/\ - TR A Oé i PNL-4100 P13

{1 T

-~ Ppacific Northwest I.aboratory
- Annual Report for 1981 to the -

o _T,‘l‘v‘,DOE Office of Energy Research % e
, ,, Part3 Atmospherlc Scrences February 1982 @ o

DO NOT MICROFILM
e COVER .

o .lvmw-a-d-mm' eo“-“""v' haatbaskenaenic

S Prepared for the U.s. Department of Energy/ = V-:'f;
'under Contract DE-AC06-76RI.O 1830 R
S fPacrflc Northwest I.aboratory . :
- Operated for the U.S. Department of Energy
. ‘by Battelle Memorlal lnstrtute Ll

- TiSTABUTIOR OF THS DOCSENT IS UNBNTED




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 responsibility 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. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, 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.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



" not infringe privately owned righits.

'NOTICE

“Thisreportwas prepared asan accountof work sponsored by the United States Government. Neither the United States

- -nor the Department of Energy, nor any of their employees, nor any of their contractors, subcontractors, or their - ) ]

employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness or usefulness of any information, apparatus, product or process dlsclosed or tepresents that its use would

The views, opinions and conclusions contained in this report are those of the contractor and do not necessarily

* . represent those of the United States Government or the United States Department of Energy.

PACIFIC NORTHWEST I.ABORATORY e
BT S Lm0 operated by - L e
e T . BATTELLE R

: ’ U forthe , e
-UNITED STATES DEPARTMENT OF ENERGY
= under Contract DE-AC06-76RLO 1830

--Printed in the United States of America
Available from : :
_National Technical Information Service - e
" United States Department of Commerce
- 5285 Port Royal Road
Springfield, Virginia 22151

R NTIS Price Codes :
- MicroﬁcheAm i SRR
T - Printed Copy o o )
T B} - - Pages’.  Price Codes ~ R
001025 - A02 -
- . L 026-050 - A03 -
T - . 051075 AO4 - s el
S . - 076-100 A05 e
) 101125 Y L
126150 - AO7 - R
S -15175° . AO8
* 176-200 ‘A0
- . 201-225- . A010
226256 - AOT . ;
251-275 AO12 o B e

B R 276300 AD3 R o o



PNL--4100 Pt. 3

DES2 011094

Pacific Northwest Laboratory
Annual Report for 1981 to the
DOE Office of Energy Research

Part3 Atmospheric Sciences

C. E. Elderkin and Staff Members-
of Pacific Northwest Laboratory

February 1982 oOF

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

. Pacific Northwest Laboratory
Richland, Washington 99352 4

DISCLAIMER

This book was prepared es an account of work sponsored by an agency of the United States Government.
Neither the United States Governmant nor any agency thereof, nor any of their employees, makes any
warranty, express ot implied, or assumes any legal tisbility or responsibility for the accuracy,

or of any apparatys, product, or process disclosed, or
represents that its use would not infringe privately owned rights, Reference herein to urvv' wpecific
commercial product, process, Or service by trade name, trad: . -, of , does.
not necessarily i or imply its or favoring by the United
States Government or any agency thereof, Tha views and opinjons of suthors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof,

PNL-4100 PT3
UC-11

ETRAUTION OF THS DOCUNENT 15 UALIMIT







PREFACE

Th:s 1981 annual report from Pacuflc Northwest Laboratory (PNL) to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during
- fiscal year 1981. The report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of our program. Parts 1
to 4 report on research performed for the DOE Office of Health and Environmental
Research in the Office of Energy Research. Part 5 reports progress on all research per-

- formed for the Office of the Assistant Secretary for Environmental Protection, Safety and
Emergency Preparedness. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the interdisciplinary nature of the
research effort. Project reports in Parts 1to4are orgamzed primarily by energy
technology.

The parts of the 1981 Annual Report are:

Part1 Biomedical Sciences - R )
* Program Manager-- H.: Drucker : D. L. Felton, Editor

Part 2: Ecological Sciences
Program Manager - B. E. Vaughan B. E. Vaughan, Report Coordinator
C. M. Novich, Editor

Part 3: Atmospheric Sciences
Program Manager - C. E. Elderkin R. L. Drake, Report Coordinator
: :  N.M Burleigh, Editor-

Part 4: Physical Sciences S
Program Manager - J. M. Nielsen -~ ). M. Nielsen, Report Coordinator
Tl T I. D. Hays, Editor

Part 5: Environmental and Occupatlonal
Protection, Assessment,
- and Engineering ,
Program Managers - D. L. Hessel W
S S. Marks ~ R,
W. A. Glass

A. Glass, Report Coordinator
W Baalman,\Editor '

Activities of the scientists whose work is described in this annual report are broaderin
~ scope than the articles indicate. PNL staff have responded to numerous requests from
DOE during the year for plannmg, for servnce on various task groups, and for specual
assistance.
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The topic of the 21st Hanford Life Sciences Symposium, which was held this year, was
“Biological Availability of Trace Metals: Chemical Estimation, Ecological and Health
Implications.”

A highlight of the year was completion of the third floor of the office wing of the Life
Sciences Laboratory. This opens up substantial laboratory space by allowing investigators
to move offices from the laboratory to the new area.

Credit for this annual report goes to many scientists who performed the research

and wrote the individual project reports, to the program managers who directed

the research and coordinated the technical progress reports, to the editors who edited
the individual project reports and assembled the five parts, and to Ray Baalman and
Irene D. Hays, editors in chief, who directed the total effort. The size of this year’s
report has been reduced as the result of an effort to report more fully in the open
literature.

W. J. Bair, Manager

S. Marks, Associate Manager
Environment, Health and Safety Research
Program
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FOREWORD

The goals of atmospheric research at Pacific Northwest Laboratory (PNL) are to assess,
describe and predict the nature and fate of atmospheric pollution and to study the impacts
of pollutants on local, regional and global climates. The pollutants being investigated are
those resulting from the development and use of four energy resources: coal, gas, oil and
nuclear power. In the course of this research, investigative tools are also being developed
and atmospheric assessments are being made that will contribute to the development of
environmentally acceptable oil shale, solar and fusion energy resources.

Coal, Gas and Oil Combustion

The behavior of air pollution resulting from fossil-fuel power plants is being examined.
Involved in making this examination are these factors: the type of pollutants emitted, their
transport and diffusion in the air, their physical and chemical transformations during trans-
port, their removal by wet and dry deposition processes, and their impacts on climate, bodies
of water and living species. Since a result of the current and projected coal and oil utilization
is the release of large quantities of particulate matter and sulfur and nitrogen compounds,
current research is being conducted primarily in the Atmospheric Studies in Complex Terrain
(ASCOT) and DOF’s Carbon Dioxide Program.

Fission and Fusion

Concern about long-lived particulates (i.e., plutonium and other radionuclides) released to
the environment from fission and fusion plants indicates that the deposutlon and resuspen-
sion of these substances must be studied. For example, because the primary hazard from
plutonium is inhalation, its residence in the atmosphere must be clearly defined. Current .
research is evaluating the removal of particulates from the atmosphere by deposition (which
limits initial exposure) and any future resuspension from the surface (which continues the
potential for inhalation).

Oil Shale

The mountainous oil shale regions of Colorado, Utah and Wyoming present a particularly

difficult air pollution problem because air may be trapped in the valleys of these regions for

extended periods of time under certain meteorological conditions. Therefore, especially
stringent siting requirements must be fulfilled to meet state and federal air quality standards.

-

; Adequate models and field measurements of the complex airflow and dispersion conditions

in this complex area are not available; they must be developed to assure acceptable siting of
oil shale facilities. PNL has undertaken the assessment of the requirements for proper model-
ing activities and field measurement programs that will contribute to this important area of
research, and to the development of solar and geothermal energy.

The description of atmospheric research at PNL is organlzed in terms of energy technologies:

e Coal, Gas and Oil
e Fission and Fusion

o Oil Shale

This report describes the progress in FY 1981 for each of these technologies. A divider page
summarizes the goals of each area and lists, as bulleted items, project titles that fund research

in each technology.
R. L. Drake

Program Coordinator
vii
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COAL, GAS AND OIL

e Atmospheric Diffusion in Complex Terrain

e Atmospheric Boundary Layer Studies

e Pollutant Transformation in the Atmosphere

e Atmospheric Carbon Dioxide—An Archival Study of Spectroscopic Data
e Meterological Effects of Thermal Energy Releases (METER)

o Theoretical Studies and Applications

As the use of fossil fuels as an energy source increases, so too will air pollutants, such
as sulfur, nitrogen compounds and trace metals, produced by the combustion and
conversion of these fuels. The analysis of the fate of these pollutants from source to
receptor is most urgent so that the nation’s energy plan can proceed efficiently and
be environmentally sound.

The research activities at PNL are basically related to three interlaboratory pro-

grams: the ASCOT, METER and Carbon Dioxide Programs. The ASCOT Program is
currently concerned with the Geysers Geothermal Site in California, but future stud-
ies will be centered at other complex terrain sites in the west. The METER Program is
studying the effects of cooling tower and stack plumes on local climate and precipita-’
tion quality while the Carbon Dioxide Program concentrates on the effects of fossil
fuel burning on global climate.

The field activities in the ASCOT Program include the micrometeorological descrip-
tion of drainage winds, radiation measurements, and tracer experiments. Field activi-
ties in the METER Program include air chemistry, meteorological and scavenging
measurements in and around cooling tower and pollutant plumes from a very large
coal-fired power plant.
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¢ Atmospheric Diffusion in Complex Terrain

Objectives of this study are:

Defining and devéloping along-range technical plan for studying the transport and diffusion of

pollutant particles and gases over complex landforms.

Reviewing past theoretical, numerical and field studies pertinent to diffusion in complex terrain.

Assisting a multilaboratory program studying diffusion in complex terrain by providing methodologies
and techniques of analyses for transport and diffusion over a variety of complex landforms.

PROJECT ASCOT — PACIFIC NORTHWEST LABORA-
TORY'S CONTRIBUTION TO ASCOT COGLING TOWER
EXPERIMENTS AT THE GEYSERS GEOTHERMAL RE-
SOURCE AREA, AUGUST 1981

M. M. Orgill, T. W. Horst, D. ¥. Glover,
J. M. Thorp, R. I. Schreck, P. W. Nickola,
J. S. Wetzel and R, N. Lee.

'Thls report gives a general overview of Pa-

cific Northwest Laboratory's (PNL's) contri-
butions to DOE's Atmospheric Studies in Com-
plex Terrain (ASCOT) Cooling Tower Field
Study, August 10-26, 1981. This was the
third relatively intensive, multilaboratory
effort to collect field data on drainage
winds and from tracer experiments in The
Geysers-Calistoga Geothermal Resource Area
(GCGRA). The purpose of these experiments

.was to acquire. a data base to evaluate exist-

ing cooling tower plume rise and transport-
dispersion models for improving techniques in
predicting the impact of HpS or other pollut-
ant emissions from future geothermal power
plants or other energy production facilities
located in complex terrain. These experi- -
ments were conducted jointly by DOE's ASCOT
program and-the California Energy Commission.

The ASCOT experiment for August 1981 differed

from the previous two ASCOT experiments in

two ways. First, the 1981 nighttime experi-

" ments were located in the Big Sulphur Creek

area of the GCGRA, which is on the west side
of the Mayacmas Mountains; the -previous ex-
periments were on the east side. -Second, the
field effort this year was divided between
nocturnal drainage flow experiments (princi-
pally at Big Sulphur Creek) and daytime 1im-
ited mixing operations experiments which in-
cluded the Big Sulphur, Anderson-Putah and
Cobb valleys and adjoining ridges. This is
in contrast to experiments of the last two -
years, which were conducted only at night.

PNL's field effort in August 1981 consisted
of the following tasks:

7- Assist1ng with the establishment and docu-
mentation of a perfluorocarbon tracer sam-
pling network in the Big Sulphur Creek
area.

- Assisting with the establishment of a

_ radio-repeater communications network in
the area of operations.

- Establishing single and dual time-lapse
and still photographic baselines and con-
‘ducting photographic monitoring of cooling
tower plumes during nighttime and daytime
experiments.

- CoNlecting temperature, humidity, pres-
sure, and wind data up to about 1000 m
with a Tethersonde® The PNL Tethersonde
was. located at two different locations on
different nights in the Big Sulphur Creek
_area during the nighttime experiments and
at-Sawnmill Flats in-Cobb Valley during the
daytime experiments.

"- Collecting data on the height and struc-
ture of temperature inversions and ther-
.mals by a monostatic acoustic sounder at
Sawnill Flats. ,

-fTaking rawinsonde ascents:in the Sawmill
. Flats area in order to obtain upper-level
- data on ;emperature, humidity, and winds.

- Conducting aircraft sampling of trace

- metals, scattering extinction coeffi-
cient, ozone, hydrogen sulfide and sul-
fur hexafluoride upwind and downwind of
the GCGRA. ,

The Jocation of these various field opera-
tions is shown in Figure 1. PNL's Tether-
sonde was part of a five-Tethersonde net-

work in the GCGRA, and PNL's acoustic:

®Trademark of Atmospheric Instrumentation
Research, Inc.
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FIGURE 1. Topography of The Geysers Area and the
Location of PNL Field Operations During The ASCOT
Cooling Tower Experiments, August 10-26, 1981

sounder was part of a six-sounder network.
A PNL rawinsonde provided the project with
upper-level meteorological data. PNL also
contributed to a three-aircraft sampling
operation and our photography supplemented
an airborne Lidar system in monitoring the
cooling tower plumes. Table 1 lists the
dates in which meteorological, tracer re-
lease and aircraft sampling operations were
conducted in The Geysers area.

PNL's contributions to the ASCOT field ef-
faort through photography of cooling tower
plumes, the establishment of a perfluoro-
carbon tracer network and aircraft sampling
are presented in the following articles in
this Annual Report, as well as a report on
continuing studies of the ASCOT data base of
1979 and 1980.

TABLE 1. Dates of ASCOT Field Operations and
Experiments in the GCGRA During August 1981
Time of Day

Experiment Date Operations

- Aug. 12-13 Nighttime  Meteorology

1 Aug. 15-16 Nighttime Tracer releases
Meteorology
Photography

2 Aug. 16-17 Nighttime  Tracer releases
Meteorology
Photography

- Aug. 20 Aircraft sampling

(PNL)

Aircraft sampling
(PNL)

3 Aug. 21-22 Nighttime Tracer releases
Meteorology
Photography

Daytime

- Aug. 21 Daytime

4 Aug. 23 Daytime Meteorology
SFs tracer release
Aircraft sampling

Photography

5 Aug. 24 Daytime Meteorology
SFs tracer release
Aircraft sampling

Photography

POWER PLANT PLUME PHOTOGRAPHY AT THE GEYSERS
GEOTHERMAL AREA--ASCOT 1981 EXPERIMENTS

J. M. Thorp and D. W. Glover

The Atmospheric Studies in Complex Terrain
(ASCOT) cooling tower experiments were con-
ducted in August 1981 at The Geysers, Cali-
fornia geothermal area. To better predict

the impact of H3S emission from geothermal
plants or gaseous emissions from cooling tow-
ers operating at energy production facilities,
data is needed to evaluate existing models of
cooling tower plume rise.




Five experiments were conducted: .three at
night during periods when valley drainage
flows were established, and two during the
afternoon during periods of 1imited verti-
cal mixing. The Geysers Pacific Gas and
Electric Co. (PG&E) plant, Unit 14, located
near the bottom of the valley of Big Sulphur
Creek, was chosen for the nighttime experi-
ments.  The afternoon experiments were con-
ducted at Units 9 and 10, perched 1300 feet
h1gher on 2 ridge spur.

Tasks

Perf luorocarbon or sulfur hexafluoride trac-
ers were released into the steam plume for
one hour at the beginning of each experi-
ment. Our task was to provide a continuous
photographic record of the visible plume be-
havior prior to, during, and following the
tracer release into the steam plume. This
record consisted of sequential, long expo-
sure {300 second), black-and-white and color
photographs for a period of several hours
during each experiment. - Additionally, dur-
ing the daytime experiments, the plume from
Units 9 and 10 was photographed with time-
lapse 16-mm movies. The photographic re-
cord of the five experiments is summarized
in Table 1. :

Preliminary Results

A brief descrlption of visual observation of

plume variation and behavior during tests
follows.

- Nighttime Experiments

Experiment 1, night of August 15-16--The
plume -appeared to rise vertically throughout
the night. It resembled a lamp flame in
shape, with the center portion rising much
higher than the outer portions. Before mid-
night, detached puffs of steam sometimes
reached our skyline, which was the high ridge
south of Big Sulphur Creek. Plume height de-
creased with time during the night; the de-
tached puffs were not observed after 0100 Pa-
cific Daylight Time (PDT).

Experiment 2, night of August 16-17--A11
color photos between 2100 and 2337 PDT were
lost due to a camera loading error.  The
black-and-white photos and subsequent color
slides for this period show a short vertical
plume throughout the experiment.

Experiment 3, night of August 21-22—-The
plume, though somewhat higher than observed
during Experiment 2, was still quite low.
Again, it was triangular in shape, but with-

* out the elongated apex observed in Experi-

~ment 1. After midnight some detached puffs
reached and went above the southern skyline.
There was no moon until after midnight; it’

- was in the last quarter phase and did not
illuminate the plume. A searchlight was
used between 2300 -and 0315 PDT to illumi-
nate rising segments of the plume that oth-
erwise we could not see by eye and which, no
doubt, failed to register on the film except
when the light was on them.

TABLE 1. Photographic Record of Five ASCOT Experiments Conducted in Augusf 1981

: S - . Time
Experiment No. Date (1981) " - -Period

-1 _ Aug.15-16 - -Night
2 Aug. 16-17 - 'Night .
3 . Aug. 21-22 Night

T4 Aug. 23 Day
5 Aug.24  Day

- . No. No. ‘
Photo - Color B&W Movies
- Period (PDT) - - Slides Slides {ft)
21000402 63 75 o
2100-0530 . 69 . - 94
21000528 . 98 . 99
1205-2025 97 97 - ~80
. . e3 . 90 ~80
1200-2025 - .98 - 98 ~50
S .95 91 ~75

Total . 613 644




The Unit 14 plume was relatively unaffected
by the drainage wind down Big Sulphur Creek
in the three nighttime tests. This is prob-
ably because Unit 14 is located in a slight
cove formed by a tributary of the creek.

Figure 1 is a photo of the steam plume from
Unit 14, taken at night at an exposure of
300 seconds.

- Daytime Experiments

Experiment 4, afternoon of August 23--The
plume was influenced by a light southwest
wind throughout the experiment. At the start
of the photographic record the plume had a
high rise. Within an hour the plume grew
shorter, with some detached puffs moving be-
yond the photo field. By 1400 PDT the plume
was shorter yet and was contained in the pho-
tographs from Site 1. A shorter plume with

detached puffs continued for the rest of the
photo period until near sunset, when the
plume became longer (ca. 2000 PDT).

Experiment 5, afternoon of August 24--
Stronger wind from the southwest caused a
lower-angle plume than with any other test.
Blowdown and curl of the downwind side of the
plume against the cooling tower was observed
during much of the period. From Site 1,
north of Units 9 and 10, it also appeared
that the plume from the stacks at the west
end of the cooling tower was subjected to
somewhat higher wind speeds than the portion
from the east stacks. The plume was quite
low and short all afternoon, but showed some
increase in length after 1900 POT. It became
more vertical near the end of the experiment,
indicating a reduction in wind speed.

FIGURE 1. Steam Plume from Unit 14 llluminated at Night by Moonlight and Searchlight



Future Work

Variation of plume rise with timé?aaiiné
each of the experiments will be calculated
by geometric analyses of the photographs.

SELECTION AND DOCUMENTATION OF TRACER
SAMPLING LOCATIONS IN BIG SULPHUR CREEK
‘VALLEY - PROJECT ASCOT, AUGUST 1981

P. W. Nickola

The 1979 and 1980 series of ASCOT field ex-
periments in The Geysers geothermal area em-
phasized nocturnal transport and diffusion

in the easterly downvalley drainage of Ander-
son Creek. An extensive array of ground-
level tracer sampling locations was estab-
1ished in the Anderson Creek area in August
1980 (Nickola 1981). ' PNL was heavily in-
volved in the selection and documentation of
these sampling sites.
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Big Sulphur Creek is a westerly flowing creek
whose headwateérs are within a few hundred me-
ters of the headwaters of Anderson Creek.

The Mayacmas Mountain Range divides the two
watersheds. Since the ASCOT 1981 field pro-
gram entailed perfluorocarbon tracer releases
into cooling tower plumes in Big Sulphur
Creek Valley, a new array of field sampling
locations was necessary in that valley. Once
again PNL was called upon to design a field
sampling grid, to physically mark sampling
locations in the field, and to document those
locations.

Both the design and the in-field deployment
of samplers in this complex terrain were com-
promises between jdeal locations and practi-
cal locations. Departures from the ideal
were dictated by such uncontrollable local
factors as terrain, road access, legal access
and vegetation. The 55-station network, as
staked out in May 1981, is illustrated in

Figure 1.
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FIGURE 1. ASCOT 1981 Perfluorocarbon Release and Sampling Sites




During site selection, sampling site coordi-
nates and elevations were documented as care-
fully as possible from a variety of topo-
graphic maps. These maps were obtained from
the U.S. Geological Survey and from organiza-
tions involved in the industrial activity in
the area.
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AIRCRAFT SAMPLING OF SFg, H2S AND TRACE
ELEMENTS DURING THE ASCOT FIELD OPERATIONS,
AUGUST 1981

M. M. Orgill, R. N. Lee and R. V. Hannigan

This report briefly describes the results of
the PNL aircraft sampling efforts during the
ASCOT Cooling Tower experiments in August
1981. There were two purposes of these sam-
pling flights: 1) to define the types and
quantities of airborne materials that are
being emitted from The Geysers geothermal
operations and 2) to provide data on the lo-
cations, heights and concentrations of SFg
tracer released from cooling towers in The
Geysers area.

