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Recap of Last QCB

0 Using Matt’s OrbitNP, investigating a negative LAGEOS skew in lIzana (7701) uncovered an
undocumented LE edit criterion. The new station in Tsukuba (7306) was always using the same
LE edit criteria. Both stations have since updated their site logs to indicate the LE edit criteria

» Matt noticed that the I1zana and Tsukuba fullrate data filter flag was not properly set for excluded returns
» Jose recommends that stations add excluded returns (e.g. within 5 sigma) to their CRD fullrate data, which
will assist in computing satellite center of mass corrections

O Action: Van was to investigate other apparent discrepancies between kurtosis and the calibration
and satellite editing criteria in the site logs




7941 MATM Calibration Kurtosis
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O Calibration sigma levels and kurtosis on the left chart. MLRO (7941 MATM) in Matera had a noticeable

1-Jan-22
difference between the 3 sigma edit listed in their site log and the mean kurtosis value in their CRDs

O Right chart is a time series of 2022 Matera LAGEQOS calibration kurtosis values
O MLRO is the only MCP station that automatically corrects for receive amplitude variations




7941 MATM Monthly LAGEOS and Calibration RMSs
(Single Shot)

Q 7941 MATM monthly LAGEOS and
calibration RMSs from CRDs
available on the ILRS website at:
https://ilrs.gsfc.nasa.gov/network/s
tations/active/MATM station info.
htmI?LAG

Blue and green circles are
LAGEQOS and calibration RMSs;
respectively

Q Thelastincrease in LAGEOS RMS
(the yellow highlighted area)
followed a system changes on 14-
Feb-2022 (PMT replacement and
CFD cable change)
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Cinzia said “the system was

i 251
{HIEMEHHI{E“ it };{HH}{;VIHI.!IHHMHE}zHHHH{ﬂmIF{{m;h;}}hmm;,;{IEI’IImﬂﬂiiiﬂmﬁ i experiencing instability with the
laser since last year and a new laser
datetime (UTC) will be soon installed”



https://ilrs.gsfc.nasa.gov/network/stations/active/MATM_station_info.html?LAG
https://ilrs.gsfc.nasa.gov/network/stations/active/MATM_station_info.html?LAG
https://ilrs.gsfc.nasa.gov/network/stations/active/MATM_station_info.html?LAG

(Single Shot)

7941 MATM 2022 LAGEQOS Session RMSs

RMS in mm

7941 MATM LAGEOQS Session Single Shot RMSs
12

® LAGEOS-1
[0 LAGEOS-2
——PMT and CFD cable change

10
—Undocumented system change

8 Dg - e
5 g i
% %".@;rg
4 ~aa
dlThll]]] ]

26-Dec-21 20-Feb-22 17-Apr-22 12-Jun-22 07-Aug-22 02-Oct-22 27-Nov-22

Between July 31 and Aug 1, 2022, there
was a noticeable increase in the
LAGEOS RMS, but the only entry in the

station history log
https://edc.dgfi.tum.de/en/stations/7941/

station history log/ around that time
was on day 199 (July 18, 2022) when
there was a cesium oscillator
replacement

Cinzia said “nothing was changed at the
system level, but we stopped to make a
manual and too strong cleaning of data
trying to reduce the effect of the laser

instability”



https://edc.dgfi.tum.de/en/stations/7941/station_history_log/
https://edc.dgfi.tum.de/en/stations/7941/station_history_log/

7941 MATM HITU Geodetic Range Biases

Range Biasin mm

7941 MATM HITU LAGEQS Pass-by-Pass Range Biases 7941 HITU Geodetic Range Biases
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O Left chart: HITU LAGEOS pass-by-pass range bias estimates (ITRF 2014 coordinates)
O Right chart: HITU yearly geodetic ranges biases

O For 2018-2020 the yearly geodetic range bias were stable, but started to drift positive as the single shot RMSs
increased after PMT and CFD changes



7941 MATM LAGEQOS-1 Pass on 05-Jan-2023 at 10:36
Station Generated NPs vs OrbitNP NPs

Peak-|Return [Range RMS Retun
RMS in Min in|Rate in |Difference |Difference [Skew Kurtosis  [Rate

