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1 Introduction

06-GPS has been assigned by SHELL / NAM to assist with a GPS survey and its processing for
determining exact elevations of underground benchmarks in and around the Waddenzee. These
surveys are expected to deliver elevations / heights with mm-accuracies. This report describes in short
the activities as perfomed by 06-GPS concerning the preparations and actual GPS surveys. The main
part however will describe the methods of how to process the GPS data to get the highest accuracy
possible.

2 Preparation

For the positioning of the underground benchmarks in and around the Waddenzee it was necessary to
use the technique of GPS post processing. This is a method of processing gathered GPS
observations from both GPS reference stations (exactly known in position) as well as GPS
observations from unknown points together to obtain relative but highly accurate positions for the
unknown points. The use of fixed GPS receivers and antennas on well known points does not only
make the results fit in the local coordinate system, but also creates conditions for determining and
eliminating all the error sources that influence the quality of GPS positioning.

As a base three reference stations of the 06-GPS network for the Netherlands were used:

Ballum (Ameland), Drachten en Borkum (Germany). For better coverage and redundancy some extra
stations in the direct neighbourhood of the Waddenzee area were build.

These stations are Schiermonnikoog, East Ameland (NAM plant AME-1) and Anjum (also a NAM
location). The last two stations also have a permanent monitor function since they are located inside
the area where subduction due to gas extraction takes place. At the end of the year 2006 one more
extra permanent monitor station will be build very near to the Moddergat NAM plant south of the
Waddenzee. For an optimal fit within the Dutch geometrical infrastructure also two first order so called
AGRS stations (Terschelling and Westerbork) are used in the computations.

This picture gives an impression of the situation and size (km-distances)of the GPS-infrastructure:

xBrachiten..
_ades S E .
- b Myl

= Y = r;_bé?k..mé‘e_gz




Date
Oktober, 26 2006

HET MEEST VEELZIJDIGE NETWERK Title

GPS Survey NAM Waddenzee
06-GPS
Version

1.0

Page
40f 17

For all permanent stations as for the mobile GPS masts the same equipment is chosen. On all
locations except for the AGRS-stations and Borkum a combination of a Topcon GB-1000 and a
Topcon CR-3 choke ring antenna is used. All antennas are also individually calibrated so that their
receiving characteristics are exactly known. Especially for an accurate determination of
elevations/height it is necessary to have exact knowledge of the phase centre variations of the
antennas. A simple comparison between individual antenna models shows that differences of 1 to 2
mm'’s exist between individual antennas.

Photos of the reference antennas placed in May, 2006 on respectively Schiermonnikoog and AME-1:

All GPS reference antennas are also surveyed relatively to several nearby height benchmarks by
means of levelling, to be able to detect (unsuspected) local subduction of the antennas.

3 Post-processing techniques

For the GPS-processing “raw” observations per stations are collected with an interval of 15 seconds.
The permanent stations have gathered data since May, 2006, while all mobile stations only collect
observations for a typical 5 days per unknown point.

Storing observations of the permanent stations is done in two different ways to minimise the risk of
loosing data. Except for the governmental AGRS-stations all reference stations are connected to the
06-GPS control centre in Sliedrecht 24 hours per day either using KPN Managed VPN or a Shell VPN-
connection to the stations of Anjum and East Ameland. Data is stored in the general used RINEX
format (Receiver INdependent EXchange format). Next to the central RINEX storage all data is also
stored on the internal Flash Memory card of the Topcon GPS receivers in a so called TPS-format
(Topcon Positioning Systems). This TPS data serves as a back up in case of communication
interruptions between SLiedrecht and one of the reference stations. Before the final processing all
data has to be converted to the RINEX format. In these RINEX files phase- code- and dopppler
observations are stored for both GPS frequencies L1 and L2 as well as Signal to Noise Ratios.
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For the final post-processing the NAM has chosen to use the GNSMART software of the Geo++
GmbH company from Hannover, Germany. GNSMART stands for “GNSS State Monitoring and
Representation Technique”. In the year 2005 positive tests were held with this software package at the
Anjum site where deliberate lowering of the GPS-antenna could be detected on the mm-level within a
few days of observation time.

The Geo++ software is able to deliver a highly accurate result for the combination of fixed, dynamic
(Anjum and AME-1) and unknown Waddenzee stations in one single processing with optimal use of
antenna calibration models and modelling of all error sources involved with GPS surveying. Next to
that it is able to deliver cross correlations between all individual stations making it a surveying tool
comparable to optic levelling.

For an early impression of the quality of the data and to obtain an approximate coordinate needed for
the Geo++ processing, another software package has been used. This package is called Wasoft and
uses the technique of presenting Virtual Reference Stations (VRS) right next to the unknown points
using the original data of four existing reference stations.

