
PHYSICAL MODELING OF PLUME DISPERSION 
AT ALKAL I AND COAL CREEK, 

NEAR CRESTED BUTTE, COLORADO 

by 

R. L. Petersen1 and J. E. Cermak2 



PHYSICAL MODELING OF PLUME DISPERSION 
AT ALKALI AND COAL CREEK, 

NEAR CRESTED BUTTE, COLORADO 

by 

R. L. Petersen1 and J. E. Cermak2 

prepared for 

Camp Dresser & McKee (CDM) 

11455 West 48th Avenue 

Wheat Ridge, Colorado 80033 
Engineering Sciences 

JUl 141980 

f\fanch librafY 

February 1980 CER79-80RLP-JEC43 

1Research Assistant Professor, Department of Civil Engineering, 
Colorado State University, Fort Collins, Colorado. 

2professor-in-Charge, Fluid Mechanics and Wind Engineering Program, 
Department of Civil Engineering, Colorado State University, 
Fort Collins, Colorado. 



ACKNOWLEDGMENTS 

The authors wish to recognize the following individuals for their 

contributions to this research effort: Pat Horton for aiding in the 

drainage flow test design, conducting and analyzing velocity measure

ments including smoke-wire profiles, coordinating CO2 loading and 

assisting in the report preparation; Evan Twombly for computer program 

and report preparation; Bob Beazley for supervising the collection of 

concentration and visual data; Joe Beatty for his assistance in data 

reduction and report preparation; Dave Graham for his design of the 

drainage flow room and preparation for stable wind-tunnel test; Jim 

Maxton for aiding in the velocity measurements, and Bridget Emmer for 

her assistance in all phases of data collection. Thanks also goes to 

Linda Jensen and Mary Grether for typing the manuscript and Kenneth 

Streeb and B. A. Hoffmann for drafting the figures. 

We want to thank Roger Nelson of Camp Dresser and McKee for his 

timely suggestions and comments during the course of the study. 

i 



TABLE OF CONTENTS 

Chapter 

ACKNOWLEDGMENTS . . . . . . . . . . . 
LIST OF TABLES . . . . . . . . . . . . . . . . 
LIST OF FIGURES . . . . . . . 
LIST OF SYMBOLS . . . . . . . . 

1.0 INTRODUCTION . . . . . . . . . . . . . . 
2.0 WIND-TUNNEL SIMILARITY REQUIREMENTS • • • • • 

2.1 Basic Equations ••••••• 
2.2 Non-Equal Scaling Parameters • • • • 
2.3 Equal Scaling Parameters. • • • . . . . . . -. . 

3.0 EXPERIMENTAL METHODS 
3.1 General •••• 
3.2 Scale Model and Test Facilities 

Scale Models 
Wind Tunnel • • • 
Drainage Flow Facility 

3.3 Gas Tracer Technique. 
Test Procedure 
Gas Chromatograph • 
Averaging Time 

3.4 Velocity Profiles • • ••••• 
General • • • • • • 
Hot-Film Anemometry 
Experimental Technique 
Data Collection and Analysis 

3.5 Temperature Measurement 

. . 
. . . 

. . 

4.0 COAL CREEK--DRAINAGE FLOW RESULTS (Free Convection) • • • • • 
4.1 Velocity and Temperature Measurements 
4.2 Concentration Measurements • • • • • • • • • • • • • 
4.3 Visualization and General Flow Patterns • • ••• 

5.0 ALKALI CREEK--DRAINAGE FLOW RESULTS (Free Convection) • 
5.1 Velocity and Temperature Measurements 
5.2 Concentration Measurement Results 
5.3 Visualization •••••••••••• 

6.0 COAL CREEK--NEUTRAL STRATIFICATION RESULTS (Forced Flow) 
6.1 Velocity Measurements 
6.2 Concentration Measurements • • • • • • • • • • • • • . . 

i 

iv 

vi 

xv 

1 

3 
3 
5 
9 

12 
12 
12 
12 
14 
14 
15 
15 
17 
18 
20 
20 
20 
25 
27 
28 

29 
29 
30 
31 

34 
34 
36 
38 

40 
40 
41 

7.0 AKLAKI CREEK--NEUTRAL STRATIFICATION RESULTS (Forced Flow) 43 
7.1 Velocity Measurements • • • • • • 43 
7.2 Concentration Measurements. • • • • • • • • • • • • •• 44 

ii 



Chapter 

8.0 COAL CREEK--STABLE STRATIFICATION RESULTS (Forced Flow) 46 
8.1 Velocity and Temperature Measurement • 46 
8.2 Concentration Measurement Results ••••• 47 

9.0 ALKALI CREEK WEST WIND--STABLE STRATIFICATION RESULTS 
(Forced Flow) • • • • • • • • • • • . • . 
9.1 Velocity and Temperature Results 
9.2 Concentration Measurement Results 

10.0 ALKALI CREEK EAST WIND--STABLE STRATIFICATION RESULTS 
(Forced Flow) • • • • . • • • . . • • • . . 
10.1 Velocity and Temperature Measurements 
10.2 Concentration Measurement Results 

11.0 SUMMARY. • • 

REFERENCES 

TABLES 

FIGURES • 

. . . . 

49 
49 
50 

52 
52 
53 

55 

59 

61 

76 

APPENDIX A--Coal Creek Drainage Flow Concentration Data 179 

APPENDIX B--Alkali Creek Drainage Flow Concentration 
Profile Data . • • . . • • • • • • • • • • 195 

APPENDIX C--Coal Creek Neutral Flow Concentration Data 202 

APPENDIX D--Alkali Creek Neutral Flow Concentration Data 215 

APPENDIX E--Coal Creek Stable Flow Concentration Data 231 

APPENDIX F--Alkali Creek Stable Flow (Westerly Wind) 
Concentration Profile Data • • • • • • • 245 

APPENDIX G--Alkali Creek Stable Flow (Easterly Wind) 
Concentration Data • • . • . • • • • • • 271 

iii 



LIST OF TABLES 

Table 

3-1 Test Parameters for Forced and Drainage Flow 
Experiments • • • • • • • • • 

4-1 Crested Butte Drainage Flow Surface Temperatures 
Recorded on 18 October 1979 during Velocity 

5-1 

5-2 

6-1 

7-1 

8-1 

8-2 

9-1 

9-2 

9-3 

Measurements . . . . . . . . . . . . . . . 
Surface Temperature Conditions during 
Velocity/Temperature Measurements for 
Alkali Creek on 18 October 1979 • • • . . . . . 
Alkali Creek Drainage Flow Surface Temperatures 
during the Concentration Measurement Tests • • • • 

Summary of Coal Creek Neutral Stability 
Velocity Profile Analysis for u~ = 3.21 m/s • • • • • • 

Summary of Velocity Profile Analysis for the 
Alkali Creek Neutral Stability Tests and 
u = 3.0 m/s •••••••• • • • • • •••• 

co 

Surface Temperature Boundary Conditions during 
Velocity/Temperature Profile Measurements for 
Coal Creek Stable Flow Tests. Profiles Taken 
from 1840 on 6 February 1980 to 0120 on 
7 February 1980 • • • • • • • • • • • • • 

Surface and Ambient Temperatures Recorded from 
0903 to 1900 on 6 February 1980 during Concen
tration Measurements for the Coal Creek Stable 
Flow Tests • • • • • • • • • • • • • • • • • • 

Surface Temperatures Recorded from 1724 to 2154 
on 12 February 1980 while taking Data for 
Velocity and Temperature Profiles along Alkali 
Creek with Stable Flow and Westerly Wind Conditions 

Surface Temperatures Recorded from 1100 to 2013 
on 13 February 1980 while taking Concentration 
Samples along Alkali Creek with Stable Flow (West 
Wind) Conditions and a 0.318 cm Release Height •••• 

Surface Temperatures Recorded from 2122 on 
13 February 1980 to 1710 on 14 February 1980 
while taking Concentration Samples along 
Alkali Creek with Stable Flow (West Wind) 
Conditions and a 2.54 cm Release Height •••••••• 

iv 

62 

63 

65 

66 

67 

68 

69 

70 

71 

72 

73 



Table 

10-1 

10-2 

o Surface Temperatures ( C) Recorded from 1614 to 
2249 on 19 February 1980 while taking Data for 
Velocity and Temperature Profiles along Alkali 
Creek with Stable Flow and East Wind Conditions 

Surface Temperatures (oC) Recorded from 0758 to 
1732 on 20 February 1980 during Concentration 
Sampling for the Alkali Creek Stable Flow and 
East Wind Conditions • • • • • • • • • • • • • • • • • 

v 

74 

75 



Figure 

3-1-1 

3-2-1 

3-2-2 

3-2-3 

3-2-4 

3-2-5 

3-2-6 

3-2-7 

3-2-8 

3-2-9 

3-2-10 

3-2-11 

LIST OF FIGURES 

Map Showing the Topographic Areas Modeled for 
the Various Physical Simulations • • • • • • • • • • • • 

Picture of a Portion of Wood Frame Used to 
Support Aluminum Surface Representing MOdel 
Topography (Also Pictured is the Tubing Used 
for Tracer Gas Sampling at Ground Level) • • •• • • • • 

Picture of One Complete Section of Alkali 
Creek Model • • • • • • • • • • • • • • • 

Map Showing Thermistor and Velocity/Temperature 
Profile Locations for Coal Creek Tests • • • • • 

Map Showing Location of Thermistors and 
Velocity-Temperature Sampling Points for 
Alkali Creek (West Flow) Tests • • • • • 

Map Showing Velocity/Temperature Profile 
Locations for Alkali Creek (East Wind) 
Tests • • • • • • • • • • • • • • • • • 

Close-up of Surface Mounted Thermistor • 

Close-up of Ground-level Sampling Point Number 11 
at Alkali Creek • • • • • • • • • 

Environmental Wind Tunnel 

Alkali Creek (a) and Coal Creek (b) MOdel Setup 
in the Environmental Wind Tunnel • • • • • • • • 

Platform Used as a Support for Hollow Aluminum 
Model . . . . . . . . . . . . . . . . . . · 
Fans Installed under Frame to Circulate Cold 
CO2 Vapors . . . . . . . . . . . . . . . . · 

· . . . 

· . . . 

· . . . 
3-2-12 Technician Loading Dry Ice Blocks on Carts 

3-2-13 

3-3-1 

3-3-2 

that are Positioned under Aluminum Shell Model • 

A Picture of a Complete Dry Ice Load • • • • • 

Photographs of (a) the Gas Sampling System, and 
(b) the HP Gas Chromatograph and Integrator 

· . . . . 

Typical Sampling System Calibration Showing the 
Integrated FIGC Response after Injecting a Known 
Concentration from Each Syringe ••• • • • • • 

vi 

77 

78 

79 

80 

81 

82 

83 

83 

84 

85 

86 

87 

88 

88 

89 

90 



Figure 

3-4-1 

3-4-2 

3-4-3 

4-1-1 

4-1-2 

4-1-3 

4-1-4 

4-1-5 

4-1-6 

4-1-7 

4-2-1 

4-2-2 

4-2-3 

Equipment Used for Calibrating Hot-film Anemometer 
at Low Speeds • • • • • • • • • • • • • • 

Hot-film Calibration Results for Alkali Creek 
Test--Drainage Flow • • • • • • • • • • 

Photographs at Two Angles of Datametrics Probe 
with Shield Removed (Top Sensor for Velocity 
and Bottom for Temperature) (Spacing is 
Approximately 0.5 mm) •••••••••• 

Velocity and Temperature Profiles Taken at T17 
for the Coal Creek Drainage Flow Tests • . 
Velocity and Temperature Profiles Taken at VP 
Site for the Coal Creek Drainage Flow Tests . 
Velocity and Temperature Profiles Taken at T5 
for the Coal Creek Drainage Flow Tests . . 
Velocity and Temperature Profiles Taken at T16 
for the Coal Creek Drainage Flow Tests • • 

Velocity and Temperature Profiles Taken at 
Concentration Sampling Tap 25 (C25) for the 
Coal Creek Drainage Flow Tests • • • • • • • 

Velocity and Temperature Profiles Taken at 
Concentration Sampling Tap 16 (C16) for the 
Coal Creek Drainage Flow Tests • • • • • • • 

Velocity and Temperature Profiles Taken at 
T13 for the Coal Creek Drainage Flow Tests 

· · 

· · 

· · 

· · 

· · 

· · 

Isopleths of Ground-level Normalized Concentration (K) 
for Drainage Flow at Coal Creek with a 0.318 cm 
(6.1 m) Release (Numbers are the Logarithm of the 
Normalized Concentration) • • • • • • 

Isopleths in the Vertical of the Normalized 
Concentration (K) for the Coal Creek Drainage 
Flow Test Taken 68 cm (1.3 km) Downwind of a 
0.318 cm (6.1 m) Release (Numbers are the 
Logarithm of the Normalized Concentration) • 

Isopleths in the Vertical of the Normalized 
Concentration (K) for the Coal Creek Drainage 
Flow Test Taken 196 cm (3.7 km) Downwind of a 
0.318 cm (6.1 m) Release (Numbers are the 
Logarithm of the Normalized Concentration) • • 

vii 

91 

92 

93 

· 94 

· 95 

· 96 

97 

98 

99 

100 

101 

102 

103 



Figure 

4-2-4 

4-3-1 

4-3-2 

4-3-3 

4-3-4 

5-1-1 

5-1-2 

5-1-3 

5-1-4 

5-1-5 

5-2-1 

5-2-2 

5-2-3 

Isopleths of Ground-Level Normalized 
Concentration (K) for Drainage Flow at 
Coal Creek with a 2.54 cm (49 m) Release 
(Numbers are the Logarithm of the Nor
malized Concentration) • • • • • • • 

Picture Taken above Coal C~eek Model of 
Smoke Released at T16 •• • • • • • 

Picture Taken from Mt. Emmons Side of Model 
at Up-Valley Return Flow • • • • • 

Picture Taken from Top of Smoke Released 
up the North Side of Valley Showing the 
Slope Flow Merging with the Down-Valley 
Flow . . . . . . . . . . . . . . . . . . . 

Photograph of Velocity Profile over T16 as 
Produced by the Smoke Wire (the Down-valley 
Component has the Largest Magnitude) • 

Velocity and Temperature Profile at T4 for 
the Alkali Creek Drainage Flow Test 

Velocity and Temperature Profile at T6 for 
the Alkali Creek Drainage Flow Test 

Velocity and Temperature Profile at TIl for 
the Alkali Creek Drainage Flow Test . . . 
Velocity and Temperature Profile at the Red 
Mountain Set Location for the Alkali Creek 
Drainage Flow Test . . . . . . . . . . . 
Temperature Profile at T8 for the Alkali 
Creek Drainage Flow Test • • • • • • • • 

· · · · 

· · · · 

· · · · 

· · · 

Vertical and Horizontal Profiles of the Normalized 
Concentration (K) for the Drainage Flow Test at 
Alkali Creek Taken 27 em (0.67 km) Downwind of 
the 0.318 em (8.1 m) Release .•••••.•.• 

· 

· 

· 

· 

Vertical and Horizontal Profiles of the Normalized 
Concentration (K) for the Drainage Flow Test at 
Alkali Creek Taken 59 em (1.5 km) Downwind of the 
0.318 cm (8.1 m) Release •••••••••••••• 

Vertical and Horizontal Profiles of the Normalized 
Concentration (K) for the Drainage Flow Test at 
Alkali Creek Taken 90 em (2.3 km) Downwind of the 
0.318 em (8.l m) Release •••••••••••••• 

viii 

104 

105 

105 

106 

107 

108 

109 

110 

III 

112 

113 

114 

115 



Figure 

5-2-4 

5-3-1 

5-3-2 

5-3-3 

5-3-4 

6-1-1 

6-1-2 

6-1-3 

6-1-4 

6-1-5 

6-1-6 

6-1-7 

6-2-1 

Vertical and Horizontal Profiles of the Normalized 
Concentration (K) for the Drainage Flow Test at 
Alkali Creek Taken 27 cm (0.67 km) Downwind of the 
2.54 cm (65 m) Release ••••••••••••• 

Visualization of Southerly Flow off Red Mountain 
Turning East and Southwest with a Stagnant Zone 
over the Alkali Creek Basin .• • • . . . • • • 

Picture of the Spillover Flow Moving Southwest 
toward Ohio Creek • • . . 

Picture of Spillover Flow Moving Southwest 
toward Ohio Creek (Tne Depth of the Flow is 
Evident in the Picture) ••••••••• 

Depiction of Flow Patterns in the Vicinity of 
Alkali Creek for Drainage Conditions • 

Mean Velocity and Turbulence Intensity Profiles 
Taken at T17 for the Coal Creek Neutral Stability 
Tests · . . . . . . . . . .. . . .. . . . . . . . . . 
~1ean Velocity and Turbulence Intensity Profiles 
Taken at T7 for the Coal Creek Neutral Stability 
Tests 

Mean Velocity and Turbulence Intensity Profiles 
Taken at T3 for the Coal Creek Neutral Stability 
Tests · . . . . . . . .. . . . . . . . . . . . . 
Mean Velocity and Turbulence Intensity Profiles 
Taken at T16 for the Coal Creek Neutral Stability 
Tests 

Mean Velocity and Turbulence Intensity Profiles 
Taken at T15 for the Coal Creek Neutral Stability 
Tests · . . . . . . . . . . . . . . . . . . . . 
Mean Velocity and Turbulence Intensity Profiles 
Taken at T14 for the Coal Creek Neutral Stability 
Tests · . . . . . . . . . . . . . . . . . . . . .. . 
Mean Velocity and Turbulence Intensity Profiles 
Taken at T13 for the Coal Creek Neutral Stability 
Tests . . . . . . . . . . . . . . . . . . . . 
Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stabil
ity Test with a Free-Stream Velocity of 3.0 mls and 
a 0.318 em (6.1 m full-scale) Release .•••••• 

ix 

116 

117 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 



Figure 

6-2-2 

6-2-3 

6-2-4 

6-2-5 

6-2-6 

7-1-1 

7-1-2 

7-1-3 

7-1-4 

7-1-5 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted loglO K) for the Coal 
Creek Neutral Stability Test with a Free-Stream 
Velocity of 3.0 mls and Measured 68 em (1.3 m 
full-scale) Downwind from a 0.318 em (6.1 m 
full-scale) Release • • •• ••• • . • • • •• 128 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted loglO K) for the Coal 
Creek Neutral Stability Test with a Free-Stream 
Velocity of 3.0 m/s and Measured 196 em (3.7 km 
full-scale) Downwind from a 0.318 em (6.1 m 
full-scale) Release • • • • • . • • • • • • • • 129 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stabil
ity Test with a Free-Stream Velocity of 3.0 mls and 
a 2.54 em (49 m full-scale) Release • • • . • • •• 130 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stabil
ity Test with a Free-Stream Velocity of 3.0 m/s and 
a 5.08 em (98 m full-scale) Release • • • • • • •• 131 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stabil
ity Test with a Free-Stream Velocity of 3.0 m/s and 
a 0.318 em (6.1 m full-scale) Release - 60 em (1.2 km) 
Upwind from T16 •••••••••••••• • . 132 

Mean Velocity and Turbulence Intensity Profiles 
Taken at Location A (see Figure 3-2-4) for the 
Alkali Creek Neutral Stability Tests • • • • • • 133 

Mean Velocity and Turbulence Intensity Profiles 
Taken at Location B (see Figure 3-2-4) for the 
Alkali Creek Neutral Stability Tests • • • • • • 134 

Mean Velocity and Turbulence Intensity Profiles 
Taken at Location C (see Figure 3-2-4) for the 
Alkali Creek Neutral Stability Tests • • • • • • 135 

Mean Velocity and Turbulence Intensity Profiles 
Taken at Location D (see Figure 3-2-4) for the 
Alkali Creek Neut:ral Stability Tests • • • • • • 136 

Mean Velocity and Turbulence Intensity Profiles 
Taken at Location E (see Figure 3-2-4) for the 
Alkali Creek Neutral Stability Tests • • • • • • 137 

x 



Figure 

7-2-1 

7-2-2 

7-2-3 

7-2-4 

7-2-5 

7-2-6 

8-1-1 

8-1-2 

8-1-3 

8-1-4 

8-1-5 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Alkali Creek Neutral Stabil-
ity Test with a Free-Stream Velocity of 3.0 mls and a 
0.318 cm (8.1 m full-scale) Release at T4 • • • . . • 138 

Isopleths in the Vertical of the Normalized 
Concentration (plotted loglO K) for the Alkali 
Creek Neutral Stability Tests with a Free-Stream 
Wind Velocity of 3 mls and Taken 39 cm (1.0 km 
full-scale) Downwind from a 0.318 cm (8.14 m 
full~scale) Release • • • • • • • • • • • • 139 

Isopleths in the Vertical of the Normalized 
Concentration (plotted loglO K) for the Alkali 
Creek Neutral Stability Tests with a Free-Stream 
Wind Velocity of 3 mls and Taken 117 cm (3.0 m 
(full-scale) Downwind from a 0.318 cm (8.14 m 
(full-scale) Release • • • • • • • • • • • 140 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Alkali Creek Neutral 
Stability Test with a Free-Stream Velocity of 3.0 
mls and a 2.54 cm (65 m full-scale) Release at T4 141 

Isopleths of Ground-level Normalized Concentrations 
(plotted logl0 K) for the Alkali Creek Neutral 
Stability Test with a Free-Stream Velocity of 3.0 
mls and a 5.08 cm (130 m full-scale) Release at T4 142 

Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Alkali Creek Neutral 
Stability Test with a Free-Stream Velocity of 3.0 
mls and a 0.318 cm (8.1 m full-scale) Release 78 cm 
(2.1 km) Upwind from T4 •• • • • . . •. 143 

Velocity and Temperature Profiles Taken at T17 for 
the Coal Creek Stable Flow Tests • . .. 144 

Velocity and Temperature Profiles Taken at VP Site 
for the Coal Creek Stable Flow Tests . · · · 145 

Velocity and Temperature Profiles Taken at T5 for 
the Coal Creek Stable Flow Tests 146 

Velocity and Temperature Profiles Taken at T16 for 
the Coal Creek Stable Flow Tests · · · . . . . 147 

Velocity and Temperature Profiles Taken at T15 for 
the Coal Creek Stable Flow Tests · · · . . . . 148 

xi 



Figure 

8-1-6 

8-2-1 

8-2-2 

8-2-3 

8-2-4 

9-1-1 

9-1-2 

9-1-3 

9-1-4 

9-1-5 

9-2-1 

Velocity and Temperature Profiles Taken at T13 for 
the Coal Creek Stable Flow Tests • • 

Isopleths of Ground Level Normalized Concentrations 
(plotted 10glO K) for the Coal Creek Stable Flow 
Test with a Reference Velocity of 0.18 mls and a 
0.318 em (6.1 m full-scale) Release at T16 ••• 

Isopleths of Ground-level Normalized Concentrations 
(plotted 10glO K) for the Coal Creek Stable Flow 
Test with a Reference Velocity of 0.30 mls and a 
2.54 em (49 m full-scale) Release at T16 •• 

Isopleths in the Vertical of the Normalized 
Concentration (plotted 10gl0 K) for the Coal 
Creek Stable Flow Tests Taken 6.35 em (1.3 km 
full-scale) Downwind from a 0.318 em (6.1 m 
full-scale) Release •••••••••• • • 

Isop1eths in the Vertical of the Normalized 
Concentration (plotted 10glO K) for the Coal 
Creek Stable Flow Tests Taken 190.5 em (3.66 km 
full-scale) Downwind from a 0.3-8 em (6.1 m 
full-scale) Release • • • • • • • • • • 

Velocity and Temperature Profiles Taken at T6 
for the Alkali Creek Stable Flow (Westerly Wind) 
Tests 

Velocity and Temperature Profiles Taken at T4 
for the Alkali Creek Stable Flow (Westerly Wind) 
Tests 

Velocity and Temperature Profiles Taken at T8 
for the Alkali Creek Stable Flow (Westerly Wind) 
Tests 

Velocity and Temperature Profiles Taken at T9 
for the Alkali Creek Stable Flow (Westerly Wind) 
Tests 

Velocity and Temperature Profiles Taken at TlO 
for the Alkali Creek Stable Flow (Westerly Wind) 
Tests 

Map Showing Release Site and Downwind Measurement 
Locations for Alkali Creek Stable Flow (West Wind) 
Tests 

xii 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 



Figure 

9-2-2 

9-2-3 

9-2-4 

9-2-5 

9-2-6 

9-2-7 

9-2-8 

9-2-9 

10-1-1 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10glO K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 60.9 em 
(1.56 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release ••..••.• 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10g10 K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 121.9 em 
(3.12 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release •••••••• 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10glO K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 182.8 em 
(4.58 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release • • • • • • •. 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10glO K) for .the Alkali 
Creek Stable Flow (West Wind) Tests Taken 243.8 em 
(6.24 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release •..•••.• 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10glO K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 60.9 em 
(1.56 km full-scale) Downwind from a 2.54 em 
(65.02 m full-scale) Release •• • • • • . • • • 

Isop1eths in the Vertical of the Normalized 
Concentrations (plotted 10gl0 K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 121.9 em 
(3.12 km full-scale) Downwind from a 2.54 em 
(65.02 m full-scale) Release •••••• 

Isopleths in the Vertical of the Normalized 
Concentrations (plotted 10glO K) for the Alkali 
Creek Stable Flow (West Wind) Tests Taken 182.8 em 
(4.68 km full-scale) Downwind from a 2.54 em 
(65.02 m full-scale) Release .••••. 

Isopleths in the Vertical of 
Concentrations (plotted 10glO 
Creek Stable Flow (West Wind) 
(6.24 km full-scale) Downwind 
(65.02 m full-scale) Release 

the Normalized 
K) for the Alkali 
Tests Taken 243.8 em 
from a 2.54 em 

Velocity and Temperature Profiles Taken at 
Location A (see Figure 3-2-5) for the Alkali Creek 

160 

161 

162 

163 

164 

165 

166 

167 

Stable Flow (East Wind) Test • • . . . . . . •• 168 

xiii 



Figure 

10-1-2 

10-1-3 

10-1-4 

10-1-5 

10-1-6 

10-2-1 

10-2-2 

10-2-3 

10-2-4 

10-2-5 

Velocity and Temperature Profiles Taken at 
Location B (see Figure 3-2-5) for the Alkali Creek 
Stable Flow (East Wind) Test . • . • . • . • • • • • 

Velocity and Temperature Profiles Taken at 
Location C (see Figure 3-2-5) for the Alkali Creek 
Stable Flow (East Wind) Test . • • • • . • • • • . • 

Velocity and Temperature Profiles Taken at 
Location D (see Figure 3-2-5) for the Alkali 
Stable Flow (East Wind) Test . • • . • . . . 

Creek 
. . . 

Velocity and Temperature Profiles Taken at 
Location E (see Figure 3-2-5) for the Alkali 
Stable Flow (East Wind) Test . • . • . • . . 

Creek 
. . . 

Velocity and Temperature Profiles Taken at 
Location F (see Figure 3-2-5) for the Alkali 
Stable Flow (East Wind) Test • • • • 

Creek 

Map Showing Location of Ground-level and Aerial 
(A-A' and B-B') Concentration Measurements for 
Alkali Creek Stable Flow (East Wind) Tests . . • 

Ground-level Values of LoglO K for the Alkali 
Creek Stable Flow (East Wind) Tests Taken Downwind 
of a 0.32 em (8.1 m full-scale) Release 

Ground-level Values of LoglO K for the Alkali 

. 

. 

Creek Stable Flow (East Wind) Tests Taken Downwind 
of a 2.54 em (65 m full-scale) Release ..•••.. 

Isopleths in the Vertical of the Normalized 
Concentration (plotted 10glO K) for the Alkali 
Creek Stable Flow (East Wind) Tests Taken 110.5 em 
(2.83 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release • • • • • . . • . . 

Isopleths in the Vertical of the Normalized 
Concentration (plotted 10glO K) for the Alkali 
Creek Stable Flow (East Wind) Tests Taken 335.2 em 
(8.58 km full-scale) Downwind from a 0.318 em 
(8.14 m full-scale) Release •••.••....•. 

xiv 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 



Symbol 

A 

B 

C 
P 

CF 

d 

E 

Ec 

Fr 

g 

Gr 

H 
r 

h 

i 

i x,y,z 

I 

k 

k 
s 

K 

L 

LIST OF SYMBOLS 

Definition 

Hot film calibration constant 

Hot film calibration constant 

Specific heat at constant pressure 

Calibration factor 

Diameter of hot film or displacement height 

Hot-film voltage 

Eckert number 

Lagrangian spectral function 

Stack Froude number [~] 
IgyD 

Acceleration due to gravity 

Grashof number 

Reference height (equals 0.32 cm in model) 

Height of stack 

Longitudinal turbulence intensity 

Turbulence intensity in x, y, or z direction 
[u'/u, v'/u, w'/u] 

Current through wire or integrated value 

Thermal conductivity 

Uniform sand grain height 

Dimensionless concentration 

Reference length 

xv 

Units 

(-) 

(llv-s/ppm) 

(m) 

(V) 

(-) 

(s) 

(-) 

-2 
(ms ) 

(-) 

(m) 

(m) 

(-) 

(-) 

(varies) 

(Wm-lOK-l ) 

(m) 

(-) 

(m) 



Symbol 

M 
o 

n 

~p 

p 

Pr 

Re 

R 

Ri 

R 

Ro 

R(T) 

t;r,l; 

~T 

T,8 

To 

t 
o 

u,v,w 

u 
r 

Definition 

Momentum ratio 

Power law exponent 

Pressure difference 

Pressure 

[L~OUO] Reynolds number v 

Resistance 

Richardson number 

Universal gas constant 

Rossby number [L~:O] 

Autocorrelation 

Time or time scales 

Temperature difference 

Temperature or potential temperature 

Surface temperature 

Center of gravity of autocorrelation curve 

Integral time scale 

Velocities in x, y, or z direction 

Velocity at reference height H 
r 

xvi 

Units 

(-) 

(-) 

(mb) 

(mb) 

(-) 

(-) 

(Q) 

(-) 

(-) 

(-) 

(s) 

(s) 

(m/s) 

(m/s) 



Symbol Definition Units 

u Haximum velocity (m/s) m 

u* Friction velocity (m/s) 

V Volume flow (m3s-l ) 

z Height of maximum velocity (m) m 

xvii 



Subscripts 

Symbol 

a 

BG 

c 

g 

i,j ,k 

i 

m 

o 

p 

s 

w 

Superscripts 

* 

Definition 

Pertaining to ambient conditions 

Pertaining to background data 

Pertaining to calibration temperature 

Pertaining to gas 

Tensor or summation indices 

Pertaining to tracer i 

Model 

General reference quantity or initial condition 

Prototype or full-scale 

Pertaining to stack exit conditions 

Pertaining to hot wire 

Free stream 

Root-mean-square of quantity 

Dimensionless parameter 

xviii 



Greek Symbols 

Symbol 

x 

y 

A 

e 

<1>* 

P 

° ,0 z y 

Definition 

Kronecker delta tensor 

Tensor permutation tensor 

Concentration 

Source Strength 

Density ratio 

Length scale 

Pa-Ps 
Pa 

Potential temperature 

Dynamic viscosity 

Kinematic viscosity 

Angular velocity 

Dissipation term 

Density 

Vertical and horizontal standard deviation 
of concentration distribution 

xix 

Units 

(-) 

(-) 

(ppm) 

(ppm) 

(-) 

(m) 

(oK) 

(kgm-ls-l ) 

(m2s-l ) 

(s-l) 

(-) 

(gm-3) 

(m) 



1.0 INTRODUCTION 

The research effort reported on here is a subset of a total program. 

