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1. Introduction

In June and July 2015, Fugro Geospatial (Fugro in this document) carried out an airborne LIiDAR survey for
the Nederlandse Aardolie Maatschappij (NAM in this document).

The aim of this survey is to monitor the mudflat areas Pinkegat and Zoutkamperlaag in the Waddenzee.

This project was carried out for the 8" time; the previous surveys were executed at the following moments:

April 2010

April 2011
September 2011
October 2012
October 2013

e May 2014

e September 2014

In the past, the surveys were carried out with the FLI-MAP 1000 scanner, but since 2013 it was carried out
with a Riegl Q680i laser scanner, because it is concluded that using the Riegl scanner will lead to a higher
point density and better reflectivity on these wet areas.

The flight plan applied for this survey was identical to the one used during previous campaigns.

Further processing was directly started after finishing the survey.

The final deliverables were sent in two copies to NAM on USB storage on the 7th of August 2015.

This report provides the relevant project information. After a short description of the project in Chapter 2, the
data acquisition, data processing and data quality control are described in Chapters 3, 4 and 5 respectively.
Chapter 6 consists of information about the creation of the end deliverables. In Chapter 7 a summary of all

conclusions is given.

Appendices are digitally attached to the report.
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2. Project specifications

2.1. Project Area

The airborne survey covers the areas Pinkegat and Zoutkamperlaag. The survey area and flight lines are
shown in Figure 1. The survey encompasses 820 kilometres of flight lines with an east-west orientation
(indicated in blue) and five cross lines (indicated in pink). The area to be covered is indicated with the red
line.

Holwerd

0.0 km 2.5km 5.0 km 7.5 km 10.0 km  12.5km

Figure 1: Project area, flightlines, and tidal stations

The digital boundary file is attached in Appendix A.

2.2. Demands and conditions for survey

Original requirement was that the survey had to be executed while the water level is below -0.70m NAP at
Nes tidal station.

But the experience from previous surveys shows that, due to the specific configuration of this zone, the water
height may vary up to 50 cm from one end of the survey area to the other end, at the same time. It was thus
judged necessary by NAM to refine the assessment of the water level measurement. That’s the reason why
for this campaign, the water level has been assessed not only at Nes tidal station, but also at Holwerd,
Lauwersoog and Schiermonnikoog (see location on Figure 1 above).

The survey was executed with a Riegl Q680i scanner. Furthermore, five cross lines were flown to obtain a
better relative accuracy (see Figure 1). The cross lines are situated over the control grids on the edges of the
project area (see Figure 4) to be able to check and enhance the absolute accuracy.

Simultaneously, aerial images are collected using a Digicam 50MP camera. These images were used to
attach an RGB value to the laser points. Due to this requirement, the surveys could only be executed during
daytime.
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The Tables below show the specifications that were used during the survey.

Survey platform:

# Surveying platform

1 Aircraft type and model Piper PA31-350 (OO-ITC)
2 GPS/INS type and model Novatel 512 + IGI IMU-IId
3 Scanner type and model Riegl Q680i
4 Aerial camera type and model Digicam 50MP
Flight parameters:
# Parameters Value Unit
1 Height AGL 460 m
2 Speed 130 kts
3 Flight direction E-W
5 Line spacing 338 m
6 Theoretical overlap between lines * | 170 m
7 Number of lines 33 -
8 Number of cross lines 5 -
Scan parameters:
# Parameters Value Unit
1 Scan Angle ()30 °
2 Frequency 200 kHz
3 Point density 4.3 pt/m?2
4 MTA Zone 1
Image specifications:
# Specifications Value Unit
1 Focal length 35 mm
2 Size of CCD matrix 8176 x6132 Pixel x Pixel
3 Pixel size 6.0 pm
4 Image GSD 7.9 cm

*The theoretical overlap is calculated from the height AGL (above ground level), the line spacing and the
aperture angle of 60°. However, this overlap is also planned to compensate for flight dynamics, so the real
overlap will be variable. However a certain overlap will be guaranteed, because no gaps are allowed.

2.3.

Client communication

Fugro updated NAM on progress on a weekly basis during project preparation, and every day during
execution of the flights.

In accordance to the clients requirement Fugro delivered a frequent processing update per e-mail
accompanied by an up to date schedule for delivery and progress.
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2.4. Quality, Health, Safety and Environment

Fugro Geospatial is committed to be a reliable supplier for its clients, to provide a healthy and safe workplace
for all its employees and partners, and to protect the environment in accordance with applicable laws and the
HSE Policy defined by the Fugro mother company.

Fugro is supported in this by the certification and adherence to OHSAS18001 and 1ISO9001.

Previous survey campaigns, until September 2014, were done with aircraft operated by Fugro. However in
2015 Fugro Geospatial updated their strategy into being to be a light-asset company, focused on serving
client’s need with high technical knowledge. Part of this updated strategy is the choice to outsource aerial
data acquisition. For this project, the aerial data acquisition was subcontracted to Fugro’s partner
EUROSENSE BV.

EUROSENSE holds an ISO 9001:2008 approved Quality Management System.

On base of the conditions stated by Shell Aircraft International (SAI), EUROSENSE received approval after
an aviation on-desk audit. EUROSENSE was assessed as being acceptable on evidence of the overall
standards observed during a desk-top assessment in the key areas of operations, engineering, safety
management and the assurance of quality.

A first assessment, based on the use of Cessna 404 registered OO-GPS aircraft, was done by SAIl on the
28/05/2015, and approval given on the 5/06/2015 (see Appendix B). But, since airspace restrictions and
unfavourable weather conditions delayed the survey for several weeks, an additional assessment was done
by on the 26/06 to extend the approved aircrafts to the alternate Piper PA 31-350 registered OO-ITC aircraft
(see Appendix C).

Survey flights were eventually done with OO-ITC aircraft, pilot Douglas Stromberg, co-pilot Dimitri
Vandermeiren. Aircraft and crew have been approved for that survey by SAI.

Note on audit: The SAl’s audit requirements were based on the standards set by IAGSA (International
Airborne Geophysics Safety Association), which are in our view are, for some of them, too stringent for the
type of operation we're doing (flight in known country, in correct weather conditions, above 1500ft AGL).
Lidar surveys are different than Geophysics aerial surveys, and applying IAGSA standards somehow
delayed and complicated the audit process.

Fugro and EUROSENSE executed and adhered to a comprehensive risk assessment for this project. This
document, presented in Appendix D, was created on the 11/05/2015, and was reviewed once more on the
28/06, before operation start.

No incident or accident was reported during this project execution.

Report ASM11515.150 Page 5
NAM Waddenzee Survey July 2015
Version: 150901



-l-'uman

FUGRO GEOSPATIAL B.V.

3. Data acquisition

3.1.  Flight overview

The survey was finally executed in two flights, with a twin engine Piper Chieftain Navajo (PA 31-350)
registered OO-ITC, from Groningen (EHGG) airport. Equipment installation in the aircraft and field data QC
has been done in Antwerp-Deurne airport (EBAW).

In Table 1, Table 2, Figure 2 and Figure 3 below, a brief overview of the daily status of the project is given.

Date Activity

30/06/2015 Survey Lines 06-20, 34-38, and Cross Lines 1-5
01/07/2015 Survey Lines 21-33, 18, and Cross Lines 1-5
02/07/2015 Data QC

03/07/2015 Data QC and validation

Table 1: Daily activity overview

Date Start * End * Note
14:08 17:45 north > south, then south > north
01/07/2015 15:10 18:24 south > north

* : time of start or end on survey lines, in local time (UTC+2) ;

Table 2: Flight summary

0.0 km 2.5 km 5.0 km 7.5 km 10.0 km

Figure 2: Lines flown on 30/06 (green), 01/07 (blue), and crosslines (purple)
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Google eart

Google eartt

Figure 3: Overview of flights 30/06 (left) and 1/07/2015 (right)

3.2.  Flight operation and technical evaluation

Approval from Shell Aircraft International was received on the 5/06/2015, but we could not perform the first
survey flight before the 30/06, because of:

- intense military activity blocking the targeted airspace in the period 9/06 to 12/06/2015

- adverse weather the rest of the time

Thanks to a favourable tidal window (wind blowing from land to sea, extending the astronomical tide by 30 to
40 minutes every day), we could complete the survey in two flights only, instead of the three flights planned.

Compared to previous campaigns, we could also save time on operation by being based on Groningen
airport (EHGG), which is less convenient but much closer from site than the previously used Teuge airport
(EHTE).

The weather, tidal conditions and approval of the flight authority must have a go. In fact the first two we can
predict but the military we cannot foresee for a long term.

The military have planned missions which are published, but also unplanned missions which we only know a
day or a few days before.

Remarks and Lessons Learnt for future campaigns:

e The process of aircraft, pilot or company certification should be started earlier, to make sure that this
process is complete at least one or two weeks before the expected start of survey operations.

e About certification: see also Note on audit in section 2.4.

e |t could be wise to allocate a longer period in which the flight should be executed. This would give us
more flexibility to plan the acquisition and to allocate the best opportunities within the survey period.
This would reduce the actual stand by time and surveys could better be planned.

e We should continue using Groningen airport.
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3.3. Weather and tide

After a long period of low clouds and rain, quite unexpected for this period of the year, the sky opened up
from the 29/06 onward — for only a few days. Weather conditions were excellent on the 30/06, first day of
survey, and good though slightly windy on the second day.

All of the Survey Lines have been flown with a water level inferior to -0.70 m NAP. In order to achieve this
goal, two main actions were implemented:

- Survey windows were first planned using the astronomical tide table, and then refined on the
morning of the flight using the expected tide provided by the Rijkswaterstaat
http://www.rijkswaterstaat.nl/apps/geoservices/rwsnl/awd.php?mode=html&projecttype=waterstanden

- Water level for this campaign has been assessed not only at Nes tidal station, but also at Holwerd,
Lauwersoog and Schiermonnikoog (see location on Figure 1 Page 3). Survey Lines have been flown
when the entire lines were below -0.70 m NAP (according to expected tide tables)

Since the cross lines are only used for matching of the regular flight lines, some of them have been flown
with a water level slightly higher than -0.70 m NAP. In order to be able to reliably match these lines, a dry
surface has to be used anyway. Therefore, the fact that the cross lines are flown with a slightly higher water
level it does not make very much difference.

-70cm NAP or less astro expected observed
location day start end start end start end
astro astro | expect | expect obs obs
Holwerd 30/06/2015 15:10 17:50 15:10 18:00 14:59 17:59
Lauwersoog 30/06/2015 14:30 17:30 14:20 17:50 14:21 18:01
Nes 30/06/2015 14:20 17:00 13:55 17:15 14:05 17:20
Schiermonnikoog 30/06/2015 14:30 17:30 14:00 17:46 14:18 17:57
Holwerd 01/07/2015 16:00 18:30 15:45 18:48 15:37 18:47
Lauwersoog 01/07/2015 15:10 18:30 14:55 18:51 15:.01 18:53
Nes 01/07/2015 15:05 17:57 14:36 18:07 14:45 18:09
Schiermonnikoog 01/07/2015 15:11 18:30 14:37 18:40 14:58 18:46

Table 3: Tide information in relevant Tide Stations, for ops days (hours in local time, UTC+2)

3.4.

Cross lines

The five cross lines have each been flown at least once per day, see Table 4. Every day 3 lines were flown

before and 3 lines were flown after the survey

Date Cross Line 1l | Cross Line 2 | Cross Line 3 Cross Line4 | Cross Line 5
30/06/2015 Before After Before and after After Before
01/07/2015 Before After Before and after After Before

Table 4: Cross lines flown

Report ASM11515.150
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3.5. Ground control

To check the absolute accuracy (see Paragraph 0), terrestrial control grids have been used. During the
survey of October 2013, already 8 control grids of approx. 40 points on hard surface each were surveyed.
The same control points were used during this campaign, with a vertical correction applied to their elevation
to take into account the subsidence of this area, see Table 5. The corrections were provided by NAM on the
8/07/2015.

ControlGrid Final Correction (m)
GCP1 -0.031
GCP2 -0.003
GCP3 -0.022
GCP4 -0.001
GCP5 -0.006
GCP6 -0.014
GCP7 -0.004
GCP8 -0.002
GCP9 -0.010

Table 5: Correction applied on 2013 GCP elevations

In the previous campaigns, additional grids were surveyed on the mudflats; however, NAM opted for not
having such grids survey for this campaign.
GCP8 data could not be used, because GCP8 area has been re-worked since its survey in 2013.

An overview of Control Grids location is provided in Figure 4. These areas are used to check the positioning
of the flights. The cross lines are displayed as well, to show that these are planned over the hard surface
Control Grids locations.

N

A

T

r T T T
0.0 km 2.5km 5.0 km 7.5km 10.0km  12.5km

Figure 4: Overview of Ground Control Points
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4. Data processing

4.1. Geodesy

4.1.1. Horizontal

The datum parameters used for this project are listed below:

Datum: RD

Map projection: Stereographic
Latitude of origin: 52009’ 22.178” N
Central meridian: 5023’ 15.500” E
False Easting: 155000

False Northing: 463000

Scale Factor: 0.9999079
EPSG Code: 28992

Ellipsoid: Bessel 1841
Semi-major axis a: 6377397.155
1/f: 299.152812825

For the transformation between ETRS89 coordinates and RD the RDNAPTRANS 2008 correction grid is
used.

4.1.2. Vertical

The NLGEO2004 geoid model is implemented in the RDNAPTRANS2008 transformation. This model is
applied to transform the WGS-84 height to the orthometric NAP-heights. This is applied for both the LIiDAR
survey as the terrestrial surveys.

4.2. Base Stations

For trajectory processing, we made use of tightly coupled GPS-processing. A network of actual base stations
and virtual base stations closely surrounding the flight is selected. The acquired data is used to calculate a
base line between the reference stations and the GPS antenna on the aircraft. The GPS RMS is calculated
and checked against specifications. The forward/reverse flight path is calculated to check the reliability of the
solution.

For this campaign, we used data from VRS stations generated by Netpos, and 06-GPS station Schiermonni-
koog.

4.3. Field processing

Most of the data processing that was done in the field relates to Quality Control and Data Management.
Quality Control is discussed in Chapter 5. Data Management activities in the field include making back-ups
on separate hard disks, putting the data with correct file names in the right directories and complete the right
data management forms.

Processing was mainly done with Riegl software for data extraction and AeroOffice software for data QC
(coverage, density and noise).

Report ASM11515.150 Page 10
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4.4. GPS and INS Flight Trajectory Calculations

The software package GrafNav from Novatel and AeroOffice from 1GI were used for flight trajectory calcula-
tions. Tightly coupled solution was used to process the observables of the CORS stations and the GPS an-
tenna attached to the aircraft in GrafNav; this GPS-only solution was then combined with inertial navigation
in AeroOffice.

The locations of the CORS stations are in the vicinity of the flight path of the aircraft with an interval of no
greater than approximately 60 km to ensure a good calculation of the flight trajectory.

The processing workflow generally consists of four steps:

Step 1 — Processing the SBET (Smoothed Best Estimated Trajectory)

Step 2 — Extraction of LAS data and combining all of the LAS in a single project
Step 3 — Searching for corrections and adjusting of LAS data inside of the project.
Step 4 — Delivery.

