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ABSTRACT

AN ALGORITHM TO ESTIMATE FIELD CONCENTRATIONS
UNDER NONSTEADY METEOROLOGICAL CONDITIONS
FROM WIND-TUNNEL EXPERIMENTS

Highest concentrations at ground level are often produced from
surface sources with stable atmospheric conditions and near calm winds.
This report describes a weighted data methodology developed to
predict surface concentrations from stationary wind-tunnel measurements
and actual meteorological wind fields. Field measurements made
downwind of the Rancho Seco Nuclear Power Station in 1975 have been
compared against a set of wind-tunnel measurements around a 1:500
scale model of the same facilities. The weighted data algorithm was
realistic in both predicting centerline concentration values as well

as the horizontal spread of the plume.
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1.0 INTRODUCTION

In recent years safety considerations with respect to surface
concentrations in the event of postulated radioactive releases have
played a major role in the design and operation of nuclear power
plants. Pollutant concentrations are often greatest under conditions
of low windspeed, temperature inversions, and erratic wind direction
often modified by building wake effects. The common method to calcu-
late dispersion fields assumes the material is transported in a mean
wind direction, at the mean wind speed, unmodified by building wake
effects and intermittent shifts of wind direction or spced. Wind
direction sometimes shifts over the entire compass during the cours:
of an hour period and wind speed may vary by an order of magnitude
during low wind speed conditions (Start et al.,1977).

This study is part of an overall research pregram developed by
the Office of Nuclear Regulatory Research to empirically determine the
effects of containment buildings on the atmospheric flow field during
different stabilities and over a variety of terrains (Abbey, 1976).
This program has consisted of two field studies and two wind tunnel

studies. The first field study was carried out at the EOCR complex

located in the Idaho National Engineering Laboratory. The corresponding

wind tunnel study was conducted in the Meteorological Wind Tunnel of the
Fluid Dynamics and Diffusion Laboratory at Colorado State University
(Hatcher ot al., 1978). The second ficld study was conducted at the
Rancho Seco Nuclear Power Station in 1975 (Start et al., 1977).
Corresponding wind tunnel study was veported by Allwine et al,

(1980), The development of a simple algorithm to estimate



field concentrations under nonsteady meteorological conditions

from wind-tunnel data and the subsequent comparison of the Rancho

Seco field data with the time-weighted wind-tunnel data are the
subject of this report.

An algorithm to predict surface concentrations from a
limited set of wind-tunnel measurements and detailed meteorological

data is presented in Chapter 2. In Chapter 3 a brief summary of

Nuclear Power Station are discussed. The measured and estimated

the field and wind-tunnel measurement programs for the Rancho Seco
field concentrations are compared in Chapter 4.
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2.0 RELATING WIND TUNNEL TO FIELD MEASUREMENTS

It is well known that the sample averaging time has a definite
effect in the measured concentrations. The average maximum conceprtra-
tions of gases dispersing in the atmosphere tends to decrease with
increasing sampling time (Hino, 1968). This is noc the case in
wind-tunnel model tests. The model test results generally correspond
to short-time-averaged field measurements taken over not more than
3 to 10 minutes.

Briefly, what is involved is associated with the eddy scale
sizes detected in the atmosphere. Since the motion of the airflow
in the surface layer is limited in the vertical directions in the
presence of the ground, the magnitude of the eddy size in the longitu-
dinal or transverse direction may be much greater than that in the
vertical direction. Thus, the meandering behavior or the gustiness
effect may cause a large transverse dispersion in the atmosphere.
Since the larger eddy motion is not generally produced in a wind
tunnel, some adjustment must be made for comparison to field measure-
ments.

Fortunately, the energy spectrum of wind gusts in the atmosphere
generally shows a null, or near null, in the frequency range of 1 to
10 cycles per hour. This spectral gap (low energy region) first
noted by Van der Hoven (1957) separating weather from turbulence is a
very fortunate occurrence, both from an analytical and a fluid
modeling viewpoint. It is possible to separate the energy spectrum
into two parts and to deal with the phenomena associated with each

part separately. The high-frequency portion, related to the roughness
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of the surface, differential surface heating, small topographical
features, and the turbulence around buildings is will simulated in a
wind tunnel (Cermak, 1975). The low frequency portion related to
meandering and wind-speed variations, directional fluctuations,
passage of weather systems, seasonal and annual changes, etc.,

cannot be simulated in a wind tunnel.

2.1 Averaging Time Metnods

At moderate to high wind speeds situations corresponding to a
stationary weather system there may exist only two to four statisti-
cally independent periods during the do (Corotis, 1977). This
suggests an autocorrelation time constant from 3.5 to 7 hours.

Data taken during such an "independent'" period will not show
expressively large shifts in wind speed or direction, and concentration
values may be simply related to averaging time.

This phenomenon, often known as the gustiness effect, was first
considered by Inoue (1952). He reported that a smoke cloud width
increases at a rate proportional to the 1/2 power Hf the observation
time. Ogura (1952) developed a mathematical model which suggested a
-1/2 power variation of the maximum concentration with time.

Hino (1968) performed a large scale study for a time range from ten
rminutes to five hours. The study which involved releasing tracer
materials from high stacks of thermal electric power stations also
gives support to the -1/2 power law. Hino (1968) alse found that
atmospheric instability has only small effect on the exponent of

T-l/z.

the power law, i.e., C- The applicable range of the

-1/2 law is greater for unstable than for neutral stratification.




An alternative -1/5 power law whs proposed by Nonhebel (1960).

Hino (1968) suggested, however, that the applicable time range for
this law is less than ten minutes. Other exponents for the peak

to mean concentration ratio from -0.65 to .0,35 depending on meteoro-
logical conditions have been recommended by the ASME Committee on
Air Pollution Contropl. Hinds (1967) measured the peak to mean
concentration ratios in a building wake. Data indicated the -1/2
law can also be used satisfactorily to predict the dispersion in

the wake flow.

More recently, Brun et al. (1973) reviewed all prior experiments
for peak to mean variations with averaging time. Although they
report values of the power law coefficient which vary from 0.12 to
0.86 depending upon stratification and averaging time, they conclude
a value of 0.5 is most appropriate when transposing the 0.25 to one
hour averaging times.

Applying Hino's (1968) minutes one-half power law,

t  -1/2
€, = c,(;ﬁ) (1)

where Cp is prototype concentration, Con is model concentration,
tp is prototype sampling time, and tn is mode! equivalent field

sampling time, we have for this study,

on =32

60 :
cp = Cn(’fb" = 0.4 cm. (2)

This means that the wind tunnel measurements overpredict prototype
¢oncentrations by a factor of two and one-half for typical near-

nuetral, as defined by AT/Az, flow conditions.
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2.2 Gaussian Segmented-Plume Methods

During low wind speed or changing weather pattern situations

the assumption of small deviations in mean wind speed and direction
are not generally valid. In such cases the hour-average surface
concentration are uniquely related to the actual history of meteoro-
logical conditions which exist during the given hour. It is suggested
that one-hour average concentration distribution may be obtained by
taking the time-weighted average of concentrations at each sample
point for each combination of observed atmospheric wind speed, wind
direction and stability during a two minute interval,.

Sagendorf and Dickson (1974) compared the results of diffusion
tests conducted under stable conditions with windspeeds less tlan
2 m/sec against a "segmented plume" version of the classical
Gaussian distribution model. Each test time period was divided into
2 minute increments and separate calculations were made for each
interval. Concentrations received at each sampler location were
summed to determine the total concentration, the stability class for
each case was determined from the average temperature gradient measured
over the test period, and the vertical standard deviation, g, was
determined from Turner (1968). The lateral standard deviation, Gy‘ 1
was obtained from each 2-minute interval from the expression

g._= ag Xb
y " * |

where a = 0,017, b = 0.87, g, was the 2-minute standard deviation

in horizontal wind direction in degrees, and the other dimensions are

meters. The model assumed that a plume segment wculd continue in the
direction it started, even though there is expected tu be an influence

| of sub:.quent shifts in wind direction.
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The "segmented plume' Gaussian model showed considerable improve-
ment over the Pasquill-Gifford method when compared to the data of
Sagendorf and Dickson (1974). The model reproduced rather fine
details as noted in Figure 1. The "segmented plume'" model was the
most realistic in both predicting centerline values as well as the

horizontal spread of the plume &s compared with P-G method.

