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EOCR BUILDING WAKE EFFECTS ON ATMOSPHERIC DIFFUSON*

G. E. Start, N. F. Hukari, J. F. Sagendorf,
J. H. Cate, C. R. Dickson

Abstract

A series of 22 simultaneous releases of three gaseous tracers was
conducted around the EOCR test reactor building at the Idaho National
Engineering Laboratory 1in SE Idaho. Hourly averaged gaseous tracer
concentrations were sampled on several concentric sampling arcs and at a
limited number of elevated 1locations. Winds and temperatures were
measured on a nearby 30m tower. Complete data appendices provide tracer
concentration measurements, temperatures, winds and detailed wind
statistics, derived diffusion statistics, and plots and analyses.

Building related effects upon diffusion near and downwind of the
structure were grouped into 3 regions of characteristic behavior, a near
building or cavity zone, a transition zone, and a far wake zone. Near
the structure, vertical circulations altered the heights of tracer plume
centers-of-mass and/or plume centerlines and produced a rapidly enhanced
vertical diffusion. Elevated releases of tracer were conveyed downward
with ground-level concentrations exceeding expectations from a Gaussian
formulation for their physical release height; ground-level releases of
tracer were substantially elevated so that ground-level concentrations
were less than expected. Rapid vertical diffusion near the building
yielded o, values 4-10 times greater than expected from Pasquill-
Gifford curves. Within the transition zone rates of vertical diffusion
were less than atmospheric; o, values returned to open-terrain
expectations and continued near these open-terrain values within the far
wake. Lateral plume spreading was well described by observed standard
deviations of wind direction (og), except when o5 was Tess than 10
to 150; with oo <100 a noticeable building induced plume broadening
existed. The downwind extent of significant building alteration of
rates of diffusion was from 100 to 400m (about 4 to 16 reference
lengths); oy and o, values. were nearly the open-terrain values by
400 to 800m~ (16 to 32 reference lengths). The building alterations of
plume diffusion and maximum ground-level concentrations were minimal for
stability category A and became largest for strongly stable categories
(F and G). An initjal volumetric plume dilution, the "cA term", did not
properly correct the Gaussian plume equation. Changes in vertical
distributions of plume mass still influenced maximum ground-level
concentrations to 1600m (about 64 reference lengths) downwind. Because
of this alteration of vertical plume mass distribution, the assumption
of a Gaussian distribution was poor and calculations using the
exponential term were inappropriate.

*Research jointly sponsored by U. S. Nuclear Regulatory Commission (NRC) Office
of Nuclear Regulatory Research, Interagency Agreement No. RES-76-106 and by
the U. S. Department of Energy (DOE), Reactor Research and Technology
Division, Interagency Agreement No. EX-76-A-27-1289.



1.0 INTRODUCTION

Safety considerations, especially with respect to pollutant
concentrations in the atmosphere, are playing a major role 1in the
design and operation of nuclear power plants. Since pollutant
concentrations are often greatest under Tlow windspeed inversion
conditions, a multi-part testing program has been undertaken to
investigate the diffusion characteristics of the atmosphere under
these conditions. ’ ‘

The first test series was conducted in 1974 at the Idaho National
Engineering Laboratory (INEL) in the Eastern Idaho Desert (Sagendorf
and Dickson, 1974), during conditions of Tlow (less than 2.0 m/s)
windspeed and temperature inversion over the flat terrain.

A second phase of testing was conducted during the summer of 1974
to contrast the effects of desert meteorological conditions with
similar atmospheric conditions over a wooded, hilly terrain. The site
of this second series was a proposed nuclear power station near Oak
Ridge, Tennessee (Wilson, et al., 1976).

