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EXECUTIVE SUMMARY

Tests were conducted in the Colorado State University Environmental
Wind Tunnej Facility of the transport and dispersion of the HZS plume
emanating from a geothermal steam venting located near Anderson Springs,
California. The wind tunnel tests were conducted with a terrain modeled
to a scale of 1:1920 and also with scale models of a surface release
and stack releases of varying exit velocity and height (0 and 30 m).
For the surface release exit velocities were varied to simulate a 100
and 21 percént flow o;.steam to Unit 13. The effects of wind direction
and wind speed upon the ground level HZS concentrations for’the various
source configurations in the vicinity of Anderson Springs and Whispering
Pines were established based on a constant source strength of 100 ppm.
Data obtained include photographs and motion pictures of smoke plume
trajectories and ground level tracer gas concentrations downwind of
the source.
The results of the study can be summarized as follows:

® The maximum HZS concentrations near Anderson Springs were
observed to be 1) 149.8 ppb for a surface release, 250° wind direction,
9.4 m/s wind speed and 12.7 m/s exit velocity, 2) 2.2 ppb for a sur-
face stack release, a 230° wind direction and a 9.4 m/s wind speed and
3) 104.2 ppb for a 30m stack release, 250° wind direction, 9.4 m/s
wind speed and 20.6 m/s exit velocity.

® The maximum HZS concentrations near Whispering Pines were
observed to be 1) 12.5 ppb for a surface release, 210° wind direction,

6.2 m/s wind speed and 12.7 m/s exit velocity, 2) 9.8 ppb for a surface

stack release, a 6.2 m/s wind speed, 210° wind direction and a 111.7
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m/s exit velocity, and 3) 10.5 ppb for a 30 m stack release, 210° wind
direction, 9.4 m/s wind speed and 111.7 m/s exit velocity.

® The use of stacks (30 m or less) and increased exit velocity
as a modification to the existing steam venting (surface release) does

not reduce the expected maximum H,S ground level concentration for

2
the wind directions studied. 1In some cases the modifications would
increase concentrations.

® Curves are presented for the surface release which give a
range of volume flow rates at giveﬁ wind speed for which the 30 ppb
limit will not be exceeded at locations studied in the wind tunnel. The
curves show that 100 percént flow (816.2 mZ/s) is allowable for all wind
speeds studied with a 210° wind direction. For the 230 and 250° wind
directions the allowable flow rates varies with wind speed and is always
below 100 percent.

® The added heat due to the steam venting increases plume rise

and hence decreases the ground level concentrations. This affect is

most noticeable at the low wind speeds.
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1.0 [INTRODUCTION

The purpose of this study was to determine the transport charac-
teristics of hydrogen sulfide released in plumes emanating from steam
releases at a proposed new geothermal power plant (Unit 13). The
location of Unit 13 is shown in Figure 1.1 in relation to Anderson
Springs and Whispering Pines.

Using a 1:1920 scale model of the source and surrounding topography
in a wind tunnel capable of simulating the appropriate meteorological
conditions, downwind ground-level HZS concentrations were measured
by sampling concentrations of a tracer gas (propane) released from the
model. Overall plume geometry was obtained by photographing the plumes
made visible by releasing smoke (titanium tetrachloride) from the modeled
source. Source geometry corresponded to 1) a ground level release over
a 2.4 mx 244 m area (hereafter referred to as ''surface release'), 2) a
circular ground level release with varying exit velocity (referred to
as '"'surface stack release') and 3) a 30.5 m stack release with varying
exit velocity (referred to as ''stack release").

The primary focus of this study was on HZS concentrations in the
vicinity of Anderson Springs and Whispering Pines for neutral thermal
stratification. Accordingly, studies of the upper-level winds were con-
fined. to three directions: 210°, 230°, and 250° azimuth. Figure 1.2
shows the wind rose which was obtained from a mgteorological tower in the
vicinity of the sites under study (see Figure 1.1 for relative location).
Information from the meteorological station indicated that winds in the
sector 210° to 250° occur approximately 40 percent of the time. Wind
speeds of 3.1, 6.2, and 9.4 m/s were modeled to obtain representative

concentrations under beneficial and adverse pliume rise conditions.



A secondary objective was to relate wind speed at the proposed
Unit 13 site to that at the meteorological station in the area and
the upper-level (ambient) wind speed in the wind tunnel.

Included in this reportlare a brief description of the similarity
requirements for atmospheric motion, and explanation of test methodology
and procedures, results of plume visualization and concentration
measurements, results of wind flow measurements, and a summary of the
results.

This report is supplemented by a motion picture (in color) which
shows plume behavior for the various wind speed and wind direction
test scenarios. Black and white photographs as well as slides of each

plume visualization further illustrate the material presented.



2.0 SIMULATION OF ATMOSPHERIC MOTION

The use of wind tunnels for model tests of gas diffusion by the
atmosphere is based upon the concept that nondimensional concentration
coefficients will be the same at corresponding points in the model and the
prototype and will not be a function of the length scale ratio. Concen-
tration coefficients will only be independent of scale if the wind tunnel
boundary layer is made similar to the atmospheric boundary layer by satis-
fying certain similarity criteria. These criteria are obtained by
inspectional analysis of physical statements for conservation of mass,
momentum, and energy. Detailed discussions have beea given by Halitsky
(1963), Martin (1965), and Cermak, et al. (1966). Basically, the model
laws may be divided into requirements for geometric, dynamic, thermic,
and kinematic similarity. |In addition, similarity of upwind flow characteris-
tics and ground boundary conditions must be achieved.

For this study, geometric similarity was satisfied by an undistorted
model of length ratio 1:1920. This scale was chosen to facilitate
ease of measurements and to provide a representative upwind fetch.

When interest is focused on the vertical motion of plumes of heated
gases emitted from stacks into a thermally neutral atmosphere, the follow-

ing variables are of primary significance:

P e density of ambient air

AT = (p_ - p_)g - difference in specific weight of ambient air and
a & source exhaust

Q2 = local angular velocity component of earth

= dynamic viscosity of ambient air

., = speed of ambient wind at meteorological tower height (10 m)

V_ = speed of gas emission



h = stack height

H = local difference in elevation of topography
D = stack diameter

Ga= thickness of planetary boundary layer

z,= roughness heights for upwind surface

Grouping the independent variables into dimensionless parameters with

Py Va and H as reference variables yields the following parameters

upon which the quantities of interest must depend:

v 8 z VpH V vV 2
_i) _E_’ _0, 2, aa, _S_’ a,
Re ® K R o, V. g
where y =Pa ~ Ps .
Pa

Tables 2.1 and 2.2 summarize the pertinent dimensional and
dimensionless parameters which were modeled in this study. The source
volumetric emission rates and gas densities represent cooling tower
source parameters and not a super heated steam. Appendix A includes
a comparison of model test results using source parameters for super-
heated steam and those conditions given in Tables 2.1 and 2.2 (cooling
tower parameters). The appendix shows that the ground level concentra-

tions are less for the superheated steam release.
8

The laboratory boundary layer thickness T? was estimated to be

nearly equal for model and prototype. Near equality (within a factor
z
of two) of the surface parameter T% for model and prototype was

achieved through geometrical scaling of the source and upwind roughness.
The source parameter E— was equal for model and prototype.
The magnitude of the roughness parameter, z,, for the model was

calculated by using the logarithmic wind equation:




The wind speed at heights 1.27 cm and 2.54 cm above the model terrain
were substituted into the equation. With the resulting two equations,
z, (and U*) was calculated; The magnitude of z for the prototype
was estimated by reference to a plot o% z, versus terrain type
present in Cermak (1975).

Dynamic similarity is achieved in a strict sense if the Reynolds
number, EE¥EE3 and Rossby number, ;%3 for the model are equal to their
counterpartz in the atmosphere. The model Rossby number cannot be made
equal to the atmospheric value. However, over the short distances
considered (up to 5000m), the Coriolis acceleration has little influence
upon the flow. Accordingly, the standard practice is to relax the require-
ment of equal Rossby numbers (Cermak, 1971).

Kinematic similarity requires the scaled equivalence of streamline
movement of air over prototype and model. It has been shown in Halitsky,
et al. (1963) that flow around geometrically similar sharp-edged build-
ings at ambient temperatures in a neutrally stratified atmosphere should
be dynamically and kinematically similar when the approaching flow is
kinematically similar. This approach depends upon producing flows in
which the flow characteristics become independent of Reynolds number if
a lower limit of the Reynolds number is exceeded. For example, the
resistance coefficient for flow in a sufficiently rough pipe, as shown
in Schlichting (1960, p. 521), is constant for a Reynolds number larger
than 2 x IOh. This implies that surface or drag forces are directly
proportional to the mean flow speed sqgared. In turn, this condition is
the necessary condition for mean turbulence statistics such as root-mean-
square value and correlation coefficient of the turbulence velocity

components to be equal for the model and the prototype flow.
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Equality of the parameter gyg for model and prototype in

essence determines the relationship between the atmospheric wind speed
and the model wind speed once the geometric scale has been selected
(1:1920 in this case). Often this criteria results in (Va)m being too
small to satisfy the minimum Reynolds number requirement. When this
happens, the density ratio for the model (Y)m can Bg made larger
than (y)_ to compensate for the effect of small geometric scale.
However, this relaxes the equality of the density difference ratio
for model and ﬁrototype. This equality ensures that the initial
plume behavior where acceleration of the source gases is maximum will
be modeled correctly. However, for this study, near field plume behavior
is not important and relaxation of the .density ratio equality is
justified. .

