
DCA97MA017 
Addendum D to Meteorological Factual Report · 

Weather Radar Data 

Archive Level n doppler weather radar tapes from the White I..ab, Michigan (KDTX), 
Wilmington, Ohio (KILN), and Cleveland, Ohio (KCLB) WSR-88D doppler weather 
radars were obtained from the National Climatic Data Center in Asheville, North 
Carolina. The data on the tape were mriewed on a Hewlett Packard X-Station using 
Motif Interactive Radar Analysis Software (Motif-IRAS). 

Reference : Priegnitz, D.L., 1995 : IRAS: Software to display and analyze 
WSR-88D radar data, Eleventh International Conference on Interactive 
Information and Processing for Meteorology, Oceanography, and Hydrology, 
Boston, American Meteorological Society, 197-199. 

Wilmington, Ohio WSR-88D Doppler Weather Radar (KILN). Cross Section 
Cincinnati, Ohio (KCVG) (0 nautical miles) to Accident Site (183 nautical miles). Total 
distance about 183 nautical miles bearing 016 degrees from KCVG. KILN radar times 
1943:45Z to 2059:31Z. Maximum Tops in feet (ft) MSL. Distances in nautical miles 
(nmi). Beam center (.44 degree elevation angle) at KCVG about 4,600 feet. Beam 
center at Accident Site about 31,900 feet. Beam width about 4,500 and 18,400 feet 
respectively. 

Time Echo Observed Maximum Echo Tops Maximum Echo 
Intensity 

1943:45 From S - 60 nmi 7.000ft 10 to 15 dBZ 
1949:35 From S - 6S nmi 7 000 ft 10 to 15 dBZ 
1955:24 From 0 - 6S nmi 7 000 ft 10 to 15 dBZ 
2001:14 From 0 - 60 nmi 8,000 ft over KCVG (0 S to 10 dBZ 

to S dBZ) 
2007:03 From 0 - 60 nmi 7,000 ft 10to 15 dBZ 
2012:53 From 0 - 60 nmi 8,000 ft over KCVG (0 10 to 15 dBZ 

toS dBZ) 
2018.43 From 0 - 60 nmi 8,000 ft over KCVO Sto 10 dBZ 

l-S toO dBZ) 
2024:33 From 10- SS nmi 7,000 ft 10 to 15 dBZ 
2030:22 From 0 - SO nmi 8,000 ft over KCVG (5 10 to 15 dBZ 
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2036:12 From 0 - 6S nmi 
to10~ 
17,000 ft at 6S nmi 10to 15 dBZ 

2042:02 From 5 - 60 nmi 7,000 ft 5 to 10dBZ 
2047:52 From 0 - 60 nmi 7,000 ft 10to 15 dBZ 
2053:41 From 0 - 6S nmi & 9,000 ft 10to 15 dBZ 

From 75 - 80 nmi 
2059:31 From 5 - 70 nmi & 11,000 ft at 8S nmi 10 to 15 dBZ 

75 nmi & 8Snmi 

White Lake, Michigan WSR-88D Doppler Weather Radar (KDTX). Cross Section 
Accident Site (0 nautical miles) to about 92 nautical miles from KCVG (92 nautical 
miles) aloog a 196 degrees radial. Total distance about 92 nautical miles. KDTX radar 
times 2002:26Z to 2106:48Z. Maximum Tops in feet (ft) MSL. Distances in nautical 
miles (nmi). Beam center (.44 degree elevation angle) at Accident Site about 4,400 
feet. Beam center at a point about 92 nautical miles on a 016 degrees radial from 
KCVG about 19,300 feet. Beam width about 4,300 and 13,500 feet respectively. 

Time Echo Observed Maximum Echo Tops Maximum Echo 
Intensity 

2002:26 From 0 - 35 nmi 21,000 ft 30 to 35 dBZ 
2008:18 From 0 - 35 nmi 20 000 ft 2S to 30dBZ 
2014:09 From 0 - 40 nmi 18,000 ft at 5 nmi 25 to 30 dBZ at 

Accident Site 
2020:00 From 0 - 35 nmi 19,000 ft 20to25 dBZ 
2025:51 From 0 - 30 nmi 18 000 ft at 5 nmi 25 to 30 dBZ at 5 nmi 
2031:42 From 0 - 30 nmi 16,000 ft 20 to 2S dBZ at 

Accident Site 
2037:33 From 0 - 25 nmi 15,000 ft at 10 nmi 15 to 20 dBZ at 

Echo base 2,000 ft and Accident Site 
echo tops 12,000 ft at 
Accident Site 

2043:24 From 0 - 25 nautical 14,000 ft at 5 nmi 15 to 20 dBZ at 
miles Echo base 2,000 ft and Accident Site 

echo tops 12,000 ft at 
Accident Site 

2049:15 From 0 to 20 nmi & 30 13,000 ft at 5 nmi & 30 10 to 15 dBZ at 
nmi nmi Accident Site 

Echo base 2,000 ft and 
echo tops 12,000 ft 
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20SS:OS From 0 - 2S nmi 13,000 ft at s and 2S S to 10 dBZ at Accident 
nmi Site 
Echo base 2,000 ft and 
echo tops 12,000 ft at 
Accident Site 

2100:57 From 0 - 2S nmi 12,000 ft at Accident 10 to 1S dBZ at 
Site and 2S nmi Accident Site 
Echo base 2,000 ft and 
echo tops 12,000 ft at 
Accident Site 

2106:48 From 0 - 2S nmi 12,000 ft at 2S nmi 10 to 1S dBZ at the 
Echo base 2,000 ft and Accident Site 
echo tops 8,000 ft at 
the Accident Site 

Cleveland, Ohio WSR-88D Doppler Weather Radar (KCLE). Cross Section Accident 
Site (0 nautical miles) to about 46 nautical miles from KCVG (137 nautical miles) 
along a 196 degrees radial from the Accident Site. Total distance about 137 nautical 
miles. KCLE radar times 2003:22Z to 2113:27Z. Maximum Tops in feet (ft) MSL. 
Distances in nautical miles (nmi). Beam center (.44 degree elevation angle) at Accident 
Site .about 9,300 feet. Beam center at a point about 46 nautical miles on the 016 
degrees radial from KCVG about 33,900 feet. Beam width about 8,400 and 19,200 feet 

respectively. 

Time Echo Observed Maximum Echo Tops Maximum Echo 
Intensity 

2003:22 From 0 - 30 nmi >24,000 ft 20 to 25 dBZ at S nmi . 
Echo base 6,000 ft echo 10 to 15 dBZ at 
tops 16,000 ft at accident site 
Accident Site 

2009:12 From 0 - 30 nmi &. 40 17,000 ft at 40 nmi 20 to 2S dBZ at the 
nmi Echo base 6,000 ft echo Accident Site 

tops 16,000 ft at the 
Accident Site 

2015:02 From 0 - 30 nmi 16,000 ft 15 to 20 dBZ at 5 nmi 
Echo base 6,000 ft echo 10 to 15 dBZ at 
tops 16,000 ft at the Accident Site 
Accident Site 

2020:53 From 0 - 25 nmi > 24,000 ft at 5 nmi 20 to 25 dBZ at 5 nmi 
Echo base 6,000 ft echo 10 to 15 dBZ at the 
toPs 16,000 ft at the Accident Site 
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Accident Site 
2026:43 From 0 - 20 nmi 16,000 ft 20 to 25 dBZ at the 

Echo base 6,000 ft echo Accident Site 
tops 16,000 ft at the 
Accident Site 

2032:33 From 0 - 15 nmi 16,000 ft 5 to 10 dBZ at the 
Echo base 6,000 ft echo Accident Site 
toDs 16.900 ft 

2038:23 From 0 to 5 nmi & 16,000 ft at 0 to 5 nmi 5 to 10 dBZ at the 
10nmi & 10nmi Accident Site 

Echo base 6,000 ft echo 
tops 16,000 ft at the 
Accident Site 

2044:14 No Echoes 
2050:04 No Echoes 
2055:54 90nmi >24 000 ft 5 to 10 dBZ 
2101:45 No Echoes 
2107:37 12Snmi >24 000 ft 10 to 15 dBZ 
2113:27 No Echoes 

Attachment lA .. Plot of track from KCVG to Accident Site. 

Attachments lB and 2 .. KDTX WSR-88D Doppler Weather Radar Plan Position 
Indicator (PPI) images for 2055:05Z and 2100:57Z. The ground track of Northwest 
Flight 272 is superimposed (track times 2055:03Z to 2059:40Z; altitudes 5,900 feet 
descending to 4,000 feet and than climbing to 4,800 feet) .. Jmage is blown up 8 times. 
Weather radar echo intensity values (dBZ) noted by color bar at bottom of image. The 
elevation angle is .44 degree. Cross = approximate location of accident site. Range 
ring = 10 kilometers; azimuth radials = 10 degrees. The accident site is located about 
185 degrees at 43 nautical miles from KDTX. Northwest Flight 272 reported moderate 
to severe rime icing upon entering clouds at 4,000 to 5,000 feet. The rate of 
accumulation was estimated at 1h inch per minute. 