So the corrections on the LIDAR data, based on overlaps between (cross)-strips and GCP’s are determined
in step 3. These corrections have been applied by adjusting the LAS data, using TerraMatch software,
instead of adjusting the SBET, because this is a faster method, and more accurate for this particular job.

45. RGB assignment

In order to make the Lidar point cloud more easy to interpret, natural RGB colours were assigned to the laser
points. The Riegl laser scanner does however not capture these colours, therefore a different approach is
followed where the aerial images are used.

After the data capture, the images are georeferenced using the same trajectory as the Lidar data, to make
sure these two data sets match well. By using specialized software for every laser point the nearest pixel in
the aerial image is determined and the RGB value of that pixel is copied and assigned to the laser points.

Report ASM11515.150 Page 11
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5. Quality Control

In figure below, the processing and quality control procedure from acquiring the data to further end

deliverables is shown. Every process needs a validation before the next step can be taken.

Acquired data

Field Quality Control
Coverage/Laser quality/density

Data validation
According to specs?

GPS processing -
/ VRS data %’ Network calculation K

Data validation
According to specs?

Data validation
According to specs?

/Ground Control Points# Absolute accuracy check

Data validation

Relative accuracy check
Strip overlap separation € |

Fine tune calibration values

NO

According to specs?

Final reporting on density,
coverage and accuracy

Data ready
for further processing

Figure 5: Processing flowchart
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5.1. Laser quality

During and directly after the flight, some crucial checks are performed, to assure the data has been acquired
up to the standards for further processing. The data is checked on:

- Reflection problems due to strongly absorbing material
- Lack of registered beams due to hardware glitches
- Excessive noise due to system failure

Analysing the error messages and quick views of the data concluded that no anomalies were present.

Reflection problems on the wet area of mud flats are considered to be LiDAR technology limitation thus are
not recognized as a peculiarity during QC process. The final QC on the data confirmed this statement in a
later stage.

5.2. Coverage

The coverage of the laser sensor is checked in the acquisition phase. The area covered by the sensor is
compared with the boundary file (see Figure 1).

In Figure 6 an overview of all collected data of the July 2015 survey is given. The colours depict the average
elevation, indicated by a repeating rainbow. It can be seen that the entire project area is covered. The only
areas without hits are caused by water.

Figure 6: Coverage of the July 2015 survey

The coverage is also compared with the data set of the previous survey (September 2014); the results are
shown in Figure 7 and Figure 8. In both figures,

e Yellow is the September 2014 data
e Blue is the June 2015 data

In Figure 7, because the July 2015 data is on top, the yellow areas indicate the locations that were covered
in September 2014, but showed no hits in July 2015.
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0.0 km 2.5 km 5.0 km 7.5km 10.0 km

Figure 7: Coverage comparison, spring 2015 (this campaign) over autumn 2014

In Figure 8 below, the data is projected the other way around. So in these images the blue areas indicate the
locations that are covered in July 2015 but showed no hits in September 2014.

0.0 km 2.5 km 5.0 km 7.5km 10.0 km

Figure 8: Coverage comparison, autumn 2015 over spring 2014 (this campaign)

From these two images it can be concluded that, although local differences occur due to different conditions,
the coverage with laser data is comparable. Due to the wet nature of the mud flats, there are more hits right
below the aircraft and less to the side causing this striped pattern. However because the same flight plan

was used in both surveys, this effect almost cancelled out.
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5.3.  Point Density

After the data acquisition a preliminary density check can be executed. The check on the point density
requirements is executed in the post-processing phase. The amount of points per m? is calculated and
according to a colour scheme visually checked on deviations from the expected point density. Point density
reduction could take place in the following situations:

e Flight dynamics could cause local deviations in point density
e Lower reflection due to high absorbing material
e Terrain circumstances, like wet area’s or steep terrain

Last two situations are considered to be LIDAR technology limitation thus the consequences (low density) of
such are not mitigated or avoided during the acquisition phase.

In Figure 9 an overview of the point density over the project area is given. The legend of this overview is as
follows:

2

e Black: 4 or more points per m
e Red: 2 or 3 points per m?
e Blue: 1 point per m*

0.0 km 2.5 km 5.0 km 7.5 km 10.0 km

Figure 9: Point density overview

It is clearly visible that on the mainland and the islands the point density is always equal or superior to
4 points per mZ. On the mudflats the point density is generally also more than 4 points per m?, however due
to the lower reflections on wet areas there are some areas with a lower point density.

In deeper water only a few point just below the aircraft are collected, resulting in the striped pattern. In Figure
10 a detail of the point density plot is given.
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Figure 10: Detail of the point density plot

5.4. Theoretical accuracy

5.4.1. Theoretical errors of a single strip

In LIDAR surveys, usually a stochastic and a systematic error can be discriminated. The stochastic error
indicates the high frequent noise of the LIDAR measurement system. Most of this noise will disappear when
the data is gridded to a larger cell size. The systematic error indicates the low frequent navigational error.
This error will remain constant over short periods of a couple of seconds, when GPS constellation and flight
circumstances do not change. However, within a flight strip, and even more between two flight strips, this will
change significantly. In fact, this error has a stochastic character, but due to the long wavelength it can
locally considered to be constant.

Flying at an altitude of 460 m with a speed of 130 kts and laser frequency of 200 kHz the following theoretical
accuracies were expected:

Effect ord ; Effect on XY (in Effect on Z (in
Error source Remark X\E()Cor;n mar nei;uode Unit meters) meters)
g Nadir Edge Nadir Edge
Location GPS XY 0.02 Meter 0.020 0.020 - -
Survey system 4 0.03 Meter - - 0.030 0.030
Position Heading XY 0.0100 Degree 0 0.045 0 0
Survev svstem Pitch XY &Z 0.0075 Degree 0.058 0.058 0 0.007
ysy Roll XY & Z 0.0075 Degree 0.058 | 0.077 0 0.038
Range noise XY &Z 0.020 Meter 0 0.010 0.020 0.017
Angle
measurement Noise XY &Z 0.0000001 Second 0.009 0.010 10e-7 0.005
Laser beam
Rotation axis XY 0.025 Mrad 0.006 | 0.006 - -
alignment
. Beam 0.012 Meter
Footprint divergence XY 0.50 mrad 0.039 0.044 - -
Time 0.00010 Second | 0.006 | 0.006 - -
registration
Total error Systematic | 0.068 0.100 0.015 0.038
Stochastic | 0.061 0.075 0.025 0.030
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Table 6: Theoretical accuracies

The accuracy for each dimension (X, Z and Z) consists of various error sources (as shown above). For this
project the height accuracy is very important, for which the following theoretical accuracies are calculated:

e Maximum systematic height error of 3.8 cm
e Maximum stochastic height error of 3.0 cm

Z accuracy between laser and ground control points
1 sigma 68% < 6.8 cm (1*3.0 cm+3.8 cm)

2 sigma 95% < 9.8 cm (2*3.0 cm+3.8 cm)

3 sigma 99,6% < 12.8 cm (3*3.0 cm + 3.8 cm)

So given the values above, systematic errors of 3.8 cm magnitude can be expected. As explained earlier,
this error is not systematic over the entire survey, but has a long wavelength within the survey. As a result,
within strips variations up to £ 3.8 cm can occur. By applying cross strips, it is avoided that the errors
between strips add up thus ensuring that the survey meets the requirements. Systematic errors that apply to
the entire survey are eliminated by adjusting the data to the control grids.

5.4.2. Theoretical differences between strips

Between two overlaps there are \2x stochastic error and a double systematic error. With the following formu-
la it is possible to check the overlaps between two laser files:
(Sigma x V2 x stochastic error) + (2x systematic error) =

Z accuracy between two passes
1 sigma 68% < 11.8 cm

2 sigma 90% < 16.1 cm

3 sigma 99,6% < 20.3cm

All mentioned above are the maximum theoretical errors; the real errors can be less because errors can
cancel each other out. Besides, these values of based on the maximum errors, which occur at the edge of a
beam. In nadir (centre of the beam) the errors are less, as can be seen in Table 6.

5.4.3. Comparison of different independent surveys

The technique of airborne LIDAR implicates that different strips are being flown, which generally do not
exactly match. As described earlier in Paragraph 5.4 within a strip and between individual strips, elevation
differences up to approximately 4 cm can occur. Whenever two independent surveys of the same area are
compared, this means that even when both surveys perfectly meet the requirements, local differences of up
to two times the systematic error can be expected. In this case, differences of £+ 8 cm between two
independent surveys can be present.

Because these systematic errors in surveys have a long wavelength and are strongly correlated in time, the
differences will show a striped pattern similar with the direction of the flight lines. It is not possible to make
the strips perfectly match each other without extremely smoothing. Therefore, small differences between
strips will always be visible. Provided that the differences are within the specified magnitude, the resulting
DTM will meet the requirements.
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5.5. Relative Accuracy Check

The relative accuracy is checked by comparing the overlaps between flights.

Overlaps are typically planned for the following reasons:
- parallel flight lines where two adjacent flight lines will show a lateral overlap (to cover a larger
area that cannot be recorded in a single pass)
- crossing flight lines where an area is covered by more than one laser file with different flight
direction
- At the borders of sections, to avoid data gaps flights are planned in such a way that subsequent
sections will have a slight overlap with earlier recorded data.

Strip overlap separation calculation is a method for estimating the relative accuracy of laser data, a
decreased accuracy can be caused by:

- Calibration issues, often manifested as separations on roof tops and lateral to the flight line.

- GPSI/INS processing, often manifested as separations along the flight line.

The relative height offsets are obtained by measuring the height separation between overlapping regions
from adjacent strips. Height separation can be computed between totally overlapped footprints from the two
strips. For these purposes two different grid data sets are constructed, one for each strip, and then the cell
values of these surfaces are compared.

By applying a colour scheme to the separation values, a clear analysis can be made of the relative accuracy
of the laser data. In Figure 11 an overview of the strip overlaps is given. The overlaps are indicated with the
following colour coding:

Overlap magnitude
0-3cm
3-6cm

6- 10 cm
>10cm

The overlaps were checked using the following criteria:

e Height difference of 0 cm to 6 cm: good
e Height difference of 6 cm to 10 cm: research is required, if it is structural.
o Height difference bigger than 10cm: research is required

Note that these values do not match the maximum theoretical error values as mentioned in Paragraph 0. As
stated, the values from Paragraph 0 are the maximum statistically allowed errors, whereas from practical
experience the errors are usually less. Therefore different test values, based on experience, are generally
used in this test.

A conclusion of this method could be to revise the INS/GPS processing or fine tune the calibration values.

It can be seen that in general most of the overlaps are grey, indicating the relative accuracy is good.
However still some yellow and red areas are visible. However this can mainly be explained by the method of
work (gridding two data sets before analysing the difference). Therefore, a few general notes have to be
made:

- Vegetated and built-up areas do not give a reliable view on the accuracy. This is due to the fact
that the laser pulse does not always reflect on exactly the same spot. In case of vegetation for
example, the laser pulse will likely reflect on different branches resulting in poor overlap
differences. A similar issue occurs with buildings, when the laser pulse may either hit the roof
top or the ground (or half-half), also resulting in poor overlap differences. Therefore these areas
are not reliable for this test, only large flat areas such as fields or roads are suitable.
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- If flights are far apart in time, circumstances could have changed, resulting in strip overlap
differences. However, in this specific project the time span between the flights is rather short, so
this should not be the case.

- Moving circumstances (e.g. water) or objects (e.g. cars) are not suitable for this method.

Figure 11: Overview of the overlaps

This becomes clearer when the overview is viewed in more detail, see for example Figure 12. Onshore, it
can be seen that the overlap differences are generally very good at flat areas such as road and fields with
low or no vegetation. The yellow or red areas are here vegetated area (trees or crop fields) or built up areas.

It can be seen that the overlaps between the regular passes are generally good, even on the mud flats. The
overlaps with the cross passes sometimes turn yellow and red on the mud flats, but this is due to the fact that
they were flown at a different time and tidal level. Figure 13 shows a detail over the mud area, where it is
visible that the overlaps on the dry areas are very good, only in deeper water the overlaps are not reliable.

Figure 12: Detail of the overlap overview, for the mainland
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Figure 13: Detail of the overlap overview, for the mudflats

So although the relative accuracy cannot be quantified exactly an analysis of these overlap figures prove that
the relative accuracy is within expectations.

5.6. Absolute Accuracy

To evaluate the accuracy of a dataset, a comparison must be performed between the coordinates of several
points, which are locatable easily in all the dataset(s), and an independent dataset of higher accuracy. For
this research, LIDAR data were compared to Ground Control Points collected separately with RTK GPS and
levelling equipment. Those points were used as a ground truth to estimate the absolute accuracy of the Z of
the laser. A Grid Comparison method was used to develop grids of various resolutions. Points in these grids
were extracted and compared to one another to perform accuracy assessments.

As already shown Paragraph 0, 8 control grids on hard surface were used. For the grids on hard surface, the
measurements of the survey done in October 2013 by Fugro GeoServices B.V. are used, with point altitude
updated to take into account the subsidence of this particular area.

In Figure 14 an example of one of the control grids on hard surface is given.

Figure 14: Example of one of the GCP’s uses for this project

The flights were first matched in a relative way, see Paragraph 0. After that, the complete data set is checked
with the ground control points to check if for any systematic errors and adjust the entire dataset to match the
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ground control points. After this, the final check is done on the same Ground control points. For this test, a
small TIN is made from the laser data, at the control grid locations. The Z value of the control point is the
compared with the Z-value extracted from the TIN at the terrestrially surveyed coordinate.

All grid checks were checked using the following criteria:

Maximum systematic error (Average Maximum stochastic error
dz) (standard deviation)
100% < 3.8 cm 68.3% < 3.0 cm

95.4% <6.0cm
99,7% <9.0cm

The complete results of the checks are included in Appendix E; a summary is given in Table 7.

To get a better view on the fitting of the individual passes on the ground control grids, the test is done per
strip. Therefore the number of observations is more than the number of grid points.

Control Grid GCP1 GCP2 GCP3 GCP4 GCP5 GCP6 GCP7 GCP9
Average dZ (m) -0.026 -0.032 -0.008 -0.022 0.009 -0.004 0.013 0.018
St.DevdZ (m) 0.024 0.016 0.02 0.02 0.008 0.011 0.005 0.005
# Points 70 107 72 103 60 63 36 36

Table 7: Absolute accuracy check for grids on hard surface. Dz = laser_Z - known_Z

Note that the cross strips are not taken into account for this final accuracy check.

When the all grids points together are analysed, this results in the values shown in Table 8.

Parameter Average of all points
Average dZ -0.007

St. Dev dz 0.014

# Points 547

Table 8: Absolute accuracy check, results on all points

These results show that the systematic error as well as the stochastic error is well within the expected
maximum errors.
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5.7. DTM

From the point cloud average grids are produced, with a cell size of 1 x 1 metre. The DTM is based on the
ground filtered data, so all points above ground (mainly buildings) have been taken out. Furthermore, the
data is clipped to the project boundary and the cells without data have not been interpolated causing areas
without data. The DTM is checked on coverage and whether it is a correct representation of the terrain.

The results of the coverage check are given in figure below.

Figure 15: DTM of the project area

Several spot-checks have been done to visually determine if the grids are representative. The check is
specifically aimed to determine locations with unexpected big height differences. No anomalies were found in
this test.
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6. Deliverables

The following data has been delivered in two digital copies to NAM on the 6" of August:

= LASFiles
= DTM as 1m average grids in ASC and XYZ format

The data has a tile dimension of 1000x1000m.

