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ABSTRACT 

The transport and dispersion of hydrogen sulfide plumes emanating 

from cooling towers located at three separate positions in the Geysers 

Geothermal Area were studied in the Colorado State University drainage 

flow and environmental wind tunnel facilities. The tests were performed 

utilizing 1: 1920 scale models of the cooling towers and the terrain 

surrounding the Geysers Power Plant complex. 

Ground-level concentrations were measured along Big Sulphur Creek 

to study interaction of the cooling tower plumes with the natural 

drainage flow. Concentrations were also sampled at ground-level and 

vertically between the cooling towers and Anderson Springs at five 

different wind speeds and a predominantly west wind, under neutral 

conditions. 

Data obtained include velocity and temperature profiles, isopleths 

of ground-level concentration, vertical concentration distributions, and 

plume visualization photographs. 
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1.0 INTRODUCTION 

The Pacific Gas and Electric (PG&E) Company operates a geothermal 

steam-powered complex to generate electricity approximately 140 km north 

of San Francisco, California, known as the Geysers Power Plant. 

PG&E contracted with Colorado State University to perform 

wind-tunnel modeling studies of the hydrogen sulfide dispersion from two 

possible site locations for Unit 20, presently under development. 

Further study of Unit 18 was simultaneously accomplished to supplement 

earlier reports. 

Plume dispersion characteristics were studied under both stable and 

neutral stratification conditions using a 1: 1920 scale model of the 

cooling towers and their surrounding topography. Ground-level and 

vertical H2s concentrations were determined by sampling tracer gases 

(ethane and propane) released from the model cooling towers. Plume 

geometry was determined by photographing the plumes made visible by 

adding smoke (titanium tetrachloride) to the gases released from the 

\plodel cooling towers. 

The stable tests were conducted in a specially constructed room 

which permitted cooling of the aluminum shell model with dry ice to 

induce a drainage flow. The plumes released from Units 18, 20A and 20B 

all flowed downslope into Big Sulphur Creek and followed the creek 

bottom, thereafter. Isopleths of the ground-level concentrations along 

the creek for an approximate 20 percent plant load are contained 

elsewhere in this report. 

The neutral stratification tests were conducted in the wind tunnel 

at prototype free stream wind speeds of 7.5, 10, 15, 20 and 28 m/s for a 

simulated westerly wind. Ground-level concentrations were measured at 
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numerous locations between the cooling tower sites and Anderson Springs. 

Additionally, vertical concentration distributions were obtained at 

three locations between the sites and Anderson Springs. The isopleth 

patterns were similar from each of the release sites, and varied little 

with wind speed. The evidence obtained in this portion of the study 

suggests that Unit 20B will have the least overall H2s impact. 

Included in this report are a discussion of wind-tunnel similarity 

requirements, description of experimental methods, detailed results of 

the drainage and neutral flow studies and appendices containing all 

concentration measurements. The report is supplemented by motion 

pictures and photographs to illustrate plume behavior for the wind 

speeds studied. 
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2.0 WIND-TUNNEL SIMILARITY REQUIREMENTS 

2.1 Basic Equations 

The Basic equations governing atmospheric and plume motion 

(conservation of mass, momentum and energy) may be expressed in the 

following dimensionless form (Cermak, 1974): 

a(p·l·u~•) ap-1, 1 

at + ~--.---- = 0 
ax~ 

1 

_ [L~:o] ap-1. 
2g i· J. kO'iJ·ru-k•'' = - ax~' 

1 

(2 .1) 

a2 -~ 
u·~ 

.,,.--.-=--l""T" + a ( - U I '4-u I "Jr) ( 2 . 2) 
ax*ax* ax~ J J k k J 

and 

aT* -+ at-1• [P0~:>] [1:~J 
+ [u)J[<c:r)

0
] ~* (2.3) 

The dependent and independent variables have been made ·dimensionless 

(indicated by an asterisk) by choosing appropriate reference values. 

For exact similarijy, the bracketed quantities and boundary 

conditions must be the same in the wind tunnel and in the plume as they 

are in the corresponding full-scale case. 

requirements for similarity is: 

1) undistorted geometry 
u 

2) equal Rossby number: 0 
Ro = LO 

0 0 

3) equal gross Richardson number: Ri = 

The complete set of 

AT g L 
0 0 0 

T u 2 
0 0 
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u L 
4) equal Reynolds number: Re 0 0 = 

\) 0 

c 
5) equal Prandtl number: Pr 

(vopopo) 
= k 

0 

2 u 
6) equal Eckert number: Ee 0 = [C (~T) ] p 0 

0 

7) similar surface-boundary conditions 

8) similar approach-flow characteristics. 

For exact similarity, each of the above parameters must be matched in 

model and prototype for the stack gas flow and ambient flow separately. 

Naturally, the reference quantities will change depending on which flow 

is being considered. To insure that the stack gas rise and dispersion 

are similar relative to the air motion, three additional similarity 

parameters are required (Snyder, 1979; Petersen et al., 1977): 

9) velocity ratio: R = 

10) Froude number: Frr 

11) density ratio: r = 

= 

u s 
u a 

u s 
~gfD 

p -a PS 
PS 

All of the above requirements cannot be simultaneously satisfied in 

the model and prototype. However, some of the quantities are not 

important for the simulation of many flow conditions. The parameters 

which can be neglected and those which are important will be discussed 

in the following subsections. 
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2.2 Nonequal Scaling Parameters 

For plume rise and dispersion studies equal Reynolds number for 

model and prototype is not possible since the length scaling is 1:1920 

and unreasonably high model velocities would result. However, this 

inequality is not a serious limitation. 

The Reynolds number related to the stack exit is defined by 

Re s = 
u D s 
\) s 

Hoult and Weil (1972) reported that plumes appear to be fully turbulent 

for exit Reynolds numbers greater than 300. Their experimental data 

show that the plume trajectories are similar for Reynolds numbers above 

this critical value. In fact the trajectories appear similar down to 

Re = 28 if only the buoyancy dominated portion of the plume trajectory s 

is considered. Hoult and Weil' s study was in a laminar cross flow 

(water tank) with low ambient turbulence levels, and hence the rise and 

dispersion of the plume would be predominantly dominated by the plume's 

own self-generated turbulence. For the neutral stratification tests a 

minimum u is 1.71 m/s, D = 0.00443m and v = 0.15 x 10-4 m2/s. giving s 

(Res)min = SOS, well above the recommended minimum value. These argu-

ments for Reynolds number independence only apply to plumes in low 

ambient turbulence or to the initial stage of plume rise where the 

plume's self-generated turbulence dominates. For drainage flow the 

minimum us was 0 . 13 m/ s giving a (Res) min = 38 . Even though the 

value is below 300 the results are not seriously affected since the 

drainage flow tests were run at ambient conditions such that the plume 

would bend over quickly. In this case the dispersion would be dominated 

quickly by the atmospheric generated turbulence characteristics. 
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The ambient flow field also affects the plume trajectories and 

consequently similarity between model and prototype is required. The 

mean flow field will become Reynolds number independent if the flow is 

fully turbulent (Schlichting, 1968; Sutton, 1953). The critical 

Reynolds number for this criteria to be met is based on the work of 

Nikuradse as summarized by Schlichting (1968) and is given by: 

(Re)k = 
k U..t. s " > 70 . (2.4) 

\) s 

In this relation k is a uniform sand grain height. If the s 

scaled down roughness gives a (Re)k 
s 

less than 70, then exaggerated 

roughness would be required. In the tunnel a lower estimate of k s may 

be taken as the average terrain step height of 0. 64 cm, or assuming 

u*/u00 - 0.05, u00 must be greater than 3.28 m/s. All tests were run in 

the range 0.5 < u00 < 2.1 m/s giving a range for (Re)k of 11 to 45. 
s 

Since the effective roughness of the terrain is much greater than 

0.64 cm (say a factor of at least 3), the range is acceptable. 

The Rossby number, R , is a quantity which indicates the effect of 
0 

the earth's rotation on the flow field. In the wind tunnel, equal 

Ross by numbers between model and prototype cannot be achieved. The 

effect of the earth's rotation becomes significant if the distance scale 

is large. Snyder (1979) puts a conservative cutoff point at 5 km for 

diffusion studies. For this particular study, the maximum range over 

which the plume is transported is less than 6 km in the horizontal and 

200 m in the vertical, hence equality of Rossby number is not required. 

When equal Richardson numbers are achieved, equality of the Eckert 

number between model and prototype cannot be attained. This is not a 

serious compromise since the Eckert number is equivalent to a Mach 
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number squared. Consequently, the Eckert number is small compared to 

unity for laboratory and atmospheric flows. 

2.3 Equal Scaling Parameters in Model 

Since air is the transport medium in the wind tunnel and the 

atmosphere, equality of the Prandtl number is assured. 

The remaining relevant parameters are the velocity ratio, 

R = 

Froude number 

Fr = 

density ratio 

y = 

u s 
u a 

u s 
~gyD 

p -a 
Pa 

PS 

and Richardson number 

gAT z 
Ri 0 0 = r u 2 

0 0 

(2.5) 

(2.6) 

(2. 7) 

(2.8) 

Since the model scale was chosen to be 1: 1920 for this study, 

matching of all of the above parameters would result in low tunnel 

operating speeds (hence low Reynolds number). For example, if a 15 m/s 

wind were to be simulated with equality of Froude number, a correspond-

ing speed in the wind tunnel would be 0.34 m/s*. 

In order to obtain higher tunnel operating speeds an alternate set 

of similarity critieria was used as recommended by Snyder (1979). The 

two parameters set equal in model and prototype are a momentum ratio, 

M defined by, 
0 

*The following scaling relation was applied: u = u {CLLm . 
m pJ r:; 
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and a buoyancy ratio, B , defined as follows, 
0 

where 

2 
B = _gD_y_u_s = R3 D 

0 u 3H Fr2 Hs 

Fr = 

a s 

u s 

(2.9) 

(2. 10) 

(2. 7) 

(2.6) 

Use of these two parameters as similarity variables allows the 

relaxation of the density ratio, stack diameter, Froude number and 

velocity ratio. Hisato and Cermak (1980) utilized the momentum and 

buoyancy equality parameters and Froude and velocity· ratio equality 

criteria for plume dispersion in complex terrain. The experimental 

results show no more than 10 percent variation in the concentration 

measurements. 

Briggs (1969, 1975) developed an analytical expression for plume 

rise given by: 

(2 .11) 

where, 

~1 = 0.5 and - 1 ~2 - 1/3 + R 

His development used the equations of motion and energy with various 

simplifying assumptions. The above equation has been tested against 

field and laboratory observations and has shown acceptable agreement in 
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many cases (Briggs, 1975). The same plume rise will be predicted for a 

source if M and B are equal for the two cases; that is, if we 
0 0 

assume ~l and ~2 are also equal. The entrainment parameters will be 

equal if the flow is fully turbulent both in the plume and surrounding 

ambient fluid. Thus, for the plume rise in the model and full-scale to 

be equal, only the parameters M 
0 

and B need be equated. 
0 

In past studies for PG&E (Petersen and Cermak, 1977, 1978) the 

follow~ng set of scaling parameters was used for modeling effluent rise. 

2 u 
Fr a (Fr) (Fr) = = gyD m p (2.12) 

u 
R s (R) (R) = u m p a 

(2.13) 

These relations were derived based on dimensional analysis arguments. 

In order to determine the effects of using the earlier scaling 

criteria on the present study results, tests were run using 2.9 and 2.10 

as compared to 2 .12 and 2 .13, as discussed in Section 5 .5. Table 2-1 

gives the model and full-scale parameters using the scaling criteria for 

this study, and Table 2-2 the model parameters using the scaling param-

eters for past studies (Equations 2.12 and 2.13). Also in Table 2-2 are 

the model parameters using only velocity ratio and momentum ratio as 

scaling parameters. 

The remaining similarity parameter is the Richardson number Ri. 

For the atmosphere Ri is defined 

where 

(Ri) = g_ Li0z 
p - 2 T u(z) 

= .& (LiT + fz) z 
T u(z) 2 

LiT = temperature difference between z and surf ace 
(T(z) - T ) 

0 

(2.14) 



10 

r = adiabatic lapse rate c~ 1°C/100 m) 

u(z) = wind speed at height z 

z = height above ground--taken to be height (zm) of maximum 
velocity u 

m 

T = mean temperature between surface and z 

For the wind tunnel rz is typically less than 0.002°C whereas AT is 

much greater than 1°c. Hence, for the wind tunnel the Richardson number 

is defined 

(Ri) = & (AT)z 
m T u(z) 2 

Before comparing the laboratory to a full-scale case, near equality 

of Ri for model (Ri ) and full-scale (Ri ) should first be checked. m p 

For the neutral flow tests AT ; 0 in model and AT + rz = 0 in 

prototype; hence, (Ri) = (Ri) = 0. m p 

For the drainage flow tests (Ri) = (Ri) . The Ri value varied m p 

at each profile measurement location for these tests. To find corre-

sponding full-scale values for the drainage flow tests, first consider 

only those days having almost zero (calm) free-stream velocity, and 

second, the Richardson number in the model should nearly equal that in 

the field. Since no field data are available, typical field conditions 

corresponding to those set in the drainage flow test may be computed 

using the following relation: (Ri) = (Ri) or, m p 

(Ri) m 

Table 2-3 gives the model and typical full-scale conditions used during 

the simulation. During testing it was observed that the plumes would 

not penetrate the low-level drainage flow when actual plant operating 
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conditions were simulated as given in Table 2-1. So that measurable 

concentrations could be obtained buoyancy effects were neglected and the 

flow rate from the cooling towers was lowered until the plume became 

caught in the low-level drainage wind. The plant conditions simulated 

represent about 22 percent of the full load, and are tabulated in 

Table 2-3. However, this condition for the drainage flow study may not 

exist for the field condition. Hence, it should be noted that the 

measured concentrations are conservative. Since the meteorological 

conditions simulated are not unique, typical full-scale values for the 

wind velocity were assumed and a corresponding temperature difference 

calculated using the equation 

In summary, the following similarity relations were applied for the 

neutral boundary layer simulation: 

1) 

2) 

3) 

4) 

5) 

R~ M = (1-y) 
0 H s 

B 
R3 D = 
F 2 H 0 r s 

g ilT
0 Ri = T u 2 zo 

0 0 

u D 
Re s = s \) 

ll..t~k 

Rek " s = \) s 

2 

(Ri) = (Ri) = 0 m p 

(Re) > 300 s 

11 < Rek < 45 
s 
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Similar geometric dimensions, i.e., (!?__) = (!?__) 
Hs m Hs p 

7) Equality of dimensionless boundary conditions. 

For the drainage flow simulation the following criteria replaced 

items 1 and 2 above: 

R = 
u s 

u max 
R = R m p 

In addition criteria 4 and 5 could not be matched. 
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A 1:1920 scale model of the topography for a west-southwest (262°) 

wind direction near Anderson Springs, California was constructed to 

study the transport and dispersion of effluent from Unit 20 (locations A 

and B) and Unit 18, under drainage and neutral flow conditions. 

Figure 3-1 shows the terrain areas modeled for the various atmospheric 

conditions and the unit locations. 

Each test was conducted in a similar manner. Measurements of wind 

speed, temperature (for the drainage and stable tests only), and tracer 

gas concentration were obtained at various locations to document the 

flow pattern and for use in assessing maximum ground-level concentra-

tion. Concentration measurements were obtained at ground level and in 

vertical arrays. The model and full-scale conditions for each run are 

given in Table 3-1. 

Prior to testing the appropriate free stream velocity (zero for 

drainage flow) and surface temperature (room temperature for neutral 

stratification) were set in the wind tunnel or drainage flow test 

facility. For the drainage flow tests velocity or concentration 

measurements did not begin until the surface temperatures reached 

equilibrium, which was usually less than 15 minutes. Thereafter, all 

velocity measurements (and if permitted, concentration measurements) 

were obtained before shutting the system down. The conditions were set 

again in the same manner if additional measurements were required. A 

complete discussion on every facet of the study follows. 
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Construction of the topographic model entailed a two-step process. 

The first involved constructing a Styrofoam model from 0. 64 cm thick 

Styrofoam sheets (corresponds to a 40-ft contour interval). United 

States Geological Survey maps were photographed and the projected image 

used as patterns from which the Styrofoam was cut. The second phase of 

construction entailed fabricating a wood-ribbed frame as shown in Figure 

3-2. The frame used wooden supports approximately every 30 cm which 

were cut to conform with the terrain elevation. Next, thin aluminum 

foil was placed on the Styrofoam model and molded in 30-cm wide strips 

to fit the terrain contours. Once a strip was molded it was placed onto 

the wood frame and fastened. This procedure was repeated until one 

model section (normally 1.22 x 3.66 m) was complete. At this stage the 

model section was ready for installing either thermistors or concentra-

tion sampling lines. Ground-level sampling taps were installed at the 

locations indicated in Figure 3-3 and thermistors at the locations 

indicated in Figure 3-4. 

The complete model sections were then placed in either the 

Environmental Wind Tunnel or the Drainage Flow Facility for testing of 

neutral and drainage flows. 

Wind Tunnel 

The Environmental Wind Tunnel, shown in Figure 3-5, was used for 

testing the neutral (stable) transport and diffusion. The terrain area 

placed in the tunnel is shown in Figure 3-1. Upwind of the · modeled 

topography, a set of spires was used to stimulate the boundary layer. 

Tunnel configuration for the neutral tests is shown in Figure 3-6. 
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Drainage Flow Facility 

To study the natural mountain-valley or slope winds an enclosed 

room was specially constructed. A platform was built inside the room 

for supporting the aluminum shell topographic model. Figure 3-7 shows 

the platform in the final stages of construction. Holes were drilled 

through the top of the frame for mounting fans. Figure 3-8 shows a 

technician mounting these fans inside the frame. 

The aluminum shell sections were placed atop the frame and the 

insulated area under the model used as a cold sink. The cold sink 

consisted of several short tons of dry ice at approximately -80°C, 

loaded on carts. Figure 3-9 shows a technician loading the ice on one 

of these carts prior to sliding the cart under the frame. The loaded 

test bed with model in place is shown in Figure 3-10. After installing 

the ice, the side of the frame and model were sealed with insulating 

materials. 

The forced-air circulation system for the cold sink consisted of 

120 instrument fans connected to a motor-speed controller. The rate of 

air circulation, as determined by the speed controller, made it possible 

to adjust the surface temperature conditions or shut the cooling system 

down entirely between experiments to conserve dry ice. 

3.3 Gas Tracer Technique 

Test Procedure 

The test procedure consisted of: 1) setting the proper tunnel wind 

speed and/ or surface temperatures, 2) releasing a metered mixture of 

source gas of the required density (that of air) from the appropriate 

unit, 3) withdrawing samples of air into a series of syringes from 

designated locations, and 4) analyzing the samples with a flame 

ionization gas chromatograph. 
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The procedure for analyzing air samples from the tunnel was as 

follows: 1) a 2 cc sample volume drawn from the wind tunnel is intro-

duced into the flame ionization detector (FID), 2) the output from the 

electrometer (in microvolts) is sent to the Hewlett-Packard 3380 

Integrator (HP 3380), 3) the output signal is analyzed by the HP 3380 to 

obtain the proportional amount of hydrocarbons present in the sample, 4) 

the record is integrated and the ethane or propane concentration, as 

appropriate, is determined by multiplying the integrated signal (µv-s) 

times a calibration factor (ppm/µv-s), 5) a summary of the integrator 

analysis (gas retention.,time and integrated area) is printed out on the 

integrator at the wind tunnel, 6) the integrated values and associated 

run information are tabulated on a form, 7) the integrated values for 

each tracer are keypunched into a computer along with pertinent run 

parameters, and 8) the computer program converts the raw data to a 

dimensionless concentration 2 K = X u D IQ m r and the results are printed 

out in report format as shown in Appendices A and B where 

(X)m = (I - IBG)(CF)i =model concentration in ppm (3.1) 

I = integrated value of sample for tracer i (µv-sec) 

IBG = integrated value of background for tracer i (µv-sec) 

CF. = calibration factor for tracer i (ppm/µv-sec) 
]_ 

u r = model (m) reference wind speed (m/ s )--equals u
00 neutral tests and u for drainage flow tests max 

D = diameter of individual model cell stack (m) 

Q = XS vs 
Xs = source strength for tracer gas i (ppm) 

V =model volume flow (m3/sec). s 

for 
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The calibration factor was obtained by introducting a known quantity, 

xs' of tracer i in the HPGC and recording the integrated value, Is' in 

µv-s. 

The CF. value is then 
1 

[
Xs(ppm) ] 

CF = i Is(µv-s) i (3.2) 

Calibrations were obtained at the beginning and end of each measurement 

period. Tracer gas mixtures were supplied by Scientific Gas Products. 

The resultant full-scale H2S concentration can be obtained using 

equality of nondimensional concentration coefficient, K. 

Gas Chromatograph 

The FID operates on the principle that the electrical conductivity 

of a gas is directly proportional to the concentration of charged par-

ticles within the gas. The ions in this case are formed by the effluent 

gas being mixed in the FID with hydrogen and then burned in air. The 

ions and electrons formed enter an electrode gap and decrease the gap 

resistance. The resulting voltage drop is amplified by an electrometer 

and fed to the HP 3380 integrator. When no effluent gas is flowing, a 

carrier gas (nitrogen) flows through the FID. Due to certain impurities 

in the carrier, some ions and electrons are formed creating a background 

voltage or zero shift. When the effluent gas enters the FID, the volt-

age increases above this zero shift in proportion to the degree of 

ionization or correspondingly the amount of tracer gas present. Since 
1 the chromatograph used in this study features a temperature control 

on the flame and electrometer, there is very low zero drift. In case of 

1 A Hewlett Packard 5700 gas chromatograph was used in this study (shown 
in Figure 3-11). 
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any zero drift, the HP 3380 which integrates the effluent peak also 

subtracts out the zero drift. 

The lower limit of measurement is imposed by the instrument 

sensitivity and the background concentration of tracer within the air in 

the wind tunnel. Background concentrations were measured and subtracted 

from all data quoted herein. 

