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td '1. 
HEIGHT 

ac 
STATION:72501 728500 

LEVEL 
1015.0 
1000.0 
982.9 
949.4 
925.0 
916.8 
884.9 
850.0 
823.8 
794.5 
793 .o 
766.0 
757.0 
748.0 
738.5 
723.0 
711.7 
700.0 
699.0 
686.0 
685.7 
676.0 
660.4 
636.0 
634.0 
612.3 
586.0 
567.3 
545.9 
530.0 
500.0 
485.5 
466.6 
465.0 
400.0 
396.5 
363.9 
319.9 
306.5 
300.0 
286.0 
280.4 
256.0 
250.0 
200.0 
182.0 
175.1 
151.4 
150.0 
133.0 
124.5 
118.5 
117.0 
102.3 
100.0 
93.3 
25.9 

TEMP DEW PT 
27.8 
27.2 
26.1 
23.9 
22.2 
21.5 
18.6 
15.4 
13.5 
11.3 
11.2 
10.3 
10.0 
9.2 
8.4 
7.2 
6.3 
5.4 
5.4 
5.2 
5.2 
4.4 
3.3 
1.5 
1.4 
0.8 
0.0 
-1.9 
-4.2 
-5.9 
-9.3 
-10.4 
-11.8 
-11.9 
-22.5 
-23.0 
-27.9 
-35.2 
-37.7 
-38.9 
-41.9 
-42.7 
-46.5 
-47.5 
-58.1 
-56.5 
-57.2 
-59.9 
-60.1 
-61.9 
-60.8 
-59.9 
-59.7 

-62.1 
-62.5 
-49.7 

-61.8 

20.8 
18.2 
16.9 
14.2 
12.2 
11.9 
10.7 
9.4 
8.0 
6.3 
6.2 
-1.4 
-4.0 
1.2 
1.7 
2.4 
0.9 
-0.6 
-0.6 

-12.8 
-12.9 
-16.6 
-17.0 
-17.6 
-17.6 
-20.4 
-24.0 
-23.0 
-21.8 
-20.9 
-28.3 
-30.2 
-32.7 
-32.9 
-35.5 
-36.0 
-40.6 
-47.5 
-49.8 
-50.9 
-51.9 
-52.9 
-57.3 
-58.5 
-67.1 
-65.5 
-66.2 
-68.9 
-69.1 
-70.9 
-69.8 
-68.9 
-68.7 
-70.8 
-71.1 
-71.5 
-62.7 

DIR 
240.0 
255.0 
270.0 
280.0 
285.0 
285.0 
290.0 
305.0 
310.0 
315.0 
315.3 
320.0 
323.3 
326.5 
330.0 
332.9 
335.0 
325.0 
324.7 
320.1 
320.0 
310.5 
295.0 
290.0 
290.8 
300.0 
302.9 
305.0 
315.0 
315.0 
315.0 
310.0 
305.0 
304.8 
295.0 
295.0 
295.0 
305.0 
315.0 
315.0 
300.8 
295.0 
280.0 
280.0 
310.0 
313.6 
315.0 
300.0 
300.0 
312.9 
320.0 
320.0 
318.7 
305.0 
305.0 

l o l l r n n l  

SPEED 
2.5 
4.6 
6.6 
7.7 
8.7 
9.2 
9.7 
10.2 
10.8 
9.7 
9.6 
8.2 
7.7 
7.2 
6.6 
6.3 
6.1 
6.1 
6.1 
6.1 
6.1 
6.9 
8.2 
8.7 
8.8 
9.7 

10.9 
11.8 
15.9 
17.1 
19.5 
20.0 
20.5 
20.5 
20.5 
20.5 
20.5 
20.0 
19.0 
19.0 
18.6 
18.5 
21.0 
21.6 
24.6 
29.0 
30.8 
25.7 
25.7 
23.4 
22.1 
20.0 
19.3 
12.3 
11.3 

20.0 
152.3 
304.0 
609.0 
837.5 
914.0 

1219.0' 
1564.9 
1829.0 
2134.0 
2150.4 

2743.0 
2918.6 

3184.2 
3048.0 - 
3196.0 

~ ~. 