The aircraft sampling was conducted with the
PNL Cessna 411 aircraft, which was equipped
with the following measurement systems: a
real-time SFg analyzer, a real-time sulfur
analyzer, an ozone detector, an integrating
nephelometer, and a high-volume filter sam-
pler. Data from the tracer analyzer, sulfur
analyzer, ozone detector, nephelometer,
temperature-dewpoint probes, and a global
navigation system (GNS-500A) were recorded on
a DAS 32 Data Acquisition System. The air-
craft sampling was supplemented with the op-
eration of six ground-based, high-volume fil-
ter samplers located at sites generally west
and east of The Geysers geothermal operations.
Locations of the ground-based samplers and an
example of the aircraft sampling flight pat-
terns are shown in Figure 1.

The airborne sampling was conducted during
the daytime hours of August 20, 21, 23 and
24, On August 20 and 21, sampling flights
were conducted primarily for trace materials
and HpS. During the last two days, SFg trac-
ers were released from Units 9 and 10 cooling

B AIRBORNE BACKGROUND

LEGEND
A MOUNTAIN PEAKS 8.8 BAMPUING
€D HIGH-VOLUME SAMPLER AT SURFACE €3 PART-TIME SAMPLER LOCATIONS

O aReoRT O

FIGURE 1. Generalized Topography of The Geysers-
Calistoga Geothermal Resource Area {GCGRA), Location
of The Geysers Geothermal Development Area, and
Locations of Airborne Sampling Flights and Surface High-
Volume Filter Samplers

towers, and airborne SFg sampling was in-
cluded with the other sampling.

In general, the flight procedure was to ob-
tain background measurements in the morning
hours just west of The Geysers at approxi-
mately 1067 m and 1524 m mean sea level (MSL).
In the afternoon, SFg tracer, HyS and other
sampling was conducted east of The Geysers
between 1067 m MSL and 1829 m MSL. However,
on the first sampling flight August 20, the
procedure was reversed and background mea-
surements were conducted in the afternoon.
The ground-based, high-volume filters were
operating during the seven hours of aircraft
sampling.

The daytime sampling was conducted during
light to moderate, westerly to southwesterly
winds near the surface under sunny, clear
skies. Hydrogen sulfide and SFg were detected
to the northeast, east and southeast of The
Geysers; H2S was detected as far as 18 km
from The Geysers. Preliminary concentration
estimates for H2S varied from 2.7 ppb to

41 ppb, with the highest concentration de-
tected northwest (Sawmill Flats) and just

east of Cobb Mountain. On August 20 and 21,
H2S was detected at 1829 m MSL at concentra-
tions between 5 and 13 ppb. Sulfur hexafluo-
ride concentrations were detected up to 1524 m
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MSL at concentrations of approximately
200 ppt, and 230 to 240 ppt at 1067 m and
1280 m MSL. : S

The results presented above were based on a
preliminary analysis of the strip chart re-
cord for HpS and SFg. A more detailed analy-
sis of these data and the other data will mod-
ify and amplify these very tentative results.

DATA ANALYSIS.OF THE JULY 1979 AND SEPTEMBER
1980 ASCOT DATA BASE T

M. M. Orgill

During July 1979, September 1980 and August
1981, DOE sponsored multilaboratory field
programs in The Geysers-Calistoga Geothermal
Resource Area (GCGRA) to study the develop-
ment ‘and characteristics of nocturnal kata-
batic (drainage) winds and their effects on
atmospheric transport and diffusion. The
purpose of this report is to briefly discuss
some of the analysis that is being performed
on the July 1979 and September 1980 data
base (also see reports by T. W. Horst and

J. C. Doran in this Annual Report).

Analysis of Jdly 1979 Data Base

Part of the July 1979 ASCOT data base has
been utilized to provide initial analysis of
the problem of how larger-scale forcing mech-
anisms” (synoptic . and mesoscale) may affect
the development and persistence of nocturnal
katabatic flow in The Geysers area.’

The principal data bases utilized to date
have been the ASCOT and Pacific Gas and Elec-
tric Co. wind and temperature data from 10-m
towers, PNL 30-m tower data at Diamond D, and
PNL and Wave Propagation Laboratory (WPL)
Tethersonde® data. In addition to these
data, surface {sea level) pressure data were
obtained from the National Climatic Center
{NCC) to-assist in examining synoptic varia-
tions throughout the experimental period.

The preliminary analysis of these data have
identified some possible synoptic to local-.
scale interactions that could have an impor-
tant influence on the development and per-
sistence of nocturnal drainage winds in The
Geysers area. Some of these interactions
are briefly summarized below.

®Trademark of Atmospheric Instrumentation
Research, Inc. ,

- ‘Geysers area every afternoon.

-~ Pacific Coast Marine Afr Invasion

The mean sea-level pressure differential be-
tween the coast and inland areas and the
observed winds at The Geysers undergo long-
term (several-day) and diurnal oscillations.
Surges of modified marine air invade The
Although the
westerly surges of modified marine air nor-
mally decrease in the evening, at times they
may persist through the evening. In these
cases, the resultant wind has a pronounced
effect on plume trajectories and dispersion
{Orgill, Schreck and Nickola 1980).

- Warming Events

Temperature data frdm several 10-m tower lo-

~ cations and the two Tethersondes have re-

vealed the occurrence of warming periods

(aT ~ 0° to 2.0°C) during the normal noctur-
nal cooling period. These warming periods
decrease the nighttime cooling rates and may
interfere with the development of strong
drainage winds.

-~ Elevated Temperature Inversions

An elevated temperature inversion was usually
observed at or below the height of the Mayac-
mas Ridge. Vertical oscillations of the in-
version have been observed over the valley
and correlate with some of the warming events
on the valley slopes.

A summary of these results, entitled “Synop-
tically Driven Down-Slope Winds and Their
Effects on Local Nocturnal Drainage Airflow
in the Geysers Geothermal Resource Area," was
presented at the Second Conference on Moun-
tain Meteorology, November 9-12, 1981, in
Steamboat Springs, Colorado, by M. M. Orgill,
R. I. Schreck and C. D. Whiteman. ‘

Analysis of September 1980 Data Base

" During the ASCOT field program in September

1980, seven Tethersondes were used to obtain
wind direction and speed, temperature, humid-
ity and pressure data up to approximately
1000 m above the surface (Schreck 1981). The
PNL ASCOT group was selected by Lawrence
Livermore Laboratory (LLL) to edit and plot
this Tethersonde data base. In addition, PNL
was requested to provide a brief narrative
and statistical summary of the data for each
evening. The parameters that were-considered
for this summary were approximate average and
range in 1) depth of westerlies (including
drainage winds), 2) maximum speed in the




first 100 m, 3) maximum speed above 100 m,
4) mixing ratio, 5) relative humidity,

6) depth of the surface temperature inver-
sions, 7) surface temperature, and 8) sur-
face nocturnal cooling rate.

On the basis of the Tethersonde data and the
narrative and statistical summaries, some ten-
tative conclusions can be made regarding the
effects of synoptic mechanisms in the develop-
ment and persistence of drainage winds.

- Marine Air Invasion and Other Synoptic
Disturbances

Surges of modified marine air invaded The Gey-
sers area on some afternoons, but were usually
replaced by descending easterly winds during
the late evening or early morning hours. A
synoptic disturbance September 17-19 postponed
experiments on the night of September 18 and
terminated experiments early the following
night.

- Descending Easterly Winds

Descending easterly winds over The Geysers
area were a problem on four evenings. On two
of. these evenings (September 21-22 and Sep-
tember 22-23) the easterly winds invaded the
Tower slope of Anderson Creek and terminated
operations early in the evening. The origin
of these easterly winds has not been
determined.

- Warming Events

Near-surface temperature data from the Tether-
sondes indicated the occurrence of warming pe-
riods during the normal nocturnal cooling pe-
riod. Some of these warming periods appeared
to be associated with descending easterly
winds.

Further analysis of the July 1979 and Septem-
ber 1980 ASCOT data base will proceed and be
reported in the literature.
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e Atmospheric Boundarylay\er Studies

‘Objectives of these studies are:

Investigating the meteorologlcal characteristics of the planetary boundary layer that pertain to pollut-

ant transport and dry removal.

Analyzing the transport and diffusion of pollutants in complex terrain, partlcularly in the Geysers

7 Geothermal Area of California.

Constructing simple models for the prediction of the depth, speed and direction of gravuty-controlled
drainage flows and pollutant dispersion within these flows

COMPARISONS OF«MODELS AND OBSERVATIONS OF
NOCTURNAL SLOPE- WINDS

J. C. Doran and T. W. Horst

The systematic investigation of the behavior
of nocturnal slope winds is complicated by a
large number of factors that may influence
their behavior. Comparisons of models and
measurements may-be difficult since data are
rarely collected from an ideal site or in
circumstances that conform to the assumed
boundary conditions of the model.

In order to address the problem, we have com-
pared some observations of nocturnal slope
winds with the predictions of two models.

The observations were made at a topographi-
cally simple location, Rattlesnake Mountain,
near Richland, Washington, and at a more com-
plex site in The Geysers area, California.
The first model is a one-dimensional hydrau-
lic approach proposed by Manins and Sawford
(1979), and the second is a two-dimensional,
modified K-theory approach. Emphasis is
placed on the measurements taken at Rattle-
snake Mountain. ,

The sites and 1nstrumentation used for the .
measurements are described elsewhere (Horst
and Doran 1981).- For the present paper it
is sufficient to summarize these descrip-
tions by noting that .the Rattlesnake Moun-:
tain site is a nearly ideal; relatively
smooth, two-dimensional tilted plain. The

-Geysers site is in considerably more complex

terrain, covered by an extensive canopy of
trees and shrubs.: The data from these two -
sites allow sensitive tests of the models to
be made. In particular, the simplicity of
the Rattlesnake Mountain site should permit
the testing of many of the basic assumptions
of one- and two-dimensional models, while the
relative complexity of The Geysers area pro-
vides a challenge to the flexibility and gen-
erality of such models.

One—Dimengional Model

The structure of the one-dimensional model
and a comparison of the model to actual obser-
vations are discussed below.

- Model Structure

This model is essentially the hydraulic one
proposed by Manins and Sawford (1979). The
basic equations for momentum (parallel to a
tilted plane), thermal energy and continuity
are integrated, in a direction normal to the
slope, to a height H sufficiently far from
the surface that the measured flow is un-

. affected by katabatic winds. Scales of ve-

locity U, thickness h and buoyancy deficit a
are defined by

- |
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‘ whére U = the component of velocity parallel

to the slope
n = the normal coordinate
" g = the acceleration of gravity .
ey = the ambient potential
temperature
d = the deficit of potential tempera-
" ture in the katabatic flow.

Analytic solutions for U, &4 and h were de—

rived for conditions in which the adfabatic
warming due to downslope advection may be ne-
glected. When this was not the case, numeri-
cal solutions were obtained. We have extended




the work of Manins and Sawford to take into
account the possibility of changes in slope
angle as well.

- Comparison of Model Predictions with
Measurements

Values of U, a, and h were obtained from mea-
surements made on Rattlesnake Mountain on
July 1, 1980, and at The Geysers on Septem-
ber 16-17, 1980. Results from Rattlesnake
Mountain (Tower B) and The Geysers are shown
in Table 1. The table also contains the re-
sults of the model calculations. It is evi-
dent that there are a number of differences
between the observed and modeled scales.

In Table 1, the values of U, a4 and h in the
first row were obtained by assuming that the
ambient wind velocity was zero and extrapo-

.lating the velocity profile found on the

tower to this value. The results in the sec-
ond row were obtained by assuming the ambient
velocity was ~2 m/s. It is surprisingly dif-
ficult to determine which is the more appro-

priate value.

The model calculations also cause some diffi-
culties since there are a number of param-
eters that must be estimated which affect the
derived values. The results shown in Row 3
were chosen as a reasonable compromise to a
“best" fit. In the model, U is underesti-
mated, h is of the same order as the experi-
mental results, and A shows especially poor
agreement.

The ambient winds during the measurement pe-
riod at The Geysers were quite light, and the

TABLE 1. Scale Parameters U, h and A Determined from
Measurements and the Hydraulic Model of Manins and
Sawford

Scale of Buoyancy
Velocity, U Thickness, h Deficit, A
{m/s) (m) (m/s?)
Rattlesnake Mtn.,
Tower B
Measured
Uamb=0 2.1 18.0 0.046
Uamb=2m/s 27 7.8 0.08
Model 0.9 14.0 0.01
The Geysers
Measured 1.0 30.0 0.07
Model 1.0 27.0 0.024
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calculated and theoretical velocity and thick-
ness scales (Rows 4 and 5) agree much better
than those for the Rattlesnake Mountain data.
However, the buoyancy deficit again shows
very poor agreement. Once again, parameters
have been selected to produce a "best" fit.
The assumed heat flux and entrainment are the
same as those used in the Rattlesnake Moun-
tain calculations, but the drag coefficient
is ten times higher to account for the pres-
ence of dense vegetation at The Geysers site.

It is clear that the failure of the hydraulic
model to account for the effects of ambient
winds is a serious difficulty. In the pres-
ence of such winds, the height H to which the
intergrations (1), (2) and ?3) must be car-
ried out is ambiguous. Moreover, it is not
evident how to separate the katabatic flow
from the ambient flow.

Despite the problems with this model, it does
retain some attractive properties. One is
the ability to provide useful, working esti-
mates for the depths in which the velocity
maximum and most of the temperature changes
occur. We may assume that h is a measure of
this depth. The model predicts that h varies
linearly with slope length; for the cases
listed in Table 1, the proportionality con-
stant was estimated to be 0.033.

The predicted vaiues of h at Towers A and B
are 6.6 m and 14 m, respectively. These
depths seem to encompass essentially all the
temperature changes associated with the kata-
batic layer; in the case of Tower B, where
velocity data were available, the jet is also
well defined within this distance.

Two-Dimensional Model

The two-dimensional model structure is given
below, as well as a comparison of this model
to actual measurements.

- Model Structure

This model is an adaptation of a number of
earlier ones, beginning with Delage's (1974)
and used in various forms by a number of
other investigators (Nieuwstadt and Driedonks
1979; Rao and Snodgrass 1981). It is a gra-
dient diffusion approach in which the K pa-
rameters are determined by the local turbu-
lent kinetic energy, E,

K = 2(cE)}/? (4)

where £ is a mixing length and the propor-
tionality constant ¢ = 0.16.

‘vz




The governing equations for the model specify
the behavior of the velocity components U and
V, potential temperature e and turbulent ki-
netic energy E; U is the wind component par-
.allel to the slope in the downslope direction
and V is perpendicular to U and also parallel
. -to the slope. The initial conditions are
given by specifying values of the geostrophic
wind components Ug and Vg obtained at some
upper level (~1 km). The ambient lapse rate
is also specified. Advection terms are dis-
carded, and the equations for U, V and E are
integrated until an approximate steady state
is obtained. The steady-state solutions are
then used as a starting point for further
computations with the full set of equations.

~ Comparison of Model Predictions with
Measurements

Figure 1 shows the calculated development of
- the temperature velocity component for slope
distances corresponding to the positions of
Towers A and B.. Although there are qualita-
tive similarities between the observed and
calculated behavior, there are several dif-
ferences.. For example, the actual inversion
of Tower A is more sharply defined than in

the model. At Tower B, the observed inver-
sion also appears to be a bit sharper, al-
though the discrepancy is not as large. At
both sites, the model results show smaller
temperature changes between ~1 m and the
highest measurement positions on the towers
than was observed. The height of the veloc-
ity maximum is also greater in the model
than in the observations, although this may
be partly attributed to the somewhat coarser
spacing of the instruments relative to the
computational grid. The calculated peak
velocities are also slightly less than the
observed ones.

The results are generally encouraging. They
show the development of the drainage flows
with slope distance and reproduce the prin-
cipal observed features reasonably well.
Additional measurements carried out during
the summer of 1981 will provide a basis for
further development and comparisons.

Conclusions

Both the one- and two-dimensional models dis-
cussed here have applications in the study of
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FIGURE 1. Calculated Temperature and Velocity Profiles for Rattlesnake Mountain. Times indicated are after onset of

surface cooling at a rate of 1.4°C/hr.
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drainage winds. The hydraulic approach suf-
fers from an inability to incorporate the ef-
fects of ambient winds and an apparent lack
of similarity between atmospheric behavior
and the tank experiments on which it is based.
Nevertheless, it provides useful estimates
for the depths to which significant tempera-
ture inversions are observed and in which
velocity maxima will be found. The two-
dimensional model is more complicated to
apply, but is more flexible and provides a
more accurate description of the observa-
tions. Its relatively good success, without
the necessity of incorporating a large number
of undetermined parameters, suggests that it
adequately describes the principal physical
mechanisms reponsible for drainage winds. It
therefore serves as a basis for the study of
additional, complicating factors such as
cloud cover and canopy effects.
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OBSERVATIONS OF NOCTURNAL SLOPE WINDS
T. W. Horst, J. C. Doran and O. B. Abbey '

Nocturnal drainage winds begin when air adja-
cent to an inclined surface flows down the
slope because it is cooled more than the free
air at some distance from the surface. These
slope winds commonly merge and are channeled
by the topography to form larger-scale drain-
age or mountain winds. This report describes
observations of these nocturnal slope flows
at two quite different sites..

The two sites are located on Rattlesnake Moun
tain in eastern Washington and on Cobb Moun-
tain in northern California. The Rattlesnake
site approximates a simple tilted plane cov-
ered with bunchgrass and scattered sagebrush.
Wind and temperature profiles are being mea-
sured with three towers located at different
distances down the slope (Table 1). The Cobb
site is a broad, bowl-shaped valley with sev-
eral convergent drainage systems and with
vegetation alternating between areas of tall
pine trees and low brush. Wind and tempera-
ture measurements were made at eight levels
on a single 60-m tower located amid 10- to
15-m trees. The two sites are described in
detail by Horst, Doran and Abbey (1981). At
both sites, tower measurements were supple-
mented by regular Tethersonde® profiles of
wind and temperature to 300-500 m above the
surface. ‘

Data were collected at the Rattlesnake site
on favorable nights during the summers of
1980 and 1981, and on Cobb Mountain during
the ASCOT Geysers Field Program, Septem-

ber 11-25, 1980. At this time the Cobb data

®Trademark of Atmospheric Instrumentation
Research, Inc.

TABLE1. Comparison of Slope Flow Depth Z to Slope Length S and Vertical Drop AZ

Az s T Zu Zs - .
Site {m) (m) (m) (m) (m) Zy/Zy Zg/Zy Z1/AZ Z7/S
Cobb Mountain 670 2590 45 23 32 0.5 0.67 0.067 0.017
Rattlesnake A ral 198 4 - - - - 0.056 0.020
B 153 427 7 2 — 0.3 - 0.046 0.016
C 229 898 10 35 - 035 - - 0.044 0.011
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have been analyzed more thoroughly than the
Rattlesnake data, and highlights of that anal-
ysis are presented below. A moré-detailed
discussion can be found in work by Horst and
Doran (1981).

The observations made at Cobb Mountain sug-
gest three indicators of siope flow. Two of
these may be seen in Figure 1: - a surface-
based temperature inversion and a low-level
‘maximum in the down-slope wind. The third
and best indicator of drainage flow occur-
rence, however, is wind direction. During
the best slope flows, the wind direction near
the center of -the katabatic layer is steadily
downslope.

Using wind direction to c]assify the nocturnal
winds on Cobb Mountain, good slope flows were
observed when the wind velocity at ridge level
Up was less than 6 m/s apd there was an in-
_version aT of at least 5°C above 5 m. These
parameters were combined with temperature T,
gravitational acceleration g, and depth of
the inversion Z1 to form a bulk Richardson's

number
AT
Rig = U—ﬁ, ;.
o

Most of the good drainage wind occurs when
Rig » 0.7; good drainage wind never occurs
when Rig < 0.2 and no drainage wind occurs
when Rig < 0.15.

Although the occurrence of slope flow is a

" function of the ambient wind speed, its

structure depends only weakly on the ambient
wind because the stable thermal stratifica-

‘tion decouples the katabatic flow from that

above.

The Cobb Mountain data have also been used to
investigate the development of slope flows.
The surface cools rapidly after local sunset,
but establishment of fully-developed slope
flow is delayed until the surface-based in-
version is built. Once established, the
katabatic layer cools at a less rapid rate
and the strength of the inversion increases
more slowly for the remainder of the night.
During this time, the depth of turbulent mix-
ing, the wind speed maximum, and the “thick-
ness" of the nocturnal jet decrease. Disrup-

~tion of the slope flow s nearly coincident

with local sunrise.

The depth of the siope flow can be determined
by using three parameters: depth ZT of the
surface-based inversion, height Z, of the
wind maximum, and depth Zg of turbulent
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mixing as recorded by an acoustic sounder at
Cobb Mountain. Table 1 lists these param--
eters for both observation sites and also
compares Z1 to the vertical drop from the
top of the slope aZ and to the slope length
S. The Rattlesnake data, particularly Z7/aZ,
support the supposition that the katabatic
Tayer grows with distance down the slope.

