secondary input parameters are derived from the primary input 
parameters. Wind and temperature measurements, and surface roughness are the 
examples of primary input parameters. Monin-Obukhov length and stability class 
are the examples of secondary input parameters. In the Monte Carlo study, only 
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variations in the primary input parameters are considerec. The following seven 
primary input parameters are pertiirbed at ezch Monte Czfla sisulation in Qur 
example: 

domain averaged wind speed (u), 
difference in wind speed between the domain-average and a tower (du), 
difference in temperature between two levels on a tower (dT1, 
relative humidity (RH), 
surface roughness (zol,  

* source emission rate (QI, and 
source diameter (DI. 

The first four parameters are related to the meteorology, the fifth 
parameter is related to the site condition, and the last two parameters are 
related to the source condition. 
is no correlation among the primary input parameters. 
variables such as Monin-ûbukhov length, friction velocity, and stability 
parameter are calculated from the above seven primary parameters. 

In this application, it is assumed that there 
Other secondary 

Currently, the MDAMC package uses concentrations and cloud widths at 
certain downwind distances as indicators of model uncertainty due to input data 
errors. 

Perhaps the most difficult problem encountered in Monte-Carlo sensitivity 
analyses is the specification of the distributions of the primary input 
parameters. The Gaussian distribution ( for  example, Reference 71) and the 
log-normal distribution (for example, Reference 721 are common choices for 
many ambient measurements. 
distributions for some parameters. 
roughness and the source emission rate, the need for a detailed description of 
their distributions becomes less clear. O'Neill et al. (Reference 731 found 
out the results of a Monte Carlo analysis of their stream ecosystem model were 
not sensitive to the choice of parameter distributions. Therefore, it was 
decided that a simple uniform distribution would be used for all parameters in 
this example. For a uniform distribution the probability of occurrence of the 
parameter is the same at a l l  points within an upper and lower bound. 
of these bounds, the probability of occurrence is zero. 

However, there is a lack of knowledge about the 
Moreover, in the case of the surface 

Outside 
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The range of a parameter is the only information needed to fully define a 
uniform distribution. The ranges of uncertainties associated with 
meteorological observations depend on the kind of the instrument used, the 
averaging time, the orientation with the wind direction, and the atmospheric 
stability (see Volume III of this report). For simplicity, the MDAMC package 
assumes the following default values for the ranges of uncertainties for the 
input parameters; however, the user always has the option of specifying his 
own ranges. 

wind speed (u and du): 
temperature difference (dT): 

relative humidity (RH): the mean f 10 percent 
surf ace roughness (zo  1 : the mean f 1/2 order of magnitude 
source emission rate (QI: the mean f 1/2 order of magnitude 

source diameter (DI: the mean k 1/2 order of magnitude 

the mean f larger of O. 5 m/c and cU 
the mean k 0 .2OC 

For example, if the observed domain-averaged wind speed, u, is 5.6 mís and 
the standard deviation, t~ is 0.9 d s ,  is the wind speed for each Monte Carlo 
simulation will be drawn randomly from the range between 4.7 and 6.5 ds. 
the reported surface roughness is 0.0316 m, the surface roughness for each 
Monte Carlo simulation will be drawn randomly from the range between 0.01 and 
O. 1 m. 

U’ 
If 

C. IMPLEMENTATION 

During the execution of MùAMC, the user has to specify: 1) a dispersion 
model whose uncertainty due to data input errors is to be investigated, 2)  a 

trial from which perturbations on the primary input parameters will be created, 
3) the number of Monte Carlo simulations to be made, and 4) the ranges for the 
primary input parameters, if the default values provided by the program were 
not des i red. 

The output file created by MDAMC echoes most of the user inputs just 
described previously. 
output parameters for each Monte Carlo simulation. Finally, the file includes 
the minimums, maximums, means and standard deviations for all the parameters 

As an option, the file lists the values of the input and 
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based on all the simulations, so that the user can analyze the relationship of 
input data errors to model uncertainty. An example of this output file is 
shown in Table 17. 

D. RECULTS 

In the following, the Desert Tortoise 3 experiment and the SLAB model are 
chosen to demonstrate the use of the MDAMC package. 
to complete 500 simulations using the SLAB model on a PC with 80386 CPU and 
80387 math co-processor, both running at 2SMHz. 
the primary input parameters that were previously described were used. 
Desert Tortoise 3 experiment the following observed values were listed in the 
MDA: u = 7.4 m/s, du = 0.2 mis, dT = -0. OSOC, RH = 14.8 percent, zo = 0.003 rn, 
Q = 130.7 kgis, D=0.0945 m, and u= 1.0 m/s. For a uniform distribution with 
the default ranges of uncertainties, the ratios of standard deviation to mean 
for  u, du, dT, RH, zo, Q, and D are 0.078, 2.89, 5.77,  0.39, 0.47, 0.47, and 
0.47, respectively. 
input parameters perturbed simultaneously. In order to isolate the influence 
of each parameter, MDAMC was run seven more times, each time varying only one 
of the primary input parameters. Table 18 summarizes the results when all 
seven parameters were perturbed, and the corresponding probability density 
functions (pdf) of the concentrations and widths are shown in Figure 20. 
19 through 25 summarize the results when only one of the parameters was 

perturbed. Model results using the original input data without any 
perturbation were also included in the tables and referred to as the "reference 
value. " 

It takes roughly two hours 

The default uncertainties for 
For the 

The MDAMC package was first run with all seven primary 

Tables 

Table 26 summarizes the ratio of the relative model uncertainties, 
and "IJ/", to the relative input data uncertainties, ri/T (C = concentration, 
w = width, i = input parameter) for this particular example of Monte Carlo 
sensitivity analysis. Note that the relative sensitivities are less than unity 
f o r  all variables and that the predictions are the most sensitive to variations 
in wind speed and source strength. 

From Figure 20 it is clear that even though all the primary input 
parameters were given a uniform distribution, the distribution of the 
subsequent model results is far from being uniform. It is evident from Table 
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TABLE 17. AN EXAMPLE OF THE OUTPUT FILE GENERATE3 BY THE MDMC PACKAGE, WHE3E 

20 MONTE CARLO SIMULATIONS OF THE SLAB MODEL FOR THE DESERT 
TORTOISE 3 EXPERIMENT üEñE PERFORMED. 

Trial name: Et3 
Ro. of simulation: 20 
3:iq. value, 1.5.. u.b. ,  man, sigma, and siqxa/nean €or each variable: 
Note that the ceans ana aianas here are based on the THE0fLErIC;IL WIFORH cis:ribu=ion 
.I 7.40 6.40 8.40 7-40 0.577 0.7808-21 
EU 0 .200  -0.800 1.20 3.200 0.577 2.99 
dT -0.200E-01 -0.220 0.180 -0.ZOOE-01 0.115 -5.77 
XH 14.8 4.80 24.8 14.8 5.77 0.200 
2 0  0.300E-02 0.9488-03 0.948E-02 0.521E-02 0.246E-02 0.472 
Q 131. 41.3 413. 227. 107. O. 472 

0.164 0.776E-01 0.472 Rdiarn 0.945E-01 0.2991-01 0.299 

AFTOX - n 
DEGAOIS - n 
GASTAR - n  
a n  - n 
s m  - y  
NDIST - 2 
And the downwind distances iml are: 

100. 800. 

U du di! RH 20 Q Rdiam 5 PG concippml ... s i q y ( m ) . . .  

Following are the values of the parameters for each simulation: 

7.180E+00-4.577E-01 3.693E-02 2-218E+OI 2.403343 2.990E+02 9-45I.E-O2 4.433E+02 4 3.050E+05 Z.OLOE+Ol 1.389E+01 1.067E+02 
6.864E+00 1.131E+00 4.853E-02 1.107E+01 7.1123-03 4.0923+02 1.123E-01 7.997E+02 4 3.4391+05 2.1333+04 1.485E+Ol 1.165E+02 
7.804E+00 3.245E-01 1.086E-01 Z-O81E+O1 6.7108-03 3-527E+02 2-61OE-01 6.27SE+Ot 4 3.233E+05 1.7738+04 2.917E+01 9.7638+01 
7.811E+00-3.991E-01 1.369E-01 1-971E+01 4-210E-03 2-209E+02 2-54I.E-O1 4.139E+Ot 4 2.35lE+05 1.2588+04 2.892E+01 8.658E+01 
7.385E+00-4.086E-01 3.8861-02 7-263E+00 3-628E-03 2-4723+02 2-154E-O1 5.2733+02 4 2.631Et05 1.484E+O4 2.990E+OL 9.3661+01 
7.260E+00-5.513E-02 3.835E-O2 2.471E+01 9-208E-03 2.439EcOZ 2-61lE-01 7.467E+02 4 2.427E+05 1.22JE+O4 3.068E+01 9.046Ec01 
6.756E+00-6.007E-01-1.978E~Ol 1-236Ec01 8-63OE-O3 2.2148+02 1.248E-01-2.045E+03 4 2.7033+05 1.156E+04 2.007E+Ol 9.6433+01 
7.371E+00 5.474E-01 1.230E-01 1.302EL01 1.997E-03 1-7358+02 1-133E-01 4.028E102 4 2.554E+05 1.246E+04 1.743E+01 8.82OE+O1 
7.080E+00 6.179E-01-3.019E-02 2.278E+01 1.084E-03 9.177E+01 1.131E-01 7-224E+02 4 1.72ZE+05 7.799E+03 1.9423+01 7.7708+01 
8.364Et00-6.5131-01 5.882E-02 8.0733+00 1.572E-03 1.757E+02 2.180E-01 4-656Z+02 4 2.1053+05 1.152E+04 2.507E+Ol 7.962E+01 
6.662E+00 1.603E-01 8-6171-02 1.420E+01 7.3773-03 2.309EI02 5-549E'-O2 5.028E+02 4 1.8143+05 1.219f+04 1.363E+01 1.041E+02 
7.1681+00 4.973E-01-3.6368-02 1.331E+01 4-051E-03 2.577E+02 2.089E-O1 1.069E+03 4 2.910¿+05 :.557Z+04 2.7038+01 9.725E+01 
7.159E+00-3.6573-01 1.005E-01 1-489E+01 6-732Z-O3 3.555E+02 2-741E-01 4.581E+02 4 3.266ë+05 1.886E+O4 3.2548+01 1.0528+02 
7.559E+00 1.063E+00-1.039E-01 6-34@E+00 7-3733-03 1.567E+02 2.055E-01 3.937E+03 4 1.8743+05 7.885B+03 2.534E+Ol 7.902E+01 
5.433E+O0-5.475E-01 1.349E-01 2-175E+01 4.992503 3.64SE+02 1-11ZE-01 2.826E+02 4 3.4161+05 2.292E+04 1.553E+Ol 1.204E+02 
7.844E+00 6.039E-01-2.1723-01 2-071E+01 4.2368-03 4.359E+01 7.307E-02-2.181Z+03 4 8.527E+04 2.506E+03 1.482E+Ol 6.115E+01 
8.110Et00-2.902E-01-4.297E~O2 l.OZlE+Ol 9.127B-03 3-012E+Ot 2-712E-01 1.52CZ+03 4 2.693E+05 1.323E+04 2.882E+01 8.913E+O1 
8.133EtOO 1.044E+00 3.487E-02 1.403E+01 4.713s-O3 ?.018Et02 4.743E-02 9.934Et02 4 1.321ë+05 5.430Z+03 1.346E+O1 7.261E+01 
7.879E+00 5.178E-01-4.2318-03 2.049E+01 8.5421-03 2.229B+O2 2.872E-01 1.2633+03 4 2.1249+05 ?.OSCE+04 2.930E+01 8.3433+01 
8.045E+00 7.9095-02 1.600E-01 l.lOBE+Ol 4.2853-03 2.4558+02 3-045E-02 4.606Z+02 4 9.948E+04 1.06Z+04 9.998E+OO 9.029E+01 

Following are the min., m a . ,  means and standard deviations of the parameters for all s imlac ions :  

6.433E+00-6.513E-01-2.172E~Ol 6-3403+00 1-084E-03 4.3591+01 3-0453-02-2.181E+03 8.527E+04 2.50=+03 9.998E+00 6.115E+01 
8.364Ec00 1.131E+00 1.600E-01 2.471E+01 9-2093-03 4.092E+02 Z.87tE-01 3.9371+03 3.439%+05 2.2928+04 3.254E+01 1.204E+02 
7.443E+00 1.405E-01 2.3691-02 1-545E*01 5.402E-03 2.358E+02 1-681E-01 5.70EE+OZ 2.3745+05 1.309E+04 2.3998+01 I).lBOE+Ol 
5.291E-01 5.764E-01 1.OZJ.E-O1 5-561E+OO 2.513E-O3 9-3191+01 8.577E-O2 1.1803+03 7.503E+04 5.115Ee03 7.150E+00 1.416E+01 
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TABLE is. MODEL UNC3TAINTIES FOR THE SLAB MODEL UHEìì ALI SLyE?4 ?RIHARY :!!?Si' 
PARAMETERS [ S E  TEST) UERE PRWRBED SIMULTANECUSLY IN SOO MONTS 
CARLO SIP!üLATIONS FCR THE: DESERT TORTOISE3 EXPBIMENT. (S. D. : 

STANDARD DEVIATICNI 

conc (ppm) 
@I 100m 

Reference value 210000 

minimm 66709 

maximum LF24204 

mean 236500 

S.d. 87390 

s.dJmean 0.37 

com (ppm) 
43 800m 
8545 

2074 

31130 

13230 

6032 

0.46 

width (m) 
@ 100m 

16.8 

9.4 

38.5 

21.0 
6.7 

0.32 

width (m) 
43 800m 
81.3 

57.6 

127.7 

92.2 

15.1 

0.16 

TABU 19. MODEL UNCERTAINTIES FOR THE SLAB MODEL WHEN ONLY THE DOMAIN AVERAGE3 

WIND SPEED W A S  PERTURBED IN 500 M O N E  CARLO SIMULATIONS FOR THE 
DESERT TORTOICE 3 EXPEIIIMENT. (S.D. : STANDARD DEVIATION) 

com (ppm) 
@ 100m 

Reference value 210000 

minimum 203398 

maximum 215402 

mean 209600 

S.d. 3431 

s.dJmean 0.016 

mnc (ppm) 
63 800m 
8545 

7593 

9595 

8540 

582 

0.068 

width (m) width (m> 
63 100m @ 800m 
16.8 81.3 

15.4 74.0 

18.6 90.4 

17.0 81.7 

0.9 4.8 

0.053 0.059 
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TABLE 20. MODEL UNCERTAINTIES FOR THE SLAB MODEL WHEN ONLY THE DIFFEXENCE IN 
WIND SPEED BETWEEN DOMAIN-AVERAGE AND A TOWEi? WAS PERTURBED IN 500 

MONTE CARLO SIMULATIONS FOR THE DECnlT TORTOISE 3 EXPERIMENT. 
STANDARD DEVIATION) 

(S. D. : 

Reference value 

minimilm 

maximum 

mean 

S.d. 

s.dJmean 

conc (ppm) 
@ 100m 

210000 

209700 

209700 

209700 

O 

O 

conc (ppm) 
@ 800m 

8545 

8459 

8541 

8488 

21 

0.0025 

width (m) 
@ 100m 

16.8 

16.8 

16.8 

16.8 

O 

O 

width (m) 
@ 800m 

81.3 

81.0 

81.2 

81.1 

0.06 

0.0007 

TABLE 21. MODEL UNCERTAINTIES FOR THE SLAB MODEL WHEN ONLY THE DIFFERENCE IN 
TEMPERATURE BETWEEN TWO LF.irELc ON A TOWER WAS PERTURBED IN 500 MONTE 
CARLO SIMULATIONS FOR THE DFSERT TORTOISE 3 EXPERIMENT. (S.D. : 
STANDARD DEVIATION) 

Reference value 

minimum 

maximum 

mean 

S.d. 

s.dJmean 

com (ppm) conc (ppm) 
@ 100m @I 800m 

210000 8545 

208698 8249 

209702 8713 

209500 8494 

311 132 

0.0015 0.016 

169 

width (m) 
@ 100m 

16.8 

16.8 

16.9 

16.9 

0.02 

0.0012 

width (m) 
@ 800m 

81.3 

80.9 

81.2 

81.1 

0.06 

0.0007 
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TABLE 22. IYODEL UNCERTAINTIES LOR TIE SLAB MODEL WHEN ONLY THE RFSATiVE 

KUMIDITY WAS PERTURBEI) IN 500 MONTE CARLO SIMULATIONS FOR THE DESERT 

IORTOISC 3 EXPEJIIMENT. (S. D. : STANDARD DEVIATION) 

com (ppm) 
@ 100m 

Reference value 210000 

minimum 207398 

maaimum 211102 

mean 209400 

S.d. 1018 

s d m e a n  o.ow9 

conc (pprn) 
@ 800m 

8543 

8368 

8641 

0492 

75 

0.0088 

width (m) 
@ 1OOm 
16.8 

16.8 

17.0 

16.9 

0.06 

0.0036 

width (m) 
43 800m 

81.3 

81.0 

81.2 

81.1 

0.06 

0.0007 

TABLE 23. MODEL UNCERTAINTIES FOR THE SLAB MODEL WHEN ONLY THE SURFACE 
ROUGHNESS WAS PERTURBED IN 500 MONTE CARLO SIMULATIONS FOR THE DESERT 
TORTOISE 3 EXPERIMENT,. (S.D.: SANDARD DEVIATION) 

conc íppm) 
8 100m 

Reference value 210000 

minimum 184698 
maximum 219102 
mean 

S.& 

200300 

10240 

s.d./mean 0.05 

8545 

6599 
10810 

7827 

1062 

O. 14 

width (m) width (m) 
@ 100m 43 800111 

16.8 81.3 

16.1 77.5 
17.9 84.3 

17.2 79.8 

0.5 1.7 
0.029 0.021 
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TABLE 24. MODEL UNCERTAINTIES FOR THE SLAB MODU. VHEN ONLY TE!! SXJRCE EMISSION 
RATE WAS PERTURBED IN 500 MONTE CARLO SIMUUTIONS FOR TíE DECEIT 
TORTOISE 3 EXPERIMENT. (S. D. : STANDARD DEVIATION) 

conc (ppm) 
8 100m 

Reference value 210000 

miiiimiim 84789 

maximum 321303 

mean 257500 

S.d 61460 

s.dJmean 0.24 

conc (ppm) 
@ 800m 

8545 

2749 

23880 

14450 

6049 

0.42 

width (m) 
@ 100m 

16.8 

12.5 

17.7 

15.0 

1.6 

0.11 

width (m) 
@ 800m 

81.3 

61.8 

114.5 

94.5 

14.4 

0.15 

TABLE 25. MODEL UNCERTAINTIES FOR THE SiAB MODEL u" ONLY THE SOURCE DIAMETER 
WAS PERTURBED IN SOO MONTE CARLO SIMULATIONS FOR THE DESERT TORTOISE 3 
EICPERIMENT. (S. D. : STANDARD DEVIATION) 

Reference value 210000 

minimum 99209 

maximum 210402 

mean 180200 

S.d. 23450 

s.dímean 0.13 

cone (ppm) 
43 800m 

8545 

7475 

85 O4 

8305 

1955 

0.24 

width (m> width (m) 
@ 100m @ 800m 

16.8 81.3 

11.6 79.0 

28.4 86.2 

21.7 80.7 

0.3 2.1 

0.026 0.24 
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6 -  5 

X = 2 iBM 
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Figure 20. The probability density flmctlons (pdf)  of the concentrations and 
widths (sigma-y) at SCO and 800m downwind based on 500 Xcnte Carlo 
simulations of the SLAB model for the Desert Tortoise3 experiment. 

172 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



173 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*454b 92 073è290 O505biJ3 O02 

18 that large ranges of the moael results due to input data uncertainties are 
observed. 
like Desert Tortoise 3, Table 26 shows that the large ranges in predictions are 
mainly attributed to uncertainties in the wind speed (u], the source emission 
rate (QI, and the source diameter (DI. 
(z,) have a moderate influence. 
(du), the temperature, (dT1, and the relative humidity, (RH), are found to be 
relatively inconsequential. 
importance for a dispersion model to simulate the source term correctly for a 
horizontal aerosol jet release. 

idowever, for the SLG model and a horizontal aerosol jet release 

Uncertainties in the surface roughness 
Uncertainties in the wind speed difference, 

The results of this example point out the 

The calculated sensitivities could depend strongly on the model 
formulation and on the value of the original (reference) data. For example, 
if the uncertainty range of AT crosses a threshold where the PG class jumps 
from C to D, D to E, etc., then a large change in concentration or cloud width 
may result. 
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SECTION VI1 

CUMMAñY OF EVALUATION 

The tables and figures in the previous sections provide quantitative 
estimates of the model performance measures for individual groups of 
experiments (for example, dense-gas continuous releases or neutrally-buoyant 
gas instantaneous releases). Emphasis was on the geometric mean bias, MG, and 

the geometric variance, VG, for each group. It is difficult to combine these 
results, since the problem often reduces to comparing "apples" to "oranges." 

For example, how can the BM model, which applies only to dense gas releases, 
be compared with the Gaussian plume model, which applies only to continuous 

releases of neutrally-buoyant gases? 

In this section, the model evaluation exercise is generalized by 
combining the information from the different datasets in a qualitative manner. 
For this purpose, we use the following three groups of datasets: 

Group 1: Continuous dense gas releases, with short averaging times 
(several of the models state that they are most applicable to 
short rather than long averaging times) 

Group 3: Instantaneous dense gas releases (Thorney Island) 

Group 4: Continuous passive gas releases (mostly Prairie Grass) 

The experiments with instantaneous passive gas releases are not included in 

this final summary since there were relatively few runs and all the models 
tended to overpredict. 

A. CONCENTRATION PREDICTIONS 

The evaluations discussed in Section IV emphasized use of the logarithm 
of concentration, which lessens the influence of outliers and which gives 
equal weight to over- or under-predictions. The FAC2 statistic is also a 

logarithmic measure, since it is the fraction of the predictions that are 
within a factor of two of observations. Ranking of models according to the 

F A C 2  results is given in Table 27, where the ranges of FAC2 are arbitrarily 
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TAELE 27. 2ANKING CF MODE!-S ACCORDING TO FAC?, (FACTOR OF TdO) STATISTIC, 
WHICH EQUALS THE FRACTION OF TIME THAT THE PFWICTICNS ARE WITHIN A 
FACTOR OF TWO OF THE OBSERVATIONS. 

Continuous Dense 
Gas Releases 

(Short Averaging Time) 

(AFTOX) 
0.6 < FAC2 < 0.7 

GASTAFL~ 3.4 C FAC2 < O. 6 [pwTm 

FOCUSm 

( OBDG 1 
?AC2 < 0.4 

Ins tan taneous 
Dense Gas Releases 

FAC2 > 0.8 

E” 0.6 < FAG2 < 0.8 

rE%’ 0.5 < FAC2 < 0.6 

Continuous Passive 
Gas Releases 

FAC2 > 0.8 

0.7 < FACS < 0.8 

0.5 < FACS < 0.7 

FAC2 C 0.5 

[--- . 
AFTOX 

lotes: Parentheses indicate scenarios for which the model was originally 
deve loped. 

The superscript M indicates a proprietary model. 
The ranges in FAC2 were arbitrarily chosen so that the models were 

more or less equally divided into four  or five distinct clusters. 
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chosen in each group such that the models are divided into four or five 
distinct clusters. Several conclusions can be made from this table: 

The FAC2 performance of any model is not related to its cost or 
complexity. 

In two of the three groups, the "best" model is one which was not 
originally developed for that scenario (that is, GPM for continuous 
dense gas releases and SLAB for continuous passive gas releases). 

The better models can have their predictions within a factor of two 
of the observations about 70 or 80 percent of the time. 

. The BM, GPM, SLAB, and HEGADAS models demonstrate the most 

consistent performance for the FAC2 statistic. 

Qualitative assessments based on the geometric mean bias, MG, and the 
geometric variance, VG, are given in Table 28. These results are sometimes 
slightly different from those from the "Factor of Two" analysis in Table 27. 
However, the four models (BM, GPM, SLAB, and HEGADAS] that produced the best 
"Factor of Two" agreement are on the list of six models (BM, GPM, SLAB, 
HEGADAC, CHARM, and PHAST) that produce the most consistent performance for 
the statistics MG and VG. 

For safety purposes it may be better if a model overpredicts than 
underpredicts concentration. From this viewpoint, of the "top six" models, 
the SLAB and CHARM models may be less desirable because of their tendency to 
underpredict by a slight amount in Table 28. 

B. WIDTHS 

Figures 16a and 16b presented the geometric mean bias, MG, and the 
geometric variance, VG, for each model for the predicted and observed widths 
at the continuous release datasets. The better models for the dense gas 
releases were the AIRTOX, PHAST, and SLAB models. The AFTOX width predictions 
were about a factor of three low and the HEGADAS predictions were about a 
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TABLE 28. SUMMARY OF PERFORMANCE EVALUATION BASED ON GEOMET3IC MEW BIAS MG 
AND GEOMETRIC VARIANCE VG FOR CONC22ìiTRATICNS, NEGLECTING 
INSTANTANECUS PASSIVE DATACET. THE TEWS "OVER" AND "UNDE3" REFE3 

TO THE BIAS IN THE MEAN PREDICTIONS. 

Continuous Instantaneous Continuous 
Dense Gas Releases Dense Gas Passive Gas 

(Short Averaging Time) Releases Releases 

AFTOX 
AIRTOX~ 
*BM 
*mm 
DEGAD IS 
FOCUSm 

 GASTAR^ 
"GPM 
%HEGADAS 

INPUFF 
OB/DG 

*PHASTm 
'SLAB 

TRACE" 

(Good) 
Poor-Under 
Good 

Fair-Under 
Good-Over 

Poor-Over 
+Good 
(Good-Under 1 
*Good 
(Poor-Underl 
( Poor-tlnder 1 
Fair 
Good-Under 
Fair 

(Poor-Way Over) 
Good 
+Good 
Fair-Under 
Poor 
Po o r  -Over 
*Fair-Under -- 
-I 

(Pooriiver) 
H 

Fa i r-ûver 
+Fair-Under 
Poor -Over 

Fair -Over 
*Fair 
-- 
+Fair-Under 
(Fair-Over) 
Good 
Poor -Over 

*Good 
J. (Good 1 
Good 
Good 

Good 
*(Good 1 
Poor-Over 

Notes: Parentheses indicate scenarios for which the model was p& originally 

The superscript rn indicates a proprietary model. 
The symbol marks a "better" model. 
The symbol * marks a model with minimal trend in its residual plots. 

developed. 
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factor of three high, while the GTM width predictions were about 40 percent 
low and the GASTAR and DEGADIS predictions were about a factor of t w o  high 
For the passive gas releases, all models performed reasonably well, with 
little difference among the results. It is difficult to choose a "better" 
model from these data because of this lack of variation. As before, it is 

concluded that the ability of  a model to accurately simulate plume widths is 
not a function of its cost or complexity. 

C. SCREENING MODEL RECOMMENDATIONS 

The results of the analyses in this section lead to the recommendation 
that the following simple, analytical formulas can be confidently used for 
screening purposes for sources over flat, open terrain: 

BM (Britter and McQuaid) f o r  continuous and instantaneous dense gas 
releases. 

GPM (Gaussian Plume Model) for continuous passive gas releases. 

There are insufficient field data to justify recommendations for instantaneous 
passive gas releases. However, the D A ' S  INPUFF model appears to perform 
reasonably well for the Hanford dataset in Figure 14b. 

These screening models would not be appropriate for source scenarios and 
terrain types outside of those used in the model derivations. 
because the screening models neglect variations in roughness length, they 
would be inappropriate for urban areas or heavily industrialized areas. 

For example, 
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AIXTOX 
3ritzer and LMcQuaid 
CLARM 
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SLAB 
TRACE 

for each of t h e  following e e e r h n e n t s :  
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Coyote 
Desert Tor to i se  
Goldf i sh  
Hanford f continEous ) 
Banford ( ins tan taneous  ) 
Kaolin Sands (LXG) 

Mzp l in  Sands ( U G )  
"airle Grass 
rn A o r z e y  I s l a n d  (cont inuous)  

Tkorney Z s i a n c  ( i n s r a n c a n e o u )  
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1 
a 

o. ó00 
u. 45 

5.5 
n 

10.00 
10.QO 

30.3 
3.2 

1co.o 
3.3 

200.3 
3.6 

400.3 
L.2 

800.3 
2.5 

68.25 

L 

.. 

:2 

:3 
3 

:9 
f: 

64.300 
L.20 
2.3 

:9.9 
3.3 
: .3 
I 

3.: 
i O . 3  

L 

0.600 
0.45 

3.7 
n 

10.00 
10.00 

400.3 
2.4 

300.3 
4.9 

-99.9 
0.5 

-99.9 
3.8 

-99.9 
:.3 

4.30 

.- 
:O 

1 

.. 

214 

- 
:3 
56 

9 
3 

:9 
:I 

54.3CO 
5.20 

:.3 
21.3 
3.3 
3.4 

Y 
:2.3 
:3.23 

3 

1 
3.500 
O. 45 

5.7 
n 

zo.00 
:0.30 

1. 
50.0 
3.2 

LOO.0 
0.4 

200.3 
3.8 

400.3 
:.1 

800.0 
3.3 

28.30 

:3 
56 
:3 

:9 
71 

64 .YO0 
1.23 
2.3 

27.3 
3.2 
3 . 1  

3 . 5  
:c.23 

I 

iI 

7 
0.600 

3. i 5  

5.6 

t0.00 
:o. :o 
50.3 

3.2 
:00.3 

0.4 
200.3 

3.3  
400.3 

i.3 
900.3 

3.6 

D 

I. 

49.ao 

:3 
36 
:3 
3 

:9 
7: 

sil. :c3 
L . 3  

26.3 
0 . 3  
3.3 

5 . S  
:3.:3 

... 
6." 

I 

I 
0.600 

0.45 

3.4 
a 

z0.co 
LO. ao 

50.3 
3.2 

LCO.3 
0.4 

200.3 
3.: 

400.3 
i . 4  

800.3 
2.3 

-0.44 
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- 
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57.300 
100.:0 
10.3 
13.2 

3.3 
2.3 

Y 
4.4 

10.30 

1 
1.000 

0.co 

640.2 
n 

7.58 
1-30 
100. 
40.3 
0.3 
53.0 
0.4 
72.0 
0.ã 
90.0 
0.7 

112.3 
0.8 

158.0 
1.1 

250.3 
1-a 

33S.0 
2.: 

472.3 
3.: 
1-28 

6 
15 
94 
ì0 

a 

i1 
4 6  

57. SOO 
:00.30 
L3.3 
14.3 
3 . 3  
1.5 

Y 
2.3 

10.30 
3 
1 

1.200 
3.30 

613.2 

7.7s 
1.30 
100. 
50.3 
0.6 
90.0 
1.3 

212.3 
2.4 

250. O 
2.8 

335.0 
3.7 

472.3 
5.2 

-39.9 
0.9 

-39.3 
0.0 

-39.9 
0.3 
0. 62 

1 

1 
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UC:C:H 3 
i 

32 
13 

2 
:I 
46 

47.590 
:00.10 
10.3 
t9.6 
3.3 
2.3 
'I 

6.5 
:0.53 

4 
r 
a 

1.300 
0.00 

1147.30 
1.00 
100. 

0.4 
141.3 

0.8 
180. 3 
1.1 

283.0 
1.7 

424.0 
2.5 

-99.9 
1.1 

-99.9 
1.9 

-99.9 
2.4 

-99.9 
3.4 

-39.9 
0.0 

4.27 

.. .- 

n . 3  

3 
3 

32 
:9 
23 

2 
1: 
46 

:OO. DO 
:o .3 
:7.3 
0.0 
3.4 
'I 

3.1 
10.20 

2 

so.:ao 

- 
7 

1.300 
4.30 

4249.00 
1. YO 
LOO. 
71.9 
3.3 

100.0 
0.5 

150.0 
3.7 

i80.0 
0.9 

224.0 
1.; 

361.0 
ì.9 

500.0 
2.5 

-39.9 
0.0 

-99.3 
0.3 

-39.9 
3.3 

-3.27 

3 
32 
5 1  
49 

2 
:1 
56 

4 1  .1:3 
100. GO 
:0.3 
:7.3 
3.3 
2.4 
'I 

3.3  
10.30 

2 
1 
n 

?.ZOO 
0.00 

3958.30 
1.30 
100. 
71.3 

0.5 
100.3 

0.7 
150.0 

1.0 
200.0 

1 . 4  
364.0 

2.5 
412.3 

2.9 
510.0 

3.5 
-99.9 

0.0 
-39.9 

3.0 
-39.9 

3.3 
6.33 

3 :s 
I? 
19 
46  

2 

i 6  
46.240 
:30.*,0 
13.3 
3 . 3  

3 .3  
5.7 

2.3 
:o. 20 

3 

-I 

.. -A 

I 

3.900 
0.30 

3866.:0 
L.20 
:OO. 
71.3 
0.7 

:00.3 
f . 3  

141.3 
1.4 

180.0 
L.3 

224.3 
2.2 

316.3 
3.: 

503.0 
4.9 

-99.9 
3.3 

-99.9 
3.3 

-39.9 
3.5 

-4. 73 

.a i" 

:5 
32 
:7 
2 1  
L .. h- 

46 
58.490 
:oo.oo 
:0.3 
:O.; 
0 .3  
2.5 

Y 
5.3 

t3.50 
.I 

:.ao0 
0.30 

5136.ZO 
? .YO 
roo. 
71.3 
0.5 

3 o . a  
f.3 

200.3 
1.3 

361.3 
2.1 

500.3 
3.3 

-39.9 
:.2 

-39.9 
3.3 

-99.9 
3.3 

-99.9 
0.3 

-39.9 
0.û 

-i.31 

.- 

.e 

:3 .~ 

32 

i; 

.. I- 

.. I- 

46 
57.300 
130. :o 
:0.3 
i 3 . 7  
o.: 
7.3  

P 
5.3 

5.40 
s 
.. 

:.:Co 
3.20 

4800. :o 
L.20 
:OO. 
* L . 3  
3.2 

:YO.$  
3.2 

224.3 
3.5 

316.3 
3.: 

36l .G 
3.3 

412.3 
3.9 

-99.9 
o.: 

-39.9 
3.3 

-39.3 
0.3 

-99.3 

29.54 

". 

- 4  Y." 

i 
3 

33 
19 
52 

2 

46 
221.380 

130.50 
:0.3 
Z6.2 
3.3 
5.3 
'i 

3.: 
::.:o 

5 

., 
-.I 

7 
:.soo 
3.30 

37lf.20 :. :o 
100. 
40.3 
0.: 

50.0 
3.2 
71.3 
3.2 

:00.3 
3.3 

'.41.3 
0.5 

224.3 
0.7 

jO0.û 
l.1 

-39.9 
3.3 

-39.9 
3.0 

-39.9 
3.0 

2.38 

i 

33 
:3 
5 6  

2 

i 6  
5 4 . 2 4 0  
i33 .23  

13.3 
56.5 
3.3 
1 . ;  

? 
? . 7  

-".:o 
i 

..I .* 

., -- 

.- 

n 
:.áoo 
3.30 

S881.30 
1.30 
530. 
50.3 
3.1 

60.3 
0.: 
70.0 
0.2 

3.2 
L30.0 

3.2 
200.3 

3.5 
224.3 

3.5 
soo.3 

3.7 
430.3 

3.9 
510.0 

57.46 

ao.3 

. .  -.a 

i 
50 
33 
:O 
41 

2 
:I 
46 

51.270 
L10.30 

50.3 
13.3 

3.0 
5.4 

'? 
5.3 

,".YO 
3 

n 

. A  

z .300 
3.50 

5477.30 
:.30 
300. 
40.3 
3.1 

60.0 
0.2 

71.0 
4.2 

LOO.0 
3.3 

224 .O 
U.6 

361.3 
0.9 

583.3 
2.5 

-99.9 
3.0 

-39.3 
3.1 

-39.3 
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357 j u s  j:: 5 
1971 1371 197: 1971 1971 :â71 

36.120 87.380 36.360 31.250 32.>20 39.460 136.333 :3S.>80 
-73. 167. 175. 190. 129. -'.I. 137. -9. 

135.: .,O. J 
3 . )  5.3 3 . 3  ".a 3 . 3  : .3 .." 
7.: 5 . 2  2 . 7  3 . 3  5.: : . 4  4 . 5  -.I. - 

0.30020 3.00020 3.33320 0.3002!l 3.ioo:o 3.3Y.020 3.sco20 :.30020 
0.3 3.3 3 . 2  3 . 2  5.3 - . Y  J.J 3 . 3  
0.3 0.3 3.5 3 . 2  0.9 .I." 3 . 3  5 . 2  

3 . 3  3 . 3  3 . 3  3.5 3 . 3  3 . 3  2.3 3.5 
1 1 1 . 6  i 1 1 . 6  1 1 1 . 6  i11.5 12.6 .-- 111.á - - - - 6  111.6 

2642.1  2 6 4 2 . 1  2642. :  2642.: 2642.: 2 6 4 2 . 1  2 6 4 2 . 1  2642.1. 
0.31 0 . 3 1  3 .31  3.31 2.01 2.31 3.î1 U. 21 

3.i41E-O2 J.141E-O2 0.141Z-O2 0.141E-52 3.141Z-02 3.2412-52 J.141E-02 C.1412-32 
0.141E-JS 3.141E-05 0.l4l .E-05 0 . i41E-35 O.241E-05 0.141s-JS 3.141E-55 0.1412-55 

3u2 jü3 3u4 ru S j!: 6 
19i1 1311 

3 ., 1 

.-. 
. e n  .? - 1". " ,.. - e  '00.2 130.3 100.3 100.2 "3. 3 

7 -  -.- . .  , - *  .. 
- 0  . -  

TOR ÜET ?ZEI.L?.SES ONLY - 
. ~ m E  FE?. (ia 0.3 
.=I&UE XT. (ni 3.Y.O 
CRIF'ICZ m ( ~ - 2 )  : o.ooao 
3 1 7  vu. h / S I  0.50 
XHGZ (deq f=3Q tor.) : 0.3 

-** USER DATA 
XODE (O-SNAP, 1-c'OOT) : 
X¿PORTING T X Z S  (51 : 80 
EODEL T E S  S E P  ( s i  : 10 
'OOTPRT STXRT TIIIE ( 5 ) :  O 
FOOTPRT s o e  ZITZ (SI : 160 

*** P i U Z i T  OPTIONS *** 
;CH0 INPUTS (l-yesl : 1 
SNAPSHOT CCXCS (1-yes1 : 1 
.W CONCS (l-ecl 1 

¡ E I C H T  c SI- (l-yeol: 1 

-** C O N C ~ I O N  EVELS (PLOT) *-- 
üSER-0, JATXRASE-1 ; O 
USER - HIGP LZV (ppml : 100.00 
USER - H m  Lzv (ppnj : 100.00 
usat - Lcw m (Ppml : 100.00 

3ECEPTOR C C X S  (1-yesi : I 

*-* !4EEOROLCGICXL DATA (5 min.) **- 
-m SPEED (&SI 6.9 
XIM> D I R  ideq) 0 . 3  
STAB C A S S  (A-1,¿-61 : 3 .  
Z23PERATüZE (KI 311.3 

*** I1EîZPTCR DATA *** 
X-COORDISATE (m) 9 . 3  
Y-COORDIWTP-5 (n) -57.3 
Y-COORDIXATES (mi -140.3 
Y-CCORDI:=TZS ir,) 99.9 
Y-COORDIXATES !a1 99.9 

0.0 
0.30 

o. O000 
3 . 3 0  
3.0 

1 
80 
LO 
O 

160 

1 
1 
1 
1 
1 

O 
100.00 
100.00 
iOO.00 

5.9 
0.0 

3. 
307.8 

0.0 
-57.0 

-140.0 
39.9 
99.9 

5.9 
3.50 

3.3000 
3 . 2 0  
3.0 

1 
80 
10 
O 

160 

1 
1 
1 
I 
1 

O 
100.00 
100.00 
100.00 

10.4 
3.0 

3.  
309.0 

0.3 
-57.3 

- 1 4 0 . 0  
39.9 
99.9 

3 . 3  
0.30 

o.;ooo 
c.20 
3.3 

90 
?O 
3 

180 

1 
1 
I 

3 
100.00 
100.00 
100.00 

8 . 4  
0.0 

3 .  
314.3 

0.3 
-5l.Y. 

- i 4 0 . 3  
99.3 
9 9 . 3  

0.3 
3.50 

o. 3000 
3.?0 

3 . 3  

1 
60 
10 
O 

120 

1 

O 
100.30 
100.00 
100.00 

10.4 
0.0 

3 .  
312.7 

3.3 
-57.3 
-540.3 

39.3 
39.9 

3 . 0  
3 . 3 0  

0.3000 
2.20 

5.0 

1 
80 
:O 

3 
160 

1 
1 
I 
1 
1 

O 
100.00 
LOO. 30 
100.00 

9.7 
3 .3  

4 .  
307.3 

3 . 0  
-57.0 

-L40. J 
-4CO . O  

3 9 . 3  

3 . 3  
3.20 

3.0000 
0.20 

3 . 3  

1 
50 
10 
3 

4 0 0  

1 
1 
1 

o 
100.00 
100.30 
100.30 

2.6 
3 . 3  

306.3 
3. 

