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PREFACE

In accordance with the letter of agreement of August 3, 1973,
with the U. 8. Atomic Energy Commission, Division of Reactor Research
and Development, Environmentsl Safety Branch, the National Oceanic
and Atmogpheric Administration, Alr Resources Lahoratories, have
continued their study of atmospheric transport and diffusion in the
planetary boundary layer, micrometeorology, diffusion elimatology, and
the application of this work to the disposal of radicactive waste
gases into the abtmosphere. The research is technically administered
and supervised through the Air Resources Laboratories Headquarters,
8060 13th Street, Silver Spring, Md. 20910.
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ABSTRACT

An objective regional trajectory analysis scheme has been
combined with a Gaussian diffusion model to yileld a technique
called MESODIF (mesoscale diffusion). The trajectory analysis
scheme utilized wind data from a network of tower-mounted wind
sensors to comsider the effects of spatial variabilities of hori-
zontal wind flow near the surface, incorporated time changes in
rates of diffusion, and used an upper level 1lid to vertical mixing.
The MESODIF calculations of total integrated concentrations were
compared with corresponding conventional calculations, using wind-
rose jolnt frequency statisties (single wind station). Comparisons
were made within a region about 100 by 130 km, and for time spans
from 6 hr to 1 yr.

The diagnostic comparisons of regiocnal dispersion effects
from each technique showed significant differences over the range
of scales considered. Effluent recirculations and stagnations,
related to local wind variabilities about terrain features, were
believed to produce localized zones of enhanced exposure to airborne
effluents. These zones were not resolved by the conventional wind-
rose model.

For short or accidental type of emissions, the greatest short-
coming of the single wind-station dispersion model was its failure
to identify, when applied within a region of spetially wvariable
winds, the subregion which would be affected.

At distances beyond gbout 25 to 50 km, the wind-rose model
calculations were significantly biased to overestimation of annual
total integrated concentrations by about an order of magnitude. The
inability of the wind rose model to accommodate time changes in
stability category during effluent transport to the more distant
receptors was the single most influential factor of this bias.

Current usage of the wind rose technique for regional disper-
sien calculations, especially at the longer distances, incorporates
some systematic bias in the evaluations. These shortcomings are
points of concern and should be reconciled with whatever impact
assessment schemes are to be utilized within the mesoscale or
regional domaln.




REGIONAL EFFLUENT DISPERSION CALCULATIONS CONSIDERING
SPATTAL AND TEMPORAL METEOROLOGICAL VARTATIONSL

G. B, Start
L. L. Wendell

1. INTRODUCTION

During the last several decades, the understanding of the role of the
atmosphere in dispersion of airborne.material has been greatly increased.
With the present body of knowledge, atmospheric dispersion calculations
may be performed with confidence for distances out to several kilometers
and for times of a few hours. However, ecalculations at greater distances,
for longer times, within areas of marked topographic variability, or for
atmospheric conditions which deviate from simple homogeneity, the confidence
and reliability rapidly diminish. Research in recent years has begun to
quantify dispersion within flows across mountain ridges, diffusion within
deep canyons, and for disturbed airfiows around buildings and obstacles.
Likewise, significant variabilities mey occcur for longer time-averagings
and at distances beyond a few kilometers, in light of the other significant
effects noted.

From a background of several years of meteoroclogical and climatological
support of reactor siting and cperations at the Nationsl Reactor Testing
Station (NRTS), it was apparent that significant horizontal variability oc~
curred in low altitude winds over the Upper Snake River Plain in southeastern

Idaho. From simple meteoroclogical considerations and later field measurement

lResearch was carried out under the joint sponsorship of the Atomic Energy
Commission, Division of Reactor Research and Development.




programs at other loecalities, these varisbilities were judged o be

common to many geographical settings and, therefore, were relevant to
environmental-impact assessment calculations for a large number of potential
sites. With these problems in mind, deployment of a network of tower-
mounted wind sensors was begun in early 1968. As a consequence of data
collected from this network, an initial understanding of mesoscale vari-
ability of winds has been gained. The initial results of this program

have been reported by Wendell (1970, 1972).

The implications of such wind wvariabilities for calculations of
atmospheric dispersion were recognized in 1966, and some simple diffusion
model adaptations were examined (Start and Markee, 1967; Dickson et al.,
1967). During the course of these examinations, it became apparent that
effluent plume geometries could often attain complex forms or undergo
transformations from one form into another; simple concepts such as a cross-
wind-oriented line source and a continuous peint source could not suitably
describe these forms or remain applicable following their transformations.

Because dispersion estimates were to be made out to radial distances
of 150 km and for time periods as long as a year, several current practices
were suspected to be inappropriate. One such practice was the use of wind
data measured at a single point. Thelr utilization to describe the dis-
persion of airborne material at distances far from the point of measurement
would require an extreme degree of horizontal homogeneity in the airflow.

A surface continuous point-source was adopted for all illustrations

and comparisons. More complex source configurations could have been util-

ized, but they would have only clouded the results with additional details.




The simplified model utilized in this project, MESODIF (mesoscale diffusion),
incorporated a two-dimensional wind field within which effluent trajectories
were calculated according to measured temporal and spatial variabilities of
the winds (Wendell, 1970, 1972). Current practices for long-term regional
pollution impact evaluations utilize the well-known stability wind-rose (WR)
technique; this technique distributes the total period-source release within
radial sectors emanating from the source point. The release is distributed
in proportion to the frequency of source point winds blowing into the in-
dividual sectors. The comparisons of results from these two techniques do
not constitute a "validation" of one technique over the other; rather, they
illustrate variabilities induced by spatial and temporal changes of the
winds. The research described herein was an investigation of these vari-
apilities of total integrated concentrations within a mesoscale-sized region.

Several obvious guestions come to mind when beginning an investigation
of this type. First of all, will any significant differences occur between
the two cited techniques? If so, will there be spatial and/or temporal
boundaries on the significant differences; for example, will the two methods
differ only at distances greater than 15 km, 30 km, or so forth? Will 4if-
Terences begin to appear almost immediately in time, dbut gquickly disappear
as soon as the point wind statistics accumulate a suitable number of occur-
rences in each wind category? If differences occur and either average out
with longer term accumulations or remain with some residue, can physically
meaningful causes or sources of these variations be ildentified?

A number of methods for examining these questions come to mind. Per-

haps the simplest approach would be a comparison of the area frequency




distributions determined by each of the transporting wind assumptions or
models (this amounts to assuming no diffusion of plume effluent and to
counting the number of "exposures" resulting strictly from wind transporting
of material to given receptors). This receptor-transport climatology study
has been undertaken and initial results reported (Van der Hoven, 1971).
Gifford {(1973) aptly pointed out that these receptor climatologies should
likely represent maximum differences because real plumes Woulg have a

larger size and, therefore, are more likely to smear out or to diminish

any differences resulting solely from transporting winds. However, because
receptor-transport climatology studies showed areas of differences as large
as an order of magnitude for an annual cycle, similar diffusion-model calcu-
lations were needed to determine whether the addition of plume diffusion

would negate these differences.

2. THEORY OF DIFFUSION MODELS

A continuous point source (CPS) has been postulated to examine the
effects of spatial and temporal variations of the low-altitude wind flows
upon time-integrated concentration eétimates. Because the transporting
wind fiows could be expected to be curving, recirculating., and at times
stagnating flows, a Gaussian simple CPS type of equation could not be used
(because the plume geometry would likely be altered to the point of in-
applicability). Because the CPS equation is an integration of the more
general Gaussian instantaneous point-source (IPS), this IPS equation
(Slade, 1968) will be the beginning point. ¥For a ground-level source and

receptors with total reflection at the earth's surface,




- 2
x(x,y,0) = = exp | -1/2 |{EREL 3 ()
3/2 g 2 g 2
(2%)”' 0 o o b3 v
XY Z
where
y(x,y,0) = concentration (units/mB),
Q = source strength (units),
X,y = distance dowmwind and crosswind from point of origin,
respectively (m),
u = mean windspeed (m/s_l),
t = time of travel of the cloud (s), and
GX’Gy’OZ = standard deviations of effluent concentration in the

downwind, crosswind, and vertical directions,
respectively (m).

The o-values used in MESODIF are the Pasquill A through F types of
values (Yanskey et al., 1966) which were derived from continucus plume
releases of 1/2- to 1l-hr duration. The application of these rates to puff
diffusion would tend to overestimate the dilution (and to underestimate the
concentration) of puffs within the first few kilometers (Slade, 1968). It
should be noted that the specificatioﬁs of o-values versus stability cate-
gories and trajectory distances primarily apply to distances of a few
kilometers. Extrapolation of these curves to regional scale distances is
substantiated by little or no data. However, because one dispersion method
is to be compared to another, these factors should compensate one another
because each model uses the same extrapolated curves.

If horizontal Gaussian symmetry is adopted, equation (1) may be re-

stated as




where

and

D’H-_-O‘x:O"y-

Because the application of equation (2) must satisfy conditions of simple,
straight-line flow and provide total integrated concentrations (TIC),
equation (2) needs to be adapted. Normally, TIC values are obtained by
using an integrated (with respect to the x or flow axis) form of the
equation., Integration would negate the breaking of the continuous plume
into appropriate subelements. Instead, what is used is an approximation

to the integral by a summation of weighted concentrations of the form

© ¥

* o~ 3
(x7pg)ax 2 (Xppg*8t) 5 = Xcpg (3)
J=1

£ 1k

oo
where

¥ = uxt and dx = uxdt are used for a transformation of variable.
The summation process is similar to approximate integration by the trap-
ezoidal rule, except the concentration at the end of a time interval j
(Xj) is assumed to prevail over the entire time interval (5tj). The area
under the Gaussian-like curve of concentration versus time is proportiomal
to the TIC at the receptor point. Depending upon the number of intervals
(plume segments) used, the approximation maey converge to the integral at

any desired level of accuracy.
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In application, the MESODIF model disperses plume effluent through
the advective transport of plume segment (puff) centers and through the
diffusion of effluent puffs about their individual centers. The transport
of puffs 1s determined from a horizontal field of spatially and temporally
varying winds. The diffusion of effluents is described by distance-depend-
ent values of Oy (or Uy) and o, (Yanskey et al., 1966). These values

are specified according to a general form

= +
o =aq, Ao ()
where
o, = previous value (ideally zero at the point source),
Ac = incremental change during the advective displacement just
completed, and
¢ = updated value following the completed advective step.

