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ATMOSPHERIC DISPERSION EXPERIMENTS USING THE NILU 

AUTOMATIC WEATHER STATION AND SF6 TRACER TECHNIQUES 

1 INTRODUCTION 

When applying Gaussian type dispersion models, which for many 

purposes might represent a useful tool in estimating air pollu­ 

tion concentrations, the results are sensitive to the choice 

of dispersion parameters. The so-called Pasquill-Gifford-Turner 

(PGT) curves for cr and cr (1) have been used, and misused, for y z 
about 17 years. It has been pointed out that the PGT curves 

apply to a sampling time of about 3 minutes, a surface roughness 
. 0 

of a few centimeters and a latitude of about 50 (2). The selec- 

tion of a proper a-curve has been based upon atmospheric stability 

classes determined from observations of cloud cover and wind 

speed or temperature change with height (3). The dispersion class 

specifies both lateral and vertical spread. During the last few 

years several authors have emphasized the importance of esti­ 

mating the lateral and vertical dispersion parameters seperately. 

(4,5) The use of this "split sigma'' method has been demonstrated 

to be most important during low wind speed inversion conditions 

(6). To improve plume calculations, it has been recommended to 

estimate cr from measurements of lateral turbulent velocity y 
fluctuations cr, or from the standard deviation of wind direc­ y 
tion fluctuations 08, and crz from estimates of the vertical 

heat flux rather than from PGT curves (7). 

The purpose of this work was to validate meteorological estimates 

of cr and cr by using atmospheric tracer techniques. Dispersion 
y z 

experiments were carried out at 3 sites, using sulfur hexafluoride 

(SF6) as a tracer. Meteorological data were obtained with a NILU 

Automatic Weather Station. This report, which summarizes the 

experimental tracer procedures and data handling methods, serves 

as a demonstration of NILU's tracer capabilities. 
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2 EXPERIMENTAL PROCEDURES 

2.1 The NILU Automatic Weather Station (AWS) 

An electronic monitor for measuring meteorological parameters 

including wind statistics, developed and tested at the Norwegian 

Institute for Air Research (NILU) (8), was used to collect 

dispersion data. This automatic weather station is completely 

digitized and has a capacity of 2 months unattended operation. 

The station consists of: 

1) Meteorological sensors mounted at different levels on a 

mast (usually 2,10,25 and 36 m). 

2) An electronic unit and a datalogger placed in a small cabin 

or another type of shelter. The datalogger is connected to 

the sensors with a shielded cable normally not longer than 

50 m. 

The following parameters are normally logged: 

Parameter Type Range Resolution 

1. Wind direction Slowly averaging 0-360° 1. 40 

2. Standard r.m.s. of wind 0-105° 1.4° 
deviation direction 

3. Wind speed Windway 0-80 m/s 0.1 m/s 

4. Wind speed Highest 10 sec 
gusts average (variable 0.80 m/s 0.4 m/s 

average time) 

5. Temperature 1000 n platinum -5oOc to+40°c 0.1°c 

6. Temperature 2xl000 n platinum -20°c to+20°c o.o5°c 
difference 

Relative humidity, pressure or radiation may also be logged. 

The datalogger is a modified Aanderaa logger. The main differences 

are the electronic sampling of the wind direction and its standard 
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deviation, extended tape capacity, digital timer with display, 

electronic logging of the hour number, and digital data monitor 

with display for direct readout of the input data. Wind direction 

fluctuations are measured by a windvane with damping ratio 0.6 

and distance constant 1.7 meter. The AWS is shown in Figure 1. 

All parameter inputs are scanned every 5 minutes by the data­ 

logger and the information is recorded in 10 bits binary code 

on magnetic tape. 

Resolution of the logger is 250 µV which gives a total input 

range of 0250 mv. 

Normal inspection frequency is 2 months with exchange of magnetic 

tape and general overhaul of the equipment. The tapes are 

played back at NILU and converted to IBM compatible computer 

tape for further data handling. 
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Figure 1: The NILU automatic weather station. 
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2.2 SF6 as an Atmospheric Tracer 

·sulfur hexafluoride is a colorless, odorless, nontoxic and 

inert gas which can be detected at extremely low concentrations 

using electron capture gas chromatography. Pertinent physical 

data for SF6 are given in Table 1. 

Halasz and Glemsar (9) in a review of SF6 chemistry, state 

that "normal nucleophilic reagents cannot attack the highly 

symmetric octahedral structure of six equal S-F bond distances, 

1.56 A." Case and Nyman (10) suggested that a strong elec­ 

trophile could coordinate with a fluorine atom and found that 

the reaction: 

SFs + 2SO3 + 3SO2F2 

proceeded at 20% efficiency at 250°c over 24 hours. At high 

temperatures, SF6 also reacts with alkali metals (11). The 

Matheson Gas Data Book indicates "Sulfur hexafluoride is 

chemically inert except under conditions of red heat. Even at 

red heat, sulfur hexafluoride does not attack glass, nor decom­ 

pose, nor react with hydrogen, ammonia, or oxygen, or any 

number of other active substances. With hydrogen in a spark, 

or by heating with hydrogen sulfide, it reacts to form sulfur 

and will etch a glass container. It does not react with molten 

potassium hydroxide or with steam at 500°c. Sulfur hexafluoride 

reacts with molten sodium at about 250°c, with sodium in liquid 

ammonia at below -60°c, and with sodium diphenylide in 

1.2-dimethoxyethane at ambient temperature according to the 

equation 8Na + SF6 + Na2S + 6NaF" (12). However, in the atmo­ 

sphere,it appears that SF6 can be considered as an inert, long­ 

lived species. It is one of the least water soluble substances 

known. The solubity of SFP in water and in a series of alcohols 

has been reported by Lamb and Shair (13). 

SF6 does not occur naturally; it is generally manufactured 

by burning sulfur in the presence of fluorine. Krey et al. (14) 

reported that the estimated world-wide SF6 production rate 

increased from 15 megagrams/year in 1953 to 1180 megagrams/year 

in 1974. 
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Table 1: Physical constants of SF6 (12). 

Molecular weight •••••..••••••••..••••.•••... 146.054 
0 

Vapor Pressure at 21 0, 1 atm 

Specific Volume at 21°c, 1 atm 

Sublimation Temperatuye at 1 atm .....•....•. -63.8°c 

Freezing Point at 2.21 atm 

Critical Temperature 

Critical Pressure ....•....................•. 

Critical Dens i ty .... ; .......•............... 

Latent Heat of Sublimation at -63.8°c, 
1 atm .•............•..................... • . • 

0 
Latent Heat of Fusion at -50.8 C, 2.21 atm .. 

0 
Specific Heat, Liquid at -50.6 C . 

22.5 kg/cm2 gauge 

156.1 ml/g 

0 
-50.8 C 

Specific Gravity, Ga:s at 20°c, 1 atm(Air=l) •. 5.11 
0 

Density, Gas at 0 C, 1 atm 6.52 g/1 
0 

Density, Liquid at -50.8 C 1.88 g/ml 

0 Entropy, Gas at 25 c, 1 atm 

Ionization Potential 

................. 

........................ 

45.55°c 

37.11 atm 
(38.35 kg/cm2 absolute) 

0.734 g/ml 

5640 cal/mole (38.62 cal/g) 

1200 cal/mole (8.2 cal/g) 

26.50 cal/(mole) (
0
c) 

((0.18 cal/(g) (
0
c)) 

Specific Heat, Gas at 25°c, 1 atm. Cp ...•.... 23.26 cal/(mole) (
0
c) 

((0.16 cal/(g) (
0
c)) 

0 
Viscosity, Liquid at -43.3 C ........••...... 0.500 centipoise 

0 Viscosity, Gas at 20 c, 1 atm .•..•.•........ 0.0153 centipoise 

Surface Tension at -50°c ..•..••.••......••.• 11.63 dynes/cm 

Thermal Conductivity, Gas at 27°c .......•.•• 0.0~33 cal/(sec) (cm
2
) (

0
c/cm) 

Heat of Formation, Gas at 25°c ..•..•.....••. -288.5 kcal/mole (-1972.3 cal/g) 
0 

69. 713 cal/(mole) ( C) 
0 

((0.477 cal/(g) ( C)) 

0 
Dielectric Constant, Gas at 25 C, 1 atm ..... 1.00207 

19.3 electron volts 

Solubility in Water at 25°c, 1 atm .........• 0.001 ml/ml water 
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Krey et al. (14) measured tropospheric and stratospheric ambient 

levels and estimated the total atmospheric SF6 inventory to 

equal 985 megagrams. Furthermore, Krey et al. (14), considering 

loss through photolysis the only atmospheric sink, estimated the 

photolytic half-life to range from 1 to 3 years with a total 

atmospheric half-life ranging from 12 to 24 years. These authors 

reported that ratios of SF6 levels to CC13F levels increased 

markedly with increasing altitudes or polar latitudes indicating 

that SF6 is much more stable to photochemical decomposition than 

CC13F. Short-term studies by Saltzman et al. (15) also suggested 

that SF6 is stable under ultraviolet radiation. 