0.3 
-57.3 

-ico.3 
-400 .U 
-300.3 

2 . 3  
3 . x  

3 . 2 0 I O  
3 . 2 3  

3 . 3  

20 
10 
0 

150 

1 
1 
1 
1 
1 

0 
:oo.oo 
'-00. CO 
190.30 

6.7 
0.3 

4 .  
308.5 

3 . 3  
-57.3 

-140.3 
-400.3 
-100.3 
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? l . J  22.: 12.3 
0.30023 3.:oc:o 3.32020 

0.3 2.9 3.: 
0.: 0.3 3 .v 
0.0 0.3 3.3 

111.6 I1z.Ó i l Z . 6  
2642.1 2642.: 2642.: 

3.31 0.31 3.21. 
0.~41E-42 0.L41E-32 0.i418-02 
3.IJlZ-O5 3.1412-55 3.;419-35 

3.3 
3.20 

0.20 
3.3 

o.oac3 

40 
',O 

O 
80 

1 

1 

1 

L 

9 

O 
too.00 
100.30 
100.co 

21.3 
0.3 

301.5 
3 ". 

0.0 
-i40.0 
-200.3 
-300.3 
-400.3 

3.3 
3.20 

3.3oca 
3.50 

0 .5  

? 
40 
i3 

O 
120 

1 
I 
1 

1 

O 
100. so 
100.10 
1oo.co 

5.7 
0 .3  

4. 
297.3 

3.3 
-?40.3 
-200.3 
-300.5 
-400.3 
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.--.,--x . ---,. :.\:.i .xn . -  . -eserz :,c::;e APL PUBL*454b  92 0732290 0505b66 4 T B  -..- UT"..  - - -  -.--_ -.IL.-- . .L -L , ,A~~  : . h x y c r o u s  ;*T=.onia 

..- ;t".,'--3 .-- 
ã C M A R 1 3  . .,-_ 2T 2 * - A  

331 !:uxsïn 1225  13CS 1 2 C S  -"CS 
L-LAsz~"Tz-L, STSSW-I)) : 
-iIssic:I :GE i k C / S i  : 7 9 . 7 3 3  :ll.:C3 liC.7c3 36.7C3 
X Î A ï I I X  is1 -LB. 2 5 5 .  1 5 6 .  381. 
t XI'JIi) 31.2 31.7 91.1 30.4 
t .?EnOSOL 130.3 100.5 153.5 125.2 
XELXI'JE X X Z 3 I ~ Y  i t ]  : l3.2 i 7 . J  14.3 -* . 
jUZFACZ 3 O K i i n E S S  i21 : U.cC303 3.10300 5.20300 3.20303 
3 U I 1 3 I X G  X I X 3  i') : U." 3 . 3  5 . 3  3 . 5  
3UILDI:lC HEiZiiT izI : 3.: 0.3 c . 3  3 . 3  
7CR XON-UZZ .iEiu\SZS -- 

3.: 2ILZT:CN IACZ!2ñ "... 3 .1  ".* 
STCRAGS TE??P. (KI 3.: 3 . 3  3 . 3  5.3 
D I K E  ÀRE;\ (m-2) 3 . 3  0.3 3 . 3  0.3 
?OOL SEPTII i m l  3.53 0.20 0.C0 0.20 
SaIZ CCND. ( k c a l / a t K I  : 0.300Et00 3.OOOïtOO O.iOOït00 0.OCOEtOC 
SOIL X E R H  D I F F ( - C ? / s l :  0.300Et00 O.COOEt00 0.200Et00 0.3COEtO0 

I Cu\- 

2: 4 .-- . _-. 
- *  

-c-- 

.^ 

-. 7 

. *  

- a  a ?  

?OR UZT XLZASZS YNLY - 
nEIz&sE x!!!. !KI 2 3 1 . 3  
XELÜcìE :xi. ími 3 . 7 9  
C n I F I C E  .=EA ( ~ 1 ~ 2 1  : 3 . 9 4 4 5  
=XI'= VEL. iZI/Sl 22 .  á5 
XNC'Ui: (deq :=om kor.) : 0.2 

EODE (O-SNAP, 1-500T1 : 1 
ilEP0RTLvC :PES (SI : 60 
YODEL Z X E  STEP ;SI : :o 
?OOTPRT SïXRT T=?iE (sl : 0 
FOQTPRT STOP TïXE (SI : 180 

ZCXO INPüTS (I-yeaJ : 1 
SNAPSHOT CZNCS (1-yes1 : 1 
XAX CONCS (l-yes) 1 
RECEPTOR CDNCS (1-yes1 : 1 

.*- USER DATA *-* 

*** PRLUT OPTIONS .** 

HEIGHT c SIGWi (1-yes): L 

*** CONCENTXATION T ~ ~ L S  (PLOT) *** 
USSER-0, DATABASE-L : 3 
USER - HIGH IZV (pmmi) : 100.00 
USER - MU) LZV (PW) : 100.00 
USER - LOII m (Ppnl : 100.00 

'dIND SPEED (&SI 9.7  
'dIX0 D I R  (deq) 3 .2  
Sïäñ CLASS (A-1,:-5) : 4 .  
TZ!4PERATVnE (:O 302.3 

*** RECZPTOR DATA -** 

*** !Eï"ZOROLCCZCXG ZATA (5  Sin.) -** 

X-COORDINATE (ni 0 . 3  
Y-COORDIXATES !n) -100.3 
Y-COORDIXATES !a -300.3 

2 3 7 . 5  
3 . 7 9  

1 . 1 1 9 9  
23 .28  
0.3 

1 
120 
10 
O 

240 

1 
1 
1 
1 

O 
100.00 
iOO.00 
100.30 

7 . 6  
0.3 

4 .  
3 0 3 . 6  

0.9 
-100.3 
-300.3 

2 3 7 . 5  
3. 79 

1 . 1 6 4 7  
2 7 . 2 9  

3.3 

1 

30 
10 
J 

240 

1 

1 

O 
100.00 
100.00 
?OO. O0 

9.3  
0.3 

4 .  
3 0 7 . 1  

0.3 
-10013 
-ao0 - 2  

2 3 7 .  i 
0.79 

1.2115 
20.3 

5.3 

1 
190 

13 
3 

380 

1 
1 

1 

?OO.OO 
100.30 
1OO.GO 

6 .2  
9.2 

305.6 
<. 

9.3 
-100.2 
-300.2 
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SC2 :r: .". "S - 
- - e ?  1952 :cs2 I"_. 

27.570 X . i 6 0  1:.:?= 
260. :SC. 

3 4 . :  

4 . 3  :0.7 . I . .  

0.30300 3.33300 :.30300 
0.3 3.3 3.3 
0 . 3  3.3 3.: 

3.3 0.3 3 . 3  

3 . 3  
0 .3  
0.3 0.3 

0.20 0.23 :. 30 
0.000Et00 0.300EtOO O.COCEtO0 
0.00OEt00 0.300Et00 3.J03EtO0 

..I .S. 
$4.: 35.: 

..o.: .vu.: 
...I . 
."U." ." " . n  . nr 

0.3 3.1 

299.5 
i.3 

0.2896 
23.24 

O. J 

1 
LEO 
io 

O 
540 

I 

& 

L 

O 
30.00 
30.UO 
30.30 

5.4 
0.0 

4.  
309.4 

0.3 
-300.3 

Y-COORDINATES in) : -1000.0 -iOOO.O 
v-c30m1.uTzs !a1 : -3000.0 99.3 

3 9 . 5  
5 .  :o 

3.2926 
22.52 

3.: 

:ao 
:3 
3 

720 

1 .. - 
L 

3 
3O.CO 
3O.CO 
30.CO 

7.5 
3.3 

4. 
307.6 

3.3 
-500.3 

-1oco.3 
-32c3.2 

220 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



.-* 5Cz::;niJ :?,y.; ..* 
:CZYaa:2 : xc: HC2 XC3 XC < sc 5 
237 !:5Y..sEa 3999 3999 3999 3999 ?999 
:3999-N2 Y l C C  ,:.v.-19.5) 
.-cLZ%sz ("z7-1, '::<E>-<]) : 3 3 2 3 
LYISSICN .LìTE i 6 F / s ]  : 5 . 5 1 2  3.312 3.223 3.339 3.313 
2UaA+IIII i s1  928. 90s. 355. 598. .-91. * XhUI3 3.5 3 . 3  2 . 3  3 . ;  e.< 

t M R O S O L  0.3 3.0 3 . 3  .J.- 

XBLYTI'IE 3LXIDI:Y ( i l  : 20.3 20.3 20.3 to.: :0.5 
äJ?.FACT I O U G X i E S S  (=I : 3.23003 3.33000 0.33000 0.23000 3.23000 
3U:ZDI::C 2 1 E X  (PI : 3.5 3.3 3.9 5.3 3.9 
ä U I L 3 I X G  : i2IGi iT 3 1  : 3 .3  0 . 3  3.5 0.: 3.: 
FOR XON-uZ7 X T ; \ S E S  -- 
31TZEICX FRCZZR 3.3 0 . 0  0.9 0.: 5 . 3  

31.- AREA !m"?) 0.3 0.3 0.0 0.3 ".I 

1OOL XP?5 (ICI 0.31 0.31 0.21 3.31 3.51 
SOIL C X D .  !Xcal/msK) : 0.564E-04 0.564E-O4 0.564E-O4 0.564E-04 O.564E-J4 
SOIL YSEiü4 D I i P ! I l / s l  : 0.244E-36 0 .2441-06  3.244E-06 3.244E-J6 C.2446-O6 

.. . -  . -  ...< ... 

STORAGE :Lu!. <KI 290.9 285 .4  288.3  286.5 278.3  
A -  

?CR "ZT XELfASES OXLY - 
.xELZAsE Y". (KI 0.3 
?GI23.s'. xî. (al 0.co 
3 R I X C Z  XU ( ~ " 2 1  : u. 3000 
21'= VEL. i.m/SI 0 .30  
XHGLZ (deq <=om 2or.l : 0.0 

*** VSER DATA *** 
XODE (O-SNAP, 1-POOT1 : 1 
3EPORT:XG T1.XZ.S is1 : 4 60 
.WDEL P L I  STEP (SI : i0 
FOOTPRT START TLXE ( J I :  O 
ëOOTPRT STOP TE!! (51 : 920 

O** BREiT OPTIONS *-* 
:CHO IXPüTC (l-yesl : 1 
SNAPSHOT CGNCS (1-yes1 : 1 
Y !  CCNCS (l-yesl 1 
XECZPTOR CONCS (l-yesl : 1 
.XEICH1 c SI= ( l -yes l :  1 

*** CONCENNTRATIOH LEVELS (PLM) *** 
USZñR-0. DATABASE-1 : O 
USER - HIGH Lzv (Ppml : 0.10 
JSEX - HID LEV ( P P I  : o.;o 
USER - LCII r2v (ppm) : 0.10 

*o* XCEOROLCGICXL JATA ( 5  min.)  *** 
- n m  SPEED (*S) 3 . 4  
-nIM) D I R  ídeql 0.0 
STXB CZXiS (A-1.T-6) : 6. 
:FmERATUnE ( X )  290.9 

*-* IIECXPT3R !JAZA -**  
X-CCORDIXAIE !ni 0.0 
'i-CCORDI-UTES !=I -200.0 
~ - C O O R D I ? I A T E S  (3) -d00.3 

0.3 
0.00 

0 . 3 0 0 0  
0 . 3 0  

o .o 

L 

450 
10 
O 

900 

1 
1 
1 
1 
1 

O 
0.10 
0.10 
0.10 

5 . 6  
0.0 

3. 
285.4 

0 . 0  
-200.0 
-300 .o 

3.3 
0.ûo 

o. 3000 
0.30 
O .2 

420 
10 
O 

840 

1 
1 
1 
1' 

O 
0.10 
0.10 
0.10 

10.3 
3.0 

3. 
288.3 

0.3 
-200.3 
-300.3 

0.3 
0.00 

o. u000 
3.10 

0 . 3  

290 
10 
O 

580 

1 

1 
1 

' 1  

O 
0.10 
0.3 
0.IO 

5 . 1  
0.3 

3 .  
236.6 

0.0 
-200.S 
-300 .3 

221 

3.: 
3.30 

5.:000 
3. 50 
0.3 

5 90 
io 

0 
1180 

1 

1 
5 

3 
0.10 
3.10 
0.10 

4.2 
3 . 9  *. 

278.3 

3.9 
-200.3 
-300.3 
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O732290 05L15bb9 LO7 M 

A P I  PUBL*454b 92 
.%nior= i:nscJncPneOuS I ..I"." 

.&A."% 3 A t X  ?CS 
::<LMc:iz X f L L ì S Z 3  : ?zypta.?-3S ... sCzyÀfi:a >ATA ... 
;CZNAn:S : :i12 II3 5: 5 w: j a; I 

33: WYSZX 3999 3999 3999 3999 3999 3999 

I f m i :  (":̂ .:,:::<2~..nJ) : 3 3 3 .I 4 

Z!!.urSSION :azz !ZÇ/SI : :.:Co L.JC0 ?.:Ca :.;o0 :.2cû :.:i3 
X . U T X N  ,Si I". :3. I". 

c ~ C U X 3  3 . 3  3 .3  "." 3 .3 3.2 1 . 3  
3.3 3 .mosos 3.3 3.3 7.: 2.5 "." 

SLibTI'IE Irn1Ii-T !%b : 20.3 23.3 x . 3  20.3 :5.3 20.3 
SUnFACcZ 2OUCiiNESS irii : 3.03000 3.33030 3.03300 3.23CCO 3.23200 3.22300 
JU:UI:JG XIX:3 3 1  : 3.3 3.3 3 .3  ".U 2.3 2.3 
mx3r::c XEXXT (31 : O .3 0.3 3.3 0 .5  3.3 3 .3  

xmmv n c x a  3.3 3.3 3.3 3.3 3.3 3.3 
BTOñAûZ fP!. (KI 291.5 285.1 208.7 288.3 285.6 211 .a  
5x.xE AREA !a-:) 3.0 0.0 0.3 3.3 3.3 3.3 
?OOL C E P 3  (sil 3.31 0.31 3.21 3.31 3.31 3.51 

:: 3 ..I_ 

9999-42 v i : Z  z.'d.-Z9.:l 

. L  -u. ..L -.). . I )  I". 
* n  .- 

* -  

% a  

ICR XON-wZi RE%A.!ìZS - 

SOIL CCXD. (kcal/nsiO : 0.564E-04 0.564E-04 0.564E44 0.564E-JI 0.564E-44 0.564E-44 

0.3 
0.30 

3.0000 
3.20 
0.0 

1 
10 
LO 

O 
300 

1 
i 
1 
1 
1 

O 
0.10 
o.:o 
0.10 

6.0 
0.0 

4. 
285.1 

0.0 
-200.3 
-300.3 

3.3 
3.:0 

o. :oco 
3 . x  

3.3 

I 

:3 
:O 
3 

:EO 

I 

1 
t 
1 
1 

3 
3 . 3  
0.:0 
9.10 

i1.1 
3.3 

3. 
280.7 

3.2 
-2co.3 
-300 .̂ J 

3.3 
3.20 

2 . 3 0 0  
3.20 

3.3 

:O 
10 

O 
:80 

- 
L 
i 
1 
1 

O 
0.20 
0 . 3  
o.:o 

L0.4 
3.0 

3. 
288 -3  

3.3 
-iOO.J 
-3co .3 

222 

3.3 
3.20 

3.1000 
3.20 

3.3 

i 
:3 
10 

O 
280 

L . 
I 

1 

I 
.I - 
O 

o.:o 
o.:o 
0.10 

6.4 
0.3 
3. 

28.5.6 

4.3 
-200.3 
-3co. 5 

3.3 
2.20 

2.23co 
2.20 
3.3 

1 
?O 
',O 
O 

5 60 

I - 
3 

- 
O 

o.;o 
3.3 
3.10 

2.9 
0.0 

21713 

3.0 
- ico.3 
4 0 3 . 3  
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-. -.iE!4IcXL ?..E2.3.5¿3 : L l q u i i i e a  Nacu:al G ~ S  

e-* SC2YARIO ;AT?. * - -  

âCLVARl3 : 3 2 7  3529 3534 3.3s 
20T !KJEgEi1 1971 i971 -971 1971 
:XLZASE (uY?-L, STBZi1-01 : 3 O 0 J 
LYISSION ?ATE i k q f s )  : 23.210 29.160 21.510 27.990 
XXATION ( + I  160. 2 2 5 .  35. 35. 
t iiGUID 100.3 '-00.0 100.3 100.3 * AEnOSOL 3 . 3  3.0 3.2 3.3 
.XXXïVE XUXIDITY (*I  : 53.3 71.3 90.0 3 . 3  

BüIIDINC WIDTH (ml : 0.3 0.0 0.3 0.0 
BUIZIJING HEICAT (mJ : 0.0 0.0 0.0 3.5 
POR SON-JZT ?.EIZAS¿S -- 
3ILUTION P A C O R  0.3 0.0 0.0 0.0 
SCORXE :%P. (KI 111.7 111.7 111.7 1U.7 
a1XE XREA (m-2) 0.0 0.0 3.0 3.0 
IOOL DEPTH (mi 0.01 0.01 0.01 3.01 
SOIL CCNO. (kcrl/msK) : 0.141E-02 0.14lE-O2 0.141E-42 0.141E-02 

SURFACE ZOUGXNESS (u) : 0.00030 0.00030 0.00030 0.30030 

SOIL THERH OIPf(ma2/sl: 0.141E-05 0.141E-05 0.141E-05 0.241E-05 
FOR UZT XELEASES CNLY - 
.-E X??. (KI 0.0 

:a. (mi 0.00 
ORIFICE hREA (mA2) : 0.0000 
ZXiT VEL. (m/sl 0.00 
ANCLE (dag f=om hor . )  : 0.0 

**- USER DATA ***  
.WOE (O-SNAP, 1-fOOT) : 1 
3EPORTLUC 3 2 E S  {s i  : 80 
M O E L  TïXE STEP (5)  : 10 
X3OTPRT START :lm ( 5 )  : O 
FOOTPRT STOP TIXE (s i  : 240 

*** PIUNT OPTIONS .-* 
ZCRO INPUTS (l-yesl : 1 
SNAPSBOT C3NCS (1-yea) : 1 
Y 4  CONCS (l-yesl 1 
.RECZPTOR CDNCS il-yasi : 1 
HEIGHT & SIGXñ (1-yes): 1 

*** CONCENTRATION L Z I S  (PLOT) *** 
USERio, DATXBASE-1 : O 
USER - H I G H  X V  (ppmi : 100.00 
USER - nm LEV (pml : 100.00 
USER - Low i r v  (pml : 100.00 

*** HETîOROLOCICXL DATA (5 mtn.) .** 
KSND SPEP) (&SI 5.6 
'diNo DIR (deq) 0.0 
STAB CLASS (A-L,ë-6) : 4. 
ZENPPULTURE (i() 288.1 

*** RECEPTOR DATA 
X-COORDr?IATE (ml 
Y-COORDIXATES (ml 
Y-COORDINATES (ml 
Y-COOROINATZS (m) 
Y-COORDINATES (mi 
Y-COORDIAXATES (ml 
Y-COORDINATES (ml 
Y-COOROIXATES (mi 

.** 
0.0 

-131.0 
-324.0 
-400.3 
-650. O 

99.9 
99.9 

-ag.o 

0.0 
0.00 

0.0000 
0.00 
0.0 

1 
110 
10 
O 

220 

1 
1 
1 
1 
1 

O 
100.00 
100.00 
100.00 

7.4 
0.0 
4. 

289.3 

0.0 
-58.0 
-40.0 
-130. O 
-LEZ.O 
-252.0 
-324.0 
403.0 

0.0 
0.00 

o. 3000 
0.30 
3.0 

40 
10 
O 

80 

1 
1 
1 
1 
1 

O 
100.00 
100.00 
100.00 

8.5 
0.0 

4. 
288.4 

3.0 

-179.0 
99.9 
99.3 
99.3 
99.9 
39.9 

-a7 - 3 

0.0 
0.c0 

0.0000 
0.30 
0.3 

1 
60 
10 

0 
120 

1 
1 
1 

1 
1 * 

0 
~00.00 
1oo.co 
100.30 

9.6 
0.3 
4. 

289.3 

3.3 
-129.0 
-250.3 
-406.U 

99.9 
39.9 
99.9 
99.9 

2 2 3  
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API PUBL*454b Ei2 0732290 0505b7L ô65 

3.3 
3.00 

0.0000 
0.00 
3.0 

1 
90 
10 
O 

270 

1 
1 
1 
1 
1. 

(PLOT) '** 
O 

100.00 
:oo.oo 
100.00 

(5 min.) '** 
4.0 
0.0 
1. 

291.5 

0.0 
-28.0 
-53.0 
-33.3 
-323.0 
-i79.0 
-247 .o 
-398.3 

0 .3  
0.30 

o. :o00 
0.20 

3.3 

1 

160 
i 0  

O 
320 

1 
1 
I 
1 
1 

O 
100.00 
100.00 
100.00 

?.a 
0.0 
4. 

290.2 

0.0 

-129, O 
-249.0 
-400.3 

39.9 
99.9 
99.9 

-aa .a 

3.3 
0.20 

3.0OC3 
3.23 

0.3 

- 
180 
10 
O 

3 60 

L 
1 
I 
i 
L 

o 
100.00 
100. so 
1oo.uo 

8.2 
0.3 

J. 
291.9 

0.3 
-34 .Y 
-31.: 

-:JO.: 
-i82.3 
-250.3 
-522.3 
-401.3 

3.3 
3.00 

0.3oc3 
0.30 

3.3 

: 
100 
:O 
O 

200 

1 

1 
* 1  

1 

. 

O 
100.00 
100.00 
100.00 

6.2 
0.0 
4. 

290.6 

0.0 
-90.3 

-ì82.3 
-250.3 
-321.3 
-400.0 

99.9 

4211.3 

224 

3.0 
3.30 

3. :o00 
0.30 

0 .3  

7 

40 
:O 
3 

120 

1 

I 

1 

, 

3 
:oo.oo 
:oo.oo 
LOO. 30 

5.5 
0.0 

4. 
286.5 

3.0 
-30.2 
-129.3 
-130.3 
-iso.3 
-322.3 
-400.0 
99.9 

3.3 
3.33 

9.c3co 
3.:0 

3.3 

60 
LO 
3 

I 6 0  

1 - 
: .. 
O 

? O O .  CO 
100. 00 
LOO. O0 

7.9 
0.3 
4. 

283. ó 

0.3 
-59.3 
-33.3 

-582.3 
400.3 
99.3 
99.3 
99.9 

3.: 
3.20 

0 .  coco 
0.:3 

3 . 3  

-.-I .* 
:o 

o 
210 

1 

- - 
i 

O 
100.QO 
?OO. CO 
1oo.so 

7.4 
3.0 

4. 
285.: 

3.3 
-<i. 3 
-55.: 
-578.2 
-249.3 
-398.2 
-550.3 

39.3 

3.3 
3 . 3  

3. :oco 
3 . 3  
3.: 

30 
13 

0 
180 

1 

1 
A 

1 

0 
100.00 
100.00 
;oo.so 

3 .1  
0.0 

4 .  
231.6 

3.3 
46.3 
-55.3 

-247.3 
99.9 
99.9 
99.9 

-i7a.s 
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W 0732290 ~ 0505672  ~- ~~ 7T1i W 

A P I  PUBL*454b  92 
:-- z ?2:5 :<:: ?C7 x a  IS9 ?515 ?513 . _ I - -  

I379 L.4 t 9  L379 _" < s  1:79 1379 1379 

0.090 0.091 3.392 3.292 S.261 3.:95 '3.:93 3.356 
600. 600. 600. ó00. á0c. X I O .  520. ico. 

3.3 
3.5 
20.3 

0.00600 3 , 0 0 6 0 0  0.00600 0.:3600 0.3C600 3.2C600 3.OC600 1.i0600 
0 . 3  0.3 0.3 0.: 3.3 5 . 3  5.3 3.3 
0.3 0.3 0 . 3  0.3 3 . 3  5 . 2  2 . 3  0.3 

0.3 0.0 0.3 0.2 0.5 3 . 3  5.3 0.3 
0.3 0.3 3 . 3  0.3 3 . 3  3 . 3  3 .3  0.3 
0.0 0.0 3 - $  0 . 3  3 . 3  2.3 5 . 3  0.3 
0.30 0.00 o. O0 0.00 5-30 5.33 2.20 3.20  

O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 3.CCOZtOO 2.5OOEi00 3.;00E+00 0.300E+00 

. ..- '"'9 
, -  

_* .  . n- 

1 

-.l 3.3 3.0 0.3 4." 3 . ;  3.5 d . <  

2 . 3  0.3 0.0 3.5 U.: 3.: u.* 

20.3 20.3 20.2 20.: :O.: 13.2 rd.4 

a .  

-.- 
.I - 

O.~OOE+OO O.OOOE+OO o.oooE+ao O.~OOE+OO 3.3ooEtao :.aooE+ao c.3ooEico o.:ooE+ao 

305.1 
o. 45 

O. 0020 
17.57 
0.0 

L 
300 
10 
O 

SOO 

1 
1 
1 
1 
1 

O 
1.00 
1.00 
1-00 

5.9 
0.0 
3. 

305.1 

0.0 
-50.0 

- i O O . 3  
-200.0 
-400.3 
-aoo.o 

301.2 
3. :s 

0. 002c 
17.51 
0.3 

300 
10 
O 

600 

1 
1 
1 

1 

O 
1.00 
1.30 
1-00 

8 . 4  
0.3 

3. 
301.1 

0.0 
-50.9 
-100.3 
-200.3 
-400.3 
-soo. 3 

304.1 
3.45 

3.0020 
17.71 

3.: 

3 O0 
IO 
O 

soa 

1 
1 

O 
1.00 
1.00 
1.00 

5 . 4  
0.0 

2. 
304.1 

0.2 
-50.: 

-100.3 
-200.5 
-400.4 
-300.5 

293.1 
2 - 4 5  

3. i02c 
11.22 

0 . 5  

1 
300 
10 
O 

600 

1 

O 
1-00 
1-00 
1-00 

2.7 
0.0 
6. 

293.1 

3.2  
-400.3 
-300.3 

39.3 
39.3 
39.9 

295.1 
3 - 4 5  

o. x 2 0  
17.32 

3.3 

1 
300 
10 
O 

600 

1 
I 
I 

1 

O 
1-30 
1.00 
1-00 

4.3 
3 . 3  

295.i 
L. 

3.0 
-50.0 

-1co.3 
-2CC.3 
-4CC.C 
-300.5 

301.1 
3.45 

3.2320 
17.70 

5.3 

1 
300 
10 
O 

600 

1 
1 

1 
1 

1 * 

O 
1.30 
1.00 
1-30 

3.7 
3.0 -. 

301.1 

3.3 
-50.3 

-iC3.3 
-2c3. o 
-4C0.3 
-300.0 

300.1 
0. : 5  

0.5020 
10.72 

3 . 3  

1 
300 
10 

3 
600 

1 
1 
1 
1 
1 

0 
1.00 
1-20 
l . U O  

4 .6  
0.0 

4 .  
300.1 

3 . 3  
-50.3 
-io0 .u  
-200.2 
-400.3 
-aoo.3 

225 
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0.20 
3 . 3  

1i 

220 
?O 

3 
440 

1 
A 
1 

(er,mi *** 
O 

100.00 
100.00 
200.00 

(5 aia.) *** 
2.3 
0.3 
s. 

286.3 

0.3 
-40.3 
-55.3 
-72.3 
-90.3 

-ilZ.O 
- i%.O 
-250.0 
-335.3 
-472.3 

3.3 
0.20 

3.3000 
9.00 
0.0 

1 
230 

10 
0 

690 

1 
1 

1 
1 

1 - 

0 
:oo.oo 
i00.00 
:oo.oo 

1.5 
0.0 

6. 
287.5 

0.0 
-50.3 
-50.9 
-212.3 
-250.0 
-53s.u 
-472.0 

99.9 
99.9 
99.9 

2 2 6  
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.-- ScE:IAn15 :>:.\ ..* 

ä C ~ ' I X 1 0  . . - 5  

3 
d". !ILY9ES 
. -  1 ac(;zT-i,z;:<rn-oi : 3 3 I I _ >  

LXSSi2:l M;Z ( k q / s I  : 314.730 424.300 395.2123 186.ó33 573.520 480.330 371.1:2 i 3 8 . L - 3  547.YCO 

2 . 3  3 . 3  
:C.MflCZ( ! S I  10. -"- 
i x3Jirl 0.3 3 . 3  2.3 2 . 3  -..I 

i XEROSOL 3 . 3  0.J 3 . 3  ...I 3 . :  5.3 -..I 3 . 3  3 . 3  
. X L X I V E  3LXICI2 ( \ I  : 7:.3 30.1 37.5 37.2 5 6 . ì  ...- 34.2 31.3 34.a 
ä ü W A c c z  ~OUGXNESS <ni : 3.01800 0.31800 0.31:cO 3.008CO 3.31800 3.2:ZCO :.:I800 3.5CSCO 3.31COO 
3U:iJIXG XI0T:I (II : 0 . 3  0.0 2 . 3  3 . 3  3 . 3  3 . 3  3 . 3  3.3 0.3 
2UfL3I::G X X X T  (ml : 0.U 0.3 3 . 3  3 . 3  3 . 3  2 . 3  0 . 3  3 . 3  0 . 3  
?O¿? XOX-uiT X I W E S  -- 
3 I X X O N  FACTZR 0.0 0.3 3 . 3  0.2 " * "  2.3 0.3 3 . 3  O . 3  
ä i C 2 A G Z  XXP. (i<) 291.a 290.5 290.7 291.5 :a3.2 286.9 289.2 i89.: 286.5 
2I.G X R W  (n-2) 0.3 0.0 5.3 0.3 3.: 3 . 3  3 . 3  3.0 0.3 
IOOL DEPTH (a1 0.31 3.01 0.21 3.2i 3 .  21 3-31 9.51 0.31 3.21 
SOIL CONO. (kcal/msKl : O.964E-04 0.564E-04 0.5649-04  0 .5648-54  0.564¿-54 3.S64E-O4 0.564'3-54 3.564E-O4 0.564E-54 
âOIL THEW DIFF(m^Z/sl:  0.244E-û6 0.244E-56 0 .244E-56 0.244E-56 0.244E-J6 0 .144E-56 0.244Z-06 0.144E-06 0.244E-56 

..y- .--9 --- - - - - a  --- - 
_ _ - a  

--. . -- ->  --- . - - 2  -- .-9 -.I --s ..-- _ - I  . -- 
3906 9907 5905 3969 ?911 2 9 s  3917 3910 3913 ..-- 

-r-- 

. *  -.I. . *  -.I. 
.- _". 
+ *  ".r  

a -  

... 13. -d. . *  _I. -. _.,- . n  . ,  2." - . a  
* -  

_I. . 

" .  

' 0 2  UZT X L 2 S E S  ONLY - 
.=-E :';yP. (i() 0 . 3  
.?.ELLISE RT. (al 0.60 
ÛRIrICr xw (n-2) : 0.0000 
X I Z  vu. (n/sl 0.33 
ANGLZ (deq f z o m  hor.) : 0.3 

*** USER DATA --- 
XODE (O-SNäP. ?-COOT) : 1 
XPORTXXG "L-S (SI : 10 
XOOEL fLXE STEP ( s i  : 10 
FWTPRT START 'XXE ( s i :  O 
TOOTPRT STOP ?>! (SI : 3 40 

*** P ñ I X T  OPTIONS *** 
ZCXO INPOTS ( l - y e s l  : 1 

S X  CONCS (l-yesI 1 
XZGPTOR CONCS ( 1 - y e s )  : 1 
HEIGHT L SIGMA (l-yes): 1 

USER-0, DATABASE-1 : O 
USER - HIGii LZV (ppm) : 100.00 
USER - Hm Lzv (pml : 100.00 
ilsER - LCH rn (Ppm) : :oo.oo 

*** 'IETEOROLCGIcirG DATA (5 min.)  *** 
W r . ~  SPEEO W s l  2.8 
X E I D  DIX (dag) 0.3 
STAB CLXSS íA-l,ê-6) : 4. 
ZX?QERATüE (KI 291.3 

SXAPSHOT CONCS ( I - y e s 1  : I 

*** CONCENTRATION LZXEXS (PLOP1 *** 

*** XXZ??CR DATA 
A-CCORDIXATP (ml 
Y-CIORDI.XATZS (ml 
Y-CSORDIXATZS (n) 
Y-CZORDIXATZS (ml 
?-CCORDI:lATES (PI 
Y-COORDINATES (u1 
Y-COORDINATES (3) 
Y-COORDIXATES (m) 
Y-COORDINATES (al 
Y-CÛORDIXATIS (m) 
Y-CCORDINATES (al 

**. 
0.0 

-71.0 
-141.3 
-180.3 
-283.3 
-424.0 

99.9 
99.9 
99.9 
99.9 
99.9 

o .o 
o. 00 

3.3000 

0.0 
0.30 

1 

10 
O 

320 

ia 

1 
1 
1 
1 
1 

O 
100.00 
100.00 
100.00 

3.4 
0.0 
S. 

290.5 

0.3 
-71.3 
-100.3 
-?50.0 
-180.3 
-224.0 
-361.3 
-500.0 

99.9 
99.9 
99.9 

3 . 3  
9.23 

o.icc3 
3.:0 
3.0 

10 
10 

3 
4 60 

1 
1 

1 
1 

- 

3 
LOO. O0 
100.00 
1oo.ûo 

2.4 
0.0 
4. 

290.7 

0.0 
-71.3 
-?SO. 3 
-150.3 
-200.3 
-564.3 
-412.3 
-510.3 

99.3 
99.3 
39.9 

0.0 
0.25 

0.3000 

3 . 3  
0.20 

20 
10 
3 

640 

1 
1 

1 
I 

O 
100.00 
100.00 
?OO.OO 

L.7 
0.3 
6. 

291.5 

3.3 
-71.3 
-100.3 
-141.3 
-180.2 
-224.3 
-316.3 
- 5 0 3 . 3  

99.9 
99.3 
99.3 

3 . 3  
0.20 

3.cooo 
0.:3 
0.3 

13 
10 
3 

440 

1 
1 
1 

O 
iOO.00 
100.00 
100.30 

2.: 
0.3 

5 .  
283 -3 

0.3 
-71.3 -. --0.3 - 

-¿OO.: 
-361.3 
-300.3 

39.5 
39.9 
99.9 
99.3 
99.9 

.- 

J . 3  
0.20 

3.2cco 
3.:0 
3.3 

-3  
IO 

3 
i40 

1 
1 

L 

O 
100.00 
'OO. 30 
100.00 

7.3 
3 . 3  

286.3 
*. 

c.5 
-71.3 
-100.3 
-224 .O 
-316.3 
-36i.3 
-412.3 

99.9 
99.9 
39.9 
99.9 

0.3 
3.20 

3.20co 
3.20 

3 . 3  

13 
:O 
3 

240 

1 

3 
iOO.00 
100.30 
100.00 

5.3 
0.0 
i. 

289.2 

0 . 3  
- 4 0 . 2  
-50.2 

-100.: 
-i41.2 
-224.3 
-jOO.O 

99.3 
99.3 
39.9 

-71.: 

0.3 
3.20 

2 . 2 3 0 0  
3 . i O  

U.3  

I 
10 
i0 
O 

1 60 

1 
1 
1 
1 
1 

O 
I O O . 0 0  
100. CO 
:30. 30 

7.4 
0.3 

4 -  
289.7 

3 . 3  
-40.3 
-40.2 
-70.2 
-30.3 
-100. o 
-2oo.u 
-224.3 
-2co.3 
-400.0 
-513.3 

3 . 3  
3.20 

0.0000 
3.20 

3 . 3  

1 
10 
13 
0 

220 

1 
1 
1 
1 
1 

0 
100.00 
100.00 
:oo.oo 

6 .4  
0.0 
4. 

286.9 

3 . 3  
-40.c 
- 6 0 . 3  
-71.3 

-100.3 
-224 .J 
-361.3 
-583 . C  

99.9 
99.9 
99.9 
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API PUBLsriSitb 92 0732290 O505b75 400 D 
JUZZ3 -. :.n :::PL*': :ATA ?Ca : 

XEx1L-G 1EIMSS2  . . 2qcof:ea .-.ac';=al ;IS 

..\&.IL 
:::I'=:AL :i::c:ppp1 : :.:2coco ..:3ccco :.:CICC0 :.:oc3x ;.:COCC3 :.:cccc3 :.:cc:x :.:cc3c3 
:ENSE 2:CL'CiÍ? t k s t !  : Y Y Y 'I Y Y Y 'i 
x:rsC, Z'X~üi? !czse: : Y 'I Y Y 'I I Y 

:55?. 2996. 2660. 22'>8. 2922. ì s a .  ?a:. 
:.:a . ." I  :.:5 <. :9 .. . I  

UIY 31Sî ::Is? (rill : :735. 
,̂"R. ?.W. (L.?CCI : :.34 :. 3: :.:a 

:/o1 (:;3l : 0.4912-31 2.i93E-91 3.48SE-dl 3.482S-31 3.927!-*31 3.475'31.:: J.S2OZ-.ji :.S621-.)!. 
: '? ::SI :::st !II : 416. 296. '19. i ss .  53Î. 577. I.". 

C3R. ?W. (east1 : O. 77 y.:7 7. i4 0.14 a. is  3.50 1.35 3.20 
:/Dc I l / r i l l  : 3.352 3.245 3.453 3.423 3.443 5.425 3,:Cl 3.306 

: 33: SC? 3u4 ZU5 3C6 3: 7 3L' 8 ri 9 -" .) 