Using a wind speed of (Va)p of 3.1 m/s at the meteorological

tower height (10 m), a scale of 1:1920, and a density ratio of

T

e = 7.9, the Froude number equality gives
p

Ly SRt
(v)2 1920 T¥)p .
a'p :

(v))

am

(g 7.9"% (3.1) = 0.20 ws.

The corresponding representative model velocity|at a height of
.46 m (878 m prototype) is 0.34 m/s. Using this velocity as the free-
stream velocity and a distance of l3,6 m from the be#inning of the wind

tunnel to the test site, the Reynolds number becomes

0.34 x 13.6
15 x 10~

R = = 3.1 x 10°.

L
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Refaéging to Figure 2.1 from Cermak (1975) it can be seen that for a
5

G
e
ps

Reynélds number of 3.1 x 10° the surface length-roughness length ratio

L/KS must be less than 250 for the flow to be independent of Reynolds

1886
250

0.054 m. Taking the ridge height as the roughness height, Ks’ results

number. Thus Ks’ the roughness length, must be greater than or

in K5 = 0.06 m, which is nearly equal to the critical value of 0.05k,

Consequently, the flow over the test section is Reynolds number independent.
The method used to increase the Reynolds number such that the

flow was independent of Re was to increase the specific weight

difference between model and prototype. Since é;;m-= 7.9 represented

the maximum specific weight difference practically zttainable, the

greatest increase in the local Reynolds number was achieved using this

difference. Since the minimum Reynolds number for the cases studied

was 3.1 x 105, similarity of concentration distributions over the

topographic surface can be assured for all wind speeds studied.

To summarize, the following scaling criteria were applied for the

neutral boundary layer situation:

2
] Va
1. Fr = s CFr). = (Fr).,
e Ll Sl
Vs
2. R=V—a-;Rm=Rp,

3 L/Ks > 250 (implies Reynolds number independence),
ll. (Zo)m = (Zo)p’

5. Similar geometric dimensions,

6. Similar velocity and turbulence profiles upwind.



3.0 TEST APPARATUS

3.1 Wind Tunnels

The Environmental Wind Tunnel (EWT) shown in Figure 3.1 was used
for this neutral flow study. This wind tunnel, especially designed to
study atmosphetic flow phenomena, incorporates special features such as
adjustable ceiling, rotating turntables, transparent boundary walls,
and a long test section to permit adequate reproduction of micro-
meteorological behavior. Mean wind speeds of 0.06 to 37 m/second (0.14
to 80 miles/hour) in the EWT can be obtained. In the EWT, boundary
layers four feet thick over the downstream 12.2 meters can be obtained
with the use of vortex generators at the test section entrance. The
flexible test section roof on the EWT is adjustable in height to permit

the longitudinal pressure gradient to be set at zero.

3.2 Model

The source was modeled to a scale of 1:1920. Four different source
models were constructed: a 0.13 by 1.3 cm area source ( 2.4k by 24.4 m
prototype) and three stacks of height 1.59 cm (30.5 m prototype) with

diameters of 0.16 cm, 0.21 cm, and 0.37 cm. Surface stack releases were

simulated by burying the stack in the styrofoam so that the stack top
was flush with the surface. In this manner three gas release modes
were studied: 1) surface release, 2) stack release and 3) surface stack
release. The relevant building dimensions are given in Table 2.1 and
a photograph of the models is shown in Figure 3.2-1.

Topography was modeled to the same scale by cutting styrofoam
sheets of 0.6 cm and 1.27 cm thicknesses to match contour lines of a

topographic map enlarged to the 1:1920 scale. The topography for the
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210° wind direction is shown mounted in the wind tunnel in Figure 3.2-2.
’Séétions of modeled topography for the three wind directions were

.
coﬁstructed for regions upwind and downwind of the topography mounted
on the 3.66-meter diameter turntable. In this way, rectangular
regions could be fitted into the wind tunnel test section.

An array of sampling tubes was inserted into the model terrain to
give a minimum of 34 representative sampling locations for each wind
direction. The sampling locations for each wind direction are shown in
Figures 3.2-3, 3.2-4, and 3.2-5 and enumerated in Table 3.2-1.

Metered quantities of gas were allowed to flow from the modeled
source to simulate the exit velocity. The exit velocities simulated
were 2.5 and 12.7 m/s (100 and 21% volume flow) for the area source and
20.6, 63.1, and 111.7 m/s (100% flow) for the three stacks. Helium,
compressed air, and propane (the tracer) were mixed to give the highest
practical specific weight. Fischer-Porter flow rotor settings were ad-
justed for pressure, temperature, and molecular weight effects as neces-
sary. When a visible plume was required, the gas was bubbled through

titanium tetrachloride before emmission.

3.3 Flow Visualization Techniques

Smoke was used to define plume behavior from the geothermal power
plant complex. The smoke was produced by passing the air mixture
through a container of titanium tetrachloride located outside the wind
tunnel and transported through the tunnel wall by means of a tygon
tube terminating at the source structure inlet. A schematic of the
process is shown in Figure 3.3-1.

The plume was illuminated with arc-lamp beams and a visible record

was obtained by means of pictures taken with a Speed Graphic camera.
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Additional still pictures were obtained with a Hasselblad camera. Stills
were taken with a camera speed of one second to identify mean plume
boundaries. A series of color motion pictures were also taken with a

Bolex motion picture camera.

3.4 Gas Tracer Technique

After the desired tunnel speed was obtained, a mixture of propane,
helium, and air of predetermined concentration was released from the
source tower at the required rate. Samples of air wefe Withdrawn
from the sample points and analyzed. The flow rate of propane mixture
was controlled by a pressure regulator at the supply cylinder outlet
and monitored by a Fischer and Porter precision flow meter. The sampling

system is shown in Figure 3.4-1.

-Analysis of Data-

Propane is an exellent tracer gas in wind tunnel dispersion studies.
It is a gas that is readily obtainable and of which concentration measure-
ments are easily obtained using gas chromatography techniques.
The procedure for analyzing the samples was as follows:
1. A sample volume drawn from the wind tunnel of 2 cc was intro-
duced into the Flame lonization Detector.
2. The output from the electrometer (in millivolt seconds) was
integrated and then the readings were'recorded for each sample.
3. These readings were transformed into propane concentration
values by the following steps:
x(ppm) = C(ppm/mvs)E (mvs)
where C was determined from a calibration gas of known concentration

C = (ppm/mvs) calibration gas.
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The values of the concentration parameter initially determined
apply to the model and it is desirable to express these values in
terms of the field. At the present time, there is no set procedure
for accomplishing this transformation. The simplest and most straight-
forward procedure is to make this transformation using the scaling

factor of the_model. Since
Im[n' 1920m|p,

one can write
i P

| Yy - LY e
Q 'p 19202 2

¥

The sample scaling of the concentration parameter from model to field

appears to give reasonable results. All data reported herein are in

2
. xV_D
terms of the dimensionless value, K = 3 and in terms of HZS
; (1) & QL
concentration xp(HZS) —(]920) (Q )m (V)p'

-Errors in Concentration Measurement-

Each sample, as it passes through the flame ionization detector,
is separated from its neighbors by a ‘period during which nitrogen flows.
During this time, the detector is at its baseline, or zero level. When
the sample passes through the detector, the output rises to a value
equal to the baseline plus a level proportional to the amount of tracer
gas flowing through the detector. The baseline.signal is set to zero
and monitored for drift. Since the chromatograph used in this study
features a temperature control on the flame and electrometer, there is
very Iéw drift. The integrator circuit is designed for linear response

over the range considered.
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A total system error can be evaluated by considering the standard
deviation found for a set of measurements where a precalibrated gas
mixture is monitored. For a gas of ~ 100 ppm propane £ 1 ppm, the
average standard deviation from the electrometer was two percent. Since
the source gas was premixed to the appropriate molecular weight and
repetitive measurements were made of its source strength, the confidence
in source strength concentration is similar. The flow rate of the source
gas was monitored by Fischer-Porter flowmeters which are expected to be
accurate to two per cent, including calibration and scale fraction error.
The wind tunnel velocity was constant to * 10 per cent at such low
settings. Hence, the cumulative confidence in the measured values of
%! will be a standard deviation of about * 11 per cent, whereas the
worst cumulative scenario suggests an error of no more than + 20 per cent.

The lower limit of measurement is imposed by the instrument sensi-
tivity and the background concentrations of hydrocarbons in the air
within the wind tunnel. Background concentrations were measured and
subtracted from all measurements quoted herein; however, a lower limit of
1 to 2 ppm of propane is available as a result of background methane
levels plus previous propane releases. An upper limit for propane with
the instrument used is 10 pef cent propane by volume. A recent report
on the flame ionization detector for sampling gases in atmospheric

wind tunnels prepared by Dear and Robins (1974) arrives at similar figures.

-Test Results: Concentration Measurements-

Since the conventional point-source diffusion equations cannot be
used for predicting diffusion near objects which cause the wind to be
nonuniform and nonhomogeneous in velocity and turbulence, it is necessary

to calculate gaseous concentrations on the basis of experimental data.
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It is convenient to report dilution results in terms of a nondimensional
factor independent of model to prototype scale.

