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oL  SUMMARY

On July 17, 1996, at 2031:12.5 Eastern Daylight Time (EDT"), a Boeing 747-131,
NO93119, crashed into the Atlantic Ocean about 8 miles south of East Moriches, New York, after
taking off from John F. Kennedy International Airport (JFK). The airplane was operating on an
instrument flight rules (IFR) flight plan under the provisions of Title 14, Code of Federal

! All times are given in EDT unless otherwise noted.



Regulations (CFR), Part 121, on a regularly scheduled flight to Charles De Gaulle International
Airport (CDG), Paris, France, as Trans World Airlines (TWA) Flight 800. The airplane was
destroyed by explosion, fire, and impact forces with the ocean. All 230 people aboard were
killed

IV. DETAILS OF THE INVESTIGATION

Review of the accident airplane’s Flight Data Recorder (FDR) data’ and Cockpit Voice
Recorder (CVR) transcript’ indicate that performance was normal throughout the takeoff and
flight, including the last second of FDR data. Predicted rate-of-climb values for 3 sample areas
were in excess of the actual TWA 800 rate-of-climb; however, Boeing has attributed these
differences to the unsteadiness of the climb (Air Traffic Control altitude/climb instructions
resulted in several rate-of-climb changes. The CVR indicates that the flying pilot, who
apparently was new to the 747, was having minor difficulty trimming the airplane properly in the
pitch axis on at least one occasion). For further details concerning the performance of Flight
800, see Attachment I, Boeing’s TWA Flight 800 FDR Data Summary.

Radar data for the accident airplane and the surrounding area were obtained from the
Federal Aviation Administration (FAA), Department of Defense (NAVY and NORAD), and
Sikorsky. These are all of the known sources of radar data for the area where TWA flight 800
crashed, with a total of 9 radars located in 5 states (Pennsylvania, New Jersey, New York,
Connecticut, Massachusetts).

The FAA radar data are from New York Approach Control (NYTRACON) and the New
York and Boston Air Route Traffic Control Centers (ARTCCs, commonly referred to as
Centers). NYTRACON has 5 radars, each with a range of approximately 60 nautical miles. The
5 NYTRACON radars are located at JFK airport, Newark, NJ airport (EWR), Islip, NY airport
(ISP), White Plains, NY airport (HPN), and Stewart Field airport in Newburg, NY (SWF). The
NYTRACON radar data were provided to the NTSB in range/magnetic azimuth format relative
to each radar site. Three Center radars, each with a range of approximately 250 nautical miles,
were within range of the accident area. The 3 Center radars are located at Trevose, PA,
Riverhead, NY, and North Truro, MA. The Center radar data were provided to the NTSB in
latitude/longitude format.

The NAVY and NORAD radar data for the accident area also come from the FAA
Center radars at Trevose, PA, North Truro, MA, and Riverhead, NY via modem. Because the
NAVY and NORAD radar data for the accident area come from the same radars as the FAA
Center radar data, the NAVY and NORAD radar data are essentially identical to the FAA
Center radar data. However, data transmission, processing, and recording differences between
NAVY, NORAD, and the FAA Centers resulted in some minor differences in the respective data
sets (such as computer clock times, missing data points likely due to modem transmission errors,
etc.). The NAVY and NORAD data were provided to the NTSB in range/true azimuth format
relative to each radar site.

* See Flight Data Recorder Factual Report.
> See Cockpit Voice Recorder Factual Report.




The Sikorsky radar data were recorded at the Sikorsky aircraft plant in Stratford, CT.
The radar data come from the FAA Center radar in Riverhead, NY and from Sikorsky’s own
radar in Shelton, CT (approximately 3 miles from their plant). The radar data from the FAA’s
Riverhead, NY Center radar are sent to Sikorsky via modem by the NAVY immediately after
the NAVY receives them from the FAA. Because Sikorsky, FAA, NAVY, and NORAD all get
essentially identical radar data from the Riverhead, NY radar, the Riverhead, NY portion of the
Sikorsky, FAA, NAVY, and NORAD radar data are essentially identical. Note that the '
Sikorsky radar in Shelton, CT is a secondary radar system® only - no primary radar’ data are
available from this radar. The Sikorsky radar data were provided to the NTSB in range/true
azimuth format relative to each radar site.

The radar data for TWA 800 (transponder code 2633) were converted from either
range/azimuth or latitude/longitude data (depending on data source) to x/y position data relative
to the FAA’s Islip, New York Airport Surveillance Radar (ASR) radar site. The coordinate
conversion was accomplished using NTSB software and FAA/Sikorsky-provided facility
position and magnetic variation data. All radar data sets were aligned in x/y position assuming
that the FAA Center radar data positions were the most accurate. Attachment II contains
tabular listings of the facility position and magnetic variation data. Tabular listings of each radar
data set will be presented in a separate addendum to this report.

The CVR group established time correlation between the FAA’s Boston Center ATC
voice recording and the CVR by aligning microphone keying signatures in the audio data. The
FDR group then established time correlation between the FDR and the CVR by aligning CVR
microphone keying signatures in the audio data with FDR microphone keying discrete data.
This study establishes an additional time correlation between the FDR time base and all radar
data sources. The time correlation was established by graphing and aligning TWA 800’s radar
altitude as a function of time with its FDR altitude as a function of time (see Attachment III).
The following time correlation was established:

Data Source Time Offset Required to Align
Data Source Time Base with
Boston Center Voice Time Base

Boston Center Radar Data -1.25 seconds

New York Center Radar Data -2.25 seconds

All New York TRACON ASR Radar Data | -0.25 seconds

NAVY Radar Data -2.80 seconds

NORAD Radar Data +75.715 seconds

Sikorsky Radar Data N/A (anomalous times)

* Air traffic control secondary radar systems transmit coded clectromagnetic signals (interrogation) that can be received by
transponder-equipped aircraft. The aircraft receives the signal, decodes it, and then transmits a coded electromagnetic
signal in response to the interrogation. Secondary returns can provide information on the aircraft’s identity, altitude. and

> Air traffic control primary radar systcms transmit electromagnetic signals that can be reflected by an object such as an
aircraft. The position of the object can be determined by timing of the transmission and return of the electromagnetic
signals, and by measurement of the direction in which the radar antenna is pointed when the signals are transmitted and

3




The FDR pressure altitude data and Navy/NORAD/Sikorsky radar data altitudes are based on
29.92 inches of mercury, and the New York TRACON radar data altitudes are based on 30.03
inches of mercury. Therefore, in order to align the altitudes during the time correlation, 100 feet
was added to the FDR pressure altitude data and Navy/NORAD/Sikorsky radar altitudes. Also
note that the times for the Sikorsky radar data were found to be anomalous; therefore, a time
correlation was not established for the Sikorsky radar data.

The time correlation was further verified by graphing x/y position for all radar data sets
and observing proper time/position sequencing of the radar returns (see Attachment IV). As an
example, a radar return from the White Plains, New York ASR shows up at the expected
approximate time and position relative to the previous radar return from New York Center.

Selected CVR excerpts, which were also overlaid on the altitude versus time and x/y
graphs, support the time correlation as well due to agreement between pilot/ATC dialogue and
the flight path. As an example, the airplane levels off at approximately 13,000 feet altitude after
the CVR transcript shows ATC instructing TWA 800 to amend its altitude clearance to 13,000
feet. Further, the FDR and radar altitudes oscillate in the area where the CVR shows the flying
pilot commenting about having difficulty trimming the airplane.