All LAS points within AOI contain RGB values, which have been extracted from simultaneously captured
aerial images and are attached in post-processing.

A basic ground filtering has been applied to the laser data, which discriminates between surface points and
non-surface points such as buildings or vegetation. Please note that no dedicated classification of water has
taken place, so the points are classified as “ground” might as well be water.

Fugro can supply further products like differential grids and imagery for identification at request.
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7. Conclusion

Below a summary is given of the conclusions and approvals made in the quality report.

Specification Condition or requirement Conclusion Approved
Absolute accuracy 8 Ground control grids to check the Average dz: -0.7 cm
absolute z- accuracy < 68 mm StdDev dz: 1.4 cm Approved
Relative accuracy Allowed difference between overlapping | Quality checked Approved
flights
Classification ground/non- | Should be of sufficient quality to create
ground reliable ground model Quality check Approved
Laser quality Check on anomalies in laser quality No anomalies found Approved
Laser coverage The entire area inside the boundary must | With exception of deep | Approved
be covered waters the entire area
is covered with laser
points
Point density Point density should be more than 4 Point density on Approved
points per m? on dry areas representative locations
is more than 4 points
per m?.
DTM Check on coverage Entire project area Approved
covered.
DTM Check on correct representation Inside project boundary | Approved
no anomalies were
found. Only at the
edges some anomalies
were found due to
interpolation issues
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Appendix A. Area of Interest

X

ASM11515 To_Cover.dxf
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Appendix B. Assessment of Shell Aircraft International, 5/06/2015

Shell Aircroft Internafional
ASAGO04VS Limided Disiribufion: Conroctor and Shell Sioff only

SHELL AIRCRAFT INTERNATIONAL

LOW EXPOSURE ASSESSMENT
OPERATOR REPORT

Name of Operator :  Eurosense Belfotop bvba
Location :  Belgium
Assessor :  Jose Lopez

Effective Date of Assessment : 28™ May 2015
Tobep d to the ope: by : David Goede
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Appendix C. Assessment of Shell Aircraft International, 26/06/2015

Shell Aiscraft Infernational
ASAGOD4VS Limited Distribufion: Conractor and Shell Stoff only

N

SHELL AIRCRAFT INTERNATIONAL

LOW EXPOSURE ASSESSMENT
OPERATOR REPORT

Name of Operator : Eurosense Belfotop bvba
Location :  Belgium

Assessor :  Jose Lopez

Effective Date of Assessment : 26™ June 2015

To be passed to the operator by : David Goede
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Appendix D. Risk Assessment

Fugro Geospatial EMEA

HSEP-090 Project Risk Assessment

—F.ll;l!u

Fugro Geospatial EMEA
HSSE Management System

Project Risk Assessment
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Var, Rav. Created by | Approved by Dais Description Sactions Afacted
1 2 . Mumay F.Hoddenbach 20140325 | Conmiact List Added Contact Numbens
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|
1 . I
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Appendix E. Absolute accuracy check

final_Gridcheck.txt
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Project Risk Assessment

Fugro Geospatial EMEA
HSSE Management System

Revision History

Ver. Rev. Created by Approved by Date Description Sections Affected
1 2 J.Murray R.Hoddenbach 2014/03/25 Contact List Added Contact Numbers
1 1 J.Murray R.Hoddenbach 2013/10/31 Workflow, Reformat Workflow,All
1 0 J.Murray R.Hoddenbach 2013/07/26 Original All
Version: Revision Created by: Approved by: Date: Page:
1 J.Murray R.Hoddenbach 2014/03/25 1of7

Note: If this is a printed copy please check the online BMS to ensure that it is the latest version






Fugro Geospatial EMEA
HSEP-090 Project Risk Assessment

—l-'usnn

Objectives

The purpose of this method is to assess the hazards/risks and develop risk reduction alternatives, thus preventing or mitigating
the undesirable consequences of potential incidents and accidents. This methodology is used for all QHSSE Risks that may
appear during Data Acquisition by Fugro Geospatial BV and/or its subcontractors.

Contact Numbers

Date: 28/06/2015

Name Number
Project NAM Waddenzee ASM11515
Office FUGRO: Leidschendam, NL +31 70 31 707 88
EUROSENSE: Wemmel, BE +32 2460 70 00
M_anagmg FUGRO: H. Haasnoot +31 650697116
Director
2" In Charge
QHSSE FUGRO: A. Sheoran +31 653578523
manager
Operation EUROSENSE: Pieter Morissens +32 2460 70 00
Manager

Project Manager

FUGRO: C. Marillat
EUROSENSE: W. Velthoven

+3161091 2532
+31 651 90 49 85

PiC Douglas Stromberg
Co-Pilot Dimitri Vandermeiren
Operator Steven van Dijck
Other none
ATC Groningen Airport XXX
S&R Coast Guard 112, +31 0900 0111
Police 112,
Hospital 112
Medevac N/A N/A
Accommodation | TBD TBD
Airport Groningen Airport
Version: Revision Created by: Approved by: Date: Page:
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Task Risk Assessment

Refer to Checklist High Risk Project

below. Is one of the conditions
affirmed?

Complete HSEF-007.01 Job

HSF Plan

A 4

Are there any special risks / hazards
identified? Refer to Checklist Special
Risks below.

A

NO

y

v

YES

y

Add applicable risks in the ‘HSEP-119 HSE
Risk Register’ to the Risk Assessment
below and remeasure the Risks

Complete Risk Register
below and add to project
dociimentation

v

QHSSE to ensure all
new risks identified are
added to the HSFP-119

Checklist High Risk Project Yes/No
Unusually high risks to personnel or equipment NO
Operating in a nation with political instability NO
Evaluate the Control Risk rating for the areas of operation. Are there high risks? NO
Operating in an area with known terrorist, insurgent or criminal activity NO
Operating within restricted military areas NO
Operating in an area with abnormal risk of disease NO
Version: Revision Created by: Approved by: Date: Page:
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The following is used to evaluate the risks associated with a specific project/task that are not included in 0119 and 0120. It
summarizes a large number of topics that may be a special risk for the project/task.

No Checklist Special Risks
Risks at execution REQUIRES RISK SCORE?
Environmental issues YES
Special dangerous situations while working (tripping, gliding, etc) NO
Dangerous goods that cause damage to the environment NO
Long term mission effects that cause damage to the environment NO
Country Risks REQUIRES RISK SCORE?
Are we new to this country? NO
Risks due to complexity of project REQUIRES RISK SCORE?
Multiple subcontractors NO
Time pressure YES
New procedures/work methods YES
Larger than normal team size NO
New employees YES
Risks during Aerial Survey REQUIRES RISK SCORE?
Airspace interference due to ATC/Military/Police YES
Collision with tall ground hazards (e.g. power lines) NO
Collision with ground in mountains / steep terrain NO
Collision with another aircraft NO
Poor weather / visibility NO
Aircraft Failure NO
Fuel shortage NO
Turbulence / down-draft NO
Contaminated fuel NO
Fuel spillage NO
Risks to Personnel REQUIRES RISK SCORE?
Infectious diseases NO
Dangerous Insects / animals NO
Poor quality food / water NO
Inadequate shelter / accomodation NO
Inadequate communication with Fugro office NO
Personal safety / robbery (violent crime) NO
Hostage situation NO
Dangers due to political / military / terrorist activity NO
Exposure to extreme weather NO
Danger zones/ minefields/ shooting zones NO
Manual handling of heavy equipment NO
Electric Shock NO
Vehicle Accident NO
Personnel hit by vehicles while working near road/railway NO
Heavy fysical work situation NO
Influence climate and weather NO
Emergency escapes NO
Fire or explosion risk NO
Risks to Equipment REQUIRES RISK SCORE?
Shipping / transportation NO
Delay / Confiscation by Customs Officials NO
Theft / Hijacking NO
(violent crime)
Vandalism NO
(violent crime)

This analysis has been completed by:
Name: Cedric Marillat, Wout Velthoven
Signature: (electronic document)

Date 11/05/2014
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Likelihood
A —Very unlikely | B — Unlikely C — Possible D — Likely E — Very Likely
Hazard se (a freak combina- (a rare combina- (could happen (not certain to (almost inevitable
- ; : tion of factors tion of factors when additional happen but an that an incident
verity Reputation Assets Environment People required for incident | would be required | factors are present | additional factor would result)
to result) for an incident to but otherwise may result in an
result unlikely to occur accident)
1- Slight dam- Little or no actual 1 - Slight health
1.Slight Slight Impact age, less than or potential for effect/injury
€15000 damage. (First Aid)
2 — Minor dam- W'th"; Srl':et brﬁ;md' 2 — Minor health
2.Minor Limited Impact | age, €15,000— | 2. snortte effect/ injury
impact recoverable
25,000 by the work site (RWC MTO)
Beyond the site
. Considerable 3 — Major dam- ?ooralctiirgyléﬂcljkily 3 — Major health
3.Major | age, €25,000 — effect/ injury
mpact 100.000 month. Recovery DAWGC
' may require exter- (
nal aid.
4—5 Beyond the site
famr® |y | remen
4.Severe National Impact €1 00,006 B months. Recovery Tota}I Dlsablllty
500,000 requires external or single fatality
aid.
Massive uncon-
International 5 — Extensive ".0"9;.’ re'??"se Witth 5 — Multiple
5.Catastrophic damage, greater | S'gntmcant impac serious injuries
Impact han €500.000 extending well fataliti
than ’ beyond the site or ratalities
boundary.

Manage for continuous improvement. May be acceptable; however, review task to see if risk can be reduced further.

Yellow

(Medium)

Incorporate Risk Reduction measures. Task should only proceed with appropriate management authorisation after consultation with specialist personnel
and assessment team. Where possible, the task should be redefined to take account of the hazards involved or the risk should be reduced further prior to
task commencement.

Intolerable. Task must not proceed. It should be redefined or further control measures put in place to reduce risk. The controls should be re-assessed for
adequacy prior to task commencement.

Version:

Revision

Created by:

Approved by:

Date:
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TASK / OPERATION ASSESSMENT TEAM
- 10 w Responsible | Residual
JOB STEPS HAZARD HAZARD EFFECT 2 4| o o + -« MINIMISE RISK BY
T o ° o v s Risk
3 « O m X T Person
0N - < HML
Aerial survey Two pilot operations: Accident, incident B L Preferably both pilots, but at least one pilot has done MCC | pijjqt Al-L
wrong or insufficient dele- (Multi crew co-operation) course. Pre-flight briefing for task
gating of tasks assignment between pilots.
Aerial survey Two pilot operations: lack Accident, incident B L Preferably both pilots, but at least one pilot has done MCC | Pilot Al-L
in cooperation (Multi crew co-operation) course. Pre-flight briefing for task
assignment between pilots.
Aerial Survey Aerial work over Natura Environmental Impact B L o . Pilot A2-L
Maintain altitude above 1500 ft.
2000 area
Aerial Suvey New Procedures, Delay in completion, C L Ensure good communication between Fugro and subcon- PMs Bl1-L
New employees (subcon- wrong project execution tractor, for all personnel involved. Kick-off meeting.
tractor)
Aerial Survey/Pre —Proc. | Time pressure Incident, errors C M Good pre-planning; follow procedures. PMs / All Al-L
Aerial Survey Interference with military Delay in survey opera- C L Contact mil authorities before survey starts; comply to PMs / Pilot Bl1-L
authorithies tion; NOTAM
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Aerial Survey Interference with military Aircraft being shot or 4 B M Comply to NOTAM, ATC instructions Pilot A3-L
authorithies chased
FINAL ASSESSMENT AND OUTCOME : Proceed OVERALL RISK : | L
Assessment Led by: Cedric Marillat Position: Project Manager (Fugro) Date:  11/05/2015
Wout Velthoven Position: Project Manager (EuroSense) Date:  11/05/2015
Validation of Assessment: Arjun Sheoran Position: QHSSE Manager (Fugro) Date:  13/05/2015
Review of Effectiveness O If NO, please enter appropriate changes on form with
. Yes lessons learned and update the risk assessment.
Work is completed. Above assessment
was found to be suitable and sufficient.
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1. PURPOSE OF ASSESSMENT

To carry out a safety, operational and technical assessment of EUROSENSE BELFOTOP BVBA (EUROSENSE) af the
request of NEDERLANDSE AARDOLIE MAATSCHAPPI B.V. (NAM).

2, ASSESSMENT AND PERIODICITY TO NEXT AUDIT
FUROSENSE was assessed on 28" May 2015 for its suitability to provide aerial laser scanning for height

measurements (LIDAR) survey charter operations under call-off confract arangements in Cessna 404 Titan (Cessna

404) aircraft.

EUROSENSE was assessed as being acceptable on evidence of the overall standards observed during a desktop
assessment in the key areas of operations, engineering, safety management and the assurance of quality. This
assessment should be reviewed by Shell Aircraft Infernational (SA) not later than 12 months from this date.

2.1. CONDITIONS FOR USE
The following conditions should be met:
e  SAl must be informed of a change to a Nominated Postholder;
«  Crews that meet Shell Aircraft qualification and experience levels must fly all flights (Appendix 1);
o« The following pilofs must operate flights contracted to NAM,;
o Douglas Stromberg, commander;
o Dimifri Vandermeiren, co-pilof;
o Stefan vanov, co-pilot.
o« The aircraft specifically approved for NAM chartering is a Cessna 404, registration OO-GPS;
«  Only Eurosense staff and contractors are fo be on board during contracted flights;
«  Contracted flying time must not exceed 20 hours in any 12 months.
«  The following minimum performance requirements are to be met:

At the start of the take off run, the aircraft weight must not exceed the moximum take-off weight specified
for the altitude and temperature for the airfield at which toke off is to be made;

i. Accelerate/Stop criteria are to be applied in accordance with the Aircraft Flight Manual (AFM| dato;

iii. The weight of the aircraft is to be such that in the event of an engine failure af or beyond V1 /Vg the aircraft
can achieve a minimum of 1% Net climb gradient or higher if required to clear obstacles in VFR conditions
and for IFR conditions where a Standard Instrument Departure (SID) is not available. Where a SID is
available the SID requirements must be met;

iv. EnToute performance planning for all flights must ensure the capability of maintaining the minimum safe
altitude for IFR flight over the route to be flown or any diversion from it, with one power unit inoperative.
Flights in VFR conditions over terrain or on top of clouds where the height of the terrain or where the tops
of the clouds are higher than the single engine performance ceiling of the aircraft, are not permitted.

o All charters being offered with comprehensive Aviation legal Liability Insurance covering bodily injury and
property damage (including liability to third parties and passengers and for baggage) for an amount not less

than US$50M for any one accident or occurrence (Appendix 2).

« The contractor shall ensure that the insurance policy shall include NAM as corinsured and be endorsed to the
effect that all rights of subrogation against NAM and its Affiliates, their officers, employees, agents, contractors
and Subcontractors are waived.
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3. MANAGEMENT SUMMARY

Eurosense is a geo-information services company with about 50 years of experience in the market. It was founded
as a Belgian company in the 1960's; and today its working region is mainly western and central Europe with
branches in Belgium, The Netherlands, Germany, France, Hungary, Slovakia, Poland, Bulgaria and Romania. Its
headquarters is located in Wemmel, Belgium and it employs a staff of about 200 persons across Europe. The
services offered by Eurosense include but are not limited fo; aerial photography, LIDAR, photo interpretation and
aerial thermography.