Source |[Seconds Time of Flgiht  |Obs|ps skew |Kurtosis ps|% (mm) in mm Difference |Difference |Difference
Onsite [38255.604000017100|0.054336473744| 314| 52.9| -0.405| 0.175 na| 26.2
OrbitNP 38255.604000017100 0.054336473734 314 54 -0.404 0.336 10.6 47 1.44 -0.16 0.00 -0.16 -20.80
Onsite | 38337.504000017000| 0.052989262922 815| _46.3| -0.414| 1.128] _na| 67.9)
OrbitNP 38337.504000017000 0.052989262927 815  46.3 -0.425 1.22 2.3 68.1 -0.70 0.00 0.01 -0.09 -0.20
Onsite_| 38458.904000017100| 0.051077876088| 820 48.6| -0.695| 1.09] _na| 68.3]
OrbitNP 38458.904000017100 0.051077876089 820 49 -0.692 1.093 8.7 68.4 -0.13 -0.06 0.00 0.00 -0.10
Onsite_| 38570.304000017000| 0.049429096468| 553| 54.9] -0.753] 0.257| _na| 46.1|
OrbitNP 38570.304000017000 0.049429096467 553 55.3 -0.736 0.22 20 46.7 0.10 -0.06 -0.02 0.04 -0.60
Onsite | 38693.404000017100| 0.047744698438| 227 _59.7| -0.62] -0.371] _na| 18.9|
OrbitNP 38693.404000017100 0.047744698438 227 60 -0.625 -0.328 26.7 20.1 -0.01 -0.04 0.01 -0.04 -1.20
Onsite | 38817.204000017100| 0.046219409246| 130| _66.3| -0.339] _-0.97| _na| 10.8|
OrbitNP 38817.204000017100 0.046219409247 130 66.4 —0.344 -0.981 34.5 11.6 -0.16 -0.01 0.00 0.01 -0.80
-ﬂ
OrbltNP 38942. 704000017000 0044871007767 715 -0. 496 0.574 609 -0.51 -0.04 -0.02 0.01 -1.30
-ﬂ
OrbitNP 39047.304000017000 0.043917573217 417 61.5 -0.676 -0.073 21.7 34.8 0.15 -0.01 0.00 0.00 0.00
Onsite | 39187.504000017000| 0.042908194284| 378| _59.2| -0.749| -0.137| _na| 31.5]
OrbitNP 39187.504000017000 0.042908194285 378 59.4 -0.75 -0.143 27.4 31.7 -0.12 -0.03 0.00 0.01 -0.20
Onsite | 39284.604000017100| 0.042403375266| 367| _57.7| -0.649] -0.047| _na| _30.6|
OrbitNP 39284.604000017100 0.042403375267 367 58.3 -0.653 -0.027 22.7 34.3 -0.09 -0.09 0.00 -0.02 -3.70
Onsite | 39418.104000017000| 0.041984900877| 507| _57.2| -0.798] 0.333] _na| 42.3|
OrbitNP 39418.104000017000 0.041984900878 507 57 —0.788 0.314 20.1 43.9 -0.12 0.03 -0.01 0.02 -1.60
-m
OrbltNP 39538 604000017100 0041890972945 213 616 —O 757 —0 124 178 0.13 -0.04 0.02 -0.03 0.00
-ﬂ
OrbitNP 39666.204000017100 0.042089279472 418 55.8 0.808 0.213 21.5 35.7 0.60 0.01 0.02 0.01 -0.90
Onsite | 39770.504000017000| 0.042476753734| 418] _60.3] -0.664| 0.105| _na| 34.8]
OrbitNP 39770.504000017000 0.042476753742 418 61.2 -0.744 0.252 26.3 36.9 -1.18 -0.13 0.08 -0.15 -2.10

Ave -0.04 -0.05 0.01 -0.03 -2.39

Q

Bin epochs and observations
agree exactly ©

Small differences in the Time
of Flights (ToFs) due to bin
RMS differences. Average
difference is essentially zero

©

Small differences in the bin
moments ©

Small differences in return
rate except the first bin ©

The onsite program does not
compute bin peak minus
mean



7941 MATM LAGEOS-1 Pass on 05-Jan-2023 at 10:36
(OrbitNP Bin Moments)

7941 MATM LAGEOS-1 OrbitNP Bin Moments 7941 MATM LAGEOS-1 OrbitNP Bin Moments
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7941 MATM LAGEOS-1 Pass on 05-Jan-2023 at 10:36