The time correlation indicates that the last secondary radar return from TWA 800
(recorded by the FAA’s Trevose, PA radar site) occurred at approximately 20:31:12.0, the FDR
recording ended at 20:31:12.26, the CVR recording ended at 20:31:12.50, and the first of
several hundred primary radar returns consistent with TWA 800’s flight path and in-flight break-
up was recorded at 20:31:14.39. This sequence of events is consistent with a normal climb
through 13,750 feet msl (altitude based on FDR, radar, and altimeter setting data) terminating in
nearly simultaneous loss of electrical power to the accident airplane’s altitude encoding
transponder, FDR, and CVR.

The radar data were subsequently reviewed for evidence of airplanes or unidentified
radar returns in the vicinity of TWA 800. Primary and secondary radar data returns throughout
the accident area were reviewed, eventually focusing on a square area 20 nautical miles per side
centered around the accident area (see graphs in Attachment IV and V). The radar data review
showed the following vehicle and/or object tracks within 10 nautical miles of TWA 800 just
prior to the time of the accident (local time 20:30:30-20:31:13):

1. a Navy P-3 anti-submarine airplane less than 3 nautical miles south-southwest and
approximately 6,300 feet above TWA 800 (P-3 altitude data is based on P-3 flight
crew interview), moving southwest at over 250 knots groundspeed (labeled “1” on
graph in Attachment V)

2. USAIR flight 217 approximately 3 nautical miles south-southwest and approximately
8,000 feet above TWA 800, moving north (labeled “2” on graph in Attachment V)

3. TWA flight 900 approximately 9 nautical miles west and approximately 5,300 feet
above TWA 800, moving east-northeast (labeled “3” on graph in Attachment V)
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4. an unidentified track less than 3 nautical miles south-southeast moving south-
southwest at just over 30 knots groundspeed, consistent with the speed of a boat
(labeled “4” on graph in Attachment V)

5. an unidentified track approximately 5 nautical miles west moving east-southeast at
approximately 15 knots groundspeed, consistent with the speed of a boat (labeled
“5” on graph in Attachment V)

6. an unidentified track approximately 5 nautical miles west-northwest moving south-
southwest at approximately 12 knots groundspeed, consistent with the speed of a
boat (labeled “6™ on graph in Attachment V)

7. an unidentified track approximately 6 nautical miles northwest moving southeast at
approximately 20 knots groundspeed, consistent with the speed of a boat (labeled
“T” on graph in Attachment V)

The radar data in this area and time period also show several primary returns not associated with
any track. The presence of such unassociated primary returns is common and can be caused by
ground/sea clutter, temperature inversions (see text portion of Attachment VI), ships, birds,
radar signals reflecting off structures around the radar, and other factors.

No sequence of radar returns intersected TWA 800’s position at any point in time, nor
were there any radar returns consistent with a missile or other projectile traveling towards TWA
800. There was one sequence of 8 primary radar returns® from the NYTRACON ISP radar
which were studied further (see Attachment VI). These 8 radar returns, which started at
2030:15 and ended at 2031:30 (18 seconds after TWA 800’s last secondary return), appeared to
show a target moving at over 400 knots groundspeed on a southeasterly heading (156-157
degrees magnetic) away from TWA 800’s position. This target track never came closer than 6
nautical miles to TWA 800 and remained on a straight track away from TWA 800 without
turning towards TWA 800.

ISP was the only primary radar system out of 8 to show these primary radar returns and
no associated secondary radar returns were found in any of the 9 secondary radar data sets. The
ISP radar data from time 20:30:00 to 20:40:00 in the azimuth range 150 to 160 degrees show 3
examples of primary-only target tracks with groundspeeds over 300 knots (see graph in
Attachment VI). In each case a primary radar track appears with no prior track leading to it and
then disappears after 4-8 returns, with occasional intermittent single returns at either end of the
track or in the middle. For each of these primary target tracks, the signal strength varies
randomly between low and high values between the first and last return. Additionally, none of
these ISP primary tracks are shown on the other 7 primary radar systems and none has any
associated secondary target track. However, secondary target tracks with similar groundspeeds
were found in other geographic areas.

® Initially only 4 primary radar returns from this track were identified. Further review showed 4 more primary radar
returns after the first 4, each consistent with the speed and heading of the first 4.
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These findings, as well as prior case history and consultation with air traffic control and
radar specialists indicate that the 8 primary radar returns and other 300+ knot Islip ASR primary
target tracks shown in Attachment VI are consistent with false primary targets resulting from
ground or building reflections of actual aircraft primary returns from another geographic area.
Several instances of this have reportedly occurred at FAA approach control radar sites because
of their location at or near city airports where buildings and other reflective structure is near the
radar.

[ —
Charles Pereira
Aerospace Engineer/DFDR

Attachments
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Boeing’s TWA Flight 800 FDR Data Summary
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TWA Flight 800 FDR Data Summary

The FDR data.was processed and validated at the NTSB FDR lab on July 26
and 27, 1996. Aircraft motion, control deflection, engine EPR, thrust
reverser, and leading edge flap parameters are described.

1) Aircraft motion

No unusual aircraft motion throughout the entire flight
Vertical and longitudinal accelerations are normal
Lateral acceleration is not recorded

Pitch, roll, and heading are all normal

2) Control input

e No unusual control inputs

e Control wheel deflection is very noisey for both flight 800 and
the previous flight. The noise appears to diminish when the
control wheel is deflected during roll commands.

e Upper and lower rudder deflections are normal. No change in
rudder deflection was recorded during the last 3 minutes of
recorded data (above 12500 ft pressure altitude). A constant
deflection of .8 degrees T.E. right was recorded for this time
period. During the takeoff roll, varying rudder deflection
occurred with a maximum recorded deflection of 9.5 degrees. The
average rudder deflection during the takeoff roll is T.E. left
which suggests a small crosswind from the right. Correct
processing of the rudder deflection data were verified by
confirming that the yaw damper saturation which occurred during
taxi was near the expected deflection of 4.2 degrees. A rudder
control sweep occurred prior to takeoff and was also confirmed to
be near the expected maximum rudder deflection of 26 degrees.

e Right and left elevator deflections were less than 1 degree
during the last 3 minutes. Correct processing of the elevator
deflection data was verified by confirming that the deflection
which occurred during takeoff rotation was near the expected
deflection of 7 degrees T.E. up. An elevator control sweep was
not recorded by the FDR.

3) Engine EPR

e No unexplained power changes. The power is retarded to near idle
(EPR approximately 1.00 to 1.12)feor 2 minutes, ending 44 seconds
before the end of the recording. Within this period of time, the
power is at idle (EPR of 1.00 to 1.01) for 37 seconds, ending 1
minute and 44 seconds before the end of the recording. This
power reduction is consistent with the ATC direction to held at
13,000 ft.

