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7.4 NUMERICAL PREDZCTIONS OF THE ATMOSPHERIC CIRCULMTONS AND 
DISPERSION OF TOXIC RELENSES IN COMPLEX TERRAIN 

Keeley R. Costigan* and Dawn G. Flicker 

Los Alamos National Laboratory 
Los Alamos, New Mexico 

1. INTRODUCIlON 

The South Area of Tooele Army Depot is one of the 
U.S. Army's storage facilities for its stockpile of chemi- 
cal weapon agents. The Department of Defense is pre- 
paringtodestroytheagingstockpilesof lethalcbmid 
munitions, which have existed since the end of World 
war II. Although the danger is slight, BccuTate predic- 
tions of the wind fields in the valley and accurate disper- 
sion calculations are important in the event of an 
accident involving toxic chemicals at the depot. 

The Tooele Army Depot South h a  is located in the 
high, broad Rush Valley of North-central Utah where 
the local circulations are strcmgly influenced by slope 
and valley flows and lake breezes associated with the 
surrounding mountainous topography and lakes (Stone 
et al., 1989; Ymada, Wfiams. and Stone, 1989). The 
valley is appximately 1560 m above sea level and 
roughly 20 km across from East to West and 45 km long 
from North to South. It is surrounded on the west, 
south, and east sides by mountain ranges. These 
mountain ranges include peaks from about 2400 m to 
3350 m MSL. A somewhat shorter barrier (2000 m) 
exists on the North end of the valley and the lowest 
passes are on the north and east sides. Further tothe 
No& lies Tooe!~ V'y and the &sat Sdt hke. 
Another significapt lake is in the adjacent Cedar valley 
is a h  east of Rush Valley aud the s.na.D EmhLake is at 
the North end of Rush Valley. There are several small 
communities in Rush, Tooele. and cedar valleys and 
Salt Lake City is located 65 km to the Northeast of Too- 
ele Army Depot South Area, at 1300 m MSL and 
beyond the Oquirrh Mountains. 

involve a release of toxic agents to the atmosphere, the 

lations (HOTMAC) and its companion& RAndom 
Particle And Diffusion (RAPT'.'.) have been adapted 

In order to prepare for an emergency which might 

Higher order Turbulence M&l for Atmospheric Circu- 
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foruseinpredictingwheledangerousamountsofthese 
chemicals may traveL Both codes have been applied to 
a number of air quality studies in the past, including pre- 
viaus dispersion studies at Tooele (Yamada, Williams, 
and Stone, 1989). 

2. THEMODEZS 

HOTMAC is a mesoscale numerical model which 
predicts the wind, temperature, humidity, and turbulence 
fields in three dimemions and time. The basic eqdm 
m reported by Yamada and Bunker (1989) and Yamada 
(1985) and are integrated using the Alternating Direc- 
tion Jmplicit method. The model assumes hydrostatic 
equilibrium and uses the Boussinesq approximation. A 
terrain following coordinate system. &d nesting in the 
horizontal, and a stretched vertical grid areemployed. 
The Mellor and Yamada (1982) level 2.5 model is used 
topredicttheturbulenttcansportofmomentum,enexgy, 
and water vapor through use of equations that include 
the turbulent kinetic energy and the turbulent length 
scale. 

Previously, the model incorporated the ability to 

at upper levels. The HOTMAC code has been adapted 
for this application by improving its forrt-rlhensid 
data. assimilation qqabilities.. 'lh.modei now! * 

soundings and surface observation sites at variable time 
inte~~als. This allows us to take advantage of anexten- 
sive network of local observations. At the depot there 
 ax^ eight surface observing stations and a 30 m tower, 
which collect wind, temperature, and humidity data. 
Also, Tooele County has recently installed a network of 
about 25 additional surface statim throughout Rush 
and Tooeie Valleys and on some of the surrounding 
higher terrain. 

Monte Carlo statistical diffusion process (Kao and 

iams and Yam& 1990). The predicted winds and tur- 
bulence from HOTMAC are used to compute the puf€ 

nudge the p d i c t i m  toward steady. geostrophic winds 

RAFT" is aLagrangian @code which uses the 

Yamada, 1988; Yam&. Kw, and Bunker, 1989; Will- 

mailto:krc@vega.lanl.gOv


trajectories and the standard deviation of concentration 
for each puff. The co31centTati(Ms at points in the area of 
a release are computed by summing the concentrations 
contributed by all the puf€s. Dosages are also calcu- 
lated. Thecharactexizationoftbereleasesourcein 
RAFTAD has been improved for this application, based 
on the source characteristics used by the Army in their 
D2Pc model (Whitacre, et al.. 1987) for the possible 
agents and munitions involved. 

RAFTAD cudes were made so that they can run opera- 
tionally at Tooele Army Depot. The data assimilation 
approach, described below, is used to provide a better 
initialization to HOTMAC by incorporating the previ- 
ously forecasted fields at the start time and nudging the 
model predicted fields far a specified time period, for 
which the observations are available. Once the model 
simulation reaches the end of the assimilation period 
(the time of the last recorded data), it continues the sim- 
ulation in a purely prognostic mode. A number of HOT- 
MAC simulations can be run each day to CoBltinUauy 
provide updated forecasts. RAPTAD can then use the 
HOTMAC output to p d c t  dispersion of possible 
releases specified by the user. The cudes can be used in 
planning decisions for the weapons destruction program 
and, because the HOTMAC forecasts will be available 
throughout the day and W A D  runs quickly, they can 
be used for e m e ~ e n c y  response in the event of an acci- 
dent. 