3349.5 

3353.0 3469.2 ACc- J-/% 

+ /j-blNj/eJ J2- 3658.0 

3988.5 
4268.0 
4620.7 
4878 .O 
5182.0 

3963.0 A/ 

5416.5 
5870.1 
6097.0 
6402.0 
6428.6 
7558.2 
7621.0 
8231.0 
9146.0 
9451.0 
9602.3 
9928.2 

10060.0 
10670.0 
10828.8 
12269.6 
12866.1 
13109.0 
14024.0 
14083.4 
14831.2 
15243.0 
15548.0 
15628.7 
16463.0 
16605.1 
17033.6 
25184.4 



24.7 -49.7 -62.7 25495.0 

PARCEL: DEW PT.= 288.7 POT. TEMP= 301.1 EQUIV.POT.TEMP= 334.9 MIX= 12.3 
PRECIP.WATER= 30.4 CONV.TEMP= 30.9 FCST MAX= 0.0 LIFTED INDEX= -0.6 
TOTALS= 43.4 EQIJIL.PRES.= 253.8 K-INDEX= 28.1 SWEAT INDEX=190.4 
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Robert D. Gallagher 

1 Fairbanks Road, Chelmsford, MA, 01824, (508) 256-0794 

23 October 1996 

Mr. Robert Francis, Vice Chairman 
U. S. National Transportation Safety Board 
490 LEnfant Plaza, SW 
Washington, D.C. 20594 

Dear Mr. Francis: 

With regard to the TWA Flight 800 crash have you considered that a possible cause of the 
ignition of the explosion might have been a lightning discharge? 

Professional pilots reported a "flash of light " in the sky just before the explosion. IS there 
some reason that lightning has been mled out? 

Mr. Mark Malone of The National Lightning Detection Network (NLDN) reports that no 
lightning was detected within 100 miles of the crash site on their network. However, the 
NLDN only records cloud-to-ground discharges and fdters out cloud-to-cloud discharges 
from their database. If lightning did occur at 13,700 ft. it might have been a cloud-to-cloud 
discharge. Also, the NLDN detection efficiency for off-shore events is only 60%. 

Normally a perfectly conducting enclosure acts as a "Faraday shield and protects internal 
occupants and equipment from harm of high voltage discharges. This is demonstrated by 
the Van deGraff Generator operator who sits in a conducting screened enclosure 
surrounded by spectacular high voltage arcs. One might thus dismiss lightning as causing 
any problem to an aircraft enclosed with a perfectly conducting skin. 

However, early newspaper accounts reported that Boeing 747's of the vintage of TwARlOO 
had developed fatigue cracks in the aircraft skin at the junction of the wings and the body of 
these aircraft. This same article indicated that residual jet fuel might be associated with these 
cracks. These cracks were described as being adjacent to the main fuel tank compartment 
that exploded. 

If a lightning discharge occurred from wing-to-wing (or nose, or tail to wing) the flow of 
current in the aircraft skin might cause arcing/sparking at such a crack. If jet fuel was 
present at the crack "ignition" of the fuel might have occurred. If the fuel-air ratio in the 
enclosed area behind the crack was just right a minor explosion might have occurred. That 
minor explosion could have ruptured the main fuel tank causing the major explosion that 
ripped the plane apart. 



Early newspaper articles reported a small initial explosion then a major explosion. More 
recent articles report a low energy explosion (more indicative of jet fuel) rather than "high 
explosives". The recent article also reported that the main fuel tank debris examined 
showed deformation indicating both an external and an internal explosion with respect to 
the fuel tank. These accounts would tend to support the above theory. 

One might ask, why should the lightning current jump the crack and make a spak  if there 
was conducting metal surrounding the crack? Just as the wings flexed during flight causing 
the crack by metal fatigue that same flexure during flight will open and close that crack 
alternately causing contact and non-contact. If lightning cumnt was passing across the 
crack when it was closed the associated magnetic field (inductance) will tend to cause the 
current to continue flowing when the crack opens thus causing a spark. Much the same as 
opening the contacts of a high power switch under load results in arcing. 

A second scenario to consider might be if lightning caused ignition of jet fuel at a crack but 
no explosion occurred immediately but that a 320 kt. wind whipped flame burned in the 
crack with fuel wicked up the inside surface of the aircraft skin in a blow torch effect. Such 
a hot flame might have burned through the nearby fuel tank thus causing the fatal 
explosion. 

Proving that lightning was the cause of this tragedy may be very difficult but perhaps a case 
built on circumstantial evidence might be persuasive. 

IfTWN800 was hit by lightning the "black-box'' recorders may have picked up 
electromagnetic "noise" (static) on their recordings. Perhaps the mysterious "noise" at the 
end of the recording is not acoustic "noise" caused by aircraft breakup picked up by the 
cockpit microphone but instead an electromagnetic pulse picked up in the aircraft wiring 
caused by the lightning current flowing through the aircraft skin. A very high current 
flowing along an aircraft skin punctured with cracks, windows, radio and radar radomes 
might admit enough radiation to be recorded on the "black-box" tape. 