7941 MATM LAGEOS-1 Analysis 7941 MATM LAGEOS-1 Analysis
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7941 MATM LAGEOS-1 Pass on 05-Jan-2023 at 10:36

Residual in mm
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7941 MATM Receive Discriminator Timewalk
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Left Chart: Excessive Receive Discriminator Timewalk (>20 mm)
Right Chart: Transmit Discriminator Timewalk. Ignoring the zero transmit energy value, the timewalk curve is

relatively flat
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7941 MATM Monthly LAGEOS and Calibration RMSs
(Single Shot)

d In 2018 and 2019, MLRO LAGEOS
single shot RMSs were sometimes
below 3 mm

0 Thelowest single shot RMS from
SPAD systems usinga2cm LE
filter is 5 mm
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7941 MATM LAGEOS-1 OrbitNP Analysis

7941 MATM LAGEOS-1 OrbitNP Residuals 7941 MATM LAGEOS-1 OrbitNP Residuals 7941 MATM LAGEOS-1 OrbitNP Residuals
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7941 MATM LAGEOS-1 OrbitNP Residuals 7941 MATM LAGEOS-1 OrbitNP Residuals | There are some interesting
: - : trends in the residuals (e.g. 10-
. 10-Dec-2018at03:48 Dec-2018 and 12-Dec-2018).
i it = / v d Could these trends be caused
s e s sty w0 by LAGEOS-1 velocity
gk £ aberration and/or changes in
5 | the far field diffraction pattern?
. o | o 0 The next slide shows the
residuals as a function of
650 7 esto receive energy on these same
passes.
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7941 MATM LAGEOS-1 Receive Energies Analysis

Residuals in mm
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NP precision on this pass was 2 mm
and the single shot RMS was 3 mm.

In Toshi’s pass-by-pass analysis, the
O Could these trends be caused by

Q

7941 MATM OrbitNP Starlette Residuals
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Starlette velocity aberration and/or
changes in the far field diffraction
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Summary/Questions/Conclusions

0 MLRO data quality was degraded in 2022 due to laser instability and a few mm level bias change was detected
on all geodetic satellites

O Has there been a problem with the receive energy measurement since the values seemed stuck at higher
energies and does that impact the automatic correction for receive energy timewalk?

O What is the root cause of some of the interesting mm level residuals trends from OrbitNP on the geodetic
satellites? Could these patterns be caused by the velocity aberration and/or changes in the far field
diffraction pattern?

0 Based on the LAGEOS receive energy analysis from data in December 2018, the higher receive energies are
biased toward the leading edge. Based on a previous meeting, MOBLAS 4 (7110 MONL) exhibited a similar
trend but with more peak-to-peak variation when the receive discriminator timewalk was modelled.

ILRS QCB March 2023 15



MOBLAS-4 (7110 MONL)
MINICO Results

Van Husson
May 2023

Peraton



O MOBLAS-4 has two
calibration targets A
and C separated by
: more than 90
Ry . - o degrees. Target A is
—<eo  BENUNIE

4 = Qlfthesystem
R . SR - reference point
' ‘ moved horizontally,
the distance to both
targets could
change by different

amounts

@ o

Google () 100% Imagery date: 6/1/22—-newer




MNorth and East Eccentricities in meters

MOBLAS-4 Local Survey Results
System Eccentricities

0.0000

-0.0050

-0.0100

-0.0150

0.0200

-0.0250

0.0200

0.0350
Jan-82

MOBLAS 4 Eccentricity Change History

MOBLAS 4 and 8
mounts were swapped

Jan-86

Jan-90

Jan-94

| —s—North —e—East L.Ipl

Mount refurbised and
replaced May/June 2003,
but no change in UP.