Sampling System 

The tracer gas sampling system shown in Figure 3-11 consists of a 

series of fifty 30 cc syringes mounted between two circular aluminum 

plates. A variable-speed motor raises a third plate which in turn 

raises all SO syringes simultaneously. A set of check valves and tubing 

are connected such that airflow from each tunnel sampling point passes 

over the top of each designated syringe. When the syringe plunger is 

raised, a sample from the tunnel is drawn into the syringe container. 

The sampling procedure consists of flushing (taking and expending a 

sample) the syringe three times after which the test sample is taken. 

The draw rate is variable and generally set to be approximately 

6 cc/min. 

The sampler was periodically calibrated to insure proper function 

of each of the check valve and tubing assemblies. The sampler intake 

was connected to short sections of tygon tubing which led to a sampling 

manifold. The manifold, in turn, was connected to a gas cylinder having 

a known concentration of tracer (100 ppm ethane). The gas was turned on 

and a valve on the manifold opened to release the pressure produced in 

the manifold. The manifold was allowed to flush for ~ 1 minute. Normal 

sampling procedures were carried out to insure exactly the same proce-

dure as when taking a sample from the tunnel. Each sample was then 
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analyzed for ethane or propane. Percent error was calculated, and any 

"bad" samples (error > 2 percent) indicated a failure in the check valve 

assembly, and the check valve was replaced or the bad syringe was not 

used for sampling from the tunnel. A typical sampler calibration is 

shown in Figure 3-12. 

Averaging Time 

To determine the averaging time for the predicted concentrations 

from wind-tunnel experiments, the dispersion parameters--cr and a --y z 
for undisturbed flows in the wind tunnel have been compared to those 

used for numerical modeling studies (Petersen et al., 1979) in the 

atmosphere. The dispersion rates used in the atmosphere are referred to 

as the Pasquill-Gifford curves and are given in Turner (1970) and 

modified values are given in Pasquill (1974, 1976). The results of this 

comparison showed that the a and a values in the wind tunnel y z 
compare (when multiplied by the length scaling factor) with those 

expected for the atmosphere. Hence, the method used for converting 

numerical model predictions to different averaging times should also be 

used for converting the wind-tunnel tests. 

Specification of an effective atmospheric averaging time for the 

steady-state average concentrations measured in the wind tunnel can be 

generally made only in terms of the joint probability of wind speed, 

wind direction and thermal stability during a particular time interval. 

Kothari, Meroney and Bouwmeester (1981) have shown through comparison 

with full-scale data that one-hour average concentrations can be 

predicted with good accuracy by superposition of wind-tunnel concen-

tration data for each 2-minute average of measured meteorological data 

during the interval. Unfortunately, the statistics of meteorological 
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data used to make this time-weighted calculation for a specific site are 

not available. In lieu of full-scale averages calculated from 

wind-tunnel concentration data, physical fluid model results are related 

to full-scale averages by specifying a single equivalent averaging time. 

As indicated by the work of Kothari, Meroney and Bouwmeester (1981) the 

equivalent averaging time, even for neutral stratification, is dependent 

upon the spectrum of turbulence during the averaging interval. A 

spectrum for longitudinal velocity fluctuations (not universal!) 

developed by van der Hoven--see Lumley and Panofsky (1964), p. 43--has 

been used by Ludwig (1974) to justify an equivalent averaging time of 

10-15 minutes. However, for meteorological condition during which 

disturbances with frequencies lower than at the spectral gap (0.1-1.0 

cycles/hr), such as shown by meteorological record b of Fig. 2. 31 in 

Meteorology and Atomic Energy (1968), the equivalent averaging time can 

be several hours. 

A rather recent consensus for a reasonable equivalent averaging 

time that will be applicable for most meteorological conditions is 

10-15 minutes (Snyder, 1979). Complex terrain of the Geysers Power 

Plant site will usually result in substantial energy at low-frequencies 

above the spectral gap frequencies; therefore·, we· recommend that the 

equivalent averaging time for this study be taken as approximately 

10 minutes. 

3.4 Velocity Profiles 

General 

Vertical profiles of mean velocity were obtained for the various 

tests at the locations indicated in Figure 3-4. The measurements were 

performed to 1) monitor and set flow conditions, 2) document flow 
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conditions, and 3) for use in calculating surface roughness, power-law 

exponent and Reynolds stress. 

The velocity measurements for the drainage test were made using a 

Gould/Datametrics Model 800-LV temperature compensated linear 

velocimeter without a probe shroud. The probe shroud was removed to 

minimize the disturbance to the flow field by the bulk of the probe as 

it was lowered near the model surface. The velocity measurements for 

the neutral test were made with a Thermosystems hot-film anemometer 

system. 

Velocity Measurements 

Measurements of mean velocity and turbulence intensity were 

accomplished with a single hot-film anemometer with film axis horizon-

tal. The instrumentation used was a Thermo-Systems constant temperature 

anemometer model 1050 connected to a 2. 54 x 10-3 cm diameter platinum 

film sensing element 0.0508 cm long. The output of the constant 

temperature anemometer was directed to an on-line data acquisition 

system consisting of a Hewlett-Packard 21 MX Computer, disc unit, card 

reader, printer, Digi-Data digital tape drive and a Preston Scientific 

Analog-digital converter. The data was processed immediately into mean 

velocity and turbulence intensity at each corresponding height and 

stored on the computer disc for printout or further analysis. 

Calibration of the hot-wire anemometer was performed using a 

calibrator suitable for low velocity and developed by CSU staff. The 

calibration data were fit to a variable exponent King's law relationship 

(3.3) 
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where E is the hot-wire output voltage, U is the velocity and A, B 

and n are coefficients selected to fit the calibration data. All 

measurements were performed with a sample rate of 250 samples per second 

for 20 seconds, and the above calibration relationship was used to 

determine the mean velocity. The King's Law relationship is not 

normally used for very low velocities where the heat transfer from the 

sensor is governed by mixed forced/free convection; hence, the low 

velocity measurements obtained by the hot-film are somewhat question-

able. Absolute accuracy is probably no better than ±20 percent at such 

low velocities; however relative magnitudes are consistent. The fluctu-

ating velocity may be characterized by the statistic 

square velocity). It was calculated from 

u rms 
2E E rms = 
Bn Un-l 

u rms (root-mean-

(3.4) 

where E is the root-mean-square of the voltage output from the rms 
anemometer. The local 

calculated. 

turbulence intensity, U /U was then rms ' 

The Datametrics Model 800-LV temperature compensated linear 

velocity meter was used for the drainage flow tests. The principle of 

operation of this probe is the same as the hot film discussed above with 

the addition of an unheated element, the resistance of which corresponds 

to ambient temperature and controls the overheat ratio of the velocity 

sensing element. In this manner the probe is made insensitive to 

temperature variations. The probe is normally configured with a shield 

over the wire with a hole allowing airflow for measurement. Since the 

shield restricted the closeness with which one could approach the model 

surface, it was removed. Figure 3-13 shows the two sensing elements, 
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the top one being the velocity sensor and the bottom one the temperature 

sensor. 

Anemometer Calibration 

For both the drainage flow and neutral flow tests a system 

providing a source of reference air speed was used to calibrate the 

velocity measurement apparatus. This system consists of a discharge 

nozzle (shown in Figure 3-14), a linear mass flowmeter and controller, 

and a source of regulated air. The nozzle was supplied with regulated 

air the quality of which was monitored on the linear mass flowmeter. 

Regression analysis was used to fit the calibration data to 

Equation (3.3) for the hot film or to a linear equation for the 

Datametrics probe. Figures 3-15 and 3-16 show respective calibration 

curves for the hot film and Datametric probe. 

Data Collection and Analysis 

The manner of collecting the data was as follows: 

1) The hot-film or Datametric probe was attached to a carriage. 

2) The bottom height of the profile was set to the desired 
initial height. 

3) A vertical distribution of velocity was obtained using a 
vertically traversing mechanism which gave a voltage output 
corresponding to the height of the wire above the ground. 

4) The signals from 
indicating height 
Series 1000 Real 

the anemometer and potentiometer device 
were fed directly to a Hewlett-Packard 
Time Executive Data Acquisition System. 

5) Samples were stored digitally in the computer. 

6) The computer program converted each voltage into a velocity 
(m/s) using the equations: 

for hot film 

u = constant (E) for Datametrics. 
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3.5 Temperature Measurement 

Temperature measurements at the model surface and local air 

temperature for the drainage flow test were made using Yellow Springs 

Instruments Model 44004 thermistors. The model surface temperature 

measurement was made by mounting the thermistor on the model terrain so 

that the lead wires passed beneath the model and the body of the 

thermistor element was exposed to the air immediately above and adjacent 

to the model surface material. The location of these probes is seen in 

Figure 3-4. Resistance measurements of the thermistors were routed 

through a switch panel to a Keithley Instruments Model 177 digital 

multimeter. The resistances were then converted to temperature with a 

table supplied by Yellow Springs. The air speed probe thermistor was 

mounted on a hot-wire probe fixture so that the body of the thermistor 

was positioned lateral to the velocity probe but near it in the flow 

field and at the same height. 
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4.0 DRAINAGE FLOW RESULTS 

4.1 Velocity and Temperature Measurements 

A series of six velocity and temperature profiles were obtained at 

locations T6, TS, Tl2, Tll, T3 and Tl, which are annotated in 

Figure 3-4. Prior to testing, the surface of the aluminum model was 

cooled and allowed to stabilize (required approximately lS minutes). 

Surface temperature measurements at thermistors 1 through 12 (noted in 

Figure 3-4) were then obtained during all velocity profile measurements 

to document the consistency of the test condition. Table 4-1 shows the 

surface temperatures and Tables 4-2 through 4-7 shows the measured 

vertical distributions of ii, i and T. 
Figures 4-1 through 4-6 show the respective temperature and 

velocity profiles for locations Tl, T3, TS, T6, Tll and Tl2. Locations 

TS, T6 and Tl2 correspond to respective unit locations 20A, 20B and 18. 

Locations Tl, T3 and Tll are along Big Sulphur Creek. The profile taken 

at Tl (Figure 4-1) shows the deepest stable layer and strongest 

velocity. The depth of the stable layer is approximately 20 cm (384 m 

full-scale) and maximum velocity is 49.S emfs at 3 cm (SB m full-scale) 

above the ground. This location is farther down Big Sulphur Creek and 

consequently a deeper and stronger stable flow is expected. 

The profiles at T3 (shown in Figure 4-2), which is up Big Sulphur 

Creek toward Unit 18, shows a stable layer depth of lS cm (288 m) and a 

maximum velocity of 30.4 emfs at 1 cm (19 m) above the ground. 

Figures 4-3 and 4-4 show the temperature and velocity profiles at 

TS and T6. Since these locations are near the top of a hill the stable 

layer is very shallow and the maximum velocity low. The stable layer is 

about 4 cm (77 m) deep with a maximum velocity of 8.0 emfs. Location 
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Tll is down the slope from Unit 18 toward Big Sulphur Creek. The 

profiles in Figure 4-5 show a stable layer about 10 cm (192 m) thick 

with a maximum velocity of 14.3 emfs at 2 cm (38 m) above the ground. 

At T12 (the location of Unit 18) the depth of the stable layer is 

10 cm (192 m) with a maximum velocity of 15.2 emfs at 1 cm (19 m) above 

ground level. 

As is evident from these results the drainage flow is very shallow 

on hilltops or close to hilltops. In addition the velocity is low at 

these locations relative to locations further down the slope. Hence, a 

plume emitted from or near a hilltop should penetrate these slope flows 

if sufficient initial plume rise is present. 

4.2 Concentration Measurements 

A neutrally buoyant plume was released from scale models of Units 

18, 20A and 20B. The model and full-scale test conditions are given in 

Table 2-3. As discussed in Section 2, the actual operating conditions 

of the units were not simulated. Exploratory studies showed that the 

plumes penetrated the stable layer and zero ground-level impact resulted 

if the actual conditions were simulated. To see what diffusion patterns 

would result if the plumes became entrained in the drainage flow, a 

neutrally buoyant gas was released at a sufficiently low rate. 

The drainage flow simulation was established in the same manner as 

for the velocity profiles. The surface temperatures that were recorded 

during each test are given in Table 4-8. 

The resulting ground-level concentration measurements, presented in 

the form of nondimensional concentration coefficient, K, are given in 

Appendix A and ground-level isopleth patterns in Figures 4- 7 through 

4-9. The ground-level isopleth pattern in Figure 4-7 shows that the 
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effluent released from Unit 18 is carried down the northeast side of Big 

Sulphur Creek with patches of effluent detected on the southwest side. 

For Unit 20A (Figure 4-8) the effluent moves down the southwest 

side of Big Sulphur Creek and eventually follows the creek bottom. 

There appears to be an initial spreading of the plume due to the light 

and variable wind at the release location. 

The isopleth pattern for Unit 20B in Figure 4-9 is similar to that 

observed for 20A. The center of the plume moves down slope toward the 

bottom of Big Sulphur Creek. Upon reaching the creek bottom the plume 

follows the creek. Near the release point increased initial spreading 

is observed. This is due to the light and variable winds at the release 

locations in the tunnel. 

In summary the concentration results showed that the plumes 

released from Units 18, 20A and 20B will flow downslope into Big Sulphur 

Creek and follow the creek bottom thereafter. The case simulated 

represents about 20 percent of full load capacity. At full load the 

plumes from the cooling towers penetrated the drainage flow and rose 

into the cooler air above. Hence no ground-level impact was observed 

for the 100 percent load case. 
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5.0 NEUTRAL FLOW--WEST WIND RESULTS 

5.1 Velocity Profiles 

A series of mean velocity and longitudinal turbulence intensity 

profiles were taken at locations T6, Met Station and C-35 annotated in 

Figure 3-4. At the Met Station profiles were taken for free stream 

velocities of 5.7, 6.7, 10.5, 15.3, and 20.1 m/sec. The results are 

shown in Figure 5-1. The mean velocity profiles (nondimensionalized by 

u
00

) are similar over the range of speeds considered. The largest 

deviation from similarity is for the 5.7 and 6.7 m/s free stream 

velocity cases. The turbulence intensity profiles also show similarity 

except for the 5.7 m/s case. 

At T6, profiles were taken at free stream velocities of 4.8, 8.6, 

and 16.3 m/s. The results are shown in Figure 5-2. The mean dimension-

less velocity profiles are nearly identical for all speeds considered. 

The turbulence intensity profiles show more scatter from case to case. 

The profiles taken at C-35 (near Anderson Springs) for free-stream 

velocities of 4.8, 7.7, and 17.2 m/s are shown in Figure 5-3. Both the 

mean velocity and turbulence intensity profiles exhibit a large degree 

of dissimilarity over the range of speeds studied. This could be due to 

a Reynolds number effect or to the fact that the measurement location is 

in the wake of a hill. The velocity measurement averaging time may have 

been insufficient to represent the mean of velocity and turbulence 

intensity. 

To summarize the boundary-layer characteristics obtained with the 

hot-film sensor, Table 5-1 was prepared. This table gives the ~' z ' 0 

and n values obtained for each profile by fitting the data by least 

squares to the following formulae: 
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(5 .1) 

(5. 2) 

z values at respective locations T6, Met Station, 
0 

and C-35 are 0.04 (0.76 m full-scale), 0.0022 (0.04 m full-scale) and 

0.21 cm (3.95 m full-scale). The corresponding average n values are 

~·-0.18, 0.11 and 0.22 and the average ratio at each respective 
uoo 

station is 0.061, 0.04 and 0.08. 

To check whether the n and values are consistent with 

atmospheric observations consider the following two equations from 

Counihan (1975): 

(
lLUoo,'\)2 = -1 -4 2.75 x 10 + 6 x 10 10~10 zo (5.3) 

2 n = 0.096 log10 z0 + 0.016 (log10 z
0

) + 0.24 (5.4) 

For the respective full-scale z values of 0.76, 0.04 and 3.95 m the 
0 

expected 
U~r.. 

~ values as computed from Equation (5.3) are 
uoo 

0.05, 0.04 and 

0. 06--good agreement with wind-tunnel observation. The respective n 

values are 0.23, 0.14 and 0.30 using Equation (5.4) and the z values 
0 

obtained from Equation (5.1). The n values as determined using 

Equation (5.2) and the measured velocity show fair agreement in absolute 

value but show a similar trend as predicted using Equation (5. 4). 

5.2 Vertical Concentration Distributions 

Vertical concentration distributions at three locations downwind 

of Units 18, 20A and 20B were measured and the results are given in 

Figures 5-4 through 5-7. Figures 5-4 shows the distribution downwind of 
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Unit 20B for a simulated 15 m/s free stream velocity. At the hillcrest 

the plume center of mass is 161 m above the ground with little ground-

level impact. In the lee of the hill the concentration becomes nearly 

uniform below the hill top elevation (msl) while the height of the plume 

center of mass relative to local ground level continues to increase. 

Figure 5-5 shows the vertical concentration distributions downwind 

of Unit 18 for a 15 m/s free-stream wind velocity. The distribution 

1 km downwind of Unit 18 on the hill top has lower concentrations than 

those farther downwind. This apparent inconsistency is due to the fact 

that the distribution was not taken close enough to the exact center of 

the plume. The shape of the distribution, the z and a values should z 
be representative. It is apparent that the plume passes closer to the 

ground at the hilltop than for Unit 20B at the 15 m/s free-stream wind 

speed. This is due to the fact that Unit 18 is at a more exposed loca-

tion and consequently 4igher speeds at cooling tower height would give 

lower plume rise. The concentration profiles downwind of the hill show 

almost uniform mixing below the hilltop elevation with a rapid decrease 

to zero concentration above that elevation. Since the plume is closer 

to the release than for Unit 20B, the 

locations as expected. 

a values are less at all three z 

Figures 5-6 and 5-7 show the vertical concentration distributions 

downwind of Units 18 and 20A for a 20 m/s full-scale free stream wind 

velocity. Again the plume from Unit 18 passes closer to the ground as 

it passes over the hill and the az and z values are less at all 

similar downwind locations. The plumes from Unit 18 and 20A both become 

uniformly mixed below the hilltop elevation at distances downwind from 

the hill. Higher ground-level concentrations are evident from Unit 18 

at locations in the lee of the hill. 
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5.3 Maximum Ground-Level Concentrations 

Ground- level tracer gas concentrations were measured downwind of 

Units 18, 20A and 20B for full-scale free stream wind velocities of 7.5, 

10, 15, 20 and 28 m/s. The results are contained in Appendix A and 

summarized in Tables 5-2, 5-3 and 5-4. Table 3-1 gives the model and 

full-scale parameters for each run and Figure 3-3 the sampling location 

key. 

The maximum observed nondimensional concentration coefficient, K, 

is plotted versus distance downwind from the release for each wind 

velocity and unit studied in Figures 5-8 through 5-12. For the 7.5 m/s 

free-stream velocity case (Figure 5-9), Unit 18 appears to have the 

highest normalized concentrations near the source whereas Unit 20B has 

the highest concentrations beyond 4 km. At a 10 m/s free-stream 

velocity (Figure 5-10) the nondimensional concentration values beyond 

4 km appear nearly equal for all units. Close to the source Unit 18 

again appears to have the highest impact with Unit 20A having the second 

highest. This same pattern is observed for the 15, 20 and 28 m/s 

free-stream wind velocity cases. 

The overall pattern of maximum concentration is to increase with 

increasing wind speed for each unit. At 15 m/s and above the increase 

with wind speed diminishes and the maximum concentration becomes nearly 

constant with increasing wind speed. Below 15 m/s the maximum nondi-

mensional concentration drops sharply with decreasing wind speed. This 

suggests that below 15 m/s plume rise is still an important phenomena in 

the diffusion process. At 15 m/s and above the plume rise must become 

nearly constant which gives a constant normalized maximum concentration 

as a function of wind speed. The maximum ground-level H2s concentration 
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would occur at approximately the speed where the normalized 

concentration changes very little with increasing wind speed. This 

critical wind speed appears to be between 15 and 20 m/s. 

The following method should be utilized to calculate prototype 

concentrations from nondimensional concentration coefficient, k. The 

basic equation is: 

k = 

where 

2 Xu D r 

k = nondimensional concentration coefficient from wind tunnel 
study, 

x = H2S concentration (ppm), 

u = prototype reference wind speed Cm/sec) and equals to r neutral flow tests and u for drainage flow tests, max 
D = prototype individual cell diameter (8.45 m), 

V = prototype3total volume flow rate through all cells 
s (4312.6 m /sec), 

Xs =prototype source strength of gas (ppm). 

Solving for the prototype concentration, 

x = 

Thus, for k = 

K X V k x s s 60.4 __ s = 
D2 u u r r 

-3 = 10 ppm 0.128 x 10 ' XS and u = 10 m/sec, r 

= 60.4 0.128 x 10-
3 

x 10 = X 10 0.008 ppm 

will be the equivalent prototype concentration. 

5.4 Ground-Level Isopleth Patterns 

uoo for 

To assess the ground-level distribution of concentration, isopleths 

of nondimensional concentration, K, were plotted for each unit and wind 

speed studied. Figure 5-13 shows the isopleths downwind of Unit 18 for 
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free-stream velocities of 7. 5, 10, 15, 20 and 28 m/s. When viewing 

Figures 5-13a through 5-13e the general similarity of the isopleth 

pattern regardless of wind speed is evident. The isopleths show the 

steady increase in the maximum K value with increasing wind speed. 

Also evident is the steady progression of the 40 x 10-5 isopleth toward 

Anderson Springs as wind speed increases. 

The ground-level isopleths downwind of Unit 20A are shown in 

Figures 5-14a through 5-14e for the five wind speeds studied. In this 

case the 40 x 10-5 isopleth line does not reach Anderson Springs. 

Hence the concentration levels are less than for Unit 18. For Unit 20B 

the isopleths are shown in Figure 5-15a through 5-15e for each wind 

speed studied. The concentration levels for this unit are less than 

either Unit 18 or 20A. 