The purpose of the total program is to evaluate the environmental impact 

of primary and secondary pollutants due to AMAX, Incorporated mine devel

opment in the vicinity of Crested Butte, Colorado. The purpose of the 

study conducted at Colorado State University is to obtain quantitative 

and qualitative info.rmation about the transport and diffusion processes 

in the vicinity of the proposed mine site in Coal Creek and the proposed 

mill site at Alkali Creek through physical modeling. This information, 

once validated against field observation, will be used to test and refine 

a numerical model that will ultimately be used to assess the environmental 

impact of the primary and secondary pollutants. 

To meet the objectives of the project, a 1:1920 scale model of the 

topography for a west wind direction at Coal Creek and a 1:2560 scale 

model of the topography for a west wind direction at Alkali Creek were 

constructed. The model testing was divided into two phases: drainage 

and forced flow. Drainage flow, referred to as "free convection", was 

simulated by cooling the surface of the terrain model and thereby 

establishing a density generated flow field. These tests were run outside 

the wind tunnel in a specially constructed facility that prevented unwanted 

drafts from affecting the flow field. 

The tests referred to as "forced" were conducted in an environmental 

wind tunnel. In the tunnel, two atmospheric stability categories (neutral 

and stable) were simulated for each wind direction studied. At Coal Creek, 

a west-southwest wind direction was tested, whereas at Alkali Creek, both 

east and west winds were tested. Only the west wind direction was tested 

for neutral stratification at Alkali Creek. 
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Once the desired atmospheric condition was set in the tunnel or 

drainage flow facility, a series of velocity, temperature, concentration, 

and photographic measurements were obtained. The purpose of this report 

is to present the results of these measurements, to discuss the similar

ity criteria for relating the model to the full-scale and to document 

the experimental procedures employed. A complete set of black and white 

photographs, color slides, and motion pictures supplement this report. 

These photographic materials should be viewed to gain a more complete 

understanding of the complicated flow and dispersion patterns simulated. 
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2.0 WIND-TUNNEL SIMILARITY REQUIREMENTS 

2.1 Basic Equations 

The basic equations governing atmospheric and plume motion (conversion 

of mass, momentum and energy) may be expressed in the following dimension-

less form (Cermak, 1974; Snyder, 1979): 

apR a(p*u~) 
1 

0, --+ 
ax~ 

= at 
(2.1) 

1 

au~ au~ [L~:o] 1 
u~ 

1 
2£ .. kn~u~ at* + = 

J ax~ LJ J 
J 

ap1( [~T L g ] 000 6T*g*a - ---
ax~ T u 2 i3 

1 o 0 

(2.2) 

+ [u:~J 
d2u~ 

a '* '* 1 + dX*aX* -(-u .u .) ax": 1 J k k J 

and 

(2.3) 

The dependent and independent variables have been made dimensionless 

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

For exact similarity, 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. The complete set of require-

ments for similarity is: 



1) Undistorted geometry 

2) Equal Rossby number: 

4 

L 0 o 0 
Ro=u o 

3) Equal Richardson number: Ri = 

4) Equal Reynolds numbers: Re = u L Iv 
000 

5) Equal Prandtl number: 

6) Equal Eckert number: 

Pr = (v p C )/k o 0 p 0 o 

Ec = u 2/ [C (AT)] 
o Po 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, 

9) 

10) 

11) 

Momentum ratio: 

Froude number 

Density ratio 

M = o 

y = 

1979; Petersen et al., 1977): 

2 
Psus 

2 
Paua 

All of the above requirements cannot be simultaneously satisfied in 

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

tant for the simulation of many flow conditions. The parameters which 

are equal and those which are not equal in model and prototype will be 

discussed in the following subsections. 
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2.2 Non-Equal Scaling Parameters 

For this study equal Reynolds number for model and prototype is not 

possible since the length scaling is 1:1920 or 1:2560 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 = --v s 

Hou1t and Wei1 (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 s 

if only the buoyancy-dominated portion of the plume trajectory is con-

sidered. Hou1t and Wei1'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 se1f-

generated turbulence. For this study neutrally buoyant plumes were 

released horizontally at various altitudes above the ground. Since the 

plume rise was not being studied, this Reynolds number is not important. 

For similarity in the region dominated by ambient turbulence consider 

Taylor's (1921) relation for diffusion in a stationary homogeneous turbu-

lcnr:f~ 

It R(OdF;dt 
o 

which can be simplified to (see Csanady, 1973) 

(2.4) 

(2.5) 
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for short travel times; or, 

02(t) = 2w' t (t-t ) z 0 1 

for long travel times where 

J
(O 

t = R(T)dT 
o 

o 

is an integral time scale and 

is the center of gravity of the autocorrelation curve. Hence, for 

geometric similarity at short travel times, 

2 
[oz]m 

= 2 
[ozlp 

or, 

[i J = z m 

For similarity at 

[L
21 m [i2 

x
2] z m * 

[L2] 
p [i2 

x
21 z p 

[i] • z p 

long travel times 

[w,2 t (t-t
l
)] 

o m 

[w,Z t (t-t
l
)] 

o p 

[t (t-tl)/u21 o m = 
[t (t-tl)/u

Z
] o p 

[Li2 A1 z m 

[Li2 1\1 z p 

(2.6) 

(2.7) 

(2.9) 

if it is assumed tl < < t, tofu = A and t/u = L. Thus, the turbulence 

length scales must scale as the ratio of the model to prototype length 

scaling if (i) = (1) or, z m z p 

L A m m 
L = A (2.10) 

p p 

* m refers to model, and p refers to prototype or full-scale 
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An alternate way of evaluating the similarity requirement is by 

putting 2.4 in spectral form or (Snyder, 1972), 

where 

2 
(J 

z 

I [
sin rrnt]2 

rrnt dn 

FL = Langrangian Spectral function. 

(2.11) 

The quantity in brackets is a filter function the form of which can be 

seen in Pasquill (1974). In brief for n > lit the filter function is 

very small and for n < l/lOt virtually unity. 

For geometric similarity of the plume the following must be true: 

or, 

If 

= 

[i2I] z m 

[i
2I] z p 

= = 

= 1 

I = I . m p 

(2.12) 

For short travel 

times, the filter function is essentially equal to one; hence, I = I = 1 
m p 

and the same similarity requirement as previously deduced for short travel 

times is obtained (Equation 2.9). 

For long travel times the larger scales (smaller frequencies) of 

turbulence progressively dominate the dispersion process. If the spectra 

in the model and prototype are of a similar shape, then similarity would 
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be achieved. However, for a given turbulent flow a decrease in Reynolds 

number (hence, wind velocity) decreases the range (or energy) of the 

high frequency end of the spectrum. Fortunately, due to the nature of 

the filter function, the high frequency (small wave length) components 

do not contribute significantly to the dispersion. There would be, 

however, some critical Reynolds number below which too much of the high 

frequency turbulence is lost. If a study is run with a Reynolds number 

in this range, similarity may be impaired. 

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 ~t is based on the work of 

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

(Re)k 
s 

k u* 
= _<_s_ > 

'V 
70. 

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

scaled down roughness gives a (Re)k less than 70, then exaggerated 
s 

roughness would be required. In the tunnel k 
s 

may be approximated as 

the average terrain step size of approximately 0.64 cm. With 2 
'V = 0.15 cm Is 

that means u* must be greater than 16.41 cmls or assuming u*/u ... 0.06, 
00 

u must be greater than 2.7 m/s. All neutral tests were run above this 
00 

speed. Reynolds number independence for stratified flow has not been 

systematically studied and consequently the best evaluation tool is< to 

compare full-scale and model results. 

The Rossby number, Ro, is a quantity lNhich indicates the effect of 

the earth's rotation on the flow field and resultant turning of the wind 
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with height (Ekman spiral). In the wind tunnel, equal Rossby 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 under neutral 

or stable conditions in relatively flat terrain. Mery (1969) suggests a 15 

km limit, Ukejurchi et al. (1967) suggest 40 to 50 km, and Cermak et al. 

(1966) and Hidy (1967) recommend 150 km. A middle road would be that of 

Orgill et al. (197la and 1971b) who suggest that a length scale of 50 km 

for rugged terrain in high winds is not unreasonable. The distances 

studied are acceptable, whichever criteria is believed. 

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 number 

squared. Consequently, the Eckert number is small compared to unity for 

laboratory and atmospheric flows. 

2.3 Equal Scaling Parameters 

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

near equality of the Prandtl number is assured. 

The remaining relevant parameters are the momentum ratio, M , buoyancy o 

ratio, B , density ratio, y, and Richardson number, Ri. Since plume rise 
o 

is not being simulated, M , B , and yare of no consequence. 
o 0 

The remaining similarity parameter is the Richardson number, Ri. 

For the atmosphere Ri is defined: 

where 

(Ri) = £ ~ez 
p T u(z)2 

= a (~T + fz)z 
T u(z)2 

~T = temperature difference between z and surface-
T(z)-T o 

r adiabatic lapse rate (~ lOC/lOOm) 
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u(z) = wind speed at height z 

z = height above ground--taken to be 250 m for all 
forced flow tests and the height of maximum 
velocity z for drainage flow tests m 

T = mean temperature between surface and z 

For the wind tunnel rz is typically less than 0.0020C, whereas ~T is 

greater than 1°C. Hence for the wind tunnel, the Richardson number is 

defined: 
(Ri) = £ (~T)z 

m Tu(z)2 

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

Richardson numbers for the two should first be checked. For the neutral 

forced flow tests ~T :- 0 in model and ~T + rz ~ 0 in prototype; hence, 

(Ri) = (Ri) = O. Thus, any neutral full-scale case (regardless of 
m p 

wind speed) having the same free stream wind direction as studied in the 

wind tunnel will have similar dispersion and flow patterns. 

For the stable and drainage flow tests, the Ri values varied. A 

(Ri) was computed for each forced flow case based on z = 250 m in fullm 
250m 250m. 

scale (1920 or 2560 1n model for Coal Creek and Alkali Creek respectively). 

For drainage flow z was set equal to the height of maximum velocity z . 
m 

To find corresponding full-scale values for the stable and drainage flow 

tests, first consider only those cases having the same free stream wind 

direction. Secondly, the Richardson number in model should be nearly 

equal to that in the full-scale. If these two conditions are met, the 

full-scale values in the field will correspond to those in the model. 

If no field data are present, typical full-scale conditions may be 

computed using the equation: 

1 (Ri) 
m = (g)(z)p 
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In summary, the applicable scaling parameters for the neutral, 

stable, and drainage flow boundary layer simulation are: 

1) 
(ilT) gL 

Ri = 0 20 
; (Ri) = (Ri) = 0 for neutral 

Tum p 
o 0 = + for stable 

where the reference quantities are as defined above. 

2) Similar geometric dimensions and dimensionless boundary 
conditions (i.e., velocity and turbulence profiles). 

3) Sufficiently high Reynolds number to insure Reynolds 
number independence. 



3.0 EXPERIMENTAL METHODS 

3.1 General 
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A 1:1920 scale model of the topography for a west wind direction at 

Coal Creek and a 1:2560 scale model for a west wind direction at Alkali 

Creek were constructed to study the transport and dispersion of effluent 

under drainage and forced flow conditions. Figure 3-1-1 shows the terrain 

areas modeled for the various atmospheric conditions. 

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 later use in developing and validating a numerical model. 

Concentration measurements were obtained at ground level and in vertical 

arrays. The release location, release height, volume flow, reference 

wind speed, and sampling location 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. 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 time 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 will now follow. 

3.2 Scale Model and Test Facilities 

• Scale Models 
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Construction of the topographic model entailed a two-step process. 

The first involved constructing a Styrofoam model out of 0.64 cm thick 

Styrofoam sheets (corresponds to a 40-ft contour interval) for the Coal 

Creek model and 0.95 cm thick Styrofoam sheets (corresponds to an SO-ft 

contour interval) for the Alkali Creek model. United States Geological 

Survey maps were photographed and the proj e,cted 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 3-2-1. The 

frame had wood 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 em-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. A picture of a completed section 

is shown in Figure 3-2-2. At this stage the model section was ready for 

installing either thermistors or concentration sampling lines. Thermistors 

and ground-level sampling taps were installed at various locations on both 

the Coal Creek and Alkali Creek models. Figures 3-2-3, 3-2-4, and 3-2-5 

show the respective locations for eaCh thermistor. A close-up of one ther

mistor installation is ShOwn in Figure 3-2-6 and a close-up of the concen

tration sampling tubes is shown in Figure 3-2-7. The concentration sampling 

locations are given with the data in Appendices A, B, C, D, E, P and G. 

The complete model sections were then placed in either the Environmental 

Wind Tunnel or the Drainage Flow Facility for testing of forced and drainage 

flows. 
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• Wind Tunnel 

The Environmental Wind Tunnel shown in Figure 3-2-8 was used for 

testing neutral or stable transport and diffusion over the Coal Creek and 

Alkali Creek models. The terrain areas that were placed in the tunnel are 

shown in Figure 3-1-1. Upwind of the modeled topography a set of spires 

was used to stimulate the boundary layer. The tunnel setup for the neutral 

Alkali Creek and Coal Creek tests is shown in Figure 3-2-9. A similar setup 

was used for the stable tests. 

• Drainage Flow Facility 

To study the natural mountain-valley or slope winds a special enclosed 

room was constructed. Inside this room a platform was built for position

ing the aluminum shell topographic model. Figure 3-2-10 shows the platform 

in the final stages of construction. Holes were drilled through the top 

of the frame for mounting fans. Figure 3-2-11 shows a technician 

mOunting these fans inside the frame. 

Once the frame was completed the aluminum shell sections were 

installed on top and the space under the model was then to be used as 

a cold sink. The cold sink consisted of several short tons of dry ice 

at approximately -SOoC, loaded on carts. Figure 3-2-12 shows a technician 

loading the ice on one of these carts prior to sliding the cart under the 

frame. During the loading air packs were used to avoid breathing the 

high concentrations of CO2• The loaded test bed with model in place is 

shown in Figure 3-2-13. After installing the ice the side of the frame 

and model were sealed with an insulating material. 

The forced air circulation system for the cold sink consisted of 

120 instrument fans connected to a motor speed controller. The rate 
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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 release probe, 

3) withdrawing samples of air into a series of syringes at the locations 

designated, and 4) analyzing the samples with a flame ionization gas 

The procedure for analyzing air s.amples 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 Inte

grator (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 methane or ethane concentration as appropriate 

is determined by multiplying the integrated signal (~v-s) times a cali

bration factor (ppm/~v-s), 5) a summary of the integrator analysis (gas 

retention time and integrated area (~v-s» is printed out on the inte

grator 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 informa

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

less concentration (K) and the results are printed out in report format 

as shown in Appendices A, B, C, E, F and G. 
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The integrated values are converted as follows: 

where 

[

XU H2] 
K = r r 

X V o m 

K = dimensionless concentration 

(Xo)m = tracer gas source strength 

I = integrated value of sample 

in ppm 

for tracer i 

I
BG 

= integrated value of background for tracer 

CF = calibration factor for tracer i 
i 

i 

H = reference height in model (m)--equa1 to 0.32 cm 
r 

U r = model (m) reference wind speed (m/s) 

(3.1) 

The calibration factor was obtained by introducing a known quantity, Xs ' 

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

]lV-s. 

The CFi value is then 

CFi = [ 
Xs(ppm)j 
Is(]lv-s) i 

(3.2) 

Calibrations were obtained at the beginning and end of each measurement 

period. The tracer gas mixtures were supplied by Scientific Gas Products. 

To convert the results to 4f in the full scale the K value must be 

ml,l1tiplied by [(19~O)(.0032)r or [(25~O)(.0032)r 
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• Gas Chromatograph 

The FID operates on the principle that the electrical conductivity 

of a gas is directly proportional to the concentration of charged 

particles 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 voltage increases above this zero shift in propor-

tion to the degree of ionization or correspondingly the amount of tracer 

gas present. 1 Since the chromatograph used in this study features a 

temperature control on the flame and electrometer, there is very low 

zero drift. In case of 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 3-3-1 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 

Hewlett Packard 5700 gas chromatograph was used in this study 
(shown in Figure 3-3-1). 
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raises all 50 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 60 s. 

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 min. Normal 

sampling procedures were carried out to insure exactly the same procedure 

as when taking a sample from the tunnel. Each sample was then analyzed 

for methane, ethane, propane, and butane. Methane, ethane, and butane 

were analyzed to insure that the tygon had not absorbed these hydro-

carbons and was not "gassingft them off. 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 3-3-2. 

• Averaging Time 

To determine the averaging time for the predicted concentrations 

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

for numerical modeling studies (Petersen et al., 1979; 1980) in the at-

mosphere. 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 cr and cr values in the wind tunnel compare (when y z 

multiplied by the length scaling factor) with these expected for the 

atmosphere. Hence, the method used for converting numerical model pre-

dictions to different averaging times should also be used for converting 

the wind-tunnel tests. 

The EPA guideline series for evaluating new stationary sources 

(Budney, 1977) conservatively assumes that the Pasquill-Gifford cr 
y 

and 

cr values represent I-hour average values. To convert to a 3-hour value z 

multiply by 0.9 ± 0.1 and if aerodynamic disturbances are a problem the 

factor should be as high as 1. 

Generally, steady-state average concentrations measured in the wind 

tunnel are thought to correspond to a 10- or IS-minute average in the 

atmosphere (Snyder, 1979). This line of reasoning is based on the 

observed energy spectrum of the wind in the atmosphere. This spectrum 

shows a null in the frequency range from 1 to 3 cycles per hour. 

Frequencies below this null represent meandering of the wind, diurnal 

fluctuations, and passage of weather systems and cannot be simulated in 

the wind tunnel. The frequencies above this null represent the fluctu-

ations due to roughness, buildings and other local effects and are well 

simulated in the tunnel. This part of the spectrum will be simulated 

in the tunnel as long as the wind direction and speed characteristics 

remain stationary in the atmosphere which is typically 10 to 15 minutes. 
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At many locations, however, persistent winds of three or more hours may 

occur. For these cases, the wind tunnel averaging time would ccrrespond 

to the atmospheric averaging time. For the more typical cases, the 

wind-tunnel results would have to be corrected for the large-scale 

motion using power law relations such as given by Hino (1968) or 

Turner (1970). 

3.4 Velocity Profiles 

• General 

Vertical profiles of mean velocity were obtained for the various 

tests at the locations indicated in Figures 3-2-3, 3-2-4, and 3-2-5. 

The measurements were performed to 1) monitor and set flow conditions, 

2) document flow conditions, and 3) for use in calculating surface 

roughness, power law exponent and Reynolds stress. 

The velocity measurements for the Coal Creek drainage basin and 

stable test, as well as the Alkali Creek stable tests, were made usina 

a Gou1d/Datametrics Model BOO-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 Alkali Creek 

drainage basin test were made with a Thermosystems hot-film anemometer 

system and a method of temperature compensation analysis. The hot film 

was also used for all neutral stability tests where temperature compensa

tion was not required. 

The techniques used to obtain the velocity data will now be discussed 

in detail. 

• Hot-film Anemometry 

The transducer for velocity measurement in the Alkali Creek drainage 

flow and neutral stability tests was a Model 1210-20 hot-film sensor. The 
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sensor consists of a platimun overlay deposited on a cylindrical quartz 

fiber, the overall diameter of which is 51 microns. The sensor is capable 

of resolving a velocity component in the plane perpendicular to the length 

of the element. The probe was positioned during the measurements so that 

this direction corresponded to the orientation of the flow. 

The governing mechanism of operation is defined by the first law of 

thermodynamics: the heat removed from the probe element and delivered 

to the surroundings equals the electrical power supplied to the wire 

(Hinze, 1975). This is represented mathematically as: 

where 

I = 

R = w 
T = w 

T = g 

k = g 

It = 

Nu = 

h = 

<P = 

Re = 

Pr = 

(3.3) 

electric current through the probe element 

electrical resistance of the probe element at T 
w 

effective operating temperature of probe element 

temperature of surroundings 

thermal conductivity of air 

length of probe element 

hd [Re,pr,Gr,Ek, 
T - T It ~] Nusselt number = ~ = f w 8 

T ' d' g g 

heat transfer per unit time 

diameter of probe element 

P ud .. 
Reynolds number = ~ 

llg 

C II 
Prandtl number = ~ 

k 
g 
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gp 2d38(T - T ) 
Gr = Grashof number g w g 

2 
lig 

2 
Ek = Eckert number = u 

C (T - T ) 
P w g 

Pg = mass density of air evaluated at T g 

1-1g = molecular dynamic viscosity of air evaluated 

8 = coefficient of thermal expansion of air 

g = gravitational acceleration 

u = velocity of air 

C = specific hear of air at constant pressure p 

at T g 

Free convection from the wire may be neglected for Re > 0.5.when 

the Rayleigh number satisfies: 

Ra = GrPr < 10-4 

Collis and Williams (as reported in Hinze, 1975) concluded from their 

low Reynolds number experiments in air that buoyancy effects are negligible 

when: 

In other words, when Re ~ 10-2, Gr should be smaller than 10-6• In 

air, this corresponds to a film ten times smaller in diameter than that 

used here and a velocity of 0.4 cm/s. 

The temperature dependence of the electric resistance of the film 

may be expressed as 

Rw = Ri [1 + b i (Tw - T g> + b2 (Tw - T g> 2 + .•• ] 

Under the operating conditions usual for hot-film anemometers, the 

nonlinear terms may be disregarded. For example, for platinum 

-3 0 -1 -7 0 -2 hI = 3.5 x 10 K, b2 = 5.5 x 10 K 
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for tungsten 

b
l 

= 5.2 x 10-3 oK-I, b
2 

= 7.0 x 10-7 °K-2 

Ignoring the quadratic and higher order terms in Eq. (3.3), the temperature 

difference (Tw - Tg) can be represented by the more easily measured quan

tity (R - R ), where R denotes the electrical resistance of the wire w g g 

at the ambient fluid temperature Tg, or 

T - T == w g 

R R w - g 
bR. 

1. 

Substituting into Eq. (3.3) results in 

2 
~lK R R 

IR =-.-g. w- gNu. 
w b Ri 

(3.4) 

(3.5) 

An empirical formula developed by Collis and Williams (Hinze, 1975) 

represents the most accurate relation yet obtained for the prediction 

of Nusselt number in forced flow. 

(
Tf )--0.17 

Nu Tg = A + BRe
n 

where 

0.2 < Re < 44 44 < Re < 140 

n 0.45 0.51 

A 0.24 0 

B 0.56 0.48 

and Tf = (Tw + Tg)/2 

Substituting from relations (3.5) and (3.6) yields 

r2R 

where 

w n 
-R---R- = ~ + BTu 

w g 

(

TIT )0.17 
A. - A f g 
--r T cIT c 

f g 

(3.6) 

(3.7) 

(3.8) 



24 

and 

(3.9) 

where A and B are the constants obtained at calibration temperature, 

pressure, and overheat ratio and Ar and BT are the constants corrected 

for temperature, viscosity and density variation. The terms with a super-

script c are quantities measured at calibration conditions. 

Now Pf - P(Tf } = P (Tw ; Tg) 

and ~f - ~(Tf) = ~ (Tw ; Tg) 

Using the Sutherland equation to represent in analytical form the variation 

of the molecular viscosity of air with temperature near atmospheric pres-

sure. 

l45.8Tl •5 
p(T) = T + 110.4 

and the equation of state for ideal gases 

we can make the necess·ary substitutions into Eq. (3.9) and get 

B == B f g L w g _w ____ ~g ___ _ 

(

TIT )0.l7~ ~ c + T C)2.5 T + T + 220.8~n 
T TfC/T

g
C Pc Tw + Tg Twc + T

g
C + 220.8 

Finally using Ohm's law 

(3.10) 

and combining (3.7) and (3.9) we get 

E2 n 
R (R - R ) == ~ + BTU 
w w g 
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or, 

(3.11) 

The constants A, B, and n from Eq. (3.8) and (3.9) were Obtained 

from a calibration at room temperature; ~, BT and R were then deterg 

mined for the temperature at which measurements were obtained. 

• Experimental Technique 

For the Alkali Creek drainage flow tests, a system providing a 

source of reference air speeds was used immediately prior to each exper-

iment to calibrate the velocity measurement apparatus. This system 

shown in Figure 3-4-1 consists of a discharge nozzle, having established 

aerodynamic characteristics, constructed at the Colorado State University 

Engineering Research Center machine shop facilities. This nozzle was 

supplied with regulated air the quantity of which was monitored on a 

Union Carbide linear mass flow meter. Regression analysis was used 

to fit the calibration data to a suitable mathematical expression. The 

results of the calibration are shown in Figure 3-4-2. 

For the neutral stability tests, calibration of the hot film was 

performed with. the Model 1125 TS! calibrator and a type 120 Equibar 

pressure meter where the following relation applies: 

u s/U'Pa 
Pa 

A calibration was performed at the beginning of each day's measurement. 

After the wire was calibrated, the desired flow condition was set in 

the wind tunnel. The free-stream velocity was monitored with the MKS 

Baratron and pitot tube. Once the desired condition at the reference 



26 

height was obtained the pressure meter setting was recorded and used to 

set and monitor the tunnel conditions for all remaining tests. During 

all subsequent velocity and concentration measurements care was taken 

to ensure the pressure meter reading remained constant. 

The Datametrics Model 800-LV temperature compensated linear velocity 

meter was used for the Coal Creek drainage flow and all stable flow tests. 

The principle of operation of this probe is the same as the hot film dis

cussed 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 insen

sitive to temperature variations. The probe is normally configured with 

a shield over the wire with a hole allowing air flow for measurement. 

Since the shield restricted the closeness with which one could approach 

the model surface, it was removed. Figure 3-4-3 shows the two sensing 

elements~ the top one being the velocity sensor and the bottom one the 

temperature sensor. From an experimental standpoint, the Alkali Creek 

technique is preferred to that used in the Coal Creek test which consisted 

of the temperature compensated instrument. This is because the spatial 

temperature gradient near the model surface is of a physical scale 

comparable to the separation distance within the probe configuration of 

the velocity and temperature sensing wires as shown in Figure 3-4-3. 

This distance results in an inability within the instrument to satisfac

torily control the overheat ratio as a function of local temperature 

which results in an error in velocity measurement close to the surface. 

In a steady flow regime~ this difficulty is overcome by combining the 

functions of velocity and local temperature measurement in the same 
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element as was done for the Alkali Creek tests. The two measurements 

were made immediately subsequent to one another. The spatial temperature 

gradient effect is likewise minimized by the smaller physical dimensions 

of the Thermo Systems hot-film element. 

The problem arising in the single element hot-film method lies in 

analyzing the data with a heat transport model which can be adequately 

supported by either theoretical argument or experimental evidence. Such 

a model is available and was discussed above. 

• Data Collection and Analysis 

The manner of collecting the data was as follows: 

1) The hot-film or datametrics 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 the anemometer and potentiometer device 
indicating height were fed directly to a Hewlett-Packard 
Series 1000 Real Time Executive Data Acquisition System. 

5) Samples were stored digitally in the computer, and 

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

u == 

or printed out th.e mean voltage for the Datametrics. For the Alkali Creek 

drainage flow tests it was found that ~ ~ A and BT ~ B to within 3 

percent accuracy. Hence no correction for temperature was applied to ~ 
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and BT and the calibration values were used. The wire resistance R g 

at local temperatures however was used when computing u. 

For the Alkali Creek and Coal Creek neutral flow studies, no 

temperature compensation was necessary thus ~ = A, BT = Band 

R = R • c g 

3.5 Temperature Measurement 

Temperature measurements at the model surface for the drainage flow 

and forced advection stable stratification cases and the local air temper-

ature at the air speed probe for the drainage flow, forced advection 

neutral and stable stratification cases, were made by 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 thermis-

tor element was exposed to the air immediately above and adjacent to the 

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

Figures 3-2-3, 3-2-4, and 3-2-5 for Coal Creek, Alkali Creek west wind, 

and Alkali Creek east wind, respectively. 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 COAL CREEK-DRAINAGE FLOW RESULTS (Free Convection) 

4.1 Velocity and Temperature Measurements 

A series of seven velocity and temperature profiles were taken 

at the following locations: 1) Thermistor 17 (denoted T17), 2) Coal 

Creek below the proposed mine site (denoted VP), 3) T5, 4) T16, 

5) concentration sampling locations 25 (C25), 6) C16, and 7) T13. The 

location of these measurement positions relative to Crested Butte is 

shown in Figure 3-2-3. The temperature boundary conditions during 

testing are shown in Table 4-1. The temperatures along Coal Creek 

range from -24 to 30°C, depending upon location. At the tops of the 

mountains the temperatures are between -14 and 6°C. From the results 

shown in Table 4-1 it was concluded that it would be sufficient to 

monitor one temperature during testing with less frequent samplings of 

all thermistor readings. Hence, in all subsequent tests (concentration 

and visualization) this procedure was followed. 

The seven velocity profiles shown in Figures 4-1-1 through 4-1-7 

are reported in sequence starting at the location annotated T17 and 

finishing in Crested Butte at T13. These profiles all show a similar 

character, namely, a high wind speed at some varying distance above 

the ground and a zero velocity at an upper altitude. Several of the 

profiles show a double peak in the velocity profile. The common fact 

about these double peak profiles is that they were obtained at the low

est valley elevation or in Coal Creek. The two profiles not showing any 

tendency for a double peak were taken at T16--which is on the bank above 

Coal Creek--and at T13--which is out of the valley in Crested Butte. 