Jan-98 Jan-02 Jan-06 Jan-10

Jan-14

Jan-18

3.2200

3.2150

3.2100

3.2050

3.2000

3.1950

3.1900

3.1850

UP Eccentricity in meters

U Time series of MOBLAS-4 system
eccentricities at 7110 MONL

0 The last two surveys were in November 2011
and May 2018

U If the calibration targets remained stable, any
horizontal changes in the System Reference
Point (SRP) could alter the distance to the
calibration targets



7110 MONL MINICO Results
(based on November 2011 Survey)

System Delay Difference in mm
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-15
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7110 MONL MINICO Results

Jan-16

® Target A-C (HP5370B)
Target A-C (ETM)
—HP5370B Swap

@
'.‘ :°-w° “

Jan-20

Jan-24

U These are the HP5370B and ETM
MINICO results based on the
November 2011 survey

0 The ETM became the operational time
of flight measurement device in March
2019

U Notice that there were two MINICOs,
highlighted in yellow, taken with both
the HP5370B and the ETM with a
consistent 1.5 mm offset. This offset
IS due to non-linearities in the
HP5370B time interval unit

O This results indicate the Target
distances have changed since
November 2011

O A new survey was conducted in May
2018, 6.5 years after the previous
survey (see next slide)




7110 MONL MINICO Results
(based on May 2018 Survey)

System Delay Difference in mm

0 These are the HP5370B and ETM MINICO
results retroactively applying the May 2018
survey results and removing the 1.5 mm

7110 MONL MINICO Results

o® ® Target A-C (HP5370B) HP5370B non-linearity bias
0ee farget AC (5T 0 The impact on HP5370B non-linearities prior to
®e . o T HPRATOB wap the last HP5370B swap on July 8, 2015, are
® § unknown.
s | & AN |
PIPN CAP e ¢ 0 Based on analysis by Troy Carpenter of the
W e WPecee £° o6 November 2011 and May 2018 surveys, there
o | & %0 0e’ ",‘ ° was few mm movement in both calibration
° P © o o" o piers and the invariant point with a net result
° ° . ': of a relative 9 mm change in the two

calibration target distances. The prime target
distance changed more than 5 mm.

U Below are the MINICO summary statistics

10 since July 2015 (eliminating one ETM outlier).
The mean values are well within the
uncertainty in the survey measurements

-15

Jan-12

Jan-16

Jan-20

Jan-24

Statistic

ETM

HP5370B

Average Offsetin mm

0.58

0.69

Standard Deviation in mm

1.27

1.55




Summary/Conclusions

0 A 7110 +5.7 range bias since day 137, 2018 was documented in the Data Handling file pre ITRF2020 to account
for the change in the prime target’s distance. There could be other mm level range biases in the 7110 data, but
this is a known error

U Below are the 7110 range bias estimates, in mm, from four altimeter satellites. In 2019, there was a 3 mm error
in the Sentinel GNSS zenith delay increasing the range bias estimates for every SLR station by 3 mm

Satellite 2019 2020 2021 2022
Sentinel 3A 9.6 5.6 2.1 4.0
Sentinel 3B 10.2 5.4 2.0 4.2
Sentinel 6 2.4 5.3
Icesat 5.7

Average 9.9 5.6 2.2 4.5

0 Can we now update the onsite target distances to remove these known systematic errors in the MINICO
results?

0 The May 2018 local survey results (system eccentricities and target distances) can be back dated until least
until July 8, 2015

U Based on the MINICO results, there is a good chance the 7110 range bias changed when the HP5370B counter
was swapped with another HP5370B on July 8, 2015




Wednesday, May 17, 2023 at 11:26:32 Eastern Daylight Time

Subject: [ilrs-cb] FW: Mt Stromlo 7825 CRD Data Integrity Issue

Date: Wednesday, May 17, 2023 at 9:04:17 AM Eastern Daylight Time
From: Husson, Van (PERATON) via ilrs-cb

To: ILRS Central Bureau, SLR Data Operations Center

FYI... I sent Mt Stromlo another email yesterday about their 20 and 21 records. Here is their quick response.
Regards, Van

From: Abdu Abohalima <aabohalima@eosspacesystems.com>

Sent: Tuesday, May 16, 2023 11:46 PM

To: Husson, Van (PERATON) <vhusson@peraton.com>

Cc: Chun Morton <cmorton@eosspacesystems.com>; Randall L <ricklefs@csr.utexas.edu>; Michael Lachut
<mlachut@eosspacesystems.com>

Subject: [EXTERNAL] RE: Mt Stromlo 7825 CRD Data Integrity Issue

Hi Van,

Thanks for raising those points! Our report generating code is separate to our processing tool, we have
recently updated the reporting code to fix some bugs. Those changes are consistent with the dates you
mentioned. I’'m not sure why the version of the code that includes the 21 records only includes 3 of the 20
records. I'll investigate this further and in the meantime will revert to the previous version of the code that

covered the period March 30t to April 29th (without the 21 records).

