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Abstract: The two x-band Doppler radars, operated by the NOAA Wave Propagation
Laboratory, were used to collect high resolution data within a small, benign-
looking microburst during the PHOENIX II boundary layer experiment. The lowest 2.5
km of the microburst was observed throughout its development and dissipation over a
15 minute period. These observations presented an excellent opportunity to compute
a quantitative threat to a hypothetical aircraft whose flight track would carry it
through the microburst. The hazard index is based on the kinetic energy loss to the
aircraft that would be produced by the microburst; it is a function of the vertical
air motion, horizontal spatial derivatives of the wind field, and the assumed
aircraft air speed and direction. Indices were computed and plotted fer all eight
volume scans and peak values were observed to be sufficiently high to present a
significant hazard to an aircraft,




NNAA Technical Memorandum ERL WPL-155

PB89-127831

HAZARD INDEX CALCULATION FOR MAY 31, 1984

MICROBURST AT ERIE, COLORADO

R. A. Kropfli

Wave Propagation Laboratory
Boulder, Colorado
October 1988

T OF

o. DEP4”
*
- 30u3®

(]
4, @
,rED s"ﬂ

Amenca's Frogress
19131908

"":)iil NATIONAL OCEANIC AND

ATMOSPHERIC ADMINISTRATION

REPRODUCED 8Y

Environmental Research
Latoratories

U.S. DEPARTMENT OF COMMERCE
NATIONAL TECHNICAL INFORMATION SERVICE

SPRINGFIELD, VA. 22161

. v




o alilibiadii. AR b < s i Lo dts L M e

THIS DOCUMENT HAS BEEN REPRODUCED FROM THE

BEST CbPY FURNISHED US BY THE SPONSORING AGENCY.
ALTHOUGH IT IS RECOGNIZED THAT CERTAIN PORTIONS ARE
ILLEGIBLE, IT IS BEING RELEASED IN THE INTEREST OF

MAKING AVAILABLE AS MUCH INFORMATION AS POSSIBLE.




NOAA Technical Memorandum ERL WPL-155

R. A. Kropfli

o N T W Te W BTSRRI T A e

Boulder, Colorado
October 1988

UNITED STATES
DEPARTMENT OF COMMERCE

C.William Verity
Secretary

HAZARD INDEX CALCULATION FOR MAY 31, 1984
MICROBURST AT ERIE, COLORADO

Wave Propagation Laboratory

NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION

William E. Evans
Under Secretary for Oceans
and Atmosphere/Administralor

- b

Envitonmental Research
Laboratories

Vernon E. Derr,
Director




hid R ddanis . 7 R e

NOTICE

Ment lon of a commercial company or product does not constitute
an endorsement by NOAA Environmental Research Laboratories.
Use for publicity or advertising purposes of information from
this publication concerning proprietary products or the tests
of such products is not authorized.

For cale by the Nanonal Technical Informaiion Service, 528¢ Port Roval Road
Springlield, VA 22160




PREFACE

The NOAA Wave Propagation Laboratory in Boulder, Colorado, has been contracted
by NASA Langley Research Center to compute hazard indices from dual-Doppler radar

data taken during the PHOENIX Il boundary layer experiment. This final report summa-
rizes the results of these calculations.
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HAZARD INDEX CALCULATION FOR MAY 31, 1984 MICROBURST
AT ERIE, COLCRADO

ABSTRACT. The two x-band Doppler radars, operated by the NOAA
Wave Propagation Laboratory, were used to collect high resolution
data within a small, benign-looking microburst during the PHHOENIX
Il boundary layer experiment. The lowest 2.5 km of the microburst
was observed throughout its development and dissipation over a 15
minute period. These observations presented an excellent opportu-
nity to compute a quantitative threat to a hypothetical aircraft whose
flight track would carry it through the microburst. This hazard index
is based on the kinetic energy loss to the aircraft that would be pro-
duced by the microburst; it is a function of the vertical air motion,
horizontal spatial derivatives of the wind field, and the asssumed
aircraft air speed and direction. Indices were computed and plotted
for all eight volume scans and peak values were observed to be suffi-
ciently high to present a significant hazard to an aircraft even though
the virga-produced microburst was visually unimpressive.