A need existed to examine the diffusive characteristics of the
atmosphere under a variety of thermodynamic and hydrodynamic
conditions in the vicinity of reactor complexes. A series of tests at
the Rancho Seco Nuclear Power Station in 1975 have been previously
described by Start, et al., 1977). Sagendorf et al, (1980) reported
on the diffusion adjacent to both the Rancho Seco reactor complex and
the EOCR complex in detail. The series of tests herein reported were
conducted in 1975 and 1976 around the EOCR reactor building located on
the INEL. Figure 1 is an aerial view of this reactor building.

The EOCR reactor complex is dominated by the Tlarge reactor
building. This building has a square base with each side having a
length of about 36.6 meters. The highest part of the roof has a
height of 25 meters above ground level. The top of the stack is at a
height of 30 meters. One small storage tank is located north of the
buildings with additional tanks immediately norttwest. The terrain
over the sampling grid varies from a high point of 4960 feet MSL
approximately 200 meters northeast of the building to a low point of
4920 feet MSL some 3200 meters to the northeast. Most of the grid is
.sagebrush covered. '

When a building protrudes into the atmospheric flow, it produces
distortions in the pressure and velocity fields. These distortions
are loosely termed "building wake". "Cavity" refers to that portion
of the wake immediately dowrmwind of the structure. More complete
discussion of aerodynamic flow around structures may be found in
standard reference (e.g., Halitsky, 1968).

The EOCR experiment was conducted over a two-year period. It was
designed to study atmospheric diffusion under a variety of stability
and wind conditions and evaluate the building wake effects on
dispersion.
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2.0 DIFFUSION THEORY

2.1 The Diffusion Equation

The windspeed-normalized relative concentrations are given in the
form Cu/Q, where C is the concentration (in gm m3), u is the mean
windspeed through the effluent-carrying layer (in m s-i), and Q is the
source strength (in gm s-1). These concentration values may be related
to the plume axis height above the ground (H) and to spatial Cartesian
coordinates (x,y,z) through the Gaussian diffusion equation.

IR R

z 92

I<

C(x,y,z;H)u 1 { 1
= expi- =
Q Znoyoz 2 (

%y
Values for oy and oz, the standard deviations of effluent concen-
trations in the lateral and vertical coordinate directions (Pasquill, 1961
and Gifford, 1961 e.g.) have been determined for various stability
categories. By direct measurements of some of the variables (x,u,Q) and
by plume centerline sampling (y=0, z=0, H=0), the above equation
simplifies so that comparisons may be made with oy and oy values
commonly accepted for a given stability. If the receptors are at ground
~level, Equation-(1) may be expressed as- : : :

2 2
C(x,y,03H)u _ 1 exp {_ 1 (z__ + H )} (2)
Q 0,0, 2 5 2 5 2
y z
The factor of two accounting for ground reflection of the plume is
included as is customary. Integration of Equation (2) with respect to y
yields the familiar expression for the crosswind integrated concen-
tration from a continuous, elevated-point source.

CIC(x:H) = <29 exp {_% (H—-)Z} (3)

T UUZ UZ

Equations (1), (2), and (3) are widely known Gaussian plume formulas and
may be examined in greater detail by referring to appropriate books and
papers (e.g., Gifford, 1968 or Pasquill, 1974).

With cross-wind oriented samples of ground-level concentrations
C(x,y,0), the second moment of the lateral effluent-concentration
distribution for a fixed downwind-distance, x, is

2 2 J |
o0 = 2 ey} /02 e B (@)



where the position of the center of mass of the mean plume, yg, is

N N
Yo =2 y] /2 e (5)

If Equation (3) 1is solved for the effective o, (a virtual value of
vertical spreading), the centerline Gaussian continuous point source
equation for an elevated plume near a reflecting boundary is

2
(effective) = o exp !%. (g;) } - nquCIC(x;H) (6)

g
z

where H is the mean plume-axis height at downwind distance x, and o, is
the Gaussian parameter for the plume with centerline at height H instead
of the virtual value effective at ground-level (g, (effective)).