The principal use of SF6 is as an electrical insultation medium 

in switching-gear and transformers. De Bortoli and Peechio (16) 

reported ambient SF6 levels over Oslo, Norway to be approximately 

4•10-
13
p/p. This level is typical of most urban areas. 

Sulfur hexafluoride is a nontoxic gas as evidenced by a number 

of studies using SF6 to study ventilation rates of the lung 

(17, 18, 19). Lester and Greenberg (20) exposed animals to an 

atmosphere consisting of 80% SF6 and 20% 02 for periods as 

long as 24 hours with no indication of irritation or intoxication 

observed. 

The chemistry of SF6 within the electron capture detector has 

been reviewed by Lamb (21). This work plus references cited 

above indicate that SF6 is an inert, nontoxic gas detectable 

at extremely low levels and, thus, perfectly suited for use as 

an atmospheric tracer. 
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2. 3 Tracer r·e1ease system 

In the study described in this report SF6-tracer was released 

at a height of 1 m through a gas flow-meter connected to a gas 

cylinder. The release system is shown in Figure 2. 

Figure 2: SF6 cylinder and gas flow meter. 

In each test, SF6 was released continuously at a steady rate; 

every release was monitored continuously. The release rate was 

determined from the scale of the gas flowmeter. This rate was 

within 10% of the rate determined by weighing the gas bottle 

before and after each release. A sufiUTlary of the release data 

is given.in Table 2. 
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Table 2: SF6 release data. 

Test Date T.ime Site Height Release 
(m) rate 

g/s 

1 1.3.78 1100-1115 K 1 .0854 

2 30.3.78 1000-1045 K 1 .0833 

3 12.5.78 1410-1440 K 1 .0833 

4 6.6.78 1652-1717 K 1 .0881 

5 7.6.78 1430-1455 K 1 .0824 

6 29.5.78 1255-1335 V 1 .0728 

7 26.7.78 1000-1030 A 40 .191 

8 26.7.78 1300-1330 A 40 .191 

9 26.7.78 1600-1645 A 40 .191 

2.4 Sampling system 

Air samples were collected in 20 cm3 plastic disposable syringes. 
Detailed, quasi-instantaneous descriptions of the tracer plume 

were obtained with grab samples collected during walkinq or 

automobile crosswind traverses. 
, 
I 

Fifteen minute averaged samples were collected at fixed points 

using either sequential 1-hour samplers (220V, AC), sequential 

30 minute samplers (1.5V, DC), or single 15-minute samplers. 

Small diameter hypodermic needles were used on the syringes to 

prevent back-diffusion of the sample air. The samplers are shown 

in Figure 3. 

Data from Lamb (21) indicate that samples collected in the 

syringes do not change in concentration more than 5% over 

approximately one to two weeks. 
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Figure 3: Air sampling equipment 

a) 15-minute average sequential sampler, 1.5V, with 
60 minute mecnanical starting timer. 

b) Grab samples. 
c) 15-minute average sequential sampler, 220V, with 

99 minute electronic starting timer. 
d) 15-minute average sampler 1.5V for collecting 

vertical data via a mast or balloon. 
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2. 5 Analysi•s: ·o·f. :samples · · 

Air samples were analyzed using electron capture gas chromato­ 

graphy. Two gas chromatographs were prepared for each field 

study. The analysis and calibration system is shown.in Figure 4. 

'·· I 

I 

Figure 4: Tracer analysis and calibration system: portable 
electron capture gas chromatograph, strip-chart 
recorder, and exponential dilution au.be. 

A ståinless steel coaxial electron captur~ ~etector,.electri­ 

cally insulated with teflon and nylon plugs, was pulsed every 

200 µsec with a 1 µsec wide pulse. The radioactive source used 

was a 200 mCi H3 source bonded to a titanium substrate (U.S. 

Radium Corp., Bloomsberg, Pennsylvania). Analysis for SF6 was 

achieved using a stainless steel column (106 cm x 0.6 cm OD, 

0.5 cm ID) packed with 5 A 80-100 mesh Alumina F-1 (Supelco Inc., 

Crans, Switzerland). Columns were filled with alumina and 

lightly vibrated before being coiled. The columns were condi- 

tioned at 300°c o~ernight with N2 flowing continuously. Using 

prepurified N2 at 100 cc/min as a carrier gas, 02 eluted in 

4 seconds and SF6 in 34 seconds. A typical chromatogram is 

shown in Figure 5. 
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0 30 

TIME (SEC) 
60 

Ei.qure 5: Typical SF6 chromatogram (SF6) - 355 ppt. 

The gas chromatographs were equipped with 6-port gas sampling 

. valves (Valeo, Inc., Houston, Texas) and 1.0 cm3 sampling loops. 

The columns and detectors were used at room temperature. With 

two gas chromatographs, as many as 100 samples could be ana­ 

lyzed by two workers per hour. Concentrations were determined 

from the peak height output using calibration factors on a 

strip-chart recorder. 

2.6 Calibration of the gas chromatographs 

The proportionality constant between peak height and concen­ 

tration, termed the calibration factor (KF), was determined 

using an exponential dilution calibration method. For a well­ 

mixed vessel, the concentration~ C, decreases according to: 

C =Ce-qt/V 
0 

(1) 

where C is the initial concentration, q is the constant flow 
0 

rate, V is the vessel volume, and tis the time since flow 

began. At any given time, the number of air changes, N, in the 

chamber since t=O, is qt/V. If the chamber is peifectly mixed 

and flow is steady, a plot of inc versus N will yield a slope 

of -1. Using a lucite cube (V=3403 cm3) equipped with a 
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magnetically driven fan and flowing clean, dry air through the 

cube at 120 cm3/min typically yielded slopes within ±0.01 of 

the prescribed value. The calibration system is shown in 

Figure 4. A microliter syringe, accurate to approximately ±1%, 

was used to inject 3.0 µl of SF6 into the cube. This method 

produced calibration samples ranging from approximately 

10-6 parts SFG/part air to 10-11 parts SF6/part air (106 to 

10 parts per trillion, ppt). Samples were drawn from the 

cube exhaust line directly into the sample valve of each gas 

chromatograph. 

According to a standard error analysis (23), errors associated 

with the calculated calibration concentrations ranged from less 

than 3% at high concentrations to less than 7% near the detection 

limit. Calibrations repeated on consecutive days generally 

agree within less than ±5%. This calibration system was used 

by Lamb and Shair (13) to determine the solubility at SFG in 

water. Since their results were within ±6% of results obtained 

by very accurate volumetric-manometric methods, the absolute 

accuracy of the calibration appears to be approximately ±6%. 

A typical calibration curve obtained with the dilution method 

is shown in Figure 6. This procedure allows calibration of 

a gas chromatograph over five orders of magnitude of the 

concentration. The curves become nonlinear at high concen­ 

trations because the detector becomes saturated with sample at 

those levels. In some cases, the curves also become nonlinear 

near the detection limit. This results from the desorption of 

tracer from the walls of the cube. Gentle heating of the cube 

walls and constant purging with clean gas prior to a calibration 

generally eliminates this problem. Donohoe (24) reported that 

the degree of absorption and desorption of a number of Freons 

was decreased considerably in a cube lined with Tedlar. 

A potentially serious problem associated with prolonged use 

of the gas chromatographs is contamination of the radioactive 

foil by deposition of eluted contaminates. As the foil becomes 

contaminated, the detector operating characteristics change. 
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Figure 6: Typical SF6 calibration curve. 

The concentrations of samples analyzed under these conditions can 

be in error as much as 15% to 25%. One means of monitoring changes 

in the detector response is to cross-check samples between the 

gas chromatographs. Calibration cross-check data for these tests 

indicate that concentrations are accurate to within 15%. 
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3 CALCULATION OF PLUME PARAMETERS FROM TRACER DATA 

3.1 Calculation Df a 

Plumes are often modeled by assuming they have a gaussian shape; 

that is, the concentration along a crosswind traverse follows 

an equation: 

G(y) = C0 exp [-', (1~0
) \ (2) 

where Y0 is the distance coordinate of the center of the plume, 

C0 is the concentration at the center of the plume, and a is 

the standard deviation of the measured plume concentrations. 

From standard data analysis techniques, equations relating 

a and Y0 to the data obtained (C(y) and y) are: 

Yo 
Ioooo yC(y)dy 

= 
100

00 
C(y)dy (3) 

and 

i: y2C(y)dy 
½ 

y 2 a = - • i: C(y)dy 0 (4) 

A value for c can also be calculated,once Y
0 

and a have been 
0 

calculated: 

C a/li 
0 (5) 
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or, rearranging terms, 

Loo C(y)dy 
12n a 

"(6) 

These parameters (C ,Y, a) when used in Equation (2) represent 
0 0 

a best-fit of the data (C(y),y) to the equation. Typical results 

of the analysis are shown in Figure 7. 
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Figure?: Cross-wind SF6 concentration profiles and 
best-fit Gaussian curves. 
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Measured values of cr (crm) were corrected for the angle of 

the traverse path with respect to the wind direction as follows: 

a= a sin a m (?) 

where a is the specified angle. 