1. INTRODUCTION

During the PHOENIX Il convective boundary layer experiment conducted during May
and June of 1984, the two x-band Doppler radars operated by the NOAA/Wave Propaga-
tion Laboratory documented the evolution of a small microburst. This microburst was
located 30 km NW of Denver’s Stapleton International Airport and was one of a family ol
; microbursts that were evident in the area on that day. Twenty minutes prior o this event
2 another microburst was believed to have been the cause of significant damage to UAL
% FFlight 633 upon takeoff from Stapleton (NTSB, 1985).

:

The dual-Doppler radar synthesis performed with this data set is of excellent resco-
tion, both temporally and spatially, because of the short radar baseline (13 km) and scan
volume repetition cycle (100 s). A description of the wind fields synthesized ona 150m
: grid at 100 m intervals is given by Kropfli (1986) and is provided in Appendix 1.

The Hazard Index, an aircraft-specific measure of the threat for a given wind shean
; condition (Bowles and Targ, 1988), has been computed for this data set. Contour plots ol
} the Hazard Index have been plotted for the lowest horizontal plane for each ol eight
E volume scans, and they are included here in Appendix I Four [light directions were
assumed. These data have also been recorded on two ASCH formatied tapes that e
included along with this report.

2. DISCUSSION

The Hazard Index, as defined by Bowles and Targ (1988), is the loss in avatlable
excess thrust-to-weight ratio of an aircraft due to vertical air motions and horizontal
windshear. It is expressed as follows:




F = (V/ig)du/dx - w/V

where "V is the airspeed, g is acceleration due to gravity, du/dx is the horizontal gradient
of the horizontal wind along the direction of the flight path, and w is the vertical compo-
nent of the wind. Their analysis shows that the potential rate of climb can be expressed as

divdt = {[T - D|/W - F)V

where T is the aircraft thrust, D is the drag, and W is the aircraft weight. From this
expression the Hazard Index is seen to be the tangent of the difference between the actual
glide slope from the desired glide slope caused by vertical air motion and horizontal wind
shear. Values of F in the neighborhood of .10 to .15 are believed to be reasonable thresh-
old levels above which an aircraft is in danger.

For this study four flight directions were assusmed for the 31 May microburst; toward
the north, east, south, and west and the corresponding Hazard Indices are expressed as

FN, FE, FS, and FW respectively. Expressions for the Hazard Index in the four directions
computed here are given as follows:

FN = (V/g)dv/dy - w/V

FS = -(V/g)dv/dy - w/V
FE = (V/g)du/dx - w/V
FW = -(V/g)du/dx - w/V

where u and v are the synthesized horizontal winds along the x (east) and y {north) axes
respectively, w is the synthesized vertical air motion (positive upward), and V is the
specified aircraft airspeed (140 kt). Horizontal gradients of the wind were computed with
a three point central difference method applied to wind fields synthesized from the 31
May dual-Doppler radar measurements (Kropfli, 1986).

The above four Hazard Indices were computed for the four lowest horizontal levels of
each of the eight processed radar volumes. These levels are at 75 m, 225 m, 375 m, and
525 m above ground. The ASCII formatted tapes and the contours provided in Appendix
Il include the fields FN, FS, FE, and FW along with all necessary housekeeping inf

tion. Table 1 indicates the start times (MST) of each of the eight volumes thut were
processed.




Table 1. Volume start times

Volume Number Time of Start (MST)
1 1247:23
2 1249:03
3 1250:413
4 1252:23
5 1254-04
6 1. 85:4
7 1257:24
8 1259:04

Table 2 below lists the peak indices for all eight volumes as a function ol height. 1t s
apparent from the table that indices for this microburst would have been hazardous (o
aircraft approaching or taking off in some directions since il produced values that olten
exceeded .10, especially for the indices FE and IFN. Values exceeding (12 were observed
for FN near the surface for volumes S and 6 and also for L, though only at altitudes ol
225 m and above. The largest valve observed was .15 for volume 6 at the lowest level for
an approach or departure toward the north.

