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ABSTRACT 

This report briefly describes the accomplishmend of the DOE . tmosg..eric 

Studies in Complex Terrain (ASCOT) program during FY-1980. It is intended to give 

the reader an overview of the program's achievements with references to more 

specific work that has been accomplished. 

INTRODUCTION 

Fiscal Year 1980 was the second in a three to four year ASCOT study being 

conducted in The Geysers area of Northern California to achieve the  following 

objectives: 

0 to augment the present knowledge of the physical mechanisms involved in 

the development, perpetuation, and breakup of nocturnal drainage flows; 

0 to develop an integrated measurement and modeling methodology to 

d control strategies for energy air quality impact assessmen 

development in areas subject to drainage flows; and 

to provide the developed methodology with special applications to the 

H2S emissions associated with The Geysers geothermal development. 

0 

DISCLAIMER 

UlSTRIBUTION Of THIS OOCUMENT IS UNLIIS5U) 

I 



\ 

- 2 -  

This year the focus of our work was on the major areas of reducing, analyzing 

and modeling data taken during the July 1979 field experiment within the Anderson 

Creek Valley at The Geysers and planning and executing a major field experiment in 

September 1980. The nature and structure of the program has fostered much 

interaction between the laboratories and between modelers and field 

experimentalists which has proven to be an excellent asset; however i t  has also 

produced many results that  are difficult, if not impossible, to describe in an annual 

report. Furthermore, many ASCOT investigations blend what they have learned 

working on program activities into related work which might not directly apply to 

ASCOT activities but does contribute to the knowledge and literature on 

atmospheric behavior in complex terrain. These points are made to caution the 

reader that work described in this report does not represent all of DOE'S efforts and 

interest in atmospheric studies in complex terrain. 

JULY 1979 FIELD DATA AND RELATED ACTIVITIES 

Much of the first six months of this fiscal year was devoted to the  reduction 

and analysis of the July 1979 field data  and related modeling activities. For the 

purpose of information exchange and interaction between various investigators 

working on different aspects of the data a meeting was held in Gettysburg, 

Pennsylvania, April 15-18, 1980. Results from this meeting will be published by the 

end of the year as a collection of papers. Titles of the presentations and the  papers 

that  will be published are listed below to provide the reader with a sense of the work 

that  has been undertaken and accomplished this year by the ASCOT participants. 

"Large Scale Meteorological Influence During the Geysers 1979 Field Experiment" 

"A Comparison of Atmospheric Temperature Structure at the Wall and in the Middle 
of a Valley" 
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Velocity and Temperature Oscillations in Drainage Winds" 

"Experimental Methods and Preliminary Analyses of Drainage Flow Observations 

"Observations of Nighttime Winds Using Pilot Balloons in Anderson Creek Valley, 

"Net Radiation, Vertical Profiles of Wind and Temperature, and Cross-Valley FP 

"Diurnal Variation o izontal Wind D ion Fluctuations ae in Complex 
Terrain 

During the First ASCOT Field Study" 

Geysers, CAI! 

Tracer Sampling ey Area - July 1979" 

at  Geysers, CA" 

"Preliminary Report - Analysis of Acoustic Sounder d Tethersonde Data Obtained 
for the Atmospheric Studies in Complex Terrain (ASCOT) Project During 1979" 

I'Spacially-Averaged and Point Measurements of Wind Variability in the Geysers 

"Application of a Photodiode-Array Optical Turbulence Sensor to Wind Studies in 

"Analysis of Fluorescent Particles Tracer Data" 

"Application of Digital Image Anhysis Techniques to the Geysers Data and 

"An Analytical Solution 

"A Nonstationary Nocturnal Drainage Flow Model8' 

Area" 

Complex Terrain" 

Topography' 

Flows in the Atmospheric 
Boundary Layer Over Terrain" 

lement Approximation" 

"A Statistical d Valley Station Near 

ge Flow in Complex 
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Summary of more recent on-going work will appear in the next ASCOT Update 

(80-2). 

FIELD MEASUREMENTS 

Our efforts during the past year were principally focused into the following 

two areas: 

0 Analysis of the data obtained during the July 1979 experiments in the 

Anderson Creek Valley. 

0 Planning and conducting a comprehensive series of experiments in the 

same valley during September 1980. 

The July 1979 experiments, which were designed to be of limited scope, 

provided the initial insight into nocturnal drainage flows that we needed in order to 

design the more comprehensive follow-on series of experiments to be carried out 

during September 1980. As  indicated by the above listed titles, the detailed 

analyses of the July 1979 measurements by the principal investigators yielded 

important information regarding the structure and dynamics of the nocturnal 

drainage flows. 