Regarding the second issue related to the 20 records being too far from the H4 end time. In certain weather
conditions, we recently had issues with our mets sensor that introduces gaps in the data collection. Our
processing code takes the next available Mets record after the sensor resumes data collection. | was not
aware of this as an issue, there has been no change regarding that part of the data processing. However, I'll
flag this with our software team and work on a fix asap.

Cheers,
abdu

Abdu Abohalima
Technical Officer
Mob +61 431 156 168 | Main 02 6222 7981

From: Husson, Van (PERATON) <vhusson@peraton.com>

Sent: Wednesday, 17 May 2023 06:10

To: Abdu Abohalima <aabohalima@eosspacesystems.com>

Cc: Chun Morton <cmorton@eosspacesystems.com>; Randall L <ricklefs@csr.utexas.edu>
Subject: RE: Mt Stromlo 7825 CRD Data Integrity Issue

CAUTION: This email originated from outside the organisation. Do not click links or open attachments unless
you recognise the sender and know the content is safe.

Dear Abdu,
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| did a little more research into your CRD Normal Point data since 2022. It appears there are two different
versions of your software that are being used when generating your CRD 20 and 21 meteorological records.

Below are the timespans were different meteorological processing algorithms appeared to be used:

Prior to September 16, 2022: no 21 Meteorological Supplement records and numerous 20 Meteorological
records per CRD

September 16 — 27, 2022: three 21 and three 20 records per CRD

September 28-March 28, 2023: no 21 records and many 20 records per CRD

March 29, 2023: three 21 and three 20 records per CRD

March 30 to April 29, 2023: no 21 records and many 20 records per CRD

April 30 to the present: three 21 and three 20 records per CRD

When there are three 21 and three 20 records per CRD, the seconds of day in the very last 21 and 20 records
are sometimes more than 1 hour after the end time listed in the H4 header record. According to our ILRS
AutoQC algorithm (reference:

https://ilrs.gsfc.nasa.gov/docs/2019/ILRS OperationCenter QCspecifications_v1.3.pdf ), when this occurs,
the data is to be flagged an ERROR. If CRD is flagged as an ERROR, the CRD is not supposed to forwarded to
end users.

Since SLR data accuracy is very dependent upon accurate barometric pressure measurements, it is best to
have 20 meteorological records that are in close proximity to the epochs (seconds of day) of the 11 range
records. Some stations provide a 20 record whose epochs correspond to the epochs of each 11 record. The 21
meteorological records are optional and you are the only ILRS station that provides a 21 record.

Best regards and clear skies, Van
Van S Husson

NASA SLR Data Operations Center
ILRS Central Bureau

From: Abdu Abohalima <aabohalima@eosspacesystems.com>

Sent: Thursday, May 11, 2023 6:52 PM

To: Husson, Van (PERATON) <vhusson@peraton.com>

Cc: Randall L <ricklefs@csr.utexas.edu>; Chun Morton <cmorton@eosspacesystems.com>
Subject: [EXTERNAL] RE: Mt Stromlo 7825 CRD Data Integrity Issue

Hi Van,

Thanks for raising this with us, it appears to be a bug in the software in some rare cases. We will look into it
and update the logs once corrected. We have not made any changes to the data processing software recently.

Cheers,
abdu

Abdu Abohalima

Technical Officer
Mob +61 431 156 168 | Main 02 6222 7981

From: Husson, Van (PERATON) <vhusson@peraton.com>
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Sent: Friday, 12 May 2023 07:00

To: Abdu Abohalima <aabohalima@eosspacesystems.com>; Chun Morton <cmorton@eosspacesystems.com>
Cc: Randall L <ricklefs@csr.utexas.edu>

Subject: Mt Stromlo 7825 CRD Data Integrity Issue

CAUTION: This email originated from outside the organisation. Do not click links or open attachments unless
you recognise the sender and know the content is safe.

Dear Mt Stromlo,

Recently, the following CRD pass segment failed our Automatic Quality Control (AutoQC). There are some
erroneous 11 data records causing the 11 records to be out of time sequence. See the 11 records highlighted
in yellow. Notice the seconds of day are all the same and the time-of-flights are very small and all the same.