2.3 Time-Weighted Laboratory Measurement Algorithm

Laboratory measurements of dispersion can effectively simulate
a number of combinations of wind direction, wind speed, and thermal
stratification conditions. This matrix must be large enough to
reasonably reproduce the range of expected situations. The measured
concentration fields may also be combined in a manner which reflects
the influence of gustiness, meandering, and thermal structure utilizing
proposed algorithm.

Halitsky (1969) proceeded in this spirit when he compared roof-top
concentration patterns detected during field experiments with patterns
obtained by weighting wind tunnel measurements made over a model
placed at a series of wind orientations. The weighted laboratory
data reproduced the magnitude and distribuiton of concentrations quite

well as shown in Figure 2.

2.3.1 General Formulation

The concentration, C, measured at some sample location r and
¢ will be a function of source strength Q, speed U, wind direction
orientation 6, and thermal stratification Ri. The time average
value of a fluctuating concentration over a time interval T may then

be expressed as



t+T
C(r,¢) = % [ C(Q(t), U(t), 6(t), Ri(t); r,¢) dt (3)

r

Alternatively given a constant source strength one might construct a

value for C by utilizing the joint probability distribution of U, &

and Ri over the test period. Let the joint probability distribution be
p(U,8,Ri), then
Clr,s) = { J p(U,8,R1)C(U,8,Risr,4) dUdodki (4)
Ri &8 U
In the above formulations it is assumed that:

L Concentration wind tunnel data are continuously available
for a combination of wind speed, direction, and stability.

. Mean wind and temperature characteristics are available
from the field site at any instant during the test perind.

» Meteorological data available from a single site near
field release are characteristic of the flow over the
entire site,.

.

The meteorological characteristics are quasi-steady over
a period longer than the time it takes a particle to
travel from the release point to a sample position. This
implies that directional changes of the trajectory of an
air parzel between the release point and the sample
location are insignificant.

2.3.2 Segmented Time Approximation

Similarity theory suggests that for nonbuoyant plumes the dimen-
sionless concentration coefficient, K, for equivalent field and
laboratory conditions should be equal. The coefficient is defined as

_ CUA

5
K'=<3 (5)

where U, A, and Q are characteristic velocity, area, and scurce

scales; hence,

(6)
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and
Cg > fquf (7 1

where f and m subscripts indicate field and model situations
respectively. Note that it is unnecessary to run laboratory tests

for all source strength and velocity combinations since a single
normalized concentration parameter defines such conditions. Frequently,
however, field or laboratory data are reported with different
characteristic length scales or velocity reference height. In such
cases the comparison algorithm must incorporate scale and velocity
profile adjustments.

| Given a field test for every 2-minute average combination

of the variables € and Ri, one may represent an hour average version

of Equation (7) by the sum

N 30 (),

Celr,9) = iEI ?ﬁ;T;K; ()4 (8)
or

alat o Eérm)ﬁt i = (Qf)i 'Ef (Rfr,eh), | o)

e =Ty, by Op Wy Ay

where the overbar represents one hour average value,

It is not economically feasible to run a laboratory test for
every potential combination of Q, U, &, and Ri; hence, there
is usually a finite number of discrete conditions among which data
must be interpolated. An approximation has been preparcd to estimate
mean average concentration based on the summation of such a discrete

data set available from wind tunnel measurements.

R e I I P N L T——n S, e — K - —_— LRI E— — T ——— NI —— - R — ——
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Typically leboratory data may be available for a matrix of
various thermal stratification conditions and for number of wind
directions. An interpolation method is proposed to estimate (Km)i

for the nonincremental two-minute average values of (ef)i and

(Rif)i' The following notation is introduced:

NS NW
(K (r,¢)). = I L W . K. (r,¢) (10)
m i je1 k=1 ijk ik

where Kjk is a set of model dimensionless concentration data
for a specific member of the thermal stratification and

wind orientation model test matrix,

W is a weight function varying in magnitude from 0 to 1.0,
ijk

NS Number of stratifications for which the wind tunnel
study was performed,
NW Number of wind directions for which *he wind tunnel

study was performed.

The determination of the weight factors for the ith intorval of
a given hour period is accomplished in three steps. First the influence
of wind orientation and stratification are assumed linearly independent;

thus

= 11
Vygp ™ Woyg Wy i

where WS and WW are contributions due to stratification and orientation
respectively.
The stability effects are estimated in the second step by a simple

linear interpolation on bulk Richardson number, that is

R e WETI T —— & A L
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a) if (Rif)i < (Riﬁ)l. then wsil + 1.0 |

WS, = 0.0, 341 i
B) 4F (A )y < (RiD, < (RiD., , then |
Wiy E:I“;“: 5:1%)" J
m’ j+1 £
RS TS E:if:i‘-ffiﬁzis
m i+l m j
otherwise
”511 = 0.0, |
¢) if (Rim)us < (Rif)i. then WS, o = 1.0

wsi,j =00, j#N8

Although he adequacy of linear interpolation may be questionable, it

does not appear a more sophisticated interpolation scheme is appropriate

at this time. Among those stratification classification schemes proposed

for predictive schemes the bulk Richardscn number was judged by Hanna i

et al. (1977) and Weber et al. (1977) |

The wind orientation weight factor is also estimated by simple linear
interpolation. That is
if (em)k 5-(9f)1 < (Bm)k+1 then

i I (em)kﬂ N (ef)i
i,k (em)k+1 - (am)k

(ef)i f (em)k ‘

Wy

ikl f,
O Veen = 00k

Otherwise

wwi’k = 0.0
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The recommended interpolation scheme is not yet adequate to
completely account for wind direction variation. It is proposed to
assign a revised bearing to the wind tunnel data. The concentration
at grid point r,4 is given the value of the model concentration of
the grid point closest to r,$ - (af)i + (e.)k. This device prevents
the appearance of lobed surface concentration contours, which result
when one simply superimposes orientation unmodified data.

If the velocity reference height stipulated for field measure-
ments is zf, whereas the equivalent reference height utilized for
reference velocities for model data is Zm’ then a correction factor,
fj' must be applied to laboratory results based on the laboratory

measured velocity profiles.

P.
f = —zv-t J 5
¥ \Z (12)

where pj is the power-law coefficient determined by the site

Hence

characteristics., Hence, when equations (11) and (12) are incorporated

into equation (10) gives,
NS NW

(Km(”"”i e I f.WS

7k = (i + (8 (13)
i 543 kij W Kjk(r,¢ (ﬂf)i ( n)k) 113)

The final laboratory-weighting algorithm proposed herein incorpo-

rated Equation (13) into Equation (9) such that

30, (Q.) v NS
- i T D ol
x.(r,4) = ¢ ——— = § f WS
£ gmp @ (U Ay 11
NW
k=1 ik Rauire=iOp)y + (0 0) (14)

Equation (14) presented above is the basis for the computer program

RANSEC presented in Appendix A.

T T T S LL——— I T el T e e S T T s e e e B e e pe—  —
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3.0 FIELD AND WIND TUNNEL EXPERIMENTS

3.1 Field Experiments

A series of 23 tests were conducted at the Rancho Seco Nuclear
Power Station by Start et al. (1977). During each test period two
tracer gases were released from the Rancho Seco facility; gas samples
were taken at distances of up to 800 m downwind, and meteorological
conditions were recorded at a nearby meteorological tower. A topo-
graphical plan of the study site indicating sampler locations and
the meteorological tower is presented in Figure 3. The release and
sampler locations are given on a more detailed plan view in Figure 4.

The sampling grid for this study consisted of four circular
arcs centered on the reactor containment vessel with radii of 100,
200, 400, and 800 m. Samplers were spaced every six degrees starting
from the north and were numbered clockwise. Nineteen additional
samplers were placed around the base and on the roof of several of
the buildings. No samples were taken at the corresponding nineteen
locations of the wind tunnel study, hence, these positions were not
considered in the present report.

Meteorological data (wind speed, direction, temperature) were
obtained from instruments mounted on a 46 meter tower just within the
400 meter arc. Sensors to measure temperatures, horizontal wind
velocities, and horizontal and vertical wind angles were mounted at
heights of 4, 10, 16, 32; and 46 m. One-hour average valu¢s of the
meteorological data were reported by Start et al. (1977). Meteoro-

logical data averaged over successive two-minute increments during
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the one-hour test periods are contained in Appendix D. The latter
information was used to define the meteorologicai condition utilized
during construction of time-weighted concentration averages from the
wind tunnel data. For each 2-minute interval, bulk Richardson
numbers were calculated based on measurements taken at the 4 and 46 m
levels. The wind direction data sometimes show substantial variation

of the wind direction with height; nevertheless, the characteristic

B e s e

wind direction selected was the one measured at the release height.