Perhaps a time-spectrum analysis of the "noise" on the TWN800 tape could be compared 
with "noise" pulses on tapes of other aircraft known to have been hit with lightning 
discharges to prove or disprove the lightning theory. There should be adequate data of this 
type available due to the large number of military and commercial aircraft reported damaged 
each year by lightning. Also, any "noise" pulses detected on the tape from takeoff to the 
end of the recording should be examined in case the second scenario described above was 
the way it happened. 

The recovered aircraft skin could be examined for signs of "lightning strike damage". I 
would assume that the FAA has a large database of information describing this type of 
effect due to the reported large cost of damage to aircraft from lightning strikes each year. 

If the crack area has been recovered it might be. examined to see if any electrical arc or burn 
marks can be found. Pining may also be observed on metal at an electrical arc due to 
electron erosion effects. 

Also, if any structural metal near the crack shows signs of high temperature deformation 
the blow torch theory might be explored further. 



Finally, Mr. Mark Malone, of Global Atmos herics, Inc., NLDN, has suggested that 
"PIREPS (Pilot REPortS)" for the evening o P July 17,1996 might be examined to see if 
any other pilots reported "lightning discharges" in the accident area. He also raises the issue 
of "bolt out of the blue" lightning phenomena which occur on clear days. 

I have attached illustrative sketches, pertinent e-mail messages and the Global 
Atmospherics "FaultFinder" report for your information. 

I am an expert in any of the above areas and I offer these theories "only as 
suggestions" by a concerned citizen who has done a lot of flying as a passenger. If I can 
be of any help to your investigation please feel free to call on me, however, I feel that at 
this time I have told you all that I know. 

RDGICC: 

Mark Malone, Global Atmospherics, Inc. 

ATTACHMENTS: 

1. Cloud to Aircraft Discharee ... 
2. Scenario 1 
3. Scenario 2 
4. E-mail Mark Malone 9/27/96 
5. E-mail Mark Malone 10/16/96 
6. FaultFiider Cover Letter 
7. FaultFiider Report 
8. FaultFinder Mapplot 

.. . . . 
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I ' Mark Malone,9/27/96 8 5 1  PM,Re: Lightning Data - response to your inquiry 1 1  
Date: Fri, 27 Sep 1996 15:51:58 (iMT 

Prom: mrhnOgds.com (Mark Malone) 
To: rdgincOtiac.net 
Subject: Re: Lightning Data - response to your inquiry 
X-sun-Charset: Us-ASCII 

Mr. Gallagher: 

Glad to help, we'll do a lightning data report (on a map printout) referencing 
that lat and lon. Be aware of some things: 

1. The National Network provides cloud-to-ground infomation only (both pos/neg polarities). 
Intra-cloud lightning we filter out. 

2. Detection efficiencies off the coast probably drop to 60% Isensors are land based.. although we have 
very long range capability - 1000's of kilometers). NWS use5 our long range stuff for over Water severe 
storm detection. I'll see about checking both data bases (US and Long range). 

3. If there is no lightning detected for that t h e  period. we'll show where nearest lightning was 
occurring. 

Also. ..who do I send this report to? I'll need an address. 

Thanks 

Mark Malone 
Global Atmospherics. InC. 

mdmOgds . com 

I Printed for rdginc@tiac.net (Bob Gallagher) 1 

. .. 



I . Mark Malone,10/16/96 1 2 5 4  AM,Re: Lightning Data July 17, 1996 1 
~~ 

Date: m e ,  15 Oct 1996 19:54:31 GMT 
Prom: mdmOgds.com (Mark Malonel 
TO: rdgincOtiac.net 
Subject: Re: Lightning Data July 17, 1996 
X-Sun-Charset: us-ASCII 

> prom rdginc9tiac.net Tue Oct 15 00:18 GMT 1996 
> X-Sender: rdginc9pop.tiac.net 
> Mime-Version: 1.0 
> Date: Mon, 14 Oct 1996 20:20:13 +0500 
D To: mdmf3gds.com (Mark Malonel 
> From: rdgincOtiac.net (Bob Gallagher) 
> Subject: Re: Lightning Data July 17, 1996 

> Nark. 

> Thank you for your help! Can you estimate the probability that there Was a 
> lightning discharge in that area and your network did not record it? (i.e. 
> one in a million???) 

> I will forward your report to the NTSB with a note when I receive it. 

> Thanks again! 