2.2 Building Wake Modifications of the Diffusion Equation

A simplified method to allow additional plume spreading behind the
building structure is expressed as

| - 2 2
C(X’S’Z’H)u _ 2“(0i02+CA7 [exp {— %~(§;ﬂ) J+EXP{ _%_(égg) ,] (7)

Where A represents the area of the structure in the Y-Z (cross-wind
oriented) plane and c¢ is an appropriate constant. ¢ is usually assigned
the value 0.5, which Gifford (1961) chose by intuition as a plausible
lower estimate of the fraction of the structural area producing an initial
plume spreading. -For Z and H both equal to zero, Equation (7) reduces to

C(x,0,0;0)u 1 (8)
Q ﬂ(con+CA)

In subsequent sections, Equation (7) will be evaluated with Pasquill-

Gifford values of o, and o, an area A equal to 1090 m2, and c

valued at 0.5. ‘

3.0 MEASUREMENT AND ANALYSIS

3.1 Sampling grid

The sampling grid, as laid out for the 1975 series, consisted of five
circular areas centered on the reactor building. Arc radii were 37, 68,
187, 386 and 794 meters. The 187 meter arc contained no ground samplers
during any of the tests. The remaining arcs had sampler positions every
six degrees. Additional arcs at 1200 and 1600 meters were used during the
year 1976. These arcs had sampler positions every three degrees.



Positions were numbered clockwise beginning at north on the inner-most
arc. Each arc was divided into six sectors which could be independently
activated from the test control position. In addition four samplers were
positioned on the auxilary wing roof of the EOCR building.

Figure 2. Vertical sampling tower with four suspended samplers at 7.5,
15, 22.5, and 30m above ground.

Vertical samples were taken at ground-level sampling positions 90, 93,
150, 153, 210, and 213 using one hundred foot towers. The sampling
interval was twenty-five feet on all towers (fig. 2). A photograph of one
of the sampler boxes was given by Start, et al, (1977). A plot plan of
the EOCR grid was shown in figure 3. Arc distances have been rounded off
to the nearest fifty meters for discussion purposes during the remainder
of this report.

13.2 Photographic Description of Test Site

Each of the previously mentioned subparts of the field study, together
with the relative magnitudes of the terrain features, may be related to
the aerial photograph in figure 4. The EOCR complex is visible in the
center of the photograph. The outer-most arc shown 1is the 800 meter arc.
Features in the photograph may be correlated with the terrain map (fig.
5), the plot plan (fig. 3), and with the details of the concentrat1on
isopleth analyses found in Append1c1es E, F, and G.

3.3 Meteorological Instrumentation

Meteorological data for both series of tests came from an instru-
mented tower Jlocated 150 meters northwest of the grid center. Since
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southeast winds were a rare occurrence at the INEL, this location kept the
tower out of the effects of the building wake. Temperature and wind
sensors were located at the 4, 10, and 30 meter levels,

Temperature data were obta1ned from thermocouples -mounted in Climet
model 016-1 motor aspirated temperature shields. Horizontal wind speeds
were obtained from Weather Measure model W103A cup anemometers with
tri-cup stainless steel cup assemblies. Bivanes measured the horizontal
and vertical wind angles. Photographs of the cup anemometer and bivane
assemblies appeared in Start, et al, (1977).

During 1975, output signals from the sensors were input to a digital
recording system housed in a small trailer. During 1976, this system was
located in the instrumented bus described by Start, et al, (1977). This
bus or trailer also served as a control center for test operations.