This microburst exhibits a strong asymmetry, with flight paths toward the cast and
the north having peak values nearly three times greater than values observed for the othe)
directions. Flight paths through this microburst toward the north or the cast would lcarly
be much more hazardous than flights toward the west or south.

The height dependence of the maxima varied differently with Hight direction; -t
peak values were generally increasing -with height and I’'N was more nearly constant. 1he
temporal behavior of the peak hazard index was somewhat erratic but generally the high-
est values were found in the three scans centered around 125-1:04, as would he expected
from a perusal of the synthesized wind fields (Krop(li, 1986).

The magnetic tape provided to NASA/Langley is card image format with 80 ASCII
characters/record. Along with the data discussed above, the tape contains important
housekeeping information such as the grid specifications, field names. radar coordinates.
and volume start and end times. A description of the tape format is also provided in
Appendix I along with the housekeeping information written 1o tape tor all cight vol-
umes. :
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Table 2. Peak hazard index as a function of time, direction and height

RN T T A e TR L R L 3 AP TP [ st .w‘, el B o b P e s

Index Volume Number Heicht (M AGL)

75 225 375 525

FN 1 081 063 057 070
2 084 063 065 079
3 091 .087 084 067
4 098  .098 128 134
5 1200 119 105 097
6 182 118 096 .099
7 076 .083 089 103
8 0N .061 .070 068
FS | 055  .033 039 055
2 053 .034 .045 056
3 053 044 061 .089
4 049 049 063 079
N 065 072 078 A13
6 065 .059 092 105
7 057 .070 081 100
8 050  .055 068 085
FE 1 0587 054 058 057
2 075 .06S 076 102
3 0N 096 BEN 121
4 096 110 128 149
5 082 a2 140 141
6 095 .0 113 137
7 095 .086 15 129
8 .070  .089 100 092
Fw 1 040  .038 039 046
2 040 035 044 050
3 039 049 NIZN 064
4 048 053 083 059
N 036 044 059 068
6 058 1060 075 057
7 057 048 D46 058
8 048 041 043 055
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A MICROBUSST OBSEZRVED BY HIGH-RESOLUTION DUAL-DOPPLER RADAR

R. A, Kropfli
NOAA/ERL/Wave Propagation Laboratory
Boulder, Colorado 8030)

1. INTRODUCTION 2. ENVIRONMENTAL CONDITIONS

! The Phoenix I convective boundary layer The 12 Z (0600 MST) Denver sounding shuwm
(CBL) experiment was conducted near the Boulder in Fig. | suggests that the likelihood of sicro-
Atmospheric Observatory (BAO) instrumented tower burste occurring on this day was high. Note
during the susmer of 1984. The experiment, a especially the high lapse rate (8.9 deg/km) just
collaborative effort betwsen the University of below the 500 mb level, the high relative huai-
Oklahowa, National Oceanic and Atmospheric dity ‘above 600 wb, and the relatively dry layer
Adainistration (NOAA), and National Center for below 600 ab. These features have been asso-
Atmoepheric Research (NCAR), addressed the small- clated with the occurrence of sicrobursts (( ita-
scale structure of the CBL with Doppler radar, cena et al., 198); Bedard and LeFebvre, 1986).
‘netrumented aircrafr, and surface measurements. The NCAR instrusented King Afr atrcraft had been
Scan procedures and the 1] ks radar separation msking soundings within and near the area of
optinized weasurements of the saall-scale and dual-Doppler radar obeervations (Hildebrand, pet-
siort-l1ived eddies present in the dry CBL. This sonal communication); the potential temperature
experimental design was sleo suitable for docu- and amixing ratlo profiles from the sounding at
menting aicroburste, vwhich often develcp and 1236 MST are shown fn Fig. 2. A vell-mized layer
decay within a 10 sin perfiod and have downdrafts 1s eecen below 2 ka AGL, and slightly stable sir
that are ae small as 1 k= in diaseter just sbove is present from 2 ka to 3 km AGL, the highest
the surface (Wilson et al., 1984; Fujics, 1981). level flown.  (All helghts  are AGL.)  The
Tvo adjacent areas of dual-Doppler radsr coverage melting level wae found to be at 2.8 kn and cloud
were established: one formed by the two NCAR C- base vas at 3.8 ka. Figure } shows the sean wind
band rudars and the other formed by the two profile derived from the dusliDoppler snalysis at
NOAA/WPL X-band radars. The 3! May amfcroburst 1250:45 and indicates noderate shear tuward the
discussed here was centraily located within the northeast at about 0.003 & ', The mean protiles
scan area of the NOAA radars, and these two of wind, stability, snd relative humidity seeam
radars are uesed in the analysis. critical to the overall physical structure of