Calculations have also been made of turbulent
energy as a function of height at Cobb Moun-
tain. The most notable feature is that the
turbulence in the center of the katabatic
layer is only 20% of that found above the

- layer. This is due to the small shear and

correspondingly large stability near the wind ‘

maximum. Also, in this region the turbulent
energies in the down-slope and cross-slope
wind components are equal. The turbulent en-
ergy within the canopy is comparable to that
near Z,;, but is contained almost entirely in
the down-slope component.

Reduction of the Rattlesnake data and a thor-
ough analysis of data from both sites will be
completed in FY 1982.
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e Pollutant Transformation in the Atmosphere

Objectives of this study are:

Measuring chemical transformation rates of polycyclic aromatic hydrocarbons and other organic com-

pounds emitted by fossil-fueled power plants.

Correlating transformation rates with distance from the source, ambient temperature, light intensity
and concentrations of sulfur dioxide, nitrogen oxides, and ozone. .

Evaluating the results of laboratory studies on discrete reaction steps in the overall transformation

processes.

TRANSFORMATION OF ENERGY-RELATED POLLUTANTS
D. R. Kalkwarf

The purpose of this study is to measure the
chemical transformation rates of polycyclic
aromatic hydrocarbons (PAH) and other unde-
sirable organic compounds emitted by fuel-
fired power plants as these compounds are
transported through the atmosphere. This
information is needed to more accurately as-
sess the potential environmental impact of
such plants. Research this year focused on
characterizing the products and rates of re-
actions between NO2 gas and PAH deposited on
coal fly ash. Laboratory studies showed that
several representative PAH were converted to
more-mutagenic nitro-derivatives at rates .
that were proportional to the first power of
the NOz concentration. The initial products -
were identical to those obtained by nitration
of PAH with NOo* fons in liquid solution, but
a comparison of the relative rates of nitra-
tion indicated that a different mechanism was

involved in the gas-solid reactions. Extrap- -

olation of the rate data to conditions in

~ stack plumes indicated that reactions of NO2

with PAH would only contribute significantly
to the overall rate of PAH transformation at

_distances within 1 km of the stack.

~ Concern about reactions between N0 and PAH

stems from recent reports on the mutagenic-
ities of their possible products. The com-
pound l-nitropyrene was reported to be muta-
genic, in contrast with non-mutagenic pyrene;
and 1,8-dinitropyrene was found to be one of
the most mutagenic compounds ever tested in
assays with Salmonella bacteria (Rosenkranz
et al. 1980).  Similarly, 4-nitroperylene,

~ 1-, 3- and 6--nitrobenzo[alpyrene were re-

ported to be more mutagenic. than their par-
ent PAH and were shown to be formed on PAH-
coated glass filters exposed to gas mixtures
containing NO2 (Pitts et al. 1978).
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- herent films of PAH-coated ash.

In the present work, the products and rates
of reaction between NO2 gas and dry sur-
faces of pyrene, perylene and benzo[alpyrene
were examined. . These PAH were supported ei-
ther on Pyrex® glass or on coal fly ash col-
lected with an electrostatic precipitator.
Glass-supported PAH films only a few mole-
cules thick were prepared by evaporating so-
lutions of PAH in organic solvents so that
the resultant film uniformly coated the in-
terior walls of round-bottom flasks. Fly-
ash-supported PAH films were prepared from
fly-ash samples which had been coated previ-
ously with the equivalent of a monomolecular
Jayer of PAH. Aqueous slurries of these sam-
ples were then coated on the interior walls
of round-bottom flasks and dried to form ad-
A reaction
was initiated by introducing & measured
amount of purified NO2 gas into a coated
flask held at 25 C in a water bath. The
flask was then sealed with Teflon®, and the
NO2-air mixture inside was stirred with a
Teflon paddle so that diffusion would not
limit the rate of NO2 reaction with the PAH
surface. After a measured time period, .the
reaction was stopped rapidly by drawing-pure

. .air through the flask, and the reaction prod-
. -ucts - were analyzed. : :

VRéaction pfodutts were identified by cbmpari-

son of their chromatographic retention times
to those of pure samples of possible products

. synthesized by procedures described in the

literature. Both gas chromatography, using
a siloxane-bonded quartz capillary column,*
and high-performance liquid chromatography,
using a mobile phase of 30:70 water:methanol

®Trademark of Corning Glass Works.

- ©frademark of E.I. du Pont de Nemours,

Co., Inc.
*Durabond DB-5, manufactured by J W
Scientific, Inc.




on a reverse-phase column,* were utilized,
although the latter was found to be more ver-
satile. The initial products formed with the
three PAH were 1- nitropyrene, 4-nitroperylene
and 6-n1trobenzo[a]pyrene. These compounds
are also the main products formed by the ni-
tration of the parent PAH with NO2* ions in
11qu;d solutions (Dewar, Mole and Warford

1956

The reaction rates were determined by measur-
ing the residual amount of PAH as a function
of time. In a six-fold molar excess of NO2,
this residue decreased exponentially with
time, as illustrated by the examples shown

in Figure 1. Both glass-supported and fly-
ash-supported PAH showed this behavior, indi-
cating that the rates were proportional to
the amount of PAH remaining. The use of re-
action vessels of different volumes yielded
rates proportional to the concentration of
NO2. A general rate equation was formulated

as:
ﬂ'ﬁﬂl = —KA(PAH)[NO, ]
t 2
where the rate constant in gm2s-1

mt/mole

the residual moles of PAH
the residual concentration
of NO2 in moles/%.

k =

A = the surface area of PAH in
)

]

For reactions on glass, the value of A was the
internal surface area of the flask, whereas
for reactions on fly ash, A was calculated
from the measured specific surface area of

the fly ash and the amount of PAH coating it.
Table 1 lists values of k that werg evaluated
when [NO2] was 2 x 10-6 to 3 x 10~ M (40 to
700 ppm).

The rate constants for reactions on fly ash
were found to be only about one-tenth as large
as those on glass, suggesting that the PAH are
inherently less reactive on fly ash. Also,
the relative rates of these heterogeneous re-
actions, k(pyrene):k(benzo[alpyrene):k(pery-
lene) = 2:1:1, are quite different from the
corresponding rates for reactions in solution,
0.2:1:0.7 (Dewar, Mole and Warford 1956), in-
dicating that the reaction mechanisms are
different. Since the dinitropyrenes were re-
ported to be particularly mutagenic, the ni-
tration rate of l-nitropyrene was zlso m a—
sured and found to be only 7 x 10~

on glass at 25°C.

*Supelcosil LC-PAH, manufactured by Supelco,
Inc.
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FIGURE 1. Residual Pyrene on Glass and Fly-Ash
Supports After Exposure to 60 ppm NO; Gas for Various
Periods of Time

TABLE 1. Rate Constants for Reactions of NO2 with PAH
Supported on Glass and Fly Ash

PAH Support k (25°C), § m-2s~1
Pyrene Glass 4x 10

Fly ash 2x 104
Benzo[a]pyrene Glass 3x 103

Fly ash 1x 10
Perylene Glass 6x 10

Fly ash 1x 10~

The half-times for PAH nitration in a hypo-
thetical but representative stack plume were
calculated and compared with the overall PAH
transformation rates at the Colstrip, Mon-
tana power plant. Calculations were based
on rate constants listed in Table 1 and on




reports that the_NO2 concentration was
500 ppm (2 x 10~ Mg in the flue of a large
power plant (Hobbs, Hegg, Eltgrowth et al.
1979) but only a few hundred ppb (~2 x 10-8 m)
.at 2 km downwind (Hegg and Hobbs 1979). As-
suming that these values represent steady-
state concentrations of NOp and that any PAH
exist in the plume_as monomolecular layers on
fly ash (A = 105 m?/mole), the reaction half-
times were calculated from the equation T =
0.693 KA[NO2 | and are listed in Table 2.

Data previously reported on samples of the
Colstrip stack plume indicated transforma-
tion half-distances of 8 and 12 km for py-
rene and benzo[aJpyrene, respectively
(Kalkwarf and Garcia 1979). Since those
samples were collected when the wind veloc-
ity was 2 km/hr, the corresponding transfor-
mation half-times were 4 to 6 hr. Compari-
sons of these values with those listed in
Table 2 indicate that reaction with N0 is
not likely to contribute noticeably to the
overall transformation rates of PAH in the

TABLE 2. Estimated Half-Times for Reactions of PAH
with NO: in a Stack Plume

Half-Time
PAH _NO: (ppm) (hr)
Pyrene 500 . 0.5
Benzo[a]pyrene 500 1
Perylene 500 1
Pyrene 0.5 500
Benzofa]pyrene 0.5 1000
Perylene 0.5 1000
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plume beyond the first km from the stack.
However, within that first km, nitration
could be a significant mechanism for PAH
transformation.

References

Dewar, M. J. S., T. Mole and E. W. T.

Warford. 1956. "Electrophilic Substitu-
tion. Part VI. The Nitration of Aromatic
Hydrocarbons: Partial Rate Factors and Their
Interpretation.” J. Chem. Soc. (London)

pp. 3581-3586.

Hegg, D. A. and P. V. Hobbs. 1979. "Some

Observations of Particulate Nitrate Concen-
trations in Coal-Fired Power Plant Plumes."
Atmos. Environ. 13:1715-1716.

Hobbs, P. V. et al. 1979. "“Evolution of
Particles in the Plumes of Coal-Fired Power
Plants. 1. Reductions for Field Measure-
ments." Atmos. Environ. 12:935-951.

Kalkwarf, D. R. and S. R. Garcia. 1979.
“Pollutant Transformation in the Atmosphere."
In Pacific Northwest Laboratory Annual Report
for 19/8 to the DOE Assistant Secretary for
Environment, Part 4, Physical Sciences.
PNL=2850, FII, pp. i §-¥.5, Pacific Northwest

Laboratory, Rich]and: Washington.

Pitts, J. N. et al. 1978. “Atmospheric Re-
actions of Polycyclic Aromatic Hydrocarbons:
Facile Formation of Mutagenic Nitro Deriva-
tives." Science 202:515-519.

Rosenkranz, H. S. et al. 1980. “Nitropy-
renes: Isolation, Identification and Reduc-
tion of Mutagenic Impurities in Carbon Black
and Toners." Science 209:1039-1043.




/8




w

¢ Atmospheric Carbon Dioxide Abundance—An Archival Study of Spectroscopic Data

Obijectives of this study are:

Determining the current and past abundance of the carbon dioxide in the earth’s atmosphere by spec-

trOSCOplC means.

Providing independent corroboration of the CO:increase that has been observed by other in-situ

techniques.

Extending the knowledge of the total atmospheric CO2 burden back to a time for which no informa-

tion now exists.

ATMOSPHERIC CO» ABUNDANCE - AN ARCHIVAL
STUDY OF SPECTROSCOPIC DATA

G. M. Stokes

Abstract

Progress in a program to determine the atmo-
spheric abundance of carbon dfoxide (C02) is
described.  Efforts are directed toward the
measurement of the abundance of CO2 back to
the 1890s, using absorption spectra of the sun
as the source of data.

Introduction

The relationship between the atmospheric abun—
dance of carbon dioxide (CO2) and various:
anthropogenic factors, most notably fossil
fuel burning, has become a matter of great
concern. Carbon dioxide has a significant
effect on_the average temperature of the
earth's surface ‘and lower atmospheric layers.
This is primarily a result of the gas's large
infrared opacity, which produces a "greenhouse
effect.”
the energy budget of the atmosphere, changes
in its abundance could have a major effect on
the earth's climate. '

In order to understand how man's consumption

of fossil fuels could affect :climate through

altering the atmospheric €02 abundance, it is
necessary to understand the factors that con-
trol its atmospheric abundance. The atmo-.
sphere represents a relatively small reser-
voir of carbon-compared to other reservoirs
such as the deep ‘oceans or sedimentary de--
posits. ‘As-a result, relatively modest
changes in these much larger reservoirs.can
have an overwhelming effect on the amount of
€02 1n the atmosphere. It is therefore not
surprising that there continues to be intense
debate as to which processes affecting which
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Because of -the importance of €0y to -

sources and sinks of carbon control the at-
mospheric €07 abundance.

This- interest in changes in atmospheric €02
abundance has ‘led to a critical evaluation of
the existing data that may relate to the his-

“tory of that abundance. As a result, an at-

tempt is being made to extract data accumu-
lated since the 1890s giving the abundance of
€02 from spectra of the-sun.

The mechanism by which sun spectra yie]d €0y
abundance data follows. As sunlight passes
through the earth's atmosphere, the molecules
in the atmosphere absorb and scatter the rad-
jation. A substantial fraction of this ab-
sorption is caused by the excitation of vari-
ous energy levels in atmospheric molecules.
Absorption of this kind occurs at specific
wavelengths and results in what are called
absorption lines. The strength of these
lines is primarily a function of the proper-
ties of the molecule and the number of mole-
cules between the observer and the sun. It
should therefore be possible to determine the
amount - of COz in the atmosphere from spectra
of the sun. - Such spectroscopic data exist -
for a period extending back to at least the
mid-1890s, when Samuel P, Langley began ob-
serving and recording the spectrum of the-

sun with a prism spectrobo]ograph.

iPhases in the Determination of Atmospheric

€0z Abundance

There are several 1mportant phases to the de-
termination of the amount of CO in the atmo-
sphere from sun spectra data.

First, the existence of old spectral data
needs to be established and the actual data
recovered from storage. This process may be
as simple as a review of published literature
or as difficult as searching the archives of




major observatories. For example, one collec-
tion of data that will be analyzed in the cur-
rent program was recovered from a cellar at

a remote observing site, where it had been
stored and forgotten for more than 50 years.

Second, once a data set has been located, its
potential value to the program needs to be
assessed. While the utility of a particular
data set may not actually be known until a
final CO2 abundance is determined from the
data, there are preliminary analyses which
can be used to determine if further analysis
is warranted. In the current program our ap-
proach has been to develop a reduction tech-
nique for each collection of spectral data as
a basis for assessing utility of the data.
The development of this preliminary reduction
plan has the important advantage of forcing
an evaluation of the complete data reduction
process of a particular data set as early as
possible. For example, much of the data can-
not be analyzed without supplementary data
such as molecular constants or special infor-
mation relating to the circumstances of the
observations. The preliminary analysis plan
identifies the need for supplementary data
and either the existence of the required data
or the possibility of obtaining new data to
meet program requirements.

The final phase of the program is the actual
analysis and intercomparison of the individ-
ual data sets to determine the changes in the
amount of atmospheric CO0p2. We will now des-
cribe the current status of the program in
terms of the three phases of archival inves-
tigation, preliminary reduction plan and
analysis.

Current Status of the Study of Atmospheric
€02 Abundance

We have been disappointed by our failure to
locate additional data from the critical pe~
riod from 1895 to 1920. We have looked feor
spectrobolograms taken during expeditions to
Mt. Wilson by members of the staff of the
Smithsonian Astrophysical Observatory, but
this search, conducted at the plate archives
of the Mt. Wilson Observatory, yielded noth-
ing. In the course of the search, reports
were received of the existence of copies of
plates taken at Mt. Montezuma, Chile, during
the Smithsonian Solar Constant Program.

These copies could double the existing data
base for the period from 1920 to 1950. In
September 1981, at least some of the copies
were discovered in the archives of the Smith-
sonian Institution. This coming year we will
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determine the extent of these copies and their
suitability for analysis. We also expect to
expand our search for further data to Euro-
pean observatories.

The development of reduction methods for the
individual data sets has occupied most of the
program resources, with particular emphasis
placed on the Smithsonian spectrobolograms.
This data set consists of approximately 2000
8-in. x 24-in. glass plates on which spectra
have been recorded in a fashion similar to a
chart recorder. Each plate contains two to
six solar spectra covering the 0.3- to 2.5-um
wavelength region. Each of the spectra on
the plates was taken through a different
amount of the atmosphere. This amount gener-
ally varies between two and five times that
which would be encountered if the sun were
observed while it was directly overhead.

The reduction plan for this data, which was
developed in conjunction with Drs. R. Roosen
and R. Angione of San Diego State University,
is now being implemented. It addresses four
problems: 1) the extraction of the data in
a computer-readable form from the plates,

2) the characterization of each day's obser-
vations on the basis of spectral and other
data, 3) the identification of the source of
absorption at each wavelength in the spectra,
and 4) the determination of CO2 abundances

- from the spectra. The entire process of turn-

ing the Smithsonian spectrobolograms into
useful data will continue to involve the co-
operation of many institutions and government
agencies, including National Aeronautics and
Space Administration's (NASA's) Goddard Space
Flight Center, the Smithsonian archives, the
United States Naval Observatory and the Na-
tional Oceanic and Atmospheric Administration
(NOAA) .

The mechanism for putting the spectrobolo-
grams in computer readable form consists of
several important steps. The large plates
are first photographically reduced in size
at NOAA to permit more rapid analysis. The
resulting copies are then scanned with God-
dard Space Flight Center's microdensitometer
to record plate density as a function of po-
sition. The overall accuracy of the above
process is continually reviewed using a spe-
cial standard plate that is measured at the
United States Naval Observatory. The tapes
of digital data are then sent to PNL, where
they are transformed into conventional spec-
tral representatives for subsequent analy-
sis. By the end of FY 1981 more than 1000
plates had been copied and almost 100 had
been digitized.
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At present, we are analyzing the 1.57-um band
of CO2 and the 1.27-um .band of 0z for both
the spectrobolograms and other spectroscopic
data. The analysis of high dispersion data
taken at the Kitt Peak National Observatory
(KPNO) shows that the contamination of these
bands by other gases, particularly water, is
minimal. The current reduction plan is to
use these two bands to determine the change
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in the ratio of the atmospheric abundances of
CO% to 02. We will then determine a constant
multiplication factor using standard gases
and the KPNO Fourier transform spectrograph;
at this stage the C02:0, ratios can be com-
bined with abundances of C02 determined by
more conventional means to provide a history
of the atmospheric burden of COj.
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e Meteorological Effects of Thermal Energy Releases (METER)

Objectives of this study are:

Developing technical data bases for assessing the potential effects of waste heat sources on weather,

climate and ecosystems.

Determining the importance of waste heat releases on the spacing and location of groups of thermal

power plants.

Conducting field studies on surface shadowing by cooling tower plumes, surface deposition of chemi-
cal drift from towers, augmented precipitation as the result of plume scavenging, increased incidence
of fogging and icing from plumes, and effects on local precipitation chemistry.

WINTERTIME PRECIPITATION CHEMISTRY IN NORTH
GEORGIA*

M. Terry Dana and A. A. N, Patrinos**

During a ten-week period at the beginning of
1981, precipitation samples were collected
over a 300-kmZ network in northern Georgia

for chemical analysis. The major objective -
of this operation was an examination of the
effects on local precipitation quality of a
large coal-fired power plant located at the
center of the network (as part of the U.S.
DOE-sponsored METER program). Despite the
presence of this large source of sulfur and.
nitrogen oxides, data from many of the 31 sam-
pling sites showed that precipitation was

not affected by the plant during most of the
storms sampled. The chemical information ob-
tained from these sites is valuable because

it provides a detailed and quality-controlled
measure of the wintertime precipitation chem-
istry in a region perhaps experiencing a trend
toward more acidic precipitation. In addi-
tion, the background data provide for an exam-
ination of the relatively small-scale (sampler
separation 2.5 km) variabilities in precipita-
tion chemistry from frontal precipitation in
moderately rugged terrain.

Automat ic wet-only rain collectors and weekly
recording rain gauges were located at 15 net-
work sites. Four of these sites also included
daily recording rain gauges. Sixteen addi-
tional sites employed bulk precipitation col-
lectors, which were deployed just before it

*To be presented before the Division of Envi-
ronmental Chemistry, American Chemical So-

ciety, Las Vegas, Nevada, March 28-April 2,

1982,

**Brookhaven National Laboratory, Upton, NY
11973; work was conducted while employed
by Oak Ridge National Laboratory.
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rained. Supporting instrumentation included
2 Doppler acoustic sounder for fair-weather
temperature and wind structure, an instru-
mented meteorology tower, and at two sites
of the network, high volume filter samplers
for particulate chemistry and bubblers for
S02 air concentration.

A total of 11 separate precipitation events
(a1l rain) were sampled. Analyses of the
rain samples from most of the storms have
been completed for the following species:
pH conductivitg dissolved soz, =, NOp~,

3 POg~ NH4 . Na¥, and

. Thls paper is concerned with the four

storms most completely analyzed.

The sampling sites not affected by the power
plant were objectively determined by consid-
ering the average fonic concentrations in
each of the four compass -quadrant sections

“of the network. In three of the four storms

considered here, three of the quadrants had
average concentrations (background) which
were nearly the same for each species, while
the fourth quadrant had higher concentrations
for.certain species. Subsequent examination

"of wind records indicated that the outstand-

ing quadrant ("target") was downwind of the
power plant. The fourth event showed no out-
standing quadrant, and was considered all
background.

Averages and standard deviations for rain-
fall and concentrations of the major ionic
species for the background sites are listed
in Tables 1 and 2. While the rainfall
amounts vary considerably from storm to
storm, variation over the network is small;
this uniformity justifies the simple averag-
ing of ionic concentrations for demonstration
of chemical uniformity. The concentration
standard deviations are generally less than
one-tenth the means for the major ions.

The ions not listed in the table make up




TABLE 1. Mean and Standard Deviation { ) of Rainfall for
Four Storms. For gauges, N=15 (see Table 2 for Collector
N).

Dates Rainfall (cm)
Storm (1981) Gauges Collectors
1 Jan20-21 . 1.1{0.10) 1.2(0.17)
2 Feb 01-02 3.6(0.19) 3.9(0.35)
5 Feb 10-11 7.6(0.22) 7.9(0.68)
n Mar 04-05 2.2(0.14) 2.3(0.25)

Tess than 15% of the total equivalents in all
of these storms.