Errors involved in the application of these equations are 

discussed in Appendix B. 

3.2 Calculation of cr z 

If one assumes that the Gaussian plume model can be used to 

describe the tracer results, and that tracer is conserved 

during transport, then a value of cr can be calculated in an z 
iterative manner using the crosswind integral of horizontal 

crosswind traverse data: 

(8) 

Since the crosswind integral of the crosswind data is calculated 

in the procedure to find cr, it is relatively simple to also y 
calculate cr. z 

In several cases vertical concentration profile data were ob­ 

tained from samplers attached to a 10 m mast downwind of the 

release. A value of cr can be calculated from these data by z 
performing a least-squares best-fit of these data with the 

following expression: 

C(z) (9) 

where C and cr are the parameters adjusted to fit the data. 
0 Z 
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Calculations of a and a along with tabulation and plotting y z 
of the data and best-fit curves are accomplished by means of 

the NILU computer program PLMFIT. 

4 PRESENTATION OF DATA 

4.1 08 statistics 

The cumulative frequency distribution of 5-minute average values 

of 08 at different sites is presented in Figure 8. 
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Figure B: Cwrrulative frequency distribution of 
a0 at different sites. 

The 08-statistics va~y from one site to another. Apart from 

being a function of sampling height above the ground, as 
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demonstrated by Pendergast and Crawford (25), the frequency 

distribution of cr0 is also dependent upon the surface roughness 

at the site. The median value of cr0 varies 5 deg. for a smooth 

snow covered surface, to 12 deg. for a rough inland site. Measure­ 

ments of a0 in the atmospheric surface layer may only represent 

the local turbulence generated by the roughness of the upwind 

surfaces. These characteristics of cr0 should be considered when 

cr0 data are to be applied in dispersion calculations. 

CTe 
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Figure 9: Average a0 and surface roughness, Z, 
values as a function of wind direct~on. 
(site V). 

In figure 8 the average cr0 values from one site are presented 

together with calculated surface roughness length as a function 

of wind direction. The roughness lengths (z
0
) were estimated 

from wind profile measurements during near neutral conditions 

assuming a logaritmic wind profile: 

u = u*•ln(z/z )/K 
Z 0 

(10) 

where u* is the friction velocity and Kis von Karman's constand, 

z
0 

was taken from measurements of wind speed u1 and u2 at 

two levels z1 and z2: 

z = exp( U2lnz1-u1lnz2) 
O U2 - U1 

(11) 
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Figure 10: 08 versus wind speed measured at a 36 m tower, 
coastal site. 

Observations of 08 and wind speed at the 36 m level from a 

coastal site are presented in Figure 9. An inverse relation 

between 08 and wind speed is evident, showing an enhanced 

wind direction variation for wind speeds less than~ 3 m/s. 

For wind speeds higher than 3 m/s, 08 approaches 6 deg. 

To further demonstrate the diversity in 08, values are presented 

as functions of wind direction and wind speed in Figure 11. 
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Figure 11: Average 08 values (in deg) as functions of 
wind direction and wind speeds at site V. 

For low wind speeds, average 08 values varies considerably; from 

>10 deg for winds from N, E and SW to <5 deg for winds from S. 



- 25 - 

For wind speeds above 4 m/s, the average cr6 is between 5 and 

6 deg, except for wind from N, where the up-wind surface rough­ 

ness is large. 

4.2 cr6 versus stability classification parameters 

The stability classification from temperature lapse rate mea­ 

surements, as a method for determining dispersion parameters 

from PGT-curves, has been demonstrated to greatly underpredict 

a under very light wind speed, stable conditions. (6). y 

The relationship between 06 and a bulk Richardson number, 

RB= dT36-10/u2, and between cr6 and dT3s-10 is presented in 

Figure 12. 
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Figure 12: Obervations of a6 versus: 
a) Bulk Richardson nwnber RB=d.T36-10/u2 

b) Temperaturedifference d.T3s-10 between 
two levels; 36 m and 10 m. 

These data show the inadequacy of dT or RB to represent cr6• The 

spread of data points is considerable. In Figure 12a the largest 

average a
6 

value: 18 deg, occurs for RB~ -0.2. Values of cr6 
decrease to 5.6 deg for RB= 0 (neutral stability) and then 

increase again for positive values of RB (stable conditions). 
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The individual observations plotted as points in Figure 11, 

show that high values of o0, i.e. large horizontal spread, 

might occur for all values of RB and dT. This emphasizes the 

importance of applying a "split sigma" method for estimating 

the dispersion of air pollutants. When applying the data from 

meteorological towers, horizontal and vertical dispersion should 

be estimated separately. 

4.3 Dispersion data from SF5 tracer experiments 

To test different methods for estimating o and o, based upon y z 
data from the NILU automatic weather station, diffusion experiments 

were carried out at 3 different sites. Table 4 summarizes the 

data obtained during these studies. The data and maps of each 

site are given in Appendix A. 

Table 3: Dispersion experimental data. Met. data taken 
at 10 and 2 m . 

. 
Test Date Hour Site ii dT10-2 '19 Height for distance,x oy(obs) o2(esti:".l) 

!'10 Cm/sl deg rad o0-meas. (m) (m) (m) (m) 

' 1.3. 78 11 K 2.2 -0.15 0.:.!3 10 130 15 3 ~ 
850 llO 25 

2 ao . 3. 78 10 K 4.1 -0.5 0.26 10 130 14 26 
850 93 108 

4 6.6.78 17 K 4.0 -0.7 0.27 10 130 37 8 
8SO 155 57 

18 K 4.0 -0.5 0.34 10 850 187 48 
5 7.5.78 14 K 3.7 -0.9 0.29 10 130 35 13 

850 108 34 
15 K 3.2 -1.4 0.4 10 850 151 13 

,; 29.5.78 13 V 4. 2 -0.7 0.18* 36 100 29 .; 
300 65 9 

I 
14 V 3.7 -0.8 0.21* 36 100 34 4 

36 300 64 9 
7 26.7.78 10 A 1.6 -o .7 0.26* 36 950 ll6 28 

13 A 2.0 -o .6 0.15" 36 950 124 23 
17 A 1.8 -0 .7 0 .16'1 36 900 97 :;:i 

*J 08 measured at 36 m 

The crosswind standard deviations oy were obtained from 

15-minute average SF6 concentrations taken along cross wind 

traverses. The values were calculated from the best fit gaussian 

curve to the concentration data. The vertical standard deviations 

oz were estimated from mass balance calculations as shown in 

ch. 3. 2. 
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It should be noted that a0 data from site A and V were measured 

at 36 m. This might lead to reduced a0 values compared to the 

measured a from ground level releases. y 

For comparison the observed values of ay and oz are presented 

on PGT curves in Figure 13. 

(ml 0y 
E F ,, 
/ 

0 SITE K (Z0 = 0.05 m) 
A SITE V (Z, = 0.4m) 
'f SITE A [Zo = 0.Sm) 

(m) . Oz 
,o2 

,01 

0 SIT:: K(Z0 = 0.05 m) 
A S!TE V (Zo = 0.4 m) 
~ SITEAIZc=C.Sm) 

V ,e,2 103 X (m) 104 102 
E) 

1()3 X ( m) 104 

· Figure 13: a) Crosswind standard deviation a of tracer material, 
b) vertical standard deviation a Yof tracer material, 
plotted on standard PGT curves a~ a function of down 
wind distance. 

and 

5 ESTIMATES OF o FROM METEOROLOGICAL DATA 

Several methods for estimating ay from measurements of the 

horizontal wind direction fluctuations a0 ( in radians) have 
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been suggested. For example Cramer et al (26) used a power 

law in x: 

a = a •x y e r (x/x )P r [12) 

where x is a reference length and xis the distance in metres. r 

Pasquill (29) following Taylor's statistical treatment of 

diffusion, recommended: 

a y (13) 

where tis the travel time (~x/u) and tL is the Langrangian 

integral time scale. Draxler (30) analyzed experimental data, 

and found that the function f could be expressed by 

f 1 
l+a(t/T.) ~ 

l 

(14) 

where T. is the diffusion time required for f to become 0.5, 
l 

and a is a empirical constant. 

From the experimental data presented in Table 3, the oy/cr0 ratio 

is plotted in Figure 14 as a function of distance. 

/ 
/a 
/ 0 

- - Various US tests I Idaho A.RJ.. 

0 NILU data Sit• K(Zo=O-OSm) 
1::,. -,.- .. - V(2if0.4m) 

• -•- ,.-A(Zo,O.Sm) 

,o2 1b3 
DISTANCE x ( m) 

Figu:r>e 14: The ratio ay/a0 as a function of distance x (m). 
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The range of data from various U.S. tests (27,28) is also 

indicated in Figure 14. The best fit curves to our diffusion 

data for site K (z ~ 5 cm) yield: 
0 

2 2 0.78 = . •oe•x (15) 

At site V and A, where the estimated roughness length is 0.4 m 

and 0.5 m, respectively, a can be expressed by: y 

(16) 

The slope of this x-dependancy is in agreement to McElroy's 

data from St. Louis for urban dispersion (34). 