In Cermak et al. (1966) and Halitsky (1963), the problem of similarity
for diffusing plumes is discussed in detail. Considering this, the

concentration measurements were transformed to K-isopleths by the formula

xV d2
K a
Q m
where
X, = sample concentration (ppm)
B = cell diameter (m)
V_ = mean wind velocity at the meteorological station height (m/s)

gas source release rate (ppm m3/s)

f°

Thereafter prototype HZS concentrations were calculated assuming a
100 ppm HZS prototype source strength with the following relation
_ KA 10°
Xp "'""'——_2

a
-

where
A = Prototype volume flow rate (172.3 and 816.2 m3/s)

0 = H,S concentration (ppb)

When interpreting model diffusion measurements, it is important
to remember that there can be considerable difference between the
instantaneous concentration in a plume and the averggé concentration due
to horizontal meandering. In the wind tunnel, a plume does not generally'
meander due to the absence of large-scale eddies. Thus, it is found

that field measurements of peak concentrations which effectively
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elimate horizontal meandering should correlate with the wind tunnel

data (Hino, 1968). In order to compare downwind measurements of

dispersion to predict average field concentrations, it is necessary to
use data on peak-to-mean concentration ratios as gathered by Singer,
et al. (1953, 1963). Their data is correlated in terms of the gusti-
ness categories suggested by Pasquill for a variety of terrain conditions.
It is possible to determine the frequency of different gustiness cate-
gories for a specific site. Direct use of wind tunnel data at points
removed from the building cavity region may underestimate the dilution
capacity of.a site by a factor of four unless these adju;tm%an are
considered (Martin, 1965).

To estimate the equivalent prototype sampling time another
dimensionless variable was derived by including time as ong;of the

pertinent parameters. The relationship then exists

TUa TUa
() =)
m P
or, E_B Um
o= D D
m p

Since the model sampling time was approximately 30 s, then

s T 60 1

————

_ 30 (1920, (. 7.2,1/2
=) G535

= 59 min.

Since the prototype sampling time of interest is one hour, the data

presented herein have not been corrected for sampling time.

3.5 Wind Profile Measurements

-Hot Wire Measurements-

Velocity measurements over the terrain model at various locations

were obtained using hot wire anemometry techniques.
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A constant temperature TSI hot wire anemometer® was used for
measuring both the root-mean-square value and the mean of the wind
speed in the wind tunnel model. Calibration over the model was carried
out in small calibrated flow chambers. The calibration measurements

were correlated to King's law and put in the following form:

EZ

n
Lo & % B0
R, (R, R

R, = hot resistance of the wire

R = =0ld resistance of the wire

E = the output signal of the wire (millivo]tg)

U = the velocity sensed {meters/second)

n, A and B = the constants of King's law

Although the power n was found to be close to 0.5 over the
velocity range 1.8 m/s to 15.2 m/s, it was found to be equal to 0.6634

at the low velocity range 0.03 m/s to 1.2 m/s. The Kings's law constants

are thus
A = 0.266955
B = 0.036573
n = 0.6694

To obtain the velocity measurements, a calibrated carriage was
used, together with a digital voltameter. In this manner, the location
of the hot-wire probe over the terrain could be adjusted from outside

the tunnel.

%
Detailed discussion on hot wire anemometry can be found in textbooks.

Only those concepts that are essential to our measurements are
presented here.
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-Smoke-Wire Wind Profile Visualization-

The smoke-wire system was used to visualize instantaneous wind
profiles. The smoke-wire probe (shown in Figure 3.5-2) is a tubular
frame on which a nichrome wire 0.05 cm in diameter and approximately
66 cm long (1267 m-prototype) is held in a vertical position on
insulated contacts. The wire, of about 325 ohm-per-fodt resistance,
is coated with a light oil, which, when heated, will rapidly evaporate
and form a line of smoke which moves with the air stream and traces
the velocity profiles instantaneously. The heating of the nichrome
wire is accomplished by discharging a capacitor through it; the pulse
of current from the capacitor (two micro-Farad) causes rapid heating
of the wire and vaporization of the oil. The trigger control circuit
is adjusted to 1000 volts. The electronic pulse is also used to start
a time counter.

The visualizations presented herein were taken with a 0.5-second
delay; the smoke wire probe was located at three different positions
(denoted by S, A and M in Figure 32.3) at simulated elevations of 720,

793, and 976 m, MSL.



L.0 TEST PROGRAM RESULTS - SURFACE RELEASE

L.,1 Plume Visualization

The test results consist of photographs and movies showing
the surface release plume behavior for different wind directions
and speeds. Of particular interest is the plume transport and
dispersion in the vicinity of Anderson Springs and Whispering
Pines.

The sequence of photographs in Figure 4.1-1 and 4.1-2 show
plume behavior for the 250° and 210° wind directions, a i2.7 m/s
exit velocity, and wind speeds of 3.1, 6.2, and 9.4 m/s for each
direction. Photographs for the other cases studied are not pre-
sented because the smoke was not visible in the pictures. The
plume behavior for each direction is generally the same. For the
light wind speed cases (3.1 m/s) the plume tends to achieve more
rise. However, as the wind speed increases, the plume altitude
decreases, and for the high wind speed cases, the plume tends to
follow along the terrain confluences.

Although the figures do not show the plume transport clearly,
visual observations indicate the plume was transported over Anderson
Springs for the 250° wind direction and over Whispering Pines for
the 210° wind direction.

Complete sets of still photographs supplement this report.
Color motion pictures have been arranged into titled sequences and
the sets available are given by run number in Table 4.1-1.

4.2 Concentration Measurements

The diffusion of gaseous effluent emitted from the model surface

release was studied for three wind directions (250°, 230°, and 210°
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azimuth), three wind speeds for each direction (3.1, 6.2, and 9.4 m/s),
and two exit velocities (2.5 and 12.7 m/s) for each wind speed. Propane
concentrations at ground level were measured at distances from 1200 to
4000 meters downwind.

For each wind direction studied, thirty-four gas samples were
collected at ground level. The sampling arrays for the three wind
directions are shown in Figures 3.2-3, 3.2-4, and 3.2-5. The prototype
locations for all sampling points are summarized in Table 3.2-1 with
north and east as positive directions. The zero coordinate is the
cente; of the terrain which was mounted on the turntable. This point is
represented by the base of the wind direction arrow in all figures.

All concentration data have been reported as HZS concentrations
and as dimensionless coefficients as explained in Section 3.4.

The results for wind directions and speeds studied are presented
in Tables 4.2-1 through 4.2-18. Sample locations in the tables are
defined in Table 3.2-1 and Figures 3.2-3, 3.2<4, and 3.2-5.

In order to visually and quantitatively assess the effect of wind
direction and wind speed on ground level concentration patterns,

Figures 4.2-1 through 4.2-18 were prepared. These figures show isopleths
of HZS concentration for the wind directions and speeds studied.

These figures show an increase in maximum ground level concentration

with increased wind speed for the case with an 12.7 m/s exit velocity.
The case with the 2.5 m/s exit velocity shows generally little change

in maximum value with wind speed.

The highest HZS concentration near Anderson Springs of 49.8 ppb
was observed to oeccur with a 250° wind direction at 9.4 m/s. Figure

4.2-6 shows the isopleth pattern for this case. At this speed and
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direction, it is evident that the plume is mixed rapidly to the ground
after emission and follows the terrain confluences down through
Anderson Springs. The highest HZS concentration near Whispering
Pines of 12.5 ppb was observed to occur with a 210° wind direction

and 6.2 m/s wind speed. The isopleth patterns for this case are

shown in Figure 4.2-17.



5.0 TEST PROGRAM RESULTS =~ STACK RELEASE

5.1 Plume Visualization

The tests results consist of photographs and movies showing stack
release plume behavior for different wind directions and speeds. Three
1.6 cm stacks (30.5 m prototype) of different diameters were used to
simulate exit velocities of 20.6, 63.1, and 111.7 m/s. Of particular
interest was the plume transport and dispersion in the vicinities of
Anderson Springs and Whispering Pines.

The sequence of photographs in Figure 5.1-1 through 5.1-9 show plume
behavior for the 250°, 230°, and 210° wind direction, wind speeds of
3.1, 6.2, and 9.4 m/s for each direction, and exit velocities of 20.6,
63.1, and 111.7 m/s. The'plume behavior for each direction is generally
the same. For the light wind speed cases (3.1 m/s), the plume tends to
rise over the underlying terrain. However, as the wind speed increases,
the plume altitude decreases and for the high wind speed case tends to
follow along the terrain confluences. Because of low model volume flow
rates, plume behavior is not completely visible in the photographs.
However, visual observations during the study confirm the above results.

The plume was observed to be transported over Anderson Springs for
the 250° w}nd direction and over Whispering Pines for the 210° wind
direction.

Complete sets of still photographs supplement this report. Color
motion pictures have been arranged into titled sequences and the sets

available are summarized by run number in Table 5.1-1,

5.2 Concentration Measurements

The diffusion of gaseous effluent emitted from the three stacks

was studied for three wind directions (250°, 230°, and 210° azimuth),
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three wind speeds for each direction (3.1, 6.2, and 9.4 m/s), and three
exit velocities for each speed (20.6, 63.1, and 111.7 m/s). Propane con-
centrations were measured at distances from 1200 to 4000 meters downwind.

For each wind direction studied, thirty-four gas samples were
collected at ground level. The sampling arrays for the three wind
directions are shown in Figure 3.2-3, 3.2-4, and 3.2-5. The prototype
locations for all sampling points are summarized in Table 3.2-1 with
north and east as positive directions. The zero coordinate is the
center of the terrain which was mounted on the turntable. This point is
represented by the base of the wind direction arrow in all figures.