Additional meteorological data were gathered during the 1976 series of
experiments. Weather Measure "103A" cup anemometers and Weather Measure
light weight W104-2 direction vanes were mounted at the 70-ft Tlevel of
nine 100-ft towers. They were located at grid tracer sampling positions
85, 88, 90, 92, 94, 96, 98, 100, and 103 in order to collect wind effect
data within the wake of -the building. This data was also digitally
recorded, along with the same type of meteorological data collected in
1975 experiments. '

3.4 Tracers

Sulfurhexaf luoride (SF6), dichlorodifluoromethane (F12), and
dibromodif luoromethane (12B2) were used as tracers in this test series.
A1l three of these gases were inert, non-toxic in the concentrations used,
and were of relatively small concentration in the free atmosphere. The
tracers were released simultaneously with start-up and termination times
being coordinated by radio. No grid samplers were activated until the
tracer cloud had extended to the outermost sampling arc. Then samplers
were actuated for the duration of the desired test. A1l samplers were
shut down as the tracer releases were terminated. In this way, average
concentrations were obtained instead of total integrated concentrations.

Figure 6 shows the various tracer release sites used during the
tests. One tracer was released through the stack above the reactor
building. A second release position was on the highest EOCR reactor
building roof. The third tracer was released at ground-level (Im) on
either the windward or Jlee side of the building. Table 1 Tlists the
locations and -heights of tracer releases by test number for the entire
test series. : . :

To provide . visual plume references and .allow for photographic
documentation, oil fog was used as a visual tracer. Tracer gas samples
were analyzed with an electron capture gas chromatograph system (Lovelock,
et al, 1971). Additional details and photographs of the system were given
by Start, et al, (1977).

10
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Table 1. Locations and Heights of Tracer Releases
Test NRC B __Gas SF6 Gas F12 __ Gas 1282

No. Stab Date ~ Time(MST) Ste* hnt(m) Site* ht(m) Site* ht(m)
3 7/8]75 0606-0706 Stack 30 SW face 1 Roof 25
4 719175 0559-0649 Stack 30 SW face 1 Roof 25
5 7/18/75 1007-1107 Stack 30 NW face 1 Roof 25
6 7/21/75 0624-0724 Stack 30 NW face 1 Roof 25
7 7/22/75 0543-0630 Stack 30  NE face 1 Roof 25
8 7/24/75 0348-0417 Stack 30 NE face 1 Roof 25 .
9 7/28/75 0503-0603 Stack 30 NE face 1 Roof 25
10 7/31/75 1024-1107 Stack. 30 NE face 1 Roof 25
11 8/12/75 1008-1035 Stack 30 Roof 25 NE face 1

8/13/75 0642-0712 Stack 30 Roof 25 NE face 1
8/14/75 1017-1117 Stack 30 Roof 25 NE face 1

j—a
w
MMMEOEOMAoOUMmMPMETGTE O M

14 5/6/76  0619-0719 NW face 1  Stack 30  Roof 25
15 5/12/76 0618-0718 NE face 1  Stack 30  Roof 25
16 5/18/76 0616-0716 NE face 1 Stack 30  Roof 25
17 5/21/76 0451-0551 NE face 1  Stack 30  Roof 25
18 6/23/76 0453-0535 NE face 1 Stack 30  Roof 25
19 6/29/76 0329-0429 NE face 1 Stack 30  Roof 25
20 6/30/76  0344-0442 NE face 1  Stack 30  Roof 25
21 7/15/76 0344-0444 NE face .1  Stack 30  Roof 25
22 7/16/76 0742-0842 NE face 1  Stack 30  Roof 25
23 7/21/76 0748-0846 NE face 1  Stack 30  Roof 25
24 7/22/76 0814-0914 NE face 1  Stack 30  Roof 25

*NW face, NE face, and SW face are ground (lm) release sites.
4. RESULTS

A total of 24 gaseous tracer tests were conducted in and around the
EOCR building complex. The first two tests were discarded due to
various failings of meteorological data logging, the performance of the
gas chromatographs, and loss of suitable weather conditions during the
actual field measurements. Table 2 summarized the tests by NRC
stability categony during their conduct.

Add1t1ona1 details of the wind speeds and directions. standard
deviations of wind direction, date and times of conduct of the tests,
tower-measured temperature profiles, and NRC stability categories
- determined from tower temperature prof11es are provided in appendix A.