The function f given in Eq. (13) is estimated from the diffusion 

data in Table 3, and presented as a function of the travel 

timet in Figure 15. 

2.0 
f 0 Sitl! K ( Zo = 0.05 m) 

t:,, Site V ( Zo = 0.4 m) 
* Sit2A (Zo = 0.5 m) 

o.2-1-, -----,---~-....----"T-...--,--,r-,--,-----.-----,---,--,---,---,---.-.-1 
3 10 1 2 1 

TRAVEL TIME, t (=x/O)(sec) 

Figure 15: fas a function of travel timet for tracer 
releases within the atmospheric surface layer. 
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At site K, which is fairly smooth (roughness length ~ 5 cm), 

a = 1, and Ti = 330 s. The data agree with: 

f 1 (1? J = 0.055•t% 1 + 

For the rougher sites V and A the function f can be approxi- 

mated by 
1/3 

f = 4.6/t 
(18) 

For travel times less than 97 the function fat these 

rough sites is greater than 1. This does not agree with Taylor's 

theoretical treatment of diffusion, which states that f should 

approach 1 for ~hort travel times. One reason for the discrepancy 

might be that 08 was measured at a level too high above the 

ground (36 m) compared to diffusion of SFG that took place 

within the 0-25 m surface layer. 

Based upon comparisons with several observations, Paquill (4) 

has suggested values forfas a function of travel distance x. 

His values are given in Table 4 together with extrapolated 

values from our data. 

Table 4: The function f for different travel distances as given 
by Pasquill (4), and from NILU data. 

X (km) 0.1 0.2 0.4 1 2 

f(x)Pasquill 0.8 0.7 0.65 0.6 0.5 

site K(z =5 cm) 0.78 0.68 0.63 0.52 
0 

site V ( z =40 cm) 1. 6 1. 25 1.0 
0 

site A (z =50 cm) 0.65 
0 
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In Figure 16 the estimated values of cry are plotted versus 
values determined from SF6-concentrations. 
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Figure 16: Estimated versus observed (from SF6-concentrations) 
values of a. y 

As shown in the Figure, equation (13): ay = 08•f(t/t2) •x 

appears to fit the measured ay data best. At least for near 

neutral conditions1values of ay can be estimated from measure­ 

ments of wind direction fluctuations, 08. The function f seems 

to be surface roughness dependent as indicated from Eq. (17) 

and (18). This aspect will, however, be further studied in 

future investigations. 



- 32 - 

6 ESTIMATES OF o FROM METEOROLOGICAL DATA z 

The vertical dispersion of air pollutants is described by the 

diffusion equation: 

dC cl 
dt = °"az (Kz oC) oz (19) 

where C is the concentration of material, K the eddy diffusivity z 
and z is the vertical coordinate. For a simple diffusion process 

in a stationary situation with homogeneous wind and turbulence, 

the solution of Eq.(19) is of Gaussian form, with variance: 

02 = 2K t where t=x/u (20) z z 

In the surface layer, the vertical eddy diffusivity Kz is strongly 

related to the eddy conductivity Kh: 

K '." K = K•u*•z/¢h(z/L) (21) z h 

where Kis von Karman's constant, u* is the friction velocity, 

Lis the Monin-Obukhov length, and ¢his a universal function 

of z/L. A model for the surface layer, as proposed by Busch et 

al. (31) and based upon established similarity theory, was 

applied to estimate friction velocites, surface heat fluxes H
0
, 

and Monin-Obhukov lengths from measurements of wind and tempera­ 

ture profiles. 

An iterative process was applied to estimate L from: 

(22) 

with Ho= -pc u*0* p 
(23) 

where the wind and temperature profiles are given by: 

U = rn(z/zo) - tm(z/L)] • u,/K (24) 
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/10 - 0.74 ~n(z/z0) - $)\(z/L)] •0* 

The functions fm and 'hare the integrals of the universal 

functions ¢m and ¢h given by Businger (32): 

(25) 

for (z/L) < 0 : ¢m = (1-15 z/L)-1/4 (26) 

¢h = 0.74(1-9 z/L)-1/2 (27) 

for (z/L) > 0 ¢m = 1 + 4.7 z/L (28) 

¢h = 0.74 + 4.7 z/L (29) 

Two approaches have been investigated for estimating K from z 
Eq. (21). In the first case K is estimated at a fixed reference z 
height, zref' equal to the anemometer height: 

(30) 

This formula was applied for all stabilities (all values of L). 

In the second approach, the plume height increase with down­ 

wind distance from the source has been taken into account. 

The height z at which K should be estimated in Eq. (21) was z 
assumed to vary with distance. In this case K was assumed z 
to increase linearly with height in the surface layer of the 

atmosphere. The effective height, ze' at which Kz is estimated 

to simulate the vertical spread of the plume, was assumed to be 

0.5 o • z 

For unstable conditions (L<0) the function ¢h(z/L) varies 

little from the initial value: 

(31) 

The expression for Kz from (21) inserted in (20), with z = 0.5 crz' 

gives: 

• X (32) 
u 

where u is the average effective transport velocity. 



- 34 - 

Equation (30) states that a increases linearly with travel dis­ z 
tance x for unstable stratification. Deardorff and Willis (33) 

found from laboratory experiments that o increased as x3/2• z . 
In an unstable surface layer with an upper inversion at z. 

l 
they proposed for oz <0.5 z1: 

0 Z - 0 . 4 [ ( 1 i. 3 ( t ) X] l; ( t ) • X ( 33) 

For stable concitions (L>0) the function <Ph (z/L) given in 

Eq. (22) inserted in Eqs. (21) and (20) gives: 

oz = 0.2 L [(1 + 9. 4K u* ) x)½ - 1] (34) 
L u 

If estimated values of a from the above theory are plotted z 
versus values of a estimated from SFG-experiments, as shown z 
in Figure 17, the results show a much larger scatter than 

was the case for a in Figure 16. y 
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The best fit is given by Eq. (32), where cr is linearly related z 
to the distance. Better measurements of vertical concentration 

profiles are, however, needed to draw any final conclusions 

as to the cr -estimates. z 

7 CONCLUSIONS 

The main purpose of this study was to investigate the appli­ 

cability of the NILU automatic weather station's wind statistics 

and temperature profiles in dispersion estimates. 

It is demonstrated from tracer experiments that the measure­ 

ments of the standard deviation in the horizontal wind fluctu­ 

ations can be used to estimate the horizontal dispersion para­ 

meter, cr . This is already being applied in routine dispersion y 
estimates at NILU. Measurements of vertical wind- and tempera- 

ture profiles might be used to estimate values of the vertical 

dispersion parameter, CTz. Here more work is, however, needed. 

Future SF6-tracer investigations will be conducted to study: 

different stability conditions, (included L>0), effect of 

different release heights, roughness dependency and the spread 

at larger distances. 
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APPENDIX A 

SYNOPSIS OF TRACER TESTS 
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A.l Site K 

A map of site Kis given in Figure Al. The test area is a flat, 

grassy, open area bounded on the west by a residential area and 

on the east by a major road and residential area lying amid 

gently rolling hills. The surface roughness is estimated to be 

about 5 cm. The main sampling lines were along line A-B, 130 m 

from the release point Rl, and line C-D, 950 m from release 

point Rl. Data obtained from tests conducted at site Kare 

tabulated in Table A-1. 

A.1.1 Test_l,_l_March_1978 

SFG was released from point Rl from 1100 to 1115 at a rate of 

.0854 g/s. The release height was 1 m. Instantaneous air samples 

were collected during walking traverses along route A-Band 

during driving traverses along Fetveien, route C-D. Crosswind 

concentration profiles for traverses along the two routes are 

shown in Figures A2 and A3. 

The wind speed averaged 2.2 m/s from 201° during the test. 

Atmospheric stability conditions were slightly unstable. 

A.1.2 Test_2, __ 30_March_l978 

SF6 was released at 1 m above ground from point ~l from 1000 

to 1045 at a rate of .0833 g/s. Crosswind concentration 

profiles, drawn from instantaneous data collected along lines 

A-Band C-D are shown in Figures A4 and A5. Fifteen minute 

average data from 2 points along Fetveien are also given. 

The average wind speed during the test was 4.0 m/s from 207°. 

Atmospheric stability conditions were unstable. 
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A.1.3 Test_3, __ 12_May_1978 

SF6 was released at 1 m above ground from point R3 from 1410 

to 1440 at a rate of .0833 g/s. Fifteen minute average samples 

were collected along lines A-Band E-F. The tracer data are 

shown in Figure A6. 

Wind conditions during the test averaged 3.7 m/s from 105°. 

Atmospheric stability conditions were unstable. 

A. 1.4 Test_4, __ 6_June_1978 

SF6 was released at 1 m above ground from point Rl from 1652 

to 1717 at a rate of .0881 g/s. Fifteen minute average data were 

collected along lines A-Band C-D. These data are shown in 

Figure A7. In addition, 15 minute average vertical profile data 

were collected with samples attached to the 10 m mast at 

point 5. These data are given in Figure A8. 

Wind conditions during the test averaged 4.0 m/s from 206°. 