D Bob Gallagher 

Bob, 

Without knowing a lot of other things, like was there convection in that area? 
Satellite imagery showed clouds? surface observation reports. etc. I Can 
only state that our chances of missing an entire storm is pretty low, almost 
nil. However, if there was a 'bolt out of the blue'. yes there is a chance 
we missed it, especially if it were a cloud to cloud strike, which we do not measure. I would check NWS 
surface reports and archived satellite and radar data too. Also, other pilots may have filed 'PIREPS 
(PIlot REFortS)' which are in-flight updates as observed by aircrews as they fly through areas. The NWS 
or FAA should have that data. 

> 

> 

> 

> 

> 

> 

For more precise quantification. you may want to contact some of our academic affiliates like Dr. Phil 
Krider at the University of Arizona Atmospheric Science Dept. Or, Dr. Martin UMn at the Miveristy of 
Florida Electrical Eng. Dept. Or. Dr. Richard Orville, at Texas A&M College Station. TX. Phil and 
Martin founded our company, and Dr. Orville designed the National Lightning Detection Network (when he 
was at S.U.N.Y. - Albany, I worked under him there). Finally, another scientist I recomend is Dr. 
Vince Idone at S.U.N.Y. - Albany Atmospheric Science Dept. 

here's some phone numbers: 

Krider: ( 5 2 0 )  621-6931 
Umm: (904) 392-4038 
Idone: (518) 442-3300 ( I think this i s  SUNYA's main number...not sure) 

Another excellent scientist that we work with is Mr. Ron Holle at the National Severe Storms Lab in 
Norman Oklahoma. he is real adept at quantifying this sort of thing. (He and I and others co-authored a 
short paper an a 'bolt out of the blue. lightning phenomena that occurred in Connecticut during the 
Winter. Ron CM be reached by e-mailing: hollePnssla.nssl.uoknor.edu 

Oh, NASA also has OTD's in space (Optical Transient Detectors) that pick up lightning from space 
platforms. Check the NASA.GOV web site or contact them directly. there is a gentl- named Otha Vaughn 

the Marshall space Flight Center. I don't have his nwnber. 

Hope this helps. 

that does some pretty incredible resetach in that area and supports the NASA 

Printed for rdginc@tiac.net (Bob Gallagher) 



Global Atmospherics, Inc. 
2705 East Medina Road, Tucson, Arizona 85706-7155 Telephone (520) 741-2838 Far (520) 741-2848 

FaultFjndep Report 

October 18,1996 

Robert Gallagher 
1 Fairbanks Road 
Chelmsford, MA 01824 

Dear Mr. Gallagher: 

Thank you for using Global Atmospheric's FaulfFindePLightning Report to validate your 
event. Data from the National Lightning Detection Networkm was. analyzed for your requested 
search time and region. 

Reference Number: SO-819 

Report Details: 

Requested BY: 

Search period: 

Robert Gallagher 

July 17, 1996 20:20:00 EDT 

To: 

J u l y  17, 1996 20:35:00 EDT 

Location Region: Latitude: 40.5833 
Longitude: -72.7167 

Results: 
Strokes Detected: 0 (within 100 miles) 

Suspect Strokes: 0 detected on centerpoint 
(nearest stroke detected at 361.0 miles) 

If you have any other questions abmt your report, please call me at (800) 283-4557. 

Sincerely, 

William Brooks 

__ ~- 
Lightning Location and Protection GeoMet Data Senices Atmospheric Research Systems 

T i m m  ;Iri:ono Tucsoil. Arizoilo f u h  m.1: Florida 

" 







... n s i e n t  Detector ( L i g h t n i n g  Detector i n  Space) h t t p :  //wwwghcc.msf c.naea.gov/ o x .  ?+m.. 

Background 
The Optical Transient Detector (OTD), the world's first space-based sensor capable of detecting and 
locating lightning events in the daytime as well as during the nighttime with high detection efficiency was 
designed and built at Marshall Space Flight Center (MSFC). The concept for this instrument was 
developed at NASA's Marshall Space Flight Center in the 198O's, and was selected for development as 
part of NASA's Earth Observing System (EOS). The purpose of the sensor is to detect the full spectrum 
of lightning flashes, including cloud to ground, cloud to cloud, and intra-cloud (within cloud) lightning 
events. Ground-based techniques detect only cloud-to-ground lightning events which are believed to 
comprise 25% of the total lightning activity. In addition, these techniques generally detect lightning 
activity n a a n d  masses; very little information is provided regarding lightning events over the Earth's 
oceans. OTD is designed to aid scientists in determining the global distribution of lightning activity and 
thunderstorms and the characteristics of the Earth's electric circuit. 