this event.
There were three confirmed reports of

microbursts on this day during which virgs and 3. PHYSICAL CHARACTERISTICS

wany small rafnshafts wvere observed; (it {s

suspected that 2 large nunber of such events were Figure 4 {ndicates that the wicroburst
occurring throughout the region., Confirmation of near the BAQ wvas in an tdeal location relattive to
one of these events came froa a jetliner the two NOAA X-band radars. At the time of the
departing from Stapleton Afrport.about 30 ka to {ncident at Stapleton, these two radars were
the southesst of the Phoenix Il nessurement atea. being used in high resolution observations ot the

As a result of a 10w » loss of alrspeed durting
acceleration down the runway, the afrcraft failed

to clear a 5-m-high radio beacon located 300 o » . ’ rPreSLL . — ]‘“
beyond the end of the runway resulting in major " “ gg;):')’:‘[ﬂ 100 .
damage to the fuselage. The loss of alrspeed : i '
was later determined to be the result of & EES B
anderately atrong microburst that lapacted the d» 1 I *
runvay at around 1235 MST (NTSB, 1985). L1 ' v
Fortunately, the aircraft climbed out of danger % 4 '\ -
and returned safely to Stapleton with no injury o ‘r . Y
or loss of ltfe, 5 “1 % v z
T ' ™t
The event documented here took place s, Nel "N
about 20 minutes later near the BAO, and a third ¥ ot =
microburst wae evident in the anemometer records 'k ";\.“.k
at the BAO several hours later (Bedard, personal s, S ~
communication)., This near-tragedy at Stapleton ' «* I
along with other well-docuaented afrcraft acci- S R SRR I
dents (Fujita and Byers, 1977) underscores the - T ':u
{mportance of finding relfable precursor signa- ‘a w w__m o 5=
tures in Doppler radar observations of wicro- ’ ' . ' " )
bursts. Several festures of the )1 May R CMESOLUTE M 16 R
microburst are apoarent in the radar data that
might be wueeful 1in tdentifying wicrobursts Figure 1. Temperstute and huaidity protiles from
neveral ainutes before the outflow reaches f{ts the NWS morning radiosonde at Denver on J| May
maximum Intensity at the surface. 1984,
-~
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Figure 3. Hodograph obtained from the Doppler
radar derived wind fleld at 1250:43 MST on E1)
May 1984, Height ACL in ka shown in parentheses.
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figure 4. Phoentx 11 experimental layout showing
approximate location of the microburst, indicated
by the X.

CBL to a height of 2.5 km and with a scan cycle
time of 100 s. These umeasurements permitted use
of the 150 w grid spacing shown in Figs. 5 to 9.
A 0.7 ys pulse width and a beas sepsration of
0.7 deg in azimsth wvere used In these measule-
aents.