4) Flight path and control changes in last minute
Time from end
of recording

(min:sec) Event

2:45 EPRs reduce to 1.1 average (Split EPRs 1.08 to 1.12)




A roll to 16 degrees is initiated (roll maneuver lasts
approximately 30 seconds)
Variation in pitch attitude of 3 degrees starts

2:22 EPRs reduce to 1.0

2:15 Return to wings level (Bank angle within +/- 3 degrees for
remainder of flight
Altitude of 13,000 ft achieved momentarily
Slow descent begins and deceleration continues utill power
is advanced '

1:44 EPRs begin to advance toward 1.05 to 1.12 EPR (Split EPRs)
0:37 EPRs advanced toward climb power (Split EPRs 1.25 to 1.31)
EPR differences continue to diminish until end of recording

when all are 1.30

0:00 At end of recorded data:

Vertical accel = .90 (-.03 offset indicated by .97 during
taxi)
Longitudinal accel = .10 (No offset indicated)

Pitch attitude = 3.6 deg

Roll attitude = 0.0 deg (No offset indicated)
Heading = 82.4 deg

Indicated Airspeed = 298 kt

Pressure Altitude = 13600 ft

5) Last several seconds of recorded data

There are no sudden changes in any parameter in the last several
seconds of the recording.

Thrust reversers

For all four thrust reversers (T/R)}, “not-in-transit” and “not-
deployed” are recorded for the entire flight. No rapid yaw or roll
nor aircraft buffet is recorded that would be indicative of a sudden
T/R deployment in flight. Prior to flight 800, the #3 T/R was
locked-out by maintence and was being treated as an MEL item.

During the landing at JFK, #3 T/R “in-transit” was recorded during
the entire time that the T/R deployed condition was recorded. This
is unlike #1, 2, and 4 which are “in-transit” for 3 to 4 seconds,
then are “not-in-transit” until the 3 to 4 second period prior to
the T/R becoming “not-deployed” toward the end of the landing roll-
out.

The deployed signals for all four T/Rs occur simultaneously with the
“in-transit” recording. This suggests that the deploy signals are
actually “not-stowed” signals, since full T/R deployment occurs in 3
to 4 seconds. The 3 to 4 second transit time is confirmed by the
duration of the “in-transit” condition recorded for T/Rs 1, 2 and 4.
The T/R discretes are recorded every second by the FDR.

The #3 T/R had been locked-out and was being treated as an MEL item.
Consistent with a locked-out reverser, the #3 EPR did not increase
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throughout the landing rollout at JFK. Severed #3 T/R control
cables were replaced in New York.

7) Leading edge flaps

The FDR recorded an “in-transit” condition for the #3 left leading
edge flap drive during the entire time that the flaps were retracted
for both flight 800 and the previous flight. After flap extension,
“not-in-transit” is recorded. For all other leading edge drives,
“not-in-transit” is recorded after retraction and extension.

For all of the leading edge extend discretes, the extended condition
is recorded simultaneously with the first recording of “in-transit”.
This also suggests, like the T/R discretes, that the extended
discretes are actually “not-retracted” discretes.

The maintenance log contains the entry: “July 15", 3L LE flap Amber
Lt. Stays on with LE Flaps Up and Retracted electrically. FWD panel
lights ops check 0.K. Because the in-transit condition occurred
with alternate flap operation, the “in-transit” flight deck
indication and FDR recording are believed to be false signals,
propably due to an out-of-rig condition of the sensor.

The left #3 leading edge drive powers the two flap segments outboard
of the inboard engine.

7) Aircraft Performance

The aircraft performance appears normal throughout flight 800.
Quantitative comparisons between estimated and FDR recorded
performance were made for segments of flight 800 that were least
unsteady. However, varying differences in the rates-of-climb are
calculated and are believed to be due to unsteadiness of the flight

profile:
Rate-ocf-Climb (feet/minute)

Time segment FDR Estimated
min:sec

10:12 to 10:32 750 840

15:52 to 16:02 1500 2200

20:40 to End 1650 1900
Takeoff:

Derated EPRs of approximately 1.34 were achieved

e Stabilizer position of 6 units was set and resulted in the
aircraft nearly trimmed at the all engine climb speed

e Liftoff occurs at approximately 10 degrees of pitch attitude
e Normal initial climb pitch attitude of 17 degrees was achieved

Bl
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Attachment I1

Tabular Listings of the FAA/Sikorsky-Provided Facility Data
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Attachment 1

Altitude, X, and Y versus Time Graphs

/3



T Bars
<9S L b Ty

0061

sSpuodo29s ‘awl] |ejol

0s8l1 0081 0S.ll1 0041 0591
T T T T 1 T T _ T T T T _ T i T T _ T ON P
" 0061 42329 € 5,94 -
noA dA0qe 3 0001 PUNOQYINOS
- SIW L{0P,0 | Y] 008VALL ULD SO £1:8707 i
J10JRIIPUI MOYJ [0y | H
uIud p# INOQE JWWWOd [V S1:620T . — i.m
WL IN0ge JWIWWod [V S€:6707 / | ” o o
: lrMmﬁ - -
S O | : , w24 -— G2}
1 000°S1 UrEIUIEW s
pue quIrd 008VML JLD SO S1:0£0Z / ” , w“eio .
-+
ISy QIR TV 8T:0£02 / ﬂ ]
(Clunpd jo punos) VD TH:0£07 M , 7 .,ﬁ . 1
- i
. B = ol
(Grqt3yPuun) WV €0:1£07 L N ]
| | Wi i
ﬂ, +H \++
| i ASO'EYPIU SGLL'GL+ AVHON < |
BN Aso'gpdifau S08°2- AAVN  +
3wl 8210A Y19 sO8 ‘(£0°0¢) LIV IS ¥Ad —— ]
dnyealiq YM LM Juajsisuod Arewnid 3YSY NdH ISt -—---
| dnyeaisq ymm Jusisisuod fuewnd ¥SY dS1ISE —— 1 6€1
dnyealq YML/M Jualsisuod Adewnad MSY MdAr 1Sy -
m SGZ'T-ULDAN v .
s sGZil-ylosog =~
| (¥344Nn9 sZZ° “TONI) ONIGYOD3Y 40 AN ¥aAd - - 1
|1 A ONIQUOO3Y 40 AN ¥AD
\\.\ S SS2'0- SV NdH - T
EE 3 \ SGZ'0- YSVY dSI =
S E5q9nx SGZ'0- SV M3 o A
T E3RZ SGZ'0- SV M4l v
- IRREE oVl

96/LLIL “M4r 30 31no Ly, VML

3934 ‘00L/8PNIIVY IS

17



T O

*2S LbT )y
SpuUo029s ‘awl] |Bjol
06L1 (11:19° . 0LV 09t 0S4 ovLi
1 T T T T T T T _ T T T T T T T T T t 1] T Fl
/ -
/ }
b+ \\ ]
/ 4
...... ¢
,,,,,, B *
ASD'CYPIU SGLL'GL+ AVHON < §
ASO'¢pdihAu SQ8°Z- AAYN  + ]
aul] 2210A ¥1D s09 ‘(£0°0¢) LTV 1SN ¥ad ——
o dyjeRaaq WM IM JUB)SISUO0D Asewiid MSY NdH IS - 9
dnyeaiq YMLUM Jualsisuod Arewidd ¥SY SIS ——
dnjeasq YA LM Jua)sisuod Aluewud MSY MdAC ISy - 1
SGZT'C-ULD AN v
SGC'1-¥10s08 - i
(434409 sZZ° " TONI) ONIGYOD3Y 40 ANI ¥ad - --
ONIQHMOI3Y 40 ANI ¥AD - 1
SGZ'0- USY NdH =+
ren Gew pm 6ap 0'¢) ‘sgz'0- SV dSl = | | 8
SGZ0-USY MMI ¢
SGC0- USY M4Ar - i
6