The OTD was launched on 3 April 1995 into a near polar orbit at an inclination of 70 degrees with 
respect to the equator. at an altitude of 740 km. At any given instant, this views a 1300 bv 1300 km 
reeion ofthe earth. 

The OTD development team adopted a fast-track, low-cost approach, making maximum use of 
engineering model hardware configured for flight on a small satellite. Launch on the Orbital Sciences 
Corporation Peeasus rocket was provided free via a data buy arrangement providing low cost access to 
space with a shared government-industry risk factor. The instrument was designed, fabricated, space 
qualified, calibrated. and delivered within a period of nine months. It is designed to observe lightning for a 
period of two years or more. 

The Microlab satellite carrying the OTD (silver canister) shared the launch with two commercial 
communications satellites called Orbcoms. 

Scientific Objectives 
OTD is designed to detect, locate and measure the intensity of lightning for scientific investigation of the 
distribution and variability of total lightning over the Earth and to increase our understanding ofthe 
Earth's atmosphere system Lightning is closely coupled to storm convection dynamics, and can be 
correlated to the global rates. amounts and distribution of convective precipitation. The Optical Transient 
Detector contributes to studies of Earth's water cycle, sea-surface temperature variations, electrical 
coupling of thunderstorms with the ionosphere and magnetosphere, and modeling of the global 
distribution of electrical fields and currents in the Earth's atmosphere. I 
development of a global lightning climatological database for use in 

n, it beg Bonto 11/26/96 12:09:01 1 of 5 
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Radar Observations of a Major 
Industrial Fire 

R. R Rogers and W. 0.1. Brown 
Atmospheric and Oceanlc Sdences. Mffilll Unkrslty. Montreal, Quebec Canada 

ABSTRACT 

On 23 May 1996, a Moofreal suburban paint fmWy WoUiniag W d  hundred UlOUUcd gd.UOar Of @IS. Wl- 
vents. and other chemicals burned 10 the gmmd in 8 cpc*.cUh hrc. ' IbC smoke plVme fmm tbe titt W U  de- 
iected by thrre radars opmted by M c W  Univmity for ranine obmltionr of the laoorpbm. Aa S-band ( l h  
wavelmgth) scnnning radar provided 8 plan view of the plume fmm the tim of iu initirl .ppmnce over tbe plmt 
until the fm was fmdly extinguished. These daU reveal the history of the plumC. lhowing how it mcMdad .ad e 
as il was advecled downwind. The plume p r c d  directly over the rite of two v a t i d y  pointing nd.n. ?De a hi&- 
resolution X-band radar ( 3 t m  wavelength) and the aba a UHF (334331 wavelcngtb) atiad prohler.  -la cpccoP of 
Ihe smoke echoes in the v a ~ i c a l  beam of the pofilcr indicated pI t&mkmUy downwd VCloCiticr. but ic W U  w( pOS- 
sible 10 distinguish in the specIra beween runaing by rettling @CleS md d g  k9 tbe & d y  pmnad 
air. The reflectivity of the plume in the v d u l  bepm of the wiad pfder, exprrrred in tamc of tbe nin4quivdcnl 
reflectivity factor, had values up to 40 dBZ. At tbe shona wavelength ofthe X-band ndu. tbe rrflMivity f.clra'S W e  
IN by amounts ranging from 20 to mon than 30 dBZ. l l ~  difference in refldvity CUI p b h l y  k Lconmtcd for by 
2 ~rmbination of 1) the presence in the plume of @cles on tbe adn of IO mm in di-, which arc 100 IUKe IO 

vdisfy the Rayleigh scantring approlimstion at the lhofia wavcleagtb. .ad 2) a clnm& prmrbcd rrmE(lm Of WE€- 
+?!ic refractivity, caused by the heating and turbulent miXing gcncnled by the hrc and Crrrting a mong & Lt the 
hmscr wavelength. 