Both ways of processing are now explained:

VRS technique
Traditionally the processing of static GPS-observations is performed per single base line. A base line

represents the coordinate difference between a fixed and a mobile station. This baseline can be
accurately determined when the phase ambiguities are solved for the maobile station. This must be
done by combining (differencing) of the raw data of these two stations. The longer the baseline the
longer the needed observation time becomes and the more inaccurate the solution will be. This is due
to the main error sources involved with GPS positioning: atmospheric disturbances and irregularities,
also called distance dependant errors.

When normally baselines are to be determined to more fixed stations every time the modelling of
these distance dependant sources is performed with data of only two stations.

Afterwards all baselines from fixed stations to the same unknown point have to be processed by
adjustment software for a proven quality, weighted solution and detection of outliers.

When however three reference stations can be processed at once, one is able to “interpolate”
between these stations and perform a modelling of distance dependant error sources. After the
modelling “the knowledge” of these error sources can be presented/individualized in the shape of a
Virtual Reference Station only a few meters away from the unknown point. Now only one very short
baseline has to be solved. This can deliver high accurate results in already a short time. See picture.
On the left the traditional way of solving multiple long baselines from 3 reference stations, on the right
the VRS solution:

R1 R1
A

VRS
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Another advantage of the software is that also individual antenna models can be introduced. These
are not the Geo++ type, where also azimuth dependency is build in, but the IGS/NGS type of
calibration, where only elevation dependencies are given.

The quality of the solution can be proven by making day solutions and process these statistically. In
this case there are often 5 to 7 day solutions. Day solutions that are more than two times the standard
deviation different from the average height have been deleted.

GNSMART

(This text has been copied from Geo++ documents).

Geo++® has developed the system GNPOM (Geodetic Navstar - Permanent Object Monitoring) to
overcome the general restrictions using real time GNSS techniques. GNPOM is based on the multi-
station real-time software GNNET, which is able to process the carrier phase observations of multiple
receivers simultaneously. The result is not a set of single baselines, but a homogeneous set of
coordinates with a realistic variance-covariance estimation for all stations.

For the processing the Software Package Geo++ GNSMART is used. GNSS-SMART stands for State
Monitoring And Representation Technique describing the essential concept, while GNSMART is the
actual Geo++ software implementation of this technique. The GNSS errors must be precisely
modelled and monitored to resolve phase ambiguities as a primary task. For any time and location
within the covered network area sophisticated services must provide information on the GNSS errors
based on the state monitoring. The methods for this secondary task are generally termed
“representation technique”. This secondary task meets the requirements for the Waddenzee stations
in and around the Waddenzee. In GNPOM the primary and secondary task can be done in one
process, because all stations (reference and object station) are available at the central computer
where GNSMART is running. As part of Geo++ GNSMART the program module GNNET enables a
high precision GNSS multi-station processing. Normally GNNET processes the carrier phase
measurements from single or dual frequency GPS and (optionally) GLONASS receivers in real time.
Generally, the observations are provided by other program modules, for example reference station
modules GNRT or GNREF. Thus, measurements from directly or indirectly accessible GNSS receivers
or derived observations, e.g. RTCM correction, data can be processed. Depending on the individual
application, GNNET can determine coordinates and/or system parameters such as atmospheric errors
or orbit errors. The data set is based on RINEX observation. Therefore GNNET is run in post
processing mode.

Consideration of GNSS errors
The modelling approach of GNSS is an important aspect. A complete state space model (SSM) with
millimeter-accuracy is implemented for the rigorous and simultaneous adjustment of GNSS
observables, which is essential for the primary task. The state space modeling follows the idea to
model the actual error sources instead of handling the effects of the errors. The error effects belong to
the observation space, while the error sources are associated with the state space. All error sources
build up the state space model (SSM).To determine the (error) state of a GNSS system, GNSMART
estimates the following state parameters:

+ satellite clock synchronization error

+ satellite signal delays (group delays)

» satellite orbit error (kinematic orbits)

» ionospheric signal propagation changes

» tropospheric signal delays

» receiver multipath (optional)

» carrier phase ambiguities

» receiver coordinates (optional)

» receiver clock synchronization error

» receiver signal delays (group delays)
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The next picture is a simplified illustration of the main error sources and their influence on the distance
measurements from receiver to satellite:
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The state space modelling of GNSMART applies beforehand corrections to the GNSS observations.
The SSM model is prepared for the following corrections:

« satellite-receiver phase wind-up effect (satellite attitude)

+ (absolute) satellite antenna PCV correction

« site displacement effect (solid earth tide, pole tide, ocean loading, atmospheric loading, local

displacement)

» relativistic corrections

* higher order ionospheric correction

» (absolute) receiver antenna PCV correction

The extension of the network defines the significance of the corrections and consequently the quality
of the state space modeling. In smaller networks, like the present six station network, some
corrections can be neglected. Therefore GNSMART currently does not correct for loading effects and
higher order ionosphere. The adjustment model is a Kalman filter for real time applications. The
Kalman filter is proofed to be well suited for state estimation and monitoring tasks. The actual
adjustment is a simultaneous adjustment of all L1 and L2 observations. Advantages of simultaneous
L1/L2 adjustment are:

