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Abstract We have developed a stand-alone, real-time emergency 
response system to assess and predict the offsite dispersion of particulate 
releases. We have also developed advanced modeling tools that will 
expand me tapabimy of trie emergency Tesponse system to predict near-
field dispersion over complex terrain and around buildings. 

INTRODUCTION 

During emergencies involving releases of contaminants, impacts on the 
environment and on public health need to be assessed accurately and swiftly. 
When these emergencies occur in heavily populated tgions, there is increased 
regulatory and public concera regarding public exposure. Environmental 
managers in charge of cleanup operations and restoration projects need to assess 
the potential impacts of cleanup technologies and decide which technology should 
be used, and when to apply it. 

To assist the decision maker—ard to supply needed information to regulators and 
the public—we have been working on several related projects. We have 
integrated the proven technologies of atmospheric dispersion modeling 
(Atmospheric Release Advisory Capability, ARAC), real-time acoustic meteoro
logical data acquisition, and realtime pollutant monitoring to enable managers to 
estimate exposure while, the operation is occurring. Ttve system, 'Nhieh is 
transportable, uses readily available computer workstation hardware and acoustic 
meteorological stations. Most pollutant monitoring equipment that is designed for 
field use and is computer-compatible (gas chromatography units or radiation 
detectors) can be integrated into the system. 

Because of the limitations of the model used in generating the wind field, the real
time system is expected to provide reliable pollutant concentration estimates only 
over regional scales (e.g., for 1 km or beyond). However, in many instances, 
emission estimates are required in the proximity of the source releases where the 
dispersion pattern may be influenced by adjacent buildings or other surface 
obstructions. More sophisticated models that are capable of generating accurate 
close-in flow fields in the vicinity of the pollutant sources are therefore required. 
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We are currently developing numerical models that can be used to provide 
accurate estimates of potential emissions for conditions in which the release point 
is surrounded by buildings or rough terrain. 

Two different, but complementary, approaches are used for calculating the flow 
field for thes.", close-in applications. The first approach employs a Reynolds-
averaged set 01 equations, the solution of which results in a description of the 
mean flow and concentration pittem over the regions of interest. The second 
approach, being developed concurrently, involves a more advanced model based 
on the large-eddy simulation concept to represent turbulence. These numerical 
models, when used in conjunction with the real-time assessment system, can 
provide critical information regarding occupational exposure and exposure to the 
nearby public. 

REAL TIME DISPERSION PREDICTIONS ON REGIONAL SCALES 

System Requirements 

We have developed an operational, workstation-based, assessment system that 
uses real time meteorological data as input into a dispersion model to generate 
estimates of pollutant concentrations on regional scales. To satisfy requirements 
for real-time emergency situations, the system must be capable of quick response 
and must continue to provide assessments of the developing environmental risk. 
To achieve this, we have developed an operational expertise that combines a data 
collection system with a meteorological instrumentation network. The network 
collects information on the wind field over the region of interest and the source 
strength of the contaminant release and uses the information as input into a 
computer model to predict the dispersion partem. At the present time, the system 
is automated so that it can provide real-time assessment of a prescribed release 
scenario within 15 minutes of occurrence. 

Figure 1 shows the individual components of the system and the path in which the 
collected data flows. The instruments for measuring the wind and pollutant 
release rate are interfaced to and controlled by data-loggers. A stand-alone 
scientific color workstation communicates with these data-loggers via dial-up 
phone lines. The meteorological and source information is then used as input for 
a set of models that are resident on the workstation and are executed in sequence 
to provide the dispersion results. Upon completion, the results are displayed 
either instantaneously on a compater monitor or can be directed to a laser printer 
that is connected to the workstation. This procedure is repeated each time a new 
set of wind data is collected. 

The models require wind data in the form of a single vertical wind profile, several 
surface wind observations, and standard deviations of wind directions over the 
entire area of interest. Lawrence Livermore National Laboratory (LLNL) is one 
of three companies in the U.S. who are exploring the use of phased-array SODAR 
as a potentially inexpensive way of obtaining upper air wind profiles. 
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Figure 1. Schematic of system set-up. 