12



Table 2. Stability Categories for Field Tracer Tests

STABILITY TEST NUMBER TOTAL
A 5,10,11,13 4
B - 0
C - 0
D 6,15,16 3
E 4,12,14,22,23 5
F 3,8,18,24 4
G 7,9,17,19,20,21 6

More detailed descriptions of the wind speeds and directions
versus time are provided in appendices B and C. For each test, the
total period of observation was subdivided into consecutive 2-min
intervals; for each interval the average wind speed, direction, and
the variance and standard deviation of wind direction and speed were
provided for bivanes and/or cup anemometers at the 4, 10, and 30m
heights on the EOCR meteorological tower. These data are listed 1in
appendix B. A summary of total test information is given in appendix
C. The total test suwmary provides average speeds and directions for
the full period. For wind directions, the total variance during the
test is listed along with the mean value of the 2-minute interval
variances and the variance of the 2-minute average wind directions.
The average 2-min variances may be viewed as a descriptor for the high
frequency or turbulence diffusive process. Then, the variances of the
2-minute average directions are descriptive of the meandering or
transport portion of the total dispersion of plume mass. The sum of
the variance related to diffusion and variance due to meandering
closely approximates the total variance for the entire period.

Table 3 lists the various sampling arcs, towers with
samplers, and EOCR building roof-located samplers operated during each
test. During part 1, tests 1-13, sampling arcs did not exist for 1200
and 1600m. For part 2, tests 14-24, these Tlonger distance sampling
arcs were established to investigate possible building influences at
extended distances in a "far-wake" setting.

4.1 Measured Tracer Concentrations

Gaseous tracer concentrations were sampled at the various
ground-level, tower heights, and roof locations described in figure 6
and table 3. A complete 1listing of all sampled concentrations
(normalized by U/Q, where U was the average windspeed at the tracer
release height and Q was the source strength) is given in appendix D.
To better describe the contents of appendix D, the following
illustrative plots are provided. Figure 7a,b,c depicts sampled
concentration versus crosswind arc location (grid location number or

13



Table 3. Operation of Sampling Arcs, Towers and Miscellaneous Samplers

Test No. 50m 100m 400m 800m 1200m 1600m - Towers Roof

3 X X X - - - - -
4 X X X X - - - -
5 X X X - - - - -
6 X X X X - - X -
7 X X X X - - X -
8 X X X X - - X -
9 - X X X - - - -
10 - X X X - - - -
11 X X X X - - X X
12 X X X X - - X X
13 X X X X - - X X
14 X X X X X X X X
15 X X X X X X X X
16 X X X X X X X X
17 X X X X X X . X X
18 X X X X X X X X
19 X X X X X. X X X
20 X X X X X X X X
21 X X X X X X X X
22 X X X X X X X X
23 X X X X X X X X
24 X X X S X X X X X
X = operated - = not operated

- GLN) for successive downwind distances. Test 3 is shown in fig.
7a,b,c.  Three 1lines are plotted in each figure to show the
measurements for ground-level, roof, and stack released gaseous
~tracer. Figures 8a,b,c,d,e, and f depict tower sampled concentrations
for test No. 16. Again, three separate 1lines identify the
- measurements for each of the gaseous tracers. In addition to these
two types of regular array samplings of concentration, four samplers
were operated on the lowest roof level of EOCR (fig. 6) and are listed
under the heading of miscellaneous samples for each test during which
they were operated.

Horizontal isopleths of gaseous tracer concentrations are provided
in appendices E, F, and G. A1l isopleths for ground-level released
tracer are in appendix E; appendix F contains isopleths for roof-level
‘released tracer and appendix G contains fisopleths for -stack' released
tracer. R = S o R T

14
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4.2 Visual Tracer Observations and Measurements

Before describing and discussing the behaviors of the sampled
gaseous tracers it may be of benefit to examine a few selected
pictures and descriptive diagrams based upon visual tracer observa-
tions and measurements. During each test, smoke was released to aid
the visualizing and understanding of the airflows and effluent
diffusion around and downwind of the EOCR structure.