» rigorous modelling of correlations between linear combinations

» rigorous modelling of common parameters like L1-L2 delays for satellite and receiver

» improvement of noise level for derived state parameters
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The separation and modelling of individual GNSS error components is straight forward using un-
differenced or also termed non-differenced observations. The use of non-differenced observations is a
key issue in ambiguity resolution, optimized modelling and processing in GNSMART. The advantages
of non-differenced modelling and ambiguities are:

* network operates in absolute mode

* no mathematical correlation between observations

* robustness against failures of single reference stations

+ optimal reliability

The use of differenced observations (i.e. double difference observable) and accordingly the use of
baselines/triangles between reference stations is a limitation and a loss of information compared to the
non-differenced approach. Information on the GNSS errors can be best obtained from the rigorous
adjustment of multiple reference stations with sufficient redundancy and network size.

Consideration of station dependent errors

Multipath (MP) is the most limiting factor for very precise positioning applications with GNSS. Several
MP mitigation techniques are known and implemented in many receiver types. However, these
techniques normally only attack the code MP effects. MP errors in carrier phase measurements are
much more complicated to be mitigated through signal tracking techniques. All GPS receivers from
Topcon use the AMR (Advanced Multipath Mitigation) technique for both code and phase
observations. Also all antennas have been chosen to be choke ring antennas which are much less
receptive for multipath than normal, light rover antennas.

Geodetic and precise GPS measurements make the exact knowledge of the reception characteristics
of the used antennas and therefore a calibration necessary. Intensive use of such characteristic have
been made in the development of the absolute antenna calibration method. All used antennas in this
project are individually calibrated.

Differences between VRS and GNSMART
Although GNSMART was supposed to be the ultimate software package, the VRS computations have
also proven to be of high quality.

Aspects of VRS processing:
all stations and all day solutions are uncorrelated
- does not use Precise Orbit information (but is possible)
- only uses simplified antenna models
- works directly with RINEX observation files
- results directly computable after survey every unknown point

Aspects of GNSMART processing:

one rigorous solution of all stations, fixed, dynamic or unknown

- all correlations known in 1 run

- uses Ultra rapid Precise orbits

- all RINEXdata needs to be converted to internal Geo++ format (*.zdb files) using the
reference station module GNREF

- Very heavy computations

- Processing has to wait for end of survey campaign

Due to the fact that the results were needed fast and the GNSMART contained some bugs
concerning the input of Precise Orbits, it was decided to use the VRS results in the final NAM / SURE
processing.

Preliminary tests however show that in the most important observable, the height differences, aimost
no differences larger than 1 mm can be found between the solutions coming from VRS or GNSMART



Date
Oktober, 26 2006

HET MEEST VEELZIIDIGE NETWERK Title

0 G G P S GPS Survey NAM Waddenzee
]

Version
1.0

Page
9of 17

processing. It is therefore recommended that in a next campaign the solution of GNSMART is used
because of it's correlations, solutions in time (4D) and the use of Precise Orbits.

Processing steps
The following steps have been taken for the processing:

General
- checking completeness of Ballum, Drachten and Borkum data
- repairing gaps Ballum and Drachten with locally stored data
- downloading tps-data from Schiermonnikoog, East Ameland and Anjum
- converting tps data to RINEX
- downloading AGRS data
- conversion AGRS data to RINEX with inverse Hatanaka compression
- conversion of tps data from Waddenzee points to RINEX format

- programming of batch files for producing VRS data using antenna information and
approximate coordinates from the RINEX files

- making 1 VRS RINEX file per day per station with an interval of 15 s.

- programming and processing of short baselines between unknown points and VRS's.

- sorting and statistical analysis of all VRS results

GNSMART
- gathering of Precise Ephemerides from internet (IGS sites)

- converting of broadcast navigation files into one overall file per day

- conversion of all RINEX file into .zdb files using the accurate position from VRS
processing, antenna information and antenna heights

- running of GNNET with options of station dynamics, numbers of stations to process, etc.
(see Appendix IV for some screen dumps of GNNET)

- conversion of ETRS89 XYZ results into Latitude, Longitude and Height.

- Sorting of LLH data per station.

- Graphical analysis

Of course the GPS results give a height of each ARP (Antenna Reference Point); in our case always
the bottom of the antenna. Additional measurements have taken place for the antenna heights: the
vertical distance between unknown point and ARP. Every mast used has a different length and
throughout the project these distances have been monitored, carefully.

Only after relating the ARP heights to the actual survey points the data can be imported in the
deformation analysing software and databases of the NAM.
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4 Results

In order to obtain the best results it was first necessary to have good reference station coordinates
that are not only good in absolute position, but also very homogenous: discrepancies should be as
small as possible. At first coordinates from the certification of the Dutch Cadastre were used for the
stations Drachten (drac), Ballum (ball) and Borkum (0674). With these stations uncorrelated
coordinates were calculated with the VRS method for the until then unknown stations East Ameland
(AME1), Anjum (anjm) and Schiermonnikoog (schi) using one week of data.