Attachments 3 and 4 . • KDTX WSR-88D Doppler Weather Radar Plan Position 
Indicator (PPI) 4 panel images for 2055:03Z and 2100:57Z. The ground track of 
Northwest Flight 272 is superimposed (track times 2055:03Z to 2059:40Z; altitudes 
5,900 feet descending to 4,000 feet and than climbing to 4,800 feet). Image is blown 
up 8 times. Weather radar reflectivity values (dBZ) noted by color bar at bottom of 
images. Cross = approximate location of accident site. The elevation angles are .44, 
1.3, 2.3, and 3.2 degrees. 

Table Showing Beam Height and Beam Width (KDTX Radar) at the Accident Site as a 
Function of Elevation Angle 
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Elevation Angle (deJUees) Beam Heiaht (feet) Beam Width (feet) 
0.44 4 400 4300 
1.3 8 300 4 300 
2.3 12,900 4,300 
3.2 17 000 4 300 

Attachments 5 and 6 .. Aircraft Flight Track Cross Sections for 2055:0SZ and 
2100:57Z. Northwest Flight 272 ground track (2055:03Z to 2059:58Z; altitudes 5,900 
feet descending to 4,000 feet and than climbing to 4,900 feet). Height in kilometers. 
Times (hours, minutes, seconds) on horizontal axis. Radar reflectivity values (dBZ) 
noted by the numbers at the end of the line segments (black). Altitudes in feet noted at 
the end of the red line segments. Weather radar reflectivity values (dBZ) color coded 
(see PPI images). 

Note: Motif-IRAS allows inten"ogation of tbe Aircraft Flight Track Cross 
Section. Interrogation of a certain point on tbe Cross Section results in tbe 
display of weather radar echo intensity (dBZ) and track thne (Motif·IRAS 
track time). In tbis report, altitudes of tbe airplanes are estimated, when 
necessary, from track data using tbe Motif-IRAS Aircraft Flight Track 
Cross Section flight track thnes. 

The 2055:05Z Flight Track Cross Section showed maximum echo tops of about 10,000 
feet. The maximum echo intensity was about 11 dBZ with a minimum value of about 
-3.5 dBZ. Echo tops varied from about 10,000 feet to about 6,000 feet. The 2100:57Z 
Cross Section showed maximum echo tops still at about 10,000 feet. The maximum 
echo intensity decreased to about 10.5 dBZ with a minimum value of about -2.0 dBZ. 

The following Table details the Maximum Echo Intensity (dBZ), Maximum Echo 
Height (feet), and Minimum Echo Intensity (dBZ) as a function of the Motif-IRAS 
track time along the ground track of Northwest Flight 272. KDTX radar times of 
20SS:OSZ and 2100:57Z. Motif-IRAS Aircraft Flight Track Cross Section Program 
used. 

KDTX 2055:05Z 

Time (Z) Maximum Echo Maximum Echo Minimum Echo Remarks 
Intensitv Hejght Intensfur 

2055:03 7.5 10,000 -3.5 Minimum 
Intensity Above 
6 000 feet 

2055:32 9.0 10,000 -1.5 Minimum 
Intensity Above 
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2056:03 9.0 10,000 -3.0 Minimum 
Intensity Above 
~000 feet 

2056:33 10.5 6,000 - No Echo Above 
2057:03 10.0 6000 - No Echo Above 
2057:33 8.5 6000 - No Echo Above 
2058:03 6.0 6000 - No Echo Above 
2058:33 5.5 10,000 -3.0 Minimum 

Intensity Above 
6JOOOfeet 

2059:03 8.0 6000 - No Echo Above 

2059:33 7.0 10,000 -2.5 Minimum 
Intensity Above 
6 000 feet 

2059:57 6.5 10,000 -3.0 Minimum 
Intensity Above 
6,000 feet 

Base of echo below 3,000 feet. Maximum intensity 11.0 dBZ at a Motif-IRAS track 
time of2055:27Z and 2056:23Z 

KDTX 2100:57Z 

Time (Z) Maximum Echo Maximum Echo Minimum Echo Remarks 
Intensity Height Intensitv 

2055:03 8.5 10,000 -1.5 Minimum 
Intensity Above 
6 000 feet 

2055:33 10.5 10,000 -1.5 Minimum 
Intensity Above 
6,000 feet 

205603 8.5 6000 - No Echo Above 

2056:33 8.5 6,000 -- No Echo Above 
2057:03 8.0 6,000 -- No Echo Above 
2057:33 8.5 6000 - No Echo Above 
2058:03 7.5 6000 - No Echo Above 
2058:33 8.0 6,000 - No Echo Above 
2059:03 9.0 6000 - No Echo Above 
2059:33 10.0 10,000 -1.5 Minimum 

Intensity Above 
6,000 feet 

2059:56 9.5 6000 - No Echo Above 
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Base of echo below 3,000 feet. Maximum intensity 10.5 dBZ at a Motif-IRAS track 
time of 20S5:33Z. 

Attachments 7- 10 .. KDTX PPI Images for 2037:33Z, 2043:24Z, 2049:15Z, and 
20S5:0SZ. COMAIR 3272 ground traclt plotted. Imaaes for 2037:33Z, 2043:24Z, and 
2049: 15Z are 2 times blow up; range rin&s every 10 kilometers; azimuth radials every 
10 degrees. Weather radar echo intensity in dBZ indicated by colors defined in color 
bar at bottom. Center of polar grid at the accident site. Imaae for 20S5:0SZ is an 8 
times blow up. COMAlR 3272 and Northwest Flight 272 ground track plotted. Range 
rings every 10 kilometers. Center of polar grid at the accident site. Weather radar echo 
intensity in dBZ indicated by colors defined by color bar at bottom. 

Attachments 11 - 15 .. Four panel KDTX PPI Images for times of 2031:42Z, 
2037:33Z, 2043:24Z, 2049: 15Z, and 20S5:0SZ. Elevation angles of 0.44, 1.3, 2.3, 
and 3.2 degrees. COMAlR 3272 ground track plotted. Range rings every 20 
kilometers, 2031:42Z and 2037:33Z images, and every 10 kilometers 2043:24Z, 
2049: 1SZ, and 20S5:0SZ images. Weather radar echo intensity in dBZ indicated by 
colors defined by color bat at bottom. 

Attachment 16 .. Depicts the KDTX radar beam center height and the beam width as a 
function of times along COMAlR 3272' s ground track. 

Attachments 17-21 .. COMAIR 3272 Flight Track Cross Sections for 2037:33Z and 
2043:24Z (track times of 203S:04Z to 204S:OSZ) and 2043:24Z, 2049: 15Z, and 
20SS:OSZ (track times of 204S:OSZ to 20S4:20Z). Weather radar echo intensity values 
(dBZ) noted at end of black line segments. Altitudes noted at end of red line segments. 
Times in hours, minutes, seconds. Height in kilometers. 

Attachments 22 - 24 . . Cross Sections of weather echoes along COMAlR 3272' s 
ground track for selected time segments. KDTX radar times 2043:24Z, 2049:1SZ, and 
20SS:OSZ. Weather radar echo intensity in dBZ indicated by colors defined by color 
bar at bottom of PPI images. Height in kilometers. Distance in kilometers. 

The following Tables relate times, altitudes (feet msl), and· weather echo intensity 
(dBZ) based on the ground track of COMAIR 3272. 

KDTX Time 2037:33Z 
2034Z to 2040Z No Echoes Track Altitude 21,000 feet to 13,300 feet 

KDTX Time 2043:24Z 
2040Z to 2042Z No Echoes Track Altitude 13,300 feet to 11,000 feet 
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Track Time (Z) Weatber Bello Inteasity (dBZ) at Track: Altitude (Feet MSL) 
Track Aldtude 

2042:06 3.5 11.000 
2042:32 5.0 11000 
2043:04 2.0 11000 
2043:36 5.0 11.000 
2044:04 7.5 11.000 
2044:22 7.0 11000 
2045:05 No Echo 11000 
2045:37 No Bello 11000 
2046:05 No Echo 11,000 

KDTX Time 2049·1SZ . 
2046:06 No Echo 11,000 
2046:36 No Bello 10500 
2047:05 No Echo 9,700 
2047:43 -l.S 8 700 
2047:56 -2.0 8400 
2047:59 -0.5 8400 
2048:06 No Echo 8200 
2048:24 -3.0 7700 
2048:38 -2.5 7,400 
2048:54 -0.5 7100 
2049:04 -1.5 7000 
2049:21 1.0 7000 
2050:00 -2.0 7,000 
2050:11 2.0 7000 
2050:39 -0.5 6900 
2050:48 -0.5 7,000 
2051:06 -3.5 7000 
2051:20 -1.5 6900 
2051:36 s.s 6600 
2051:52 5.0 6400 . . KDTX Time 2055·05Z 
2052:06 4.5 6200 
2052:20 5.0 6,100 
2052:38 7.0 5,800 
2052:57 8.5 5 400 
2053:13 6.5 5 200 
2053:25 9.5 4,700 
2053:36 9.5 4,500 
2053:52 9.0 4200 
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10.5 

2054:20 10.5 

The following Tables relate times, altitudes (feet msl), and weather echo intensity 
(dBZ) based on the ground track of Northwest Flight 272. 