This double peaks suggests there is a slope flow following Coal Creek 

and superimposed upon this, the mountain wind which is also in the same 

direction--toward Crested Butte. 
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Another interesting feature about the profiles is the increase in 

maximum velocity with distance down the valley. For example, at T17 the 

maximum velocity (u ) is 18.3 cm/s whereas at T13 in Crested Butte the m 

flow has sufficiently to attain u = 26.9 m 
The inter-

mediate values of are 18.4 (at VP), .5 (T5), 20.5 (T16), 24.6 (C25), 

and 27.9 (C16) The height above ground of lower peak velocity 

ranges from 0.5 to 2 .. 5 cm (9.6 to 48 m with the more typical 

value of 1.5 cm (28.8 m full-scale). The second or maximum (which 

is also the highest wind speed for all profiles) occurs from 2.5 to 8.5 

cm (48 to 163 m full-scale) above the surface. At T16, which corresponds 

to the field measurement site, the height of the maximum velocities is 

6.5 cm (125 m full-scale) above the ground. 

The temperature profiles are also shown in 4-1-1 through 

4-1-7. A surface measurement was used to calculate the 

dimensionless temperature [(T-T )/(T -T )] using the nearest ground level 
0 00 0 

thermistor The free stream was taken to be that 

at the of the In ranged from 400 C at T17 to 

25.70 C at T13. The profiles show that an extremely stable layer was 

generated in the test chamber. 

A Richardson number was computed for each profile as discussed in 

Section 2.3. The results of the computation are given on each figure. 

4.2 Concentration Measurements 

The concentration measurements for the flow simulations down 

Coal Creek are graphically presented in Figures 4-2-1 to 4-2-4. For these 

tests, the surface were set to be to those set 

during the velocity measurement tests. The ground level isop1eths resulting 

when a tracer was emitted at T16 from a 6.1 m prototype stack are shown in 

Figure 4-2-1. The emissions travel down Coal Creek, mov~ng around Gibson 
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Ridge and pass through Crested Butte. The concentration level diminishes 

slowly over Coal Creek until the end of the valley where the plume is no 

longer restricted laterally. In Figure 4-2-2, a cross section of the plume 

is shown. This cross section was taken 1.35 km (full-scale) downwind of 

the release point (A, At in Figure 4-2-1). As is evident, the plume has 

settled into the valley bottom and vertical mixing is restricted. It 

appears that the plume is well mixed, however, within this confined layer. 

Figure 4-2-3 shows another cross section taken 3.65 km downwind of the 

release point just upwind of Crested Butte (B, B' in Figure 4-2-1). Here 

the plume has grown laterally with almost no vertical spread. The uniform 

mixing is even more pronounced at this location. 

Figure 4-2-4 shows ground-level isopleths for a 49 m stack. As 

expected the point of maximum concentration has moved down the valley 

when compared to Figure 4-2-1 and the evidence of lateral spread upon 

exiting the valley is still present. The maximum concentration for the 

elevated release is over a factor of 10 less than that for the short 

release. In Crested Butte the concentrations are nearly equal for the 

two releases. 

4.3 Visualization and General Flow Patterns 

From visually observing the flow patterns established by cooling 

the surface of the aluminum model some general features of the mountain 

wind were noticed (Davidson, 1963; Defant, 1951). First the commonly 

observed down-valley flow with a return flow above was evident. Figure 

4-3-1 shows a top view of smoke being released over T16. Crested Butte 

is at the top of the picture just outside the valley. As can be seen 

the smoke follows the terrain confluences, changing direction and shape 

as the valley changes shape or orientation. This down-valley flow 
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generally extended up to 18 cm (350 m full-scale). Above this down-valley 

flow a 1800 reversal in the flow was seen. The documentation on this 

reversal is best seen by viewing the motion pictures associated with this 

report. Figure 4-3-2 does show the shape of the reversed flow. The 

down-valley flow is not evident in the figure. On top of the down- and 

up-valley flows were slope flows. These flows were very shallow (3 to 5 cm) 

and were developed along all sloping valley side walls. The downslope 

winds would flow into the valley center and merge with the down-valley 

flow. Figure 4-3-3 shows the smoke wand positioned near the ground up 

the valley side. As can be seen, the flow first goes toward the valley 

center (Coal Creek) and then turns 90 0 and heads down the valley. What 

was observed was the downslope flow coming down the slope and when it 

converged with the down-valley flow, it would rise up above the ground 

then turn down valley. 

To aid in visually depicting the flow patterns a smoke wire technique 

was used. Figure 4-3-4 shows the smoke wire positioned at T16 and the 

shape of the lower profile. In the picture the solid metal rod which 

supports a thin nichrome wire is visible as is the smoke produced by 

instantaneously evaporating a thin oil film coated on the wire. Although 

only a portion of the wire and support is visible in the picture, the 

wire length was measured to be 5.94 cm in a different picture with the 

same camera setup. Since the actual wire length is 66 cm, a conversion 

factor of 5.94/66 was used to estimate model dimensions from the picture. 

The height of drainage flow in the picture is 2.21 cm which converts to 

24.6 cm in the model or 471 m full-scale. This compares reasonably with 

a drainage flow thickness measured with the velocity probe of 18 cm as 

seen in Figure 4-1-4. Also from the photograph it can be seen that the 
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ratio of upslope velocity to downslope velocity is approximately 1 to 10. 

Since the camera was not directed perpendicular to the flow a large error 

can be expected in this ratio. The thickness of the upslope flow appears 

to be at least 1.27 cm in the picture or 14 cm in the model (271 m full

scale). This observed depth agrees with that shown in Figure 4-1-2. 

The measured ratio of upslope to downslope velocity is I to 2.5. This 

latter ratio is more accurate than that obtained from the picture analysis. 

In summary, the visualization showed what was expected from a mountain 

flow. Wind developed on all slopes and these slope winds moved toward the 

valley center. At the valley center the slope wind merged with the down

valley wind. Above the down-valley wind an up-valley component was 

observed. 
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5.0 ALKALI CREEK - DRAINAGE FLOW RESULTS (Free Convection) 

5.1 Velocity and Temperature Measurements 

For the Alkali Creek drainage flow test velocity and temperature 

profiles were taken at four locations (designated T4, T6, T11 and V2) 

and a temperature profile was obtained at T8. These locations are marked 

on Figure 3-2-4. 

The temperature boundary conditions that were set during the velocity 

measurements are given in Table 5-1. At a given thermistor the tempera

ture during testing did not change by more than 4°C with most of the 

readings staying within 2°C. The temperatures at the surface ranged from 

-25°C at T12 to -49°C at T9 and T13. The free air temperature Twas 
ro 

9°C for all tests. 

The velocity and/or temperature profj1es are shown in Figures 5-1-1 

through 5-1-5. The velocity profile taken at T4, which corresponds to 

the field and model tracer gas release locations, shows a light wind and 

irregular profile. Between 0 and 6 cm essentially zero velocity is noted. 

A zero reading is suspicious since visually smoke was observed to flow 

over this location. It may be, however, that the speed is 2 to 3 cm/s 

and due to inherent errors in measurement technique a value of zero is 

calculated. Regardless, the speed is low--probably 2 to 3 cm/s. Between 

7 and 15 cm a zone of higher velocity is noticed with a peak of 6.7 cm/s. 

The region is probably the spillover from Alkali Creek that is moving in 

a westerly full-scale direction. From 20 to 30 cm another region of high 

velocity is observed with a peak of 8.3 cm/s at 28 cm. This region may 

be a return flow moving easterly or a general circulation developed in 

the drainage flow zone. Since the velocity probe does not indicate 

direction and the flow was not noticed during the visualization phase, 

only speculations can be made. 
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The temperature profile at T4 shows an extremely stable layer 

between 0 and 0.5 cm with a temperature difference of approximately 

39°C. Between 0.5 and 10 cm the temperature changes 11°C and reaches 

the free-stream value. 

Velocity and temperature measurements at T6 are plotted in 

Figure 5-1-2. The measurement location is west-southwest of T4 down the 

slope toward Ohio Creek as shown in Figure 3-2-4. At this location an 

organized sloped wind with a maximum velocity of 18.3 cm/s at 0.6 em 

(15.4 m full-scale) is observed. The profile reaches zero velocity at 

approximately 8 cm (205 m full-scale). Above 8 cm the irregular flow 

patterns as observed at T4 are seen. One profile (from 10 to 25 cm) 

may still be the overflow from Alkali Creek and the other (from 25 to 

31 em) the return flow moving east or a general room circulation. At 

this location the temperature does not reach a free-stream value until 

30 cm where the temperature difference (T -T ) is 49°C. 
00 0 

On the east side of the saddle between Flat Top and Red Mountain 

close to where the East River and Alkali Creek merge, a velocity profile 

was taken at TIl. The location is shown in Figure 3-2-4. The velocity 

profile shown in Figure 5-1-3 has a different character than those on the 

west side of the saddle. The maximum speed is higher (50.2 cm/s) and 

the layer of velocity is much deeper (approximately 24 cm). The reason 

for both is that more energy is available to drive the flow. A large 

amount of cold air from both Red Mountain and Flat Top feeds into Alkali 

Creek and enhances the speeds. The change in elevation is also greater 

on the east side of the saddle. The temperature profile at TIl shows 

an irregular shape with an extremely stable layer between 0 and 5 cm. 

Over this layer a 46°C temperature change is noted compared to an overall 

change from 0 to 31 cm of 55°C. 
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Visually it was noticed that slope winds off Red Mountain and Flat 

Top were feeding into Alkali Creek. A velocity and temperature profile 

was taken at one of these locations. A high-speed slope wind was noticed 

coming down Red Mountain. Consequently, the profile shown in Figure 5-1-4 

was taken at the location marked "V2 n in Figure 3-2-4. The maximum velocity 

at this point is 42.9 cm/s and occurs at 1.3 cm (33.3 m full-scale) above 

the ground. The region of flow extends to approximately 8 cm (205 m full

scale). The temperature between 0 and 4 cm changes by 74°C, whereas 

between 0 and 30 cm the change is 500 C. 

Due to the complexity of the flow field--that is, wind direction 

changes with height of 900 at several locations--no more velocity profiles 

were obtained. One additional temperature profile was obtained at T8 which 

is located at the origin at Alkali Creek in a basin where the flow was 

stagnant close to the surface. Above the surface, the wind goes down 

Alkali Creek while above this a flow off Red Mountain passes over the top 

at a 900 angle. The profile in Figure 5-5-5 shows a deep stable layer 

extending up to 14 cm (358 m full-scale). An overall temperature change 

of 600 C between 0 and 30 cm is noticed at this location. This deep, 

extremely stable layer is due to the stagnant air close to the surface 

and the continuous supply of cold air off Red Mountain and Flat Top. 

The Richardson number was computed for each profile as discussed in 

Section 2.3. The values are tabulated on each figure. 

5.2 Concentration Measurement Results 

The concentration measurements made for the drainage flow 

simulation near Alkali Creek consist of vertical and horizontal profiles 

taken at three locations downwind of a 0.32 m release (8.1 m full-scale) 

and a horizontal and vertical profile at one location downwind of a 

2.54 cm release (65.0 m full-scale). This set of profiles is shown in 

Figures 5-2-1 to 5-2-4.. The temperature conditions during the run 
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are given in Table 5-2. As can be noticed the temperatures are warmer 

than those for the wind velocity tests. This is due to the fact that 

the ice load was getting low and a lower temperature could not be 

achieved. Scheduling prohibited another ice load to obtain data at a 

colder temperature. 

The concentration results are presented as a dimensionless 
2 XU H 

concentration K = m r where u was taken to be the measured 
XoV m 

peak velocity over thermistor 6, H was set equal to 0.32 and the 
r 

remaining parameters are given in Table 3-1. Figures 5-2-1 to 5-2-3 

show the horizontal and vertical concentration profiles that were taken 

at successive positions southwest of T4 for an 0.32 cm release (8.1 m 

full-scale). In general the plume appears to get lower, wider and less 

concentrated as it moves further from the release. At the closest pro-

file location (Figure 5-2-1) which is 26 cm from the release, the plume 

centerline is 1.02 cm (26 m full-scale) above the ground and the plume 

width is approximately 2.11 cm (54 m full-scale). The reason the plume 

center is higher than the release height is because the release was on 

a small knoll (approximately 40 ft high in full-scale) and the terrain 

falls off quickly in the direction of flow. So in essence the release 

was higher than 8.1 m above the effective ground level and may have 

traveled horizontally for some distance due to the initial momentum 

of the release before going down the slope. The horizontal and vertical 

profile taken at 59 cm (1.5 km) from the 8.1 m release is shown in 

Figure 5-2-2. At this distance the plume centerline is 0.78 cm (20 m) 

above the ground and the width is 4.0 cm (102 m). The maximum concen-

tration has been reduced to half of the value at the 26 cm location. 

For--theJrofiles taken at 90 cm (2.3 km) the maximum value has reduced 
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again by two from that at 59 cm and the height of the maximum is 0.59 cm 

(15 m). The plume width at this location is 5 cm (128 m). 

The profiles taken 26 cm (0.67 km) from a 2.54 cm (65.0 m) release 

are shown in Figure 5-2-4. At this location the plume centerline is 8.2 cm 

(210 m) and its width is 3.1 cm. For this height release the plume must 

be traveling horizontally and is not becoming trapped in the slope flow. 

This fact is evident because the terrain has dropped approximately 3 cm 

(70 m) which means the plume is slightly higher with respect to a hori

zontal plane than when it was released. Also evident in the figure is a 

vertical profile with two peaks. This double peak may be attributed to 

the complex and irregular flow field above the slope wind field. 

5.3 Visualization 

The flow patterns for the Alkali Creek drainage flow tests were 

extremely complicated. Consequently, additional movie footage of the 

flow was taken. To obtain the best description of the flow the movies 

should be viewed. The general features of the flow will be discussed 

here. 

On the east side of the ridge around the Alkali Creek Basin the 

flow was quite complicated. Slope winds off Red Mountain were feeding 

into Alkali Creek moving in a southerly direction. Upon reaching 

Alkali Creek Basin (at the origin of the creek), a portion of flow 

turns east and moves down Alkali Creek. In addition a small segment of 

flow turns west and spills over the ridge and flows downslope toward 

Ohio Creek. Figure 5-3-1 shows smoke being released near Big Alkali 

Lake up the slope toward Red Mountain. As can be seen the flow moves 

downslope in a southerly direction and turns east to move down Alkali 

Creek. The spilling over the ridge to the west is evident on the 
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right-hand side of the picture. Figure 5-3-2 shows the spillover flow 

in more detail. This picture shows the flow moving southwesterly toward 

Ohio Creek. The depth of this spillover is quite shallow and is shown 

in Figure 5-3-3. In the picture a tape measure is placed on the rim of 

the ridge around Alkali Creek. The one-foot marker on the tape measure 

is visible in the picture and the spillover appears to be about 1/9 of a 

foot or 3.4 cm (87 m full-scale). 

Another interesting feature about the flow in the Alkali Creek Basin 

is two flows--one above the other--going in directions at 90 0 to each 

other. The flow off Red Mountain toward the Alkali Creek Basin would 

drain down toward the basin until it reached the height of the ridge. 

At this point the flow would level off and flow either east or west as 

described above. Below this south-moving slope wind a flow down Alkali 

Creek was noticed moving in an easterly direction. In fact, a part of 

the flow off Red Mountain would turn west and then turn a circle around 

the Alkali Creek Ridge and become entrained in the flow moving east 

down Alkali Creek. Figure 5-3-4 depicts these irregular flows. 
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6.0 COAL CREEK - NEUTRAL STRATIFICATION RESULTS (Forced Flow) 

6.1 Velocity Measurements 

Mean velocity and turbulent intensity profiles were taken for the 

Coal Creek - Neutral Stratification tests at T3, T7, T13, T14, TIS, T16 

and T17. The locations are marked in Figure 3-2-3. As a review for 

these tests the aluminum topographic model of the area shown in Figures 

3-1-1 and 3-2-3 was placed in the environmental wind tunnel and a free 

stream velocity, u , of 3 mls set for all tests. The free stream 
00 

velocity was set 30.5 cm above T16. 

To document the flow patterns the velocity profiles shown in Figures 

6-1-1 through 6-1-7 were obtained. The profiles are presented in a 

general sequence starting at the west end of the valley (T17) and moving 

east. All of the profiles have a similar appearance except the one taken 

at T7. This profile was taken about half way up Mt. Emmons and was in 

the lee of high ground. Hence the profile shows the character of being 

in a wake. It has reduced velocity and high turbulence within the 

lower 20 cm (384 m full-scale). The turbulence intensity for this pro-

file reaches a maximum of about 32% whereas the maximum for the other 

profiles is close to 20%. 

Each profile was analyzed to obtain the surface roughness (z ), 
o 

friction velocity (u*), power law exponent (n) and the turbulent Reynolds 

number (ZovU*)' The Zo and u* values were obtained by fitting the data 

by least squares to the follOwing equation: 

..!!.. = 1. In (z + d) 
u* k z o 

and the power law exponent by fitting to the equation 
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Table 6-1 gives the results of the analysis. The surface roughness 

values range from 0.027 cm to 0.445 cm (0.5 to 8.5 m full-scale) with 

an average (excluding the highest value) of 0.05 cm (1.1 m full-scale). 

The location showing the highest z value was at T7 which was in a wake 
o 

and a higher Zo is expected. The remaining profiles show relatively 

little variation in z. The turbulent Reynolds number Re ranged from o z 
o 

2.4 to 77.1. All values were close to or exceeded the limit of 2.5 to 

ensure fully turbulent flow. The power law exponent ranged from 0.12 

to 0.31 where the highest value was again at T7. The remaining locations 

had an average n of 0.21. The value of u*/u was 0.061, or less, at 
CIO 

all locations except T7 which had a value of 0.081. 

In summary the velocity profiles show that a turbulent boundary 

layer was simulated and that the velocity profile characteristics are 

those expected for rough topography. 

6.2 Concentration Measurements 

The concentration measurements results for the Coal Creek Neutral 

Stability Tests are given in Appendix C and summarized in Figures 6-2-1 

to 6-2-6. 

The ground-level isopleths shown in Figure 6-2-1 are for a 6.1 m 

release over T16 and a model free stream velocity of 3 m/s. The plume 

travels directly down the valley (east) reaching a maximum concentration 

1.3 km downwind of the source. One might expect the maximum to occur 

near the release since it was essentially a surface release. However the 

release site was on a 25 m bank overlooking Coal Creek and the effective 

release height was greater. Vertical cross sections of the plume were 

taken at locations C-C' and D-D t as depicted in Figure 6-2-1. At C-C t 

(1.3 km downwind of the release) the plume centerline is found effectively 
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on the valley floor as shown in Figure 6-2-2. The plume spread in the 

horizontal and vertical appears greater than that observed for the 

drainage flow test. For the cross section taken 3.7 km downwind (D-D') 

where the valley has opened up, the plume has grown in the horizontal 

and vertical and the maximum normalized concentration has dropped from 

-3 -4 2.1 x 10 to 5.5 x 10 or a factor of 4. 

Ground-level isopleths are shown for a 49 m release height in 

Figure 6-2-4. No significant change over the 6.1 m release is found in 

the position or magnitude of maximum concentration. When the release 

height is increased to 98 m, the point of maximum concentration is moved 

only slightly downwind as shown in Figure 6-2-5. The increase in release 

height from 6.1 to 98 m appears to have no appreciable effect on the 

position or magnitude of the measured maximum ground-level concentration. 

For a 6.1 m release 1.2 km upwind of T16 the position of maximum 

concentration is moved upwind at least a kilometer as shown in Figure 

6-2-6. The lack of data points closer to the release excludes the 

possibility of determining the position and magnitude of the maximum 

concentration. 
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7.0 ALKALI CREEK - NEUTRAL STRATIFICATION RESULTS (Forced Flow) 

7.1 Velocity Measurements 

Mean velocity and turbulence intensity profiles were obtained at 

five locations for the Alkali Creek Neutral Flow Tests. These locations 

are annotated in Figure 3-2-4. All profiles were taken at a free stream 

velocity of 3 mls and the results are shown in Figure 7-1-1 through 

7-1-5. 

The velocity profile at Location A in Figure 7-1-1 was taken 61 em 

(1.56 km full-scale) upwind of T4. The profile shown in Figure 7-1-2 

was taken at the release site - Location B in Figure 3-2-4. The two 

profiles show how the velocity and turbulence profiles develop when 

moving up a slope. An increase in velocity, accompanied by a decrease 

in turbulence, is noticed at Location B. in comparison to the values for 

those same qualities recorded at Location A. Location C, like Location B, 

is also on rising terrain and the greater velocity and lesser turbulence 

intensity close to the surface are, again, observed. Locations D and E 

are each in the lee of a hill and a slowdown in the velocity and increase 

in turbulence are evident near the surface as expected. 

Each of the profiles was analyzed to obtain z u* and n, as 
0' 

discussed in Section 6.1. The results are given in Table 7-1. The 

surface roughness factor at locations (A, B, C) where the terrain is 

rising in the direction of flow, range from 0.0001 to 0.00227 em (0.03 em 

to 5.2 em full-scale). At locations (D and E) in the lee of terrain, 

the z values are 0.057 and 0.082 em (1.5 to 2.1 m full-scale). The o 

power law exponent and u*/u values show the same trend. The n values 
00 

are low at A, Band C (0.08, 0.17 and 0.09, respectively) and high at D 
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and E (0.21 and 0.23). The u*/u values are 0.025, 0.039 and 0.035 at 
00 

A, Band C and 0.062 and 0.064 at D and E. 

The turbulent Reynolds number values at A, Band C were below the 

critical value of 2.5 to insure fully turbulent flow; whereas, the Re 

values at D and E are well above the minimum. These results suggest 

the flow is not Reynolds number independent. However, it should be 

stressed that the criteria Re z o 
> 2.5 was developed for horizontally 

z 
o 

homogeneous flow. For the case of flow over a hill the criteria is not 

valid. In addition the computation of Zo values for such a flow can 

have large errors. 

In summary the results show what one would expect for flow over a 

hi11--a speed-up in velocity on rising terrain and a decrease in wakes 

and larger z , u* and n values in wakes than on flat or rising terrain. o 

7.2 Concentration Measurements 

The results of the concentration measurements for the Alkali Creek 

Neutral Stability Tests are presented in Figure 7-2-1 to 7-2-6. All 

runs were made with a 3 mls free stream wind velocity. 

Figure 7-2-1 shows the observed isop1eths at ground-level when the 

release height was 6.1 m. The maximum concentration is found 600 m down-

wind of the release. The effective release height is higher than 6.1 m 

since the release was situated on a 20 m hill. The isop1eths show that 

the plume is diverted around Flat Top and does not follow a straight 

trajectory. Figure 7-2-2 is a cross section taken 1.0 km east of the 

release point (E-E t in Figure 7-2-1). The plume contour line is near 

the ground and has maintained a high degree of symmetry. In F.igure 

7-2-3 a cross section 3.0 km east of the release point is shown (F-F I 

in Figure 7-2-1). Again the symmetry is present but the plume has 
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spread over a larger region. The maximum concentration has decreased 

by a factor of four between 1 and 3 km. 

Figures 7-2-4 and 7-2-5 show the effect of increasing the stack 

height with ground-level isopleths plotted for a 65 and 130 m release 

respectively. For the 65 m release the maximum concentration has moved 

out to 1 km and has decreased by a factor of 5 over the 6.1 m release. 

Also the plume appears to be diverted less as it goes over Flat Top. 

For the 130 m release, shown in Figure 7-2-5, the maximum concentration 

has moved to 3 km downwind and has decreased by a factor of 20 as co~ 

pared to the 65 m release. For this release the plume is diverted to 

the east as it moves over Flat Top. 

Figure 7-2-6 shows the ground-level isopleths of normalized 

concentration (K) for an 8.1 m release height that is 2.1 km upwind of 

the field release site (T4 in the model). The maximum value was not 

measured because it occurred in front of the sampling grid. The plume 

still appears to be diverted around Flat Top for this case. 
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8.0 COAL CREEK - STABLE STRATIFICATION RESULTS (Forced Flow) 

8.1 Velocity and Temperature Measurement 

For the Coal Creek Stable Flow Tests, velocity and temperature 

profiles were taken at the following six locations annotated in Figure 

3-2-3: T17, VP, TS, T16, T1S, and T13. The surface temperature boundary 

conditions that were set during the measurements are given in Table 8-1. 

For all thermistors, the surface temperature during testing did not change 

by more than 60 C, and for most locations it did not change by more than 

10 C. The minimum temperature was 23.60 C at T1S, and the maximum was 

13.30 C at T4. The free stream temperature was approximately 200 C for 

all tests, and the free stream velocity was approximately 64 cm/s. 

The velocity and temperature profiles are shown in Figures 8-1-1 

through 8-1-6. The profiles are arranged in a sequence starting toward 

the origin of the valley (T17) and ending at the mouth (T13). The common 

feature about all the velocity profiles is the speed-up near the ground. 

This speed-up is attributed to the drainage flow which is superimposed 

upon the forced flow. The height of peak velocity for the low level 

drainage flow ranges from 2 to Scm. This corresponds closely to the 

height observed when no free stream velocity was present (see Section 4.1) 

To give an indication of the stability simulated, a Richardson number 

(Ri) for each case was computed--(Ri) is defined: 

(Ri) = 
g[T(z) - T ]z 

o 

where z = 13 cm. 

The Ri values for each profile are O.S (T17), 1.7, 2.1, 1.1, 1.4, and 1.0. 

If we assume that a full-scale case has a u(z) of S mIs, then for Ri = 1.0 

Too - To will equal 2.90 C assuming T = 2830 C and z = 2S0 m. When comparing 
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these results against full scale values, the full scale (Ri) should 

first be computed. The wind tunnel tests should then be compared with 

full scale cases having a similar (Ri) and wind direction. 

8.2 Concentration Measurement Results 

A series of ground level and aerial concentration measurements were 

obtained for the condition described in Section 8.1. To insure a similar 

condition was set,the ambient temperature (T ) and temperature at TIS 
a 

were monitored during all concentration measurements. Table 8-2 gives 

the values of Ta and TTlS for each test. 

The measured concentrations and location of measurement are given 

in Appendix E. Figures 8-2-1 through 8-2-4 surrmarize these results in the 

form of isopleths of 10glO K. Figure 8-2-1 shows the ground level iso

pleths of 10glO K for a 0.32 em (6.1 m full scale) release height. The 

highest observed K value is 2.8 x 10-2 and occurs 0.4 km downwind of 

the release site. In Crested Butte (3.7 km downwind of release) the 

highest -3 K value is 1.1 x 10 • 

The effect of increasing the release height to 2.S4 em (49 m full 

scale) can be seen by referring to Figure 8-2-2. At 0.4 km the K value 

is now 1.9 x 10-4 and Crested Butte 1.0 x 10-4 • 

To assess the vertical distribution of pollutants within the valley, 

plume cross-sections were obtained at A-A' and B -B' as annotated in 

Figure 8-2-1. Figure 8-2-3 shows the isopleths in the vertical of 10glO K 

at a downwind distance of 1.3 km. The distribution appears to be well 

mixed in the vertical as compared to the drainage flow profile at the 

same location (Figure 4-2-3). The horizontal mixing appears similar to 

that observed in the drainage flow simulation. Also the maximum concen

tration is greater (K = 3.2 x 10-3) for the stable case than for the 

drainage case (K = S.S x 10-3). 
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Figure 8-2-4 shows the isopleths in the vertical of 10glO K at 3.7 km 

from the source for a 0.32 em release (6.1 m full scale). The vertical 

mixing for this case is again greater than the drainage flow case (Figure 

4-2-3) whereas the horizontal dispersion appears less than the drainage 

case. The maximum concentration for the stable case is 1.6 x 10-3 and 

-3 the drainage case 1.0 x 10 • At this distance the stable case has a 

higher concentration than the drainage case. 



49 

9.0 ALKALI CREEK WEST WIND - STABLE FLOW RESULTS (Forced Flow) 

9.1 Velocity and Temperature Results 

For the Alkali Creek West Wind - Stable Flow Tests velocity and tempera-

ture profiles were obtained at the following locations: T6, T4, T8, T9 

and TIO. The locations are annotated in Figure 4-2-4. The temperature 

boundary conditions that were set during testing are given in Table 9-1. 

In general the surface temperature at a fixed point remained within 10 C 

for all velocity profiles. o The lowest temperature was -61 C at T8 and the 

highest was 1
0 

C at T7. The free stream temperature Too for all tests was 

o 
approximately 17 C and free stream velocity was set to be 43 cm/s. 

The velocity and temperature profiles are presented in Figures 9-1-1 

through 9-1-5. Figure 9-1-1 shows the velocity/temperature profiles 

taken at T6 which is west of Alkali Creek on a slope heading toward Ohio 

Creek. The slope is angled such that a drainage flow is generated in an 

opposite direction to the free stream. The magnitude of the peak velocity 

in the low level drainage flow shown in Figure 9-1-1 is approximately 

14 cm/s. For the drainage flow tests without an upper level flow the 

magnitude of the low level flow was 19 cm/s (see Figure 5-1-2). The 

depth of the stable layer extends to 5 em at this location. 

The velocity and temperature profiles at T4, which corresponds to 

the field release location,are shown in Figure 9-1-2. At this location 

no reverse flow toward Ohio Creek is noticed since the site is at the top 

of the slope. The downslope velocity at this point was essentially zero 

even when no free stream velocity was superimposed as discussed in Section 

5.1 (see Figure 5-1-1). 

The next three profiles were taken along Alkali Creek at locations 

T8, T9 and TIO. The first profile at T8 is shown in Figure 9-1-3. T8 is 



50 

located near the origin of the Creek in a basin. As is evident from the 

velocity profile, a drainage flow is superimposed upon the forced flow. 

A speed-up in the velocity profile near the ground is noticed with a peak 

velocity of 20 cm/s occurring at 4 cm above the ground. The stable layer 

extends up to 10 cm in the basin and exhibits the largest temperature 

differential (- 780 C). As we move down Alkali Creek, the magnitude of 

this low level maximum in the velocity profiles increases to 30 cm/s at 

T9 (Figure 9-1-4) and 56 cm/s at TIO (Figure 9-1-5). In fact, at TIO 

the low level drainage flow velocity is higher than the free stream velocity 

of 46.2 cm/s. The depth of the stable layer remains approximately 10 cm 

at T9 and TlO; however, the temperature differential (T - T ) becomes 
00 0 

greater: 470 C at T9 and 490 C at TIO. 