96/LLIL ‘M4l 40 IN0 P2 VML

3994 ‘00L/ePNIIV IS

| &



6l 3ar7S

XD Lb ek

ovei

Spuo29s ‘awl] [ejol

(I TAA S

1] 4%

T

ASD'SPPIU SGLLGL+ QVHON

As'¢pdIAAU S08°2- AAYN

aun ] a910A ¥19 so9 ‘(€0°0¢) LTV TSW ¥ad
dmyealq YMLUM Juadsisuod Atewnad 3SY NdH ISt
dnyealq yMmL/Mm Jualsisuod Arewnd ¥SY dS13S)
dnyealq YA L/M Jualsisuod Arewd ¥SY M4r 1S
S§GZ°C- ¥.1LO AN

$GZ°1- 410 S04

(¥344n8 SZZ' “TONI) ONIGHOOD3Y 40 AN3 ¥a4
ONIGHO0D3Y 40 AN3 ¥AD

$S2°0- ¥SV NdH

Jea Gew pm Bap 0°¢) ‘SSZ°0- USVY dSI

SGZ'0- ¥SV ¥M3

$GZ°0- USV Mdr

> <

4 0o B X

]

96/LLIL ‘M4l 3030 [y, VML

bl

103} ‘00L/oPMIBIV ISK

¢




3) 3975
A LL LY

Spuodo29s ‘aull] [ejol

06¢i 02} 09¢1 0scl ovel

T T T T

ASO'CYPIU SGLL°GL+ QVHON o
As2'epdahAu S08°Z- AAVN  + : ]

awi] 3210A ¥19 09 ‘(€0°0¢) LIV ISW ¥ad :
dnyesiq YMLM Juagsisuod Arewsd ¥SY NdH Ish ——-- g
dnyealq YMI/M Juaisisuod Arewnd HSY dSIISE ——
dnyeaiq YML/M Jualsisuod Krewd ¥V MAr 1S - ]
SGT'T-ULOAN V¥ 1e

ssZ')l-ylosod o

(¥344n4 $22° "19NI) ONIQHOOIN 40 aN3 ¥Ad -----
ONIQNOI3Y 40 ANT ¥AD

SGZ'0- SV NdH +
JeA Bew M Bop 0°C1 'SSZ'0- WSV ASI =
$GZ'0- MSY M3 o
SGZ'0- ¥SVY M4l
+ + + + 4+ L +i+ o+ + + + B
%o 54 B
145
+ + E
— Gl
+ + + + + |
i ]

96/LLIL MAr 30 3In0 [y VML

17

3994 ‘00L/9PNIBIV 1SN



i
RER L

SRR LS

bty

sSpuo29s ‘awl] |ejol
0cel ozel oLElL 00¢c! 0821
— s 9l
— L}
..... - wF
- 61
— 02
- b
[AA
— ASO'EPPIU SGLL'GL+ QVHON © | ] v d
ASD CpdiAAu S08°Z- AAVN  +
awi] 3dI0A ¥1D sog (£0°0¢€) LIV 1SN ¥ad —— | |
dnyjesiq yM LM jualsisuod Asewnd ¥SY NdH IS ——---
_____ dnyeasq YML/M Jualsisuod Arewnd NSV dS1I1SE ——— [ vZ
dnyealq YML/M Jualsisuod Arewud HSY WdAr ISy -
SGZ'T-U1LOAN v
SGZ°L-¥10s08 -
(¥344N49 SZZ° “1ONI) ONIQYOD3Y 40 AN ¥ad ---- [ GC
SNIQHOOD3Y 40 AN3 ¥AD -~
* SGZ'0- YSY NdH ~ ]
JeA Bew p Bap 0'¢) ‘SSZT'0- MSV ASI =
- sgz'0-uSYuM3 o [~ 9C
SGZ°0- YSY M4l ~

96/LLIL M4l 30 INO [y. VML

3934 ‘00L/2PMBIY IS

| &



gt g i

ADS b Tl W

0L¢l

SPUO0J9s ‘auwl] |ejol

96/LL/L ‘M4r 30 1IN0 Z¥Z VML

09¢i1 0S¢l ovel own_‘
T T T N _ R T 1 T _ T R Al T T T T T T T wN
+ T
““““““““ 22
-1 8¢
4
-1 62
.
— 0¢
- i€
- C¢
: 4
ASI’EYPIU SGLL°G/+ AYHON < €€
AS2'epdIAAU SOQ°Z- AAVN  +
awl) ad10A ¥1D s0g ‘(€0°08) LIV ISW Jad — - 4
dnyesiq M L/M Jualsisuod Arewnd ygy NdH 1S} -
dnyesiq yML/M Jua}sisuod EmE_.a ySY dsSiisy — || e
dnyeaiq yM UM Juassisuos Arewnsd ¥y M4r IsIy -
SGZT-HMILOAN v |
) $§2°1-¥10808 -
(¥344n8 SZZ° 1ONI) ONIGYOO3Y JO ANI ¥Ad - || GE
ONIGHOI3N 20 ANI ¥AD -
SGZ°0- MSYNdH + |
Jea Bew M Bap 0°¢) ‘sgZ'0- SV dSI =
sGZ0-¥SYMM3I o [~ 9¢€
SGZ0- USY MAr  ~

199} ‘00L/9PNMINIY 1SN

(7




AR { N
AKX Lb Tkl

Spuo29s ‘awl] |ejoL
06¢l 08¢l 0LEL 09¢i 0s¢cl ovel
T B T T _ T T T i T \l T T T T T T T T T T wn
+ o+ \ +4+ 4+ e
o \/4\ lE
A ]
\. 1 8¢
++ o+ + B
o 1 ge
. - 0¥
-
-1 ¢¥
ASO'EPPIUSGLL G+ AVHON o | | % 7
ASD epdihAu S0QZ- AAYN  +
- aw a210A ¥.1D s09 ‘(€0°0¢) LTV 1SN ¥Qd —— | |
dnyealq yM /M Juajsisuod Asewnd ¥SY NdH ISL ————-
" dnyealq YMI/M Ju3sisuod Arewndd ¥SY dSIISL —— || 4’4
2 dnyealsq YM LM Jualsisuod Aiewsd Yy M4Ar 1S4
o+ \ + SGZ'T-UIDAN v |
/ sgZ'l-¥losoa o
oA x (4324n8 $ZZ° “1ONI) ONIGHO23IY 40 AN ¥Ad - | S
ONIGYO0I3Y 40 AN3 ¥AD -
ot SGZ'0- UdSYNdH =+ |1
\ Jea Gew M Gap 0'€) ‘SSZ0- YSV dSI = |
" SGZ'0- SV ¥M3 o 214
SGZ°0- YSY Md4r -~

96/LLIL ‘M4 30 IN0 [y VML

3994 ‘00L/°PMIYV TSN

2-©



JriodQvis
XS L L e

spuod29s ‘awl] |ejol

96/LLIL ‘M4l 30IN0 [y VML

oovi 06cl 08¢l 0l€1 09¢i
A b
wa ] w#
7 -1 6V
¥ «.\ S A
ASIEYPIU SGL LG+ AVYEON o | | €S
ASD°CpdIAAU SO8°Z- AAYN  +
awi] adloA ¥19 S04 (€0°0€) LV ISW ¥ad —— | ]
dnyeaiq YM UM Jusisisuod Arewad ¥SY NdH ISL -
- dnjealq yM UM Judlsisuod Asewad ¥YSY dS13SE —— | S
dn)jealq vM LM Juassisuod Arewad YSY WA ISy -
SGZ'T-ULOAN v .
$G2Z°l-¥10S08 ~
(¥344n9 szZ°' 1ONI) ONIQHOO3Y 40 AN ¥ad - -- [ GG
ONIQHOO3Y 40 AN3 UAD -
SG2°0- SV NdH ~ i
JeA Bew M Bop 0'cl ‘SGZ°0- NSV dSI =
sgz’0-MSYuMI o [~ 99
SGZ°0- YSV M4dr -~