KDTX Time 2055:0SZ 

Time (Z) Weather Echo Intensity (dBZ) at Tnlck Tnlck Altitude (Feet MSL) 
Altitude 

2054:54 7.5 6,000 
2055:15 10.0 s 600 
2055:34 9.0 s 300 
2055:47 10.0 5,200 
2056:00 9.0 5,000 
2056:14 10.0 4.900 
2056:39 10.5 4,700 
2056:55 10.0 4,600 
2057:17 10.0 4400 
2057:37 9.0 4,200 
2057:54 7.5 4100 
2058:13 6.0 4,000 

KDTX Time 2100·57Z . 
2058:03 7.5 4 000 
2058:12 7.5 4,000 
2058:22 8.0 4 000 
2058:33 8.0 4,000 
2058:42 8.5 4 000 
2058:53 8.0 4,100 
2059:03 9.0 4 300 
2059:12 9.0 4,500 
2059:21 8.5 4 600 
2059:28 8.5 4700 
2059:39 10.0 4800 
2059:47 10.0 4,900 
2059:58 9.5 4 900 

The following Tables relate times, altitudes (feet msl), and weather echo intensity 
(dBZ) based on the ground track: of America West Flight 2050 (Cactus 50). 

KDTX Time 2043:24Z 
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. 2042:50Z to 2046:00Z No Echoes Track Altitude 13,100 feet to 12,000 feet 

TimefZ) Weather Echo Intensity (dBZ) at Track Track Altitude (Feet MSL) 
Altitude 

2046:06 No Echo 12,000 
2046:42 No Echo 11900 
2047:09 -2.0 11400 
2047:47 No Echo 10,700 
2048:08 -2.0 10500 
2048:3S -3.0 10000 
2049:05 -3.0 9,400 
2049:20 -0.5 9000 
2049:46 -1.5 8 400 
20S0:16 -1.0 7,700 
20S0:33 -3.0 7,700 
20S0:54 -3.5 7 300 
20S1:24 8.5 6,700 
2052:02 13.0 6100 

KDTX Time 2055·05Z . 
2052:03 8.5 6,100 
2052:22 9.5 5700 
2053:03 8.5 4,900 
2053:30 9.5 4200 
2053:47 12.0 3,900 
2054:15 13.0 3400 
2054:48 11.5 3,100 
2055:09 12.5 3,000 
20S6:06 14.5 2 900 
2056:20 15.0 2,700 

The following Tables relate times, altitudes (feet msl), and weather echo intensity 
(dBZ) based on the ground track of Northwest Flight 483. 

· KDTX Time 2043:24Z 
2040:04Z to 2045:36Z No Echoes Track Altitude 12,000 feet to 8,700 feet 

Time (Z) Weather Echo Intensity (dBZ) at Track Track Altitude (Feet MSL) 
Altitude 

2045:43 -2.5 8,400 
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12045:58 
2046:07 

,-O.S 
-2.0 1~:: 

KDTX Time 2049·15Z . 
2046:48 No Echo 6900 
2047:09 6.0 6.400 
2047:40 6.0 s 800 
2048:09 2.5 s 100 
2048:39 s.s 4.300 
2049:19 8.5 3 soo 
2049:46 12.0 3.300 
2050:25 12.0 3000 
2051:04 14.0 3.000 
2051:46 15.0 3.000 

KDTX Time 20SS:05Z 

2052:22 !"·' 14.5 
2052:54 14.0 

Attachments 25 and 26 .. Flight Track Cross Sections for KDTX times of 2049: 15Z 
and 2055:05Z. America West Flight 2050 (Cactus 50) ground track. Height in 
kilometers. Time (hours, minutes, seconds) on horizontal axis. Radar reflectivity values 
(dBZ) noted by the numbers at the end of the line segments (black). Altitudes in feet 
noted at the end of the red line segments. Weather radar reflectivity values (dBZ) color 

coded (see PPI images). Cactus SO reported moderate rime icing with a rate of 
accumulation estimated at 1.4 inch in S to 8 minutes. 

Attachments 27 - 29 .. Flight Track Cross Sections for KDTX times of 2043:24Z, 
2049:15Z, and 2055:0SZ. Northwest Flight 483 ground track. Height in kilometers. 
Time (hours, minutes, seconds) on horizontal axis. Radar reflectivity values (dBZ) 
noted by the numbers at the end of the line segments (black). Altitudes in feet noted at 

the end of the red line segments. Weather radar reflectivity values (dBZ) color coded 
(see PPI images). Northwest Flight 483 did not observe any icing. The Captain noted 
that • conditions looked like we should have expected icing problems, but none were 
actually observed. • 

• 
Attachments 30- 32 .. KDTX PPI Images for 2043:24Z, 2049:15Z, and 2055:0SZ. 
COMAIR 3272, Northwest Flight 272, Northwest Flight 483, and America West Flight 

2050 (Cactus 50) ground tracks plotted. Images are 4 times blow up; range rings every 

10 kilometers; azimuth radials every 10 degrees. Elevation angle .44 degree. Weather 
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radar echo intensity in dBZ indicated by colors defined in color bar at bottom. center 
of polar grid at the accident site. 

Attachment 33 •• is a plot of Weather Echo Intensity in dBZ as a function of altitude as 
encountered by COMAIR Flight 3272 (Comair 3272), Northwest Flight 272 (NW A 
272), America West Flight 2050 (Cactus 50), and Northwest Flight 483 (NWA 483). 

Attachments 34 - 36 •• COMAIR 3272 Track Data. 
Attachments 37- 41 .. Cactus 50 Track Data. 
Attachments 42 - 45 .• Northwest Flight 272 Track Data. 
Attachments 46 - 49 .• Northwest Flight 483 Track Data. 

VIPIDBZ Conyenion Table 

NWS VIP ... National Weather Service Video Integrator and Processor Level. 
WSR-88D LVL ... WSR-88D Doppler Weather Radar Level. 
PRBC MODE dBZ ... Precipitation Mode dBZ. 
RAINFALL .. Rainfall in inches per hour. 

NWSVIP WSR-88DLVL PRBC MODE DBZ RAINFALL 
0 0 <5 

1 5to9 
2 10 to 14 

1 3 15 to 19 .01 in/hr 
Very Light 4 20 to24 .02 in/hr 

5 25 to 29 .04 inlhr 
2 6 30 to 34 .09 in/hr 
Li_ght to Moderate 7 35 to 39 .21 inlhr 
3 8 40to44 .48 in/hr 
Strong 
4 9 45 to49 1.10 in/hr 
Verv Strong 
5 10 50 to 54 2.49 in/hr 
Intense 
6 11 55 to 59 >5.67 inlhr 
Extreme 12 60to64 

13 65 to 69 
14 70 to 74 
15 GTE75 
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The following relationship from a paper by *Greene and Clark 
relates LWC to weather radar reflectivity: 

M = 3.44X1<r'Z"7 where M = LWC in grams per cubic meter and 
Z = weather radar reflectivity in millimeters to the sixth power per cubic meter 
(mm6/m'). The following Table relates M to weather radar reflectivity in dBZ: 

dBZ '"' 10 X Log(Z) 
Z'"' lomz'IO 

Reflectivity (dBZ) 
<5 
10 
15 
20 
25 
30 
35 
40 
45 

LWC (grams per cubic meter) 
<.01 

.01 

.02 

.05 

.09 

.18 

.34 

.66 
1.28 

An exponential drop-size distribution proposed by Marshall and Palmer (1948) is 
assumed. 

* Yertica!!y lntefi!rated LiQuid Water - A New Analysis Iool; Monthly Weather 
Review; Vol. 100 No. 7; July 1972. 

Ice Water Contents (IWC) 

Reference: Upper - Level Structure of Oklahoma Tomadic Storms on 2 May 
1979. II: Proposed Explanation of •v• Pattern and Internal Warm Region in 
Infrared Observations; Journal of Atmospheric Science; Heymsfield, Szejwach, 
Schotz, and Blackmer, Jr; Volume 40; July 1983; pages 1758- 1759. 

The IWC in grams per cubic meter was estimated using the relation IWC = 0.035Z0·505 

where Z is the radar reflectivity factor in millimeters to the sixth power divided by 
meters cubed. The relation was derived for air temperatures of -10 to -60 degrees C. It 
is noted in the above reference that another IWC relation was derived for snow 
aggregates by Sekhon and Srivastava (1970) using snow size spectta observed at the 
ground and a truncated exponential distribution. This relation gives IWC only about 
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70% lower than the above relation at low reflectivities. The following values were 
determined from the relation IWC • 0.03SZ0·505 

• 

dBZ = 10 X Log(Z) 
z = l()'IBZ/10 

dBZ IWC 
-10 .01 
-s .02 
0 .04 
s .06 
10 .11 
IS .20 
20 .36 
2S .64 

Table from a chart developed at the National Center for Atmospheric Research that 
relates Weather Radar Reflectivity (dBZ), Drop Size, and Liquid Water Content 
(LWC). LWC in grams per cubic meter. 