Overall, this case was more stable than the Coal Creek simulation 

discussed in Section 8. For comparative purposes, the Richardson 

numbers (Ri) for these profiles are 14.2 at T6, 6.9 at T4, 13.5 at T8, 

7.4 at T9, and 3.0 at TIO. 

9.2 Concentration Measurement Results 

Vertical concentration distributions were obtained at four distances 

downwind of a 0.32 cm (8.1 m full scale) and 2.54 cm (65 m full scale) 

horizontal release situated at T4. The location of the release point and 

downwind measurement locations are shown in Figure 9-2-1. The conditions 

set in the tunnel were those described in Section 9.1. The surface and 

ambient temperature recorded during the concentration measurements are 

given in Tables 9-2 and 9-3. The concentration results and measurement 

locations are given in Appendix F. 

Figures 9-2-2 through 9-2-5 show vertical plume cross-sections taken 

at respective locations A-A', B-B', C-C', and D-D' for a 0.32 cm (6.1 m 
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full-scale) release. As is evident from the figures the plume did not 

travel in a straight path. Instead the plume was deflected around Flat 

Top and moved down into Alkali Creek. This occurred at the closest 

measurement location (A-A'). Once in Alkali Creek the plume became caught 

in the low level drainage flow and followed the creek as shown in Figures 

9-2-3 through 9-2-5. The maximum observed K values are 2.0 x 10-3 at 

A-A' (1.56 km downwind), 1.6 x 10-3 at B-B' (3.1 km downwind), 6.3 x 10-4 

at C-C' (4.7 km downwind) and 6.3 x 10-4 at D-D' (6.2 km downwind). At 

all distances the plume is skewed toward Flat Top which is toward the 

south. 

For the 2.54 em (65 m full-scale) release a completely different 

result was obtained as shown in Figures 9-2-6 through 9-2-9. At A-A' 

(Figure 9-2-6) the plume has moved in nearly a straight trajectory and 

has not been deflected toward Alkali Creek. The maximum concentration 

at this point (1.56 km downwind) is 1.3 x 10-3 which is less than that 

observed for the 0.32 em release. This is due to the fact that the plume 

is in a less stable layer and more mixing is allowed. At B-B' (Figure 

9-2-7) the plume is deflected toward Alkali Creek by the slope flows 

off Flat Top. The maximum K value at this location is 7.9 x 10-4 , 

again less than that observed for the 0.32 em release. Moving to C-C' 

and D-D' the plume travels in a straight trajectory and is spread hori-

zontally by the slope flows. The maximum K values at C-C' and D-D' 

4 X 10-4 and 5 10-4 . 1 are x respect1ve y. 

The results of this section show how the combined drainage and 

forced flow can distort the plume shape and trajectory and that the 

amount of distortion is a function of release height. 
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10.0 ALKALI CREEK EAST WIND - STABLE FLOW RESULTS (Forced Flow) 

10.1 Velocity and Temperature Measurements 

Six velocity and temperature profiles were obtained for a stable 

east wind simulation at Alkali Creek. The profiles were obtained at 

locations A, B, C, D, E and F as annotated in Figure 3-2-5. The surface 

temperature conditions that were set during the profile measurements are 

o given in Table 10-1. The maximum temperature was 6.9 C at T12 and the 

o minimum was -54 C at T8. The free stream air temperature was approximately 

o 20 C and the free stream velocity was 72 cm/s. 

Figures 10-1-1 through 10-1-6 show the velocity and temperature 

profiles at locations A, B, C, D, E and F. The profile at A corresponds 

to the field release site location and exhibits a speed-up in velocity 

close to the ground. This is because the measurement site is on a small 

hill. The velocity profile at B has a similar shape as the one at A. 

The temperature profile at B however shows a deeper stable layer. Loca

tion C is in the Ohio Creek Valley and consequently shows reduced velocities 

below 10 cm. This location also shows the most stable layer having a tem

perature difference of 7loC between the surface and 15 cm. The profiles 

at D, E and F were taken at progressively higher altitudes moving from 

Ohio Creek toward the West Elk Wilderness Area. At D and E reduced veloc-

ities are noticed below 15 cm. This is due to the opposing gravity force 

as the fluid moves up the slope. Location F is at the top of the slope 

on a peak near the West Elk Wilderness Area and speed-up near the ground 

is noticed. 

All profiles show that an extremely stable layer was generated. 

The Richardson numbers for the profiles are 0.24 at A, 0.21 at B, 0.77 

at C, 0.30 at D, 0.16 at E and 0.12 at F. 
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10.2 Concentration Measurement Results 

Ground-level and aerial concentration distributions were measured 

for the conditions described in Section 10.1. Figure 10-2-1 shows the 

ground-level measurement locations and the locations where vertical plume 

cross sections were obtained (A-A' and'B-B'). The surface temperatures 

were monitored during testing and are given in Table 10-2. The free 

stream velocity was 12 cmls above T4. The concentration data are tabu-

1ated in Appendix G. 

Figures 10-2-2 and 10-2-3 show the respective ground-level values 

of 10g10 K for a 0.32 em (8.1 m full-scale) and 2.54 em (65 m full-scale) 

release above T4. The figures show a blow-up of that portion of the map 

in Figure 10-2-1 that has the ground-level measurement locations. No 

isop1eths were plotted for these resu1tR since no uniform pattern could 

be discerned. The ground-level concentrations appear to be almost uniform. 

-4 The highest K value for the 0.32 em release was 1.18 x 10 at location 

53 and for the 2.54 em release, 2.13 x 10-4 at location 12. The uniform 

mixing was also evident from the visualization of the motion. Portions 

of the plume would stagnate in the Ohio Creek Valley and gradually mix. 

In fact a visualization at a lower wind tunnel speed (higher Richardson 

number) showed that the plume would not move over the high terrain west 

of Ohio Creek. Instead it would stagnate in the valley. This case would 

not occur in nature since the valley is not blocked at one end as it is 

in the tunnel. The visual results do suggest that at some critical 

Richardson number a plume released from T4 would not travel over the 

terrain toward the West Elk Wilderness Area but instead would turn and 

flow down Ohio Creek toward Gunnison. 



54 

Vertical plume cross sections taken 110.5 em (2.8 km full-scale) 

and 335 em (8.6 km full-scale) downwind of T4 are shown in Figures 10-2-4 

and 10-2-5. At 335 em (Figure 10-2-4) the plume has a well-defined shape 

and shows that the mixing is not uniform at this distance. At 335 em 

(Figure 10-2-5) the plume is uniformly mixed over a large region. This 

location is on the west side of Ohio Creek. 

The results of this section show that a plume moving toward the 

West Elk Wilderness Area under stable conditions would be diverted down 

Ohio Creek for a critical Richardson number. If the flow was forced over 

the terrain toward the West Elk Wilderness Area the concentration would 

be approximately uniformly mixed. 
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11.0 SUMMARY 

Physical modeling experiments were conducted simulating forced 

flow (stable an~ neutral stratification) and free convection (drainage 

flow). The simulations were made over east-west oriented scale models 

of the topography in the vicinity of Coal Creek and Alkali Creek near 

Crested Butte, Colorado. Vertical profiles of temperature and velocity 

were obtained as well as ground level and aerial concentration dis

tributions. The model tracer gas releases were at locations where 

full-scale field releases were made. The purpose of this phase of 

the overall program, directed and managed by Camp Dresser & McKee 

(COM), is to provide information for developing and validating a 

numerical model as well as for assessing pollutant impact. The results 

of the study can be summarized as follows: 

• Coal Creek--Drainage Flow (Free Convection) 

The velocity and temperature profiles showed a pattern character

istic of a mountain - valley wind. An increase in the maximum velocity 

with distance down the valley was noticed. Also, the depth of the 

mountain - valley wind system was proportional to ridge height. Above 

the down valley flow, a referse flow moving up-valley was observed. 

The tracer gas released at a location similar to that in the 

field showed that the effluent followed the valley confines. Upon 

exiting the valley, the effluent flowed over Crested Butte. Vertical 

mixing appeared restricted while horizontal mixing was enhanced as the 

plume exited the valley. 
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• Alkali Creek--Drainage Flow (Free Convection) 

The flow measurements indicated that a complicated flow pattern 

had developed in the Alkali Creek Basin. Wind direction changes with 

height of 900 were evident. Shallow (- 80 m) slope flows were 

evident on exposed slopes, whereas deeper slope flows developed along 

Alkali Creek. The deeper flows in Alkali Creek were the result of the 

converging slope winds off Red Mountain and Flat Top. The flow in 

Alkali Creek was also high in magnitude relative to other locations. 

The tracer gas released at the field release site was transported 

westerly toward Ohio Creek. The plume was caught in the shallow slope 

flow, and the plume center remained at about the same altitude above 

ground level. As the release height was increased, portions of the 

plume escaped the slope flow and diffused into the still air above. 

• Coal Creek and Alkali Creek--Neutral Stratification (Forced Flow) 

The velocity profiles for these cases are more regular in shape than 

the stable and drainage cases. A speed-up in the velocity was noticed 

near the ground on hill or mountain tops, whereas a slow-down was noticed 

in hill or mountain wakes. Turbulence intensity also increased in hill 

or mountain wakes. The surface rodghness was computed to be greater for 

the Alkali Creek model as compared to the Coal Creek model. 

The concentration measurements showed the plume being transported in 

the direction of the upper level flow. However, there was a slight 

tendency for the plume to be diverted around Flat Top for the Alkali 

Creek tests. The horizontal and vertical dispersion appeared greater for 

these tests in comparison to the drainage flow cases or the stable forced 

flow cases. 
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• Coal Creek--Stable Stratification (Forced Flow) 

A deep stable layer (- 400 m) was observed for these tests as well 

as irregularly shaped velocity profiles. In the lower 200 m, profiles 

similar to the drainage velocity profiles were observed, while above this 

layer the velocity rapidly increased to the free-stream value. 

The plume released from the field release location was transported 

along Coal Creek. The horizontal and vertical dispersion appeared less 

than the neutral case, but greater than the drainage case except at the 

valley exit. The horizontal dispersion at the valley exit was enhanced 

for the drainage case to such an extent as to be greater than the neutral 

or stable cases. 

• Alkali Creek West Wind--Stable Stratification (Forced Flow) 

A shallow stable layer (- 100 m) wad developed over the surface of 

this model, except in Alkali Creek where the layer extended to approximately 

250 m. On the lower 100 m, a drainage flow profile was evident at all 

locations while above this layer the velocity quickly approached the free~ 

stream value. On windward slopes, a slope flow in a direction opposite 

the upper level flow was observed. In general, the wind direction near 

the surface was in the direction of lower elevation. 

The plume transport for this case was a function of release height. 

For the low release height case (B.l m full-scale), the plume was caught 

in the slope flow and was transported into Alkali Creek Basin; thereafter 

it was transported down Alkali Creek. For the high release (65 m full

scale), the plume first was transported in a straight trajectory, after

which it turned around Flat Top, became caught in the slope flow, and 

eventually was transported down Alkali Creek. 
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Alkali Creek East Wind--Stable Stratification (Forced Flow) 

For these tests, the wind was toward the West Elk Wilderness Area. 

The velocity and temperature profiles were similar to the Alkali Creek 

West Wind--Stable Case. Visual experiments showed that at a critical 

stability the flow would stagnate in Ohio Creek and a plume released 

at 8 or 65 m would not be transported toward the West Elk Wilderness 

Area. For a case less stable than the critical stability, the plume 

could be forced over the mountains near the Wilderness Area. Since in 

the wind tunnel the ends of Ohio Creek Valley were blocked, the valley 

could not be ventilated, hence stagnation occurred. In the full-scale, 

it is expected that the plume released at the field release site would 

not reach the West Elk Wilderness Area except under near neutral 

conditions. For stable conditions, the slope and valley winds would 

divert the plume down the Ohio Creek Valley. 
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TABLES 



Table 3-1. 
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Test Parameters for Forced and Drainage Flow Experiments 
Run Site \lind/StAhility kch~.\sc \'oJuntt: Rt~f("r('n(.:\~ 

_"_u~_b .. _r ________________ Hl~~t'-<s~);~} \'r(t;:~~ _____ ~. '" ______ .~ _~._ 

eec 1 Coal Creek drainage flow/stable 

ACC 1A Alluall Creek dratn .... flow/atable 

CIC 1 

10 

11 

11 

1) 

14 

1$ 

16 

11 

dIt 1 

Coal Cr •• k .... n/e.utral 

AlluaU eraalr. 

Coal erult 

weat/atable 

Allual1 Cruk 

is At 1_U."" T16 ..... _ ... locie, 
2) At loeatt ... 'fl. __ .aloelt, 

). fDe aC_ ... lAoeity 

4} At 1 __ * Tt6, ... locit, at l'd_ he111\t 

SlAt loutS ... T4. ye1oeU), at ral_ hel.lht 

.... 1_ 60 .,. """'" .f 116 
........ 1 .... 7 • .,. ..... lad of 114 

T1(. 

T4 

T16 

T4 

T16 

T4 

1:4 

0.313 2./of/. -0.2 1) t~T<lHmt-lpw'l poines 

0.3111 

0.318 

2.54 

0.318 

0.318 

0:318 

5.08 

2.44 

2.38 

2.38 

2.38 

2.38 

0.318 23.5 

0.318 23.S 

0.318 23.S 

2.54 23.S 

5.08 23.S 

2.S4 u.s 

0.ll8 23.S 

O.:US 23.S 

0.31S 23.S 

2.S. 

5.0a 

2.54 

O.llS 

2.540 

0.318 

0.318 

0.31ft 

0.3UI 

0.31S 

0.318 

0.318 

0.318 

0.318 

0.311\ 

0.318 

O.lIS 

0.318 

2.S4 

2.54 

2.S4 

2.54 

2.S4 

2.54 

2.54 

2.54 

2.54 

2.54 

o.:ns 

~.54 

0.318 

0.318 

0.318 

0.318 

0.318 

1.205 

1.20S 

1.205 

1.205 

1.205 

1.205 

1.205 

1.20S 

1.20S 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.20S 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

1.205 

0.2 

0.2 

0.2 

0.182) 

0.18 

0.18 

0.18 

3.(3) 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0) 

3.0 

3.0 

3.0 

3.0 

1.0 

0.183" 

0.296 

0.183 

0.183 

0.183 

0.183 

0.183 

O.IU 

0.129') 

0.129 

0.129 

0.129 

0.129 

0.129 

0.129 

0.1505 

0.155 

O.US 

0.155 

O.ISS 

O.ISS 

0.155 

O.ISS 

0.155 

0.1S5 

0.4875) 

0.542 

0.481 

0.487 

0.481 

0.487 

0.487 

1.3 ;.,. 

1% 

grouhCt-](l>v('l roints 

27 

59 

90 

21 

ground-level points 

68 

196 

gr<>ued-l"vpl points 

,round-level pol .. u 

around-level potftU 

ground-level points 

39.66 

111.1 

,,,ound-Ievel poinU 

Found-level point. 

afound-leve.l point.. 

."ound-Ievel poinU 

65.5 

192.5 

192.5 

192.5 

65.S 

65.S 

244 

244 

18) 

122 

61 

61 

122 

244 

244 

183 

tail 

1%2 

61 

61 

122 

122 

244 

,,,_(I-level pot ..... 

arouRl-level poiue 

no.s 
nO.5 

:U5 

335 

US 
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Table 4-1. Crested Butte Drainage Flow Surface Temperatures Recorded 
on 18 October 1979 during Velocity Measurements 

Time of Day 
Thermistor 

10:08A 10:25A 10:40A 10:50A 11:00A 11:10A 11:20A 11:30A 11:40A 11:50A 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

-15 -16 

-19 -20 

-22 -22 

-24 -24 

-22 -23 

-18 -18 

-14 -14 

-11 -11 

- 9 -10 

- 3 - 3 

+1 0 

+ 6 + 6 

-15 -15 

-30 -30 

-24 -24 

off scale ... 

-24 -28 

-24 -24 

-24 -24 

-19 -19 

-14 -14 

- 3 - 4 

-20 -20 

-16 

-20 

-23 

-25 

-24 

-18 

-14 

-11 

-10 

- 4 

o 

+ 6 

-15 

-30 

-24 

-30 

-24 

-24 

-19 

-14 

- 5 

-21 

-16 

-20 

-22 

-25 

-24 

-18 

-14 

-11 

-10 

- 3 

o 

+ 6 

-16 

-30 

-24 

-30 

-24 

-24 

-19 

-14 

- 5 

-20 

-15 -15 

-20 -20 

-23 -23 

-25 -25 

-24 -24 

-17 -18 

-14 -14 

-10 -10 

- 9 -10 

- 3 - 3 

o o 

+6 +6 

-15 -16 

-29 -29 

-24 -24 

-30 -30 

-24 -24 

-24 -23 

-19 -19 

-14 -14 

- 5 - 5 

-20 -20 

-15 -15 -15 -15 

-20 -20 -20 -19 

-23 -23 -22 -22 

-24 -24 -24 -24 

-24 -24 -21 -23 

-17 -17 -13 -17 

-14 -13 -13 -13 

-10 -10 -10 -10 

-10 -10 -19 - 9 

- 3 - 3 - 3 - 3 

+1 +1 +1 +1 

+7 + 7 + 7 + 7 

-16 -16 -16 -15 

-29 -28 -28 -28 

-24 -24 -24 -24 

-30 -29 -29 -28 

-24 -24 -24 -24 

-24 -23 -23 -23 

-19 -19 -19 -19 

-14 -14 -14 -14 

- 5 - 5 -5 - 5 

-20 -20 -20 -20 

10:20A 10:40A 10:50A 11:00A 11:10A 11:20A 11;3OA 11:40A 11:50A 12:00N 
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Table 4-1 (continued) 

Time of Day 
Thermistor 

2:10PM 2:20PM 2:30PM 2:40PM 2:50PM 3:03PM 3:15PM 

1 -16 -15 -15 -16 -15.7 -15.0 -14.9 

2 -17 -18 -18 -19 -18.9 -18.5 -18.5 

3 -22 -21 -21 -22 -21.5 -21.0 -20.7 

4 -24 -24 -24 -24 -23.6 -23.4 -23.0 

5 -24 -22 -22 -22 -22.0 -22.0 -22.0 

6 -17 -17 -17 -17 -17.0 -17.0 -16.8 

7 -12 -12 -12 -13 -12.4 -12.2 -12.0 

8 - 8 - 9 - 9 - 9 - 9.1 - 9.1 - 8.3 

9 - 9 : 9 - 9 - 8.9 - 9.1 - 8.9 - 9.4 

10 - 2 - 2 - 2 ... 2 - 2.2 - 2.1 - 2.5 

11 + 1 +1 0 0 - 0.8 - 0.9 + 0.1 

12 + 7 + 7 + 6 + 5.8 + 5.8 + 5;8 + 6.1 

13 -16 -15 -15 -15 -15.7 -15.6 -15.6 

14 -28 -27 -27 -27 -26.2 -26.3 -26.2 

15 -24 -24 -24 -24 -23.8 -23.5 -23.2 

16 off scale .. .. ... .. ... ... 
17 -26 -26 -26 -26 -26.0 -25.7 -25.7 

18 -23 -23 -23 -23 -23.0 -23.0 -22.8 

19 -22 -22 -22 -22 -22.1 -22.2 -22.0 

20 

21 -18 -18 -18 -18 -17.8 -17.5 -17.4 

22 -14 -13 -14 -14 -14.1 -13.9 -13.7 

23 - 3 - 4 - 4 - 4 - 4.9 - 4.0 - 4.2 

24 -19 -18 -19 -19 -19.0 -18.7 -18.3 

2:20PM 2:30PM 2:40PM 2:50PM 3:03PM 3:15PM 
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Table 5-1. Surface Temperature Conditions during Velocity/Temperature 
Measurements for Alkali Creek on 18 October 1979 

Te!2eratures (OC) 

11:25 p.m. 1:45 a.m. 2:32 a.m. 

1 -47 -44 -43 

2 -45 -42 -41 

3 -43 -40 -39 

4 -44 -41 -40 

5 -42 -39 -38 

6 -42 -39 -39 

7 -41 -38 -38 

8 -41 -38 -38 

9 -49 -46 -45 

10 -39 -36 -35 

11 -48 -44 -44 

12 -28 -25 -25 

13 -49 -46 -45 

Pa(in Ug) 24.487 24.502 24.526 

T (OC) 
co 9 9 9 
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Table 5-2. Alkali Creek Drainage Flow Surface Temperatures during the Concentration 
Measurement Tests 

Thermistor Run 111 Run 112 Run 113 Run 114 Number 

1 -31.10 -30.21 -28.97 -25.54 -25.23 

2 -26.3 -25.25 -20.84 -22.89 -20.05 -19.49 -18.96 

3 + 3.13 + 3.09 + 5.83 + 4.14 + 4.72 + 4.62 + 4.76 

4 -24.61 -25.58 -22.99 -21.63 -20.71 -23.16 -22.73 

5 -23.54 -23.04 -20.39 -21.57 -17.07 -15.40 -14.72 

6 - 9.08 - 9.28 - 7.32 -10.11 - 5.34 - 5.77 - 5.15 

7 -27.37 -28.39 -24.97 -25.97 -23.48 -20.37 -19.80 

8 -26.30 -26.67 -23.86 -24.29 -22.17 -20.05 -19.59 

9 -35.81 -36.00 -33.59 -33.24 -31.55 -28.02 -27.54 

10 -26.70 -26.77 -24.14 -24.15 -21.93 -19.93 -19.59 

11 -36.04 -36.20 -34.13 -33.54 -31.93 -28.36 -27.89 

12 -16.85 -16.90 -16.07 -15.95 -14.91 -12.86 -12.48 

13 + 4.55 + 3.74 + 6.32 + 4.28 + 6.28 + 5.54 + 5.69 

T 
00 

= 20°C 



Table 6-1. Summary of Coal Creek Neutral Stratification Velocity 
Profile Analysis for u = 3.21 m/s. 

00 

Location z (cm) u*(cm/s) Rezo n u*/u 
0 00 

T16 0.02707 16.660 3.007 0.1808 0.052 

T15 0.06649 19.525 8.655 0.2470 0.061 

T14 0.07305 19.488 9.491 0.2280 0.061 

T13 0.02337 15.322 2.387 0.1759 0.048 

T17 0.08248 19.476 10.709 0.2012 0.061 
0'\ 
....... 

T3 0.06674 19.495 8.674 0.1975 0.061 

T7 0.44548 25.956 77.086 0.3050 0.081 



Table 7-1. Summary of Velocity Profile Analysis for the Alkali Creek 
Neutral Stability Tests and u = 3.0 m/s. 

00 

Location* z (cm) u*(cm/s) d(cm) Re n u*/u 
0 z 00 

0 

A 0.00001 7.478 0.275 3.507 X 10-4 0.0792 0.025 

B 0.00227 11.754 0.450 0.1776 0.1661 0.039 0"1 
00 

C 0.00022 10.448 0.000 1.550 X 10-2 0.0946 0.035 

D 0.05694 18.669 0.000 7.087 0.2069 0.062 

E 0.08220 19.219 0.000 10.532 0.2323 0.064 

*See Figur~ 3-2-4 for map location. 
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Table 8-1. Surface Temperature Boundary Conditions during 
Velocity/Temperature Profile Measurements for 
Coal Creek Stable Flow Tests. Profiles Taken 
from 1840 on 6 February 1980 to 0120 on 
7 February 1980 

SURFACE Velocity/Temperature Profile Location THERMISTOR 
NUMBER T16 VP T17 T5 TIS T13 

4 13.40 13.30 13.00 12.9° 12.9° 12.70 

7 4.80 4.60 4.20 4.00 3.80 3.70 

S 8.60 8.60 8.60 8.60 8.5° 8.40 

9 8.30 7.90 7.70 7.60 7.50 7.30 

10 10.30 10.40 10.3° 10.1° 10.1° 9.80 

11 11.30 11.30 10.90 10.90 10.So 10.50 

12 -S.9° -10.9 0 -11.2 0 -13.40 -13.30 -13.20 

13 -11.70 -13.4 0 -14.40 -14.40 -14.40 -17.30 

14 -16.40 -17.2 0 -17.4 0 -17.2 0 -17.50 -17.50 

15 -20.0 0 -21.2 0 -21.7 0 -21.7 0 -23.6 0 

18 -3.7 0 -5.0 0 -7.40 -8.10 -8.80 -9.4 0 

19 -3.9 0 -4.7 0 -5.50 -5.9 0 -6.30 -6.50 

21 3.30 4.20 3.40 3.10 2.70 2.30 

24 3.50 3.50 2.90 2.90 2.80 3.00 
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Table 8-2. Surface and Ambient Temperatures Recorded from 0903 
to 1900 on 6 February 1980 during Concentration 
Measurements for the Coal Creek Stable Flow Tests 

SURFACE Concentration Run Number 
THERMISTOR 

NUMBER CBCl CBC2 CBC3 CBC4 CBC5 CBC6 CBC7 CBC8 

T15 -24.4 -24.0 -21.9 -22.0 -21.6 -21.4 -21.7 -22.3 

Ta +20 +20 +20 +20 +20 +20 +20 +20 
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Table 9-1. Surface Temperatures Recorded from 1724 to 2154 on 
12 February 1980 while taking Data for Velocity and 
Temperature Profiles along Alkali Creek with Stable 
Flow and Westerly Wind Conditions 

SURFACE Velocity/Temperature Profile Location THERMISTOR 
NmiBER T4 T6 T8 T9 TIO TIl 

1 -55.4 -56.1 -55.4 -55.4 -55.6 -55.8 

2 -30.7 -29.6 -30.1 -30.5 -30.8 -31.9 

3 -8.5 -8.5 -8.5 -8.2 -8.2 -8.2 

4 -53.9 -54.4 -53.4 -53.2 -53.0 -53.1 

5 -49.0 -50.0 -48.7 -48.9 -49.2 -49.3 

6 -32.0 -33.2 -31.7 -32.0 -32.5 -32.5 

7 +0.1 +0.3 +0.4 +1.0 +1.2 +1.0 

8 -61.0 -61.0 -61.1 -60.5 -61.0 -61.2 

9 -30.5 -30.1 -29.5 -29.6 -29.8 -30.0 

10 -33.2 -33.5 -32.9 -32.4 -32.9 -32.9 

11 -47.7 -48.5 -49.0 -48.9 -49.6 -49.1 

12 +6.7 +6.4 +6.5 +6.5 +6.4 +6.2 

13 -56.9 -57.0 -56.5 -56.7 -56.8 -56.8 



Table 9-2. Surface Temperatures Recorded from 1100 to 2013 on 
13 February 1980 while taking Concentration Samples 
along Alkali Creek with Stable Flow (West Wind) 
Conditions and a 0.318 cm Release Height 

SURFACE CONCENTRATION RUN NUMBER THERMISTOR 
NUMBER CBA 1 CBA 2 CBA 3 CBA 4 CBA 5 CBA 6 CBA 7 

1 1-54.3 -52.2 -52.5 -53.0 -53.2 -51.7 -48.7 

2 I -30.2 -28.2 -27.0 -23.9 -25.1 -25.6 -22.9 

3 I -9.0 -7.2 -6.6 -6.3 -6.5 -6.3 -5.7 

5 -50.9 -49.7 -49.1 -49.6 -49.1 -47.8 -44.4 

6 -34.6 -32.7 -32.3 -32.9 -32.5 -31.4 -26.0 
-..,J 
N 

7 +0.1 +1.0 +1.0 +1.5 +0.7 +0.7 +1.8 

8 -56.8 -56.6 -56.5 -56.4 -56.8 -56.0 -56.7 

10 -37.2 -36.3 -37.8 -36.4 -34.4 -33.9 -29.3 

11 -53.1 -51.4 -53.1 -50.7 -49.3 -48.9 -44.3 

12 +6.9 +6.5 +6.9 +6.9 +7.3 +7.3 +7.7 

13 -55.9 -54.6 -53.8 -53.6 -53.6 -52.9 -50.2 

Ta +18 +18 +18 +18 +18 +18 +19 



Table 9-3. Surface Temperatures Recorded from 2122 on 13 February 1980 to 1710 on 
14 February 1980 while taking Concentration Samples along Alkali Creek 
with Stable Flow (West Wind) Conditions and a 2.54 cm Release Height 

SURFACE CONCENTRATION RUN NUMBER 
THERMISTOR 

NUMBER CBA 8 CBA 9 CBA 10 CBA 11 CBA 12 CBA 13 CBA 14 CBA 15 CBA 16 CBA 17 

1 -51.6 -50.3 -50.8 -51.1 -50.1 -50.2 -48.0 -49.0 -49.4 -48.0 

2 -22.1 -23.0 -23.3 -24.4 -23.6 -23.6 -23.3 -24.4 -25.1 -23.0 

3 -4.5 -4.3 -4.5 -4.7 -4.9 -5.7 -5.5 -6.1 -6.1 -5.9 

5 1-45.3 -45.1 -46.0 -46.4 -44.9 -45.5 -45.5 -45.9 -46.1 -46.1 

6 -27.8 -28.0 -28.5 -28.8 -29.2 -30.1 -30.3 -30.0 -29.8 -29.3 
...... 