3.2 Wind Tunnel Experiments

. Wind tunnel diffusion tests were conducted on a 1:500 scale model
of the Rancho Seco Nuclear Power Station. The experiments were

i performed in the Metéorological Wind Tunnel located in the Fluid

| Dynamics and Diffusion Laboratory at Colorado State University (Allwine

et al., 1980).

Three atmospheric stabilities, characteristic of the 1975

Rancho Seco field study, were simulated. Tracer gases were released

under each of these stability conditions at the corresponding field-
study release points for eight different wind directions. Cround-
level concentrations were measured on a model sampling grid identical

to the four circular areas as that given in Figure 4.

Wind tunnel concentration data are tabulated by Allwine et al.

(1980) in a nondimensional form as

CUA (15)




i5

where C is the concentration (gm/ms),
U is the upwind velocity at the release height (m/sec),
A is the characteristic area of the building (mz),
Q is emission rate (gm/sec)

The weighted wind tunne! concentration data in this report are

presented as

X = E_! Tl
Q

which correspond to the convention for wind and source strength

normalized field-concentration data provided by Start et al. (1977).

B i L - gne a2l o A TV R I TE— L T———



LN R L m———— T ——

16

4.0 RESULTS

The algorithm developed in Section 2.3.2 has been incorporated
into computer program RANSEC t2 predict one hour average concentra-
tions at the Rancho Seco Nuclear Power Station. Wind-tunnel measure-
ments of concentration fields downwind of a 1:500 scale model of the
Rancho Seco facility were combined with 2-minute interval meteorological
records taken during the field tests to produce a series of synthesized
1-hour average concentration data. The algorithm predicted data
are then compared with the measur:d test data.

Figures 5 to 24 contain the results of the weighted laboratory
data calculations. This model shows considerable improvement over
direct comparison of 1-hour average field data to 10-minute equivalent
laboratory measurements. The weighted algorithm is generally more
realistic in predicting centerline values as well as the horizontal
spread of the plume. The weighted average method is generally consera-
tive as compared with the field data. Notice the fine details the
model produces in Figures 13, 19, 20, and 23. The model calculations
also show that the compariscn with the field data was better for
auxiliary building release.

There are, however, some marked dissimilarities between the
synthesized and measured values. The measured profiles display
considerable variations. At a number of bearing angles the measured
values drop suddenly to zero. The synthesized plumes are generally
smoother, displaying a monotonically increasing magnitude to a maximum

followed by a monotonically decreasing variation to zero.
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During field run 11:G5 (Start et al., 1977), the measured
concentrations displayed in Figure 7 did not decay significantly
from the 100 m to the 800 m, The synthesized profiles display
the characteristic decay of mauximum concentration with downwind
distance.

It was observed that the mean wind direction at 4 m height for
each 2-minute interval did not change much during the field tests,
e.g., test 15:G5. However, for the same te-t run the standard
deviation for wind direction for each 2-minute i-~terval was large.
This resulted in a 1-hr average concentration distribution that
spread over the entire compass. In such cases, a modi fied methodology
was utilized to improve the comparison between field and wind tunnel
algorithm test. For the test 15:G5, the mean wind direction at
10 m height for each 2-minute interval was varying; hence the use of
this wind direction would result in larger plume spread compared to
that predicted with wind direction at 4 m height. The modified
results of the algorithm were calculated and are shown in Figure I5.
Comparing the results of Figure 25 with Figure 17, it can be conciuded
that the use of wind direction at 10 m height yieids a better comparison
with the field data at 100 m and overestimations are reduced at

other arcs.
; ' £L . Cu
The maximum ground level concentration coefficients, ?T-m for
tests 7:G5, 12:65,'14:G5, 15:G5, 17:65, 18:G5, 17:617, 18:G17, 7:A,

12:A, 14:A, 15:A are presented in Table 1. Table 1 records

CU -2 .s measured by Start et al. (1977), as presented by Start et al.

Q

(1977) using Pasquill-Gifford methods, as presented in Slade (1968),
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as measured by Allwine et al. (1980) in the wind tunnel and as per
algorithm in columns a, b, ¢, d, and e, respectively. The

table also compares each method with field measurements. C(onsidering
the ratios b/a, c/a, d/a, and e/a it is evident that in general
overall prediction using the algorithm described in the previous

chapter yields better predicted values.

Using flow visualization techniques Start et al. (1977) ohserved
during the stable runs that oil fog smoke released in the building
wake cavity is drawn upward along the lee edge of the structure and
streams away from the buildings as if released from a vertical elengated
source. Depending upon the amount of stable layering of the atmosphere,
the oil fog plume may be contained to greater or lesse: extent
within particular layers. 0il fog released in the building cavity
zone tends to remain well above the ground surface. This resulted
in lower concentration during field tests 18:G5 and 18:617 (Rih = @),
However, layering effects cannot be modeled in the laboratory

measurements and the averages in Table 1 data were calculated exclu-

ding these two runs. It is evident that the Pasquill-Gifford method

E overpredicts the measured field concentration by approximately

100 times on an average. The laboratory data overpredicts the measured
field concentration by 6.6 times, whereas the use of the algorithm
reduced the overprediction to 2.5 times.

If the physical modeling is expected to be a us~ful means to
predict concentrations in the f'eld, there must be a high linear
relationship between measurements in the laboratory and field. The
best estimate of the population correlation coefficients is the

sample correlation coefficient commonly calculated as:

N e e T S el L e Al e R L e e i e N — — B — e ——
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nixy - IxLy
2 2

173 - (16)

[nfx (nzy® - (z9) %]

For the present case x and y represent wind-tunnel algorithm
calculated data and field data respectively. The correlation
coefficient r always lies between -1 and +1. If, and only if, all
points lie on the regression line, than r= +1. If r =0, the
regression line does not explain anything about the variation of vy.
The square of the correlation coefficient, rz, exp’ains how much
of the variance can be attributed to the actual data variabilities
and how much noise.

If it is assumed that there are only two variables of interest,
an "independent" variable x, and a "dependent" variable vy, then
the equation of the sample regression line of y on x is:

y=a+bx (17
Note that coefficients a and b are defined in the normal lecast
squares manner for a two variable linear regression; that is:

i anz - szx

anz - (Ex)2 ; (18]

Iy - bIx

Figure 26 presents scatter diagram of the field data (y) versus
wind-tunnel data using algorithm (x). The correlation coefficient r
was 0.48 and y = 15 + 0.68 x using all data of Table 1. However,
with two runs 18:G5 and 18:G17 excluded, the correlction coefficient
was 0.82 and y = -64 + 1.64 x. The correlation coefficient of 0.82
indicates that 65% of the spread can be explained by the data. The

wind-tunnel results can be said to be in fair agreement with the field

r

R LT ———
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{ data when the proposed algorithm is used to adjust the wind tunnel

i data.