Figure 9 shows the release of smoke tracer at ground-level in the
lee of EOCR (SW face). A large amount of plume mass appeared to be
drawn upward and streamed away at approximately roof height. The
plume was mostly aloft at Tlarger distances downwind. Figure 10 shows
the plume 1in greater detail near the structure. A portion of the
plume was mixed within a volume confined to the near-building wake;
much plume streamed away aloft in a manner similar to the plume in
figure 9.

In order to more clearly illustrate the systematic effects of the
structure which both elevate the plume and produce an initial volu-
metric dilution, two simultaneous visual tracer plumes were devel-
oped. One plume was released at a Tocation which should be influenced
by turbulence and airflow streamlines which were altered by the
presence of the building. The second plume was released crosswind
from the building at a distance (150 to 200m NW) for which no building
disruption occurred. Both plume photographs and 1lidar scans of these
plumes were made. Figure 11 shows two visible plumes being observed.

One tracer was being released in the lee of EOCR. Return flows in
the cavity zone drew the tracer toward the structure and lifted it.
In the background (seen against the mountain slopes) the second tracer
was streaming away from its release point with a normal amount of
vertical spreading and remained relatively close to the ground. The
plume behind EOCR was being mixed and Tlifted vertically, much more
than the plume far from the building.

Lidar observations were performed by Stanford Research
International 1in a manner depicted 1in figure 12. Approximate
crosswind/vertical scannings of the plume were made along several
direction rays to obtain plume particle concentrations at several
different downwind distances. At present, quantitative descriptions
of these plume sections are unavailable; computer processing of these
data were never completed by SRI. A schematic illustration of
qualitative preliminary LIDAR observations 1is given in figure 13.
Initially the building-affected plume was larger and elevated compared
to the open-terrain plume. The open-terrain plume dispersed more
rapidly, in some cases, while the building affected plume was smaller,
relatively. Eventually, the two plumes were of comparable size at the
longer distances.
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Figure 10. To compliment the smoke depiction of figure 9, a more
detailed view is shown of ground-level smoke tracer release near the
building. Some of the plume was mixed within the near-building wake;
the remainder streamed away at about roof level.

Figure 11. Simultaneous visual tracer releases were made. The first
tracer was released in the lee of the building; second tracer was
released crosswind far from the building where building disruption had
no effect. The tracer which was released near the building was drawn
toward the building and lifted. The second tracer plume streamed
downwind normally and was mixed and lifted vertically much less than
the tracer plume which was released near the building.
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EOCR
BUILDING

»LIDAR SCANS

WIND
TRANSPORT

SMOKE RELEASED FROM EOCR BUILDING

OIL FOG RELEASED AWAY FROM BUILDING

Figure 12. LIDAR observations of simultaneous visual plumes (shown in
fig. 11) were performed by SRI, according to a plan shown by this
schematic. Lateral/vertical cross section scans were performed at
several different direction rays :) to observe both the smoke and
oil fog plumes.  The closest LID&R scans were through the near
building plume; the more distant scans were about 800m downwind.