7 +3.4 +3.7 +3.1 +2.7 +2.4 +1.3 +1.3 +1.8 +1.3 +1.8 w 

8 -56.4 -56.5 -56.8 -56.7 -55.7 -56.8 -56.2 -56.5 -56.4 -56.2 

10 -29.5 -29.9 -29.9 -27.6 -30.3 -31.6 -30.0 -37.1 -30.9 -30.0 

11 -44.4 -44.9 -45.7 -44.5 -45.5 -46.0 -45.7 -46.2 -45.8 -43.5 

12 +9.9 +9.9 +9.9 +9.5 +9.5 +9.5 +9.0 +9.0 +9.0 +9.0 

13 -50.2 -50.5 -50.5 -49.9 -51.0 -50.9 -51.2 -51.3 -50.8 

Ta 1+18 +18 +19 +18 +18 +18 +18 +18 +18 +18 
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Table 10-1. Surface Temperatures (oC) Recorded from 1614 to 2249 on 
19 February 1980 while taking Data for Velocity and Tem-
perature Profiles along Alkali Creek with Stable Flow 
and East Wind Conditions 

VELOCITY PROFILE LOCATION 
THERMISTOR 

A B C D E F 

1 -19.3 -19.8 -18.8 -18.8 -19.0 -19.5 

2 -15.1 -17.5 -16.7 -17.0 -17.1 -17.4 

5 -41.0 -40.2 -40.1 -39.9 -40.4 -40.6 

7 -37.9 -34.2 -28.2 -32.1 -21.7 -26.3 

8 -53.7 -53.1 -54.0 -53.6 -53.2 -53.1 

10 -30.4 -31.1 -29.6 -30.2 -30.5 -30.5 

11 -24.7 -32.0 -25.1 -26.7 -26.9 -31.2 

12 +6.9 +6.5 +6.7 +6.9 +6.9 +6.5 

13 -46.5 -40.8 -41.5 -44.8 -45.6 -45.3 
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Table 10-2. Surface Temperatures (oC) Recorded from 0758 to 1732 on 
20 February 1980 during Concentration Sampling for the 
Alkali Creek Stable Flow and East Wind Conditions 

CONCENTRATION RUN NUMBER 
THERMISTOR 

CBM 1 CBM 2 CBM 3 CBM 4 CBM 5 CBM 6 CBM 7 

1 -19.6 -17.2 -19.1 -18.6 -19.4 -18.5 

2 -17.7 -16.5 -18.6 -18.5 -18.3 -17.8 

5 -43.7 -44.1 -46.9 -47.4 -47.8 -47.7 

7 -48.7 -50.2 -52.6 -52.9 -52.7 -52.9 

8 -52.7 -53.1 -52.3 -52.9 -53.4 -53.2 -52.6 

10 -29.6 -39.5 -44.5 -44.5 -43.1 -42.9 

11 -40.3 -33.1 -40.2 -35.5 -32.2 -30.8 

12 +7.7 +7.3 +6.9 +6.5 +6.9 +6.9 

13 -20.7 -21.5 -25.5 -26.7 -26.6 -25.1 

T +20 +20 +20 a +20 +20 +20 +20 
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Figure 3-2-1. Picture of a Portion of Wood Frame Used to Support 
Aluminum Surface Representing Model Topography 
(Also Pictured is the Tubing Used for Tracer Gas 
Sampling at Ground Level) 
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Figure 3-2-2. Picture of One Complete Section 
of Alkali Creek Model 
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Figure 3-2-4. Map Showing Location of Thermistors and Velocity-Temperature 
Sampling Points for Alkali Creek (West Flow) Tests 
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Figure 3-2-6. Close-up of Surface 
Mounted Thermistor 

Figure 3-2-7. Close-up of Ground-level Sampling 
Point Number 11 at Alkali Creek 
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Figure 3-2-9. Alkali Creek (a) and Coal Creek (b) Model Setup in the Environmental Wind Tunnel 
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Figure 3-2-10. Platform Used as a Support for Hollow 
Aluminum Model 
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Figure 3-2-11. Fans Installed under Frame to Circulate 
Cold C02 Vapors 
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Figure 3-2-12. Technician Loading Dry Ice Blocks on Carts that are 
Positioned under Aluminum Shell Model 

Figure 3-2-13. A Picture of a Complete Dry Ice Load 
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(a) 

~) 

Figure 3-3-1. Photographs of (a) the Gas Sampling System~ and 
(b) the HP Gas Chromatograph and Integrator 
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Syringe fI I Integrated Value (~v-s) 

1 205694 
2 203629 
3 202583 
4 204305 
5 204430 
6 203817 
7 204636 
8 204425 
9 204820 

10 202794 
11 202874 
12 203496 
13 197171 
14 20)790 
15 202432 
16 202426 
17 202317 
18 200461 
19 200372 
20 201951) 
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 

I 
196235 

41 196938 
42 ! 196890 
43 ! 147606 I 

44 196634 
45 .196964 
46 197027 
47 195721 
48 196414 
49 1969J4 
50 196582 
Calibration Gas 197778 

Figure 3-3-2. Typical Sampling System Calibration Showing the 
Integrated FIGC Response after Injecting a Known 
Concentration from Each Syringe 



91 

Figure 3-4-1. Equipment Used for Calibrating Hot-film Anemometer at 
Low Speeds 
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Measured Calculated 
Velocity--u Vo1tage--E Ve1ocity--u % Error 

(em/s) (em/s) 

7.175 2.880 7.186 

11.038 2.905 10.977 

14.794 2.930 14.924 

18.522 2.952 18.507 

22.126 2.973 22.012 

25.725 2.994 25 .. 592 

29.406 3.017 29.595 

33.024 3.037 33.141 

36.687 3.056 36.563 

Calibration is: A = .24326 

where: 

B = .00155 

n = .9111 

= 1.4278 

A 
B = 156.942 

~ = 9.925(2 

E = 2.852V 
0 

T = 288.72°K; p = a a 

R = 6.6150 e 

Figure 3-4-2. Hot-film Calibration Results for Alkali 
Creek Test--Drainage Flow 
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Figure 3-4-3. Photographs at Two Angles of Datametrics Probe with Shield Removed (Top Sensor 
for Velocity and Bottom for Temperature)(Spacing is Approximately 0.5 mm) 
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Figure 4-1-1. Velocity and Temperature Profiles Taken at T17 
for the Coal Creek Drainage Flow Tests. 
(Ri = 0.50) 
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Figure 4-1-2. Velocity and Temperature Profiles Taken at VP 
Site for the Coal Creek Drainage Flow Tests. 
(Ri = 1.69) 
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Figure 4-1-3. Velocity and Temperature Profiles Taken at TS 
for the Coal Creek Drainage Flow Tests. 
(Ri == 2.20) 
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Figure 4-1-4. Velocity and Temperature Profiles Taken at T16 
for the Coal Creek Drainage Flow Tests. 
(Ri = 1.14) 
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Figure 4-1-5. Velocity and Temperature Profiles Taken at 
Concentration Sampling Tap 25 (C25) for 
the Coal Creek Drainage Flow Tests. 
(Ri = 1.09) 
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Figure 4-1-6. Velocity and Temperature Profiles Taken at 
Concentration Sampling Tap 16 (C16) for 
the Coal Creek Drainage Flow Tests. 
(Ri == 0(54) 
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Figure 4-1-7. Velocity and Temperature Profiles Taken at T13 
for the Coal Creek Drainage Flow Tests. 
(Ri = 0.07) 
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Figure 4-2-1. Isop1eths of Ground-level Normalized Concentration (K) 
for Drainage Flow at Coal Creek with a 0.318 cm (6.1 m) 
Release (Numbers are the Logarithm of the Normalized 
Concentration). 
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Figure 4-2-2. Isopleths in the Vertical of the Normalized 
Concentration (K) for the Coal Creek Drainage 
Flow Test Taken 68 cm (1.3 km) Downwind of a 
0.318 cm (6.1 m) Release (Numbers are the 
Logarithm of the Normalized Concentration) 
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Figure 4-2-3. Isopleths in the Vertical of the Normalized Concentration (K) for the Coal Creek 
Drainage Flow Test Taken 196 cm (3.7 km) Downwind of a 0.318 cm (6.1 m) Release 
(Numbers are the Logarithm of the Normalized Concentration) 
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Figure 4-2-4. Isopleths of Ground-level Normalized Concentration (K) 
for Drainage Flow at Coal Creek with a 2.54 cm (49 m) 
Release (Numbers are the Logarithm of the Normalized 
Concentration) 



Figure 4-3-1. Picture Taken above Coal Creek 
Model of Smoke Released at T16. 
Crested Butte is at Top Center 
of Picture 

Figure 4-3-2. Picture Taken from Mt. Emmons 
Side of Model at Up-valley 
Return Flow (Slains Gulch Shows 
in Lower Left) 
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Figure 4-3-3. Picture Taken from Top of Smoke Released up the 
North Side of Valley Showing the Slope Flow 
Merging with the Down-valley Flow. Crested 
Butte is at Top Center of Picture 
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Figure 4-3-4. Photograph of Velocity Profile over Tl6 as Produced 
by the Smoke Wire (the Down-valley Component has 
the Largest Magnitude) 
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Figure 5-1-1. Velocity and Temperature Profile at T4 for the 
Alkali Creek Drainage Flow Test 
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Figure 5-1-2. Velocity and Temperature Profile at T6 for the 
Alkali Creek Drainage Flow Test (Ri = 0.38) 
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Figure 5-1-3. Velocity and Temperature Profile at TIl for 
the Alkali Creek Drainage Flow Test (Ri = 0.05) 
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Figure 5-1-4. Velocity and Temperature Profile at the Red Mountain 
Set Location for the Alkali Creek Drainage Flow Test 
(Ri = 0.10) 
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Figure 5-1-5. Temperature Profile at T8 for the 
Alkali Creek Drainage Flow Test 
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Figure 5-2-1. Vertical and Horizontal Profiles of the Normalized Concentration (K) for 
the Drainage Flow Test at Alkali Creek Taken 27 cm (0.67 km) Downwind of 
the 0.318 cm (8.1 m) Release 
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Figure 5-2-2. Vertical and Horizontal Profiles of the Normalized Concentration (K) for 
the Drainage Flow Test at Alkali Creek Taken 59 em (1.5 km) Downwind of 
the 0.318 em (8.1 m) Release 
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Figure 5-2-3. Vertical and Horizontal Profiles of the Normalized Concentration (K) for the 
Drainage Flow Test at Alkali Creek Taken 90 cm (2.3 km) Downwind of the 
0.318 cm (8.1m) Release 
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Figure 5-2-4. Vertical and Horizontal Profiles of the 
Normalized Concentration (K) for the 
Drainage Flow Test at Alkali Creek Taken 
27 cm (0.67 km) Downwind of the 2.54 cm 
(65 m) Release 
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Figure 5-3-1. Visualization of Southerly Flow off Red Mountain 
Turning East and Southwest with a Stagnant Zone 
over the Alkali Creek Basin 

Figure 5-3-2. Picture of the Spillover Flow Moving Southwest 
toward Ohio Creek (Right Side of Picture) 
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Figure 5-3-3. Picture of Spillover Flow Moving Southwest 
toward Ohio Creek (toward Left in Picture) 
The Depth of the Flow is Evident in the 
Picture 



Figure 5-3-4. Depiction of Flow Patterns in the Vicinity of Alkali Creek for Drainage Conditions 
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Figure 6-1-1. Mean Velocity and Turbulence Intensity Profiles Taken at T17 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-1-2. Mean Velocity and Turbulence Intensity Profiles Taken at T7 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-1-3. Mean Velocity and Turbulence Intensity Profiles Taken at T3 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-1-4. Mean Velocity and Turbulence Intensity Profiles Taken at T16 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-l-S. Mean Velocity and Turbulence Intensity Profiles Taken at T1S 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-1-6. Mean Velocity and Turbulence Intensity Profiles Taken at T14 
for the Coal Creek Neutral Stability Tests. 
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Figure 6-2-1. Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 m/s and a 
0.318 em (6.1 m full-scale) Release 

/' 



128 

, , , ! I 

o 100 200m 
Scale 

Figure 6-2-2. Isopleths in the Vertical of the Normalized Concen
trations (plotted loglO K) for the Coal Creek Neutral 
Stability Test with a Free-stream Velocity of 3.0 m/s 
and Measured 68 cm (1.3 kmfull-scale) Downwind from 
a 0.318 cm (6.1 m full-scale) Release 
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for the Coal Creek Neutral Stability Test with a Free-stream Velocity of 3.0 
mls and Measured 196 em (3.7 km full-scale) Downwind from a 0.318 em (6.1 m 
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Figure 6-2-4. Isop1eths of Ground-level Normalized Concentrations 
(plotted 10g10 K) for the Coal Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 m/s and a 
2.54 em (49 m full-scale) Release 



Gibson 
Rid~ 

10,486 
ft 

, 

131 

f , 
I 
• f 
I , 
I 
I 
, I!! I ! 

... " 0 0.5 
,'--"~ " .... _-..... Scate , .... , , , 

;' , 
;' , , , , \ 

", ~ 
,.'" '- .... _---_ ......... , 

" . , \ , \ 

" l. .J \ 

Figure 6-2-5. Isopleths of Ground-level Normalized 'Concentrations 
(plotted loglO K) for the Coal Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 m/s and a 
5.08 em (98 m full-scale) Release 
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Figure 6-2-6. Isopleths of Ground-level Normalized Concentrations 
(plotted 10glO K) for the Coal Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 mls and a 
0.318 em (6.1 m full-scale) Release - 60 em (1.2 km) 
Upwind from T16 
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Figure 7-1-1. Mean Velocity and Turbulence Intensity Profiles Taken at 
Location A (see Figure 3-2-4) for the Alkali Creek Neutral 
Stability Tests 
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Figure 7-1-2. Mean Velocity and Turbulence Intensity Profiles Taken at 
Location B (see Figure 3-2-4) for the Alkali Creek Neutral 
Stability Tests 
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Figure 7-1-3. Mean Velocity and Turbulence Intensity Profiles Taken at 
Location C (see Figure 3-2-4) for the Alkali Creek Neutral 
Stability Tests 
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Figure 7-1-4. Mean Velocity and Turbulence Intensity Profiles Taken at 
Location D (see Figure 3-2-4) for the Alkali Creek Neutral 
Stability Tests 
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Figure 7-1-5. Mean Velocity and Turbulence Intensity Profiles Taken at 
Location E (see Figure 3-2-4) for the Alkali Creek Neutral 
Stability Tests 
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Figure 7-2-1. Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Alkali Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 mls and a 
0.318 em (8.1 m full-scale) Release at T4 
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Figure 7-2-2. Isopleths in the Vertical of the Normalized Concentration (plotted loglO K) for 
the Alkali Creek Neutral Stability Tests with a Free-stream Wind Velocity of 
3 mls and Taken 39 em (1.0 km full-scale) Downwind from a 0.318 em (8.14 m 
full-scale) Release 
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Figure 7-2-3. Isopleths in the Vertical of the Normalized Concentration (plotted 10glO K) for 
the Alkali Creek Neutral Stability Tests with a Free-stream Wind Velocity of 
3 m/s and Taken 117 em (3.0 km full-scale) Downwind from a 0.318 em (8.14 m 
full-scale) Release 
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(plotted loglO K) for the Alkali Creek Neutral Stability 
Test with a Free-stream Velocity of 3.0 m/s and a 
2.54 em (65 m full-scale) Release at T4 
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(plotted loglO K) for the Alkali Creek Neutral Stability 
Test with a Free-s·tream Velocity of 3.0 m/s and a 
5.08 em (130 m full-scale) Release at T4 
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Test with a Free-stream Velocity of 3.0 m/s and a 
0.318 em (8.1 m full-scale) Release 78 em (2.1 km) 
Upwind from T4 
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Figure 8-1-1. Velocity and Temperature Profiles Taken at 
T17 for the Coal Creek Stable Flow Tests 
(Ri = 0.5) 
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T16 for the Coal Creek Stable Flow Tests 
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Figure 8-1-5. Velocity and Temperature Profiles Taken at 
T15 for the Coal Creek Stable Flow Tests 
(Ri = 1.4) 
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Figure 8-2-1. Isopleths of Ground-level Normalized Concentrations 
(plotted loglO K) for the Coal Creek Stable Flow Test 
with a Reference Velocity of 0.18 m/s and a 0.318 em 
(6.1 m full-scale) Release at T16 
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Figure 8-2-2. Isop1eths of Ground-level Normalized Concentrations 
(plotted 10g10 K) for the Coal Creek Stable Flow Test 
with a Reference Velocity of 0.30 m/s and a 2.54 em 
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Figure 8-2-3. Isopleths in the Vertical of the 
Normalized Concentration (plotted 
10g10 K) for the Coal Creek Stable 
Flow Tests Taken 6.35 em (1.3 km 
full-scale) Downwind from a 0.318 
em (6.1 m full-scale) Release 
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Figure 8-2-4. Isop1eths in the Vertical of the 
Normalized Concentration (plotted 
10g10 K) for the Coal Creek Stable 
Flow Tests Taken 190.5 em (3.66 km 
full-scale) Downwind from a 0.318 
em (6.1 m full-scale) Release 
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Figure 9-1-3. Velocity and Temperature Profiles Taken at 
T8 for the Alkali Creek Stable Flow (Westerly 
Wind) Tests (Ri = 13.5) 
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Figure 9-2-2. Isopleths in the Vertical of the Normalized Concentrations (plotted loglO K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 60.9 em (1.56 km 
full-scale) Downwind from a 0.318 em (8.14 m full-scale) Release 
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Figure 9-2-3. Isopleths in the Vertical of the Normalized Concentrations (plotted loglO K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 121.9 em (3.12 km 
full-scale) Downwind from a 0.318 em (8.14 m full-scale) Release 
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Figure 9-2-4. Isopleths in the Vertical of the Normalized Concentrations (plotted loglO K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 182.8 em (4.68 km 
full-scale) Downwind from a 0.318 em (8.14 m full-scale) Release 
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full-scale) Downwind from a 0.318 em (8.14 m full-scale) Release 
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for the Alkali Creek Stable Flow (West Wind) Tests Taken 60.9 em (1.56 km 
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Figure 9-2-7. Isop1eths in the Vertical of the Normalized Concentrations (plotted log10 K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 121.9 em (3.12 km 
full-scale) Downwind from a 2.54 em (65.02 m full-scale) Release 
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Figure 9-2-8. Isopleths in the Vertical of the Normalized Concentrations (plotted 10glO K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 182.8 em (4.68 km 
full-scale) Downwind from a 2.54 em (65.02 m full-scale) Release 
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Figure 9-2-9. Isopleths in the Vertical of the Normalized Concentrations (plotted loglO K) 
for the Alkali Creek Stable Flow (West Wind) Tests Taken 243.8 em (6.24 km 
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A (see Figure 3-2-5) for the Alkali Cre~k Stable 
Flow (East Wind) Test (Ri = 0.24) 
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Figure 10-1-6. Velocity and Temperature Profiles Taken at 
Location F (see Figure 3-2-5) for the Alkali 
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(plotted 10glO K) for the Alkali Creek Stable Flow (East 
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APPENDIX A 

Coal Creek Drainage Flow Concentration Data 

A-I Ground-level Data and Sample Point Locations 
A-2 Vertical Rake Data and Rake Locations 
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A-I. Ground-level Data and Sample Point Locations 
for Coal Creek Drainage Flow Tests 
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A-2. Vertical Rake Data and Rake Locations 
for Coal Creek Drainage Flow Tests 
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Figure A-2-1. Sampling Rake Locations for Obtaining a Vertical 
Cross Section of the Plume 68 cm (1.3 km) Downwind 
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Figure A-2-2. Sampling Rake Locations for Obtaining a Vertical Cross Section of the 
Plume 196 (3.7 km) Downwind of .318 cm Release Point at T16 for the 
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.31AO eM 

.2310 eM 
)( (~) Y eM) 

3?3Al1 4303554 

S&MPLF' RAW 
(AREA) 
45764. 

NOQMALI7FO 
PT. 

1 
i! 
1 
4 
C; 
f, 
1 
A 
Q 

1 n 
1 1 
1 ? 
, 3 
'4 ,C; 

'" 17 
lR ,q 
~n 
?1 
~i' 
;»3 
;;>4 
~C; 

A689. 
?7ASf,. 
'907~. 
42502. 

156A. 
1705. 

7SQ. 
7Q9. 

1138. 
7jR. 
71;. 
93R. 

110Q. 
1021. 
lOOR. 
110c;. 
1?5R. 
1317. 
159~. 
]441. 
l5~1. 
1621'. 
1?53. 
154~. 

CONce - ) 
.1021lE-Of' 
.181?2f:-oj 
.61Q?JE-03 
.A7459E-01 
.CJS?71E-OJ 
.18744E-04 
.21A70E-04 
.Q6Q10E-OI, 
.11Q79E-05 
.~91~6E-Or:; 

o. 
.6C;O?1£-Oft 
.43('Q3E-or; 
.~2710E-Or:; 
.64000E-05 
.596"5E-O~ 
.A1791E-0'5 
.11~71E-04 
.141R6E-04 
.193~OE-04 
.lSQp3F-f)4 
.lA1E;6E-04 
.19976E-04 
.11SC;1E-04 
.18?42E-04 

1 er:T MSL) 
Q400 

I-' 
\0 

""""' 



~UN eCC4 

WI~D VELOCITY 
FXrT VFlOr;TTY 
VO,UMF FLO~ 
C;OliRCE STP~NGTH (PPM) 
BAr:KGfU)t ''''0 
t::AL1BRATION FACTOP 
PANGE 
~EFERE\lCF ~E'JC;HT 
PELEASF OJAfAETER 
QE'_EASF LOCATION 

~V)I)rL 
.2000 fl4/S 
."'531 ~/C; 

• ?4'.'1F:.tlC; M**3/S 
.150oE+06 
.f,~AC;F. .. 01 
.41?QF ... n? 

10 
.31AO eM 
.2370 eM x (~) Y (M) 

1?3Al1 4303554 

S4MPLF QAw 
(ARE") 
3~1~i4 • 
3;>997. 
;'>630Q. 
lC)36~. 

NOQMALI7FO 
PT. 

1 
3 
4 
5 

" 1 
A 
Q 

10 
1 1 
12 
13 
14 
1t:; 

'" 11 

'" 19 
;>n 
::>1 
?? 
::-3 
~4 
::-c:; 

1257. 
11~C:;. 
10;>. 

21. 
1109. 
1135. 
117Q. 
l?Qi>. 
131? 
lAll. 
1093. 
1201. 
1115~ • 
11l+Q. 
'lQ2. 
121.5. 
113? • 
!2Al. 
111Q. 
129~. 

CO"JC( - ) 
.A6A06f-03 
.73717E-nl 
.5841;7E-01 
.42f.l t;f-O_l 
.12971f-04 
.10872£-04 
.30R02E-06 

n. 
.lOQ63E-04 
.lOlRAF.-04 
.111QlE-Cl4 
.13170E- 0 4 
.155Q5E-04 
• 25A/. OE-f)4 
.92?Q3E-n'5 
• 11 719,E-04 
.107J2E-n4 
.10&;071:-°4 
.114A8E-1l4 
.12013E-04 
.10119E-04 
.13519E-04 
.QA??5E-OC; 
.13fl38E-t)4 

Z (FT ~SL) 
Q400 

..... 
\0 
tv 



RUN CCC5 

WINO VELOCITY 
FXtT VELOCITY 
VOLUME FLOw 
SOURCE STRE'NGT"'(PPM) 
BACKGROUND 
CAtIBRATtON FACTOR 
RANGE 
REFERE~CF: HEIGHT 
QElEASE OtAMETER 
PELEASF. LOCATION 

MOf)ft 
.2000 MIS 
.553} MIS 

.?440f'.OC; ~**3/S 

.1500Ffl06 

.R555f+03 
• 4129F .. H) 2 

10 
.31HO eM 
.2370 CM 

)( (M) V ( .. , 
3?3A31 4303554 

SAMPL~ RAW 
(AREA) 
]52Q7. 
14330. 
14clA. 

NORMALIZED "T. 
1 
? 
3 
4 
S 

" ., 
A 
~ 

10 
11 
12 
13 
'4 
1S 
16 
11 
IA 
lQ 
~t) 
1'1 
i'2 
~3 
~4 
~5 

1936. 
3005. 
2226. 
2210. 
214Q. 
2521. 
2521. 
)91? 
10SO. 
1297. 
1123. 
1131. 
16 "9. 
1317. 
221. 

1},)6. 
1180. 
2312. 
117q. 
131)5. 
19"5. 
1240. 

COt\lC( - ) 
.3291:)0£-03 
.30744£-03 
.30625F.-03 
• 246Ci3E-04 
.49044£-04 
.31270£-04 
.:32274£-04 
.29513£-04 
.38001E-04 
.3AOOIE-04 
.24106E-04 
.44378£-05 
.10073F:-04 
.610~4E-()C; 
.64228f-OC; 
• 187A9(-04 
.10530E':'04 

o • 
• 68563E-Oc; 
.74039E-OC; 
.33232E-04 
.73~11E-0'5 
.lO?S6f-04 
.25315E-04 
.877?9E-05 

l (F'T MSL) 
9400 

...... 
\0 
VJ 



RUN eCC6 

WI~D VELOCITY 
FXTT VELnCITY 
VOLUME FLOW 
50URCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RAr.JGE 
QEFERENCE' HFIGHT 
RELEASE OJAMETER 
RELEASF LOCATION 

MODEL 
.2000 M/C; 
.C;S31 MIS 

.?440F .. O'i M**3/S 

.1500F.06 

.Q340F..Ol 

.41?QF-02 
10 

.31~O c~ 

.2)70 eM 
x 04) Y (~) 

3?3R31 430355 

SANPLF' RA~ NORI\4ALIlfD 
DT. (APEA) CONe( - ) 

1 1553. .14123E-04 
iI 921. o. 
3 152R. .13S~3E-04 • 1534 • .13f,90F-04 
~ 1336. .917~2E-O-; 
6 140'5. .10741£-04 
1 134~. .944f,OE-OS 
A 1297. .82~?4E-OC; 
Q 1684. .1-7112E-04 

10 1385. .102QOE-04 
1 1 1282. .79401E-OS 
12 1?41. .70046E-05 
1~ 1 5 ·/5. .14625E-04 
14 133"'. .91722E-05 
15 131A. .871;15E-05 
16 1456. .11Ql0E-04 
1.7 46A. o • 
1A 1172. • 54303F.-OS 
,q 1455. .11RA7E-04 
j)O 1425. .'11203E-04 
21 1441. .115~8f-04 
'2 1559. .14260E-04 
j)] 1535. .11713F.:-04 
j)4 147'7. .123~9E:-04 
,C; 150(,. .130C;lE-04 

z eFT MSL) 
Q400 

I-' 
\0 
~ 
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APPENDIX B 

Alkali Creek Drainage Flow Concentration Profile Data 

B-1 Vertical Rake Sampling Locations 
B-2 Horizontal Rake Sampling Locations 



SAMPLE 
POrNT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
---

Table B-1-1. Vertical Rake Sampling Locations for the Alkali Cre.ek Drainage Flow Tests 
with Azimuths and Distances Measured from the Release Point at T4 

RUN ACC1A RUN ACC2A RUN ACC3A RUN ACC4A 
! 

r(m) eO z(ft,ms1) r(m) eO z(ft,ms1) r(m) eO z (ft ,ms1) r(m) eO z(ft,ms1) 

699 2390 9355 1593 2450 9160 2341 2500 8950 699 2390 9652 

9389 9194 8984 9715 

9422 9227 9017 9778 

9464 9269 9059 9820 

9489 9294 9084 9862 

9557 9362 9152 9904 

9615 9420 9210 9988 

9666 9471 9261 10030 

9725 9530 9320 10072 

9775 9580 9370 10114 

9842 9647 9437 10240 

9901 9706 9496 10335 

10035 9840 9630 10366 

10136 9941 9731 10870 

10254 
j 

10059 9849 11290 I 

I-' 

"" 0' 



SAMPLE 
POINT 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Table B-1-2. Horizontal Rake Sampling Locations for the Alkali Creek Drainage Flow Tests 
with Measurements Taken from the Release Point at T4 

RUN ACC1A RUN ACC2A RUN ACC3A RUN ACC4A 

r(m) y(m) z(ft,ms1) r(m) y(m) z(ft,ms1) r(m) y(m) z(ft,ms1) r(m) y(m) z(ft,ms1) 

-154 9355 1593 -154 9160 -305 8950 -531 9652 
, 

-123 -123 -187 -294 

-102 -102 -133 -182 

- 82 - 82 - 82 -128 

- 56 - 56 - 56 - 58 

- 33 - 33 - 33 - 38 

- 18 - 18 - 18 - 26 

699 0 1593 0 2341 0 699 0 

+ 26 + 26 + 26 + 26 

+ 38 + 38 + 38 + 38 

+ 77 + 77 + 77 + 58 

+ 92 + 92 + 92 +148 

+118 +118 +143 +195 

+141 +142 +189 +307 

1 +164 +164 +307 ! +563 , j , 

a = 2390 a = 2450 a = 2500 e = 2390 

Note: 1. (Azimuths measured from T4 to center of rake at sample point 23). 

2. Negative offsets (y) measured to left when facing the release point. 

~ 
I.D 
"-oJ 



RUf\I ACelA 

WJt.JD VELOCITY 
fXTT VF,LOCITY 
VOt UME Fl.OW 
~O~RCE STRENGTH(PPM) 
RArKGAOUNO 
CAI.IBRATION FACTOR 
R6",GE 
REF'ERENCF.: HEIGHT 
REtEASF. OJAMETFR 
RELEASE' LOCATION 

~60tL 
.1800 M/~ 
.5384 MIS 

.?17t:;F-Or.; M**3/5 

.lOOOF.06 

.4760F. .. 02 

.22t:4AF-O' 
100 

.3180 C~ 

.2370 eM 
x h~' Y 04) 

3234102 4286612 

SA"'PtF RAW NORMALI7.E'O 
PT. (AREA) CONe( - ) 

1 ?3743. .415~lE-02 
? ~5960. • 15065E'-01 
3 212354. .372?9E-Ol 
4 213650. .37456£-01 

" 12Q387. .226AOE-Ol ,.. '1.6645. .20446£-01 
7 f)A565. .12nt5£-01 
A 31878. .55816£-°2 
q 17508. .30618E-02 

10 10067. .17570E-02 
1 1 3552. .61452£-03 
\2 924. .15368£-03 
13 2Q3. .43032E-04 
14 12<;1. .14274£-04 
1t; (\. o. 
'''' o. O. 
17 354. .53729E-04 
l~ 736. .12071£-03 
)9 200S. .34324£-03 
'0 40112. .70?SSE-02 
11 76063. .13330E-0} 
12 164030. .28755£-01 
;»3 170386. .29870E-Ol 
1'. }71926. .30140E-01 ,.:; 28034. .4Q076E-02 ,,, 17407. .30441E-02 
';)7 ~514. .432&:;0£-03 
'A 37Q. .4581)3E-04 
;tq 151. .18132E-(\4 
1" 17. .51C;C;4E-Oc; 

l (F'T ~SL) 
9515 

..... 
\,Q 
(X) 



RUN ACC2A 

wt~D VE'LOrJTV 
EXtT VELOr.TTY 
VO,--UMf" FLOW 
~OlJRCE STRENGTH(PPM) 
RACKGRQUNn 
CALIBRATION FACTOR 
RANGE 
REFERENCJ:' HFIGHT 
RELEA5~ ~TAMETER 
RELEASF' l.OCATION 

MonEL 
.1800 MIS 
.5184 MIS 

.~375E-05 M**3/S 

.1000f+06 

.QI00F.+02 

.?28~f"Ol 
100 

.31RO CM 

.2170 CM 
X h4) Y (M) 

3134102 4286612 

SAMPlF ~I\W 
(AREA) 
~613. 