! It is recommended to use the method in future when comparing

| unidirectional laboratory or numerical models against field ohserva-
| tions measured over one hour or longer. This method can be used

|

I

l together with wind-tunnel data and field meteorological data to
r evaluate the dispersion characteristics before construction of a
|

I

E =
l
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PROGRAM RANSEC (INPUTOUTRUT s TAPFS=INPUTTAPEAR=OUTP UTJNPARAM)
COMMON /WT/ NWNSWDR(B) 4RIB() 4 TIGP(A43:99) 4CWT(R43¢99) ¢ NCC(H43)
COMMON ZFN/ LoWDoUsRTIGF (240) «CF(2860)+oTEST(O) 4 TNTILR) yUS(9) «SXPL(
19) oFF

COMMON L0/ NGeNDsGeDeNARCsIANLS)

COMMON /ZPLT/ X(A0e4e2)9C(A0s4e2) NP L&,y 2)

COMMON /TXT7 AX(3) gAY (3) oA(4) ¢ NXeNYINALL) JAIX(3) 4 NTAWRI(G)
DIMENSTION WW(RB) oWWW(3)eW(RBe3)eT1(2)e12(2) NP (&)

DATA AXgAY o AsNXoNY NAJAIX NTIAGT1oT29NPL /

110HBEARING (Ny 1 0HFGREES) s 10M .
210HCONCENTRAT10HTION (1/MeM,10H) N
J10HARC 100 M 4 10HARC 200 " 4 10HARE 40N M L104ARC R00 M
417421046%9,
S10HCORRELATING10HN COFFFICTo1NHENT IS 2T
61004100904 1000)9Pe304/

DATA NP /Regn/

DATA X0eXTeNXsYOeYI DY /0atboeob0es=TaobHaole/

DATA NGgNDeGeNeNARCTAD /6008460 ceb00be100020044004800/
DO 200 IRIN=1,]

DO 1N T=1+NG

I8=1eND

DO 10 J=14NARC

DO 10 X=1,2

Y{TedeX)i=IB

Ciledex)=n,

CONT INUE

READ(S+5)INT

S=NIT

CALL WTDATA

00 100 L=1eNT

CALL FNDATA

IF(WDLTJWNR(1))WN=WNe3K0,

CALL WEFIGHINWeWDRewDowwW)

CALL WFIGHINSsRIRsRTowhw)

TWwD=(WNeD/2,) /DeNG/2

DO 20 I=1.NW

DO 20 J=].NS

WileJ)zwwWiITowwwWlJ) /S

NO 30 T=)1.NW

TWTD=(WOR(TT4D/24) /DeNG/2

DO 30 J=14NS

NC=NCC(I.))

DO 30 N=)lNC

TA=IGP (1sJeN) /NG

IB=IGP (leJeN)=JASNG=TWTN+ TWDeNG

IT=IB/NG

IB=IHB=1TeNG



30
100

40
50

60

S

ClTBeTAl)=C IR TAQ])eWIT o J)RCNT(ToJeN) /U
CONTINUE

WRITE(Ss 1) TESTGUSeTDT sUSSKP 4SKP

WRITE(K42)

WRITE(643)

I=1

NO 60 M=) NARC

11GP=NG*M

DO 60 X=],NG

N=TIGPeK

IFINGNELIGFIT))GOTO 40

C(KeMe2)=CFI(T])

I1=1e1

GOTO S0

IFIC(KeMy)) ,FO,0,)G0TD 60

CONTINUE

C(KeMyl)=2C(KeMyl)®FF
WRITE(He8)NGIADIM) o X(KoMel) o (KgMya2) gl (KoMel)
CONTINUE

CALL PLOTS(0+0,0)

CALL PLT(NARCINPLs2eT193409X0eXIoNXa¥NeYIeDY)
CONYINUE

CALL PLOT(0,¢0,9959)

FORMAT (1H1////7(10X+5A10))

FORMAT (10X 4 9NHCOMPARTISON RFTWFFN FTELD CONCENTIATIONS AND ESTIMATF
10 CONCENTRATIONS FROM WINN=TUNNFL DATA/Z/)

FORMAT (10X 491H GRID POINT ARC HEARING FIFLD
10NCENTRATION FSTIMATEN CONCENTRATION/31X,

261H(M) (DFGREES) (1/Meu) (1/7MaM) /)
FORMAT (10X e19:1154F16.,04F21,3,E24,3)

FORMAT(1S)

END
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SUAROUTINE WFIGH(NRTRew)
DIMENSION RT(1)eW(])
N]l=N=]

N0 10 T=14N1

Wil)=0,

CONTINUE
IFIRJLTRY(1)IW(Y) =1,
‘F(ROL'.RY(‘,,H(N”OO
IF(R,GTRT(N)IWIN) =],
RETURN
Wilel)=(ReRT(I))/ZIRT(I*1)=RT(T]))
Wil)=),=Wi(lel)
IF(T.EQeN1)RFTURN

T1=]e2

NO 30 I=11eN

wii)=n,

RETURN

END
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SUBROUTINE WwTDATA

COMMON /WT/ NWoNSsWDRI(B) 4RIB(3) s TGP (843499 sCWT(Re3999) 4NCC (R, 3)
COMMON /W0/ TR ISsIWDGRPLTIG(40) 4C(40) o NPW
COMMON /L0/ NGyNDsGeDeNARCSIAN (&)
DIMENSTION NQ(4)oNAYL(4)oNA2(4) 4P ()

DATA R‘BOPOFWQUYH/-.3ZO.00039001001150o7§o‘6.05?./
READ(S44)NW NS

NO 100 I=)eNW

DO 100 J=1eNS

READ(5+5) TR IS IWNyRHRP

WOR(I)=1wDn

READ(S,1INPY

READ(S+2) (18(N) oN=] JNPW)
READ(S¢3) (CIN) gv=1 4 NPW)

NO 70 N=)NPW

IFCIGIN) LT ,0) PG (N) ==IG(N)

CALL wWTYOUT

FRa(FH/WTH)eoP ()

IF(FW.,EQe1,)BOTO 90

DO BHO N=].NPW

CI(N)=C(N)eoFy

CONTINUE

Nlz=NPwe]

L=1

DO 20 N=:]l.N)

IF ((L*Y)®NG,GEoIG(N) AND, (L*1) NG, LT 15(Ne1))GOTD 10
GOTO 20

NQ(L)Y=)

IF(IGIN) LT, IG(N=1) INQ(L) ==]
IFIIGIN)=TIGIN=]) FQ,59INQIL) ==]
IF(IGIN)=IG(N=]) FQ,=S9INA(L) =]

NAZ2 ‘L)=N

L=l+]

CONTINUE

NGQ(L)=]

TFCIGINPW) oL TLIGINI)INGI(L) ==

NAZ (L) =NPW

NAl(l)=]

D0 30 xK=2.L
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50
60

4n

100

A& WY

NA] (K)=NA2 (K=1)+]
NC=1

DO &40 x=1,.L
Nl=NAL(K)
NZ2=NAZ (K) =]

NL=NQ (X))

DO 60 N=N1WN?

yaN
TFINL.EQe=1)yMaN2eN]=Ne]
NN=SJG(MeNL)=IG(M) =]
IGP(LsJeNC)ISIG(M)
CHT(IsJsNC)a2C M)
NC=NC+)
IF(NNJECLN.ORLTABS(NN) «EQ(NG) S0TO 60
SN=NNe]

N0 S50 TI=1eNN
IGP(IeJeNC)=TG{MY ]
CWT(TIaJeNC)SC (M) e (CIMeNL: =C(M))/SNeT]T
NCaNCe)

CONTINUE

CONTINVE
IGP(TeJeNC)I=TR(MeNL)
CHT(TeJeNC)=C(MeNL)
NC=NCe)

CONTINUE
NCC(leJ)aNCe]
CONTINUE

RETURN

FOAMATI(IS)

FOQMAT (2014)
FORMATI(1IOFR,4)
FORMAT(2I5)
FORMAT(3IS¢FK.2044)
END
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7“(“? ﬂT ‘l A
00K ORIGINAL

"

T WwTOuT
MO/ TRAISHIWDRPLIGIAN) 4T (40) 4 NPW

- N OZLOZ NGyNDsGeDeNARC,TAN(4)

DIMENSTION S1243)9T5RC(40)413(40)

DATA S Z10KSLIGHTLY Ues lOMNSTARLF s 10H4ANFUTRAL +10M
110MMODFRATEL Y104 STABLF /

WRITE(A 1) TReS(1e7542)0S(201S42)s1WDeRP

1E=0

DO SO0 T=].NPW

[A=(IG(I)=1 /NG

IARC(I)=IAD(TA)

181 =(IG(Ir=1A®NG)OND=[WN=]18N

IFIIB(L) LT . MIB(I)=IRB(]I) 360

CONTINUE

WRITE(Ae2) (IGII) e TARCII) o TECIR{TI) C(I) o T=1eNPW)

RETURN

FOQMAT (I /7277 10X s 30HCONCFENTRATINN DATA FOR RUN NDG213712X,
11IHSTARILITYs o2A10712X91SHATND NDIRECTION o 14454 DEG, /12X,
2144RELFEASE POINTesA4///7)

FORMAT (13X es1HSAMPLER ARC FLEV. NEGRFES OFF CONC
1ENTRATIONZ12X81IHGRID POINT (M) ) CENTERL INF
3 COEFFICIENT/ZZ(12XeT160l11e19¢1124F20,4))

£ND
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SUSROUTINE FNDDATA

COMMON /FN/ LcHOoUvPloxGF(?QO)0CF(260)OT€§T(9)OYDT(19)oUﬁ(QioSKPL(
19)«7F

DATA TEST(9)«TDT(9)+TNT(18) +SKPLWUS /12¢10M4 .
IQ.lON---------- /

IF (L NEL1)GOTO 10
QEAD(S.I,(TESY(!’QI'!OQ)Q(TDY(I)0!'10“)0(707!!09)01'100)
READ(S42)RHHUGUMAF 971422

FF=UM/AF

READ(S,3)NP

READ(Se4) (IGF (1) s I=1eNP)

READ(SS) (CF(T)eI=1oNP)

IGF (NPes]) 21

CF‘Np.‘ )=0,

WRITE(Be6) TEST ¢SKPL4USTDTHUS
WRITE(SsT)71472921922+HUsRH

CONTINUE

QEAD(%.O)YT.T!.Y?.nIowonIod?