For the four sites with daily recording rain
gauges, ion concentrations can be plotted as
a function of average rainfall rate. Fig-
ure 1 is an example for sulfate in several
complete storms and for sequential portions
of one of the storms. The all-storm trend
is similar to that from earlier measurements
in other regions; the 4B sequential, however,
shows fine structure in this case an ex-
tremely rapid depletion of S0g4= in the rain
at a relatively constant rain rate.

Some initial air concentration results from
filters collected at the air chemistry sites
allow calculation of dimensionless scaveng-
ing or "washout" ratios (ratio of rain con-
centration to air concentration).
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FIGURE 1. Concentrations of Sulfate vs. Rainfall Rates at
Daily Rain-Gauge Sites. 4A and 4B refer to two portions
of Storm 4. The arrows denote sequence.

The ratio for sulfate during the light rain-
fall portion-of Storm 4 (see Figure 1) is
8.7 x 10%, while that for the entire Storm 5
(rainfall rate about 4 mm/hr) is 3.5 x 109,
These values are compatible with recent model
calculations. Forthcoming open-literature
publications will describe in detail the
above results and the results of the power-
plant plume effects portion of the field
study.

TABLE2. Mean and Standard Deviation { ) of lonic Concentrations

Concentrations, umol/1

Storm N 50:(a) 504 NO; cl H NH4 Na
1 1b) 57013 1(1.9) 27(2.2) 11(3.6) 61(5.5) 5.0(2.6) 2.1(0.76)
4 18 22(1.2) 13(1.5) 9.7(1.3) 12(2.2) 29(24)  7.9(1.0) 8.8(1.2)
5 2 27(0.55)  7.0(0.64)  6.4{0.69)  3.6(0.69) 18(1.7)  1.3(045)  1.9(0.44)
1 34(c)  .25(0.61)  26(3.5) 13(1.6) 7.3(1.7) 45(5.5) 9.7(2.2) 3.9(1.0)

(a) Total of SIY measured as SOs=.
. (b) Automatic collectors only. _
(c) Three sites had collectors of two types.
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® Theoretical Studies and Applicfations

Objectives of this study are:

Developing models for descrlbmg the sources, charactenstlcs, evolutions, and fates of energy-related

air pollutants.

Translating theory and data into forms useful for evaluating and ameliorating consequences of these

pollutants.

PREDICTIONS FOR PARTICLE DEPOSITION TO VEGE- -
TATIVE CANOPIES*

“W. G. N. Slinn

A theoretical framework has been developed
for the analysis of particle deposition to
vegetation. This framework is similar to the
one used-for the analysis of momentum in a
vegetative canopy. First, the case of momen-
tum was re-examined, and it was suggested
that the pressure-gradient, momentum source
can be important in some canopies. An approx-
imate solution to the equation describing the
air concentration of particles was then found,
using similar approximations found to be rea-
sonable for the case of momentum. A spe-
cific, particle-size-dependent collection ef-
ficiency was then proposed, based on reported
wind-tunnel data. The results suggest that
dry deposition velocities for 0.1- to 1.0-um
particles are typically about an order-of-
magnitude smaller than values currently used
{n many assessment models, e.g., those used
in nuclear-accident and acid-rain assessments.

ESTIMATES FOR THE LONG—RANGE,TRANSPORT OF AIR

POLLUTION**
W. G. N. Slinn -
It'was demonstréted thaﬁ different atmo-

- spheric, source, and surface conditions can

result in substantially different transport
ranges for airborne poliutants; for example,
even for anthropogenic sulfur and_nitrogen,
the ranges can vary from about 10 to 102 km.
The emphasis in this report is on indicating
some of the causes for the great variability

*Accepted for publication in Atmosgheric
Environment.

**Accepted Tor publication in the Journal
of Water, Air, and Soil Pollution.
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in these ranges. Thus, some of the complex-
ities of dry deposition, atmospheric chemis-
try, and precipitation scavenging are de-
scribed, and it is demonstrated how
synoptic-scale meteorologic conditions can
control both dry and wet deposition. On the
other hand, it is suggested that the mean,
tropospheric-residence time of particulate.
sulfur and nitrogen from fossil-fuel combus-
tion in temperate latitudes is about a week;
but the amount of this material remaining air-
borne after a week can be large, since it is
demonstrated that the amount remaining air-
borne can be described approximately with a
log-normal distribution for an ensemble of
realizations. Applications of the results
to the U.S./Canadian acid-rain issue, to
episodic events, and to global-scale atmo-
spheric pollution are indicated.

WET REMOVAL OF ATMOSPHERIC PARTICLES*

W. G. N. Slinn and J. M, Hales

This report describes interrelations between
the precipitation scavenging of particles and

~of water vapor. Therefore, the report con-

tains a review of water vapor condensation on
particles, cloud formation, storms, and pre-

‘cipitation efficiency. The report then dem-

onstrates how scavenging rates, ratios, and
efficiencies are related to the correspond-
ing ways to describe the fate of water vapor
in the atmosphere., Applications of the re-
sults, providing estimates of the tropo-
spheric residence times for anthropogenic
particles, are included.

*To appear as a chapter in the book, Fine
Particles in the Atmosphere, -(A. P.
Altshuller, ed.) to be published by the
gggé Environmental Protection Agency,




SURFACE FLUXES OF SMALL PARTICLES*
B. B. Hicks** and W. G. N. Slinn

This comprehensive report surveys theoretical
analyses, and experimental results and tech-
niques, developed to increase understanding

*To appear as a chapter in the book, Fine
Particles in the Atmosphere, (A. P.
Altshuller, ed.) to be publiished by the
U.S. Environmental Protection Agency,
1982.

**Atmospheric Turbulence and Diffusion
Laboratory, National Oceanic and Atmo-
spheric Administration, Oak Ridge,
Tennessee. .
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of particle dry deposition from the atmo-
sphere. Preprints of this 130-page report
are available.
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FISSION AND FUSION

e Air Pollution Dry Deposition: Radioisotopes as Particles and Volatiles
® Particle Resuspension and Translocation

The major pollutants of concern from the nuclear energy industry are long-lived par-
ticles (i.e., plutonium and other radionuclides) and waste heat and water vapor from
power plant cooling systems. Since these pollutants may affect living species and local
and regional climate in an adverse manner, field, laboratory and theoretical investiga-
tions of their fate are important to human welfare.

Research activities at PNL include studies of atmospheric diffusion and deposition of
material on the earth’s surface, resuspension of particulate matter, and regional and
global transport of material. Transport studies include the modeling of vertical diffu-
sion and deposition, the determination of the effect of wind speed on resuspension
rates and the study of the vertical temperature structure.







‘through December 18, -1980.

® Air Pollution Dry Deposition: Radioisotopes as Particles and Volatiles

Objectives of this study are:

Developing an experimental basis for models predicting removal of airborne particles and gases by dry

deposition onto outdoor surfaces.

Developing predictive models accounting for the influence of particle size, gas characteristics, wind
velocity, deposition surface and other variables on deposition rates.

Determining deposition rates using dual tracer techniques in the field and in a wind tunnel in the

laboratory. '

RAIN EFFECTS AND A THRESHOLD WIND SPEED FOR
AIRBORNE CONCENTRATIONS FROM AN AREA WIND
RESUSPENSION SOURCE OF VOLCANIC ASH

G. A. Sehmel

Airborne concentrations of wind resuspended

substances are expected to decrease with time.

Airborne concentration decreases may reflect

resuspension surface-source changes, surface-
source fixation to soil particles or dilution
by source penetration to greater soil depths.
Although decreases in airborne concentrations
are expected for similar meteorological con-

ditions, the half-life at which airborne con-

centrations from resuspension sources decrease

with time is inconsistent and i1l-defined
(Sehmel 1980). To investigate this decrease,
volcanic fallout ash was used as a tracer-of-
opportunity for the half-life of a near-
infinite source-area of freshly deposited
respirable-size particulates. The purpose

of this investigation (Sehmel 1981) was to
determine the decay of airborne concentra-
tions from an area resuspension source as the

- source weathered .and became less available

to be resuspended with time.

Exberimenti1

Two sampling sites at Hanford were activated
to collect airborne volcanic ash.  Sampling
started the day after the major Mount St.- ...
Helens eruption, May 19, 1980, and continued
: Both sites were
distant from urban activity. Thus, advected
particulates were sampled from area resus--

pension sources rather than from local- -

resuspension surface disturbances. -The Horn
Rapids Dam (HRD) sampling site is near the -
southwestern boundary of the Hanford area, .
and the Hanford Meteorological Station (HMS)
sampling site is 24 km northwest of the HRD
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site. Both sites received relatively low
ash deposits, which were about 1- to 2-mm and
3- to 4-mm in depth, respectively.

Sampling Equipment

Filters were used to collect aifborne solids
by:

-~ sampling continuously for all wind direc-
tions and speeds at the HRD and HMS sam-
pling sites

- sampling only during 200° to 290° wind
directions at the HMS sampling site.

The samplihg time for each filter was a day,
several days, or a week.
Airborne Solid Concentrations

Airborne solid concentrations, ug/m3, are
shown as ‘@ function of time in Figures 1 and

2. Data for May 19 to July 13 are shown in

Figure 1. Figure 2 shows data from July 12
to December 18. Each figure shows airborne
concentrations, airborne solids sampling
times -and meteorological data. - The airborne
concentrations are shown at the top of the
figure. The horizontal bar through each da-
tum point illustrates the airborne solids
sampling time——the day of starting airborne
solids sampling to the day of ending sam-
pling. Meteorological data measured at the
HMS are shown in the lower parts of ‘each
figure. s ' :

Effects of Rain

The effects of rain reducing the resﬁspend-
ability of volcanic ash differed for unaged
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FIGURE 1. Airborne Solid Concentrations Measured Through July 13 at Two Hanford Area Sampling Sites After the Mount

St. Helens Eruption on May 18, 1980

and aged surface sources. Comparable rains
were more effective in reducing resuspension
rates and, hence, average airborne concentra-
tions for the unaged surface source. However,
this apparent increased effectiveness may only
reflect that monthly average wind speeds were
above a "threshold" wind speed required for
increased resuspension rates. The threshold
wind speed will be discussed further in the
next subsection.

Although resuspension and, hence, airborne
solid concentrations are a function of both
surface and meteorological parameters, an
estimate is made for the amount of rain that
significantly reduced resuspension rates from
this unaged surface source. There were only
three significant rain periods in the months
after the eruption through June 20:
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- 2.0 cm (0.79 in.) on May 26

- 0.6 and 0.9 cm, 1.5 cm total (0.22 and
0.35 in., 0.57 in. total) on June 12 and
13

- 0.5 cm (0.19 in.) on June 20.

Significant (i.e., an order of magnitude) re-
ductions in airborne solid concentrations oc~
curred only during the first two rain periods
(2.0 and 1.5 cm) and not during the last pe-
riod (0.5 cm). Thus, a tentative conclusion
is that 0.5 to 1.5 cm of rain is required to
significantly reduce resuspension rates at
unaged resuspension sources. However, the
duration of reductions may be as short as a
day. Airborne solid concentrations increased
as ground surfaces dried and resuspension
occurred.
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FIGURE 2. Airborne Solid Concentrations Measured from July 12 Through December 18 at Two Hanford Area Sampling
Sites After the Mount St. Helens Eruption on May 18, 1980

The effects of rain on reducing the resus- n(C/C ) n 0.5  0.693
pendability of surface sources may be dif- ty2 - o . AnY.0 0.
ferent for aged sources. In this difference, -2 -2 A
however, effects on resuspension rates of
differing wind speeds are assumed
unimportant.

was infinity for a four-month time period.
The weathering rate, 1, was zero. For
monthly-average wind speeds less than the
threshold wind speed, monthly-average air-
borne concentrations tended to decrease with
time.

As shown in Figure 2, the precipitation on
September 12 was 2.0 cm (0.79 in.), above the
0.5 to 1.5 cm of rain which significantly
reduced resuspension rates for the unaged
source. -For the aged source, however, air-
borne concentrations did not decrease as sig-
nificantly as the decrease during the 2. 0—cm
(0 79-1n precipitation on May 26,

Beginning in September, 3-1/2 months after
the May 18th eruption, concentrations exhib-
“jted a relatively persistent decrease on a
monthly time scale. Some of the decrease
may reflect:

- more persistent precipitation, though
- small, decreasing resuspension rates

Average airborne solid concentrations fluctu-
ated throughout the time period investigated.
On a monthly basis, airborne concentrations
tended to be uniform when the average wind
speed was above a 3.6-m/sec (8-mph) thresh-
01d wind speed. Monthly average concentra-
tions were approximately uniform from June

to September. Thus, the half-life for any
decrease in airborne concentrations

- a persistent decrease in average wind
speeds starting in about~September.

For this four-month time period, the half-
1ife was on the order of 50 days, corre-
sponding to a weathering rate, a, of 5.1
yr-i. The airborne concentration half-
lives of infinity and 50 days are only for
monthly~average concentrations and wind
speeds.
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Monthly average wind speeds would not reflect
the detailed resuspension physics from iso-
lated small sources, but may be suitable to
parameterize resuspension from wide area
sources. The monthly average wind speeds
(15-m level) are shown in Table 1. If Sep-
tember were a suspension transition month,
the monthly average wind speeds and concen-
tration data could reflect a resuspension
threshold wind speed above which resuspen-
sion is more pronounced. The threshold wind
speed was interpreted from monthly average
concentrations which tended to:

- remain relatively high for monthly aver-
© age wind speeds greater than 3.6 m/sec
(8 mph)

~ decrease for monthly average wind speeds
less than 2.4 m/sec (5.4 mph).

Although a tentative value of 3.6 m/sec

(8 mph) is suggested as a threshold wind
speed for resuspension, resuspension events
are spatially dependent and episodic; i.e.,
resuspension rates increase with wind speed
raised to a power, u', where n is often 3
or greater (Sehmel 1980). Although resus-
pension is episodic, the volcanic ash fall-
out was a resuspension source of large area
extent, which might have been nearly impos-
sible to investigate otherwise.

TABLE 1. Monthly Average Wind Speeds (15-m level)

Month m/sec mph
May 38 85
June 3.7 8.3
july 4.0 9.0
August 4.0 9.0
September 38 8.4
October 2.4 5.3
November 2.4 5.4
December 2.2 5.0
Conclusions

In addition to recording information on vol-
canic ash concentrations, airborne concentra-
tions were used to estimate a threshold wind
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speed for increased resuspension rates and
the amount of rain to significantly reduce
resuspension rates for an unaged source. A
significant attribute of this source was that
the volcanic ash contained a large fraction
of respirable particle sizes, a near ideal
condition for investigating airborne concen-
trations of potential inhalation concern.

The amount of rain required to significantly
reduce resuspension rates depended, in part,
on the age of the resuspension source. For
a nearly unaged source, the 2.0-cm (0.79-in.)
of rain on May 26 significantly reduced air-
borne concentrations. Afterward, airborne
solid concentrations increased as surfaces
dried and resuspension occurred. Changes in
airborne solid concentrations after subse-
quent rains through July indicate 0.5 to

1.5 cm (0.2 to 0.6 in.) of rain was required
to significantly reduce, at least for a day,
airborne solid concentrations from an unaged
wide-area resuspension source. In contrast,
the amount of rain required to significantly
reduce airborne concentrations appears dif-
ferent for an aged source. There was also a
rain of 2.0 cm (0.79 in.) on September 13.
In this case, airborne concentrations did
not decrease significantly.

A monthly-average threshold wind speed for
resuspension was defined as 3.6 m/sec

(8 mph). A significant weakness of this
threshold velocity is that most collected
solids were resuspended upwind at locations
of differing wind speeds, an obvious con-
clusion since wind speeds show significant
spatial variations. Nevertheless, resuspen-
sion data are needed for wide-area sources.
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e Particle Resuspension and Translocation

Obijectives of this study are:

Investigating particle resuspension rates and air concentrations as functions of atmospheric stresses,
local soil-working stresses, particle variables and surface variables.

Developing an experimental resuspension data base to aid in establishing surface contamination limits
to assure adequate public protection from hazardous materials.

Factoring time-varying resuspension rates into models describing delivery of surface contaminants to

man.

A RELATIONSHIP BETWEEN PLUTONIUM ACTIVITY 7
DENSITIES ON AIRBORNE AND SURFACE SOILS

G. A. Sehmel

_ Resuspension “is defined as the insertion of

surface contamination into the air by wind
or mechanical stresses.

Airborne concentrations from resuspension:
have been predicted based on considerations
of airborne mass loading and pollutant con-
centrations on the airborne soil {Anspaugh,
Shinn and Wilson 1974; Anspaugh et al. 1975).
The mass Yoading approach was developed based
on an assumption of equality; i.e., the pol-
Tutant concentration per unit mass of air-
borne soil (AaJp) 1is identically equal to

‘the pollutant concentration per unit mass on

the local soil surface AsypfFace. In this
case, airborne pollutant concentrations are
predicted from the equation

C = (M)(Ryr)

where ML = airborne soil mass ioading per
unit volume of air.
AAIR = pollutant concentration per
, unit mass of airborne soil.

‘ The method was based upon data for plutonium.

In this case, the pollutant concentrations on
airborne and surface soils are activity den-
sities, AAIR and ASURFACEs fCi/g. In devel-
oping this method, predicted airborne concen-

- ‘trations, uCi/cm3, were based on- gn assumed

airborne mass loading of 100 ug/m?-and an
equality of Apjr and ASyYRFACE.: The activity
density on airborne so ids was not- determined.

The purpose here (Sehmel 1981) is to summarize
data for plutonium on airborne and surface .
soils, if both are available at study sites,
and to examine the data for relationships
between plutonium concentrations on airborne
soils and on surface soils near the airborne
particulate sampling sites. Data will be
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summarized only for sites where plutonium con-

centrations on both airborne and surface soils

have been investigated. These sites include
the Bikini Atoll (Shinn, Homan and Robinson
1980), the Hanford site (Sehmel 1980b, 1981),
and Rocky Flats (Krey et al. 1976; Sehmel
1980b). . The plutonium concentrations are re-
ported as activity density ranges, fCi/g of
collected soil, i.e., 10-15 Cifg. AN plu-
tonium activity density data on surface soils
were determined for total soil samples rather
than.as a function of host soil particle diam-
eters to which the plutonium was attached.
Thus, the reported plutonium activity densi-
ties are for both respirable and nonrespir-
able size host soil particles. In contrast,
most plutonfum activity densities for air-
borne solids were determined for particles
which were respirable, or near respirable.

Activity Density Relationship

Plutonium activity densities on airborne,
ApIR, and surface soils, ASURFACE, are sum-
marized (Sehmel 1981) as ranges measured at

‘Bikini Atol1, Hanford, and Rocky Flats. Ac-

tivity densities on airborne soils range from

‘100 to 105 fCi/g, while activity densities

on_surface soils range from 100 to 106 fCi/g.

The maximum’ activity densities on airborne
soils as a function of activity densities on

‘surface soils were represented by two equa-

tions (Sehmel 1982). The maximum activity
density equations reflect the presence in
airborne samples of plutonium and soil par~
ticles from both upwind and local resuspen-
sion.. The equations intersgct at .an activity
for surface sofls of 2 x 109 fCi/g. - For sur-
face soil activity densities "less". than at
the intersection. the equation is

- ,0.35.




For surface soil activity densities "higher"
than at the intersection, the equation is

= 1.3 x10% (A R )

Ap SURFACE

Conclusions

An improved but conservative, high-value, re-
lationship was developed for using the mass-
loading calculational approach for predicting
airborne plutonium concentrations from wind
resuspension. The method does not address
changes in resuspension as a function of wind
speed, surface cover, or contaminant parame-
ters. The improvement was to include the ob-
served activity densities on airborne soils
over regions of different surface contamina-
tion levels. The relationship correlates the
maximum observed plutonium activity densities
on airborne soils as a function of the mini-
mum plutonium activity densities on surface
soils. The activity density on airborne soil
is not simply equal to the activity density
on surface soils for sites investigated. The
inequality in activity densities is caused,
in part, by the relative contributions to the
airborne mass loading from soil transported
from upwind, as compared to soil resuspended
Tocally near the airborne particulate sam-
pling site.

The activity density relationship can be used
for improved predictions of airborne concen-
trations from wind resuspension: 1) to de-
crease the ultraconservatism in estimating
airborne plutonium concentrations above more
“highly" contaminated surface areas, and 2) to
more realistically predict airborne concentra-
tions over surfaces of “lesser" surface con-
tamination, i.e., much closer to surface con-
tamination levels attributed solely to weapons
testing fallout. The relationship is useful
for predicting airborne concentrations above

a contaminated area, but has less utility for
predicting airborne concentrations downwind.
Resuspension rates (Sehmel 1980b) are needed
for predicting airborne concentrations
downwind.

References

Anspaugh, L. R., J. H. Shinn and 0. W.
Wilson. 1974. "“Evaluation of the Resuspen-
sion Pathway Toward Protective Guidelines for
Soil Contamination with Radioactivity.” In
Population Dose Evaluation and Standards for
Man and His Environment. Symposium Proceed-
ings, Portoroz, 19/4, STI/PUB/375, Interna-
tional Atomic Energy Agency, Vienna, Austria.

36

Anspaugh, L. R. et al. 1975. *“Resuspension
and Redistribution of Plutonium in Soils."

Health Physics. 29:571-582.

Krey, P. W., R. Knuth, T. Tamura and
L. Toonkel. 1976. *Interrelations of Sur-
face Air Concentrations and Soil Character-

istics at Rocky Flats." - In Atmosphere —
Surface Exchange of Particulate and Gaseous
Pollutants, CUEF-7IU§ZI, pp. 744-754. Na-
tional Technical Information Service, U.S. -
Department of Commerce, Springfield,
Virginia.