56880. 

NOqMAlIlFD 
PT. 

1 
2 
3 
4 
~ 
6 
1 
A 
q 

1 n 
1 1 
,~ 

13 
14 
15 
16 
11 
lR 
1Q 
;:to 
~1 
2'1 
~3 
it4 
?5 
j)6 

" ,R 
'9 
'0 

113810. 
94733. 
54824. 
36268. 
13210. 

3513. 
l?25. 
"07. 
319. 
225. 
62. 
94. 
82. 

959. 
792. 

16243. 
13595. 
74«;)96. 

•• ********** 
104315. 
Qh62?. 
Q969n. 
42004. 
31591. 

*** .. ******** 
9070. 
4172. 
1117. 

CONC( - ) 
.114~lF-02 
.995A3E-02 
.19Q41E-Ol 
.16596E-Ol 
.9SQ77E-02 
.63438E-02 
.23005E-02 
.60007f-03 
.19A~5E-03 
.904A3F.-04 
.399AIE-04 
.23498E-04 

O. 
.52607f.-06 o. 
.15221E-03 
.12292E-n3 
.28323E-02 
.23680E-02 
.13135E-Ol 
.17!,;36E+l0 
.18276E-Ol 
.16Q27E-Ol 
.174"SE-Ol 
.73497E-02 
.55237E-02 
.17536E+}0 
.15745£-n2 
.71S~3E-n3 
.179QIE'-03 

Z (FT ~SL.) 
9575 

...... 

'" \0 



RUN ACC3A 

WINO VFlOCTTY' 
FXTT VELOCITY 
VOtUMF FLOW 
~OIjRCE STREN(~TH (PPM) 
RACKGROUNO 
CALIBRATTON FACTOR 
(:lANGE 
REF'ERE~CF HEIGHT 
f<>ELEASF OIAMETER 
AEt EASE" LOCATION 

MonfL 
.lIOO MIS 
.5384 MIS 

.2375E-or; H**3/S 

.1000F.:+06 

.7300F.+02 

.22AAr"l)1 
100 

.31A,) CM 

.2370 CM 
X (M) Y (M) 

31J4102 4286b12 

SaMPtF' RAw 
(AREA) 

NORMAlllFO 
PT. 

1 
'2 
3 
4 
~ 
6 
7 
SI4 
Q 

10 
, 1 
12 
13 ,4 
115 
11; 
17 
19 
lQ 
~O 
;tl 
"2 ;-3 
~4 
,~ 

~6 
"7 
"A "Q 
~o 

2363. 
29172. 
~149t). 
47014. 
2381q. 
13A37. 
4599. 
1399. 
596. 
344. 
190. 
161. 

4A. 
112. 
74. 

116. 
2SQ. 

1260. 
4746. 

21314. 
20760. 
45734. 
')6736. 
7?610. 
37167. 
4?347. 
36790. 
?766A. 
14017. 

227. 

CONC( - ) 
.40156(-03 
.51027E-02 
.10710E-01 
.8?,419F-02 
.41640f.-02 
.24136E-02 
.79366£-03 
.23252E-Ol 
.91711E-04 
.47521F-04 
.20517E-04 
• 15431F.-04 

O. 
.6A3R9E-O~ 
.17536£-06 
.75403E-05 
.32616E-t)4 
.2081SE-O"i 
.81944E-03 
.37247E-02 
.36276£-02 
.A0069E-02 
.99362E-02 
.127?OE-01 
.6r;()46E-02 
.74130(-02 
.643ASF.-n;> 
.483~9E-02 
.244'52E-02 
.2100SE-04 

q~7~FT MSL) 

N 
o o 



RUN ACC4A 

WINO V~lOCITY 
FXyT VELOCITY 
VOLUMF' FLOW 
C;OURCE STRfNGTH(PPM) 
RACKGROtJNO 
CALI8RATTON.FACTOR 
RAf-JGE 
PE~ER£Nr.E HEIGHT 
REI EASE nTA~ETEP 
RELEASE LOCATION 

Monf:l 
.1800 MIS 
.53R4 MIS 

.2375E-05 M**3/S 

.100or.O('· 

.6000E.02 
• 2Z8QE ... 1') \ 

100 
.31QO eM 
.2110 eM 

x h4l Y 04) 
3134102 4286612 

SaMPlF' RA~ 
(ARE'A) 

72q. 

NORMALIZFO 
PT. 

1 
'iJ 
3 
4 
C; ,. 
'1 
A 
q 

)n 
1 t 
12 
11 ,. 
15 
t6 
17 
1A 
lq 
iJO 
~1 
?2 
?3 '4 
'5 
~" ,7 
i'A ,q ,n 

2289. 
12766. 
22274. 
25365. 
27507. 
25564. 
IQ071. 
1?609. 
138f.O. 
IA941. 
]9221. 
1A207. 
9328. 
14~1. 

7~. 
117. 
144. 
609. 
86? 

1096. 
2282. 
6116. 

11569. 
7302. 

11705. 
993. 
350. 
284. 

78. 

CONC( - ) 
.11711E-03 
.390A7£-03 
.22281£-02 
.38953£-02 
.44374£-02 
.48130E-02 
.44723E-O? 
• 33337E-02 
.22005£-02 
.24199£-02 
.33109E-0? 
.33600£-02 
.31822E-02 
• 16252£-O? 
.24918£-01 
• 2AOS'7E-0C; 
.99953E-05 
.14730E-04 
• 96?70F.'-04 
.14064E-03 
• 1811,7E-0:1 
.38964E-03 
.10620£-02 
.201A2E-02 
.12699£-02 
.20420E-02 
.16361E-03 
.50853E-04 
.392AOE-04 
.31564E-OCi 

9~7~FT ~SL) 

N 
o ..... 
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APPENDIX C 

Coal Creek Neutral Flow Concentration Data 

C-l Ground-level Data and Sample Point Locations 
C-2 Vertical Rake Data and Rake Locations 
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C-l. Ground-level Data and Sample Point Locations 
for Coal Creek Neutral Flow Tests 
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Figure C-l-l. Ground-level Sample Points Used to Obtain 
Concentration Data for Coal Creek Neutral 
Flow Tests. 
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RUN ccelA 

WINO VELOCTTV 
EXIT VELOCITY 
VOLUMf FLOW 
SOURCE STRFNGTH(PPM) 
BACKGROUNO 
CALIBRATION FACTOR 
RANGE 
REFERENCE HFIGHT 
RELEASE" OJAMETER 
AELEASF LOCATION 

MOf)F.:L 
1.0000 ~/c; 
5.2~lft MIS 

.?330F.i6l)4 ~**3/S 

.1600F.06 

.18('9F+03 
• 3907E:' .. O 1 

100 
.3180 eM 
.2370 C~ 

X (flU Y ('4) 
3?381] 4303554 

SAMPLE RAw 
(AREA) 

21!;. 
1362. 

NORM4LIZFO 
PT. 

1 
2 
1 
4 
5 
7 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1A 
19 
~o 
~9 
40 
41 
~l 
?2 
;>3 
;>4 
?S 
~~ 
(i17 
?A 
~9 
4~ 
43 
30 
31 
32 
'3 
~4 
1S 
16 
. 17 
~A 

91t;. 
14q~. 
1790. 
1196. 
1?81. 
747. 
365. 
148. 

1285. 
365fJ. 
2991'. 
3035. 
417P.-. 
1451. 
21'51. 
2161. 
lSd6. 

70ft. 
4~2. 
265. 

1759. 
4439. 

523. 
A960. 
98 .. ~:3 • 
9?91. 
f\56ft. 
5171. 
ft66A. 

747. 
126. 

2094. 
9230A. 

584. 
}823. 

133. 
135. 
IlF'. 
124. 

CONe( - ) 
.90295E-05 
• :l1314[-03 
.25044r:-O~ 
.416(,9£-03 
.Sf)956f-03 
.51153F-0'3 
• 34 792f:~-03 
.11798(-03 
.567Ci2E'-04 o. 
.98,04E-03 
.11030E-02 
.891BSE-03 
.90SC;2F.-03 
.12~R9E-02 
.10378F-02 
.65816(-03 
.62764E-03 
.444,..3E-03 
• 16568E-03 
.84~ASr:-04 
.24A31E-04 
.11351£-0;> 
.13519£-02 
.106~"t-01 
.27A93E-0? 
.306,,9E-02 
.28945E-O? 
.26640f-02 
.15A46E-02 
.7AAA4f.-O:t 
• 11An8F-~ -0 ~ o. 
.60634[-03 
.292~9E-Ol 
• 126?5£:-01 
.5201eE-o~ o. 

O. 
o • o. 

1 (FT '4SL) 
Q400 
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RH\I CCC2A 

WI...,O VE'LOCITY 
FXtT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
RACKGROUNO 
CALIBRATION FACTOR 
RAto.,!GE 
REFERENCf HFIG .... T 
RElEASF DIAMETEP 
QELEASE LOCATION 

MonEL 
3.0600 M/CS 
5.2"16 114/5 

.?330E~04 ~**3/S 

.1600f' .. O~ 

.1365F.03 

.3907F-Ol 
1()t) 

.31RO eM 
• ?11t) eM x UH V (~) 

3;>3811 4303554 

SI\MPlF PAW NORMALI7FO 
PT. 

J 
? 
3 
4 
~ 
7 
Q 

10 
11 
12 
13 
14 ,; 
If. 
17 
1A 
19 
?O 
19 
40 
41 
?} 
';>2 
;>3 
';>4 
;>5 
;>6 
;>7 
';>f\ 
';>Q 
47 
43 
10 
12 
.14 
15 
~" 17 
1R 

(AREA) 
lSI. 
715. 
583. 
991. 

1311. 
1644. 
1295. 
814. 
39A. 
100. 

?14~. 
2011. 
2061. 
2960. 
3079. 
2869. 
2100. 
2469. 
?022. 

899. 
512. 
149. 

1099. 
1456. 
257. 

'374Q. 
4952. 
6220. 
6947. 
&;439. 
3011. 
660. 

97. 
510. 
f,Q7. 
346. 
104. 
lO~. 
100. 

CONce - ) 
.46101E-OC:; 
• 183q:~E-n~i 
.14196[-01 
.27)hAE-01 
.39249F-l'1 
.47Q.29E-03 
.36A33E-03 
.21S40E-n~ 
.A3141f-04 o • 
• h3953E-03 
.59C;Q8F-Ol 
.61ZS1E-Ol 
.89770£-03 
.935C;3F:-o~ 
.R6A77E-OJ 
.624?7E-03 
.741&;9E-03 
.59Q47E-03 
.24243£-03 
.13A46E-O~ 
.39742£-05 
.30602E-03 
.41QC;2E-03 
.3A312E-04 
.11486E-O~ 
• 1 5 ~l t OE-tl2 
.19342£-O? 
.21~c;3E-O~ 
.16~59F.-n2 
.91391£.-03 
.16;;44(-°3 o. 
.137.;3E-03 
.17fi?Of-03 
.66608E-tl. o. 

O. 
o. 

1 eFT "4SL) 
9400 
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C-2. Vertical Rake Concentration Data and 
Rake Locations for Coal Creek Neutral 
Flow Tests 
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o 100 200m 
Scale 

Figure C-2-l. Sampling Rake Locations for Obtaining a 
Vertical Cross Section of the Plume 68 em 
(1.3 km) Downwind from a 0.318 em (6.1 m) 
Release Point at T16 for the Coal Creek 
Neutral Stability Tests. 



RUN CCC5AS 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 
3.0000 MIS 
5.3270 MIS 

.2350E-04 M**3/S 

.1600E+06 

.1100(+03 

.3907£-01 
10~ 

.3180 eM 

.2370 eM x (M) Y 'M) 
323831 4303554 

SAMPLE RAW NORMALIZED 
PT. 

t 
2 
6 
7 
8 
9 

11 
12 
13 
16 
11 
18 
21 
22 
23 

(AREA' 
6241. 
276«;. 
4107. 
2080. 
240. 
141. 

2555. 
1382. 
223. 
891. 
881. 
185. 
256. 
335. 
144. 

CONC( - , 
.19327(-02 
.83820£-03 
.12600E-02 
.62101(-03 
.40980E-04 
.97722(-05 
.11074~-03 
.40098£-03 
.35621E-04 
.24809E-03 
.24304(-03 
.23642[-0,. 
.46024E-04 
.10927E-04 
.10718E-04 

Z (FT MSL) 
9400 

N 
o 
\0 



RUN CCCSA 

WIND VEL 0: I TY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM' 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.000C, 
5.3210 

.2350E-04 

.1600£+06 

.1020[+03 

.3901E-01 
lor 

.3180 

.231~ 
X (M) 

323831 

SAMPLE RAW NORMALIZED 
PT. 

1 
2 
3 
~ 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 

(AREA' 
290. 
210. 
105. 
104. 
108. 

1723. 
554. 
125. 
98. 

117. 
4793. 
1617. 
l~l. 
94. 

164. 
6929. 
1999. 
179. 
101. 
96. 

5804. 
3949. 

313. 
115. 
91. 

CONC( - ) 
.59264E-04 
• 34045E -04 
.9457cr-06 
.63047E-06 
.18914E-0 5 
.51099E-03 
.1~2"9E-03 
• 72503[-05 o. 
.47285[-05 
.14788E-02 
.47758E-03 
.12294£-04 o. . 
.19544[-04 
.21521E-02 
.59800£-03 
.24273E-04 o. 

Q. 
.17975[-02 
.12127E-02 
.66514E-04 
.40980E-05 

o. 

MIS 
MIS 
"**3/S 

CM eM 
Y CM) 

4303554 
Z (FT MSL) 

9400 

N 
f--I 
o 
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Fig~re C-2-2. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 
196 em (3.7 km full scale) Downwind from a 0.318 em (6.1 m full scale) Release 
Point at T16 for the Coal Creek Neutral Stability Tests. 
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RUN CCC6AS 

WIND VELO:ITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0GOO 
5.3271) 

.2350E-0 4 

.1600E+06 
.9000E+02 
.3896E-01 

100 
.3180 
.2373 

X (M) 
323831 

SAMPLE RAW 
rARE.) 
18~e. 
15'38. 
48~. 
275. 

1606. 

NORMALIZED 
PT. 

1 
2 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1216. 
7Q7. 
380. 
23E. 

1266. 
844. 
"01. 
189. 
168. 
779. 
518. 
182. 
143. 
118. 
516. 
432. 
148. 

98. 
81. 

CONe( - ) 
.55262£-03 
• 4457,.E -0 3 
.12385£-03 
.58154E-04 
.41655E-03 
.35395E-03 
.19395E-03 
.91160E-O'" 
.45894£:-04 
.36961~-03 
.23702E -03 
.97761E-04 
.31120E-04 
.24519E-04 
.21658£-03 
.15340E-03 
.28920E-04 
.16660E-04 
.88017E-05 
.13391E-03 
.10751£-03 
.18232£-04 
.25148E-05 

1). 

HIS 
MIS 
"**3/5 

eM eM 
, (M) 

4303554 
l (FT MSL) 

9400 

N 
~ 
N 



RUN eeC6A 

WINO VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION F.CTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 MIS 
5.3210 "'S 

.2350E-1I4 M.*3/S 

.1600[+06 

.1345E+03 

.3896[-01 
100 

.3180 eM 

.23111 eM X,", Y (M' 
323831 4303554 

SAMPLE RAW 
(AREA' 
1231. 
1091. 
~82. 
253. 

1430. 

NORMALIZED 
PT. 

1 
2 • 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 

1187. 
866. 
636. 
275. 

1600. 
140E. 
9~8. 
376. 
272. 

1131. 
1229. 
713. 
548. 
320. 

1657. 
1538. 
892. 
43~. 
239. 

CONee - » 
.34468E-03 
.30061E-03 
.10923£-03 
.31250£-04 
.40123£-03 
.33085£-03 
.22994E-03 
.15764E-03 
.44165£-04 
.46067E -03 
.39969E-03 
.24315E-03 
.7591"4E-04 
.43222£-04 
.50185E-03 
.34405E-03 
.18185E-03 
.12998E-03 
.58311E-04 
.41859£-03 
.44118£-03 
.23812E-03 
.94461E-04 
.32849E-04 

Z (FT MSL) 
9400 

N 
~ 
w 



RUN CCC6AN 

WIND VELO:ITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 MIS 
5.327D MIS 

.2350E-O~ M**3/S 

.1600[+06 

.1030E+03 

.3896E-01 
100 

.3180 CM 

.237!J CM 
X (M) Y (M, 

323831 '30355~ 

SAMPLE RAW NORMALIZED 
PT. (AREA) CONC( - ) 

1 100. n. 
3 98. o • 
~ 226. • 38664E-04 
5 179. .23890E-O~ 
6 364. .820.~E-04 
7 335. .72928E-04 
8 464. .11348E-03 
9 378. .864~5E-04 

10 229. .39607E-04 
11 556. .14240£-03 
12 592. .15311[-03 
13 648. .17132(-03 
14 336. .132.42£-04 
15 254. .47466[-04 
16 799. .21878[-03 
17 771. .20998E-03 
18 632. .16629[-03 
19 516. .12982E-03 
20 343. .75443(-04 
21 1113. .31149E-03 
22 1270. .3668~E-03 
23 917. .27414E-03 
24 492. .12228[-03 
25 2n~. .32063E-04 

Z (FT MSL) 
9~OO 

N 
I-' 
+:--
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APPENDIX D 

Alkali Creek Neutral Flow Concentration Data 

D-l Ground-level Data and Sample Point Locations 
D-2 Vertical Rake Data and Rake Locations 
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D-l. Ground-level Concentration Data and 
Sample Point Locations for Alkali 
Creek Neutral Flow Tests 
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Figure D-1-1. Ground-level Sample Points Used to Obtain 
Concentration Data for Alkali Creek Neutral 
Flow Tests. 
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RUN ACC1 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM' 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEI6HT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 MIS 
5.3270 "'S 

.2350E-'.14 H .... 3/S 

.16COE+06 

.8260£+03 

.4277£-02 
10 

.3180 CM 

.2310 CM 
X (M' Y (M) 

3134102 4286612 

SAMPLE RAW 
(AREA) 
1458. 
793. 

65CC2. 
430127. 

22113. 
84~. 
98l. 

3321+4. 
200681. 
196926. 

1185. 

NORMALIZED 
PT. 

1 
2 
:5 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
25 
26 
21 
28 
29 
~O 
32 
33 
31+ 
~5 
36 
37 
38 
39 
40 
1+1 
tt2 
43 

1492. 
18765. 
40078. 
64361. 

850. 
1057. 
9611. 

18784. 
62381. 

989. 
103C. 
2152. 
4871. 

29260. 
38923. 

1071. 
1113. 
2867. 

19265. 
24267. 
24678. 

69~. 
843. 

1662. 
6729. 
7088. 

16799. 
14378. 

6904. 
1402. 

CONC( - ) 
.21809:: -0. o. 
.22146E-02 
.14815E-Ol 
.15529E-03 
.62115E-0& 
.53143E-05 
.11187(-02 
.68961E-02 
.61671E-02 
.12389E-04 
.22983E-04 
.61905£-03 
.13545[-02 
.21925E-0 2 
.82821£-06 
.79715£-05 
.30316£-03 
.61970E-03 
.21242E-02 
.56249E-05 
.70391E-05 
.45758E-04 
.13959E-0 3 
.98122£-03 
.13141E-02 
.86616E-05 
.11974£-04 
.70432E-O,. 
.63630E-03 
.80892E-03 
.82310E-03 o. 
.58665E-06 
.28849[-0. 
.20370E-03 
.21609(-03 
.55121£-03 
.46766£-03 
.20974E-03 
.19877£-04 

Z (FT "SL' 
9515 
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RUN ACC2 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW . 
SOURCE STRENGTHCPPMJ 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 
3.000D MIS 
5.3270 MIS 

.2350(-D4 M**3/S 

.1600£+06 

.1026E+04 

.4289£-02 
10 

.3180 CM 

.2311 CM 
X (M' Y (M) 

3134102 4286612 

SAMPLE RAW 
'(AREA) 

NORMALIZED 
PT. 

1 
2 
3 .. 
5 , 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

1006. 
822. 

6025. 
8426 • 
844. 

1590. 
29113. 
95616. 
29151. 

1044. 
3955. 

32324. 
50598. 
41991. 

1852. 
1591. 

21807. 
28111. 
68157. 

790. 
2017. 
6182. 

16648. 
9157. 

37394. 
36115. 

916. 
2342. 
5776. 

26951. 
20186. 

924. o. 
1931. 

10784. 
8082. 

16181. 
9871. 
4818. 
914. 

CONCe - J o. 
n. 

.17299£-03 

.25608£-03 n • 
• 19511E-04 
.99480E-03 
.32733£-02 
.97328£-03 
.62290£-06 
.10136E-0 3 
.10831£-02 
.17155£-02 
.14178£-02 
.28584£-04 
.19552E -04 
.71913E-03 
.93936£-03 
.23231£-02 o • 
• 34294£-04 
.11843£-03 
.54061£-03 
.28138£-03 
.12585£-02 
.12163£-02 o. 
.45541£-04 
.16438E-03 
.89735£-03 
.66304r-03 

o. o. 
.31318£-0 • 
• 33768£-03 
.24418£-03 
.524.4£-03 
.30608E-03 
.13122E-03 o. 

Z (FT MSL' 
9515 
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RUN Ace3 

WIND VELO:ITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM' 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0cno MIS 
5.327\J MIS 

.2350E-O' M**3/S 

.1600[+06 

.1544E+04-

.4-289£-02 
10 

.3180 eM 

.2370 eM 
x CM' Y 'M) 

3134102 4286612 

SAMPLE RAW 
(AREA) 

NORMALIZED 
PT. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
li1 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
:36 
37 
38 
39 
4J 
41 
42 
43 

1115. 
11~. 
889. 
724. 
959. 
9't7. 
165. o. 

2135. 
1911. 
912. 

1295. 
6449. 
9051. 
4890. 
1106. 
1524. 

11564. 
13151. 
22343. 

1286. 
1475. 
6510. 

14312. 
6650. 

26139. 
19123. 

1834. 
2555. 
7779. 

21691. 
25126. 
21184. 

9211. 
5146. 

724. 
2718. 

1C596. 
7187. 

1263'1. 
10"62. 

3052. 
739. 

CONC( - ) 
r. 
6. o. 
o. o. o. 
fl. n • 

• 41215£-04 
.12700(-04-o. o. 
.16974-£-03 
.25978:::-03 
.11579£-03 o. 

c. 
.34675:::-03 
.4-0 187E -03 
.71976E-C3 c. o. 
.17393~-03 
.44184£-03 
.1167D£-03 
.85112£-03 
.60833£-03 
.10036£-04 
.34986E-04-
.21576E-03 
.69740E-03 
.81606E-03 
.70041£-03 
.26532£-03 
.14541£-03 

"'. ". 4D 627:: -04 
.31325E-03 
.19528E-03 
.38317£-03 
.30861£-03 
.52185£-04 o. 

z eFT MSL' 
9515 
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RUN ACC. 

WINO VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 MIS 
5.327Q M'S 

.2350E-04- M**3/S 

.1600£+06 

.9.00£+03 

.4289£-02 
10 

.3180 CM 

.2370 CM 
X (M) Y (M) 

31320DOO 4286612 

SAMPLE RAW 
(AREA) 

NORMALIZED 
PT. 

1 
2 
3 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

" 

52Q. 
10532. 
43374. 
14894. 

4260. 
3310. 
2132. 

5421S. 
40246. 

1918. 
7813. 
5482. 

24457. 
19854. 

1854. 
72(!. 

10486. 
14348. 
33267. 

610. 
1556. 
3814. 
8867. 
3599. 

o. 
18599. o. 

2142. 
4836. 

14015. 
16245. 
18118. 
16781. 

1062. 
530. 

1717. 
1552. 
5763. 

12900. 
8081. 
7157. 
1~14. 

53447. 

CONee - ) 
~ . 

• 33193£-03 
.14684£-02 
.48288£-03 
.11489£-03 
.84091E-04 
.4125U(-04 
.18431(-02 
.13602E-02 
.33844E-04 
.23784£-03 
.15718£-03 
.81381(-03 
.65453£-03 
.31629£-04 

o • 
• 33034E-03 
.46399£-03 
.11181£-02 o • 
• 21317£-04 
.99456£-04 
.27432E-03 
.92016E-04 

o. 
.61110£-03 a. 
.41596£-04 
.13482E-03 
.45247£-03 
.52964(-03 
.61521E-03 
.54818E-03 
.42219E-05 o. 
.26888£-04 
.22881£:-03 
.16690£-03 
.41388£-03 
.24712£-03 
.21514E-03 
.16403£-04 
.18170£-02 

Z (FT "SL' 
916Q 
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D-2. Vertical Rake Concentration Data and 
Rake Locations for Alkali Creek Neutral 
Flow Tests 
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Figure D-2-l. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 
39 em (1.6 km full scale) Downwind from a 0.318 em (8.14 m full scale) Release 
Point at T4 for the Alkali Creek Neutral Stability Tests. 
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RUN ACCS 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTHCPPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 MIS 
5.3270 MIS 

.2350E-04 M**3/S 

.1600[+06 

.7560E+03 

.428~E-02 
10 

.3180 C" 

.2373 CM 
X (M' Y (H) 

3134102 4286612 

SAMPLE RAW 
CAREA) 

16704C;. 
42105. 

1351. 
739. 

107e. 
17991~. 

45092. 
571. 
581. 

2111. 
41295. 
13491. 

1041. 

NORMALIZED 
PT. 

1 
2 
J 
~ 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 

1317. 
1204. 
3089. 
1272. 

588. 
133. 
602. 

1305. 
1137. 
1117. 
1111. 
651. 

CONCC - ) 
.57546E-02 
.1~309t-02 
.20590E-04 o. 
.11143~-04 
.61998E-02 
.15343E-02 o. o. 
.46890£-04 
.14029(-02 
.4,,07CE-03 
.98625E-05 
.19~14E-04 
.15503E-04 
.80734E-04 
.11856E-04 

o. n. o. 
.18998E-04 
.13185E-04 
.12493£-04 
.12285£-04 o. 

Z (FT HSl) 
9575 

N 
N 
.p. 



RUN ACC5N 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE .STRENGTH(PPH) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 
532.6983 

.2350E-02 

.1500E+0 6 

.7120E+03 

.~297E-02 
10 

.3180 

.2370 
XC M) 

3134102 

SAMPLE RAW 
(AREA) 

NORMALIZED 
PT. 

1 
2 
J 
4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
18 
19 
20 
25 
21 
22 
23 
2~ 

1641. 
924. 
832. 
728. 

1411. 
821. 

1563. 
1337. 
726. 

1304. 
3~87. 
801. 

1975. 
1355. 
7157. 
121n. 

87B. 
1670. 
1555. 

95853. 
20636. 

95~. 
7~6. 

CONC( - ) 
.32137E-06 
.56212E-07 
.22189E-07 o. 
.23853E-06 
.18121E-07 
.29252E-06 
.2089~E-06 n. 
.19674E-06 
.10040E-05 
.10725E-07 
.44488[-06 
.21"560£-06 
.23613E-05 
.16198E-06 
.39200E-07 
.33209E-06 
.28956E-06 
.35162E-04 
.73460E-05 
.66936E-07 o. 

MIS 
MIS 
"**3/S 

eM 
CM 

Y (M' 
4286612 

Z (FT MSL' 
9575 

N 
N 
\J1 
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Figure D-2-2. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 
117 em (3.0 km full scale) Downwind from a 0.318 em (8.14 m full scale) Release 
Point at T4 for the Alkali Creek Neutral Stability Tests. 
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RUN ACC6SS 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SOURCE STREN6TH(PPM) 
BACKGROUND 
CALIBRATION fACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 
5.3270 

.2350E-0' 

.1600(+06 

.6280£+03 

.4297E-02 
10 

.3180 

.2370 
X CM) 

3134102 

SAMPLE RAW 
(AREA' 
19490. 

1287. 
1021. 

NORMALIZED 
PT. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

722. 
13lS. 
'628. 
2895. 
1502. 
981. 
718. 

3158. 
1370. 
1861. 
659. 
701. 
361. 
745. 
798. 

1615. 
681. 
883. 

1335. 
IDSCJ. 
1649. 
1081. 

CONC( - ) 
.65394£-03 
.23087[-03 
.13833£:-04 
• 32590E-05 
.23818£-04 
.20802E-03 
.78597£-04 
.30302£-04 
.12238£-04 
.31203E-05 
.81715£-04-
.25725£-04 
.42956£-04 
.10148£-05 
.25309E-05 

0. 
.40564E-05 
.58939£-05 
.34219£-04 
.18375£-05 
.88408£-05 
.24512£-04 
.14943E-04 
.35398£-04 
.15705£-04 

MIS 
MIS 
M**3/5 

CM 
CM 

Y (M' 
4286612 

l (FT MSL) 
9575 

N 
N ....., 



RUN ACC6S 

WIND· VELOCITY 
[KIT VELOCITY 
VOLUME FLOW 
SOURCE STRENGTHCPPM) 
BACKGROUND 
CALIBRATION FACTOR 
RAN6E 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATtON 

MODEL 

3.0000 
5.3270 

• 2350E-0 4 
.1600£+06 
.6950E+03 
.4297E-02 

10 
.3180 
.2313 

X (M) 
3134102 

SAMPLE RAW 
(AREA) 
1745. 
1395. 

381. 
1203. 
1011. 
755. 

NORMALIZED 
PT. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

825. 
3163. 
671. 
641. 
911. 
696. 

1266. 
1135. 
3133. 

909. 
759. 

1264. 
4-61. 

1833. 
1050. 
3084-. 
818. 
841. 

3252. 

CONC( - ) 
.36403E-04 
.24269E:-04 o • 
• 17612E-04 
.10956E-04 
.20802£-05 
.4S071E-05 
.85565£-04 o. 