In general all the isopleths showed a similar pattern. The maximum 

K gradually increased with increasing wind speed but to a lesser extent 

at the higher speeds. The shape of the isopleth pattern appeared 

similar for a given unit as wind speed varied. The results also suggest 

that Unit 20B will give the least overall H2s impact in Anderson 

Springs. 

5.5 Similarity Criteria Test 

As discussed in Section 2.3, five tests were run simulating a same 

full-scale case with different similarity criteria. The full-scale and 

model conditions for each test are given in Table 2-2. The full-scale 

case simulated was a 15 m/s free stream velocity with Unit 18 operating. 

Figure 5-16 shows the maximum observed K versus downwind distance for 

each different simulation of the full-scale case. The simularity method 

used in this report has been identified by a in this figure. For this 
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case plume rise scaling was (M ) - (M ) and (B ) = (B ) 1 All om- op om op 
past PG&E studies were run using the results marked with a 0 . The 

plume scaling criteria for those studies was (Fr) = (Fr) m p and 

(R) = (R) . As can be seen, the two simulations give the same trend m p 
but the old method provides slightly lower estimates. The main reason 

for the difference in concentration between "past" and "present" simula-

tion methods is attributed to current use of the free-stream velocity 

for a reference speed. Comparing the nondimensional velocity profiles 

PGE04 ("present" simulation) and PGOS ("past" simulation) in Figure 5-1, 

it can be concluded that the velocity profile PGE04 would result in the 

lower plume rise and correspondingly higher concentration. However, due 

to the complex terrain and low stack height (1.07 cm), it is difficult 

to monitor the reference velocity at stack height during wind-tunnel 

experiments. 

Two simulations were performed by equating the R in model and 

full-scale and letting Fr = oo. The two cases were for two different 

free-stream velocities. If Reynolds number effects are important a 

change should be observed between the two runs; otherwise, the results 

should be identical. As is evident in the figure the two runs give 

nearly identical results but higher values than the "true" simulation. 

Since a neutrally buoyant plume would have less rise than a buoyant 

plume for the same R, the increase in concentration is expected. 

The last simulation presented is for and Fr = oo. 

This case agreed well with the equal velocity ratio cases and gives 

higher concentrations than the "present" simulation. 

1see Section 2.3 for a discussion of terms. 
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TABLES 



Table 2-1. Model and Prototype Parameters for the PGE Evaluation at Geysers 

Test Series 

Parameters Prototype Model Prototype Model Prototype Model Prototype Model Prototype 

1) Cooling Tower Height 20.0 0.0107 20.0 0.0107 20.0 0.107 20.0 0.0107 20.0 
- H(m) 

2) Cell Diameter - D(m) 8.5 0.00443 8.5 0.00443 8.5 0.00443 8.5 0.00443 8.5 

3) Free Stream Velocity 
- u

00 
(m/s) 28.0 2.93 7.5 0.785 10.0 1.047 15.0 1.570 20.0 

4) Exit Velocity 
- us(m/s) 7.6 1. 705 7.6 1.705 7.6 1. 705 7.6 1. 705 7.6 

5) 3 Volume Flow -V(m /s) 4312.6 2.628 x 10 -4 4312.6 2.628 x 10 -4 4312.6 2.628 x 10 -4 4312.6 -4 2.628 x 10 4312.6 

6) Ambient Temperature 
- T (°K) a 293.0 293.0 293.0 293.0 293.0 293.0 293.0 293.0 293.0 

7) Exit Temperature - Ts 319.0 293.0 319.0 293.0 319.0 293.0 319.0 293.0 319.0 

8) Density Ratio - y 

CC·) 0.0815 0.80 0.0815 0.80 0.0815 0.80 0.0815 0.80 0.0815 

or cc·) 
9) Froude Number - Fr 

(i.n) 2.914 9.139 2.914 9.139 2.914 9.139 2.914 9.139 2.914 

10) Velocity Ratio - R 

( ~:) .2714 .582 1.013 2.172 0.760 1.620 0.507 1.086 0.380 

11) Momentum Ratio - M 
((1-y) R2 D2/H 2] 

0 
.012 .0116 .170 • 162 .096 .090 .043 .040 .024 . 

12) Buoyancy Ratio - B 
R3 D o 

.001 . .00098 -2 ·Ii .052 .051 .022 .021 .007 .006 .0027 
Fr 

Model 

0.0107 

0.00443 

2.093 

1. 705 

2.628 x 10 -4 

293.0 

293.0 

0.80 

9.139 

0.315 

.023 

.0026 

w co 



Table 2-2. Model and Prototype Parameters for PGE Similarity Tests 

MODEL 

Present Past Velocity Velocity 
Parameter Prototype Simulation Simulation Ratio 1 Ratio 2 

1) Cooling Tower Height - H(m) 20.0 0.0107 0.0107 0.0107 0.0107 

2) Cell Diameter - D(m) 8.5 0.00443 0.00443 0.00443 0.00443 

3). Free Stream Velocity 15.0 1.57 1.07 1.07 2.093 
- u,Jm/ s) 

4) Exit Velocity - u5 (M/s) 7.6 1.705 0.543 0.543 1.062 

5) Volume Flow - V(m3/s) 4312.6 2.628E-4 8.369E-5 8.369E-5 1.679E-4 

6) Ambient Temperature - Ta (oK) 293 293 293 293 293 

7) Exit Temperature - T
5

(°K) 319 293 293 293 293 

8) Density Ratio - y 

[Ts-Ta] (p~-:·) .0815 0.80 0.80 0 0 -T- or 
s 

9) Froude Number - Fr 2.914 9.139 2.914 00 00 

(~) 
10) Velocity Ratio - R .51 1.086 0.51 0.51 0.51 

( ~: ) 
11) Momentum Ratio - M 

0 

[(l-y)R2 (D/11 ) 2J s 0.043 0.040 0.009 
12) Buoyancy Ratio - B

0 
(R3 /Fr2) 

0.007 0.006 0.016 

Momentum 
Ratio 

0.0107 

0.00443 

2.093 

1.023 

1.578E-4 

293 

293 

0 

00 

0.489 

w 
\.0 



1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

Table 2-3. Model and Prototype Parameters for the PGE Drainage Flow Tests 

, 

Unit 20A 20B 18 

Parameter Prototype Mo.de! Prototype Model Prototype Model 

Cooling Tower Height 
- H(m) 20.0 0.0107 20.0 0.0107 20.0 0.0107 

Cell Diameter - D(m) 8.5 0.00443 8.5 0.00443 8.5 0.00443 

Load - (%) 22.5 22.5 22.5 22.5 22.5 22.5 

Maximum Velocity 
- umax(m/s) 1.09 0.081 1.05 0.078 2.04 0.152 

Exit Velocity - u
8

(m/s) 1. 709 0.127 1. 709 0.127 1. 709 0.127 
3 Volume Flow - V(m /s) 969.8 1. 95 E-5 969.8 1. 95 E-5 969.8 1. 95 E-5 

Ambient Temperature 
- Ta(oK) 293.0 253.0 293.0 253.0 293.0 253.0 

Exit Temperature 
- T (°K) s 319.0 253.0 319.0 253.0 319.0 253.0 

Density Ratio - y 

cs~STa) 0.0815 0 0.0815 0 0.0815 0 

Froude Number - Fr 2.914 00 2.914 00 2.914 00 

(~) 
1.568 1.568 1.628 1.628 0.836 0.836 Velocity Ratio - R 

( ~!aJ 
Surface Temperature 

- To(oK) 291.7 246.0 291.3 239.4 292.0 234.2 

T( Zmax) 294.3 269.4 294.7 270.3 294.0 252.5 

Z (m) max 
9.6 0.005 9.6 0.005 19.2 0.010 

Ri , 0.68 0.68. 0.98 0.98 0.32 0.32 

+:--
0 



Table 3-1. Model and Prototype Conditions for each Test Studied 

Drainage Flow 

Model Prototype 

Run Type Samples Unit NRS. Tracer Vol. Flow S. Strength Vel. Vol. Flow S. Strength Vel. 
3 (m /s) (ppm) (m/s) 3 (m /s) (ppm) (m/s) 

1 GND 20A E 1. 95E-5 10E4 8.123E-2 1 1 1 

lA ti 20A E 1. 95E-5 10E4 8.123E-2 1 1 1 

1B ti 20A E 1.95E-5 10E4 8.123E-2 1 1 1 

2 ti 20B E 1. 95E-5 10E4 7.846E-2 1 1 1 

2A ti 20B E 1.95E-5 - 10E4 7.846E-2 1 1 1 
~ 

2B II 20B E 1.95E-5 10E4 7.846E-2 1 1 1 ........ 

3 II 18 E 1. 9SE-S 10E4 15.183E-2 1 1 1 

3A II 18 E 1.9SE-S 10E4 15.183E-2 1 1 1 

3B II 18 E 1.9SE-S 10E4 15.183E-2 1 1 1 



Table 3-1. Model and Prototype Conditions for each Test Studied (continued) 
Neutral Flow 

Model Prototype 

Run Cone. Unit NRS. Tracer Vol. Flow S. Strength Wind Vel. Vol. Flow S. Strength Wind Vel. 
Samples Release 3 (ppm) (m/s) 3 (ppm) (m/s) 

Site (m /s) (m /s) 

1 GND 20A E 262.8E-6 6.9E4 2.88 4312.6 1.0 27.S6 
18 p " 4.41E4 " " " " 

2 " 20A E 262.8E-6 6.9E4 0.79 4312.6 1.0 7.5 
18 p II 4.41E4 " " II " 

3 II 20A E 262.8E-6 6.9E4 1.05 4312.6 1.0 10.0 
18 p " 4. 41E4 " II II " 

4 " 20A E 262.8E-6 6.9E4 1.57 4312.6 1.0 lS.O 
18 p II 4.41E4 II II II " 

5 II 20A E 262.8E-6 6.9E4 2.09 4312.6 1.0 20.0 
18 p " 4.41E4 " " II " ~ 

N 
SA " 20A E 262.8E-6 6.9E4 2.09 4312.6 1.0 20.0 

18 p " 4.41E4 " " " " 
SB " 20A E 262.8E-6 6.9E4 2.09 4312.6 1.0 20.0 

18 p " 4.41E4 II " " " 
6 II 20B p 262.8E-6 4. 41E4 2.88 4312.6 1.0 27.56 

18 E II 6.9E4 II II " " 
7 " 20B p 262.8E-6 4.41E4 0.79 4312.6 1.0 7.S 

18 E " 6.9E4 " " " " 
8 " 20B p 262.8E-6 4.41E4 1.05 4312.6 1.0 10.0 

18 E " 6.9E4 II " " " 
9 " 20B p 262.8E-6 4.41E4 1.57 4312.6 1.0 15.0 

18 E " 6.9E4 " " " " 
9A " 20B p 262.8E-6 4.41E4 1.57 4312.6 1.0 lS. 0 

18 E " 6.9E4 " " " " 



Table 3-1. Model and Prototype Conditions for each Test Studied (continued) 
Neutral Flow 

Model Prototype 

Run Cone. Unit NRS. Tracer Vol. Flow S. Strength Wind Vel. Vol. Flow S. Strength Wind Vel. 
Samples Release 3 (ppm) (m/s) 3 (ppm) (m/s) 

Site (m /s) (m /s) 

9B GND 20B p 262.8E-6 4. 41E4 1.57 4312.6 1.0 15. 0 
18 E It 6.9E4 It It ti It 

10 It 20B p 262.8E-6 4.41E4 2.09 4312.6 1.0 20.0 
18 E It 6.9E4 It It It It 

11 VERT 20A E 262.8E-6 6.9E4 2.09 4312.6 1.0 20.0 
18 p It 4. 41E4 ti II It II 

12 VERT 20A E 262.8E-6 6.9E4 2.09 4312.6 1. 0 20.0 
18 p II 4.41E4 II II II It 

13 VERT 20A E 262.8E-6 6.9E4 2.09 4312.6 1.0 20.0 
18 p It 4.41E4 It II II II 

,i:.. 

14 VERT 20B p 262.8E-6 4.41E4 1.57 4312.6 1. 0 15.0 w 

18 E ti 6.9E4 It II II It 

15 VERT 20B p 262.8E-6 4. 41E4 1.57 4312.6 1.0 15.0 
18 . E II 6.9E4 II II It ti 

16 VERT 20B p 262.8E-6 4. 41E4 1.57 4312.6 1.0 15.0 
18 E II 6.9E4 II II ti " 

17 GND 18 E 83.69E-6 6.9E4 1.07 4312.6 1.0 15.0 
17A II 18 E 83.69E-6 6.9E4 1.07 ti It " 
18 " 18 E 83.69E-6 10 .OE4 1.07 4312.6 1.0 15.0 
18A " 18 E 83.69E-6 10.0E4 1.07 It " ff 

19 " 18 E 167.4E-6 10.0E4 2.09 4312.6 1.0 15.0 
19A ff 18 E 167.4E-6 10. OE4 II ft II 

20 ft 18 E 157.8E-6 10.0E4 2.09 4312.6 1.0 15.0 
20A II 18 E 157.8E-6 10.0E4 2.09 ti ft II 
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Table 4-1. Ground Temperatures (°C) Observed while Recording 
Velocity/Temperature Profile Data for Drainage Flow 
Conditions from 1601 to 2108 MST on 25 March 1980 

Thermistor Run Location 
T6 TS Tl2 Tll T3 Tl 

1 -29.6 -29.7 -29.5 -28.2 -27.8 -27.3 
2 -34.5 -34.6 -34.3 -32.7 . -32. 2 -31.9 
3 -33.0 -33.0 -33.0 -32.4 -31.4 -31.1 
4 -32.7 -32.8 -32.9 -31.8 -30.7 -30.5 
5 -27.8 -27.7 -27.8 -27.0 -25.8 -25.8 
6 -34.6 -34.6 -34.6 -33.4 -32.3 -32.2 
7 -23.1 -23.0 -23.3 -22.2 -21.6 -21.7 
8 -37.3 -37.9 -37.8 -37.0 -36.0 -35.4 
9 -40.8 -41.0 -41.1 -40.3 -39.4 -38.8 

10 -34.1 -34.6 -36.2 -35.9 -35.1 -34.0 
11 -39.4 -39.9 -41.3 -40.8 -40.0 -38.9 
12 -38.8 -39.1 -39.7 -39.3 -38.4 -37.5 
13 -41.0 -41.3 -41.8 -41.4 -40.7 -39.6 
14 -40.7 -40.9 -41.1 -40.5 -40.5 -39. 7 
16 -38.0 -38.4 -38.8 -37.8 -37.8 -37.8 
18 -26.9 -26.9 -26.7 -25.7 -24.8 -25.0 

I 
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Table 4-2. Vertical Distribution of u, i and T Measured at Tl 

(cm) - (cm/s) i (%) T (°C) z u 

0.2 25.265 17.5 -23.4 
0.4 32.031 21.6 -23.1 
0.6 39.003 16.8 -22.8 
0.8 38.202 17.6 -23.1 
1.0 38.187 17.5 -23.2 
1. 2 35.644 22.5 -23.2 
1. 5 42.476 17.5 -22.9 
2.0 43. 717 18.3 -22.0 
2.5 44.236 13.7 -21. 2 
3.0 49.456 16.0 -19.5 
4.0 42.180 13.3 -14.6 
5.0 42.457 17.6 -12.6 
6.0 38.737 17.1 -10.2 
8.0 34.270 19.3 -6.8 

10.0 21.287 28.3 -4.1 
13.0 12.433 30.7 0.7 
16.0 5.502 24.8 5.0 
20.0 3.450 26.1 8.6 
25.0 3.736 32.9 10.2 
30.0 2.836 30.2 10.9 
40.0 2.790 73.1 11. 7 
60.0 1.989 45.9 12.2 
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Table 4-3. Vertical Distribution of u, i and T Measured at T3 

z (cm) u (cm/ s) i (%) T (°C) 

0.2 17.664 6.8 -26.4 
0.3 22.796 5.7 -26.7 

0.4 26.870 4.8 -26.8 
0.5 28.297 5.4 -26.9 

0.6 28.866 5.0 -26.8 
0.7 29.354 5.2 -26.6 
0.8 30.248 4.9 -26.5 
0.9 30.378 4.7 -26.2 
1.0 29.856 4.7 -25.9 

1.3 29.205 6.4 -25.5 
1. 7 29.580 5.2 -24.7 

2.0 28.631 5.2 -24.0 
3.0 26.205 5.6 -21.6 
4.0 22.586 6.2 -18.6 
5.0 19.156 8.1 -14.4 
6.0 15.945 10.5 -11. l 
8.0 9.721 16.1 -4.4 

10.0 4.886 20.2 2.8 
13.0 3 .180 25.0 8.2 
16.0 2. 772 30.8 9.8 
20.0 2.674 36.0 10.7 
25.0 2.361 43.2 11. 7 
30.0 2.363 47.7 11.9 
40.0 1.989 40.5 12.2 
60.0 1.563 55.2 13.0 
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Table 4-4. Vertical Distribution of u, i and T Measured at TS 

z (cm) u (cm/s) i (%) T (oC) 

0.5 8.123 15.6 -3.6 

0.7 6.655 16.4 2.9 

1. 0 4.437 23.8 7.3 
1. 5 2.512 36.2 10.6 

2.0 2.785 32.7 11.2 
2.5 2.574 35.4 11.6 

3.0 2.308 44.2 11.8 
4.0 2.363 36.4 12.0 

5.0 2.304 39.0 12.2 
6.0 1.988 48.6 12.1 
8.0 2.313 39.5 12.4 

10.0 2.313 37.2 .12.4 

13.0 2.098 43.6 12.5 

16.0 2.749 35.3 13.0 
20.0 2.696 38.0 13.1 

25.0 2.482 43.5 13.3 
30.0 1.782 51. 5 13.5 

40.0 2.000 59.5 13.9 
50.0 1.567 96.6 13.7 
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Table 4-5. Vertical Distribution of u, i and T Measured at T6 

z (cm) u (cm/s) i (%) T (°C) 

0.5 7.846 14.3 -2.7 

0.7 6.934 12.7 1.6 

1.0 5.573 10.1 6.0 

1.5 4.114 29.9 10.5 

2.0 3.335 29.0 12.4 

2.5 2.854 32.1 12.8 

3.0 2.857 32.1 13.l 

4.0 2.022 53.3 13.2 

5.0 2.805 32.7 13.2 

6.0 2.968 32.9 13.4 

8.0 2.914 42.6 13.4 

10.0 2.753 35.3 13.4 
13.0 2.806 34.6 13.4 

16.0 2.268 31.9 13.5 
20.0 2.377 40.9 13.7 
25.0 2.486 41.3 13.8 
30.0 2.433 40.0 13.9 

40.0 1. 895 51.4 14.3 
50.0 2.004 54.0 14.5 
60.0 1.083 80.0 14.5 
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Table 4-6. Vertical Distribution of u, i and T Measured at Tll 

(cm) - (cm/s) i (%) T (°C) z u 

0.4 12.951 7.5 -28.5 
0.5 13.347 7.3 -28.0 
0.6 13.464 7.2 -26.7 
0.7 13.546 7.6 -25.2 
0.8 13.517 8.3 -24.0 
1.0 13.658 6.9 -21.4 
1. 2 13. 729 7.6 -20.1 
1. 5 14.255 7.4 -17.5 
2.0 13.135 7.8 -14.9 
2.5 12.581 8.2 -13.3 
3.0 12.570 7.8 -12.5 
4.0 11. 794 69.3 . -10 .1 
5.0 9.072 9.4 -7.1 
6.0 7.509 11.6 -2.0 
8.0 3.707 24.3 8.0 

10.0 2.393 33.3 9.1 
13.0 2.507 31. 9 10.0 
16.0 2.403 33.3 10.3 
20.0 2.517 38.9 11.1 
25.0 1.984 43.2 11.5 
30.0 1.663 48.4 11. 7 
40.0 1.505 57.1 12.1 
60.0 1.185 68.2 12.8 
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Table 4-7. Vertical Distribution of u, i and T Measured at Tl2 

z (cm) u (cm/s) i (%) T (°C) 

0.4 13.334 7.7 -24.8 
0.5 14.257 7.6 -24.2 
0.6 14.197 7.6 -23.6 
0.7 14. 714 7.7 -22.8 
0.8 14.803 7.3 -22.1 
1.0 15.183 7.5 -20.5 
1. 2 14.394 8.3 -19.3 
1. 5 14.851 7.5 -17.2 
2.0 13.507 7.9 -14.3 
2.5 12. 311 8.8 -10. 7 
3.0 11.101 8.6 -7.7 
4.0 6.817 13.6 1.0 
5.0 4.425 19.0 6.5 
6.0 3.390 25.0 8.0 
8.0 2.663 30.0 9.6 

10.0 2.354 34.1 10.9 
13.0 2.195 39.0 11.1 
16.0 2.146 40.0 11.6 
20.0 1.664 51.6 11. 8 
25.0 1. 772 51. 5 11.9 
30.0 1.558 51. 7 12.1 
40.0 1. 237 65.2 12.3 
60.0 1.185 68.2 12.7 
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Table 4-8. Ground Temperatures (0 c) Recorded during Concentration 
Sampling Runs (see Table 3-1) under Drainage Flow 
Conditions 

PG&E DRAINAGE FLOW 

THERM If 1 IA 1B 2 2A 2B 3 3A 3B 

Tl -26.4 -26.3 -26.0 -26.S -27.0 -23.6 -26.0 -22.9 -22.4 

T2 -30.3 -28.9 -28.1 -30.9 -30.6 -26.6 -30.6 -2S.7 -2S.l 

T3 -29.7 -27.3 -26.3 -29.8 -30.3 -23.7 -29.2 -22.8 -22.2 

T4 -28.3 -2S.6 -23.8 -28.8 -28.8 -22.6 -28.4 -20.9 -21.8 

TS -24.7 -23.4 -22.8 -24.7 -2S.2 -19.2 -24.3 -18.8 -17.6 

T6 -30.0 -28.1 -27.4 -30.1 -30.7 -24.7 -29.9 -23.8 -23.1 

T7 -23.8 -21. 9 -21.4 -21. 7 -24.4 -18.9 -21.4 -18.4 -17.9 

TB -36.0 -33.2 -32.3 -33.8 -36.2 -29.3 -32.8 -28.3 -27.6 

T9 -37.1 -34.6 -29.4 -3S.6 -37.3 -30.6 -3S.3 -29.6 -28.8 

TIO -29.8 -28.3 -27.0 -29.3 -29.9 -24.0 -29.7 -23.0 -22.4 

Tll -34.3 -30.9 -29.4 -34.2 -34.7 -26.2 -34.4 -25.1 -24.2 

T12 -32.8 -29.5 -28.1 -32.9 -33.1 -2S.O -32.7 -23.7 -22.8 

Tl3 -34.0 -30.8 -29.4 -34.2 -34.4 -26.2 -34.2 -25.0 -24.0 

Tl4 -35.1 -26.1 -2S.1 -3S.2 -3S.6 -22.4 -34.7 -21. 4 -20.S 

TIS -26.1 -22.7 -21. 7 -26.1 -26.8 -19.1 -25.9 -18.1 -17.4 

T16 -32.2 -28.8 -27.6 -33.9 -32.S -24.6 -32.2 -23.5 -22.4 

T17 -22.5 -24.8 

T18 -21.8 -24.5 

TAMB. 12.2 14.0 13.6 11. 9 11. 9 13.S 12.5 13.2 13.5 



Table 5-1. Sunnnary of Velocity Profiles for the Neutral Westerly Wind Simulation 

Test # Location z u* n u u*/u00 
e e 

0 00 n z 
0 

(cm) (cm/s) (cm/s) (cm/s) 

PGE 03 Met Sta .00175 8.314 .1103 209.'0 .0398 5.236 5.862 

PGE 04 Met Sta .00102 5.984 .1027 157.0 .0381 4.411 4. 778 

PGE 05 Met Sta .00239 4.294 .1126 105.0 .0409 3.452 3.704 

PGE 06 Met Sta .00391 3.247 .1160 71.0 .0457 3.309 3.482 

PGE 07 Met Sta .00181 2.384 .1028 59.0 .0404 2.400 2.598 

PGE 08 T 6 .05181 3.401 .1856 51. 0 .0667 4.845 4.291 

PGE 09 T 6 
! 