All concentration data have been reported as HZS concentrations
and as dimensionless concentration coefficients as explained in Section
3.4,

The results for the wind directions and speeds studied are presented
in Tables 5.2-1 through 5.2-27. Sample locations in the tables are
defined in Table 3.2-1 and Figures 3.2-3, 3.2-4, and 3.2-5.

In order to visually and quantitatively assess the effect of wind
direction and wind speed on ground level concentration patterns, Figures
5.2-1 through 5.2-27 were prepared. These figures show isopleths of HZS
concentration for the wind directions, wind speeds, and exit velocities
studied. These figures clearly show the increase in maximum ground level
concentration with increased wind speed. Also shown is the decrease in
maximum ground level value with increasing stack exit velocity. For all
cases, the concentrations were low (> 2 ppb) for the light wind speed case.

The highest HZS concentration near Anderson Springs of 104.2 ppb was

observed to occur with a 250° wind direction at 9.4 m/s with a 20.6 m/s

exit velocity. Figure 5.2-3 shows the isopleth pattern for this case. At
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this speed and direction, it is evident that the plume is mixed rapidly
to the ground after emission and follows the terrain confluences down
through Anderson Springs.

The highest HZS concentration near Whispering Pines of 12.4 ppb

was observed to occur with a 210° wind direction at 6.2 m/s with an

exit velocity of 111.7 m/s.



6.0 TEST PROGRAM RESULTS - SURFACE STACK RELEASE

6.1 Plume Visualization

The test results consist of photographs and movies showing the
surface stack release plume behavior for different wind directions and
speeds. Three exit speeds (20.6, 63.1, and 111.7 m/s) for the surface
stack release were studied. Of particular interest was the plume trans-
port and dispersion in the vicinity of Anderson Springs and Whispering
Pines.

The sequence of photographs in Figures 6.1-1, 6.1-2, and 6.1-3
shows plume behavior for the 230° and 210° wind directions at speeds
of 6.2 and 9.4 m/s for each direction with exit velocities of 20.6,
63.1, and 111.7 m/s. Only the higher wind speed cases were considered
to offer a general comparison between changes in stack height (i.e.
between 0 and 30.5 m prototype).

From the figures, it appears that increased exit velocities do
not significantly increase the effective plume altitude. This is
probably due to the fact that the plume is released at ground level
within a small canyon and by the time the plume reaches the canyon
top, it has lost much of its momentum.

Complete sets of still éhotographs supplement this report. Color
motion pictures have been arranged into titled sequences and the sets

available are summarized by run number in Table 6.1~1.

6.2 Concentration Measurements

The diffusion of gaseous effluent emitted from three surface stack
releases were studied for two wind directions (230° and 210° azimuth),
and two wind speeds (6.2 and 9.4 m/s) for the 210° direction and one

wind speed (9.4 m/s) for the 230° direction.
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The surface stack releases differ from the surface release in
that the effluent is emitted through a circular tube of varying
diameter to simulate varying exit velocity. Propane concentrations
at ground level were measured at distances from 1200 to 4000 meters
downwind.

For each wind direction studied, thirty-four gas samples were
collected at ground level. The sampling arrays for the two wind
directions are shown in Figures 3.2-4 and 3.2-5. The prototype locations
for all sampling points are summarized in Table 3.2-1 with north and
east as positive directions. The zero coordinate is the center of the
terrain which was mounted on the turntable. This point is represented
by the base of the north arrow in all figures.

A1l concentration data have been reported as HZS concentrations
and as dimensionless coefficients as explained in Section 3.4.

The results for the wind directions and speeds studied are
presented in Tables 6.2-1 through 6.2-9. Sample locations in the
tabels are defined in Table 3.2-1 and Figures 3.2-4 and 3.2-5.

In order to visually and quantitatively assess the effect of wind
direction and wind speed on ground level concentration patterns,
Figures 6.2-1 through 6.2-9 were prepared. These figures show
isopleths of HZS concentration for the wind directions and speeds
studied. For the 230° wind direction (9.4 m/s wind speed), these
figures show a decrease in maximum concentration with increased exit
velocity. For the 210° wind direction (6.2 and 9.4 m/s), the
isopleth patterns appear to be rather insensitive to wind speed and
exit velocity, although the peak concentrations appear to be closer

5

to the high wind speed case (9.4 m/s).
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The maximum H,S concentration (for the wind directions considered)
near Anderson Springs of 2.2 ppb was observed to occur with a 230° wind
direction at 9.4 m/s. Figure 6.2-2 shows the isopleth pattern for this
case. At this speed and direction, it is evident that the plume is

mixed rapidly to the ground after emission and follows the terrain
confluences down close to Anderson Springs.

The highest HZS concentration near Whispering Pines of 9.8 ppb

was observed to occur with a 210° wind direction at 6.2 m/s.
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7.0 TEST RESULTS = VELOCITY MEASUREMENTS

This section discusses the results of the velocity measure-
ments., Techniques for data collection are described in Section
3.5. Both the mean value and the root mean square of wind speed

were measured in the wind tunnel.
vrms
The turbulence intensities (——) are plotted versus height
)

in Figure 7-1 for the metéorologfcal station and the Aminoil test
site (Site 4). As a general trend, the turbulence intensity is
higher near the ground. The values of the root mean square of the
velocity appear to be about 1.5 times higher at the Aminoil test site
than at the meteorological station from the surface to 772 m over the
terrain (0.23 m model). At higher levels, the effect of the terrain
appears to be negligible and the two sites have nearly the same root
mean square value of wind velocity. The two sites have nearly the
same turbulence intensity above 0.23 m from the ground (this corresponds
to 442 m from the ground in the prototype). It is clear in Figure 7-1
that the Aminoil test site possesses higher turbulence intensity from
the ground up to 0.23 m.

Figure 7-2 shows the mean wind velocity profiles at the Aminoil
test site and the meteorological station. The mean velocity at the
low levels (z < 0.17 m model or 326 m prototypé) appears to have higher
values at the meteorological station than at Site 4, ‘Table 7-1 enumer-
ates the mean wind speed at the two sites for various levels relatively
close to the ground. The wind speeds at meteorological tower height

(10 m prototype) are also listed.
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Figure 7-3 illustrates the power law fit to the following

equation for the three locations:

1/n
) z
'v——=()
g

z
9

The plots show the following values for (ﬁ):

1

%— 0.12 Meteorological Station

.158 Aminoil Site (Site 4)

13

L
n

Figure 7-4 (showing constant velocity lines over the terrain)
illustrates the acceleration of the velocity on the top and downwind
side of the ridge. Also evident is the general down-motion which
greatly affects plume transport.

The smoke wire visualization at three different levels on the
downwind side of the ridge are shown in Figure 7-5 for & low wind
velocity of 0.13 m/s in the model (corresponding to 2.15 m/s in the
prototype). The three profiles in each photograph represent three
intervals of time (each is 0.5 seconds long). The higher intensities
of turbulence and irregu]ar velocity profiles at the low levels with
respect to the terrain are evident. It is also clear that the turbu-

lence is three-dimensional and has a vertical fluctuating component.
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8.0 DISCUSSION AND SUMMARY OF RESULTS
The primary purpose of this study is to define the HZS

concentration levels through wind tunnel modeling in the vicinity of
Anderson Springs and Whispering Pines which are expected to result from
the steam venting of Unit 13 assuming a 100 ppm HZS source strength.
Other source strengths may be considered by simply multiplying the
results presented here by the new source strength divided by 100 ppm.
The overall maximum concentrations and maxima near Anderson Springs or
Whispering Pines are summarized in Table 8.1 for each case studied.

One general point that is obvious from the table is the change
in location of maximum concentration with ambient wind speed. This
result indirectly shows the influence of the wind speed on plume rise
since different plume trajectories would result in a change of location
of the maximum concentration. The maximum values presented in the
table should not be viewed as the highest possible values for the given
simulated conditions. The wind tunnel sampling grid did not cover loca-
tions close or very far from the plant site. Hence the values in the
table should be considered as the highest values observed within the
wind tunnel sampling grid. The implications of the results presented
in Table 8.1 will now be discussed in more detail.

Surface release - For the 100 percent volume flow cases (12.7

m/s exit velocity) maximum ground level concentrations increase with
increasing wind speed. The rate of increase is slowest between 6.2

and 9.4 m/s wind speeds. The maximum ground level concentrations for
the 21 percent volume flow (2.5 m/s exit velocity) cases decrease with
wind speed. In order to ihterpolate between wind speeds and volume flow

rates further analysis of the surface release test data was undertaken.



29

Dimensional analysis and plume rise theory leads to the following

relation:

Using regression analysis the following equation was found to fit the

experimental data:

X V_ D2 _—
x 51
a

where A!' and 'n' were different for each wind direction studied and

2.03 < Jﬂ%-< 56. If X is set equal to 30 ppb, then a new relation
Va

between A and Va is determined which gives the maximum allowable

volume flow for a fixed wind speed. The equation is:

Y -3n

-Nn a a
A s 5 [7.47 + n val

+
]

where n' and B are given in the following Table:

Wind Direction n' B
250 0.08 3.52
230 0.07 3.25
210 0.04 2.62

The above equation was solved numerically and the results are
plotted in Figure 8.1. The two nearly vertical curves represent the
cut-off lines for which the regression analysis AOes not apply. The
lines labeled with the wind direction represent solutions to the above
equation. For a given wind speed the volume flow must be less than the
value on the solid line so that X < 30 ppb for any location studied
in the wind tunnel. As can be seen in the figure for the 210° wind

direction the plant can operate at 100 percent flow for all applicable



30

wind speeds. For 250 and 230° wind direction the allowable volume flow
is below 100 percent for all indicated wind speeds.