O • 
• 74881E-05 
.34670£-07 
.19791E-04 
.15255£-04 
.S4S25E-04 
.14194E-05 
.22189£-05 
.19127E-O 4 o. 
.39454E-04 
.12308E-04 
.82826E-04 
.63446[-05 
.50618E-05 
.88651E-04 

"'S HIS 
H**3/S 

CM eM 
Y (M) 

4286612 
Z (FT MSL) 

9575 

N 
N 
00 



RUN ACC6 

WIND VELO:ITY 
EXI T VEL OC I TY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

HODEL 

3.0000 MIS 
5.3270 MIS 

.2350(-04 M.*3/S 

.1600(+06 

.7695E+03 

.4289[-02 
10 

.3180 CM 

.2370 CH 
)( (M' Y (4) 

3134102 4286612 

SAMPLE RAW 
(AREA) 
33151. 
14182. 

NlRMALIZEO 
PT. 

1 
2 
3 
5 
6 
7 
8 
9 

10 
11 
12 
13 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 

1579. 
1871. 

31119. 
17275. 

2931. 
1241. 

574. 
43455. 
19593. 

2358. 
1594. 

39515. 
13622. 

3098. 
1466. 
705. 

26310. 
15775. 

1229. 
815. 

1441. 

CONe( - ) 
.112D6E-02 
.46414E-03 
.28013E:-04 
.38325E-O 4 
.1071CE-02 
.57118[-03 
.74800E-04 
.16316E-04 o. 
.14771::-02 
.65139E-03 
.54971E-04 
.28532::-04 
.13408£-02 
.44417[-03 
.80579E-04 
.24103E'-04 n. 
.88384E-03 
.51927(-03 
.15901£-04 
.15745E-05 
.23238[-04 

Z (FT HSL) 
9575 

N 
N 
\.0 



RUN ACC6N 

WIND VELOCITY 
EXIT VELOCITY 
VOLUME FLOW 
SQURCESTRENGTH(PPM, 
BACKGROUND 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

MODEL 

3.0000 "'S 
5.3210 MIS 

.2350£-0" "** 3/S 

.1600£+D6 

.6300£+03 

.4297[-02 
10 

.3180 CM 
.2370 CM 

X eM' Y (M) 
3134102 4286612 

SAMPLE RAW 
(AREA) 

NORMALIZED 
PT. 

1 
2 
3 ,. 
5 
6 
1 
8 
9 

10 
12 
13 
14 
15 
16 
18 
19 
20 
21 
22 
24 
25 

1024. 
894. 
687. 
630. 

1517. 
2.095. 
1331. 
2411. 
1103. 
984. 

4286. 
1608. 
604. 
75'. 

7232. 
1638. 
2Q69. 
166. 

32340. 
14381. 

1566. 
1089. 

CONC ( - ) 
.13660£-04 
.91529£-05 
.19762£-05 o • 
• 30152£-04 
.50791E-04 
.24304(-04 
.61147£-04 
.16399E-04 
.12213£-04 
.12675E-03 
.339D7E-04 o. 
••• 12/H:-05 
.22889£-03 
.34941£-04 
.49890::-04 
.41151E-05 
.10994E-02 
.47675E-03 
.32451E-04 
.15913£-04 

Z (FT MSL) 
9575 

N 
v.> 
o 
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APPENDIX E 

Coal Creek Stable Flow Concentration Data 

E-l Ground-level Data and Sample Point Locations 
E-2 Vertical Rake Data and Rake Locations 
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E-l. Ground-level Data and Sample Point Locations 
for Coal Creek Stable Flow Tests 
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Figure E-l-l. Ground-level Sample Points Used to Obtain 
Concentration Data for Coal Creek Stable 
Flow Tests. 
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~UN CdCI 

wINU VEL.OCITY 
EXII VELOCITY 
vOLUI'4E. FLOW 
SOU~CE STRENbrH(pp~) 
BACKGROUND 
CALl~~ATION FACTOR 
RANbE 
REF'EHENCE HEIGrlT 
RELEASE DIAMETER 
RELEASE LOCATIUN 

MODEL 
.la30 ~/S 
.2109 MIS 

.1205E-05 "'**3/5 

.1600E+Ub 

.7S10E+03 

.4191E-02 
10 

.3115 CM 

.2380 C~ 
X eM) Y (M) 

323~31 4303554 

SAMPLE RAw N"RMALIZED 
PT. (AREA) ,..ONC( - ) 

1 1u9. o • 
2 3563. • 11277£-03 
3 13061. .4~36:;E..-03 
4 21744. .84+18bE-03 
5 2tiSi+l. .11144E-02 
6 217/4. .8430SE-03 
7 176d4. .b7904£-03 
8 8147. .c~659E-03 
9 50b7. .17308£-03 

10 1509. .30391£-04 
11 7b5. .56142E-06 
12 12~2. .21695(-04 
}3 10047. .37l"18E-03 
14 16628. .b3h69E-03 
15 17720. .btiU48E-03 
16 24381. .~4784E-03 
17 1b626. .636blE-03 
18 741. o. 
19 719. o. 
20 723. o. 
21 6~b. u. 
22 732. o. 
23 71+2. o. 
24 741. o • 
25 11810. • 30902£-02 
26 731/H. .29044£-02 
27 39]43. .1539bE.-02 
28 5496. .19028E-03 
29 17t;O. .1+12b4f.-04 
30 6tib. u. 
31 7U5. o. 
32 -7040'+ 1. .28203E-OI 
33 232411. .928Y9E-02 
34 1404. .26186E-04 
35 6ti2. o. 
36 77~. .11228E-05 
37 728. o. 
38 690. o. 
39 607. u. 
41 765. .:ib142E-06 
42 ll~3. .17725E-04 
43 1M. o. 

Z (FT ~SL) 
9400 
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RUN C8C2 

WINO VELOCITY 
EXIT VEL.OCITY 
VObUHE FLOW 
SO HCE STRENbTH(PP~) 
BACKGROUND 
CALIBRATION FACTOR 
~ANGE 
REFEHENCE HEIGHT 
RELEASE OIAMtTER 
RELEASE lOCAflUN 

MODEL 
.296u MIS 
.2709 MIS 

.1205E-05 M**3/S 

.1600E.06 

.7235E+03 

.4191E-02 
10 

.3175 eM 

.2380 C~ 
X UU Y (M) 

323831 4303554 

SAMPLE RAw 
(AREA) 

668. 
746. 

1164. 
1584. 
1989. 
2352. 
1810. 
1311. 
11b8. 

N"RI"1ALIlE:D 
PT. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

~~ 
33 
31t 
35 
36 
37 
38 
39 
41 
42 
43 

792. 
651. 
909. 
9~9. 
884. 

1079. 
984. 

12&5. 
8b1. 

1009. 
836. 
71b. 
70~. 
694. 
822. 

IllS. 
1125. 
980. 
817. 
761. 
69tt. 

3605. 
35u3. 

607. 
633. 
Stt9. 
941. 
713. 
111. 
691. 

1377. 
698. 

"ONC( - ) 
u • 

• 14594E-05 
.2aS·12E-04 
.55815E-04 
.t:S2085E-04 
.10563E-03 
.70474E-04 
.38107E-04 
.21:1832£-04 
.441t32E-05 o. 
.15924E-04 
.17&70E-04 
.10411E-04 
.23059E-04 
.168~7E-04 
.36421E-04 
.89188E-05 
.18519E-04 
.72972(-05 

u. 
o. o. 

.63891E-05 

.26231E-04 

.26043E-04 

.16638E-04 

.99566E-05 

.28216E-05 
o. 

.18690E-U3 

.ld029E-03 
o. 
O. 
o • 

• 1410HE-04 
o. 
O. o. 

.42388E-04 
o. 

Z 'FT ~SL.) 
9400 
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B-2. Vertical Rake Data and Rake Locations 
for Coal Creek Stable Flow Tests 



WlNLJ 'ItLU(lTY 
lXII Vf:LUCl Tr 
VOLuME FLOW 
S00~C~ ST~ENbTH(PP~) 
tiACI<.GROUNO 
CALl~RArluN fACTu~ 
kA,~bE 
~t:Ft:HEI\JCf. HEIGrll' 
RELt.ASf: IJ I ~Mt 1 t:.R 
~EL~A5t LUCAlluN 

238 

M()UEL 
.18Jn MIS 
.21U"j P1/S 

.120~E-O~ M**3/S 

.lbOOE+U6 

.l)~2UE + 0:4 

.419JE-02 
Il) 

.31'~ CM 

.~3titJ ~M 
X (M) 't (1Ifl) 

3~3bJl 4j03S~4 

~AM~LE 
PT. 

RAw 
(ARt-A) 
217/4. 

17\1':;,. 
1103. 

7!b. 

N,,~MALllt.U 

'27 
28 
2~ 

1 
2 
3 
4 

8 
9 

10 
13 
14 
}5 
19 
20 

113. 
ll~l. 
1143. 

1442. 
3507. 
l1t:i3. 
11'+0. 
4SbU. 
4539. 
H(~. 

16/0. 

,..ONe( - ) 
.tj,+542~-03 
.2t;1?'.Jf'~-()j 
• 164t:l,2t::-04 
.~b244E-06 
• 324t-321:.-05 
.2uullE-04 
.ltHJ86E-U4 

.J0076E-04 

.11S?9E-03 
• ~bU30E-O.J 
.1 79b5E-if4 
.I~~11E.-u3 
.1~421t.-0.3 
• ·7j-jij6£-O~ 
.3~~19E-04 

I (Fr ~5L) 
~4\JO 
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~UN CtH .. J 

~ I jlJ U V FLU CIT y 
fXI' VELUCITY 
VOLUME FlUw 
SOuHCE Sr~tN~rH(pp~) 
HACl\b~ULJND 
CALl~RArlON fAtTu~ 
Io<ANbt. 
REFEHENCf HEIGHT 
~ELEASE UIAMETER 
RELEASE LOCArluN 

MOtJtL 
.1~iU MIS 
.27tJ"J MIS 

.12o~t-u~ MOO]/S 

.16UO£+06 
• -'J2~t+"j 
.4191E-I)~ 

10 
.31/S c~ 
.23tlO C~ 

1.. (,." Y (M) 
32J~31 4303~54 

SAM""LE 
PT. 
22 

RA" 
(ARt:A) 

",,~I¥1ALIlElJ 

23 
24 
25 
26 
21 
28 
i?9 

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
) 1 
18 
19 
20 
21 
22 
~3 
24 
2~ 

6:)M. 
20~2. 

177t!.4. 
432~4. 
~t::'1~2. 
360:,9. 
221/,.,. 

554!:l. 
~28'~. 
372/9. 
649~2. 
6"1661. 
3681:.1u. 
228~t.i. 

732~H. 
82..:S4. 
47~5. 

4053~. 
417j2. 
JU2/2. 
19243. 

44fj2. 
54d3. 
37t:Li. 
174~. 
12u/. 

8,+7. 
16~2. 
12.1"'. 
1jh. 
5~6. 
1co:,. 

rONC( - ) 
u • 

• S,+:'J8t:-04 
• btSl34E.-03 
.110b41:-02 
.2u608E-02 
.14166E-02 
.8~~92E.-O] 
• 1929'lE.-O] 
.8tiHUfE.-u3 
.14656£-02 
.2S14~E-u2 
.2b842E-02 
.14496£-02 
.8ti841E-03 

.~~07cE-()2 

.30082£-03 

.lb291f.-03 

.159blt.-"2 

.lb441r.:.-02 

.11M46E-02 

.74230E-03 

.lS036E-03 

.1':1050E-03 

.12233[-03 

.40123E-04 

.19U2rlE-04 

.4S916E-05 

.3oti13E.-04 

.1~S09E-04 

.14036E-06 
o. 
o. 

Z (Ft ~SL.) 
~400 



wiNU 'if-LOCIT' 
eXI t vf~LvCl TV 
¥OLUME FLOw 
SOU~CE 5TklN~TH(PPM) 
8ACf(GRUUND 
CAL1~RArlON fALTOW 
WA;\jliE 
REFt:.HENCE HE 1 (;t1 T 
RELEASE OlAM~Tt:.R 
~E.L.t.ASE LOCAlluN 

SAMPLE. t-<Aw 
(ARr..A) 

9/0. 
PT. 
22 
23 
24 
2~ 
26 
21 

1 
2 
3 
4-
S 
b 
1 
8 

64~1. 
~18b3. 
9U813. 
4t;i4t17. 

9t>1. 
21210. 

J51o. 
711. 
6'18. 
6M2. 

o4~H. 
934. 
71b. 

240 

Z (FI' 11451..) 
9400 
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CSC 6 _ CaC5 cac 4 
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Figure E-2-2. Sampling Rake Position for Obtaining 
a Vertical Cross Section of the Plume 
192.5 cm (3.66 km) Downwind from a 
.318 em Release at T16 for the Coal 
Creek Stable Flow Tests. 
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RUN Cde6 

WINO VELutITY 
EXl. VELOCITY 
VOLUME FLOW 
SOU~CE STRENblH(PPM) 
8ACt<GROUNl) 
CALI8RATION fA~TUH 
HA;·· ... bE 
HEFt:HENCE .iE 113.1 r 
~ELEASE OlAMEftR 
HELt:ASE LOCAflvN 

MODEL 
.1"30 MIS 
.2'709 MIS 

.1205f-05 M**3/S 

.lbOOE+Ob 
• 7105£ + 0.1 
.41Ylt:-Ol 

10 
.31'15 CM 
.'?3tiO C~ 

X (114) Y (M) 
323~31 4303554 

SAMPLE ~A~ 
'ARttO 
2460.0. 
11701. 

N"R~ALIZEO 
Pl. 

7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

89dJ. 
60~1. 
1801. 

12026. 
1151H. 
~3846. 

77f>. 
811. 

lOtto. 
1112. 
"36~6. 
6~5. 
7::'0. 
711. 
703. 

1149. 
692. 
6!)8. 
692. 
700. 
11'#. 
6'9. 
641. 
7t!.1. 
672. 
716. 

rONC' - ) 
.96041E-03 
.44014E-03 
.33174E-U3 
.21416£-03 
.28615£-03 
.45311E-03 
.67401£-03 
.92717£-03 
.26261£-05 
.40302E-05 
.lJ213E-04 
.16101E-04 
.3l023E-03 

o • 
• 15840E-OS 
.24261£-05 
.ZlO!::>3f-og 
.1 '1585£-04 

o. 
o. 
o. 
o • 

• 34086£-06 
o. 
o • 

• 661&8£-06 o. 
.22056£-06 

l (FI ~SL) 
94UO 



wI," 0 V £ L 0 L J 1 Y 
t:,XIf VELOCITy 
VOLUfl4f FLUw 
SOU~CE ~rH~NbrH(pPM) 
8ACK(j~OUNO 
CAL1~~ATIUN FAC1UR 
kA",(j~ 
H~~~WENCE HEi6Hl 
~EL.t.ASE IJ!AMt:.Tt.Fol 
RELEA~E LOlAfluN 

243 

MODEL 
.1830 MIS 
.270Y MIS 

• 1 t?u5f~-U5 ~** 3/5 
.1600E+U6 
• "Tt?luE,..03 
.4191E-Oi 

10 
.317~ eM 
.23HO C"1 

X (M) '( , ... ) 
323831 4303554 

SAMjo)LE ~Aw 
(AREA) 
~b206. 
40705. 
42141. 
353/U. 
236U7. 
13719. 

N,,~MAL!lEU 
PT. 

1 
2 
3 
'+ 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
}9 
20 
21 
?3 

4().J4. 
66J.8. 
14tsu. 
19M7. 
19:;'~. 
18/3. 
1202. 
1504. 
A~3. 
7.10. 
1U4. 
6'JO. 
111. 
1~". 
bh2. 
b4·'. 

,.u"c ( - ) 
.11022E.-O? 
.lb034t:.-02 
.lbf)llJE.-02 
.1JH95,t::.-02 
.91176t.-OJ 
.~~1?4E-03 
.lJ2136t.-03 
• 2364t:H:.-O] 
.30431l:.-0c+ 
.501b9t.:-')4 
.4Y4H~E.-04 
.4t>197f-04 
.21695£..-04 
.31'+OOf-04 
.4(J~O'+£-05 

o. 
o. 
o. 
v • 

• 11t)29t:.-O~ 
u. 
o. 

Z 'Fl ~~L..) 
9400 



wtNO VELOCiTY 
EX!l VEL.OCITY 
VOLiJME FLO~ 
SOU~CE STREN~TH(~PM) 
BACKGROUND 
CAL1~RATION rACTO~ 
RAN6E 
REFERENCE HEIGHT 
RELEASE OIAMtTt.R 
~ELt:ASE lOCAflUN 

244 

~OUEl 
.2960 MIS 
.210t,J MIS 

.120~E-O~ H**3/S 

.1600£.06 

.701~E.03 

.41YIE-Ol 
10 

.3175 eM 

.238() eM x (M) Y 01) 
3~3M31 4303SS4 

SI'MPLE HAtttl 
(ARlA) 

7.4. 

NI"\HMALllf.O 
PT. 

1 
2 
3 
1 
2 
3 
4 

6 
7 
8 
9 

10 

11 
13 
14 
15 
16 
11 

J1:>d. 
212~1. 
1901M. 

98e::8. 
3400. 
11 'I"' • 

2315. 
1000. 
812. 
6l;8. 
6esS. 
7~7 • 
Av9. 
608. 
6~4. 
6Hl. 
663. 
6419. 

rONC( - ) 
.MIOAOE.-Ub 
.19826£-03 
.13349£-02 
.11881E-"2 
.S.,.198E-03 
.17tV:lJE-03 
.JOd4JE-04 

.lu85!:>£-03 

.19362£-04 

.11059E-O,+ 
o. 
o. 

.61945£-05 

.6~728E-05 
u. 
u. 
o. 
o. 
o. 

Z (F"f MSL) 
9400 
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APPENDIX F 

Alkali Creek Stable Flow (Westerly Wind) 
Concentration Profile Data 
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Figure F-l. Sampling Rake Locations for Obtaining a Vertical Cross Section of the 
Plume 60.9 cm (1.56 km) Downwind from a 0.318 cm (8.14 m) Release Point 
at T4 for the Alkali Creek Stable Flow (West Wind) Tests. 
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RUN CdAb 

wlr~O VELOCITY 
EXII VEL.OeITY 
VOLUME FLOW 
SUuHCE STRENGTrl(PPM) 
~ACr(GROUND 
CAL!~~ArIUN FACTUR 
~ANGE 
REFERENCE HEIGHT 
t<ELEASE U!AMEIt.R 
~ELE.ASE LOCATIUN 

MODEL 
.1290 MIS 
.27u9 MIS 

.1205E-05 M**3/S 

.1600£+06 

.7100(+03 

.4149E-02 
10 

.3115 eM 

.2JHO eM x (M) Y (M) 
3134102 42H6b12 

S~MPLE RAW N"RMALILED 
PT. (ARE-A) rUNe( - ) 

1 7J.8. .22389£-06 
2 7~'i!. .t!2949E-OS 
3 772. .1-'352E-05 
4 A~3. .31625E-05 

6 8~l+. .40301E.-os 
7 892. .50936£-05 

9 15918. .42562E-03 
13 184. .207101::-05 
14 A13. .45618E-05 
15 10u3. .82001E-05 
16 1032. .90111E-05 

18 376B4. .10348E-02 
19 8H5. .4ti9l7l:.-0S 
20 1068. .10019(-04 
21 2709. .55946E-04 
22 -'309. .18468E-03 
23 73b3. .18592E-OJ 

25 86-,9. .22303E-03 

27 1~li2. .51529£-03 
28 A,+O. .3b383E-OS 
29 8~3. .31625E-05 
30 1512. .24125E-04 
31 11038. .l+~697E-03 
32 18344. .49352E-03 
33 18632. .50158E-03 
34 19658. .53029E-03 

36 334~9. .91570E-03 
37 7~8. .50376E.-06 
38 6b2. o • 
39 7'J4. • 23S09E-05 
40 110. o. 
41 701. o. 

Z (F'- MSL.) 
9515 
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RUN CBAS 

WINO VEL.OCITy 
EXIT VELOCITY 
vOLuME FLO~ 
SOU~CE ~rRtNbTM(PP~) 
tiAC~GROUNO 
CALld~ATlON FACTOR 
RANGE 
HEFf.HENCE HEIGHT 
RELEASE OIAMEftR 
~ELf.ASE LOCAtION 

MODEL 
.ll~() MIS 
.2-'09 MIS 

.1205E-05 M**3/S 

.1600E+v6 

.14~Of..(}j 

.4149£-02 
10 

.3175 CM 

.2JdO CM 
X ·(M) Y (~) 

3134102 42H6612 

SAMPLE RAw Nn~,\IIAL IlE.O 
PT. (AREA) rUNe( - ) 

1 755J9. .20932E-02 

3 45921. .12643E-U2 
4 420d8. .11571£-02 
5 1-7239. .4b161£-03 
6 344d4. .94425£-03 
7 38Z17. .10487E-u2 
8 2186. .40329E-04 
9 7d3. .1063~E-05 

10 b7404. .1 tHi56E-02 
11 102cl. .1~444E-02 
12 4672u. .12867f-02 
)3 273ti4. .145~4E-03 
14 34~!)O. .~48A9E-03 
15 ~68b9. .16261t:-02 
16 15828. .42212E-03 

18 992. .6~127E-05 
19 63440. .17546E-02 

21 314~O. .10213E-02 
22 l'12b3. .462?9E-03 

75 '17 is. .19543£-03 
26 906. .blEi51E.-OS 
'17 7b5. .55914t:-06 
28 29400. .80196£-03 
29 ~916. .25661E.-03 
30 16tt7. .19316E-03 
31 2153. .39405[-04 
32 2217. .41191£-04 
33 151+7. .22445£-04 
.34 915. .64370E-05 

36 1b4. .531'15E-06 
37 7&4. .53175f~-06 
38 74>4. o. 

Z (Ff ~SL.) 
'15/:' 
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Figure F-2. Sampling Rake Locations for Obtaining a Vertical Cross Section of the 
Plume 121.9 cm (3.12 km) Downwind from a 0.318 cm (8.14 m) Release 
Point at T4 for the Alkali Creek Stable Flow (West Wind) Tests. 
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.-<UN CdAI 

wINO Vt::.LOCITY 
EXI' VEL.OlITY 
VOLuME FLOw 
SOu~CE 5TRENuTHCPPM) 
t-jACf(G~UUi~O 
CALIBRATION FA~TO~ 
HANtif 
HEFfHE~CE Hfll:tHT 
~ELt::A5E OIAMETE.R 
RELEASE LUCAfIUN 

MouEL 
.1(':10 MIS 
.2709 "'/5 

.1205E-US M**j/S 

.1hOOE+Ob 

.7280£+03 

.414~E-02 
10 

.3}1':> eM 

.23HO CfIo1 
K (M) Y (M) 

31341u2 ~28b612 

SAM..,LE RAw NI)HMAL I ZE:.LJ 
PT. CARtA) ,..OI~C( - ) 

1 7bb. .106351:.-05 

3 Rb3. .31-'H2£-05 
4 AJU. .~8~4"E.-OS 
5 ltil+~. .3137JE-u,+ 
6 28b3. .5915lE-04 
7 40/U. .93532E-04 
8 109~b. .2d5'l1E-03 
9 222b4. .60?72t.-03 

10 1192. .12986E-04 
11 13t!-'. .16.,64£-04 
12 141M. .20QQOE-04 
13 1814. .32073E-U4 
Ib 2911. .61095E-04 

18 tl9l+'+. .22994E-03 
20 A/7. .41700E-05 
24 18b9. .31Y33E-04 
2S b60f1. .lb459E-()3 
26 ~6'14. .1313981.:-03 
21 7711. .19-728E-03 
34 lA~O. .3~562E-04 

36 9010. .23119E-03 
39 qjS. .5f93JE-05 
40 7J.~. o. 

Z (FT \4ISL.) 
9515 
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RlJN C8A4 

WINO VELOCITY 
EXIT VELOCITY 
\lOLuME FLOW 
SOURCE STRENuTrl(PPM) 
8ACKGROUND 
CALIBRATION FACTUR 
RANGE 
REFERENCE. HEIGHT 
RELEASE DIAME.T£R 
HELt.ASE LOCATIVN 

MODEL 
.1290 MIS 
.2709 MIS 

.1205E-05 M**3/S 

.lbOOE+U6 

.7420E+03 

.4149E-02 
10 

.31.,5 LM 

.23tiO CM 
X eM) Y (M) 

3134102 428bb12 

SAMPLE RAw Nf,RMAL! lED 
PT. (AREA) rONce - ) 

I eSJ'I. .21816E-03 
2 5839. .14~b5E.-03 
3 !j37~b. • 14rl29E-OZ 
4 b06'1b. .lb779E-02 
S 3~614. .97763£-03 
6 ~24~1. .14483E.-02 
7 113~9. .46422E-03 
8 1901. .3t!437E-04 
9 986. .6fJ2H8E-05 

10 2'7013. .lJ~24E-03 
11 42521. • 1 16':13E.-02 
12 25508. .6~312E-03 
13 2'+541. .66606E-03 
14 127,+9. .33b04E-03 
15 2234'i. .60471E-03 
16 187uO. .502S9E-03 

18 783. .1147~E-05 
19 5748. .14010l:-03 
21 70u7. .11534£-03 
2~ 94!:)B. .24393£-03 

25 1324. .lb288£-04 
26 13:'0. .17016E-04 
27 908. .b3250E-05 
28 6132. .15085E-03 
29 3620. .80~46t::-04 
30 5134. .12292E-03 

32 7111. .1799JE-03 
33 ~6J2. .13686l:-03 
34 39~9. .M91~4t::-04 
35 1651. .25608f~-04 
36 7d~. .12u34E.-OS 
37 8~8. .24069f-OS 
38 721. o • 
39 937. • 54574t::-OS 
40 742. o. 
41 750. .22389E-06 

Z (F r MSL) 
95/5 
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Figure F-3. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 182.8 
cm (4.68 km) Downwind from a 0.318 cm (8.14 m) Release Point at T4 for the Alkali 
Creek Stable Flow (West Wind) Tests. 
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~UN tSA3 

wINO VEL.OCITY 
EXIt VEL.OCITY 
VOLUME FLOw 
SO~HCE STRENijTrt(PPM) 
BACf(6RQUNU 
CALIHRATION FALTu~ 
RANGE 
RfFERENCE HEIGMT 
RfLt.ASE OIA~Elt..R 
RELEASE LOCATION 

MODEL 
.14:90 MIS 
.2709 MIS 

.1205(-Q5 M**3/S 

.1600£.06 

.1150E.03 

.4149[-02 
10 

.3115 eM 

.23tiO eM 
x hH Y (M) 

3134102 4~8661i 

SAMPL.E RAW N,,~MAL1Zc.O 
PT. (AREA) rUNC( - ) 

} 3751. .B49t>ijE-04 
'2 ~366. .,+6206£-04 
3 9215. .23957£-03 
4 131bO. .34802£-03 
5 1374J. .36456E-03 
6 22722. .61591£-03 
7 163tl5. .'+385Sf-03 
8 111 :,. .11139£-04 
9 7f!.1. .33584(-06 

10 32(1. .71534£-04 
11 42~4. .~9885E-04 
12 99ut.. .25123£'-03 
13 128Y4. .34085t-03 
14 17036. .45677£-03 
15 220ul. .S~573E-03 
16 b5i2. .16252£-03 

18 730. .419BOE-06 
19 4813. .11637£-03 
20 SltS7. .12516£-03 
21 7630. .193S3E-03 
22 10'+5. .11716t:.-03 

25 280Ue .60032E-04 
26 1+26. • 1150::lE-04 
27 90. .20990E-05 
28 3685. .83121£-04 
29 18,32. .31261f-04 
30 24i6. .418R5E-O,+ 
31 831. .32465£-05 
32 13otJ. .1t$~·'5t-04 
;i3 967. .1u527£-05 

:35 36<:7. .tJI49{;t-04 
36 71;9. o. 
37 71'1. .55914£-01 
38 714. u. 
~:')9 9b7. • 10~c·(f.-O!:t 
40 7331# • ~03 "/0£-06 
41 715. o. 

Z (FT ~SL.) 
951':) 
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Figure F-4. Sampling Rake Locations for Obtaining a Vertical Cross Section of the 
Plume 243.8 cm (6.24 km) Downwind from a 0.318 cm (8.14 m) Release 
Point at T4 for the Alkali Creek Stable Flow (West Wind) Tests. 
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RuN C~Al 

wINU VELOCITY 
EXIl VELOCITY 
VOLUME FLOw 
SOURCE STRENGTrl(PP~) 
BACt(GROuNO 
CAL1~~ATION fACTOR 
RANGE 
~EFERENCE HEIGHT 
~ELEASE ()I~METER 
RELEASE LOCAlluN 

I'4QUEL 
.1~90 1'4/5 
.2709 MIS 

.1205E-05 ~ •• 3/S 

.1bOOE+Ob 

.7555£+03 

.4149E-02 
10 

.3175 eM 

.2380 eM x (M) Y (M) 
3134102 4286612 

SAMPLE RAW N ~MALIlED 
~ONC( - ) PT. (ARt~A ) 

1 o. o. 
2 800. .12454E-05 
3 936. .:;U516E-05 
4 2029. .3~641E-(j4 
5 3609. .19~bOE-04 
6 8181. .2u798£-03 
7 11381. .t.9131E-03 
8 195~2. .~2689E-03 
9 12538. .32975E-03 

10 913. .44079E-05 
11 1093. .94455E~OS 
12 1986. .34438E-04 
13 J9S5. .89544£-04 
14 8401. .21414£-03 
IS dlJ3. .20647E-03 
16 -/833. .19808E-03 

18 10584. .27501£-03 
19 13~b. .15966t:-()4 
21 4094. .93434E-04 
22 3709. .82b59f.-U4 

25 7513. .1~912E-03 

27 23tH. .45493E-04 
28 1833. .3015hE-04 
29 20(9. .31041E.-04 
30 1668. .25538£-04 

j~ 1411. .1t;34SE-04 
1716. .2b881E-04 

33 1408. .182bl£-04 
34 12~5. .15099~-O4 
35 1434. .18989E-04 
36 130J. .15323E-04 
37 74+0. o. 
38 7':''1. o. 
40 7t!6. o. 
41 732. U. 