, 
. -" . ." 
.. . I._. ..1 

3 t M  ZXPUT ZATA ?Ca : Coyoca 
C:4ENIuLL AELZASED : 'Aquafisd zacwxl  qas . xathaaa i s  ac h a s c  86C ia c 

T X U  : C I 3  cos C3 6 
:!lIx4L CINC @pp) : :.300000 :.300000 i.3ocoo3 
:exSE SNOIICii? ( IzScl :  Y i Y 
XSSE L Y C K i i ?  icasc1 : 'I Y ? 
XI!: 31s': :::ST ia, : 723. :794. 3 4 .  :. 38 cm. ?.W. (insc) : f .  :o :.AS 
: /Dl  (l/nl : 3.6712-01 3.544E-01 0.376'3-31 
E4X DIST ClST !al : :74. 431. :Sa. 
CYR. ..W. (cnscl : O. 38 0.50 0.89 
IfDc ( l / m l  : 0.362 3.417 0.301 

ICH MPUT DATA FOR : Desin:  ~ o z t o l s a  
CHEHICAL .SLiXSED : Annycirous ;\nmania 

TELULL : W I  m2 op3 DT4 
3 I T S ì L  CONCippp) : 0.089979 0.091419 0.096518 0.095455 
5ENSE 3?ûüCH? ( lnsej:  Y Y i i 
DENSE -NCUGX? ( c n s t l :  Y Y Y Y 
!4ïX DIST IXST iml : 2033. 3241. 2568. 3952. 
COR. PARAH. (inst1 : 1.11 i. 69 1.JS 2.18 
U D 1  ( U m )  : 0.192E-01 0.136Z-01 0.152E-01 0.226E41 
X M  DXST CXST (mi : 488. 778. 616. 949. 
C3R. PARAH. (cnsc) : 0.58 0.79 o. 68 0.94 
V D c  ( l / m l  : 0.926E-Of 0.701E-01 0.732E-01 0.692E-01 

3Lx ïW0T DATA FOR : CQldfhh 
CHEMICAL S E A S E D  : Xyctroqcn ,'1uor$.de 

x w  : GFl CS2 GF3 
I'lITIXL C0:iClpppl : 0.388112 3.V83367 3.37631: 
:=CE %CiGd? (Lcstl: Y Y Y 
SENSE ZNCUCii? (cnscl: Y Y Y 
.HIN DIST :!IST !ml : S21. 3227. 4482. 
CCR. ?ARA!!. (InSc) : u.54 3.74 c.51 
tfD1 (:fa1 : 3.25ôE-01 0.255Z-01 0.25OE-91 
Y !  DICT GIST ia) : 365. 774. 1076. 
C3R. BARAM.  (cnscj : 3.32 3.36 3.2s 
:/Dc ( l / m l  : 0.132 0.179 0.204 
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3LH =PUT DATA FOR : Kaplln Sands 
OIMICXC RELEASED : Liquifíed Nacura1 Gas 

XIIIXL : HS27 F523 m 3 4  x 3 5  
2 f I I I A L  CZNC (pppl : 1.000000 1.000000 1.000000 1.500000 
3ENSE ZNOUCH? ( lnsc l  : Y Y Y Y 
?EISE WOUGH? (cnsc): Y Y Y Y 
!tIB D I S T  I N S T  (ml : 1493. 2775. 1346. 2160. 
CCR. BARAM. (inse.) : 1.44 1.13 O. 83 0.80 
> / D l  (lfn) : 0.795E-O1 0.6479-01 0.962E-Jl 0.7883-01 
- X U  D I S T  CXST (rn) : 358. 666. 323. 518. 
CCR. PARAM. ( c n s c )  : 0.57 O .  4 3  3.36 0.33 
1 f D C  (l/rnl : 0.671 0.671 0.848 0.736 

3&H INPUT ZATA TOR : .%plin S a n d s  
CXEMICXL ?.ELïASED : Llquífíed Propane Gas 

rn : !Ci42 YS43 Y546 Y547 Y549 %SO us52 x 5 4  

X N S E  LVOUGii? (Lnscl : Y Y Y Y Y Y Y Y 
X N S E  WOUGX? ( c n s c )  : Y Y Y Y Y Y Y Y 

4860. 2170. 325. 2107. 1727. 1110. 
1.33 :.;i ?.i6 1.17 2.64 

X I X  D I S T  I Y S ï  (n) : 1200. 3190. 
C X .  ?W. (lnsc) : 2.58 1-33 1.46 
: /Dl  ( l / m i  : 0.8512-01 0.715E-91 3.6512-51 3.6971;-O1 0.115 0.739E-01 3.720E-01 0.875E-01 
?Ax D I S T  C:lST (m i  : 288. 766. 1166. 321. 198. 506. 414. ¿66. 
=a. ~RRAK. ( c n s c i  : O. 94 O. 63 3.47 O. 66 O. 64 0.52 0.58 3.97 
1 / D C  (uni : 0.661 0.837 3.937 0.664 O.al2 0.714 0.622 0.668 

INIZ=xG CCNC ïpppi : 1.000000 1.300000 1.000000 1.300000 l.:OOCOO 1.000000 1.300000 1.300000 

W 0 7 3 2 2 9 0  0505b7b 3 4 7  m 
i L X  I?:P-:: ::,TA ::?. : :at=:::< !conc::-cusi ~ 

::iz!!vicxL ;SL:,SE3 : :Cypcan-3s 

: : : r 2 L  z:::c:;p?l : :.3ccoco 1.J3CC~Û :.:ccc20 :.:03c2c :.:so303 
!I ’I !4 v !4 -;?iss Z?ICL‘Cii? i l . l S T )  : 
‘I ’I !4 !l :I ’-=.,SE ‘\IC<’-.., 

A-. -. ““‘7. i c 2 s c i :  
!!::I :Is; :::s: :ni : 5 2 5 9 .  3452. l 4 6 3 1 .  3346. 3374. 
Z X .  ?.%i. í l n s c l  : 3.37 3.1’4 3.22 2 . Z S  ;.i5 
:,.Dl (Un] : 3 . 4 8 1  0.484 U.372 5.378 0.336 . -  --93. 2013. %lx 31ST z::s7 clil : 1262. 2029. 3526. 
::x. ?.%Y* (cnsc! : 0.33 3.32 J.X :.:2 5 . : 2  
I / C C  ( l /ni  : 18.8 24.2 21.3 13.1 :7.7 

A P I  PUBL*454b 7 2  
: 3c: XC 2 :-c3 XC 4 XC.5 ---.. ...- .-.Li 

-- 

3L.Y IPPUT ZATA ?CR : i i a n f o r d  (lnscancaneousl 
CXMICU A E L ~ S E D  : :(rypcon-as 

:XnL : HI2 HI3 HI5 XI 6 XI7 H I E  
: > l r - J L  C I P C  (ppp) : 1.300000 1.u00000 1.3occco <.200000 :.~oooco :.300000 
=EXSE MOUGH? (Insel : N Y Y !l ‘I ’I 
x x s z  aoucn?  ( C Z S C )  : N Y Y Y Y N 
XIP D I S T  :YSï (91 : 3 .  0. 3 .  o. U. 3 .  

0 . 3 6  0 . 3 3  3-22 3.02 0.33 0.36 --R. ?ARAH. ( inse)  : 
: /Dl  ( U r n )  : 0.435 0 .493 0.497 0.437 0.438 0.503 
!LU DIS7 C::Sï (ml : 3 .  O. 3. 3 .  O. u. 

0.uo 0.30 3.20 3.00 o. C O  3.30 -a. ?ARAM. (C3SC) : 
Y D c  ( l / m  : 0.100E+05 0.100E+05 O.:OOEtOS 0.100Et05 0.100Et05 0.1COEt05 

r- 

”- 

2 2 9  
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APL PUBLS454b 32 073ZZ90 0505b77 263 
:in :.uPrJT X Z A  ' 5 %  : ?:airre ;rass. sec L 
-':iuIc.\L .tSLL:sEù : s u 2 u  diJX1C. 

:::ïzzAL ,^J.vc:pppl : :.:COOC3 L.30CC03 1.3oooco :.iccoco :.:3c3c3 :.:U"coci :.:ccccc :.:U"c:cc 
x:isi: crcucii? i : s e i  : 7 'i ? 'i v 'i 
x x s i  E:IOUCii? :c"s'Il: v I ? v Y .f Y 

2982. 5743. 4625. 
f . 5 4  I. .i.) 

..... 5:s'; I:LS": ia1 : 4926. m o .  3385. 1 3 3 .  3 3 ; .  
ZCR. ? A M M .  :L:scl : - . . a  2.38 9.59 Z.27 5.35 1. i 5  
,.CI í:/m : u.362 3.360 3 . ~ 6 1  :.3s9 ~ . ; L Y  3.354 3 . m  2 . 4 2 5  
Y-4X 3:CT <:IST ill : :192. :-Il:. 201:. X 3 2 .  i17 * 356. soc. :::a. 
C Z ì .  ?.W. icnst l  : 3.3 0.24 3 . i5  2.26 3. i 6  3.:5 3.57 3.27 
:/5c (l/ni : ::.a Z2.3 i5.4 X . 2  :0.3 3 . 8  :0.2 :4.5 

: ?CY ?G8 ?C9 ?G:3 ?c:3 ?S:f P C 1 S  ?$:: -...I.. 
..,A,h 

z Y 

.i 

. .. , .- 

3CH 3 P U T  SATA FOR : :honey :$lind (canc:nwusl 
C!!!Z?!IcxL REIZ%SED : . U w r e  o f  7=ean-12 and Yltroqan . 
zx?J4 : ?CG5 3 3 7  
3x-& CDNC lppp) : ~.000000 1.~00000 
SENSE LVóüCXd? (Last1 : Y Y 
2E.USZ LVOUCX? (C?JEI : v '? 
HIS 31s: :IST ia1 : 1741. 1163. 
cza. ?ARAM. iizsc) : 4.34 Ï.40 
:/Dl Wnl : 0.79~~-01 3.802~-01 
Y! .  DISI C:ICT (ai : 419. 279. 
tcn. ?m. ( c ~ s e )  : 1.46 . 2.22 
1/Dc (l/ml : 0.729 0.600 

JLH ISPOT 9AT.A FOR : Tliornay I shnd  Ilascantanaous) 
CHMICAL : ?Il%CWa O f  FnOn-12 ;inQ HLtrOpM 

X I A L  : TT6 TI7 TJ 9 E 9  y 2  ==13 .=17 ::%a :z19 
ZXITIAL CDNC(FPP) : i.oooooo L.OOOOOO 1.00oooo i.oooooo ,.3oaooo :.cooooo :.sooooo 1.~000oo L ~ O O O O O  
DENSE LVOUGH? ilnsc): v Y 'I I Y 'I 'I 'I I 
DENSE ZNCPCH? (crac): x H !4 H Y x Y H Y 
.XU DfST IXST (al : O. O. O. O. a. O .  3. O. O. 
COR. PARAM. ( l ~ C 1 .  : 3.09 2. a4 3.69 5.09 5 . 3  1.52 3.38 ?.J7 L.36 
1 / D l  ( l h l  : 0.859E-O1 0.796E-O1 0.796E-01 0.796141 O.dOlZ41 3 . 9 0 1 5 0 1  3m336E41 3.33SE-01 0.779E-O1 
.HAX D I S  CNST (51 : O. O. O. O. O. O. O. O. O .  
C3R. P A R M .  (CIISCI : 0.00 0.00 0.00 o. 00 0.30 0.00 0.00 3.00 0.00 
1/Dc ( l / m i  : O.iOOE+OS O.fOOEt05 O.lOOE*OS O.ZQOEtOS 0.100EtO5 0.1OOEtO5 0.100Et05 O.lOOEt05 O.lOOEt05 
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CZNC. i?EC. !ppmi : '".O 123.3 
?G2. i i i i I 2 .  { 5 )  1.1 5.2 
A I X  TLY?. (C)  3 8 . 1  34.5 
A I X  ? R E S S G E  (at=l  : 3.327 3 . 3 3 6  
XIrn SPEED :ws1 : 5 . 4  5 . 4  
n C U C ì E S S  '2XC'iM i=) : 3.0002 3.3002 
YrASUXLYWT :n (ml : 2.3 2.3 
STAS. C Z S  C C 
?ax.z.=sE :I.LIGXT (iil : 0.30 o. O0 
?XZZLSE LJC - (0,:) : 
-& X X P  iC1 -162.5 -?62.5  
5 I M E T T R  ?a> 3S.91 36 .30  
XOR. S ? E D  i n / S )  : 0.30 0.30 
? 2 A C I O N  DROPLETS : 3.000 3.300 
XOLXR HATER 39ACZ. : 0.000 0 . 3 0 0  
XOUR x a  .XACT. : 3.300 0.000 
Ir' CZNTI:NC'JS, 3SZ CCNSTANT EHISSiCN ?ATZ: 
21s. =TE (q /a )  : a i ioo .  anso. 
XELEASE CUP. (mini : 2.88 2-78 
17 IXSTXNTXNEOOS, 3SZ TOTAL YASS .RELZASER: 
YASS RELZASZJ (kq) : O. 3. 
XECZPTOR DIST. (ml : 57.0 5 7 . 3  
XECECIPTOR 3157. (mi  : 140.0 1 4 0 . 0  
3 E G P T C a  3 I i T .  (ml : -39.9 -39.9 
. X G P T C R  DIST. (QI : -39.9 -99.9 

:$O.: 

35.6  
3 . 3 3 3  

3.3 
o.:oc2 

:.3 

3.23 

-162.6 
36.59 

3.20  
0.300 
3.cco 
3.200 

. -  
- . I  

- b 

a6960. 
2.32 

O. 
57.3 

140.3 
-39.9 
-39 - 3 

. ̂" -ww.J 

5 . 3  

3.329 
T . 4  

u.:,^32 
2.3 

2 . 7 3  

-i62.6 
2 4 - 3 3  
:.:O 

3 .  CU0 
u. 300 
C.230 

8 1 x 0 .  
3.17 

u. 
37.0 

140.3 
49.9 
-39.9 

.. . 
.&.- 

c - 

.a -,o. 2 

39.5 
3.923 

3.1 
3 . 2 0 0 2  

2 . J  

0.23 

-162.6 
31.17  
3.30 

0.300 
0.0co 
0.900 

92220. 
2.15 

O. 
57.3 

140.3 
-39.3 
-39.3 

- .  -.- 

- - 

130.3 

33.3  
5 . 3 2 9  

3 . 4  
:.:CI2 

2.: 

3.23 

-162 .5  
2 8 . 6 J  
3.20 

3.360 
2 .  :Co 
3 .  : i 0  

99460. 
2.âo 

3.  
57.: 

140.3 
400.3 
-39.3 

- .  ,.. 

9 

123.2 
4.3 

52.3 
5.329 

3.3002 
2.3 

0.20 

-162.6 
41.35 
3.00 

0.300 
3.000 
0.300 

1 1 6 9 3 0 .  

:.a 

:.;a 

O. 
5 7 . 2  
i40.0 
400.3 
800.3 

c" INPUT DATA FOR: Coyora 
CHMI= a!&%âED : Mechane . %chane is a t  ieaot 862  In c 
.WDE : PLXHNINC - üSER SPECIFIED .RELEASE PARMETERS, HO WI;CDIGs . 

m : CO3 cos CO6 
CONC. SPEC. (PPI : 100.0 100.0 100.3 
.u mMm. (51 11.3 22.1 22.8 
AIR T W .  (C) 38.3 28.3 24.1 
AIR PRESSORE ( a u 1  : 0.924 0.927 0.930 
M N D  SPEED ( W s l  : 6.0 9.7 4 .6  
ROUGHNESS m G T H  (al: 0.0002 0.0002 0.0002 
.WüREME3T HT (mi : 2.0 2.0 2.0 
STAB. C L W S  C D 
XEïLASE XEIGhT (m) : 0.00 o. O 0  0.co 
.=LEASE LOC - ( 0 , O )  : 
Gxc TDIp (Cl  -162.6 -162.6 -162.6 
DLW€TZFi (ml - 38.83 43.96 42.93 
SOR. SPEED (Wsl : 0.00 0.00 0.00 
3 A C T I O N  DROPLETS : 0.000 0.000 0.300 
XOLU WATER r'IULCZ. : 0.000 0.000 0.200 
X0U.R AIR FRACT. : 0.000 0.000 0.200 
24 C[zVTIXUOUS, üSE CONSTANT M I S S I O N  RATE: 
X S .  .=TE (g/Sl : 100670. 129020. 123030. 
. - ? E  DUX. (min) : 1.38 1.63 1-27 
IF INSTANTXNEOUS, M E  TOTAL FASS REWSED: 
YASS ?.ELzasa (kq) : O .  O .  o. 
.iECEPTC¿¿ JIST. (rnl : 140.0 i 4 0 . 3  1 4 0 . 3  
3XCZPTOR 5 ; S ï .  (ml : 200.3 200.0 2 c 0 . 3  
.?CCZP?OR E S T .  (n) : 300.3 3 0 0 . 3  3 0 0 . 3  
XCOPTOR D I X .  (ml : -99.9 400.0 400.3 

. I n  - - -- . - . .  . -1.. 

15-3 
:.328 

3.3002 
2.2 
3 

7.20 

-i62.5 
45.13 

3 . 3 0  
3.300 
3.3co 
3.ico 

135980. 
l . 3 2  

3.  
5 1 . 3  

140.3 
:OO. 3 
300.2 

- -  
I.. 
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1cc. 2 
:4.3 
3 . 3  

:.395 

3.2033 
2.5 
3 

3.79 

-35 .7  
:.:z 

27.29 
3.911 
0.300 
o.:oo 

1207CO. 
2. :? 

3.  
i30.2 

. I  ..% 

300.3 

ZUArl : Gê1 Gr2 a3 
CCNC. CPSC. !PpaI : 30.0 30.0 
XSL k W D .  ( % I  : 4.9 10.7 
Xia TEXP. (cl 37.2 36.2 
A I X  D.9ESSUnE ¡awl : o . t m  0 . a ~  
'XïXû SPEED (ei/sl : 5.6 4.2 
XOUGRNESS 'YaC% (u): 0.0030 0.0030 
W U R E M € N T  kT (m) : 2.0 2.3 
ST-. CLASS O 3 
.JEtzilcZ XEZCiiT (mi : 1.00 1.30 
XELZASE X C  ( O r 0 1  

16.4 16.4 
0.61 0.34 

cxc m (a 
D M E R  (mi 
%OR. CPEFD W s l  : 20.33 23.34 

WLAXWTER :.ac. : 0.000 0.000 
XOLARXIR?RACz. : 0.000 0.000 
31 COUTIYUWSi USE CINSTANT ZHISSICH W S :  
2US. .UTE @ / s i  : 27670. i0460. 
. x E r a s E  OUR. i.A.31 : 2.08 6.30 

Y*S .RELzASZD (XÇ) : 5. O. 
XWZPTCR OIS?. ia1 : 300.3 300.3 
XECZPTCR C31. :al : 1300.0 1oco.o 
.?ECZBTOR SIX. (ai : 3000.3 -39.9 

m x a v  ~R~PTZZS : 0 . ~ 0  o.as3 

i? '.XSWiTANEOCSr JSZ TOTAL YASS IIELZASED: 

30.3 
z7.7 
34.4 

0.394 
5 . 4  

O. O030 
2.3 
D 

1.00 

16.4 
0.34 

22.62 
0.847 
0.000 
0.300 

i0270. 
6.SO 

O. 
300.G 

iooo. 3 
3000.3 

?Ca. 3 
x . 3  
32.4 

0.391 
4.5  

0.3033 
2.3 

3.79 

-35.7 
L.14 

20.:9 

0.200 
0.300 

96700. 
5.55 

O. 
100.3 
800.3 

" 

3.ao4 

232 
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XCSE 

... AAL ..- . . 
,?.  .,.- - *  :=::c. 5 ? X .  : ? F I  : V . _  

20.3 2 3 . 3  
:2.2 

:cL 3w.12. i s )  
.a:?. YL"J. iC1 . , . I  

? % 3 X X E  (dC-1 : 1.200 1.303 
X I N I  ä ? E X  irn/si : 1 . 3  î.9 
ZOUGWESS >Z..UCYX (3J : S.0300 5.0300 
-URMENT :if (XI : 1.5 1 . 5  
itx. ==Ass 
.iErZA.sE : i i ï G i i ï  !XI : 1.30 1-30 
.-iELzxz -3c - (3.21 : 
a s  TL"2 (C1 1 7 . 7  :i!..? 
SIrnETER (rnl 0.12 0 . 0 6  
HOR. SPEED (=/SI : 0.20 0 . 3 0  
'UIACIICN SROPLZTS : 0.000 0.300 
.%UR WATER .?UC:. : 0 . 0 0 0  3.000 
X O W R  . U X  .?PAC:. 5.000 3.300 
IP CCNTIXTJOUS, ;'SE CINSTAUT -iISSIOzI .UT;: 
31s. U T E  ( q / s i  : 12. 12. 
. 3ELZSE SUR. (rnrzi : 1 5 . 4 7  3 . 3 8  
I7 INSTÀNTANEOUS. 3SE TOTAL F X S  ~ ~ Z û :  
?ASS XELZASED (kq) : 3 .  3. 
.XCXPTCR 3 I S ï .  (1) : 200.3 200.3 
X C Z P T C R  31.51. (al : 3 0 0 . 3  800.0 

.- . 

- I - 

. .  .,.- 
-e . .". ., 
- 4 .  I . .e" - - - r e  

, .- 
. -  - 
- .  

3.33CO 
1.5 

:.JO 

1 5 . 7  
3.17 
3-23 

0.500 
3.0co 
9.203 

28; 
L 4 . X  

- 

". 
200.3 
800.5 

C W  IPPüT CATA FOR: Yanford (insrancanmus) 
CRDIICXI. ZE?.ZASOD : ("Alr'-oxyqen wit2 n.r.-29.31 

XuiU : HI2 XI3 iiI5 X i 6  
CINC.. SPEC. (ppnl : 0.1 0.1 O .1 

" I D .  (5 )  20.0  20.0 20 .3  
A I R  TENP. (Cl 18.3 11.9 15 .i 
XI3 PRESSURE ( a m i  : 1.000 1.000 :.300 
imn, SPEED : 1.3 4.1 7 . 5  
XOUGXNESS LENGTH (n): 0.0300 0.0300 0.9300 
XEASüRQ4ENT :TZ (ml : 1.ä 1.ä 1.ä 

O m. CIXCS b 

XLEASE :iEIGHT [mi : 0.00 0.00 0 . 2 0  
.XELEASE Loc - (0.0) : 
cw (C) 18.3 11.9 15.5 
O I A M E I E R  (ml 2.76 2.74 2.7s 
XOR. SPEEC (&si : 0.30 o. CO o.:o 
?RACIION DROPLETS : 0.000 0.000 0.000 
?!OUR WATER FRAC:. : 0.000 0.000 0.000 
XüLiiñ A I R  FRACT. : 0.000 0.300 0.000 
IF CCNTI.XUOUS. USE CCNSTAHT -E!SSION .WE: 
241s. =!CE ( Q / S )  : O. O. o. 
XEïZA.SE ÙUR. (min) : 0.30 0.00 0.23 

?!ASS BELZASZD (kg) : :O. 10. 13. 
X G P T O R  DIST. (nl : 200.0 200.0 200.3 
.?.ECZ?TCR 3 I S ï .  (.nt : 800.0 800.0 30C.3  

HODE : PLANNING - USEX SPECIïIZD .XELiLUE 

" 

IT INSTXNTANECUS. 3SE TOTAL Y X S  XLZLÇED: 

J.1 
:9.: 
-2.4 

:.:i3 
3 . 3  

3. :330  
l . 5  

1.30 

13.4 
0.:: 
0 . 5 0  

o. io0 
0.900 
0.000 

3 9 .  
3 .37  

O. 
200.3 
900.3 

.- 

- 

3.1 
2 C . J  

5 - 5  
1.2Z.O 

2 . 5  
3 . 3 3 c c  

. i  -.- 
:.:o 

5.5 
0 . 3 3  
3.33 
0.300 
o .  3co 
3.300 

17. 
;s.as 

3. 
200.; 
a o o . 3  

ti17 .XI 8 
0.1 0.1 
20.3 20.3 
15.i 12.4 
1.000 1.000 
7.2 4.: 

0.0300 0.0300 
1.5 1-ä 
C C 

0.30 0.00 

15.1 12.4 
2 . Ì 5  2.74 
0.00 0.00 

0.000 0.000 
0.000 0.000 
0.000 0.000 

0.1 
20.3 

4 . 6  
1.000 

1.6 
0.0300 

1.5 

0.30 
- 

4.6 
2.71 
o. O0 

0.000 
0.000 
0.000 

O. O. O. 
3. 00 0.00 0.c0 

IO. 10. 10. 
200.3 200.3 200.3 
300.9 800.2 800.3 

2 3 3  
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.n  ..0.3 CXC. 525:. :9+71 : 123.3 
s . 3  .-..I .Gr %3!12. :*I  

A X  ,". c: : 4 . 3  15.:. 
.;IR ?!tESSxG iacai : :.::o :.::a 

i.5 ...I * L a  S?%2 :3/51 : 
?.C.c:'smZSS LZ?(Gïtl  (31  : :.:O03 2.2003 
? ! S C R M S I ( t  :T ifal : 13.3 :3.3 
STM. cL;ics 3 3 
X ï L i S E  2Z:CiiT (fa1 : 3.20 3.20 
.%-E X C  ( 0 1 3 )  : 
as :Lxo (CI : -161.5 -!61.ã 
L]I.WEZC,R (ai L9.60 20.90 
SOR. ses= i d c i  : 0.co 0.30 
?RACZTCN DROPLETS : 0.200 0.300 
XOPOLXR HATER FXACT. : 0 .300  0.300 
x0x.u a m  . w z .  : 0.300 3.300 
I? <C2iTZWJCUS. YS2 CCISTMT  ISSI ICH UTE: 
=IC. 3Am 19/91 : 23210. 29160. 
ZELLIICE 332. i d n l  : 2.57 3.75 

Y-4SC XEL5ASE3 íkql : 3.  iI. 

.GCZPTCR DIS:. (EI : 39.3 58.3 
?<CZ?TCR DXST. in1 : 131.3 30.3 
.XCZPTDR 2239. (al : $24.3 30.3 
WXI?TCR XST. (ni : 400.0 tS2.O 
.PEWTOR S I S ï .  (Ri : 650.0 252.3 
.XECZPTCR DIS?. (ml : -39.9 324.3 
ZECSIPTOR DIS?. (ml  : -39.3 403.3 

-. . --. 
. .  ..e\ 

:? :.VSWN.AN~CUS. ;'SE: -- ."*AL FASS nEias2O:  

::o.: 
;o.: 
:f.: 

1.::3 
3.5 

3. 2cr3  
:3.3 

5 
J.3 

-?61.5 
18.23 
0.:0 

0.0co 
o.cc3 
3,300 

2151C. 
:.53 

3. 
37.3 

:79.0 
-39.3 
-39.9 
-39.3 
-99.3 
-39.9 

:ao.: 
' 7 . 2  
:CI.: 
: ,233 

3.ä 
3. :CO3 

15.3 
3 

0.20 

-161.5 
20.;0 

3.UO 
0.300 
0.300 
0.330 

27090. 
2.25 

3.  
x 9 . 3  
2so.c 
406.3 
-39.9 
-99.9 
-39.9 
-39.9 

cfw\H ÄNPUT DATA iOR: .%plln Sanda 
CiîMICXt R W E D  : ?ropanr 
EODE : ? U " I N C  .. U S E R  Si'CC3?ZZD ñ E W Z  ?MW!El'SaCr 10 BUXSLYCS 

'r"xsxL : . 3 4 2  .u43 MS46 YS47 s 4 9  YS50 S 5 2  YSS4 
CONC. SPEC. (PWl : 100.0 100.0 100.4 100.0 100.3 zoo.3 :oo.o 100.3 
i\EL HUMID. ( 5 )  30.0 90.0 71.3 78.0 88.3 79.3 53.3 85.3 
hxx m. (C) 18.3 17.0 18.7 17.4 13.3 10.4 2.3 8.4 
AIRPRESSURS tarn)  : 1.000 2.300 1.000 i.000 L.300 1.300 5.300 1.300 
wm SPEED (CUSI : 4.0 5.3 8.: 6.2 5 .f 7.9 1 . 4  3.7 
ROUGXNESS W G T X  (mi: 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.3003 O.GO03 
KEASVRPIE'TP ii (mi : 20.0 :0.3 10.3 ZO.0 LO .3 :0.0 :o.o :o.o 
szm. CLaSs D D 3 D 3 D o o 
XSLZASE iiEZYü" (ml : 0.00 0.00 0.co 0.00 0.00 5.33 3.30 0.co 
3EIZhSE X C  - (010I : 
cxc TmP ( C l  -42.1 -42.1 -42.2, -42.1 -42.: -42.1 -42.f - 4 2 . 1  
DUHETLX (al 14.90 L4.20 15.73 18.60 i 3 . 3  19.50 2L:O 14.30 
XOR. SPEED ÍWSI : 0.30 C.CO 0.30 D. CO 3.:0 3.23 2.30 o. co 
??ARcpIIX 3ROPLZTS : 0.300 0.300 0,000 0.000 0.3c3 2. i30 2.300 0.300 
M L A ñ i l A T Z X  7 U C .  : 0.000 0.2ûo 3.000 3.ico 3.JCO ;.2co J.2CO 3.300 
x o w  x a  m c z .  : 0,300 3.300 0.000 3.300 0.300 3.303 5.300 0.300 

:dLiXSZ ZUR. tdn) : 3.30 3.50 6.00 3.50 :.JO 2.57 2.23 3.3 
I? IXSIXNTA!!ECUSr USE ' POTU FASS 2iZGSED:  
YASS RELULSEP (kqj  : 3. .J. 3. 0. 3. 3. O. 3. 
XECZPTOR SIS?. (ml : 28.3 aa.0 34.3 90.3 90.3 59.0 51.3 $6.3 
.XECEPTOR 31s.. (rnl : 53.0 L29.û 91.3 128.3 129.3 93.3 35.3 95.3 
XECZPTOR CIST. (nl : 83.0 249.0 130.0 232.3 180.3 :82.3 k78.3 178.0 
Z E P T C 2  D ï S ï .  iml : 123.3 400.0 282.3 250.3 230.3 400.3 249.3 247.0 
ZCZPTCR X S ? .  (mJ : 173.0 -99.9 250.3 32Z.3 322.3 -99.9 298.3 -59.9 
XECZPTCR GZSÄ. (ml : 247.3 -39.9 322.3 400.3 400.3 -39.3 550.3 -Q9.9 
'iÜ.CZdTCR CSï. (mi : 398.3 -39.9 401.3 -39.9 -99.3 -39.9 -39.3 -39.9 

I? CWTZNVCIJS. 3SE CCISTXEIT MISSIOY !UTE: 
%IS. .UTE ¡C/SI : 20870. L9200. 23370. 32570. :6XC. 15890. 44250. 192CO. 

n 

234 
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- . 1  
_..I . 3  _.u 

," - -1." 

--I .,.IC. ;?cs. !;:XI : 
TO. 2 .%O.* H U X 2 .  i%) 

. x 2  :Euo. .c; 31.3 21.3 
A 3  ?RESSXE ( a m 1  : :.:O0 :.JO0 
X I S D  äPE-3 ;m/sl : 4 .2  4.9 
ZCUCXNESS L I N C X  (SI : 3. :C60 3. 53.60 
X r W U R C i L X  % i  ;I) : 2 . 3  2.3 
ïiAB. C Z S S  3 

3.45 3.45 .G&SZ :-:BSSH'; in1 : 
. X W S E  'SC - (0 .2)  : 
a s  FE! (CI 31.9 31.9 
X M E T Z  (ml  2.35 3 .25  
:-:OR. S P E m  i a / s J  : - < . 3 4  :7.57 
X A C I I C I  DROPLETS : 3.300 3.300 
UOLXR NATER ?MAC:. : 3.300 3.200 
XOWR AI2 ?-ACT. : 3.200 3.500 
2 CCNTIXUCUS, 5'SE CZNSTANT N I S S I C N  U T E :  
BIS.  ?ATE (q/sl : 30. 31. 
'iELZASE DUR. (min1 : :0.20 1c.30 
IT  :.USTANTXNEOUS. ?SO T3TXL YASS RELZASZD: 
YASS XELZäSED (kç) : J. o. 
?4CEPTOR X S Y .  ( 3 1  : S0.J 50.3 
XECZPTPR D I X .  (ml : 1co.3 130.3 
?<CZPTCR DIST. !xi : tco.0 200.3 
XCEPTOR DIST. (nl : 400.3 400.0 
XSCEPTOR DIST. (ml : 900.3 800.0 

--. 

" - 
.%".- 

. 9  

- -  
-3 -. -u. I 
_.- 

I:. 3 
:.:̂O 

5.3 
2.2C60 

2 . 2  

3.45 

27.3 
3.55 

' -7.51 
0.300 
3.200 
3.300 

92. 
10.3 

3 .  
50.3 

100.3 
200.3 
400.3 
900.3 

" 

. *  -..I 

10.2 
3 2 . 3  

:.?Co 
4.5 

2.2060 
2 . J  

3 
o. : s  

30.9 
0.35 
17.71 
0.300 
3.300 
3.3co 

92. 
10.30 

3. 

100.0 
200.3 
400.0 
800.3 

50.3 

1.3 
t 0 . 3  
19.3 

1.500 
1.3 

3.3065 
2.3 

0.45 

19.9 
3.35 

'1.32 
3.000 
o. O00 
0.000 

51. 
10.30 

3. 
400.0 
800.3 
-99.9 
-39.9 
-39.9 

. -  -." 
.I . -u. .A 

21.3 
1.500 

3 . 4  
".5360 

2.5 
x 

3. ; 5  

21.3 
3.25 

3.300 
0.000 
o.:co 

96. 
10.30 

3 .  
50.3 

iOO.2 
ZOO. 3 
400.3 
800.0 

'7. a 2  

CXARH =POT DATA FOR: i?iornev Island fcontlnuousl 1 

CREXICXL nU-&ED : Use TXWL-SPECIPIC name for Thorney Is .  , 
EODE : OLANNIYC - USER SPECZIIED XZLEASE BARAZIETïR.5, YO BUILDINGS 

TRIXL : TC45 TC47 
CCNC. SPEC. (p-1 : 100.0 100.0 
XEL KOMLD. ( % I  100.0 97.4 
.UR m. (C) 13.0 14.3 
X 5 X  PRESSURE ( a m )  : 1.300 1.300 
WIM) SPEED (m/s) : 2.3 1.5 
ZOUGHNESS LZNGTX (ml: 0.0100 0.3100 
W ú " T  iiT (mi : i0.0 iO.0 
STAB. CIl1sS s F 
.XELEASE ilEIGHT (m) : 0.00 0.00 
XELEASE - d C  - (0,O) : 
G;L5 X X P  (Cl 13.0 14.3 
51AHFpER (ml 2. 30 2-30 
"OR. SPrm ( d S 1  : 0.00 o. 30 
? R A C I O N  DROPLETS : c.300 0.000 
XOLAR WATER 1MCT. : 0.300 0.300 
!?om X I 2  'I1ACY. : u.co0 3.300 
IT CIYTINOOUS, 3SE CCXSTANT M I S S I C N  UTE:  
%IS. .UTE (q/sl : 10670. 10220. 
? 4 L Z X E  DUR. (min) : 7.58 7.75 
I? :NSTANTXNEOUS, JSE X T A L  YASS nUZ?.S-J>: 
YASS 1ELZXS"J) (kç) : 3. 3.  
.XECPPTCR SIST.  (ml : 40.3 50.0 
X E C Z T O R  DIST. (rn) : 53.3 30.0 
?dCZ';PTOR 3ZST. ( m i  : 72.3 212.0 
?.EC&PTCR DIST. (ml : 90.0 250.0 
?.ZCZPTOR 31s';. (ml : 2 2 . 0  335.3 
XEECTPTOR DIST. (ml : 158.3 472.3 
XECEPTOR SIST. (ml : 250.0 -49.9 
XECZPTOR DIS';. (m) : 335.3 -39.9 
.XECEPTCR D I X .  (nl : 412.3 -39.9 

.. 

. -  - ." 
:3 .3  
2 7 . 3  

3.2 
G.3360 

i.: 

3.45 

27.9 
2.35 

17.70 
3.300 
3.530 
0.303 

93. 
:3.:0 

3. 
50.2 

-,0.3 
200.3 
400.3 

. .,.n 
- . < " Y  

rl  

. *  

aoo.3 

. 1  
_.I 

2 8 . 3  
z 5 . 3  

:.:̂O 

2.)260 

_ _  
2 .i) 

- -  
L i d  - 

2.45 

26.9 
2.25 

13.72 
3.2CO 
3 . 2 3 3  
3.300 

J7. 
-.#.>o . A  

Y .  

SC.3 
1 i 3 . 3  
t C 0 . J  
4C0.3 
8CC.3 
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: 2 x .  SPEC. isga) : :00 .3  ::v.: 
?O.  : AZI. :?fizL. fS1 s . l . 3  :.:n Z Z W Z .  <:; 18.5  ?': .3  

.il3 ?4ESSL'RZ i d c m  : :.;;cc :.:o8 
2 . 3  2 . 4  *I&.rO i3/vSl : 

RCCSiiXiSS -2: IGX i=) : 3.0:ôo $.::so 
PC8CYX.!!LYT ST imt : :0.3 13.3 
::AB. C L ì S S  3 

0.30 3. :3 .y--. .i+unT !ni : 
. a E w i :  L3C - ( O f 3 1  : 
3 s  "- (Cl 18.6 17.3 
3Z;U3ETCít inl :4 .70  :4.30 
:Ca. s?sm W S ~  : 3.10 3.20 
P%CZZC?I 3ROPLZTC : 0.3co 0.300 
XOLnR ilAlTa FRACI. : 0.300 0.100 
V O M n a I I n  'UVLCI. : 0.300 0.300 
I? CZXTf?lC10UC, 3SE CCNSTANT 24ISSIOH U T E :  
31s. .Um ip/Sl : O. 3. 

0.co 3.YO =&E >UR. in::) : 
Z? :NS';XYT.WECL'Sr ÜCZ *I .DAAL PASS a u s w :  
y-4-55 R-sSD o(qJ : 3147. 4249. 
:zcz?Toa m:. (nl : 71.3 Z h . 3  
:&czPTIR 31s:. (al : L41.3 100.3 
?GCZ?TCR D I C .  in1 : 180.3 190.3 
:GCZBTOR 315.. (a) : 283.3 XO.0  
XECPPTCR DIS:. (ni : 424.3 224.3 
?XCECEPTiR 3IST. ia1 : -99.9 361.3 
.iEG?TOR STST. (ml : -99.9 550.3 
.;COPTOR DIST.  (ni : -39.9 -39.9 
.3ZCEPTCR DICT. (ni : -99.9 -39.9 
.XECEPTOR DIST. (m) : -99.9 -99.9 

I. 

..-\ 

" - 

"--- 

... 

37.3 

: . x 9  

3.1123 
10.3 

3 
c . 3  
i9 .5  
L4.23 

0.oo 
0.300 
0.3co 
O.^vOO 

3. 
o. $0 

3958. 
71.3 

:OO.:: 
:!io. 3 
200.3 
364.3 
412.3 
510.1 
-99.3 
-99.9 
-99.9 

." - -. .3 
. *  I . -  

i C O . 3  
37.; 
3 . 3  

:.:CS 
:.7 

0.2380 
3 . 3  

0.30 

x . 3  
14.00 
0.30 
0.300 
3.300 
0.300 

O. 
0.20 

3866. 
71.3 

LOO. 3 
i41.3 
Z80.3 
221.3 
216.3 
503.3 
-99.3 
-99.9 
-99.9 

- 

:c3 a : 
50.2  
.*i . 
* Y .  - 

* .n.. 
- . "Y"  

:.5 
:.Xe0 

3 . 3  

3.CO 

10.1 
z4.33 
3.CO 

3.500 
3.3CO 
0.300 

O. 

.. I 

a.20 

5736. 
...3 

:so.; 
200.3 
361.3 
500.3 
-39.9 
-99.3 
-99.9 
-99.9 
-99.9 

-. 

236 

:io.: 
ï 4 . L  
3 . 7  
L.316 

:.::Co 
3 . 3  

3 
3 . a  

x . 7  
:4.10 
3.33 

5.000 
3.ioo 
3.cûo 

C. 
3 . Y O  

4800. 
71.3 

:00.3 
224.3 
S16.U 
361.3 
412.3 
-39.9 
-59.3 
-39.9 
-99.9 

.I.. 
...I 

... ..a.: .n  .A.> 
34 .I 
:6.3 

Y.395 
9.: 

r0.3 
3 

3.70 

:$.O 
:4.:0 
3.30 

3.300 
3.300 
3.300 

3. 
0.30 

871:. 
40.7 
30.2 
71.1 

:00.3 
i41.3 
224.0 
500.:: 
-39.9 
-99.3 
-99.9 

:.:;ao 

a i  5 
-I.- 

:5.9 
:.;94 

3.::50 
2.3 

3 
:.:o 
:5.5 

: : . Y O  
3.20 

5.COO 
3.330 
3.:50 

3.  
Y.20 

5881. 
45.3 
âo .3 
3 . 3  
30.3 

1co.o 
23.3 
224 .O 
3co.3 
4C0.3 
510.9 

. I  I .- 
: X . 3  

34 .J 
3 . 3  

:.353 
á.4 

0.:::3 
:3.3 

3 
0. 30 

3 . 3  
14.30 
0.10 

0.3c0 
0.7c0 
0,300 

O. 
3.g0 

5471, 
40.3 
60.3 
71.3 

:OO. 3 
224.3 
361.3 
583.3 
-99.9 
-99.9 
-99.9 
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-- 
RI a- 
dl 
t 
u) 
z t  * 
4 

3 

H 

Q 

m 
a 

a 

5 . 4  

9. SCO1C 
3 

40.3 
-12.3 
311.3 
3.327 

7 .: 
1.350 

3 
311.3 

. 1 -  C . . #  

17.46 
111.6 
1.769 
0.0 

5.000 
0.000100 
0.000100 

0.3 
1.00000 

7 
8 6 . i O  
17.955 

i4 980.00 

5 . ;  
2 - 2  

" . " V " L D  
ì 

100.3 
-5.3 
307.3 
3 . 3 3 6  

5 - 2  
1.373 

O 
207.3 

. .e-.. 

17.26 
111.6 
2.766 
3.0 

5.000 
0.300100 
o. 9001co 

9.3 
I. 00000 

T 
37.38 

i 8 . 1 5 0  
14712.30 

3 . 3  
: .3  

3.3tCfO 
ì 

30.3 
-49.3 
209.3 
2 . 3 3 3  

i.266 
3 

ìc9.3 

- _ .  -. t 

.-. 
1 I .  35 
111.5 
1.728 
0.3 

5 . 2 0 0  
0.000100 
0.000193 

0.3 
i. 3ooco 

86.36 
i8.345 

15221.30 

" 

DEG. INPOT DATA POR : Coyoca 
C.¶EHIuLI. X L & A S E ï l  : Llquafied nacura1 gas 

CO3 cos CO6 
6.0 9.7 4.6 
2.0 2.0 2.0 

0.00020 0.00020 0.00020 
3 3 4 

50.0 90.0 70.0 
-12.2 -31.7 56.1 
311.5 301.5 297.3 
0.324 0.927 3.930 
11.3 22.1 22.8 

1.045 1.082 1.102 
O O O 

311.5 301.5 297.3 
1 1 1 
1 1 1 

19.51 20.19 19.09 
ill.6 111.6 111.6 
1.970 2.045 1.340 

0.0 3.3 0.3 
5.000 5.000 5.000 

0.000100 0.~00100 0.000100 
0.000100 0.3001c0 0.000100 

0.3 0.3 5.9 
1.c0000 1.00000 1.:0000 

100.67 129.32 123.33 
19.415 21.980 21.465 
6532.00 12676.00 10139.CO 

- - -. 