1980a.

Sehmel, G. A. “"Particle Resuspen-

sion: A Review." Environmental Interna-
tional. 4(2):107-127.

Sehmel, G. A. 1980b. “Transuranic and
Tracer Simulant Resuspension.® In Trans-
uranic Elements in the Environment, DOE/
TIC-22800, ed. W. C. Hanson, pp. 236-287.
National Technical Information Service,
Springfield, Virginia. )

Sehmel, G. A. 1981. A Relationship Be-
tween Plutonium Activity Densities on Air-
borne and Surface Soils. PNL-SA-9563,
Pacific Northwest Laboratory, Richland,
Washington.

Sehmel, G. A. 1982. ‘“Resuspension Factors
For Aged Plutonium Sources.” (This Annual
Report)

Shinn, J. H., D. N. Homan and W. L. Robinson.
1980. Resuspension Studies at Bikini Atoll.
UCID-18538, Lawrence Livermore Laboratory,
Livermore, California.

RESUSPENSION FACTORS FOR AGED PLUTONIUM
SOURCES

G. A. Sehmel

Wind and mechanical stresses on contaminated
soils can resuspend the contaminant; thus air-
borne contaminant concentrations can be an in-
halation source for years. Accurately pre-
dicting airborne concentrations is important
in evaluating airborne effects from resuspen-
sion. During some resuspension investiga-
tions, airborne contaminant ‘concentrations

per unit volume of air, X, have been related
to the contaminant surface concentration per
unit area on the ground, G. The resuspension
factor, RF, is defined as

RF {units of m'l)

X, airborne concentration (m'3)

G, surface contamination (m’z)




The resuspension factor (Sehmel 1980) has
rangsd in exgerimental stufies from about
10-10 t0 10-2 m-1 (9 x 10-11 to 3.x 10-4 m-
for wind resuspension and 1 x 10-10 to 4 x
10-2 m~1 for mechanical stresses).. Often
in using these data an average resuspension
factor is assumed. ‘Although iassumed, there
has been Vimited guidance for selection ex-~
cept by personal judgment.

The purpose of this investigation was to de-
velop guidance for selecting conservative re-
suspension factors, conservative by predict-
ing maximum airborne plutonium concentrations.
The guidance was to be developed using pluto-
nium activity densities for both airborne and
surface soils. .

Data Base

Plutonium activity densities for both airborne
and -surface soils have been reported only for

-the Bikini Atoll, the Hanford area and the

Rocky Flats-area. Shown in Figure 1 are data
from several sources summarized by Sehmel
(1981). Reported activity densities for sur-
face soils, ASURFACE, ranged gver six orders
of magnitude from 2 to 3 x 10% fCi/g while
activity densities on airborne solids, AplR,
ranged five orders of magnitude from 2 (also
to less than analyt1cal limits) to 1.3 x

105 fCi/q.

The maximum activity densities on airborne
solids were a function of the activity
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densities on surface soils. For surface soil
activity densities less than 9 x 10% fCi/g,
plutonium was enriched on the airborne solids.
For surface soil activity densities greater
than 9 x 104 fCi/g, plutonium was depleted on
the airborne solids. These enrichment and
depletion relationships are represented by
two equations. The equation intersects at a
surface soil ‘activity density of 2.0 x

103 fCi/g. For surface soil activity den-
sities less than the intersection,

3, 0.35
Mg = 3-3 % 10 (ASURFACE) (1)

and for surface soil activity densities
greater than the intersection,

4 0.17
Apg = 1.3 x 10 (ASURFACE) - (@

Resuspension Factors

Resuspension factor ranges were calculated
from the upper limits represented by Equa-
tions 1 and 2. For these calculations,
ranges of airborne mass loadings, C, and re-
suspension surface source depths, Az, were
assumed. Next, activity densities were ap-
plied to the corresponding calculated soil
masses. Thus, resuspension factors were

calculated from
u
AAIR(C' ;3") 79_1 )

0" ug
4
ASURFACE (“’c"')<° 5 )( ‘i})

-11 (AAIR) {Q_)_
AZ

URFACE
where a soil density of 1.5 g/cm3 was as-
sumed. Calculations were made for resuspen-
sion source depths of 0.1 and 1.0 cm and for
airborne mass loadings of 10 and 260 ug/m3.
These ranges are considered realistic. The
resuspension source depth actually resus-
pended is unknown, but probably is on the
order of 0.1 c¢cm for non-eposodic resuspension
events, The 10-pg/m® airborne mass loading
corresponds to clean air while the 260-ug/m3
airborne mass corresponds to the 24-hr maxi-
mum National Ambient Air Quality Standard
(NAAQA). Calculations were made for surface
soil activity densities of 2 and 3 x 106 fCi/g
(COrrespond1ng to the minimum and maximum val-
ues shown in Figure 1), and also at an inter-
mediate value of 9 x 104 fCi/g for which air-
borne and surface activities are equal. Re-
sults are shown in Table 1.

RF =

= 6.7 x 10

TABLE 1. Resuspension Factors for Aged Plutonium Sources
Surface Contamination
Low intermediate(d) . High
Activity density, A, rface 2 9x10¢ 3x 108
(fCi/g)
Activity density, Ay, 4.2x 10° 9x 104 1.6x 10
(fCi/g)
Enrichment factor
(Aair/Asurface) 21x 108 1.0 5.3x 10~
Resuspension factor
(m™)
for Az=0.1cm
C=10ug/m?3 1.4 x 105 6.7 x 10-° 3.6x 10-10
C =260 pg/m3 3.7x 104 1.7 x 1077 9.2x 10~
for Az=1.0cm
C=10 ug/m3 1.4x 10 6.7 x 10-10 3.6x 101
C =260 ug/m3 3.7x10% 1.7 x 10-8 9.2 x 10-10
Range 10-¢ to 10~ 10-?to 107 10-" to 10-°

(a) Intermediate corresponding to an enrichment factor of unity.




Conclusions

Calculated resuspension factgrs range six
orders of magnitude from 10-11 to0 104

a range almost comparable to the range of ex—
perimentally measured resuspension factors.
The similarity is encouraging and lends cre-
dence to the resuspension factor predictions.
An important predictive improvement is that
resuspension factor ranges can now be pre-
dicted as a function of the resuspension-
source activity density. Resuspension fac~
tors range only two orders of magnitude from
106 to 10-% m1 for low surface contamina- .
tion, contamination levels which might be ap-
plicable for the general population. In com-
parison, resuspension factori range three
orders of magnitude from 10~11 to 10-8 m-1
for the highest reported surface contamina-
tion, contamination levels for which controls
might be applicable. .

The activity density data are for aged pluto-
nium resuspension sources, rather than for
resuspension from freshly deposited sources.
Hence, the predicted resuspension factors
could be used in long-term assessments. In
comparison, resuspension from a freshly de-
posited  source is expected to be more rapid.
For the freshly deposited source, less confi-
dence should be placed in the resuspension
factor predictions.

References

Sehmel, G. A. 1980. “Particle Resuspen-
sion: A Review." Environment Interna—
tional. 4(2):107-127.

Sehmel, G. A. 1981. A Relatfonship Between

Plutonium Activity Densities on Airborne and
Surface 5011s. PNL-SA-9563, Pacific North-

west Laboratory, Richland, Nashlngton.

PLUTONIUM AND AMERICIUMﬁACTIVITY DENSITIES
ON:AIRBORNE SOLIDS

- 6. A. Sehmel

Evidence is increasing that resuspended pluto-
nium is distributed nonuniformly as a func-
tion of host particle size (Sehmel 1981).
During resuspension the plutonium is enriched
on the smaller particles; i.e., the plutonium
activity density, uCi/g, is usually larger
for respirable compared-to nonrespirable size
particles.  In other words, the activity den-
sity on resuspended respirable particles is
larger than on bulk surface-soil samples.
Although evidence is mounting to support
these enrichment concepts, ‘1ittle is known
about enrichment processes, enrichments for
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different radionuclides, or predictable en-
richments as a function of particle size.
Enrichment must be predictable if satisfac-
tory methods are to be developed for relat-
ing resuspension surface-source character-
istics to resulting airborne concentrations
from resuspension.

To investigate enrichment, radionuclide en-
richment was sought under field conditions.
Enrichment could be investigated with sam-
ples collected from either resuspension
sources or from airborne solids. However,
existing resuspension sources are nonuniform,
requiring many surface samples before source
strengths can be accurately estimated by inte-
grating concentrations over those samples.

In contrast, integration over source varia-
tions has already occurred for samples of
airborne solids. These latter integrations
can also reflect activity density differences
as a function of sampling height because of
the relative source distances, the differ-
ences for each radionuclide, the meteorology
and the transport of uncontaminated soil from
upwind. The purpose of this investigation

was to simultaneously investigate activity

densities as a function of host particle diam-
eter and sampling height for both airborne
plutonium and americium.

. Experiment

Airborne samples were collected as a function

-of height from the Hanford Meteorological Sta- '

tion (HMS) tower. Samples were collected at
four sampling heights of 1.4, 17, 63, and
124 m during all wind speeds, but only for a
selected wind direction segment of 225° #35°,
This wind direction segment encompasses the

"times of most high wind speeds, resuspension

increases with increasing wind speed. Hence,
this wind-direction sampling segment was se-

_lected to minimize sample variations caused-

by any resuspension source differences. An-
other source was also investigated by sam-

-pling only during wind directions of 45°

+145", at three sampling heights of 1.4, 62
and 124 m. Sampling was between April 12 to
July 25, 1979. Samplers were turned off dur-
ing precipitation.

Samples were collected with three-part sam-
pling systems, each system consisted of a
cyclone-preseparator, a cascade-particle-
fmpactor and back-up filter. Samples were

_ analyzed separately for each part of the col-

lection system. The 50% cut-off diameter for
the cyclone-preseparator is 5.5 um and for
the last stage of the cascade impactor is

0.5 ym. Thus, radiochemical results were ob-
tained for airborne particle diameters greater




than 5.5 um, for particle diameters from 0.5
to 5.5 wm, and for particle diameters less
than 0.5 um.

Results

Activity densities, uCi/g, for plutonium—239,
-240 and americium-241 are shown in Figures 1
and 2, respectively, for sampling during the
225° *35 wind direction segment. Also shown
for completeness are airborne concentrations,
uCi/cm3. The error bars at each data point
correspond to the one-sigma radiochemical
counting limits. If limits include zero, the
data point is shown at the upper limit with
an arrow pointing toward zero. In contrast
for the 45° #145° wind direction segment, re-
sults are tabulated in Table 1. Tabulation
is used to de-emphasize the possibility of
concluding changes with height for the 45°
£145° wind direction segment, de-emphasized
because these samples were collected during
significantly different time periods because
of equipment malfunctions.

Activity densities and airborne concentrations
were a function of both sampling height and
host particle diameter. For both plutonium

and americium, activity densities were maxi-
mum near the 17-m sampling height. These
maximum activity densities may reflect either
upwind radionuclide resuspension with parti-
cle dry deposition occurring between the re-
suspension source and the HMS tower sampling
site or vertical diffusion from an elevated
source. For plutonium, activity densities
were maximum for the intermediate size range,
>0.5 to <5.5 um. The particle size range for
maximum americium activity densities is less
certain since americium analyses were only
made for two particle diameter ranges, <0.5-
and >5.5-ym. Similar to plutonium for these
two size ranges, the maximum americium activ-
ity density was, with one exception, on the
<0.5-pym size. At the 62-m sampling height,
the americium activity density on the >5.5-um
size was greater than on the <0.5-um size.

Conclusions

Plutonium-239, -240 on resuspended airborne
host particles is enriched, uCi/g, in the re-
spirable versus the nonrespirable host parti-
cle size range. For samples collected during
southwest winds, enrichment was largest for
the 0.5- to 5.5-um particle diameter range.
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TABLE 1. Airborne 2 * 20py and #1Am Activity Densities and Concentrations as a Function of Height at the HMS Tower
from April 12 to July 25, 1979, When Sampling During Winds From 45° + 145°

m + 20py MAm
Host . , 10 - . : 1c .
Samplmg Particle Activity Airborne - Radiochemical Activity - Airborne Radiochemical
Height Diameter Density  Concentration Error ‘Density, Concentration - Error
(m) (um) (&Ci/g) (LCi/cm?) (+%) (uCi/g) (u/Ci/em?) (£%)
124 >55  21x107  37x10* 28 <5.2x10%2) - <BIx10%3)  (a)
‘ >05t0<55 22x10¢ - 85x10- 19 T NA- -NA .- NA
<05 6.7 x 10~7 5.0 x 10~ . 33 1.6x 10-¢ 1.2x10°v 42
62 . >55 7.7 x 107 3.9x10-% - 12 2.8x 10”7 1.1x 10~ 25
>05t0<55 11x10%¢ - 59x 101 10 . NA NA NA
:<0.5 7.6x 1077 7.0x 10~ 12 7.9x 108 7.2x 107 75
14 >55 0 68x100  31x10® 11 12x10° . 54x10® .29
) >05t0<55 12x10% _ 7.4x10-® . 7 o NA : NA. . " NA
<05 3.5x 107 22x10-v - 8 4.2x 10 26x10-" 17

(a) This is the radiochemical analysm error when the tadlochemical resultis zero.” - Coe

" NA = not analyzed for americium content.
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The relative enrichment is illustrated by nor-
malizing to the mass-average activity density
for the total collected sample at each height.
For the 0.5~ to 5.5-um particle diameter
range, the activity density range is 2.1 to
6.0 times the average activity density for
the total sample. Except for one sample with
zero enrichment in the less than 0.5-um par-
ticle diameter range, the activity density
range is from 1.5 to 2.0 times the average
activity density for the total sample. For
samples collected during northeast winds, the
enrichment range is larger, 0.9 to 4.2.

Americium-241 is also enriched on respirable
particles. However, the relative enrichment
compared to the total airborne sample is un-
known, the >0.5- to <5.5-um size fraction
was not analyzed for americium-241 content.

For surface soil samples, enrichments on the
respirable particle size range may be even
greater than the 0.9- to 6.0-enrichment range
measured for airborne particles. The poten-
tial enrichment increase reflects that the
collected airborne solids did not contain the
largest size soil particles, soil particles
of lowest activity-density but largest mass-
fraction in surface soils. Truncation in the
airborne size distribution is caused by the
largest size surface-soil particles, which
tend to move by surface creep and saltation.
Most of these particles are usually trans-
ported below 1.4 m, the lowest sampling
height.

Radionuclide surface sources can be estimated
from bulk soil samples. Activity densities
for these bulk surface samples can be low, but
significant resuspension can occur if all the
surface contamination is enriched on small
particles. Methods need to be developed to
predict airborne concentrations from resuspen-
sion sources of differing enrichment.
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SAMPLING REPRODUCIBILITY FOR AIRBORNE SOLIDS
G. A. Sehmel

Airborne concentrations of ambient solids are
often calculated from single samples at air
pollution monitoring stations. Much effort
is expended in accurately collecting these
samples. Although these samples are col-
lected with state-of-the-art sampling equip-
ment, the concentration uncertainty may still
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be controlled by the true spatial variations
in airborne concentrations. These variations
could be a function of the airborne solid
source characteristics and distances from the
sources. The purpose of this investigation
was to investigate sampling reproducibility
from an area source, a source of resuspend-
ing volcanic ash.

Experiment

The sampling site (Sehmel 1981a) for investi-
gating sampling reproducibility was within
the Hanford area near the Horn Rapids Dam.
This site was near the southern edge of the
fallout plume from the May 18, 1980 Mount

St. Helens eruption. At this site, the vol-
canic ash deposit was about 1 to 2 mm. Air-
borne solids were collected during high to
low airborne concentrations, from May 19 to
December 18, 1980.

Sampling reproducibility was investigated
with two samplers located 2 m apart. The
air-sampling flow rate was 1.1 m°/min at a
sampling height of 1.4 m. The diameter of
the cylindrical inlet was 7.1 cm. During
sampiing the inlets were continuously ori-
ented into the wind with tail fins. Several
sampling times were used, a day, several
days, or a week. Sampling was continuous,
except for automatic shutoff during rain.

The samplers were cyclone preseparators with
back-up filters. This sampler is designed to
separate particles into size fractions, those
above and those below 5.5-um diameter. The
5.5-um is the 50% cutoff diameter for the cy-
clone; i.e., 50% are collected in the cyclone
and 50% pass through and are collected on a
filter. Particles passing through the cy-
clone are collected on a 20- x 25-cm glass-
fiber filter. After sample weighing, air-
borne solid concentrations were calculated
separately from mass collected on the filter
and the total mass of filter-plus—cyclone-
separator collections. To determine the mass
of solids collected, filters were equilibrated
with low-humidity laboratory air both before
and after sample collection. Solid weights
were determined after equilibration.

Sample Reproducibility

Statistical tests of the measured concentra-
tions were made to investigate sampling repro-
ducibility. Parameters used for each squling
time period were average concentration, Cj,
the concentration variance,_sj, and the co-
efficient of variation, (s/C)j. Concentra-
tions are shown by Sehmel (1981b). For sta-
tistical analysis, logarithmic transformations
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were used, i.e., &n(s/T %j and £n(Ty). The
average concentration, » during ‘each sam-
pling period is the average of the two col-
lected samples, (C1j + C24)/2. The standard
deviation, sj, is

2 (6 - ¢)f
R B

Two statistical tests were used to analyze
the transformed data. The results from a
linear comparison of the data showed that
2n(s/CT)§ was not a statistically significant
function of ¢n(C)3. Thus, the average and
variance of 2n(s were calculated. Subse-
quently, these calculated values were trans-
formed back into the measured values. -

For particles <5.5 um diameter, the average
sampling variance was

Si = 0‘11 to

with a one standard deviation range from
0.038 T; to 0.31 Tj. For total particle col-
lection, the average sampling variance was

Si = 0.099 t'i

with a one standard deviation range from
0.033 Tj to 0.30 Cj.

Conclusions

The variance of the average sampling reproduc-
ibility was about 10 percent of the average
airborne concentration, an acceptable (s/%)i
for many applications. The variance range,
however, is much larger. The sampling vari-
ances, though small, .could have significant
impact on compliance with and establishment
of regulations. For instance, there are stan-
dards -or proposed standards for fugitive emis-
sions, prevention of significant deteriora-

. tion (PSD) of ambient airborne particulate

concentrations, and ambient :airborne pollu-.
tant concentrations. One interpretation of:
the variance in sampling reproducibility is
that regulations based upon sampling for com-
pliance should also include an interpreta-
tion of sampling variance in those regula-
tions. The suggestion is that regulations

. could be based in part upon sampling uncer-

tainty, rather than solely upon abso]ute air
pollution concentrations.
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ENRICHMENT OF AMERICIUM-241 ON AIRBORNE COM-
PARED TO SURFACE SOIL SAMPLES

G. A. Sehmel

Evidence is increasing that radionuclide ac-
tivity densities, uCi/g, on airborne soils
are greater than on bulk samples of surface
soils. This enrichment reflects a prefer-
ential radionuclide particle attachment and/

. or transport on respirable-size host-soil~ "

particles. In assessments of resuspension,
enrichments on respirable particle sizes can
impact the prediction accuracy of airborne
concentrations. If airborne radionuclide
activity-densities are only assumed equal to
activity-densities for bulk soil surface sam-
ples, predictions may be less conservative
than previously thought; i.e., predicted air-
borne concentrations may be low.

Although plutonium enrichments have been in-
vestigated, americium-241 enrichments have

not been reported. - There are now data from
which americium-241 enrichments can be calcu-
lated. Americium-241 activity densities

have been reported for both airborne samples
(Sehmel 1981) and soil surface samples (Price,
Gilbert and Gano 1981). The airborne samples
were collected from the Hanford meteorologi-
cal tower. The surface samples were col-
lected at two sites, onsite about 500 m east
of the PUREX gaseous effluent discharge stack
and offsite approximately 60 km west from
Hanford, Samples were collected either as a
function of particle diameter, or for all par-
ticle diameters. The airborne particles were
collected with cyclone preseparator cascade-
impactor collection systems. Americium-241
activity densities were obtained for the
greater than 5.5 um diameter airborne size
fractions. The soil surface samples were col-
lected for -total soil depths up to 2.5 cm.




Analysis

Reported activity-density ranges are summar-
ized in Table 1. Activity densities range
from less than radiochemical detection limits
to 1.2 x 10~° uCi/g. There are differences
in the activity density ranges as a function
of particle size. The upper-limit of each
activity-density range is largest for the
less-than 0.5-um diameter airborne particles.
An enrichment is indicated. The upper-limit
for O.S-Em particles, 1.2 x 10-2 uCi/g, is
1.2 x 10¢ times the upper-limit for surface
soils, 9.8 x 10-8 uCi/g. In contrast, the
upper-1imit for 5.5-um particles, 1.1 x 10-7
uCil/g, is only 1.1 times the upper-limit for
surface soils.

Conclusions

Resuspended americium-241 is enriched, uCi/g,
on .airborne soils less than 0.5 um diameter.
These enrichments, as estimated from activity-
density ranges, can be as large as 102, Al-
though enrichments do occur for americium-241
as well as other radionuclides, enrichments
can only be imprecisely predicted. An in-
creasing enrichment data base is needed for
general predictions.
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TABLE 1. Americium-241 Activity Densities

Particle Activity Density
Source Diameter (um) Range (uCi/g)
Airborne >5.5 LAL(@) to 1.1x 107
Airborne <0.5 LAL(A) to 1.2x 105
Surface soils
Onsite All LAL(2) to 9.5 x 10-8
Offsite All LAL(2) to 9.8 x 102

(a) LAL = Less than radiochemical analytical limits.
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PLUTONIUM SOURCE IDENTIFICATION IN SURFACE
SOILS : :

G. A. Sehmel

Even though satisfactory for surveillance pur-
poses, the usual soil sampling procedures and
radiochemical analyses only partially charac-
terize resuspension sources. Characterization
is incomplete since surface-depth samples are
collected for all soil particle sizes, and
total plutonium contents are determined.