3994 ‘00L/oPNIBIV IS

0

2




A Lb LY

oovi

Spuo29s ‘awl] |ejol

osvl ovvi oevi 44" 1]5 47
T T T T ‘ - ¥ Ll T T _ i T T L T b T T 1 L T mm
"o -/ v @m
- LS
|
8S
-1 69
o — 09
19
m .
ASD'EPPIU SGLL'GL+ AVHON o | | 29
ASO'opdIAnL S09°2- AAYN -
awi] 9210A ¥1D SO9 (£0°0¢) LIV ISW ¥Ad —— | |
dnyealq yMI/M Judisisuod Aewiid ¥SY NdH ISL -——--
dnyealq YMLUM Juaisisuod Aoewnd y¥SY dS1158 —— | €9
dnyealq YML/M Judlsisuod Auewsd NSV Mdr sy -
SGTT-ULOAN v |-
: s§Z'l-¥10808 -
o (Y3 44NE ST TONI ONIGYOO3Y 40 AN ¥AS -~ - L ¥9
ONIGHOI3N 40 ANT ¥AD :
++ SGZ'0-USYNdH =+ |-
Jea Gew M Bap 0°¢) ‘SGZ°0- SV dSI =
sgZ'0-¥SY¥MI o [~ 99
SGZ'0- SV Yd4r -

96/LLIL M4r 303IN0 [y VML

393} ‘00L/8PNIIY TSN

2.z




<l 2as
OS5 Lb Ly

(1 JA4"

SpuUo2ds ‘awl] |ejol

11°)4° osvl ovvi ocvl ocri
T T T T T ~_‘ da T T T T T T T T mw
+ + -1
- 99
y L9
+ + B
o - 89
\“ 69
/ - 04
4 WL
R R S ASI'EYPIU SGLLGL+ AVHON o || Z.
AsI ¢pdihAu S08°2- AAVN -
+ awir] ad10A ¥1D s09 ‘(€0°0¢) 1TV 1SN ¥Qd —— | |
dnyealq yMm/M Judlsisuod Atewd ¥SY NdH ISE -
- dnyealq yML/M Jualsisuod Arewud MSY dS1IsE —— || ¢l
dnyealq Y LM JuUalsisuod Aewnd ¥SY MAr ISIly - -
~+/ o+ SGZ'T-UILOAN v |
SgZ°l-¥10s08 -
* (¥344n8 sZZ° *1ONI) ONIGHOI3IY 40 AN ¥ad - -- -H v
ONIGYOO3N 40 AN HAD -
t SGZ'0-USYNdH =+ |
Jea Bew M Bap 0°¢) ‘SGZ0- YSV dSI =
sgz'0-uSVHMI o [ SGZ
$GZ'0- WSV Mdr -

96/LLIL

M4r joIno [y VML

393} ‘00L/9PNMIBIVY IS

g/

23



0% xto, x\;\v«

SpuU029s ‘awl] jejol

00Si o6vi osvi 1JA42 o9vi osvi
L L _ T R T T _\ T T T i T T T _ T T RS 1 mh
.............. @ N
v LL
+
8.
6.
....... Ow
18
ASO'EYPIU SGLL'G.+ QVHON Z8
AsO'gpdiAAU SO8°Z- AAVN -
aw) 3d210A ¥19 S04 ‘(€0°0€) LIV IS ¥ad ——
dnyeasq YML/M Jualsisuod Asewnd YSY NdH ISL -
dnyealg yM UM Juasisuod Alewnsd ¥SY 4SI3SL —— €8
dnyeasq vMLI/M JudsSISuod Lrewud ¥SY MIr ISy -
++ SGTT-HILOAN v
S§Z°1-¥y10s08 &
.X* (43448 szZ° “T1ONI) ONIQNOO3N 40 AN ¥ad - [H P8
ONIQYOO3Y 40 AN ¥AD
v SSZ'0- USV NdH
JeA Bew M B3p 0°¢l 'SGZ'0- WSV dSI =
SGZ'0- YSV ¥M3I o S8

SS2°0- ¥YSVY Mdr

96/LLIL ‘M4r 301N0 [y VML

199} ‘00L/9PNMIBIV IS

11

N




SRy

XS T Lb kY

ovsi

SpuUo929s ‘awl] jejol

S$Z°0- ¥SVY M4

96/LL/L ‘M4l 3o IO [y VML

0€s) 114°] oLsSiI omvr
¥ w T T T ¥ ﬁ T T T b T T T A T 1 mw
““““““““ . 98
: + 4+ + 4+
.8
88
+ + ++

68
06
“““ 16
ASI'EPpPIU SGLLG.+ AVHON o 26

AsD ¢pdIAAU S0QZ- AAYN -+

auwl ] adloA ¥1D sod ‘(€0°0¢) LIV IS ¥ad ——
dnyealq YMLU/M Juaisisuod Auewad MSY NdH ISt ——--

e} BRI YMUM JUBYSISUOD Atewiid ¥SY dSIISE €6

dnyeasq YM /M 1u)sIsuod Atewid MSY M4 1siy -

SGTC-H1DOAN v

sGT’l-¥1Os08 &
(¥344n8 szz' "1ONI) ONIQYOO3N 4O AN ¥ad - - 14

ONIQHOI3N 40 AN3 ¥AD

$G2°0- SV NdH ~

Jea Bew M Bap 0l 'sgZ0- YSV dSI =
SGZ'0- HSV ¥M3 o G6

1994 ‘00L/9PMBIVY TSN

Z 1




& adr
XOSLE L Y

spuo29s ‘awl] |ejol

96/LLIL M4l 30 1IN0 L VML

04S| 09S1 0SS (1%°] 2
T 1 T T T T _ T T T v T T T T T mm
— 96
16
4 .
7 1%
v +\ o i
-1 004
— L0}
ASD'EPPIU SGLLGL+ QVHON < | | 201
ASO epdiAnu SO82- AAYN -
awn| 3d10A ¥1D s09 (£0°0¢) LIV 1SN JAd ——
dnyeaiq YML/M Jualsisuod Arewsd YSY NdH IS -----
dnyesiq yM UM judlsisuod Arewnd ¥SY dSI1ISE —— |- ol
dnyealq YM /M Juajsisuod Arewnd ¥SY WdArIsiy - -
SGTZT-ULDAN v |
SGZ'I-¥1D0 808 = .
(434404 sZZ° “"1ONI) ONIGHOO3Y 40 AN ¥ad - -H YO
ONIGH0O3Y 40 AN JAD -
+ SGZ'0- ¥SYNdH =+ |
JeA Gew M 63p 0'¢) ‘SGZ°0- SV dSI =
: sgz0-ysvama o [~ S0)
$GZ'0- YSY M4l -