7 . 1  
2.3 

3.3c020 
i 

130.3 
-35.6 
314.3 
3.929 

3 . 3  
1.342 

O 
314.3 

1 
1 

27.C8 
111.5 
1.734 

O.? 
5.000 

0.300100 
3.900100 

0.3 
:.30000 

T 
81.25 
17.445 

15444.00 

3.1 
2 . 3  

u.5c320 
, 3  
10.0 

- 5 3 . 4  
312.7 
0.323 

1.341 
0 

312.7 
1 
1 

17.24 
ill. 6 
:.139 
0.0 

5.300 
o. 000100 
3.300150 

0 . 3  
1.30000 

92.22 
18.585 

11888.00 

: .  .,.* 

" 

3 . ;  
2 . 3  

3.3c020 
4 

540.3 
- i i 8 . 6  
307.3 
3 .328  
7.4 

1.566 
0 

307. O 
1 
: 

18.22 
121.6 
1.948 
0.0 

5.300 
0.000100 
3.500100 

0.3 
1.30000 

99.46 
19.300 

17289.00 

- 

:.3 

:. 23023 
j0.3 
3.ä 

306 .  J 
0.329 

4.5 
1.371 

3 
306.0 

1 
18.12 
111.6 
1.340 
0.3 

5.j00 
0.300100 
o. 300100 

3.3 
1.00000 

116.93 
20.925 

12453.00 

- 7  -.u 

3 

" 

. Hechano is ac laasc 86+ in c 

z -  -. . 
2.3 

5.3CO23 

30.2 
-2288.3 

j08.5 
Y . 3 2 8  
'4.4 

1.359 
3 

30a.ã 

18.a~ 

0 . 3  

:11.á 
5.909 

5.300 
0.300100 
c.:00100 

0.3 
1.30000 

135.38 
22.565 

i0730. YO 

" 

2 3 7  
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7.; 

3.20303 
4 

90.3 
93.: 

302.3 
3.397 
3.2 

1.347 
1 

302.3 
3 
O 

L7.03 
302.3 
4.z56 

0.3 
o. 3co 

3.300120 
3.  JOOlC3 

3.3 
:.30003 

79.70 
0.963 

:0042.20 

..- 

* 

E.3 
:.J 

;.:CS33 
4 

:50.3 
34 .3  

303.5 
0.398 

:7.5 
:a341 

503.6 
3 
O 

L7.23 
303.6 
4.276 

1.3 
$ . Y O 0  

3.:co1co 
3.COOlC3 

3.3 :. 30000 
:ll.Jil 
i .271 

28432.10 

.n 

.I. . ., 
q .  I." 

3.033% 
4 

:20.3 
347.3 
307.1 
3.395 

:4.3 
L.326 

307.:. 
3 
3 

i7.33 
207.:. 
4 . X 2  

3.3 
Q . X 3  

3. cco:i3 
a. 000110 

3.2 
1.30oc3 

30. Ï O  
L.238 

21696.20 

- 

PEG. INpüT DATA ?OR : Coldfish 
CXMSCXG REIZASED : HyflroqM fluoride 
AEROSOL .WDED HITH MIXTüRE FILE 

SzIAr4 : G a ,  Gr2 m3 
wo (&SI : . 5.6 4.2 5.4 
XEAS. XEIGiiT (mi 2.0 2.0 2.3 
icOWHNESS '&Vvo;H (al : 0.00300 0.00300 0.00300 
?O STA8 C A S C  4 4 4 
AvEFAGzxG TZ3i-E (SI : 88.3 88.3 88.3 
X 0 ~ 4 8 o H K O V  LEN (mi : 101.3 L73.L 40.9 
aME. T W .  (Al  310.4 309.4 307.6 
;\HB. 2ñESS. (awl  0.893 0.809 0.891 
nEL. :mm. (*I 4.9 L0.7 17.7 

1.315 1.312 1.023 
ISOTHERMAL? !.-YES : L - 1 
AIR DENS12 ikq/crZl  : 

SURFACE (KI 310.4 309.4 307.6 
FEiT Z?NS Orno :l-scu : O O a 
HZ0 m s  3-90 ;1=stci : 3 O O 
XOL. *%T. (icq/kg-mll : 20.01 20.01 20.Cl 
-a "SEP. !XI 310.5 309.4 307.5 
r;is D E N S 1 2  ikq/mn31 : 4.683 5.365 4.300 
SEAT CÀ? C M S T  0.0 0.3 0 . 3  
HZAT W ?WER 0.000 0.300 0.230 
S O E R  C3SC. :no1 :taci: 3.000030 Q.000030 0.000030 
2 X E R  C31C. (no1 Tzaci : 3.000030 3.300030 0.300030 
XCZPTCR :jT. m l  0.0 3.3 3.0 
UiEpLlCxG Y ! S  FmAc=I3N: 1.00000 1.~0000 1.00000 
STEADY-STATZ? Z-TRPE : * *I - 
ZVOL'JTICN U T E  ikq/sl : 27.67 iO.46 10.27 
SOüRCE .WIDS (ai 0.615 0.419 0.375 
3mIl .HASS (kg) : 3459.00 3766.00 3697.00 
?I= OF ORDERED :ñI?XS: dggf.*iix 

4 .s 
3 .  ,';:i3 

300.3 
41.3 

305. ô 
3.991 

x . 3  
:.:25 

30s. 6 
O 
O 

17.53 
30s. 5 
3.353 
1.3 

5 .  :33 
0.3cc1i3 
a. 3OOlYO 

:.:00c3 

96.73 
L.403 

36842.70 

.. .. .I 

.. 

- .  .I.* - 

238 
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:60.3 
5.3 

290.3 
:.:Co 

20.3 
1.213 

290.9 
O 
3 

29.CO 
290.9 
1.216 

-26079 .O 
1.200 

o.3oooco 
0.000000 

0.3 
1.00000 

0.31 
O. 353 
10.90 

.m 

344.3 
-i11.3 

:85.4 
:.:o0 
20.3 
1.236 

1 
285. i 

3 
O 

29.00 
285.4 
1.233 

-26079.0 
:.oco 

0.00000 
3.300000 

0.3 
1.30000 

0.91 
0.030 
10.90 

-. 

268.3 
-136.1 
:98.3 
1. 2CO 
23.3 

:.221 

288.9 
0 
O 

29.30 
288. 9 
L.224 

-2 6079. O 
1.300 

0. i~O000 
3. 303c00 

3.3 
: .:coo0 

3.33 
0.334 
23.80 

., 

DEG. INPUT DATA COR : Hanford (~ILSC~IIC~XI~OUSI 
C3ExuLI. .xZZA.SED : Krypton-85 

268.3 
- 2 6 . 7  
286.6 
1.300 

20.3 
1.231 

286.6 
3 
O 

29.CO 
286.6 
1.234 

-2 6079.3 
1. 300 

o. u00000 
3.3oooco 

0.0 
i. 30000 

0.54 
0.053 
22.30 

- 

537.5 
73.2 

278.3 
:.“o 

20.3 
1.266 

278.3 
3 
3 

23.20 

:.269 
-26079.0 

1. 300 
3.000000 
3.300000 

0.0 
1.30000 

5.32 
0.343 
20.40 

278. s 

“. 

HI2 HI3 HI5 H I  6 iiI7 :U8 
1.3 4 -1 7.6 1 .2  4.5 i.5 
1.5 1.5 1.5 1.5 1.5 -.- 

0.03000 0.33000 0.03000 0.03000 0.03000 0.03000 
6 4 3 3 3 5 

5.7 -262.9 -216.2 -155.3 -63.6 27.3 
291.5 285.; 288.7 288.3 285.6 271.8 
1.000 1.000 1.300 1.000 1.300 1.900 

20.0 20.0 20.0 20.0 20.u 20.3 
1.210 1.238 1.222 1.224 1.236 1.271 

1 1 1 . 1  1 1 
291.5 285.1 288.7 288.3 285.6 277.8 

O O O O O o 
O 0 0 O 0 0 

29.00 23.00 23.00 29.00 29-00 29.30 
231.5 285.1 i88.7 288.3 28S.6 277.3 
1.213 1.241 1.225 1.227 1.238 1.213 

-26079.0 -26079.0 -26079.0 -26079.0 -26079.3 -26079.0 
1.000 1.000 L.300 1.000 1.000 1.2co 

0.000000 0.300000 0.c00000 0.000000 0.000000 0.300000 
0.000000 0.300000 3.900000 0.000000 3.300000 0.C00000 

3.0 3.3 0.3 3.3 3.3 0.3 
1.00000 1.30000 1.;0000 1.30000 1.00000 L.30000 

0.00 0.30 0.30 0.00 3.00 0.co 
1.379 1.369 1.375 1.374 1.370 1.357 
10.00 10.30 1c.00 ro.30 10.00 10.00 

. =  
4.8 4.8 4.0 4.0 4.8 4 .a 

- - - - - - 
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5 .6  
k 0 . j  

J.XO30 
4 

3 .3  
-37.3 
:SO.: 
:.goo 

53.3 
1.222 

3 
288. a 

1 
1 

17.11 
--1.7 
i . 8 6 3  
0.3 

5.000 
3. c00100 
J.:OOfCO 

0.0 
1.30000 

.. 

1 

23.2 i  
9.300 

3714.40 

.I. ,..I 

. A  . 1". II 

:.:c3so 
4 

5 .3  
:220.5 

289.3 
:.ao0 

n * . 3  
:.2:5 

O 
:90.3 

: 
1 

:6.?6 
X 1 . 7  
1.775 

0.3 
5.300 

3.300100 
O.FO01CO 

0 . 3  
t.30000 

29.16 
10.450 

65 61.30 

.. 

- 

3.5 

3 .CC330 
4 

3.5 
-:,v"2.7 

:.3c3 
90.3 

:.=i18 
O 

289.3 

i 
16.66 
x 1 . 7  
1.319 

0.3 
5.000 

3.300100 
3.:001c3 

3.3 
1 .ooooo 

21.51 
9.300 

2043.60 

.a 1 -.). .) 

:sa. 4 

.n 

9.5 
:c .: 

: . :clis3 
4 

3.: 
-41.5 
:39.3 
:.:o0 
17.3 

1.215 
O 

239.8 
: 

16.39 
1 3 . 7  
:.;go 

0.3 
5.000 

0.~3C100 
o. :001co 

0.3 
?.YOOCO 

17.39 
3 . 3 5 0  

3657 .TO 

1 

DEO. 3 P U T  DATA :OR : Iripiin Sanda 
QIM1C.U nzLüisEn : Wqu1f:iia Propane caa 

XIAL : S 4 2  ns41 YS46 ;yc47 nc49 
4.0 5.a a.: 6.2 

10.0 
0.00030 

4 
3.0 

99.7 
291.5 
1.000 

30.0 
1.204 

O 
291.7 

1 
1 

43.93 
231.1 
2.318 

15.4 
2.250 

0.000100 
3.YCO100 

3.0 
1.30000 

T 
20.87 
7.450 

3756.60 

10.3 10.3 
0.00030 0.30030 

4 4 
3.3 3.0 

9999.0 750.2 
290.2 291.9 
?.O00 :.o00 

60.0 71.0 
1.210 1.203 

o O 
292.: 290.5 

1 1 
1 1 

43.93 43.35 
231.2 231.1 
2.218 2.319 
L5.4 15.4 

2.250 2.2so 
0.300fGO 0.000103 
o.coo1oo o.ooo1co 

0 .3  0.3  
1.YOOOO :.ao000 

19.20 23.37 
7 . 3 0  7.850 

6336.CO 6413.20 

- m 

:o.o 
0.30030 

4 
3.0 

294.2 
290.6 
1.000 

78.3 
1.209 

O 
290.3 
: 
1 

43.84 
231.1 
2.314 

:5. I 
2.250 

o. c00100 
3.ioo100 

3.0 
L.30000 " 

32.57 
9.300 

6839.70 

YSS4 
5.7 

YS50 ;Ys52 
5.5 7 .9  7.4  

:0.3 
0.30030 

4 
3.3 

69.6 
286.5 
1 . ioo  

1.227 
O 

286.2 
?. 

4 3 . x  
252.; 
2.309 

s . 4  
2.250 

o. c00100 
3. c00100 

9.0 
?.30000 

? 
1 6 . X  
6.630 

1503.90 

88.0 

1 . 

240 

3 . u  
0.00030 

4 
3.3 

208.7 
283.6 
i.300 
79.0 

1.241 
O 

213.1 
1 
1 

43.93 
231.2 
2.218 

3 . 4  
2.250 

3.  coo130 
3.YOOlS3 

3.3 
1.30000 

T 
35.89 
9.750 

5742.40 

.n 10.3 I" .3 
3.03030 0.3C030 

I 4 
3.0 2.3 

224.9 57.8 
285.3 281.5 
1.300 ?.:Co 

53.3 85.3 
1.236 i.250 

O O 
235.1 282.6 

1 I 
2 1 

43.S7 43.M 
231.: 231.3 
2 2 3  2.3:9 

3 . 4  :s.4 
2.250 1.250 

0.300tCO 3.300150 
3.300LC3 3.scc:oo 

3.3  :.3 
:.30000 :.:coo0 

44.2; 19.2 i  
:0.350 7 . 3 0  

6195.30 3456.;0 

- 
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DEG. INpûT DATA FOR : 
C X E H I C X L n m E D  : 

4.2 
2.J 

o - 30600 
2 

600.3 
4 . 2  

305.1 
: :o0 
20.3 

1.154 
1 

305.1 
3 
O 

64.00 
305.1  
2.558 

5546.4 
:.o00 

o. 000001 
0.000001 

0 . 3  
1.00000 

0.09 
0.054 
53.90 

.l 

i . 3  

3.3C600 
3 

óoo.3 
- 2 0 . 6  
205.1 
1.300 
20.3 

1.154 

305.1 
O 
3 

64.00 
305.1 
2.558 

6546.4 
i.300 

0.300001 
3.300001 

0.3 
:.50000 

0.09 
0.051 
54.70 

. I  L i <  

I 

5.3 

3.2C6C3 
3 

D O O .  2 
-34.1 
201.1 
1.303 
:0.3 

1.173 

201.1 
3 
0 

64.30 
301.; 
2.592 
6546.4 

:.?o0 
0.J00031 
o.coooo1 

5.3 
1.3ooco 

0.23 
3.043 
55.20 

. .  
-.-I 

- 

4.6 
2.2 

3 . 0 0 6 0 0  
2 

600.2 
- i .  j 

304.1 
1.300 
20.3 

1.158 
1 

304.; 
O 
O 

54.00 
3 0 4 . 1  
2.566 
6546.1 

:.:o0 
3.3OOOOi 
3.300001 

0.3 
I. JO000 

0.69 
0.352 
55.30 

r 

Thorney Island (concinuousl 
Yixcura of freon-12 and Xitroqen . 

30 (nl.31 
XEAS. B E I G W  (mi 
3OUCüNEOS 'LENGTH (al : 
?G STXB C L U S  
AVERAGING Z" (SI : 
EONIN-OEUHKOV LEN (mI : 
AMB. TEXP. (KI 
WS. PRESS. (am) 
XEL. . W I D .  (II 
. A l 3  DENSITY (kq/m^31 : 

. ISOPHERMAL? 1-YES : 
SüRFACE Y-HP (KI 
ILEAT TRNS 3-no i l - x d  : 
S2O TXNS C-no ; l - scd  : 
XOL. XT. (kq/kq-mol) : 
CAC F E .  (io 
CAS ZENSIT? (k~/m-31 : 
Z A T  c=9 CZNSï 
h i  c=9 ?cwER 
=PER CINC. (no1 f-aci : 
X h T R  CZXC. (mol fzac) : 
?.ECzPTCR ST. (XI 
C H M I C X L  YASS Z A C T I C N :  
SïEiU)Y-5ïATS? T-TRUE : 
ZVOLOTION a T S  ( k q / s I  : 
SOCnCE W I ' J S  (mi 
TOTAL ?ASS (kql 

2.3 1.5 
'-0.0 10.0 

0.01000 0.01000 
5 6 

30.0 30.3 
21.7 10.8 

286.3 287.5 

100.0 97.4 
1.227 1.222 

1 1 
286.3 287.5 

O O 
O O 

57.80 57.80 
286.3 287.5 
2.463 2.452 

1358.0 1958.0 
1.000 1.000 

0.000100 0.300100 
0.000100 0.000100 

0.0 0.3 
1.00000 1.30000 

T ? 
10.67 10.22 
i.300 1.000 

4855.00 4752.00 

;.ao0 1.000 

1.3 
. . 7  c - d  

3. :op00 
6 

600.3 
ó.3 

293.: 
1.300 
20.3 

1 - 3 3  
1 

293.1 
3 
3 

64.20 
293.1 
2.563 
6546.4 
1.300 

u. 300001 
3.300001 

0.0 
:.JO000 

O. O6 
0.084 
36.70 

I 

- .  
J . .  

: . 3  
3.30600 

?. 
503.3 
-7.7 

295.: 
1.500 
:O.J 

1.195 
1 

295.1 
3 
O 

54.20 
295.i 
2.545 
6546.4 
1.300 

0.3ocoo1 
o.~ocool 

3.3 
1.2cooo 

3.13 
0.361 
57.30 

" 

3.2 

3.30600 

5co. 3 
-7.3 
331.:. 
:.:o0 
20.3 
1.170 

1 
301.1 

3 
O 

64.30 
301.1 
2.592 
6546.4 
1.300 

0.3OODO1 
3.:00001 

0.3 
'.20000 

0.09  
0.363 
55.30 

. a  
&.< 

.l 

3 . 3  
2 . 2  

3. X 6 0 0  

520.3 
;9.3 
303.1 
1.530 

tc .3  
1.174 

320.1 
3 
O 

54.30  
300.1 
2 . 5 0 1  

6546.4 
1.900 

0.3CCOOi 
o.Jcooo1 

3.3 
1. :3000 

3.26  
3.J49 
53.90 

241 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



..I . -1.1 

3.::t0*v 

3 . 5  
3999.3 

291.3 
:.:cg 

7 4 . 3  
i.203 

291.3 
O 
3 

47.69 
291.3 
1.993 

-4209.: 
1.300 

o. 300150 
o. uoo1co 

3.4 
1.00000 

0.00 
7.300 

3147.00 

1 

I 

.a a ."." 
3 .3::300 

5 
3 . 6  

90.3 
290.5 
:.:O8 

30.7 
1.219 

290.5 
O 
O 

50.98 
290.9 
2 A 4 1  

-2446.2 
:.goo 

o.oco1oo 
0.300100 

0.0 
1.30000 

T 
0.10 

7 ,000 
4249.00 

.I . .-. " 
3.;;::0 

3 . á  
4.: 

:go.: 
:.:cg 

3 7 . 5  
:.::9 

290.7 
3 
0 

47.:: 
290.7 
1.394 

-4562.3 :. 233 
3.300::3 
o. coc130 

1.3 
1. JOOCO 

7 
3.50 
7.203 

3958.30 

.. 
. I  . 
.*.i) 

3.2CBC3 
5 

4 -  ..a 
* :  .*- 

291.5 :. 236 
i.2:: 

291.5 
3 
3 

46.24 
291.5 
1.947 

-3093.6 
:.mo 

o.y*oo1co 
0.500100 

3.3 
: .o0000 

3.50 
7.300 

3866.uO 

a7.3 

- 

.- .I .I. 1 

3.31oc3 
5 

3.5 .. . .". 1 

:.:cg 
á 6 . t  

:.243 
3 

285.: 

3 
68.49 
233.3 
2.349 

8478.3 
L.ZC0 

3.3oo;:o 
0.000150 

0.4 
1.30000 

0.30 
7.300 

5736.50 

p 

. I  . *" ." 
3.51223 

4 
2 . 5  

-9C.3 
:aó.3 
:.2C6 

Y4 .I 
i . 3 4  

286.3 
3 
o 

57.90 
236.9 
2.472 

1911 .o 
:.:CO 

1.30G:X 
0.500::o 

2.3 
.."COCO 

3.20 
7.300 

4800.:0 

1 

1 "  

" 

..I . -".I 

:.31öc3 
4 

3 . 5  
-2CI. : 

299 .2  
3 .995  

94.: 
l.:X 

3 
291.5 

: 
u 

:21.3 
289 .2  
5.c93 

40741.9 
1.530 

o.y*00:50 
0.300133 

0 . 3  
1.3ooco 

0. i3  
7.300 

8711. 30 

p 

.a 
-1. 3 

:.:osCo 
4 

l . ó  
-43.5 
289.7 
3.344 

31.3 
:.IC5 

O 
297.5 

1 
O 

54.34 
289.7 
2.262 

-335.6 :. 500 
3.300130 
0.~0ClOO 

0.3 
r.20000 

3.00 
7.300 

3881.00 

p 

.. . 
: 3 , :  

3 .  51530 
< 

:.5 
333 .J 
286.5 
3.393 

94.3 
: .218 

1 
286.ä 

O 
O 

61.27 
286.5 
2.590 

4074.7 
:.ao0 

3 .  :o0150 
o. :u0100 

0.3 
:.30000 

0.co 
7.000 

S477.30 

.. 
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3- 
u) 
f * 
.J 

3 
m 
n 

a 
H 
Q 

~.30000 
-i62.35 

33.9 

5.32 
7.13 

38.12 
& 

2.983 
0.15000 
0.31767 
86.1000 

3.300 
270.3 

0.00020 

38 .X  

100.000 
200.000 
400 .O00 

0.667 

Coyoce 

1.:ooco 
- i 6 2 . 5 ä  

34.3 

5.93 
5 - 2 0  

34 .60  
C 

2.783 

0.31767 
0.15000 

87.9800 
0.300 
270. O 

0.00020 

34.60 

100.000 
200.000 
400.300 

1.667 

1.3ooc3 
-i62.35 

94.5 

-0.27 
2. :o 

ì5.30 
P u 

2.917 
3.15000 
3.21767 
86.3600 

u. :'<o 
270.3 

o .o0020 

35.90 

100.000 
200 .o00 
400.000 
1.333 

FOCUS IXPUT 3ATX ?OR 
C H ~ c b L  3 U W S E I )  
7rMIE  scnEEN: 
ZUiG "E : CO3 CO5 W B  
=PE OF üNIZS : Metric unlts 

Ilqualied natural gas 

1 1 I 
1.00000 1.u0000 1.30000 
-162.55 -162.55 -i62.55 

33.6 33.9 94 .2  

6.68 10.99  5 - 7 4  
L;O 22.13 zz.ao 
58.30 28.34 24-11 

C C 3 

1.383 1 . ~ 3 3  1.367 
0.15000 0.:5000 0.15000 
0.01767 0.31767 0.31767 

100.6700 129.02CO 123.3300 
0.000 0.200 3.:30 
270.3 270.0 270.3 

3.00020 3.c0020 3.:0020 

38-30 t3 .2 .1  24.1: 

... ."3.300 :2:.2c: ::3.3:2 
290.500 Z~O.200 :c:.:zo 
ico.303 403.233 iou.iv3 
2.333 :.:Co 1.257 

.. 
1. :cccu 
-162.33 

9 4 . 1  

3 - 4 3  
5-90 

41.12 
:: 

3.167 
o.1.soco 
3.31767 

o. "O 
270.: 

ai.;soo 

u .  30020 

41.12 

100.300 
200 .~00  
400.000 

2.167 

:.:o020 
-162 .55  

33.: 

:o. :o 
5.:3 

39.52 
c 

2.'50 
o.:soco 
3.31767 
92.2200 
3.300 
270.2 

0.C0020 

ì9.52 

1c0.000 
200.003 
400.300 

1.167 

i.50oc3 ',.:o000 
-152.55 -162.55 

34.3 94.1. 

3 - 7 3  2.57 
7.40 4.50 
33.31 32.87 

U - 

2.900 1.783 
0.15000 0.15000 
0.31767 3.31767 
99.3600 i16.9300 
5.300 0.000 
270.3 270.3 

0.30020 0.00020 

33.81 32.87 

100.300 100.000 
2c0.000 200.000 
400.ûOO 400.000 
2.333 1.333 

. Xechane is ar least 862 in c 

1 
1.3coo3 
-162.25 

34.3 

6.59 
1 4 . 4 0  
35.37 

3 

1.317 
0.25000 
0.31767 
:35.3800 

o. O00 
270. O 

0.30020 

35.37 

:oo.ooo 
200.000 
400.000 

O .  833 

2 4 3  

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



: xec::c ualzr -.")I ... ..\I-.",. ...- "..*.a 

FOCUS S P O T  DATA BOR 
CXEHTCXG W S @ D  : 

2.100 4.250 2.767 
0.38100 3.39450 3.394SO 
0.30515 3.30701 3.20701 
79.7c00 ?11.1000 :20.~000 

û.730 G.790 3.790 
0.3 3.3 3.3 

0.00300 3.00300 3.30300 

31.65 30.65 31.65 

L00.000 :00.300 :oo.ooo 
200.000 200.000 200.000 

1.333 2.667 2.300 
4oo.000 4oo.000 4oo.000 

50 
1.00000 

40.35 
539.3 

7.20 
4.90 
37.s 

D 

2.083 
0.34190 
0.00138 

:.:o0 
0 .3  

a i ,  5700 

3.30300 

37.25 

33 . i t3  
53. i c 3  

- -u. ic3 
: . i72 

. -* 

50 
: . JO000 
38.35 
744.7 

5.28 
10.70 
S6.23 

3 

6.000 
0.02420 
3.30046 
la.4600 
:.:Co 

3.: 

3.30300 

36.3 

-.I " r e  
.."."".d 

s. :e: 
:. i 7 2  

...a .,.a 
I." ."".Y 

50 
'.30000 
39.cs 
757.3 

7.47 
:7.73 
34.46 

3 

6.300 
0.62120 
3.30046 
L3.27CO 

:.a30 
3.3 

3.30300 

34.46 

:3.::3 
i o .  ::2 

: . + 1 2  
.II r r n  
.&"..YU 

53 :. :io03 
: c . s  
::19. i 

6.22 
?:.SO 
52.48 - 
6.350 

0.39450 
3.20701 
36. :coo 

3.730 
0.3 

0.30300 

30.35 

100 .ao0 
200.000 
400.300 

5.300 
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X S P .  COEFF.  XVG. :?LE (min): 
DSE DEFAULT TIXE S T X P  ?OSITICNS 

á2 

i7.12 
101 -3  

1.aoooo 

3.40 
20.00 
1 7 . 7 2  

P 

1S.467 
0.10553 
O. 00875 
0.3117 
1.000 
3.3 

0.03000 

17.12 

0.100 
0 . 2 0 0  
0.400 
1.680 

5 2  
1.:coco 

12. -3  
101 .i 

5. 50 
20.  30 
1 2 . I 3  

C 

15 .J83 
0.35930 
0.30276 
3.0120 
1.000 

0.3 

0.03000 

12.28 

0.130 
0.200 
0.400 
14.080 

5 2  
?.300CO 

:s. 73  
131.3 

10.31 
20.30 
15. 78 

c 

14.250 
9.06734 
3 -30356 
O. 3278 
1.000 
0.0 

0.03000 

1 5 . 7 8  

0.100 
0 . 2 0 0  
O 
4 

Hanford (lnscancaneous 
nrypcon-aS 

: u2 hi3 h i 5  
: Xecrlc units 

62 
: 1.00000 

18.29 
101.3 

3.62 
20.30 
13.29 

t' 

10.00 

: 0.33000 

L 3 . 3 9  

52 
1.00000 

11-34 
101.3 

5.39 
20. :3 
1:. 34 

T 
_I 

:O. 23 

0.33000 

--. 34 ? I  

3.;3: 
9.ìc3 
o.:c3 
3.580 

400 
480 

52  
1 .sooco 
12-23 
l 9 l . i  

5 - 5 6  
20. :o 
L3.30 

P - 
9.967 

3.10649 
3.208 91 

5.3368 
:.goo 

0 . 3  

3.33000 

13.50 

3.100 
0 .200  
0 .400  
4.480 

52 
1. :03co 

5.57 
131.2 

4 - 2 2  
zo.20 

5.67  

19.850 

U.20582 
3.2171 

L.300 
3 . 3  

3.aasi: 

0.a300o 

5.67 

3.130 
3.200 
0.400 
8.960 

52 
1.00000 

15.56 
101.3 

11.36 
20.:: 
15.:s 

c 

13. 20 

3 . 3 3 0 0 0  

1 5 . 5 6  

- ...* 
u.-.," 

3. :30  

:.:EO 
- ,A.. " . - . Y I  

hi 6 ¡-A 7 !Il8 

62 
1.30000 

15-21  
101.3 

. n  
i". < 2  
ì 0 . X  .- .. ----- 

e L 

:0.:3 

2.33000 

. E  .. -..-- 

_. ...- 
.1. _"I) - -a- 
*.--I 

., .> I" 

. .a.. 
: .33c  

62 
:.30000 
12. : 4  
131.2 

5.37 
23.20 
12.44 

c 

13.23 

3.33300 

12.44 

1 .a- ---"* - .LA .,.&-u 
2.;C^u 
:.:ao 

62 
:.:o000 

:.61 
101.3 

2.92 
io.so 
4.51 

13.20 

3.:3000 

4-61 

2.133 - '"0 
:.;u3 
;.:eo 

> _ * -  

2 4 5  
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:.3occ: 
-i62.;5 

L01.i 

5.50 
53.30 
14.95 

3 

2.667 
3.15000 
0. 31767 
23.2130 
o.2oo 
270.3 

3.00030 

15. 65 

100.000 
200.000 
400.000 

0.050 

:.3ooc3 
-i62. i 5  
i51.2 

7.40 
71.20 
i6.15 

3 

3.750 
3.:9000 
0.32767 
29.L600 

3.300 
270.3 

3.00030 

i 6 . a ~  

:oo.ooo 
200 .o00 
400.000 
0.050 

* A"" 
. . " C W U W  

- i d 2 . i 5  
."..3 . *. 

3.10 
90.23 
:S.fS 

4 

:.sa3 
3. :soco 
0.31767 
:I. 1103 

3.2C3 
270, 5 

0.30030 

L5.35 

:0o.oco 
?CO.500 
;00.3co 

0.050 

: .:OCIO 
- i 5 2 . ; 5  

:31.3 

9.60 
77.20 
' i 6 . 3  . 
2.290 

3,:soco 
3.31767 
17.3900 

3.3co 
270 5 

0.30030 

i6 .65  

:30.000 
:co.ooo 
400.300 

0.050 

5CcOS INPOT DATA ?OR : Hiplln Sands 
CIIPJICXL . w s m  : Uquífied Bropane Gas 
ZYA scaEm: 
x=aIhIi "E : as42  M 4 3  3 1 4 6  Y 4 7  Y 4 9  asso Eu52 Zs54 

OF UXITS : Vacrlc uaits 

3 
:.30000 
-43.35 
101.5 

4 . C O  

:a.;S 
3 

ao.co 

3.000 
0.i50CO 
3 317 67 
20.87CO 
3.300 
270.3 

0.30030 

:3.55 

: ia .  :i3 
:23, i3 
4C3.2Y:: 

3.355 

3 
1.30000 
-43.55 

iOl .2  

5.80 
90.53 
:7.55 

3 

5.500 
0.:9000 
O .OlÎ 67 
:9.2000 
:.o00 
273.3 

3.30030 

:il. 95 

.-1 i r a  

..".*U" 

.a" .IA 

..*.u v w  
."A -Y"  . W " W  

:.::CI 

3 
:.30000 

-43.c5 
;31.3 

3.10 
7 1 . X  
3 . 7 5  

3 

S.CG3 
3.11000 
2.21767 
22.J7CO 
5.200 
279.1 

3.20030 

:7.2c 

."I -...-I 

."U. I"" 

t'' ."n 
.I". ""W 

.I" -I- 
.U".."W . .Cn 

. . "_Y 

3 
?.30000 

4 3 . 2 5  
i01.3 

6.20 
:a. SO 
L7.45 

3 

5.500 
3.1sooo 
3.317 67 
22.5700 
:.100 
270.2 

O. 20030 

z 7 . 3  

- - # a  "a" 
.I". "U" 
.*,I ."A 
."Y.".,* 
.I. ."A 
."".""Y 

:.:SE 

3 
'.:Poo0 
43.3s 

."*a3 

3.10 
30.30 
3 .XI 

5 

. L. 

:.soo 
c.I9000 
w. "-7 67 
16. ::ao 

:.ceo 
c3.3 

II .. 

C.2C030 

::.:5 

."I ."e 

..".""Y 
*I" "f.* 
I I". " w w  

i23 .XO 
:.:50 

3 
:.30000 

-43.35 
:31.3 

7.90  
79.33 
:0.45 

o 

2.667 
3 .t5000 
0.21767 
35.3900 

1. i 3 0  
273.: 

0.5SO30 

3.35 

.I' 

IA" 
-"" .:IC 
C.. , .J33 
4cc.:52 

:.:92 

3 
1.23000 
-43.35 
:31.3 

7.40 
53. 53 
:1.35 

3 

2.333 
3..cooo 
3 .CL767 
<4.:SOO 

:.:CO 
273.3 

3 .:CO30 

I.. 35 .. 

:::.::o 
:::.::LI 
iCC.:S3 

:.:SO 

3 
1.50000 

-43.35 
L31.3 

3.30 
85.30 
3.45 

3 

3.300 
0.i5000 
O 2 1 7 6 7  
i 9 .  ZOCO 
3.200 
27c. 3 

0.3C030 

3.1s 

. -a  .'" 

. " U i " " Y  

2::. :53 
is:. 355 

:.:50 
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ru 
0- 

Q 
f 
Y 
Y- * 
-1 

3 
Q 

H 
a 
e. 

m 

<i 
1. :soc3 

52.50 
101.2 

1.93 
20.33 
32.00 

3 

'O.CO0 
3.35080 
0.30203 
0.3899 

5.cso 
0.U 

0.30600 

32.30 

1.000 
2.000 
4.000 
10.000 

4 4  
1.ICCC3 
32.11 
:c:.3 

5 . 3 8  
20.23 
32.20 - .- 

:a.coo 
0.i5080 
0.20203 
0.3911 
3.450 

0.3 

û.30600 

32.00 

1. ooc 
2.300 
4.000 
'0.000 

i 4  
I. ::coo 

'3.23 
:21.3 

3.18 
:o.:(? 
28.20 

C 

:o.:oo 
3 .:SO80 
2 .JO203 
5.3920 
û.450 

3.2 

2.30600 

28.00 

1.000 
2.300 
4.000 

'0.000 

Thorney Island (conclnuousi 
Nixcure o f  Preon-i2 and Hitzcqen . 

:i 
-. ,C""" 

l i . 9 3  
:31..ì 

. * ,.An 

5 . 3  
i 3 . : 3  
31.30 

3 

:o .$CO 
o. 25080 
3.50203 
3.3921 
3.450 

3.3 

0. 5060C 

31.50 

1.090 
2.300 
4.300 

10.000 

: tc45  cc47 
: l?aL-:c units 

56 
0.32043 

16 
O. 61957 
13.13 
L01.3 

2. J O  
100.00 

i3.iO 

7.583 
2.00000 
3.14159 
:O. 5700 
3.coo 

0.3 

0.01000 

Y2.30 

.. -,3.:33 
?L'J.:c3 

2.500 
. A l  .nn 
-"V." -"  

56 
O -32043 

:6 
0.67957 
i4.30 
101.3 

1-50 
97. ;O 
1c.33 

7.750 
2.00000 
j.14159 
10.2200 

3.000 
0.2 

3.  51000 

:4.:0 

130.:c3 
:33. :cc 
< c 3 .  :uc - :,-e 
.,._I" 

i 4  
1. :*c*o 

- 3 . 3 3  
.e. - 
-.¡A..; 

2 - 7 4  
29.20 
23 .  CO 

i 

13.3CO 
3 .  :SO80 
O.iOZC3 
3.7611 
5.450 

3.3 

3.20600 

20.00 

:.ao0 
2.300 
4.300 

10 .o00 

44 -. .W"CO 
'L. 33 
:21.3 

- -"l 

-.Y 

3 . 3 8  
20.:0 
22. io 

x 

1c.500 
3.35080 
O. $2203 
0.3955 
û.450 

3.3 

3 .  JC600 

22.30 

1.900 
2.300 
i .000 
10.000 

3 .55  :. 52 
23.20 zc.33 
23.90 27.2C 

x J 

:u. :o0 10. 3co 
0.35080 3.25980 
3.C0203 2.3C2C3 
3.3930 3.5565 
3.450 0.450 

3.3 0.3 

0.206CO 3.33600 

28.00 27.30 

1.300 1.coo 
2.300 2.3CO 
4.300 4.303 

10.300 lC.000 

2 4 7  
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15 
0.78828 
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D 

74.ao 
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0,31800 
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56 
3.24290 

?6 
3 .  :57:3 

:1 .3  
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L7.31 

I 

4219.10 
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:7. 70 
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0.010 

.. 
‘ 0  

3 . x G a  
:5 

3.:9452 
:7. i 3  
:02.: 

i .  :o 
37.8J 
z7.13 

3 

3958.C3 

o.**12co 

f8.40 

100.000 
200.300 
400.000 
0.010 

16 
:.;36i3 

f6 
0.30387 

:3.50 
:01.9 

:.?O 
37.20 
:B.SO .. 