The advective related growth Ac is different for oy and o, and has various
constraints to conform better to cbserved plume behaviors. For horizonbal
diffusion, Uy is represented by the general forms (Slade, 1968),

85

A#x® {for x < 20 km) (5a)

Q
1]

and = a"%x*” (for x > 20 ku) (5b)

Q
1

where
x = distance along puff trajectory from the source,
A = stability-category dependent coefficient of proportionality
chosen to fit empirical curves of cy versus distance (Yanskey

et al., 1966)

A' = stability-category dependent coefficient of proportionality
for continuity at 20 km between equations (5a) and (5b).

The exponents of x in eguations (5a) and (5b) were selected to fit the




g ~curves reported by Yanskey et al., (1966). At and beyond 20 km, the
¥

horizontal diffusion rate is siowed to the Fickian rate (proportional
to the square root of time or distance). To describe cy during changes

of stability category,

Ao = —L Ax (6}

where
Ax = advective displacement or distance
and

g
9x

= rate of growth of o, derived from equation (5a) or (Sb).

It should be noted that equation (6} incorporates A or A' and x through
the derivatives of equation (5a) or (5b); thus the rate of growth is both
dependent upon stability category and total distance traveled. Because
the rate of growth is distance dependent, a value determined at the
middle of the advection step just completed is the value used in equation

(6}.

The basic representation of . is

o = B¥x' (7)
z
where
B = gstability-dependent coefficient of proportionality chosen to
fit empirical curves of o versus distance (Yanskey et al., 1966},
y = stability-dependent exponent of travel distance, and
x = distance along puff trajectory from source.

In practice, a form like equation (4) is utilized to update the previous

value, assuring that c, either remains constant or increases in magnitude.




For vertical dispersion, a capping stable layer or restricting 1id to
upward diffusion is considered (e.g., Turner, 1970). Three physical
regimes are identified for specifying rates of growth of c, - They are:
(1) a region in which the upward spreading is little affected by the
presence of the capping 1id, and a Gaussian distribution is assumed in
the vertical; (2) a region within which thorough mixing of the entire
layer has created a nearly uniform distribution of effluent between the
ground and the capping 1id; and (3) a region between these two in which
the plume begins to be affected by the capping 1id, and the vertical
distribution undergoes a transition from Gaussian to one nearly uniform.
The height of the base of the capping 1id or stable layer is denoted
L. In MESODIF, L is specified hour-by-hour to permit an accounting for
known diurnal variability of this depth of mixing. An hourly value of L
is applied uniformly throughout the computational area. The effective
value o, equals 0.8L (Turner, 1970) when the vertical distribution has
approached uniformity. If previous values of o, already exceed 0.8L,
they are held constant (AUZ = 0); they are not reduced in any manner
because a negative AUZ would imply negative diffusion. During a given
hour in which an L applies, values of g, initially less than 0.8L are
restrained from growing larger than 0.8L. Physically, this means the
following. During any given hour, plume material may diffuse upward and
be confined by the stable layer aloft. Material present from earlier
times may have spread aloft to greater depths than permitted by the
current stable layer. This earlier spreading is not compressed back into

the more shallow layer now existing; it may be better visualized as being
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partitioned into portions now below the stable layer and portions within
or above the new stable layer. Material above the 1lid is dropped from
further consideration.

The source emission strength Q may be specified hour-by-hour if
desired. For this memorandum and the comparisons to be presented, it has
been held constant at one unit per hour; each puff then contains one unit
divided among the number of puffs released per hour. Removal mechanisms,
such as dry deposition, precipitation scavenging, and chemical and photo-

chemical changes, are not incorporated.

3. COMPUTATIONAL METHOD

The two essential parts of the computation are the determination of
the locations of the puffs as they are carried by the wind and the cal-
culation of the growth and subsequent dilution of each puff. A third
portion of the computation involves the determination of the contribution
of the puffs to the time-integrated dosage on an array of grid polnts.
Because the model has been used for long-term releases, up to l-yr duration,
as well as for 12- to 2hk-hr accident simulations, significant effort has
gone into making the calculations as efficlent as poésible without sacri-
ficipg the integrity of the result.

The portion of the model which moves the puffs is based on a simple
advective process, using a time series of wind measurements from a randomly
spaced array of wind stations (Wendell, 1972). The hourly averaged winds
at the stations are interpolated onto a rectangular grid with a subroutine,
and the movement of the puffs is computed through a time and space inter-

polation of the gridded wind fields. This arrangement disengages the
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transport and diffusion portion of the model from the wind determination.
This separation provides the option of using the model with historical or
predicted winds when they are available. As mesoscale wind-prediction
techniques are developed and improved or as they might vary from one
region to ancther, these technigues will be readily usable by this model
in cases where TIC predictions are required.

The periodic sampling of the puffs for summing concentratlons at the
grid points is based upon a distance increment rather than a specified
time increment to allow a more uniform approximation to the continuous
plume at both high and low windspeeds. The displacement of each puff is
computed for a specified time-step and divided by the distanece increment
gpecified for sampling the puff. This quotient is then rounded to the
next highest integer which is used as the number of times to sample the
puff along the computed displacement path. During periods of high wind-
speeds, the puffs will be sampled several times during an advection step,
but only once during sufficiently lov windspeeds. When all the puffs have
been displaced and sampled, the process begins again for another advection
step.

To caleulate the growth of each puff as it is carried by the wind,
several factors are carried over from one advection step Lo the next.
These are: the emission strength of the puffs, the Uyﬂ.and Uz-values for
the puff, the total distance traveled by the puff, the horizontal coordi-
nates of the puff center location, and a control parameter which indicates
whether the puff has left the grid or has become so dilute that it is no
longer to be considered in the calculations. The distance-dependent values

of Gy and o, are used to calculate the puff center concentrations. The
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radius of influence of each puff is determined by the relation

X .
R = Uy -2 1n Lo (8)

where

Xpin = the minimum concentration of interest

XP = the concentration at the puff center,

The concentration is computed and accumulated for each grid point which
lies within the radius of influence of each puff.

It was indicated that the puffs are carried along in the computational
scheme until they are totally off the grid or until their peak concentration
falls beiow a specified level of interest. To keep the computer memory
requirements to a minimuom, especially for releases over an extended periocd
of time, 400 has been set as the upper 1limit on the number of puffs which
are carried simultaneously in the calculations. After the first 400 puffs
have been released, the control parameter array is scanned; all information
for the puffs, which can no longer contribute a significant concentration
at any grid point, is eliminated to make room for puffs yet to be released.
When the number of puffs remaining and the number subsequently released
reach 400, the process is repeated. Under conditions of very low windspeed,
the number of puffs simultaneously contributing to the dose may exceed Loo.
When more than 400 puffs exist, an attempt to eliminate noncontributing
puffs occurs every hour. Under this condition, the number of puffs is
allowed to grow to 500 before a message 1s printed and the program ter-—

minated. This termination has never occurred in several runs of l-yr duration,
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k. MODEL TESTING
A. Approximation of the Continuous Point Source

One of the concerns in the computation is whether the continuous point-
source (CPS) equation is being approximated with a satisfactory degree of
accuracy. If the trajectory of a plume is straight, one puff will approxi-
mate the dose pattern of a CPS to any degree of accuracy desired, provided
it is sampled frequently enough as it passes each point of concern. The
frequency required for the sampling will, of course, be a function of the
gpeed of the puff and its rate of growth, which is dependent on the sta-
bility classification.

Calculations of values of total integrated concentration (TIC) were
made for Stfaight—line flow for various windspeeds and stability classes
with both the puff model and the CPS equation. The most severe conditions
considered for an accurate approximation were strong winds and class D
stability (causes the slowest horizental puff growth). The ratios of the
TiC values for class D and a 25-m S_l speed computed by the puff model
and by the CPS equation for four different sampling intervals are shown
in figure 1. It is apparent that to obtain reasonsble accuracy to within
10 km of the source, the sampling interval should be between 1 and 2 min.
In terms of puff travel distance, this is between 1.5 and 3.0 km. For
this reason, the puff travel distance between samples is restricted to
less than 2.4 km in the operational model. This provides a more than
adequate approximation of the CPS equation for all but a few isolated
cases of hourly averaged winds over 25 m s-l. The operational model has

been thoroughly validated agesinst the CPS equation for straight—-line flow.
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B. Approximation of the Instantanecus Line Source

Because the purpose of the puff model is to handle flow with spatial
variation, another major concern is that the continuous release has been
divided into a sufficient number of puffs to approximate the continuous
plume adequately. For example, if a series of puffs becomes oriented
perpendicular to the wind and is acting as if the puffs had been released
from a line source, the spacing of the puffs will strongly affect the
accuracy of the approximation to a comtinuous plume. This is illustrated
in figures 2a and 2b in which the puffs are releases at rates of three and
six per hour, respectively. The dots indicate the position of the puff
centers, and the circles are contours of the minimum concentration of in-
terest. During the first 5 hr of the release shown here, the winds are
steady from the southwest. This period is followed by a clockwise shift-
ing of the wind which moves a large segment of the plume as a line per-
pendicular to the direction of movement. The more complete coverage of
the six puffs per release (fig. 2b) is especially noticeable in the western
portion of the line, beginning at 0500 Mountain Standard Time (MST}.

Obviously, the greater the number of puffs per hour, the hetter the
gpproximation to a continuous glume; but the computation time is almost
directly proportional to the number of puffs released. To determine a
compromise, the 1969 set of trajectory plots for 12-hr releases was scanned
for cases in which a wind shift caused a rapid spreading of the trajectories
and the phenomena of the plume moving as a line. Sets of three matrices
of TICs were calculated for each case in which three, six, and 12 puffs

per hour were released,
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Figure 2. Plots of two hourly positions of sequentially released
puffs for: (a) three puffe per hour, and (b) six puffs per hour.
Each puff is depicted by a dot showing the center position and by
a ctrele representing the contour of the lowest concentration of
interest.
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A comparison of the TIC matrices for each case showed that for s
large percentage of the time, three puffs per hour would probably be
adequate; six puffs per hour resulted in dosages which were very close to
dosages resulting from 12 puffs per hour in all but the most extreme cases
of wind shift. The 2100 MST release on January 17, 1969, shown in fig-
ures 2a and 2b, represents such an extreme case. As the plumes leave the
southern end of the site, the puffs actually separate in both the three
and six puff per hour cases. The doses in the region where the plume
separates differ by a factor of two for the six- and 12-puff per hour
releases. However, the actual magnitude of the doses in this region are
less by two orders of magnitude than the largest doses on the grid; thus,
the indication that plume segment separation is not a very serious problem.
Results of these tests would indicate that a release rate of six puffs per
hour should be adequate for continuous-plume approximation. For long-term
releases on the order of a year, three puffs per hour would probably pro-
vide reasonable results for one-half the cogt. All subsequent illustrations

are based upon releases of six puffs per hour.