.03636 5.357 .1778 86.0 I .0623 7.199 6.341 
I 

PGE 10 .03070 10.450 .1644 I T 6 i 173.0 l .0604 14.782 13.670 I I 
i I 

PGE 11 c #35 l .12825 13.213 .1997 180.0 .0734 9.790 13.499 

PGE 12 c #35 ~ .41902 7.809 .2649 84.0 .0930 6.121 8.883 i 
i 

PGE 13 c #35 .07203 3.215 .1924 49.4 .0651 2.513 I 2.840 
I 
i 

Ln 
N 



53 

Table 5-2. Nondimensional Concentration Coefficients, K (x 105) 
for Unit 20A 

Sample Prototype Wind Speed (m/s) Number 
1..:2 10.0 15.0 20.0 28.0 

1 0.027 0.286 0.576 0.864 
2 0.496 0.933 3.32 8.36 12.0 
3 1. 35 2.90 10.7 24.1 32.1 
4 1.67 3.20 12.2 29.9 40.0 
5 2.66 5.27 17.9 33.4 35.5 

6 8.63 16.9 46.9* 56.2* 58.4* 
7 13.4* 17.6* 36.7 42.8 42.7 
8 2.32 4.55 9.24 3.04 2.23 
9 0.184 0.389 0.249 0.071 0.187 

14 0.124 1.13 2.16 2.09 

15 2.46 6.43 23.2 41.1 47.1 
16 3.46 8.56 27.9 44.1 48.7 
17 5.73 13.7 35.3 45.5 48.0 
18 8.48 13.5 31. 7 37.5 38.7 
19 9.14 8.70 18.2 20.4 21.5 

20 8.92 7.03 13.2 14.3 15.6 
21 6.52 5.57 10.1 11.1 12.1 
22 o. 735 0.627 0.660 0.925 

103 0.018 0.288 0.382 0.42 
101 0.354 3.13 7.36 9.95 

98 1.41 2.83 7. 77 11. 5 12.5 
97 5.36 11.4 28.3 36. 9· 39.7 
96 7.95 10.6 22.6 28.0 30.6 
95 2.43 3.28 5.40 6.44 
94 5.79 0.74 8.73 10.1 11.2 

93 2.45 2.10 4.26 4. 77 5.90 
92 1. 55 1.20 2.15 2. 77 3.95 

109 2.86 4.56 
110 0.830 1. 74 7.62 15.2 18.3 
111 2.12 5.18 17.1 29.2 32.9 

112 2.94 6.42 16.3 24.3 26.7 
113 4.10 7.92 16.6 21.8 23.4 
114 6.10 5.68 11.1 14.8 16.6 
115 3.83 2.93 6.05 7.86 8.47 
116 2.47 1. 28 3.12 5.14 6.81 

117 1.35 0.323 0.924 2.04 3.54 
118 0.362 0.019 0.052 
119 0.312 6.35 

30 1. 05 2.08 8.21 15.4 19.1 
31 1. 65 3.01 11.0 19.6 23.9 

32 2.15 4.49 14.0 22.6 26.1 
33 3.92 5.87 14.1 18.8 21.0 
34 5.29 4.60 10.2 13.4 14.9 
35 0.034 

36 2.27 0.641 2.36 4.83 7.22 
37 o. 714 0.144 0.277 0.511 1.32 
38 0.219 0.154 0.137 0.174 0.382 
39 0.092 0 0.012 0.051 0.068 

* Maximum value 
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Table 5-3. Nondimensional Concentration Coefficients, K (x 105) 
for Unit 20B 

Sample Prototype Wind Speed (m/s) Number 
7.5 10.0 15.0 20.0 28.0 

1 0.026 0.304 0.702 1.27 
2 1.07 1. 72 5.17 9.58 13.8 
3 3.61 6.05 16.l 26.7 35.2 
4 3.03 6.17 12.7 34.0 44.2* 
5 4.27 8.08 20.2 28.4 30.4 

6 3.68 9. 71 16.0 18.3 20.1 
7 0.443 1.69 4.18 4.27 5.53 
8 0.222 0.155 0.539 0.697 1.52 
9 0.185 

14 0.408 0.557 1.64 2.21 2.74 

15 6.13 10.4 27.7 38.4* 43.4 
16 7.74* 13.3* 29.4* 38.4* 40.7 
17 5.69 13.1 22.6 270.0 28.0 
18 2.23 7.30 12.6 14.4 14.9 
19 0.356 2.20 3.86 4.19 4.32 

20 0.056 0.541 1. 21 0.988 1.17 
21 0.131 0.384 0.327 0.403 
22 

103 0.201 o. 708 0.858 
101 0.548 1.03 4.40 7.83 11.6 

98 1. 73 3.69 6. 77 9 • .68 10.9 
97 3.53 11.0 17.6 21.9 22.9 
96 1.11 5.15 8.65 11.0 11.1 
95 0.177 0.363 11.8 1.35 
94 0.058 0.535 0.675 0.743 0.910 

93 0.073 0.244 0.233 0.487 
92 0.041 0.119 0.151 

109 0.417 0.739 2.62 5.51 7.66 
110 1.63 2.80 9.89 15.1 19.6 
111 4.18 6.98 19.4 26.7 30.2 

112 2.59 7.09 13.4 17.2 18.4 
113 0.091 5. 77 11.4 10.2 9.98 
114 0.351 1.69 3.32 4.46 4.93 
115 0.067 0.524 0.869 1.16 1.38 
116 0.446 0.536 0.577 0.695 

117 0.112 0.171 0.210 0.275 
118 0.210 0.584 

30 1. 76 3.30 9. 77 15.2 19.6 
31 2.21 4.46 12.3 18.4 22.3 
32 2.74 5.41 13.9 19.4 22.1 

33 1.61 3.91 14.5 10.7 11.5 
34 0.388 1. 72 3.61 4.64 5.02 
35 0.152 
36 0.020 o. 710 0.818 1.06 1. 26 
37 0.014 0.086 0.090 0.109 0.158 
38 0.068 0.089 0.617 
39 0.097 0.079 

* Maximum value 
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Table 5-4. Nondimensional Concentration Coefficients, K (x 105) 
for Unit 18 

Sample Prototype Wind Speed (m/s) Number 
7.5 10.0 15.0 20.0 28.0 

1 0.032 0.059 0.028 0.072 
2 0.332 0.259 0.439 0.459 0.622 
3 2.52 2.15 3.91 4.23 5.25 
4 0.197 0.271 0.812 2.27 4.32 
5 9.87 12.7 31.8 44.8 52.1 

6 48.6* 82.1* 147. O* 190.0* 221. O* 
7 21. 6 38.8 95.5 127.0 148.0 
8 6.32 3.64 13.3 29.8 35.1 
9 0.023 0.062 0.157 0.111 0.051 

14 0.310 0.364 1.03 1.09 1.15 

15 10.9 13.3 40.1 54.6 64.1 
16 21. 6 23.9 60.4 74.2 83.l 
17 31.2 49.3 89.6 111.0 l.?3.0 
18 24.8 46.9 82.0 101.0 113.0 
19 8.59 22.2 38.1 43.9 52.0 

20 3.34 8.65 16.7 20.8 21.2 
21 1.42 3.17 6.70 8.51 9.27 
22 0.086 0.171 0.115 0.115 

103 0.039 0.015 0 0.063 
101 0.106 0.149 0.878 1.44 2.35 

98 5.67 10.3 17.4 23.9 26.3 
97 20.7 37.3 68.5 85.0 93.0 
96 11.7 29.0 48.2 63.1 69.6 
95 1.37 3.45 10.2 11. 3 
94 2.30 4.83 8.22 10.8 11. 6 

93 1. 75 2.76 3.84 4.64 
92 0.396 0.776 1. 34 1. 93 2.20 

109 0.147 0.230 0.976 1. 69 2.32 
110 1.13 1.48 8.47 12.5 16.9 
111 6.96 8.76 35.3 47.5 53.8 

112 3.76 16.9 38.6 47.5 51.3 
113 0.284 13.8 35.8 42.8 6.14 
114 4.99 8.83 18.3 26.0 28.9 
115 2.11 4.33 5.64 10.1 11.2 
116 0.840 2.87 4.08 5.47 6.52 

117 0.224 1. 47 1. 35 2.00 2.92 
118 0.033 0.251 0.073 0.137 o. 211 

30 1.58 2.50 10.3 17.2 22.8 
31 2.59 4.54 17.3 26.9 34.0 
32 4.89 7.86 25.4 35.5 41.6 

33 6.85 11.6 18.9 32.6 35.7 
34 4.60 8.89 16.4 22.2 24.4 
35 0.233 
36 0.579 3.53 4.42 6.65 7.57 
37 0.081 0.872 o. 372 0.608 0.760 
38 0.124 0.178 0.154 0.131 0.213 
39 0.031 0.080 0.042 0.076 0.156 

* Maximum value 
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FIGURES 



.,..._ ________ DRAINAGE FLOW----------1 I 
NEUTRAL FLOW ---------------1• 

Figure 3-1. Contour Map of the Topographic Areas Modeled 
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Figure 3-2. Picture of a Portion of Wood Frame 
Used to Support Aluminum Surf ace 
Representing Model Topography. 
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Figure 3-3 . Contour Map Showing Location of Concentration Sampling Points 
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Figure 3-4. Contour Map Depicting Thermistor and Velocity Profile Locations 
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_Figure 3-5. Colorado State University Environmental Wind Tunnel 
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Figure 3-7. Drainage Platform Used to 
Support Aluminum Model. 
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Figure 3-8. Fans Installed Under Platform 
to Circulate Cold co2 Vapors. 
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Figure 3-9. Dry Ice Being Loaded on Pallets 
Prior to Positioning under Model. 
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Figure 3-10. Complete Dry Ice Load 
with Model in Place. 
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(a) 

(b) 

-
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Figure 3-11. Photographs of (a) the Gas Sampling System, 
and (b) the HP Integrator and Chromatograph. 
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Sample II Integrated Output 
from GC (11v-s'I 

1 205694 
2 203629 
3 202588 
4 204305 
5 204430 
6 203817 
7 204636 
8 204425 
9 204820 

10 202794 
11 202874 
12 203496 
13 197171 
14 203790 
15 202432 
16 202426 
17 202317 
18 200461 
19 200372 
20 201950 
21 201829 
22 201817 
23 199365 
24 201459 
25 200297 
26 200940 
27 200012 
28 200622 
29 ------
30 199445 
31 199914 
32 198845 
33 198725 
34 198899 
35 198898 
36 195163 
37 198945 
38 197443 
39 197502 
40 196235 
41 196938 
42 196890 
43 147606 
44 196634 
45 196964 
46 197027 
47 195721 
48 196414 
49 196934 
50 196582 

Calibration 197778 --

Figure 3-12. Typical Sampling System Calibration Showing the 
Integrated FIGC Response after Injecting a Known 
Concentration from each Syringe 



Figure 3-13. Photographs at Two Angles of Datametrics Probe with 
Shield Removed. (Top Sensor for Velocity and Bottom 
for Temperature.)(Spacing approximately 0.5 nun.) 
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Figure 3-14. Equipment Used for Calibrating 
Hot-Film and Datametrics Probes. 
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Figure 3-15. Calibration Curve for Hot-Film Sensor 
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( T-T0 ) /(Too-To) 
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To = 245.7 °K 
T 00 = 285.4 °K 

um = 49.5 cm /s 
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u I Um 

Figure 4-1. Velocity and Temperature Profiles Taken at Tl 
(see Figure 3-4) for the Drainage Flow Tests 
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( T- T0 ) I (Too - T 0) 
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Figure 4-2. Velocity and Temperature Profiles Taken at T3 
(see Figure 3-4) for the Drainage Flow Tests 
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( T - T0 ) I (Too - T 0 ) 

0.6 0.4 0.2 0 
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T 00 = 286.8 °K 

Um = 8.1 cm /s 
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Figure 4-3. Velocity and Temperature Profiles Taken at TS 
(see Figure 3-4) for the Drainage Flow Tests 
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( T- T0 ) I (Too - T0 ) 
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Figure 4-4. Velocity and Temperature Profiles Taken at T6 
(see Figure 3-4) for the Drainage Flow Tests 
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Figure 4-5. Velocity and Temperature Profiles Taken at Tll 
(see Figure 3-4) for the Drainage Flow Tests 
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Figure 4-6. Velocity and Temperature Profiles Taken at T12 
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;:ic; .123F.-03 ll433'i .lQ~E-oi 966 Tl .16C.F-0) fi490 .610E-05 
2f. .14lf-03 70l6q .12 E-0 127904 .nQ~:-oJ 5?130 .A47E-04 
27 .ll6E-02 67523.3 .ll~f-02 ......... ooo••o•o ******* ***o•••• 
"~ .161F.-02 q371q5 .16JF-02 oo•oo•• O•*O**** o•••••• ........ o•o 
;iq .12r;;r:-02 lOE!l'l% .}Afl:F-'li 4f8556 • nn-rn 66QC)30 .115E-n:? 
30 • I SQE-02 11345'>4 .l'i~E-11 to 7411 .11c;r::-02 620450 .lOflf-Oi' 
~) .754E-n3 1006122 .1nE-oa 24A0f0 .42'-F-03 63230 .l04E-03 
1? • l25E-Ot!I 1321720 .221JE-oa 139271 .c;AJJ--03 51 HOO .8ASE-03 
3~ • ll4E.-02 130Rqt;6 .225£-oa 651449 • J 12f---02 2401,0 .364f_-04 
~4 .2%E-03 437ti90 .7'51E-OJ 7932A • l 35f- -03 2700 .o 
~" .l84f-OS 1274 .lA4F.-05 •o•ooo• ••••o••• o•o•••• oooo•••• 
jf; .2~9E-O~ 372 .2R~E-06 •o•oo*o ······•o o•ooo•• ******** 
37 .42QF-n6 45.l .42~E-06 ••••ooo 0000000• *o**'°** ****O••• 
'2p .lSOE-05 1071 .150E-05 •000000 *****•*O ******* .......... 
4,., • l64F.-04 971 J .l64E-Olt oo••••o •••••ooo •••o*o• **O•O••o 
47 .793F-05 4~09 .7Q~E-05 00000•• 0000•0•0 -c>••oo•• o••oo••• 
4P .634E-05 3A.B~ .634':-05 •••oooo ooo•••** o••••oo o•O***** 
49 .149F-OC, 106Q .14t;E-05 •o••*•* tto•oo-ooo •••o••• ••oo•••o 
c.o .341F-03 10263 .17?F.-04 525820 .Q04E-03 66160 .}OQE-03 
~l .327f-'l3 22451 .3~'.!E-04 49l9Q2 .A4M:-03 c;A710 .960f.-04 
~q .28SF-<15 186) .2PC:f-05 ••••••o OOO**•** .......... fl.0000*** 
71 .277E-Oh 365 • 27JE-06 0000•0• ****'°*** o•o•o•o ......... 
c.2 .25tiF-03 0000000 ••• **** 29A278 .r:;l?t-Ol ?760 .o 
c~ .157f-03 OOO•*** ···•••o• lA331~ .1l4F-0] ?640 .o 
~4 .253F-06 oo••o•• o•••o•o• 8nA .;>S~F-06 •••••o• 0000000• 
c.~ .f>2HF -04 ••••••o ···•••o• 17404 .?.A7F.;.04 SQ2SO .970E-04 
c. 7 .112F-04 ••••o•• •••to••• 13035 .?l?F-04 ::t660 .12Jf-05 
'iA • H~?F-04 oo••••• ···••o•f 21890 .365F-04 1470 .o 



~llN " 1 
MOf)FL P~OTOTYPF ~OOFl PPnTOTYPf: ~on FL PR('ITOTYPE MOPH PROTOTVPF 

FQFF" STREAM VFI • • p; M/5 1.00 M/5 • 1 ':> M/'; t.oo MIS .15 M/S 1.nn MIS 
F X TT V~L. .13 M/5 .no ~1c; .13 M/5 .oo M/S • 11 M/S .oo ~/<; 
VOL. FLOlill .20f-04M1/S .lt!E•O}t-A3/S .20F.:-04M3/S .l0f+01M3/<; .20F-0411'1J/S .lOF+0\1141/S 
~OlJP('f STPfNGT~ .lOE•O-S .HIF•O) .lOE+Oh .lOF+t)l .lOF+OF; .lOF+Ol 
PAP<f:J.iOUN() .12E•03 .25E+04 .45F+04 
C'AI TFt11\TION F~CTOR.22E-02 .22F-O? .2£F-02 
PAt\ f.F: 10 10 l 0 
~T t.(t< Hf IGHT 1.04 CM t9.97 M 1. 1"14 CM lq.q7 t-1 ).04 CM l9.Q7 M 
CELL rq U.IFTF P 0. 44 C"-1 8. 45 M 0. 44 CM 8.45 M 0.44 C:M 8. 45 M 

c: J\IVDf. E AVF Rtiw NOf1MAL nen iuw MOPMALJ7Fn RAW MOPMftLJZEf) QAW NO~MALIZEr) 

PT. (APEA) ftiNC (AREA) en Ne (ARFA) <:11NC ( ARF A) CONC 

1 .130f-05 r; 10 • Pbf-ns ******* ******** ******* ******** 
? .~60f-M, 377 .8f.f)f-06 ******* ******** ........ **">***** 
~ .6331:-(17 13~ .,;3~E-07 ******* ******** ******* ........... 
4 .l34F-05 ?.00 .27CIE-06 266q .c:;10.:-06 5511 .3?SF.-n~ 
c; .l9llF.-03 ~433c:; .ll~E-03 75q~3 .24r;F-n3 7fi374 .nqE-01 ,, .76t;F-03 ? 1 c:;3 l A .71 E-03 ?.4~764 .A21F-0"3 2.3162?. .757f..-O~ 
1 .817F_-04 379M .t?.~E-03 29~75 .QO?F-04 13164 .?AAF-04 
R .344f-04 2113 .6ti4E-05 17512 .sonF-04 lA4QS .4f.i'5E.-04 
Q .lOfif-03 201sq .f.~QE-0'• 45755 .144~-01 36?.A6 .lO~f-01 

) (l .443f-03 l4A .96f!E-01 217169 .7151=-03 188435 .61.lf-03 
1 1 .267F.-07 127 .2f.7E-n7 ••••••• *******i> ******* .......... 
1? .Q33F:-07 147 .c;JlE-01 ••••••• . ........... • •••••• . ........ 
11 .802f-05 2R1 • '5fl~E-06 757R .16qf-04 "522 .M2E-Oc; 
14 .92Pf-04 4777? .15 E-OJ 24609 .736F-04 1A297 .4c:;qf-04 
1 " .llM_-02 .?21096 • 7JfriE•03 469749 .JS1'F-0?." 364.365 .l?.OE•O:? 
}f. .144F-03 11776?. .59~E-03 255977 .q4'5F-03 242H45 .194E-01 
1 7 • l04f.-03 lP.863 .f.2r-o .. 43Al9 .})Af-03 37A78 .lllE-03 
} ,:I .26lf-04 2359~ .7P E-04 16 6 .n 2421 .o ...... 
1Q • 646F:-n4 74R6 .24 E-04 31766 .cnc:;F-04 2fill3 .11qE-114 ...... 
-n .344f-05 A36 .23qE-05 137 .n 6912 .79~E-0'5 ~ 