1 .Introduction at the campus. it was no longer black and was only 
barely perceptible as a kind of haze that caused an 

On 23 May 1996, a spectacular fue destroyed a innease in the amount of diffuse light from dircctionS 
p.:!:i: iairory in the Montreal, Canada, suburb of nearthesun. 
Lis ::!. located approximately 10km northwest of the detected by three m- 
\LGill University campus in the center of the city. dars o p t e d  by McGill that a r ~  used for Continuous 
Tlw hlaze leveled three buildings filled with paint, atmospheric observations. Data from an S-band 6Llf- 
u iioil stain, and preservatives; solvents; and other veillance radar located 30 km west of the downtom 
t.hci!iicals used in the manufacturing of paint. A wl- site show the plume as it first appearcd over the paint 
unin if black smoke rising from the fire was clearly factov and as it gnw and was advected toward the 
\ i\ibih~ from the McGiU campus. It appeared to rcach southat. A ~Crtically pointing X-band mdar On the 
2 Iwi;lir of at least a kilometer and then to spread downtowncampusprovidedhigb-nsolutionma~- 
*bwiicssrward. toward the campus and downtown mentFofthenfl~~~oftheplumeasitpaSstd0V~- 
h x l c d .  By the time the smoke trail was overhead head. At the same site. a UHF wind p f ~ g  radar 

measured the reflectivity and the Doppler spectra of - the plume overhead. Curiously, in spite of the strong 
C m ,  V'onding author address: R. R. Rogers. Dcpt. of Amo- =hws frorn the plume, it wBs o p t i d y  too thin 
\ r h  Sciences. McGill University, 80s Sherbrooke SL Wess to more than a brief on la-, 
I ~ : ' l  rl~een~zephyr.meteo.mcgiU.ca ser ceilometer, and that signal might ac 

The smoke trail was 

5!L!x!caI H3A 2K6. &a&. 

111!.J l o r n  12 November 19%. 
I I*, i -  American Meteorologicpl Society 

6 -  : ' n of the Americon Mefeorologicol Socisry 

- .. . . . . . .. 



This paper desmbr . : : I 

smoke plume. The dat,, , I v, 
tion of the way 111 w h ~ r .  z.ucii 
helpful in monitoring plume w: ., 
of the trflectivioles at u aiclscit! 
indicates a strong dewation tmn. I 

The wavelength dependence IS $5: 

a combination of Bragk: rianer. 
fluctuations and the exlsrence .I' 

plume that are too large for the k ~ ,  
tion at the shorter waveiength. 1% 

favor the longer wavelength 

2.The fire 

The fire started soon aner i 

time). Workers retumng from I,..: :, 
shooting from a large rmxlng mail .  ,' 

is speculated that the fiie ma) h 
an overheated bearing i n  the IIUX~.. 

tion of the plant was so complete !r 
may never be known for sure. 'lh: . .  
anive med to contain the blaze trii H" ! 

of the building by the extreme heat ai.: A 
explosions. The fire spread qu~chl. .: , 
factory complex, causing roofs and e.y 

collapse. The buildings were shaker ! 1 1 1 , '  ) )  

smallexplosions, which shotfireballs. i t .  ~ i ~ . i i ,  ,. ,. 
debris high into the air. Three car:. , i . ~ ~ ~ w  , t  

beside the plant were destroyed . 4  ( i i ~ g i  * I  

firefighters and a half dozen pumper 311 

the scene, the fire did not come under i t  1. 

TABU 1. Characvrirtics of the k radm 
- . .- . . . . .. .. 

Wind 
scnnaing radar W E  proffler 

,- .. _. 
Frequency baud S band X band GHJ 

Peak power. kW 800 40 0.5 

Beamwidth. * 0.86 2 9 

804 
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May 1997 

sting the large islands of Montnal and 
hva l ,  and sevcral smaller islands lying 
in the St. Lawrcnce River. The letter F 
is centered on the location of the fin on 
the island of Lsval, P on the p 6 l e r  and 
VPR, and R on the scanning radar. 

The radar reflectivity of the plume is 
plotted in terms of its rainzquivalent re- 
flectivity factor. These quantities an re- 
lated by 

where Zis the reflectivity factor (dimen- 
sions L'). q is the reflectivity (dimen- 
sions L-I), A is the wavelength, and K 
= (m' - l)/(m2 + 2). where rn is the com- 
plex index of refraction of the scattering 
material (Battan 1973). For water, the 
dielectric factor JK12 for wavelengths in 
the centimeter range and temperatures 
around 0°C equals approximately 0.93, 
and that is the value used in (1) for 
canverting q to Z. [The reflectivity fac- 
tor defined by (1) is usually denoted by 
Z<, to emphasize that it is the rain- 
equivalent reflectivity factor, but for no- 
tational simplicity we have omitted the 
subscript.] Basically. the property of a 

13:15 

/ /  

lslond of Montreal' 

I 
St. Lawrence River 

-10 
I I I I 
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dEz 25 30 35 40 45 