5. DEMONSTRATION CASES
A. Bhort-Term Applications

MESODIF has the potential for providing concentration or TIC values
on a regional scale for an unexpected release of effluents into the atmos—
phere. It could be used with forecast winds for evacuation purposes or
with recently recorded winds to determine the ares affected since the re—
lease began. In either case, winds based.on data from a network of
stations would be more reliable in providing the effiuent transport than

data from the source wind only.
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Figure 3. Plots of sequentially released puffs for a continmuous release
through a period in which there is much spatial and time variation in
the transporting flow.
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A hypothetical continuous release from a point labeled PBF was chosen
as a demonstration case of the short—term application. The computer program
requirements and listing are shown in appendix A and B, respectively. The
release was initiated at 1300 MST on March &4, 1969, and continued for 2L nr,
To put the sequence of events into perspective, two-hourly plots of the
puffs (every other one) are shown in figure 3. The plus sign in the first
frame indicates the location of the socurce. From 1300 to 2100, the puffs
move away from the source in a southerly direction across the boundary of
the site and then turn and move in an easterly direction for about 80 km.
Between 2100 and 2300, the wind begins carrying puffs in the vieinity cof
the source in a northwesterly direction. By 0100, a region of strong
divergence has separatéd the plume (approximated by the puffs) southeast
of the site. The older puffs move in an arc to the east of the site and
curve back around toward the northeastern site boundary; later released
puffs move in a northerly direction and also turn toward the northeastern
site boundary, indicating an area of convergence. By 0700, the puffs more
recently emitted from the source have formed a line which sweeps from
north to south across the site and is followed closely by the older puffs
from the beginning of the release.

The behavior of the puffs for this release indicates a falrly complex
flow pattern involving a great deal of space and time variation over the
area. To show the inadequacy of the source wind in determining the trans-
port, the six-hourly TIC contours for both wind field (WF) and single
station (88) calculations are shown in figure 4. The difference between
the two calculational models is that in the SS model the hourly wind field

is homogeneous over the entire grid and is based on a time series of single,
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Figure 4.

Contours of total imtegrated concentration (TIC) for the

same hypothetical continuous release as 18 shown in figure 3, begin-
ning at 1300 MST on March 4, 1969, from the location of the Power

Burst Facility for:

(a) transport based on wind field (WF) data,

and (b) transport based on single station (S5} source wind data only.




hourly winds observed at the point of emission. The contrast between
the TIC patterns for this case is extremely striking. The large area to
the east of the site shows no effects at all for the SS tramsport; it is
significantly affected when WF transport is considered. This difference
would imply that under flow conditions of this type, an error in the
diffusion calculations is far less serious than the extreme misrepresen-—
tation of the transport.

An interesting feature of this case occurred during the first 6~hr
when all puffs followed essentially the same curved path, indicating that
the flow over that path was not changing with time. In this instance, a
forecast of no change in the WF for 1300 for the following 6 hr would have
been valid; using this forecast in MESODIF would produce essentially the
same dose pattern as seen in the R+6 hr (6 hr after start of release)
frame of figure la. The same forecast of an unchanging wind at the source
point would produce essentially the same pattern shown for R+6 of figure
Yb. It is easily seen that longer term plans of action based on the ex-
trapolation of the 6-hr source wind sequence could be misleading. This
example is not meant to imply anything about the reliability of persist-
ence forecasting. It demonstrates, however, that when spatial variability
is present in the flow pattern, transport based on the source wind can
be seriously misleading.

B. Long-Term Applications

In the case of an accidental release of an effluent into the atmosphere
over a short period of time, the value of a diffusion model using a WF for
the transport has been demonstrated. For continuous long-term releases,

perhaps from an operating facility, a diffusion model using WF data has
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has not been previously considered because of the relatively high cost of
calculations and becausge & long record of wind data from a regional-scale
network of wind stations has not been available. The most common procedure
for evaluating the transport and diffusion effects from a long-term release
is to use wind rose (WR) and stability data from the source location. The
central assumption in this approach is that material leaving the source
will travel in the direction of the source wind at the time of release
until it reaches some specified boundary (the material flows radially out-
ward within the same wind direction sector in which it began).

While this travel within sectors may not be satisfied case-by-case,
the WR technique assumes that in the long-term average no systematic trans-
verse turning of the flow oceurs; losses of mass from the side of a sector
are balanced by corresponding mass gains caused by an inflow from the ad-
joining sector. In this event, there could be a basis for use of the wind
at the source to describe the distribution of effluent material at long
distances for long times. In regions of topographic variations, this
assumption could be invalid because of the systematic turning of the flow.
This assumption will be examined in detail later.

A WR model currently being used by the ARC Directorate of Licensing
(DRL) calculates x/Q on an annual basis for various distances out to about
80 km in each wind direction sector. For a ground-level release, the rate
of diffusion is a function of distance from the source, sector width,
mean windspeed in the given windspeed class, o with no upper bound, and
the joint probability of stability, windspeed, and direction. The model
is used to evaluate the dispersion potential of the atmosphere in a

possible reactor site area. Initially, the model was applied to site
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areas where the boundaries were only a few hundred meters from the source;
for that situation, it seemed to be the most logical method. However, in
areas where spatial variation in the flow patterns is frequentiy observed
on a regional scale (Wendell, 1972), extending this method to a radius of
80 km from the source would seem to be inappropriate.

With MESODIF designed to shift noncontributing puffs out of the com-
puter memory, it can be used to caleulate a TIC pattern resulting from a
continuous release of indefinite length. The postulated effluent, in the
form of a string of puffs, is carried by the flow determined from the wind
network until it leaves the grid or becomes too dilute to be of any more
interest. The TIC information may be stored on tape in segments of any
desired length; Tor example, week, month, or season. These segments may
be examined individually or combined to produce an annual average result.

To compare the annual average TIC values for the DRL and the
ME3SODIF models, a hypothetical ground-level continuous source was
postulated at the location of the EBR IT wind tower. This site was
chosen because it lies nearly at the center of the mesoscale grid net-—
work. The hourly averaged winds were chosen from the 1969 data set for
the network because of the extensive WF and the trajectory analysis
work that has been done using this data set. The puff release rate was
six puffs per hour. The same hourly stability classes were used in
each model. The DRIL: model used a joint frequency distribution, based
on the winds from the EBR IT wind station and the above-mentioned
hourly stability classes. The transport winds for MESODIF were calculated

from the network of wind stations within the computational grid. The
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Figure 5. Contours of TIC for a continuous release from the ERB IT
location through the period from December 1, 1968, to November 30,
1969. The solid contours ave for the MESODIF model results, and
the dashed contours ore for the DRL model results. Number identi-

fiers on contour lines represent the following values. 8: 5m10—7;
7: 1m10_7; 6: 5&10"8; 5: 1m10_8; 4: 5m10"9; 3: lxiﬁ_g;

2: 5x10_10; and 1: 1z10~10,




0233 0.44 0,67 0.38 0-260.18 0.C8

050 0.37 0.19 0.€9

44 Q.38 \}21 .10

i )
G.5C 0.69 0.95 J@?“D 97 1 00 €o38 0.40 0.20 0408

0.72 0.81 0.80 C.68 0.73 0.68 0,61

0.52 0.51 0.99 |

/ o.Tafiika i e 0.39{0. 16
’"?3\9 26 THE L BRI SrUR Y 0.46[0.17

0.64 032 0.28 011y

m_

c. 0,29 0,12
0.10 o.?p 0.17
O° 0021 0915
0.12 17 0f¢ce
ol
Ce 023 OTIL™

0.15 ON4 .41 0L6d 0.89Vigh7 0.61 0.

0.10 Q.14 ¢ 0.300.54 070 056 0.50 0.35 0.32 0. 71

\Q! \
0205 008 0.14M.24 0.34\5.55 0.55 CJ4

G.05 0.06 0.%? 0;21 G- 28 %.50 0. 54 0‘49 0.38 0.28 0.30

o =]
o
[
93]
o

0.35 0.25

Figure 6. Ratios (MESODIF/DRL) of anmnual TIC values at the grid points
over the computational area. Contours have been added to show the
general pattermn.

25




T e e 1 e e e

valves of ¢ in the DRL model were calculated from equation (7) for all
distances without any mixing depth restrictions. The resulting TIC
values were calculated with both models for the four seasons and the
entire year.

The comparison of TIC patterns for the full year is shown in figure
5. There is fairly good agreement for the first two contour levels. The
shapes are basically the same with a slight southeastward shift of the
DRL pattern. Within the area of these contours, the major and minor axes
of diffusion appear to agree quite well. Figure 6 shows the ratios of
the MESODIF/DRL TIC values at the computational grid points. The area of
fair agreement is approximated by the ratios near and larger than one.
Outside this 25~ by 50-km area, however, the comparison is not so favorable.
The TIC values from MESODIF decresase more rapidly with distance (on a loga-
rithmic depiction) from the source, while the TIC values from the DRL
model decrease at a "straight-line rate." The different rates of decrease
of TIC values with distance are apparent from figure 6 which shows the
MESODIF/DRL ratios decreasing to less than 0.1 at some points near the
boundafy. Figure T presents this phenomenon more quantitatively, using
plots of TIC values along the major and minor axes of dispersion. The
difference in the rate of decrease with distance of the TIC values from
the two techniques is most apparent. Discussion of reasons for the dif-
ferences will be presented in a later section .

The same type of comparisons (as shown in fig. 5 and 6) are shown
for the four seasons in figures 8 and 9. The most general observations
which can be made are that, on a seasonal basis, some MESODIF/DRL ratios

(fig. 9) are higher than for the annual computation {up to 4.5}, The
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Figure 8. Seasonal contours of TIC for the same release described in
figure 5. (See fig. 5 for details.) Winter is for December through
February, spring is for March through May, summer is for June through
August, and autumn is for September through November 1969.
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areas of ratios greater than one show marked seasonal variability in shape
and intensity. The TIC pattern comparisons in figure 9 show differences
in the orientation of the major and minor axes of diffusion. Because O-
values were derived from continuous plumes with release durations of 1/2
to 1 hr, their use may have inhibited the producing of ratios greater than
one within the first 2 to 10 km of the release point.

The seasonal variations in the shape of the area of the MESODIT/DRL
ratios greater than one can be related to the transport as indicated by
the trajectory plots. For the winter and spring seasons, these areas ex—
tend from the source to the boundaries in northeasterly and southerly
directions, respectively. During the summer and aubumn, these areas do not
extend to any boundaries. The trajectory plots for summer and fall seasons
show no particular preference for transport to any boundary; trajectory
plots for winter and spring illustrate preferred zones of transport to

the boundaries of the computational area.