Stack releases - This series of tests was conducted to assess

the effect of increased stack height (30 m) and increased exit velocity
for a 100 percent flow upon ground level concentrations. From Table 8.1
it is evident that the maximum concentration increases with wind speed
for a fixed exit velocity. For a 3.1 m/s wind speed the maximum
concentrations decrease with increasing exit velocity for all wind
directions studied. As the wind velocity increases, the effect of exit
velocity on ground level concentrations is not as apparent. For the
6.2 and 9.4 m/s cases the maximum concentrations decrease when the exit
velocity changes from 20.6 to 63.1 m/s and increase when the exit
velocity changes from 63.1 to 111.7 m/s. This result may indicate a
change in dispersion characteristics of the plume with extremely high
exit velocities. Upon comparing these results with the surface release
results it appears that the highest values occur with the stack release.
This is probably due to the fact that the surface release is spread more
in the horizontal due to the irregular flow field in the canyon where
the surface release point is located. The stack on the other hand
releases the effluent above the canyon and hence the initial mixing

is less.

Surface Stack Releases - These tests were similar in scope to

the stack release tests except the stack height was zero and only a
limited number of wind tunnel tests were run. The results in Table 8.1
show a general decrease in concentration with increased exit velocity.
The exceptions to the rule are explained by the fact that the sampling

grid was finite and true maximum values may have occurred in between
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grid points. Overall, the values compare closely with corresponding
stack release values.
In summary the following conclusion may be drawn from this study:
® With the exception of the 2.5 m/s exit velocity cases (surface
release) the maximum ground level impact was observed to occur
most frequently with 9.4 m/s wind velocity regardless of wind
direction or source configuration. For the 2.5 m/s exit
velocity cases (surface release) the maximum concentrations
occurred with a 3.1 m/s wind velocity.
® The maximum concentrations for the stack release and a 3.1
m/s wind velocity are less than the maxima for the corres-
ponding surface release cases. However for the 9.4 m/s
cases the maxima for the corresponding stack, surface stack
and surface release tests were not significantly different.
® The maximum concentration near Anderson Springs was observed
to be 104 ppb with a 250° wind direction, 9.4 m/s wind velocity
and 20.6 m/s exist velocity from a 30 m stack release.
® The maximum concentration near Whispering Pines was observed
to be 12.5 ppb with a 210° wind direction, 6.2 m/s wind
velocity and a 12.? m/s exit velocity from a surface release.
® The results show that the use of stacks (30m or less)
and/or increased exit velocity will not significantly reduce
and in fact may increase the expected maximum HZS con-
centration levels for Unit 13. The 30m stack would reduce
the concentration levels under light winds (3.1 m/s).
However the maximum concentration levels occurred under the

strong wind conditions.
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Additional Wind Tunnel Tests

Since the wind tunnel tests were carried out with cooling tower
source parameters, additional experiments were conducted to éssess the
effect of added buoyancy due to steam venting on the test results. The
additional tests were carried out using the surface release test condi-
tions described in Tables 2.1 and 2.2 and the steam venting conditions
described in Table A-1. Consequently, identical wind and exit velocities

=Y

were simulated and the gas density was varied.

NL i

Since the steam vented plume from Unit 13 is less dl.sé than.the
cooling tower plume, one would intuitively expect the concentraticn
levels from the steam venting to be less than those using the cooling
tower source parameters. Figures A-1, A-2 and A-3 substantiate this
hypothesis. Each figure shows a plot of the HZS concentrations
observed for the same simulated wind and exit velocity using the steam
venting versus cooling tower source parameters. As can be seen from
the figures, the steam venting would have resulted in lower concentra-
tions. The figures also show that at the lighter wind speeds (3.4 and
6.5 m/s) the reduction in ground level concentrations due to the added
buoyancy for the steam venting ranged from 65 to 72 percent. For the
higher wind (9.4 m/s) this factor was less (36 percent), which can be
explained by the fact that as the wind increases to a critical value
the added rise due to buoyancy is diminished. The critical wind speed
is when downwash first occurs and for this study appears to be between

6.5 and 9.8 m/s. N,
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Table A-1 Model and Prototype Parameters for Unit 13 =
Aminoil Surface Release (Steam Venting)

Parameter Prototype Model

A. Surface Release

1. length (2) 24 . 4 m 1.27 cm
2 width (w) 2.k m 0.13 cm
3  exit .eincity 2.5, 12.7 m/s 0.068, 0.34 m/s
by = o 4 3 -6 -6
L. volumetric emission 148.6, 743.0 m”/s 1.09x10 ~, 5.46§10
/s
5. hydraulic diameter(DZ) 8.62 m 0.419 cm
B. Exit Temperature 427.6°K 293°%K
C. Gas Density 0.46 kg/m3 0.22 kg/m3
D. Ambient Density 1.12 kg/m3 1.02 kg/m
E. Ambient Pressure 900 mb 850 mb
F. Ambient Temperature 2830K - 293°K
G. Wind Speed at Meteorological
Tower Height 3.4, 6.5, 9.8 0.09, 0.17, 0.26 m/s
H. 2z /H 4.8 x 1073 3.6 x 1073
les De/H ) 8.62 0.082
U
J. R=q 3.74, 1.95, 1.28 3.78, 2.00, 1.30
e Ty
a s 84
K. Fr = a—jp;;ps) D; 0.23, 0.85, 1.97 0.24, 0.84, 1.97
L. y = 0.59 0.78
Pa

£
*“Hydraulic Diameter = 7TT¥WT = 8.62
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Table 2.1 Model and Protctype Dimensional Parameters for Unit 13 -

Aminoil
Parameter Prototype Model
A. Surface Release
1. length(®) 24 .4 m 1.27 cm
2. width (w) 2.4km 0.13 cm
3. exit velocity (m/s) 2.5, 12.7 0.17, 0.79
Lk, volumetric emission (A) 172.3, 816.2 m3/s 2.8 x 10-6
1.7 x 1072 m3/s
5. equivalent diameter (De) §.62 m 0.4k cm
B. Stack & Surface Stack Release _
1. height (h) 30.5, 0 m 1.59 =
2. diameter (D) 7.1, 4,06, 3.05 0.37, 0.21, 0.16
3. exit velocity (Vs) 20.6, 63.1, 111.7 1.32, 4.05, 7.16 m/s
L, volumetric emission (1) 816.2 m3/s 1.3 x 1072 m3/s
C. Exit Temperature (TS) 319K 293%
D. Gas Density (ps) .97 Kg/m3 0.21 Kg/m3
E. Ambient Density (p_) 1.08 Kg/m3 1.02 Kg/m
F. Ambient Pressure (Pa) 900 mb 850 mb
G. Ambient Temperature 293°K 293°K
H. Wind Speed at Meteorological -
Tower Height (V) 3.1, 6.2, 9.4 m/s 0.2, 0.4, 0.6 m/s
I. Wind Speed at Reference
Height (Vr) 5.3, 10.8, 16.1 m/s 0.34, 0.69, 1.03 m/s
J. Reference Height Above
Met Station (Zr) 878 m 0.46 m
K. Ridge Height Elevation (H) 105 m 0.055 m
L. Surface Roughness (Z,) 0.5 m 0.02 m
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Table 2.2 Model and Prototype Dimensionless Parameters for Unit 13 -

Aminoil
Pagpmeter Prototype Model
20 4.8 x 1073 3.6 x 1073
H
% 8.2 x 1072 8.2 x 1072
0.29 0.29
v
N 1.4, 2.8; 4 1.4, 2.0, 4.0
Ua
anaZ
B & 9(p_=p)D 1.1, &.6, 10.5 t.1, 4.6, 10.5
p_~=p
Y = ap 2 iy .79
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Table 3.2-1 Prototype Sampling Location Key

Location # P o (m, ML) Location # () (n) (m, HsL)
1 -152.88 310.77 597. 4 39 2029.97 804.67 402.3
2 i95.07 804.67 524.3 40 2103.12 548.64 390.
3 512.06 640.08 499.9 41 2151.89 292.61 487.7
4 755.09  304.8 609.6 o 2157.98  -201.17 499.9
5 816.86  -30.48 621.8 43 1194.82  2682.24  585.2
6 682.75  420.62 560.8 44 1450.85  255h. 536.4
7 -79.25 1286.26 597.4 45 1694.69 2401.8 499.9
8 109.73  1280.16 548.6 46 1914.14  2218.9 499.9
9 304.8  1255.78 517.44 47 2109.22  2036.1 463.3