Eurosense operates under the Certificate of Competency number 262 issued by the Belgian Civil Aviation Authority
and is limited to aerial photography and aerial survey.

4. OBSERVATIONS AND COMMENTS ARISING FROM THE ASSESSMENT

NAM has a contfract with Fugro Geospatial EMEA (Fugro) to produce a report twice per year of the changes on the
seabed in the Waddenzee region in the Netherlands as required by the Dutch Government. Fugro has requested
Eurosense to conduct LIDAR surveys over this area during June and November/December 2015.

The area fo cover during the survey is approximately 832 square kilometres and it is inside the protected area
known as “Natura 2000 “, therefore the flights are limited fo operate at 1500 feef as the lowest altitude. The
required total flight time will be approximately seven flight hours and the airport of Groningen (EHGG) will be used
as remofe base for the operations. It is estimated that approximately three rotations are required to complete the
mission.

The selected aircraft by Eurosense is not equipped with radio altimeter as required by SGRAO (Part 1 Section 3),
considering that the flight will be operated at a minimum altitude of 1500 feet and GPS and LIDAR equipment are
able to indicate height and is available as head up displays, this is considered as acceptable Mitigation.

SGRAQO (Part 1 Section 4) requires indusiry standard flying helmefs to be used; Eurosense does not normally uses
helmets for its operations, and will not be possible to be used in this contract due time constraints.

4.1. SAFETY AND QUALITY

For this project Eurosense and Fugro have developed a “Project Risk Assessment” to manage the risks associated
with LIDAR surveys for the Waddenzee region. The risk assessment was reviewed and found to be appropriate for
the project.

Eurosense holds an ISO 9001:2008 approved Quality Management System.
4.2. AIRCREW EXPERIENCE AND TRAINING

Only one of the pilofs presented to SAI for assessment meets the Shell Group requirements (see Appendix 1), another
two pilots have been assessed as acceptable given that they operate only as copilots. The pilots who will operate
the flights are listed in the Conditions for Confinued Use.

Eurosense operates its aircraft with two pilots and all the commanders have received Multi-Crew Co-operation
(MCC] Courses, this course teaches the pilots on how to work in two-pilot operation environments.

4.3. FLIGHT AND DUTY TIME LIMITATIONS

Shell Group flight and duty limitations for airborne geophysical survey (see Appendix 3) are to be applied fo these
survey operations.

4.4. OPERATIONAL PROCEDURES

The following has been identified as the required to complete the operation:
o Number of segments: 38 runs;

o Tofal segments length: 832km (average 25km each);

o  Operation time: 6.5 hrs;

o Time per turn: 300s;

o Number of missions: estimated as three 3 depending on the fides.
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4.5. MAINTENANCE

Maintenance is sub-contracted to STYL Aviation bvba, based in Antwerp, Belgium. This company operates to EASA
requirements, and is subject to regulatory reviews by the Belgium Civil Aviation Authority.

4.6. PERSONS INTERVIEWED

The assessment included telephone discussions with the following people:

Pieter Morissens : Operations manager

Wout Velthoven . Project manager

3. LIST OF APPENDICES

Appendix 1 : Shell Group aircrew quadlifications and experience Levels
Appendix 2 : Insurance and Indemnity
Appendix 3 : Pilot flight and duty times
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PILOT EXPERIENCE & QUALIFICATION LEVELS - FIXED WING
Turb Piston
Over 5,700kgs luerssotE;onp Engined less
CTOM than
5,700kgs
& All Jets m 5,700kgs
AIRCRAFT COMMANDER
Licences ATPLA) CPLA) CPLA)
QUALIFICATIONS Type rating on contract aircraft Current Current Current
Instrument rating on contract aircraft 2 Current Current Current(3)
Total hours 4,000 3,000 1,500
Total hours in command ™ 2,500 1,500 1,000
EXPERIENCE Total hours in command - multiengined ¥ 2,000 1,200 750
Not less than (E?Tcﬂ hours in command of gas turbine or jet aircraft 500 500
Total hours in command on confract type 100 100 100
CO-PILOT
Licences CPLA) CPLA) CPL(A)
QUALIFICATIONS Instrument rating on contract aircraft @ Current Current Currentl3)
Type rating on contract aircraft Current Current Current
Total Hours 1,000 500 500
Total hours on multi - engined aircraft ¥ 500 250 250
EXPERIENCE Total hours on gas turbine aircraft ¥l 250 100
Not less than Total hours in command of multi-engined aircraft ¥l 150
Total hours in command ¥ 100 100
Total hours on contract type ¥ 50 50 50
[6)
FLIGHT ENGINEERS
licence 2nd Class
Total flight hours 2,000
6)
NAVIGATORS
Licence 1st Class
Total flight hours 2,000
Minimum navigator hours 1,000
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Notes:
1. Maximum Certified Take-off Mass (CTOM);

2. Instrument ratings are required to be tested at periods not exceeding 13 months. [Instrument base
checks should be at 6 monthly intervals];

3. Requirement for Instrument Rafing in all cases, with proven and annual current instrument
competence (including Unusual Attitudes and Inadvertent IFR recovery training) required;

4. These Hours to be fully on aeroplanes. Up to 10% may be achieved in a flight simulafor
approved for the purpose by the regulatory authority;

It is unlikely that a co-pilot will be required;

6. Flight Engineer and Navigator experience requirements are applicable to all Former Soviet Union
(FSU) aircraft when flown in or outside the Commonwealth of Independent States. (CIS)

Relevant Role Experience

Where specialist activities are involved, such as pipeline aerial patrols, airborne pollution control, top dressing, aero
magnetic surveys, advice on specialist experience requirements shall be sought from Shell Aircraft International (SAI).
In such cases, the PNF will normally be required to carry out the duties of an Observer. Consequently, both pilots
shall be Observer Qualified (OQ) in accordance with company or regulatory requirements as appropriafe, and
have received relevant fraining for the same. See further details also at Appendices @ and 10.

Co-Pilot Experience Requirements

In those cases where a co-pilot has no opportunity to accumulate 50 hours on the contract type, then an allowable
variation is that he/she has flown 15/20 hours on the contract type as follows:

Hrs
Tofal hours on contract type which must include the following minimum hours under each section 18
Type conversion plus Instrument flying training on type 15
Initial type fest, day Base Check, night currency and IR on type 3
Simulator / procedural trainer if available 5
Third pilot in jump seat on representative routes & observing procedures & duties of first officers in the normal | 20
area of operations

The above shall be followed by further experience which may be gained during contract revenue flights:
o Afurther 30 hours on line with type Training Captain and;
o Afinal P2 line Check on achieving 50 hours on type before being rostered to fly with other type.
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LIABILITY, INDEMNITIES AND INSURANCE

The Contractor shall be responsible for and shall indemnify and hold harmless the Company Group from all claims,
loss, damages, costs (including, but not limited to, legal costs), expenses and liabilities of every kind and nature, for
personal injury (including death or disease to any person who is a member of the Company Group and the Other
Confractor Group who are passengers on the Aircraft, and of Contractor Group or any third party) and damage to
or destruction of property (including that of the parties hereto), arising out of or in connection with the performance of
the Contract.

The Contractor shall be responsible for and shall indemnify and hold harmless the Company Group in respect of all
costs of and associated with recovering any Aircraft provided by the Contractor in connection with the performance
of the Services, including all wreckage or debris arising there from (whether or not such Aircraft is declared to be a
total loss).

The Contractor shall nofify the Company of any occurrence likely to give rise to a claim under any of the above as
soon as possible and in any event within fifteen (15) days of such occurrence. In the event of death, injury, or major
property damage the Confractor shall give immediate notice to the Company in accordance with the provision of
Aircraft Services.

The Contractor shall be responsible for, indemnify and hold harmless the Company Group from all claims, losses,
damages, costs (including legal costs| expenses and liabilities of every kind and nature arising out of any breach by
the Contractor of any laws, regulations, permits, licences or clearances with which the Contractor Group is required
to comply during the performance of the Contract.

The Contractor shall be responsible for, indemnify and hold harmless the Company Group against all liability for or
cosfs arising in connection with any pollution and confamination and/or cleaning up and controlling pollution or
contamination and,/or personal injury resulting from pollution or confamination which emanates from the Contractor’s
Aircraft or any part thereof or items carried thereon and/or fuels, oils and lubricants, pursuant to the Services
provided under this Confract.

For the purpose of this Appendix, any indemnity or relief of liability given to the Company Group by the Confractor
applies notwithstanding any act of negligence or breach of duty on the part of the Company Group.

The indemnifies specified in this Secfion are, subject fo Clause 2.1, unlimited in scope and shall apply without
limitation, notwithstanding infernational convention or sfatute (“Infernational Convention”) to the contrary. The
Confactor therefore agrees that:

al It will not rely on the defences available o aircraft operators in those Infernational Conventions;

bl  The limitations in respect of types of damage recoverable under the Infernational Conventions shall
not apply;

c)  The limitations in respect of the cause of domage recoverable under the Infernational Conventions

shall not apply; and
d)  The monefary caps on recoverability under those International Conventions shall not apply.

Without limitation of its obligations and responsibilities the Contractor shall at its own cost provide and maintain in
full force and effect for the duration of the Contract the following insurances, placed with insurers acceptable fo the
Company and with the Company and its Co-Venturers [if applicable] endorsed as additional insured for their
respective rights and interests:

a)  Comprehensive Aviation legal Liability Insurance including war risks covering bodily injury and
property damage (including liability o third parties and passengers and for baggage| for an amount
not less than the limits specified in sub-paragraphs (i), (i) or [iii) below, as applicable, for any one
accident or occurrence:

) If the Aircraft is engaged in servicing fankers or offshore rigs, including operations to Single
Point Mooring Buoys (SBMs) for a combined single limit one hundred and fifty million US
Dollars (US$ 150 million);

i) If the Aircraft is engaged in providing services, ie. fixed wing flights, helicopters onshore
and flights to seismic vessels, other than those included under (i) above, for a combined

single limit fifty million US Dollars (US$50 million);
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iii) If ancillary services, [eg. airport ground handling and aircraft maintenance services) are
undertaken in support of Aircraft engaged in any of the above services for a combined
single limit ten million US Dollars (US$ 10 million).

b)  If any Aircraft have passenger carriage capability in excess of twenty (20) people then the
Contractor shall also ensure that the above stated policies cover passenger legal liability in an
amount of at least two million US Dollars (US$2 million|] per passenger.

c)  "All Risks" Hull Insurance Policy for the replacement value of all Aircraft and equipment provided
under the Contract.

dl  Insurance covering liability in respect of the Confractor Personnel (including employer
liability/workmen compensation insurance and motor vehicle insurance).

The Company may require the Contractor to increase the insurance limits specified in this Section upon
three months written notice to the Contractor.

The Contractor shall ensure that each required policy provides that the additional insureds will have no
obligation or responsibility for the payment of any premiums due.

The insurance requirements specified in this Section or otherwise nofified to the Confractor for the purposes
of this Contract are not intended to indicate the amounts and types of insurance the Contractor needs or
may ultimately need for their operations generally or vis a vis any third parties.

The Contractor shall ensure that each policy referred to at 1.8 shall be endorsed to the effect that all rights of
subrogation against the Company and ifts Affiliates, their directors, officers, employees, agents, contractors and
Subcontractors are waived.

The Contractor shall obtain from insurers agreement to waive legal defence under applicable conventions in respect
of passenger liability cover for relevant policies referred to at 1.8.

The Contractor shall provide the Company with certified copies of the above policies of insurance and receipts for
premium payments as requested.

The insurance provided by the Contractor shall be primary and without right of contribution from any other
insurance which may be available to the Company. The cover afforded to the Company shall not be
invalidated by any act or omission (including misrepresentation and non-disclosure) of any other person or
party which results in a breach of any term, condition or warranty of the policy provided that the Company
has not caused, contributed fo or knowingly condoned the said act or omission. Except in respect of any
provision of cancellation or automatic termination specified in the policy or any endorsement thereof, cover
may only be cancelled or materially altered in a manner adverse to the Company by the giving of not less
than thirty (30) days notice in writing.

Consequential Loss

The Company and the Contractor shall in no event be liable to the other for indirect losses or consequential
damages of any kind (including, without limitation, loss of revenue, profit or anticipated profits|] except to the extent
of any agreed liquidated damages provided for in the Confact and except for any monies due in accordance with
Section 1 above, such that the Company remains fully indemnified in respect of any loss or damage sustained by a
third party which is recoverable at law. Any exclusion or limitation of liability under the Contact shall exclude or limit
such liability not only in Contract but also in tort or otherwise at law.





Appendix 3
Page 1 of 1

Pilot Flight and Duty Times

Due fo the fatiguing nature of geophysical flying the following flight hour limitations shall be observed.

Single pilot operations

o 5 hours per day on actual survey (fransit time excluded);

o 34 hours in any consecutive 7 days (inclusive of transit time);

o Overall 28 day limits as specified in Secfion 5.10 & 6.10 of this manual;

o A minimum of 24 consecutive hours free of duty during any seven consecutive days.

Two pilot operations

e 7 hours per day on actual survey (iransit time excluded);

e 34 hours in any consecutive 7 days (inclusive of transit time);

e Overall 28 day limits as specified in Section 5.10 & 6.10 of this manual;

« In oddition to the above limitations, aircraft crews operating internationally must comply with flight and duty
limitations of the country in which they are operating if so required by that country’s aviation regulatory authority.
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ACAS  Airborne Collision Avoidance System IFR Instrument Flight Rules
AOC Air Operator Certificate ILS Instrument Landing System
CHT Controlled Flight Into Terrain IOGP  International Oil and Gas Producers
CRM Crew Resource Management KPI Key Performance Indicators
CRS Certificate of Release to Service LOFT  Line Oriented Flight Training
EASA European Aviation Safety Agency MEL Minimum Equipment List
EGPWS  Enhanced Ground Proximity Warning MOC  Management of Change
System
ELT Emergency Locator Transmitter OEM  Oiriginal Equipment Manufacturer
ERP Emergency Response Plan OM Operation Manual
FAA Federal Aviation Administration QA Quality Assurance
FDM Flight Data Monitoring SAR Search and Rescue
FOR Flight Data Recorder SMS  Safety Management Systems
FSO Flight Safety Officer SOPs  Standard Operating Procedures
GPS Clobal Positioning System TAWS  Terrain Awareness and Warning Sysfem
HUMS  Health and Usage Monitoring System TCAS  Traffic Collision Avoidance System
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1. PURPOSE OF ASSESSMENT

To carry out a safety, operational and technical assessment of EUROSENSE BELFOTOP BVBA (EUROSENSE) af the
request of NEDERLANDSE AARDOLIE MAATSCHAPPI B.V. (NAM).

2, ASSESSMENT AND PERIODICITY TO NEXT AUDIT

FUROSENSE was assessed on 28" May 2015 for its suitability to provide aerial laser scanning for height
measurements (LIDAR) survey charter operations under calloff confract arangements in Cessna 404 Titan (Cessna

404) aircraft.