FPigure 5 shovs the east-west croes sec-
tion through the cure of the aicroburst, the
cesult of & synthesis of the dual-Doppler radar
dats taken at 1254:04. (In all the (low fields
shown here the voluae mean of spproximately 5.2
a s ) to the ENE was removed to display the flow
features more clearly.) 1t is apparent that the
downdraft has its source regioa above 2.5 ka Acl_.t
A asximum downvard air motion of nearly 8 m s
occurs at about 700 s.

The :equence of horizontal views at z =
75 @ in Fig. 6 shows the rapid devel .pment of the
divergent outflov near the surface at 100 =
intervals. Figure 6c shows the surface outflow
at naxioum intensity when a peak divergence of
0.02 s vas observed. The naximua surface

reflectivity of 39 dBZ occcurred 5 min earlier at’

1250 and decreased gradually to 36 dBZ by 1256.

A comparison of Fig. 7, showing the hori-
gontal flow at 375 w, with the low level flow at
the same time (1252:23) in Fig. 6a suggests that
the divergent outflow was readily observable
above the surface neacly 200 e before it reached
fts maximua at the surfsce. In this case hori-
zontal divergence at s height of gseveral hundred
meters auight have been a precursor of strong,
potentially dangerous outflows at the surface.
1t 1is also conceivable thac a single radar,
appropriately located relative to the microburst
night have detected this precursor to the surface
outflow,

A second precurser, aidlevel convergence,
1s sugg-sted by Fig., 8. These data vere taken at
1250:43 and at a height of nearly 1.9 ka. It 1s
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Figure 5. East-west crose-section of dual-
Doppler eddy wind fleld through core of the
sfcroburst at 1254:04 MST. The cross section 1is
taken 3.0 km north of the BAO. The solid contour
represents the 9.5 dBZ reflectivity, and the
dashed lines sre at 5.5 dB increments.
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Figure 8. As in Fig. 6a except at z = 1.9 kmw and
at 1250:43 MST.

likely that atr near the 2 km level was entrained
into the downdraft that had been initiated by
precipitation from the cloud above 4.8 ka., Con-
vergence near the hottom of a slightly stabdle
layer aey indicate that strong outflows will soon
be found at the surface. In this case the con-
vergence at 2 km preceeded the maximum divergence
at the surface by nearly S5 nin, Table | sum-
marizes some of the properties of the microburst
during its “ime of maximum outflow at 75 m.

An  unexpected festure of these obaer-
vations is the movement of the reflectivity maxi-
sum avay from the peak downdraft region near the
surface. Figure 9 indicstes this with every
other scan from 1250:43 to 1257:24 betng shown;
f.e., the wsamples {n the ftigure are at 200 s
fntervals. The regions enclosed by solid con-
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tours f{ndicate w < -l ® and the fnner dashed
contour encloees raflectivity greater cthan 24
482, w {s the vertical air motion. The sequence
clearly shows the wotion of the heavier precipi-
tation moving to the northeast vhile the main
“1 0] downdraft region remains nearly stationary. (The
) three ainor downdrafts tn the northwest corner of
Fig. 9b appear only briefly and are not thought
4 to be of significance.,) Near the end of the
T ' obsarvations at 1257:24 the decaying downdrafc s
"BQ": ey located almost entirely outside of the 10 dBZ
- . 4 contour.
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P . The preliminacy explanacion offered for
w Re this unexpected observation is thst the downdraft
a is {nictated dy light rain, in which case water

loading could play a eignificent role slong with
- the negative buoyancy provided by wmelting and
9 PR evaporative cooling., With time, melting and eva-
[} H - porative cooling becomes more dominant on the
wi . T/,790 e LT upshear (southwest) side of the precipitation ;
ty ‘o rs L, shate., In effect the source region for the 1
v 00 ~e oo downdraft soves upshear relative to the reflec-

| i . \',' Q L tivity core and into a region of smaller hydrome-
| ::: teocrs which may be wmore likely to provide

1 \ -\:j\G‘ etronger downdrafts as a result of enhanced eva-

i vach

ek i B s e
A

Papi porative cooling (Srivastava, 1985). The reasons
™ EN p for this upshear movement of the source region

*1 are not understoed, and, unfortunataly, the radar
observations were not high enough to provide
additional ineight.