10 487.68  1188.72 463.3 48 2304.29  1816.6 426.7
1 664.46  1097.28 R 49 2462.78  1591.1 402.3
12 816.86  987.55 426.7 50 2596.9 1353.3 ) 402.3
13 999.74  816.86 438.9 51 2718.82  1060.7 402.3
4 1103.38 646,18 4511 52 2810.26 780.3 451.1
15 1188.72  475.49 536.4 53 " 2877.3) 530.h 560.8
16 1249.68  280.42 621.8 » 54 2926.08 -97.5 621.8
17 1280.16 85.34 548.6 56 -97.54  1755.6 597.4
18 1243.58  -298.7 463.3 57 -499.87  1676.4 609.6
19 304.8  1731.26 , S4B.6 58 391.38  2170.2 633.9
20 524.26  1676.4 560.8 59 97.5 2182.4 646.2
21 707.14  1609.34 573 60 -396.2 2158.0 682.8
22 935.74  1493.52 536.4 61 938.8 2779.8 573.0
23 1097.28  137.16 493.9 62 658.4 2865.1 597.4
24 1243.84  1243.58 487.7 63 60.96 2926.1 719.3
25 1402.08  1054.61 4267 64 670.56  3596.6 670.6
26 1536.19  847.34 390.1 70 -670.56  2072.6 737.6
27 1627.63  646.18 438.9 7 ~1798.3 2255.5 722.4
28 T1694.69  402.34 438.9 3 -487.68  2804.2 725.4
29 1743.46  170.69 438.9 74 9ik. b 2804.2 749.8
30 1725.17  -268.22 499.9 75 61.0 4389.1 731.5
31 573.02  2115.31 609.6 76 487.7 4937.8 792.5
32 804.67 2029.97 560.8 77 ) 121.9 3657.6 765.0
33 1024.13  1926.34 524,3
34 1243,58  1786.13 512.1
35 1444.75  1633.73 475.5
36 157,15  1475.23 463.3
37 1767.84 1267.97 426.7 Met Statlon -2011.7 786.4 . 1005.8

38 19t4, 14 1024,13 402.3

* All locations are with respect to the point represented by the base of the north arrow in Figure 1.1-
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Table L4.1-1 Summary of Photographs Taken for Aminoil Surface Release

Run # Photo # Wind Direction Wind Speed Exit Velocity

(m/s) (m/s)
] 1 250 e 9.5
2 6 250 6.2 2515
3 1 250 9.4 2.5
4 2 250 el 12.7
5 7 250 6.2 12.7
6 12 250 9.4 12.7
7 1A 230 el 245
8 2A 230 Byl 12.7
9 6A 230 6.2 225
10 7A 230 6.2 12.7
11 11A 230 9.4 2r5
12 12A 230 9.4 1127
13 19A 210 Sl 285
14 20A 210 6.2 2.5
15 ° 21A 210 9.4 205
16 22A 210 251 12.7
17 23A 210 6.2 12557
18 24A 210 9.4 12.7
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a 3.1 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Concentration Coefficient for a 250° Wind Direction,
Aminoil Surface Releases

Hydrogen Sulfide Concentrations and Nondimensional

Table 4.2-1
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a 6.2 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Concentration Coefficient for a 250° Wind Direction,
Aminoil Surface Releases

Table 4.2-2 Hydrogen Sulfide Concentrations and Nondimensional

ON (PPR)

Ot OoOnNCoTOoOTNACTT M~ DNCSENMNNNO~NNS~NOD FOUNO
F¥oFc OV~ OvoOoRC O~ LM CCITNAUM ~CICNCTO
M~ L—NPChTC N~ NN MOCoOITOEC T OM-MOMO

AN ~TONC VOIS LECLOMOLTOMOS ~O20OMOMO~LOCMOTO
I o 6 % 00 0006 08 0 95606 4685 808 0 00 8060060 5000 e 00s

= N\INIT OO = — N e~ = NN e~ (=2 -]

wooo— — et .

QO

=

fo}

[

.

\

T

by

L

%

uim FTOMOMNMMIITIIIIIITININIIIMNMINIISIIN I

C'c S Cooocceocoecoctoc o acObaencoos @ ©

[ & [ B R DA A AN I I B B e D R O R RN DN R R R A | !
dqubauovnwlbibuvsaeawuwbibubwuiibcbbubbouwt

SN D TO~INEIN—~ ST T DINFIOCAN M NANNT—ARIFTO
QLN IR~ ITITATIANMNITTTOMATTLTTOO NN &
ZOOM T NLI~ALOSMS NSO C I C O INM @O Cmita
COAMLT Tl A I N~ O~ M= O SV~ MM =T
= s & @ 8A 6 e 5 e 6 S EAN S Do @ " e e G e SN R e 8
w o o
< :
(V9]

2

—

&

zZ

C

Z

LOCATION NO,

A CO~NMIT CUIMIGINC—AMINChOINOM~OTO

e (LN T MM S IS ST I



b6

Table 4.2-3 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 9.4 m/s Wind Speed and a 2.5 m/s Exit Velocity--
Aminoil Surface Releases

I e W0 W 3D GO PIND U DN e et et et e

LOCATION NO, NON DIMENSIONAL CNEFF (K) HZ2S CONCENTRATION(PPAY)
1 s CBPGF-03 6.9684
2 «65P6F=03 16.0946
7 PRGIF =4 «HA37
R o 2FRQ]F =04 «Oh3T7
9 yPT4aAT =g g 1970
0 .‘q’“bF“{‘“ ":01570
1 e 33H4F =073 L o 2982
2 e G INKRF~(3I 1 6191
3 WBTATF=05 «16589
9 I RE =N +&GTH
0 dATATF =05 JIBRY
) WPOLRE=(4 1407k
2 e 2HUIF=(4 «66317
3 whTATF=NG . 1689
& «1365F=N4 «3318
5 LSROATIF=04 1.,9911
6 HATPTE=NS 1.6592
2 W21 RF=Ti4 249 TR
3 w01 BF=04 s 4G TR
4 «&036F=04 + 9955
5 «A4036F=-04 29955
6 s JAIRLE~T14 +B296
g «3364F~04 .B296
3 .2’701:-”4 .6637
4 « 13A4F =04 « BP9
5 201 HF =4 «AYUTH
6 « 33R4LF =04 + 8296
7 +2NLBF=04 «%978
a «3364F =014 +B296
9 LOTPTE=05 + 1659
0 «3ICLr =04 « 8296
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a 3.1 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Concentration Coefficient for a 250° Wind Direction,
Aminoil Surface Releases

Table 4.2-4 Hydrogen Sulfide Concentrations and Nondimensional
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Table 4.2-5 Hydrogen Sulfide Concentrations and MNondimensicnal
Concentration Coefficient for a 250° Wind Rirection,
a 6.2 m/s Wind Speed and a 12.7 m/s Exit ¥ locity--
Aminoil Surface Releases
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Table 4,26 Hydrogen Sulfide Concentrations and

Nondimensional
° Wind Direction,

a 9.4 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Concentration Coefficient for a 250
Aminoil Surface Releases
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Table 4.2-7 Hydrogen Sulfide Concentrations and Nondimensional

Concentration Coefficient for a 230° Wind Direction,

a 3.1 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Aminoil Surface Releases
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a 6.2 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction
Aminoil Surface Releases

Table 4.2-8 Hydrogen Sulfide Concentrations and Nondimensional
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a 9.4 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Releases

Table 4.2-9 Hydrogen Sulfide Condentrations and Nondimensional

= O L =t O P SO S OdetPe G NG P MO (ToRT g O g B AT, T
ot N O P S e P PG O AL Y ) 06 O O N3 OO
QA T 4 O DO ST P GO () i O P T O OEDNE
A~ g P OSNCOFT IO OO I [ Tau TV RRANR= 0 s o o]
* 6 & & & 4 P & # ¥ & & B S e o8 * B & 8 # & B A

=

Z el fv = & via ) N

i —

[

=z

e}

L]

un

N

T

X

L

'S

LADF MMM Y FTrm G SN 3 3 ner F 34 F F N
CooU Coofod OCe o oo oCoodc o0 COTOoC oo
QCrri vy [ I N I IO N B I I R I O I | [ S T S I I A
L w bbbl bboowi bbb Wb [T TR PR Vi VIR P T
PN TN DN et F O TNDO M e e (=Tl ¥ als ¢ v s =}¥ o
eIV CIPIT G T LITTLFFCm L~ Lol MR- I ¥ ok 5

L aP LI T QAP L4 E DM~ T M U0t P T

Ot F P O 00— U D b ot e (i e —t et (= T = ()TN
= % & & 4 & & & & 2 B 4 & = F O S B S S P &N " = F 4 ¥ 8 &
W o

Z

i

z

L aat

0

z

[

N -

»

Lo

P

=

L]

[ =

-

=1

o

Cmti LT Ot OO O = NHNINGS A — 0 MG 0P M MU L =0
- Pl T VT LA o N WY L W VAl T ot Lo o T oa Yo p Lol ¥ RV ol b - g0~ B L= ALY o]



53

a 3.1 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Releases

Table 4.2-10 Hydrogen Sulfide Concentrations and Nondimensional
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a 6.2 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Amincil Surface Releases

Hydrogen Sulfide Concentrations and Nondimensional

Table 4.2-11
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a 9.4 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Releases

Table 4.2-12 Hydrogen Sulfide Concentrations and Nondimensional
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a 3.1 m/s Wind Speed and a 2.5 m/s Exit Velocity--

Concentration Coefficient for a 210° Wind Direction,
Aminoil Surface Releases

Table 4.2-13 Hydrogen Sulfide Concentrations and Nondimensional
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Table 4.2-14 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 6.2 m/s Wind Speed and a 2.5 m/s Exit Velocity--
Aminoil Surface Releases
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Table 4.2-15 Hydrogen Sulfide Concentrations and Nond:imensional
Concentration Coefficient for a 210° W!.d Direction,
a 9.4 m/s Wind Speed and a 2.5 m/s Exit Velocity--
Aminoil Surface Releases
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Table 4,2- 16 Hydrogen Sulfide Concentrations and Nondimensional