1 (FT MSL.) 
9515 
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RUN CHA~ 

wINO VELOCITY 
EXI' VELOCITY 
VOLUME FLOw 
SOuwCE STREN6TH(PP~) 
~ACKGROUND 
CALIBRATION ~ACTOR 
RANGE 
REFt.HENCE HEIGrlT 
kELEASE DIAMETl:.R 
RELEASE LOCAfluN 

MOOEL 
.12~O MIS 
.2109 MIS 

.120~E-05 MooJ/S 

.1600E.(J6 

.7300£.03 

.4149E-02 
10 

.3175 eM 

.23HO eM x (M) Y (M) 
3134102 428b612 

SAMPLE 
PT. 

1 
2 
3 
4 
5 
6 

RA.1 
(AREA) 
196:'f7. 

"11b8. 
73u7. 
19~7. 

N,,~~ALIZED 
rONe( - ) 

.52~15f:.-03 

.18018E-03 

.18401£-03 

.33~OOE.-()4 

10 

l~ 
13 
14 
15 

~~ 
21 
22 
?3 
28 

30 
37 
38 
48 

724. 
7"+ 1. 

2u6~6. 
154b1. 
3648. 

831. 
7l8. 
74b. 

7e/b. 
51~3. 
1611. 
7~8. 
758. 

2634. 

805. 
742. 
722. 

o. 

u. 
.30785E-06 
.!:)Sti78E-03 
.4124ltE.-03 
.81665£-04 
.28261E.-05 u. 
.44 "719E.-06 
.19999£-03 
.12491£-03 
.246~6E-04 
.1"J031E-OS 
.7~363E.-06 
.:;3287t::.-()4 

.20990E-05 

.33584E-06 
u. 
o. 

Z (F T ~SL.) 
9515 
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Figure F-5. Sampling Rake Locations for Obtaining a Vertical Cross Section of the 
Plume 60.9 cm {1.56 km} Downwind from a 2.54 cm {65.02 m} Release Point 
at T4 for the Alkali Creek Stable Flow {West Wind} Tests. 
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RUN CBAl4 

WINO VEL.OCITY 
EXIT VEL.OCITY 
VOLUME FLOW 
SOuHCE STHENGTH(PPM) 
bACKGROUND 
CALISRATION FACTOR 
RAi~GE 
REFERENCE HEIGHT 
RELEASE DIAMET~R 
RELEASE LOCATION 

MODEL 
.15~O MIS 
.2709 MIS 

.1205E-05 M**3/5 

.lbOOE+06 

.6885£+U3 

.4149E .. 02 
10 

2.54 eM 
.2380 eM x (M) Y (M) 

3134102 4286612 

SAMPLE RAW NnRMALIZEO 
PT. (ARt-A) FONC( - ) 

1 731. .14292E-OS 
2 748. .20008E-O~ 
3 8ij2. .b~069E-05 
4 1034. .11618E-04 
5 973. .95670E-05 
6 lObi. .12526E-04 
7 11~O. .15519E-04 
8 12b6. .19420E-04 
9 1467. .26179E-04 

10 934. • 82556t:.-05 
11 942. .85246£-05 
12 1291. .20261t:-04 
13 14,3. .2(:)381t::-04-
14 16()U. .3~b"'9E-U4 
l~ 13TH. .t?jlHbt-U4 
if' l6~4. .33rl12E.-04 
1M 1031. .21328'-:-03 
}9 8tH,. .bltl87t:.-05 
21 17~6. .3~H97E-U4 
2~ 377c. .10369£-03 

25 188~6. .bU92~E-03 

27 37128. .12254£-U2 
28 693. .IS132E-06 
29 703. .48160E-06 
30 8bl. .58008E-05 
31 12~9. .18176(-04 
32 2715. .68146E-04 
33 26~3. .6S725F.:-04 
34 2600. .64279E-04 

36 bOoR. .11888E-03 
40 655. U. 
41 6~4. U. 
42 704. .S~123E-06 

z eFr A4SL.) 
9515 
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RUN CtiA13 

wINO VELOCITY 
EXIT VELOCITY 
VOLUME FLOw 
SOU~CE STRENbTH(PP~) 
BACI\GRQUND 
CALIBRATION FACTOR 
~Ai .. GE 
t'lEFt:~E·.JCE HE IGt1T 
~£Lt.ASE DlflM£ltR 
~EL~ASE LUCATIuN 

MODEL 
.1550 114/5 
.2709 MIS 

.1205E-05 M**3/S 

.1600E.U6 

."99~E.v3 

.4149E-02 
1 () 2.54 CM 

.l3tll) eM 
1. (M) Y (M) 

jlJ41t)(> 4t!H6612 

SAMt-JLE RAw N.,,;.(MAL I lED 
PT. (AREA) ";'ONC( - ) 

.. 27b3. .69J90E-04 
5 32b9. .8b406E-04 
6 4467. .12669E-03 
7 4342. .12249E-03 
8 3614. .98001E-04 
9 4422. .12518E-03 

10 28637. .93941E-03 

l~ 33603. .11065E-02 
16009. .514&2E.-03 

13 3608. .918()6E-04 
14 231+6. .55368E-04 
15 5408. .15834E-03 
16 4467. .li669E-03 

18 10362. .32493E-03 

~~ 17758. .57364E-03 
24915. .81431E-03 

21 18916. .b1258E-03 
22 lH03t' • .S8c78t:.-o3 

2~ ~65"'u. .dl0b3f:-03 
26 -'4'.15. .22852E-U3 
27 5449. .15971E-03 
28 2403. .S728~E-04 
29 11~3. .1'f.241t.-04 
_iO 48\14. .lJtlO2E-U3 
32 Iblb. .32837E-()4 
33 1217. .174U2t:.-04 
~4 lO~2. .121'363£-04 
]~ 143J. .245CoJ~t:-U4 
36 t2805. .74335E-03 
37 725. .85150E-06 
38 657. o. 
39 780. .27010£-05 
40 712. .42034£-06 
43 649. O. 

l (FT MSL.) 
951:; 
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Figure F-6. Sampling Rake Locations for Obtaining a Vertical Cross Section; of the 
Plume 121.9 cm (3.12 km) Downwind from a 2.54 cm (65.02 m) Release Point 
at T4 for the Alkali Creek Stable Flow (West Wind) Tests. 
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RUN C~A16 

wli~O vELOCITY 
EXIl VELOCITY 
VOLUME FLOW 
SOuHCE STRENbTH(PP~) 
8ACl\GROUNU 
CALIBRATION FACTOR 
RANGE 
REFERENCE HEIGHT 
HELEASE DIAMET~R 
~ELtASE LOCATION 

MODEL 
.1550 MIS 
.270'J MIS 

.J205E-05 M**3/S 

.1600E.06 

.b930E.03 
• 4149E;" -U2 

10 2.54 eM 
.2380 CM 

X (M) 'f (M) 
3134102 428bbJ2 

SAMPL.E RAW Nf')RMALIZEO 
PT. (AREA) r-ONe( - ) 

1 1713. .34300E-04 
2 1534. .28281£-04 
3 ~4'O. .5915bE-04 ,. 6392. .1~lb .. E-03 
5 '+8~9. .14110E-03 
6 14J7. • ~2b'78E-03 
7 6912. .2091JE-OJ 
8 H)bJ. .2~120E-(J3 
9 ~3b~. .2~16~E-03 

lO 32t.14. .~11?'9E-t)4 

12 3141. .Hc~2~E.-04 
13 3431. .9~214E-1'4 
14 J21b. .84H42E-04 
15 54cl. .lb919E-03 
16 4623. .13216E-()3 

18 105~1. .33285E-03 
19 16b2. .32249E-04 
21 11~O. .14359E-04 

21 1504. .2.,272E-04 
28 9~0. .96511E-05 
33 670. o. 
34 "72. o. 
35 129':#. .2U378E-04 
36 6:'8. o. 

Z (Fr A4SL) 
951S 



wINO VELUCITY 
EXII VE.LOCITY 
VOLUr4E FLOw 
SOuwCE STRENbTH(PPM) 
8ACt\GROUND 
CALl~RATION FACTOR 
RANaE 
REFERE1'4CE. HEIGHT 
RELEASE OIAMETt.R 
RELt.-:ASE LOCATIoN 

262 

MOOEL 
.1550 MIS 
.27UQ MIS 

.1205E-05 M**3/S 

.1600E+Oo 

.6810£+03 

.414":iE-02 
10 

2.54 eM 
.2j80 CM 

X (M) Y (M) 
3134102 4286612 

SAMPLE RAw N..,IiMALIZEO 
(AREA) PT. rONC( - ) 

1 12blb. .40134E-03 

3 14427. .46224E-03 • 21085. .08614E-03 
5 1~097. .48471E-03 
6 21845. .11169E-03 
7 23453. • 16517E-03 
8 24649. .80598E-03 
9 3804. .10502E-03 

10 8712. .27006E-03 
11 100bO. .31539£-03 
12 732'1. .22356E-03 
13 8217. .25342E-03 
14 95u2. .2~66JE-03 
15 9731. .31J43Jt-03 
16 99~1. .J117JE-03 

18 3581. .~1722E-04 
20 2795. .71089E-04 
21 1736. .35471£-04 
22 1323. .21589£-04 
26 1774. .36155£-04 
27 8689. .26929E-03 

34 670. o • 
37 700. • b3892E-06 
39 701. .t,1255E-06 
40 675. o. 
41 6'3. o. 

1 (F T ~SL.l 
9515 



263 

~lJ'" C~A15 

WINO VELOCITY 
EXll VELOCITY 
VOLUME FLUW 
SOURCE STR£NbTH(PPM) 
BACKGROUND 
CALISRAJION FACTOR 
HANGE 
REFEHE~CE HEIGHT 
REl.EASE DIAMETER 
RELEASE LOCATIUN 

HOvEL 
.1550 MIS 
.210Q MIS 

.llO~E-05 M**3/S 

.lbOOE+06 

.fl18UE+03 

.4149£-02 
10 

2.54 eM 
.2380 eM 

)( U-t) Y (M) 
3134102 4286612 

SAMPLE HAw N"RMALIZEll 
PT. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

12 
13 
19 
34 
48 

(AREA) 
76/2. 
34u7. 
12~b. 
1406. 
717. 
6~9. 
7u6. 
61+b. 
652. 

4030. 

903. 
8'+4. 
7b5. 
7U,+. 
591. 

rONe( - ) 
.2j~19E-03 
.91770t.-04 
.1'1100£-(14 
.~b49YE-04 
• l.:H 1 5E. - OS 

o • 
• 94157E-()fl 

v. u. 
.11272E-03 

.9~a3dE-05 

.5S822E-05 

.2925bE-OS 

.S1432E-06 
o. 

Z (FI ~Sl..) 
951S 
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Figure F-7. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 
182.8 cm (4.68 km) Downwind from a 2.54 cm (65.02 m) Release Point at T4 for 
the Alkali Creek Stable Flow (West Wind) Tests. 
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~IJN CdAll 

WINO VELOCITY 
EXll VEL.OCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BACKGROuND 
CALI8RATION FACTO~ 
RANGE 
KEFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCAfION 

~OOt::L 
.IS~u MIS 
.2709 MIS 

.1205E-US M**3/5 

.1600E.U6 

.6905E+03 

.411f,9t-02 
10 2.54 eM 

.238" CM 
X (M) Y (M' 

3134102 4286612 

SAMPLE HAw NnRMALIZEU 
PT. (AREA) ,.ONC( - ) 

1 7~8. .12610E-OS 
2 816. .42203E-05 
3 980. .97352E-05 
4 2056. .4~918E-04 
5 26t;,l. .664b5E-04 
6 5435. .15955E-03 
1 8468. .26154E-03 
8 9515. .29816£-03 
9 1413. .22606E-03 

10 1931. .4191"1(-04 
11 1629. .31559E-04 
12 3518. .91100E-04 
13 461~. .13409E-03 
14 lO3~b. .3~S03E-03 
15 10833. .3410'E-u3 
16 8322. .25663E-03 

18 8502. .2b268t-03 
19 3127. .81933E-04 
20 ~604. .1652JE-OJ 
21 70U2. .212?4E-03 
22 6122. .18265E-03 

25 2447. .S906!E-04 

28 2231. .S1803E-04 
29 2312. .56545E-04 
30 2307. .54359E-04 
31 2251. .52416E-04 
32 151S. .2'1726E-04 
33 1017. .10979E-04 

37 695. .lS132E-06 
38 698. .25221E-06 
39 695. .lS132E-06 
40 619. o. 

l (Ff ~SL.) 
9575 
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RU~ CBA10 

WINO VEl.OCITY 
EXIT VELOCITY 
VOl..uME FLOW 
SOu~CE STRENaTH(PPM) 
BACKGROUND 
CALldRAflON FACTOR 
RANGE 
... EFERENCE HEIGHT 
RELEASE OIAMETER 
RELEASE LOCAlluN 

MouEL 
.1550 MIS 
.2109 MIS 

.120SE-05 H**3/5 

.160\)E+06 

.6945E+03 

.4149E-02 
10 

2.54 eM 
.2380 eM 

x (M) Y (114) 
3134102 4286612 

SAMPL..E RAw NnRMALIZEO 
pre (AR&::A) rONC( - ) 

3 6230. .18615E-03 
4 857ti. .26510f-03 
5 681S. .20SS2E-03 
6 10392. .32610E-03 
7 82bi+. .25454£-03 
8 81~3. .25081E-03 
9 6491. .19512E-03 

10 9208. .286ZQE-03 
11 13185. .42002E-03 
12 10032. .31400E-03 
13 &4c6. .19214(-03 
14 5874. .17411£-03 
15 7716. .23813E-03 

18 9bb. .9a024f.-OS 

!~ 6468. .19415E-03 
73il. .22283£-03 

21 4016. .11371E-03 
22 2333. .55099£-04 

25 849. .5.l955f.-05 
26 744. .l6640f-OS 
27 111. .55485E-06 
28 2547. .62295E-04 
29 1902. .40605£-04 
30 2312. .56410(-04 

~! lldl. • 16360E-04 
108. o. 

33 728. • 1126!lE-05 
31t 746. .17318E-05 
31 698. .11110E-06 
38 701. .21858E-06 
39 7.:J9. .14964E-OS 
48 o. o. 

Z (F r "1SL..) 
9515 
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Figure F-8. Sampling Rake Locations for Obtaining a Vertical Cross Section of the Plume 
243.8 cm (6.24 km) Downwind from a 2.54 cm (65.02 m) Release Point at T4 
for the Alkali Creek Stable Flow (West Wind) Tests. 
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WINO VElOCITY 
E,\IJ VElOCITY 
VOLUME FLOw 
SOURCE STRENuTH(PPM) 
ti'ACKGROUNO 
CALI8RATION FACTO~ 
HANGE 
REFERENCE HEIGHT 
RELEASE DIAME.TER 
RELEASE LOCATION 

268 

MOllEL 
.1550 MIS 
.2109 MIS 

.1205E-05 114**3/5 

.1600E+06 

.7130e:+03 

.4149E-oc 
10 

2.54 eM 
.2380 eM x (M) Y (M) 

3134102 42~6612 

SAMPLE RAW N"wMALIZEO 
PT. (AREA) "ONce - ) 

1 1245. .11890E-04 

3 l!>'JS. .29659E-04 
4 1860. .J8571E-04 
5 1435. .24279(-04 
6 2679. .66112E-04-
7 3006. .17108E-04 
8 3134. .81412E-04 
9 2238. .51282E-04 

10 1344. .21219E-04 

Ii 1215. • 18899E-04 
1060. .11669E-04 

15 A09. .32282E-05 
16 7S0. • 12'+42E-05 

18 71+6. .11091E-OS 
19 1102. .13081E-04 
20 1053. .11433E-04 
21 961. .8~414E-05 
24 7Jl. .60530E-06 
27 6~8. u • 
28 923. • 10618E-OS 
29 89u. .59521E'-OS 
']6 769. .18S3lE-OS 

Z (FT MSL.) 
9515 
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~UN CSA9 

WINO VEl.OCITY 
EXIl VEl.OCITY 
VOLUME FLOW 
SOU~CE STRENGTH(PPM) 
8ACKGROUND 
CALI8RATION FACTOR 
RANGE 
REFERENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCAflON 

MODEL 
.1550 MIS 
.2709 MIS 

.1205E-OS M**3/5 

.1600E+06 

.7030E+03 

.4149£-02 
10 

2 .. 54 em 
.231:S0 CM 

X (M) Y OU 
3134102 4286612 

SAMPL.E HAW No~MAL.IZEO 
PT. (ARI::.A) rONCe .. ) 

S 723. .67255E-06 
6 7ts9. .2~920E-05 
1 141. .12778E-05 
8 JOl9. • 79899E-04 

10 1352. .21824£-04 
11 161?O. .30836t:-04 
12 193H. .41530E-04 
13 2632. .64868[-04 
14 3103. .10088E-D3 
15 4094. .11403£-03 
16 6115. .18401E-03 

18 8191. .25180(-03 
19 913. .90 79itE-05 
21 1391. .23136€-O4 
22 1739. .34838E-04 

2S 4034. .11201E-03 
26 3010. • 79596E-04 
27 4696. • 13421E-03 
28 155. .11486E-05 
29 741. .12778E-05 
30 1562. .28886E-04 
31 939. .79361E-05 
32 1233. .1182lf-04 
33 11'i2. • 16444E"04 
34 1195. .~OS4SE-04 
35 1330. • 108'+E-04 
36 1562. .28886E .. 04 
37 543. o • 
42 111. • 20902£-06 
43 703. o. 
44 716. .43116E-06 

Z (FT ~SL.) 
9515 



RUN 

wINa.> VELOCITY 
EXlf VELOCITY 
VOLUME FLOW 
SOURCE STRENGTH(PPM) 
BAC~GROUND 
CAL1SRATION FACTOR 
RANGE 
REF£HENCE HEIGHT 
RELEASE DIAMETER 
RELEASE LOCATION 

270 

CSAl7 
MQOEL 

.1550 MIS 

.2109 MIS 
.1205E ... 05 M**3/S 
.1600E"06 
.6805E.03 
.4149[-02 

10 
2.54 CM 

.2380 CM 
X (M) Y (M) 

3134102 4286612 

SAMPLE RAW NORMALIZED 
PT. (AREA) CONC( - ) 

1 6746. .20397E-03 

3 11116. .35092E-03 
'+ 12501. .39149E-03 
5 59,+4. .17700E-03 
6 14718. .47205E-03 
7 13057. .41619£-03 
8 10382. .32·624E-03 
<) 4120. .11566£-03 

10 5401. .15874E-03 
l~ 82Ul. .25290E-03 

13 
7360. .22529E-03 
5781. .17152E-03 

14 59°'· ·14734E-03 
15 5 1 • • 6937£-03 
16 4170. .11734E-03 

lY 1984. .43833E-04 
612. o • 

22 838. • 52963£-05 
23 1362. .22917E-04 
24 1609. .31223E-04 
25 907. .70166£-05 
27 71t3. .21017E-05 
28 724. • 14628E-05 
36 680. o. 
43 707. .89113£-06 

l (F1 "5L.) 
951S-
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APPENDIX G 

Alkali Creek Stable Flow (Easterly Wind) Concentration Data 

G-l Ground-level Data and Sample Point Locations 
G-2 Vertical Rake Data and Rake Locations 
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G-l. Alkali Creek Ground-level Data for 
Stable Flow (Easterly Wind) Tests 
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HUN CBt.11 

wiNO VEL.OCITY 
I::. X 1 1 VEL.OCITY 
VOLUME FLOW 
SOU~CE ST~ENbTH(PPM) 
tJACr'\GROUNO 
CAL1~AkTION FACTOR 
f<ANbE 
REFERE~CE HE16t1T 
RELEASE DIAMETER 
RELEASE LOCAflON 

SAMPLE 
PT. 

RAW 
(AREA) 

41 

~ 
3 
4 
5 
6 
1 
A 
9 

10 

t~ 
13 
14 
15 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

861. 
20b8. 
lObO. 
2243. 
2357. 
13b4. 
2205. 
clU7. 
2038. 
lOlO. 
1406. 
14ts7. 
1349. 
116M. 
1212. 
1336. 
6~b. 

1248. 
1467. 
1936. 
19b'+. 
610. 
627. 

18ts9. 
611. 
715. 

10=-2. 
1148. 
1005. 
634. 
8~3. 
722. 
1:'&. 

1002. 
745. 

IOti3. 
1454. 
1250. 
1499. 

274 



_11'10 VELOCITY 
EXlf VEl.OCITY 
VOl.UP4E fLOw 
SOU~CE ST~ENblH(PP~) 
8ACKtiROUNO 
CAL1SRATION fACTOR 
HANGE 
REF£REf\lCE HEIGnT 
F<ELfASE OIAMf.Tt:.R 
RELEASE LOCATION 

SAMPLE 
PT. 
41 

1 
2 
3 

'" 5 
6 
1 
8 
9 

10 

11 
13 
14 
IS 
17 
18 
19 
21 
22 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
23 

RAW 
(AREA) 

950. 
19lf.o. 
1726. 
2014. 
2061. 
1480. 
202B. 
1946. 
1782. 
1066. 
1432. 
1312. 
1311. 
1132. 
1304. 
14f!2. 
635. 

15::'0. 
180ti. 
2207. 
23dl. 
6bl. 

19/9. 
8:;2. 

10Ul. 
1041. 
llcS. 
1079. 

748. 
892. 
855. 
997. 

14uO. 
1108. 
1250. 
2007. 
1549. 
20:'3. 

83'1. 

275 

Z (FT MSL) 
9515 
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G-2. Vertical Rake Data and Locations 
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Figure G-2-l. Sampling Locations for Obtaining a Vertical Cross Section of the 
Plume 110.5 cm (2.83 km) Downwind from a 0.318 cm (8.14 m) Release 
Point at T4 for the Alkali Creek Stable Flow (East Wind) Test. 
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RUN CdM4 

WINO vELoelT1 
EXIT VEL.OCITY 
VOL.UME. FLOW 
SOUkCE STR~Nij'H(PPM) 
BACKGROUNO 
CALIBRATION FACTOR 
RANGE 
REFEHENCE HEIGHT 
kELtASE DIAMETER 
RELEASE LOCAfIoN 

MOUEL 
.4810 MIS 
.2109 MIS 

.1205£-05 H**3/S 

.1600£+06 

.5770E.+03 

.4413E-02 
10 

.317S eM 

.2380 CM 
X Cf4) Y CM) 

3134102 4286612 

SAMPLE HAw NoRMALIZED 
PT. (AREA) rONC( - ) 

1 611. .38206E-05 
2 648. .19783£-05 
3 632. .61803£-05 
5 6i9. .58432E-05 

9 691. .12810E-04 
16 650. .82030[-05 

18 4958. .49229E-03 
25 647. ./8659£-05 

21 22ZS. .1tt519E-03 
35 83'1. .29216£-04 
36 680. .11574E-04 

Z (F l' MS&") 
9575 
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RUN C8M3 

WINO VELOCITY 
EXIf VELOCITY 
VOLUME FLOW 
SOURCE STREN6TH(PPM) 
8ACf(eROIJND 
CALIBRATION FACTOR 
RAN(;E . 
REFEHE"fCE HEIGtiT 
RELEASE OIAMETt:.R 
RELEASE LOCATIoN 

HOUEL 
.48/0 MIS 
.2709 MIS 

.120:'E-05 H**l/S 

.1600E:..+Ob 

.b150E+03 

.4413£-02 
10 

.3115 eM 

.23dO CM 
X (M) Y 'M) 

3134102 4286612 

SAMPLE R~w N"RMALllEO 
(AREA) ;"ONC( - ) PT~ 

1 6Q9. .bOb80E-05 
2 709. .10563£-04 
3 6316. .64062E-03 
It 24683. .2"1045£-02 
5 12308. .13139E-02 
6 9795. .10316£-02 
7 1599. .78479£-03 
8 43'19. .42296£-03 
9 1536. .10349E-03 

10 6239. .63197£-03 
11 5810. .Stt376E-03 

13 13602. .14661E-02 
14 7705. • 79670E-03 
15 875. .29216E-04 
16 18'17. .14181E-03 

18 833. .24497E-04 

~r 1613. .11215£-03 
8220. .85457E-03 

22 3740. • 35116E-O.~ 
23 7ey. .12810E-04 
24 629. .15732£-05 
25 991. .42251E-04 
26 645. .33"111£-05 
27 6tt3. .76411£-05 
28 901. .3~812E-04 
29 1~8b. .641bJE-04 
30 d8. .41914E-04 

J! 761. • 16406E-04 
690. .84271E-05 

33 6'+7. .359S8E-05 
34- 6~9. .15132E-OS 
36 628. .14608E-05 
31 6Ji. .19103E-05 

Z (FT MSL.) 
9515 
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Figure G-2-2. Sampling Locations for Obtaining a Vertical Cross Section of the Plume 
335.2 cm (8.58 km) Downwind from a 0.318 cm (8.14 m) Release Point at 
T4 for the Alkali Creek Stable Flow (East Wind) Test. 
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RUN C8M:, 

_IN&) VELOCITY 
EXI)" VELOCITY 
VOLuME FLOW 
SOU~CE STREN6TH(PPM) 
bACf(GROUNO 
CAl18RATION FACTOR 
RAi"bE 
HEFtRENCE NEIGHT 
RELEASe: OIAMETE.R 
RELEASE LOCAJION 

MODEL 
.4870 MIS 
.2709 MIS 

.120~f-(J5 M**3/S 

.1600E+06 

.b450E+03 

.4413E-02 
10 

.31/5 eM 

.23RO eM 
)( (M) Y (M) 

3134102 ~286b12 

S4MPLE RAw Nn RMALIZEO 
PT. (AREA) "ONC( - ) 1 . 7~8. .11514E-04 

3 893. .21868E-u4 
4 9d4. .38093£-04 
5 9bO. .35396E-04 
6 1216. .70905E-04 
7 1451. .90570£-04 
8 1521. .'J8436E-04 
9 1343. .7d434E-04 

10 733. .98885E-05 
11 7~7. .170ttOE-04 
12 874. .2~733£-O4 
13 9::;2. .34498£-04 
14 16~4. .11338E-03 
15 1783. .ll788E-03 
16 2812. .24351[-03 

18 27t11. .24002E-03 
19 735. .10113E-04 

21 1412. .86188E-04 
22 2763. .23800E-03 

25 2693. .23013£-03 

27 16~9. .11844£-03 
28 842. .22131E.-04 
29 17~8. .12394E-03 
30 3248. .29250E-03 
31 3054. .27010E-03 
32 2667. .22121£-03 

34 1278. .71130E.-O,+ 

36 1320. .75850E-04 
37 7J.1. .80906[-05 
38 665. .22474£-05 
39 688. .48319E-05 
40 6S7. • 13484E-05 
41 614. .32581E-05 
42 650. .50185E-06 
43 646. .11237E-06 
44 64f.:4. .33111E-06 
45 645. o. 

Z (F J ~SL) 
951S 
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RuN C8Mb 

wlNU VELOCITY 
EXIT VELOCITY 
VOLuME FLOw 
SOURCE STRENGTH(PPM) 
f:JACt(GROUND 
CALIBRATION FACTOR 
~ANGE 
REFEHENCE HElGHT 
RELt.ASE DIAMETER 
RELEASE LOCATIuN 

MO()EL 
.4810 MIS 
.2709 MIS 

.1205E-05 ""**3/S 

.1600E+06 

.6180E+03 

.4413E-02 
10 

.3175 CM 

.2380 eM x (M) Y (M) 
3134102 4286612 

SAMPLE RAIt N')RMALIlEO 
PT. (ARf.A) rONe( - ) 

1 20:'9. .16192£-03 

3 2438. .20451E-03 
'+ 2524. .21418E-03 
5 1806. .13350E-03 
6 2501. .21227E-03 
7 26:'3. .22867E-03 
8 2682. .23193(-03 
9 2026. • 15822E-03 

10 27'+6. .23912(-03 
11 2651. .22845(-03 
12 2933. .26014E-03 
13 24':14. .21081E-03 
14 2855. .25131E-03 
15 2771. .24193E-03 
16 281~. .24699E-03 

18 25u2. .21110E-03 
19 274(1. .23845£-03 
21 25tJ2. .22069£-03 
22 2306. .18968E-03 

~s 2501. .21221£-03 

21 1886. .14248E-03 
28 1558. .10563E-03 
29 15:.1:>. .10540E-03 
30 1429. .91132(-04 
31 1306. .11310E-04 
32 1649. .11585£-03 
33 15~6. .10203E-03 
34 17b7. .12911£-03 

36 1994. .15462£-03 
37 632. .15732E-05 
39 693. .84217E-OS 
40 6b6. .53931E-05 
41 739. .1 J59'IE-O,+ 
42 622. .44948E-06 
43 636. .20227E-05 
44 623. .5b185E-06 
45 618. o. 

Z (F T ~SL.) 
9515 
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~UN CdM7 

wINO VELOCITY 
EX!f VELOCITY 
vOLUME FLOW 
SOUHCE STRENuTri(PPM) 
BACKGROUNlJ 
CAlIHRATION FACTOR 
RANGE 
REFERENCE HEIGtlT 
REL.EASE DIAMETt:R 
HEL.EASE LOCAtlUN 

MOOEL 
.4870 MIS 
.2109 MIS 

.12U5E.05 H**3/S 
• 1600E..+Ob 
.6290E+03 
.4413E-02 

10 
.3175 eM 
.2380 eM xu." YO., 

3134102 4286612 

SAMPL.E HAW ",,,RMALI Z,EO 
PT. (AREA) rONe( - ) 

1 2564. .21144£-03 

3 2101. .16~41E-03 
'+ 19ts4. .lS22bE-03 
5 1407. .87424£-04 
6 2030. .15743E-03 
7 1896. .1423 fE-Oj 
8 1831. .lJ507E-03 
9 1645. .114}7£-03 

10 2604. .22193£-03 
11 2545. .21530£-03 
12 2555. .21642E-03 
13 20tt4. .1590uE-03 
14 2113. .I'7350E-03 
15 1943. .14765E-03 
16 18~'+. .1342HE-03 

18 ~OJ.9. .15619E-03 
19 2700. .i3272E-03 
21 2616. .22328E-03 
22 2272. .lti462E-03 

25 1618. .11113t.-03 

27 13~O. .85513E-04 
28 24/0. .20667E-03 
29 2115. • 16698E-03 
31 1612. .11120E-03 
32 1509. .9tt885E-04 
33 1344. .80344E-04 
34 1167. .60455E-04 

36 10~8. .52101E-04 
37 736. • 12024E-04 
38 7J2. .11514E-04 
39 113. .16181E-04 
40 634. .561ts5E-06 
41 5'14. o. 

l (Ff ~SL) 
957S 
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