1866.50 

O.YC800 

18.SO 

100 .o00 
200.c00 
400.300 

o. 310 

36 

:5 
3.56462 

.“.:4 
:0:.3 

: . ; w a  

.a 

?.JO 
6 6 . X  
:3.:4 

I 

5736.:0 

0.31800 

12.30 

130.000 
:oo.ûoo 
400.3CO 

0.310 

5 5  
3.3zc43 

: 6  
C. 67957 

:3.:3 
:c1.3 

7.30 
7 4 . 3  
x . 7 3  

3 

4800.30 

0,-31COO 

14.70 

?00.000 
2C0.000 
400.300 

o O10 

- -  
: O  

’-.^*ooc3 
1 5  

3. JOOC3 
16.G6 
100.9 

5.00 
94.c0 
‘6.G6 

3 

871:. $0 

3.31800 

17.30 

100.000 
200.300 
400.300 
0.010 

e. 
; O  

2 .:3cc3 
: 6  

3.:2030 
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100.7 

7.10 
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1 6.51 

3 

3881.3 

0.00500 
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:00.300 
200.000 
400.000 
0.010 

96 
3.35774 

:6 
3.s42:5 
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..0.6 .I) 

6.40 
94.50 
X.22 
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---__ 
N 
Ir 

5 
f 
ul 
f * 
A 
3 
a 
H 
IL 

m 

a 

x-cl ï Y G P B  i'l : -12.947 -5.914 -49.313 
ara T"UO. iX1 311.27 307.75 309.25 
.\E. ?SESS'JXE : 3 b 1  939.23 948.40 945.j.S 
ã7c. TLYP. ! I l  : 311.27 307.75 309.U5 

7.13 S.23 2.70 .ar. 3wI2:zY ! * I  
XE.. :??E: I - I X S P X Y T W E O U S ,  C and A-COXT'IYOOOS, :-T2!!-VRRYIYG 

.=L. TYPE: I - ISOTHERTAL, T-T!!EiL!, .%--AEROSOL 

IXIT. C:3M SENS. ( k q h - 3 )  : 1.769 1.766 1.738 

:PIT. .?LCä U T E  (m^3/sl : 48.6755 49.8309 50.3201 
Z I T .  CCNC2ITXTIZ:l (mol) : 1.3000 l.JOC3 1.9000 
31:. :LX?EXAT'JRE (.Y) : 111.60 i11.60 Lll.50 
SIXILITICN X R A T I C N  (SI : 125.93 125.93 115.56 
AVERAGLVC :I.% ( s J  40.00 1OO.SO BO.EO 

--- 
C - I 

b b - -. 
?HYSICXL ãcuncz  XIPXT (ni : 35.910 36.300 36.090 

GASTAR zxem DATA TOR : coyoce 
C-IEHIC=J, A ~ 2 S Z J l  : Uquefied nacural  gas 

5 I A L  , x A E  : c33 c35 CO6 
CHMICXL .Io. 9 9 9 
irI?n> SîEm 3 ;OH (a lc l  6.68 10.99 5-74 
SUWACZ 2OUGiINESS (1x1 : 0.00020 0.00020 0.00020 
0 4  cuss C C D 
'I-0 LENGTH (m) : -12.197 -31.665 56.085 
AIR TEHP. (Kl : 311.45 301.49 297.26 
m. IRESSOTCE (&I : 936.24 939.28 942.32 

W. HUHIDIZY ( * J  11.30 22.10 22.ao 
SIC. T W .  (Q  : 311.45 301.49 297.26 

nEL. TYPE: 1-INSTANTANEOUS, C and A ~ N T N U O U S .  T-TIXE-VARïIIIG 

3S.L. W E :  I - I S O T H E R E W .  T-T.XEREUL, A-AEROSOL 

IXIT. CLOUD DENS. (kg/m*31 : 1.970 2.045 1.940 
PHySIc;Lc SOURCE WIDHT (m) : 38.830 43.960 42.930 
XiT. .ZCW U T E  (mA3/sJ : 51.0978 63.0772 63.4094 
3 i T .  CONCïNNTION (mol) : 1.3000 1.0000 :.O000 
ISIIT. TEHPERATURE (KI : 111.60 111.60 111.60 
SIMRATION DUPXJ!ION ( 5 )  : iso.oa 141.24 ia6.96 
AVERAGING ?X (SJ  50.00 90.00 70.00 

C C C 

T T '  - 

-35.634 
116.27 
941.21 
314.27 

5.30 

c c 

1 

1.734 
34.890 

46.9545 
1.3000 
11:. 50 
2 8 . 3 2  
30 .00  

3 
'.1.10 

- .- 
-53.393 
312.57 
335.13 
312- 67 

5-13 

C 

.. 
1.733 

37.170 
53.3295 
1.3000 
'-11.60 
2.5.38 
70.00 

3 
3.:3 

3. :c223 
3 

- i 4 8 . 6 3 3  
3C6.36 
940. 30 
306.36 

7.40 

C 

c 

?.348 
38.600 

53.3249 
1.3coo 
111.50 
147.62 
140.00 

3 
,.Ti 

: .:cc20 

S.478  - 
306.22 
941.31 
106.32 
4.:0 

c - 
1.940 

41.350 
63.5599 

111.50 
544.44 
30.20 

1.sooo 

. ' lecaae 1s ac leasc û62 i a  c 

5.22 
o.JO300 

41.302 
305.63 
902.31 
304.20 
2:.3 

r 

h 
96.7 

:.i42 
3.353 
1. :o00 
237. :1 
z.301: 

2.73 

3 
SC3 

i, ..:3 
x c . 3 c  
--_I 

3 
6. ó 3  

3. JOOiU 
3 

,2238.323 
308.52 
940.30 
308.52 

1 4 . 4 0  

C 

? 
1.909 

45.;30 
71.2425 :. 3000 

1 l1 .60  
240.35 
50.c0 
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ZUitL XW- : M 4 2  212343 21546 YS47 YS49 Y550 YS52 Y!. 5 
CmMICxG ::o. ?2 12 12 12 12 12 32 
'ram .Sl?s= 3 IOH (m/SI 4.SO 5.30 8.LO 6.20 5.50 7.30 7.10 
S W A C Z  ROUGHNESS (13) : 0.00030 0.00030 0.00030 
?-o CLASS 3 3 3 
X-0 LENG= (31) : 99.735 9999.000 750.381 
r\ra me. :II : 291.50 290.20 291.90 
ATX. PRESSUnE ( iüB) : 1013.25 1013.25 1013.25 
SFC. TM?. iK) : 291.70 :92.:0 C90.50 
.a. H1MIlZY ( + I  80.30 80.30 71.00 
:EL. W E :  :-INSTXHTXNEOUS, C and A-COHTMIICUS, T-?ZKS-VMY?SG 

C C " 
axl. Tws: :-rsmEREuL, T-THERHAIii &=AEROSOL 

=IT. C C V a  DENS. (kg/a-l) : 2.318 2.318 2.319 
?flYSICãL S W R C Z  'XIDHT (ml : 14.900 14.300 f5.700 

I 

1 - 1 

=IT. ëLFd ?.ATE (m*3/sl : 9.0018 8.2815 10.0755 
S I T .  CCNCSXT2MXCN W l )  : 1.0000 1.3000 L.3000 
m. Z?. iPmtJRE (2) : 232.10 231.10 231.10 
SIXOIATZCN 5URATICN (SI : 199.50 168.97 :49.51 
AVERAGaG "iE (s) 3.00 3.00 3.00 

3.00030 
D 

294.323 
290.60 

i013.25 
290.30 
78.30 

C 

P 
2.314 

18.600 
34.3771 

1.5000 
231.10 
3 4 . 5 2  

3.00 

0.00030 
J 

69.596 
286.50 

216.23 
81.30 

C 

1013.25 

1 

2.309 
fJ.300 
7.2355 
: .3oco 
233.13 
:72.73 

3.00 

0.00030 
D 

208 744 
283.60 

1013.25 
283.:0 
79.co 

C 

I 

2.318 
i9 . soo  

i5.1803 
:.Yo00 
231.10 
380. 53 

3.20 

0.00030 
I 

224.903 
Z8S.UO 

1313.25 
285.10 
63.30 

C 

T 
2.115 

21.700 
:9.1123 

f .  3000 
231.10 
137.34 
3.00 

:2 
3.70 

0.00030 
D 

67.337 
al. 60 

:313.25 
282.60 

85.00 

C 

.n 

2.319 
11.300 

1.3000 
Z31.:0 
:66.76 

3.30 

a.2796 
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XIMI NAME : S C 1  BC2 XC3 XC 4 X S  
CVMICXG .yo. 5 5 5 5 5 
ill?lD SPEED E 1023 ( d s )  3.40 5.60 10.31 5.36 4.22 
aTJRFACE X O U C i E S S  (nt : 0.03000 0 . 0 3 0 0 0  0.33000 0.33000 0.33000 
?-G CLXSS F C C C 2 
H-û LENG= (m) 6.875 -111.826 -186.121 -26.653 70.243 
.UR F E .  (KI : 290.87 285.43 288.93 286.65 i 7 8 . a ~  
A m .  PRESSIJRE (mb) : 1013.25 1013.25 L313.25 1013.25 1013.25 
SFC. z m .  (Il : 290.87 285.43 288.93 28s.óä 27a.az 
!EL- m m r n  ( t l  20.00 20.30 20.00 20.20 20.00 
nEL. TYPS: I-INSTANTAUEOUS, C and A-CONTINUOUS, T=TW--VARYING 

C C C c C 

I 
?.EL. TYPE: I-ISOTiàERM?& T-THERHAIi, A-AEROSOL 

I I 
L Y E .  CLCUû DENS. (kg/m^3) : 1.216 1.239 1.224 1.234 L.269 
?!XSIuLL SOURCE 'XIDET (m) : 0.106 0.059 0.067 0.136 0.086 
ar. ?LOW RATE (mA3/s) : 0.0096 0.0097 0.0227 0.0314 0.0135 
212. CXYCENTXATION (moil : 1.0000 1.0000 :.O000 1.0000 1.3000 
SIXJTAT3X-i DORATIOI (5) : 715.38 305.23 212.68 305.X 407.69 
AVERAGING T X  ( 5 )  : 460.80 844.80 268.80 268.80 537.60 

GASTAR I ? l P C ï  9ATX ?OR : Banford (insrancaneous) 
CSMICAL X I E A S E D  : w r o n - a s  

..- 

.<LE 
..- %I 5 nL7 

5 5 
:LIXL 'Iw- : X I 2  XI3 :i1 5 
CHzc tCXI .  :lo- 5 
XI'rD S P C E 3  E 1ox ( 7 J S )  3.62 5.39 11.26 1 O . i Z  5.37 2.32 
SUnFACcI ÄCUGiUfESS (a) : 0.03000 3.33000 3.33COO 3.33003 2.23OCO 3 .230CO 
2-G c a s  
X-0 LZì iGXi  [.a) 5.742 -262.928 -216.547 -155.306 -53.534 27.267 
xn m. (KI 291.54 285.39 288.71 288.i6 285.29 277.76 
A m .  2XEss;nr (&I : 1013.25 1313.25 1013.25 1Cl5.25 -013.25 11313.25 

- 3 - I - k .- - c 

STC. TEUP. .X) 291.54 285.09 298.71 288.26 285.59 277.76 
XE5. r n S S 1 2  ( 5 )  2O.ûO 20.90 20.23 i'?.:3 20.20 t 0 . 3 0  
XL. : S O :  I-INSTXNTNYEOUS, C and A-CCXITI:IUOUS, :-TLXZ-VARYI?IC 

.=L. Z-5: I-ES07X2hUAL, T-TXEN"AG, A-AEROSOL 
I L 

I 
1.273 : : i r .  CZXD SENS. ( k ~ l s - 3 )  : 1.213 1 . 2 4 1  1.225 :.:ï~ i . 2 ~ 8  

xr .  c'i::~ m. (3) 1.3792 1.2690 1.3748 1.2740 1.2658 1.2572 
x r .  CLJ';~ VOL. (2-31 a.243 3.060 3.153 9.20 3.27: :.353 
XI?. CXCZ..TIWTII?i !=oll : 1.0000 1.7000 1.3000 : . x u 0  1 . x c o  1.3300 
s : r .  :KE?ITCX XIXI::G: A: 'SL; xxm,  3: OTBZY~ISE 

3 3 3 3 3 3 
Sï-X'JTLiT:C:4 XJ;MTIC:i (SI 715.33 295.;:. :35.:5 i::.:: i ~ . ; a  XI.:C 

?GI.. TY?E: I - i X S Z 3 i ï X V & O U S .  C and X-CCNTI:lCCUS, :-TIYC-VARVIXC 
C C C 

.?.EL. '?OS: i-ESOTYEiLUAL. T-TXEnHAL. A-AEZOSOL 
x x x 

:XI:. CICIID DENS. (kq/n*3) : 4.683 5.965 4.900 

IXIZ. :3oH .UTE Im'3fs) : 5.9087 2.3653 2.3357 
:XI:. C2XCLYTIWT:ON (moil : 1 . 0 0 0 0  ì.3000 1.3000 
XI-. ?EWERATERE (KI : 289.98 289.46 289.61 

I I X U M T I C X  DURATIUN (SI 635.71 338.13 555.26 
AVEIWG;:4C ::Y! (SI 98.30 38.30 98.30 

?!iYSIcxL ZOUZCZ WTDHT (9) : 0 .608  3.338 0.343 

1x1:. A&20SOL .?RACz:CX 0.840 3.a53 3.847 
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W T ~ R  zxem DATA ?OR fhornoy fslond (L?scancanrousi 
EB?XICU RELZAS-Q : !ílixcurs of ?:aon-X ano X l e r i q r n  

ZaLLZuME : 2 6  .*7 zx .-*3 TZ17 X i 8  TT19 .,9 .,3 
a i r w  so. 16 I7 :a ?9 20 21 :2 23 24 
-am spsm e :cx (DuSI 2.80 3. i0 2.40 :.io 2.50 7.20 5.20 7.40 6.40 

: 0.31800 0.01800 0.01200 o.co8oo 0.o1eoo cl.31c00 0.31800 0.00500 0.01000 
2-0 e;lcs O L 3 s 3 3 3 3 
SUWACC 3OUGHNESS (m) 

LE" (m) : 9999.000 90.909 -9.091 :.SB ~ 0 . ~ 0 0  -90.909 -2c0.300 -43.478 333.333 
xIiì T-W. íK) - : 291.33 2 9 0 . ~ 6  290.98 291.;~ m.29 286.3a aa9.21 289.66 286.47 
AT% PRESSPnE (iübt : 1013.25 iosi.36 iûzs.37 ~019.33 :0:3.25 1019.33 :3oa.:a 1007.17 ~ o 0 6 . s  
SêC. T W .  ( X l  : 291.33 290.85 29i.s 29i.i~ m . : s  287.a~ 291.25 297.45 x i 6 . s  
35% :mm- (5 )  74.30 80.70 87.50 87.20 66.20 74.10 94.20 31.30  ao 

-r. e - -7 

I 7 

W. TYPS: L-INSTANTANEOUSI C and X-CONTUmOflSI Z-T"-VARYI IG * ? L I L I L I i r L 

I i L 5 I 
=IT. CLCIID DENS. (kq/m"3) : 1.993 2.14; 1.994 :.947 2.94; 2.47; 5.3931 2.262 2.590 
BIT. CLOVD m. (oil : 7.0000 7.0000 7.3000 7.3000 7.COOO 7.3000 7.JOOO 7.0000 7.3000 

9 - - -XE& Z?E:  i-ISOTXEM& TiT.WRHAL, A4EROSOL 

=I?. CLCOD VOL, (n*3) : 1578.944 ig81.m ~984.~13 ~985.991 ms.273 i94i.m 1710.324 ~71s.923 2114.424 
Z I T .  C3NCENTRATION (mol) a 1.COOO 1.3000 :.3000 :.3000 1.3000 ;.O000 L.3000 1.3000 L.3000 

a 3 a a 3 3 3 3 a 
S I W S ù E I L V  DunATION (51 : 251.43 247.06 312.50 395.86 300.50 156.44 200.30 L68.92 191.09 

=IT. "EmoM ZUYc: A: & .Ham, a: OTtlERuIsi: 
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I ?  
5 
f 
u) 
3 * 
4 

3 
Il 

H 
Il 

m 

a 

. .  
:::=!IC:& .- .\S:MS¿2 : - <  -,quesiea x a c ï z a l  ;as 

LXS.  U T 2  : q / s j  : s6icc.  a79.30. 96x0. 3125C. 3 2 : ~ .  39462 .  ::s530. :;5980. 
L . 3  d .  I 

” .- b .- 2 3 
x1:m S ? E 3  . a l s 1  : 5 . :  5 . 4  3 .3  ,.* 9.1 3 . 4  

3 . 3 3  
XÀB. C 2 & S  
.‘iVG. -:?if :=lz] O. ó7 1.57 :.23 2.17 - _ -  2.23 :.23 
I!IIZI;u. äiZXA-? i31 : 2.92892 2.34606 2.::339 2 . j û 2 3 4  2.27968 2.36a57 5.55167 3.31640 
:SIZIxL äiZ1A-Z ía) : 2.32892 2.a4606 2.21339 i.38234 2.27968 :.i6a57 5.55167 3.31640 
I X X E  :<Z:SX? :a) : 0.3 3.3 3.3 J. 3 0.2 0.3. 0 . 3  3.3 

L 1 
‘;TC. ar. ,:I 1. 1. -. - _  -. -. 
: : .3u iw ::>lm 1 1 
ZJNC. S ? X .  (Ppii)  : 100. ;OO. 100. 120. L I O .  100 - :OO. :OO. 
XOLZC. XT. iq/leol) : 17.46 17.26 17.35 17-28 11 .24  ‘3.22 19.,2 lñ.32 
x a  L-~P. (KI 311.3 307.3 309.0 314.3 312.7 307.3 306.3 308.5 

: zu2 ãu3 3u 4 3J5 3 6 3u7 SU8 339 -.. - - A-XL 

= 7  

c I . - .  
. ‘-7 

-. L. 

.n 

h l C f a l  SiÇaas ara  used ;o be conslscenr vich 
Che h1:hi concencraclon ac ;he source 

=??I IYPWT >ATA ?OR : Coyoca 
C X E H I U L  ?.ELaSED : 5lquef:ed nacural qas 

: CD3 cas CC 6 
: 100670. 129020. 123030. 

6.3 9.1 4.6 
C C D 

0.83 1. äo 1.17 
: 2.75051 2.36472 3.11869 
: 2.75051 2.36472 3.11869 

0.0 0.3 0.0 
1. 1. 1. 
1 1 1 

100. 100. LOO. 
19.51 20.19 19-09 
311.5 301.5 297.3 

NOTE: inlt’al slçnas a r e  used t o  be consiscenc with 
Che h i t i a l  cancancracion ac che source 

:. D e s s a  Torcoise 
: xnhydmus Aammnia 

: DT1 DTZ DT3 D ï  4 
79700. 111500. 130700. 96700. 

7.4 5.8 7.4 4.5 
D D D - 

1.33 2.67 2.00 5 .CO 
: 1.63536 2.28545 2.10040 2.32223 
: 1.63536 2.18545 2.10040 2.32223 

0.9 3 . 8  0.3 3 . 3  
A.. 1. -. L .  

A 1 1 
100. 100. 120. ?OO. 
17.33 17.33 17.C3 11.33 
302.3 303.6 307.; 305.ó 

. XecYans I s  ac ieasc 96+ In c 

YOTE: i.-.i:ial s ipas are  used t o  be consiscent oích 
Che h1: la i  concenc=aclon ae :ha source 
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: HCl XCZ SC3 SC .: %CS 
3. 59. ?I. 

s.9 2.5 

1 . 6 8  L4.08 4.48 4.48 8.96 
0.04854 0.32811 3.03191 0.35066 0.34062 

: 0.04854 3.02811 0.33191 0.35066 0.34062 
:.3 1.3 1.3 :.3 l .U 

2. 2. 2. 2. 2. 
1 1 1 1 L 

O. 3. O. o. O. 
: 29.00 29.30 29.30 29.ÛO 29-00 

290.9 285.4 3 8 . 3  286.6 278.3 ' 

... :2. :2. :.: 3.3 I . .  

C C I A p " .. 

NOTE: i n i t i a l  sigaias arc u s a  CO ha consiscinc wit3 
Che I n i t i a l  concenwaclon ac :no sourco 

GPH INPUT CAT?. FOZ : ?!!piin Sands 
CflMTCAL X S L E A S E D  : 5iquified H a t m i  Oi6 

: .%27 .w 
: 23210. 

5.6 
D 

o. 35 
: 1.34958 
: 1.34958 

2.3 
I. 

t .. 
:30 .  

z7.11 
i B 8 . 1  

i29 %34 Y535 
29160. 21510. 27090. 

7.4 8.5 9.6 
3 3 D 

0.05 0 . I S  3.35 
1.35270 L.36925 1.14015 
:.35270 i.36925 L.14015 

3.3 3.3 .. 0 .3  .. -. 
L 

-ne :"r. :Co. ."". 
i5.26 :6.56 15.29 
289.3 298.4 289.3 

XGTE: initial slqmas are used to ba conslsccnc v i t 3  
:fie I n l t i a l  conccnczaclon ac Che s o u ~ c e  
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: xs42 5543 3 4 6  XS47 5 4 9  3 5 2  5 5 ;  5 5 4  
- > L u - .  

J i .  

. . - <  L087C. 13200. 2 3 3 7 : .  j257C. 157'.3. 3589C. - - = - C .  - -  - ,  . .- - _  
I ., _ _  - _  4 . 2  3 . 3  -.- i.: _.- - .  . . - 3 3 2 3 ., 3 

3 . 3 5  o.:s 3 . 3 5  3.:: J . JS  3-35 2 .35  <. -- 
: 0 . 9 5 0 5 6  3 . 7 5 5 4 6  3 . 7 3 7 1 3  3.3532: 3.72051 3 . 3 7 4 8 9  1.33690 9 . ; 2 : 6 3  
: 3 . 3 5 0 5 6  3 . 7 5 5 4 6  5.70713 3.35331 5.72051 C.37489 1.22630 2.33163 

3 . 3  

- - <  

. -  a.4 . . A  
V . J .  -. 3.2 " l  U.- -. -. .-, 4 . -  -. -. 3 . 3  9.3 

1. 1. - -  
i 

100. ?OO. :x. 190. :oc. 100. : IC.  150. 
4 3 . 9 3  43 .93  43.35 43.34  43.:6 4 3 . 9 3  ;?..a7 4 3 . 3 4  
291 .5  2 9 0 . 2  2 9 1 . 3  290 .ó  286 .9  283.0 195.2 i 8 1 . 5  

MES: i n l z l a l  si-s are used to Se consiscenc wit: 
:he I n i t i a l  concencracion PC :he s o u c e  

: ?G7 IC8 èG9 X I 0  ? G I 3  ? G i s  ?GI6 ?GI7 
90. 91. 32. 92. 6 1 .  96 .  33. 37. 

i . 9  4-i 1.2 3 . ;  3.2 3 .3  
L x x 2 

4 . 2  4 . 9  
3 C 3 

10.00 10.00  1 0 . 3 0  10.00 1o.co :o.co 13-23 12.30  
: 0.05161 0 . 0 4 8 1 0  0 . 0 4 0 4 6  3 . 3 4 9 8 3  0 . 3 7 4 9 6  0 . 3 5 8 1 4  2 .15974 3 . 2 4 5 7 8  
: 3.05161 0 . 0 4 8 1 0  3 . 3 4 0 4 6  3 . 3 4 9 8 3  0 . 3 7 4 9 6  0.35814 :.25974 3 . 2 4 5 7 8  

0 . 4  0 . 4  3 . 4  0 . 4  0 . 4  0 . 4  J . 4  0 .4  
2. 2. 2. 2. 2. 2. 2.  2.  

1 1 1 i 1 Á 
1. :. -. 1. 1. 1. A. :. 

64.00 6 4 . 0 0  6 4 . i O  64.20 64.123 64.CO 54.30  64 .00  
305.1 305.1 301 . i  304.1 293.1 2 9 5 . 1  301.1. 300.' 

- - 

1 

NmE: i n i t i a l  s i ~ z s  a r a  used t o  k a  conmiscent vit?. 
the ialtlal concem:acíon ac :ha source 

G?H =PUT DATA FOR : Thorney Island (concinuausi 
C x D I I c x t  ZEILLSZD : Hixcare of Freon-12 and X l t - a q e n  

Tc45 x 4 7  
1 0 6 7 0 .  1 0 2 2 0 .  

2.3 1.5 

0.50 0.50 
0.77435 0 . 9 4 0 3 9  
0.77435 0 . 9 4 0 3 9  

0.0 0.3 
O. O. 
1 1 

100. 100. 
57.80 5 7 - 3 0  
286.3 287.5 

Z c 

!lCCS: i n l t l a l  si-s are used t o  ie cansiscenc wit2 
the I n i t i a i  cancenc=acian ac  :be source 
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HEC. ZNeUT DATA FOR : 
CXEMIW aEmsED ' : 

3 
4 

35.310 
:7.355 

2.30 
5.40 

38.37 
O .O71 
38.37 

0.00020 
-52.35 
3.122 
0.397 
1.:90 

0.X9 

" 
4 

26.:23 
X.tE0 

2.30 
5.40 
34.55 
O A 5 2  
34.55 

0.J0020 
-5 .31  
3.:46 
0.397 
:.:SO 

4 4 

36.290 34 .SSO 
:3.::5 '7.445 

2.x 2.20 

35.35 41.27 
0.327 3.359 
35.35 41.07 

9.20 7.40 

o.:co20 3,30020 
4 9 . 5 1  -35.53 
3.140 3.134 
3.391 0.397 
:.:i0 L.150 

. 
4 

37.1.2 
: a . m  

2.co 
9.3 

39.47 
3.251 
39.47 

0.30020 
-53.59 
1.L36 
3.397 
:.:SO 

0 . X 5  

" 
i 

33. SCO 
:s .SC0 

2.20 
3. i 0  
33.76 
0.574 
33.76 

3.30020 
"i48. s3 
3.396 
o. 805 
:.:90 

0 . X O  
L7.2 u .3 

4 

41.3SO 4 5 . X 3  
3.323 32.569 

2.20 2.20 
:.JO 5.50 

32.32 35.22 
c.345 3.:44 
22.32 S5.32 

3.30320 :.3c020 
:9. i8 - iOO.Y^O 
3.Ù65 3.378 
3.902 3.305 
f . 3 0  :.,50 

0.119 3.::1 
31.: 28.8 

0.138 
L7.3 17.6 L7.7 3 . 3  

1.0002-07 1.000E-07 l.GOOE-07 1.UOOE-O7 1.000E47 L.300E-07 1.300E47 :.JOOE-37 
1.769E-O4 1.766E-04 1.73öE-O4 f.734E-O4 1.739E-34 L.348E.44 L.34OE-O4 k.309E-04 
6.844E-05 6.828E-05 8.692E-O5 8.67OE-O5 8.695E-05 9.239E-05 9.198E-05 9.543E-05 

6.677E-O2 6.677E-02 6.676E-02 6.675E-02 6.675E-O2 6.6751-02 6.676E-02 6.676E-32 
-161.50 -i& 50 ui6l.50 -161.60 -161.50 -161.50 -i61.50 -i51.60 
39.08 38.63 M . t 6  38.23 38.Sû 40.76 40.55 42.:2 
17.46 17.26 17.05 17.08 17-21 18.22 ?8.;2 L8.82 
0.00 0.00 0.30 
24 24 24 

CayotP 
Liquefied natural qar 

: a 3  C35 Co6 
O O a 
4 4 4 

: 3a.630 43.960 42.930 
: 19.415 21.980 21.469 

2.00 2.00 2.so 
5.00 9.?0 4.60 

38.25 28.29 24.56 
0 . X 3  0.221 0.228 
38.25 28.29 24.C6 

: 0.00020 0.30020 P.JCO20 
: -12.20 -31.66 56.û8 

0.L27 0.L43 3.083 

1.150 :.:so :.:so 
0 . ~ 7  3.897 0.305 

0.30 0 . 3 0 .  0.00 0.co 0.00 
24 24 24 24 24 
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:iEG. IXWJT. 9ATA FOR : 

3 
2 

i4.301 
7. IC0 

2.00 
7. <O 

0.232 
31.60 

28.83 

0.00300 
93.20 
0.386 
0.905 
1.250 

0.330 
07.3 

3 

L9.615 
9.307 

2.30 
5-30 

30.43 
o .I75 
30.60 

0.00300 

0.398 
0.905 
1.150 

a4.33 

0.255 
66.3 

19.261 
J . l î 0  

2 - 2 0  
?.;O 

23.57 
0.148 
31. ÓO 

0.00300 
047.25 
0.393 
O. 305 
1 .,50 

0.274 
71.2 

3 
Y 

io. 4 5 1  
10.225 

2-30 
4.50 

22.43 
3.213 
30.30 

0.20300 
41.30 
u. 285 
3.902 
i.30 

0.244 
63.6 

L.300E-07 1.000E-07 1.300E-û7 1.900E47 
L.425E-03 1.4OlE-O3 1.320143 1.329E-03 
7.1UE-04 7.007E-04 6.602E-04 6.644&-44 

6.608E+OO S.l73E+00 6.632EtOO 3.9412tOO 
-35.66 -35.63 -35.70 
23.81 29.00 29.34 
27.03 27.79 21.73 
0.00 0.00 0.30 

24 24 ' 24 

Goldfish 

: Gël GF2 GF3 
O O O 
2 2 2 

: 10.339 8.000 8.000 
5.170 4.000 4.300 

2-90 2.30 2 - 3  
5.60 4.20 5. 40 

37.20 36.18 34.41 
0.049 0.107 0.177 
37.20 36 .18  34.41 

: 0.00300 3.30300 0.S33CO 
101.29 173.14 40.33 
0.387 0.~87 0.287 
0.905 9.305 3.305 
1.:50 :.SEO 1.150 

-35.79 
29.30 
27.n 
0.00 

24 
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A P I  PUBL*qSLib 92 m O732290 0505705 T7C1 m 

3 I 5 

3.233 
4 .:%I 

1.50 
?.:a 

3.3 
il.:io 
:5.:3 

3.33COO 
-386.:2 

3.L?S 
2.897 
1.190 

J > 
3 3 

3.333 3 . 2 3  
4.233 4.223 

3 . X O  3.JCO 
4.200 4.230 

1.50 :.SO 
1.50 1.30 

27.67 :2.:3 
3.200 3.200 
17.67 :2.23 

:.CO 1.50 
3.90 2. so 

:3.:5 5.62 
3.200 0.230 
3 . 4 5  5. 52 

0.33000 0.03000 
-26.65 : O . t 4  
3.:a il.296 
0.897 3.302 
:.:so :.:SO 

0.625 3.625 3.625 0.625 0.625 . ~ _ _  
162.5 z62.5 L62.S 162.5 162.5 

L.OOOE-07 1.OOOE-37 l.OOOE-07 1.000E-07 L.3OOZ-37 
1.216E-07 1.239E-O7 1.2248037 1.234E-07 1.269E-07 
L ~ O O E - O ~  L.OOOE-O~ L O O O E - ~ ~  i.o00~-07 ~.OOOE-J~ 

: 1.828E-04 1.875E-04 4.344E-44 6.063E-04 2.672344 
i7.67 Z2.23 X . 7 3  Z3.45 
1-22 7.22 7.22 7.22 

29.00 29.00 29.00 29.60 

5.62 
7.22 
29.00 
0.30 
24 

_ _ _ _ _  
0.00 3.00 o. i o  0.00 

24 24 24 24 

: .%27 S 2 9  Hs34 YS35 
O O O O 
4 4 4 4 

: 18.600 20.900 :8.300 20.100 
9.300 13.450 9.900 10.350 

10.00 :0.30 :3.33 ,3.00 
5.50 7.90 a.53 9-60 

0.530 0.710 0.900 0.770 
: C a 9 0  16.:0 :$.PO 16.:3 

15.60  ~6.80 s . a o  16.60 

: 0.30030 0.30030 O.Co033 0.30030 
-36.95 1220.63 -i02.72 -31.58 
3.364 2.364 3.364 5.364 
3.305 3.305 l .305 2.905 
1.130 :.:so :.::o :.,so 

3.269 3.239 3.278 0.249 

: :.SCCE-O7 :.30C2-.17 :.3CCE-07 '..2COC-O7 

: 3.t:iZ-95 3.3772-05 3.395E-.iS 3.94aE-O5 

51.3 G3.2 37.: 45.: 

: :.36az-i34 :.:z:-í~ :.319~-04 :.;90E-C4 
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.+E=. X T X  ?ZR : % o i l 2  5ancs A P I  PUBL*Y54b 92 0732290 0505706 
I . - .  - . . . ' I  . --.,----ea ?rooane GAS 

L4.900 14.300 15.300 19.500 13.233 19.fCO 21.7UO :4.300 
..:so 3 . 7 5 0  11.950 - ¡.;so - ..150 7.350 3.300 5.550 

:o.uo 10.30 10.20 13.co 10.33 ::.Co 10.30 10.30 
4-30 5.30 3.LO 6.20 5.50 7.30 1.40 3 . 7 3  

19.20 17.00 15.70 17.40 '.3.30 13.40 11.30 3 . 4 0  
0.800 5.300 3.710 3.780 3.880 3.790 a.830 0.350 
l 8 .50  18.90 i ï .30 i7.LO 13.20 3.30 11.30 3.40 

: 0.00030 0.30030 0.30030 3.30030 0.3CO30 C.2C330 2.30030 0.:2033 
39.73 9999.00 750.15 294.27 69.85 208.74 224.30 67.34 
0.364 5.264 3.064 3.364 3.364 3 .>64  0.264 3.264 
0.905 3.905 0.305 3.305 3.305 5.305 3.305 0.905 
1.L50 1.150 1.150 1.150 i.150 1.130 L.150 1.150 

0.336 0.350 0.318 3.269 0.376 0.256 3.230 3.350 
60.3 6.2.9 57.4 48.4 67.7 46.2 53.3 52.2 

: 1.000E-07 1.300E-07 1.000Ei17 1.2COE-07 1.300E-07 1.300E-J7 1.300E-07 1.300E-07 
: 2.318E-04 2.318E-O4 2.319E-04 2.314E-04 2.309E-04 2.318E-04 2.315E-J4 2.319E-C4 
: 1.159E-04 1.159E-04 1.160E-04 1.157E-04 1.155E-04 1.159E-04 1.15EE-04 1.159E-04 

: 9.400E-02 9.389E-O2 9.481E-02 9.í14E-02 9.447E3-02 9.439E-O2 9.397E-02 9.389E-02 
-42.10 -42.10 -42.10 42.10 4 2 . 1 0  -42.10 4 2 . L O  -42.10 
73.71 73.72 73.75 73.56 73-43 73.71 73.61 73.73 
43.93 43.93 43.95 43.84 43.76 43.33 43.87 43.94 
0.00 0.00 0.00 0.30 3.00 0.30 0.30 0.00 

24 24 24 24 24 24 2 4  . 24 

ilEG. I N P 6  DATA FOR : Prairie Gzass. sec 1 
CIDlIULL .?ELEASED : Sulfur dloxide 

: PG7 PG8 PG9 PG10 ?C13 PC15 PG16 PG17 
O 
3 

8.000 
4 -200 

2. o0 
4.20 

31.35 
0.200 
31.95 

O. O0 600 

3.271 

1. ,so 

-a. 18 

u.as6 

O. 625 
162.5 

O 
3 

8.000 
4.300 

2-20 
4.30 

31.95 
3.200 
31.95 

3.CO600 
-20.61 
3.209 

1.150 
3.a97 

0.625 
162.5 

O o 
3 3 

8.COO 3.3CO 
4.cc3 4.300 

2.20 2.30 
5. 30 4.60 

27.35 20.35 
0.200 3.2co 
27.35 30.95 

3.30600 ?..30600 
-34.12 -7.45 
0.209 0.371 
3.897 U.366 
',.150 1.150 

3.525 2.625 
L 6 2 - 5  162.2 

O 
3 

8.000 
4.200 

2.30 
L.50 

i9.35 
0.200 
19.35 

3.30600 
6.31 

0.365 
3 - 302 
1.150 

O .  525 
162.5 

O 
3 

8. ico 
<.:Ca 

2.30 
5.40 

2: .  35 
3.iCO 
21.35 

c.:csoo 
-7.74 
0.527 
3.365 
1.150 

3.525 
152.5 

O 
3 

8.300 
4. 300 

2.33 
2.10 

27.35 
3.2co 
27.35 

>.3C603 
- 7 . 3 3  
3.227 
2.365 
1.150 

0.525 
152.3 

O 
3 

3.COC 
4 .300  

2.10 
3-23 

25 .35  
3.290 
26.95 

O.JU60C 
49.31 
3.129 
5.305 
:.:so 

2 . 5 2 5  ~~ 

.I- 4 
~ ~~ - > L .  - 

1.200E-97 I.2UCE-O7 1.2OOE-07 1.3Z5E-O7 1.zCCE-07 1.SOOE-57 1.3COE-07 1.2CCCE-Y7 

1.279E-J6 :.t79E-J6 1.296E-*36 1.213Z-U6 1.3312-56 1.3222-56 1.236E-56 '..3CCS-J6 
2.558E-96 2.55ãE-06 i.J922-U6 2.3565-Y6 2.á63Z-36 2.5455-56 2.332E-56 t.50:i-S6 

259 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



: 

3 
3 

9.:00 
4.233 

:0.30 
2.:0 

13.35 
I. 300 
12.75 

3.31030 
21.57 
O. 254  
3.302 
i . 3 0  

O. 625 

9 * :cc 
4 .UOG 

:0.30 
:.IO 
:4.15 
0.974 
14.45 

0.31000 
L0.34 
3.536 
0.902 
1.190 

0.625 . ~ - .  
121.5 :21.5 

: l.ûOOE-07 1.OOOE-O7 
: 2.463E-04 2.452E-O4 
: 1.231E-04 1.226E-O4 

: 1.667E-01 1.597E-03. 
13-05 14.25 
35.26 SS.26 
s7.ao 57.80 

0.00 0.00 
24 24 
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: BU2 3u3 3 U I  325 3U6 31;: ìC3 5u9 

tiF3 (Q--3/sl 
SYOP (al 
SZOP (11 
âDIX (deqI 

i 

1000.2 - .. 
0.C3 

-4.30 
8 . 3 0  
8.00  

1 
680 680 

1 
2 2 

0.057 0.357 
0.000 
1.300 1.300 
0.140 3.140 
0.000 
1.300 ‘.COO 
-0.100 -0.100 
o. O00 
1.000 1.000 

-u.;oo -0.L30 
0.000 
1.000 1.000 

P 
ë 
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3.400 
0.364 

o. 400 
0.412 

0-400 
0.âlO 

O. 400 
-0.100 

O. 400 
-0.100 

O. 400 
-0.230 

0.400 

1 

10.30 

2.io 

4 

290.68 
0.371 

.,. - Y O  
3 

900 

7 
c.371 

3.400 
3.133 

u. 400 
0.141 

o. 400 
3.130 

0.400 
3.224 

o. 400 
0.316 

0.400 
0.503 

3.400 
-o.,oo 

0.400 
-0.100 

O. 400 
4.100 

0.400 

io .  30 

1.70 

7 

291.15 
0.372 

130 
3 

900 

a 
3.371 

3. :o0 
3.150 

3.  :o0 
0.200 

3.400 
0.561 

o. 400 
o.zoo 
3.400 

+.,o0 

O. 400 
-0.100 

0.400 
-0.100 

O. 400 
-5.100 

O. 400 
-0.100 

0.400 

1 

:3 .30  

2 . 5 0  

6 

283.29 
2.571 

‘,CC 
3 

-.. .“3 

6 
3.071 

o.:co 
3.220 

o. 400 
3.224 

3. :o0 
3.516 

0.400 
0.361 

0.400 
o. 412 

O. 400 
-0.100 

O. 400 
-o.;oo 

o. 400 
-5.300 

0. 400 
-0.100 

0.400 

:3.c0 

7 -30 

4 

286.28 
3.371 

. -n -“Y 

7 

700 

7 
3.040 

3.400 
3.350 

3. 400 
3.371 

9. 400 
3.100 

O. 400 
0.141 

O. 400 
0.224 

O. 400 
0.500 

0.400 
-0.100 

,o. 400 
4.100 

0.400 
4.100 

0.400 

10.30 

5.c0 

4 

289.21 
0.340 

103 
7 

700 

< O  
3.340 

3.400 
3.560 

3 .  :o0 
O. 370 

3 .  400 
5.080 

0.400 
o. 100 

0. 400 
0.200 

O. 400 
3.224 

3.400 
0.300 

O. 400 
O. 400 

O. 400 
0.510 

0.400 

13.00 

7.40 

4 

289.66 
3.040 

:ou 
7 

700 

7 
3.040 

3.400 
3.360 

3.400 
3.371 

9.400 
o. 100 
o. E O 0  
0.224 

O. 400 
0.361 

0. 400 
0.583 

3.400 
-0.100 

0.400 
-0.130 

0.400 
-0.100 

0.400 

1 

13.03 

á . 4 0  

5 

286 .17  
3.240 

.* -”O 
7 

0.393Et06 0.607Et06 3.495¿+06 3.;30~+06 c.::7~+06 0.686zto6 0.124Et07 0.J54Et06 Û.:823+06 
3.00 9.30 9-20 3 . 2 0  3.20 3.23 3.00 3 . 3 0  3 . 3 0  

300.30 
1-30 
3 . 3 0  
2.30 
4 . 7 :  - _ _ -  
ì.74 5.LS z .  ,.I 
270. 

5 . 5 6  :.;a 2 . 3 4  2-25 3.38 
:.:a 3.94 2 . 2 :  , . j e  :.:o 

6 - 4 3  
5 . ;3  

- -. 
- - _  3 .  a .  

- ..- - -  
- - .  

5-30 
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CB/DC 3 P V T  DATA FOR : 301dfiúh 
CXEUICAL X€LZ&SZD : lydmqen flcorlde 

~ U X E I I  TEHPERATIJRE (XI : 310.40 ?09.38 307.61. 
XCAStfREMMT R E ï G i i  ;ni 2.0 2.0 2.0 
FAtTRED TWERATORE (KI : 310.33 309.41 308.96 
.%EXOREHENT !lEICilT !ai 16.6 i6.6 z6.6 
15-Zm TEM!? DIFFERENCE (Pl : 0.94 0.06 2.36 
=SCION U T E  ( K C / S  : 27.67ao io .uïoo :o.z700 

272 
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C W D C  2 f P C  SATA ?OR : K a o l i n  Sanes 
-.a;?íICXL XLZASED 

XXASURU) 'I%PC.UQ'J;cE ( K I  : 291.30 290.20 291.30 290.60 t 8 6 . 3 0  283.60 285.00 281.60 
Y ! U R M M T  SOICiFI  is1 1.3 1.9 1.9 :. 9 :. 9 1.3 ?. 3 l. 9 
Y ! U R E D  'XXPEnATZIE (KI : 291.49 290.12 291.36 290.57 286.71 283.56 285.35 281.63 
Y%LSDRME.VT X E I C i i i  (ni 10.1 :O.: 10.1 :O.: 10.; 10.i LO.1 10.: 
15-in :ZXP 3IFFHREXCF. (F) : -0.38 -0.25 4. :5  -5.13 ù.47 3 . 0 8  0.36 0.32 
~~1SSIC.y UTr ( K G / S )  : 20.3700 i9.2000 23.3700 32.5700 15.71CO 35.3900 44.2500 19.2000 

: X q u i f i e d  ?ropane Gas -..- 

ca/oG XUT  ATA ?OR : ?rairie C r a s s ,  sec i 
CXMICXG Iü.¿.ASEi) : Sulfur dioxide 

UEWunED "WPERATüflE (KI : 305.15 305.15 301.15 304.15 293.15 295.15 301.15 300.:5 
=URE?E??T :IEICilT (n) 2. o 2.3 2.3 2.3 i. O 2. o 2. o 2.3 
F E U R E 3  ?-IpERATüRE (K) : 303.55 303.95 299.55 302.15 295.35 294.35 300.15 300.65 
"-WüRE!4ENT .%IGXT ( r i 1  16.0 16.0 16.3 16.3 :6.U 16.0 16.0 16.0 
16-2m 7LHp DITFERENCE (FI : -2.88 -2.16 -2.38 -3.60 3.42 -i.98 -1.80 0.90 
ZXISSION =TE (KG/S)  : 0.0899 0.0911 o.0920 0.0921 0.3611 0.095s 0.0930 0.0565 

CB/DG 3 P ü T  ?ATA ?OR :homey Island (cont inuous)  
CAEKICXL X E L W S E D  : X í x t u r a  of Freon-i2 and Hltzogan 

-XEASuRED ?3'oERATüRE (KI : 286.25 287.45 
.WIJREXEXT 9EIG-P (nj 2. o 2. o 
.-5LSuRED ?3PERATDnE (KI : -99.90 -99.90 
F S T  .!EIGHT (n) -99.5 -99.9 
16-2n TSHP r)IF!FERENCE (FI : 0.54 0.45 
LWSCION U T E  (KC/S) : 10.6700 10.2200 
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?.WT CATA ?OR : Coyoea 
C X E W C X L  A W E D  : i lquaf i rd  IUCURI qas 

v.* STCDY DATA (METRIC UNITS) *** 
SPSm 3 i a m  (RVSI:  6.7 X . 3  5.7 

STAñ C U S S  (h-lrë-6)  : 3. 3. J .  
mSRAT!XE (KI 311.5 301.5 297.3 
?RZSSU% (X/Q*2) : 93624. 93928. 94232. 
SOnfACE TLW (KI 311.5 301.5 297.3 
.RFXATIVE :XfJXIDIZ:?! 0 . w  0.221 0.221 
SURE'ACE XOUGXNESS ?AR : 0.03697 0.03697 0.33697 

**t w e  ... 
ZRïÏG 3ESCiLIPTION : CO3 COS CO6 
3EC. DIS'1xNCX (mi 140.0 140.3 L40.0 
ãEC. DISTANCE (mi 200.0 200.3 200.3 
?SC. I)ISTIuYCE !ml 300.0 300.3 300.3 
39% DISm*ANCE (ai -39.9 400.3 400.3 
CONC 3F ::ITER!ssp (pp3il: 100.00 1oo.co :oo.oo 
YAT€!X.UiL NIMBEZ 32 32 32 
I?NEi\iTCRY (kçi : 6532.0 12676.5 L0239.3 

-1- 3 X i 3 S Z  CATA *** 
:se aeac::ve =quid 'Iechod (specZf evap :acm1 

STCaAG8 "!. (lo L U . 5  :1:.5 * *  *-1.5 
2fISC:CN ?&-E ( k ç / s l  : 190.57 L29.32 :23.:3 
2s .u22 Ikg/s/r"%) : 3.0850 3.2850 0.5850 
=L'nn.III (SI 65.20 38.23 32.20 
?COL i=*?) : 1184.20 i517.17 :i47.;8 
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?HAST DATA ?OR : Goldfish 
CXNICXL RELZASED : Hydrogen fluoride 

*-* STVDY 3ATA (METXIC UNITS) *** 
*XïNJ SPEED B 10n  (n/sl: 7.3 5.4 7.5 
STAE C U S S  (A-1.ï-6) : 4. 4. _I. 