6. DISCUSSION AND SUMMARY
Differences in areal coverages and magnitudes of total integrated
concentration values have been shown in figures b4 through 9. During short
release intervals (few hours) or specific case situations, the use of wind
information from a single point (when spatial wind variability is present)
can yield seriously misleading information if the single-point methodology
were extrapolated to longer times and longer distances. Other model dif-
ferences also contribute to the difference in TICs. But of all the differ-
ences, the failure to describe accurately the effluent trajectory (thereby

giving a misrepresentation of the area which would be influenced) is

probably the most serious error.




The extension of methodologies to regional distances and for weekly,
seasonal, and yearly time intervals also retained significant residual dif-
ferences in TIC estimates. However, at these extended times and distances,
several factors contributed to produce the net differences illustrated in
figures 5 through 9. The quantitative comparisons may be summarized as
follows. The MESODIF model yielded one or more "hot spots" (regioms in
which TIC values were up to 4.5 times larger than the wind rose (WR)} method)
generally within 50 km or less of the source point. At greater distances,
the WR model yielded TIC estimates about an order of magnitude greater than
the MESODIF model. These differences are highly significant and should be
reconciled if impact assessment calculations are to be utilized within
this domain.

To understand these differences in TIC values, the models and the
physical processes treated differently by each need to be reviewed. Table
1 lists six physical features treated differently in the two models. Both
models treat vertical diffusion in the same manﬁer at short distances from
the source point. But when upward diffusion begins to be influenced by
the presence of & capping inversion or 1id, the calculated concentrations
and resulting TICs begin to differ (the MESODIF values being the larger).
In terms of short-distance and long-distance effects, this difference in
vertical diffusion modeling should yield a region of general agreement about
the source. This agreement should deteriorate with distance into a sur-
rounding zone in which MESODIF values of TIC are progressively larger than
WR values. The opposite effect is observed at the longer distances; some

different process must be of greater importance.

Stagnation (or very slow speeds of transport relative to the initial

source windspeed) leads to systematic increased dwell time of MESODIF
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Table 1. Differences

Physical feature

Between MESODIF and DRL/WR Models

Nature of influence upon long-term TICs

Vertical diffusion

Horizontal dispersion
(In the gbsence of
terrain-related
spatial variations

of winds)

Stagnation (or very
low windspeeds)

Recirculation

Curved trajectories
(versus straight flow
outward within
angular sectors)

Stability changes
(Guring times of
dispersion over
computational region)

Restrictive 1id upon upward spreading tends to keep
MESODIF TIC larger than for WR. Effect grows with
distance traveled from source.

Two factors are considered--—turbulent diffusion of
effluent mass horizontally outward from the plume
or puff center and dispersion of plume subelements
or puffs through time changes of the horizontal
wind direction. At short and intermediate times,
the differences are large; at longer times, the
mean directional transport differences would tend
to decrease, and net results become similar at
greater and greater outward distances.

MESODIF plume dwell time over receptors yields TIC
values the same or greater than WR values. WR
method provides a l-hr influence at all points within
the sector of the source point wind during the hour
of emission. All points within a WR sector (outward
to infinity) are affected by the 1-hr emission.
Stagnation may be topographically influenced.

Not permitted by WR model. TIC values from MESODIF
will be increased in regions of preferred recircula-
tion due to repeated exposures. Terrain features
could induce these effects in the wind fields.

A fallure to reach distant receptors along straight-
line paths outward from source point can occur.
Either emission affects points outside of the sector
of initial travel or fails to leave the general
vieinity of source point. TFailure to move far from
the source is only temporary. Eventually, winds
sweep the material out beyond the region of concern.
In the absence of terrain influences, this effect
should diminish with averaging or integrating times.

By design necessity, the WR-modeled emissions reach
all receptor points while having the stability cate-
gory in effect during the hour of emission. MESODIF
allows hour-by-hour changes of stability category as
measured at source point; all emissions remaining
within the computational region at the time of change
then diffuse with rates specified by the new category.
These influences are likely to be accumulative and
most pronounced at the longer distances.

32




emissions over the computational region. MESODIF values of TIC will exceed
VR wvalues in these cases. In preferred zones of stagnation, TIC values
would accent this difference in dwell time through successive summing of
concentrations. Topography is believed to be the major source of this in-
fluence; stagnation effects may occur at any distance outward from the
gource point.

Recirculation, as in stagnation, would yield MESODIF values of TIC
systematically larger than WR values because repeated passage of effluents
over the same receptor would be analogous to longer dwell times. Again at
longer distances, other factors must dominate. Terrain-related influences
upon the wind flows could be expected to produce "hot spots” (MESODIF values
of TIC greater than WR values) in the vicinity of those feétures in the
topography .

Curved trajectories (rather than straight flow within a direction
sector emanating outward from the source) or terrain-induced airflow
channeling could produce bands or envelopes of either overestimation or
underestimation of TIC values in one model versus the others. There should
be compensating areas of TIC ratics so that the net difference within a
source encirecling-ring averages near zero. If curved trajectories exit
the region from preferred areas, there must also be areas near the outer
boundaries in which fewer than normal itrajectories would exit. At the
longer distances, the comparisons of long—term (annual) TIC values never
showed MESODIF to exceed WR estimates. There may be short-distance, and
certainly short-time, occurrences of this effect. However, at longer
distances and times, trajectory curvature effects largely disasppear and
cther factors still must yield +those dispersion differences displayed

in figure 7.
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Horizontal dispersion of effluent emissions is trested differently.
The WR model distributes an average concentration laterally aloang the arc
of the sector in which the material lies. MESODIF utilizes the customary
term ny_, and concentrations decrease exponentially outward from the puff
centers according to the exponential term in equation (2). When & time
change of wind direction occurs, the MESODIF model includes an additional
dispersion of plume effluent caused by transporting of plume segments (puffs)
along different {diverging) trajectories. In the absence of terrain-induced
flow variations, there should be a tendency for these diverging trajectories
to average out or compensate for random divergent turning to either one side
or another. At the source, this effect would be minimal for short- and long-
time periods. With successively longer integrating time periods, the greater
the opportunity for these random separations of trajectories to compensate
and negate this effect. With longer times, the areas failing to have ne-
gated differences in diverging transport should occur only beyond progres—
sively longer distances from the emission point. While this effect cannot
be fully ruled out as a source of greater MESODIF dilutions at the longer
distances, it is not believed to be a major contributor; most of the
randomness should balance out.

Changes in the stability category, while MESODIF effluents released at
earlier times remain within the computational area, are a major contributor
to cumulative differences In longer term TIC values determined at the longer
distances. By design, the WR technique prohibits the hourly effluent re-
lease from diffusing at a stability different from the hour in which it was
emitted from the source; MESODIF has no such restriction. Two ifllustrations

will help eclarify the role of hour-by-hour changes in stability category in
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producing systematic, additive differences. Twoe basic types of change in
atmospheric stablility category can be envisioned--change from stable to
unstable and change from unstable to stable. Before proceeding, it is

well to recall that atmospheric dispersion of effluents proceeds most

rapidly during unstable or "daytime" conditions and least rapidly during
stable or "nighttime" conditions. At distances approaching 50 km, effluent
concentration estimates based upon standard empirical diffusion curves (e.g.,
Turner, 1970) could differ by about three orders of magnitude across the
span of stability categories. A large fraction of this differvence is relat-
ed to the vast differences in vertical diffusion during daytime and night-
time. During daytime unstable categories, both MESODIF and WR plume effiu-—
ents dilute very rapidly:; their vertical dispersion would be the same until
the MESODIT model experienced slower rates of dilution under the influence

of a capping lid. Therefore, all other things being the same, concentrations
and the resuiting TIC values from MESODIF would equal or exceed values from
WR during deytimes. Also, when hourly changes in stability category pro-—
gress from unstable to stable, the MESODIF determined wvalues of TIC would
equal or exceed somevhat those values from the WR model. These differences
are contrary to the net effect as shown in figure T at distances of about

50 km from the point of emission.

It is the transition from stable to unstable stabhility categories that
yields significantly different estimates of dilution at the longer distances.
The WR technique exposes all downwind receptors with concentration levels
appropriate to the category of diffusion at the time of effluent emiasion.

If the initial stability category were strongly stable, all WR model recep~

tors downwind would be exposed to the greatest possible concentrations,
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regardless of whether this atmospheric conditions would have to persist
for 1/2, 10, or even 100 hr. Extremely poor dispersion conditions could

conceivably persist for a sizable fraction of a day, but mean weekly,

seagonal, or annual conditions certainly would not result in these extremely
high TIC values at 50 to 100 km downwind from the source point. MESODIF
considers hourly changes in stability category (rates of dilution). Because
light windspeeds are associated with the most stable conditions, many hours
of effluent transport are necessary to reach the outermost receptors. Conse-
quently, most plume segments reaching receptors at large distances experience
some periods of time in which dilution proceeds at a rapid pace. In most
cases, MESODIF-modeled effluents which initially were diluting very slowly
during stable conditions are rapidly diluted before reaching receptors at
the longer distances. This effeet is not compensated over 24 hr and longer
periods of integrating time. Instead, these recurring differences in con-
centration estimates are systematically accumulated in the TIC values. Fig-
ures 6 and T clearly show these accumulated effects at the longer distances.

At distances within about 15 to 25 km, asgreement of MESODIT and WR
estimates was much better. In general, the two techniques either produced
comparable values or MESODIF values were greater. Most of the physical
processes enumerated in table 1 would tend to comtribute to this type of
comparison-—except stability category changes.

Some insight into the development of "hot spots" at the shorter dis—
tances may be gained through examination of the local topography. Figure
10 shows this topography and has been discussed by Wendell (1972). The
mountainous terrain is shown qualitatively by the shadowed relief. The

gentle height variation over the relatively flat plain is depicted by height
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contours of feet above mean sea level (MSL). The area in which the

terrain height is, less than 5,000 £+ MSL is stippled to emphasize an im-
portant feature of the comparatively mild terrain-height variation of the
plain. The terrain feature of importance is the protruding area of slightly
higher terrain extending from the west into the niddle of the valley and
then up-valley toward the northeast. It has the effect of creating a fish-
hook-shaped depression which proceeds up along the Snake River on the right-
hand side of the boxed computational area. The depression turns toward the
northwest around thg up-valley end of the 5,000-ft height contour and then
extends toward the southwest across the National Reactor Testing Station
(FRTS), the irregular bordered area. Three prominent buttes located along
the protruding ridge are identified by the letters a, b, and ¢. The solid
dots show the locations of tower-mounted wind sensors.