3994 ‘00L/2PMBIV TSN

26




o owad s e

Ax9SLb \‘E\N(

Spuo29s ‘awl] |Blol
0091 06S| 08S1 0S| 0961 08S1
T T T T T T 1 T \Ha T T T T T T T L 1 mor
\ + ]
901
101
+ + ]
[ 801
[ |
++\H 4
wt oLl
+ 1
— bbb
ASO'EPPIU SGLL'G/+ QVHON < | | rAN"
ASI'¢pdihau S08°Z- AAVN -
awn] 9910A ¥19 sog ‘(€0°0¢) LTV ISW ¥ad —— | |
dnyealq YML/M Juadisisuod Asewiud ¥SY NdH ISt -———-
.| dmjeaiq yMm/M Juadgsisuod Arewdd ¥SY dsiisL —— | (o W
dnyeaiq MM jualsisuod Atewsd YSY MAr IS4y -
SGTT-HUIOAN © .
SGZ°L-¥l10s08 - .
T e (¥344n8 s2Z° "1ONI) ONIGHOO3IY 40 AN ¥Ad - -- - Ll
” M ONIQHODIY 40 AN HAD -~
i + W W SGZ'0- USYNdH ]
M ” Jea Bew M 6ap 0°¢) ‘sSZ°0- SV dSI =
) sgz’0-usvum3 o [~ Ghb
SGT'0- USV M4~

96/LLIL “M4r 303IN0 [y VML

3994 ‘00L/9PNMINIVY IS

27




L 39S

oS b Ly
SpuU02ds ‘awl] |e10l
0591 ov9l 0€9l 029} 0091
0 T L R ‘ S T L _ T T . T _ T T T mF F
....... w—‘ F
A"
,,,,, 8il
6Ll
............... ON F
...... PN—‘
+ - #+ o+ + ; E
P i ASI'EYPIU SGLL'GL+ AVHON < | | vAA)
o ASO'epdIAAU S08°Z- AAYN
T S - . aui) 3d10A ¥19 S04 ‘(£0°0€) LIV ISW ¥ad —— | |
/\\1\.11 . . dnjealq yM LM Jud)sisuod Aewnud YSyY NdHISL -
\.‘ v dnyesaiq yMLU/M Juapsisuod Aoewiid ¥SY 4613sp —— | €zl
dnyealq YML/M Judlsisuod Auewitid Sy ML ISIf -
. - 4 SGZ'T-ULDOAN v
$gC'l-¥10s08 - .
(4344049 sZZ' "1ONI) ONIQ¥OI3Y 40 aN3 ¥ad - | PCl
ONIQNOI3M 40 AN JAD
SGZ0-USYNdH ~» |
JeA Bew M 6ap 0°¢) 'SGZ°0- SV dS!  »
sgzo-¥svumI o [~ SCl
SGZ'0- YSVv Mdr -

96/LL/L ‘M4r 303In0 [y VML

193} ‘00L/9PMIBIV 1SN

2-8




7 AGS

95 L b3V
SpPU029s ‘auwl] |ejol
0041 0691 0891 0491 0991 0591
1 | T T T T 1 T T ONF
YA"
[4A"
+
A4 A
0061 UYIRNY € s9Y
nok JA0qE 3 000 pUnoqyInos bZL
S £ }I009,0 T dUjed) 008VAAL ULD SOH €1:870C
174}
9Cl
ASD'EPPIU SGLL°GL+ QVHON < 21
AsIgpdihAU SOQ°Z- AAVN  +
awi] 3010A ¥10 S04 '(€0°0€) 1V TSN ¥ad ——
dnyeasg yM LM Juajsisuod Aewnud ¥SY NdH ISE -----
dnyeasq yM /M Judysisuod frewnd YSY dSIISE — 821
dnyeasq yM /M Jualsisuod frewd HSY M4Ar 1S4 - - -
- SGCT-HIDAN v
$G2°L- 410808 o .
(¥344n8 szz' “1ONI) ONIGHOD3Y 40 AN ¥Qd - - 6cl
ONIQHOI3¥ 40 AN ¥AD -
SGZ°0- U4SY NdH ~
Jen Bew M Bap 0°¢) ‘sgzZ°0- YSV dSI =
SGZ'0- ¥SV ¥M3I o ocl

96/LLIL

M4r 34013IN0 [y VML

SGC°0- ¥SV 4r

393} ‘00L/9PMINIV IS

29




S AUIS

DG L b Tkl
sSpuodas ‘awi] jejol
0S.l) ov.ii 0ocLl 0cli 0LLL 00.Z1
T T T T T T 1 T 1 T T 1 T T 1l T T T Rl mNF
9cl
-1 4¢C1
++ - + +
8¢l
6cl
o<t
L€l
++ + + ++ + i
ASY'EPPIU SGLL'SL+ AVHON o | | 7o
AsO'gpdIAAU S08°Z- AAYN -+
awi] ad2toA ¥1D sog ‘(€0°0¢) LIV ISW ¥ad —— | |
dnyealsq YML/M Judjsisuod Arewtsd ¥SY NdHISL -
] dNYBAIQ WM LUM JUB)SISUOD flPWLID MSY dSIISE —— | o A
dn)yeaiq YML/M Juasisuod Aewnad ¥SY MAr ISH) - -
SGT'T-UIDAN v |-
sgZ'l-y¥loso8 o .
(¥344N4a szz' “1ONI) ONIQY0I3Y 40 N3 ¥ad - - -H ¥€L
ONIGHOI3Y 40 ANT HAD
SGZ'0- MSYNdH =+ | ]
Jea Bew M 6ap 0°C) ‘SSZ°0- MSV dSI =
sgz'0-¥svy¥ma o [~ S€I
$GZ'0- SV M4 -~

96/LLIL MAr 30IN0 ¥ VML

A

3994 ‘00L/9PNIYY SN



\q 2 RariS
A9s L b L

008}

SpuUuo28s ‘auwi] |ejol

96/LLIL ‘M4l 30 IN0 [y, VML

0LLL 09.1 0S.)
—— ———— 74 %
9¢l
. J0)edIpUl MOY) [9nJ i
TILY INOGE USMWHOY TNV $€76202 SUISUD p# INOQE JUIWWOD [TV 16202
\
+ + / R
8¢l
/ +=-<o 6C)
+ + + + + * H
» e - on—‘
+ ++  ++ B
- €L
ASI'SYPIU SGLL'GL+ AVHON <« || Z<1
. ASOepdIAAUL SO8°Z- AAYN  »
awn | 3210A 319 sog ‘(€0°0€) LIV ISW ¥ad —— | |
dnjealq YM LM Judisisuod Arewnd Y8V NdH IS -—---
dnyealq YMLIM Juaisisuod Arewnd ¥YSY dS1ISE —— [ (o !
dnyealq YM /M Juaisisuod Alewid ¥SY M4r 1say -
SGZ'T-ULOAN v |
SGZ'l- 810808 - .
(¥344n8 SZZ' "1ONI) ONIGHOO3IY JO AN ¥ad ---- [ Y€
ONIQYOO3Y 40 AN3 ¥AD -
SGZ'0- USYNdH =+ | ]
JeA Bew p Bap o'} ‘SGZ0- SV ASI  »
sgz'0-usvumMI o [~ S€I
SGZ'0- ¥SY M4r -