Atmospheric stability conditions were unstable. 

A.1.5 Test_5, __ 7_June_1978 

SF6 was released at 1 m above ground from point Rl from 1430 

to 1455 at a rate of .0829 g/s. Fifteen minute average data, 

collected along lines A-Band C-D, are shown in Figure A9. 

Vertical concentration data, collected at the 10-m mast, are 

shown in Figure Al0. 

Wind conditions during the test averaged 3.7 m/s from 199°. 

ATmospheric stability conditions were unstable. 
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Table Al: SFG Tracer Data, Site K. 

TEST NO. 
Tr,AVER':,E · NO 2 
n-:AV. m=:::.cr-:IPTION: A-E ll1) 
Hf: J (iHT= 0. Ct M 
DISTANCE DOWtHJIND= . 1~ KM 
DATE: 1/ 3/78 TIM~: 1IU~-11U1 

DISTANCE SFl:, 
( t1 > ( F'PT> 

TEST NO. 1 
TRAVERSE NO. ~ 
lRA~ DESCRIPTION: C-D tM> 
HE ICiHT= 0. 0 M 
DISTANCE DOW~JIND= . a~ ~M 
DATE: 1/ 3/78 TIMI:.: l l lU-ll L! 

DISTANCE ~;Ft, 
<M> (F·PT> 

35. 0 447.16. 

78. o 4-::,c,o. 

118. 0 1 :::o. 
155. 0 11. 

190. 0 8. 

179. 0 8. 

329. 0 1093. 

479. 0 129. 

612. 0 16. 

796. 0 8. 

966. 0 6. 

10(:.0_ 0 2. 

1114. 0 8. 

1190. 0 0. 

TEST NO. 1 
TRAVERSE NO. 6 
TRAV. DESCRIPTIC~· 
HEICiHT= v. 0 M 
DISTANCE DOWNWIND= 
DATE: 1/ 3/78 

DISTANCE SF6 
<M> <PPTl 

C-D lr'i> 

. 8::, KM 
T Ult:.: l l H,-1111:1 

TEST NO. 1 
TRAVEF:SE NO. 7 
TRA~ DESCRIPTION: 
HEIGHT= 0. 0 M 
DISTANCE DOl~NWIND= 
DATE: 1/ 3/78 

DISTANCE SF6 
<M> (F'PT> 

C-D U'I) 

. 8::> KM 
TIMI: 1l J8-11:/.0 

179. 0 52. 

329. 0 50. 

479. 0 525. 

612. 0 3"=' ...,_ 

796. 0 8. 

966. 0 10. 

10t,O. 0 14. 

1114. 0 6. 

1190. 0 7. 

179. 0 68. 

329. 0 738. 

479. 0 2. 

612. 0 0. 

796. 0 0. 

966. 0 0. 

1060. 0 0. 

1114. 0 0. 

1190. 0 5. 
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Table Al: Continued 

TEST NO. 2 
TRA'JF.:R'c,E NO. 5 
TRA~ DESCRIPTION: C-D IM) 
HEIGHT= 0. 0 M 
DISTANCE DOWM~IND= . 8~ KM 
DATE:30/ 3/78 TIM~: 1UL~-1UL6 

DISTo'.)t-!CE SF6 
<M> <PPT> 

TEST 1-10. .-, 
TRAVER~-E NO. ,:, 
TRA~ DESCRIPTION: C-D 1M> 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 8~ KM 
DATE:30/ 3/78 TIM~: lU~J-10~8 

DISTANCE SF6 
(M) (PPT) 

se.z. 0 0. 

789. 0 S'7.· 

907. 0 29.· 

971. 0 25.· 

1055. 0 0. 

1160. 0 0. 

1271. 0 0. 

1:::;:::s·. 0 0. 

662. 0 0. 

78'1. 0 0. 

907. 0 7~, 
---">.• 

971. 0 54. 

1055. 0 0. 

1160. 0 0. 

1271. 0 0. 

1339. 0 0. 

TEST NO. 2 
TRAVER:::E NO. 7 
TRAV. DESCRIPTION: C-D lM) 
HEIGHT= 0. 0 M 
DISTANCE DOWMWIND= . 8~ KM 
DATE: 30/ 3/78 TIMI.: 1u:;o-10:.·H 

DISTANCE SFb 
<M> <PPT> 

U,2. O 0. 

789. 0 0. 

907. 0 94. 

971. 0 219. 

1055. 0 1 ~, 1. 

1 i e.o. 0 0. 

1271. 0 0. 

1339. 0 0, 
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Table Al: Cont. 

1ES1 NO 2 
1 RAVERSE ·tJO. 
TRAV. DESCRIPTION: A-B \M) 
HEIC,Hl= 0. 0 M 
DI'.:, T Al·ICE DOl~l·ll~ I ND= . l :~ f,M 

,DAlE:30/ 3/78 TIM~: lUIY-lUZI 

DJSTANCE SF(:. 
(Ml CF'F'T> 

TEST NO 
TRAVER::;F: uo 2 
TRA~ DESC~IPTION: A-B IM) 
Hl:IGHT= 0. 0 M 
DI STANCE DOl~i-11~ J ND= . 1-3 KM 
DATE: 30/ 3/78 TIMI: lUL~•-lUL/ 

DISTANCE SF£-, 
(N) CF'PT> 

i:,=· 0 0. ~- 
llO. 0 224. 

1 :::5. 0 570. 

161. 0 1263. 

63. 0 0. 

110. 0 649. 

135. 0 O.· 

161. 0 3':-'00. 

185. 0 0. 185. 0 0. 

lE~:T NO. 2 
TnAVER'::E NO. 3 
TRA~ DESCRIPTION: 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= 
DATE: 30/ :::_/78 

A-B l11) 

1 :;; f·,rt 
TIMI·.: 11..J~:::,•-1U8/ 

DISTAtJCE SF6 
(M) (F"F·T) 

TEST NO. 2 
TRAVERSE NO. 4 
TRA~ DESCRIPTION: A-B lMJ 
HEIGHT= 0. 0 ~1 
DI STANCE DOlml~ I ND= . 1 ~ KM 
DATE:30/ 3/78 TIM~: lU4U-1U4L 

DISTANCE SF6 
lN) (F'PT> 

63. 0 0. 

110. 0 0. 

135. 0 2374. 

161. 0 115. 

185. 0 0. 

63. 0 0. 

110. 0 13. 

135. 0 79.• 

161. 0 7. 

185. 0 0. 



57 
Table Al: Cont. 

TEST NO. 3 TEST MO. 3 
TRAVERSE NO. 1 TRAVER'::.E rm. 2 
TRAV. DESCRIPTI,:iN: B-A \M > TRAV. I•ESCF•: IPT ION: B-A \ri> 
HF.:IGHT~ 0. 0 M HEIGHT= (1, 0 M 
flISTAl~CE [IOl-lt•a,J I l·m= . 71 KM DISTANCE DOlml.J I l·W= . 71 t<.r1 
DATE: 12/ 5178 TIMI:-.: 1410-14:t.::i DATE: 12/ 5/78 TIMt:-.: l'Ll!:>-i 'MU 

DISTAMCE SF/:, 
(11) IF'PTi 

DISTANCE SF6 
CM) IPPT) 

20. 0 19. 

68. 0 0. 

123. 0 
...,,..,. 
.:;c,. 

218. 0 6 -. .;,, 

20. 0 0. 

68. 0 0 . 

123. 0 57 .. 

218. 0 -1. 

TEST NO. 3 
TRAVERSE NO. 3 
TRA~ DESCRIPTION: F-E CM> 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 9~ kM 
DATE: 12/ 5/78 TIM~: lql0-14~~ - 

TH;T NO.. 3 
TRAVERSE NO. 4 
TRA~ DESCRIPTION: F-E (M) 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 9L kM 
DATE: 12/ 5/78 TIMI:-: 1q~~-144U 

DISTANCE SF6 
CM> CF'PT> 

DISTANCE SF6 
CM> <PPT> 

90. 0 113. 

113. 0 0. 

155. 0 0. 

193. 0 0. 

230. 0 25. 

290. 0 38. 

90. 0 88. 

113. 0 107. 

155. 0 c,, •~. 

193. 0 0. 

230. 0 25. 

290. 0 0. 
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Table Al: Cont. 

TEST NO. 4 
Tl~A'.IFf,SE. t-JO. 
TRAV. DESCRIPTION: A-B 1MI 
HEIGHT= 0. 0 M 
D 1 STANCE [11::,t~i IW I ND= . l :, n·1 
DATE: 6/ 6/78 TIM~: l/U0-1/1~ 

DISTANCE SF6 
01) <PPT I 

DISTANCE SFf. 
<11) ( PPTI 

-------------------------------------··· 
48. 0 343. 

91. 0 2468. 

121. 0 395$·. 

141. 0 129. 

ise:. 0 7'?4. 

213. 0 1575. 