Furosense was further assessed on the 26" June 2015 for its suitability to provide aerial laser scanning for height
measurements (LIDAR) survey charter operations under call-off confract arrangements in Piper Chieftain Navajo (PA

31-350) aircraft.

EUROSENSE was assessed as being acceptable on evidence of the overall standards observed during a desk-fop
assessment in the key areas of operations, engineering, safety management and the assurance of quality. This
assessment should be reviewed by Shell Aircraft Infernational (SAI) not later than 12 months from this date.

2.1. CONDITIONS FOR USE
The following conditions should be met:
o SAl must be informed of a change to a Nominated Postholder;
«  Crews that meetf Shell Aircraft qualification and experience levels must fly all flights (Appendix 1);
o  The following pilots must operate flights contracted to NAM;
0 Douglas Stromberg, commander;
o Dimitri Vandermeiren, co-pilof;
o Stefan lvanov, copilof;

o The aircraft types specifically approved for NAM chartering are the Cessna 404, registration OO-GPS and the
Piper PA 31-350, registration OO-TC;

o Only Eurosense staff and confractors are to be on board during contracted flights;
«  Contracted flying time must not exceed 20 hours in any 12 months;
«  The following minimum performance requirements are to be met:

i. At the start of the take off run, the aircraft weight must not exceed the maximum take-off weight specified
for the altitude and temperature for the airfield at which take off is to be made;

i. Accelerate/Stop criteria are to be applied in accordance with the Aircraft Flight Manual (AFM| data;

iii. The weight of the aircraft is to be such that in the event of an engine failure at or beyond V1 /Vg the aircraft
can achieve a minimum of 1% Net climb gradient or higher if required fo clear obstacles in VFR conditions
and for IFR conditions where a Standard Instrument Departure (SID) is not available. Where a SID is
available the SID requirements must be met;

iv. En-route performance planning for all flights must ensure the capability of maintaining the minimum safe
altitude for IFR flight over the route to be flown or any diversion from it, with one power unit inoperative.
Flights in VFR conditions over terrain or on top of clouds where the height of the ferrain or where the fops
of the clouds are higher than the single engine performance ceiling of the aircraft, are not permitted;

o Al charters being offered with comprehensive Aviation legal Lliability Insurance covering bodily injury and
property damage (including liability to third parties and passengers and for baggage) for an amount not less
than US$50M for any one accident or occurrence (Appendix 2);

o The contractor shall ensure that the insurance policy shall include NAM as corinsured and be endorsed to the
effect that all rights of subrogation against NAM and its Affiliates, their officers, employees, agents, contractors
and Subcontractors are waived.
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3. MANAGEMENT SUMMARY

Eurosense is a gec-information services company with about 50 years of experience in the market. It was founded
as a Belgian company in the 1960's; and today its working region is mainly western and central Europe with
branches in Belgium, The Netherlands, Germany, France, Hungary, Slovakia, Poland, Bulgaria and Romania. lts
headquarters is located in Wemmel, Belgium and it employs a sfaff of about 200 persons across Europe. The
services offered by Eurosense include but are not limited fo; aerial photography, LIDAR, photo interpretation and
aerial thermography.

Eurosense operates under the Certificate of Competency number 262 issued by the Belgian Civil Aviation Authority
and is limited to aerial photography and aerial survey.

The initial version of this assessment was issued 28" May and allowed the use of only the Cessna 404, registration
OO-GPS to perform the survey in early June. However, military activity on the Waddenzee region, forced Eurosense
fo change the datfe of the mission. This change coincided with planned maintenance activities on the Cessna 404,
which led fo the proposed use of aircraft PA 31-350 registration OO-TC. This aircraft has been reviewed and
found to be acceptable to perform the mission.

4. OBSERVATIONS AND COMMENTS ARISING FROM THE ASSESSMENT

NAM has a confract with Fugro Geospatial EMEA (Fugro| fo produce a report twice per year of the changes on the
seabed in the Waddenzee region in the Netherlands as required by the Dutch Government. Fugro has requested
Eurosense to conduct LIDAR surveys over this area during June and November/December 2015.

The area fo cover during the survey is approximately 832 square kilometres and it is inside the protected area
known as “Natura 2000 “, therefore the flights are limited fo operate at 1500 feet as the lowest altitude. The
required fotal flight time will be approximately seven flight hours and the airport of Groningen (EHGG) will be used
as remote base for the operations. It is estimated that approximately three rofations are required to complete the
mission.

The selected aircraft by Eurosense is not equipped with radio altimeter as required by SGRAO (Part 1 Section 3),
considering that the flight will be operated at a minimum alfitude of 1500 feet and GPS and LIDAR equipment are
able to indicate height and is available as head up displays, this is considered as acceptable Mitigation.

SCRAQO (Part 1 Section 4) requires indusiry standard flying helmets to be used; Eurosense does not normally uses
helmets for its operations, and will not be possible to be used in this contract due time constraints.

4.1. SAFETY AND QUALITY

For this project Eurosense and Fugro have developed a “Project Risk Assessment” to manage the risks associated
with LIDAR surveys for the VWaddenzee region. The risk assessment was reviewed and found to be appropriate for
the project.

Eurosense holds an ISO 9001:2008 approved Quality Management System.
4.2. AIRCREW EXPERIENCE AND TRAINING

Only one of the pilots presented to SAl for assessment meets the Shell Group requirements (see Appendix 1), another
two pilots have been assessed as acceptable given that they operate only as copilots. The pilots who will operate
the flights are listed in the Conditions for Continued Use.

Eurosense operates its aircraft with two pilots and all the commanders have received Multi-Crew Co-operation
(MCC] Courses, this course teaches the pilots on how to work in two-pilot operation environments.

4.3. FLIGHT AND DUTY TIME LIMITATIONS

Shell Group flight and duty limitations for airborne geophysical survey (see Appendix 3) are to be applied to these
survey operations.
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4.4. OPERATIONAL PROCEDURES

The following has been identified as the required to complefe the operation:
e Number of segments: 38 runs;

o Tofal segments length: 832km (average 25km each;

o Operation time: 6.5 hrs;

o Time per turn: 300s;

o Number of missions: estimated as three 3 depending on the fides.

4.5. MAINTENANCE

Maintenance is sub-contracted to STYL Aviation bvba, based in Antwerp, Belgium. This company operates to EASA
requirements, and is subject to regulatory reviews by the Belgium Civil Aviation Authority.

4.6. PERSONS INTERVIEWED

The assessment included telephone discussions with the following people:

Pieter Morissens . Operations manager

Wout Velthoven : Project manager

3. LIST OF APPENDICES

Appendix 1 : Shell Group aircrew qualifications and experience Levels
Appendix 2 : Insurance and Indemnity
Appendix 3 : Pilot flight and duty times
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PILOT EXPERIENCE & QUALIFICATION LEVELS - FIXED WING
Turb Piston
Over 5,700kgs luerssotﬁ(r]ip Engined less
& Al Jets ' %1 5,700kgs
ARRCRAFT COMMANDER
Licences ATPLA) CPL(A] CPL(A]
QUALIFICATIONS Type rating on contract aircraft Current Current Current
Instrument rating on contract aircraft @l Current Current Current(3)
Total hours 4,000 3,000 1,500
Total hours in command ™ 2,500 1,500 1,000
EXPERIENCE Total hours in command - multirengined ¥ 2,000 1,200 750
Not less than L)otol hours in command of gas turbine or jet aircraft 500 500
Total hours in command on confract type 100 100 100
COPILOT
Licences CPLA) CPLA) CPLA)
QUALIFICATIONS Instrument rating on contract aircraft 2 Current Current Currentl3)
Type rating on contract aircraft Current Current Current
Total Hours 1,000 500 500
Total hours on multi - engined aircraft 500 250 250
EXPERIENCE Total hours on gas turbine aircraft ¥l 250 100
Not less than Total hours in command of multi-engined aircraft ¥l 150
Total hours in command 100 100
Total hours on contract type ¥ 50 50 50
(el
FLIGHT ENGINEERS
Licence 2nd Class
Total flight hours 2,000
(6l
NAVIGATORS
licence 1st Class
Total flight hours 2,000
Minimum navigator hours 1,000
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Notes:
1. Maximum Certified Take-off Mass (CTOM);

2. Instrument ratings are required to be tested at periods not exceeding 13 months. [Instrument base
checks should be at & monthly intervals];

3. Requirement for Instrument Rafing in all cases, with proven and annual current instrument
competence (including Unusual Attitudes and Inadvertent IFR recovery fraining) required;

4. These Hours to be fully on aeroplanes. Up to 10% may be achieved in a flight simulator
approved for the purpose by the regulatory authority;

It is unlikely that a co-pilot will be required;

6. Flight Engineer and Navigator experience requirements are applicable o all Former Soviet Union
(FSU) aircraft when flown in or outside the Commonwealth of Independent States. (CIS)

Relevant Role Experience

Where specialist activities are involved, such as pipeline aerial patrols, airborne pollution control, top dressing, aero
magnetic surveys, advice on specialist experience requirements shall be sought from Shell Aircraft International (SAI).
In such cases, the PNF will normally be required to carry out the duties of an Observer. Consequently, both pilots
shall be Observer Qualified (OQ) in accordance with company or regulafory requirements as appropriate, and
have received relevant training for the same. See further details also at Appendices @ and 10.

Co-Pilot Experience Requirements

In those cases where a co-pilot has no opportunity to accumulate 50 hours on the contract type, then an allowable
variafion is that he/she has flown 15/20 hours on the contract type as follows:

Hrs
Total hours on contract type which must include the following minimum hours under each section 18
Type conversion plus Instrument flying training on type 15
Initial type test, day Base Check, night currency and IR on type 3
Simulator / procedural trainer if available 5
Third pilot in jump seat on representative routes & observing procedures & duties of first officers in the normal | 20
area of operations

The above shall be followed by further experience which may be gained during confract revenue flights:
o Afurther 30 hours on line with type Training Captain and;
o Afinal P2 Line Check on achieving 50 hours on type before being rostered to fly with other type.
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LIABILITY, INDEMNITIES AND INSURANCE

The Contractor shall be responsible for and shall indemnify and hold harmless the Company Group from all claims,
loss, damages, costs (including, but not limited to, legal costs), expenses and liabilities of every kind and nature, for
personal injury (including death or disease to any person who is a member of the Company Group and the Other
Contractor Group who are passengers on the Aircraft, and of Contractor Group or any third party] and damage fo
or destruction of property (including that of the parties hereto), arising out of or in connection with the performance of
the Contract.

The Contractor shall be responsible for and shall indemnify and hold harmless the Company Group in respect of all
costs of and associated with recovering any Aircraft provided by the Confractor in connection with the performance
of the Services, including all wreckage or debris arising there from (whether or not such Aircraft is declared to be a
total loss).

The Contractor shall notify the Company of any occurrence likely to give rise to a claim under any of the above as
soon as possible and in any event within fifteen (15) days of such occurrence. In the event of death, injury, or major
property damage the Confractor shall give immediate notice to the Company in accordance with the provision of
Aircraft Services.

The Contractor shall be responsible for, indemnify and hold harmless the Company Group from all claims, losses,
damages, costs (including legal costs) expenses and liabilities of every kind and nature arising out of any breach by
the Contractor of any laws, regulations, permits, licences or clearances with which the Contractor Group is required
to comply during the performance of the Confract.

The Contractor shall be responsible for, indemnify and hold harmless the Company Group against all liability for or
cosfs arising in connection with any pollution and contamination and/or cleaning up and controlling pollution or
contamination and,/or personal injury resulting from pollution or contamination which emanates from the Confractor’s
Aircraft or any part thereof or items carried thereon and/or fuels, oils and lubricants, pursuant to the Services
provided under this Contract.

For the purpose of this Appendix, any indemnity or relief of liability given to the Company Group by the Contractor
applies notwithstanding any act of negligence or breach of duty on the part of the Company Group.

The indemnities specified in this Secfion are, subject to Clause 2.1, unlimited in scope and shall apply without
limitation, notwithstanding international convention or sfatute (“Infernational Convention”) to the confrary. The
Contactor therefore agrees that:

a) It will nof rely on the defences available to aircraft operators in those International Conventions;

bl The limitations in respect of types of damage recoverable under the International Conventions shall
not apply;

c)  The limitations in respect of the cause of damage recoverable under the International Conventions

shall not apply; and
d)  The monetary caps on recoverability under those International Conventions shall not apply.

Without limitation of its obligations and responsibilities the Contractor shall atf its own cost provide and maintain in
full force and effect for the duration of the Confract the following insurances, placed with insurers acceptable to the
Company and with the Company and its Co-Venturers (if applicable] endorsed as additional insured for their
respective rights and interests:

a)  Comprehensive Aviation Llegal Liability Insurance including war risks covering bodily injury and
property damage (including liability to third parties and passengers and for baggage) for an amount
not less than the limits specified in sub-paragraphs (i), (i) or [iii) below, as applicable, for any one
accident or occurrence:

) If the Aircraft is engaged in servicing fankers or offshore rigs, including operations to Single
Point Mooring Buoys [SBMs) for a combined single limit one hundred and fifty million US
Dollars (US$ 150 million);

i) If the Aircraft is engaged in providing services, ie. fixed wing flights, helicopters onshore
and flights to seismic vessels, other than those included under (i) above, for a combined
single limit fifty million US Dollars (US$50 million);
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iii) If ancillary services, (eg. airport ground handling and aircraft maintenance services) are
undertaken in support of Aircraft engaged in any of the above services for a combined
single limit ten million US Dollars (US$ 10 million).

b) I any Aircraft have passenger carriage capability in excess of twenty (20) people then the
Contractor shall also ensure that the above stated policies cover passenger legal liability in an
amount of at least two million US Dollars (US$2 million)] per passenger.

c)  "All Risks" Hull Insurance Policy for the replacement value of all Aircroft and equipment provided
under the Contract.

d]  Insurance covering liability in respect of the Confractor Personnel (including employer
liability/workmen compensation insurance and motor vehicle insurance).

The Company may require the Contractor to increase the insurance limits specified in this Section upon
three months written notice to the Contractor.

The Contractor shall ensure that each required policy provides that the additional insureds will have no
obligation or responsibility for the payment of any premiums due.

The insurance requirements specified in this Section or otherwise notified to the Contractor for the purposes
of this Contract are not intended tfo indicate the amounts and types of insurance the Confractor needs or
may ultimately need for their operations generally or vis a vis any third parties.

The Contractor shall ensure that each policy referred to at 1.8 shall be endorsed to the effect that all rights of
subrogation against the Company and its Affiliates, their directors, officers, employees, agents, contractors and
Subcontractors are waived.

The Contractor shall obtain from insurers agreement to waive legal defence under applicable conventions in respect
of passenger liability cover for relevant policies referred to at 1.8.

The Contractor shall provide the Company with certified copies of the above policies of insurance and receipts for
premium payments as requested.

The insurance provided by the Confractor shall be primary and without right of contribution from any other
insurance which may be available to the Company. The cover afforded to the Company shall not be
invalidated by any act or omission (including misrepresentation and non-disclosure) of any other person or
party which results in a breach of any term, condition or warranty of the policy provided that the Company
has not caused, confributed fo or knowingly condoned the said act or omission. Except in respect of any
provision of cancellation or automatic termination specified in the policy or any endorsement thereof, cover
may only be cancelled or materially altered in a manner adverse to the Company by the giving of not less
than thirty (30) days notice in writing.