On the basis of these results, our efforts were then focused into the design of 

the follow-on series of experiments. The experimental plan consisted of five 

separate and identical experiments. Each experiment included multiple tracer 

releases that were well coordinated with a series of meteorological measurements. 

With the program goal being the study of transport and dispersion of materials 

injected in or near the drainage flows, the design of the September series of 

experiments reflected the following general objectives: 

0 Evaluate the entire nocturnal drainage cycle - initiation, perpetuation, 

and breakdown. 
'- . 
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Define the regional scale flows (30-50 km range) as well as the flows over 

the ridges surrounding the Anderson Creek Valley to permit us to evaluate 

the influence of these flows on the nocturnal drainage flows within the 

valley itself. 

Define, at least in a preliminary manner, the effect of surface roughness 

and forest canopy on the drainage flows. 

Define the temporal and spatial characteristics of the drainage flows 

within the valley. 

Define the evolution of pooling of drainage flows within the lower 

portions of the valley and the subsequent outflow of this air into the 

Middletown area. This should include a characterization of the 

three-dimensional structure of this pool and an evaluation of the 

mechanisms responsible for draining the pool. 

Evaluate the exchange of mass between the nocturnal drainage flows and 

the over-lying transition layer. 

The following provides a brief description of the experimental plan which is 

divided into two components: 

m eeisure ments. 

(1) tracer experiments, and (2) meteorological 

xity of these experiments were such that 

17 different organizations. 

Tracer Experiments 

re to evaluate the 

the Anderson Creek Valley, 

0 

0 

the transition layer above the shallow drainage flows, and 

the drainage flows within a forest canopy. 
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To address these objectives required the use of several tracers released and 

sampled in a coordinated manner. The tracers utilized were: 

0 two perfluorocarbons, 

0 two heavy methanes, 

0 sulfur hexafluoride, 

0 

0 tetroons tracked by radar. 

The layout of the tracer release sites and the locations of the Lidar and radar 

systems are shown in Fig. 1. The gaseous tracers and the oil fog were released 

simultaneously over a one hour period after the nocturnal drainage flows had been 

established. All  of the releases were at  ground level except for one of the heavy 

methanes which was released into the transition flows above the shallow drainage 

layer. Since this layout did not include sequential releases of tracers we utilized the 

tetroon tracking radar system to evaluate the temporal variabilities in the transport 

characteristics throughout each experiment. Thus, tetroons were released from a 

variety of sites within the major drainage areas throughout the experimental periods. 

An extensive network of surface samplers and two vertical profiling systems 

were deployed throughout the Anderson Creek Valley. Two types of surface 

samplers were utilized: (1) samplers with 10-20 minute sample averaging times to 

provide plume passage information; and (2) samplers collecting samples with 

averaging times of the order of several hours. In addition, real-time sulfur 

hexafluoride and perfluorocarbon samplers were also utilized. The two vertical 

profiles consisted of balloon-borne sampling systems. One, consisted of a sampling 

cable, suspended from a tethered balloon to enable air samplers, located on the 

ground, to collect samples from various heights up to 1600 ft. above the surface. 

The other profiling system utilized on-board samplers collecting samples at  specific 

oil fog tracked by Lidar, and 
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height intervals as the ball n was  hauled up and down. Several thousand samples 

were-collected from the entire network during the five experiments. 

The meteorological measurements systems dedicated to the experiments 

include acoustic sounders, tethersondes, lasers and optical anemometers, radiation 

sensors, soil temperature profile measurements, meteorological towers, an airborne 

multi-spectral scanner for surface temperature measurements, radiosondes, 

minisondes, and pressu 

The layout of the acoustic sounders and the tethersondes are shown in Figs. 2 

and 3. These measurements were specifically designed to address the general 

program objectives of (1) defining the spatial and temporal characteristics of the 

e flows, (2) characterizing the pooling of drainage flows, and (3) an 

evaluation of the mechanisms responsible for draining the pool out into the 

Middletown area. Thus, most of the instrumentation was situated within the lower 

parts of the valley, while one tethersonde was dedicated to defining the larger scale 

flows over the’riclge. 