4.3 Maximum Ground-level Tracer Concentrations, Sigma-y, and Effective
Sigma-z Values.

To better understand the significance of the full collection of
sampled tracer concentrations which were 1listed in appendix D and
shown by the horizontal concentration isopleths depicted in appendix
E, F, and G, selected parameters have been calculated or tabulated.
Three parameters or statistics used were the normalized maximum (peak)
tracer concentration observed on a particular ground-level (1m)
sampling arc, the second moment - of ‘the tracer = lateral mass
distribution. (o,), and the o, value. These o, and o, values
were determined “with eqns. 4 and 6, respectively.” Figure 14 shows
measured peak tracer concentrations plotted versus downwind distance
for ground-level released tracer and stability category D. Also shown
in fig. 14 are curves of predicted normalized peak concentrations
calculated from egn.. 2 with customary values of ¢, and o,
(Pasquill (1961) and Gifford (1961)). Curves were- ca]cﬁlated for
plume centerline heights above the ground equal to 1, 10, 25, and
30m. Separate symbol types were used to plot measured values for a
particular test, in order to distinguish between values from tests
within the same stability category. If the Gaussian equation were
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Figure 13. Schematic cross-sections of plumes from preliminary LIDAR
observations are presented for increasing downwind distances. The
plume on the Tleft was the smoke released at the EOCR building while
the plume on the right was o0il fog released away from the building.
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Figure 14. Measured peak normalized concentrations are plotted versus
downwind distance for ‘ground-level released tracer and stability
category D. Also included are Pasquill-Gifford predictions of peak
normalized concentrations for plume center11ne heights of 1, 10, 25,
and 30m w1th stability class D.
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suitable and the Pasquill-Gifford values of o and oz were
appropriate, the observations for each test would match the upper
curve for the 1m plume height. At times there was agreement between
observations and calculation, but most often substantial differences
were evident. Plots for other stability categories and tracer release
heights were developed and the complete set is contained in appendix H.

In similar manner, tracer determined oy values (for all tracer
release heights) were compared to Pasquill-Gifford (op. cit.) expected
values (the heavy Tline) for stability D in figure 15. A regression
line was drawn through the set of tracer derived oy values. A
corresponding (parallel) but different behavior was evident. The
complete set of oy comparisons with Pasquill-Gifford values are also
contained in appendix H.

Figure 16 provides a scatter diagram of o, effective (egn. 6)
versus downwind distance. Data from all stability categories were
included in the figure. Curves for stability categories A, B, C, D,
E, and F (Pasquill- Gifford op. cit.) were included to place these
effective o, values in perspective. One obvious discrepancy was
shown by the very large values of o; effective at the smaller
distances; values of many hundreds of meters were not credible. These
virtual oy values were calculated using the ground-level sampled
concentrations and no adjustment was made for elevated plume
centerline heights. Additional discussion and reanalyses has been
provided in a following section to better describe vertical diffusion
and plume centerline heights.

4.4 Recalculated Sigma-z Values

Many o, effective values shown in fig. 16 were unrealistically
large and were neither credible nor consistent with visual tracer
observations at Rancho Seco (Start, et al., 1977) and during this
study. Observations of o0il fog visual tracer suggested that wmost
ground-level and roof-top released effluents streamed away from the
structure at roof-top height (essentially at the height of the flow
separation zone). It seemed appropriate to «calculate o, for
ground-level and roof-top tracer release from o, (effective) values
with effective plume height, H, equal to roof height (25m). Sigma-z
values for stack released tracer were calculated using the physical
stack height of 30m. Equation 6 was solved for o, solutions by
iteration. Additional details of the numerical method for o,
calculation are given in appendix I. Two roots of equation 6 were
possible. One root (the smaller) represented the value of o, for an
elevated plume with a Gaussian mass distribution; the second root
(larger) provided o, for the well-mixed plume (non-Gaussian). The
Gaussian plume values of o, (smaller or lower root) were adopted for
the additional comparisons to follow; the implications of using the
smaller root and the applicability of the well-mixed plume root will
be discussed Tlater. Comparison of o, from ground-level tracer
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Figure 15. Tracer determined sigma-y values for stability class D
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regression line for this set of values. Also included were
Pasquill-Gifford expected values of sigma-y for stability class D.
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Figure 16. Tracer determined sigma-z effective values were plotted
versus downwind distance for all stability classes. Data for all
tracer release heights were included. Also included were curves of
Pasquill-Gifford expected values of sigma-z for categories A, B, C, D,
E, and F.
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releases (for H = 25m) with o, for the roof and stack height
discharged tracer showed good agreement; virtual o, for ground-level
released tracer (with H = 1m) showed very poor agreement with ¢, for
roof and stack releases. Figure 17 shows o, values for ground-level
released tracer versus o, values for roof and stack discharged
tracer. Figure 17a shows calculations of o, for ground-level tracer
releases using plume centerline heights of 25m versus oy
calculations using 25m plume height for roof releases and 30m heights
for stack tracer plumes. Figure 17b 1is similar except a 1m plume
height (the height of tracer release) has been used for the
ground-Tevel tracer.