Consequential Loss

The Company and the Contractor shall in no event be liable to the other for indirect losses or consequential
damages of any kind (including, without limitation, loss of revenue, profit or anticipated profits) except to the extent
of any agreed liquidated damages provided for in the Contact and except for any monies due in accordance with
Section 1 above, such that the Company remains fully indemnified in respect of any loss or damage sustained by a
third party which is recoverable at law. Any exclusion or limitation of liability under the Contact shall exclude or limit
such liability not only in Contract but also in tort or otherwise at law.
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Pilot Flight and Duty Times

Due to the fatiguing nature of geophysical flying the following flight hour limitations shall be observed.

Single pilot operations

o 5 hours per day on actual survey (transit time excluded);

o 34 hours in any consecutive 7 days (inclusive of transit time);

o Overall 28 day limits as specified in Section 5.10 & 6.10 of this manual;

o A minimum of 24 consecutive hours free of duty during any seven consecutive days.

Two pilot operations

o 7 hours per day on actual survey (transit time excluded);

e 34 hours in any consecutive 7 days (inclusive of transit time);

o Overall 28 day limits as specified in Section 5.10 & 6.10 of this manual;

e In oddition to the above limitations, aircraft crews operating internationally must comply with flight and duty
limitations of the country in which they are operating if so required by that country’s aviation regulatory authority.
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Control Grid : GCP1

  Average dZ : -0.026

  St.Dev dZ  : 0.024

  # Points   : 70



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP1-11,34,190511.207,608832.196,2.037,2.040,0.003

	GCP1-11,35,190511.207,608832.196,2.037,1.996,-0.041

	GCP1-12,34,190510.990,608831.220,2.036,2.028,-0.008

	GCP1-12,35,190510.990,608831.220,2.036,1.975,-0.061

	GCP1-13,34,190510.811,608830.229,2.034,2.034,0.000

	GCP1-13,35,190510.811,608830.229,2.034,1.981,-0.053

	GCP1-14,34,190510.621,608829.256,2.033,2.038,0.005

	GCP1-14,35,190510.621,608829.256,2.033,1.988,-0.045

	GCP1-15,34,190510.433,608828.290,2.030,2.028,-0.002

	GCP1-15,35,190510.433,608828.290,2.030,1.981,-0.049

	GCP1-16,34,190510.300,608827.265,2.027,2.034,0.007

	GCP1-16,35,190510.300,608827.265,2.027,1.980,-0.047

	GCP1-17,34,190510.104,608826.291,2.031,2.025,-0.006

	GCP1-17,35,190510.104,608826.291,2.031,1.982,-0.049

	GCP1-18,34,190509.920,608825.318,2.030,2.030,0.000

	GCP1-18,35,190509.920,608825.318,2.030,1.978,-0.052

	GCP1-19,34,190509.734,608824.323,2.026,2.027,0.001

	GCP1-19,35,190509.734,608824.323,2.026,1.980,-0.046

	GCP1-20,34,190509.536,608823.352,2.022,2.025,0.003

	GCP1-20,35,190509.536,608823.352,2.022,1.972,-0.050

	GCP1-2,34,190510.729,608824.127,2.017,2.014,-0.003

	GCP1-2,35,190510.729,608824.127,2.017,1.971,-0.046

	GCP1-21,34,190508.566,608823.507,2.007,1.992,-0.015

	GCP1-22,34,190508.735,608824.447,2.026,2.020,-0.006

	GCP1-22,35,190508.735,608824.447,2.026,1.981,-0.045

	GCP1-23,34,190508.934,608825.459,2.028,2.023,-0.005

	GCP1-23,35,190508.934,608825.459,2.028,1.980,-0.048

	GCP1-24,34,190509.128,608826.443,2.022,2.019,-0.003

	GCP1-24,35,190509.128,608826.443,2.022,1.977,-0.045

	GCP1-25,34,190509.308,608827.405,2.016,2.008,-0.008

	GCP1-25,35,190509.308,608827.405,2.016,1.965,-0.051

	GCP1-26,34,190509.452,608828.421,2.018,2.016,-0.002

	GCP1-26,35,190509.452,608828.421,2.018,1.958,-0.060

	GCP1-27,34,190509.647,608829.404,2.024,2.014,-0.010

	GCP1-27,35,190509.647,608829.404,2.024,1.979,-0.045

	GCP1-28,34,190509.820,608830.371,2.025,2.019,-0.006

	GCP1-28,35,190509.820,608830.371,2.025,1.972,-0.053

	GCP1-29,34,190509.999,608831.351,2.028,2.015,-0.013

	GCP1-29,35,190509.999,608831.351,2.028,1.977,-0.051

	GCP1-30,34,190510.209,608832.328,2.032,2.033,0.001

	GCP1-3,34,190510.924,608825.113,2.018,2.014,-0.004

	GCP1-3,35,190510.924,608825.113,2.018,1.968,-0.050

	GCP1-32,34,190509.033,608831.545,2.026,2.018,-0.008

	GCP1-32,35,190509.033,608831.545,2.026,1.975,-0.051

	GCP1-33,34,190508.843,608830.560,2.022,2.011,-0.011

	GCP1-33,35,190508.843,608830.560,2.022,1.968,-0.054

	GCP1-34,34,190508.668,608829.584,2.017,2.014,-0.003

	GCP1-34,35,190508.668,608829.584,2.017,1.960,-0.057

	GCP1-35,34,190508.482,608828.596,2.008,1.998,-0.010

	GCP1-35,35,190508.482,608828.596,2.008,1.960,-0.048

	GCP1-36,34,190508.338,608827.602,1.990,1.984,-0.006

	GCP1-36,35,190508.338,608827.602,1.990,1.934,-0.056

	GCP1-37,34,190508.138,608826.617,2.010,2.017,0.007

	GCP1-37,35,190508.138,608826.617,2.010,1.966,-0.044

	GCP1-38,34,190507.953,608825.632,2.023,2.023,0.000

	GCP1-38,35,190507.953,608825.632,2.023,1.969,-0.054

	GCP1-39,34,190507.769,608824.649,2.019,2.019,0.000

	GCP1-39,35,190507.769,608824.649,2.019,1.964,-0.055

	GCP1-4,34,190511.102,608826.095,2.027,2.029,0.002

	GCP1-4,35,190511.102,608826.095,2.027,1.975,-0.052

	GCP1-5,34,190511.275,608827.074,2.024,2.028,0.004

	GCP1-5,35,190511.275,608827.074,2.024,1.968,-0.056

	GCP1-6,34,190511.446,608828.075,2.029,2.015,-0.014

	GCP1-6,35,190511.446,608828.075,2.029,1.988,-0.041

	GCP1-7,34,190511.626,608829.052,2.034,2.033,-0.001

	GCP1-7,35,190511.626,608829.052,2.034,1.991,-0.043

	GCP1-8,34,190511.830,608830.026,2.035,2.034,-0.001

	GCP1-8,35,190511.830,608830.026,2.035,1.976,-0.059

	GCP1-9,34,190512.001,608831.012,2.040,2.034,-0.006

	GCP1-9,35,190512.001,608831.012,2.040,1.990,-0.050





Control Grid : GCP2

  Average dZ : -0.032

  St.Dev dZ  : 0.016

  # Points   : 107



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP2-11,10,193800.086,600719.105,0.614,0.593,-0.021

	GCP2-11,11,193800.086,600719.105,0.614,0.591,-0.023

	GCP2-11,35,193800.086,600719.105,0.614,0.564,-0.050

	GCP2-12,10,193801.016,600719.557,0.616,0.603,-0.013

	GCP2-12,11,193801.016,600719.557,0.616,0.588,-0.028

	GCP2-12,35,193801.016,600719.557,0.616,0.562,-0.054

	GCP2-13,10,193801.901,600720.005,0.619,0.608,-0.011

	GCP2-13,11,193801.901,600720.005,0.619,0.599,-0.020

	GCP2-13,35,193801.901,600720.005,0.619,0.551,-0.068

	GCP2-14,10,193802.784,600720.439,0.620,0.606,-0.014

	GCP2-14,11,193802.784,600720.439,0.620,0.588,-0.032

	GCP2-14,35,193802.784,600720.439,0.620,0.569,-0.051

	GCP2-15,10,193803.695,600720.889,0.620,0.594,-0.026

	GCP2-15,11,193803.695,600720.889,0.620,0.590,-0.030

	GCP2-15,35,193803.695,600720.889,0.620,0.571,-0.049

	GCP2-16,10,193804.572,600721.354,0.621,0.603,-0.018

	GCP2-16,11,193804.572,600721.354,0.621,0.594,-0.027

	GCP2-16,35,193804.572,600721.354,0.621,0.574,-0.047

	GCP2-17,10,193805.485,600721.787,0.619,0.613,-0.006

	GCP2-17,11,193805.485,600721.787,0.619,0.598,-0.021

	GCP2-17,35,193805.485,600721.787,0.619,0.570,-0.049

	GCP2-18,10,193806.374,600722.255,0.619,0.600,-0.019

	GCP2-18,11,193806.374,600722.255,0.619,0.590,-0.029

	GCP2-18,35,193806.374,600722.255,0.619,0.573,-0.046

	GCP2-19,10,193807.265,600722.708,0.622,0.608,-0.014

	GCP2-19,11,193807.265,600722.708,0.622,0.599,-0.023

	GCP2-19,35,193807.265,600722.708,0.622,0.582,-0.040

	GCP2-20,10,193808.171,600723.141,0.627,0.609,-0.018

	GCP2-20,11,193808.171,600723.141,0.627,0.592,-0.035

	GCP2-20,35,193808.171,600723.141,0.627,0.578,-0.049

	GCP2-2,10,193806.795,600723.572,0.596,0.563,-0.033

	GCP2-2,11,193806.795,600723.572,0.596,0.561,-0.035

	GCP2-2,35,193806.795,600723.572,0.596,0.533,-0.063

	GCP2-21,11,193808.632,600722.262,0.640,0.609,-0.031

	GCP2-21,35,193808.632,600722.262,0.640,0.588,-0.052

	GCP2-22,10,193807.708,600721.820,0.636,0.620,-0.016

	GCP2-22,11,193807.708,600721.820,0.636,0.603,-0.033

	GCP2-22,35,193807.708,600721.820,0.636,0.587,-0.049

	GCP2-23,10,193806.825,600721.370,0.633,0.628,-0.005

	GCP2-23,11,193806.825,600721.370,0.633,0.620,-0.013

	GCP2-23,35,193806.825,600721.370,0.633,0.584,-0.049

	GCP2-24,10,193805.937,600720.909,0.633,0.618,-0.015

	GCP2-24,11,193805.937,600720.909,0.633,0.608,-0.025

	GCP2-24,35,193805.937,600720.909,0.633,0.582,-0.051

	GCP2-25,10,193805.043,600720.462,0.635,0.620,-0.015

	GCP2-25,11,193805.043,600720.462,0.635,0.604,-0.031

	GCP2-25,35,193805.043,600720.462,0.635,0.584,-0.051

	GCP2-26,10,193804.155,600719.996,0.633,0.625,-0.008

	GCP2-26,11,193804.155,600719.996,0.633,0.598,-0.035

	GCP2-26,35,193804.155,600719.996,0.633,0.591,-0.042

	GCP2-27,10,193803.248,600719.548,0.633,0.619,-0.014

	GCP2-27,11,193803.248,600719.548,0.633,0.604,-0.029

	GCP2-27,35,193803.248,600719.548,0.633,0.589,-0.044

	GCP2-28,10,193802.372,600719.097,0.632,0.622,-0.010

	GCP2-28,11,193802.372,600719.097,0.632,0.599,-0.033

	GCP2-28,35,193802.372,600719.097,0.632,0.582,-0.050

	GCP2-29,10,193801.477,600718.658,0.632,0.619,-0.013

	GCP2-29,11,193801.477,600718.658,0.632,0.598,-0.034

	GCP2-29,35,193801.477,600718.658,0.632,0.586,-0.046

	GCP2-30,10,193800.579,600718.219,0.630,0.609,-0.021

	GCP2-30,11,193800.579,600718.219,0.630,0.596,-0.034

	GCP2-30,35,193800.579,600718.219,0.630,0.590,-0.040

	GCP2-3,10,193805.925,600723.137,0.593,0.568,-0.025

	GCP2-3,11,193805.925,600723.137,0.593,0.565,-0.028

	GCP2-3,35,193805.925,600723.137,0.593,0.541,-0.052

	GCP2-32,10,193801.900,600717.752,0.610,0.597,-0.013

	GCP2-32,11,193801.900,600717.752,0.610,0.575,-0.035

	GCP2-32,35,193801.900,600717.752,0.610,0.562,-0.048

	GCP2-33,10,193802.794,600718.206,0.614,0.601,-0.013

	GCP2-33,11,193802.794,600718.206,0.614,0.583,-0.031

	GCP2-33,35,193802.794,600718.206,0.614,0.567,-0.047

	GCP2-34,10,193803.685,600718.644,0.614,0.606,-0.008

	GCP2-34,11,193803.685,600718.644,0.614,0.591,-0.023

	GCP2-34,35,193803.685,600718.644,0.614,0.569,-0.045

	GCP2-35,10,193804.580,600719.097,0.615,0.598,-0.017

	GCP2-35,11,193804.580,600719.097,0.615,0.586,-0.029

	GCP2-35,35,193804.580,600719.097,0.615,0.554,-0.061

	GCP2-36,10,193805.475,600719.554,0.616,0.605,-0.011

	GCP2-36,11,193805.475,600719.554,0.616,0.583,-0.033

	GCP2-36,35,193805.475,600719.554,0.616,0.570,-0.046

	GCP2-37,10,193806.369,600720.015,0.616,0.602,-0.014

	GCP2-37,11,193806.369,600720.015,0.616,0.583,-0.033

	GCP2-37,35,193806.369,600720.015,0.616,0.569,-0.047

	GCP2-38,10,193807.267,600720.467,0.617,0.599,-0.018

	GCP2-38,11,193807.267,600720.467,0.617,0.577,-0.040

	GCP2-38,35,193807.267,600720.467,0.617,0.563,-0.054

	GCP2-39,10,193808.207,600720.924,0.621,0.615,-0.006

	GCP2-39,11,193808.207,600720.924,0.621,0.581,-0.040

	GCP2-39,35,193808.207,600720.924,0.621,0.561,-0.060

	GCP2-4,10,193805.019,600722.691,0.593,0.572,-0.021

	GCP2-4,11,193805.019,600722.691,0.593,0.573,-0.020

	GCP2-4,35,193805.019,600722.691,0.593,0.542,-0.051

	GCP2-5,10,193804.122,600722.225,0.597,0.589,-0.008

	GCP2-5,11,193804.122,600722.225,0.597,0.556,-0.041

	GCP2-5,35,193804.122,600722.225,0.597,0.544,-0.053

	GCP2-6,10,193803.229,600721.794,0.598,0.569,-0.029

	GCP2-6,11,193803.229,600721.794,0.598,0.572,-0.026

	GCP2-6,35,193803.229,600721.794,0.598,0.548,-0.050

	GCP2-7,10,193802.329,600721.344,0.598,0.574,-0.024

	GCP2-7,11,193802.329,600721.344,0.598,0.559,-0.039

	GCP2-7,35,193802.329,600721.344,0.598,0.541,-0.057

	GCP2-8,10,193801.452,600720.896,0.596,0.577,-0.019

	GCP2-8,11,193801.452,600720.896,0.596,0.554,-0.042

	GCP2-8,35,193801.452,600720.896,0.596,0.541,-0.055

	GCP2-9,10,193800.554,600720.443,0.594,0.580,-0.014

	GCP2-9,11,193800.554,600720.443,0.594,0.568,-0.026

	GCP2-9,35,193800.554,600720.443,0.594,0.534,-0.060





Control Grid : GCP3

  Average dZ : -0.008

  St.Dev dZ  : 0.020

  # Points   : 72



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP3-11,34,199528.086,601217.835,0.849,0.856,0.007