2P .Sl3E-Oti 271 .Sl~E-06 ........ *****•it* ••••••• *******• ;q • 357E-fl6 226 .357E-06 ••••••• •••••••• ••••••• • ••••••• 
30 • 45"1f-Of, 25fi .457E-06 ••••••• ******** • •••••• .......... 
~2 • 410f-06 242 .41"F.-06 ......... ******** ******* ******** 
1i .370E-06 230 .17¥E-06 ••••••• •••••••• ••••••• • ••••••• 
34 • 11n:-n6 154 .11 f-f)6 ••••••• •••••••• ******* ******** 
'Ho, • 22flf-0(J 185 .2?0f-06 ******'* ******** ••••••• ******** 
~~ .653E-06 31 Cj .~S!E-06 ........ •••••••• • •••••• ... ......... 
~7 • 171)F-05 647 .17~E-05 ••••••• •••••••• • •••••• ******** 
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~~ .707F-04 2134(, .707F.-04 ........ ******** ******* ******** 
"4 .197F-03 591 lA .197E-03 ••••••• . ........ ******* ******** 
~c:; .22~F.-03 67104 .2?.C:f-03 ******* ******** ••••••• ******** ,.. ,, .lOQF-n?. 32A32Q • 1n~E-Od ••••••• ******** ••••••• . .......... 
,.. 7 • lJlF-04 403A .11JE-04 ******* •••••••• ••••••• ******** ,.p .450F.-Of. 254 .4SOS:-o~ ••••••• ""******* ******* ...... .,. . 
fq • l60F-Ot:i 167 .l"'OE-06 ******* ******** ******* •••••••• 
7'l • l43F-n6 162 .14"f•06 ........ •••••••• ******* • ••••••• 
71 .ll9F-OS 475 • JtijE-05 ••••••• •••••••• ******* ******** 
1? • l 77F-Ofi 172 .177E-06 ••••••• '******** ••••••• • ••••••• n • 357f-06 ?.26 .351f-06 ••••••• •••••••• ........ ******** 
'? 1 • 561F-n3 ••••••• *** •••• 182709 .,,OOF-03 lii:i12n .5?2E-OJ 
n • 11c;E-02 ........ ......... 6~527fJ .21~r::-02 400633 .1 VE-n;:i 
n .lll>E-03 ••••••• •••••••• 459A7 .t4«;F-03 3044ft .R~JF-04 
?4 .1!4?.F.-03 ••••••• • ••••••• 7?243 • l'J?F -OJ 1rn2q3 .252£-01 
;.;r.:; • 49ftF-02 ••••••• •••••••• 1,,00707 .c:;J1F-02 •' 13A170l .460E-0? .,,, • ll4E-02 ••••••• •••••••• 4068~1 • l 3'iF -.02 2Af1409 .939E-03 
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APPENDIX B 

Concentration Measurement Data 

for Neutral Flow Tests 
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UNIT 20A 

Ground Concentration Measurement 

Runs 1, 2, 3, 4 & 5 

Vertical Concentration Measurement 

Runs 11, 12 & 13 
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HUN # l 
MODEL 

~REE ~lH~AM VEL. c.88 Ml~ 
tXlT VEL• 1.71 MIS 

f'ROfOTYPE 
27.5b M/S 

7.6u MIS 
.,.3E.+01+MJ/S 
.lOE+Ol 

VOL. f LVW e26f•OJMJIS 
SUUMCE ~TH~NblH eb9E+O~ 
BAC~ijHOUNU .~lE+04 
CALl~~AllON fACTUM.1~£-02 
~ANG~ 10 
STACK H~1GH1 le04 
CELL U!AMf J~H b.44 
SAMPLt ~Aw 

PT. (ARtA> 
1 
2 
3 
'+ 
~ ,.., ., 
R 
Q 

14 
l ':) 
l~ 
18 
19 
20 
21 
22 

lOJ 
101 

98 
97 
96 
95 
94 
9J 
92 

110 
111 
112 

1
13 
14 
l~ 

116 tU 
Jl 
32 
33 
34 
36 
37 
.3A 
JQ 

3::>61 
~~cs37 
::>7'+49 
1!v64 
t>JJlS 

l0c!/9b 
l'::l10'1 

!:>1.Jlc? 
2J92 
!:>675 

~3,.3.C 
t4bllJ 
t:i,.'176 
bijdS'J 
J9J.6l 
.c-.,001 
l2'-'0~ cu lb 

l 19';; 
l "t!S o 
~3~8d 
f Ot>23 
~4tj6b 
13.l83 
~1'+42 
12cs~ 
8d8i! 

JJ63b 
~H947 
4812'/ 
4245!:> 
J0/60 
lbo9l 
1Jd24 
817~ 

!Ju32 
J5V7~ 
.. J~4c 
'+70SJ 
j8J26 
~7193 
J.4~37 

4.J40 
~ 12<:1 
2!88 

CM 19.97 
c~ a . 45 

NO~MALIZEU 
CONCENTHATION 

M 
M 
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t-<UN # i. 
MODEL. PROf OTYPE 

FkEE ~THEAM V~L. .79 MIS 1.~0 M/S EXIT ~EL1 1.71 MIS 7eb0 MIS 
VOL. f LUW e2aE•OJMJ/S .4JE+04MJ/S 
SOURCt STRENGTH e69f+U5 elOE•Ol 
ijACKbMOUND .11E+04 
CALldRAllUN FACTUH.l~E-02 
RANGE 10 
STACK H~lGHI ie04 CM 19e97 

8. 45 CELL U!AMt. lEt-< O. 44 CM 

SAMPLt HAw 
PT. (AktA> 

1 lc6~ 
2 4!89 
3 ~~o~ 
4 !1~08 
~ 1769! 
b ~~902 
7 84~44 
~ !~~37 
q 2~44 

14 ld74 
15 lb~lf 
16 ~coec 
17 JbdO~ 
lA ~3~46 
19 ~HJ55 
20 b6b97 
ll 41(42 
22 ~679 

103 lclc 
101 3J06 
98 9~04 
97 J4~05 
96 ~Ob4~ 
95 l&c37 
94 J7!79 
93 16J78 
92 10770 

110 oc71 
111 l4Jl4 
112 !9431 

113 26676 
14 J9135 

115 ~494J 
116 lb47~ 

1
17 9~2~ 
lk 3J5J 
19 J04J 
30 7b45 
31 ll~OJ 
32 14~97 
33 c5~14 
34 34u44 
35 lJlU 
36 15cSa 
37 ~~48 
JA ~464 
39 lb74 

NUHMALllE.D 
CUNtENTl-(Af lUN 

M 
M 
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HUN # 3 
MODEL 

FHEE ~THEAM VEL. l.os MIS 
EXIT VtL• 1.71 MIS 
VOL. FLUW •2bE•OJMJ/S 
SOURCE ~JREN6JH .69t+05 
BACKGHuvNO .3~E+OJ 
CALIB~Af 10~ fACTOR.l9E•02 
MANGE 10 
STACK H~lGHJ 1.04 CM 
CELL ulAMElEM 0 .44 CM 

.,RO!OJYPE 
lOeOO 114/S 

·1.bO MIS 
.43E+04M3/S 
.lOE+Ol 

l9e97 
8. 45 

M 
M 

SAMPLt HA~ 
PT. (AMEA> 

NUHMALllEO 
CUNCENT~ATIUN 

1 ~01 
2 4/bl 
3 !3~88 
4 !5J9~ 
s c5114 
6 19793 
7 83U21 
A 21705 
q 2~15 

l~ J0~40 
!6 40~35 
17 04~47 
lA b3Yl5 
19 41!97 co jJJ6! 
21 ~b49~ 
22 JJ32 
99 J4~72 
98 !Jo38 
97 5Jo70 
96 -~999 
9~ !S11b 
94 Jd59 
9J 10~17 
92 ~~94 

110 8~3J 

l ll! ~4o8U 
~ J0~84 

113 j/~26 
114 c7UOO 

t
15 14!06 
16 bJ70 
17 1~04 

11~ ~78 
119 J7b 

30 lU!58 
31 !4~17 
32 ~1~32 

33,.~ ~1~08 .... ~2~5~ 
Jb JJ94 
37 1U6b 
~~ l~+~ 
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to<UN # '+ 
MOOEL 

FRll STHtAM Vt:.L. l.57 Ml~ 
fXll ~EL• 1./1 MIS 
VOL. FLUW .2bE-OJM3/~ 
~OUfiCE ~fRENblH .6~f+05 
BACKGHOUNO .8~f +OJ 
CALl~MAllON FACTU~.l~E-02 

PROTOTYPE 
}5.00 M/S 

7et>O M/S 
e43E+04MJ/S 
.lOE•Ol 

~ANGt 10 
SlACK HtlGHf 1.04 CM 19.97 

8 • 45 CELL U!AME. l EH 0.44 Cr-1 

SAMPLE KAw 
PT. (AKtA> 

l 1 /4J 
l llc5U 
3 J4cB7 
4 J9252 
~ ~bd68 
~ 147910 
7 llbU6J 
~ ~9d07 
9 lo2b 

14 4J98 
15 /3637 
16 d8J21 
17 111~41 
lH l0Uc97 
19 ~7~52 zo ~cv9J 
21 J2~21 
22 2~1~ 

103 i/48 
101 1067~ 

98 ~~c2l 
97 ~9~09 
9~ 7lo7~ 
95 17187 
94 c82l5 
qJ 14!9~ 
q2 7~80 

109 ~~04 
110 c472J 
111 ~4~2d 

112 ~2040 
143 ~2d05 
1 J~=>J'+ 

11~ l9M24 
116 !Ubl8 
117 3/43 
118 lVlO 

Jo c&~9J 
3! J~J6b 
3~ ~'+d4l 
33 '+~u44 
34 J2~16 
36 823~ 
37 lflb 
3~ 1274 
39 M84 

1~0MMAL l lt:.O 
CONCENTHATION 
.2d9E.-o5 
.JJt>E.-04 
.l08E•OJ 
.l24E-OJ 
.1au:.-0J 
.47:tt.-OJ 
.J72E-OJ 
.~J~f-04 
.2~2£-0~ 
.ll!>t.-04 
.235£-03 
.2b2E-03 
• J51t::·oJ 
.Jell-OJ 
• Hi4E-OJ 
.lJ3E• 3 
.102E-83 
ebt>HE•05 
.29lE-o5 
.Jl7t.-04 
• ftHE-04 
.cdbE-OJ 
.229E-OJ 
.~4~fE-04 
.sdJE.•04 
.4.HE-04 
.cl7t::-o4 
.2ti9f-04 
.771E-04 
.17JE-03 
.l65E•OJ 
•f6HE•03 • lcE•OJ 
ebl2E•04 
.Jl~E-04 
.9J~t.-g~ .529E.- 6 
e831E•04 
elllE•OJ 
.!42E•03 
.!4JE•OJ 
elOJE.•03 
.2JtsE-04 
.281E.·O~ 
elJdE-05 
.12JE-06 

M 
M 



~lll\I H 'i 

Mnnn Pnn TnT YPr MOllfl Pl-IOlOTYPE MOIJH PROTOTYPE 

H~~F 5T~E.fl~ Vf-1 • 2.nq MIS ; 0. 0 0 ~· 1c:; 2.nq ~IS ?n.oo M/<; ?.09 ~IS 20.no ~1/S 
l="XTT VF"l. 1.71 MIS .7.,,0 ~/<; 1.71 ~/5 7 .ii,o M/<; 1.r1 M/S 7.6n ~/S 
\JOI • FLOw .2~f-01MJ/S .4~f +04M3/<; .2M~-01wvs ·'•3F+04M3/S .26F-01Ml/S .43f+04"1~/S 
c:;oL1Q(f ST PFtlf. TH .69f+05 .l~f+O} .6qf+O':i .JOF+Ol .6<1F+Oc; .lOF+Ol 
PA('l<C:l~tlUNfl .llF.+04 • l '"1f + 04 .91F+03 
fALTF~l\flON F1'CT<1R.lqf-02 .lc:if-ll2 .}QF-02 
Pl\~t:F 10 1 fl 10 
C:T11r1< 1-1EIC.HT 1.04 CM 1 c;. Q7 M 1.04 c~ \Q.Q7 M 1.04 c~ }q.Q7 M 
CELL I' I A~FTfµ 0. 44 ('M 8.45 M 0 .44 (M 8.45 M o.44 r~ 8 ,45 M 

c: AIVlJ( F. flVF RAW NORM~l Ii'Fn ~AW NflPMl\L J 7P'l ~.aw NORtH.L T7EO 
PT. (APFI\) fl" NC (M~FI\) (l)l'J<: (M~FA> CONC 

1 .57hf--O~ ?4Al .'57CF-OS 322A .c,t>;.>r.·-oi:; nHl .59;.>F:-oc; 
i' .ti3F-F-04 19~50 .er14f-n4 212Qfi • ~;;>M- -04 2129Q .8N~E-n4 
~ .24lf:-01 ~A40l .24ff-03 563~1 .?1?F-03 5744? .24.:+E-n1 
4 .2'1QF-03 12310 .JO,r;E-03 6Q744 .?AQF-01 'l 026 .30;,)E-111 
c; .J)4f--01 fQ741 .33eF-OJ HH31 .13?.F-0] 77RA':> .312E-03 ,., .r,6?F-03 130'i03 .'3'if.f-03 13HHi'O •'-'A4f.-O] 12751/ .S4r::;E-nJ 
1 .42AF-03 l 01?6A .4JnE-03 10A()q6 • 45 ·~t- -01 Q4347 .403F-nJ 
p .304f-04 540:'.' • l~:'.IF"-04 l40AQ .i:;}qf--04 C,R l (l .211E-04 
Q • 70C,F-0Fi 1271 .5i:.,4E-116 2226 .13c;F-O'i 9'i6 .21.lf.-06 

14 .21'-F-04 6101 .21'.1f-04 s;q • .., .lf,F-04 7014 .2'-"H::-04 
1 c; .4llF-03 f1POSQ .416F-03 ~~412 .1QGF-01 Q~0~4 .4 l ·~F-n1 
l ,.. .441F-03 10451A .444F:-'l3 J03D5 .431F-03 104453 .44hE-n1 
17 .45SF-03 10725,, .45H-03 111 lM .4(,F,f-01 l04lOY .44'il-fl3 
) p .37"~-03 ~7140 • :n;:E-03 942";/ .1Q4F-03 A4~9? .3'i9E-Ol 
1 (< .204f--03 4803'i .211JE-03 54725 .i'2r:;,f-0) 4]67c+ .lA4E-03 
2n • 14 3F-O 3 3374 7 .14ilE-03 40H#:'t0 • l t,t.r:-03 2cn2B • 1?4[-03 ....... 
n .l~lf-0.~ 27A'il .11~1:-03 31A86 .}2MF-03 ?U02 .917E-04 N 
2? .Y 5f-OS 3551 .}OAF'.-04 4346 .lO'•F-04 2'J36 • 70?E-n5 ....... 

103 .382f-05 2061 .3Q6E-05 2728 .l4QF-05 1H3CJ .40;.Jf-oc; 
l '1 l • 13~F-()4 lA446 .741E-04 17567 • "" 1i::-n4 19402 .797f-04 
c;~ • 11 SF- -n3 3 0 '314 • I?c;F-OJ 2 l 12Q .llf'IP.-01 2h461 .11nF-n1 
c:, 1 • )6Qf- -113 871M .37'1F-OJ 9lhfA .~8~F-0:3 A]ll4 .354F.-o1 
C:,f- .2HOF-0:3 f:J7756 .2A~F.-(1J 1171 l .?9 1~f -0 l 60404 .2%E-n1 
c;4 .lOlF-03 25141 .10if-IJ3 29H7'1 .llYF-01 l 971 l .BJM'..-04 
c; ~ .477f"-04 132A1 .52 F.-114 l 33f:47 .4AQf-04 10637 .4 HE-04 q;;> .277f:-04 754~ .277E-04 Q4R~ ."321f-04 f,j.JQ4 .21?F.-n4 

1 "Cf .45hF-n4 14066 .sr.;H-04 9630 .32QF-04 1?1?7 .4inE-04 
1 1 (l .15?F.-03 37211 .1c;czF.•OJ 3511 s .t4?F-01 38042 .lfiuE-01 
111 .292E-n1 6A7'+1 .;.iqnf-n3 699~3 .?90f-01 AQ~93 .2QAE.-fll 
11 i? .243F-03 5(,911 .24nE-o3 61724 .?'5t;F-03 c;c;,,1162 .231F_-n1 
113 .21AF-03 5412A .2?PE-03 5f15All .?3.'F-03 45.-.q7 .lQ4f-(l3 
114 .14AF-03 3F,l79 .lSJE-03 406f.3 .J6c;F-0] 3flh30 .12~E-n1 
11 ~ • IHM.-04 191100 .Pf'~f-04 231M1 .t.)Otil="-04 1 '-;j.j7J .64SE-04 
) 1 ,, .514F-n4 14464 .S7~f-04 l634Cl .'1lt;f-04 Qlc:;Q .351-.E-fl4 
117 .204F-04 679R .i?4:!F:-04 7856 .?.51F-04 1"5~; .ll4E-04 
~o .l54t--O:l 37690 .151f-03 31, l 5q .14"~-03 3 79f)') .lti'lf-01 
~ 1 .19,,F-nJ 47491 .}Q(ff-03 46A77 .1 q;i;: -03 4fd35 .1Qt,E-f'1 
~2 .22t-E-fl3 53A51 .n~t::-n3 5506S • ?21f- -nJ 53?~1 .2;:ic;E.-n1 
11 .18PF-03 4'i'i73 .lGlF-<lJ 4~995 .?OH-03 41136 .17]f-01 
~4 .l34F-n.1 3316A .t1PF.-n3 3,,413 .147F-03 279Q4 .lllE-01 
1 f. .4H3F-04 14501 .~74F-114 1«;234 .r"ifif\f- -04 ~05f'l .JOHE-04 
31 .Sll~-O'i ?300 .4q7f-OS 3404 .f13ff-OC, 1H3~ .40nf-05 
~p .l74E-O':l lJ~Q .en,f-06 2342 • 184f -05 lSOS .2c;AE.-0'5 
1Q .sun-n1i }\9c:; .nM=:-n6 2oc;1 .MlF-06 1067 .6q1E-06 
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HUN # 11 
MODEL. PROf OT1PE 

FkEE ~r~EAM V£L. 2.09 M/S 20e00 M/S 
EXIT V~L• l.71 MIS 7.60 M/S 
VOL. FLOW e26E•UJMJ/S .~JE+04M3/S 
~OURct ~lRENbfH .6~E•05 .lol•Ol 
BACKijHOUND e6lE•03 
CALlb~Af IUN FACTv~.l~E-02 
~ANGE 10 
STACK H~lG~l l.04 CM 
CELL DlAMEIEJ~ 0. 44 CM 

1 
4t ., 
A 

12 
15 
18 
21 

!-(Aw 
(A~t:A> 

l6ld04 
ll0~5b 

b9l7C. 
~6~57 
l4J9C. 

2C.89 
luSJ 

Hl8 

NUHMAlllEO 
CONCENTMATION 
.b99E.-03 
.sc.oE-03 
.~98t::•03 
.t!4~E-03 
.598E•04 
.7JlE•05 
.1~4E•OS 
,922E•06 

M 
M 
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t-<UN # le 
MODEL. 

FHEE STH~AM Vtl. 2e09 M/S 
EXIT ~E~• l.71 MIS 

fi>ROIOTYPE 
20.00 M/S 

7et>O M/S 
.4JE+04M3/S 
elOE•Ol 

VOL. FLU~ e26E•OJMJ/S 
SOUHt~ ~lRENGlH .6~E+05 
dACKGH0UNO ·1~E+04 CALl8HAf lON FACTOR. 9E•02 
RANGE lU 
~TACK H~IGHT le04 
CELL O!AMf I ER O. 44 
SAMPLt 

fJ T • 

1 
4 
7 
H le 

l~ 

~7 
2' 30 

1-<AW 
( 14Ht.A > 

H8J.39 
MHl3b 
tJ4.L34 
80~27 
t>OJ8tJ 
c3'+2tJ 
e:!2J9l 
13~93 
oJ.4~ 
2c6l 

CM 19.97 
CM 8. 45 

NUHMALilEO 
CONCENTRATION 
.J7':lt.•03 
.375E.•OJ 
.3~7t.-g3 .J4t!E- 3 
.c5'+E•OJ 
.9J9E.-04 
.894E.-04 
.512E•04 
.l88E•04 
.l97E•05 

M 
M 
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~UN # lJ 

MOOEL. 