TEST NO. 4 
TRAVERSE NO. 3 
TRA~ DESCRIPTION: C-D (M1 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 8~ kM 
DATE: 6/ 6/78 TIM~: l/l~-1/~U 

DISTAMCE SF6 
(M) (PPT) 

DIS lf1Nt:I:. ~I-~ 
(Ml lt-'P i"> 

TEf:T NO. 4 
TRA\IFR'.:-;E NO. 2 
Tr<AV. [•ESCRIF·TIOl·L C-D \Ml 
HE J(iHT= 0. 0 M 
DISTANCE DOWNWIND= . 8~ kM 
DATE: 6/ 6/78 TIM~: l/UU-1/l~ 

0. 0 .-1. 102:::-0. 0 J:.!',I. 

135. 0 -1. 10t.t:. u :n::.. 

250. 0 -1. 110~- u -1. 

400. 0 -1. 115V. ll 6'1. 

510. 0 -1. 119U.U -1. 

573. 0 -1. 

635. 0 -1. 

f,90. 0 ,l. 

745. 0 -1. 

798. 0 129. 

835. 0 -l. 

875. 0 -1. 

895. (l -1. 

9'10. 0 4:::. 

985. 0 90. 

DIS I (:Nt:t. ~1-6 
(M) 11-'t'l> 

0. 0 -1. 102~.U 6'1. 

135. 0 -1. lOU'-. u L~8. 

250. 0 -1. 110::.), u 86. 

400. 0 -1. l 15U. U 1::,0. 

510. 0 0. 1191.J. l> 0. 

573. 0 0. 

f,35. 0 0. 

6S'O. 0 -1. 

745. 0 0. 

798. 0 99. 

835. 0 11 :::. 

875. 0 150. 

895. 0 59. 

940. 0 64. 

985. 0 0. 

TEST NO. 4 
TRAVERSE NO. 4 
TRAV. DES CR I PT I ON: VEF: I ( I~1~L 1-'HUI- i Lt. IM> 
HEIGHT= 0. 0 M 
DISTANCE DOWNI.JIND-= . 0-1 KM 
DATE: 6/ 6/78 TIM~: l/UU-1/1::, 

DISTANCE SF6 
(M) CPPT> 

. 2 0. 

1. 0 129. 

3. 0 4979. 
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Tab le Al: Cont. 

TEST NO. 5 
TRAVERSE l-10. 1 
TRA~ DESCRIPTION: A-B \Ml 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 1~ KM 
DATE: 7/ 6/78 TIMt:-: 1qqu-14~~ 

DISTANCE SF6. 
<M> (PPT> 

TEST NO. 5 
TRAVER~:E NO. 2 
TRA~ DESCRIPTION: C-D (MJ 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 8~ KH 
DATE: 7/ 6/78 TIMt:1440-14~~ 

DISTANCE SF6 
(M) <PPT> 

------------------------------------ 
48. 0 1901. 

91. 0 238t::. 

121. 0 'JC'" ':•') ---•- ..... 
141. 0 -1. 

188. 0 1321. 

213. 0 77. 

TEST NO. 5 
TRAVERSE NO. 3 
TRA~ DESCRIPTION: C-D \hl 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . a~ Kn 

· DATE: 7/ 6/78 TIMt:-.: 1q:::,::,-1s1u 

DISTANCE SF6 
CM> <PPT> 

0. 0 -1. 

135. 0 -1. 

250. 0 0. 

400. 0 612. 

635. 0 -1. 

690. 0 365. 

745. 0 -1. 

810. 0 0. 

875. 0 0. 

895. 0 0. 

940. 0 161. 

985. 0 0. 

1025. 0 -1. 

1087. 0 0. 

0. 0 87. 

135. 0 0. 

250. 0 0. 

400.0 0. 

635. 0 -1. 

690. 0 264. 

745. 0 -1. 

817. 0 103. 

875. 0 113. 

895. 0 172. 

940."0 1':°13. 

985. 0 0. 

1025. 0 0. 

1087. 0 0. 

TEST NO. 5 
TRAVER~:E NO. 4 
TRA~ DESCRIPTION: CK-t:-K 1MI 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= 2. OU KM 
DATE: 7/ 6/78 TIMt:-.: l'l'►U-l'i~~ 

DISTANCE SF6. 
<M> <PPT> 

0. 0 

350. 0 

700. 0 

1050. 0 

122. 

0 .. 

0. 

0. 

, 

TEST NO. 5 
TRAVERSE NO. 5 
TRAV. DES CR I PT I ON: VER I l CAL PkUI- ll.E \HI 
HEIGHT= 0. 0 M 
DISTANCE DOWNWIND= . 0/ KM 
DATE: 7/ 6/78 TIM~: 1440-14~~ 

DISTANCE SF6 
(M) <PPT> 

. 7 3448 . 

2. S 3512. 

6. 5 3434. 

10. 0 122::-;. 
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A.2 Site V 

A map of site V is shown in Figure All. It is a rocky coastal 

site with little vegetation. The surface roughness is estimated 

to be .4 m. The tracer data are tabulated in Table A2. 

A.2.1 Test_6L __ 29_May_l978 

SFG was released at 1 m above ground from the base of the 36 m 

mast from 1255 to 1335 at a rate of .0728 g/s. Fifteen minute 

average data were collected along two arcs; these data are 

given in Figures Al2 and Al3. 

Wind conditions during the test averaged 3.8 m/s from 236° at 

10 m. Conditions observed at 36 m averaged 4.2 m/s from 250°. 

Atmospheric stability conditions were unstable. 
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Figure All: Map of site V. 
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Tab le A2: SF 6 Tracer Data, Si te V. 

TEST NO. 
1;::;..· .. 1~R·;E r:o. 
Tf.,:.",.'. [1J::':(F:IP!iC•N. 
H::; ,:.~T= 'J. ,J M 
Dr:-:. -:-.-~r.icE r.,.·,;.;~J1,,; 1 r.Jc,::s 
r,~iE: 2·;•,10~~-.-7~: 

. !.'.' Kri 
T!M:-.: 1:,uu-1:~1::, 

f;!::,TANCE :;:F6 
II'!) if-•PT> 

~- 0 135:?. 

50. o 67c-7. 

70. C !0634. 

ioo. 0 2642. 

"'."'F:=:i Nd. 
Ti-=: ".'JE=:?-:•~.f: ~J·:: 3 
T~;·; ~f~~i~i?TiON: 
:,~:;-: ·:, ... r,-= t:_ o :1 
D:.. ~..; l ~i• !CC: L··~•t..:~ !:.) I ND= 
::1,.:. !~: ::.·J/i.)5f7 3 

fJ ! :,". I i>tJL.t-. Ill .l 1N1.; ~.li I KIi I 1t,;1.: l \rlJ 

DISl('\Nl..c. (\l.liNU :.:-.u11\f.l /·;fo\l, J ~rlJ 

. lV Kri 
T 1?1~.: 1:,,1:-,-1:'°;jO 

TEST NO. 1 
Tr-:i:wr::;::·::i::: NO. 2 
Tk.:.'J. uf::::::rdF'TION: 
h:J~•:H= 0. 0 M 
DI ST riNC:E OOl,;~;w IND,. 
DATE:.29/05/78 

D!ST:-tl'lCE 
iMl 

SFb 
CPPTl 

(I, 0 322. 

20. 0 116. 

75. 0 64. 

12!:i. 0 2965. 

180. 0 1:!8·;1. 

2SV. 0 854. 

300. 0 280. 

rrc~:T r-v,. 
";' r-:;:.,;:r-: ~.:: r-10. 4 
,;-;-:; r. r:~ o=:, r-r i c,r-1: 
~-'· : •~ ~~7= \), (I M 
DI :-.1 ~:: ;c::: ;j,)i-H !~; I t~O: 
n.:., ~: :::.:.:-•.1c1:..:,/78 

. Zv KM 
T Hit-.: 1:;;ut1-1:~1::, 

. 3V Kt1 
TIMt-.: l:;;1:;-,:1:1\J 

uIS7AtlCS 
it:) 

~=F6 
CPFTl 

ri I~:·:~! .cz 
(!':) 

SF.!> 
(F·;:·r, 

------------------------------------------· 
CJ. 0 -1. v O 1515. 

20. (I -1. 

70 0 741:::. 

l (:•). 0 1434. 

135. 0 1192. 

75, 0 184. 

!25 .. 0 2220. 

rso. ,) t 77. 

250. 0 

300. 0 lb. 
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A.3 Site A 

A map of site A is given in Figure Al4. It is an agricultural 

area of rolling hills interspersed with forested areas. The 

·surface roughness is estimated to be .5 m. The data for 

site A are tabulated in Table A3. 

A.3.1 Test_7,_26_July_l978 

SFs was released from 40 m above the ground and 10 m above the 

roof of a silo located at the A/S Glassvatt in Askim. 

The release time and rate were 1000 to 1030 and 0.191 g/s, 

respectively. Fifteen minute average data were collected along 

routes A and B. Instantaneous samples were taken during 

automobile traverses along route B. As the data in Table A3 

indicate, very little SF6 was observed along route B. Data 

obtained along route A are shown in Figure Al5. 

Wind conditions averaged 1.6 m/s from 210°. Atmospheric stability 

conditions were unstable. 