Four stations (maximum for VRS) were used as a reference for the Waddenzee point computations
using the VRS-method. For the Waddenzee they were (with a few exceptions) : schi, anjm, ame1 and
ball. For the computation of the Lauwersmeer points and the Grijpskerk trial the reference stations
schi, anjm, ame1 and 0674 were used, since they lay outside of the area formed by the first four
stations.

After having gathered a complete month (july 2006) of data all reference stations were evaluated once
more with the GNSMART solution. Now also the data of the AGRS stations Terschelling and
Westerbork was entered and only these two stations and station Borkum were kept fixed. This
resulted in slightly different coordinates for the reference stations (on average 4.5mm higher). This last
dataset is used for all GNSMART processing because it is more homogeneous, while the first VRS
results remained to be used for all VRS processing. On the level of height differences this absolute
shift in height will however not be noticeable. An overview of the two coordinate sets can be found in
Appendix |.

VRS results

In Appendix |l all the Waddenzee points as well as underground benchmarks on land and at the
Lauwersmeer and Grijpskerk points are shown including their standard deviations and observation
periods.

GNSMART results

In Appendix Ill plots are shown for the GNSMART results for the 2 dynamic stations AME1 and Anjum
which are expected to sink about 5 — 10 mm’s per year. From GPS days 145 to 273 the elevations are
shown and one can see there’s less subduction than suspected.

The position filter used is a mm/hour filter. Although the results show some movement a subduction is
clearly vivsible. The trend (straight line) is determined by using a linear least squares approximation.
The standard deviation of this least squares approximation is 0.9mm.




L W/avov | €42 68€0 SZL 0¥ L0€'Z6L8¥S | 80G°0889€Z | | LG/2'Z8 |0S9029L |9€ |9 |626852S | ¥S |28 SHOV | EIsm
D0'65962WYL | £¥Z€6102Z | 0000 689%L 16¥'G8E/6G | LEZ'/Z8EVL | |800L'9G | 9288L'6 €L |G |co6¥8'GY 1z |es SYOV sia}

adik] ue Jue ou Jas (W) § We (W) dvN-Z (W) ay-A (W) ay-Xx [wiy-e {wyegsyl3 [e]3 (Wwessyla LeIN Jeumo  uonels

INOD 099 £9ISdL|E¥90Llz | 8YLO GGE0L GL2'GO¥0LO | 960°LOY90Z | | 60L8°0S [25voL' vy |6 |9 |ZLBEV'8E | BZ | €S VYN 1yos
INOD d99 £d0SdLl|[£650Zle | L¥L O ov0'SlL 9G0'6ECHOG | 165 085102 | | 2¥GE9S | 8/9¥085 |¥ |9 |I¥vSLLE |9 |€G| [Sd9-90( oewp
3NOD 099 £d0Sdl | 9550/1L2 1010 oLLEL 1G€'981909 | G8E/96FLL | |66YS VS | LL0L9GL ¥ |G |6288562 |9¢ €S| |SdD-90 [EL]
3NOD (099 £d0SdLl|[z¥90LLl [ 0000 1S9% 8E0'OVSE6S | OF L LE6S0Z | | ¥EBZT'G¥ | G9L6G8 6 |9 |[eLl¥0GL |22 [€S INVYN wlue
INOD 099 eydSdl|0LsoLlz [ 8vl0 ¥ 0/%'228809 | 086'¥/¥06L | |9vLO'8Y [BE908'OL |SS |G |2Sev6'lS | L2 | €S WYN | Lowe
MONS 00'65962ZWML | 91¥0810ZZ | €500 9z0°¥7lL 12985029 | GLZ 0ELGPZ | | 00LZ+S | 66¥6L0S |¥P |9 [6ZL0L6F [€E|€5| | SOdVS | #2190
adfl Jue jUe ou J8s (W) y we (W dgyN-Zz (W ay-A (W) ay-X Twlye (wyegsyld [e]3 (w)essyl3s [ @IN Jaumo  uonels

LEYWSND

INOD 099 £H0Sdl|ero0slz | 8vl0 6SE0L GL.'S0¥0L9 | Z60°19¥90Z | [0GL8°0G [es¥oL vy |6 |9 | lg6Ev'8E | 8Z | €S VN 1yas
INOD 099 €40Sdl | €650/l | Z¥LD ZG0°GL 850'6E569G | 265 085102 | | 6G9€'9G | G89¥08S |v |9 [S¥vGlle |9 [€S| [SdD-90| 9elp
3INOD 099 £d0Sdl|9550.12 1o0L'0 0zZL€L BGE'OBL900 | ZBE LO6V.L | | 68YS VS | 2Z0LOGL Iv |G |9€8856Z |92 (€S| |SdD-90 Ieq
INOD 099 €dISdL|2Zreolle | 0000 £99°F 0F0'9¥S866 | L¥L LEBS0Z | | 888Z'GY | 9L16G'8 6 |9 [8LL¥0'GL zz | s VYN wlue
INOD 099 €d0SdL | 0150l [ 8¥L'0 vZv'l 0.¥'228809 | 086'¥/¥06L | | SBLO'8Y | £5908°0L GG |G |eGevels | LZ | €S NYN | lewe
MONS  00°6596ZINYL | 9L¥08L0ZZ | £50°0 820l 12£'985020 | ¥LZ 0ELGFC | | 0ZLZ %G | 66¥6L06 |+¥ |9 |62LOL'6Y |€€[€S| | SOdVS| +.290
adA] 1Ue UE OU J8s (W) Y WE (W) d¥N-Z (W) gd-A (W) gy-X [wig e (wessylz [el3 (Wessyld L. eIN Jaumo  uonejs