When the 5,000-f+ contour line was superimposed on observed wind fields,
varying degrees of conformity to this feature were observed during 57 per-
cent of the days within a 1-yr sample (Wendell, 1972). Part of the time
this conformance was reflected in a standing circular eddy along the up-
valley edge of the protruding ridge of higher ground: a preferred srea of
stagnation and recireculation would be expected. The portion of the depres-
sion over the NRTS has also been observed to be an ares more prone to stag-
nation or light and variable winds. Review of figures 6, 9, and 10 suggest
a degree of conformance of the hot spots to these two areas of topographic
wind influence.

In summary, the following aspects of regional effluent-dispersion cal-
culations are points of concern and should be reconciled with whatever im-

ract assessment schemes are to be utilized within the regional Gomain. For
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assessments covering relatively short periods of time (such as individual
cases, accidents, and intermitient operations, lasting from a few hours to

a few days), the greatest single concern stems from underspecification of

the detalled meteorological wind dats necessary to define properly effluent
trajectories and the region of potential influence. Complex, three-dimen—
sional models may be required to describe fully impacts from accident-like
emissions. A number of complex models exist, such ag the particle-in-—cell
(PIC) types (Sklarew et al., 1971), which have been developed to describe
such detailed, specific cases. However, there is one severe practical 1imi-
tation common to these models; the devailed, three-dimensional meteorological
data are not available on a regional scale and they are not likely to be
available in the near future. From this point of view, the two-dimensional
wind flow models such as MESODIF (the vertical dimension is partially treated
by the limited mixing-depth concept) may be the type of practical working
compromise needed for regional dispersion calculatlions until very detailed
meteorological inputs become operationally or climatically available.

For regionsl assessments covering longer times, and to some extent
short times, systematic terrain-related variations in the horizontal wind
flows are slgnificant. Monthly, seasonal, and annual accumulations of TIC
estimates can retain residual differences compared with values determined
using a single point or WR distribution of transporting winds. The WR
technique is susceptible to bias toward underestimation in areas of recircu-
lation and stagnation. At long distances, beyond about 25 to 50 km, the
WR technique is likely to overpredict TICs significantly. This bias results
primarily from a failure of this technique to permit modeled effliuents to
dilute at more rapid rates after sn initiaily, sirougly stable, stability

category has modified to some category that is less stable.
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The problem of a proper specification of diffusion coefficients is
common  to whatever method may be chosen, whether they be eddy diffusivities
or Gaussian plume sigmas. Additional data are needed to extend known dif-
fusion parameters to regional scales.

The MESODIF model and the continuous point-source equations have suit-
ably predicted short-time (2 to b hr) total-integrated ground-level concen-
trations measured to distances near 90 km over the Upper Snake River FPlain
in southeastern Idaho. The meteorology of these diffusion cases was restric—
tively simple. Observed winds were about 15 m s_l with a fairly steady
vind direction. Vertical shearing of wind direction was on the order of 10°
or less and the stability category was near neutral. More stringent valida-
tions of modeling techniques are needed, but to date suitable data sets for

long-time periods and distances are not available.
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APPENDIX A. MESODIF COMPUTER PROGRAM REQUIREMENTS

Machine Requirements

This program and the assoclated subroutines are written in FORTRAN IV
and use approximately 105 K bytes of memory within an IBM 360-75 computer.
The running time will vary with length of release; number of puffs released
per hour; and the overall dimensions, mesh size of the computational grid,
and the nature of the flow pattern over the grid. The last item has to do
with the number of puffs remaining on the grid to be examined at each
sampling step. A 2h-hr calculation, based on a continuous release rate of
six puffs per hour over an 86- by 130-km grid with a mesh size of 8.6 km,
takes from 10 to 18 s of computer time. Releases of this type over a l-yr
pericd take about 1.5 hr.
Tape or Disc Input

For the saeke of efficiency, the meteorological data for this program
are read in from magnetic tape or disc. The stability class and mixing
depth data are read in the main program into an array caliled MET which
contains 24 by 5 locations; each record represents 1 day's data. The
format of this array is as follows:

MET{1,1)

MMDD, the first two digits denote the month and the
second two the day.

MET(I,2) = Single digit from 1 to 6 denoting stability class. (I
ranges from 1 to 24 indicating hour of day.)

MET(I,3) = Height of mixing depth in meters.

MET(I,L) = DDVV, DD denotes wind direction in tens of degrees and
VV denotes the speed in mph. These data are not used in
the version of the program presented here.

MET(I,5) = At present, this variable is a dummy but is available for

use if Q is known on an hourly basis. To use it would
require only a minor change in the program.
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The month and day of the initiation of the release provided by the card
input are used to search down the data string and bring in the proper
record to begin the calculations.

The wind data used for transporting the puffs are read in by sube-
routine RNGRDS into an array called IWD with a size of 24 by 31 words.
Again, each record represents 1 day's data consisting of hourly averaged
wind and some temperatures at the various locations in the tower network.
The version of the program presented here uses only the wind data. The
word IWD(1,1) contains the month and day and is used in the same fashion
as MET(1,1) for obtaining the starting record. The wind data in this
record are in the same format as MET(I,4). For each hour, the wind data
are selected from the string by means of the variable ISKIP defined in

card input section.
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CARD INPUT DATA FOR MAIN PROGRAM

(A1l variasbles on cards #1-3 must be right justified)

Card Columns Variable Description

1 1=5 ITIME Time in hours for start of release

1 610 NRELSE Total number of hours of effluent release

1 11-15 NSTEPS Total number of hourly steps for current run .

1 16-20 ICOLS Number of columns in the grid }

1 21-25 JROWS Number of rows in the griad

1 26-30 e Dummy

1 31-35 MNST Month in which the release is initiated

1 36-k0 TDAY Day in which release was initiated

1 b1-L5 TAU Number of minutes between puff releases

1 46~-50 DT Kumber of minutes between each puff sampling
(Used only when KVDT = 0)

1 51-55 NNl Number of advection steps into first hour for
release

1 56-60 LIMPUFF Maximum number of puffs carried before screening
out ne longer contributing puffs

1 61-65 KCHIS Store dose matrices on disc or tape at specified
print intervals

1 66-70 KVDT Allows number of minutes between puff sampling be
variable as determined by speed of puff and speci-
fied minimum travel distance between gampling of
puffs. KVDT = 1 variable DT, KVDT = .0 use or
specified

1 T1l=-T5 KFLSH 1 - zero out dose matrix after each print and
storage, 0 — allow dose matrix to accunulate

1 76-80 NTADV Number of minutes in basic advection steps

2 16115 POTME(T) I=1,15. Hours between first 15 outpubs of dose
matrix, PTIME(15) will serve as time between
all subsequent printouts for this run

3 All TITLE Title containing appropriate identification




Card  Columns Variable Description

{The format for the following card is (6F10.1,4I5))

b 1-10 XSOURCE X—coordinate of the source in Certesian coordinates
(0,0) at lower left
b 1120 YSOURCE Y-coordinate of the source in Cartesian coocrdinates
(0,0) at lower left
h 21-30 DELX Spacing in miles between grid points in the X-
direction
. L 31-40 DELY Spacing in miles between grid points in the Y- )
| direction
41.-50 ANG Dummy
51-60 CHIMIW Minimum significant concentration value {this
: determines puff radius)
L 61-65 MSX Column subscript for left boundary (for MSX = 3,
X = 2)
L 66-T0 MFX Column subscript for right boundary (for MSX = 13,
X = 12.0) ,
b T1-T5 MSY Row subscript for bottom boundary (for MSY = 1,
Y = 0)
L T76-80 MFY Row subseript for top boundary (for MSY = 16,
Y = 15)

CARD INPUT DATA FOR WINDFIELD SUBROUTINE

(A1l numbers on the next card have to be right justified)

5 1-5 NP Number of wind staticns in the network

5 6-10 NSX Same as MSX on card b

5 11-15 NSY Same as MSY on card b

5 16-20 NFY Same as MFX on card U

5 21-25 NFY Same as MFY on card b

5 26-30 NSTL Limit on number of stations to be used in in-
terpolation if limiting radius has been reached

5 31-35 INPT Source of wind data, 1 - tape, 0 -~ disc

p) 36-140 NSKIP umber of records to skip before beginning in-

put of wind data
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Cols. or
Card Format Variable Desgcription
6 1-10 RTE Angle, in degrees, of grid rotation from north
6 11-20 RCH Radius, in grid units, within which all stations
are Lo be used in interpolation
7 1695.0  *(E) X-coordinate of each station (I = 1,NPA)
8 16F5.0  Y(I} Y-coordinate of each station (I = 1,NP)
9 16F5.0  COR(I) Corrections, if any, in degrees to wind
direction (I = 1,NP)

10 16F5.0 CONFAC(I) Multiplier of windspeed to adjust for height
of sensor. Log profile may be used to adjust
data to same height. If no adjustment desired,
use one

11 16(1XAk4) NAMST(I) One- to four-character identification of each
station (I = 1,NP)

12 3112 ISKIP(I) Control parameter to¢ extract selected infor-
mation from data record (I = 1,31). 1 - use
data, 0 - bypass

13 1644 KMON(T) Three-~character month identifiers

14 1-2 YEAR Two-digit year identification

15 1-5 MS Month in which release begins

15 6-10 IDS Day in which release begins

15 11-15 TS Hour in which release begins
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MESCCIFF

PROGRAM 7O COMPUTE RELATIVE CCNCENTRATICN FCR RECTRCULATICA CF
EFFLUENT~~MULTIPLE PUFFS SIMULATE A CONTINLOLS RELEASE OF EFFLUENT=~

DIMERSEION XS(40) s YSI40) oCHEL26 5321 ,5CY (500),G15001),
IDXSESCC)DYSISCC) o XP(SCO) o YP{SCC) ,STCTALISCG) 4
2MF (500 ) sSEGEIS00) s TITLEL2C)sPTIME({1S)
DIMENSICN UU(I3,16)3¥VIL3,16)oL113,16)VI13,160,US(2),VS(2)
DIMENSION X5{2) oY¥G(2) ,DX{2),DY(2)
INTEGER®Z MET (24,5) ,
INTEGER TPUFFS,TTINE,THOURTDAY:STAB, TAUsCTQCs TITLE,PTINE
NRD=1