UJ2=U2¢ 44710

U1l=U1®,4470

u=u2

WD=w2

[FIRM ,FQeb,)wDawl

CALL MOOB(T1+T2sU14U29Z19722+RT40L)

IF(OLFQ,10M INFINITYLOR,OL.FRL,10M JOR,DLeEQ 104 NO CON
1Ve)GOTO 30

WRITE(Ae9) ITeT1eT24UleU2sUedNeRTIOL

GOTO &0

WRITE (A1 1) ITeT1eT2sUloU2sUswWNeRTLOL

CONTINUE

RTTURN

FORMAT(BAY0Y

FORMAT(6F 10D ,4)

FORMATI(IS)

FORMAT(20T4Y

FORMAT(BF10,)

FORMAT (IHM1///7/7(10%49A10))

FORMAT (/741X 2BHMETFOROLOGICAL DATA(TOWER 2) /710X,

1894  TIMF TEwWP, TEWP, VEL, 1EL . VEL., Wi
2ND DIR, AULK MONIN /10X,
3IR9H () (F) (M/%) (M/S5) (M/75) (n
4FGREES) RICHARDSON OBUXHOV/10Xe
5“6.00lHNoFQ.OOl"“o‘90001“"09900o\N‘0F9o00lﬁ‘or°oﬁoz3ﬂﬂ NUMRE

6R LENGTH?)

FORMAT(I10,6F1044)

FORMAT (10Xe17:2F10,193F10.14F11.14F10.34F10.2)
FOQ“AT(lOKol?o?Flﬂolo"FlO-lo"ll.\oF10.30‘10)
END
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40

30

70

50

A0

3]

SUBROUTINE MNOOB(T14T2eUl9U2e719724R0L)
REAL LLMTSLTEMPL

TDIFF=TC=T]

UDIFF=y2=1)1

JDIFF=72=71

ZM=Z2DIFF/ALOG(22/21)
ULWT:(.OOGSZS'ZMO.OOOOOZBGOZ“OZM)/(1.0.0000112§°ZM°Z*)
LLWT:-.OO#Q}?'ZM’SQRT((100.07“)/(100.0.6'2*!)
RAOTNT=2DIFF/ZUDIFF
9=l°.60(TOIFF/ZDIFFO.OOQB)'QnTNTOQDTVTI(TI°T?)
IF(RNLTLLLMYIGOTO 30
IF(R,GT,.714)G0T0 40
IF(R,GTLULMY)GBOTO 20

L=10H INFINITY

RETURN

A=(4,7=e37/R)®7M
B2(P2.,09=4,T7/R)PZMETM

L=wA=ARS(A) /ASSQRT (A®A=R)
IF(L.LT.O.)L"“/L

RETURN

L=]10M

RETURN

Az==,5476/R/R

B==]15%A

L=3.=SORT(9,=4/3,.)
FL=L®(L®(L=9,)¢A)+H

DO S0 I1=143%

FLEL®(L®?(L=G,) ¢A)+H
OE“3L.‘3..L-‘R.,.A

IF (DEN.NE.0,)GOTD 70

L=10H NO CONV,

RETURN

CONTINUE

LTEMP=L=FL/DFN
IF(ABS(L-LYEMP’oLT..OOOOOI)GOTO 60
L=LTEMP

L=10H NO CONV,

RETURN

L=L*ZM

RETURN

END
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SURROUTINF PLT(NeNPLoIDeISeIBeIAT¢X0gXIaDXo YN YT4NY)
COMMON /TXT/ AX(3)4AY'3) o0 (6) NXeNYoNA(G) JAIX(3) 4NTAWR(4)
DIMENSTON XP(4)9sYP(4) 4 XG(ADN) oYG(AN) 9 1S(2) e NPL (4)
DATA XPoYP/142503.5¢=30503e5¢6¢500e0046,5,0,0/
DATA XALoYAL/7.8493,5/

DATA H /,07%/7

DATA LML4LMP/=21R46,=30584/
IF(NJNEL1)GOTD 10

XAL=6,

YAL=6,

CONTINUE

FX=XAL/X]

FYsYaL/y!

F=AMIN] (FX4FY)

CALL FACTOR(F)

G=H/F

IX=X]

1=y}l

IF(IG.FQ,0)GNOTD 20

K=}

NO 30 1=1.1Ix

7=1.

DO 30 J=1,9
XG(K)=DX®(ALNGI0(Z+]1)=ALOBLO(7))
K=Ke]

=7+1.

K=1

DO &40 T=],1y

Z=1,

DO &40 J=1,9
YG(K)=DY*(ALNG10(Z+1)=ALDB1IN{2))
K=Ke]

2=7+1.,

CONTINUE

DO 100 Js1eN

I=NPL(Y)

XPI=xXP (J)/F

YPI=YP(J) /F

IF(NGFRs1)YPI=2,5/F

CALL PLOT(XPTsYPIs=13)
XS=(X[=NA(T)®G) /P,
YS=YI+1.,58(1+1AT)#5

CALL SYMBOL (XSeYSeGeA(I)s0asNA(T))
IF(TAT.EQ.0)GNTO 60
XS=(XI=(NTA+S)*G) /2,

YSzYlel 54806

CALL SYMBNL (¥SeYSeGeAIXe04eNTA)
C‘LL NWMHE9(°°900Q99.0509(1)oﬂ.o?)



A0

50

100

CONTINUE

nO 50 L=1.1ID

CALL DTPLTU(TI«TISIL) o IGeLoXNeDXeYNeNY)

CALL Ax‘s‘o..n.'hlo-NXOXIOOQo!Ooﬁl)

CALL A‘lS(O.oﬂ.oAV'NVQY!'QO.oYOQDY)

IFLIG.FQ.0)GNTO 100

CALL GRID(O0,e0e0TXolaelYolaorL M)

LX=IX*G+]1000

LY=IY®9e¢1000

IF(IG.FQ.1.0R.,1G.FNR.2)CALL GRID(N,e0aolXeXGolaYIoL¥2)
IF(IG.EQ.1.0R.IG.FN.3)CALL GRIN(ND,e0eeleXIolLYeYGoLU2)
CONTINUE

CALL PLOT(0,¢0,9=599)

RETURN

END



50

30

20

40
10

60

70

SUBROUTINE DTPLT(T41SsIGeTDeX0eDXeY0sDY)
COMMON /PLT/ X(604442)9Y(500442) ¢NP(4e2)
DIMENSTION XX(62)4YY(62)
M=NP(T,1D)

XX (Me])=X0

XX (Me?2)=DX

YY(Me+1)=Y0

YY(Me2)z2DY

DO 50 Jsl«M
XX{(J)=X(JeleID)
YY(JI=Y(JelsID)
IF(IG.FQ.0)GOTO 10
IF(1G.FQ,3)G0TO 20
X10=]10.%#x0

DO 30 J=z]l M
IFIXX(J) LT X10) XX (J)=X10
XX(J)=ALO0GlOo(XX(J))
[IFIIG.FQR,2)G0OTO 10

CONT INUE

Y10=10.%%Y0

N0 40 J=1eM
TFLYY(JT LT, Y10)YY(J)=2Y10
YY(J)=ALOGln(YY(J))
CONTINUE
IF(IS.LE.=100)60T0 60
LT==]

IF(IS.FQ.100)LT=0

CALL LINE(XXeYYOMelolLTeIS)
GOTO 70
IF(IS.FQa=100)D=,5
IF(IS-EO.-IOl)D='.S

CALL CURVE (XXoYYoMyD)
RETURN

END
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APPENDIX B

DESCRIPTION OF VARIABLES

SAMPLE LOCATICNS

All variables relate to grid point locations.
NG  number of grid points along an arc

ND  number of degrees between grid points

G = NG

D = ND

NARC number of arcs

IAD distance from center to arc

WIND-TUNNEL EXPERIMENTS

All variables relate to wind-tunnel data.
Block/WI/
NW  number of wind directions considered
NS  number of stabilities considered
WDR wind directions (degrees)
RIB Bulk Richardson numbers
IGP  (i,j,k) grid points

i < number of wind directions (NW)

i

| A

number of stabilities (NS)

k < number of grid points in the area of interest [NCC(i,j)]

CWT (i,j,k) measured and interpolated concentration at IGP

NCC (i,j) number of concentrations evaluated at all grid points

in the ares of interest

N N N o P  w

L e e



37

Other variables related to wind~tunnel data.