Concentration Coefficient for a 210° Wind Direction,

a 3.1 m/s Wind Speed and a 12.7 m/s Exit Velocity~--

Aminocil Surface Releases
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Table 4.2-17 Hydrogen Sulfide Concentrations and Nondimensional

Concentration Coefficient for a 210° Wind Direction,

a 6.2 m/s Wind Speed and a 12.7 m/s Exit Velocity--

Aminoil Surface Releases
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Table 4.2-18 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 9.4 m/s Wind Speed and a 12.7 m/s Exit Velocity--
Aminoil Surface Releases
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Table 5.1-1 Summary of Photographs Taken for Aminoil Stack Release

Run # Photo # Wind Direction Wi?:/§§eed EXiEm¥§§OCity
1 3 250° 3.1 20.6
2 8 250° 6.2 20.6
3 13 250° 9.4 20.6
4 4 250° 3.1 63.1
5 9 250° 6.2 63.1
6 14 250° 9.4 63.1
7 5 250° 3.1 111.7 5
8 10 250° 6.2 111.7
9 15 250° 9.4 111.7

10 3A 230° 3.1 20.6
11 4A 230° 3.1 63.1
12 5A 230° 3.1 111.7
13 8A 230° 6.2 20.6
14 9A 230° 6.2 63.1
15 10A 230° 6.2 111.7
16 13A 230° 9.4 20.6
17 14A 230° 9.4 63.1
18 15A 230° 9.4 111.7
19 31A 210° 3.1 20.6
20 32A 210° 6.2 20.6
21 33A 210° 9.4 20.6
22 34A 210° 3.1 63.1
23 35A 210° 6.2 63.1
24 36A 210° 9.4 63.1
25 37A 210° 3.1 111.7
26 38A 210° 6.2 111.7
27 39A 210° 9.4 111.7
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CATTION NO,
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Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 3.1 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Aminoil Stack Releases
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Table 5.2-2 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 6.2 m/s Wind Speed and a 20.6 m/s Exit Velocity--
Aminoil Stack Releases
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° Wind Direction,

a 9.4 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Aminoil Stack Releases

Nondimensional

Concentration Coefficient for a 250

Table 5.2-3 Hydrogen Sulfide Concentrations and
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Table 5.2-4 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 3.1 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-5 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 6.2 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-6 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 9.4 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-7 Hydrogen Sulfide Concentratlons and Nondimensional
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Table 5.2-8 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 250° Wind Direction,
a 6.2 m/s Wind Speed and a 111.7 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-9 Hydrogen Sulfide Concentrations and Nondimensional

a 9.4 m/s Wind Speed and a 111.7 m/s Exit Velocity--

Concentration Coefficient for a 250° Wind Direction,
Aminoi'l Stack Releases
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Concentration Coefficient for a 230° Wind Direction,

a 3.1 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Table 5.2-10 Hydrogen Sulfide Concentrations and Nondimensional
Aminoil Stack Releases
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a 6.2 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Stack Releases

Hydrogen Sulfide Concentrations and Nondimensional

Table 5.2-11

H2S CONCENTRATION (PPB)

NON DIYMENSTONAL COEFF (K)

L?CATION NO,

GLN—ABINC NS~ O OME—X ¢ NN
& DL Dt I (L S NS D G © (LN U
WSSO G FOMMC N DM —
M= OoOUNEFONONOSSNTO O COMM T ANI—NIN
........'...‘...........

~e=—i D0 ~NO~ O e~ O

= alA

NI TN NNTTOONDNO D OUNNNINCUN-O

CCCoiToCQCCoCTCTOLT Cococococo

R I I S A0 R R I T | LI I I O I IO A

whhbiidbhblbiovubbe hubuvulbiow

MNP OSSO MIUEMME Mmoo ronmmo

O MU T ~—C I~ Mmoo

e OB ON G SMPINANDST O~
U ettt e O e O

Sﬁ.:‘.]Q,llﬁ.?alla
e e s 0 e 0000000

N~ CCO~MMOOC~NMNO OO ~NMEINMN~TINC M0
DS NN NN NN OO CS S 3 3

o MmM~FIONNC

O~ M

vt P I O O Nt

NON M XL 0]

EEEEEEX]
od

LYY ol T oIT oY o1 T p Vo XV o]
cococooQ
| IS 1 T R T I
wbubbewh
oowveomoe
T TN~ O
=M D -
OO QW= D G

® 5 5 0 ¢ s 40

<
O



o R T T TRTATATMIATYATE IV B LVELVT VRS TL TS LIV Ll o
F 0= P N Lk~ 8 ) e D D QAN = D DO N -~ 3D "-J-"\JH'C)

74

Table 5.2-12 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 230° Wind Direction,
a 9.4 m/s Wind Speed and a 20.6 m/s Exit Velocity--
Aminoil Stack Releases
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a 3.1 m/s Wind Speed and a 63.1 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Stack Releases

Table 5.2-13 Hydrogen Sulfide Concentrations and Nondimensional
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? Wind Direction,

a 6.2 m/s Wind Speed and a 63.1 m/s Exit Velocity--

Aminoil Stack Releases

Nondimensional

Concentration Coefficient for a 230

Table 5.2-14 Hydrogen Sulfide Concentrations and

ON(PPB)
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a 9.4 m/s Wind Speed and a 63.1 m/s Exit Velocity--

Concentration Coefficient for a 230
Aminoil Stack Releases

Table 5.2-15 Hydrogen Sulfide Concentrations and

OM (PPR)
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a 3.1 m/s Wind Speed and a 111.7 m/s Exit Velocity--

Concentration Coefficlient for a 230° Wind Direction,
Aminoil Stack Releases

Table 5.2-16 Hydrogen Sulfide Concentrations and Nondimensional
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Table 5.2-17 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 230° Wind Direction,
a 6.2 m/s Wind Speed and a 111.7 m/s Exit Velocity--
Aminoil Stack Releases
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a 9.4 m/s Wind Speed and a 111.7 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Stack Releases

Table 5.2-18 Hydrogen Sulfide Concentrations and Nondimensional
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a 3.1 m/s Wind Speed and a 20.6 m/s Exit Velocity--
0N

Concentration Coefficient for a 210° Wind Direction,
Aminoil Stack Releases

Table 5.2-19 Hydrogen Sulfide Concentrations and Nondimensional
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a 6.2 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Concentration Coefficient for a 210° Wind Direction,
Aminoil Stack Releases

Table 5.2-20 Hydrogen Sulfide Concentrations and Nondimensional
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Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 9.4 m/s Wind Speed and a 20.6 m/s Exit Velocity--
Aminoil Stack Releases
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Table §.2-22 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 3.1 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-23 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 6.2 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Stack Releases
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Table 5.2-2k4

Hydrogen Sulfide Concentrations and Nondimensional

Concentration Coefficient for a 210° Wind Direction,

a 9.4 m/s Wind Speed and a 63.} m/s Exit Velocity--

Aminoil Stack Releases
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Table 5.2-25 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 3.1 m/s Wind Speed and'a 111.7 m/s Exit Velocity--
Aminoil Stack Releases
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a 6.2 m/s Wind Speed and a 111.7 m/s Exit Velocity--
0,

Concentration Coefficient for a 210° Wind Direction,
Aminoil Stack Releases

Table 5.2-26 Hydrogen Sulfide Concentrations and Nondimensional
NON DIMENS

FUTF P T A M 0 O U TS M =G @ OO M 0D 3
Pl e L0 WD DU L0 DI DU OUND D - IO D 00D O, st 3 e
%494689&3093611630631?1?5?614
O Dt 3 N -2 U0 4 D MINING L et O O P el I e O i =
..t..‘.....0.5......1.....!...

[ap] =T o — 4\ I A FEL N

—t ! —
P P D0 D L ADHE DY D D O DO P e D DU
COCC OGO OCOCOOCC O L o OO OoRCS
|20 0 S N O N N T I O O T U A A I A R O N N N AN
[T P T T PR TR T PR TR TR FIE IR PUL Y FUR TR IO TR0 U PN PR TSR PR T YT IY TR TN T8

P Pon P AU — D ANA D= S DA O L OMmnman
LR Tads g R AT ] ol pnte g oy e 1T e d B0 JES LTl RV ol Ty Pt TRIE AT N TaR e pds 3T o
M © O M il — F OO DM MM ~F 00 OV ML 00 D0
QDO (T MG P vt D =t O S 1) O ot ot s OO O O 7t ot med O et
P 8 9 9 8 F 8 F 0 %A RE S YR F TS e

O T DO =t D S = O O = OO DO Y e 3 DO
et et L et DU Oy DO P PO W O i O L D

LOCATICN NO,



89

Table 5.2-27 Hydrogen Sulfide Concentrations and Nondimensional

a 9.4 m/s Wind Speed and a 111.7 m/s Exit Velocity-~

Concentration Coefficient for a 210° Wind Direction,
Aminoil Stack Releases
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Table 6.1-1 Summary of Photographs Taken for
Aminoil Surface Stack Releases

Run # Photo # Wind Direction Win%migied EXit(X7i§City
1 16A 230° 9.4 20.6
2 17A 230° 9.4 63.1
3 18A 230° 9.4 111.7
4 25A 210° 9.4 20.6
5 26A 210° 9.4 E 63.1
6 27A 210° 9.4 111.7
7 28A 210° 6.2 20.6
8 29A 210° 6.2 63.1