Resuspension source strength characterization
could be improved during both soil sampling
and plutonium analysis. The source of resus-
pended particles is from the top layer of the
soil surface, the usual layer of maximum ac-
tivity density, uCi/g. This top surface
layer needs characterization for plutonium
content. When resuspension is considered,
more complete source characterization of

this top layer includes investigating activ-
ity densities as a function of particle size
and plutonium isotopic content. Analyses as
a function of particle size are needed since
airborne respirable size soil particles are
enriched in plutonium content relative to
activity densities determined from total-
soil, surface-depth collected samples.

Plutonium isotopic analyses are needed to in-
vestigate the relative proportions of fall-
out versus r8ces -Broduced plutonium in the
soil. The 240py/239py atom ratios are sig-
nificantly greater for fallout compared to
process-produced plutonium for the military.

Atom ratios for integrated nuclear-weapons

testing fallout are reflected in soil samples
taken at sites remote from production facil-
ities. For soil-surface samples collected in
1970-71 with atom ratios corrected to January

1971, worldwide fallout 240pu/239py atom ra-

tios average 0.18 *+ 0.01 (Krey et al. 1976,
pp. 671-678). These results are given with
one standard deviation precision. In compari-
son to fallout, the average process-produced
plutonium might have a 240py/23%y atom ratio
between 0.051 (Krey et al. 1976, pp. 671-678)
and 0.067 (ERDA 1977, p. 3.8). For,iubse-
quent calculation purposes, a 240puj23%y
atom ratio of 0.064 will be assumed for
process—produced plutonium, a ratio corre-
sponding to 6 gtom percent 240py and 93.5
atom percent 239y, '

Even though Ehsre ;g a significant difference
between the 240py/239py atom ratio for fall-
out (0.18) and process-produced (0.064), the
presence of the two sources in the soil might
go undetected. Detection and characteriza-
tion of plutonium in soil samples are needed

o




to relate airborne concentrations and atom
ratios to resuspension source character-
istics. Characterization could be hindered
because of the large depth used in most sur-
face soil sampling.

The objective is to examine the sensiti;it
of soil surface-depth samples to yield 240pPy/
9Pu atom ratios, which confirm the presence
of process-produced plutonium in the soil.
For the examination, a graphical representa-
tion is presented showing the relatjonships
between assumed average activity densities
for both fallout and grocess-groduced pluto-
nium and the average 240Pu/ 239y activity
densities. . )

Calculations'

The average 240p, /239y atom ratios for mix-
tures of fallout and process-produced pluto-
nium is dependent on the radiocactive decay
half-lives for each radionuclide. The half- -
lives are 3sgnificant1y different, 24,360
years for Pu and 6,580 years for 240 Opy,

For calculational convenience the equations
for calculating the average atom ratio that
follow are based on assumed activity densi-
ties for each radionuclide. The end product
of these calculations is an average activity
density for both radioisotopes and an average
atom ratio. Ultimately the calculational pro-
cess will be reversed for interpreting aver-
age surface sample data. The number of atoms,
N, of each radionuclide is calculated from

L tllZ(dN’dt) )
i n
where tj;2 = half-life, and dN/dt = decay
rate for radionuclide i in sample.  Thus, the
average atom ratio in the sample is

- N o
240, ,239 240
STPUlT P = . {2)
, - K200 * V239"
Activity densities are calculated from the
atoms present divided by the.sample weight.

Results P:%_\wy,,

Rsaatignahips between activity—densities and
240py1239py atom ratios are shown graphically
in Figure 1. The ordinate is the activity-
density for process-produced and the abscissa
is the total of both process and fallout plu-
tonium. Activity-densities for fallout are
Ehgwn Bg dashed curves intersecting average
/¢3%y atom ratios shown by solid lines.
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The solid lines also represent constant per-
centages of the total activity density, per-
centages corresponding to process—produced
plutonium content.

Samples with 240py/239y atom ratios less
than 0.18 for fallout contain a large frac-
tion of process-produced plutonium. The per-
centage increases as atom ratios decrease.
For instance, consider a sample of %7 .8 fCilg
tgtal activity density and a 0.104 240py/

9Py atom ratio (Price and Dirkes 1981).
From the detailed calculations for Figure 1,
the sample contains 10.45 fCi/g of process-
produced and 7.25 fCi/g of fallout plutonium.
The process-produced activity density is 59

- percent of the total activity density.

Conclusions

Plutonium-240/plutonium-239 atom ratios are
used to identify the relative contributions
of plutonium from two sources, both sources

- contribute to resuspension. However, the

relative resuspension characteristics for
both sources is unknown. If any resuspend-
ability difference exists, both components
must be identified. To assist identification
ease from sample atom ratio analyses, average
atom ratios were calculated from mixtures of
fallout and process-produced sources. The
calculations were made with 240py/23%y atom
ratios of 0.18 for fallout and 0.064 for
process-produced plutonium. Both ratios could
have variations within local study areas near
nuclear plants, but fallout variations are
minor compared to variations in process-
produced plutonium.

If several surface Sanples are analyzed, the
presence of process-produced plutonium may be

“indicated if there is any significant change

in the 240py 239y atom ratio, changes as
small as 0.01.  For the range of variables
investigated, the contribution of process-
produced plutonium to the total plutonium con-
tent ranged from 6.6 tg 10 gggent for -each
0.01 var}goion n the 240py/239y atom ratio.
Even 1 Pu/239%Py variations were absent,

the 240py/239py atom ratios could still re-

“flect a uniform resuspension source from both
“fallout and process plutonium. In this case,

however, additional surface samples would be
rgauired to further define the fallout 240py/ -

Pu atom ratio. These additional samples
would be collected at significant, but yet
close, distances to the study area. Fallout
atom ratios should be determined from collec~
tion sites at which the absence of process-
produced plutonium can be ensured.
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PLUME DEPLETION BY PARTICLE DRY DEPOSITION IN
A FORESTED CANYON - -

G. A. Sehmel"

Airborne particulate removal rates by dry de-
position are a function of only particle size
when other controlling parameters are held
constant. Removal rates are minimum, and

nearly constant, for a particle diameter range

from about 0.5 to 1 ym. This diameter range
can be estimated from either a summary. of ex-
perimental field investigations (Sehmel 1980)
in which polydispersed particle sizes were
used or from model predictions (Sehmel and
Hodgson 1980, Sehmel 1980) based upon wind
tunnel experiments with monodispersed parti-
cles. Results from field experiments have
not been generalized. In contrast, wind tun-
nel results have been generalized into a pre-
dictive dry deposition velocity model. Model

~ predictions have greatly increased the abil-

jty to more accurately predict plume deple-
tion. These model predictions are now being

. generally used to predict dry deposition re-

moval rates, i.e., the particle dry deposi-
tion velocity. Nevertheless, continued im-
provement in model predictions are needed
especially for nonuniform deposition fetches,
fetches with a large vegetative canopy typi-
cal of environmental surface variations.

Investigators using particle dry deposition
velocities are confronted with two major pre-
dictive qualifications in selecting particle
dry deposition velocities. These are:

- The pollutant plume consists of an aerosol

containing a particulate size distribution,

rather than monodispersed particles.  Con-

ceptually, removal rates for size distribu-

tions are calculated by summing the depo-
sition velocities for each size fraction.

- Even when the particulate size distribu—

- tions, and changes in size distributions
as a function of downwind distance are
known or predictable, dry deposition pre-
dictions are often qualified because depo-
sition fetches are nearly always nonuni-
form. These fetch variations are often .
jgnored, or if considered, the investi- -
gator must still assume an average deposi-

- tion velocity or apply integration tech-

““niques over those fetch variations.’

The objective here is to develop an inte-
grated plume depletion data-base for a large
vegetative canopy, a forested canyon. :

47

--erated particles.

Experiment

“Particle dry deposition was measured with

dual-tracers during nocturnal drainage flows
in a forested canyon. The canyon was along
Icicle Creek near Leavenworth, Washington.
Both the tracer release and sampling sites
were adjacent to the creek. The tracers were
non-depositing SFg gas and depositing lithium-
traced particulates. Both tracers were re-
leased at a height of 2.6 m. The lithium-
traced particles were generated from a water
solution of Li2C03 sprayed through nozzles.
The SFg gas tracer was released from tanks in
which the SFg was in the gas phase.

Airborne tracer concentrations were measured
downwind at two sampling sites, site 1 clos-
est to the tracer release and site 2 further
downwind. At each site, airborne lithium-
traced particle concentrations were measured
in real-time with flame ionization detec-
tors, and samples of airborne SFg concentra-
tions were collected nearly instantaneously
with syringes. These syringe samples were
analyzed for SFg concentrations the follow-

- ing day.

Plume depletion at respirable height was mea-

-sured between the two downwind sampling sta-

tions. Site locations were changed in three
succeeding experiments on May 26, 27, and 28,
1981, The first downwind site was either 0.9
or 1.0 km from the tracer release location,

a distance to allow spray droplet evaporation
and to decrease electrical charge on the gen-
The second site was 1.2 to
1.7 km further downwind. A1l distances are
those measured along the road.

There are two lithium particle detectors at
each site. Each detector response is a func-
tion of particle diameter. The detector
placements. {instrument numbers 31 and 94 at
site 1 and 93 and 95 at site 2) were selected
for the optimum data comparison between sites
1 and 2. Instrument response for number 31
at site 1 was compared to response for number
93 at site 2. Similarly, number 94 at site 1
was compared to number 95 at site 2.

The lithium-particle detectors were calibrated
in a wind tunnel with both the poly-dispersed
particles generated with the spray nozzles

and monodispersed test aerosols. The cali-
bration characteristics of each lithjum-.

“particle detector are shown in Figure 1 as a

function of monodispersed tracer-particle
diameter (the detectors were calibrated by
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FIGURE 1. Lithium Detector Calibrations with Mono-
dispersed Lithium Carbonate-Uranine Particles

Sehmel and Hodgson (1981) in a wind tunnel

with the true concentration determined by
jsokinetic sampling). Instrument responses

are maximum for a particle diameter of about

0.7 um. Responses decrease two orders of

Tagnitdde outside the range of about 0.3 to
.5 um.

Pairs of instruments have similar calibra-
tions; i.e., instruments 94 and 95 are simi-
Tar, likewise numbers 31 and 93. Instrument
numbers 31 and 93 have a significantly
greater response for particle diameters in
the range from about 1 to 1.5 um. To empha-
size these differences, particle diameter re-
sponse ranges are desirable that are less

than the 0.3 to 2 ym calibration range. Diam-
eter ranges of 0.6 to 1.0 and 0.6 to 1.5 um
were selected. These correspond to greater
than eight percent sampling efficiency for
instruments 94 and 95 and for instruments 31
and 93, respectively.

Calculations

Particle plume depletion at respirable height
was calculated. Depletion is calculated from
concentration ratios at each site,

P
Ratio; = —
atio, 5 (1)

where p is the particle concentration, g is
the gas concentration, and the subscript i is
the sampling location. This ratio is con-
stant with distance near the plume centerline
if there is no particle deposition. In this
case, the conserved particle concentration at
sampling site number 2 is

Poc = Py (95/9y). (2)

When dry deposition occurs, the measured par-
ticle concentration at the second site, po2,
is less than the calculated conserved-
concentration, ppc.

Thus, the fractional plume depletion is:
Py. = P P,9
2 2=1_(21>_1_ (3)
pzc 9, Y

Of the three experimental time periods; the
results of the May 28 experiment were most
ideal for calculating plume depletion by dry
deposition. Concentrations for May 28 are
shown in Figure 2 for site 1 (before dry de-
position on the right portion of the figure)
and site 2 (after dry deposition on the left
side of the figure). Average concentrations
were calculated for the indicated integra-
tion intervals. These averages were used in
Equation 3 for calculating plume depletion.
Plume depletion at respirable height was 42
percent for the 0.6 to 1.0 um diameter range
and 74 percent for the 0.6 to 1.5 um diam-
eter range.

Results

To be noted are the elevated SFg concentra-

tions on the order of 1 and 10% pptv measured

before the tracer release. These elevated
concentrations may have been caused by a leak-

ing valve at the SFg release site. These ele-

vated concentrations should have a negligible ‘iiﬁ
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FIGURE 2, Airborne Dual-Tracer Concentrations in a Forested Canyon, May 28, 1981

effect on plume depletion calculations since
SFg concentrations were over one order of -
magnitude greater during the integration

" intervals.

" Tracer concentrations were lower on the prior
~-two nights, May 26 and 27.

These lower and
less steady tracer concentrations neverthe-
less resulted in comparable plume depletion.
Results for all three nights are summarized
in Table 1.
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Conclusions

Particulate plume depletion at respirable
height ranged from 42 to 74 percent across
distances of 1.2 and 1.7 km in a forested
canyon. These plume depletions are signifi-
cantly greater than would be predicted using

~ the state-of-the-art technology on particle

dry deposition velocities as a boundary con-
dition for predictive meteorological trans-
port, dispersion and deposition removal




TABLE 1. Particle Dry Deposition Removal at Respirable Height in a Forested Canyon, 1981

Distance Particle Plume Depletion
Distance for Dry Average SFs Concen- at Responsible Height
from Tracer Deposition tration During Between Sites 1 and 2(%)
Release Site  Botrween Tracer “Steady”” Plume 06t015um 0.6t01.0um
Experimental {km) Sites1and  Release  SFe Release Passage (PPTV) Diameter  Diameter
Time Periods Site1 Site2  2(km) Time (PDT) (kg/hr) Site 1 Site 2 Particles Particles
Evening of 20:01 to
May 26 0.9 2.2 1.2 21:22 10.8 46x100 27x10? 65 44
Evening of 19:15to )
May 27 1.0 26 1.6 20:33 10.8 69x102 4.2x10? (@) 73
Evening of 20:25to .
May 28 0.9 26 17 21:48 10.5 40x10° 1.2x104 42 74

(a) Sensor Problems

models. The dual-tracer plume-depletion data
are sufficiently reproducible to now warrant
more intensive investigations of removal pro-
cesses in vegetative canopies, investigations
considering integrated-deposition across the
entire vegetative canopy and variations in
the vegetative canopy. Admittedly, the ex-
perimental technique could be improved to
also include measuring concentrations as a
function of height, measuring residual elec-
trical charge on the particles and extensive
measurements of meteorological parameters.
Although improvements could be made, the im-
portant conclusion is that plume depletion
ranged from 42 to 74 percent for the particle
diameter range of minimum expected dry depo-
sition removal.
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OIL SHALE

e QOil Shale Fugitive Air Emissions
o DOE/RL Special Studies

The primary oil shale regions of the country are in the Rocky Mountain West where
any airborne pollutants will be emitted, transported, transformed and deposited over
very complex terrain under meteorological conditions that are, at best, extremely
complicated. This complexity dictates the development of a set of complex models
and innovative field techniques.

PNL has assessed the future research needs in this area and has formulated an exper-
imental design for atmospheric transport studies over the oil shale region. Other
activities include:

development of a tracer technique to measure dry deposition of pollutants over
complex areas

deposition measurements of ambient airborne soil
pollutant mixing in valleys
simulation of fugitive emissions from a proposed spent shale disposal site

aerosol and visibility measurements over complex terrain.
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e Oil Shale Fugitive Air Emissions

Objectives of this study are:

Evaluating fugitive airborne particulate and gaseous emissions from the present and future oil shale

activities.

Investigating emissions from mining, transportatlon, material handling, crushing, retorting, and spent

shale disposal sites.

Identifying and classifying pollutants such as carbon monoxide, hydrogen sulfide, oxides of nitrogen,
ozone, sulfur dioxide, hydrocarbons, and suspended particles.

A DUAL-TRACER EXPERIMENT TO INVESTIGATE POL-
LUTANT TRANSPORT, DISPERSION, AND PARTICLE
DRY DEPOSITION AT AN OIL SHALE SITE

"G. A. Sehmel

Atmospheric transport and plume depletion in-
vestigations were conducted in August, 1980,
with the use of dual-tracers at the Federal
0i1 Shale Lease Tract C-a operated by Rio
Blanco in Colorado. The objectives of the
experiments were to simulate pollutant trans-
port, dispersion, and plume depletion by
particle dry deposition in valley nocturnal-
drainage flows. The tracers were nondeposit-
ing SFg gas and depositing lithium-traced
partic?es, i.e., LigC03.

This dual-tracer, real-time measurement tech-
nique was also directed toward measuring the
minimum decrease in respirable airborne par-
ticle concentrations with distance. The mini-
mum was measured because of the particle diam-
eter range used, about 0.5 to 1.5 um, a size
range in which the dry deposition velocity is

sminimum (Sehmel 1980) and nearly independent

of particle diameter. Particle dry deposi-
tion removal or plume depletion is calculated
from the relatively more rapid downwind de-
crease of airborne tracer:particle concentra-
tion referenced to the decrease of the tracer

- gas concentration.'

These field experiments were conducted .
Jointly with other investigators at the Pa-
cific Northwest Laboratory and Los Alamos
National Laboratory (LANL). Data volumes
for both tracer and meteorological data for
all investigations were published, Whiteman
et al. (1981) at PNL and Clements et al.
(1981) at LANL. The purpose here 15 to ab-
stract the PNL tracer results (Sehmel 1981).
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Experiments

The tracer experiments were in a valley (Cor-
ral Gulch) during four nocturnal drainage
flows and one daytime release. Dual tracers
were used during three nights, while only

SFg was released during one night and the
daytime release. Insufficient data for anal-
ysis were obtained for the daytime release -
since air bag samplers were not operated and
airflow only occasionally delivered SFg

tracer to the real-time sampling sites.

Tracers were released for an hour so downwind
transport within the drainage flow would al-
low the tracer to be carried through the
length of the sampling station grid. Sam-
pling stations were located along multiple
lines perpendicular to the valley axis at
various downwind distances from the source.
The lines extended across the valley floor
and up the valley sidewalls.

Airborne tracer concentrations downwind of
the tracer release point were measured us-
ing one of three methods:.

- Samples of SFg and lithium-traced parti-
-cles were collected and detected in real-
time, called site PNL-1 at 1.6 km and site
PNL-2 at 2.7 km from the tracer release
site. The sampling height. was 1.5 m.

= After tracer generation had ended, syringe
-samples of ambient air were collected from
a vehicle driven along roads that crossed
the gulch approximately 6.8 km below the
tracer release site.

- Cross-gulch samples of SF5 were collected
using bag samplers that were distributed




along four sampling lines oriented perpen-
dicular to the valley axis at distances of
2.0, 2.9, 4.8, and 5.9 km downgulch from
the tracer release site. Each sampling
Tine was operated by radio control to ac-
tuate selected sampling pumps. The sam-
pling time was usually 10 minutes. Each
of the lines consisted of 7 or 8 cross-
gulch spaced sampling stations, 3 or 4 on
the gulch floor and 2 on each sidewall.
Each station was set up to fill three air
sampling bags, each bag was attached to a
separate air pump. At each sampling sta-
tion, airborne SFg concentrations were in-
vestigated as a function of either succeed-
ing sampling times or as a function of
height for a single sampling time interval.

Results

Airborne tracer concentrations were summar-
ized (Sehmel 1981). Concentrations for SFg
traisr are reported as parts by volume; i.e.,
10-1¢ parts by volume equals 1 ppt, parts per
trillion. Concentrations for lithium-traced
particles are reported as airborne particles/
cm3. Ratios of particle to gas concentra-
tions were calculated to determine plume de-
pletion by particle dry deposition.

Tracer concentrations as a function of time
were different than might be predicted from
limited meteorological measurements, i.e.,
wind speed measured at the tracer release
site. In comparison, the tracer arrival
speed at respirable height is defined as the
distance between the release and tracer mea-
surement site divided by the time between
tracer release and first sensing the tracer
at the real-time tracer sampling sites, dis-
tances at PNL-1 and PNL-2 of 1.6 and 2.7 km
respectively. As shown in Table 1, tracer-
arrival speeds were always greater than the
wind speed at the release site and always
greater at site PNL-2, compared to site

TABLE 1. Tracer-Arrival Speeds

Wind Speed Tracer-Arrival Speed at

Nightof  Release Site at 1.5 m height, m/s
August, 1980 1.5 m height, m/s Site PNL-1  Site PNL-2
5-6 13 27 32
7-8 0.9 2 28
9-10 11 27 28
1m-12 1.1 3.0 3.0
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PNL-1. Tracer arrival speeds being greater
than the wind speed reflect:

- both horizontal transport and vertical mix-
ing of the tracer. Tracer mixed to higher
‘elevations is transported at greater wind
speeds as compared to wind speeds at lower
elevations.

- increased drainage flow with increasing
downslope distance within the gulch.

Tracer concentrations as a function of the
cross- and down-gulich areal extent reflect
the following trends:

~ Nonsteady-state nocturnal drainage flows
can always be expected in complex terrain.

- Concentrations can be significantly differ—
ent along a cross-gulch traverse.

- At gulch bends, the airflow inertia tends
to cause air to flow up the gulch wall as
compared to remaining at the bottom of the
gulch.

- At the confluence of two “"steep-walled”
gulches, pollutants do not mix rapidly
across the downwind gulch.

~ Pollutants are not contained within the
gulch, but spread out over the hills form-
ing the gulch.