FREE 5f KlAM VtL. 2.0~ M/~ 20e00 M/S 
EXIT VEL• 1.71 MIS 7eb0 M/S 
VOL. FLOW e26t•OJM3/S e4JE+04M3/S 
SOURCE STRENGTH .6~E•05 elOE+Ol 
8ACKGHOUNO .J7E+04 
CALl~~AtlON ~AtTU~el9E•02 
RANGE 10 
STACK H~l6HT l.04 C~ 19e97 M 
CELL LH AME TER O. 44 C1"1 8. 45 M 

SAMPL~ ~A- NOHMALIZEO 
Pl. (A~~A> C~NCENT~ATION 

1 
4 
~ 

12 
lR 
25 JO 
JS 
39 
~2 

blf77 
b0b67 
59c.J58 
:>7til2 
53~9·7 
Jl •188 
!722U 

.7b4S 
3'+7~ 
401~ 
3492 

e252E.•03 
.~47f•OJ 
.244£-0J 
.l35E-03 
u~ l 7E-OJ 
.llJE•03 
e586E•g4 .17UE• 4 
• l) 
.lt!~E·OS .u 
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UNIT 20B 

Ground Concentration Measurement 

Runs 6, 7, 8, 9 & 10 

Vertical Concentration Measurement 

Runs 14, 15 & 16 
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Run # 6 

MOOEL 
tREE St.~~AM Vt.L. ~.88 M/~ 
EXIT Vt~• 1.71 MIS 
VOL. FLO~ ·~bt•OJMJ/S 
SOUkt~ ~TRtN6TH •44f+05 
BACKbHuuNO ·13~•04 
CALl~HAllON tACT0~elJt•Oc 
~ANGE 10 
STACK HtlGHT. l.04 CM 
CELL U J. AMt. 1 f.H 0. 44 CM 

PROIOlYPE 
27.~6 Ml!:» 

7.bO MIS 
e4JE+04MJ/S 
.lOE•Ol 

19.97 
8.45 

SAMPLE HAW 
~T. (A~EA) 

NORMAl.IZEO 
CUNCENTRATIUN 

I 
2 
3 
4 
~ 
~ 

7 p. 
9 

14 
15 
16 
17 
l~ 

~6 
21 
22 

103 
101 

9B 
97 
96 
95 
'-14 qJ 
92 

109 
llU 
111 
112 
llJ 
114 
11~ 

l l~ 
11~ 

JO 
31 
32 
33 
J4 
36 
37 
38 
39 

3458 
236tH 
~eJso 
729~b 
~06J5 
,jJ960 
lOJ4/ 

J84H 
l 1!9 7 
5~~J 

7160J 
67J04 
46661 
25SJ6 

8J91 
3~8b 
20'+7 

9t>=> 
c78'+ 

~01:,9 
l9U4J 
384JJ 
l94J~ 

Jt;J 11 
2867 
218J 
1640 

1J7~9 
JJJ.85 
50J'+c 
31199 
17S4b 
9J7J 
36c3 
2~19 
1840 
cJ'+O 

JJOJ7 
J74U9 
J711b 
~OO~b 
9~cl 
J4J6 
lb~l 
2J9J 
1~2~ 
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Run # 7 

MODEL P~OfOTYPE 

F~EE ST"EAM VtL. .79 MIS 1.so MIS 
EXlT VfL• le71 MIS 7.bO M/S 
VOL• f LUW •cbt•OJMJ/S .43E•04MJ/S 
SOURCE SfRENGTH .44t+O~ elOE•Ol 
BACK6HOUNO e82~+0J 
CALl~HATlON fACTUH.llt•02 
~ANGE lU 
STACK ~flbHT 1.04 CMM 
CELL 01AMETtM 0.44 C 

l9e97 M 
8.45 M 

SAMPLt HAW 
Pl. <AMEA> 

1 1017 
2 7lbU 
3 i2!5l 
4 18758 
~ ~b073 
6 ~259~ 
7 J417 
B 217J 
9 170 

1• J~o7 
15 37U01 
16 46~4b 
17 34407 
lM 1404~ 

29&1! ~~ 1191 
21 9co 
22 121 

1(0)3 8(0 1 4092 
98 11080 
97 2170b 
q6 7405 
9; 190~ 
94 l~O~ 
92 1104 

lOQ 3ll3 
10

1
· 1047~ 

25543 
112 16!1~ 
113 1J9a 
114 i9JU 
i1s lc57 
116 919 
117 861 
llrl 833 

30 112J9 
31 13904 
J2 17Ul~ 
33 lOJbJ 
34 Jl~l 
35 1758 
36 9~0 
37 94b 
38. lcol 
39 8~~ 

NORMAL.1ZEO 
CUNCENT~ATlUN 
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Run # 8 

MU DEL P~OTOTYPE 

FREE ~Twt~M V~L. 1.os MIS to.oo MIS 
lXll VEL• .71 MIS 7.60 MIS 
VOL. fLUW .26E•OJM3/S e4JE•04MJ/S 
SOURCE ~TRt.NbTH .44E+05 elOE+Ol 
BACKGHOUNO •l4t+04 
CALIBMAf lON FACTUHelJE•02 
RANGE 10 
STAC~ HEluHf !e04 CM 
CELL UlAMt. lER O .44 CM 

l9e97 M 

SAMPLE HA• 
PT. CAHEA> 

1 154~ 
2 9Zl3 
3 2843~ 
4 28970 
~ 374J9 
,, 44683 
1 9084 
8 2283 
q 1344 

14 4Ub7 
15 476J7 
16 60~~1 
17 ~9857 
18 J399Y 
}q 11Jb5 
20 J99b 
21 2117 
22 10/9 

103 1J77 
Ol 6159 
9.8 17995 
91 506J8 
96 24468 
95 J~Ob 

~· J9b9 93 1918 
92 1571 

l oq 4877 
10 14027 

111 Jl599 
112 J3Ub5 
113 c718o 
114 9UYO 
llS J9l0 
1167. 3573 

l 2093 
118 14~3 Ju 16~37 

31 ~1J77 
32 25592 
33 l894J 
34 9~50 
36 4745 
31 1977 
38 1518 
39 1461 

8.45 M 
NORMALIZED 

CUNCENTRATION 



~IJl\I ., q 

MOnFL P"OTOTYPF MonF1. PPnTOTYPF MOf}f l PROTOTYPE 

FRH <)T~Er.t1 Vf-1 • }.r.,7 M/<; 1c;.no M1c; 1.57 M/<; 15.00 M/S 1.C,7 M/5 l'i.on M/c; 
FX Tl VFL • 1.71 M/S 7e60 M/<; 1.71 M/5 7.no M/5 1.71 M/S 7.6n ~/S vn1 • FLOw .?~F-03MJ/5 .4~F+04~3/5 .2~f-03~3/5 .41F+04M1/~ .26F-03M3/S .43F+04M1/S 
~Oli~Cf. STRF l'Jf,Tµ .44F+05 .lnF+O} .44E+n5 .lOF+OJ .44F+OC. .lOF+Ol 
n Artq:~oUNn .J':iF+04 .1?.f:•04 .14F+04 
(/\I JH~nTinN Fl\CTOl--'.13E--02 .1:3E-n? .13F-O? 
~A~f.F ]() in 10 
~TflU· 1-lf-:(GHT l.04 (M J 9. c; 1 M 1.ll4 C~A I q.cn M 1.04 CM }O.Q7 M 
CELL DIA~1FlF~ 0.44 ('1 8. 45 M 0.44 ('M 8. 45 ~ 0. 44 r,t..\ 8. 45 M 

C:f..~'Pl_f /\VF Pl\W NOfH-1111. J7E D PAW N('PMl\LTZFn ~l\W MUPMl\ll7,:'£1 
p T • (AQFfd Cf'NC (ARf:A) COl\JC (A~FA> C:O"IC 

1 .J04F-05 ?16A .i'?Jf-(l5 23'i4 .1<HF-05 ?1?3? .243E-oc; 
i' .517F-04 lS53A .47 r-04 178~?. • S6Qf- -04 lf.134 .504f-04 
~ .16H-ll.1 451'•0 .14c;r:-oa 50726 .t~qr:-01 40753 • 1 n~E-<'I) 
4 .127F-03 520A? .1 ni:::-03 t;Q,14 •] 6?F -04 5713Y .}Q\E-01 
~ • 2 0 2F - 0 3 (:OHl .20f.IF•03 60}1Q .?OlF-03 ~0734 .20 ff-01 ,. • 16 Of-. -n .1 52914 .17~E-03 44r:;rn .l41-1F'-03 47206 .1s1E.-n1 
1 .41M-04 15134 .4f,4f-Olt l?.272 .17~J -!l4 13445 .41?E-04 
R .C-,JQf·-nr::, 21"4 .2lt;F-05 3H1R .'104F-ll5 2'321 .4q4E-OS 
Q .}~C,f--O') 24lt; .JllH-OS 1M2 • ?]Qf. -05 l40h .ltlE-06 

14 .164f-04 c;4 6f, .134E-04 644] .179F-04 ~60] • l 74E•04 
1 c; • 277F -113 79A'1l .21-1E-IJJ ,aJH]?. • ?A;>r-- -0 3 A3fi p; .2Rlf-01 
l fi .294f-03 8A32Q .2QH-03 86lC,] .?90F-01 AA.1f, I .2Q7f-<)3 
17 .22M-n3 72H63 .24~F.-1)3 64h50 .?17~-01 64'-iA'J .21 TE-03 
l~ .12f>F-03 444q7 .14~E-n3 34~1:)7 • \ 1 c:;F-01 1'i7Aq .ll~E-03 
lG .386F.-04 l4G?Q .4r,jF.-04 1012".> • 12f.,F-04 123(,h .375£-04 
;in • l2lF-04 ';544 .111F•04 4?24 • l 0'•~ -'l4 4458 .l?.?E-04 ...... 
et .3A4F-O~ 2R77 .46~F.-05 2221 .151F:-O'i '2]~2 · • 3::rnE-oc; N 
n o. 1100 .o HS5 .o l07h .o \0 

10• .201F-05 1Q24 .137f·l)5 1968 .?6tiF-OS ......... •••••••• 101 .440f-04 13537 • 4lhf-04 1551,S .49H-04 l)6A? .420E-04 
c;p .677f-04 21161 • 73PE-•14 211154 .64~F-04 ?0311 .647E-04 
r:,7 .17f.if--n3 5Q?14 .tG1E-ll3 4.%26 • l 6 ;;>f- - o 3 SOH59 .}f,9f-0] 
G~ .86t;f-04 31MA .lnJF.-03 23750 .HlF-04 2469':> .79"7E-04 
Qia .67':1F-OS 41!4~ .c:?~F.:-nS ?fl33 • '•<P~ -05 ~144 • 605F-oc; 
c:;. .244f-05 22'iA .2SJF-0$ 2 0 \ 1 .?.80F-oc:; 1%3 .201E-nc; Q? • l l 9F - r1s 1A.6A .lteE-()5 162 l .\46F-O!:i 1647 .G34E-06 

}rq .26?F-04 874Q .?.4~E-04 11554 .154f'"-()4 ~779 .1Ac:;,f-04 
11 n • 9~9~ -!JI+ 27A~c; .PqPE-f'I" 33513 .llOF-03 2%21 • 96'1E-04 
l 1 1 .l94F-03 57044 • pH.;f-03 s<rn.'37 .lQAF-03 5Al57 .lQ4E-O°' 
11? • l34F-01 44?1)~ .14i;F-OJ 3R471 .127F-03 38<.JSO .l2t4E-n1 
111 .ll4E.-03 4JF,P,I') .144F:-OJ 3A499 .J27F-01 22152 .710F-04 
11 4 .33?.F-n4 l36Al .41CE-04 9119 .i>7AF-04 102A5 .304E•04 
11&;. • 86'-IF -n'i c;c;.41 .137F•04 4077 .qA';F-05 2105 .25nE-05 
11~ .53H-05 3AllR • n~gE-05 ?2% • 377f-05 2691 .450f-OS 
117 .11H-n5 2?.6A .2c;. .. E-ns l 5':>3 .1?1F-OS 1 7 f.8 • l35E-05 
llR .21M-nF, 1 (, ?.1, .3SH-n6 1?75 .?'i?F--06 1J7f> .AS4E-OA 

30 .917F-!l4 2 71qc; .P~~F-04 325q9 • l 07F -(11 29465 .977F..-04 
~l • l 21t -o 3 3FilS4 .1 HIE-OJ 3A990 • l2QF-Wi 3hH62 .121E-O°' 
1? .}3qF-n] 4}C:,}r; .13,,E-03 4?2A2 .)40F-0'3 4?1 Of> • }3Qf-03 
:n .l4"iF-03 e;?1,1c; .27'iE-Ol 2'3Q72 .77P.F-04 24A6~ .AO?E-n4 
34 .36lf--fl4 14655 .44PE-04 l007H • 30'•E-04 111?6 .333F.-04 '1,, .81AF.-n'i c; 1 7 4 .12~f-04 2584 .47C.F-05 3~22 • B4E-os 
~7 .89fiF-Oh 1HA1 .123F.:-05 \451 .AA1F-t)f, 1541 .572E-Of> 
1P • 8<1;?F-n,_ }f,f,7 .4'H~F.-06 166'7 .l6?F-05 1537 .sc;qE-06 
"H;! .970F-fl6 151i0 .20lf-06 172A .lA1f-05 1631 .AAOf.-0,, 
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RUl\I # 10 
MOnF'L PPnTnTVPE 

FRFF" STREAM VEL. 2.oq ~/5 ?o.oo MIS 
FXTT VF.le J.71 M/~ 7.6n M/~ 
VOi • FLOW .26E-03M3/5 .41F+04~3/<; 
SOURCE STRENGTH e44E+O'.=> .10~+01 
~ACKGROUNO .13E+04 
CAtIARATlON FACTORel3E-02 
PANGF 10 
~TACK 4EJGHT l.04 
CELL OIAMfTFR 0.44 
~AMPLE 

PT. 
1 
? 
1 
A 
c; ,., 
7 
A 
q 

lb. 
1 c; 
1 ,., 
17 
1 ,:1 
}Q 
?O 
?.1 
?.? 

101 
101 

(),:1 
en 
q~ 

qc; 
Q4 
Q3 
Q?. 

lOQ 
110 
1 1 1 
11? 
113 
114 
11 c; 
11,., 
1 J 7 
11~ 
~o 
~1 
li? 
13 
14 
lft 
~7 
3P 
3Q 

RAW 
(AREA> 
2860 

22416 
60112 
76154 
6.J8A3 
416?.A 
10720 

2848 
1417 
61'77 

ASIJQO 
8'5980 
608Q9 
33103 
lOS4l 

14Ql 
2014 

AA7 
2873 

1A567 
22639 
4Qlt39 
25~70 

3ft03 
2951 
1827 
1541 

1J452 
34694 
60!04 
3930) 
23800 
111']2 

3879 
?.SAS 
1176 
143q 

34870 
41C964 
440~3 
24fJ82 
11542 

3644 
15'54 
1441 
1400 

CM 19.97 M 
CM 8 .45 ~ 

"IORMl\L 17.FD 
ro~CS::NTRATIO~ 
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Run # 14 

MOOEL 
FREE STHEAM V~L. f •57 MIS 
EXIT VEL• .71 MIS 

PMOTOTYfilE 
15.00 MIS 

7.bO MIS 
.43E+U4MJ/S 
elUE+Ul 

VOL• fLUW .~6~•0JM31S 
SOURCE ~lRENGlH •'+4~•0S 
8ACKGHuUN8 .cbE+04 
CALISHAll'N FACTU~elJE•U2 
RANGE lu 
STACK H~lGHl 1.0'+ 
CELL OlAME.TE~ 0.44 
SAMPLt RAw 

PT. CA~tA> 

1 
3 
4 
6 
7 
~ 

12 
f ~ 
21 
2~ 

42900 
ll64~j 
l4050b 

8951':> 
l450bU 
lJ80JJ 
83~68 
21281 
127~8 
S18U 
3~88 

c~ 19.97 ~ 
CM 8. 45 M 

NORMAL.llEO 
CUNCENTHAT l U 1 ~ 
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Run # 15 

MOOt:.L fJHOTUTYP~ 

F~Et STH~AM V~L. 1.~7 MIS 15.00 MIS 
EXlt· VEL• l.1l MIS 7eb0 MIS 
VOL. FLOW •C6~•03MJIS .4JE+04~J/S 
SOURCE STRENGJH •44E+05 •lOE•Ol 
BACKGHOuNO •2Jt+04 
CALl8kAflON FACToR.1Jt•02 
RANGE 10 
STACK HElGH1 l.04 C~ 
CELL 01AMETEk IJ. 44 Cn 

19• 9 7 M 
8. 45 M 

SAMPLE HAW 
PT. (AHEA> 

l 49~/~ 
3 50804 
4 56745 
7 64~H8 
k 66~Ub 

10 56946 
12 71634 
15 384JU 
lR ~214d 
21 49651 
ZS 3SJ79 
JS 1330~ 
39 c775 
~2 c~9U 

NORMAL.llEO 
CONCF."NTHAT JOi~ 

.l64E•03 

.169f•03 

.l90E•03 

.cl6Ew03 

.ZlJE ... OJ 

.l90E-OJ 

.241E•OJ 
elct>E•OJ 
.174E-OJ 
e.l65E•OJ 
.llSE•OJ 
.384E•04 
el81E·O~ 
ellTE•OS 
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Run # 16 

MODEL PHOTOJYPE 
FREE STH~AM VtL. 1.51 MIS ls.oo MIS 
E~IT VtLe !e7l MIS 1•b0 MIS 
VOL. ~LUW .~6f~OJM31S e43E•U~MJIS 
SOURCE ST~ENGlH •44~+0~ elOE+Ol 
~ACKGHUUND .~~t+04 
CALlH~AllON FACTU~elJt·O~ 
RANGt lO 
STAC~ rltlGHT le04 CM 
CELL U l AME It.~ fJ. 44 CM 

l9e97 
8. 45 

M 
M 

SAM~Lt RAW 
PT. (A~fA) 

l 50471 
~ 48576 
-~ 43617 ii :t~~~ 

lk -4b~9 
21 49JS5 
?5 429~5 
30 24J7t! 
J5 188JU 
J~ 6~74 
52 21b1 

NOHMAL.lZEO 
CONCENTHATlON 

el64f•03 
.158E•03 
e 141E•OJ . 
.l5t?E•OJ 
el60E•OJ 
e144E•03 
.160E•Ol 
.l38E•03 
.74JE•04 
.S5t!E•04 
el30E•04 .u 
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UNIT 18 

Ground Concentration Measurement 

Runs 1, 5, 6, 7, 8, 9 & 10 

Vertical Concentration Measurement 

Runs 11, 12, 13, 14, 15 & 16 
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Run # l 

MUOt.L 

FREE ~f~EAM VEL. ~.88 MIS 
EXIT VE~• !e7! MIS 
VOL. ~LVW ·~bt•OJMJ/S 
~OURCE SlMENGfH •44E+U~ 
8ACKGH0UNO . •lbf+04 
CALl~HA110N FACTU~•lJt~oc 
kANGt lU 
STAC~ rl~l6HI l.04 CMM 
OELL u.lAME fEM O. 44 C 

PHOfOTYPE 
27.!>6 MIS 

7eb0 MIS 
e4JE•04MJIS 
elOf+Ol 

19.97 
8. 45 

~AMPLt HA~ 
Pr• CAHfA) 

NOHMAL.llEO 
CONCENT~ATIUN 

1 1668 
2 1938 
3 JJiJ 
4 5J44 
5 7668~ 
~ JJO~~~ 
1 20861~ 
8 l5~J7 
4 1870 

14 J97b 
15 9JU~9 

l~ t~~~~t 
l~ l67~U5 
19 74849 
20 JJ79~ 
2l !5JOc 
22 7Uc 

1U3 lJU9 
lUl 41U/ 
~8 J78U9 
97 1Jb8Jc 
9b 1031U8 
q~ cOc6c 
94 l69cl 
~3 7716 
9? 4~01 llo c448l 

111 75l9J 
112 /68~b 

tlJ 67~0b 
14 41~91 
15 17JU~ 

116 11~1J 
117 5bl2 
llQ 4~4! 

30 J3~c4 
31 49JU4 
32 ~97~8 
33 5189J 
34 36778 
3h li841 
37 JJJ2 
38 J.lO~ 
jq 1699 



~UN It c; 

~nrirL PPOT0TYPF Monn PQOTOTYPF. MOnFL PPOTOTYPF 

F PF F S T ~ E. fl r-1 VF L • 2.09 M/S ;:o.oo llA/S 2.nq M/S .?n.oo MIS ?.04 M/S ?.0.00 M/S 
FXTT \l~L. 1.11 M/S 1.~e ~1s 1.71 MIS 7.60 M/S 1.71 ~/S 7.60 M/S 
VOi • Fl Ow .;?6F-03M1/S .4~f+04M3/S .2f,f-nlM1/S .43F+04M3/S .?hF-OJM1/S .43f+04M~/S 
c;Ol!PCF.: S TPP!fi T~ .44F+oc; .1nr:+o1 .44E+nc;, .lOF+Ol .44F+O!i .lOF+Ol 
RAO'C:hOUNP .10f+04 .19£+04 .98F+03 
01 T~~HTION F~CTOP.DV-02 .13F--n? .13F.:-O?. 
J~ Al\ (.:F 10 l n 10 
«:;f11(1< ~E.lf.~T 1.04 CM y9.c17 M l.114 CM }q.q7 M 1.04 CM l<i.Q7 M 
CELL n J At-1E Tf P 0.44 (M 8. 45 ~ 0.44 r.~ 3.45 M 0.44 <:M 8.45 M 

c;/llllPI F AVF RAW NORMtlL I lEO RAI~ NODMAIJ7-FO RAW NORMALJ7FO 
PT. ( 1\J.·1F. A) r.rNr. ( IU~F A) Crlf\ir (AJ.1fA) CONC 

l .Jq~F-Of: 1010 .96~F.:-07 2049 .~lf.F-Of1 l.043 .2Aof.-nfl; 
? .JlC,F-05 13ql .1nr.-ns 2934 .4A4f.-oc.; l h 13 .2~'lF.-nc; 

3 .29~F-04 700Q .2"75E-04 ~3% .?9i;,F-04 1~59 • 30 7E-nt+ 
4 • l lQF.-04 311 q .Cf6~f-'15 4~'11 • l 2?f=:-04 1473 .137f-04 
c:; .?.QQf-03 tr: 4 l 4c; .2~~E-O~ 66595 • ?94F.:-01 69461 .3\c:;E-n~ 
f'l .16c:;E-n2 36?<129 .lF-6f-o 357ASl .16?F-C)? ~65571 • lM~E-0;:» 
7 .102F-Ol' 221012 .101f-02 215246 .970F-01 ?34079 .lOIE-0? 
p • 791F-04 136'H .~~lF-Ole 2f)668 .111F-03 }541A .6'1.~E-04 
q .l74F=-05 Qc;6 .o ?494 .?A4F-Ot; 1502 .230E-05 

14 .llOF-04 ;> 7 Qfi .P UE-05 4202 .JOM--04 4060 .l4lf-04 
1 c. .423F•03 q1or,~ .411F.-OJ 9125t; • 4 o"F-rn QQ157 .451E-03 
16 .594F-03 1294 77 .'5Ac;F-'13 126013 .56,F-03 138012 .6311E-03 
17 .921F·O~ ?.Ol49R .c;12E-'l3 l 9q600 .AQqF-01 ?068ql .946£-03 
1 ~ .H3M-C)3 les99,, .84 F-OJ Jfll34A .Al~~-03 H\t;q l O .~c:;nf-03 
lQ .353F.-03 77593 .3S~E-OJ 807'10 .15~~-03 712QA • 351E-03 ..... 
l'O .137f.-0] 29173 • l? F-03 33.340 .141f-0] 31229 • D9E-03 w 
ill • 5H4F -fl4 1300(, .S4«;E-04 15000 .s<HF-04 14156 • 6'1">E-04 "' n .24'if:.-05 113'i .'536E-06 2701 .17AF"-05 1643 .304f-OS 