This appears to be a software bug. If you have made any onsite data processing changes please update your
station change history at https://edc.dgfi.tum.de/en/stations/7825/station_history log/

Thanks for your attention,

Van

Van S Husson

ILRS Central Bureau

NASA SLR Data Operations Center (DOC)

H1 CRD 22023050503

H2  STL3 78259001 4 ILRS

H3 lageos2 9207002 5986 22195011

H4 12023050211393320230502114947 00001020

C0 0532.10 IDAA IDAB IDAJ IDAV IDAS IDAM IDAC

C1 0 IDAB Nd-YAG 1064.00 60.00 10.00 12.0 10.00 1

C2 0 IDAJ CSPAD 532.00 20.00 11.0 100.0 ECL 12.02.0090.00.1 nanana0

C3 O IDAV TrueTime_XLi TrueTime_OCXO MRCS na 0.2322

C5 0 IDAS eosTrackingServer.exe 1-0-5 Profits 7.0

C6 0 IDAM Vaisala PTB330 M4620100 Vaisala HMP155 P4711022 Vaisala HMP155 P4711022

C7 O IDAC STN 69.5920 1.22 0.0090 0.020 Profits 7.0

H5 123 050100 HTS 12100

40 38370.000000000000 0O IDAA 8831 2617 69.592 158313.5-2.7 19.0 0.100-0.400-6.72203 0.0

41 32280.000000000000 0 IDAA 4661 1387 69.592 158314.9 96.7 19.3 0.200-0.400-6.723010.0

41 44460.000000000000 0 IDAA 4170 1230 69.592 158312.2 92.7 18.7 0.100-0.400 10.723020.0
1141978.211648423778 0.049428551091 IDAA2 120.0 6 4200 0.06 -1.62 0.00 6.190 0.1
11 42026.349566728888 0.048910577539 IDAA 2 120.0 33 6790 0.47 -0.67 2230 979 0 0.1
11 41973.001515630429 0.000000025059 IDAA2 120.0 O 0.00 0.00 0.00 0.00 0.000 0.0
11 42305.366233222579 0.046264265569 IDAA 2 120.0 142 6290 0.66 -045 7.00 2436 0 0.3
11 42365.182900026826 0.045784589990 IDAA 2 120.0 32 65.90 0.63 -0.73 -18.80 28.07 0 0.4
11 42551.316233225174 0.044515535039 IDAA 2 120.0 198 55.20 0.59 -0.59 -0.70 52.11 0 1.1
11 41973.001515630429 0.000000025059 IDAA2 120.0 O 0.00 0.00 0.00 0.00 0.00 00 0.0
11 41973.001515630429 0.000000025059 IDAA2 120.0 O 0.00 0.00 0.00 0.00 0.00 00 0.0
30 41972.881567999997 230.962569 36.592372 0 20 nana

3041974.172960000011 230.921532 36.627617 0 20 nana

30 42588.198559999997 203.028409 51.9306450 20 nnana
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20 41955.080474000002 926.53 282.1492.00

21 41955.080474000002 2.70 354.09 clear na 0.00 na 0 259.45
2041975.082474000003 926.52 282.1591.90

21 41975.082474000003 2.50 347.79 clear na 0.00 na 0 260.55
2043034.905356000003 926.60 281.9594.3 0

21 43034.905356000003 1.90 330.02 clear na 0.00 na 11 252.85
50 IDAA 60.0 0.600 -0.500 -6.8 4

H8

H9

This email and any attachment(s) transmitted with it are intended solely for the use of the addressee(s) and
may contain information that is personal, confidential or subject to legal privilege including information
subject to privacy legislation. If you receive this email in error, please disregard the contents of the email and
attachment(s), delete them and notify the sender immediately. Please note that any copying, distribution or
use of this email is prohibited unless you are the intended recipient. Before opening any attachments, please
check for viruses. Our liability in connection with this email (including due to viruses in any attachment) is
limited to re-supplying this email and its attachment.

This email and any attachment(s) transmitted with it are intended solely for the use of the addressee(s) and
may contain information that is personal, confidential or subject to legal privilege including information
subject to privacy legislation. If you receive this email in error, please disregard the contents of the email and
attachment(s), delete them and notify the sender immediately. Please note that any copying, distribution or
use of this email is prohibited unless you are the intended recipient. Before opening any attachments, please
check for viruses. Our liability in connection with this email (including due to viruses in any attachment) is
limited to re-supplying this email and its attachment.
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