Subroutine WIDATA

——— o — o— — -

]
|
|
t
| P upwind power-law coefficients for all stabilities
| (sequence: unstable, neutral, stable)
|
t RHWT equivalent wind-tunnel reference height (m)
|
RHF field reference height (m)
IR run number
1S stability: IS = -1, unstable; IS = 0, neutral; IS = 1, stable
IWD wind direction (degrees)
| RP release point identification
NPW  number of concentration measurements for this run

| 16 grid point number

f C measured concentration at IG

Subroutine WIDATA

HR ratio of field reference height to wind-tunnel reference height

FW wind-tunnel data factor

Subroutine WIOUT_

S stability identification

IARC distance in field from center to grid point (m)
IB bearing (degrees)

1E elevation of field release height (m)

R e T T e T T T e R N e I N T L, AR s T W

3. FIELD EXPERIMENTS

All variables relate to field data

Block /FD/

— i m— — —

L L-th interval (L < NI)

N1 number of intervals
WD wind direction at reiease height (RH)(degrees)

U velocity at reference height (HU) (mph)
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RI

IGF

CF

FF

38

bulk Richardson number

grid point numbers where (non-zero) field concentracions
were measured

concentration at grid point number IGF

TEST text: didentification of test

TDT tect: average meteorological characteristics during test

period

field-data factor

Subroutine FDDATA

UM

AF

Z1

Z2

NP

IT

Tl

T2

u2

Ri

OL

L

——— — ——— a—— —

release height (m)

reference height (m)

mean upwind velocity at release height (m/sec)
characteristic area (mz)

lower elevation for bulk Richardson number evaluation (m)
upper elevation for bulk Richardson number evaluation (m)
number of concentration measurements

starting time of L-th interval

temperature at Z1 (°F)

temperature at 22 (°F)

wind velocity at Z1 (m/sec)

wind velocity at Z2 (m/sec)

bulk Richardson number

Monin-Obukhov length parameter

Subroutine MOOB

matching height (m)
bulk Richardson number

Monin-Obukhov length parameter
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EVALUATION OF ZSTIMATED CONCENTRATIONS

Main_Prog-am_

IWD grid point number downwind of center minus arc number times
NS (for field test interval)

WWW array containing weight factors to include stability effects
WW array containing weight factors to include wind direction effects

W two-dimensional array containing weight factors.
(sum of all array elements = 1/S)

S number of (field data) = NI

IWTD grid point number downwind of center minus arc number times
NG (for wind-tunnel run)

NI number of intervals (field data)(= S)

Subroutine WEIGH

N number of wind-tunnel runs; 8§ or NW

RT array with wvind-tunnel value; Rim or ﬁm
W array with calculated weight

R field value; Rif or ef

RESULTS

Block /PLT/
All variables relate to plotting subroutine PLT.
X(i,j,k) beating

i grid point number minus arc number times NG

§ arc number

k has no significance; X(i,j,1) = X(i,3,2)
Gl 5,%) coAcentrations

;

i,j see specification under X

k k = 1: estimated concentration
k = 2: field concentration

i N W T I I S—am———— TN T, EL L ———SeT——— n———— & d - —



NP(j,k)

40

number of grid points per arc (= NG)

Jsk see specification under X

Block /TXT/

Variables contain information for plot labeling and identification

AX

AY

A

NX

NY

NA

AIX

NIA

X-axis label for concentration p:ofile along arc

Y-axis label for concentration prefile along arc

header for each plot

number of characters of X-axis label

number of characters of Y-axis label

number of characters for headers

additional text under header

number of characters of additional text

number plotted after additional tert

Subroutine PLT

1D

18

number of plots per page N < 4

array that defines arrangement of plots

NLP
(n

NLP
(2)

NLP
(3)

NLP
(4)

number of data sets to

display of data set 1S =

18
IS
IS

be plotted 1D < 2

0-13 each data poir: plotted

100 data peoints connected by lines
=100 curved-line interpolation
=101 curved-broken-line interpolation
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IAT

X0

X1

DX

YO

Yl

DY

XP

YP

¥G

xal

YAL

IM1

LM2

41

1G = 0 lin-lin plot
1 log-log plot
2 log-lin plot

3 lin-log plot

IAT = 0 no additional text under header
IAT = 1 additional text under header

X-value at "origin"

number of intervals along X-axis

increments between subsequent tic marks along X-axis

Y-value at "origin"

number of intervals along Y-axis

increments between subsequent tic marks along Y-axis
horizontal distance of origin from last defined origin (inches)
vertical distance of origin from last defined origin (inches)
array required for grid generation

array requived for grid generation

X-axis length (inches)

Y-axis length (inches)

character height (inches)

line-type specification for fine'gridﬁ

line-type specification for fine grid
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APPENDIX C

INPUT TO PROGRAM RANSEC

Two data sets are required for program RANSEC: Wind-tunnel data

and field data.

L. Wind-tunnel Data Format

Card 1: NW, NS 215

NW: number of wind directions for which
concentrations were measured

NS§: number of stabilities per wind direction
for which concentrations were measured

The next cards are repeated for each run. The number of runs is equal
to NW times NS.
Card 2: IR, 1S, TWD, RH, RP 315, F5.2,. A4
IR: run number
1S: stability identification
IS = -1 unstable
1S = 0 neutral
1§ = 1 stable
IWD: wind direction (degrees)A

RH: equivalent full-scale release height (m)

RP: release point identification

Card 3: NFW p =,
NPW: number of concentrati a measurements
for run IR
Cards 4,...: I6(i), i = 1, NPW 2014

IG: grid point m.unberAA

Cards fellowing: C{i), i = 1, KPW 10F8.4

C: measured concentration (dimensionless)
at corresponding grid point, IG

Asee next page under (a)
Adsee next nage under (b)

2 |
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a)

b)

IT.

a4

The sequence of runs is such that IWD increases after all
stabilities have been read in; sequence of stabilities is such
that IS increases; for cxample, -1, 0, 1 or -1, 0, or 0, 1.
Example:

39 s | 315 4. G5

followed by other cards for run 39

40 0 315 4, G5

41 1 315 4. G5

42 -1 360 4. G5

43 0 360 4, G5

44 1 360 4, G5

45 -1 405 4, G5

etc.

Note that the values of IWD increase!

The sequence of a se% of grid point numbers along an arc should
be :ither clockwise or counterclockwise with the follewing
precaution. For example subsequent grid point nuroers along an
arc may have the following sequences:

8 64 120 118 116

Here ABS ((64-68) - (120-64)) = 60 ~ NG - 1,

and hence the grid point numbers should be changed to

68 61 120 118 116

By doing this the concentration value of grid point number 64
has been moved to next grid peint 61.

Field Data Format
Card 1: NI A

NI number of intervals during test
Card 2: - TEST (i), 1 = 1,8 8A10
TEST: identification of test
Ca’ds 3 and 3: TDT(i), i = 1,16 8A10
TDT: average meteorological

characteristics during the
entire test period
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Field Data Format
Card 5: RH, HU, UM, AF, Z1, 22 6F10.4

RH: release height (m)

HU: reference height (m)

UM: mean velocity at release height (m/sec)
AF: characteristic area (mz)

Z): lower elevation for bulk Richardson
number evaluation

Z2: upper elevation for bulk Richardson
number evaluation

Card 6: NP 15
NP: number of concentration measurements
Card 7: IGF: IGF(i), i= 1, BP 2014

IGF: grid point number

Cards following: CF(i), i = 1, NP 8E10.3

CF: mcasures concentration at corre-
sponding grid point 1GF(1/m?)