These new instruments are based on the principle of Doppler phase shift of sound 
in air to estimate the wind speed, direction and standard deviation at various 
vertical levels. The main advantage of the phased-array SOPAR over 
conventional large horn SODAR is that it is smaller and requires less energy to 
operate; therefore it is more suitable for transportable applications- For our 
operational setup the meteorological data is updated within a maximum of 15 
minutes at which time the set of models are executed and dispersion patterns are 
predicted. 

The Models and Associated Software 

Our operational system employs the ARAC set of models in conjunction with 
other supporting software. First, the MEDIC code (LLNL, 1992) is activated 
using data from the various meteorological stations to interpolate into a three-
dimensional computational grid with no special treatment to accommodate the 
terrain present within the domain. Then the MATHEW (LLNL, 1992) code is 
executed to generate a new winiJ field from the interpolated (MEDIC) wind field 
results such that me influence ol the terrain is incorporated in a •"mass-consistent* 
manner. Finally, the dispersion model ADPIC (Lange, 1978 and LLNL, 1992) is 
executed with the mass-consistent wind field from MATHEW and appropriate 
source release data as inputs to calculate the concentration pattern for the released 
material. Concentration contour maps are displayed graphically on the 
workstation via a graphics package (Precision Visuals, 1992). 

The ARAC models are coded in FORTRAN 77 and operate on both UNDC and 
VAX/VMS platforms. The executable modules are independent of any particular 
software libraries and are therefore operating system independent. Each of 
ARAC's models is well tested and validated from many years of actual and 
experimental release episodes. Of the three models, MEDIC requires the least 
amount of computational resources with MATHEW requiring somewhat more; 
however, the two models need to be executed only as frequently as the 
meteorology is updated (i.e., every 15 minutes). ADPIC typically requires the 
most computational resources with runs that may span from a few minutes to 
several hours depending on the duration of the problem and the type of release 
that occurs. 

The graphics software generates both color and black and white Postscript output 
and can be directed via ethemet lo any Postscript compatible printer. The ethemet 
network allows the printer or printers to be located at remote stations th3t are most 
convenient to the support staff. 

Instrumentation and Data Collection 

In a typical dispersion episode, accurate characterizations of the wind field and 
pollutant sources are critical inputs into the prediction process. In the real time 
system, these inputs are provided by collection from three data sources. They are: 
(i) surface wind measuring stations, usually at 10 meters; (ii) upper air profile 
measurements that produce six to thirty observations from the upper limit of the 
surface data levels (about 100 m) to the top of the model domain (typically 
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700 m); and (iii) a sensor for measuring release concentrations and flow at or near 
the source. 

The model requires input from surface observations at enough points to depict 
accurately the wind flow along the surface. For the system that is currently in 
operation at Livermore there should be a sensor in the Livermore Valley, the 
California Central Valley and two or more sensors that are located in the canyons 
or passes around the Livennore Valley. Currently, we have three surface 
measuring stations in place around the Livermore area but only one station 
located at the Site 300 facility of LLNL to represent, very approximately, the 
Central Valley location. 

One upper air wind profile for levels above 100 m is needed to supplement the 
surface wind stations for input into the model. The upper air wind profile for our 
system is provided by a phased-array SODAR. A SODAR measures the Doppler 
shift of returning sound waves to estimate wind speed and direction from selected 
heights above the surface. Since the device emits sound on a regular basis, it 
needs to be located at'a relatively quiet environment where it will not disturb or be 
disturbed by other nearby sources. It is also important to place the device close to 
the release point in order to provide a most accurate estimate of the wind structure 
at the source. At LLNL, the SODAR is located in a vacant field near the 
laboratory site and is less than one kilometer from any potential release points. 