Therefore, when making -calculations of o, values, 25m (the
approximate flow separation height for the structure) was a far better
choice for the approximate plume height of ground-level release tracer
than was the actual height (1lm) of its release. Visual observations
confirmed this conclusion; intuition suggested that vertical diffusion
at a few meters above the ground surface should resemble the diffusion
at 25 to 30m above the ground surface. This similarity should have
been greatest during strongly unstable (temperature lapse) conditions
and less similar during strongly stable (temperature inversion)
conditions. However, with the additional turbulence developed by the
structure, building induced circulations off-set or nullified the
tendency for stable layering effects during the more stable conditions
-~ especially within the first few tens of meters (a few building
heights) downwind of the structure. Therefore, o, calculated for
all three tracers should have been similar in value, regardless of the
heights of these tracer releases, because they developed within
approximately similar turbulence regimes. The Jlarge differences
between o, calculated with H = 1Im and calculations of o, for
simultaneous releases of tracer at roof and stack heights were
rejected. Therefore, discussions and comparisons to follow have
utilized the knowledge that oy, determined from egn. 6 for ground
level released tracer with H = 25m was reasonably appropriate and
closely approximated the correct quantitative magnitudes.

4.5 Tracer Diffusion Statistics Ratios and Comparisons

In order to identify important physical phenomena and departures
from expected plume behaviors without the presence of the structures,
the parameters of normalized axial concentrations, and ¢, were
ratioed with the "expected" flat, open-terrain va]ueg presen%ed by
Pasquill (1961) and Gifford (1961) (hereafter simply refered to as
Pasquill-Gifford or P/G values). Three important ratios were formed;
a concentration ratio was calculated by dividing the P/G "expected"
axial value by the observed peak value of tracer concentration. If
more dilution (a smaller observed peak concentration) occurred, the
ratio was greater than unity; if "a  larger than expected va]ue ‘was
obtained the ratio was between un1ty and zero
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Figure 17. Calculated sigma-z values for ground-level tracer releases
were plotted versus corresponding calculations for roof and stack
height releases of tracer. Sigma-z values for ground-level tracer
were calculated for plume height of 25m (upper figure) and
ground-level or 1 m (lower figure). Comparisons with stack (roof)
tracer are shown by *(+).
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In similar fashion,
sigma ratios were formed

ratios of oy and o; were formed. However,
by dividing observed values by the
corresponding P/G values. This ratio convention was consistent with
the concentration ratios. Larger than expected sigma values yielded
ratios greater than unity; larger sigmas implied greater dilution of
the tracer plume and a smaller peak concentration. As noted above,

smaller observed peak concentrations yielded ratios greater than
unity. Therefore, when consistency existed between concentration
variabilty and differences in the Tlateral and vertical diffusive
spreads (o and az)» these ratios exhibited similar
characteristics and behaviors.

Tables 4, 5, and 6 1list ratios of concentration, ays and oy.

Table 4 contains ratios for only ground-level releases of tracer;
table 5 contains ratios for the roof-level tracer release and table 6
contains ratios for stack released tracer. Within each table an
average parameter ratio was listed for each stability category at each
downwind sampling distance. The complete data set of all individual
ratios is given 1in appendix J. The significance of all of these data
points (ratios) could have been examined by use of scatter diagrams,
each of