NI cards following: IT, T1, T2, Ul, U2, U, WD B
6F10.4

IT: starting time of interval

Tl: temperature at Z1 (F)

T2: temperature at 22 (F)

Ul: wvelccity at Z1 (mph)

U2: velocity at 22 (mph)

U : velocity at reference height (mph)

R WD: wind direction at release height (degrees)
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TFST 7

METENROLOGICAL DATA (TOWFR 2)

T IMF TEMP TEMP WIND DIR WIND DIR VEL VEL
(F) () (DFGRFES) (DEGREES) (M4/5) (M/5)
4M 4HM 4M 16M am 45M

‘?“‘S 71.6 69.1 1“0.9 32002 ,'1.“ ‘oq
1241336 71.1 9.1 339.4 308.7 .5 4.8
124526 70.9 69,0 339.2 317.9 2,4 4.0
124718 0.9 69,1 333.4 309.1 3.1 4.3
124909 7144 69,4 45,8 327.1 4.7 6,7
126089 7T1.46 69,4 342 .6 316.9 443 &,5
125280 715 69,6 353.4 332.0 be2 6,8
128441 71.8 A9,.9 341.9 328.5 3¢5 4,7
125637 72.1 70,0 342,1 327.2 4B 6.7
1288213 12.2 69.9 353.0 340.5 3.R 4,6
130014 7244 70.3 349,7 320,0 he? T
130208 72.4 7044 351.8 337.0 445 5.R
130386 127 70,6 338.5 311.6 be0 5.7
1INK46 12.5 T0.4 333.4 308.3 4.7 5.7
130737 72.3 70.3 330.1 302.% 44R 5.7
13092R 7240 70.1 332.5 308.6 42 6.3
131119 2.1 70,3 333.4 311.1 el 6.9
131310 12.3 70.4 40.0 318.5 G6e7 6.3
131R80°72 72.6 T0.4 44,7 329.6 3e6 4.5
131A53 1245 7046 338.5 320.3 5.9 T.h
131844 728 707 34T .4 336.9 Sel 6.7
112034 72.9 70.5 347.2 339,6 be7 6.3
132226 73.0 70.5 340,5 320.8 4e2 5.4
132418 73.2 70.9 41,0 321.8 S5 6.5
132408 72.9 70.6 341.1 318.6 1.8 4,9
1327849 73.0 T70.8 39,8 314.5 Geh 6.4
1124a8]) 73.1 70,9 339,9 318,.9 faol Te7
133141 73.1 70.9 341.4 321.0 5.0 6.3
133332 73.1 70.8 336, 4 320.1 3.5 S0
133524 73.2 71.1 337.7 315.2 5.9 7.5
133718 73.1 Til.1 339.6 323.8 S8 Tel
13139nA 73.0 70,9 34h.7 331.2 Ael Te?
124087 3.1 71.0 341.3 323.5 5.1 6.R
134250 73.3 70.9 336.1 315.9 6.7 6.3



TIMF

RORN1
angsg
R1187
/11385
R15873
31780
R194R
RZ2146
HP2344
RP254)
RZ27309
29137
23135
23332
43530
A3T72R
23926
R41213
34346
n45413
24741
R4GIQ
rR51137
R5334
RES3D
RS5713n
R5G27
QN12%
ani3l’?3
Q0820
Qan7in
Qang1?7
91116

METEOROLOGICAL DATA

TEMP
(F)
aM

“9.9
49,8
49,7
49,5
4G .6
49,7
49,8
49,9
49,9
50.3
505
50.9
510
51.3
517
51.6
5)e?
Sl.q
Q2.4
52.5
53.2
53.4
53.5
53.9
53.a
54,0
54,1
S4,4
54.3
S54.7
5‘.8
56.56
55.2

TEMP
(F)
46M

50.6
50.1
50,0
50.1
50.0
49,9
49,9
50.0
5042
50.3
50.5
50.6
50.6
50.7
50.8
50.7
50.9
50.9
51.2
213
S51.6
51.8
52.0
52.2
52.3
52.3
52.5
52.7
527
52.9
53.0
53.1
53.1

TEST 11

{(TOWER 2)
WIND NDIR WIND DIR
(DEGREFS) (NEGREES)

am 16M

300.2 325.2
316.5 331.4
312.1 328,464
106.7 318.0
308.5 319.5
278.6 316,4
PRE.H 316.5
?92,.8 315.3
307.2 16,9
301.4 314.3
299,13 312.9
?94.6 316,4
3NR.H 321.56
312.1 323,46
310.5 320,.8
309,.3 321.9
306,1 320.1
309,7 315.6
I03.6 17,7
30R.5 316.9
30R.7 315, 7
?SR.4 312.1
305.5 314.4
3I04,.8 315:9
INK.H 309.8
322.5 3213
324.1 325.6
31R.3 320.6
31R8.3 320,1
320.3 328.0
376.1 329.°2
A7R.8 328,7

322.0

323.2

VEL
{M/5)

M

SN ANES PP NEE LD WA NN N LN LN NEANVNIYY YNV DYV Y LN
L I T I e L A T I N T

OF O~ DD NWORPRIPOECFIPNEEANADOIITPFHANOIINSDIPIP~~DDODNVND

VEL

(M/5)
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TIME

ANS8Q
A£0T759
ANA584
511586
51353
A1540
A1748%
A£194)

652137
62333
62531
“2730
£2930
43129
/3330
#3831

~£3732
5339373
£4129
441324
K452

~4717
4913
65109
65306
A550A
AK57NA
£54911
70114
7017

METEOROLOGICAL DATA

TEMP
(F)
4M

42,2
42.2
42.5
42.6
42.7
42.8
42.7
426
42,4
42.5
42.5
42.6
42.1
424
42.5
42.1
“‘.6
4.6
6] .4
S
41.3
4lal
41.5
41.8
41.9
42,0
1.9
4243
42.1
‘2.3

TEMP
(F)
464

42,3
42.3
62.3
42.3
4244
4244
42.3
2.3
L2.4
42.4
42,4
42.3
42.1
42.1
42.1
42.2
42.2
62,0
“1.8
41.5
l‘l.“
4le.4
4]l.6
61.5
4l.7
41,8
41,9
42.0
42,1
42,1

TFST 12
(TOWFR 2)
WIND DIR WIND DIR
(DFGRFES) (DEGREES)

4M 16M
347.0 34l.1
3485.7 327.5
342.0 327.7
1361 334,3
349.5 339.7
349.4 339.0
341.1 329.3
345,.4 334.1
J44 .8 336.3
344,27 337.9
346, 8 336.5
44,5 342.1
364.2 344,09
341.3 343,.6
347.5 340,0
34R,? 348.6
354 .6 51,9
3.0 5
119 5.6
15.0 1.5
19.8 1.9
353.4 359.2
Seb 360.0
1.2 3.6
347.2 356.2
343.9 355.6
361.2 356,1
48,0 354,3
352.5 356,7
345,56 353.3

VEL
(M7%)
4M
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VEL
(M/%)
45M
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TIME

2347072
234901
23510a
235306
235807
235708
23159n7
106
Ing
503
703
R&Q
108R
1257
1456
16858
1R&5?
2n80
274R
244K
2ha44
2R47
30473
372473
344R
3A4R
3R81
4n83
4257
4457
TN
4RS4

METEOROLOGICAL DAY,

TEMP
(F)
4™

49,0
4B8.4
47.8
47.6
4R,0
4R 4
4B.6
4R.3
48,3
4B, 6
4B.6
4B, 9
49,1
49,1
49,1
49,2
49,9
49,9
50,0
49,8
49,8
49.9
49,9
50,0
49,8
49,7
49.7
49,9
5061
45,9

TEMP
(F)
46N

56.1
56.0
56.0
55.9
55.7
55,6
55,5
65.4
55.1
55.1
E5.0
55.0
55,0
55.0
55.1
553
55.7
55.8
55.8
56.7
55,7
55.9
55.8
56.0
56,1
56.3
56.3
S6.4
56.4
S56.5
56.6
S56.2

:‘(‘

TFST 1s

(TOWFR 2)
WIND DIR WIND DIR
(DFGRFES) (DEGRFES)