S. SUMMARY

Y The high resolution Doppler radar obeer-
- o/ \ vations described here suggest two possible pre-
l 4 ! \ cursor signatures to strong sutface outflows
! \ ) v associated with wmicrobursts: divergence a few
e / ‘~,' ’ hundred meters above the surface and convergence
at heights several kilometers above the surface.
2 !. 1&' 0 We recognize that these links have not been seen
before and that the observation of these features

prior to surface outflow in this one case merely
suggests that future high quality data sets
should be exasmined with this i{n mind. The sepa-
i ration of the downdraft from the reflectivity
C core with the passage of ctime euggests that

‘ - m e e melting and evaporative cooling play an increas-
i o - b ingly dominant role after precipitatfon loading
initiates the downdraft.
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FPigure 9. Reflectivity contours at 10 dB

(dashed) and 24 dBZ (dashed) and v « ~1.0 ® @ t 6. REFERENCES
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B ot e SRR L s AR

L g

TAPE HEADER
CARD IMAGE FORMAT (B0 ASCII CHARACTERS/RECORD)
STRUCTUNRE
TAPE HEADCGI
EOrF)

VOLUNE HEADER (VOLUME 1)
LINE 1 FORMAT(I1X, A10,11X,A3,19X,F10.3)
TAPE MAME (A10) SCAN MODE (A3) MISSING DATA FLAG (F10.3)
LINE 2 FORMAT(13X, A10, 15X, I3, 15X, I3, I5)
VOLUHE NAME (A10) VOLUME NUMBER (I3) PHYSICAL FILE (I3)(I5) FILES IN vOLM
ILIME 3 FORMAT(19X,. 217, 11X, 217)
VOLUME BEGIN TIME ( Y'MMDD HHMMSS) END TIME (217)
CIME 4 FOAMAT(A)
TUILE FOR LINES 5 THRU 7
LIMES 5-7 FORMAT(16X. A1, I6,3F10.3,A3,17)
THESE LINES CONTAIN THE VOLUME COORDINATES (A1), COORDINATE INDICES (I&),
LIMITS, INCREMENT (3F10.3) AND DIMENSION (17)
For EACH INDEX
LINE 9 FORMAT (15X, 12, 28X, I8)
MUMBER FIELDS (I2) NUMBER POINTS/FIELD/PLANE (18)
ILIME 7?2 FORMAT(A)
FIELD NAMES IN SAME OGRDER ON TAPE
ILIME 10 FORMAT(1X, 8A10)
10 CHARACTER FIELD NAMES
LINE 11 FORMAT(L7X, [2)
MUMBERS OF RADARS (I2)
LINE 12 FORMAT(A)
RADAR COORDINATES
LIMES 13 TO &OF FORMAT(7X, I2,3F8. 3)
THESE LINES CONTAIN RADAR NUMBER AND COORDINATES(X, Y., Z) FOR EACH RADAR
(enr} -

Bt e i MO LA G 24t

EACH PLAME OF THE VOLUME IS WRITTEN IN A SEPARATE FILE

LINE & IS A FILE HEADER FORMAT(1X, 2A10,F10. 3, 518)

CONTEMTS OF I E HEADER
16PE NAME (ALQ)
VOLUME NAME (AL1Q)
LEVEL. OF PLANE (X,Y, OR Z) IN KM (F10.3)
MUMBER OF PLANES (FILES) IN VOLUME (I8)
PLLANE (FILE) NUMBER THIS VOLUME (I8)
NUMBER OF FIELDS IN VOLUME (I8)
HUMBER OF POINTS/FIELD IN PLANE (18)
PHYSICAL FI{L.E NUMBER (I8)

\

o RTTELORRREERLS TR L

THE FILE HEADER IS FOLLOWED BY THE FIRST FIELD FOR THIS PLANE. THE NUMBER OF ;
FOINTS AND THE DIMENSIONS ARE GIVEN IN THE VOLUME HEADER.
THF DATA ARE WRITTEN WITH FORMAT(1X, 6E13. 6). .