303} ‘00L/9PMIBIV IS

Bl



5 A3

DS b L
Spuo929s ‘awl] |ejol
0681 ovsi (115" 028l (1]%:1" 0081
T 11 T T ﬁ 1 T T T A T T 1 T _ T T T T V T T T T mNF
9Zl
A : yXA%
3 000°ST urejuIEWw
pue quuip 00SVAL YLD SO ST:0€0T
sy quuipd [NV 81:0€07 : / . 8zl
+— .+ + + % + * + + +
o€l
Ofmnd Jo punos) VD T¥:0€07 or T
(292
ASI'CHPPIU SG12°GL+ QVUON < Z<1
: AsI'epdifAU SO08'Z- AAVN -
. awi] a210A ¥1D $09 ‘(€0°0€) 1TV ISW ¥ad ——
m dnyeasq YML/M Jualsisuod Arewd ¥SY NdH IS} -
dnyeaiq YM /M Jualsisuod Arewtid SV dSIISL —— ccl
dnyeaiq YM/M jJualsisuod Aewnd ¥SY M4rIsiy - -
TR SGT'ZT-UIDOAN v
s§Z'l-¥loso8 - ,
(¥344n8 szz° “1ONI) ONIQYOD3YH 40 AN ¥ad ---- [{ Y€
ONIQ¥023Y 40 ANI ¥AD
SGZ'0- ¥SV NdH =
Jen Gew p Bap 0°¢l ‘SGZ'0- SV ASI =
SGZ'0- ¥SVY M3 o Gel
SGZ'0- SV M4r -

96/LLIL ‘M4l 30 IO Ly, VML

1994 ‘00L/PMBIV TSN

32z



< Vi
XS LbLLY

02

3034 ‘00L/oPMIBIVY IS

_ Spuo29s ‘awl] |ejol
006} 0681 0881 0481 0981 0581
T T t T T Ll ) 1 T T L1 T 1 T T an
ASO'ePpPIU SGLL'Gl+ AVHON <
AsygpdifAu S08°Z- ANVN  + (392
awi] 3%10A ¥1D s08 ‘(£0°0€) LIV IS ¥ad ——
dnyealq YML/M Judlsisuod Arewnd YSY NdH 3Sh -—-—-—- .
dnyeaiq YML/M Juajsisuod Arewad ¥SY dSIISL —
dnyeaiq YML/M Juaisisuod Arewnd ¥SY MdAr 1Sy - ¢t
SGZ'T-ULOAN v
seZ'I-¥loso8 2
(¥344n49 sZZ' “19NI) ONIGHOO3Y 40 N3 Jad - - ecl
[q] 40 AN
ON moowwu.% mmw nnm . (Iqi3mumun) WvD €0°1€07
SGZ'0-USV dSI » /
SGZ0-dUSY ¥M3 o pel
SGZ'0- MSY M4l v
°29 %
+ + + + +H B
— - 9€1
| i
m ”+ + + +A4 + + =
| i
m ._1 ORI &T wa—.
i |
| wi\ A :
! M
\ i \ 8¢l
P E 133 6cl
5 g
.m i iz
1142

96/LLIL M4 303N0 Ly VML

33



IS N

DS LbLlry

0061

0081

SPUO0IIS “QuIL ], [BI0L

00L1 0091

00S1L

oovi

00¢l

ooci

0011

-

]

1111‘[111

) I

/

llllllllllllil

Jea Bew M Bap 0°C) ‘SGZ'0- MSV ASI
L6NSLV1/dVLN ‘SG2°2- ¥1D AN ——
L6NSLVTV/dVLN ‘SSZ°'L- ¥10s08 — |

deA Bew p Bap ¢°Z) ‘SGZ°0- ¥SV NdH ——
ieA Bew p Bop €721 ‘s6Z°0- ¥SY ¥M3 ——
JeA Bew p Bap 6°Z) ‘SGZ'0- MSV M4 ——

llllllIll]llllllllllllILALJIll

96/LT/L AL 3O MO LY.L VML

ge-

0¢-

T4

0¢-

Si-

1]

0l

Gl

114

14

sa[IuI [BI1NEU “JEpeY 8-SV dSI WOy RULISI( ISIAN-ISe]

"z

31




2 2017
XD LTk,
SPU0d3s QUL [B)0],

0061 0081 0011 0091 00S1 oovi 00ci

00zZi

00L1

Jea bew py 6ap 0°¢) ‘s6Z°0- NSV dSI ——
F6NSLV1/dVLN ‘SGZ22- ¥1D AN ——
F6NSLVT/dVLIN ‘SSZ°L- 31D SO9 ——

Jea Bew p Bop ¢°Z) ‘sGZ°0- NSV NdH ——

-

JeA Bew M Bap ¢z ‘s6Z'0- MSY ¥MT ——
JeA bew pp Bap 6z ‘SGZ°0- NSV M4 ——

96/LT/L 1AL 3O MO L¥L VML

gc-

0c-

Gl-

o
)

SI{IW [BIYNEY ‘Aepey §-USV JSI WOJ BDUBSIY YYNOS-Y)I0N

35



} a8

>xOsg ‘Lbrxd¢ML

0007

0861

0961

Spuo0dds ‘ouwiy [ej0],

0061

ove6l 0761

0881

ccw~

129!

81

61

07

17

T T T T T T T T i Ll 1 ]
A A A M
-
w
X A MA ¥ »
\ 4
a A
* €-d
FAV Y
»
P
A ¥ .
%
< .
. . E oax
i o ] L] | .
B = | * * X “
vy W v i
L] . =
v
L. vil.x * ¥ 4‘ ®
v - * ¥ v ¥ C/ =
u | L . » v I
¥ ¥ v 7
» v = « :
v ¥ ./ i
A\
: ® |
u . LN \
L] ] . vE Y G/ 18 ]
X jouy g
" . 1)
v /\F =
» -
. : GP
p A A |
Te
A A Y v v .4
v v A M b4 ]
A hd Y. » ‘ L M A ﬁdd/ H H
A v - L) v .
v M M v ox :oS«qu 189 B.amam ABeNDAIA MBI
... ¥ a a
I6NSLVVAVIN S§77-‘soremd NID ANV N
I6NSIVUIVIN *sTI- saremud 410808 A
Tepes VI ‘oani] o wes) sopwmd ANSHONIS/IVION/AAVN. <
Jepes XN ‘Peaquany wogy soprerapid A NEAOMISAVHON/AAVN & = 1
Tepe1 v ‘asoasa] wedy soprewmpd ANSAONIS/AAVHON/AAVN. & -
Tepr1 VA ‘0] QLION W0} wep ANSHONISAIVION/AAVN ‘SoLmpuoces (08 VML —at— ]
Fepea 3\ ‘PEAGISATY moJ) wep XNSUONISATVAON/AAVN ‘SHIPROS 008 VAL —¢—
Tepel v 950A1] Wo) w3 ANSHOMISAAVION/AAVN ‘SHRPR0NE (08 VAL —+—
sua Svm g\ Bop €71 STO- nvmud YSVNIH - % 7]
rea Sewm p Bop 0°CT SST0- swd SV ST B
Iea Swwm g 30p €£°Z1 3570 saremud ¥SYEMA  ©

Jua Bum pp 30p $°7T 'sSTO- sovwd YSV AL v
ISNSLVVAVLIN $57°7- 11D AN ‘sompuods 008 VAAL —7—
T6NSLVUdVIN SST'T- HID SOH ‘soprepmodds 008 VAL —A—
aea Bow A 899 €°Z1 $ST°0- WSV NJH ‘so11epuioads 08 VAAL —¥—
Jea 3em g Bop 0T ‘5570~ HSV ISI ‘SHIEpuos 008 VAL ——
JeA 3vm A\ 29 €71 SS7°0- NSV HMT ‘s0epuos 008 VAL —0—
Jea Bem A\ 399 71 ‘$S7°0- NSV AL ‘SIepuodss 008 VAL —v—