SHA

“Jaquinu pue 2dA1 BUUSIUE BU} 1NOGE UONBWLOJUI UIM Jay1ebol suonels Jusuewlad [[e Joy SUoiNios 1 ¥YINSND PUB S¥H/ 10} MBIAISAC S]12UIPI00D S0UsIa)ay

L1011
abed

oL
uoISIan

2azuappeM INWN ABAINS SdD
oL

9002 92 Jeaono
aeg

sia1owesed uonels 2oualajal ;| XIANIddY

Sd9-90

WHIMUIIN TDIONETIA ISTIW 13H




9002-8-6L L€z [ 9002-8-}1 €z | 89¢’}- wlue [ #90°L- 1yos [6ZLv- Lewe [ Gz 0L- Ileq [0L000 [S6Z€ |LZE202Z609 | ¥26'L6LYLZ | 8¥OU
9002-L€ ¥8L | 9002-9-82 BL1 ¥OE'L- wiue | 0902~ yos [ GZLb- Lowe [ |Z¥ 0L~ IIBq | GL000 |662€ |9.¥'S92809 | 0SE'6¥ECLZ | EFOU
900Z-L6 06l | 9002Z-L g8l 9z9'0- wlue | zze'e- 1y3s | /8EE- |oWe [ £89°6- B | L1000 |ZE0v | 296691909 | §9.29GL1Z | 6EOY
900Z-8-91 82z | 900288 0zz |ssTl- wlue | 166°9 = ECES LaWe [ ZLE0L- Ileq [ 01000 |80F'E |609°GE8E0Q | LE6'6L0LLZ | 9EOU
900Z-8-L 6Lz | 900zZ-g-L glz | 9s5L- wlue | zez'L- yos | LLEY Lewe [ €1L9°0L- IIea [ 02000 |Z0V'E |8.902.209 | €8F'SLEVLZ | EE0Y
9002-2-G 98l | 9002-¢-0% 181 625 L~ wlue | Gzz'L- 1yos | 06Z ¥ Lewe [ 985°01- Q9 | Z0000 |¥ELE | ¢zl 09509 | 99L°ZEL00Z | 6¥06 |
9002-9-0¢ 18l | 9002-9-92 LLL 9zL'L- wlue | zzg'o- yos | /89°¢- Lawe [ €8L°0L- IIEG | 80000 |ZESE |8L0°00L¥09 | 66% LESEOT | €¥0D
900Z-9-61 0Ll [ 900Z-o¥lL coL 060°1L- wlue [ 98.'g- uos | 168°¢- Lawe [ /#L°0L- Ileq | 01000 |€46°€ |B8%9'680509 | 8¥0°00856L | OLLP
9002-¢-8 651 | 900Z-9F SGl 8g8’L- wlue | ¥e6°2- 1yos | 665 ¥~ Lewe | G68'0L- Ileq | 62000 |G28'Z |9L0'8G€S09 | LV EESLEL | LOLP
9002-9-G1 991 | 9002-2-0L 19t Ly L wlue [ eyl L- s | 80Z ¥~ LeWe [ ¥05°0L- leq | 20000 |9L2€ |EPP00FE0Q | 6L¥ EVSZEL | BIOP
9002-9-L1 8ol | e00z-9-Zl €9l oLLL- wlue | 9ot 2~ s | Libb- Lawe | 29/2°0L- IBq | 21000 | €962 |€ZE LOLEDY | 905'999¥61 | G90P
9002-9-/T 8/1L | 900z-9-12 zLl 2920 wlue | per's- 1yos | 66¥2- Lawe [ G6L'8- IIBq [90000 |GZ6F |S80°'G00809 | €86'918661 | LIOP
900Z-9-€2 vZlL | 900z-9-8L 691 Gl9'L- wlue [ 1/€°2- 1y9s [ 9Ev ¥~ Lewe [ zeL'0L- Ileq | GE000 | 886 | 8EB'LLLZ0Q | 62¥'ELPO6L | 9SOP
900Z-9-€l ¥9lL | 900Z-96 09l 160°L- wiue | g6.'e- 1U9s | 8SBE- Lewe | $GL°0L- IlBq [ GL000 |S9G'€ |€98°LEGLO9 | LZO'EEVOBL | OSOP
9002-9-C €5l | 9002-6-92 avL 185°LL- JBJp | 8880 1yos | £G6E- Lewe [ 6¥Z 0L- B9 | 20000 |Li¥'E | 9EL'ELOEO9 | G86'¥SEV8L | G900
9002-9-9 ISl | 900Z-G-1€ 1GL 1G5°L- wlue [ €5Z°L- 9s [ gLEr leWe [ ¥19°0L- IIBQ | 60000 |SOL'E |.G8'85¥909 | 6.4'G5E881 | GEOO
9002-9- GGl | 9002-G-62 L Z60ZL- oelp | 66€°L 19s | ¥OF ¥ LeWwe [ 09L°0L- IIBq [ L1000 |096C |ZEZL6GY0Q |Z8L'¥S¥asl | LE0D
900Z-9-L1 Z9L [ 9002-9¢ 961 veLL- wlue | 06¥ L 1yos [GLE Lewe [ 118°0L- B0 60000 |606'C |099°€L8C09 | 9L€'629881 | 8200
9]Ep PUa | SdD | IBPMUEIS [ SO MEIS| pesdeIszZp| ¢ | €jeielszZp| ¢ | Zjejelszp | el | ueMeszp | L ‘Aep [ (dVN) (aw) A (ay) x €18
pue ‘Jod ‘Jal ‘12l 18 z
'SIS)8W Ul ||e ‘suoneInsp piepuess Jiayl Buipnioul Buisseooid SHA U3 Joj JVN Ul saouaiayip 1ybiaH