Cloud Drops .. Diameter < 40 microns. 
Drizzle Drops .. Diameter 40 to 400 microns. 
Rain Drops .. Diameter > 400 microns. 

Valid for monodisperse liquid droplets. 

dBZ LWC=.OS LWC=.l LWC=.S 
Drop Size Drop Size Drop Size 

-10 drizzle drizzle drizzle 
0 drizzle drizzle drizzle 
10 rain drizzle drizzle 
20 rain rain rain 
30 rain rain rain 

LWC=l.O 
Drop Size 
cloud 
drizzle 
drizzle 
drizzle 
rain 

Estimates of Liquid Water Content 

A moist adiabatic ascent from a cloud base of 1 ,300 feet ( temperature of -4 degrees 
C, pressure of 940 millibars, saturation mixing ratio = 3.05 grams per kilogram) to an 
altitude of 11,000 feet (temperature -20 degrees C, pressure 640 millibars, saturation 
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mixing ratio of 1.25 grams per kilogram) results in the release of about 1.8 grams of 
water per kilogram of air. Assuming an average air density of 1.0 kilogram per cubic 
meter, results in an Adiabatic Liquid Water Content (ALWC) of about 1.8 grams per 
cubic meter. A Liquid Water Content is estimated by multiplying the ALWC by .25 
and .33. This yields .5 and .6 gram per cubic meter respectively. At a 640 millibar 
temperature of -15 degrees C the LWC = .3 and .4 gram per cubic meter. At a 640 
millibar temperature of -10 degrees C the LWC = .06 and .00 gram per cubic meter. 

The following was obtained from the Fnrrrastm' Guide On Aircraft Ieins; Air 
Weather Service; Scott AFB, Dlinois; March 1980: 

LWC = .348(W0 -W1)P/T 
As noted in the report, this represents a practical upper limit of the LWC in 
cumuliform clouds at flight level. The LWC in stratiform clouds averages about 1/2 the 
value computed for cumuliform clouds. 

W0 = saturation mixing ratio at cloud base (grams per kilogram). 
W1 = saturation mixing ratio at flight level (grams per kilogram). 
P = pressure at flight level (millibars). 
T = cloud temperature at flight level (degrees Kelvin). 

Given: cloud base = 1,300 feet; temperature = -4 degrees C at cloud base; P at cloud 
base = 940 millibars II W0 = 3.05 grams per kilogram. 

At 11,000 feet; P = 640 millibars; T = -20 degrees C (253.16 degrees Kelvin) II W1 

= 1.25 grams per kilogram. 

Therefore, LWC = .8 gram per cubic meter for stratiform conditions and 1.6 grams 
per cubic meter for cumuliform conditions for an altitude of 11,000 feet. 

At 11,000 feet; P = 640 millibars; T = -15 degrees C (258.16 degrees Kelvin) II W1 

= 1.90 grams per kilogram. 

Therefore, LWC = .49 gram per cubic meter for stratiform conditions and 0.99 gram 
per cubic meter for cumuliform conditions for an altitude of 11,000 feet. 

At 11,000 feet; P • 640 millibars; T = -10 degrees C (263.16 degrees Kelvin) II W1 

= 2.83 grams per kilogram. 

Therefore, LWC = .09 gram per cubic meter for stratiform conditions and 0.19 gram 
per cubic meter for cumuliform conditions for an altitude of 11,000 feet. 

15 
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Summary 

Weather echo tops at the time of departure of Comair Flight 3272 from KCVG were 
near 7,000 to 8,000 feet (KILN radar times 1955:24Z and 2001:14Z). Maximum 
weather radar intensities were 5 to 10 dBZ in the area (LWC .01 gram per cubic meter; 
IWC .06 to .11 gram per cubic meter). At about 65 nautical miles from KCVG weather 
echo tops were near 17,000 feet (KILN radar time 2036: 12Z; Comair Flight 3272 was 
at about 21,000 feet at this time). Comair FliJht 3272 first encountered weather echoes 
at 11,000 feet as it approached KD1W (Motif-IRAS track time 2042:06Z). The 
airplane was in and out of weather echoes from 11,000 feet to about 8,200 feet 
( Motif-IRAS track time 2048:06Z). The maximum weather echo intensity was 7.5 
dBZ ( LWC .01 gram per cubic meter; IWC .08 gram per cubic meter) during this 
time. From about 8,200 feet until 3,900 feet the airplane was continuously in weather 
echoes. Weather echo intensities of 5 dBZ (LWC .01 gram per cubic meter; IWC .06 
gram per cubic meter) or greater were noted from about 6,600 feet (Motif-IRAS track 
time 2051:36Z) to 3,900 feet (Motif-IRAS track time 2054:20Z). Maximum echo 
intensities of 10.5 dBZ ( LWC .01 gram per cubic meter; IWC 0.12 gram per cubic 
meter) were noted at 4,100 feet to 3,900 feet ( Motif-IRAS track times of 2054:02Z to 
2054:20Z). 

Weather echo intensities as a function of altitude were plotted for the ground tracks of 
Comair Flight 3272, Cactus 50 (moderate rime icing), Northwest Flight 272 (moderate 
to severe rime icing), and Northwest Flight 483 (no icing observed). Review of the 
plotted data from 7,000 feet to 4,000 feet showed that the weather radar echo intensity 
values encountered by Comair Flight 3272 fell within an area of reported moderate or 
greater icing from about 6,000 feet to 4,000 feet (see Atta(fhment 33). The ground 
tracks of these other airplanes were in the area of accident site. Northwest Flight 272 
ground track times 2054:54Z to 2059:58Z; Cactus 50 ground track times 2042:50Z to 
2058:34Z; and Northwest Flight 483 ground track times 2039:55Z to 2054:57Z. 

Estimates of the LWC varied from .06 gram per cubic meter to 1.6 grams per cubic 
meter depending on the method and assumptions used to estimate the LWC. Rain and 
drizzle size drops were possible assuming a monodisperse drop distribution. 
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Weather Echo Intensity Encountered by Airplanes 

........1 
(f) 
::E 
..j...> 
(lJ 
(lJ 

LL.. 

(lJ 
-o 
::J 

..j...> 
........ 
..j...> 
........ 
< 

12000 ......----.--~-..--...-~-~---. 

11000 

10000 

r-.................... r ....... +····· • L .•• , •· t··· • Comai r 3272 

r--··············; ....... L .~ ...... L..... , . J..... • NlJA 272 
l I • I · ' • Cactus 50 

9000 E-............. + ............ !······• .. ·+········ )... ~ NlJA 483 
l j •• . 

8000 -j······ t~~-1········ . ;· ········· i ............ -··· ········ 
7000 ; ; •••• , :I • ; 

, : . ...... ·•f··· •• L ... . 
6000 E- ............ t· . ~~ :J ~ ~ ~cl'~(;\) j • ... HttlQ.vo.tt l 'f 

· · • a. • -l-___._---t--·G v.!,Jri.( r(..• t.Jir 

5000 E-·· ' ... .. ' .... I '(if ' t(t·;l'c;-:<l;)> 

T\ .... I I 
4000 . " -·· ., ,.. . . 