?RESSURE (N/oi^2) : 90485. 90078. 9 0 5 8 s .  
T3PSRATüRE (K) 310.4 3 0 9 . 4  3 0 7 . 6  

SURFACZ T%P (X) 310.4  3 0 9 . 4  3 0 7 . 5  
.XCïATWE HWIDITY : 0.049 0 . 1 0 7  3.177 
SUIRFACE ;10UGXNESS ?AR : 0 . 0 4 9 3 1  0 . 3 4 9 3 1  0 . 3 4 9 3 1  

.** CLSE DATA **- 

.XC. DISWICE (ml 300.0 300.0 300.3 

.?.Ec. UISTANCZ (ml : 3000.3 -39 .9  2000.3  
CCNC OF IXTEREST (ppol : 30.00 30.00 30.20 
!4ATERIAL :liJXEER i 7  27 27 
IWENTCRY íkql  : 3459.0  3766.0 3637.; 

:IccAL DESCZIPTICN : GF1 Grz Gï3 

-3.X- DISTANCE (rei 1000.3 1000.0 1000.3 

*.* RELLWZ DATA .** 
Use Padded Llquid Vessel 

and LLqiiid leak (nominal 3m head) 
STCRAGE :E!!2. (K) 313.2 311.2  312.2 
STORAGE >RESS. (bar-q) : 6.80003 7.35000 7 .  :8OC3 
CI= AREh (ma?) 0 . 3  0.3 3.3 
l -vec, 2-dry, 4-vacer : 2 2 i 
EOLE DLXMETSX (.ma) : 42.  24 .  2 4 .  
XELZUE :Z. irni 1.30 1.00 :.XI 
3 I X E C I C N  (Uo/Hor. ) : H 9 

Vary tke  scoraqe ?ressure o r  :Ce '.ole diamacer : o  aocain :>e a c r ' a l  emísslon =ace: 
WISSIOX ?.ATE íkq/sl : 2 7 . 5 1  1 0 . 4 6  1 3 . 2 7  

2 7 5  
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.1 - 

.*.i 

2 .  
¿B8 .d  

:se. 2 
:.:i3 

.n. -v.-.". 

:.:5õa6 

9 . 4  

:06,5 

3 6 . 6  
:.:33 

J. 

. .....e 
I I . i L  -. 
3.26386 

X 6 . 5  
-39.90300 

0.3  
2 

:06.  
L. 23 

a 

278.3 
-39.30003 

Q.: 

96. 
:.:3 

a 

?%ST CATA ?OR : Hanford (InruncnnßousJ 
a:s.zw .X%ÜLS~D : :Crypcon-aS 

*** STûùY ZATA (METXIC vNI%i) *** 
' I X D  S P E S  8 10n ( r d s l :  3.6 6.U 11.r L0.4 6.  i 2.3 
STAR CLXSS (A-Lei-6) 6.  4. 3. 3. 3. 5. 
::,"smm (io 291.5 285.1 280.7 280.3 285.6 271.8  
?.RESSORE !N/cr'21 : 101325. 101325. :0132S. :01325. X1321. L01325. 
süiwacz m (10 291.5 285.1 288.7 288.3 i 1 5 . 6  277.8 
.XIAT,% H i W I ü I T Y  : 0.200 0.200 o.;oo 0.2co 0.2co 3.203 
scnFacz ROUGIMESS PAR : 0.06886 0.06a86 0.36a86 0.068~16 0.06a86 a.06ae6 

*.* CASE Dam *-* 
XLxL SESCRIIIITTCN : XI3 HI3 HIS :Xi  6 XII 8 
.XC. 3ISTXNCS (tal 200.0 200.0 200.0 200.3 200.3 200.3 
?XC. OISTaNCZ (31 800.0 aoo.3 800.3 300.3 goo.: ao0.z 
C X C  CF :WEREST ( p p m :  0.13 3.13 3.13 3 . 3  3 . 3  3 . 3  
Y S T Z W  XCXSER 56 56 56 56 56 56  
:56-NQ Hi:!: a.w.-29.3) 
::"TcRY ixq) i a . 3  : o v o  10.3 :0.3 :c.: 3 . 2  ... u - 2  ..* 

:se ?ressL-:zea Cas Vessei 
m a  C;:asc:ipnlc nugcura 

STCMGP ZZxP.  (8 )  291s 285.1 288.1 38.3 295.5 277.3 
SYOnAGE ?SECS. (bar-31: -39.90000 -99.90000 -99.90000 -99.90000 -39.300C3 - 9 9 . 3 0 0 I I  
DIE am m-2) 3.3 0.0 3.0 3.3 3 .3  3 .3  
:-weel Z-arll 4-wacer : 2 2 2 2 2 2 
:oz D3N3ETEn iza) : 2 1 5 8 .  2738. 2150. 2748. m c .  2711;. 
?SLiXìZ BT. ia) 3.00 3.30 3.00 3.50 3.:: 3.23 
XXC32i iL.p/Hor.] : il u 3 3 i .I 

I 
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39.3 
131. 2 
324.3 
400.0 
650.3 
-99.9 
-39.3 
100.30 

i2 
3714.4 

58.3 
90.3 

130.5 
182.9 
252. O 
3 2 4 . 3  
403.3 

iOO.30 
32 

6561.3 

**- XEELLASE ?ATA --- 
Sse ?.eac.ive Liquid XeC.iod (speclfy evap race)  

ETCRAGE ?LW. (KI 111.7 111.7 
2 á I S S i O N  U T 5  ( k q / s l  : 23.21 29.16 
31s . U T E  (kq/s/m*2) : 0.0854 0.0850 
UüRATICX (5)  160.20 225.30 
?OOL XREA (m^2) : 271.72 343.37 

?HAST MTX FOR : .%plln Sands 
C 8 E H I U . L  ~EGXSEII : Llquified Propane G a s  

*** STUDY 9ATA ( X E R I C  UNITS) *** 
WIND sPF.ED 3 1 0 m  irn/si: 4.0 5.8 
STAB CUSS (A-l,Z-6) : 4. 4 .  
TE?IppuLTuRE (KI 291.5 290.2 _ _  'USCURE (N/m-2) . : 101325. 101325. 
SURFACE TPIP (KI 291.7 292.1 
?SEUTIVE X r n I D I T Y  : 0.800 0.800 
SRFACE IOüGHNESS ?AR : 0.03841 0.03841 

*** CXSE DATA *** 

87.3 
179.2 
-39.3 
-39.3 
-49.3 
-39.3 
-49.3 
100.20 

22 
2043.6 

:Il. 7 
21.21 

0.2845 
95.20 
254.47 

8.1. 
4 .  

291 9 
101325. 
290.5 
0.710 

O. 03841 

129.3 
:50.3 
406.0 
-39.9 
-39.9 
-39.9 
-39 - 9 

LGO. JO 
2 2  

3657.7 

111.1 
27. J9 

O. CE54 
135.00 
317.31 

4 3 6.2 5.5 7.9 7 7 
4. 4. 4. 4. 4. 

290.6 286.5 283.6 285.0 281.6 
101325. 101325. L01325. 101325. 101325. 
290.3 286.2 283.1 285.: 282.6 
0.780 0.880 0,790 0.630 0.850 

0.03841 0.03841 0.03841 0.03841 0.03841 

TIIIXL D E S C X P T I O N  : Mâ42 ns43 M546 .w47 m 4 9  %SO S 5 2  .Ys54 
ÂEC. DISTANCE (m) 
.=C. DISTANCE (m) 
X C .  DISTANCE (mi  
.=C. DISTANCE (m) 
xc. D I S î M C T  ( rn )  
.=c. D I S T r n C Z  !ni 
X C .  D I S î A N C E  in) 
C X C  OF IYTXEST 
YATSRIht 'IGMBER 
I : " T O R Y  (kq) 

~- .- 
28.0 88.3 
53.3 129.0 
83.3 249.0 

123.0 400.0 
179.0 -39.9 
247.3 -99.9 
398.0 -99.9 
100.00 100.00 

45 45 
3756.6 6336.3 

(spec:>{ evap =ate )  
231.1 231.1 
20.37 19.20 

0.1197 0.X95 
180.00 330.30 
174.37 160.61 

3 4 - 0  90.0 
91.3 

130.3 
182.3 
250.3 
322.3 
401.3 
100.20 

4 5  
8413.2 

231.1 
23. i7 
3.1207 
360.20 
193.53 

.~ 
128. O 
192.0 
250.0 
321.0 
400.0 
-39.9 
100.30 

45 
6839.7 

231.1 
32.57 
0.1199 
210.00 
271.72 

90.3 
129.3 
180.3 
250.3 
322.0 
400.0 
-99.9 
100. i o  

4 5  
303.3 

231.2 
16.7i 
0.1203 
30. io 

138.93 

59.3 
33.0 

182.3 
400.0 
-39.9 
-99.9 
-39.9 

:oo.oo 
45 

5742.; 

231.2 

o. 1202 
i60.20 
298.65 

35.a9 

61.3 
95.3 

178.3 
249.3 
398.3 
63.3 
-39.9 
100.30 

4 5  
i195.3 

231.1 
44.25 

3.1196 
140.30 
369.34 

56.0 
35.0 

178. 3 
247.3 
-49.9 
-49.9 
-99.3 
30.30 

45 
3456.0 

231.1 
19.2c 
3.295 
18O.CO 
160. 61 
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?C8 
50.3 
100.3 
:oo.o 
400.3 
800.3 

1.00 
49 

53.3 

?G9 
50.3 
:c0.3 
200.3 
400. G 
800.3 

1.20 
49 

54.7 

?Ci0 t C Z 3  ?G:S ?G16 
50.3 50.0 400.5 50.3 

LC0.3 :OO.O 300.3 133.3 
2co.3 200.3 -99.3 :00.3 

900.: 800.3 -39.9 800.0 
i.20 :.CO :.:O :.i0 

49 :9 49 49 
55.2 55.3 36.7 57.3 

am.3 400.2 -39.3 40o.o 

PG17 
50.3 

zco.3 
X O . 3  
403.3 
8133.3 
t.23 

49 
55.3 

50.3 
:OO. 3 
200.3 
:ao. 3 
800.3 

:.:O 
49 

33.3 

51. s i ;  51. s i :  51. 
~ - m E  :if. írnl o. 45  O. 45 3.45 O. 45 0.15 o. 45 0.45 
J I X E C I C N  (Up/t!or.) : a a a 3 A H il 

24ISSICN .UTS ( k q / s i  : 0.09 0.09 0.39 0.39 0.36 o*:o 0.09 
Vary the scorage prassurs or the hole dlunscer t o  &cain Che accual eniasion nem: 

?.WT Chmd ?OR :homey Is land (conclnuousi 
CHEMICAL aEUASEP : U E u e  o f  Preon-12 and Nit=oqin . 
*** STCûY >ATA ( M E X C  WITS) *** 
'Sim SPEEû 8 ?OU (zUSI: 2.3 1.5 
Sï'Añ CLWS (A-L,T-61 : 5. 6. 
m4PERATrmE (KI 286.3 207.5 
DRESSORE (N/mA2) : 101325. 101325. 
s m x z  "8 (R) 286.0 287.6 
.XEIATZ'JE X X I D I T Y  : i.000 0.974 
SORFACE .SOUGNESS ?AR : 0.05791 0.05791 

*** W E  ZATA *** 
~~ DESCXIBTION : TC45 TC47 
.-C. DISIANCI. (ia1 40.0 50.0 
:dC. D I S I X C Z  (al 53.0 90.3 
.%C. 3 1 s - a c z  (ml 72.3 212.3 
.wc. DIS-ZÜVCG (21 90.3 250.0 
X C .  0LSI;LYCZ (al 112.3 335.3 
uc. 31s:xvce i31 L58.0 472.3 
3.X. IZSIXYCZ ínJ 250.0 -39.3 
xc .  3ISTANCZ in1 335.3 -39.9 
REC. SISIANCI. !81 472.3 -99.9 
COIC OF :?ITSREST (gpml: iOO.00 100.00 
.UTERIAL NLX0ER 62 62 
LWNTCBY (kg) : 4855.3 4752.0 

*II w m z  DATA .-* 
3sa ?xcss~-:zed Uds Vessel 

ana 'Iapor Leak (snorc l i n o )  
STORAGE Z Z % P p ,  i31 296.3 237.1 
SZ0RiU;Z ?RESS. ( 5 a Z - g :  -39.90000 -99.90000 
S I E  A m  iZA2) 0.3 0 .3  
:-wet, Z-az-1, ;-uata= : 2 2 
Z O G  LZ%!!ZZ% iza1 : 2000. :COO. 
3EEIEASE 2T. 131 0.10 3.20 
3 I X c : = c N  (Ug/Hor.) : { 3 

3.0 
2 

51. 
0 .45  
!I 

0.06 
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W E  ZATA *.* ... 
XLXL 2ESCXIP::CX : 7x6 TI7 
.XC. DISTANCZ (ml  71.3 
.xc. 01SfÀNCZ (ml  141.3 
.-<C. DISTANCE in) 180.3 
XC. OISTANCZ (XI 283.3 
XC. DISTANCE (31 424.3 
X c -  JIS'=XNCE (QI  -39.9 
3EC. 3ISTXVCf (ai -99.9 
?<C. DISTMCZ (n) -99.9 
XC. DISTANCE ( m i  -99.9 
XC. ûIS'UINCE (ml -39.9 
CC2IC OF XTEXEST (FPml: 100.20 
Y A E R I X L  XIMBEX 57 
:?NENToRY (kq) : 3147.9 

719 -- . -E -. 71.0 , & - 3  
:00.3 103.3 
;so.o '-50.3 
i80.0 2C0.3 
224.3 364.3 
361.3 412.3 
500.3 510.3 
-39.9 49.9 
-39.9 -39.9 
-39.9 -39.9 
:00.30 130.20 

38 59 
4249.0 3958.3 

--. .-- -91 .--2 
71.3 71.3 

'00.3 '.so.:: 
141.3 200.3 
180.0 361.3 
224.0 500.3 
116.3 -99.9 
503.3 -39.9 
-39.9 -39.9 
-39.9 -39.9 
-39.9 -39.9 

?OO.CO LOO.30 
60 61 

1866.3 5736.3 

*** X L Ü S E  2ATA *** 
Use Pressurized Gas Vessel 

and Cacasc=opnic hiupcure 
STCRAGZ TEXP. (KI 291.8 290.5 290.7 291.5 
STCRAGE PRESS. (bar-): -99.90000 -99.90000 -39.90000 -99.90000 - 
3I:XE A R U L  (mAZ) 0.0 0.0 0.3 0.3 
l-ec,2-dcy, l-vacer : 2 2 2 2 

XELEASE irr. (n) 0.90 0.00 3.00 0.00 
DIRECIOH (Up/Hor.) : U U U U 

9OLE OIXHETER (ERB) : 14000. 14000. 14000. 14000. 

-v. 3 ---7 
71.3 

- w o .  3 
:21.3 
316.5 
361.3 
412.3 
-39.9 
-39,3 
-39.3 
-39.3 

Y *  

-119 
:0.3 
50.3 
71.3 
100.3 
141.3 
224.3 
500.3 
-39.3 
-99.9 
-39.9 

- -7  --.9 
40.3 40.3 
50.3 50.3 
70.3 71.3 
ao.3 100.3 
100.2 224.3 
200.2 362.3 
224.3 5133.3 
300.3 -39.9 
400.3 -39.9 
510.3 -39.9 ~~ ." -"o.Co 100.50 100.30 13O.YO 

52 63 64 65 
4800.3 9711.2 5881.3 5477.3 

283.3 286.9 289.2 289.7 286.5 
.99.90000 -99.90000 -99.90000 -99.90000 -99.90000 

0.3 0.3 0.0 0.0 0.0 
2 2 2 2 2 

14000. 14000. L4000. 14000. 14000. 
0.00 0.00 0.30 0.00 0.00 

U U U U U 

Vary  cha scoraqe p r e s s u a  o r  tha hole díamecm Co obcaín :he aaua.1  emíssíon =ace: 
ZXISSION RATE (kq/s) : 0.00 0.00 0.co 0.30 0.00 0.30 0.00 0.30 o. O0 

2 7 3  
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3u9 .... i " 3  _..I : su2 au3 âu4 325 ?i' 6 :.J. 

3.31746 
2238.3 ..-. o 
: .3co 

SllSOO. 
3348.5 

434.: 
983.89 

3 . 3  
ll',.ó 
ss.:o 

1012.19 
:?T. 

:49a0.3 
0. io  
JO. 
640. 
:.u 
0.0 
0.3 
0.0 

0.00020 
2.3 
5.4 

311.3 
7.1 
100. 

O. 
-0.0772 

-1. 

3.- - 
3.21726 
2238.3 

X L . 5  
:.io0 

51:300. 
3348.5 
432.7 

3.:0 
111.6 
97.98 

L034.31 
:67. 

14712.3 
0.co 
:ao. 
640. 

L.3 
0.3 
0.0 
0.3 

o .o0020 
2.0 
S.4 

307.9 
5.2 
100. 

O. 
-0.1720 

-I. 

983. as 

3.:17c5 
:238.3 
--l. 6 
:.soo 

5lf900. 
3348.5 
431.2 
983.39 

3.:0 
*-*.5 
36.36 

i022. à7 
:?s. 

li221.3 
3.3 

640. 
2.3 
O..)  
0.3 
3.a 

3.30020 
2.3 
9 .o 

309.0 
2.7 

LOO. 
O. 

-5.0203 
-1. 

.. 

.*? 

ao. 

SIAS ïYPüT DATA ?OR : Coyote 
QIEMTCXL ÍaLzXsED : 5LquoLled natural qas 
TXE S P L U  :3 CCCE (IDSPL) .'(Ac THE r0WI;IIC =Y: 

1: STAeORAT,"1C ?ooL 
2: iiORIZQtTXI, UZT 

4 :  2ISIXHTANEOUS CR SXORT D W T C N  
3: mmx, 

TIcInL : CO3 CO5 CO6 
:os?L 1 L . 
Ncntc (sub-step auit.1: 1 L . 
UOL. XT. iicq/"oil : 4.31953 0.02019 0.31909 
C w a s  (Jikç-xl : 2238.3 223a.3 :218.3 
NO= 30IL;!:C ?? (K) : iL1 .6  t11.6 31.6 
;;u FASS 7%&c'=:!x : 3.300 1.100 '..$O0 
:-:a OF m e .  ( ; / i c ~ )  : siisoo. m s o o .  siigoo. 

HWT CA2 ! Ü / k ç - X < )  : 3348.5 3348.5 3348.5 
3 2  CENSZZZ (Lç/a*31 : 447.4 452.7 444.7 
a VAP ? . W S  CONS'; : 983.39 983.89 983.89 
c 'fA!? ?RECC CCNS'Z 0.10 o.:o 0.20 
W T W E R A T ü R E  ( X I  : L11.6 111.6 z11.6 
W S  LYIS  =TZ (Xq/sl : LO0.67 129.C2 123.03 
soma :aA?) : 1184.20 1517.77 1417.58 
SOURCE CONITTYN ( s i  : 65. 98. 92. 
l"l=N. FASS i k q )  : 6532.3 32676.3 10139.0 
soliaa YEIZAT :XI 3.00 0.10 3 . E O  
cxrc xvc ?YS ( s t  50. 90 .  70. 
YAX DICT !%I aoo. 900. 300. 
?.Ec s i ï r i  !al i . 3  1.3 :.3 
X C  HE:ZXT {ai 3.3 0 .3  3.a 
aEc xE:uiii !I) 0.0 0.3 1.3 
XEC hZIQiii ia1 3.0 3.0 1.0 
ZCCGXNESS  GE< i31 : CJ.~OOZO 0.0~020 4.3202~ 
Y!: CENSCR X? III  2.3 2.: 2.3 
ii1:m S ? E S  i X / S I  i . 3  3.: 4 . 5  

315.5 301.5 237.2 
22.: 22.3 

:3!!E3AXXE iKl  
ZAY >FX3 : * I  
<?Ec:?:c C X C  ; c T l  : .*O. :oc. --a. 
5txB c-2ss '.\*l. .'-i) : *. *. -. 
: ;UONi!f - ï ,3X%YØ :/si : - G . C B t O  -3.23i6 3.::73 
Z'IOXXG L E C S 7 2  .. 

.. I 

.* .-.a 
.-. 

.I 

-L. - -  .. *. 

9. z:?c,a 
¿238. 3 
::: * 5 
'..=Co 

f lL900.  
3 4 8 . 5  
431.4 
983.39 

...a 
::l. 5 
31.25 
356.57 

:go. 
:5444.: 

3.1'0 
:30 .  
640. 

C.3 
0.0 
0.3 

C.OOO20 
2.3 
7.4 

314.3 
5.9 

100. 
O. 

-0.3211 
-L. 

* .  

. .  ..u 

3.327:: 

::L. 6 
:.:Co 

511900. 
3348.5 
432.3 
983.39 

0 . 3  ::z* 5 
32.22 

i015.:1 
129. 

:1111.3 
3. %I 

640. 
1.3 
0.3 
0.3 
0.3 

0.00020 
2.3 
9.2. 

312.7 
i.:. 
100. 

O. 
-0.0187 

-1. 

2238.3 

70. 

3.3:s:: 
2238 2 
::I. 5 
:.:Co 

511900. 
3348.5 
438.3 
983.39 
3.13 
::: 5 
99.46 

:170.:1 

37219.2 
3.3 

9oc. 

3.3 
0.3 
O .3 

0.00020 
2.3 
9.: 

307.3 
7.4 
100. 

-0.30 67 

. m .  ...I. 

. . A  *.I*. 

- 9  .." 

1 W. 

--. 

:: .::91: 
:?JE.: 

*.. - . -fi" - . w w w  

.--. D 

511900. 
3348.5 
438.3 
983.39 

3.:3 
x 2 . á  

z36 .33  
Z375.96 

:37. 
:24+3.5 

3.;0 
3 0 .  

1300. 

0.3 
0 .3  
3.5 

3. CO020 
2.3 
1 .3  

306.3 
4.5 
100. 

O. 
0.0646 

. .  
-..I 

-:i 

. !hthana i s  ac 1ea.c 862 I n  c 

: . : a m  
X 3 8 .  : ---. s 

:.;CC 
5L:SOO. 
S348.5 

443. i 

:.:3 --.. 5 
3.5. ?a 

:s99. i 3  
"9. 

.*7JC.2 
3.30 

'O.  
LJCC. 

3.: 
0 .3  

1. 10020 
2.3 
5.7 

308.5 
i4.4 
200. 

3. 
-5.OOC4 

-i. 

... 

983.39 
... 

.*i 

. .  ...I 

e -  w . *  
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2 

3.317C3 
2190.3 
x9.7 
0.313 

i370000. 
4490.3 

2132.52 
-32.36 
294.7 
79.70 
0.34 
126. 

10042.2 
o. 79 
90. 

1300. 
:.3 
0.3 
0.3 
0.9 

0.00300 
2.3 
7.4 

302.0 
l3.2 
100. 

O. 
O. 0107 

-1. 

682.3 

2 

3.31703 
21so.: 
239.7 
9.317 

1370000. 
4490.3 

2132.52 
-32.36 
293.3 
111.50 
1-:2 
255. 

28432.3 
0.79 
160. 

13oc. 
1.3 
0.0 
0.3 
0.0 

O. 00300 
2.3 
5.3 

303.6 
17.5 
100. 

O. 
0.0119 

-1. 

682.3 

3.513Ci 
2190.2 
239.: 
3.311 

:370300. 
4490.2 

2132.52 
-32.36 
295.3 

:io. 70 
>.L6 
166. 

21696.2 
3.79 
L20. 
1300. 

1.2 
5.3 
0.3 
3.5 

0.30300 
2.5 
7.1 

307 .?. 
:4.3 
100. 

O. 
0.0012 

-1. 

682.3  

SLAB INPUT DATA FOR : Goldfish 
c]1WCAL n U E A S E D  : Hydrogen fluoride 
RIE SPILL ID CODE ( I D S P L I  HAS THE F O L U X I N G  :=: 

1: ¿VAPORATZXG POOL 

3: VERTICAL .iET 
4: INSTANTANEOUS OR SHORT OUñA!l!ION 

2: HORIZONTAL JET 

: GFI G72 GF3 
2 
1 

0.02001 
1450.0 
292.7 

373000. 
0.840 

2528.0 
987 .o 

3404.51 
15.12 
313.2 
27.67 
0.29 
125. 

3459.0 
1.20 

3500. 
1.3 
3.0 
0.3 
0.0 

3.003CO 
2-2 

310.; 
4 . 3  
30. 

5 .  
3 . 2 3 9 9  

a a .  

- _  . -  -.- 

-.  -. 

2 
1 

0.02001 
1450.0 
292.7 
3.353 

373000. 

587 ..3 
3404.51 
i5.12 
311.2 
10.46 
0.39 
360. 

3766.3 
1.20 

i500. 

3 . 0  
0 - 3  
3 . 3  

J.20300 
2.3 
4.2  

jQ9.4 

2528.3 

3s. 

. I \  --.4 

. *  - _I. r 

- *  
J". 

2 .  
2.3053 -. -. 

2 

0.32001 
1450.0 
292.7 
0.347 

373000. 
2528.2 

3404.51 
15.'2 
312.2 
10.27 
0.39 
360. 

3697.3 
1-20 

3500. 

0.3 
0.3 
3.3 

2.2C3CO 
2.3 

3c7.s 
17.7 

387.2 

3 8 .  

. - ,  -." 

= .  a.. 

- I  
2". 

>. 

:.:2;4 - .  _. 

2 

3.51703 
2190.3 
239.7 
5 . 9 0 4  

1370000. 
4490.3 

2132.32 
-32.36 
297.3 
96-70 
1.21 
381. 

o. 79 
300. 

1330. 
1 . 3  
3.0 
0.3 
3.3 

3 .O0300 
2.3 
4.5 

305.6 
21.3 
100. 

O. 
0.3244 

-1. 

682. s 

36a42.7 
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t 

daw2900 
249.0 
. A O L I  
5.300 

:LS800. 
-39.9 
-39.9 
-1.30 
6.30 
290.9 
0.21 
3.31 
928. 
.u. 3 
:*20 
461.  

:300. 
:.5 
0.J 
0.9 
3.3 

0.03000 
:.5 
1 e 3  

290.9 
20.0 
3. 
O. 

0.1455 
-1. 

- 4  

1.. 

.e 

3. X903 
:49.3 
.-O. 1 
3.200 

::5aoo. 
-39.9 
-39.9 
-1.30 
0.20 

285.4 
3.21 
3.iu 
305. 
3 . 3  
:.30 
345. 
300. 

1.5 
0.3 
3.0 
3.3 

O. 33000 
1.5 
3.9 

285.4 
20.0 

O. 
O. 

-0.3089 
-i .  

.1 

2 

3. X900 
:49.3 
...3 ..i 
w .  W Y O  

::5aoo. 
-39.3 
-39.9 
-1.00 
3.GO 
2911.9 
5.23 
3.30 
355. 
23.3 
1.30 
269. 

:3co. 
1.5 
3.3  
0.3 
3 .3  

3.33000 
1.5 
7 . 1  

288.9 
20.3 

3. 
O. 

-0. CO 54 
-1. 

.. 

.I A n  

2 

5.223CO 
249.2 
120.3 
0.200 

::5eoo. 
-39.9 
-99.9 
-1.30 

0.00 
286.6 

3 . 2 4  
0.21 
598. 
22.3 
:.:O 
269. 

:SOO. 
:.5 
c.3 
0.0 
0.3 

0.03000 
i.5 
3.9 

286.6 
20.3 

O. 
3. 

-0.0375 
-1. 

:.::SOO 
249.3 
:23.3 
2.200 

::5aoo. 
-39.3 
-39.9 
-1:3 

3.30 
218.3 
3.22 
0.32 
::91. 

3 . 4  
ì.20 
538. 
:300. 

i . 5  
0.3 
3.3 
3 .3  

3.33000 
2.5 
2.5 

271.3 
20.3 

O. 
O. 

3.3142 
-i. 

SIX3 INPUT IATA FOR : .Nadord Ilnswnt~neousl 
CifEHICht aELasED : tCrypEon-a5 

S P I U  ;3 CODE (IDSPL) Hhc ?BE POIiLÚüING =Y: 
3: -VA!?ORATEXG POOL 
:: HORIZCNTAL " 7  
3: VERTSCXG u 7  
4 :  a s m m ~ ~ ~ o u s  oa SHORT DWION 

Z a I a I I  : HI2 n13 ;i15 HI6 XI7 h i  8 
4 4 4 

1 1 
3 S P L  4 4 4 
N G L C  (sub-seep mit.) : : 
HOL. XT. ilcç/rioiI : 0.02900 0.329OÖ 0.C290Ö 3.SZSOÒ 0.32900 3.32900 
Q-gas (J/kq-io 249.3 249.0 249.0 249.3 249.0 249.3 
x o w  BOIL=:IC ?T !KI : 120.3 X0.3 X0.3 120.3 220.3 z20.3 
;;o PASS F u c = : i N  : 0.000 3.000 0.230 0.300 3.590 3.i30 
.%AT OF VA?. (J/kqj : 115800. :15800. X1800.  L15800. ::5800. ::11100. 
-20 k a 7  CA2 tü/lcq-KI : -39.9 -39.9 -39.3 -39.9 -39.9 -39.9 
L=0 DENSIX (kq/mA31 : -99.9 -99.9 -39.9 -39.9 -39.9 -39.9 
3 'JAP P.9Ec.S CONST : -1.30 œi.30 -1.00 -:.ao -'.ao -1.YO 
C 'IU PRESS CCNST : 0.00 0.00 o. O0 3.30 0.30 3.00 
Gxc F'iWERAT!JRE (to : 291.5 285.: 288.7 21111.3 285.6 217.8 
?!ASS ZXIS MTE (kq/sl : 0.00 0.00 3.00 3.30 0.00 3.CO 
SOûRRcs MEâ trn*2) 5.90 s.as 5.94 5.93 5.89 5.79 
somcz DUaATION (SI : 3. 3. o. 3. 3. O. 
:OZAL YASS (Xq) 10.9 :0.3 :9.9 10.3 i3 .3  3 . 0  

3.30 0.20 0.20 0.30 3.23 c .23  
CONC AVG :=E (SI I. ... 1.  5. z .  5. 
SÛmG HESGT (a) 

S I X  D I S T  !Ji) 300. :?OO. 1300: 1300. 300. z300 .  
%EfGIIT (Ji) 1." 1.5 l.5 :.5 

3EC 2E:C;HT :*il 0 .3  0 .3  3 .3  3.3 9.3 3.0 
LEC EXXT in) 0.3 3.3 3.3 0.3 0.3 3.3 
XEC XEIGrn 221 3.3 0.3 3 . 3  3.3 0 .3  3.3 
3C3GielESS -X::GTX (31 : 3.33000 3.230C3 3.330CO 2.33000 :.33000 :.:3000 

5.5 - .- :.3 _.I 

x1:m SPEI: :als) :.3 4.: 7 .5  ? .2  4.5 :.5 
Y!: CENSOR HT ia) 

:"PWVIT:'xS :KI 291.3 235.1 258.7 ta0 .J  235.6 217.3 
:0.3 i"." 20.3 x . 3  3 . 3  .. 4 .  3. I. 

ZEL kmfI> ( I )  3.2 
S?EC:PII C X C  ip-i : .I. 4. 

5T.U C L x Z  !A-L,.2-6) : ". 2. .. ". a. 4. 

2. :742 -.>.:3j8 -. i . j346 -*).1"c64 -. i .2151 :.:36Î :/xom:+oaix:-:cv ;:/=I : 
EXC 1 :IC 2EC i R2 .. 

C 

. .  -.u ? :  
_.I 

* :  

- :  . c  -.- . :  . :  .." 
i n  . 

e *) n 

CL .I 

-. .. -- .. -. -. -. .. -. 
I. -. 

282 
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3348.5 
435.3 
597.34 
-7.20 
111.7 
23.21 

2 1 1 . 7 2  
160. 

3114.4 
3.50 

3 .  
1150. 

0.3 
0.3 
0.0 
0.3 

O. O0030 
10.0 
5.6 

288.1 
53.3 
100. 

O. 

3.31711 :.::Ki6 3.215S6 
2238.3 2238.3 2238.3 
111.7 111.7 _ _ * . I  

1.300 1.100 :.:Co 
509880. 509880. 509880. 

430.2 
397.34 
-1.20 
111.7 
21-51 

2 5 4 . 4 7  
9s.  

2043.6 
3.20 

... _. 

1 3 4 a . ä  

J. 

573. 
3.3 
0.5 
3.3 
3.1 

.10030 
10.3 
8.5 

288.4 
90.0 
100. 

3. 
-0.0211 0.0008 -0.0097 

-1. -1. -. - 1  

2348.5 
426.3 
597.94 
-7.20 
111-7 
29.16 

343.27 
225. 

6561.3 
0.20 

903. 
3.9 
3.3 
0.3 
0.3 

.O0030 
10.0 
1.4 

289.3 
11.0 
100. 

O. 

.J. 

2.21629 
2238.3 

:.200 
509880. 
j348.3 
427.3 
597.34 
-7.23 
:11.7 
21. $9 

117.31  
135. 

3657.7 
0.20 

?. 
406. 
3.3 
0.3 
3.3 
0.0 

O. 00033 
10.3 
9.6 

289.2 
77.1 
LOO - 

O. 
-0.0123 

-i. 

... - ---. z 

SLAB INPUT DATA FOR : .Haplln S a n d s  
CHEHICAL ? . E L a S E D  : Llquifiea Propane Gas 
THE SPILL I D  CODE (IDSPL) HAS THE FOLtCnING KEY: 

1. . .  LVA~ORATNC 2OOL 
2: XORIZONTAL JET 
3: VERTICAL u m  
4:  WSTXTANEODS OR SHOP3 XRATXOX 

: .%42 us43 Y546  YS 4 1  xi49 us50 Xs52 us54 
1 

1 
c.34393 
1678.3 
231.1 
1.000 

425740. 
2520.5 
500.3 

1912.46  
-25.17 
231.1 
20 .81  

174.37 
180. 

3 7 5 6 . ;  
3.30 

3. 
898. 
0.9 
3.3 
0.0 
3.3 

3.20030 
19.2 

291.5 
20.2 

. +  -I.< 

.Ilfi 
_ _ U .  

2. 

2.3i:O 
- .  -. 

I 
I 

O .O4393 
:678.0 
231.1 
1.300 

425740. 
2520.3 
500.9 

1872.46 
-25.11 
231.:. 
19.23 

160.61 
330. 

5336.3 
0.20 

3. 
300. 
2.3 
0.3 
3.0 
3.3 

O.Sc030 
10.2 
5.3 

290.2 
30.2 
...A - - W .  

2. 
II "fiIlfi 
.,."W"d - .  -. 

1 
0.04395 

1618.3  
231.1 
1 300 

4 25140. 
2520.2 

1872.46 
-25.17 
231.1 
23.37 
193.ä9 
260. 

9413.2 
0.C3 

3.  
901. 
3.3 
3.3 
3.3 
c.3 

2 .20013 
10.2 

3 . 1  
291.3 
7.: 

5oo.a 

. r r  -4". 

". . ---, ., . -u La 
- .  -. 

0.34384 
1618.3 
231.1 
1.3co 

4 25140. 
2520 . 3  
501.: 

1812.46 
-25.17 
231.1 
32.57 
271.72 

210. 
6839.7 
0.w 

900. 
0.9 
o .3  
O .C 
3.3 

3.00030 
13.2 

230. J 

7 .. 

- -  
Q . L  

Ya.: . _.u_ 
.,. 

3 . 2 2 3 4  
- .  -. 

1 I 
1 1 

3.14376 0.04393 
1678.3 1678.3 
231.1 231.1 
1.200 1.:00 

425740. 425740. 
2520.0 2520.3 
501.2 500.3 

1872.46 1872.46 
-25.17 -25.17 
231.: 231.; 

38.93 298.65 
30. 160. 

'503.3 5742.4  
0.30 0.23 

3. 3. 
900. 900. 
3.9 3.3 
3 . 3  0.3 
0.3 0.3 
3.3 3.3 

3.SCO30 3 -30023 

3 . 3  
:a6.5 ze3.5 
58 .: 79.9 

1 6 . x  35.a9  

.n  r) -". * -Il ,, -u. u _ _  . -  - .- 

. " A  ^".I. 

d .  u. 

. "'I 
_ " Y .  

-. ., z . x : a  
-. -. - .  -. 

3.04387 
' 6 1 8 . 3  
231.1 
1.300 

4 2 5 1 4 0 .  
2520.2 
501.3 

3 8 1 2 . 4 6  
-25.17 
231.:. 
44.25 

369.84 
140. 

5195 .3 
3.23 

3. 
1150. 

3.9 
3.3 
0.3 
5.3 

3.",030 
:O.: 

285.3 
51.: 

- .  
r . 7  

. ..fi -I". 

J .  

5.:::: 
-. -. 

3.34394 
1518.2 
231.1 
1.300 

425740. 
2520.3 
500.3 

1S72.46 
-25.17 
221.: 
19-20 
160.6i 

180. 
1456.2 

3 . x  
2. 

7 4 7 .  

3 . 3  
3.3 
3.3 

3 .:o333 

f i -  *.: 

. A  - -"-a 

2.. 
- -  

231.5 
35.3  
. ..n __I. 

.. -. - .. ._ 
, . * _ _ j l  

-.  -. 
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3.264C3 
522.5 
263.1 
a . i c o  

296jCO. 
:33:.3 
z462.3 

-i.:0 
3 . 3  

505.1 
3.:9 
!!.:o 
SCO. 
$3.9 
o. 45 
ooc. 

I3CO. 
:.5 
0.3 
0.3 
3.3 

0.30600 
2.3 
4.2 

305.: 
20.0 

1. 
0. 

-3.2223 
"L. 

U. 36403 
522.5 
253.: 
0.300 

386500. 
9 3 1 . 3  
L162.3 
-1.20 
0.20 
305.1 
3.39 
0.30 
600. 
54.7 
3.45 
SO. 

s o o .  
1.5 
0.3 
0.3 
3.0 

0.00600 
2.0 
4.9 

305.1 
20.3 :. 

O. 
-0.0485 

-1. 

:.264CO 
ä22.5 
:53.!. 
3.300 

386500. 
331.3 
:462.3 
-1.20 

1.20 
301.: 
3.29 
3.20 
ioo. 
55 .t 
o. 4s 
500. 

::CO. 
:.5 
3.3 
0.3 
1.3 

0.00600 
2.0 
6.9 

301.: 
20.0 
1. 
O. 

-0.3293 
-1. 

' 
3.  2640: 

ä22.5 
:a.: 
0.300 

386500. 
331.3 
1162.2 
-i.:0 
3.20 

304. : 
3.09 
3.30 
500. 
98.2 
3.45 
ioo .  

X O C .  
'.5 
0.3 
0.3 
3.3 

0.30600 
2.3 
4.6 

304.2 
20.0 

3. 
-0.i342 

-i. 

.. 