Plume depletion is calculated from the de-
crease in ratios, the tracer particle concen-
tration/SFg concentration ratio, between the
two real-time tracer measurement sites, i.e.,
between PNL-1 and PNL-2 sites.

Plume depletion at respirable height was cal-
culated from the dual-tracer concentrations
for the two nights for which both tracers
were continuously measured. The average
plume depletion was 68% for the August 5-6
experiment, with a maximum uncertainty range
from 62% to 73% based upon the range of un-
certainty in the lithium detector calibration
factors. On August 11-12, the average plume
depletion was 37% with a maximum uncertainty
range from 13% to 62%.

Conclusions

The SFg tracer data yield further insight
into predicting airborne pollutant concentra-
tions during drainage flows in complex ter-
rain. The accurate prediction of pollutant
concentrations is the environmental concern,
rather than average wind fields. Although




there may never be enough meteorological mea-
surement sites to completely define wind
fields, tracer concentrations do reflect inte-
grated wind field changes and diffusion.

Airborne tracer concentrations in local drain-
age flows are complex for the site investi-
gated. The overall gulch drainage flow is a
combination of multiplicity of drainage flows,
flows from successively larger gullies forming
the guich tributaries. Each tributary can
have a drainage wind which rapidly loses its
jdentity when mixing with other drainages.
However, when the tributary is large, a gulch,
the mixing is much less rapid. For instance,
mixing was usually incomplete at the conflu-
ence of Corral and Box Elder Gulches.:

Predicting, or monitoring, air concentrations
at valley confluences can be uncertain. - For
instance, is the sampling site dominated by
air flow from only one of the two drainages?
Possibly the effects of drainage dominance
‘might be reduced by predicting, or monitoring
air concentrations at a predictable down-guich
“mixing* distance. The mixing distance might
be equal to several gulch widths prior to con-
fluence. The mixing distance will be esti-
mated. Sampling line 3 was about 2 km down-
wind of the confluence of Corral Gulch (the
tracer release gulch) and Box Elder Gulch.
Since the tracer plume appeared mixed in the
cross-gulch direction at sampling line 3, this
result is used to estimate the mixing distance.
Upwind of the gulch confluence, the "widths*®
of Corral and Box Elder Gulches are about 0.3
and 0.1 km. Thus, the mixing-distance/guich-
w;dt? ratio ranges from 7 to 20,-2/0.3 to
2/0.1.

A tentative generalization is that cross-quich
interruptions of drainage flows in complex
terrain are the norm, rather than the excep-
tion. Drainage flows were not uniform for

the four drainage flows investigated. Signif-
icant cross-gulch winds always interrupted

the drainage flows, even for average drainage
wind speeds less than 1.3 m/sec measured at
1.5 m at the release site and tracer arrival
speeds less than 3 m/sec. The drainage flow

" interruptions, however, did not extend the
length of the gulch. Although important in
gulches, cross-valley winds may be of less
significance for deep valleys.

Signlficant vertical mixing of the tracer oc-
curred as reflected in measured wind speeds
and calculated tracer-arrival speeds. The "
‘tracer-arrival speeds were more than twice
the wind speed measured: at the tracer release
site, measured at 1.5 m. Obviously, the
height at which wind speed is measured is im-
portant. Predictive meteorological transport
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model development should be based on winds
measured at-greater heights, or appropriate
extrapolations must be made as a function of
height.

Particle plume depletions at respirable
" height (1.5 m) were significant.

Depletion
ranged from 37% to 68% across a distance of
only 1.2 km. These depletion results are es-
pecially significant since less than a few
percent depletion would be predicted based
upon meteorological transport models which
incorporate a dry deposition velocity to
describe particle removal.
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ATMOSPHERIC TRACER GAS INVESTIGATIONS IN THE
COLORADO ‘OIL SHALE REGION = -

6. A. Sehmel

;_Pac1f1c Northwest Laboratory (PNL) conducted
atmospheric transport and plume depletion in-

vestigations in August, 1980, in Corral Gulch,

_down gulch from the Rio Blanco modified in-

situ oil shale retort at Federal Lease Tract
C-a in Colorado {Sehmel 1981). Sulfur-
hexafluoride tracer gas field experiments were
also conducted in July, 1981 but for an en-
tirely different terrain. The terrain was se-
lected to simulate fugitive-emissions trans-
port from a proposed spent-shale disposal
site. The terrain was a sloping, undulating
area between the hilltop along Corral Gulch
and Dead Horse Ridge. The objective of these




experiments was to investigate atmospheric
transport during both day and nighttime
conditions.

Experiments

During each experiment, the SFg tracer gas
was released at a constant release rate of
26 kg/hr (12 1b/hr). To ensure that the
tracer would have had time to reach the most
remote sampling locations, it was released
for about one hour before tracer sampling
was begun.

The total tracer release times ranged from 3
to 9 hours. There were four experimental
time periods, two in the evening and two in
the morning. The evening time periods were
for tracer release from 1500 to 2100 MDT
(July 15) and 1800 to 2100 MDT (July 17).
The morning time periods for tracer release
were from 0330 to 0930 MDT (July 19) and
0300 to 1217 MDT (July 21).

Total release times were selected to include
sunset and sunrise. The evening experiments
were conducted first. The results for the
evening experiments were less successful
than for the morning releases. On the first
night, the radio control system malfunc-
tioned for automatically collecting air sam-
ples at remote sites. A power lead in the
battery supply had shorted. On the second
night the system was operational, but the
experiment was stopped due to the safety
hazards from a severe local storm.

Large tracer concentration data sets were ob-
tained during the two morning tracer releases.
Airborne SFg tracer concentrations were sam-
pled by both radio-controlled sampling sta-
tions (15-minute sampling times) and syringe-
grab-samplers (near instantaneous) sampling
times. There were 32 radio-controlled sam-
pling stations which encompassed the release
site. These sampling stations were located

at sites with road access. Distances from the
tracer release site to these sampling stations
ranged from 0.6 to 6 km (0.4 to 4 miles). The
syringe-grab-samples were also collected along
roads. Most syringe samples were collected at
distances of 3 to 13 km (2 to 8 miles) from
the release site.

Conclusions
The tracer and meteorological data are yet to
be analyzed. Expected results will include

information on:

- site-specific cross-wind diffusion, oy, at
respirable height
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- a time-history of pollutant concentration
changes in both gulches and other terrain

before, during, and after sunrise

- identification of major transport flow
paths in the evening and morning

- pollutant transport over a major ridge to
an adjacent drainage valley, Dead Horse
Ridge to Big Duck Creek

~ pollutant mixing and channeling in valleys
and downwind of valley confluences

- the transient behavior of pollutant flows

- nocturnal drainage flows actihg like a
dense gas layer containing the tracer and
flowing along terrain depressions.

The inappropriate selection of air poliution

monitoring station sites, heights and concen-
tration averaging times could make assessment
applications toward PSD regulations of doubt-
ful accuracy.
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AIRBORNE TRACER CONCENTRATIONS AS A FUNCTION
OF TIME AND DISTANCE IN A GULCH

G. A. Sehmel

Regulatory standards for permissible atmo-
spheric emissions and downwind pollutant con-
centrations are often qualified scientifi-
cally because of uncertainties in model
predictions. Predictions are especially un-
certain when pollutants are released in com-
plex terrain. Experimental data were col-
lected in August 1980, which reflect these
uncertainties during nocturnal drainage flows
within Corral Gulch in the oil shale region
of Colorado. Airborne concentrations of SFg
tracer gas were measured as a function of
time and downwind distance. These data were
obtained by Clements et al. (1981) and Sehmel
(1981) in separately sponsored research.

Some of the SFg concentration data were ob-
tained as a function of time at four sampling

sites along the gulch. Cross-comparisons of




these data can be used to reflect air and pol-
lutant flows. The purpose here is to make

these comparisons between reports. ..

Experiments

A gaseous SFg tracer was released near the
surface during four nocturnal drainage flows.
The release rates were 5.4 kg/hr on the first
three nights and 3.0 kg/hr on the fourth
night. Airborne concentrations were measured
down-gulch at four sampling sites, two oper-
ated by the Pacific Northwest Laboratory (PNL)
and two by the Los Alamos National Laboratory
{LANL). A1l four sites were along the bottom
of the gulch, at distances from 1.6 to 6.0 km
downwind from the tracer release point. The
respective distances were 1.6 km at PNL-1
(near visitors center), 2.7 km at PNL-2 (near
Met-3 station), 3.3 km at LANL-1, and 6.0 km
at LANL-2, '

Airborne SF? tracer concentrations were mea-
sured as a function of time at each of these
four sampling sites. The sampling times were
different, but similar enough for cross com-
paring concentration data. The PNL concentra-
tions were nearly instantaneous and were mea-
sured in the field with portable gas chromato-

graphs (GC). In comparison, concentrations
reported by LANL were obtained from bag sam-

ples; each concentration was an integrated
average reflecting concentrations during the
7.5 min of bag sample collection.

Results

Airborne SFg gas concentrations, parts by vol-
ume, are shown as a function of time (MDT)

for the four measurement sites in Figures 1
through 4, the nights of August 5 to 6, 7 to
8, 9 to 10 and 11 to 12, respectively. Con-
centrations are shown before, during and af-
ter tracer release.

Concentrations seldom reflected steady air
flow and usually exhibited transient behavior.
During the main transient plume passages,
rates of initial concentration increase were
greater than rates of final concentration de-
crease. Significant concentration transients
also occurred during times of maximum concen-
trations, times on the order of one hour.
These transients often reflect cross-gulch
air flow. Maximum effects of cross~gulch
flow decreasing airborne concentrations in-
clude the following locations and times:
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FIGURE 1. Airborne SFs Tracer Gas Concentrations the Night of August 5 to 6, 1980
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- August 5 to 6: LANL-1 after 00:34 flows. Major transients are caused by cross
- August 7 to 8: PNL-1 at 00:19 flows penetrating into and mixing with the
- August 11 to 12: LANL-2 from 00:00 to - drainage flow. Predictive models for average

01:00

- Concentration changes as a function of dis-
tance are also complex, not a simple concen-
tration decrease with increasing distance.
The complex changes as a function of dis-
tance include the following on August 5 to

6. During times near 00:20, concentrations
at PNL~2 (1.6 km) are less than at LANL-1
(3.3 km). PRL-2 1s nnear_ the confluence with-

a second main guich. On this night, concen-
trations at PNL-2 were low because of par-
tially sampling untraced air coming from the
second ‘gulch, Box Elder Gulch.

~

Conclusions

Significant transient concentration changes
occur within a 4.4-km long section of a guich
(6.0 - 1.6 km) even for nocturnal drainage

airborne concentrations in the gulch could be
based partially upon the frequency of cross-
winds. Although these cross-flows can de-
crease concentrations in the gulch, it is
questionable whether cross—guich effects need
to be incorporated into predictive atmo-
spheric transport and diffusion models. In
addition, the frequency of these cross-wind
_penetrations is unknown. If penetration fre-
quency were pursued for model development,
the frequency would need to be evaluated by a

~ spacial integration measurement technique, a
tracer technique rather than only an anemom-
eter measurement system. :

Possibly, models should be based upon conser-
vative concentration estimates, i.e., the

- maximum expected concentration in a gulch.
These maximum concentrations can be estimated
using the tracer concentrations normalized by
the release rate data.
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® DOE/RL Special Studies

Objectives of these studies are:

Collecting data from an airborne platform on scattering extinction coefficients, relative humidity, sul-
fate and trace metals over mountainous terrain in the Northwest.

Estimating trace metal budgets over an area of complex terrain.

POLLUTION BUDGETS WITHIN A REGIONAL HATERSHED

R. N. Lee, M. M. Orgill, D. R. Drewes and
J. M. Thorp

In the early summer of 1980, an aircraft and
surface sampling program was conducted in
Washington State to assess the transport,
metamorphosis and removal of -atmospheric con-
taminants in a region characterized by com-
plex terrain. The initial examination of
aerosol data revealed enrichment of trace
elements such as Pb, C1, S, Zn and Br in the
collected samples. Transport of anthropo-
genic materials from an upwind source area,
vehicular emissions and emissions from Mt.
St. Helens were suggested to account for the
observed enrichment of specific trace ele-
ments (Lee and Orgill 1981). Analysis of
field data was completed during FY81.

Data interpretation was based on the simple
The inflow

box model shown in Figure 1.

~ the Cascade Mountains.

region was defined by the airborne sampling
program conducted east of the Seattle-Tacoma
metropolitan area and the outflow region by
airborne sampling east of the Cascade Crest.

-Concentration profiles and available wind

data were employed to calculate the fluxes of
trace elements and estimate their budget over
Non-ideal wind condi-
tions and the scarcity of wind data compli-
cated data interpretation. The generally
greater elemental flux at the outflow region,
shown in Table 1 for the June 18, 1980 test
period, is partially attributed to the trans-
port of the visible Mt. St. Helens plume from
the southwest. Those elements displaying the

greatest difference in inflow and outflow

fluxes are among the most abundant in the vol-
canic plume.

Ammonium, sulfate and nitrate data have also
been examined to provide an indication of
aerosol acidity and its spatial variation.

FIGURE 1. Box Model for Estimating Inflow, Outflow and Deposition Over the Cascades
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TABLE 1. Elemental Fluxes to the East Along Aircraft

Flight Paths

Trace

Element Inflow Outflow Difference
Sulfur 658 1650 -992
Titanium 112 153 -11
Lead 20 22 <2
Zinc 18 19 -1
Chromium 16 12 +4
Manganese 13 50 -37
Nickel 5 9 -4
Copper 5 8 ~3
Bromine 3 1 -8
Potassium 278 891 -613
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While NH4:(NO3 *+ SOs) ratios generally sug-
gest only partial neutralization of the
strong acids HNO3 and HpS04, an increase in
the equivalence ratios from west to east and
from higher to lower elevations is consistent
with neutralization during transport and the
surface origin of ammonia gas responsible for
neutralization.

Reference

Lee, R. N. and M. M. Orgill. 1981. *“Pollu-
tion Budgets Within a Regional Airshed.” In
Pacific Northwest Laboratory Annual Report
for 1980 to the DOt Assistant Secretary for
Eﬁﬁronmenti Part 3j Atmospheric_Sciences.

- s PP- -130, Pacific Northwest

Laborato;y, Richland, Washington.




and

P“b"ca“Ons . -







PUBLICATIONS

Doran, J. C. and T. W. Horst. 1981. "Veloc-
ity and Temperature Oscillations in Drainage
Winds.” J. Appl. Meteor. 20:361-364.

Orgill, M. M, 1981. ASCOT—A Planning Guide

ghiteman, C. D., N. S. Laulainen, G. A.

ehmel and J. M. Thorp. 1981. Meteorologi-
cal Data Report for Special Studies Conducted
1n August, 1980 in the Oil Shale Region of
Northwestern Colorado. PNL-3/34, Pacific

for Future Studies. PNL=3656, Pacific North-
west Laboratory, Richland, Washington.

Slinn, W. G. N. 1980. *"Predictions for Par-
ticle Deposition to Vegetative Canopies.”
PNL-SA-9124, Pacific Northwest Laboratory,
Richland, Washington (accepted for publica-
tion in Atmos. Environ.).

Slinn, W. G. N. 1981. “Estimates for the
Long-Range Transport of Air Pollution."
PNL-SA-9599, Pacific Northwest Laboratory,
Richland, Washington {accepted for publica-
tion in J. Water, Air, and Soil Pollution).

Slinn, W. G. N. and J. M. Hales. 1980.

"Wet Removal of Atmospheric Particles.”
PNL-SA-9182, Pacific Northwest Laboratory,
Richland, Washington (to be published in the
EPA book, Fine Particles in the Atmosphere).

Stinn, W. G. N. 1980. "Meteorological As-
pects of the Reactor Safety Study Requiring
Further Study." PNL-SA-8902, in Proceedings
of the Symposium on Intermediate-Range
Atmospheric-Iransport Processes and Tech-

nology Assessment, CONF-801064, NTIS,
pringfield, Virginia.

67

Northwest Laboratory, Richland, Washington.

Young, J. A. and C. W. Thomas. 198l. Mea-
surement of Short-Lived Radionuclides from

nese Nuc lear lests Since . PNL-3825,
Pacific Northwest Laboratory, Richland,
Washington.

Young, J. A. and C. W. Thomas. 1981. Atmo-
spheric Radiation Concentration Measured by
Pacific Northwest Laboratory since 1961,
PNL-3862, Pacific Northwest Laboratory,
Richland, Washington.

Young, J. A., P. 0. Jackson, V. W. Thomas,
Jr. and L. C. Schwendiman. 198l1. Proceed-
ings of Workshop on Radiological Survey and
Support of the Edgemont Cleanup Action Pro-

gram. NUREG/CR-2083, Nuc Tear Eeguiatory
ommission,

Washington, D.C.







" PRESENTATIONS

Droppo, J. G. 1981, “Improved Resolution in
Micrometeorological Flux Measurements.” Paper
presented at the Ecological Society of America
Symposium on. Interaction Between the Atmo-
sphere and Vegetation Canopies, August 20,
Bloomington, Indiana.

Kalkwarf, D. R. 1981, *"Magnetophonesis of
Organic Solutes." Paper presented at the Na-
tional Meeting of Bioelectromagnetic Society,
August, Washington, D.C.

Kalkwarf, D. R. 1981, “Reaction Kinetics
of NO» Gas with PAH-Coated Fly Ash."
PNL-SA-9404.. Paper presented at the 81st

_ National Meeting of the American Chemical
.Society, August, New York, New York.

Kalkwarf, D. R. 1981. "Transformation
Kinetics of Polycyclic Pollutants in the
Atmosphere.” - PNL-SA-9862. ' Paper presented
at the Northwest Regional Meeting of the
American Chemical Society, June, Bozeman,
Montana.

Orgill, M. M., R. N. Lee and D. R. Drewes.
1981. "A Preliminary Investigation of Pol-
lutant Transport, Metamorphosis, and Removal
Over a Regional Airshed.® Paper presented
at -the Pacific Northwest Regional American
Geophysical Union Meeting, September 17-18,
Ellensburg, Washington.

Orgill, M. M., R. N. Lee and D. R. Drewes.
1981. ™A Preliminary Study of Estimating
Pollutant Transport, Metamorphosis, and Re-
moval Over a Regional Airshed." Paper pre-
sented at the Annual Meeting of the Pacific
Division of American Association for the
Advancement of Science, June 14-19, Eugene,
Oregon.

Sehmel, G. A. 1981.. “Ambient Airborne Sol-
ids Concentrations Including Volcanic Ash at
Hanford, Washington Sampling Sites Subse--
quent to the Mount St. Helens Eruption.*®

"~ PNL-SA-9347. Presented by title at the IAMAP

Symposium on the Role of the Oceans in Atmo-
spheric Chemistry, August 17-27, Hamburg,
Federal Republic of,Ggrmany.

69

Sehmel, G. A. 198l. *“Particle and Gas Dry
Deposition: Known Results and Research
Needs." PNL-SA-9244. Paper presented at
the National Center for Intermedia Trans-
port Research Workshop Program, April 1-2,
UCLA, Los Angeles, California.

Slinn, W. G. N. 1980. “Meteorological As-
pects of the Reactor Safety Study Requiring
Further Study." PNL-SA-8902. Paper pre-
sented at the U.S. DOE/NOAA Symposium on
Intermediate-Range Atmospheric-Transport
Processes and Technology Assessment,
October 1-3, Gatlinburg, Tennessee.

Slinn, W. G. N. 1981, “Estimates for the
Long-Range Transport of Air Pollution.*
PNL-SA-9599. Invited review paper presented
at the Joint AMS/CMOS Conference on the Long-
Range Transport of Airborne Pollutants and
Acid Rain, April 27-30, Albany, New York.

Slinn, W. G. N, 1981. "Models for Air/Sea
Exchange of Particles and Gases."
PNL-SA-9393. Invited keynote address pre-
sented at the IAMAP Symposium on the Role of
the Oceans in Atmospheric Chemistry,

August 17-27, Hamburg, Federal Republic of
Germany.

Stokes, G. M. 1981. “Global CO» Buildup and
Possible Climate Modification.” Paper pre-
sented at the 27th Annual Meeting of the In-
stitute of Environmental Sciences, May 7,

Los Angeles, California.