McGill S-Bond Weother Rodor 23/05/1996 1.50 km 

RG. 1. Reflectivity panun of the mokc plvw obsavcd by S-band Cunning 
ndar at 1315 EST 23 May 1996. Tbis is 1 1.5-lun CAPPI map, witb scales 
indicating the distance from rhe h g  ndsr in Uometm. The l C K S r  F. P, 
md R indicate, mpcctively. loutions of chc fut. the p f d n  M d  WR, md rbe 
running ndsr. 

target that a radar is able to sense and measure is q; Z 
is a computed quantity pport iod to q, with a constant 
of proportionality that depends on the wavelength. For 

reflectivity (dBZ), defined by 

rain, 2 is related to the the drop size distribution by (3) 

where N(D)dD is the number of drops per unit vol- 
ume of space whose diameters are between D and D 
+ dD. Although Z has a physical significance only for 
radar targets consisting of precipitation, it can be use- 
ful for rescaling the reflectivity of radar targets in 
general. For any targets consisting of a cloud of scat- 
tering elements such as raindrops that are small  corn- 
pared with the wavelength, it follows from the 
Ravleigh scattering aDDroximation that n a k', and 

where Z, = 1 mm6 rn-'. 'be  outer contour of the smoke 
plume in Fig. 1 has a reflectivity factor of 25 dBZ. 
and the maximum reflectivities within the plume arc 
about 45 dBZ ' Ihse an substantial reflcctiviti'cs, which, 
for precipitation, would cornspond to moderate rain. 

Figure 2 shows a sequence of CAPPI displays at 
IO-min intervals from the time the smoke echo first 
a p e  until thc worst of the fire was over and the 
plume was dissipating. Here, the base map is simpli- 
fied to show principally the main islands of Laval and 
Montreal, separated by Rivike des Prairies. The first 
thrce frames suggest that there may have been an 5- 

~I - - -  
hence Z is independent of wavelength. tial explosion,followed after a bhorI dela 

By convention, the reflectivity factor is often mea- .major fin. The map at 131 
sured on a logarithmic scale in units of decibels of shown in Fig. I, when the 
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T i , '  , i i : : ~ t .  l,:o~umns exceed 1OdBZ. The 
zir clearly associated with the smoke 

Figure - '(x uses on the period 1300-1500 EST 
whcC inc-iutlez the strongest echoes from the smoke 
plume. anc  oru up ares the VPR data with the reflect- 
ivities measured In the vertical beam of the wind 
profiler, ' h e  high-resolution VPR data indicate an 
extremel) gr-au;i pattern of reflectivity, much rougher 
than the panrrns observed in precipitation, showing 
that the smoke plume is a highly irregular scattering 
medium. ,<lthough the resolution of the profiler in 
height and lime is coarser than the VPR, there is nev- 
ertheless ar! ohvious similarity between the two pat- 
terns. However. the profiler-measured reflectivity 
factors in the echo cores are stronger than those mea- 
sured by the VPR by as much as 20 dBZ or more. 
Coliocated with the profiler and VPR is a laser c e i b  
meter (Vasala model CT-12K). The only detectable 
echo on the ceilometer during this time period was one 

/?{, , at 2 1 km of abour a 2-min duration at 1332 EST. This 
fall:, withm the m e  and height interval of the strong 
radar echoes and might be an indication of the smoke 

cloud in the sky, and the ceilometer echo may only 
indicate a passing cloud. fight away it should be noted 
as c,,,jous that a smoke thought of as 
consisting of particles with sizes on the order of mi- 
crometers. would be detectable by radars with wave- 
lengths of 3,10, and 33 cm, but not by the ceilometer 
with a wavelength of 0.9 jm~. A possible explanation 
of the observations is that the radar plume was com- 
posed of rather large particles, presumably ash, de- 
bris, and other products of incomplete combustion, all 

,.,) & 
we: the McGill campus. 

.' " 

/ I I . S S  

"' ., '..7-' 

1.5 25  

L '' 
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I-Ilond Rodor  

23/5/96 1 5  km 

R ~ .  2. sequmce ofcAPPI at 1 0 . ~ ~ ~  ,nLcrvals showug plume. On the other hand. there were a few wisps of 
the evolution of Ihc smoke plume. The base map is simpkkd, 
indicating only Ihe islands of Monveal and Lava Some of the 
r d .  faint cchas south of the pmfier site I lerrer P) are ground 
cIuR~T.  not echoes from the plume. 

site of the profiler and the VPR. Hourly winds mea- 
sured by the profiler indicated a northwesterly flow 
of approximately 8 m s-' at 1.5 km. Although the 
plume meanders, its overall displacement is consis- 
tent with the profiler winds. 