... "-' 
1-

3000 1- ...... ' 
T 

2000 . --

-15 -10 -5 . 0 5 10 15 20 0 
Weather [cho Intensity (d8Zl 

r 



ntap3272a 

H m s Lat(N) Long(W) Alt 
203032 40.53806 -84.38167 21000 
203042 40.55278 -84.37944 21000 
203052 40.57111 -84.38083 21000 
203102 40.58611 -84.37861 21000 
203112 40.60278 -84.37972 21000 
203122 40.61694 -84.38611 21000 
203132 40.63361 -84.38417 21000 
203142 40.64611 -84.38778 21000 
203153 40.66083 -84.38861 21000 
203203 40.67750 -84.38972 21000 
203213 40.69444 -84.38778 21000 
203223 40.70861 -84.39111 21000 
203233 40.72333 -84.39222 21000 
203243 40.74194 -84.39056 21000 
203253 40.75250 -84.39667 21000 
203303 40.77139 -84.39222 21000 
203314 40.78611 -84.39278 21000 
203324 40.80056 -84.39639 21000 
203333 40.81917 -84.39750 21000 
203343 40.83556 -84.40139 21000 
203353 40.84806 -84.40194 21000 
203403 40.86250 -84.40556 21000 
203414 40.87944 -84.40639 21000 
203424 40.99361 -84.40750 21000 
203434 40.91056 -84.40833 21000 
203444 40.92528 -84.40944 21000 
203454 40.93972 -84.41000 21000 
203504 40.95444 -84.41093 21000 
203514 40.97306 -84.40944 21000 
203524 40.98528 -84.41306 21000 
203534 40.99778 -94.41611 21000 
203544 41.01667 -84.41472 21000 
203554 41.03556 -94.41000 21000 
203604 41.05000 -84.41389 21000 
203615 41.06444 -94.41750 20900-
203625 41.07944 -84.41583 20700 
203635 41.09417 -84.41639 20500 
203645 41.11083 -84.41722 20200 
203655 41.12722 -84.42139 20100 
203705 41.14389 -84.42222 20000 
203715 41.16056 -84.42306 19900 
203725 41.17722 -84.42694 19500 
203735 41.19167 -84.42778 19200 
203745 41.20593 -94.43139 18800 
203805 41.24139 -84.43361 17500 
203816 41.25389 -84.43694 17200 
203826 41.26861 -84.43778 16800 
203836 41.28500 -84.43611 16400 
203846 41.29972 -84.43972 16100 
203856 41.31417 -84.44028 15700 
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203906 41.32889 -84.44111 15300 
203916 41.34528 -84.44222 14900 
203926 41.36000 -84.44306 14500 
203936 41.37667 -84.44167 14100 
203946 41.38944 -84.43667 13700 
203956 41.40667 -84.42639 13300 
204006 41.41722 -84.41917 12900 
204016 41.43250 -84.40861 12600 
204027 41.44694 -84.39833 12200 
204037 41.46000 -84.38806 11800 
204047 41.47472 -84.37778 11400 
204057 41.48806 -84.36778 11200 
204107 41.50472 -84.35778 11000 
204117 41.51806 -84.34417 11000 
204127 41.52961 -84.33639 11000 
204137 41.54778 -84.32667 11000 
204147 41.55639 -84.31861 11000 
204157 41.57333 -84.30861 11000 
204207 41.58806 -94.29833 11000 
204217 41.59917 -84.29083 11000 
204227 41.61389 -84.28028 11000 
204238 41.62250 -84.27250 11000 
204248 41.63500 -84.26222 11000 
204303 41.66278 -84.24722 11000 
204313 41.67583 -84.23694 11000 
204323 41.69861 -84.22611 11000 
204334 41.70361 -84.21861 11000 
204344 41.71611 -84.20861 11000 
204354 41.72917 -84.19778 11000 
204404 41.74194 -84.19333 11000 
204414 41.75667 -84.18250 11000 
204424 41.77139 -84.17556 11000 
204505 41.81889 -84.13583 11000 
204515 41.82722 -84.12556 11000 
204525 41.83417 -84.10889 11000 
204535 41.64083 -64.09556 11000 
204545 41.84528 -84.08194 11000 
204555 41.85028 -84.06528 11000 
204605 41.85694 -84.05444 11000 
204615 41.86556 -94.04389 10900 
204626 41.87611 -84.03028 10700 
204636 41.88472 -84.02528 10500 
204646 41.89722 -84.01778 10200 
204656 41.90611 -84.00944 10000 
204706 41.91889 -84.00194 9700 
204716 41.92944 -83.99694 9400 
204726 41.94194 -63.98944 9200 
204736 41.95250 -83.98139 8900 
204747 41.96139 -83.97083 8700 
204757 41.97000 -83.95694 8400 
204807 41.97889 -83.94639 8200 
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204817 41.98722 -83.93556 7900 
204827 41.99417 -83.92500 7700 
204837 42.00306 -83.91111 7400 
204847 42.01167 -83.90083 7200 
204857 42.02000 -83.88972 7100 
204907 42.02694 -83.87611 7000 
204918 42.03361 -83.86250 7000 
204928 42.03972 -83.85194 7000 
204938 42.04667 -83.83833 7000 
204948 42.05306 -83.82417 7000 
204958 42.05778 -83.81361 7000 
205008 42.06444 -83.80000 7000 
205018 42.06694 -83.78583 7000 
205028 42.06694 -83.77500 6900 
205038 42.06333 -83.76361 6900 
205048 42.05972 -83.75194 7000 
205058 42.05583 -83.74333 7000 
205109 42.05167 -83.73500 7000 
205119 42.04778 -83.72361 6900 
205129 42.04583 -83.71194 6700 
205139 42.04000 -83.70333 6600 
205149 42.03806 -83.69194 6400 
205159 42.03222 -83.68361 6300 
205209 42.02806 -83.67500 6200 
205219 42.02417 -83.66333 6100 
205229 42.02028 -83.65500 5900 
205239 42.01639 -83.64639 5800 
205249 42.01278 -83.63500 5600 
205259 42.00667 -83.62639 5400 
205309 42.00250 -83.61472 5200 
205319 41.99667 -83.60611 5000 
205329 41.99278 -83.59750 4700 
205340 41.98889 -83.58889 4500 
205350 41.98056 -83.58611 4200 
205400 41.97417 -83.58000 4100 
205410 41.96806 -83.58000 4000 
205420 41.96194 -83.57389 3900 

ntap3272a 

1& 



Amwe5011 

204250 41.760500 -84.435855 13100 
264254 41.763667 -84.426077 12900 
204259 41.766667 -84.416296 12800 
204304 41.767833 -84.405142 12600 
204308 41.770833 -84.394018 12500 
204313 41.775000 -84.385818 12400 
204317 41.777167 -84.376019 12200 
204322 41.781333 -84.366252 12100 
204327 41.782333 -84.355092 12000 
204331 41.785500 -84.345531 12000 
204336 41.787500 -84.335727 11900 
204340 41.791667 -84.325955 11900 
204345 41.792833 -84.316137 11900 
204350 41.797000 -84.307929 11900 
204354 41.800000 -84.298137 12000 
204359 41.802167 -84.289896 12000 
204403 41.805333 -84.281447 12000 
204408 41.808333 -84.271652 12000 
204413 41.809500 -84.262054 12000 
204417 41.812500 -84.253600 12000 
204422 41.815667 -84.243805 11900 
204427 41.817833 -84.235561 11900 
204431 41.819833 -84.225749 12000 
204436 41.822000 -84.215938 12000 
204440 41.825000 -84.207703 12000 
204445 41.828167 -84.199247 12000 
204449 41.830333 -84.190999 12000 
204454 41.833333 -84.181197 12000 
204459 41.836500 -84.172961 12000 
204503 41.839667 -84.164501 12000 
204508 41.840667 -84.154671 12000 
204513 41.842833 -84.145078 12000 
204517 41.843833 -84.135247 12000 
204522 41.849000 -84.126808 12000 
204526 41.850000 -84.117200 12000 
204531 41.856333 -84.111682 12000 
204536 41.859500 -84.103216 12000 
204540 41.859500 -84.090685 12000 
204545 41.861500 -84.082204 12000 
204549 41.864667 -84.073960 12000 
204554 41.866667 -84.064136 12000 
204559 41.869833 -84.055890 12000 
204603 41.874000 -84.047431 12000 
204608 41.877167 -84.039183 12000 
204612 41.881333 -84.030722 12000 
204617 41.885500 -84.022484 12000 
204622 41.889667 -84.015364 12000 
204626 41.895833 -84.007144 12000 
204631 41.900000 -84.000245 12000 
204636 41.904167 -83.991779 11900 
204640 41.909500 -83.984890 11900 
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204645 41.913667 -83.976421 11800 
204649 41.917833 -83.969519 11700 
204654 41.920833 -83.959692 11600 
204659 41.926167 -83.952799 11500 
204703 41.930333 -83.944550 11400 
204708 41.934500 -83.936076 11400 
204712 41.938667 -83.929168 11300 
204717 41.942833 -83.920692 11300 
204722 41.947000 -83.913783 11200 
204726 41.952167 -83.906882 11100 
204731 41.956333 -83.898402 11000 
204735 41.959500 -83.890137 10900 
204740 41.964667 -83.881663 10800 
204745 41.967833 -83.874741 10800 
204749 41.972000 -83.867826 10700 
204754 41.976167 -83.859341 10700 
204759 41.979167 -83.852415 10600 
204803 41.984500 -83.846852 10600 
204808 41.987500 -83.838580 10500 
204812 41.990667 -83.831428 10400 
204817 41.994833 -83.824508 10300 
204822 41.999000 -83.818933 10200 
204826 42.002167 -83.810658 10200 
204831 42.005333 -83.803504 10100 
204836 42.008333 -83.797918 10000 
204840 42.012500 -83.792340 9900 
204845 42.016667 -83.785415 9900 
204849 42.019833 -83.778482 9800 
204854 42.024000 -83.772902 9700 
204858 42.027167 -83.767314 9600 
204903 42.030333 -83.761725 9500 
204908 42.033333 -83.754789 9400 
204912 42.036500 -83.747629 9300 
204917 42.040667 -83.742045 9100 
204922 42.042833 -83.735101 9000 
204926 42.048000 -83.729522 8900 
204931 42.052167 -83.725282 8800 
204936 42.053167 -83.716983 8600 
204940 42.055333 -83.710037 8500 
204945 42.057333 -83.702866 8400 
204949 42.057333 -83.695907 8300 
204954 42.057333 -83.688948 8100 
204959 42.057333 -83.683336 BODO 
205003 42.055333 -83.676367 7900 
205008 42.053167 -83.670744 7800 
205012 42.051167 -83.665123 7800 
2D5cii7 42.049000 -83.660847 77oo 
205021 42.045833 -83.656568 7700 
205026 42.043833 -83.652294 7700 
205031 42.040667 -83.646668 7700 
205035 42.038667 -83.643966 7600 