LLIOZL

abed

o'l

UoISIap

29zuappeM VN A2Ang SdD

apiL

9002 92 12900

areq

synsa1 Burssao0id SYA Il XIONIJY

S$Sd9-90

NEIMIIN IOROFIIIIIA ISTIW ITH




9002-L-LL 26l 9002-4-9 81 85S¢y wiue [ gey'L- yos | L6¥'L lBWwe | 66.L v~ Ileg [90000 [1268 | 1L00'9v2909 |Gz6'G8008L | ¢led
9002-9-¢¢ €Ll 9002-9-L1 891 8SC'¥ wlue | gey'L- yos | L6¥°L Lowe | 66/ ¥~ Ilea [ 80000 |l26'8 |[9.09¥.909 | ¥06'58008L | Zled
9002-9-8 651 9002-9-¢ €51 L92'% wlue | gep'L- Iyds | 00S°L Lawe | 96 %~ Ileq [ 60000 |¥26'8 |L10°9¥,900 | ¥26'58008L | Lled
9002-L-62 oie 9002-£-62 902 195°¢ wlue | ge1z- 1yos | 008°0 LeWe | 96¥%'G- eq [ LLO0'0 |¥2ZZ'8 |Z99°61.209 | L¥2'¥1680C | G20V
9002-L-LL 861 9002-L-L1L 261 1201 wiue | 699'%- yos | #EL'L- Lewe | 0e0'8- Ileg | 60000 |069'S |<Z68°0€ELZ09 | EEL'¥L0S0C | 1692
9002-£4-6 981 9002-9-92 LLL 9ce’'L- wiue | 266°9- yas | LLoO'v- Lewe | €LE0L- I1eq | 80000 | ZO¥'€ |0L6'€02009 | S9E°L0GLLE | 6892
9002-L-¥2 G0z 9002-2-81 661 e 0 wlue | $G1°G- uos | 6Lg'e- jswe | GLG'g- 1eq | #1000 | S02'S |909'¢65L09 (961°6L5L0C | 989C
9002-8-LL 62¢ 9002-8-2L yee 100°L- wlue | /69'9- 1yos | 29L°¢- lewe | gG0'0L- Ieq | 80000 |299'€ | ¥SSPEBEOY | 2L8°6EEYOC | 9L0W
9002-L-€C ¥0T 900Z-L-81 661 1991~ wlue | zcg7/- Uos | ZZ¥ ¥ lewe | 81201 IIBg | 11000 |200'€ |¥.S'OFLSO9 | €6E'GL.88L | SLOW
900Z-£-S1 961 9002-L-01 161 2es'0- wlue [ gzz'e- Uos | €62°¢- lswe | 685°6- eq | L0000 |lEL'y | 228'G9EL09 | 182'GLIS0Z | yLOW
9002-L-€L ¥6l 2002-L-8 681 8¥8’L- wlue | ¥¥G4L- Uds | 609 ¥ Lewe | G06°0L- leq | €L00°0 |Si8'CT |962'651S09 | 981 '¥19802 | EL0W
9002-L-61 00z 9002-L-¥L S61L £€6°0- wiue | 6z9'¢- yos | y69°e- |8Wwe | 066'6- Ieq | #2000 |0EL'€ | PSS IBOS0Q | O¥S'8OLPLIZ | ZIOW
9002-2-62 oie 9002-L-¥2 =lor4 1850 wlue | ggz'o- yos | gbe'e- Lawe | #+9°6- e | 80000 |9.0'¢ | 0E8'6¥6909 | 048'625LLZ | LIOW
9002-L-LL 41 9002-4-9 181 FAXAN S wlue | 8z6'g- U2s | €66°¢- Lewe | 682°01- IBq | 20000 | LEVY'E |E€2Y'L6LS09 | L26°LLL0LE | OLOW
9002-4-41 861 900Z-L-21 €61 206'0- wiue | g65'c- Iyos | €99°¢- lawe | 666'6- IIeq | 80000 | L9L°€ | L92'¥SE909 | 096'¥6¥L0Z | 600W
9002-L-L2 A4 900Z-2-91 161 19L°L- wlue | /cg'o- 1yos | ZZ6°e- lswe | gLZ'0L- Ieq | 60000 |20S'€ | LL¥'8LBE09 [ GLE'LPBOOT | sBOOW
900¢-L-G2 902 9002-4-02 10z [ATAN wlue | gyo- yos | €L0¥ lewe | 60€°0L- Ieq | L0000 | L¥P'E | BLE'Q00E09 | Z¥ELSPB6L | LOOW
9002-8-C 1474 900¢-L-82 60¢ gchL- wlue | pz1'L- yos | 68L ¥ lauwe | Ge¥'0l- IIeq | 21000 |SEC'€ |SZv'Ov8v0Q | 128'¢2E86L | So0W
9002-4-L2 802 9002-L-22 €02 ¥99'0- wlue | gog'g- yos | GZv'e- Lewe | LZ/°6- leq (21000 (666'€C | €6.'66€909 [ £60'G8¥961 | SO0W
9002-9-L2 8LL 9002-9-02 LLL €L8°0- wlue | 690°9- yos | EL°E- Lewe | 0EY'6- Ileq | 20000 (062'v |96¥06L609 | C¥6 26861 | POOW
900Z-8-€ Sle 9002-4-92 02 L¥6°0- wlue | ¢v9'o- Iyos | g0L'E- Lawe | $00°0L- Ieq | 21000 |9LL'E |[6£599L¥09 | 2.0°020L61 | EOOW
9002-8-6 12z 900Z-8-% oLz 269 L- wlue | gge’/- Yos | €5¥' ¥ lswe | 6¥L°0L- I'eq | 80000 | LL6'C |9E9°€EL¥O09 | LG9'G20LEL | 200W
900¢-8-01 (444 9002-8-9 A% €L} wlue | gLy L- yos | ¥8¥ ¥ lewe | 082°01- I'eq | 60000 |0¥6'C | LZB'E09S09 | 22918681 | LOOW
9002-L-L 88l 9002-L-2 €81 LLo'L- wlue | zoL'9- oS | ZLL'¢e- Lswe | 890°0L- led | 82000 |2S9'€t |G.L8'¥2E909 | 215991912 | 850U