A.3.2 Test_8,_26_July_l978 

SFs was released between 1300 and 1330 from the same location 

and at the same rate as in test 7. Significant S_F6 concentrations 

were observed along route A; these data are shown in Figure Al5. 

Wind conditions during this period averaged 2.0 m/s from 195°. 

Atmospheric stability conditions were unstable. 

A.3.3 Test_9,_26_July_1978 

SF6 was released between 1600 and 1645 from the same location 

and at the same rate as in test 7. The data collected along 

route A are shown in Figure Al5. 

Wind conditions during the test averaged 1.8 m/s from 210°. 

Atmospheric stability conditions were unstable. 
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Table A3: SF6 Tracer Data, Site A. 

TEST NO 7 TEST NO. 7 lJATA SET NO. DATA SET NO. 2 DESCRIPTION: 15-MINUTE AVl:::t-\AGE OArA DESCRIPTION: B1-B18 
SAMPLING HEIGHT(Ml 1. 0 SA11PLING HEIGHT(Ml 1. 0 GRID SCALE (Ml 500 GRID SCALE <Ml 500. DATE: 26/ 7/78 Tit~I::.: lCHS-10'.:J0 DATE: 26/ 7/78 T IHI:.: 101:5-1029 

GRID COOR SF6 GR1U (;00R Sl-6 (;klU (;UOk ~-1-6 GRID COOR SFb GRIil CLlOR SFb <X) (Y) (PPT) (Xl (Yl <PPI) (X l (yl O-:·PI l < X l <Yl (PPTf < X J <Yl (1-'f''I) 
----------------------------------------------- ------------- ----------------------------------------- 

2. 6 3. 0 148. 4. 'L :l. 2 -1. :,_ s 6. 1 u 2. 4 8. 5 0. 7. 5. 4 0. 

2. 7 2. 9 64. 4. 4 2. 0 -1. 6. 0 :,_.,, 16 2. 5 8. 0 0. 7. 3 S. 2 0. 

2. 9 2. 7 103. 4. b 1. & -1. 6. b :,_ t: .;U 2 . 6 7. 9 0. 7. 4 4. 9 0. 

3. 0 2. 7 23. 4. I 1. s -1. b. <; :,_ b u 2 9 7. 8 0. 

3. 2. b lb. 2. 4 &. 5 0. l. I :,_ 4 u 3. 0 7. 7 0. 

3. 2 2. b 35. 2. :, 8. 0 0. l. 8 ..,_ :I. u 3. 2 7. b 0. 

3. 3 2. 5 10. 2. 6 l. s, u. l .. 4 4 . .,, u 3. 5 7. 5 0. 

3. 4 2. 5 132. 2 . .,, /. & 0. /. ~ 4. 4 -1 3. 7 7. 3 0. 

3. 5 2. 5 116. 3. u l. 0. & 0 4. 1 -1. 4. 1 7. 2 0. 

3. 6 2. b 271. 3. 'L l. b 13 tl. 3 ::i. l -I 4. 5 7. 1 0. 

3. 7 2. 7 309. 3. :, /. 5 0. 4. 8 6. S 0. 

3. e 2. 8 242. 3. I /. 3 ,j'L,_ 5. 5 b. 0. 

4. 0 2. 7 84. 4. I. :I. 0. 6. 0 S. -;, 0. 

4. 2 2. 7 -1. 4. :, /. 0. 6. b 5. 8 0. 

4. 2 2. 4 -1. 4. t< b.:, 0. b. 9 5. 6 0. 

TEST NO. 7 TEST NO. 7 
DATA SET NO. 3 DATA SET NO. 4 
DESCRIPTION: B1-B18 DESCRIPTION: 15-MINUTE AVERAOE LJA'IA 
SAMPLING HEIGHT<M) 1. 0 SAMPLING HEIGHT(Ml 1. 0 
GRID SCALE (Ml 500. GRID SCALE <Ml 50. 
DATE: 26/ 7/78 T !Ml:.: 1030-103:, DATE: 26/ 7/78 TIME: 1015-1030 

GRID COOR SF6 GR1U COOH S1-b GRID COOR SF6 GRIU CL10H SFb 
( X l (Y) <PPTl ( X l (Yl WPTl < X l <Yl <PPTl (XI <Yl <PPl l 

----------------------- ------------------ ---------------------------------------- 
2. 4 8. 5 0. 7. l :;. 4 o. .8 18. 4 148. lb. b 10. 3 -1. 

2. 5 8. 0 0. 7. ;;J S. 2 0. 1. 8 17. s 64. 17. 9 8. 'L -1. 

2. b 7. 9 0. 7. 4 4 . .,, 0. 2. 8 lb. 7 103. 18. 9 6. 1 -1. 

2. 9 7. 8 0. 4. 0 16. 1 23. 19. Y 4. 0 -1. 

3. 0 7. 7 0. S. 4 15. 5 lb. 

3. 2 7. 6 0. 6. 4 14. 9 35. 

3. 5 7. 5 0. 6. 7 14. 3 10. 

3. 7 7. 3 0. 7. 3 13. 7 132. 

4. 1 7. 2 0. 8. 8 13. 7 116. 

4. 5 7. I 0. 10. 14. 2 271. 

4. 8 6. 5 0. 10. 5 15. 4 309. 

5. 5 6. 1 0. 11. 6 16. 0 242. 

6. 0 5. 9 0. 13. b 15. 4 84. 

6 6 5. 8 o. 15. 9 15. 3 -1. 

6. 9 5. 6 0. 1!:i. 6 12. 8 -1. 
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TEST NO. 8 
DATA SET NO. 1 
DESCRIPTION: 15-MINUTE AVERAGE DAl"A 
SAMPLING HEIGHT(M) 1. 0 
GRID SCALE (M) 500. 
DATE: 26/ 7/78 TlMI:.: 1315-1330 

GR ID COOR SF 6 
< X ) ( Y > ( PPT ) 

GR lU COOF< SI- 6 
<X) ( Y > ( 1-'PT > 

(;f<lU (.;(J(JR Sl-6 
< )() < Y) ( r·P r> 

2. 6 3. 0 84. 4. L 2. 2 -1. ~- ~ 6. 1 106 

2. 7 2. 9 100. 4. 4 ., 0 ;;!~. 6. (I ~- 9 0. .L. . 

2. 9 2. 7 61. 4. 6 1. 8 -1. 6. 6 ~- 0 u 

" 0 2. 7 32. 4. I 1. 5 -1. 6. 9 .J. 6 li ~- 

3. 2. 6 64. 2. 4 8. 5 0. /. 1 ... 4 :L:...-::l -.J. 

3. 2 2. 6 77. 2. ~ 8. (I 0. I. 3 ~- L 0 

3. 3 2. 5 48. 2. 6 7. 9 0. 7. 4 4. 9 L.8/ 

3. 4 2. 5 171. 2. 9 I. 8 0. /. 8 4. 4 -1. 

3. 5 2. 5 206. 3. () I. 7 0. 8. (I 4. 1 -1. 

3. 6 2. 6 106. 3. L /. 6 10. 8. ~ ., I -1. ..,_ 

3. 7 2. 7 68. 3. ~ I. .... 16 . .J 

3. 8 2. 8 -1. 3. I I. 3 16. 

4. 0 2. 7 0. 4. 1 ,. 2 0. 

4. 2 2. 7 0. 4. ~ I. 1 0. 

4. 2 2. 4 0. 4. 8 6. ~ 0. 

TEST NO. 8 
DATA SET NO. 2 
DESCRIPTION: Bl-1318 
SAMPLING HEIGHT (M) 1. 0 
GRID SCALE <M> 500. 
DATE: 26/ 7/78 T !ME:.: 1312-1322 

GRID COOR SF6 GR!D 1.;uoR SFb 
(X> < Y> (PPT> (XI <Y> (f-'PT> 

----------------------------------------------- 
2. 4 8. 5 0. 7. 1 5. 4 0. 

2. 5 8. 0 0. 7 -:, 5. 2 0 . . .., 

2. 6 7. 9 0. 7. 4 4. 9 0. 

2. 9 7. 8 0. 

3. 0 7. 7 0. 

3 -:> 7. 6 0. 

3. 5 7. 5 0. 

3. 7 7. 3 0. 

4. 1 7. 2 0. 

4. 5 7. 1 0. 

4. 8 6. 5 0. 

5. 5 6. 1 0. 

6. 0 5. 9 0. 

6. 6 5. 8 0. 

6. 9 5. 6 0. 
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TEST NO. 8 
DATA SET NO. 3 
DESCRIPTION: Bl-B18 
SAMPLING HEIGHT<M> 1. 0 
GRID SCALE (Ml 500. 
DATE: 26/ 7/78 TlM~: 1323-1329 

GR ID COOR SF 6 
( X ) ( Y ) ( PPT > 

GRJU CCJCJR Sf-6 
( X > ( Y ) ( PPT> 

2. 4 8. 5 0. 7. 1 !:i. 4 0. 

2. 5 8. 0 0. 7. :.:i ~- 2 0. 

2. 6 7. 9 0. 7. 4 4. 9 0. 

2. 9 7. 8 0. 