A network consisting of 27 surface meteorological stations, capable of 

a data base of surface 

alysis phase of the 

averaged wind speeds across the principal drainage areas, and, hence, the most 

likely tracer flow paths. 
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A long-term continuously operating network of 10 m meteorological towers 

also operated during the experiments. This network was augmented by a 60 m tower 

instrumented at several levels to provide detailed definition of the wind and 

temperature structure within the shallow drainage flows. 

In addition, several other measurement systems were utilized. A triangular 

upper air measurements network was established to tie the measurements within the 

valley to the regional scale flows. An airborne infrared sensing system was used for 

measuring surface temperature gradients along the sloped surfaces. Finally, 

measurements of the ambient air concentrations of radon will assist in the  

categorization of the types of drainage flows observed during the experients. 

1 

Participating Organizations 

These experiments truly represent multi-laboratory efforts. The geographical 

distribution of the participating laboratories is shown in Fig. 6 and their principal 

responsibilities are given below. 

Air Resources Laboratory (NOAA): Perfluorocarbon release and sampling. 

Argonne National Laboratory: Acoustic sounder and laser anemometer 

measurements. 

Atmospheric Turbulence and Diffusion Laboratory: Acoustic sounder, laser 

anemometer, and tethersonde measurements. 

Brookhaven National Laboratory: Vertical profile sampling system 

development and perfluorocarbon sampling. 

Battelle-Pacific Northwest LaboratorE Tethersondes, acoustic sounder, 

radiosonde, radiation and soil temperature instrumentation, instrumented tower, and 

coordination of tethersonde operation. 

EGdcG: Aerial infrared measurements and photography. 

Environment a1 Measurements Laboratory: Per fluorocarbon sampling. 
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Environmental Systems and Service: Sulfur hexafluoride tracer release and 

sampling and general program support. 

Lawrence Livermore National Laboratory: Tower and tethersonde , 

measurements, real-time sulfur hexafluoride measurements, and program 

management. 

Scientific Laboratory: Acoustic sounder, tethersonde, minisonde, 

pressure measurements, and heavy methane release and sampling. 

National Center for Atmospheric Research: Portable Automated Mesoscale 

surface real-time meteorological measurements. 

New Mexico Tech: Radon measurements. 

Reynolds Electrical and Engineering Company: Radio communications. 

Sandia National Laboratories: Vertical profile tracer sampling. 

Savannah River Laboratory: Acoustic sounder and tethersonde measurements. 

Wave Propagation Laboratory (NOAA): Lidar experiment; acoustic sounder, 

tethersonde, and optical anemometer measurements; and coordination of acoustic 

sounding measurements. 

U. S. Forest Service: Tetroon tracking by radar experiment. 

ASCOT PUBLICATIONS 

Dickerson, M. -1979 Progress 

Summer Winds in Geysers 
-2, February 1980. 

a1 Drainage Flows, Part I," 

Barbieri, J. F., R. Nyholm, C. Castro, and K, Hill, "The ASCOT Data Base 
Management System," ASCOT-80-6, July 1980. 
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Porch, W. M., 'Comparison of Wind Spectra from Spatially Averaged and Point 
Measurements in Complex Terrain," ASCOT-80-8, September 1980. 

To Be Published By January 198 1 

Dickerson, M. H. (editor), llAtmospheric Studies in Complex Terrain (ASCOT) 

Dickerson, M. H. (editor), A Collection of Papers Based on Drainage Wind Studies 

Gudiksen, P. H. (editor), "ASCOT Data From the 1979 Field Measurement Program 

Orgill, Monte, tlAtmospheric Studies in Complex Terrain (ASCOT): A Planning 

Information Survey," ASCOT-80-3, 1980. 

in The Geysers Area of Northern California, ASCOT-80-7, 1980. 

in Anderson Creek, California,1t ASCOT-80-9, 1980. 

Guide for Future Studies," ASCOT-80-4, 1980. 

OBJECTIVES 

FY-198 1 

0 Analyze and interpret September field-experiment data. 

0 Execute cooling tower experiment. 

0 Begin second-generation drainage-wind-modeling and da ta  analysis techniques. 

0 Decide next study type and area and plan preliminary studies. 

FY-1982 

0 Complete drainage wind assessment. 

0 Conduct preliminary studies in new area. 

FY-1983 

o Program will be applied to new study area. 

As  these objectives indicate, we presently plan to phase out  of the Geysers 

area in approximately 1982. This will be a transition year where we finish the 

majority of the work in this area, develop the proposed assessment methodology, and 

begin initial studies in the new area. 
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FIGURE 1. ASCOT Tracer Experiments. 
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