“m 16M
92,1 124,.8
90.0 119.5
BZ a4 116.9
BR0.7 119.4
R9,.7 121.8
Akl 120,.6
RG.H 122.5
76.8 109.3
T7.7 103.9
65.7 102.6
6.7 105.4
R3,.4 114,46
107.68 11,5
104,7 118,56
112.0 120.4
124 .8 122.4
133,2 122.0
129,1 122.1
133.6 119,6
137.3 123.3
136,72 123.2
139.7 126,3
139.2 130,9
150.7 126.9
146 ,.R 126.8
146,.7 123.9
14R,4 125.5
148,7 126,7
148.0 124,2
147.4 129.0
148B,.6 12549
146.9 126,6

VEL
(M7S)
4M

10
1.2

.7
o7

13
1el
lel
oA
.“
b

]
]

VEL
(M/S)
45M
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T IMF

170708
17n9nAK
171104
171309
171811
172578
171814
172117
17231R
172521
172723
172029
173134
173338
17354
173746
17368
174154
174387
174400
174759
174958A
175186
175383
178880
175748
175046
180148
110342
1205139
1”R0737

METECROLOGICAL DATA

TEMD
(F;
4M

9.9
607
61.0
6la.1
60.9
1.0
6]1:1
Al
al.0
h .2
59,6
59,9
S59.8
5947
5947
59.7
0.0
60.2
0.2
03
60.3
0.2
60,2
650.2
60.1
601
650.1
6£0.4
607
59.9
60,1

TEMP
(F)
aKM

60.1
60.0
60,1
60,1
6042
60,1
60,0
60,1
£7,0
60.1
60,0
59.9
59.9
£9.9
59.9
59.9
59.9
59.9
59.8
59.7
59.9
59.8
59.8
59.7
59.8
59.8
59.7
59.8
59.7
59.9
59.8

TEST 15

(TOWFR 2)
WIND NDTIR WIND DIR
(DEGRFES) ‘NEGRFES)

4™ 16M
303.7 310,46
I0R. & 312.1
311.6 311.2
31B.4 321.3
329,13 323.8
322.4 318,0
3215 320.5
315.1 317}
?292.5 311.7
297.5 339,6
?95.1 352.5
293,56 352.8
296.13 351.3
304.2 341,0
294,.? 345,.5
296.1 5.0
292.6 25.6
310.3 29.5
330.3 26,7
351.56 76.3
‘006 30.9
26.8 28,2
31.2 29.56
34.) 39,2
418 46,8
S5.9 49,0
62.1 S$6.3
615 53.6
59.8 52.4
58.9 46,0
59.0 S6.4

VEL
(M/S)
4™
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VEL
(M/5)
46M
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2.7
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TIME

220220
77204113
2204507
220801
22040873
221147
221339
221532
221724
221917
222108
2221300
222452
27726413
222835
223026
223217
223408
223400
2723780
272394
224137
2724323
224513
PP470n4
27249118
225111
225302
275483
?756h44
27537
230028

MFTEOROLOGICAL DATA

TEMP
(F)
4M

43,6
43.7
43.7
43,8
43.3
43,2
42.8
4248
43.2
43,0
43.3
43.5
43.4
43.3
4344
43.1
42.9
42.9
43.0
42.5
4246
42.5
42.5
4247
43.1
43,2
3.7
44,1
46,1
48,0
43,9

TEMP
(F)
4HAM

52,1
52.1
52.2
52.4
52.2
51.8
51.0
SC.8
50.7
S0.9
51.2
51l.1
51.4
52.0
52.3
52.3
52.1
S2.1
52.4
52.1
52.0
5‘.7
50.9
49.9
49.6
49,8
50,3
50.7
51.2
51.8
52.1
52.2

TEST 17

(TOWFR 2)
WIND DIR wIND DIR
(NDFGRFES) (NEGRFES)

4Mm 16M
47.5 39,2
56.2 47,0
56.6 45,5
54.3 43,8
52.0 42.9
49,7 52.4
48,2 53.9
SRe6 54,8
653.5 56,0
63.4 59.1
62'“ 5809
$53.5 53.5
55.R 58.0
58,7 3.5
Sl.4 59,1
3§.q 52.9
30.6 53,27
41.3 54,6
36.4 50.4
32.4 48,1
44,4 44,1
42.3 7.6
44,3 66,2
4R.9 49,2
51.2 55,9
59.7 6l.5
59.2 62.2
59.7 57.5
63.0 57.6
60.7 59,2
60.2 50,9

61.3

6l.5

VEL
(M/%)
4™

NNANVNNN =2 YNV NY NVt st ot ot e YNV AV VNV NVN~= VNV N
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VEL
(M/5)
45M
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TFST 18

METEOROLOGTICAL DATA (TOWFR 2)

TIMF TEMP TEMP WIND DIR wWIND NDIR VEL vEL

(F) (F) (DEGREES) (DEGRFES) (M/S) (M/5)

&M 465M M 16M 4Mm 45M
1”NQ1AR S8.5 6)e3 250.1 186,0 o7 .S
111213 58.5 61.2 250.1 186,1 5 R
1217329 8.4 6142 250.6 289.1 5 o9
181837 58.5 51,2 250.6 294 .0 5 1.0
1R17138 57.9 6l.2 25043 290,.5 N 8
121840 56.8 61,1 250.1 292.5 5 «R
122141 56.1 61,0 25044 270.7 7 9
182347 56,0 61,1 250.6 272,0 of 1.0
1R2884 56,0 61,1 250.4 272.3 9 le0
182759 55.6 6la1 250.2 268,.3 R l.1
183008 55.1 60.9 250.2 266,.9 5 |
1837208 54,4 60,9 250.3 273.8 b R
1234172 54.7 60.7 250.3 270.2 b R
1°3K14 55.3 60.8 250.1 24l.7 «3 o7
1R3R1S 56,1 60,7 ?51.0 237.3 «3 N
184016 56.2 60,7 250.3 236.5 3 5
124217 56.0 607 250.6 237.5 o3 5
1R4419 56.0 60,5 250.3 237.7 3 o7
'0‘“06?3 55;0 60.5 ?‘iﬂ.? 237.3 e o R
184R27 5€e¢3 60.4 250.3 241.0 6 .9
186132 55.7 60,3 250.7 286,72 ol R
18”5235 55.2 60.2 250.6 278.5 3 «R
185435 S6.1 60,6 25044 240,0 b oR
125/39 S56.5 60,4 ?50.4 233.5 b o7
185R413 56,2 60,4 250.1 217.8 o7 B
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180250 56.9 60.4 250.4 213.5 «R oR
1604587 57.0 604 250.1 1R2.9 9 o7
180704 57,0 60.5 250.3 171.2 «8 o7
190010 56.9 60.‘ 250.6 19702 oﬂ 06
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221740
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TEMP
(F)
oM
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58.2
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54.2
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54.,¢
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(F)
4KM
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61.9
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58.3
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59.4
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57.7
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56.9
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WIND DIR WIND DIR
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aM 16M

17R8.0 158,7
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193.1 172.5
232.9 217.0
250.1 240,3
235.5 2722.6
214,1 7206,1
?24.3 216.5
253.0 244,56
260.8 243.2
?69,.8 261.5
273.3 259.2
PT4.4 260,7
2TR.4 258,2
2T73.6 265.9
2R3.% 273.8
28,3 279.2
2R2.? 2Rl,1
278.0 277.9
2RN.7 282.5
278.9 2R1.4
280.9 286,56
?296.5 293,64
28K, R 290,7
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153016
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(F)
oM
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59.3
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59,5
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58.8
59.1
59.3
59.6
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58,8
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58.18
56.8
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4M
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3R.1
24.0
32.3
30.9
32.6
48.4
44.2
43.8
Z44H
22.5
23.5
15.6
16.8
2R8.1
PR.4
29.8
2447
10.5
15.4
15.3
6.7
34,2
14.73
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18.1
13.7
10.R
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3.7
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29.5
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2nnz12
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53.9
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50,9
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52.0
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4hKM

56.8
56,8
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54,1

TEST 23

(TOWFR 2)
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35,3 14,7
307.4 T.6
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307.7 346,6
306.9 354,8
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320.9 48,8
32045 348,56
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320.5 S.9
345,1 355,3
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46.7 11.9
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28.7 16.4
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Figure 2. Concentration Distributions for Test Building Roof Release
(a) Low Turbulence Case, (b) High Turbulence Case,
(¢) Mathematically Osciliated Wind Field (Halitsky 1969)
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