Radiological instruments arc required to provide source release rates tor the 
dispersion model. Currently most fast response instruments are designed to sound 
alarms to initiate evacuation when a present contaminant level is reached. Such 
instruments do not measure values that are above the preset level. Other 
instruments are capable of measuring a wide range of concentration levels but 
they respond much more slowly. It is typical that these devices require several 
hours or even several days to produce a result. We are currently investigating 
other instruments such as plutonium monitors and ion chambers (which measure 
tritium) as possible candidates for measuring radiological concentration levels. 
They may be able to provide reasonable concentration estimates within time 
scales that are suitable for our real time applications. 

Current Status 

The real time system has been operational since November 1991 with data 
collection and model execution performed at every 15 minutes. The sysiem is 
transportable and can be set into a small air-conditioned van capable of towing the 
SODAR unit. Data communication can be achieved by using a public dial-up 
telephone service. Occasional interruptions have occurred due to software errors, 
operational errors or power failures. To date, all of the errors have been detected 
by the system, corrected and restarted without the need for human intervention. 
The automatic operation capability allows the system to be used in situations 
where the users may not be trained in operating computer workstations or in 
computer modeling. 
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ADVANCED MODELING APPROACH FOR CLOSE-IN PREDICTIONS 

Close-in predictions of the pollutant concentration field near emission sources 
located within populated areas require a model that can depict accurately the 
atmospheric flow around surface mounted obstacles, such as buildings or 
canopies. The flow pattern around an arbitrarily-shaped building is very 
complicated and may require extremely fine resolution for modeling of the flow 
field. For purposes of testing our models and to build an expertise in modeling 
this class of problems, we have chosen to first simulate the flow and dispersion 
over structures which are represented by simple, isolated, rectangular blocks. 
Even these relatively simple structures depict flow patterns that are turbulent and 
filled with unsteady motion that are relatively difficult to calculate. To illustrate 
the complexity of such flows, Figure 2a shows perhaps the simplest pattern widiin 
this class of fluid motion which is given by a two-dimensional (2D) laminar 
steady-state flow pattern over a rectangular infinitely long block. One can think of 
this as a crude analog of a 2D building. The flow is reasonably complicated with 
a small corner vortex at the upwind face, a separation streamline starting at the 
upwind edge, and a recirculating zone terminating with a reattachment point 
behind the block. Because the flow is 2D, fluid particles which originate from 
within the recirculating zone cannot move across the separation streamline and are 
confined to move in closed paths within the zone. If the speed of the incoming 
wind is high enough such that the flow becomes turbulent, the motion becomes 
unsteady and the vortices near the downwind faces peel off the surfaces. These 
vortices are transported downwind forming a turbulent wake. Pollutants that are 
emitted within the turbulent wake reach ground level almost immediately due to 
turbulent mixing. The flow pattern for a 3D cubical block is even more 
complicated (Figure 2b). Separation zones can be present on all surfaces with a 
main recirculation zone exhibited behind the block. Fluid particles within the 
separated zones no longer move in closed paths but spiral around in corkscrews 
and the upwind faces of the block generate vortex systems which persists far 
downstream of the block. The 3D wake pattern is significantly more complicated 
than its 2D analog. When the flow involves multiple blocks, multiple eddies are 
formed which will interact with each other wimin the wake region. 

Figure 3 depicts schematically how these types of flow patterns can significantly 
influence the transport and dispersion of pollutants which are generated in its 
vicinity. Depending on the height of the plume, it may proceed downwind as 
though there is no wake present. It may drift to a level in which the trajectory is 
deflected but not yet entrained into the wake. In another situation, the plume may 
be partially or completely entrained into the wake. The final case is one in which 
the pollutants will be transported to ground level in the immediate vicinity of the 
source. In these types of worse case scenarios, it is extremely important that the 
recirculating eddies associated with the wake region be simulated as accurately as 
possible. Moreover, it is unlikely that Gaussian-type dispersion models can 
predict realistically the concentration pattern resulting from such a flow. 
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Figure 2. Typical flow patterns around a rectangular block, (a) Streamline 
pattern at steady-state for a 2D block; (b) Time-averaged schematic of flow 
around a 3D block. (Figures taken from Atmospheric Science and Power 
Production, D. Randerson, ed., DOE/TIC-27601). 
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Figure 3. Effects of atmospheric stability and building wakes on plumes emitted 
from a stack. 