1 "'l .216F-05 2145 .S3~f-ti5 197A .491f-Ot, 1113 .60;>f:-06 
1 01 .l37F-04 3r, 1+ 1 • l l~F-04 4444 .ll7F-04 '•fiJ(l .l77E-04 
c;~ • l Cj OF -0 3 47016 .21JE-03 3~23'5 .l6LiF-03 4317H .1Q4E-01 
c;7 .601E-03 1oc;11c; .417E-OJ 145301 .f,5;>F-03 l4A748 .67QE-n3 
c; ft • 4 7 3F -n 3 107617 .4fH;F-03 103fil2 .461~-03 10?.'12f) .46 7E-O] 
G4 .68~F-n4 149 7'1 .64~f.-04 lA095 .73Mf".(14 l 1H2q .67~E-f"4 
q~ .2ASE-nt+ 7632 .30~E-04 "1317 .2snF-04 ·1s31 .30lE-04 
en .1 Oh~-04 2P57 .e4~F-05 4023 • Q7'H.- -OC, 394?. .l36E-04 

)OQ .14~E:-n4 4150 .l44E-04 4444 .117F-04 4954 • lAU:-04 
110 .ll2f-OJ 25114 .lle!F-03 242?.4 .lO?F-0.l 2Hl6"> .12'if-01 
lJ 1 • 31,~f-(IJ 7A714 .Jc;H- 113 799(J9 .15''F -01 8'1c;5q • 39.~f.-01 
112 .371F-03 eoA5?. .3ft,itE-03 8?.Aft~ .16ftF-03 R12A1 .37tiE-01 
) 13 .320F-03 15215 .34Clf•03 69509 .10AF -0.3 6A771 .312E-n1 
114 • lA3f- ·03 43024 .19lE•OJ 4?117 .1A1f'-01 3~Y39 .174E-03 
1 l c. • 11 qf-04 17~59 .77'-E-04 182H1 • 74f.f" -04 l4A~4 .6:NE.-04 
1 1 " • 353F-OI+ 10161 .4liF-04 lOOH .17JF-04 Mi}4 • 2M~f.-04 
1 1 7 .103F-04 33~4 .10 E-Ole 41.B .101~-04 3121 .9AlE-OS 
11 µ .15M-05 l '161 .191E·06 ?'>A" .~21.f-O'; 1249 .12.iE-oc; 
~n .14lf-03 ~1213 .13PF.-03 30]li'-; .1 '.MF-0.l 34f>30 .1r;c,E-01 
~ 1 • 2 l 2f -n 3 47?.21 .illi'f-03 45703 .l90F:-Ol 50091 .2?ftE:.-01 
1?. .284~:-03 '::30~" .2A4f-03 62oc:;s .;>74f:-01 65156 .2q~E-01 
.,~ .254E.-0] 5~0(,) .26~f-03 5714A .;:i5n:-o·l 549r,7 .24AE-03 
~4 .165F-01 3A00l elft F-03 3~715 • 161\f~ -03 35079 .1~7E-03 
~,, • .373t-_-04 1135'.l .474E•04 l0:~?.2 .3A41=-04 f\6Q) .2f>;>E-04 
:H .257£-05 149~ .nr.[-o5 24fi4 • nnF-05 1 c:;q1 .2AflE-nc; 
~Q .lAAF•O'i 1 oc:;3 .lh"F.:-06 2346 .?171:-05 1700 .31nE-oc; 
~c; .MiQf-Ofi 941 .o ?047 .,_07F-06 1243 .1 ?.OE-oc; 
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HUN # & 
MOUEL PROfOTVPE 

FREE ~l~EAM VEL. Z.88 MIS 27e56 MIS 
EXI'l VEL.e 1.71 MIS le60 MIS 
VOLe f LOW e2bE•U3M3/S e'+JE+04M31S 
SOURCE ~TRENGlH .69E•05 .lOE•Ol 
BACK6HOUN0 .l'+l+04 
CALlB~AllO~ fACTUH.19E•02 
~ANGt 10 
STACK HtlGHl 1.04 CMM 
CELL D l A ME l E ti< ll . 4 4 C 

19.97 
8. 45 

SAMPLt 
Pl. 

1 
2 
3 • 5 
6 
7 
R 
9 

14 
l~ 
·l~ 
17 
18 
19 
20 
21 
22 

l8i 
<JA 
97 
96 
9S 
94 
93 9z 
lY~ 
111 

tU 
11~ 
116 
ll~ 

30 
31 
32 
33 
34 
36 
31 
38 3q 

HAw 
CARtA> 

1~21 
t!J70 

!OJ58 
8758 

~lt!.46 
383J.63 
2~ .. 7~97 

bf 88! J8!:» 
Jc78 

112029 
l't4~2~ 
213t!.l3 
l9t>'t&c 

91J.40 
J7~66 
! ·7 ~94 

1'+96 
lat OS 
534·1 

'+b/15 
lbld7J 
lllJ89 
l0d36 
t!.lC.36 
9.Jll 
5102 
5J09 

3U'+97 
~4189 
89883 
lltt90 
!)1!14 
t!.Oo30 
!2550 

r:,,. 11 
lt>62 

40bl3 
60Ul0 
73J.3ts 
62934 
'tJ't57 
l4J58 
2009 
1065 
1~66 

NORMAL I LEO 
CON<.;ENTRATIUN 
.149E•06 
.~71E.•05 
.!:tl5E'""04 
.'+J~E-04 
.527E•03 
.2241::-02 
.150E•OZ 
.J5!:>E•OJ .o 
.llOE•O't 
eb49E-OJ 
.8'+1E-OJ .l,4E-o2 
.ll4E•02 
.Sit>E•OJ 
.2lt+t.-OJ .9JcE .. 04 
.~8<:1E•06 
.~~7E•07 
elJlE•04 
.2&6E-03 
.~41E•03 
• '70JE-03 
.!l4E•03 
.ll&E-03 
e464E•04 
• 21 ·rE•O'+ 
.22"E•04 
.lllE•OJ 
.~44E-03 
.~l9E•03 
ebl5E•04 
.291E•03 
.llJE.-03 
.t>!:>'+E-04 
.2J~E·04 
el56E•05 .zJuE-oJ 
.J'+4E•03 
e'+21E•03 
e361E•OJ 
.247E•OJ 
e760E•04 
.711E•05 
.l:,tiE-05 
.999E•06 

M 
M 
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HUN # ., 
MODEL PROTOTYPE 

FRET SfHl::AM Vt:.L. • 7" MIS 1.so M/S 
EX! VEL.• 1.11 MIS 7.60 M/S 
VOL. FLOW e26E•OJM3/!S e43E+04M3/S 
SOURCE ~TRENGTH .69~+05 elOE•Ol BACKGHuUNO e8b +OJ 
CALIHHAllON FACTUR.19E•u2 
~ANGt 10 
STACK t-il:. l GH f l.04 CM 19.97 M 
CELL lHAME f eH 0.44 CM 8 . 45 M 
SAMPLt:. HAW NOJ.<MALllEO 

l"T. (AHf::A) CUNCENTRATIUN 

~ 1024 .261E-06 
2\J 11 .330E-05 

3 l6o90 .25SE•O'+ 
4 2065 .l94E·O~ 
5 62~19 elOOE•O 
6 30&~8~ .4"JE.-03 
7 1Jbt>4l .~l9E•03 
M 40olj .64lE•04 
9 "6'7 .109E•06 

14 2172 .J08E•05 
15 69c31 .l~UE•03 

t~ IJ6101 .cl9E•03 
9"7J49 .317E•OJ 

18 l5b986 .252E•03 
~z ~'+d75 .tJ70~-0'+ 

ZltU6 .JJtJ -O'+ 
21 9729 .143E•O'+ 
22 405 .o t8r 851 .o 

1'+87 elOlE-05 
98 J6'+80 e57'+E•04 
97 130"72 .clOE•OJ 
96 7'+J89 ·t~s~-oJ 95 9'fo4b • a -01+ 
94 l5c96 .~J3E•04 
'i2 3Jl5 .J95E•05 

109 1/50 .l'+JE-05 f 10 "f'l28 .1A'+E·g1+ 11 44039 .1 5E- 4 
112 c4'+69 .JBOE•04 tu t!t>ll .28~E-05 J2coo .505E•04 

l'+U96 .21JE•04 
116 6107 e84~E·05 

tl~ 2~30 .22ot•os 
1028 .267 •06 

30 lU/56 .15~E·04 
31 17!50 .262E•04 
32 Jr>96 .'+95E•04 
33 '+ ~6U .69'+E•s4 34 t!.9786 .466E.- 4 
35 i~90 elJOE•05 
36 4'+67 eS8!E-OS 
37 1J33 .15'iE•06 
38 lb04 .120E•05 
39 1Ul9 .~SJE•06 
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t«UN # 8 
MOO EL 

FkjE ~f~EAM VEL. l.05 MIS 
EX T Vt.L • 1. 71 MIS 

PROIOTYPE 
io.oo MIS 
7.60 MIS 

.4JE+04M3/S 

.lOE+Ol 
VOL. fLUW e26E•OJMJIS 
sou~~E ~TRENG1H .69E•05 
BACKGHOUNO .16E+04 
CALISHAllON FACTOR.l9E•02 
~ANut 10 
STACK HllGHT l.04 
CELL OlAMfJEH 0 .44 
SAMPLE ~A~ 

PT. (AHtA> 
1 lb33 
2 2~78 
J 11~36 
4 2b3b s bl471 
6 3~0059 
7 1~4~90 
B 18::>75 
q lb46 

14 J~74 
l~ b4J63 
i~7.. tc3969 
1 2J'+d7c 
18 2~Jo0~ 

~
~y· 106~66 42313 

l6J76 
22 lf59 

1003 1~35 1 2058 
98 ~Oc52 
97 177955 
~~ 1 t~6ig 
94 c•coa 
93 9625 
92 5u28 

t 09 2~43 
10 8338 

111 42H46 
112 ~lJ4J 

l lJ bb79c 
14 ~3177 

11~ cl~52 
116 14~54 

l l7 8300 
lS 2~39 
30 13~14 
3! c2d4'+ 3,. J8550 
33 ~6!15 
34 43434 
36 18090 
37 5481 
38 2197 
39 1131 

Cfl1 19.97 
CM 8.45 

NU~MALllEO 
CUNCfNTRATIUN 
e812E•07 
e21UE•05 
.212E•g4 
.222E- 5 
.1~8E-03 
.sJOE-03 
.392E-03 
.J63E•04 
.l09E-06 
.J16E·os 
• .l34E•03 
.261E-03 .498E .. OJ 
.474E•OJ 
.224E•03 
.870E•04 
.JlbE•04 
.J~OE•Ob .o 
e989E•06 
.l04E•03 
.J77E•03 
.c92E•03 
.J44E•04 
.483E•04 
el72E•04 
.7J4E•05 .1s1E-os 
.l44E•04 
e881E•04 
.17UE•03 
el39E.•03 
.88~E-04 
e433E•04 
e285E•04 
el43E•g4 
.202E- 5 
•2'+8E""04 
.ttS4E•04 
.790E•04 
ell7E•03 
e894E•04 
.352t..-04 
e830E•OS 
el29E•05 
.29lE-06 

M 
M 



HllN fl q 

M011FL P~<lTOTVPF' MIVlFI_ r>~'Ol<'lTYPf MQl)J:.l PPOTOTYPF 

F~FF ST~EAM VFI. • 1. 5 7 '4/S 15.0Q M/~ 1.r,1 ~4/~ 1c;.on M/c:; 1.51 M/S 15.oo '4/S 
FXTT VFL. 1.71 ~IS 7.~g ~/~ 1. 71 M/S 7.ftrl MIS l. 71 M/S 7.6n ~IS 
VOi • FLO~ .2(,f-03M3/S .4~F+O~M3/S .26£-fl)W:\/S .43F+04MJ/c:; .26F-OJM3/S .43F+04M3/S 
SOtJP(f ~rnE"tf,TH .6qF+OS .ll!'IF+OJ .6QF+O'i .1nr+o1 .69F'+l)r, .1or:+o1 
PAC Kf.ROUNO .}lff+04 .l4F.+04 .16F+04 
rALT~~l\JTON F~Cr0n.JQF-n~ .1Qf-rl2 .19F-O? 
Q "p, r-f 10 10 10 
~TllfK ~EIC,HT J. 04 CM tG.Q7 M 1. ('14 ('4 l Q.<H M 1.04 (M }Cl. q7 M 
CELL ~lAMFTFn o. !14 CM 8. 45 M 0.44 f'-1 8.45 M 0 .44 CM 8. 45 M 

~A~PI I'. A\/F PA'W NOi:<M~l_T7ErJ PAlol NOQM /\I. T zr q PAW tJOR~Al. T 7'En 
p T • (/\Pf I\) Ct"'t\C ( AkE I\) en Ne (A~E4) CONC 

1 • 284f: -o~ l A 11 • 7,,lF-'l"1 1593 .fi77f--1)6 1618 .'i'nE-07 
2 .430F-O~ 3010 .3QJf-05 29q9 .c;}AF-05 2062 .408E-oc; 
~ .J9JF-ll4 146 ~A .4llf-04 13644 .191F-04 131?4 .3Fi9E-04 
4 .Hl?.F-Ot; 431? .eon:-os 40~4 .R50F-oc; 3991 .772F-oc; 
c; .3l~F-fl3 1137.30 .~Spf.•{13 97493 .)ORF-01 Ql627 .2R1H:-o~ ,., .147F.:-02 4SA72?. .14,:f-oa 464A30 .)4AF-O? 45A750 .14.,E-O:> 
7 .9t;C\F-n) ?<i1F>n .«;2,;f-03 10744] .<1AOF-0-~ 301339 .9FiOE-01 
A .lJJF-03 15917 .45~F-04 60075 .ti:tnF-01 5i?9A7 .lfit;E-03 
q .157F-OS t>lfil .12.,.f.-05 2354 .311F-OS 1711 .397t::-n6 

14 • 10 )f -04 42M.> .796f-O'S '5 06 l .ll~F-114 50QH .11~t-04 
1~ .401F-03 13009A .41 E-03 130378 .4l~F-01 120682 .JAH.-03 
) ,, .604f-03 lSFt751 .6?c;F-03 JA8l1f'.>4 • r-o 11-:-01 li:t3392 .~AN::-03 
17 .89f.F-03 ?.87941 .c;J4F•03 277292 •A~ 1f-.-U3 27%20 .A9nt:::-01 
J~ .A20f-03 ?f.:064? .e?1F.-n3 257454 .A20J:-U1 25~78':> .fi14E-01 ...... 
19 .J8JF-01 12714~ .40tE-OJ 1155]4 .16M.--03 11%1? .37Hf-(\1 .!::' 
20 .167F-03 f:0'17? .lP~F.-03 4~ 7"4 .lSi>F--01 5?264 .lf>?E-01 0 
;: 1 .670f-04 2c;4~1 • 7'iH'.-04 20030 .c;971-·-04 22072 • 6S 11E-04 
?? .17lf-OS 250;> .2?i\r.-os 1953 .l~°'F-115 1902 .lOlE-05 
10~ .148~-l)b 1 704 .o 1474 .29Fif· __ ,,,, ******* ******** 
l n 1 .87Af-05 4049 • 72~F-05 4816 .11nr-04 412? .Al2E-0'5 
c;~ .174~-rn 5Q9}9 elA~f-01 513~6 .}F,M-Ol 'i4339 .lh'lE-01 
97 .6AC,F-03 ?24211 .7ltF-o3 213020 .fi7AF-OJ 209407 .6'-::;f-01 
c; ft .482F:-C)3 H.:3307 .5l~F-03 l511l~A .471-.F-OJ 143,10 .454£-03 
c;4 .82?F-04 310Q} .c;)~F-04 24?';3 .73?f-04 2fi500 .7QAE-04 
c; 1 .27M-04 11466 .30c;E-n4 97 4A .?6qF-fl4 Q406 .250F-04 
<;? .lJ4E-04 7167 • J7~f.-04 4979 .llCiF-04 5149 .l14f::-04 

lOG .976E-115 442Q .P44f-01_3 5734 .J3QF-04 3746 .6Qlf-oc; 
11 n .A47F-04 2441A • 7?'.!F.-04 33609 .t01F-0] 2f>l,?.Q .7AtiE-04 
l t t .353F-03 107410 .33AE-03 1~6Al5 .31or-u·~ 111120 .351[-0~ 
J 1 2 .JHtlF-03 12M04 .'397E-03 l l?.?2 .1R4f:-01 l l'~r:, l'7 .37~E-01 
111 .35AF-03 123870 .39'1f-03 120323 .181F-()] 9b456 .304E.-01 
114 .11nF=:-n:i f.C.:,OlA .20;1F-03 545111) • l 70F -OJ 5t155~ .17,,E-01 
1 l i:; .~~4F-n4 29973 .QOtE-04 2331'; .70?F-114 437~ .8QJE-nS 
1 l f. .41JAF-04 11c;c;9 .c;o4F-n4 l207A .341F-04 13340 .37hf-04 
l 17 .13'-iF-04 ~lln .2'li'f-04 41A4 .AQ7F-OS S09?. • l l?E-04 
l) ~ • /27F-Oh ? l /! 1 .107f-05 16?5 .780f.--OF. 169) • B'iE-06 

~C'I .101r-03 30fl7A .G30t·O~ 37978 .ll7F-'l1 3:?.H58 .lOOE-01 
:n .173F-03 53040 .l64f-03 59Hl2 .lATF-113 5408? • 1f.Hf..-(\3 
1? .2s4r-03 1%~7 .24QF.-fl3 R41H2 .?fiSF-01 79010 .24HE-03 
33 .1H9F-03 i.:ASFH .PS~E-04 71304 .;;>4]F-03 763~4 .240E-01 
~4 .l64f-03 5A~7? .JA2F.•03 49174 • 1 s-~F.:-0:3 50548 .1c;1E-0'3 
~,., .44?E-04 20745 .60~E-04 11152 .111F-04 142QJ .407E-04 
37 .37?F--n~ )f,JQ .c:Q_f-ns 2!<-10 .?c;qf"-05 241A .2M,E-05 
~p • l 54F -r1~ ?J6A .tnF.-os eCl?9 .?07F-05 19Q8 .132E-os 
'.lG .4)Q~-n,., }MH .~?<!E-06 lf'>07 .72?F-O~ 1654 .21c;F.-06 
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RUN # 10 
MOOEL PpOTO'TYPF' 

FRFF STREA~ VFL.. 2.0Q MIS 20.oe M/S 
f="XTT VEL. 1.71 MIS 7.69 M/c; 
VOL. FLOW .?.6E-03M31S .4~E+04M31c; 
SOtJQCE STPENGTH .69E+05 .1 f+O} 
RACK GROUND .16E+04 
CALTRRATION F'ACTOR.1QE•02 
R ANfif 10 
<;TACK HEIGHT ).04 CM x~.91 M 
CELL DIAMETER o. 44 CM 8.45 M 

c;AMPLE RAW NORMAlIZFA 
PT. <AREA) CONCEN RATION 

l 1585 .A51F.:-g7 
? 2644 .45QE- 5 , l 14QA .423E-~4 
4 (,891 .227E-b4 c; 106995 .448E-g3 
(, 447135 .lQOE• 2 
7 ?99564 .127E-ft2 
A 71507 .29$3f-tJ3 
Q lA2'5 .111r.-r 14 4129 .109E- 4 p; 129890 .546E- 3 

1~ 11c;971 .742E-r 17 ?61700 .lllE- 2 , ~ ?39753 .lOlE- 2 
lQ 1l40A~ .479E-~3 20 50407 • 2,08f- . 1 
21 21c;64 .A51E-n4 
?.? 1835 .llSE-85 

103 1461 .o . 
101 4957 .144f-('4 

QA 57724 .239F.-g3 
97 201334 .A50E• 3 
qf, 149793 • 631 E-f.>3 qc; 25555 .1 O?.E-r Q4 26977 .lOBE- 3 
q~ 10589 .3A4E"- 4 
Q? 6107 .193E-(t4 

10<> 5537 .169E-t;4 
11n 31014 • l 25E-f'1 
1 1 1 ll31A3 .475E•ft3 
112 113252 .475f-f)3 
11 :l 10?298 .428E-r 114 &2613 .260E- 3 
11 c; 25201 .101e:- 3 
11~ 14433 .547E-ft4 
117 6274 .200E-r llA 18A7 .137F.:- 5 

30 42115 .172E- 3 
31 64870 .?.69E-g3 
~? 8~076 .355E-·3 
13 7A22'5 .326E-r 14 53Al6 .222E- 3 
3~ 171Q4 .66SE- 4 
:-:17 2994 .608E- 5 
1R 1872 .131F.- 5 
1Q 1744 .761F.-ft6 
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Run # 11 

MODEL PROTOTYPE 
20.00 MIS 

7e60 "4/S 
e43E+04Hl/~ 
elOE•Ol 

FkEE SfHtA~ V~L. c.09 M/S 
EXIT VELe 1.71 MIS 
VOL. ~LUW ec6f•OJM3/S 
sou~cl ~THENGTH ·-4E•O~ 
BACKtiMOUNO •7bE+03 
CAL18HAl10N FACTUHelJ~-oc 
RANGt lO 
STACK H~!GHJ l.04 CMM 
CELL U!AMEJEH 0.44 C 19.97 M 

. 8. 45 M 

~AM~Lt HAW 
~T. (AHEA> 

l 368157 
4 2U4b59 
7 ~5604 

l ~ J6cl4 
c cJ89 
•~ lc49 
lAl 9S6 2 987 

NORMAl.llEO 
CUNCENTRATlON 

.170E•02 

.945E•OJ 
et!54E•OJ 
.164E:•OJ 
e754E•05 
.2ct>E•0!) 
e905E•Ot:> 
elO~E-05 
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Run # 12 

MODEL PMOTOTYPE 
lOeOO HIS 

7e60 MIS 
e43E•U4M3/S 
.lOE•Ol 

CM l9e97 M 
CM 8.45 ~ 

NORMAL.llEO 
CUNCENTMAT I 01'4 
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Run # 13 

MODEL PROTUlYPE 
FHEE ~lHlAM VlL. 2e09 Ml~ 20e00 Ml~ 
~Xll V£L• l.71 M/S 7•60 MIS 
VOL. ~LOW ei6~•03M3/~ .43E+04MJ/S 
SOURCl ~TREN6lH e44l+O~ .lOE+Ol 
BAC~u~vuNO .JJE+04 
CALIBkAf lON FACT0~.1JE•Oc 
HANGl 10 
STACK HLlGHJ le04 
CELL iJiAME fER 0. 44 

SAMPLt HAW 
Pl. (AHEA> 

l 718Jl 
3 7J~JU 
4 75~4c 
k 7J~6c 

12 65J9~ 
lA 345~7 
2~ !4339 
30 6140 
JS 50/~ 
39 3409 
52 312~ 

CM l9e97 M 
CM 8.45 M 

NOR"4AL.IZEO 
CONCENTRATION 
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HUN # 14 
"'100Et.. 