	GCP3-11,36,199528.086,601217.835,0.849,0.821,-0.028

	GCP3-12,34,199527.515,601217.010,0.851,0.849,-0.002

	GCP3-12,36,199527.515,601217.010,0.851,0.827,-0.024

	GCP3-13,34,199526.927,601216.177,0.851,0.860,0.009

	GCP3-13,36,199526.927,601216.177,0.851,0.837,-0.014

	GCP3-14,34,199526.375,601215.363,0.851,0.855,0.004

	GCP3-14,36,199526.375,601215.363,0.851,0.823,-0.028

	GCP3-15,34,199525.812,601214.525,0.852,0.867,0.015

	GCP3-15,36,199525.812,601214.525,0.852,0.822,-0.030

	GCP3-16,34,199525.272,601213.683,0.853,0.864,0.011

	GCP3-16,36,199525.272,601213.683,0.853,0.830,-0.023

	GCP3-17,34,199524.727,601212.876,0.861,0.867,0.006

	GCP3-17,36,199524.727,601212.876,0.861,0.835,-0.026

	GCP3-18,34,199524.162,601212.030,0.864,0.874,0.010

	GCP3-18,36,199524.162,601212.030,0.864,0.838,-0.026

	GCP3-19,34,199523.596,601211.190,0.867,0.869,0.002

	GCP3-19,36,199523.596,601211.190,0.867,0.850,-0.017

	GCP3-20,34,199523.047,601210.388,0.875,0.889,0.014

	GCP3-20,36,199523.047,601210.388,0.875,0.842,-0.033

	GCP3-2,34,199522.799,601211.771,0.857,0.866,0.009

	GCP3-2,36,199522.799,601211.771,0.857,0.825,-0.032

	GCP3-21,34,199523.854,601209.803,0.859,0.875,0.016

	GCP3-21,36,199523.854,601209.803,0.859,0.835,-0.024

	GCP3-22,34,199524.435,601210.660,0.852,0.867,0.015

	GCP3-22,36,199524.435,601210.660,0.852,0.821,-0.031

	GCP3-23,34,199524.993,601211.496,0.850,0.860,0.010

	GCP3-23,36,199524.993,601211.496,0.850,0.825,-0.025

	GCP3-24,34,199525.571,601212.332,0.844,0.861,0.017

	GCP3-24,36,199525.571,601212.332,0.844,0.811,-0.033

	GCP3-25,34,199526.104,601213.139,0.840,0.859,0.019

	GCP3-25,36,199526.104,601213.139,0.840,0.809,-0.031

	GCP3-26,34,199526.652,601213.990,0.838,0.844,0.006

	GCP3-26,36,199526.652,601213.990,0.838,0.813,-0.025

	GCP3-27,34,199527.211,601214.805,0.838,0.858,0.020

	GCP3-27,36,199527.211,601214.805,0.838,0.814,-0.024

	GCP3-28,34,199527.768,601215.640,0.838,0.860,0.022

	GCP3-28,36,199527.768,601215.640,0.838,0.811,-0.027

	GCP3-29,34,199528.347,601216.466,0.836,0.854,0.018

	GCP3-29,36,199528.347,601216.466,0.836,0.811,-0.025

	GCP3-30,34,199528.919,601217.293,0.834,0.845,0.011

	GCP3-30,36,199528.919,601217.293,0.834,0.815,-0.019

	GCP3-3,34,199523.354,601212.605,0.852,0.868,0.016

	GCP3-3,36,199523.354,601212.605,0.852,0.829,-0.023

	GCP3-32,34,199529.176,601215.866,0.818,0.838,0.020

	GCP3-32,36,199529.176,601215.866,0.818,0.787,-0.031

	GCP3-33,34,199528.625,601215.054,0.819,0.827,0.008

	GCP3-33,36,199528.625,601215.054,0.819,0.793,-0.026

	GCP3-34,34,199528.047,601214.212,0.819,0.830,0.011

	GCP3-34,36,199528.047,601214.212,0.819,0.789,-0.030

	GCP3-35,34,199527.504,601213.391,0.819,0.832,0.013

	GCP3-35,36,199527.504,601213.391,0.819,0.788,-0.031

	GCP3-36,34,199526.930,601212.547,0.820,0.838,0.018

	GCP3-36,36,199526.930,601212.547,0.820,0.790,-0.030

	GCP3-37,34,199526.405,601211.700,0.822,0.838,0.016

	GCP3-37,36,199526.405,601211.700,0.822,0.800,-0.022

	GCP3-38,34,199525.843,601210.886,0.824,0.830,0.006

	GCP3-38,36,199525.843,601210.886,0.824,0.789,-0.035

	GCP3-39,34,199525.282,601210.059,0.825,0.832,0.007

	GCP3-39,36,199525.282,601210.059,0.825,0.805,-0.020

	GCP3-4,34,199523.894,601213.427,0.849,0.857,0.008

	GCP3-4,36,199523.894,601213.427,0.849,0.829,-0.020

	GCP3-5,34,199524.467,601214.273,0.844,0.853,0.009

	GCP3-5,36,199524.467,601214.273,0.844,0.813,-0.031

	GCP3-6,34,199524.991,601215.108,0.838,0.850,0.012

	GCP3-6,36,199524.991,601215.108,0.838,0.817,-0.021

	GCP3-7,34,199525.557,601215.936,0.836,0.845,0.009

	GCP3-7,36,199525.557,601215.936,0.836,0.804,-0.032

	GCP3-8,34,199526.111,601216.769,0.836,0.847,0.011

	GCP3-8,36,199526.111,601216.769,0.836,0.804,-0.032

	GCP3-9,34,199526.684,601217.580,0.836,0.848,0.012

	GCP3-9,36,199526.684,601217.580,0.836,0.805,-0.031





Control Grid : GCP4

  Average dZ : -0.022

  St.Dev dZ  : 0.020

  # Points   : 103



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP4-11,33,206140.785,610673.896,5.739,5.697,-0.042

	GCP4-11,36,206140.785,610673.896,5.739,5.727,-0.012

	GCP4-11,37,206140.785,610673.896,5.739,5.737,-0.002

	GCP4-12,33,206139.796,610673.646,5.712,5.672,-0.040

	GCP4-12,36,206139.796,610673.646,5.712,5.680,-0.032

	GCP4-12,37,206139.796,610673.646,5.712,5.707,-0.005

	GCP4-13,33,206138.827,610673.428,5.679,5.622,-0.057

	GCP4-13,36,206138.827,610673.428,5.679,5.668,-0.011

	GCP4-13,37,206138.827,610673.428,5.679,5.666,-0.013

	GCP4-14,33,206137.883,610673.194,5.645,5.582,-0.063

	GCP4-14,36,206137.883,610673.194,5.645,5.622,-0.023

	GCP4-14,37,206137.883,610673.194,5.645,5.625,-0.020

	GCP4-15,33,206136.903,610672.960,5.611,5.560,-0.051

	GCP4-15,36,206136.903,610672.960,5.611,5.595,-0.016

	GCP4-15,37,206136.903,610672.960,5.611,5.614,0.003

	GCP4-16,33,206135.931,610672.683,5.571,5.516,-0.055

	GCP4-16,36,206135.931,610672.683,5.571,5.553,-0.018

	GCP4-16,37,206135.931,610672.683,5.571,5.571,0.000

	GCP4-17,33,206134.958,610672.456,5.540,5.480,-0.060

	GCP4-17,36,206134.958,610672.456,5.540,5.521,-0.019

	GCP4-17,37,206134.958,610672.456,5.540,5.527,-0.013

	GCP4-18,33,206134.009,610672.226,5.523,5.465,-0.058

	GCP4-18,36,206134.009,610672.226,5.523,5.507,-0.016

	GCP4-18,37,206134.009,610672.226,5.523,5.518,-0.005

	GCP4-19,33,206133.013,610671.995,5.491,5.434,-0.057

	GCP4-19,36,206133.013,610671.995,5.491,5.467,-0.024

	GCP4-19,37,206133.013,610671.995,5.491,5.488,-0.003

	GCP4-20,36,206132.039,610671.779,5.456,5.432,-0.024

	GCP4-2,33,206132.778,610672.960,5.445,5.405,-0.040

	GCP4-2,36,206132.778,610672.960,5.445,5.440,-0.005

	GCP4-2,37,206132.778,610672.960,5.445,5.445,0.000

	GCP4-21,33,206132.308,610670.822,5.476,5.433,-0.043

	GCP4-21,36,206132.308,610670.822,5.476,5.461,-0.015

	GCP4-21,37,206132.308,610670.822,5.476,5.464,-0.012

	GCP4-22,33,206133.257,610671.034,5.495,5.449,-0.046

	GCP4-22,36,206133.257,610671.034,5.495,5.474,-0.021

	GCP4-22,37,206133.257,610671.034,5.495,5.488,-0.007

	GCP4-23,33,206134.223,610671.216,5.516,5.473,-0.043

	GCP4-23,36,206134.223,610671.216,5.516,5.502,-0.014

	GCP4-23,37,206134.223,610671.216,5.516,5.510,-0.006

	GCP4-24,33,206135.222,610671.470,5.546,5.497,-0.049

	GCP4-24,36,206135.222,610671.470,5.546,5.522,-0.024

	GCP4-24,37,206135.222,610671.470,5.546,5.540,-0.006

	GCP4-25,33,206136.214,610671.709,5.568,5.530,-0.038

	GCP4-25,36,206136.214,610671.709,5.568,5.553,-0.015

	GCP4-25,37,206136.214,610671.709,5.568,5.562,-0.006

	GCP4-26,33,206137.139,610671.992,5.602,5.551,-0.051

	GCP4-26,36,206137.139,610671.992,5.602,5.578,-0.024

	GCP4-26,37,206137.139,610671.992,5.602,5.597,-0.005

	GCP4-27,33,206138.126,610672.234,5.633,5.598,-0.035

	GCP4-27,36,206138.126,610672.234,5.633,5.619,-0.014

	GCP4-27,37,206138.126,610672.234,5.633,5.621,-0.012

	GCP4-28,33,206139.077,610672.445,5.665,5.615,-0.050

	GCP4-28,36,206139.077,610672.445,5.665,5.646,-0.019

	GCP4-28,37,206139.077,610672.445,5.665,5.661,-0.004

	GCP4-29,33,206140.064,610672.670,5.697,5.656,-0.041

	GCP4-29,36,206140.064,610672.670,5.697,5.680,-0.017

	GCP4-29,37,206140.064,610672.670,5.697,5.689,-0.008

	GCP4-3,33,206133.764,610673.179,5.463,5.429,-0.034

	GCP4-3,36,206133.764,610673.179,5.463,5.449,-0.014

	GCP4-3,37,206133.764,610673.179,5.463,5.471,0.008

	GCP4-32,33,206140.277,610671.658,5.678,5.609,-0.069

	GCP4-32,36,206140.277,610671.658,5.678,5.662,-0.016

	GCP4-32,37,206140.277,610671.658,5.678,5.653,-0.025

	GCP4-33,33,206139.298,610671.430,5.648,5.596,-0.052

	GCP4-33,36,206139.298,610671.430,5.648,5.617,-0.031

	GCP4-33,37,206139.298,610671.430,5.648,5.643,-0.005

	GCP4-34,33,206138.337,610671.187,5.615,5.562,-0.053

	GCP4-34,36,206138.337,610671.187,5.615,5.606,-0.009

	GCP4-34,37,206138.337,610671.187,5.615,5.606,-0.009

	GCP4-35,33,206137.362,610670.962,5.578,5.525,-0.053

	GCP4-35,36,206137.362,610670.962,5.578,5.568,-0.010

	GCP4-35,37,206137.362,610670.962,5.578,5.579,0.001

	GCP4-36,33,206136.391,610670.719,5.554,5.508,-0.046

	GCP4-36,36,206136.391,610670.719,5.554,5.532,-0.022

	GCP4-36,37,206136.391,610670.719,5.554,5.541,-0.013

	GCP4-37,33,206135.414,610670.509,5.521,5.482,-0.039

	GCP4-37,36,206135.414,610670.509,5.521,5.521,0.000

	GCP4-37,37,206135.414,610670.509,5.521,5.514,-0.007

	GCP4-38,33,206134.451,610670.249,5.494,5.453,-0.041

	GCP4-38,36,206134.451,610670.249,5.494,5.489,-0.005

	GCP4-38,37,206134.451,610670.249,5.494,5.510,0.016

	GCP4-39,33,206133.465,610670.001,5.465,5.424,-0.041

	GCP4-39,36,206133.465,610670.001,5.465,5.457,-0.008

	GCP4-39,37,206133.465,610670.001,5.465,5.479,0.014

	GCP4-4,33,206134.733,610673.423,5.490,5.455,-0.035

	GCP4-4,36,206134.733,610673.423,5.490,5.476,-0.014

	GCP4-4,37,206134.733,610673.423,5.490,5.487,-0.003

	GCP4-5,33,206135.695,610673.648,5.531,5.480,-0.051

	GCP4-5,36,206135.695,610673.648,5.531,5.511,-0.020

	GCP4-5,37,206135.695,610673.648,5.531,5.529,-0.002

	GCP4-6,33,206136.674,610673.924,5.572,5.538,-0.034

	GCP4-6,36,206136.674,610673.924,5.572,5.572,0.000

	GCP4-6,37,206136.674,610673.924,5.572,5.589,0.017

	GCP4-7,33,206137.640,610674.153,5.607,5.577,-0.030

	GCP4-7,36,206137.640,610674.153,5.607,5.596,-0.011

	GCP4-7,37,206137.640,610674.153,5.607,5.603,-0.004

	GCP4-8,33,206138.614,610674.392,5.652,5.613,-0.039

	GCP4-8,36,206138.614,610674.392,5.652,5.647,-0.005

	GCP4-8,37,206138.614,610674.392,5.652,5.659,0.007

	GCP4-9,33,206139.589,610674.602,5.691,5.657,-0.034

	GCP4-9,36,206139.589,610674.602,5.691,5.689,-0.002

	GCP4-9,37,206139.589,610674.602,5.691,5.688,-0.003





Control Grid : GCP5

  Average dZ : 0.009

  St.Dev dZ  : 0.008

  # Points   : 60



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP5-10,10,208206.820,603135.304,4.925,4.930,0.005