LL10€EL

abed

oL

UOISIaA
$Sd9-90

29zuUappeM INYN ASMINS SdD

anL WUIMULIN TORAMZTITA ISTIW LIH

900Z 92 '12qoni0
aleq




9002-6-+ VA LA 9002-8-62 v [ ¥06°0- wlue [ 0099 Iyos | €62 L1 oelp | 692701 ¥290 | €L00°0 | 6SLE LZ6°'EE896S | GLE'SYEBOZ | LOLI
9002-6-L 1 14°T4 9002-6-t ive G60'L- wlue | 1629 Yos | pi'LL- JBIp | 0Z¥'0L- ¥/90 | €L00°0 | €09°€ LyL'2E6P6S | GLOELYB0Z | SO0LI
9002-6-+L LS¢ 9002-6-L 0Ge 6920 wlue | /Zy'G- yos | 0ZL'0L- Oelp | 960°6- /90 | L1000 |2E6'F |ELB'006EES | 6G8°GL00LZ | SOLI
9002-6-0¢ £9¢ 9002-6-tL VAT L0 wlue | 26G°G- yos | G2 0L~ QBJp | LET6 ¥/90 | 0Z00'0 | L08'F |Z60'G09¥ES | 2EL'G6CLLE | ¥OLI
9002-6-% iye 9002-8-62 Lve 6¥8°0- wlue | g¥Go- 1yos | BET'LL- oelp | ¢LEOL- ¥490 | 2L000 |¥iB'E 62.'L0¥96S | #22'8.90LZ | €OLI
9002-6-02 £€9¢ 9002-6-€l 9ge ¥6.°0- wlue | 06¥'9- 1yos | €8L°L1L- oelp | B6SLOL- /90 | 80000 | 698°€ |65 LGG86SG | 910°606L02 | ZOLI
9002-6-11 ¥se 9002-6-S 8ve ¥6L0- wlue | gy o- yos | epLLL- Jelp | 6LLOL- ¥.90 | £000°0 | 606°C 198°//866G | 91L9°L6180Z | LOLI
9002-6-L1L 1 4°T4 9002-6-9 8ve £€8L°0- wlue | g/¥'9- Yyos | 2LLLL- oelp | 8¥LOL- /90 | G0000 |088°E 90L°L¥1209 | L64°6L0802 | OO
9002-6-8¢ LiZ 9002-6-¢¢ G9¢ 8190 wlue | g/0°G- Yos | LLL6- JBIp | [¥L'8- .90 | L2000 | LBZ'S 181829886 | LLO9SEIIZ | ¥0ID
9002-6-42 0L¢ 900e-6-2¢ G9Z L¥8°0 wlue | 668"t~ 1yos | 8¥G'6- oBIp | ¥25'8- ¥/90 | €L00°0 | ¥0S'S 95Z'029886 | L¥0'9GE9LZ | €OID |
9002-6-8¢ Liz 9002-6-2¢ G9¢ L¥9°0 wlue | 6v0°G- 1Yos | gvL'6- oBlp | 8LL'8- ¥.90 [ SLO00 |OLES 192299885 | ¥21'95¢912 | 206 |
9002-6-82 LLg | 9002-6-¢C 92 ¥S8'0 wlue | zve't- 1Yos | GEG'6- delp | L1G78- $190 | LL000 | LGS | Z¥L'»G9886 |9.2'95€91Z | 10D
9002-G-1€ 5°1" 9002-5-L¢€ FA4" 2EL'S- JBIp | BEVL- Iyos | 96¥%°L Lewe | 008'¥- 'eq | 20000 | 026’8 B£0°9¥/909 | ££6'G8008L | #led