We have adopted two different but complimentary approaches to the modeling of 
mis complex flow and dispersion problem. To achieve the near term goal of 
providing a usable model for assessment purposes, we modified and extended a 
Reynolds-averaged hydrodynamics model (Lee and Leone, 1988) and employed a 
k-e formulation to represent turbulence. This model was developed specifically 
for simulating atmospheric flows and dispersion of pollutants over complex 
terrain. We are currently conducting benchmark tests of our model with other 
models as well as experiments. Although this standard approach is widely used 
and has been successfully applied to a variety of engineering and atmospheric 
applications, there are a few limitations which must be considered. For example, 
the averaging procedure, which forms the basis for the Reynolds-average 
approach, precludes detailed information concerning instantaneous peak- to-peak 
values of the time- and space-varying fields (e. g., concentrations) which may be 
one of the important determining factors regarding health effects. Such 
instantaneous (intensely fluctuating) data can only be obtained from more 
advanced turbulence modeling based on eimer a direct approach (i.e„ calculating 
all scales of turbulence directly without resorting to any turbulence models) or 
Large-Eddy Simulation (LES) approach (simulating large eddies directly with 
subgrid-scale processes modeled). Of the two approaches, LES is the only one 
which is computationally feasible for the practical problems of interest here and is 
the one which we are actively pursuing. Another advantage of me LES method 
(over the Reynolds-average approach) is that it provides a high degree of accuracy 
with a minimum of empiricism. The LES method is capable of accurately 
predicting the flow for all building geometries and orientations and upstream flow 
conditions without the manipulation of parameters (as is required with the 
Reynolds-averaged model). In conjunction with the Reynolds-averaged model, 
we have proceeded to develop an advanced turbulence model based on an LES 
formulation. Although this model is expected to be computationally expensive 
and cannot be used routinely for assessment calculations, we plan to exercise the 
model for special situations where important physics needs to be understood or 
when fine details of the turbulence structure must be simula;ed. We also plan to 
use the model for benchmarking studies and to provide a testbed for developing 
improved turbulence models for the computationally simpler Reynolds-averaged 
formulation. 

PREDICTING TRANSPORT AND DISPERSION OF AIRBORNE 
POLLUTANTS 

An example of dispersion calculations for 15,000 meters around the LLNL site 
using me regional-scale emergency system is shown in Figure 4. The wind fields 
used for this example were generated by the ARAC model islATHEW using 
meteorological data from on- and off-site towers. The system produces contour 
and cloud volume plots in real time. 

In contrast, the wind field to predict the close-in dispersion around a building, can 
be generated from the advanced Reynolds-averaged flow model or the LES 
model. Numerical simulations of flow and dispersion around two rectangular 
buildings from the k-e model are presented here as an example of a close-in 
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Figure 4. Dispersion patterns widiin 15,000 meters around the LLNL site 
obtained from the real-time system. 
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prediction scenario. Two buildings, with dimensions (&* x JLy x kz) of 50m x 
50m x 40m and 50m x 100m x 20m are staggered 50m apart within a 
computational domain of 500m x 300m x 150m as shown schematically in Figure 
5. The finite element mesh of 49 x 39 x 23 cells is graded such that the finest 
resolutions are located next to the solid boundaries. A steady wind that is 
calculated from a power-law profile given by u = uo (y/yo)a where uo, y,->, and a 
are 10 m/s, 40m, and 0.1, respectively, approaches the buildings from the left. 
The free-stream Reynolds number based on the 40m building is approximately 
2.8xl0 7 and the atmosphere is assumed to be neutrally stable. At the inflow 
boundary, the profiles of k and E are prescribed by the formulae k = c u " 1 / 2 [A r a 