(44

€T

4HUwOm pue YLIAN ‘NOODVILAN wWolyj e1e( 18pey Vv

9661 ‘LT AL AL JO IO LbL VAL

|

(sopnu peopneu) sepey §-USV AN ‘dijs| wo.J,f 2dueIsi(g 1S9 -ISeH

26



2 2as
KOS Lb Xl

000¢ 0861 0961

Spu0d3s ‘duwIy, [e)o],

06l

0761 0061 0881 0981 o8

Jepes Y ‘eIni] guioN ey sarewrd ANSHOMIS/AVEON/AAVN

Tepea AN ‘Peoqeary moy s XMSHOMISIVION/AAVN

JEpEL Y ‘93044 | W saprewptd ANSHONISATVEON/AAVN

TEpE YN ‘04N [RION WO WP ANSAONIS/AVION/AAVN FHLrepuecas 008 VAL
TEpEd XN ‘PENLIGAT] WO) ¥P AMSHONIS/TVHON/AAVN ‘FHIepuocos g0g VA L
TEPEL VJ ‘950AMI] TOL WP ANSHOMISAAVION/AAVN SIHIPUOsds 008 YL L
s Bem  3op €71 ‘s5T°0- ‘sopremd WSV NAH

Tea Jem A 3op 0°CF S5T°0- ‘sorrennad HSY ST

sea B 4 $op €71 ‘570 ‘soprenaad MSY MME

Tea Jvm 4\ Bop 571 ‘scTe- ‘sorremud WSV YA

TSNSLY/dVIN 9STT- W1D AN ‘So1epmeces 008 VAL —y—

TSNSLVUAVIN ‘SST'1- HLD SOH ‘SATepneces 008 YL —A—

uA Buw , 2op €71 SST'0- USV NIAH SOLNDWIS 008 VAL —w—

ua Bem p 2ap 0°CT SST'0- HSV BT SOHEPIN 008 VML '—m—

Jea Jew M Bop £°ZT ‘SST0- USV UMT S9LWPIOSs 008 VML —o—

oA B Bop §°71 SST°0- MSV AL SOLIOpIeT 008 VAL —¥—

comrfiherana

T T T B T D L v 1
w ?..l v « n
x n 4
P «
v |
* [ ]
A
e-d A B\\M
v v/ R~
»
v »
\ ¥ 4 2 .
> ¥ ik “ 4
¥
= «
= =u a* e
p 4 " * r ¥ % ]
4 v [ ] n ¥ ¥ . =
=
LJ A..n v i ¥
v 4 L4 v ¥y W x A i
« ¥ v vi AR
X v ¢
o, A R 4 A @ \ 4
Y " y ¥ . | * Y v D4D M 4 I " [
Iﬂ L * AN ¥ @
v ¥ ¥ s Ja  F R
* €
5 M v M 2 @..h ®..) e
v * 6.9 \\ ¥y
] v ad ¥ A
& ¥ a A A vaﬂ M X » -
& - v v M’ l4 % M M Ivd e M e P PSS L™
* v . v of Q\QA @g UOI)BI0T] YINOS-)IoN
'y
Vst : aBexoaup ureyy |, |
vo
* =
3
TSNSLY'V/dVIN 357°2- ‘saprewiad Y10 AN
T6NSLVU/AVIN ‘$S7'1- ‘sapremipd §10 504 N AMA =

I
I-

o1-

WI

9661 ‘L1 AL “SAC JO INO LPL VML

S04 Pue YLDAN ‘NODVILAN WOl B)B( Jepey jm%

(soqrux jeoyneu) Jepey g-YSV AN ‘dIIS] WOI due)SI(] YNOS-[I0N

)z

37



Attachment IV

X versus Y Graphs
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Attachment V

Vehicle/Object Identification Graphs
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Attachment VI

Islip ASR False Primary Return Graphs And Related Information
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index of refraction of dry or dense air is greater
than moist or less dense air, therefore radar
beams will be bent in the direction of the dry
or dense layers. Figure 17 depicts two condi-
tions of anomalous propagation with the at-
mosphere in Fig. 17(a) causing a downward
bending, and that in Fig. 17(b) causing an
upward bending of the radar beams.

Under the conditions depicted in Fig. 17(a)
targets- hundreds of miles away may be detected
even though they are far below the horizon,
while under the condition’ dépicted in Fig.
17(b) even relatively close targets cannot be
detected. However, the latter condltxon is less
common than the first. '

The normal reaction tb'ih'cr'éa_séd ground clut-
ter or ambiguous returns is to reduce the IF
gain. The adjustment of: the IF gain to elim-
inate clutter, results in reduced radar coverage
and should be carefully considered. .

FALSE TARGET

One of the most important operations the radar
controller must master, is to interpret properly
all targets depicted on the radar scope. The
proficient radar controller will be quick to
recognize temperature inversion as a false target
indication. Such indications are often second-
ary reflections of radar energy from isolated
refracting areas in a temperature inversion level.
Correlation of radar reports with Weather
Bureau records indicates that a temperature
inversion is almost always present when un-
identified flying objects appear on the scope.
These_inversions often travel across the radar
at tre?gendous speeds and in changing direc-
tions. Apparently this phenomena is produced
by isolated refracting areas traveling with the
wind at or near temperature inversion levels.
Although the exact size, shape, and composition
“of these isolated areas is not known, it is
believed that they may be atmospheric eddies
produced by a shearing action of dissimilar air
strata. It appears that such eddies may reflect
and focus the radar energy with a lens effect
to produce small concentrations of ground re-
turn with sufficient strength to show up on the
radar display.
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RADAR JAMMING-

Jamming as used in conjunction with radar is
defined as an introduction of false radiation
into radar and radar devices. False targets
produced by radiation may clutter large por-
tions of the radar area, and in some cases
render the scope unusable. The effects of even
the slightest amount of jamming may be disas-
terous, under certain conditions. For this
reason, the controller must have some under-
standing of the effects of jamming.

Jamming may be classified into two main cate-
gories, active and passive. Active jammers are
those that generate radar energy; ie., con-
tinuous wave, modulated continuous wave, fre-
quency modulated, or pulse modulated outputs.
Passive jammers are those which act as parastic
radiators; i.e.,, chaff. Chaff is thin strips of
aluminum or other metal, cut in a particular
length. \When released from aircraft at high
altitudes, the strips float slowly to the ground
and the resultant echoes cause large areas of
the indicator to become intensified or cluttered.

The Air Training Command has equipped some
of its aircraft with: chaff dispensing bags at-
tached to the underside of ejection seats. In
event of crew ejection, chaff will be dispersed
over a wide area and will remain visible in the
form of clutter on radar scopes for a period of
time up to 30 or 40 minutes, depending upon
altitude of ejection.  Such clutter is easily dis-
cernible to radar controllers (Figure 18).

Controlled Jamming

Coutrolled jamming operations are conducted
by the military to provide essential training
of military radar persomnel.  An agreement, to
preclude interference with air traffic control
radar, regulates, but g]()(-s not arbitrarily curtail
military operations.  Personnel observing jam-
ming operations, when no prior notification has
been received, should forward information to
the appropriate authority, since more military
aircraft may dispense chaff when experiencing
emergency situations.

ETM 12-0-1

So