These improvements to the HOTMAC and 

3. THEDATA ASSMILATION APPROACH 

In order to optimally utiliie the local meteorological 
observations, we have modified HOTMAC to inCorp0- 
rate Newtonian relaxation in a manner similar to the 
“obs” nudgii technique employed by Stauffm and Sea- 
man (1994). in this mcthod, the model state is continu- 

additional terms to the prognosticequations basedon 
the diffexence between the two states. The “obs” nudg- 
ing approach nudges directly toward individual observa- 
tions distributed non-uniformly in space and time. 

cwsly audged toward the observed state by adding 

To accomplish this relaxation in HOTMAC, an addi- 
tional term is added to the fields of wind, temperatme, 
and moisture at each grid point in the domain (Costigan 
et al., 1995). With every timestep ofthe large grid, each 
field variable 4 is modified at each gridpoint by adding 
the term 

c w l  
I = 1  

where the subscript 1 denotes the 1-th observation, G is 
the nudging factor that determines the relative magni- 
tude of the nudging, and At is the large grid timestep. 
The four-dimensional weighting factor W, is determined 
by the spacial and temporal separation of each of the N 
observations from the grid point at the nudgii time. 
The term (+o - &), is the difference between the 
locally-observed value of the variable I$,, and the model 
predicted value interpolated to the observation location 
cb,. 

4. ACKNOWLEDGMENTS 

This work is supported by the U. S. Army Nuclear 
and Chemical Agency under contract number 
USANCA93RO1010, with James Walm as program 
manager. We are grateful for the help of Michael Myir- 
ski af the Army’s Chemical and Biological Defense 
Command with the D2PC code. We also thank Judy 
Wintercamp for her assistance with the topography data 
and figures, and, Ray Rigert of Tooele h y  Depot, 
Don Hartman and Shawn McCall of Tmle County, and 
Rich Kellner and Applied Computing Systems for pro- 
viding the observational data. 

5. REFERENCES 

Costigan,K. R., D. G. Flicker, and J. T. Lee, 1995: 
Application of a mesoscale model with 4DDA to the 
complex terrain r ~ a r  Tm,le, Utah. Preprin?s of the 
Seventh Conference on Mountain Meteorology, . 

Kao, C. Y. J. and T. Yamada, 1988: Use of the CAP- 
Brecllrenridge, CG, :7-2132;lY, 121-123. 

TEX data for evaluations of a long-range transport 
model with four-dimensional data assimilation tech- 
nique. Mon. Wea. Rev., 116,292-306. 

Mellor, G. L., and T. Yamada, 1982: Development of a 
turbulence closure model for geophysical fluid prob- 
lems. Rev. Geophys. Space Phys., 20,851-875. 

StauEer, D. R., and N. L. Seaman, 1990: Use offour- 
dimensional data assimilation in a limited-area 
mesoscale model. Part I: Expeximents with synoptic 
data. Mon. Wea. Rev., 118,1250-1277. 

StauEer, D. R.. and N. L. Seaman, 1994: Multiscale 
four-dimensional data assimilation. J. Appl. 
Meteor., 33,416-434. 

Stone, G. L. D. E. Hoard, G. E. Start, J. E Sagendorf, G. 



t 
f ’  8 

z 

J 

R Ackermann, N. E Hukari, K. L. Clawson. and C. 
R. Dickson, 1989: 1987 meteorological and tracer 
experiments at the T a l e  Army Depot. Los Alamos 
National Laboratory document LA-UR-89-1157. 

Williams, M. and T. Yamada, 1990: A microcomputer- 
based forecasting model: Potential applications for 
emergency response plans and air quality studies. J. 
Air Waste Manage. Assoc, 40,1266-1274. 

Whitam,C. G., J. H.Griner,IILM.M. Myirski,andD. 
W. Sloop, 1987: Personal computer program for 
chemical hazard predictian. U. S. Army Chemical 
Research, Development and Engineering Center 

Yamada, T., 1985: Numerical simulation of the night 2 
data of the 1980 ASCOT experiments in the Califor- 
nia geysers area Arch. Meteor. Geophys. BioWim., 

Yamada, T., and S. Bunker, 1989 A numerical model 
study of nocturnal drainage flows with strong wind 
and temperature gradients. J. Appl. Meteor., 28, 
545-554. 

Yamada, T., C. Y. J. Kao, and S. Bunker, 1989: Air flow 
and air quality simulations over the western inter- 
momtamow - region with a four-dimensional data 
assimilation technique, J. Aim. Environ., 23,539- 
554. 

Yamada, T., M. Williams, and G. Stane. 1989 Chemi- 
cal downwind hazard modeling study. LAX Alamos 
National Laboratory document LA-UR-89-1061. 

report CRDEC-1x87021. 

34A. 223-247. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