3u/dy]2 and e = Cu k 2 [£ m 3u/3y]- ] where 
-̂m — tnin [Ky, Kh&], with hg the height 

of the surface layer taken to be 50m. Slip-wall boundary conditions are used at all 
solid surfaces (with the grid standoff distance h = 2m), a no-penetration boundary 
condition is applied at the top boundary, and zero traction conditions are used at 
the lateral and downwind outflow boundaries. The initial flow field is calculated 
by "mass-adjusting" (Gresho et al., 1984) the one-dimensional power-law velocity 
field within the computational domain. 
The computation of the dispersion from a source requires the velocity field on a 

graded mesh to be interpolated onto an equally-spaced ADPIC mesh with the 
building represented as terrain. The ADPIC mesh employed here has 45 x 45 x 
25 rectangular cells within a somewhat smaller computational domain of 
405m x 270m x 125m. The interpolated ADPIC velocity field for the cross-
sectional planes at z = 10m and y = 174m is shown in Figure 6. For 
demonstration purposes, a calculation is performed with a point source placed at 
(162m, 200m, 4m), source B. The plume associated with the point source is 
represented by a continuous release of particles throughout the period of 
integration. As a first approximation, the panicle diffusion coefficients are 
derived from formulas that involve the horizontal (Oh) and vertical (o2) standard 
deviations of the plume dimensions with values based on the Pasquill-Gifford 
curves (Slade, 1968). In the absence of turbulence measurements, the Pasquill-
Gifford prescription has been used extensively in many atmospheric diffusion 
models. 

The projections of the velocity vectors onto cross-sectional planes at z = 10m and 
y = 174m depict the main features of the flow which consist of separation and 
recirculation zones above and aft of the dual structures. The flow behind the taller 
building is channeled toward the left by the shorter, but wider, building 
downstream. An unsymmetrical, left-tilting, building wake is generated behind 
the taller building. We note that the recirculation zones behind each building are 
characterized by relatively low velocities. This suggests that pollutants which are 
released within these inactive regions will not be appreciably dispersed by 
advcctive processes. 

We selected a release scenario with the point source located near ground level 
betwt'n the two buildings (source B in Figure 6). Figure 7 shows the calculated 
particle dispersion patterns at 0:10, 1:10 and 2:10 minutes after the release 
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Figure 5. Schematic of computational domain for flow around a two-building 
complex. 
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Figure 6. Interpolated velocity field on ADPIC mesh. Velocity vector projections 
are shown for two cross-sectional planes: (a) z = 10 m; (b) y = 174m. A and B 
are locations of point sources. 
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occurred. At early time the particles tend to aggregate within an area close to the 
source because velocities within the recirculation cavity between the buildings are 
relatively low. Most of the panicles are transported across the downwind face of 
the building and are entrained into the separated region around the corner along 
the adjacent face of die 40m building. Some of the particles diffuse into the mean 
flow and are carried downstream. The dispersion pattern shown at 2:10 minutes 
(Figure 7c) suggests that the particles have now migrated up from ground level 
along the downstream face of the building and continued to merge into the 
separation zone around the comer of the building. The plume now becomes 
widely dispersed but very high concentration levels are maintained within a 
region in the neighborhood of die source. 

CONCLUSIONS 

Reliable real-time emergency response widi a dedicated scientific workstation is 
now possible. The system includes a well tested atmospheric dispersion model 
whicn includes terrain as one of flis constraining parameters. This system is cost 
effective to field at clean-up sites where the potential hazard is known. 

The advanced numerical tools that we have demonstrated are most appropriate for 
assessing the environmental effects at ciose-in distances relative to where the 
pollutants are released. The building shapes, source positions, strengths and 
composition can be varied to suit the scenarios to be simulated. The model also 
permits representation of a variety of atmospheric stability conditions to generate 
settings for worse-case dispersion conditions. We are currently validating this 
model against wind tunnel data as well as field data. 
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Figure 7. Near-field dispersion results around two adjacent buil<J:<igs with 
pollutant source between the buildings at: (a) 10 sec, (b) 1:10 min, and (c) 2:10 
min 
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