	GCP5-10,11,208206.820,603135.304,4.925,4.930,0.005

	GCP5-10,37,208206.820,603135.304,4.925,4.944,0.019

	GCP5-13,37,208205.828,603135.119,4.936,4.960,0.024

	GCP5-14,10,208206.006,603134.140,4.875,4.886,0.011

	GCP5-14,11,208206.006,603134.140,4.875,4.875,0.000

	GCP5-14,37,208206.006,603134.140,4.875,4.888,0.013

	GCP5-15,10,208206.221,603133.147,4.814,4.821,0.007

	GCP5-15,11,208206.221,603133.147,4.814,4.814,0.000

	GCP5-15,37,208206.221,603133.147,4.814,4.821,0.007

	GCP5-16,10,208206.410,603132.179,4.753,4.773,0.020

	GCP5-16,11,208206.410,603132.179,4.753,4.761,0.008

	GCP5-16,37,208206.410,603132.179,4.753,4.772,0.019

	GCP5-17,10,208206.602,603131.204,4.696,4.707,0.011

	GCP5-17,11,208206.602,603131.204,4.696,4.692,-0.004

	GCP5-17,37,208206.602,603131.204,4.696,4.717,0.021

	GCP5-18,10,208206.793,603130.213,4.637,4.640,0.003

	GCP5-18,11,208206.793,603130.213,4.637,4.647,0.010

	GCP5-18,37,208206.793,603130.213,4.637,4.646,0.009

	GCP5-19,10,208206.991,603129.228,4.581,4.592,0.011

	GCP5-19,11,208206.991,603129.228,4.581,4.579,-0.002

	GCP5-19,37,208206.991,603129.228,4.581,4.589,0.008

	GCP5-20,10,208207.173,603128.260,4.528,4.548,0.020

	GCP5-20,11,208207.173,603128.260,4.528,4.529,0.001

	GCP5-20,37,208207.173,603128.260,4.528,4.543,0.015

	GCP5-2,10,208208.331,603127.479,4.453,4.469,0.016

	GCP5-21,10,208207.380,603127.271,4.475,4.492,0.017

	GCP5-21,11,208207.380,603127.271,4.475,4.461,-0.014

	GCP5-21,37,208207.380,603127.271,4.475,4.490,0.015

	GCP5-24,10,208206.408,603127.088,4.501,4.510,0.009

	GCP5-24,11,208206.408,603127.088,4.501,4.490,-0.011

	GCP5-24,37,208206.408,603127.088,4.501,4.515,0.014

	GCP5-25,10,208206.212,603128.069,4.554,4.564,0.010

	GCP5-25,11,208206.212,603128.069,4.554,4.555,0.001

	GCP5-25,37,208206.212,603128.069,4.554,4.567,0.013

	GCP5-26,10,208206.038,603129.023,4.604,4.615,0.011

	GCP5-26,37,208206.038,603129.023,4.604,4.624,0.020

	GCP5-27,10,208205.819,603130.013,4.658,4.667,0.009

	GCP5-27,37,208205.819,603130.013,4.658,4.666,0.008

	GCP5-3,10,208208.153,603128.471,4.503,4.510,0.007

	GCP5-3,11,208208.153,603128.471,4.503,4.513,0.010

	GCP5-3,37,208208.153,603128.471,4.503,4.522,0.019

	GCP5-4,10,208207.970,603129.447,4.558,4.566,0.008

	GCP5-4,11,208207.970,603129.447,4.558,4.560,0.002

	GCP5-4,37,208207.970,603129.447,4.558,4.554,-0.004

	GCP5-5,10,208207.777,603130.419,4.614,4.612,-0.002

	GCP5-5,11,208207.777,603130.419,4.614,4.624,0.010

	GCP5-5,37,208207.777,603130.419,4.614,4.634,0.020

	GCP5-6,10,208207.586,603131.391,4.672,4.675,0.003

	GCP5-6,11,208207.586,603131.391,4.672,4.677,0.005

	GCP5-6,37,208207.586,603131.391,4.672,4.676,0.004

	GCP5-7,10,208207.380,603132.359,4.734,4.742,0.008

	GCP5-7,11,208207.380,603132.359,4.734,4.732,-0.002

	GCP5-7,37,208207.380,603132.359,4.734,4.741,0.007

	GCP5-8,10,208207.201,603133.353,4.796,4.809,0.013

	GCP5-8,11,208207.201,603133.353,4.796,4.797,0.001

	GCP5-8,37,208207.201,603133.353,4.796,4.808,0.012

	GCP5-9,10,208206.990,603134.312,4.863,4.870,0.007

	GCP5-9,11,208206.990,603134.312,4.863,4.870,0.007

	GCP5-9,37,208206.990,603134.312,4.863,4.884,0.021





Control Grid : GCP7

  Average dZ : -0.004

  St.Dev dZ  : 0.011

  # Points   : 63



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP7-11,38,208709.091,609952.735,5.420,5.404,-0.016

	GCP7-12,30,208708.115,609952.607,5.421,5.433,0.012

	GCP7-12,38,208708.115,609952.607,5.421,5.404,-0.017

	GCP7-13,30,208707.140,609952.456,5.422,5.426,0.004

	GCP7-13,38,208707.140,609952.456,5.422,5.417,-0.005

	GCP7-14,30,208706.141,609952.261,5.424,5.436,0.012

	GCP7-14,38,208706.141,609952.261,5.424,5.412,-0.012

	GCP7-15,30,208705.138,609952.099,5.423,5.429,0.006

	GCP7-15,38,208705.138,609952.099,5.423,5.407,-0.016

	GCP7-16,30,208704.186,609951.911,5.419,5.423,0.004

	GCP7-16,38,208704.186,609951.911,5.419,5.401,-0.018

	GCP7-17,30,208703.180,609951.744,5.418,5.421,0.003

	GCP7-17,38,208703.180,609951.744,5.418,5.400,-0.018

	GCP7-18,30,208702.196,609951.576,5.413,5.427,0.014

	GCP7-18,38,208702.196,609951.576,5.413,5.406,-0.007

	GCP7-19,30,208701.230,609951.404,5.409,5.418,0.009

	GCP7-19,38,208701.230,609951.404,5.409,5.401,-0.008

	GCP7-2,30,208701.066,609952.404,5.382,5.386,0.004

	GCP7-2,38,208701.066,609952.404,5.382,5.361,-0.021

	GCP7-22,30,208701.398,609950.427,5.432,5.435,0.003

	GCP7-22,38,208701.398,609950.427,5.432,5.422,-0.010

	GCP7-23,30,208702.398,609950.596,5.433,5.439,0.006

	GCP7-23,38,208702.398,609950.596,5.433,5.421,-0.012

	GCP7-24,30,208703.359,609950.757,5.435,5.443,0.008

	GCP7-24,38,208703.359,609950.757,5.435,5.426,-0.009

	GCP7-25,30,208704.359,609950.944,5.435,5.433,-0.002

	GCP7-25,38,208704.359,609950.944,5.435,5.419,-0.016

	GCP7-26,30,208705.343,609951.119,5.436,5.433,-0.003

	GCP7-26,38,208705.343,609951.119,5.436,5.420,-0.016

	GCP7-27,30,208706.317,609951.304,5.437,5.443,0.006

	GCP7-27,38,208706.317,609951.304,5.437,5.432,-0.005

	GCP7-28,30,208707.291,609951.448,5.437,5.447,0.010

	GCP7-28,38,208707.291,609951.448,5.437,5.420,-0.017

	GCP7-29,30,208708.304,609951.632,5.431,5.438,0.007

	GCP7-29,38,208708.304,609951.632,5.431,5.419,-0.012

	GCP7-30,30,208709.254,609951.742,5.429,5.431,0.002

	GCP7-3,30,208702.022,609952.541,5.390,5.399,0.009

	GCP7-3,38,208702.022,609952.541,5.390,5.364,-0.026

	GCP7-32,30,208708.453,609950.606,5.440,5.446,0.006

	GCP7-32,38,208708.453,609950.606,5.440,5.429,-0.011

	GCP7-33,30,208707.457,609950.453,5.436,5.436,0.000

	GCP7-33,38,208707.457,609950.453,5.436,5.422,-0.014

	GCP7-34,30,208706.469,609950.324,5.434,5.434,0.000

	GCP7-34,38,208706.469,609950.324,5.434,5.429,-0.005

	GCP7-35,30,208705.481,609950.157,5.435,5.439,0.004

	GCP7-35,38,208705.481,609950.157,5.435,5.415,-0.020

	GCP7-36,30,208704.506,609949.987,5.437,5.442,0.005

	GCP7-36,38,208704.506,609949.987,5.437,5.433,-0.004

	GCP7-37,30,208703.511,609949.821,5.445,5.454,0.009

	GCP7-37,38,208703.511,609949.821,5.445,5.434,-0.011

	GCP7-38,30,208702.528,609949.632,5.449,5.452,0.003

	GCP7-38,38,208702.528,609949.632,5.449,5.448,-0.001

	GCP7-4,30,208703.039,609952.729,5.395,5.395,0.000

	GCP7-4,38,208703.039,609952.729,5.395,5.381,-0.014

	GCP7-5,30,208704.021,609952.896,5.400,5.405,0.005

	GCP7-5,38,208704.021,609952.896,5.400,5.395,-0.005

	GCP7-6,30,208705.017,609953.101,5.404,5.415,0.011

	GCP7-6,38,208705.017,609953.101,5.404,5.391,-0.013

	GCP7-7,30,208705.991,609953.251,5.405,5.412,0.007

	GCP7-7,38,208705.991,609953.251,5.405,5.383,-0.022

	GCP7-8,30,208706.975,609953.431,5.407,5.419,0.012

	GCP7-8,38,208706.975,609953.431,5.407,5.398,-0.009

	GCP7-9,38,208707.947,609953.586,5.404,5.387,-0.017





Control Grid : GCP6

  Average dZ : 0.013

  St.Dev dZ  : 0.005

  # Points   : 36



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP6-11,38,216123.046,601015.921,5.990,5.998,0.008

	GCP6-12,38,216123.560,601015.088,5.992,5.998,0.006

	GCP6-13,38,216124.086,601014.227,5.993,6.004,0.011

	GCP6-14,38,216124.626,601013.395,5.992,6.009,0.017

	GCP6-15,38,216125.164,601012.535,5.993,6.012,0.019

	GCP6-16,38,216125.680,601011.695,5.992,6.009,0.017

	GCP6-17,38,216126.219,601010.831,5.995,6.022,0.027

	GCP6-18,38,216126.728,601009.973,5.996,6.013,0.017

	GCP6-19,38,216127.261,601009.137,5.998,6.013,0.015

	GCP6-20,38,216127.804,601008.284,6.003,6.013,0.010

	GCP6-2,38,216128.118,601009.697,6.006,6.026,0.020

	GCP6-21,38,216126.979,601007.739,5.992,6.008,0.016

	GCP6-22,38,216126.420,601008.605,5.988,5.995,0.007

	GCP6-23,38,216125.895,601009.445,5.987,5.991,0.004

	GCP6-24,38,216125.382,601010.294,5.984,6.004,0.020

	GCP6-25,38,216124.838,601011.149,5.982,5.993,0.011

	GCP6-26,38,216124.315,601012.000,5.979,5.993,0.014

	GCP6-27,38,216123.810,601012.850,5.979,5.990,0.011

	GCP6-28,38,216123.275,601013.683,5.979,5.996,0.017

	GCP6-29,38,216122.737,601014.542,5.976,5.990,0.014

	GCP6-30,38,216122.216,601015.407,5.973,5.981,0.008

	GCP6-3,38,216127.587,601010.531,6.004,6.019,0.015

	GCP6-32,38,216121.878,601014.038,5.963,5.977,0.014

	GCP6-33,38,216122.398,601013.202,5.967,5.980,0.013

	GCP6-34,38,216122.933,601012.361,5.967,5.975,0.008

	GCP6-35,38,216123.466,601011.506,5.969,5.980,0.011

	GCP6-36,38,216123.984,601010.654,5.972,5.984,0.012

	GCP6-37,38,216124.525,601009.807,5.975,5.980,0.005

	GCP6-38,38,216125.044,601008.952,5.978,5.992,0.014

	GCP6-39,38,216125.576,601008.104,5.984,5.993,0.009

	GCP6-4,38,216127.057,601011.381,6.001,6.009,0.008

	GCP6-5,38,216126.522,601012.235,6.000,6.005,0.005

	GCP6-6,38,216125.997,601013.074,6.001,6.015,0.014

	GCP6-7,38,216125.454,601013.927,6.003,6.015,0.012

	GCP6-8,38,216124.930,601014.785,6.002,6.022,0.020

	GCP6-9,38,216124.407,601015.624,6.001,6.020,0.019





Control Grid : GCP9

  Average dZ : 0.018

  St.Dev dZ  : 0.005

  # Points   : 36



	ID, PSID , X , Y , Z , Z_LiDAR , dZ 

	GCP9-11,5,221883.471,603567.677,2.113,2.141,0.028

	GCP9-12,5,221884.395,603568.067,2.106,2.136,0.030

	GCP9-13,5,221885.321,603568.434,2.107,2.129,0.022

	GCP9-14,5,221886.262,603568.796,2.101,2.114,0.013

	GCP9-15,5,221887.190,603569.158,2.101,2.119,0.018

	GCP9-16,5,221888.121,603569.512,2.104,2.128,0.024

	GCP9-17,5,221889.047,603569.882,2.107,2.121,0.014

	GCP9-18,5,221889.983,603570.262,2.109,2.126,0.017

	GCP9-19,5,221890.900,603570.600,2.109,2.135,0.026

	GCP9-20,5,221891.847,603570.946,2.111,2.126,0.015

	GCP9-2,5,221890.537,603571.525,2.144,2.161,0.017

	GCP9-21,5,221892.230,603570.016,2.061,2.083,0.022

	GCP9-22,5,221891.298,603569.675,2.070,2.088,0.018

	GCP9-23,5,221890.337,603569.340,2.072,2.093,0.021

	GCP9-24,5,221889.418,603568.952,2.071,2.081,0.010

	GCP9-25,5,221888.493,603568.586,2.068,2.087,0.019

	GCP9-26,5,221887.570,603568.223,2.067,2.080,0.013

	GCP9-27,5,221886.617,603567.880,2.070,2.079,0.009

	GCP9-28,5,221885.697,603567.518,2.069,2.090,0.021

	GCP9-29,5,221884.746,603567.155,2.071,2.088,0.017

	GCP9-30,5,221883.827,603566.771,2.075,2.096,0.021

	GCP9-3,5,221889.608,603571.177,2.138,2.159,0.021

	GCP9-32,5,221885.115,603566.157,2.019,2.043,0.024

	GCP9-33,5,221886.042,603566.524,2.010,2.014,0.004

	GCP9-34,5,221886.976,603566.883,2.010,2.027,0.017

	GCP9-35,5,221887.912,603567.243,2.024,2.036,0.012

	GCP9-36,5,221888.855,603567.609,2.029,2.047,0.018

	GCP9-37,5,221889.759,603567.964,2.028,2.044,0.016

	GCP9-38,5,221890.695,603568.335,2.020,2.043,0.023

	GCP9-39,5,221891.634,603568.700,2.013,2.029,0.016

	GCP9-4,5,221888.684,603570.814,2.136,2.155,0.019

	GCP9-5,5,221887.743,603570.437,2.133,2.158,0.025

	GCP9-6,5,221886.810,603570.070,2.133,2.146,0.013

	GCP9-7,5,221885.877,603569.707,2.133,2.152,0.019

	GCP9-8,5,221884.935,603569.348,2.136,2.150,0.014

	GCP9-9,5,221884.008,603569.003,2.135,2.155,0.020