F~EE ~lMEAM VEL. 1.57 MIS EXIT VELt l.71 M/~ 

~ROTOTYPE 

is.oo MIS 
1.bO M/S 

.4JE+04M3/S 

.lOE•Ol 
VOL. FLOW e26E•03MJ/S 
SOUMCl ~THEN&TH .69E+OS 
8ACKGHUUNO .29E+04 
CALl~HAllON FACTu~.l~E-02 
~ANGt 10 
STACK H~lGHl l.04 
CELL O! AME.11:.k 0 . 44 

SAMP~t kA~ 
PT. (AHtA) 

l 
:l 
4 
6 ·7 
A 

12 
15 
l Fi 
21 
25 

b9'+55 
-12147 
43.L87 
L.i~20 
L~l30 
!OJSJ 
5J59 
440'+ 
3'+32 
3ul5 
3U21 

CM l9e97 
CM 8. 45 

NOHMALilEO 
CONCENTHATION 
.2lttE-03 
.22~t::-0J 
.131E•03 
.344E-g4 
.JJ5E• 4 
.2'+1E•04 
.789E•05 
e479E•OS 
el6JE-05 
e27bE•06 
el96E•06 

M 
M 
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HUN # 1~ 

MOOEL 
FREE ~THtAM VlL. }•57 M/S 
E~lT VEL• e71 MIS 

PROTOTYPE 
l~eOO M/S 

7e60 MIS 
e't3f +04M3/S 
.lOE•Ol 

VOL. f LOW .26E-03MJ/S 
SOURCE STRENGJH e69E+05 
8ACKbHUUNO .2~E+04 
CALl8HAJION FACTUMel~E-02 
RAN6l 10 
STACK Ht1GHJ le04 CMM 
CELL OJ.AME I EH 0. 44 C 19·91 8.45 
SAMPLt 

PT. 
l 
3 
4 
7 
A 

10 
12 
l" 1 E4 
21 
2') 
J~ 
J9 
5~ 

~Aw 
(AHtA) 
197182 
l~6\J8c 

lYS'JIS ffH l 
}bq~97 
1HU24 
110~46 

J5751 
J3d85 
t!Oc09 
9~70 
3~23 
c475 
2Jl~ 

NOHMALIZEU 
CONCENTRATION 
.bJ5f.-03 
.632E.•03 
ebllt.•03 
.5fJf.-OJ 
.S44E•OJ 
• J7'7E-03 
.J53E•03 
el09E-03 
.lO~f·03 
.579E•04 
.222E•04 
•'+7JE::·O~ 
.65~E-08 .o 

M 
M 
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HUN # lb 
r-100EL. 

FREE sr~EAM V~L. 1.57 MIS 
EXIT VlLt 1.71 MIS 

PROTOTYPE 
1s.oo MIS 

7e60 M/S 
e43E•04Ml/S 
elOE•Ol 

VOL. fLUW e2bE-OJM3/S 
SOUMCE ~TM~NGTH .69f+05 
BACKG~OvNO e31E+04 
CALl8HAllON FACTO~.l9E•02 
~ANGE 10 
STACK HtlG~T- 1.04 CMM 
CELL 01AME t E.~ f).44 C 

19t97 M 
8. 45 M 

SAMPLE 
PT• 

1 
3 

" k 
12 
18 
21 
25 
30 
JS 
39 
~2 

~Aw 
(AHt.A> 
92!21 
96S77 

lU!Mil 
981:! b 
89J3b 
44006 
J4o5~ 
t:!089i 
8U3~ 
7c88 
3149 
Ju69 

NORMAL I LEO 
CUNCENTHATIUN 
.ctHE•OJ 
.302E•03 
.Jl9t:.-g3 .JUTE.- 3 
.Z78E-OJ 
.1J4E•OJ 
.102E ... 03 
• 5"7~f.-g4 .l&OE• 4 
.lJ~E-04 
.2l~E-OS .o 
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APPENDIX C 

Concentration Measurement Data 

for Similarity Tests 

Runs 9, 17, 18, 19 & 20 



~llN H q 

~mni::t PS::CTnTVPF ,._.Oflf I_ r>POHHYPF: MQnF"L PRflTnTYPF. 
FRFF' STHEf:M IJfl_. 1.57 M/S t';.OQ M/S 1 • r; ., ~4 1 s l'i.00 M/c; 1.57 M/S 15.oo ~4/S 
r-xrr VFL. 1.71 ~IS 7.~g M/S 1 • 7] M/S 7.M MIS 1.71 M/S 7.60 M/S 
VOi • Fl_Oltl .26f-03M3/5 .4;F+04M3/5 .26E-n::PA1/5 .43F+04M3/5 .26F-n3M3/S .43F+04M3/S 
SnlJR(f STRENC,TH .6QF+OS .H'IF:+O) • 6qf + O'i .1nr+o1 .69F+O~ .lOF+Ol 
PA(Kf.ROUND .JHF+04 .l4F.+04 .16f+04 
rALT~M~TTON FACTOR.)QF-02 .1<1f-02 .19F-02 
n.11~r-F: 10 10 10 
c:r~rl( HEIGHT J.04 CM TC1.Q7 M 1. !'14 ('M ]Q.97 M 1.04 CM }Q.<:J7 M 
CELL Dl"~FTFR 0.44 (l\A 8. 45 M 0.44 r: "1 8.45 M 0 .44 CM 8.45 M 

C:AIVPI f AVF PAw NOQMftl_l7frJ RA'-1 NOQ~ ~I. I zr n RAW tJOR~fll. I 7En 
~T. (ARfl\) <:rt-\C (Akf4) CON<: (A~f.A) O>NC 

l .2H4f:-Oft 11=1] 1 • 7'1lf-r)"I 1593 .Fi77~·-o6 1~18 .9'HE-07 
2 .439F-O~ 3010 .~QJE-05 29()9 .c;}R~-05 2862 .40HE-Oc:; 
~ .3<11F-ll4 l4'dA .41 tF.-1'4 13644 .191F-04 111?4 .369E-04 
4 .Al?f:-O'i 431? .~01".:-0S 40~4 .~r;oF:-oc; 399 7 .772F-oc; 
c; .31RF-fl3 113730 .3SPF.·O~ 97493 .JORF-Ol Qlf>27 • 2~1~E-O~ ,, .l47F.:-02 45A722 .14,r:f-n 464H30 .t4RF-0? 45A750 • l 4M:-O;> 
1 .C".J55F•f'l3 291627 .c;2H-n3 307443 .9AOF-0~~ 101339 .9t;OE-OJ 
,Q .1 BF-03 15Ql7 .4S~F-04 60075 .l~AF-01 5?.9A7 .165E-03 
q .157F-05 ? ) (, 1 .12,..F.-OS 2354 .111F'-05 1711 .3971:::-06 

} 4 • 1o3~ -o 4 4266 .796f-0'5 5061 .tlqF-0'+ 50Q8 .1 Pt.-04 
l c: .401F-03 1300<H~ .41 E-03 130378 .4DF-01 120682 .3Alf:-03 
]~ .b04f-03 Jc;A751 .6?'-;f-03 JA8q64 •"OP.-:-n.J 1A339?. .~~?E-03 
17 .A9M-03 ?.P.794 l .c;14F.-03 277292 .J:HJlf·.-03 27%20 .A9nE-01 
1 p .A20f-03 ?.~064? .e.nF.-n3 257454 .R20F-01 251.)78~ .fit4E-01 
19 .J81F-03 12714Fi .40tf-03 1155]4 .16FiF-03 11%1?. .37HF-01 ...... 
20 .167F"-03 ~Oll7? .}P~f-03 4~Ui4 .lS?F--03 5?264 .l6?E-01 +:-. 
;: 1 .670f-04 25451 • 7c;~r::-04 20030 .597F-04 2?0"7?. .6511E-04 \.0 
?? .17JF-05 2c;n? .2'? F.-ns 1453 .11~,F"-05 1902 .10.lE-O'i 

101 .l4AF-O~ 1704 .o 1474 .296F-11r, 0•04H•OO 0000•••• 
l n I .81AF.-05 4049 • 7?~F-05 4816 .llOF"-04 412?. .Al?f-05 
c;~ .174F_-03 ~QCl}9 .l~~F.-0~ 513% • l f!FiF-1)1 'i 1•339 .11,qf-01 en .6AC:,f-03 ?24?.11 .7ltF-O 213020 .Ft7RF-01 209407 .6/,t;f-01 
c;F, .482F-03 163307 .51M-03 lSOl~A .47"F-01 l43'il0 .454£-03 
c;4 .82?F•04 310Ql .c;1,r.F-04 24?C-,3 .73?F-04 2fi500 • "7ClAE-n4 
<11 .27FiF-n4 11466 .JOC;E-04 «174A .?6qF-04 9406 .2'50F-04 
«;> .l34E-04 716 7 .InF.-04 4979 .)}CiF-04 5149 .ll4t::-04 

)OQ .976E-fl5 44?Cl ."144F-05 5734 • l JqF-04 3'746 .6Qlf-oc; 
11 n .A47f-04 244\A .7?'tf:-04 336nq .t01F"-01 2f>l2Q .7AhE-04 
l 1 1 .353F-fl3 10741('1 • :BAf.-03 ll6Rl'i .31nr-u"J J 11120 .351E-o~ 
l 1 i' .JAf,F-03 12fl004 .1Q7f.-03 121?.?2 .1A4f:-01 11 Qt;} 7 .37,~E-01 

111 .35M-n3 123H70 .39nf-n.3 120323 .181F-(}] qfl4Sh .304E.-01 
1] 4 • l A 3f: - n .i (-"in lA .20~F-03 54511'; .170F-O~ 5fl5'5~ .17Ftf-0] 
l ]Ci .~Ei4F•04 c-qc173 .QOtE-04 233l'j .70?F-114 4375 .8QJE-OS 
1 ] (- .4UAF-04 l 75S9 .S04F-n4 12U7A .341F-04 13340 .37hf-04 
117 .13SF-04 ~] 1 () .2t)i'f-04 41A4 .A97F-05 r:,092 .ll?E-04 
} ] Fl • 727F-0'1 21~1 .tfl7f-OS lfl?5 .780F-Ofo, 169) •. ~:nE-o" 

:.:a" .101r-03 ~OA 7A .GJM:-04 37978 • 1 1 7F -'l 1 3?.858 .lOOE-01 
"l} • l 7 3F -o 3 ~3040 .}64F.-03 sqH12 • 1 A 7F -o J 54082 • l f,~~E.-Cl 3 
~? • lS4r· -n3 1Cl667 .24t;F.-r)J A41H2 .~f,c;F-03 79010 .24HE-03 
33 .1A9F-03 (!A5A7 .~S~E-04 71304 .;>43F-03 76384 .240E-01 
14 .l64r-n3 SA87? .1A2F.-03 49174 .151E-O:J 50548 .157E-01 
~,., .44?f:-04 20745 .6o~E-04 11152 .1DF-04 142Ql .407E-04 
)7 .37?f-05 3r, ]q .cQ_E-ns 21QO .25~F:-05 241A .2M1E-OS 
~p .154F-fl5 ?l6A .1.??F.-05 202Q .?07F-05 19Q8 • l 32E-os 
~q .4}QF-06 }AR7 .1?gF.:-06 lb07 • 72?.F-O~ 1654 .21c;E-n,, 



~ll~ # 17 
MOO FL P~OHH 'f PF' MOflFI Pl-WTOTYPF 

FPFF 13TREl\M V~I. 1.01 ~vs JS.no ~A1c; l.O"f ~/~ lE;.00 M/5 
FXJT Vt=L. .54 M/S 7.60 M/S .c;4 M/5 7.f>n M/S 
VOi • FI OW .~4f-04M3/S .4~E+04~3/5 .A4f-04'0/5 e41F+04M3/«; 
~Oll~n: S TPFl\J(~ TH .~QF+oc; .1nF.•01 .fiQf+t)S .1 llF+Ol 
llAfKft1'1UND .47F+03 .6$E+O] 
CAL JfJi:a T ION F fiCT0~.1 Qf-02 .19f.-1)2 
QA ... f.F 10 l 11 
~TAC'< t-IE Ir1HT I. 04 C._, 1q.q7 M l.04 CM 19.Q7 ~ 
CELL rllJ'METFP 0.44 (flA 8.45 M 0 . 44 ('~ 8145 I~ 

~A~PI F_ /\VE RAW NORMllLIZFl'J µA~ N()PMl\I t7fll 
PT. ( APF:A) r.r.~c (ARff\) (ONC 

1 o. 31? .o 4q) .o 
;. .lOM·-04 1354 .~nnE-os ?A~9 .15?F-04 
~ .21Qf.-04 S?.41 .'3?4F.-O~ 2339 .t}t;F-04 
4 • 4<13F -115 ·121 .174E-05 1~42 .~l;>f-OS 

" .A9?F-04 14547 .c;c;c;F-04 12A32 .A2QF-04 
j, .117F-O? l~<Hi14 .111~r:-n2 J7715ti .12f'IF-O;> 
7 .l?~F-'12 19144A .11,,E-02 186708 .127F-t1? 
p .J1,4f-03 4Q?24 .3~tE-03 5914Q .39AF-01 
Q .217f-or; 7fM .21nF.-os 97f1 .221F-05 

14 • 26QF -0'; 921 .306E-05 qAH .~31f:-O'i 
l c;; .lJM-0.1 2129Q .14Jf:-03 lG1~50 .111~-03 
)~ .25SF-fl3 3A?.OO .2c;~E-03 3A 119 .?c;'iF-01 
17 • f.> 12f-O J 99A34 .f.74F-03 9QlJ4 • .r..70f-11] 
1 R • 759F-n] 114531 • 774F-Ol 11n11:!5 .74CiF-01 
1'~ .500F-03 I A J,;q .c;2c;E-03 70027 .47?F-0] ....... 
;in .1'17f-03 3177"' .2lt'F•03 27234 .lAlF-01 V1 

21 .bH?F:-04 1) 327 .737F-n4 QIHH .,,?."F-04 0 
?? .47f-F.:-o5 p1n .c;o~f-os 1309 .45nF-05 

101 .7HlF-Of. 'iliQ • e Cl7f-n6 7'i9 .7S"F-flf, 
101 .9lOF-OC, ?22A .ll~F-04 1570 • f,2 7F -0'> 

c;µ .941F-n4 17076 •!l~E-03 p767 .75~F-04 
c, 7 .511F-n3 /7965 •. UE-03 3606 .49F.f--03 
c; f. .SOt'>F-03 18835 .c;3~E-n3 7)]16 .4RlF-03 
c;4 .917F-04 1,,5 7R .1n~f-OJ l l 54A .741F-04 
Q3 .25CiF-04 3G34 .n ,F:-04 46CH • ;;>7SF -04 
<;? .147f--04 2812 .l'J«;f-Olt 264, .l3'1F-04 

11 (I .427F -04 6451 .40fE-04 7213 .44r~f-04 
11 1 .201F-Ol 30074 .i.'OlE-03 30270 .?OH-03 
112 .2Af>F-03 44674 .:rn~E-03 4079~ .273F-03 
lD • 24RF-n.1 34610 .23.E-OJ 3%1Q .?6r..f-01 
114 .19Qr-n3 333A5 .??~F-03 262fi2 .t74F.-O~ 

11 " .3f>3F-04 AAc; .2~,-E-05 10904 .'1Q7F-04 
1 1 ,, .5~7f-04 1051?. .6RJf-04 7011 .431f-04 
11 7 .170~-04 3Rf,4 .23nf-OI• ?270 .llOF-04 
11 µ .954f"-()f, 657 .1nE-ns "14 ;> .f,JQF:-01. 
11 Q .103F-O'- 1,20 .lO~F-05 HO} .104r-oc:; 
~n .724f:"-04 1121? • 73~F-O" 11163 • 71 SF -04 
11 • 1C?]F-01 1R304 .121F-03 }~Qfi4 .12c;f-0'3 
'.Ji> .l~9t--n3 ~91AO .19,F.:-03 274':15 .lAH:-03 
~~ .2311F-03 3AO~') .2c;H.:-n3 3314R .?.21E-03 31. .193f .. -03 31715 .2ljF-03 262Mi .174F-03 
~,, .5'14F--04 12234 .79 E-04 r;7q4 • :i'5nt· -04 
31 .427F-05 13q5 .1,?AE-oc; ~A2 • ?27f-.-05 
~p .ltilF-0~ 7 1-'~ .l~~E-05 873 .l53F'-O'i .:;q .6J5F-niJ ':.l 9;> .7f1ClE-06 723 .c;1of-Of) 



RUN # 18 
t~O()f L PQOTOTYPF. Monn_ PROTOTYPF 

FRFF STREAM VEL. 1.07 M/S tS.Ofl ~/c; l.07 "1/S is.oo MIS 
FXTT Vfle .54 MIS _7.60 M/S .54 M/S 7.ho M/S 
VOL. FLOlll .R4E-04M3/S .4JE+04M3/S .84F-04M3/S .43f+04M3/S 
~OlJP(E STRENGTH elOF+06 .lOE+O) .lOF+Of. .lOF+Ol 
~ACKC:ROlJ~O .31E+04 .29F+04 
C'AI TF~ATION FACTOR.19f.-02 .lGf:-02 
PA"f.F 10 l f1 
t;Tl\CI< HEJ(,HT 1. 04 Ct.4 }9.97 M l.n• c~ 19.Q7 M 
CELL 11 IAME Tf R 0.44 CM 8 .45 M 0. 44 c~ 8.45 M 

!;A~Plf AVE. RAW NORM ALI 7El'J RAW NORMAi TZf'.I) 
PT. (AREA) CCl""C (M;,fA) cnNc 

~ o. 3001 .o 276] .o 
.i24F-04 7'521 .21Jf-{14 7842 .?3,,f-04 

3 .129F-03 290f11 .12r-0J 313';0 .135F-03 
4 .l44E-04 602'3 .14 f-04 6000 .J4Q~-04 
5 .425E-03 414077 .43 F•OJ CJ08~3 .4l~F-03 ,., .211F-Oi? 450670 .2l~F."-02 451978 .211F-02 
7 .137F-02 ?'75592 • n~E-oa 287M2 .11c;J- -0?. 
~ .253F-03 ~6310 .30~F.-Ol 4f>Oh1 .?.Ot;F-03 
9 .907F-06 ~2:~? • 73TF·06 3097 .1 OAf-0'; 

14 .7~2F-05 5097 .~~c;F-05 4 Cl l Ii .54f'tF:-05 p; .497F•03 105';31 .4A6f•03 l09Ht>2 .r:;OliF-nJ 
l Fi • 778F-03 H:3140 .11iaE"-oJ 11043q .79f.f-01 
17 .1 C?F -02 26055~ el22f-Oi ?61015 .123F-02 
lP .ll?f-02 243341 .ll4f-02 232415 .1oqF-fl? ...... 
1q ·"9QF-03 13231A .1;1n-03 J260A4 · .sec;r:-03 U1 
20 .l9QF-03 4A487 .2l~f-03 41319 • l A1F -O:J ...... 
21 .s~qF-Ot+ 1S':i71 .~9lf-04 13905 .524F-04 n .142F-OS 3534 .2llE-OS 3012 .F,7Qf=-0ft 

ln3 .l90f-07 3047 .o 2877 a380f-07 
101 .21H-04 7151 .194E•04 7M2 .?2AF-04 

qp .221F-03 47876 .?.l,E·Ol 50"91 .22QF-03 
c;7 .924F-03 ) 'if'344 .<i? E'-03 19h962 .Q2;::tf.-113 
<;6 .70Af-03 1~3qcn .111E-n3 15001) .fl9QF-03 
c;i:; .974f•04 23"157 .Gfl~F.-04 23221 .96f'tF-04 ca .87~f-04 22713 .<13 f ... 04 20231 .A?.4f.-04 
91 .l89f-04 7327 .20,f.-04 (,!)69 • I 7M.- -04 
G2 • l't4F- -04 6354 .lS~F.-04 5653 .11?r:-04 

110 .14JF-03 32571 .• 14tff•OJ 32t>78 .J42F-Ol 
111 .&;l4F-01 ll206A .'5JAf•O] 110390 .C\l lE-03 
1)? .5~4F-01 123056 .i;7oE-Oj 1164 l (} • c; 39F -en 
113 .~SlF-01 12lOAQ .sflnE-'.l 116740 .541~-03 
) J 4 .24bF-03 'fl770?. .25C:E-03 51Y02 .231F-03 
11 s; .93c:;E-04 2369A .g7qF.-04 21643 .~QlF-04 
1 ) ,, .517F:-114 14147 · .r;2gE·04 13586 .c;OQF-04 
117 .193F.-04 732fl .20 F.•04 6"f4q • J 84F- -O'• 
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