2 FORMAT (S5FL0.0,E10.Co415)

3 FORMAT{3I10)

5 FCRMATIEMIA(N) =E10.3¢5Xs5F CXM=EL0.3:5Xs5F CYN=E10.3¢5Xe 6F U(N)=E
11043, 5%, 5H PHI=E10.3,8H LDEPTH=E10Q.3)

T FORMAT{34X,7H ITIME=13,C8Xs TH NSTOP=014,CBX,8H NSTEPS=[4,08X,7H IC
1O0LS=13/34X TH JROWS=I3,10Xs4H NC=T74,06%,16+ PRINT INTERVAL=13,05X,
26H TDAY=13/34X% 6H TAL =,13,5H LT =,13,¢ NTADY=?,[3)

8 FORMAT {34X38H XSOURC= E1C.3; TXsBH YSOURC= FEl0.3¢8Xy6H DELX= E1
10.3/34Xy6H DELY= F£l0.3:9Xs5H ANG= EL0.3,9Xo8F CHIMIN= E£1C.3,/
2415)

9 FORMAT{/39X%, 16H OLTPUT OF TABLE /34X, T HCUR ,01X,10H STABILITY
1 s TH LDEPTH/{3CXp, 219:3%,19))

1C FORMAT(IS5¢BEL4.5)

11 FORMAT(/61X,9H O VALUES/{ 10X ¢8E14.5))

13 FORMAT(2HD o16H Y COORDINATE OF,25X;32H X CDORDINATE OF THE GRID
IPOINTS/2Xs16H THE GRILC PCINTS,18,9110/)

14 FORMAT(T11l,8%, 10E1C.2)

15 FORMAT(2H 2,9H PAGE NO.13:24X,56H DOSE FACTOR ACCUMULATED FROM AL
1L HOURLY PACKETS FOR THE/39X,12,15H TH CAY ANC THEIS, 10H TH HOUR (
21547 HOURS AFTER RELEASE) ?/39X,15,° FOURS AFTER LAST ELUSH?®)

20 FORMAT (20A4)

21 FORMAT(LHO,28X,20A4)

23 FDRMAT(BELO.1)

24 FORMAT{S1H ANGLE OF ROTATION GREATER THAN 90 OR LESS THAN -90)

28 FGRMAT{46H X AND-OR Y CCORCINATES OF SOURCE ARE OFF GRID}

NS = @
50 READ 702, ITIME NRELSEsNSTEPS,ICCLS JRCUS oACsPNSToTDAY, TAU
1: DT 4NNl LIMPUF,KCHIS;KVDT,KFLSH,NTADV
762 FORMAT{1I6IS)
READ 703,FMSH
703 FORMAT (F5.0)
KFMSH=FMSHe .2
KK=NRE L SE
IHR=1TIME
1DAY =T DAY
I MON=MAST
NU=45C
READ TC2,{PFIME({!},1=1,15)
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TC4

705

CH sk

KN=0
K=

NPD =0
COIST=1.5/5.3333
FTAU=TAU

KLGK=0

READ(5,20) TITLE
READ{5,2) XSOURC »YSOURC ¢DEL XsDELY 9ANGsCHIN IR ¢¥SX o FFX o ¥SY o MFY
IF{KFMSH.EQ.1) GO TO 704
ICOLS=TCOLS*2~-1
JROWS=JROWS*2-1
NSX=MSX*2~1

NSY=MSY*2~-1

NF X=MF X% 2=

NFY=MFY#2=1

60 TC 705

NSX=MSX
NSY=MSY

NFX=MFX

NFY =MFY

XSB=#SX-1

XLB=MF X~ 1

¥YSB=MSY-1

YLB=MF V-1

KTM=0

EVALUATION OF CONSTANTS FOR COMPUTATIGNS IN GRID UNITS
CGXM¥=1609 .35%DELX
CG X=CG XM/F¥SH
CGXI=1./CGXM
CGX2=-0 .5 #CGX#%2
NSTOP=ITI ME+NRELSE

C MAXIMUM HOURS OF RELEASE 1S NRELSE

552

210
oll1

9738

912
913

9739

3071

WRITE{6,2)) TITLE
HRITE(69T) ITIME NSTOP,NSTEPS o ICOLS o JROWSs NCe EPRINT, TDAY, TAU,DT,
INTADV
WRITE( 65 8YXSOURC ) YSOURC oDEL X oDELY ANG yCHININ M S FFX o MSY, FFY
TESTOT=MOD (60,07}
IF{TESTDTY 91C.9738,910
PRINT 911
FORMAT (1HO,20X,*DT IS NOT A FACTOR OF éC?}
GO0 70 40
TAUCHK=MOD( 60, TAU)
IF{TAUCHK} 912,9739,912
PRINT 913
FORMAT (1HC,20X.*TAU IS NCT A FACTCR OF &06°)
GO TO 40
NCNTRL=T AU/ DY
IFINCNTRL.GE. 1) GO TO 58
PRINT 9071
FORMAT {20X.°0T IS LARGER THAN TAU®)
GG 70 40

Lo




58 TF{ANGa0To903.0.CR.ANG.LT.(~90.G}) GC YL 6CB8
59 NS = NS + 1}

TRUFFS = 0

FSUM = 0

TTIVE = ITIME
COoLs ICoLs - 1

ROWS = JROWS =1
FF{XSOURC.GT o XLB.ORWKXSOURC.LT 3 a0olRYSOURC oGTYLB.ORa YSOLRC L T.C
1.C) GE TC 904
C CODEING TN SET UP MATRIX PRINTOLT FORNATS
6% NP = {1COLS - 1}y / 1C + 1
LL = {(ICCOLS ¢« KNP - 1) / NP
C CODEING TO CALCULATE DISTANCES CF GRILC PCINTS
0O 76 J=1,JROWS
YS{Jdy=J=-1 -
DD Té& I=1.ICOLS
CHI{T:J) = Q.0
76 CONTINUE
DE 78 I=1,1CCLS
78 XS{)=1I-1

Il =1

PRSTAB = 0

NEL=1

ITIOT = PTIMEINEL)
SIMAX = 0.1
NPH=60/TAU

NADV=60/NTADV
KPFCHR=MOC{NADV ¢ NPH)
IF(KPFCHK.EQ. 0) GL TC 85
PRENT 80,NADV . NPH
80 FORMAT (°0 BAD SPECIFICATION OF ADVECTION AND RELEASE STEPS.NADV=*

17[5;' NPH='715,

STOP

85 KPFS=NADV/NPH

FADV=NT ALV

DTT=1l./FLCAT{NPH}

NPH1=NPH+1

DTH=FLOAT{DT }/60.
NCT=NTADV/DT

FNDT=NDT

ADT=1./FLOAT (NADV}
FAC=ADT/DELX

ACNST=2.%DTH/ {6.283185%%]1 ,5)
BCNST=2./1860. %6.283185%%]1,5)
SYX=20000.
CHMN={CHIMIN/6D.)*FLOAT (KPFS)
CHIMIN=CHIMIN®D TH*F LOAT{KPFS}
DTS=60.%FLOATIDT}

KS=0

GNPH=1. /FLOAT {NPH}

TPUFF S=C
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MOFG=C
PRINT 9085,NADVoKPFS
9085 FORMAT (° NACV=Y, 13,0  KPFS=',13)

Cawsx LOCATION OF STARTING RECCRD CF FIXING DEPTH ANC STABILITY CATA
9& REAC (9) MET
MTLE=METILl 1}
MMON=MT]11/1CC
IF(MMON.NE.MNST)Y GO TO 98
MDAY=MTL1-¥MON%100
IF(MDAY. NE. TOAY) GO TC 98
9999 PRINT G9,MET{ 1y 1} 4 {METII 2} p1=1,24}
E 99 FORMAT (1X2515)
9 ITS=1ITIME~L
: IHTT=C -

C LCOP THRU TIME STEPS

160 DO 66C N=14NSVEPS
IHTT=THTT+1
ITS=ITS+1
IFCITS.LE.24) GO TO 115
REAC (9) MET
PRINT 99, METULo 1)y (MET(1,2)¢1=1,24)
175=1

115 STAB=MET(ITS,2)
LDEPTH=MET(ITS, 3)
CGLDP=FLOAT (LTEPT H)
GO TC (131,132,133,134,135,136), STAB

C EMPIRICAL NRTS COEFFICIENTS FCR SIGY ANC SIGZ CALCULATICNS
131 A = 0.718
8 = 0.100
QG = 1.033
QG1=0.968
GO TO 137
132 A = C.425
B = 0.105
QG = 0.975
QGI=1.026
60 TO 137
133 A= 0.349
B = 0.128
QG = 0.891
QGI=1.122
G0 10 137
134 A = 0.267
8 = 0.1l4é
QG = 0.824
Q6I=1.214
GG TC 137
135 A = (.299
B = 0,331
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136

137

Ce i

349

350

360

Ok

139

141

9142

142

GG = 0.567
CGI=1.764

GC TC 137

A G401

8 0.812

L6 = 0.307
0GI=3,.257

CCHGPT = 0.335 * CGLDP
SISMAX = Q0.465 % CGLCP
SMAX = (SISMAX [/ B) *% GGI
SIMAX = 0.8 * CGLDP
AB5=0.85%A
AlE=160769%A
NPCH=NN1
IF{TPUFFS LT LIMPUF) GO TO 139
SECTION 7C REMOVE PUFFS WHICH FAVE LEFT THE GRID
I=1
J=1

IFIMF(I).EQ.0} GO TO 350
MFLJ) =PF LT

SGY(J¥=8SGY(I)
QiJ=qQtL1)
STOTAL(J)I=STOTALA(T}
SIGZ{J)=SIGZ(]}
XPLHy=xP{I}
YPUJI=YPLI)
DXS{J)=DXS{1)
DYS(JY=DYS{T)
J=Jd+%1

i=1+1

IF(I.LE.TPUFFS} GO TO 340
J5=J4-1
JPOF=TPUFFS$-JS

PRINT 360.JP0F, JS
FORMAT {1HO.I5.° PUFFS DRCPPED ®3I5+% PUFFS LEFT®)
TPUFFS=J5

LOGP THRU ADVECTION STEPS FOR THE HOUR
DO 5C0 NN=NN1,NADV

T INCS=FLOAT (NN~ 1)®ADT

IF(NLGT .NRELSE} GO TO 150

IF (AN. NE.NPCH} GO TC 150

NPCH=NPCH+KPF S

TPUFFS=TPUFFS +1

IF (TPUFFS.LT.500) GC TO 142

PRINT 9142, TPUFFS

FORMAT{ "1 TPUFFS ",I5 ,*® EXCEEDS DIMENSICON®)
sTap

CONTENUE

MF({TPUFFS§)=1

SGY (TPUFFS)=1,




XPITPUFFS }=XS50URC
YP({TPUFFS)=YSCURC
QUTPUFFS)I=0QNPH
STOTALITPUFFS)=0.0600156
SIGZ{TPUFFS)=.000012

Ce%%% LO0OP THRU ALL PUFFS
150 LCC 500 M=1:TPUFFS
IFLMFIN)JEQ.0) GO TC 500
TINC=TINLS
aQM=GC (M)
STETLM=STGTAL M)
SEGZM=3IGZ(V}
XPM=XP (M)
YPM=YP{M) i -
SIGY=SGY (M)
IF(XPM -XSB) 195,155,143
143 TF(XPM -XLB) 144,144,155
144 IFILYPM -YSB) 155,155,145
145 IF(YPM -¥YLB) 146,155,155
146 MDFG=C
IFIKTM} 205,205,210
205 KTM=KTM+]

NNS=1
Cadx4d DTINE= TIME TN HOURS BETWEEN MAPS
DTIVE=1.