Al L. FIFL.DS ARE WRITTEN CONSECUTIVELY IN THE ORDER GIVEN IN THE VOLUME HEADER ;
AMD EACH TIGLD BEGINS A NEW RECORD. |

THE REST OF THE TAPE IS AS FOLLOWS :
LEQF) - ‘
FILE HEADCER (PLANE 2)
DATA AlL. FIELDS

LEOF)

FILE HEADER (PLANE 3)

[EOF 1 : ' 5
UL UME HEADER  (VOLUME 2)
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: g
4
i
g
¥
i
:
4
11

TAPE NAME
VOLUME NAME M311247
VOLUME BEGIN TIME 840531 124723

SCAN MODE CRT MISSING DATA FLAG . 000
VOLUME NUMBER

1 PHYSICAL FILE 1

4 F.LES IN vuLM
END TIME 840531 124725

VOLUME COORDINATE INDEX MIN MAX  INCREMENT NUMBER
X 1 -9. 225 -3. 375 . 150 KM 40
Y 2 . . 975 4. 425 . 150 KM 40
Z 3 . 075 . 928 . 150 KM 4
MUMBER FIELDS 4 NUMBER POINTS/FIELD/PLANE 1500
FIELD NAMES IN SAME ORDER ON TAPE
Fd FS FE FW
NUMBER OF RADARS 2
RADAR COORDINAIES
RADAR 1 . 000 . Q00 . Q00
RADAR 2 L7000 ~4.079 . 0290
TAPE NAME SCAN MODE CRT MISSING DATA FLAG . Guo

VOLUME NAME M311249
VOLUME BEGIN TIMZ 840531 124903

VOLUME NUMBER

2 PHYSICAL FILE &

4 FILES I vOLM
END TIME 840531 124905

VOLUME COORDINATE INDEX MIN MAX  INCREMENT NUMBER
X 1 -9.225 -3.375 . 150 kM 40
Y 2 . 975 4. 425 . 130 KM 40
z 3 . 075 . 825 . 150 KM 4

NUMBER FIELDS 4 NUMBER POINTS/FIELD/PLANE 1600

FIELD NAMES IN SAME ORDER ON TAPE

FN FS FE FW

NUMBER OF RADARS 2

RADAR COORDINAVES

RADAR 1 . 000 . 000 . 000

RADAR 2 .730 -=45.070 . D20

TAPE NAME SCAN MQODE CRT MISSING DATA FLAG (0]0]9)

VOLUME NAME DREF1250 VOLUME NUMDER

VOLUME BEGIN TIME 840531 125043

3 PHYSICAL FILE 11t

4 FILES IN vuLM
END TIME 840531 125043

VOLUME COORDINATE INDEX MIN MAX  INCREMENT NUMBER
X 1 -9.225 | -2.375 150 KM 40
Y 2 . 575 6. 425 150 KM 40
z 3 .075 . 525 . 150 KM 4

NUMBER FIELNDS 4 NUMBER . GINTS/FIELD/PLANE 1600

FIELD NAMES IN SAME ORDER ON TAPE

FN FS Fe FW

NUMBER OF RADARS 2

RADAR COORDINATES

RADAR 1 . 000 . 000 . 000

RADAR 2  5.130 4.530 = 040

TAPE NAME SCAN MODE CRT  MISS.NG DATA FLAG . 00V

VOLUME NAME DREF{[2%4%2 VOL.UME NUMBER

VOLUME BEGIN TIME 840531 125223

4 PHYSIChlL FILE 16

4 FILES [Tl vulm
END TIME 840531 t25223

VOLUME COQRDINATE INDEX MIN MAX  IMCREMENT NUMBER
X i ~9. 225 =3. 375 . 190 KM 40
A4 2 . 975 6. 425 . 150 KM 40
z 3 . 075 . 923 . 150 KM 4
NUMBER FIELDS 4 NUMBDER POINTS/FIELD/PLANE 1600