dPR ) - - b n d  Reflectivity d8z  
3 -  %The plume overhead 15 
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Figure 3 is an 8-h time-height 

record of reflectivity measured by the 
VPR. The reflectivity is expressed in 
terms of the raincquivalent reflectiv- 
ity factor using (1). T h e  minimum 
value plotted is -15 dBZ. The weak 
and spotty echoes up to about 2 km 
are believed to be primarily due to 
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STATION:72501 DAY/TIME:9620 728500 
LBVEL TEMP DEW PT DIR SPEED HEIGHT 
1015.0 27.8 20.8 240.0 2.5 20.0 
1000.0 27.2 18.2 265 - 0 4.6 352 7 
982.9 26.1 16.9 270.0 6.6 304.0 
949.4 23.9 14.2 280.0 7.7 609.0 
925.0 22.2 12.2 285.0 8.7 837.5 
916.8 21.5 11.9 285.0 9.2 914.0 
884.9 18.6 10.7 290.0 9.7 1219.0' 
850.0 15.4 9.4 3 0 5 . 0  10.2 1564.9 
823.8 13.5 8.0 310.0 10.8 1829.0 
794.5 11.3 6.3 315.0 9.7 2134.0 
793.0 11.2 6.2 315.3 9.6 2150.4 
766.0 10.3 -1.4 320.0 8.2 2439.0 
757.0 10.0 -4.0 323.3 7.7 2538.0 Jx Jr4& f l ~ d - f l i ~  
748.0 9.2 1.2 326.5 7.2 2637.3 
738.5 8.4 1.7 330.0 6.6 2743.0 
723.0 7.2 2.4 332.9 6.3 2918.6 
711.7 6.3 0.9 335.0 6.1 3048.0 -e3- 
100.0 5.4 -0.6 325.0 6.1 3184.2 
699.0 5.4 - 324.'1 b . 1  3196 -0 
686.0 5.2 -12.8 320.1 6.1 3349.5 
685.7 5.2 -12.9 320.0 6.1 3353.0 
676.0 4.4 -16.6 310.5 6.9 3469.2 
660.4 3.3 -17.0 295.0 8.2 3658.0 
636.0 1.5 -17.6 290.0 8.7 3963.0 
634.0 1.4 -17.6 290.8 - 8.8 
612.3 0.8 -20.4 300.0 9.7 4268.0 
586.0 0.0 -24.0 302.9 10.9 4620.7 

Act. J / f e  

Y 

567.3 -1.9 -23.0 305.0 11.8 4878.0 2 
500.0 - -28.3 315.0 19.5 5870.1 20 

400.0 -22.5 -35.5 295.0 20.5 7558.2 31 

545.9 -4.2 -21.8 715 n 1 5 . 9  c ; i ~ >  n 
530.0 -5.9 -20.9 315.0 17.1 5416.5 

485.5 -10.4 -30.2 310.0 20.0 6097. 
466.6 -11.8 -32.7 305.0 20.5 6402.: L 

465.0 -11.9 -32.9 304.8 20.5 6428.6 

396.5 -23.0 -36.0 295.0 20.5 7621. 
363.9 -27.9 -40.6 295.0 20.5 8231.: 90 
319.9 -35.2 -47.5 305.0 20.0 9146.0 
306.5 -37.7 -49.8 315.0 19.0 9451.0 
300.0 -38.9 -50.9 315.0 19.0 9602.3 27 
280.4 -42.7 -52.9 295.0 18.5 10060.0 
256.0 -46.5 -57.3 280.0 21.0 10670.0 ?o 
250.0 -47.5 -58.5 280.0 21.6 10828.8 
200.0 -58.1 -67.1 310.0 24.6 12269.6 33 
182.0 -56.5 -65.5 313.6 29.0 12866.1 
175. 1 -57.2 -66.2 315.0 30.8 13109.0 34 

300.0 25.7 1 4 U a . U  151.4 -59.9 -68.9 
150.0 -60.1 -69.1 300.0 25.7 14083.4 . 
133.0 -61.9 -70.9 312.9 23.4 14831.2 
124.5 -60.8 -69.8 320.0 22.1 15243.0 
118.5 -59.9 -68.9 320.0 20.0 15548.0 
117.0 -59.7 -68.7 318.7 19.3 15628.7 

1 -  

7 

33 

5.9 -49.7 -62.7 
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Figure 8. Non-Bypass Engine Contrail Algorith 
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Figure 10. High-Bypass Engine Contrail Algorithm 
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