7 

3.364CO 
522.5 
26s.: 
3.:00 

386500. 
331.3 
z462.3 
-?.:O 

;.:O 
293.2 
3.26 
2.20 
CC0. 
26.7 
3. i 5  
530. 

9 0 0 .  

3.3 
3.0 
3 . 3  

0.30600 
2.3 
1.3 

293 -1 
20.0 

I. 
O. 

0.1663 
-1. 

. -  ,.J 

: .364C3 
622.5 
263.1  
3.3co 

S86500. 
z 3 3 ì . 3  
:462.3 
-:.:3 
3.20 
295.1 
3.13 
0 . X  
6CC. 
17.3 
J .  45 
soc. 

s o o .  
0.3 
0.3 
3 . 3  

:.o0600 
2.3 

295.- 
20.3 

3.  
-3.1293 

-L. 

. I  ..J 

3 . i  

.I. 

2 

;.Û64CO 
i22.5 
:Ki.: 
3.303 

386500. 
331.3 
:462.3 
-1.30 

4,"O 
301.: 
3.29 
3.:0 
500. 
:a.S 
3.45 
600. 

3012. 
1.5 
0.3 
0.0 
0.2 

3 .CO600 
2.3 
3.2 

301.:. 
20 .o 

1. 
3. 

-3. L277 
-L. 

* n  

- -  

0.264C3 
522.5 
:53.1 
1.3co 

586500. 
:331.3 
:062.3 
-1.3 
$.i0 

300.: 
3.26 
0.iO 
600. 
23.9 
o. is 
600. 
303. 

2.5 
3.3 
0.U 
3.3 

O .O0600 
2.3 
3.3 

300.: 
20.3 .. 

O. 
0.0201 

-1. 

s m  ïtmrr DATA FOR : thonsy  3 l a M  (conelnuousi 
QIEMIcxIi XiZZ?.sED : Klxture of Freon-12 m d  Ylczogui 
THE S P I U  3 CCDE (IDCPLI ilRC THE FOLLCÍXIXC KEY: 

L: ZVMORATTNG eooL 
2: HORIZONTAL JET 
3: vEFt l !ZCaL~zT 
4: .?JSTANTaNEoUS OR CXOW DDRATION 

:m : TC15 xc47 
-2sPL 2 2 
!iCfitc (suo-sreu KIUlt. J : 
XOL. XT. íkq/no1) : 0.35780 0.l578o 
Cg-qas (J/kq-K) 510.3 510.3 
!iORMAL 3 O I X X G  PT (KI : 243.5 243.4 
YQ YASS F.3ACXDN : 3.200 3.000 
W,T OF VAP. ( a k q i  : x x o o .  165000. 
XQ BInT fia (J/kÇ'-iO : 370.3 370.0 

DENSITY !kq/m^31 : :520.3 320.3 
3 VAP p.SESS CSNST : -'.ao -?.O0 
C VAP ?RESC CONST : O.il0 0.00 
CAS TaERATUûE (KI : 286.3 287.5 
YASS EMTS UTE (kq/sl : zO.67 10.22 
SOORCE A m  (rn"21 : 3.11 3.14 
5ooRc-. 3URA';ZON (SI : 155. 465. 
3 T A L  HASS (kg] : 4855.3 4752.0 
SOgRCS HEZGiT tel o.:o 0.co 
"1. --rc AVG rrus (SI 30. 30. 
Y !  DIS; i 3 1  912. 972. 
.xc WIUM (al *..I 

3SC B E I G T  !al 0.u 0.3  
XEC .WISiiT (ml 3.0 3.3 
:CC X E I G h i  ia1 3.2 3.3 
3OüCHNESS X:lGX (II : 3.32C03 3.31000 

:3 .s U!T SEXSCR HP i31 d . 3  
zI!m .5?522 ! 3 / S I  2.3 :.5 
x!!uez2AT:as 5) 236.3 '281.5 

37.: X L  hmI2 .**.a 
220. :33. 

J .  
S P E C I P X  CCXC i p g 1  : 
S7.m C Z S S  : A - ? , ï - i )  : ,. 

:.361 3.G923 1/XOXIX-CBti%SOV (:/:.I : 
@:C:!;G AECinB .. 

1 .  V . %  a .  

.* 

. *n 

-. 
I. 

-. 
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4 

3.24769 
610.3 
243.1 
0.300 

;65000. 
970.3 
1520.3 
-i.20 
0.00 

292.8 
0.00 

153.94 
0. 

3147.3 
0.00 
1. 

924 - 
0.4 
0.3 
0.3 
0.0 

0.01800 
10.0 
2.8 

291.ñ 
74.8 
too. 

O. 
0.0000 

-1. 

4 

3.55058 
620.3 
213.4 
9.000 

165000. 
970.3 

1520. O 
-1.20 
0.00 
290.5 
0.30 

153.94 
0. 

4249.3 
0.30 
I. 

'-000. 
0.4 
0.0 
0.3 
0.0 

o .O1800 
10.0 
3.4 

290.5 
80.7 
100. 

O. 
0.0110 

-1. 

4 

0.04711 
610.3 
:a.: 
0.200 

165003. 
370.3 

2520.3 
-1.20 
0.30 

290.7 
0.20 

153.94 
O. 

3958.3 
0.20 

1010. 
3.4 
3 .3  
3.0 
0.3 

o. 01200 
10.3 
2.4 

290.7 
87.6 
100. 

O. 
-0.:100 

-L. 

-. 

4 

3.24624 
610.3 
2 4 3 . 4  
3.500 

:65000. 
370.3 

1520.0 
-1.30 
0.00 
291.5 
0.00 

153.94 
0. 

3866.5 
0.30 

1- 
1003. 
0.4 
0.0 
3.3 
0.3 

0.30800 
10.0 
1.7 

291.5 
87.3 
100. 
0. 

o. 65CO 
-1. 

4 

3.36849 
510.0 
243.: 
3.coo 

165000. 
370.5 
1520.0 

- i . i O  
0.JO 
283.3 
0.00 

53.34 
O. 

5736.3 
0.30 

1. 
1000. 
0.4 
0.3 
3.3 
0.3 

O.Cl800 
'0.0 
2.5 

283.3 
66.2 
100. 
0. 

o. :o00 
-1. 

4 

3.05780 
510.3 
243.4 
0.300 

165000. 
970.0 
1520.3 
-1.30 
0. 30 
286.3 

0.co 
153.94 

0. 
4800.0 
0.20 

1. 
912. 

0.4 
0.0 
0.3 
0.3 

o. 01000 
10.0 
7.3 

286.9 
74.1 
LOO. 

O. 
-0,OllO 

-1. 

4 

3.12139 
510.2 
243.4 
0.000 

165000. 
910 .3  
1520.2 
-1.ûo 
0.20 
289.2 
0.ûo 

153.34 
3. 

8711.3 
0.co 

iooo. 
0.4 
0.0 
0.3 
0.5 

0.018CO 
10.3 

5 . 5  
289.2 
94.0 
100. 

O. 
-0.0050 

-1. 

-. 

J.354C4 
510 - 2 
243.4 
0,300 

:65000. 
970.2 

L520.3 
-1.20 

0.co 
289.i 
0.20 

153.34 
O. 

3881.2 
0.30 

:alo. 
3.4 
0.3 
0.2 
0.0 

0.00500 
10.3 
7.4 

289.7 
81.3 
100. 
3. 

i]. 0230 
-1. 

-. 

3.36127 
510.2 
2 4 3 . :  
3.100 

:65000. 
970.2 

1520.3 
-i.:o 
0.00 
286.5 

U.UO 
153.34 

O. 
5477.3 

0.so 

i083. 
0 . 4  
0.3 
0.3 
0.3 

0.01000 
10.3 

6.4 

94.3 
100. 

O. 
0.0030 

-1. 

-. 

2a6.í 
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A P I  PUBL*454b 92 M 0732290 0505733 932 W : 3u=:J 

. i E S U Z  ?dTE ::Cc/si i 36.i22Ö 37.38CÖ 
:73.,3 1 5 7 . x  XzLZtsE 2:'z\::".:I ;SI 

ZZW. 3F C:iEXtC;J. i K 1  -*-. SiJ :::. jû  
3 . 3  2.20 ; E w Z  -<I".. & , , V M 2 i N  \3) 

',TñT:% 'i'LL3. I W S l  0.20 
:-:oiuzc:aAL ïzi.c. W S J  3.30 
XIT.  .MCIL'S in1 : 17.9550 :3.13CO 
.UCWCHE!!ICXL 3oL2 .UTI3  (InI'=:X 3ISzZONI 

0.300 3.303 
.w. ?WS AREA ln-2) : 2642.380 2642.380 
%IN. DOOL SEDTH :ni 0.310 
.mm0 OF ?OCL 3.rso 
AEEn6SOL P0RHATIC:I: : M U A L ,  24EFAüLT 

2 2 
AEROSOUFWSX YASS ?ATZ3 : 3.0000 3,3000 

2 2 
UIwCH€?4IW U&S =TIO : 0.0000 3.3000 

3 O 
SUBCT.PATE: Z W .  (K) : 311.27 309.75 
WLND SPEED (&SI S. 40 ä.40 
"ORZ. STAB. 3 3 
'TEXT. STAB. 3 3 
TEHP. (KI : 311.27 307.75 
" I D I Z  (FIIAC=IONl 0.07 0.0s 
SOLXR nAD. iw/mA?) : 300.00 
SURFACE 3OUGHHESS (ml : 0.00020 0.30020 
'.-o LZNGTH (cl1 : -12.947 -5.314 
WIND MEAC. HT. (ml 2.00 2.30 
CXLZXC ii?. (mi : 10000. 
UP?ER L Z L  STAB. 3 3 
SZnpLATION :ME (SI : 625.93 625.93 
Tf,v m. (ml . .  1.00 :.30 
FAX. DOSAGZ DISTäNCZ (al : 140. 140. 
CCNC. AVG. Z 3 E  (SI 40.00 :OO.OO 

.I. 

AEROSOL A I 3  %??T.W:MENT: :-+!MOAL, 2IoEFAUL? 

SiJBSTIUTE: 0 4 ,  Z-ASOL!., 3-SDSOlf. 4 4 4 S O l Z  

36.16C3 
175.,3 .**. 50 

3. :o 
... 

33.3450 

3.000 
2622.380 

2 
3.3000 

2 
2.3000 

3 
309.05 

9.co 
3 
3 

709.05 
0.03 

0.00020 
-49.310 

2.30 

3 
615.56 

1.00 
140. 

80.30 

6 1  

- 
?23.0300 

32.20 
:21. 50 

0.ûo 

21. i650 

0.000 
2642.380 

2 
b.30CO 

2 
3.3oco 

3 
297.26 
.l. 0'0 

i 

297.26 
9.23 

:.:o020 
5 6 . 3 5  

2.:: 

-i 
386.3-6 . .n I. .." 

.an .v.. . -. .I . -" 

LÏ.4450 :!J.9850 19.3000 20.02JO :2.5650 

3.300 3.300 o.sc0 o.co0 3.coo 
2642.C80 2642.380 2642.080 2642.080 2642.380 

1 2 2 2 2 
0.~000 û.coo0 0.3100 3.cooo 3.3oco 

2 2 2 2 2 
3.3000 3.3000 3.2000 3.:oco 3.3000 

Q I O 3 O 
314.27 312.67 306.96 306.02 308.32 

I .  40 9.10 a.40 L.30 5 .70  
3 3 4 5 4 
3 3 4 5 4 

314.27 312.67 306.96 306.32 308.52 
0.06 3.05 0.07 0.35 0 . i 4  

3.00020 0.30020 0.00020 0.30020 3.00020 
-35.634 -33.393 -148.633 15.478 -2288.323 

2.00 2.00 2.00 2.00 2.00 

3 3 4 5 4 

I. O0 1.00 1.00 :.a0 1.uo 
Z40. 140. 400. 800. 800. 

130.00 70.30 140.00 80.30 10.00 

618.92 6is.a 647.62 i044.44 140.55 

. Ee!ciecaus i s  ac leuc 962 in c 
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13C.7000 36.70CU 
16ó.20 ;al.:Û 
:95.30 297.ZU 

J. 79 J. 79 

3.6089 U. 6210 

o.uo0 3 . 3 0 0  
10000.000 ;300c.300 

1 1 1 1 
MROSOL/FL;\SH YASS ?.AT13 : ?0000.300010000.3000100C0.20001C000.~0C0 
AZXOSOL XTX LVT.WA3fEVT: i-(IRNUAL, I-OEEAüLT 

2 2 
m v c n 2 m x  UASS .UTIO : o.oooo 3.0000 

SUBSIRATI TLW. (KI : 304.80 303.90 

BÜaSTXiTS: $4, l-C, 2-ASOll, 3-âDSoll. 4-äHsoll 
O 3 

XLW CPSED (&SI 1.40 5.30 
ÄORZ. STAB. 4 4 
VERT. STAa. 4 4 
T%P. (KI : 302.03 303.63 
*XU!AIDITY (FXACTICNI 0.i3 0.17 
SOLAR W .  (w/mA21 : 300.00 
SUELFACE ROUCXNESS (m) : 0.00300 0.00300 
x-o mcx (ml : 93.201 84.333 
XiND HEAS. XT. (u) 2.00 2.00 
CZ1IJ.X XT. (3) : 10000. 
UPPER I V E L  STAB. 4 4 
SIHUJATION T M E  (s i  : 708.11 737.93 
TLV HT. (m) 1.00 I. O0 . .W. DOSAGZ DISTXNCZ (rn) : 800. 800. 
CDNC. AVG. T X  ( 5 )  80.00 160.00 

2 
3.3000 

4 
304.aO 

1.40 
4 
4 

307.37 
0.15 

0.30300 
841.250 

2.00 

4 
708.11 

i .co 
800. 

120.00 

TIVLCE ï N P ü T  DATA FOR : Goldfish 
CXEHIW ¿¿ELzAs&D : Hydmqan = l u o r l i a  
Y R I A L  HAm : m  GF2 GF3 
CIIMIW NO. 17 17 1 7  
(999-H2 With s.r.-29.0) 
.XIEASE P o r :  l-CONT., 2-INST., 34"s. 

PHASE OF CIIEHICXL: :-LIQUID, 2-Gizs 
1 1 

1 1 1 
=TE (kq/sl : 21.6700 L0.4600 10.2700 

?.EIzA.sz 3URATTCX (SI : 125.00 360.30 360.00 
T%P. OF CHLzIIt8L (KI : 3U.20 311.20 312.20 
3EL¿dSE EIZfATICN is) 1-30 :.JO 1-90 
VEXTICXI. V C D .  ( a i s i  0.90 
:-.oRIzcxm, VEX. !=/SI 0.30 
XI?. .?ADTUS (nl : 0.3041 0.1689 3 . 1 ï 1 7  
XIUCHEMICXL XOLE =TIO (INITIXL DILUTION) 

0.000 0.000 9.000 
!-!'Ax. ?OOL XRW (m^2) : 10000.000 10000.000 1oooo.oco 
YIN. OOOL DEPTH (EI) 0.010 
XCoEDO OF OOOL o. 150 
XROSOL .?ORHATIC,Y: : W U A L .  2-C)ETAMX 

X R O S O L / F L X S H  YASS U T I 0  : 10000.900010000.0000100000.0000 
AEROSOL A I X  LNTnN.VME..T: 1UANWAl.t 24EFAULZ 

2 2 2 
XITUCHNICAL YASS ?ATZ0 : 0.0000 3.3000 Ci.:OCO 
SUBSEWTS: 3 4 .  :-C. 2-4SOil.  3-5DSol l .  4-Msoll 

2 2 2 
SUBSïYiTS :ZXP. (KI : 310.40 309.28 Z O 7 . 6 i  
'am S 2 E 3  :.S/sj 5.60 4 -29  5.43 
XORZ. 5 x B .  4 4 4 

i 1 

'TERT. X X B .  
j10. i 0  

3.35 
ZOO. 33 

3.00303 
LZi.293 

2 . 3 3  
133oc .  

::::.;I 

j O C 3 .  
3 8 . 3 3  

. .* -. - v  

2 
3.3000 

2 
304.20 

4.50 
5 
5 

305.63 
0.21 

3.00300 
41.002 

2.00 

5 
177.78 
1.30 
800. 

IOO.GP 
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XOiUZCWL 'JZL3. ia/ S 1 1. JO 
::II'=. W l C S  .rn) : 3.2529 3.3296 3.2337 3.3532 3.%3î 
.iIWCIMICAL XOLE U T I 0  (INIfSLL J1L;XCIl  

0.300 3.000 3.300 0.300 3.230 
Y ! .  ?COL Arm% (a-?) : :c000.300 :00c0.300 :oooo.3co :3000.300 3coco.:oo 
HIN. ?COL XPTZI (*II 3.313 
ALñEDû 3" ?ûQL 3 . 5 0  __--. ~~ ___. .. . ~- 
.àEnOSOL ? C M T T = O I :  :+%NUAL, ~2-0EFAV~T 

2 2 
.GROSOL/F*AH Y-US WTX3 : 3.2009 J.COO0 

2 2 
AïWCIIS!ICU Y ! S  .%TZ0 : 0.9000 3.3OCO 
SUBSTRATE: 5 4 ,  :IC, 2-Asol?, 3 - S O ~ û i l .  4-SXSOll 

2 2 
SOBSTRATS Z - 9 .  (KI : 290.37 285.43 
-TNn SPE" (WSl 1.30 3.90 
'OU. CTXB. 6 3 
%&T. STM. 6 3 
TEHP. (KI : 290.87 285.43 
Hm3mITX !FRACIONl 0.20 o.:o 
s o m  RAD. ( W / W ? I  : 300.00 
SURFACE BoucixNEss (nl : 0.93000 0.03000 

VINü HERS. XT. (a) 1.50 :.so 
CZILING hi. (91 : 10000. 
OPPER 'LEVEL S T X .  6 3 

?Lv RT. (n) 1.90 1.90 
Y i .  OOSAGE DISTAN& (ml : 800. 800. 

MROSOL AZR LVT.RAIXWNT: :+;ANOAL, 24EFAULT 

x-0 LEIm (QI 6 . m  -111.~26 

SIHüLâTION TZXE (sl : 1215.3~3 805.13 

GYNC. AVG. 7% (al : 460.80 a44.80 

2 
3.:oco 

2 
3.1oco 

2 

7.19 
3 
3 

288.93 
0.20 

3.C3000 
-186.121 

?.SO 

3 
7l2.68 

1.so 
800. 

268.80 

3~3.93 

2 
0.5000 

2 
0.~000 

2 
286.65 

3.90 
3 
3 

286.65 
0.20 

0.33000 
-26.653 

1.50 

3 
805.3  
1. so 
800. 

268.30 

2 
:.:coa 

2 
J.1CUO 

1 
278.92 

2.50 
5 
5 

0.20 

3.03000 
10.G43 

:.SO 

5 
907.69 

:.SO 
soo. 

537.50 

z 7 a . a ~  

ZtACZ INPUT DATA FOR : %Inford (ínsruican~ousl 
tBEwcxL W E D  : ilEypton-e5 
ZwUI .YAME : HI2 XI3 !ES :a 6 1117 a8 
aEMIcu :(o. 999 999 999 999 999 999 
( 9 9 9 4 2  w i t ! !  m.u.-29.01 
i E  ",DE: 1ICOST.r 2iINST., 3-S. 

2 2 2 2 2 2 
PZIASE OF C l E X I C U :  l-LIQUID, 2- 

2 2 2 2 2 2 
T a  FASS XELZXSZD (kg) : 1o.co :o.oo i3.00 10.30 :3.:3 23.20 
XZXEASE 3U¡?ATION (sl 0.30 3.00 0.co 3.00 9.20 1.c3 
m. OF C h i Z C h L  ( X i  : 291.54 285.39 288.71 288.26 285.59 277.76 
REIZASE ZLZTAT:ON [sil : 3.60 3.20 9.20 0.30 o.:o 0.20 
VERTICAL v a 3 .  m/Sl  0.00 
RORIZOUAL '?CTA. (m/sl 0.00 
YlIT. aADIZ.5 !3 l  : 1.2192 :.269O 1 . 3 7 4 8  1.3740 i.3698 i . 3 7 2  
AIWCIIPLTCXL XOLE iWE0 (INIXX O I L U T I O N )  

0.000 0.000 0.000 0.000 0.000 0.300 
m. BOOL amA (a-2) : :oooo.ooo 10000.000 i0000.000 :c000.300 100c0.500 10000.3c3 
Y!H. POOL D E P X  (m) o. O10 

2 
"."O00 

2 
3.3003 

2 
288.7: 

3 
2 

A -  

7. so 

;tis.:: .- ..A" 

3 .:30Cû 
-2:5.547 . :* i.-* 

9 

-is.:s 
:.?3 
!CS. 
:.i: 

2 
3.ocoo 

2 
a.3000 

2 
288.26 

Î .20 
7 

1 .. 
238.26 

2.63 

3.33090 
-r:S.506 

:.ta 
.- 

-.. .. 
I . . . . - -  

:.so 
? C O .  . -e - . =r 
288  

2 
:.;cc0 

2 
1.9003 

2 
i 9 5 . 2 9  

4.50 
3 
3 

285.59 
:.13 

2 .:3ii3 
-63.534 . :* ..-" 
"1. ... :3 

1.23 
x:. 
: * -  

. - 1  

2 
3. voo0 

2 
o. 3cc3 

2 
277.75 :. 50 

5 
277.T6 

5.3 

:. :3uc3 
27,:s': 

:.%I 

..e ..."3.X . :. -. .,* 
."". :fi- 

I . ; .  
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??it CP Z:<X?IGL: :-L:?JID, ?-GAS 

:<LaSE .LATZ i:<s/sl : 23,::OO 29.1650 
160.33 225.22 

:zXe. 3F z:E!!I=x, !K) .., -,,.:o 111.70 
3.20 3.20 

.,TXTZC.AL '¡EX. :=/SI 3.20 
:<ORIzCNiU. 'iEL3. irn/Sl 3.CO 
XI'=. ?.AD::s ía1 : 9.3000 1 0 . i 5 0 0  
.\INCHMIc:x, HOLZ U T I 0  (1YI::XL D 1 L ; T I O N I  

0.000 0.200 
YAX. ?M)L .AREA ( Y 2 J  : 10000.300 100c0.300 
% I Y .  ?COL 3E?TH is1 3.310 
. U O E D O  OF 7OOL 0.I50 
.xaosoL ~ORHATICN: ;+MUAL, Z-DEFAUL': 

mtosourssn  zqss .UTIO : o.oooo o.oooo 
.'SítOSOL .U3 LVT.W:RIENT: :-MANUAL. Z-OEFAUL'I 

2 2 
.\IWCXRáILX, Y'S U T I 0  : 0.COOO .3.0000 
SUaSYRATS: 3+, 1-C, 2 - A s o í l ,  3-SDsoil, 4-SMsoíl 

O 3 
SUBSTRATE Y%!. <KI 288.30 290.00 

_..-.."--\ - r ~ i i r i l  is1 

---- .=&E Z I Z V A Y : X  :a) 

2 2 

O X I X D  S P E S  (&SI 5.60 1.40 
S O X .  S T M .  4 i 
'TER-. STAB. 4 4 
m. (KI : 288.10 289.30 
= D I Z  (FRACTION) 0.S3 0 - 7 1  
s o m  RAD. (!d/@2j : 300.00 
SURFACE 3OUGHNESS (ni : 0.00030 0.00030 
!+O LENGTH ím) : -36.953 1220.632 
'XIND HULS. HT. (m) 10.00 10.00 
C Z R I H G  Ipp. (mi : 10000. 
UPPER EVEL STXB. 4 4 
Sïl4ULATICN T M E  (SI : 716.07 654.46 
Z V  HT. (m) 0.90 o. 90 
.uX. DOSAGE DISTANCZ (ml .: 650. 403. 
CÛNC. AVG. ?TINE ( 5 )  3.00 3 . i O  

Zl.JlC0 
3s. JO 
111. :o 
3-20 

9.3oco 

3.300 
10300.300 

2 
3.3000 

2 
3.3000 

O 
289.00 

4 
4 

288.40 

a.50 

0.90 

0.00030 
-102.720 

10.00 

4 
621.06 

o. 90 
179. 
3.00 

27.2900 
1 2 5 . 3  
---.:o 

3.20 
..- 

13.3500 

"000 
'-0000.300 

2 
3.0000 

2 
o. 5000 

0 
289.80 

9.60 
4 
4 

289.30 
0.77 

3 .  30030 

io.00 

4 
642.29 

0.90 
406. 
3.00 

- a i s 7 8  

7RACE I?sPUT DATA FOR : Maplln Sands 

Z U A L  NAME : Hs42 MC43 W 4 6  w 4 7  Ms49 
Q I W C X L  so. 132 1 3 2  1 3 2  132 
(999-N2 with m.x.-29.01 
?.ELEASE TOE:  l<ONT., 2-ENST.. 3-TRASS. 

? - W E  OF C:-=î.àL: 1-LIGUID. 2-GA.S 

CimstCxG X?Las-s : Llquifi8d !rOp;in8 C%S 

1 i 1 1 

1 1 1 
XEIZASE .?ATP ikq/sl : 20.a700 ~ 9 . 2 0 ~ 0  23.3700 
XEïZASE iU2ATICN (s )  : 180.00 330.00 360.00 
XE!?. OF C S E X I c x T ,  (KI : 231.10 231.10 231.10 
'&LEILCE ZLZVATION (41 0.30 0.30 3.30 
;TERTICXT. '-0. ( d s l  0.00 
XOORTZOW 'ETA. (mf s I 0.co 
IYIT. .UDïCS (ml : 7.4500 7.1500 7.3500 
A1UC'ICIIC;J. XOLI  .?ATZ0 ( I N I T S &  DILSTZON) 

0.000 0.000 0.300 
: 10000.000 10000.000 10000.0c0 1 

2 
o. 3000 

2 
3.0000 

0 
290.50 

3.12 
i 

231.30 
_I -. 2. ,. 

J.ZCijO 
750.15 1 

- d. i3 ... 

j ; g . : :  
2 .  ;O 

:.:3 

- -  
. A .  
- k * .  

32.5700 
210.00 
231.10 

0.co 

3.2000 

0.300 
0000.000 

2 
3. "00 

2 
3.2000 

O 
230.20 

5.20 

230.69 
:.;a 

3 .  22330 
234.123 

- I. 33 .e 

5ó4.fZ 
:.50 
< C I .  
? -- -. -1 

289 

Hs50 rssz 3 5 4  
132 132 132 132 

1 

~6.7100 35.a900 4 4 . 2 5 0 ~  
30.00 160.ùO 140.:0 

231.10 231.10 231.12 
0.30 0.00 3. :Y 

5.6500 9.7500 13.35c3 

3.000 0 . x o  0.330 
10000.300 10000.200 1cooo.cIU 

2 
3.3000 

2 
3. i o 0 0  

3 
286.23 

5 . 3  
i 

i a 6 . 3 0  
1.38 

:.2C330 
43 .536  

--.:a .e 

ii2.:3 
2.20 
:u3. 
:. 33 

19.2000 
?8O.C0 
231.1C 
0.33 

7.1503 

3.000 
1cooo. u03 
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2 2 
xxosowvdn Y-ICS :W:CI : 3 . ~ 0 3 3  3.:coo 
.unosoL xia LVYG,I:MLYÂ: :-+WJAL, ~=OEFAULZ 

2 2 
AIiUCXElICAL YS.5 =T:3 : 3.COOO 3.0000 

2 2 
SUBSTRATS '%Eu!. (KI : 305.:5 3 O S . X  
'nND SPEED (n/si 4.20 4.30 
SOM. STAB. 2 3 
VERT. STAB. 2 3 
Z'iMe. (Ki : 305.15 305.15 
MMIDXT': ( f R A C I û N I  0.20 0.50 
SOLAR RAO. (w/nA?I 300.00 
SURFACE R0UGK"ESS (ni : 0.00600 0.30600 
rI-0 LZNcfR (mi : 4 . 1 7 8  -20.611 
'XINO BT. (al 2.00 2.20 
CEILïNC i¡¡. (mi :oooo. 
UPPER LEWL STAB. 2 3 
CINüTATICH TZXS ( S I  : 790.40 763.27 
TLV HT. (ml l .50 ?.SO 
m. DOSAGE DIsZ?&Z? (QI : 800. 800. 
cl". AVG. TZXE (s i  : 600.CO 600.30 

SUBSTRATS: 3.15, :ICI :-ASOi?, 3iSDSoLlr 4-5NSOLI 

2 
:.i7000 

2 
3.3000 

2 
301.15 
6.30 

3 
3 

301.3 
0.20 

3.00600 
-34.123 

2.00 

3 
715.94 

1.50 

600.00 
aoo . 

2 
3.2000 

2 
O. 3000 

2 
304.:5 

4.60 
2 
2 

3 0 4 . S  
0.20 

0.00600 
-7.452 

2.00 

2 
773.91 
;.i0 
800. 

600.00 

'SACE INPWT DATA FOR : Thornsy Island (concinuousl 
CHmCAL RELEACED : niXtUrci of kte0ü-12 and N l c a q a n  
TIIIALHILNE 
CxmICxL NO. 
(9991H2 with s.u.-29.0) 
;LELEASE TYPE: 1 4 O N T . t  2-INST., 3-S. 

1 L 
! W E  OF CHEHICAL: I-LIGUID, 2- 

2 2 
ICELZASE UTE ( k q / s i  : 10.6700 :3.2200 
REIZASE IURATZCH is1 : 455.00 46J.YO 
"IMP. OF C H E X I W  ( K I  : 206.23 207.45 
W E  '&Z'&'SICN (mi 0.CD 3.30 
'JERTICXL VELO. i W S l  3.30 
SORTZONU VE=. (wst 0.co 
S I T .  RADIUS (st 1.0000 ?.YO00 
XWCHEWCAL MOLL. itATXO (E&U D U O T I O N )  

0.000 0.000 
YS. e m   REA (EI-21 : 10000.000 10000.300 
.=I. POOL DEPTH (ml 0.010 
ALBEDO OF OOOL : 0.iSO 
AEROSOL iORXATZOI: :+ANUAL ZIOEFAUZT 

: x4s TC47 
94s 947 

2 2 
ìZROSOWFLASH Y-4SS U T Z O  : 0.0000 3.3000 
x.icoso~ xIa LVT.W:ME?IT: : i u~uu ,  ~~OEC-AG- 

2 2 
xIWcHEzIIc;J, Y ! S  U T I 3  : 0.0000 9.3000 
SUBSTRATE: U d ,  :e, 2-Asoil, 3-SDroili 4-Psoll 

2 2 
SUBSTRATE 7SW. i X I  : 235.95 207.05 
-mm S?sa  s d s 1  2.30 :.:1 
SCRZ. S7M. i 
'r'EXT. 5T.W. á i 

290 

2 
3.3oco 

'? 
3.3000 

2 
293,:s 

1.30 
6 
5 

293.15 
0.20 

0.00600 
6.014 
2.c0 

5 
1215.38 

1.50 
soo. 

600.00 

2 
3.3000 

2 
O.JOO0 

2 
295.15 

3.10 
J 

295.5 
0.20 

0,00600 
-7.736 

2.00 

1 
035.29 

1.50 
800. 

600.00 

2 
o.ioc0 

2 
a. 3 x 3  

2 
301.3 

3.20 

301.5 
0.20 

0.00600 
-7.834 

2.30 

aso.30 
1.50 
800, 

6OO.CO 

2 
3.0000 

2 
3.cooo 

2 
300.25 
3.30 

4 
4 

300.3 
0.10 

0.30600 
49.806 

2.30 

4 
042.62 

1.10 
SOO. 

6OO.CO 
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--- . - - 3  --. . - - 3  -_- - . __ .  _-. - 
.--i1 

-- --. - 
3'26 307 2CS ;c5 3;: ? > >  317 21s ;i9 .. - - - 3  -- . - 3  -- - .-. . -- . . - 6  -- c . .\-AL ::&Ys 

-.:;.-Lu ::c. 
,999-1(2 x ï Z I  . - - . v . - 2 9 . 3 )  

. 2 X Z À S C  ??E: 1-3X:T.. ? - < ! I S T . ,  3-TaVS. 

.. ='CASZ 0.7 C:iï!!!~L: :-L:;UI3, 2 4 s  

Y X X L  . U S $  XEI.-&SPD ('cq) : 3147.20 4249.C3 1 9 5 8 . 3 3  3866.23 3 7 2 6 . 2 3  4 8 O O . S C  3711.30 j88i.33 5 4 7 7 . 3 0  

-..-.,re.. 

7 2 2 2 -  2 i 2 

2 2 2 2 2 2 

XEILXCE 3UnhT:CX (sl 0.13 5.20 3 . 3 3  ?.:O 3 . 2 3  2.30 Z.30 3 . 3 3  3. so 
-LW!. CF Z:<L'LGL i X )  291 .23  290.46 290.63  291.45 T83.29 2 3 6 . 3 8  2 8 9 . 2 1  2 8 9 . 5 6  286.:7 
?<LZS.¿ LXVVATION is) 3 .30  0.30 3 . x  3 . 2 3  3.00 2 . 2 0  3.x 3 .c3  0.30 
'EXTICAL VELO. (n/sl o. 30 
H C R I C N A L  VEXA. im/sl o. :o 
::III. m r u s  (n) : 1.3000 1.0000 7.yooo i .3c30 :.5300 i .1000 7.2000 7.cooo 7.3000 
X I W C H N I C X L  XOLZ ?ATID ( I X I I I X L  DILUTION) 

0.000 9.000 0.300 0.300 :.ao0 3.300 3.300 3.000 0.000 
Y ! .  IOOL XRW (E^?) : 10000.000 10000.000 10000.300 11)000.3c3 10003.500 :3000.300 1c000.300 13000.300 1oooo.coo 
X I X .  POOL X P T X  (n) 0.310 

7 7 

... 

.iLöEDO OF ?OOL 0.150 
XEZOSOL TORHATICB: I - t ! ! U h L ,  2-0EFAüLT 

2 2 
X E X O S O L f F Z H  ?ASS RATIO : 0.0000 3.0000 
XEROSOL XTX LWXAI.WENT: 1 3 W l U A L .  2-OEFAULT 

2 2 
XI iVCHMICXL YASS =TIO : 0.0000 3.0000 
SÜBSfnATE: a+, l-C, 2-Asoi1 ,  3-SDsoí1, 4 - S H s O i l  

2 2 
SUBSTXkTP- '3W. (K) : 291.83 2 9 0 . 8 5  
x1.m SPEED ( n / S )  2.80 3.40 
XOORZ. STAB. 4 5 
VERT. ST=. 4 5 

291.83 
0 . 7 5  

300.00 
0.01800 

9999.000 
10.00 
10000. 

4 
751.43 
0.40 
424. 
0 .60  

290.46 
o .a i  

0.01800 
90.909 
10. O0 

5 
747.06 

O. 40 
soo. 
O. 60 

2 
0.00c0 

2 
0.3oco 

i 
2 9 1 . 5 5  

2. :o 
4 
4 

2 9 0 . 6 8  
0.88 

0.012co 
- 9 . 0 9 1  
1o.co 

4 
812.50 

o. :o 
510. 
O. 60 

2 
0.3oco 

2 
o. coco 

2 
291.15 

1. :o 
6 
6 

291.45 
0 .87  

o.3oaoo 
1.538 
10.00 

6 

0.40 
503. 
o. 60 

895.88 

2 
3.0000 

2 
o. 2000 

2 
2 8 5 . 3  

2.50  
5 

283.29 
o. 66 

0.01800 
10.000 
io.00 

9 

9 

800.00 
0.40 
500. 
O. 60 

2 2 
o.io00 0.0000 

L L 

0.3000 3.cooo 

L L 

2 8 7 .  as 291.35 
7.30 5.30 

4 4 
4 4 

3 . ï 4  0 . 9 4  

0.01000 0.01800 
-90 .309  -200.000 
10.00 10.00 

4 4 
656.44 100.30 
0.40 o. 40 
412.  500. 
O. 60 0.60 

286 .80  2 8 9 . 2 1  

2 
o. 3000 

2 
3.0000 

2 
2 9 7 . 4 5  

7 .  40 
4 
4 

2 8 9 . 6 6  
o.ai 

0 . 0 0 5 0 0  
-43.478 

10.00 

4 
668.92 

o. :o 
510.' 
o. 60 

2 
3.0000 

2 
o. 3000 

2 
286.15  

5.40 
4 
4 

0 .95  

0.01000 
333.333 

10.30 

4 
691.09  

0.40 
583. 
O. 60 

286.47  

291 
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THE OBSZXVED AND PREDICTED rM4xIMJK CONENTTZATION (P0ì-i) ?OR TËE LONGZST 
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3Uó 

3ü7 

au8 

au9 

cc3 

CO6 

DT1 

DT2 

DT3 

3T4 

G f l  

GF2 

G ï 3  

%C: 

57 20.3 4.7 

57 14.9 3.0 

57 13.2 4.1 
140 10.1 9.0 

140 2C.3 ó . 3  

140 2C.9 7.2 

i 7  i7.i 2.1 
400 84.2 11.4 

57 22.1 1.9 
140 26.7 3.7 
400 44.6 9.3 
8 O0 57.1 17.1 

140 23.5 6.1 

140 15.4 6.3 
200 17.1 8.6 

100 11.8 4.8 
8 O0 61.8 30.9 

100 14.7 5.5 
800 8 8 . 2  35.3 

IC0 15.2 5.7 
800 73.4 36.1 

100 li.7 4.4 
800 36.3 28 .o 

300 2i.i 13 -2 

3000 113.9 1C4.L 
?OC0 ó3.3 38.a 

300 29.9 18.4 
1000 54.7 54.2 

303 2s.: 13.2 
12cc 43.8 38.a 
3C03 75.2 1 2 4 . 1  

2co 15.6 L3.9 
800 70.7 54.9 

.- 

20.3 23.7 30.2 

15.9 18.5 23.0 

7 - 2  2s.l 17.5 19.5 - *  

6.4 23.6 7.2 14.5 

17.0 i9.7 24.6 
24.0 28.6 31.3 

ic.4 26.6 29.1 

23.1 30.2 33.8 

35.7 41.7 33.1 
120.4 139.9 190.5 

19.1 28.3 33.7 
29.4 42.3 52.6 
52.8 67.9 77.8 
76.7 87.1 84.5 

24.8 38.3 45.0 

30.6 46.1 55.1 
36.4 53.7 64.8 

14.4 41.3 27.5 
52.7 169.9 167.5 

22.1 57.3 26.5 
76.3 255.4 213.5 

18.9 46.8 23.5 
57.4 202.4 175.2 

26.3 7o.a 32.5 
103.8 335.9 327.5 

2c.1 57 .6 5 5 . 5  
70.1 96.5 96.6 

204.6 153.5 174.0 

20.9 55.9 59.2 
70.0 93.6 98.4 

21.5 41.0 35.i 
74.c 68.2 66.: 

208.5 138.8 150.6 

7.9 7.6 7.5 
30.8 26.2 29.i 

7.3 26.5 i2.1 15.0 
13.6 36.2 14.9 21.4 

12.2 3 2 . 3  15 .o 19.5 

13.6 2J.2 21.0 21.2  - -  

7.8 1-2.6 44.0 81.2 
21.1 185.6 112.0 134 .2 

6.1 52.5 17.7 21.8 
10.0 53.6 33.4 31.3 
22.3 89.0 62.3 51.7 
40.5 118.7 66.3 73.5 

12.0 48.1 30.4 28.0 

10.6 64.0 37.0 39 .o 
13.7 71.7 43.9 45.1 

6.9 74.2 12.0 16.6 
42.7 202.2 89.2 69.1 

8.3 97.2 13.9 20.7 
49.3 288.8 116.8 93.6 

7.8 86.8 12.7 16.8 
46.6 236.4 103.3 81.3 

7.5 113.9 14.8 25.5 
42.4 353.1 132.4 112.0 

L7.3 63.8 41.0 25.. O 
53.1 li4.0 88.3 57.0 
144.4 213.7 160.4 128.2 

17.0 65.0 42.5 24.6 
52.8 117.8 81.3 57.6 

16.9 5 2 . ó  32.2  20.5 
52.7 a i . 0  54.2 48.9 
154.1 13.3.: 17c.2 112.8 

7.ó L1.9 6.1 6.3 
23.3 37.ó 19.0 23.4 
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HC2 

HC3 

HC4 

HCS 

eG7 

PC8 

PG9 

PG10 

?G15 

2G1 ó 

PG19 

x 

2CY 
800 

2G0 
8 03 

200 
8CO 

200 
803 

50 
100 
200 
4 O0 
800 

50 
100 
200 
400 
800 

so 
100 
200 
400 
800 

50 
100 
200 
400 
800 

50 
100 
20G 
400 
800 

90 
1CU 
200 
400 
8G3 

5-3 
IC3 
2c3 
i i 3  
ic: 

OBS . 
1 5 . i  
36.2 

13.7 
38.7 

19 .6  
55.2 

15.5 
37.8 

6 . 2  
12 .0  
22 .3  
39 .0  
71 .0  

6 . 6  
12.0 
21. o. 
41.0 
86.0 

9 .0  
18 .0  
33.0 
63.0 

116.0 

12.3 
20.0 
35.0 
61.0 
97.0 

8 .6  
16.0  
26 .3  
45.0 
92.0 

13.7 
26 .0  
49 .0  
72 .0  

116 .0  

8 .7  
16.0 
32 .0  
55.0 
8 5 . 3  

A P I  PUBL*YSYb 92 0?32i390 0505?5b L13T W 

MTOX 

20.: 
69.7 

16.0 
55 .5  

19 .9  
69 .1  

i 2 . 2  
42 .3  

10 .2  
18 .9  
35.2 
65.5 

122.2 

. 4 .3  
7 .8  

14.4 
26.8 
49.8 

4 .3  
7 .8  

14.4 
26.8 
49.8 

7 . 0  
12 .9  
23.9 
44.5 
83.0 

5 .3  
9 .8  

33.6 
18.1 

62.6 

7 .7  
14.2 
26.4 
49.1 
91.5 

4.8 
8 . 8  

16.4 
30.4 
26.6 

n i s z x  

21.9 
54.7 

21 .8  
84.7 

21.8 
84.7 

i1.3 
46.2  

6 .8  
14.7 
3 0 . 5  
63 .ó  

122.3 

4 .5  
9 . 9  

20.8 
42 .2  
83.7 

5 . 5  
10.9 
21 .8  
43.1 
84 .7  

6 . 6  
14 .6  
30 .4  
61 .5  

121 .9  

9 .7  
20.6 
42 .3  
85.: 

L68.2 

3 .8  
20.: 
42.4 
85.: 

168.2  

4.2 
5 .7  

23.5  
41.3 
0S.5 

DlSMiS 

26.5  
92 .1  

21 .0  
73 .6  

21 .1  
7 3 . 1  

i 1 . 8  
43 .3  

10 .6  
19 .7  
37.0 
68.8 

128.7 

7 . 1  
13 - 2  
24 -7  
46 .1  
86 .1  

7 . 1  

24 .8  
4 6 . 1  

13  a 3  

86 .1  

1 0 . 6  
19 .7  
36.8 
68 .8  

128 .5  

1 0 . 6  
19 .7  
j 6 . 3  
68 .8  

328 .1  

10.ó 
i 9 . 7  

68 .7  
' i28.2 

7 . ;  
i 3 . 3  
24 07 
46 .2  
3 6 . 1  

26.a 

G M A X  

23 - 3  
90.7 

18.5 
72 .1  

18.6 
72.1  

i1.6 
15.2 

8 .0  
15.9 
31.7 
62.8 

123.2 

5 . 5  
11.0 
21.8 
43.2 
84.7 

5.5 
10 .9  
21.8 
43.1 
8 4 . 6  

8 .0  
15 .9  
31.7 
62.8 

123.2 

11.0 
21.9 
4 3 . 6  
86.3 

169.4 

11 .0  
21 .9  
43.6 
86.3 

169.3 

5 . 5  
11 .0  
21.8 
43.2 
84 .6  

G?x 

23.4 
90.7 

18.6 
72.1 

18 .6  
72 .2  

11.7 
45.2 

8.0 
16.0 
31.7 
62.8 

123 .2  

5.5 
11.0 
21.8 
43.2 
84.7 

5 .s 
I l  .o 
21.8 
43.2 
84.7 

8 .O 
16.0  
31.7 
62.8 

123.2 

11 .0  
22 .0  
43 .6  
86.3 

169.4 

11.0 
22.0 
43.6 
86.3 

169.4 

5 .5 
11.3 
21.3 
43.2 
34.7 

HEGiiDAC 

37.4 
127.8 

30.1 
102.0 

30.1 
102.0 

17 .4  
57.5 

15 .9  
28.6 
51 .9  
94 .3  

171.6 

10.9 
19.4 
35.2 
64.6 

119.6 

10.9 
19 .3  
35.L 
64 .6  

119.5 

15 .9  
28.6 
51.9 
94 .3  

171 .6  

21.8 
39 .9  
72.8 

132 .6  
241.7 

21 .8  
39 .9  
72 .8  

132.7 
241.7 

10 .9  
19 .4  
35 .2  
64 .ó  

l i 9 . j  

. .  

oms'; 

20.0 
70 .0  

20.0 
70 .0  

20.0 
70.0 

3.4 
32 .4  

9 .3  
18 a 3  
35.5 
67 .9  

128.2 

6.0 
11.9 
23 .2  
44.7 
85.1 

6 .0  
11 .9  
23 -2  
44.6 
85 .1  

9 .3  
18 .3  
35.5 
67.9 

128.2 

13 .4  
26 .1  
49.7 
93.3 

173.6 

13 .5  
26 .1  
49.7 
93.4 

173.6 

6 . 0  
11 .9  
23 .2  
44.6 
95 .1  

SLAB 

17.4 
65.4 

13 - 3  
50.3 

17 .8  
67 .2  

12.7 
47.7 

7 . 9  
15.9 
31.8 
62.7 

120.6 

5 .3  
10.7 
21.4 
42.2 
81.2 

4 .6  
9 .3  

18.6 
36.8 
70.8 

8.3 
16.8 
33.4 
66.0 

127 4 

8 . 1  
16.5 
32.9 
64.6 

124.6 

8 . 1  
16.4 
32.7 
64.4 

124.0 

4 .0  
9.7 

19.4 
38.1 
73.8 
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7G2 5 

064 3 

PG4 4 

PG49 

PGSO 

O G 5 i  

O G Ó 1  

X 

50 
1 0 0  
200 
4ûO 
803 

55 
1co 
2 c 3  
4c3  
803  

50 
100 
200 
400 
800 

50 
100 
200 
400 
800 

50 
100  
200 
400 
800 

50 
1 0 0  
2CO 
4 C O  
800 

50 
1cû 
2CO 
400 
800 

50 
100 
2co  
4 u0 
8G.3 

23s. 