FIELD NAMES IN SAME ORDER ON TAPE

FM FS FE FW
NUMBER OF RADARS 2

RADAR COORDINAYEG

KADAR . 000 . Q00 . 000
RADAR 2 S. 130 6. 520 =-. 060

Y-
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TAPE NAME SCAN MODE CRT MISSING DATA FLAG . 000

YOLUME NAME DREF1254 VOLUME NUMBER S PHYSICAL FILE 21 4 FILES IN vOLM
VOLUME BEGIN TIME 840531 125404 END TIME 8403531 125404
VOLUME COORDINATE INDEX MIN 1AX  INCREMENT NUMBER
X 1 -9.225 -3. 375 . 150 KM 40
Y 2 . 975 6. 425 . 150 «nM 40
Z 3 . Q75 . 929 . 150 KM 4
NUMBER FIELDS 4 NUMBER POINTS/FIELD/PLANE 1600
FIELD NAMES IN SAME. ORDER ON TAPE
FN FS FE FUW

NUMBER OF RADARS 2
RADAR COCRDINATES

RADAR 1 . 000 . 000 . 000
RADAR 2 5. 130 6. 710 -. 060
TAPE NAME SCAN MODE CRT MISSING DATA FLAG . 000

VYOLUME NAME DREF1255 VOLUME NUMBER & PHYSICAL FILE 26 4 FILES IN VOLM
VOLUME BEGIN TIME 840531 125544 END TIME 840531 125544

VOLUME COORDINATE INDEX - MIN MAX  INCREMENT NUMBER
X 1 -9.225 -3.375 . 150 KM 40
Y 2 . 979 &. 425 . 150 KM 40
z 3 . 075 . 525 . 150 KM 4

NUMBER FIELDS 4 NUMBER POINTS/FIELD/PLANE 1600

FIELD MAMES IM SAME ORDER ON TAPE

FN FS FE FW

NUMBER OF RADARS 2
RADAR COORDINATES

RADAR 1 . 000 . 000 . 000
RADAR 2 5. 130 &. 530 -. 080
TAPE NMtelE SCAN MODE CRT MISSING DATA FLAG . 000

VOLUME MNAME M311257 VCLUME NUMBER 7 PHYSICAL FILE 3t 4 FILES IN VvOLM
VOLUv.Z BEGIN YIME 840521 125724 END TIME 840531 125727

VOLUME COORDINATE INDEX MIN .MAX  INCREMENT NUMBER
X 1 -9.225 =-3.375 . 150 KM 40
Y 2 . 975 " 4. 425 . 150 KM 40
7 3 . 075 . 525 . 150 KM q

NUMBER FIELDS 4 NUMBER POINTS/FIELD/PLANE 1600

FIELD NAMES (N SAME ORDEX ON TAPE

FN FS FE FiW

NUMBER OF RADARS 2
RADAR COORDINATES

RADAR 1 . 000 . 000 . 000
RATLAR & .780 =46.070 . 020
TAPE NAME ) SCAN MODE CRT MISSING DATA FLAG . 000

VOLUME NAME M311259 VOLUME NUMBER 8 PHYSICAL FILE 36 4 FILES IN VOLM
VOLUME BECIN TIME 840531 125904 END TIME 840531 125907

VOLUME COORDINATE INDEM MIN MAX .. INCREMENT NUMBER
X 1 -9. 225 -3.37¢ . 150 KM 40
Y 2 . 9795 6. 425 . 150 KM 40
z 3 . 075 . 925 . 150 KM 4

NUMBER FIELDS 4 NUMBER PQINTS/FIELD/PLANE 1600

FIELD NAMES I!i SAME ORDER ON TAFE

FN FS FE FW

NUMBER OF RADARS 2
RADAR CUORDINATES
RADAR | . 000 . 000 . 000
RADAR o . 700 -4.070 . 020

[