3. 0 7. 7 0. 

3. 2 7. 6 0. 

3. 5 7. 5 0. 

3. 7 7. 3 0. 

4. 1 7. 2 0. 

4. 5 7. 1 0. 

4. 8 6. 5 0. 

5. 5 6. 1 0. 

6. 0 5. 9 0. 

6. 6 5. 8 0. 

6. 9 5. 6 0. 

TEST NO. 8 
DATA SET NO. 4 
DESCRIPTION: Bl-813 
SAMPLING HEIGHTCM) 1. 0 
GRID SCALE <M> 500. 
DATE: 26/ 7/78 T !Mt::: 135•;,-1403 

GR ID COOR SF 6 
( X ) < Y) < PPT> 

2. 4 8. 5 0. 

2. 5 8. 0 0. 

2. 6 7. 9 0. 

2. 9 7. 8 0. 

3. 0 7. 7 0. 

3. 2 7. 6 0. 

3. 5 7. 5 0. 

3. 7 7 -:, 0. . -· 
4. 1 7. 2 0. 

4. 5 7. 1 0. 

4. 8 6. 5 0. 

= 5 6. 1 0. ...J. 

6. 0 5. 9 0. 

TEST NO. 8 
DATA SET NO. 5 
DESCRIPTION: 15-MINUTE AVERAGE DA.IA 
SAMPLING HEIGHT<M) 1. 0 
GR ID SCALE CM) 50. 
DATE: 26/ 7/78 TlM~: 131!::i-1330 

GRID COOR SF6 GR!U COCJf-c Sf-6 
C X> CY> CPPT> <X> CY) CPPT) 

------------------------------------------ 
.8 18. 4 84. 16. 6 10. 3 -1. 

1. 8 17. 5 100. 17. 9 8. 2 3!::i. 

2. 8 16. 7 61. 18. 9 6. 1 -1. 

4. 0 16. 1 32. 19. 9 4. 0 -1. 

5. 4 15. 5 64. 

6. 4 14. 9 77. 

6. 7 14. 3 48. 

7. 3 13. 7 171. 

8. 8 13. 7 206. 

10. 1 14. 2 106. 

10. 5 15. 4 68. 

11. 6 16. 0 -1. 

13. 6 15. 4 0. 

15. 9 15. 3 0. 

15. 6 12. 8 0. 
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TEST NO. 9 TEST NO. 9 
DATA SET NO. 1 DATA SET NO. 2 
DESCRIPTION: 15-MINUTE AVERAGE DATA DESCRIPTION: B1-B19 
SAMPLING HEIGHT CM> 1. 0 SAMPLING HEIGHT<M> 1. 0 
GRID SCALE <M> 500. GRID SCALE CM l 500. 
DATE: 26/ 7/78 TIME: 1630-1645 DATE: 26/ 7/78 T lME: 1627-1638 

GRID COOR SF6 GRID COOR SF6 GRID COOR SF6 GRlU COOR St-6 
<X> CY) CPPT) <X> CY) <PPT l C X> <V> CPPT> C X> CY) CPPT> 

--------------------~------------------- ------------- ---------------- ------------- 

2. 6 3. 0 0. 4 ., L. 2 0. 2. 4 8. 5 0. 7. 1 5. 4 0. . ~ 

2. 7 2. 9 -1. 4. 4 "2. 0 0. 2. 5 8. 0 0. 7. :~ 5. 2 0. 

2. 9 2. 7 0. 4. 6 1. 8 0. 2. 6 7. 9 0. 7. 4 4. 9 0. 

3. 0 2. 7 0. 4. I 1. 5 0. 2. 9 7. 8 0. 7. 8 4. 4 0. 

3. 1 2. 6 0. 2. 4 8. 5 0. 3. 0 7. 7 0. 

3. 2 2. 6 0. 2. 5 8. 0 0. 3. 2 7. 6 0. 

3. 3 2. 5 0. 2 6 l. 9 0. 3. 5 7. 5 0. 

3. 4 2. 5 55. 2. 9 7. 8 0. 3. 7 7 -:, 0. . ...., 

3. 5 2. 5 116. 3. 0 7. 7 0. 4. 1 7. 2 0. 

3. 6 2. 6 129. 3. 2 7. 6 0. 4. 5 7. 1 0. 

3. 7 2. 7 158. 3. ~ 7. 5 0. 4. 8 6. 5 0. 

3. 8 2. 8 48. 3. I I. 3 0. 5. 5 6. 1 0. 

4 " 2. 7 16. 4. 7. 2 0. 6. 0 5. 9 0. 

4 2. 7 0. 4 L" -I. i 0 . 6. 6 5. 8 0. . -.) 

4 2. 4 0. 4. 8 6. 5 0. 6. 9 5. 6 0. 

TEST NO. 9 
DATA SET NO. 3 
DESCRIPTION: B1-819 
SAMPLING HEIGHTCM) 1. 0 
GRID SCALE <Ml 50~ 
DATE: 26/ 7/78 TlME: 1639-1645 

GR ID COOR SF 6 
( X l < Yl ( PPTl 

GR ID COOR SF 6 
( X > < Y > ( PP I l 

2. 4 8. 5 0. 7. 1 5. 4 0. 

2. 5 8. 0 0. 7 .·, 5. 2 0. . _, 

2. 6 7. 9 0. 7. 4 4. 9 0. 

2. 9 7. 8 0. 7. 8 4. 4 0. 

3. 0 7. 7 0. 

3. 2 7. 6 0. 

3. 5 7. 5 0. 

3. 7 7. 3 0. 

4. 1 7. 2 å. 
4. 5 7. 1 0. 

4. 8 6. 5 0. 

5. 5 6. 1 0. 

6. 0 C 9 0. -J. 

6. 6 5. 8 0. 

6. 9 C 6 0. .J. 

TEST NO. 9 
DATA SET NO. 5 
DESCRIPTION: 15-MINUTE AVERAGE DATA 
SAMPLING HEIGHT<Ml 1. 0 
GRID SCALE CM) 5Q 
DATE: 26/ 7/78 TlMI:.: 1630-1645 

GR ID COOR SF 6 
CX) CY) CPPTJ 

GR 1U COOR St- 6 
C X) CY) C PPT> 

.8 18. 4 0. 16. 6 10. 3 0. 

1. 8 17. 5 -1. 17. ':I 8. L 0. 

2. 8 16. 7 0 18 .. ,, 6. 1 0. 

4. 0 16. 1 0. 19. ':I 4. 0 0. 

5. 4 15. 5 0. 

6. 4 14. 9 0. 

6. 7 14. 3 0. 

7. 3 13. 7 55. 

8. 8 13. 7 116. 

10. 1 14. 2 129. 

10. 5 15. 4 158. 

11. 6 16. 0 48. 

13. 6 15. 4 16. 

15. 9 15. 3 0. 

15. 6 12. 8 0. 
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APPENDIX B 
ERRORS IN ESTIMATES OF a y 

FROM TRACER DATA, 
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Three major sources of error appear in the actual use of the 

equations (3)-(7) in this report: one is the error inherent in 

the data themselves; another is due to the data being for discrete 

points rather than for ally; and finally, due to limitation on 

the sampling locations, one or both edges of the plum~ might be 

chopped off (the integration cannot be carried to the limits, 

-oo, 00). The errors in the data cannot be reduced once the data 

are taken, but errors in application of the above formulas 

can be estimated and reduced to some extent. 

The error involved in calculating the integrals is dependent 

upon the method used, but the error involved in chopping off 

the edges of the plume can be treated generally. By assuming 

a perfect gaussian plume 

equations (J) - (7), but 

Yb instead of -00 and +oo, 

and calculating the parameters from. 

with limits of integration y and a 
the following expressions result: 

• y I : Y• - ·o · o (BJ) 

o'=crl- 
(82) 
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where 
Y-Y 

u = (~) (B:5) 
(J 

and 2 
= _J_ Lu -lzr 

(note P(u) is the norm~l (B4) 
P(u) e dr 

12n probability function) 

where a and y are the actual parameters of the plume, and a' 
0 

and Y' are the parameters calculated using formulas (3)-(?) 
0 

with limits of integration Ya and. Yb. No simple expressions for 

Y and a in terms of Y 'and a' could be found. However, 
0 0 

equations Bl) and (B2) can be applied in an iterative manner 

so that successively better approximations of Y and a can be 
0 

found as follows: 

-½u2 ub(n) 

= y +on e ua() 
·o ( o) . I ub ( ) n mp n 

(u) ua(n) 

(B5) 

a(i,+J) = o(o) [1 -½u2 ub(n) 
u e ua ( ) 

ub n 
12:rrP(u) (n) 

ua(n) 
( 

-½u2 ,ub(n)_)2]-½ 
__ 1 e ua(n) (B6J 

21r P ub(n) 
(u) ua 

(n) 

(y : y o(n]) Un(n) = ..... Y_v__;:_~ 
n 

(B?) 
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where the small subscript in parentheses refers to the·number 

of times the interation was performed to arrive at the approxi­ 

mation, and (o) refer to initially calculated values. Integrals 

were determined using triangular approximation. 
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