CALL RNGRDO(KN;KJyTHR,ICAY,INONs U V)
515 CONTINUE

GO TO 211
210 IF{AN-NNS} 206:,201,201
206 D0 411 I=MSX.MFX

DO 411 J=MSY,MFY

UCL,J)=UU{T,J}
411 V(I Jd)=¥ViI. )
211 CALL RMNGRDI({KNzKJsTHR,IDAY I FON,UL YY)
201 XG{1)=XPM

YG(1)=YPHM

DO 43 K=1s2

FM=K

C2= (TINC + {(FM=1.) #ADT)

£1=1.0-C2

I=XGIK)+1.

IF (I.LT.MSX) GO TO 29

IF {I.GE.NMFX) GO TO 29

J=YGIK)+1.

IF (J.LT.MSY) GO TO 29

IF (J.GE.MFY) GO TO 29

FI=1-1

Fi=J=-1

RX=XGIK}-FI

RY=YG{K)-FJ

23




34

43

29
230
280

153

155

157

158

Il=1+1

JI=Jd+1

R1=1l.-8¢¥

RY1=1.~RY

AA=RX]1%RY]

BB=R Y*R X1

C=RX#*RY

D=RX*RY]
CST=AA$(CI*UlIvJ)+C2*LU(!vJ)l
CST=CST+BB*(C1$UII'J1)+Cz*tU(IyJ1)}
CST=CST+C*(61*U(Il.Jll+62*UU(Il»Jl)}
CST=CST+D*(C1$U(II,J)+C2*UU([ledl}
USIK)Y=CST
CST=AA*{CI$V(I,JD+CZ#VV([,J)l
CST=CST+BB*(CI*V(I,J1lfCZ*VV(I,JIBi
CST=CST+C$(C1*V€II.J1)+62*VV(11,J1l)
CST=CST+D$€CL*VIIl;Jl¢C2*VVlIl.J)l
VS{K)=CST

OX{K) =US (KY%FAC

DY(K)=VS{K)*FAC

IF (K-2) 34,43, 34

MM=K+1

XGIMM)=XG(K)+DX (K)
YGI{MMI=YGIK)+DY(K)

CONT INUE

DX¥=0.5%{DX{1)+DX(2))
DYM=0.5%(DY({1)+DY([2))

60 TO 230

MOFG=1

NN S=NN

CONT INUE

IF(XOFG} 153,153,155

DXS{M)=DX¥M

DYS({MI=DYM

GO TO 157

DXN=DXS (M)

oOYM=DYS{M)

DS=SQRT {DXM&%24DYMA%2)
TFIKVDT.EQ.0} GO TO 158
NDT=DS/CDIST+0.5

IF(NDT.LT.1} NDT=1

IFINDT.GT5) NDT=5

FNDT=NDT

TNDT=FADV/FNDT

ACNST=BCNST®TNDT

CHIMIN=CHMN%T NDT

DS=DS/ENDT

DXM=DXM/FNDT

DYM=DYM/ENDT

K20=1

IFISTOTLM. LT SYX) K20=0




OSMTR=DS®CGXFW
DSMEF=DSMTR*%0.5

Ca#sekx LOCP THRU THE NUMBER OF SAMPLING STEPS DURING THE ADVECTION STEP
DC 494 JN=1,NDT
STOTLM = STOTLM % DSMIR
SMDL=STOTLM-DSMHF
C CALCULATE SIGZ AND SIGY
IF{SIGIM.GE ., SIMAX]) GO TC 168
161 IF{SIGIM.GE.SISMAX) GO TO 1¢é5
c IF SIGZ(M} GE SZSMAX USE LINEAR FORMULA
C TF SIGZ{M) LT SZSMAX ULSE PCwWER FCRMULA

162 TERMO& = SIGIM / B
TERMIS = TERMI6 #& QGI +CSMTR
TERMGY =(TERNMYB - SMAX)/ SMAX

IF{TERMI9) 163,164,164
163 [CELTA= B % (TERM98 #»% QG - TERMS&)
C POWER FORMULA
GO TO 1éé
164 SIGIM = SZSMAX
c POWER TO LINEAR FORMULA CHANGE DURING THIS TImt INTERVAL
DELTA = CCHGPT %= TERM99
GO TO 1éé
165 DELTA={DSMTR/SMAX)=CCHGPT
c LINEAR FORMULA FOUR CONMPUTING DELTA FCR SIGZ
166 SIGIM = SIGIM + DELTYA
IF{ISIGIM.LE.SZMAXY GO TO Lé8
167 SIGIV = SIMAX
168 IF(M.LY.TPULFFS) GO TO 1é&81
SICY=A%STOTLM*%¥D.85
GC TO 175
1681 TF{STOTLM.GT.SYX} GO TO 1682
SIGY=SIGY+ABSHDSMTR /SMDL %20, 15
GC TO 175
1682 IF(K20.EQ.1) GO TC 1683
K20=1
ST1=STOTLH-DSMTR
DS1=SYX-5T1
DS2=STOTLM-SYX
SMOL=ST14DS51%0.5
SIGY=SIGY+ABS®DS1 /SMOL*%0,15
SMDL=STOTLM-DS2%0.5
SIGY=SIGY+A16%DS2/SQRTISMOL)
GO 7O 175
1683 SIGY=SIGY+Al6*DSMTR/SQRT(SMDL)
C CALCULATE RADIUS OF PUFFIRP) AND COQRLINAYES CF PUFF
175 SIGYSQ = SIGY * SIGY
HSGSQ=CGX2/SIGYSQ
178 PUFCHI=QM=ACNST/{ SIGYSQ*SIGLN)
179 IF {(PUFCHILLE.CHIHIN)} GO TO 194
180 PCET = PUFCHI
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RP=SEGY*SQRT(-2.*ALUGECHIHEN/PCET))*CGKF
KPM=XPMeDXM
YPM=YPM+D VM
c CFECK TF PUFF MAS MOVEL OFF GRID

IF(XPM#RP- LT XS5R) GC TO 194

191 IFIXPM-RP.GT.XLB) GC TO 194

192 IF(YPM4RP.LT.YSR) GO TO 194

133 IF{YPM=-RP.LE.YLR) GC TO 200

154 MFI(M) = ¢
GO TO 5C¢

C 1
Co¥xk DETERMINATION OF CONTRIBUTICNS TO SURROUNCING GRID POINTS 1.
200 RP=RP&FMSH R
XPN=XPM*XFMSH o
YPN=YPNMEFMSH A
RPSQ=RP*x=%D
ISTRT=XPN-RP 42
ISTP=)PN+RP+1
JSTRT=YPN=-RPe¢ 2
JSTP=YPN+RP+1
FFCISTRT LT oNSX} ISTRT=NSX
IF(ISTP.GT. NFX) ISTP=nFX
IF{JSTRTLLT.NSY) USTRT=NSY
IFLJSTP .GT.NFY) JSTP=NEY
9991 DO 320 T=ISTRT,ISTP -
XD2={ {PN-XS(1)) #%xp
DO 310 J=JSTRT,JSTP
YO2={YPN=YS {J)) %2
RSQ=X02+YD2
IFIRSQ.GT.RPSQ) GO TO 31¢
PLCHI=PCOT*EXP{HSGS Q*RSQ)
5995 FORMAT (°® I=0, 03,0 NEL & P PCHI= " E13.6,9F%.4)
309 CHI(I.J)=CHI{ !, J)¢PCHI
310 CONT INUE
320 CONTINUE
i 494 CONTINUE
- 499 SIGZ{MI=SIGZM
SGY(M)=SIGY
STOTAL(MI=STOTLM
AP{M)=XPM
YPUM)=YPM
500 CONTINUE
ANT=]
IFIN.GT KK.AND, MSUM.LE.0) GO TC 525
324 IF (NaNE.NSTEPS.AND.N.NE.IDIOT) GO TO 56C
525 MSUM=Q
DO 505 MM=1,TPUFFS
505 MSUM=MSUMSME (MM )
PRINT 999&
5996 FORMAT (1IHIL)
PRINT S10,MSUM
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510 FORMAT {1HO»16s° PUFF{S) REFMAINING®)
CHE{leL)=IHR
CHI{Ls2)=1CAY
CHI (153) = FON
CHI(1,4)=IHTT
DC 540 L=1,NP

fL=L
L2 =L * LL
L3 = L2 ~ LL
IF{LZ.LE-ICCLSY GO TC 531
530 L2 = ICOLS
531 L3 = TABS(L3)
Ll = L3 + 1 -
L = L2 - 1 -

IF{L.GT.1) GC TO 545
WRITE (62104 TITLE(T) ,1=1,14)
WRITE(6,15) 1L, TDAY , ITS N, IHTT

545 WRITE(64,13) (T,1=L3,14}

DO 541 J=1,JROWS
JJ=JROWS~J

J1=4J+1
WRITE(6514) JJp (CHIC(I,J1)o1=1,12)

541 CONTINUE
540 CONTINUE
C##%% SECTION TO SAVE CHI MATRIX OM CISK, THEN €LEAR IT OUT
TFIKCHIS.EQ.0) GO TO 449
WRITE {10) CHI
449 IF(KFLSH.EQ.0} GO TO 452
DD 450 I=1,TCOLS
DC 450 J=1,JROWS
450 CHI(I.Jd}=0.
IHTT=0
452 TMIN=C.0
5449 NEL = NEL+41
IF (NEL.GE.15) GO TO 5453
5451 IF (PTIME(NEL).EQ.0.) GO TO 5453
5452 NUT=PTIME(NEL )
5453 [DICT = IOIOT+NUT
560 TTIME =ITIME + N
IF(N.GT.KK.AND. MSUM.LE. O} GO TC 40
600 CONTINUE
G0, TO 40
904 PRINT 28
60 TO 40
908 PRINT 24
40 STOP
END
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SUBROLTINE RNGRO9 (RNeKJ;TIToIDAY,FCAs UG, VE)