7 . 9  
14.0 
27.0 
49.0 
90 .0  

16 .2  
36.0 
72.0 

i 3 4 . 3  
214 .3  

10.5 
21.0 
40.0 
89.0 

200.  o 

11.4 
22.0 
43.0 
73. o 

126 .0  

8.9 
1 7 . 0  
35.0 
72.0 
118. o 

8.2 
15 .0  
28.0 
55 .0  

115 .  o 

9 . 5  
1 8 . 0  
32.0 
60.0 
77 .0  

10.4 
1 9 . 0  
35.3 
ó 5 . 5  
139.0 

4.5 4.2 1.6  4 . 3  4 .3  
7.4 7.3 8.6 8.0 3.3 

1 3 . 7  ::.s 16.0 15.9 15.9 
25.4 3:. G 2 9 . 5  3 1 . 4  31.4 
47 .2  81. ó J 3 . 7  61.6 6i.ó 

.- 

.-  L 13.: -"." L 2 . ó  11.1 A-.4 

18 .5  22.3 :9.7 22.0 22.3 
3 4 . 3  t 2 . ó  36 .9  43.6 43.8 
64 .: 35 .3  68.9 a6 .3  86 .3  

119.3 1ó8.G 128 .7  163 .3  163.< 

._. " 

5 . 1  4 .5  7.1 5.5 5.5 
9 .3  9 . 9  13.3 11.0 L 1 . C  

1 7 . 2  20.8 24.7 21.8 21.8 
32.0 42.1 46.1 43.1 43.2 
59.6 83.7 86 .1  84.7 84.7 

5 - 3  4 . 3  7 . 1  5.5 5.5 
9.7 9.7 13.2 1 1 . 0  11.3 

1 7 . 9  20.6 24.7 21 .8  21.8 
33.3 4 2 . 0 -  .46.1 43.2 43.2 
62.1 83.6 86.0 84.7 84.7 

4.9 4.i 7 . 1  5 .5  5.5 
9 . 1  9.6 1 3 . 2  10 .9  11.2 

16.8 20 .4  24.7 21.8 21.8 
31 -2  41.8 4 6 . 1  43.2 43.2 
5 8 . 1  83.4 86.i 84.7 84.7 

4.5 4.0 7 . 1  5 . 5  5.5 
8.3 9.5 13.3 i o . 9  i1.3 

15.4 20.4 24.8 21.8 21.S 
28.ó 41.7 46.1 43.1 4 3 . i  
53.2 a3.3 86 .2  84.7 84.7 

4.5 3.3 4 .6  4 . 6  4.: 
8.2 7 . 0  8 .6  8.0 8 . 2  

15.2 14.9 1 6 . 0  15.9 15.9 
28.3 30.5 29.8 31.4 31.4 
52.7 60.7 35.8 61.5 6 i . 6  

4.6 4.1: 4 . 6  4 . 3  4.2 
8.4 3 .0  8.6 8.3 9 .: 

i 5 . 5  15.8 15.3 i 5 . 9  &:.Y 

28.3 J A . 4  29.9 31.4 21.4 
53 - ?  á i . 6  55.8 61.5 61.5 

- 
.- 

7.5 3 . 9  
13.3 7.7 
23.1 1 5 . 1  
42.; 29.2 
77.3 55.8 

4 .s 
9 .2  

18.3 
36.3 
69.5 

21.8 1 3 . 5  
39.3 26.1 
72.5 49.7 

132 .7  93.4 
241.7 i 7 3 . 7  

7 . 2  
1 4 . 8  
2 9 . 1  
5 7 . 3  

112.3 

1 0 . 9  6.0 
i 9 . 4  11 .9  
35.2 2 3  .2 
6 4 . 6  44.1 

119 .6  85 .1  

5.8 
1 1 . 4  
22.7 
44.6 
86.4 

10.9 6.0 
19.4 11.9 
35.2 23.2 
64.6 44.7 

119 .5  85.1 

5.1 
10.: 
2U.7 
40.6 
78.a 

10 .9  6.0 
1 9 . 3  11 .9  
35.1 23.2 
64.6 44.7 

119 .5  85 .1  

5.2 
10.5 
21.0 
4 1 . 4  
80.0 

1c .4  6.0 
13.3 11.9 
--. ? e  . 23.2 
64.6 44.7 

119 .5  85.1 

4 .6  
9.4 

18 .7  
36.9 
71.3 

7 . 7  3.9 
i3.1 7 . 7  
23.2 15.1 
42.2 29.2 
7 1 . 3  55.8 

4 . a  
9 . ó  

1 9 . 2  
3 7 . 7  
73.0 

7 . 6  3 .9  
i3.3 7 .7  
23.: ::.l 
42.2 29.2 

_ -  

- -  i 7 . a  Z J . 8  

4.:  
8 . 9  

34.3 
i 7 . 3  

17 . a  

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



_____ 
API PUBL*4546  72  0732290 0505758 202 

317 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



r- 

319 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A l 1  observacions, 
niodel mean 
08s. 10.44 
X T O X  10.35 
XLSTOX 9.48 
3&M 10.36 
CSARM 10.05 
DEûAûIS 10.83 
IOCUS 11.19 
GI4 10.07 
GAS"&¿ 10.60 
.zGiLDAs 10.59 
INPUFF 9.47 
OBDG 9.54 
OI IAST 10.58 
SLXB 10.10 
mcz 10.47 

Slodc 
nodel 
OBS . 
m o x  
AIRTOX 
B&M 
CHARM 
D E W I S  
FOCUS 
G 2 M  
GASTAR 
REGADAS 
INPUFF 
OBDG 
PSAST 
SLAB 
TRACE 

B l o c k  
m o d e l  
OBS . 
m o x  
XIRTOX 
ELM 
CaARM 
DEGADIS  
?OCUS 
G2M 
GASTAR 
EIEGADAS 
INPUFF 
OBDG 
3HAST 
S U S  
ma 

1 : BIJRRO 
mean 
11.38 
12.13 
12.02 
11.53 
11.68 
12.29 
12.90 
11.64 
11.72 
12.11 
11.01 
11.30 
12.06 
11.45 
11.75 

2: COYOTE 
mean 
10.89 
11.44 
11.23 
10.75 
10.97 
11.69 
12.54 
10.70 

11.15 
9.96 

10.18 
11.23 
10.95 
12.13 

11-48 

sigma 
1.25 
1.70 
2.13 
1.62 
1.71 
I. 60' 
1.99 
1.64 
1-41 
1.60 

1.32 
1.72 
1.41 
1.47 

1-58  

sigma 
0.85 
0.93 
0.83 
1.47 
1.12 
1.03 
1.22 
0.92 
O. 69 
1.09 
1.06 
1.32 
1.08 
0.88 
O. 60 

sigma 
0.64 
0.66 
1.10 
0.71 
0.62 
0.60 
1.02 
0.75 
0.57 
0.95 

1.01 
1.15 
0.72 
0.36 

0.88 

(N- 124) 
3ias 
0.00 
0.10 
O. 96 
0.08 
0.40 

-0.39 
-0.75 
0.37 

4.16 
-0.15 
0.97 
0.90 

-0. 13 
0.34 

-0.03 

(N- 
bias 
o. O0 

-0.75 
-0.64 
-0.15 
-0. 30 
-0.91 
-1.52 
-0.26 
-0.34 
-0 ..73 
0.37 
0.08 

-o. 68 
-0.07 
4.37 

21) 

(N- 11) 
bias 
0.00 

-0.56 
-0.34 
0.13 

-0.08 
-0.80 
-1.66 

-0.59 
-0.27 

0.18 

0.93 
0.70 

-0.35 
-0.07 
-1-24 

3lock 3: DESEET TORTOISZ (N- 8) 
model 
OBS . 
i4Frox 
XIRTOX 
3&M 
C . W  
DEGADIS 
POCUS 
GPM 
GASTAR 
3Gi iDAS 
z>TPClïr 
OBDG 
I FAST 
S ; y d  
T - m c  

m e a n  
10.53 
11-01 
10.83 
9.84 
9.30 

11.17 
10.63 
11.07 
iO.59 
10.22 
10.43 
10.39 
IO. 06 
10.05 
10.22 

sigma 
0.87 
1.62 
1.97 

l.i3 
1.77 
1.23 
1.33 
1-35 
1.14 
1.63 
1.83 
0.77 
I .51 
1 - 9 2  

I. 48 

bias 
0.00 

-0.30 
O. 69 
1.23 

-0.65 
-0.10 
-0.54 
-0.07 
0.30 
0.10 
-0.36 
0.47 
-0.12 
0-21 

-o. 48 

321 

VB 
1.00 

17.68 
1.53 
2.49 

6.51 
2.14 
1.28 
1.58 
4.63 
4.98 
2.14 
1.68 
2.35 

1.78 

1-84 

vg 
1.00 
2.56 
2.08 
1.95 
1.44 
2.91 

1.47 
1.49 
2.41 
1.77 
1.61 
2 -31 
1.31 
1.59 

is. a i  

vg 
1.00 
1.46 
2 -39 
1-10 
1.03 

42.16 
1.27 
1.72 
1.38 
3.32 
2.49 
2 -37 
1.19 
6.40 

2.08 

fa2 
1.000 
0.661 
0.242 
0.742 
O. 613 
0.629 
0.419 
0.524 
0.315 
0.742 
0.242 
0.290 
0.492 
O. 702 
0.581 

fa2 
1.000 
0.476 
0.571 
O. 667 
0.762 
O .238 
0.238 

O. 810 
0.476 
0.476 
0.762 
0.476 
0.857 
0.667 

o. a i o  

fa2 
1.000 
O. 727 
0.182 
1.000 
1.000 
O. 273 
0.091 
0.818 
O. 455 
O. 636 
O. 455 
0.364 
0.182 
o. 909 
O -273 

vg fa2 
1.00 1.000 
2.34 0.500 
3.91 0.125 
2.39 0.500 
5.34 0.125 
3.51 0.900 

2.20 0.500 
1.39 0.750 
1.20 1.900 
1.37 0.500 
3.19 0.250 
1.30 0.375 
L.36 0.025 
1-24 1.300 

1.20 0.875 

w 
1.300 
1.100 
2.623 

1.485 
O. 677 
o. 174 
1.450 
3.356 
O. 862 
2. ó28 
2.468 
O. 874 

0.973 

1.087 

i. -108 

w 
I. o00 
0.471 
0.530 
O. 857 
o. 744 
O. 401 
0.219 
O. 771 
O. 712 
O. 481 
1.451 
1.381 
o. 505 
O. 931 
o. O89 

irq 
1.000 
0.574 
O. 712 
1.141 
O. 319 
o. 447 
o. 190 
1.203 
0 . 9 ï 4  
0.764 
2.527 
2.019 
O. 705 
0.936 
o. 288 

nag 
1.000 
O. 619 
o. 743 
1.985 
3.429 
0.324 
O. 902 

O. 336 
1.354 
1.102 
o. -00 
1.501 
J. 387 
1.36i 

0.533 
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A P I  PUBL*lfSltb 92 W 0732290 05057bL ôT7 W 

4:  GSL3FZCi-i 
mean 
8.2.1 
7.05 
6.30 

(Nu 
bias 
o. O0 
1.06 
1.81 
1.36 
1.92 
0.59 
0.56 
1.42 
0.S7 
0.36 
1.40 
1.13 
0.81 
0.82 
0.30 

Slock 
niocel 
08s. 
m o x  
AIXTOX 
3&14 
CaRRM 
D E W I S  
.;.ocus 
GBX 
Gasm 
:sExms 
=muFF 
OBDG 

Sigma 
1.66 
1.90 
1.74 
1.79 
1.20 r .53 
2.18 
1.50 
1.73 
i .19  
1.58 
i .70 
2.20 
1.53 
1.52 

Ia2 
1.000 
0.500 
0.000 
o. 125  o. O00 o. 500 
0.500 o. O00 
o. 750 
o. 000 
o. 12s 
0.500 
0.500 
O -375 

0 . a ~  

w 
1.00 
4.44 

31.25 
3.30 

54.75 
1.55 
1.95 
8.48 
1.23 
1.51 
7.65 
4.46 
2.77 
2.08 
2005 

w 
z .300  
2.397 
o. 3.2 
2.384 
o. 355 
:.a12 
1.750 
4.125 :. 447 
1.440 
4.044 
3.397 
2.229 
2.268 
2.226 

7.06 

7.92 
7.56 
6. ÏO 
7.75 
7.75 
o. 72 
6.98 
7.31 
7.30 
7.31 

6.39 

5: .wLm 
mean 

10.66 
10.37 

8.53 
10.22 
10.49 
10.86 
12.13 

9.96 
10.73 
10.35 

9.36 
9.50 
9.99 
9.90 

11 .48  

SANDS, LVG 
sigma 

0.88 
1.06 
1.54 
1.09 
1.29 
0.94 
1.29 
1.02 
0.85 
1.14 
1.02 
1.33 
1.39 
1.16 
O. 64 

SANDS, LPG 

(NM 27) 
biaa 
0.00 
0.29 
2.13 
O. 44 

w vg La2 
1.00 1.000 1.000 
1.27 0.824 1.331 

244.60 0.118 8.396 
1.47 0.706 1.554 
1-51 0.765 1.185 
1.16 0.941 0.914 

22.67 0.176 0.230 

0.17 
-0.21 
-1.47 

0.70 
-0.07 

0.30 

1.89 
1.13 
1.67 
6.30 
6.05 

2.72 
2.43 

2.79 

0.471 
1.000 
0.765 
O 059 
0.235 
O -353 
O 4 1 2  
0.471 

~ .~~ 

2.321 
O. 929 
2.357 
3.677 
3.198 
1.950 
2.226 
0.141 

1.30 

O. 67 

-0.82 

1.16 

O. 75 

(NI 44) 
bias 
0.00 
O .  45 
1.76 

-0.1s 
0.38 

-0.22 
-0.25 
0.80 

-0.  II 
-0 24 
1.45 
1.19 

-0.12 
0.52 
0.50 

Block 
model 
OBS . 
m o x  

sil$m 
0.87 
1.21 

vg 
1.00 
1.66 

48.56 
1.36 
2.32 
1.54 
4.34 
2.54 
1 022 
1.50 

10.72 
7.30 
1.64 
1.80 
2.47 

ta2 
1.000 
O 614 
0.136 
0.795 
O. 653 
0.795 
O .  477 
0.364 
O 818 
O. 7'13 
o. o91 
0.205 
O.  636 
O. 727 
O. 696 

aig 
1.300 
1.575 
5.329 
0.357 
I. 460 
0.906 
C. 780 
2.233 
0.892 
O. 785 

3.297 
0.tì88 

:. 551 

4.254 

1.0a8 

9.89 
8.58 

10.49 
9.96 

10.56 
10.59 

9.54 
10.45 
10.58 

8.89 
9.1s 

10.46 
9.82 
9.84 

1.49 
1.X 
1.28 
1.31 
1.o5 
1.19 
1.06 
1.27 
1.17 

1.35 
0.88 
0.83 

1.38 

ISImD 
aigma 

1.46 
1.31 
1.28 
1.44 
0.35 
1.93 
i .28  
1.24 
1.34 
:.75 
:.:7 
1.57 
I .2: 
0.99 
0.31 

7 :  Txormz 
mean 

LO. 04 
9.76 
9.32 

10.27 
9.23 

10.50 
10.72 
10. 37 
10.26 
LO. 34 

9.77 
9.43 
;1.53 

a. 37 
3 . a 3  

(N= 
bias 
0.00 
0.29 
0.72 

-0.37 
0.76 

-0.46 
-0.67 
-0.32 
-0.12 
0.90 
0.27 
1.6i 

-0.99 
0.21 
0.09 

€a2 
1.000 
1.900 
0.467 
I. 300 
0.400 
I). 733 
O .  729 
O .  735 
9.867 
o.  923 
3.400 
3 .  oco 
2.467 
3.723 
3.52; 

"g 
1.00 
1.18 
6.68 
1.07 
3.30 
1.32 
L.ï8 
1.76 
L.L4 
i .23 
:.:O 

i4.37 
3.36 
t.33 
2.21 

=q 
L. 000 
1.331 
2.060 

2.137 
Y.  029 
2.509 
3.723 
2.384 :. 301 
:.506 
3.319 
:.271 
:.319 :. 378 

9. a43 
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.U1 onservations, 
nodal .nean 
OBS . 10.25  
m o x  10.32  
XLXTOX 9.48  
3&M 1 0 . 3 6  
C3ARH 1 0 . 0 5  
DEGADIS 1 0 . 8 3  
?ocos 11.18 
G2M 3.87 
GASTAR 1 0 . 6 1  
FZGADAS 1 0 . 5 9  
Zmm? 9.46 
OBDG 9.54 
P H U T  10.58 
S I A B  1 0 . 0 8  
ZRAG 10.47 

3lock I: BURRO 
model mean 
OBS . 10.88  

AïRTOX 12.02 
5&M 11.53 
CEARM 11.68 

m o x  12. o8 

DEGADIS 12.30 
FOCUS 12.90 
G 2 M  11.10 
GASTAR 11.76 
HEGADAS 12.11 
I N P U "  10.97 
OBDG 11.30 
PBAST 12.06 
SIAB 11.40  
mcE 11.75  

Slock 2: COYOTS 
aodei mean 
OBS . 9.98  
m o x  1 1 . 4 1  
AIRTOX 11.23 
3&M 10.75 
CiIARM 10.97 
D E W I S  11.70 
cocos 12.49  
G 2 M  10.05 
GASTAR 1 1 - 4 9  ~~ 

H E W A C  11-15 
INPUET 9.93 
OBDG 1 0 . 1 8  
FHAST 11.23 

m c z  12.13 
SLnB 10.87 

Block 
m o d e i  
OBS . 
m o x  
XIXTCX 
3 &&l 
c:-IlLRE.I 
3EGADIS 
'OCZS 

3:  DECERT 
m e a n  

10.16 
10 .86  

9.34 
9.20 

1 1 . 1 7  
10 .60  
LO.30 
10.53 
10.22 
10. 4 0  
1 0 . 3 9  
10 - 36  
1 0 . 6 2  
10 .22  

io. a3  

sigma 
1.20  
1.69 
2.13 
1 . 6 2  
1 . 7 1  
I.. O6 
1 . 9 9  
1.55 
1.11 
1 .60  
1 .57  
1.82 
1 . 7 2  
1 . 4 1  
1.47 

sigma 
0.17 
0.95 

1 .47  
1.12 
1 . 0 3  
1.20 
1 . 0 7  
0.70 
1.09 
1.06 
1.32 

0.91 
0.60 

0.83 

1.08 

siçma 

0.68  
1.10 
0.11 
o. 62 
0.60 
1.12 
0 .83  
0 .57  
0 .95  

1-01 
1.15 
0.15 
0.36  

0.82 

0.87 

TORTOISZ 

0.96 
siqma 

1 . 6 4  
1.37 
1 - 4 8  
1.13 
1 .77  
1 . 2 7  
1.67 
1.35 
1 . 1 4  
1 . 6 2  
1 . 3 3  
0.Ï7 
1.53 
1 . 3 2  

(Na 1 2 4 )  
nias 
o. O0 

-0.07 
o. 78 

-0.10 
0.21 

-0.58 
-0.93 

0.38 
-0.35 
-0.34 

0.79 
0 .71  

-0.32 
0.17 

-0.22 

vq 
1.00 
2.44 

22.77 

2.93 
2.32 

13.60 
2 . 1 1  
1 . 7 2  
2.37 

5.04 
2.78 
1.93 
3 -53 

1-81 

4 . ~ 8  

(N- 
bias 
o. O0 

-1.20 
-1.13 
-0.65 
-0.79 
-1.42 

2 1 )  
vg 
1-00 
6.27 

4.06 
2.80 

10 I 9 2  

4 - 8 6  

-2.02 111.47 
-0.22 1.55 
-0.88 2 .98  

-0.09 1.49 
-0.42 2.29 
-1.18 6.58 
-0.52 1.97 
-o. a7 2.89 

-1.23 6-89 

(N- 
bias 
0.00 

-1.43 
-1.25 
-0.78 
-0.99 
-1.52 
-2 51 

-1.52 
-o. o8 

11) 
"9 
1.00 

7.05  
2 - 4 0  
3.24 

21.27 
3661.70 

1.09  
11.58 

8.29 

-1.18 4 -33 
0.05 1.14 

-0 .21  1.23 
-1.26 6.76 
-0.89 2.32 
-2.15 208.97 

(NI 
Dias 
0.00 

-0- 70 
- 0 . 6 0  

0.32 

-I. o1 
- 3 . 4 3  
-0.13 
-0. 4 3  
-0 .36  
- 0 . 2 ;  
- 0 . 7 2  
3.1: 

-,l. 45 
-.l. 25 

0.87 

a )  
vo 
1.90 
2.74 
4 - 7 7  
1-55 
2- 45 
5 .36  
1 . 4 2  
1.35 
1-21 
1.:9 

4-21 
1.12 
1-31 
1.;6 

:.;a 

fa2 
1.000 
0.540 
o . 2 c 2  
o. 645 
0.492 
0.589 

0 . ä 5 6  
0.894 
O. 637 
0.355 
0.298 
0.176 
0.581 
0.516 

3.287 

fa2 
1.000 
0.143 
0.190 
0.238 
0.381 
0.143 
0.095 

o -333 
0.190 

0.524 
0.333 
0.571 
0.429 

o. 857 

o. a i o  

5a2 
1. o00 
o.  O00 
0.273 
0.545 
0.364 
o. O00 
3 .  o 9 1  
1.000 
o.  O00 
o.  O00 
1.000 
0.727 
0.182 
0.182 
0. 300 

fa2 
1. o00 
9 .500 
3 -375 
o.  750 
o.  125 
o. 500 
O .  755 
3.525 
3.750 
I.JC3 
2.525 
:.JI23 
1.SC3 
3.530 . -nn - . "b" 

sg 
1.000 
O .  331 
2.172 
0.300 
1.230 
0.560 
0.396 
1 . 4 6 4  
0 .703  
0.714 
2 * 201  
2.344 
0.724 
1.187 
0.806 

mg 
1.000 
O .  301 
O. 322 
o. 5 2 1  
O. 452 
0.242 
O .  133 
0.802 
O .  416 
O .  2 9 2  
0.914 
O. 657 
0.307 
0.594 
O. 418 

39 
1.000 
0.240 
O .  2 8 7  
O .  460 
O .  371 
0.179 
0 .381  
0.328 
0.219 
0.308 
1.353 
0.814 
0.284 
O .  4 1 1  
0 .116  

w 
1.900 
o.  497 
0.217 
1.381 

0.364 
o. 849 
5.377 
u .  ó51 
3.342 
3 .738  

I .  113 
3. ó37 
2.347 

2.284 

.I. ;a7 

325 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



3Lock 4: WLDFXSH 
model mean Jirrma 
OBS . 8.11 -1:66 m o x  7.05 1.90 
AI3TOX 6.30 1.74 
3&M 7.06 1 -79  .~~ - 
CHÄFIM 6.19 1.20 
D E W ï S  7.52 1.53 
FOCUS 7 .56 2.18 
CZM 6.70 1 .SO 
GASTAR 7.75 1.73 
ilEmAs 7.75 1.19 
INPOFF 6.72 
OBDG 6.98 

1.58 
1.10 

P.WT 7.31 2.20 
SLAB 7.30 1.53 
TRAm 7.31 1.52 

Block 5 :  WLXN SiLNnSi LNG 
model mean sigma 
OBS . 10.66 0.88 
AETOX 10.37 1.06 
AfRTOX 8.53 1.54 
%M 10.22 1.09 
CflAIW 10.49 1.29 
D E W I S  10.86 0.94 
FOCUS 12.13 1.29 
GPM 9.96 1.02 
GASTAR 10.73 0.85 
EíEGXûAS 10.35 1 - 1 4  mm 9.36 1.02 
OBDG 9.50 1-33 . ~ . -  _ _ - _  o m  9.99 1.39 

TRAC-: 11.48 0.64 
S U  9.90 1.16 

B l a c k  6: MAELM SANQS, LPG 
IUOCial. mean signla 
OB. 10.34 0.87 
mox 9.89 1.21 
-9xRTOX 8.58 1.49 
B&M 10.49 1.1s 
CIIARM 9.96 1.28 
D E W X S  10.56 1.31 
3oC'Jc '0.59 i. 65 
G 2 M  9.54 1.19 
GASTAR 10.45 1.06 
WGaDAS 10.58 1.27 
INPUET 8.89 1.17 

PIIAST 10.46 1.35 

TRACZ 9.84 0.83 

Block 7: ?HORNEY ISLAND 

OBUG 9.15 1.38 

ST;iLB 9.82 0.88 

model m e a n  Sigma 
OBS 10.04 1.46 
m o x  9.76 1-31 
AlXTOX 9.32 1.28 
36ì3 10.21 1 . 4 4  
CZIARM 9.28 o.as 
D E W I S  10.50 1.53 
3 X 3 S  10.72 1.28 
GPM 10.57 1.24 
G S Z S  10.16 1.24 
?!GADAS 10.34 1.75 
5Np!!ì?1" 9.77 L.1? 
OBDG 3.43 1.57 
?.%ST 11.33 1.22, 
s - a  3.33 0.99 
T M C z  9.37 0.32. 

API PUBL*YSYb 92 D 

(Nu 81 
bias 
0.00 
1.06 
1.81 
1.06 
1.92 
0.59 
0.56 
1.42 
0.37 
0.36 
1.40 
1.13 
0.81 
0.82 
0.80 

(ti= 17) 
bias - o. O0 
0.29 
2.13 
0.44 
0.17 
-0.21. 
-1.47 

0.70 
i). 07 

0.30 

1.16 
O. 67 

1.30 

O. 75 
-0.82 

(W- 44) 
bias o. O0 
O. 45 
1.76 

-0 15 

-0.22 
-0.25 

0.80 
-0.21 
4 - 2 4  

1 .45  
1.19 

-0.12 
0.52 
0.50 

(Nu 15) 
bias 
0.00 
0.29 
0.72 

-0.17 
0.76 

-0. 46 
-0.67 
-0.32 
-Q. 1 2  
0.00 
0.27 
1 . 6 1  

-9.99 
9.21 
3.08 

0.38 

og i a 2  w 
1.30 L.300 1.300 
4.44 
31.25 
3.30 

0'4.75 
1.55 
1.95 
8.48 
1.23 
1.51 
7.65 

0.500 
o. O00 
o . i2s  
o. O00 
0.500 
o .500 
o. O00 
0.875 
o. ?SO 
o. O00 

2.897 
ó.a.2 
2.384 
6.355 

i. 750 
4.125 
1.447 
1.440 
4 .344  

i. a12 

4.46 0.2.25 3.097 

2.08 0.500 2.268 
2.77 0 .500  2.239 

2.05 0.375 2.226 

w 
1.00 
1.27 

244.60 
1.47 
1.51 
1.16 

22.67 
1.89 
1.11 
1.67 
6.30 
6.05 
2.43 
2.72 
2.79 

fa2 
1.000 
O .  824 
0.118 
O. 706 
0.765 
O. 941 
O -176 
0.471 
1.000 
0.765 
O 059 
0.235 

O 4 1 2  
O 471 

0.353 

mg 
1.000 
1 331 
8.396 
1.954 i.ias 
O. 814 
0.230 
2.021 
O. 929 
1.357 
3.677 
3.198 
1.950 
2.126 o. 4 4 1  

vg La2 w 
1.30 '.O00 1.300 
1.66 0,614 1.575 

48.56 0.136 5.325 
1.36 0.795 o.as7 
2.02 0.059 1.460 

4 .34  0.477 0.780 
2.94 0.364 2.233 

1.50 0.773 0.785 

1 . 5 4  0.795 0.806 

1.21 3.818 0.892 

10.72 0.991 4.254 
7.30 0.205 3.297 
1.64 0.636 0.888 
1.30 0.727 l e o a 8  
2 .47  0.636 1.653 

vg ,Sa2 
1.30 1.000 L.300 

6.68 3.467 2.360 
1.18 :.u00 i . 331  

1.07 L.300 
3.30 3.400 
1.92 3.733 
1.78 -3.733 
1.76 3.733 
1 . 1 4  3.367 
1.23 3.933 
: . i o  3.4c3 

i4.37 3.300 
3.36 3.257 
1.23 3 . 7 2 3  
2.2: - 5 ? ?  d .  "1" 

3.343 
2.137 
0.529 
0.509 
3.723 
9.384 
1.301 
L.206 
3.519 
2.371 
1.239 
1. S78 
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model mean 
OBS . i o .  oa 
m o x  1 i . a ~  
Xï2TOX 1 0 . 1 4  
3 LU 10.34 
C m  9.42 
DEGXDIS 10.34 
X C 3 S  io. a9 
GASTAR 9.53 
1NPm 11.20 
PílAST 10.53 
SULB 9.40 
?FaCr. 10.77 

sigma bras 
1.14 0.00 

1.37 -0.06 
1-98 -1.78 

1.20 -0.26 
1.i3 O. 67 
1.75 -0.26 
1.19 -0.81 
1.06 0.55 
1.24 -1.12 
0.97 -0.4s 

1.53 -0.69 
1.26 o. 68 

vq 
1-00 

36. a3 
1.23 
1.20 
2.45 
11.22 
2.29 
1.66 
4.16 

2.33 
2.92 

i -58  

f a2 w 
1.000 1.000 
0.033 0.i69 
0.869 0.944 
0.934 0.772 
0.541 1.948 
0.344 0.771 
0.410 0.445 
0.557 1.736 
0.180 0.327 

0.689 1.979 
0.770 0.637 

0.459 0.502 
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A P I  PUBLa4546 92 = 0732290 0505768 151 

Au. onservations, 
node1 mean 
OBS . 9.48 
AFTOX 9.16 
AIIZTOX 8.22 
B&M 9.02 
CBARM 8.78 
DEGADIC 9.56 

fa2 
1.000 
O -569 
o -155 
O. 603 
O -517 
O. 690 
o -534 
0.379 

0.793 
0.190 

0.810 

sigma 
1.08 
1.48 
1.92 
1.24 
1.50 
1.39 
1.85 
1.44 
1.29 
1.22 
1.30 
1.31 
1.53 

vg 
1.00 

mg 
1.000 
1.389 0.33 

1.26 
2.03 
36.35 
1.79 
3.70 
1.57 

3.543 
1.591 
2.013 
O. 924 
O. 640 
1.752 
0.929 

O. 46 
0.10 

-0.08 
-0.4s 
0.56 

-0.07 
0.15 

FCCUS 9.93 
G2M 8.92 
GilsTAR 9.56 

4 -38 
3.01 
1.29 
1.45 . 1.162 

3.047 
HEGADAS 9.33 
INPUFF 8.37 
OBDG 8.16 
EHAST 9.30 
SLAB 9.09 
TRACE 9.78 

B l o c k  1: BURRO 
model m e a n  
OBC . 10 - 23 
AFTOX 11.16 

1.11 
1.32 

6-85 
8.52 
2.52 

0.172 
O. 431 
0.724 

3.144 
1.208 
1.483 
o. 743 

0.19 
0.39 

-0.30 

(NI 5) 
bias 
o. O0 

-0.94 
-0.79 
1.00 
0.28 
-0.51 
-0.66 
-0.45 
-0.45 

0.2s 
0.82 

-0.34 
0.03 

-0.80 

(N- 8) 
bias 
0.00 

-0.57 
-0.32 
0.18 
-0.10 

-1.73 
0.15 
-0.69 
-0.22 
o. 91 
0.74 

-0.29 
-0. il 
-1.45 

-0.52 

-0.83 

(NI 4 )  
bias 
o. O0 
0.24 
0.76 
1.27 
1.44 
0.26 
0.28 
0.09 
O. 43 
0.59 
0.83 
O. 63 

1.23 
1.60 

1.65 
2.49 O .534 

f a2 
1.000 

sicnna vg 
1.00 

3.54 
3-85 

iipg 
1.000 
0.392 

0:41 
0.70 o -200 

O. 400 
o .SOO 
O. 600 
0.800 
O. 800 
O. 600 
1.000 
0.800 
O. 400 
0.400 
o. 800 
1.000 
O. 400 

O. 455 
2.725 

AIRTOX 11.01 
B&M 9.22 
CEIaRM 9.95 

0.86 
0.70 
0.78 
0.68 

3 -23 
1.52 
1.59 
1.93 

1.319 
o. 600 
0.518 
o. 639 
O. 639 
0.592 
I. 282 
2.273 
O. 714 
I. 031 
0.452 

DEGAOIS 10.74 
FOCUS 10.89 
G2M 10.67 

0.81 

0.40 
0.68 

0.61 
O. 67 
0.49 
0.52 

0.83 

0.86 

2.17 
1.27 a T A R  10.68 

FiEGADX 10.75 
INPUFF 9.98 

1.69 
1.89 
2.18 OBDG 9.41 

PHASP 10.56 
SLAB 10.20 
TRACS 11.02 

Block 2: COYOTE 
model mean 
OBS. 10-59 

1.34 
1.10 
2.10 

sigma 
0.51 

f a2 
1.000 
O. 625 

mg 
1.000 
0.564 

vg 
1.00 
1.50 

1-13 
2.85 

AFTOX 11.17 
m o x  10.91 

0.56 
1.11 
0.50 

o. O00 
1.000 
1.000 
O .250 
0.125 
0.150 

O. 729 
1.200 
0.909 

B&M 10.41 
CBARM 1 0 . 6 9  
D E W I C  11.43 
FûCUS 12 - 32 
GPM 10.44 
GASTAR 11.28 
HEC2Jlñ.S 10.81 
INPUFF 9.68 
OBDG 9.85 
PñAST 10.89 

0.47 
0.47 

1.03 
2.20 
70.27 

O. 435 
0.178 
1.163 
0.502 
0.802 
2.487 
2.096 

1.08 
0.67 
0.49 
0.87 
0.80 
0.90 
1.11 
O. 66 
0.32 

TORTOISZ 
sigma 
0.24 
0.52 
0.74 
0.54 
0.46 

1.27 
1.91 0.375 
1.41 0.625 
3.27 0.500 
2.60 
2.57 
1.22 
10.14 

0.375 
O. 125 
o. 875 

0.747 
O. 893 SLAB 10.71 

TRACE 12. o5 o. 12s 0.234 

Block 3: DESERT 
m o d e l  man 
OBS. 9.68 
AETOX 9.44 
AIRTOX 8.92 
B&M 8.42 
CSARM 8-24 

f a2 
1.000 
1.000 
O -250 
o. O00 
0.000 
1.000 
1.000 
1.000 
0.150 
1.000 
O. 250 
0.500 
1.000 
1.000 
1.300 

vg 
1.00 

mg 
1.000 
1.276 
2.138 
3.554 

1.18 
2.32 
5.51 

1.08 
8 - 8 0  4.239 

1.295 DEGADIS 9.43 
FOCUS 9.41 
GET4 9.60 

0.32 
0.16 
o .so 

1.il 
1-10 

1.319 
1. o91 
1.538 
1.803 
2.286 
1.871 
1. 471 
I. 699 
1.595 

GASTAR 9.25 0.26 
0.23 
0.47 
0.19 
0.16 
0.23 
0.24 

1.29 
1.42 
2.i3 
1.57 
1.20 
1.32 
1.25 

.XEGfiAS 9.09 
INPUFF 8.86 
OBDG 9.06 
P.yACT 9.30 
SIAB 9.15 
T R A G  9.22 

0.39 
0.53 
o. 47 

3 3 3  
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