9 30A 210° 6.2 111.7
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a 9.4 m/s Wind Speed and a 20.6 m/s Exit Velocity=-

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Stack Releases

Hydrogen Sulfide Concentrations and Nondimensional

Table 6.2-1
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a 9.4 m/s Wind Speed and a 63.1 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Stack Releases

Table 6.2-2 Hydrogen Suifide Concentrations and Nondimensional
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a 9.4 m/s Wind Speed and a 111.7 m/s Exit Velocity--

Concentration Coefficient for a 230° Wind Direction,
Aminoil Surface Stack Releases

Table 6.2-3 Hydrogen Sulfide Concentrations and Nondimensional
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Concentration Coefficient for a 210° Wind Direction,

a 9.4 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Table 6.2-4 Hydrogen Sulfide Concentrations and Nondimensional
Aminoil Surface Stack Releases
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a 9.4 m/s Wind Speed and a 63.1 m/s Exit Velocity--

Concentration Coefficient for a 210° Wind Direction,
Aminoil Surface Stack Releases

Table 6.2-5 Hydrogen Sulfide Concentrations and Nondimensional
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Table 6.2-6 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 9.4 mfs Wind Speed and a 111.7 m/s Exit Velocity--
Aminoil Surface Stack Releases
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a 6.2 m/s Wind Speed and a 20.6 m/s Exit Velocity--

Concentration Coefficient for a 210° Wind Direction,
Aminoil Surface Stack Releases

Table 6.2-7 Hydrogen Sulfide Concentrations and Nodimensional
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Table 6.2-8 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 6.2 m/s Wind Speed and a 63.1 m/s Exit Velocity--
Aminoil Surface Stack Releases
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Table 6.2-9 Hydrogen Sulfide Concentrations and Nondimensional
Concentration Coefficient for a 210° Wind Direction,
a 6.2 m/s Wind Speed and a 111.7 m/s Exit Velocity--
Aminoil -Surface Stack Releases
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Table 7-1 The Wind Velocity (m/s) at Aminoil Test
Site and the Meteorological Station for
Three Heights Above Ground Level
Height Z Aminoil Test Site Meterological Station
Prototype
Model Prototype Model Prototype
m/s m/s m/s m/s
Z=10m 0.67 10.93 0.73 11.95
Z=20m 0.76 12.4 0.86 14.0
Z=40m 0.85 13.87 0.92 15.2
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Table 8.1 Summary of HyS Concentrations for the
Proposed Geothermal Plant Site (Unit 13)

Highest near Anderson Springs

Max i mum or Whispering Pines
Wind Exit
Speed Wind Velocity X MAX X MAX
Description m/s Direction mls (ppb) Location (ppb) Location
Surface 3.1 250 2.5 18.1 12 18.1 12
Release 3.1 250 12.7 22.4 11 22.4 11
3.1 230 2,5 24.9 7 0.8 64
3.1 230 12.7 17.6 7 0.9 47
3.1 210 2.5 4.7 57 1.9 75
3.1 210 12,3 12.5 60 2.9 75
6.2 250 2.5 15.6 n 15.6 1
6.2 250 12.7 60.2 9 40.0 11
6.2 230 2.5 13.5 7/ 0.4 64
6.2 230 127 27.7 20 , 0.8 64
6.2 210 273 5.7 70 3.6 76
6.2 210 12.7 20.4 60 12.5 76
9.4 250 2.5 16.1 2 10.6 12
9.4 250 12.7 61.0 2 49.8 B
9.k 230 2.5 12.0 7 .2.4 45
9.4 230 12.7 42.1 8 4.5 (3
9.4 210 2.5 5.6 60 1.3 76
9.4 210 12.7 24.0 60 L Y 76
Surface 6.2 210 20.6 17.1 70 4.9 76
Stack 6.2 210 63.1 17.9 70 79 76
Release 6.2 210 11.7 12.6 9.8 76
9.4 210 T 20.6 12.0 57 14 75
9.4 210 63.1 8.8 57 1.7 76
9.4 210 11.7 14.8 60 3.9 76
9.4 230 20.6 61.8 7 1.2 11
9.4 230 63.1 39.1 8 2.2 11
9.4 230 1.7 22.5 8 0.5 64
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Table 8.1 (continued)

Highest near Anderson Springs

Max imum or Whispering Pines
Wind Exit
Speed Wind Velocity X MAX X MAX
Description ms Direction m/s (ppb) Location {ppb) Location
Stack {30m) 3.1 250 20.6 6.5 i 6.5 1
Release 3.1 250 63.1 h.2 11 4.2 11
3.1 250 1.7 1.4 n 1.4 11
3.1 230 20.6 6.2 8 1.0 47
3.1 230 63.1 3.0 7 0.4 37
3.1 230 1.7 2.2 20 ) 25
3.1 210 20.6 10.8 57 0.6 76
3.1 210 63.1 2.0 57 0.5 13
3.1 210 1.7 3.1 60 0.8 25
6.2 250 20.6 58.7 9 11.6 1
6.2 250 63.1 20.3 9 12.9 1
6.2 250 111.7 21.7 37 21.7 3,
6.2 230 20.6 26.5 20 0.9 47
6.2 230 63.1 14.5 8 0.8 64
6.2 230 11.7 19.6 - 7 0.8 €
6.2 210 20.6 10.4 60 8.6 Lo
6.2 210 63.1 6.0 57 3.2 76
6.2 210 11.7 12.4 76 12.4 76
9.4 250 20.6 104.2 48 104.2 48
9.4 250 63.1 48.0 2 39.4 1
9.4 250 M.7 8h.1 7 61.5 12
9.4 230 20.6 41.6 7 1.8 37
9.4 230 63.1 43.8 7 2.3 1
9.4 230 1M1.7 23.7 7 3.8 2
9.4 210 20.6 18.2 57 2.3 76
9.4 210 63.1 14,5 60 10.5 64
9.4 210 111.7 18.9 60 3.5 76
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Figure 3.2-2 Photograph of Terrain Model in the Environmental Wind Tunnel
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a) 3.1 m/s -
b) 6.2 m/s
c) 9.4 m/s

Figure 4.1-1 Surface release
plume visualization for a
12.7 m/s exit velocity,

250° wind direction and wind
speeds of a) 3.1 m/s, b)

6.2 m/s, and ¢c) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
¢) 9.4 m/s

Figure 4.1-2 Surface release
plume visualization for a 12.7
m/s exit velocity, 210° wind
direction and wind speeds of
a) 3.1 m/s, b) 6.2 m/s, and

c) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-1 Stack release
plume visualization for a
20.6 m/s exit velocity,

250° wind direction and wind
speeds of a) 3.1 m/s, b)

6.2 m/s, and ¢c) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-2 Stack release
plume visualization for a
63.1 m/s exit velocity,

250° wind direction and wind
speeds of a) 3.1 m/s, b)

6.2 m/s, and ¢) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-3 Stack release
plume visualization for a
111.7 m/s exit velocity,
250° wind direction and wind
speeds of a) 3.1 m/s, b)

6.2 m/s, and c) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-4 Stack release
plume visualization for a
20.6 m/s exit velocity,

230° wind direction and wind
speeds of a) 3.1 m/s, b) 6.2
m/s, and ¢) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-5 Stack release
plume visualization for a
63.1 m/s exit velocity,

230° wind direction and wind
speeds of a) 3.1 m/s, b) 6.2
m/s, and c) 9.4 m/s.




a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-6 Stack release
plume visualization for
111.7 m/s exit velocity,
230° wind direction and wind
speeds of a) 3.1 m/s, b)
6.2 m/s, and ¢) 9.4 m/s.
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a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-7 Stack release
plume visualization for a
20.6 m/s exit velocity,
210° wind direction and
wind speeds of a) 3.1 m/s,
b) 6.2 m/s, and ¢) 9.4 m/s.

143




a) 3.1 m/s
b) 6.2 m/s
c) 9.4 m/s

Figure 5.1-8 Stack release
plume visualization for a
63.1 m/s exit velocity,

210° wind direction and wind
speeds of a) 3.1 m/s, b) 6.2
m/s, and ¢) 9.4 m/s.
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a) 3.1 m/s

b) 6.2 m/s

Figure 5.1-9 Stack release
plume visulization for a
111.7 m/s exit velocity,
210° wind direction and wind
speeds of a) 3.1 m/s and

b) 6.2 m/s.
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a) 20.6 m/s

b} 63.1 m/s

i c) 111.7 m/s

Figure 6.1-1 Surface stack
release plume visualization
for a 230° wind direction,
9.4 m/s wind speed and exit
velocities of a) 20.6 m/s,

b) 63.1 m/s, and c¢) 111.7 m/s.
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a) 20.6 m/s

b) 63.1 m/s

c) 111.7 m/s

Figure 6.1-2 Surface stack
release plume visualization
for a 210° wind direction,

9.4 m/s wind speed and exit
velocities of a) 20.6 m/s,

b) 63.1 m/s, and c¢) 111.7 m/s.




a) 20.6 m/s

b) 63.1 m/s

¢) 111.7 m/s

Figure 6.1-3 Surface stack
release plume visualization
for a 210° wind direction,

6.2 m/s wind speed and exit

velocities of a) 20.6 m/s,
b) 63.1, and ¢) 111.7 m/s.
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Figure 7.1 Turbulent Intensity at Aminoil Test Site (Unit 13)
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