¢
7
! | o :
; ; ,
! x ; I
i
' l
'




Abbey, O. B.; 12

Dana, M. T.; 23
Doran, ). C.; 9,12
Drewes, D. R.; 63

Glover,D.W.; 1,2

Hales, J. M.; 25
Hannigan, R. V.; 6
Hicks, B. B.; 26
Horst, T. W.; 1,9, 12

AUTHOR INDEX

Kalkwarf, D. R.; 15
Lee,R. N.; 1, 6,63
Nickola, P. W.; 1,5
Orgill, M. M.; 1,6, 7,63

Patrinos, A. A. N.; 23

73

Schreck, R. I.; 1
Sehmel, G. A.; 31, 35, 36,

39, 42, 43, 44, 47, 55, 57, 58
Slinn, W. G. N.; 25, 26
Stokes, G. M.; 19

Thorp, J. M.; 1, 2,63

Wetzel, ). S.; 1







~.;~Qrgan|zat|0n fjfharts e
.lStl’lbutlon







173

PACIFIC NORTHWEST LABORATORY
DL OLESEN

" RESEFARCH

WR wney

m
§
3

»
NNNNAAANANN

c.2 rLoeRIm

T
g
\\\\\\\\\

E

By
3

\\\

77 i

700

///////////////////////////

PROGRAMS
AP MARSHALL

LTI T T vy,

ECOLOGICAL ? soL0aGY ? ]  wanowaLsecumy / ENVIRONMENT. HEALTH & E/1sTRATEGY AND PLANNING:

sciences 1 TECHNOLOGY % SAPETY RESEARCH 1

e ? " Z é 1M, DAVIDRON g wa.8am g ENERGY TECHNOLOGY
//////////////////////////11//////11///://///////////I////////é WW //////j/ ) ///é mu:::c:l

suvsicat. A mapiowooreat MOCHEMIC, NUCLEAR NOLOGY

soences P Meoences Z é CONVERSION OF IOMASS % ncnnoro:w"l % Anmar

2. e sTn 2 w.Aouss é é a.r. scurrneem % 1.0, COMRALLA OFFICE OF PLANNING

. - b Le. m
T T /////////

N




8L

PACIFIC NORTHWEST LABORATORY
O.E. OLESEN
I
L 1 1
RESEARCH PROGRAMS RESEARCH
A.J. HAVERFIELD R.P. MARSHALL W.R. WILEY

*—
ENVIRONMENT, HEALTH AND SAFETY

RESEARCH
.J. BAIR
parss,
[ ]
ENERGY SYSTEMS ATMOSPHERIC sloLOGY ECOLOGICAL PHYSICAL SCIENCES RADIOLOGICAL WATER AND LAND
SCIENCES SCIENCES SCIENCES RESOURCES
LD. WILLIAMS C.E. ELOERKIN . DRUCKER B.E VAUGHAN M. NIELSEN W.A. GLASS ©.8. CEARLOCK
NUCLEAR SPACE SCIENCES J SIOELECTRO- QUANTITATIVE ANALYTICAL AND MADIOLOGICAL HYDROLOGIC
|1 enenay svsTems ] MAGNETICS ECOLOGY || nucLean nesearcH PHYSICS s SYSTEMS
AW, FLEICHMAN RA STOKES A0, PLLIFS D.H. McKENZIE N.E BALLOV LN. TOBUREN £.M. BROWN
ECONOMICS AND e eND J DEVELOPMENTAL FRESHWATER e HEALTH PHYSICS ENVIRONMENTAL
|1 svstems anaLvsis Frrp TOXICOLOGY 1 SCIENCES B I emiieald TECHNOLOGY |} “envaiveeming
D.E. DEONIGI N8 LAULAINEN B J KELMAN Ti PAGE 4.8, FRUCHTER 4.0 0ELOY AF. GASPERING
APPLIED
T MeteonoLoay CELL mioLOGY J MARINE |cemcar metnoos DOSIMETAY EARTH SCIENCES
s B SCIENCES | [C"NG Kinemcs |3 vecwnoloay B
ECONOMICS ASSESSMENT J.A, STOTTLEMYRE
C.H. BLOOMSTER P SCHNEIDER .. GIBSON W.O. FEUX L.G. FAUST o
ALK HADLOCK
INHALATION ADI ENVIRONMENTAL
sTamsTICS ATMOSPHERIC TECHNOLOGY TERRESTRIAL Pttt ylont EVALUATION
H - PHYSICS -4 ano ToxicoLoay Ecotoay —f  cHEmISTRY - DND MISK
LA MANAFFEY Lo wewoeLL et wanwen ASSESSMENT
M.T. KARAGIANES . N.A WOGMAN 4.8, BROWN
RESCUNCE AND
REGIONAL EXPERIMENTAL ENVIRONMENTAL
L1 economics PATHOLOGY CHEMISTRY
4. CURRIE H.A RAGAN N.E. WILDUNG
v ENVIRONMENTAL
4 ANALSS ANALYSIS
T4 wike £.C waTsON
NOTE:
HEAVY SLACK LINES DENOTE ORGANIZATIONAL
COMPONENTS N WHICH ENVIRONMENT, HEALTH
AND SAFETY RESEARCH IS BEING CONDUCTED
AS OF DECEMBER 1. 1981,
SYSTEMS SAFETY
B ANALYSIS
- AE. AHOADS — FUNCTIONAL MANAGEMENT RELATIONSHIP
EH&SR MANAGEMENT RELATIONSHIP




i
1
i
{
i

No. of
Copies

OFFSITE

27

A. A. Churm

Patent Division

DOE - Chicago Operations
Office

9800 S. Cass Avenue

Argonne, IL 60439

DOE Technita] Information
Center

W. R. Albers
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

R. Alexander

Nuclear Regulatory

Commission
Washington, DC 20545

E. L. Alpen

Lawrence Berkeley
Laboratory

University of California

Building 90, Room 2056

No. 1 Cyclotron Road

Berkeley, CA 94720

J. A, Auxier.

O0ak Ridge National
Laboratory .

P.0. Box X

0ak Ridge, TN 37830

- J.°S. Ball

Bartlesville Energy
. Research Center
Department of Energy .

P.0. Box 1398

Bartlesville, OK 74003

" Dp. Ballantine _

Office of Energy Research

- ‘Department of Energy

Washington, DC 20545

DISTRIBUTION

No. of
Copies

R. Barber

Environmental Protection
Safety and Emergency
Preparedness

Department of Energy

Washington, DC- 20545

N. F. Barr .
Office of Energy Research
Department of Energy

: Nashington, DC 20545

E. w. Bean
Rocky Flats Area -
Office -

- DOE - Albuquerque

Operations Office
P.0. Box 928 :
Golden, CO 80401

D. Beirman

Chief, Document Service
-Branch

Central Intelligence
Agency )

Attn: CRS/DPSD/DSB/IAS/

409779/08
Washington, DC- 20505

J. R. Blair.

Office of Energy Research
Department of Energy
Washington, DC 20545

V. P. Bond .

Brookhaven National
Laboratory

Upton, Long Island,
NY 11973

- L. Bustad, Dean

College of Veterinary
Medicine
Washington State .

“- University

Pullman, WA 99163

J. Coleman

Office of Energy Research
Department of Energy
Washington, DC 20545

79

PNL-4100 PT3
uc-11

No. of
Copies

W. Cool
Nuclear Regulatory

Commission
Washington, DC 20545

Council of Environmental
Quality

72 Jackson Place, N.W.

Washington, DC 20006

R. W. Davies
Environmental Protection
Safety and Emergency

Preparedness -
Department of Energy
Washington, DC 20545

J. J. Davis

Asst. Director of

Research
Nuclear Regulatory

" Commission

Washington, DC 20545

A. W. Decora

Laramie Energy Research
Center

Department of Energy

P.0. Box 3395

University Station

Laramie, WY 83071

A. P. Duhamel

Office of Energy Research
Department of Energy
Washington, DC 20545

P. B. Dunnaway

- DOE - Nevada Operafions

Office -
P.0. Box 14100
Las Vegas, NV 89114

C. N.'Edington
Office of Energy Research

" “Department of  Energy

Nashington, DC 20545

H. Ellett

Environmental Protection
Agency

Washington, DC 20460




No. of No. of No..of
Copies Copies Copies

B. M. Erickson
DOE - Schenectady

Naval Reactors Office
P.0. Box 1069
Schenectady, NY 12301

D. M. Gardiner

DOE - Chicago
Operations Office

9800 South Cass Avenue

Argonne, IL 60439

M. E. Gates

DOE - Nevada Operations
Office

P.0. Box 14100

. Las Vegas, NV 89114

S. H. Greenleigh
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

G. H. Gronhovd

Grand Forks Energy
Research Center

Department of Energy

Box 8213

University Station

Grand Forks, ND 58202

E. Harvey

Office of Energy Research
Department of Energy
Washington, DC 20545

J. W. Healy

Los Alamos Scientific
Laboratory

University of California

P.0. Box 1663

Los Alamos, NM 87545

H. L. Hollister
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

B. House

Environmental Protection
Safety and Emergency
Preparedness

Department of Energy

Washington, DC 20545

C. Jackson

DOE - San Francisco
Operations Office

133 Broadway

Wells Fargo Building

Oakland, CA 94616

R. M. Jefferson
Sandia Laboratories
P.0. Box 5800
Albuquerque, NM 87187

J. F. Johnson
Kenworth Trucking
P.0. Box 1000
Kirkland, WA 98033

J. Kane

Office of Energy Research
Department of Energy
Washington, DC 20545

F. Koomonoff

Office of Energy Research
Department of Energy
Washington, DC 20545

J. A. Lenhard

DOE - Oak Ridge
Operations Office

P.0. Box E

O0ak Ridge, TN 37830

Librarian

Joint Center for
Graduate Study

100 Sprout Road

Richland, WA 99352

Librarian

Lawrence Radiation
Laboratory .

University of California
Technical Information
Department, L-3

P.0. Box 808

Livermore, CA 94500

Librarian

Los Alamos Scientific
Laboratory

P.0. Box 1663

Los Alamos, NM 87545

80

Librarian

Research Library,
Reference

Brookhaven National
Laboratory

Upton, Long Island,
NY 11973

W. J. Little, Jr.
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

R. Lunt -
University of California

“Center of Life Sciences

900 Western Avenue
West Los Angeles,
CA 90024

J. N. Maddox

Office of Energy Research
Department of Energy
Washington, DC 20545

D. D. Mayhew

Office of Energy Research
Department of Energy
Washington, DC 20545

H. McCammon

Office of Energy Research
Department of Energy
Washington, DC 20545

J. W. McCaslin

INEL, Aerojet Nuclear
550 Second Street
Idaho Falls, ID 83401

R. 0. McClellan

Inhalation Toxicology
Research Institute

Lovelace Foundation for
Medical Education and
Research

P.0. Box 5890

Albuquerque, NM 87115

T. F. McCraw
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545




-

C. B. Meinhold

Brookhaven National
Laboratory

Upton, Long Island,
NY 11973

M. L. Mendelsohn

University of California

Lawrence Livermore
Laboratory

P.0. Box 808

Livermore, CA 94550

M. L. Minthorn, Jr.
Office of Energy Research
Department of Energy

v~Washington, DC 20545

" B. Morgan

DOE - Savannah River
Operations Office

P.0. Box A

Aiken, SC 29801

W. A. Neustadt
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

W. R. Ney
Executive Director

- National Council on

Radiation Protection
.and Measurement
7910 Woodmont Avenue

A. A. Pitrolo
Morgantown Energy
Research Center ,
Department of Energy
P.0. Box 880
Morgantown, WY 26505

D. Rall, Director

NIEHS .

P.0. Box 12233

Research Triangle Park
NC 27709

R. Ray

DOE - Nevada Operations
Office

P.0. Box 14100 »

Las Vegas, NV 89114

W. Reese

DOE - Savannah River
Operations Office

P.0. Box A

Aiken, SC 29801

C. R. Richmond

Qak Ridge National
Laboratory

P.0. Box X -

Oak Ridge, TN 37830

J. R. Roeder

DOE -:Albuquerque

- Operations Office
P.0. Box 5400
Albuquerque, NM 87115

No. of No. of ‘No. of
Copies Copies Copies

K. A. Smith

Sandia Laboratories
P.0. Box 5800
Albuquerque, NM 87187

J. H. Spickard

DOE - Idaho Operations
Commission

550 Second Street

Idaho Falls, ID 83401

J. F. Stevens

Dayton Area Office
DOE - Albuquerque

. Operations Office
P.0. Box 66 ‘
Miamisburg, OH 45342

Frank Swanberg

Nuclear Regulatory
Commission

Washington, DC 20545

J. Swinebroad
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

Technical Information
Service ;

Room 773A

Savannah River Laboratory

E. I. du Pont de Nemours
and Company

Aiken, SC 29801

Suite 1061 R. Roland
Washington, DC 20014 Argonne National J. W. Thiessen
Laboratory Office of Energy Research

NRC Advisory Committee

on Reactor Safeguards
Hashington, oC 20555

D. E. Patterson

Environmental Protection

Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

'D. F. Petersen

Unfversity of California

Los Alamos Scientific
Laboratory = =~

P.0. Box 1663

Los Alamos, NM 87545

9700 South Cass Avenue
Argonne, IL 60439

R. A. Scarano

Nuclear Regulatory
Commission .

Mi11 Licensing Section

Washington, DC 20545

M. Schulman

Office of Energy Research
Department of Energ
Washington, OC 2054

D. H. Slade -

Office of Energy Research
Department of Energy
Washington, DC 20545

81

Department . of Energy
Washington, DC 20545

A, Trivelpiece

0ffice of Energy Research
Department of Energy
Hashington, DC 20545

" W. Vaughan

Environmental Protection
-Safety and Emergency
Preparedness

Department of Energy -

: Nashington. oc 20545

G.-L. Voelz

University of California

Los Alamos Scientific
Laboratory

£.0. Box 1663

Los Alamos, NM 87545




No. of
Copies

H. L. Volchok

Department of Energy

Environmental :
Measurements
Laboratory

376 Hudson St.

New York, NY 10014

8. W. Wachholz
Environmental Protection
Safety and Emergency

Preparedness
Department of Energy
Washington, DC 20545

1. Wender

Pittsburgh Energy
Research Center

4800 Forbes Avenue

Pittsburgh, PA 15213

W. Weyzen

Electric Power Research
Institute

3412 Hillview Avenue

Palo Alto, CA 92665

M. M. Williamson

DOE - Idaho Operations
Commission

550 Second Street

Idaho Falls, ID 83401

R. W. Wood

Office of Energy Research
Department of Energy
Washington, DC 20545

R. E. Yoder

Rockwell International
P.0. Box 464

Golden, CO 80401

FOREIGN

M. Anderson

Library

Department of National
Health and Welfare .

Ottowa, Ontario

CANADA

J. K. Basson
Vice-President

Raad Op Atomic

Atoomkrag Energy Board
Privaatsk X 256

Pretoria 0001

REPUBLIC OF SOUTH AFRICA

No. of
Copies

Z. M. Beekman
President of IRPA
Rooseveltlaan 197
1079 AP Amsterdam
THE NETHERLANDS

A. Brink

Sasol1-One Limited

P.0. Box 1.

Sasolburg 9570

REPUBLIC OF SOUTH AFRICA

H. Daw
Director, Division of
Health, Safety and
Waste Management
International Atomic
Energy Agency
Vienna 1, Kaerntnerring 11,
AUSTRIA

Director

Commissariat 4 1'Energie
Atomique

Centre d'Etudes

Nucléaires de
Fontenay-aux-
Roses (Seine)

FRANCE

Director

Commonwealth Scientific
and Industrial Research
Organization

Aspendal, Victoria,

AUSTRALIA

D. Djuric

Institute of Occupational
Radiological Health

11000 Beograd

Deligradska 29,

YUGOSLAVIA

J. Dunster ,
National Radiological
Protection Board

Harwell, Didcot
Oxfordshire 0XII ORQ
ENGLAND

L. Feinendegen

Director of Institute of
Medicine

Institut fiir Medizin

Kernforchung sanlege
Julich

Postfach 1913

517, Julich

FEDERAL REPUBLIC OF

GERMANY

82

No. of
Copies

A. R. Gopal-Ayengar
Inst. fir Biophysik
Herrenhauser Str. 2
3000 Hannover, 21
FEDERAL REPUBLIC OF
GERMANY

W. Jacobi

Institut fir
Strahlenschutz

D-8042 Neuherberg

Ingolstaddter
Landstrasse 1

FEDERAL REPUBLIC OF

GERMANY

K. E. Lennart Johansson

National Defense Research
Institute

FOA 45 1

$-901-82

Umea, SWEDEN

E. Komarov

Environmental Health
Division

World Health Organization

Avenue Appia 1211

Geneva 27, SWITZERLAND

T. Kumatori

Director

National Institute of
Radiological Sciences

4-9-1, Anagawa

Chiba-shi, Chiba 260

JAPAN

Professor D. Lal

Physical Research
Laboratory

Ahmedabad

380 009

INDIA

Librarian
Australian AEC
Riverina Laboratory
P.0. Box 226
Deniliquin

New South Wales
AUSTRALIA 2710

Librarian, Building 465

Atomic Energy Research
Establishment

Harwell, Didcot

OXON OXII ORD

ENGLAND

c




-

No. of No. of No. of
Copies Copies Copies
Librarian H. Smith UNC Nuclear Industries
Centre d'Etudes Biology Department
Nucleaires de Saclay National Radiological T. E. Dabrowski
P.0. Box 2, Saclay Protection Board
Fig-sur-Yvette (S 0) Building 5657 - 2 MWestinghouse Hanford
FRANCE v Harwell, Didcot - _ Company
Oxfordshire OXII ORQ
Librarian ENGLAND R. 0. Budd
Commonwealth Scientific K . D. E. Simpson
and Industrial Research F. D. Sowby
Organization International Commission = 8§ Battelle-Seattle
314 Albert Street on Radiological
P.O. Box 89 - Protection : S. M. Nealey
East Melbourne, Victoria Clifton Avenue : E. B. Perrin
AUSTRALIA ' Sutton, Surrey = J. E. Rasmussen
' ENGLAND A. H. Schilling
A. M. Marko - o C. R. Schuller
Director Atomic Energy M. J. Suess R. Shikiar
of Canada Ltd. Regional Officer for M. E. Walsh
Biology and Health Environmental Hazards M. T. Wood
Physics Division World Health Organization
Chalk River Nuclear 8, Scherfigsvej 6 Battelle Memorial
Laboratories DK~-2100 Institute
Chalk River Copenhagen, DENMARK -
Ontario K0OJ IJO N. E. Carter
CANADA B. C. Winkler L. L. German
Director, Licensing R. S. Paul
J. C. Nenot (Standards) D. B. Shipler
Comite de Radioprotection Raad Op Atoomlrag/Atomic C. R. Vest
69, rue de Micromesnil Energy Board Librarian
75008 Paris, Privaatsak X 256/
FRANCE Private Bag X 256 3 Battelle-Columbus
Pretoria 001 - '
J. P. Olivier . ‘REPUBLIC OF SOUTH AFRICA - A. H. Adelman
ENEA (OECD) Health and . A. D. Barker
Safety Office ONSITE F. J. Milford
38, Blvd. Suchet
Paris, 7 DOE Richland Operations 3 Battelle-Washington D.C.
FRANCE Office Office
Dr. V. Prodi T. €. Austin G. Johnson
Comitato Nazionale per P. F. Dunigan : ~ S, Stryker
L'Energia Nucleare D. R. ETe C. Vest
Laboratorio Fisica . R. W. Newlin
Sanitaria g. &. g:nsgmig. K. Clark 203 Pacific Northwest
Posiz. . R. Standerfer Laboratory
Prot.n. 306/LFS M. W. Tiernan
Via Miazzini, 2 : , 0. B. Abbey :
40138 Bologna 2 Hanford Environmental R. W. Baalman (5)
ITALY : Health Foundation W. J. Bair (15)
o K. M. Busness
M. Rzekiecki D. B. Breitenstein N. M. Burleigh
Commissariat a 1'Energie B. D. Reinert - D. B. Cearlock
Atomique T. P. Chikalla
Centre d'Etudes Rockwell Hanford ' M. T. Dana
Nucleaires de Cadarache Uperations : J. M. Davidson
BP n 13-St. Paul . J. C. Doran
Les Durance P. G. Lorenzini D. R. Drewes
FRANCE H. Drucker
J g C. E. Elderkin (40)
% ' S. J. Farmer

83




oOCOZnNIODMELO

No. of No. of

Copies Copies
Fuquay - S. Marks G. A. Sehmel
Glass R. P. Marshall C. L. Simpson
Glover J. E. Mendel W. G. N. Slinn
Gray J. E. Minor M. E. Stifter
Hadlock (5) P. W. Nickola G. M. Stokes
Hales (5) J. M. Nielson R. A. Stokes (10)
Hann R. E. Nightingale A. M. Sutey
Hannigan D. E. Olesen J. M. Thorp
Haverfield M. M. Orgill B. E. Vaughan
Hays W. T. Pennell L. L. Wendell (5)
Hoitink A. M. Platt J. S. Wetzel
Horst P. M. Potter (5) W. R. Wiley
Johnston W. D. Richmond L. D. Williams
Kalkwarf . G. F. Schiefelbein R. K. Woodruff
Laulainen (50) L. C. Schmid Biology Library. (2)
Lee R. I. Schreck Technical Information (5)
Liikala J. B. Schuette Publishing Coordination (2)
Lloyd L. C. Schwendiman .

84




	PREFACE
	FOREWORD
	ATMOSPHERIC DIFFUSION IN COMPLEX TERRAIN
	J S Wetzel and R N Lee
	J M Thorp and D W Glover
	P W Nickola
	M M Orgill R N Lee and R V Hannigan
	M M Orgill

	ATMOSPHERIC BOUNDARY LAYER STUDIES
	1 C Doran and T W Horst
	T W Horst J C Doran and 0 B Abbey

	POLLUTANT TRANSFORMATION IN THE ATMOSPHERE
	D R Kalkwarf

	STUDY OF SPECTROSCOPIC DATA
	G M Stokes


	METEOROLOGICAL EFFECTS OF THERMAL ENERGY RELEASES METER).
	M Terry Dana and A A N Patrinos

	THEORETICAL STUDIES AND APPLICATIONS
	W G N Slinn
	W G N Slinn
	W G N Slinn and J M Hales
	B B Hicks and W G N Slinn
	AND VOLATl LES
	G A Sehmel

	PARTICLE RESUSPENSION AND TRANSLOCATION
	G A Sehmel
	G A Sehmel
	G A Sehmel
	G A Sehmel
	G A Sehmel
	G A Sehmel
	G A Sehmel
	OIL SHALE FUGITIVE AIR EMISSIONS
	G A Sehmel
	G A Sehmel
	G A Sehmel

	DOE/RL SPECIAL STUDIES
	J M Thorp


	PUBLICATIONS
	PRESENTATIONS
	AUTHOR INDEX
	ORGANIZATION CHARTS
	DISTRIBUTION