Amwe5011 

205040 42.035500 -83.639687 7500 
205045 42.034500 -83.635419 7400 
205049 42.031333 -83.632712 7300 
205054 42.028167 -83.628435 7300 
205058 42.024000 -83.627070 7200 
205103 42.020833 -83.625710 7100 
205108 42.018833 -83.624131 7100 
205112 42.014667 -83.622766 7000 
205117 42.011500 -83.620061 6900 
205121 42.008333 -83.618477 6800 
205126 42.005333 -83.617118 6700 
205131 42.002167 -83.615759 6600 
205135 41.999000 -83.614400 6500 
205140 41.995833 -83.612817 6500 
205144 41.992833 -83.611459 6400 
205149 41.989667 -83.610100 6300 
205154 41.986500 -83.608742 6200 
205158 41.982333 -83.607155 6100 
205203 41.979167 -83.604452 6100 
205207 41.977167 -83.603098 6000 
205212 41.975000 -83.601520 5900 
205217 41.973000 -83.595908 5800 
205221 41.970833 -83.591864 5700 
205226 41.969833 -83.587601 5600 
205230 41.967833 -83.581990 5500 
205235 41.966667 -83.577726 5400 
205240 41.965667 -83.573464 5400 
205244 41.964667 -83.567856 5300 
205249 41.962500 -83.565159 5200 
205254 41.961500 -83.559552 5100 
205258 41.961500 -83.552604 5000 
205303 41.962500 -83.549694 4900 
205307 41.963667 -83.542749 4800 
205312 41.964667 -83.538493 4700 
205316 41.966667 -83.532895 4600 
205321 41.968833 -83.528643 4400 
205326 41.970833 -83.523044 4300 
205330 41.972000 -83.517443 4200 
205335 41.975000 -83.513416 4100 
205339 41.978167 -83.509164 4000 
205344 41.981333 -83.504913 3900 
205349 41.984500 -83.502230 3900 
205353 41.966667 -63.499325 3600 
205358 41.992633 -63.496644 3700 
205403 41.995833 -83.493736 3600 
205407 41.999000 -83.489482 3500 
205412 42.002167 -83.485453 3500 
205416 42.006333 -83.482546 3400 
205421 42.008333 -83.478289 3400 
205426 42.012500 -83.476951 3300 
205430 42.015667 -83.472696 3300 
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205435 42.018833 -83.468664 
205439 42.023000 -83.467102 
205444 42.026167 -83.463069 
205449 42.030333 -83.461506 
205453 42.033333 -83.457473 
205458 42.036500 -83.453215 
205503 42.039667 -83.450303 
205507 42.043833 -83.446270 
205512 42.047000 -83.443357 
205516 42.051167 -83.440670 
205521 42.053167 -83.437755 
205526 42.057333 -83.435068 
205530 42.060500 -83.432154 
205535 42.064667 -83.427894 
205539 42.067833 -83.425204 
205544 42.070833 -83.422289 
205549 42.074000 -83.419598 
205553 42.078167 -83.415337 
205558 42.081333 -83.412646 
205602 42.084500 -83.409730 
205607 42.087500 -83.405466 
205611 42.090667 -83.402773 
205616 42.094833 -83.399857 
205621 42.098000 -83.397165 
205625 42.101167 -83.392899 
205630 42.105333 -83.391555 
205635 42.108333 -83.387288 
205639 42.111500 -83.384594 
205644 42.114667 -83.381676 
205648 42.117833 -83.378981 
205653 42.120833 -83.376062 
205658 42.123000 -83.373366 
205702 42.126167 -83.370446 
205707 42.129167 -83.367751 
205711 42.131333 -83.364830 
205716 42.134500 -83.363482 
205721 42.136500 -83.360561 
205725 42.139667 -83.357865 
205730 42.141667 -83.356516 
205734 42.143833 -83.353595 
205739 42.147000 -83.350898 
205744 42.150000 -83.349324 
205748 42.152167 -83.346627 
205753 42.154167 -83.345278 
205757 42.157333 -83.343929 
205802 42.159500 -83.341231 
205807 42.161500 -83.338308 
205811 42.164667 -83.336958 
205816 42.166667 -83.334035 
205820 42.168833 -83.332685 
205825 42.170833 -83.329986 

Amwe50ll 

3200 
3200 
3100 
3100 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
2900 
2800 
2800 
2700 
2600 
2500 
2400 
2300 
2300 
2200 
2100 
2100 
2000 
1900 
1800 
1800 
1700 
1700 
1600 
1600 
1500 
1400 
1400 
1300 
1200 
1200 
1100 
1100 
1000 
1000 

900 
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205829 42.174000 -83.327062 900 
205834 42.176167 -83.325712 800 
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20, 45, 13.1, 41.748000, 84.427154, 13400.0 
20, 45, 17.7, u. 752167, 84.416054, 13300.0 
20, 45, 22. 3, 41.755333, 84.404936, 13200.0 
20, 45, 26. 9, 41.758333, 84.393814, 13100.0 
20, 45, 31. 5, 41.762500, 84.384274, 13100.0 
20, 45, 36.2, 41.767833, 84.373188, 13000.0 
20, 45, 40.7. 41.769833, 84.362046, 12900.0 
20, 45, 45. 3, 41.772000, 84.349343, 12800.0 
20, 45, 49. 9, u. 775000, 84.338216, 12800.0 
20, 45, 54.6, 41.779167, 84.328670, 12700.0 
20, 45, 59.2, 41.781333, 84.315963, 12600.0 
20, 46, 3.8, 41.785500, 84.306415, 12500.0 
20, 46, 8.4, 41.787500, 84.293704, 12400.0 
20, 46, 13 .o. 41.791667. 84.282588, 12400.0 
20, 46, 17.7, 41.794833, 84.271457. 12300.0 
20, 46, 22. 3, 41.797000, 84.260310, 12200.0 
20, 46, 26. 8, 41.800000, 84.247833, 12200.0 
20, 46, 31.4. 41.804167. 84.238054, 12100.0 
20, 46, 36.1, 41.808333, 84.228497, 12100.0 
20, 46, 40."1, 41.811500, 84.217360, 12000.0 
20, 46, 45.3, 41.814667, 84.206222, 12000.0 
20, 46, 49. 9, 41.818833, 84.196438, 12000.0 
20, 46, 54.6, 41.820833, 84.185283, 11900.0 
20, 46, 59.2, 41.824000, 84.175484, 12000.0 
20, 47, 3.8, 41.828167, 84.165696, 12000.0 
20, 47, 8. 3, 41.830333, 84.154540, 12000.0 
20, 47. 12. 9, 41.833333, 84.144959, 12000.0 
20, 47, 17. 5, 41.836500, 84.136499, 12000.0 
20, 47, 22.2. 41.839667, 84.126694, 12000.0 
20, 47. 2E. 8, 41.842833, 84.118455, 12000.0 
20, 47, 31.4' 41.845833, 84.108648, 12000.0 
20, 47, 36.0, 41.850000, 84.100419, 12000.0 
20, 4 7' 40. 6, 41.853167, 84.091953, 12000.0 
20, 47, 4 5. 3. 41.855333, 84.083699, 12000.0 
20. 47, 4 ~. 8, 41.858333, 84.075231, 11900.0 
20, -47 t 54. 4, 0.861500, 84.066987, 11900.0 
20, 47, 59.0, 41.864667. 84.058518, 11900.0 
20. 4 8' 3. 6, 41.867833, 84.051615, 11900.0 
20, 4 8. 8. 3, 41.870833, 84.043143, 11900.0 
20, 4 8' 12. 9, 41.874000, 84. 036239, 11900.0 
20, 46. 17. 5, 41.879167, 84.030699, 11900.0 
20, 48. 

,, . 
4 ..... ,(., 41.884500, 84.025160, 11900.0 

20, 4 8. 26. B, 41.890667, 84.022539, 11800.0 
20, 4 8. 31.4. 41.894833, 84.016985, 11700.0 
20, 48, 36.0, 41.901167, 84.014141, 11600.0 
20, 48, 40. 5, 41.903167, 84.007220, 11500.0 
20, 4 8' 45.2, 41. 9ll500, 84. 005962. 11300.0 
20, 4 B, 4 9. 8, 41.917833, 84.003116, 11200.0 
20, 48, 54.4, 41.922000, 83.997559, 11100.0 
20, 48' 59. 0, 41.927167, 83.992012, 11000.0 
20, 49, 3.7, 41.931333, 83.986453, 10900.0 
20, 49, 8. 3, 41.935500, 83.979550, 10700.0 
20, 49, 12. 9, 41.939667, 83.973990, 10600.0 
20, 4 9' 17. 4. 41.943833, 83.968429, 10500.0 
•20. 4 9' 22. 0, 41.949000, 83.962877. 10500.0 
20, 49, 26. 7, 41. 955333, 83.958680, 10400.0 
20, 4 9, 31. 3, 41.957333, 83.951752, 10300.0 
20, 49, 36. 0. 41.962500, 83.946197. 10200.0 
2C I 's- I H'.f. 41.966667, 83.940633, 10100.0 
2C, 4?, 4 s. 2, 41.970833, 83.935067, 10000.0 
2 0. 4 s-, 4 9. 8, 41.975000, 83.928156, 9900.0 
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20, 49, 54.4, 41.979167, 83.923935, 9700.0 
20, 49, 59.1, 41.983333, 83.917022, 9600.0 
20, so. 3. 6, 41. 987SOO, 83.9114S4, 9400.0 
20, SO, 8.2, 41.991667. 83. 90S88S, 9300.0 
20, 50, 12. 9, H. 995833, 83.898745, 9100.0 
20, 50, 17. 4, 42. 000000, 83. 89317S, 9000.0 