NP - NUMBER OF WIND STATIONS

NSX - STARTING VALUE FOR X

NFX - END VALUE FOR X

NSY —~ STARTING VALUE FOR Y

NFY - END VALUE FOR Vv

ITLE ~ TITLE 0OF PLCT

DIR - DIRECTION OF WIND AT STATION

SPC - VELOCITY OF WIND AT STATION

CCR{%) -~ CORRECTION (WHCLE DEGREES) AT STATION (1)
NAMST -~ MAMES OF THE STATICNS

CONFAC ~ CONVERSIDN FACTOR TO CHANGE WIND SPEEC TG THE 100 FT LEVE

DIMENSIORN DIR{50), SPEI5Q)Y, U(50)s V{50, X{50), Y{50), UGI13,16),
1vGl13,:16), ITLE(IG’,R3(10!13716)'N3(10713v16,'RT{30’1N58(30)
BIMENSTON DI(31), S{31) LFLAG(25},COR{ 25) s NSV(13,14)
L;CONFAC(25) { NAMST(22)

DIMENSION ESKIP(31),11(3},72{3) ,IRRAY}L {31), IRRAY?2 (3113,
1 KMDNT12)

INTEGER%2 I[HWD(24,31)

DATA T1,12/243054294411/

RTE - ROTATION OF NRTS ON GRID

RCH - RADIUS OF CIRCLE ENCLOSING DATA VALUES FOR INTERPOLATION
DX - SPACING OF GRID POINTS IN X-CIRECTICN

DY — SPACING OF GRID POINTS IN Y-DIRECTICHN

DT - INCREMENTS OF TIME IN HOURS

DS - LENGTH OF SHAFT CN WINLC ARROW

H - GRID INTERVAL IN FMILES

X - X COORDINATE OF STATION

Y - YCCORDINATE GOF STATICN

IF (KJ.EQ.1) GO TO 80Q

IF (KN.NE.C) GO TO 1313

KNR=0

FCRMAT{16A%)

READ 11 NPy NSXs NSY, NFX, NFEY o NSTLoINPToNSKTPoKIST

FORMAT (1615}

READ 12, RTE, RCH

FORMAT (8F10.01}

READ 10s (X{IV, I=1,NP)}

FORMAT (16F%.0}

READ 10, (Y{I)p 1=1,8P}

READ (0, {COR{TI},I=1:NP}

RCH=RCH%%2

READ 40, {CONFACLTE)s I=1NP)

FORMAT (16F5.2)

CF1=CONFACt 1)

CF2=CONFACI( 2}

CF4=CCKFAC{4%)

READ 45,(NAMST{T),I=1,NP}

FORMAT (1601%XA4)}

READ 71, {ISKIP{I),1I=1,31})
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71 FORMAT (3112}
READ 2CC: (KMONE{L) pI=1,12?
READ 42, YEAR
42 FORMAY (A4,16)
PRINT 6666 {NAMST{I) s0=1,AP)
et FDRMAT {1H14X22{ 1XA4))
PRINT 630, (X{T1},i=1,NP)
630 FCRNMAT (°0 X =% ,22F5.1}
PRINT 63%,(Y(T},1I=1,NP}
635 FORMAT {°0 Y =%,22F5.1)
PRINT 44, {CONFAC(1),I=1,NP}
44 FORMAT {CCF =9,22F5%,.2)
19 FORMAYT {1H1l,16A4) -
KMAP=0
KN=1
C¥*x%%=SECTION FOR SETTING UP STATICN ARRAY FOR EACH CGRIT POINT
XG=NSX~1
DC 730 I=NSX:NFX
¥YG=hSY~-1
DO 720 J=NSY.NFY
DC 705 L=1,NP
NSBIL)=L
T05 RTILI=S(XEL)-XG) *E 2+ { Y L) =YG ) *%*2
CALL ASCNLC{RT,NSB NP}
p0 706 L=1,10
RI(LIJ)=RTIL)
TO6 NICL: I:J)=NSBIL)
720 YG=¥G+l.
730 XG=UG+1.

NPP=NP#+1
PLB=3,1415927/180.

IS=1

READ 11. MSeIDS,1IHS
KOS=1HS

IF {NSKIP.EQ.Q) GO TC 800
PO 733 JLM=1,NSKIP
IF {INPT.EQ.1} GO TO 731
REAC (B, END=T32) IWD
GO 7O 733

731 CALL BUFIN{8,IWD, 186, NTATE.ICNT)
CALL BUFDLY (8,00, NTATE, ICNT)
IF {NTATE.NKE.3) GO TO 733

T32 PRINTY 734, IWD(24,1)

T34 FORMAT(®0 END OF FILE READ FROM INPUT UNIT IN SKIP LOOP®, 16}
syae

733 CONTINUE

BOG NTATE=0
ICNT=0
IF (INPT.EQ.1l}) GO TC 735
REAC{8.,END=T736F 1HWD
GO TO 5
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735

736

50

1600
1312

1313

1610

1615

210

930¢C
300

60

CALL BUFIN{8,; IWD,I86sNTATELICNT?
CALL BUFDLY{B ;040 NTATE; ICNT}

IF INTATE.MNE.3} GO TC &

CONT INUE

PRINT 50, IWD(24,1)

FCRMAT(® END CF.FILE REAC CN TRE INPLT UNIT 10X 15)
STOP

MON=IWD(Lls1)/100

IDAY=TWO (1,1} -MON%]OG

IFIKNR.EQ.L) GO TC 1312

IF (MON.NE.MS) GO TO 800

IF (ICAY.NE.IDS) GC TC 800

PRINT 16CO,IHS:MONIDAY,YEAR -
FORMAT (90 STARTING TIME = 7 ,012,92C0%,13,7/0,12,9/0,A1)
KJ=0

KNR=1

1I1=KDS~1

ITI=111+1

IF(TIT.EG.1] PRINT 1610, TI1:MGh, IDAY,YEAR

FORMAT (% ° 96X "NEW RECCRD 9512,%:00%,13,9/0,12,%/9,43)
IFLIWC{FTI; 1)oNELQ) GO TO 1615

111=111~-1

GC TG 89¢%

M=C

DO 210 J=1,31

IRRAYL ({J)=0.

IRRAYZ (J)=0.

IF (ISKIP (J).EQ.0) GO TO 210

M=Mv]

TRRAYL(MI=IWD{IE].4)/100
IRRAYZ2{M)I=TWD(IT] o J)-IRRAYIEIMI®1CQ

CONT TNUE

PRINT 9300, {IRRAY1 {J),IRRAYZ2 (J)od=1,M}

FORMATI 1HO,5X25(212,13))

CONT INUE

DO 60 J=leM

DI JY=TRRAYL( J}

St J)=IRRAY2(L U}

Cxxe#¥END STATION ARRAY SECTION

1501

1314

JI=0G
MHR=T11*100
JI=DCih+ad
JK=5{1}+.1

DO 1317 IN=2,NPP
JI=J1+1
GIN=B{IN)
STi=S{IN}

IF (DIN - 89, ¥ 1315,1314,1314
LFLAG(JSE)=1
UtJi1=0.0
Y(JI)=0.0C




GC TC 1317
131% IF {SIT - B9. } 1316,131441314
1316 LFLAGIJLY=0

IF (DIN.LE-36} GO TC 1320

LFLAG (JI)=2

CIN=DIN-50.
1320 DIR(JI}= CIN #10. #CCR{JI1}
SPOLJTY = STT ®=CCHNFACLJIL)
1317 CONTINUE
1319 KSR=0

DO 1% I=1NP
IF (LFLAGLTII-1)} 1318,15,1318
1318 CR=CIR(I}-RTE -
ANG=(270-CR}*PL 8 -
ULT)=SPD(I}*COSTANG)
VII)=SPOCII}*SIN{ANG)
15 CCNTINUE
IF{K1ST.GT. 0} GO TG 90Q
C*#%x%%INTERPOLATION SELTICN BEGIN
49 DO 895 I=NSX.NFX
0O 89C J=NSY NFY
SNU=0.C
SNV=0.0
SND=0.0
NS=C
DO 870 L=1,10
LS = N3{L,Ipd)}
RS = R3(L719J’
IF {LFLAG{LS).EQ.1) GO TC 870
IF (RS.LE.1.E-15) GQ TO 850
IF (NS LT.NSTL) GO Tg 82¢
IF (RS.GY¥.RCH) GO TC 875
B20 RSI=1./RS
SHU=SNU+U(LS}*RSI
SNV=SNV+¥{LS)I#RS 1
SND=SND+RSY
NS=NS+1
GO TO 870
850 UGLI,J)1=U(LS}
VGI{TpJd)=VILS)
NSV{I,d}=1
GO TO 890
870 CONTINUE
875 UG(I,J)=5NLG/SND
VGLEs JI=SNV/SND
890 CONTINUE
895 CONTINUE
NSVIIsJ)=NS
PRINT 95C0s (UtJ )y d=1,NP)
PRINT 9500 (V{J}sJ=1,NP)
95C0 FORMATH(LLA,23F5.1)
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60 TC 95¢
900 IFILFLAGIKLISTI.NE.1} GO TO 920
PRINT 910 eNAMST (K1SThs E11, TOAYoMON o YEAR sLEKL1ST) o V(KLST)
91G FORMAT {1HO,h&,° MISSING AT PE4 9300 T4, /012, 1/ 947, 9 SINGLE STATI
ION ANALYSIS CONTINUING WETH L,y= 92F&.2)
927 D0 930 I=NSX,NFX
0O 930 J=NSY.NFY
UGLIsJY=LIKLIST)
930 VGI{IeJ)=VIK1ST)
950 CONFAC(1)=CFl
CONFAC(2)=CF2
CONFAC (4)=CF & : i
KMAP<KMAP+4] 1
825 IF (I11.LT.24) GC TC B9
KDS=1
Kd=1
896 RETURN
END
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SUBRDOUT INE ASCND (XeN,NP}
DIMENSIGN X{(20}sN(2C)
NPl=NP-1
B0 50 I=1,NP1
KI={0
CO 40 K=1sAPlL
TFIX(K+L)GT.X{K))} 6O TC 40
KI=K+1
THP=X({K)
NTMP=N({K)
XIK)I=X{KI)
NEKY=N(KL)
X{KI}=TMP _
N(KT)=NTMP -
40 CONTINUE
IF (K1I.EQ.0) GO TO 60
5¢ CONTINUE
60 CONT INUE
RETURN
END
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