. 20, so • 22 .1, 42.004167. 83.8862S8, 8900.0 
20, 50, 26.7. 42.007333, 83.880677. 8800.0 
20, so. 31.3, 42.010500, 83.873750, 8800.0 
20, 50, 35.9, 42.013667. 83.868168, 8700.0 
20, 50, 40. 5, 42.018833, 83.862602, 8700.0 
20, 50, 45.1, 42.020833, 83.8S5664, 8600.0 
20, so. 49.7, 42.025000, 83.8S0088, 8600.0 
20, so. 54. 3, 42.028167, 83.844504, 8500.0 
20, so. 59. 0, 42.031333, 83.838920, 8400.0 
20, Sl, 3. 6, 42.03S500, 83.833342, 8200.0 
20, 51, 8.2, 42.038667, 83.827756, 8100.0 
20, 51, 12.9, 42.041667, 83.820597, 8000.0 
20, S1, 17. s. 42.044833, 83.815010, 7800.0 
20, S1, 22.1, 42.047000, 83.808069, 7700.0 
20, 51, 26. 6, 42.051167. 83.803835, 7SOO.O 
20, 51, 31. 3, 42.056333, 83.795566, 7400.0 
20, 51. 35.9, 42.058333, 83.791316, 7300.0 
20, 51. 40. 5, 42.061500, 83.785726, 7200.0 
20, 51, 4 5 .1, 42.064667. 83.780135, 7100.0 
20. 51, 4 9. 8. 42.067833, 83.773197. 7000.0 
20, 51, 54. 5, 42.070833, 83.767604, 7000.0 
20, 51. 59.1, 42.074000, 83.762012, 7000.0 
20, 52, 3. 8, 42.078167, 83.756425, 7000.0 
20, 52, 8. 3. 42.079167, 83.750818. 6900.0 
20. 52, 12. 9, 42.061333, 83.743871, 7000.0 
20, 52, 17. 5; 42o079167, 83.736671, 7000.0 
20, 52, 22 ol. 42o080333, 83.731065, 7000.0 
20, •• _,.._, 2 E. 6, 420079167, 83.727016, 7000.0 
20, 52, 3: 0 3. 420075000, 83.721377, 7000.0 
20, .. ,,_, <• 0 _,_ . ..,, 42 0 07.4000, 83.718452, 7000.0 
20, 52, 40 0 5. 42.069833, 83.714162, 7000.0 
20, 52, 45o1, 42.067833, 83.712803, 7000.0 
20, 52, 4 9 0 6. 42.064667. 83o 710091, 7000.0 
20. 52, 54. 3, 42.062500, 83.708507, 7000.0 
20, 52, 56 0 9. 42.060500, 83.705802, 7000.0 
20, .., 3. 5, 42.057333, 83.702866, 7000.0 -'' 
20, 53, 8 .1, 42o054167, 83.700154, 7000.0 
20. 53, 12.8, 42.051167. 83.697220, 7000.0 
20, 53, l7 .4, 42.049000, 83.694514, 7000.0 
20, 53, 22. 0, 42.044833, 83.691574, 7000.0 
20, 53, 26. 6, 42.042833, 83.688870, 7000.0 
20, 53, 31. 3, 42.039667, 83.685935, 7000.0 
20, 53, 35.8, 42.037500, 83.683231, 7000.0 
20. 53, 40o4, 42.034500, 83.680298, 7000.0 
20, 53, 44 0 9, 42.031333, 83.677588, 7000.0 
20, 53, 4 9 0 5. 42.028167, 83.674655, 7000.0 
20, 53, 54o1, 42.025000, 83.674639, 6900.0 
20, 53, 58o8, 42.022000, 83.673277, 6900.0 
20, 54, 3o4, 42.017833, 83.671910, 6800.0 
20, 54, 8. 0, 42.014667, 83.671893, 6800.0 
20, 54, 12 0 6, 42o012500, 83.671882, 6700.0 
20, 5.;, 17 0 2, 42.009500, 83.670521, 6700.0 
20, 5.;, 2l.S, 420005333, 83o667584, 6600.0 
20, ~.;, 2 Eo 4, 42.003167, 830667573, 6500.0 
20, ::..;, 31 0 0' 42.001167, 83.664871, 64 00. 0 
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20, 54, 35. 6, 41.997000, 83.660590, 6400.0 

20, 54, 40. 3, 41.994833, 83.657663, 6300.0 

20, 54, 44.9, 41.992833, 83.654963, 6200.0 

20, 54, 49.5, 41.990667. 83.650692, 6100.0 

20, 54, 54.1, 41.987500, 83.647986, 6000.0 

20, 54, 58.7,· 41.985560, 83.643716, 5900.0 
2_(), 55, 3. 3, 41.982333, 83.640786, 5900.0 

20, 55, 7. 8, 41.980333, 83.638087, 5806.6 

20, 55, 12.4, 41.977167. 83.635158, 5700.0 

20, 55, 1i. 0, 41. 97Sooo, 83.631112, 5600.0 
20, 55, 2+.6· 41.972000, 83.628185, 5500.0 

20, 55, 2 . 2, 41.969833, &3.625485, 5400.0 
20, 55, 30.9, 41.966667, 83.622557. 5400.0 

2o, 55, 35. 5. 41.962566, 83.618280, 5300.0 

20, 55, 40. 1, 41.960500, 83.618272, 5300.0 

20, 55, 44.7, 41.957333, 83.616914. 5200.0 

20. 55, 49.3, 41.953167, 83.615551, 5200.0 

20, 55, 53. 9, 41.950000, 83.615538, 5200.0 

~· 
55, 58.5, 41.945833, 83.614176, 5100.0 

2 • 56, 3.1, 41.942633, 83.612594, 5100.0 ,o. 56. 7.7, 41. 939667. 83.612581, 5000.0 

0, 56, 12.4, 41.935500, 83.614132, 4900.0 

20. 56, 17. 0, 41.933333, 83.612555, 4900.0 

20, 56, 21. 6, 41.929167, 83.669849, 4800.0 

20. 56, 26.2, 41.925000, 83.609832, 4800.0 

20, 56, 30.7, 41.922000, 83.669819, 4766.6 
20, 56, 35.3, 41.917833, 83.609802, 4700.0 

20, 56, 40. 0. 41. 914 6671 53.609799, 4100.0 

20, 5E, 44. 6, 41.910500, 83.611115, 4600.0 

20, 56, ~£- • .2, 41.968333, e3.6i4oie, 46oo.o 

20, 56, 53. 9, 41.906333, 83.616696, 4600.0 

20, 5C 58.4, 41.964167, S3.620942, 4500.0 

20, 57, 3,11 41.902167. 83.623620, 4500.0 

20, :.-;, 7. 7, 41.951167, 63.621811, 4400.0 

20, 57, 12. 2' 41.900000, 83.630777, 4400.0 

20, 57, 16. 8, 41.900000, 83. 636375, 4400.0 

20, 57, 21. 5, 41.900000, 83.640405, 4300.0 

20, 57. 26.1, 41.900000, 63.644666, 4300.0 

20, 57, 30.7, 41.901167. 83.648920, 4300.0 

20, 57, 35. 3. 41.901167. 83.654518, 4200.0 

20. ~7. 'C " 
_, p • :-:, 41.900000 83.658767 4200.0 

20, 57. 44. £, 41.901167. 83.661459, 4200.0 

20, 57, 49.2, 41.901167. 83.667058, 4100.0 

20, 57, 53.8, 41.901167, 93. 669969, 4100.0 

20, 57, 58. 3, 41.902167, 83.676915, 4100.0 

20, 58, 2. 9, 41. 902167. 83.679603, 4000.0 

20, 58, 7. 6, 41.903167, 83.685206, 4000.0 

26, 56, .1..:::.2, 41.906333, 83.690821, 4000.0 

20, 58' 16. 8, 41.907333, 83 .. 693738, 4000.0 

20, 58, 21.5, 41.966333, 63.695081, 4000.0 

20, 58, 26.1, 41.911500, 83.698016, 4000.0 

20. 55, 30.7, 41.9H66/, 63. 6993/S, 4000.0 

20, 58' 35. 3, 41.918833, 83.703656, 4000.0 

20, 58, 39.8, 41.922000, s3. 7oS016, 4000.0 

20, 58, 44.4, 41.925000, 83.107723, 4000.0 

20, 58, 49.1, 41.9271671 83.709304, 4100.0 

20, 58. 53.9, 41.930333, 83.114922, 4100.0 

20, 58, 58.4, 41.932333, 83.718967, 4200.0 

20 :,g, 3 .1, 41.935500, 83.723242, 4300.0 

2 c' :.s, 7. i, 41.937500, 83.727511, 4400.0 

(if) 20' 59' 12. 3. 41.939667. 83.731781, 4500.0 



• 

' 20, 59, 49.2, 41.958333, 83.765513, 4900.0 
20, 59, 53.8, 41.§60500, 83./69562, 4900.0 
20, 59, 5B.4, 41.962500, 83.773834, 4900.0 
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203955 41.812500 -84.463350 12000 
203959 41.819833 -84.457887 12000 
204004 41.828167 -84.453782 12000 
204008 41.831333 -84.445337 12000 
204013 41.834500 -84.435773 12000 
204018 41.836500 -84.427306 12000 
204022 41.838667 -84.419066 12000 
204027 41.842833 -84.410634 12000 
204031 41.841667 -84.400771 12000 
204036 41.841667 -84.391152 12000 
204041 41.840667 -84.382634 12000 
204045 41.840667 -84.372791 12000 
204050 41.839667 -84.363155 12000 
204055 41.841667 -84.356028 12000 
204059 41.840667 -84.346393 12000 
204104 41.838667 -84.336518 12000 
204108 41.836500 -84.326642 12000 
204113 41.836500 -84.318365 12000 
204118 41.837500 -84.309880 12000 
204122 41.835500 -84.300007 12000 
204127 41.939667 -94.294462 12000 
204131 41.934500 -84.281873 12000 
204136 41.833333 -94.273590 12000 
204140 41.833333 -94.263737 12000 
204145 41.932333 -84.255223 12000 
204150 41.930333 -84.244011 12000 
204154 41.931333 -84.235749 12000 
204159 41.930333 -84.227235 12000 
204204 41.930333 -84.219959 12000 
204208 41.830333 -84.209117 11900 
204213 41.829167 -84.199260 12000 
204217 41.831333 -84.199671 12000 
204222 41.833333 -84.191197 12000 
204227 41.837500 -84.174316 12000 
204231 41.837500 -94.163131 12000 
204236 41.839667 -84.154659 12000 
204240 41.841667 -94.145064 12000 
204245 41.943833 -94.135247 12000 
204250 41.847000 -84.126784 11900 
204254 41.850000 -94.118542 11900 
204259 41.852167 -94.110066 11900 
204304 41.854167 -84.101910 11900 
204308 41.957333 -94.093345 12000 
204313 41.859500 -94.095090 12000 
204317 41.861500 -94.076609 11900 
204322 41.864667 -94.068365 12000 
204327 41.866667 -94.061450 12000 
204331 41.870833 -94.052991 12000 
204336 41.974000 -94.047431 12000 
204340 41.979167 -94.040548 12000 
204345 41.882333 -94.034986 11900 
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204350 41.886500 -84.028091 11800 
204354 41.890667 -84.020971 11800 
204359 41.894833 -84.015418 "11700 
204403 41.899000 -84.008520 11500 
204408 41.902167 -84.001611 11400 
204413 41.906333 -83.996055 11300 
204417 41.909500 -83.989145 11100 
2044~2 41.914667 -83.982030 11000 
204427 41.916667 -83.975107 10900 
204431 41.922000 -83.969560 10700 
204436 41.925000 -83.963989 10600 
204440 41.930333 -83.958440 10400 
204445 41.933333 -83.951523 10300 
204449 41.937500 -83.945962 10200 
204454 41.941667 -83.940399 10000 
204459 41.945833 -83.933492 "9900 
204503 41.949000 -83.926350 9700 
204508 41.952167 -83.920776 9600 
204513 41.957333 -83.915220 9400 
204517 41.959500 -83.908291 9200 
204522 41.962500 -83.901369 9100 
204526 41.967833 -83.895812 8900 
204531 41.972000 -83.890244 8800 
204536 41.976167 -83.884675 8700 
204540 41.979167 -83.877750 8500 
204545 41.982333 -83.870602 8400 
204549 41.987500 -83.865038 8200 
204554 41.991667 -83.859466 8100 
204559 41.994833 -83.852540 7900 
204603 41.998000 -83.845613 7800 
204608 42.002167 -83.840039 7600 
204612 42.005333 -83.833111 7500 
204617 42.008333 -83.827526 7400 
204622 42.012500 -83.820379 7200 
204626 42.012500 -83.812080 7100 
204631 42.013667 -83.805134 7100 
204636 42.012500 -83.797948 7000 
204640 42.014667 -83.792355 7000 
204645 42.010500 -83.784026 7000 
204649 42.009500 -83.778412 6900 
204654 42.007333 -83.771444 6800 
204659 42.006333 -83.765830 6700 
204703 42.004167 -83.758638 6500 
204708 42.002157 -83.753018 6400 
204712 42.001167 -83.747405 6300 
204717 42.000000 -83.741791 6200 
204722 41.998000 -83.734826 6100 
204726 41.995833 -83.729207 6000 
204731 41.994833 -83.723594 5900 
204735 41.991667 -83.717969 5900 
204740 41.991667 -83.712363 5800 
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204745 41.989667 -83.706746 
204749 41.989667 -83.701140 
204754 41.989667 -83.694189 
204758 41.989667 -83.688583 
204803 41.989667 -83.681631 
204808 41.990667 -83.676031 
204812 41.990667 -83.670425 
204817 41.990667 -83.664819 
204821 41.990667 -83.657643 
204826.41.991667 -83.652042 
204831 41.990667 -83.645086 
204835 41.991667 -83.639484 
204840 41.991667 -83.633878 
204845 41.991667 -83.625581 
204849 41.991667 -83.621321 
204854 41.991667 -83.614369 
204858 41.992833 -83.608768 
204903 41.992833 -83.601592 
204907 41.992833 -83.595986 
204912 41.992833 -83.589034 
204917 41.993833 -83.582086 
204921 41.993833 -83.577825 
204926 41.993833 -83.570874 
204931 41.993833 -83.565267 
204935 41.994833 -83.559665 
204940 41.994833 -83.552713 
204944 41.994833 -83.547106 
204949 41.995833 -83.541503 
204954 41.995833 -83.535897 
204958 41.998000 -83.530296 
205003 42.000000 -83.526041 
205007 42.002167 -83.520440 
205012 42.004167 -83.514839 
205017 42.006333 -83.510583 
205021 42.008333 -83.506326 
205026 42.010500 -83.500724 
205030 42.012500 -83.495121 
205035 42.015667 -83.491091 
205040 42.017833 -83.486833 
205044 42.019833 -83.482575 
205049 42.022000 -83.476971 
205053 42.024000 -83.472712 
205058 42.027167 -83.467110 
205103 42.029167 -83.463075 
205107 42.032333 -83.460163 
205112 42.035500 -83.455906 
205116 42.038667 -83.450301 
205121 42.042833 -83.448961 
205126 42.045833 -83.444702 
205130 42.049000 -83.442014 
205135 42.053167 -83.437755 

--••nr 

Nw483ll 

5700 
5600 
5500 
5400 
5200 
5100. 
5000 
4800 
4700 
4600 
4500 
4400 
4300 
4200 
4100 
4000 
3900 
3800 
3700 
3700 
3600 
3500 
3500 
3400 
3400 
3400 
3300 
3300 
3200 
3200 
3100 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
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205140 42.056333 -83.435066 3000 
205144 42.059500 -83.430805 3000 
205149 42.063667 -83.427893 3000 
205153 42.066667 -83.425202 3000 
205158 42.070833 -83.422289 3000 
205203 42.074000 -83.419598 3000 
205207 42.078167 -83.416684 3000 
205212 42.081333 -83.412646 3100 
205216 42.084500 -83.409730 3000 
205221 42.088667 -83.407039 2900 
205226.42.090667 -83.402773 2900 
205230 42.094833 -83.399857 2800 
205235 42.098000 -83.397165 2700 
2052~9 42.101167 -83.392899 2600 
205244 42.104167 -83.391554 2500 
205249 42.107333 -83.388636 2500 
205253 42.110500 -83.385942 2400 
205258 42.113667 -83.383023 2300 
205302 42.115667 -83.380328 2200 
205307 42.118833 -83.377409 2200 
205312 42.122000 -83.374714 2100 
205316 42.124000 -83.371794 2100 
205321 42.127167 -83.370447 2000 
205326 42.129167 -83.367751 1900 
205330 42.132333 -83.364830 1900 
205335 42.134500 -83.362134 1800 
205339 42.137500 -83.360561 1800 
205344 42.139667 -83.357865 1700 
205348 42.141667 -83.356516 1600 
205353 42.143933 -83.353595 1600 
205358 42.147000 -83.352246 1500 
205402 42.149000 -83.349324 1500 
205407 42.151167 -83.346627 1400 
205411 42.153167 -83.345278 1300 
205416 42.156333 -83.343929 1300 
205421 42.158333 -83.342580 1200 
205425 42.160500 -83.339657 1200 
205430 42.162500 -83.338308 1100 
205434 42.164667 -83.335609 1100 
205439 42.167833 -83.334034 1000 
205444 42.169833 -83.331336 1000 
205448 42.172000 -83.329986 900 
205453 42.174000 -83.327062 900 
205457 42.177167 -83.324362 800 

p 