PAN =542

abed

0’1

UoIsIan
$Sd9-90

29ZUSPPEM WYN A2ANS SO

oL WEIMUIN TOROMIITIA ISIIW 1IN

900Z 92 '1eqoR0
aeq




Aep sd9
GlZ 0LZ S92 09Z SSZ 0SZ Svz OvZ G€Z 0£Z G2z 0¢¢ Gl OLZ SOZ 002 G6L 061 S8L 08L GZL OLL S9L 09L SSIL 0SL Swl

} ! 4 I ! 1 L L ! 1 L i
-«.... .,. .«,. vt ™+ T T ,_...-.:A.. T T ™ T TT T T
_ .

k

9lL'8¥

L[ e o T

LoL's¥

|
f

|
|
|
|

| | i
{

- 2oL8¥

|
_

| |
foo it u
_ |
| |

- =t B
| |

(w) 6gSHLI-H

- €E9L°8Y

- ¥oL'8y

PR TR T TN (N7 ST ST T S T W S Y Y &

| T

- GOL'8Y

poujew sasenbs 3ses| pusn + 900Z-04-¥Z 3d OU NNOH/WW Lawe §gS¥13-H ++039
* 900z 0¢ Jequieides — gz ‘Aepy pouad sl uonisod Jnoy/ww yum L-JNY uoness Joj joid 1ubieH

wnfuy pue L-3WY Jo} syoid o1nweufp || XIONIddY

L1 Jo Gl
abey

o'l
UoISIaN
-00
2azu2pPeM INVN ABANg SdD m a 0
anL WHIMLIN FJOMIMIIIITA LSTIW 12

9002 92 'Jeqon0
a1




] N n N N N N N N N N N N L] n o] P — - - - — — - - - —
3 8 2 %8 g & 5 8 8 8 38 a3 &8 8 8 8% 8 3 3 & 8 & 8 &
b R L | R e B B E s s RARS et LT GY
| | | s S i | | T
_ | i | i . 7 _ ]
7 W ! , { , [ { _
f ! A AR I~ | _ Al “
| ! _ " [ A | { _ f i " | “
| T ‘ RS 1 i i Fae— -~ 282Gy
“ | i _ | _' w | | _ i
“ _ _ * PR ]
| ,
,_ _ DR by
m ¢ = ¥ 2 A ; ~ 1 eszoy
m " ] [l b=
| _ ta
_ | _ | , § =
_ B A (S S | =% 1  Fhe G 1 v8esy
| | ! | | 4 0
| _ _ | _ ' _ - w
_ ! | | | ) g
| | | | } - i
| | ,ﬁ | ‘ _ ” "
flem e — S SO Skp b | : + sezoy
. f | ! [ ! _ | | ]
| _ i | _ v [Eihe S |
S 52 0k o i -
A—1— ] S - e gy fr 5 T 98z'gy
| N ER: B [ | b ”
7 H | | | # .
L] | S |
[ I N | . _ _ | S e -
— =) 1= /RN , ol | B el i | Sy SOt PSS | SIS | ] - 1 182'SY

poylsw sasenbs 1se2| puas} + 900Z-01-¥Z Id OU YNOH/WW wlue 68 SYLI-H ++099

‘900z 0¢ Jequialdag — Gz ‘Aeyy pouad ‘s uomsod Jnoy/wu yim NNFNY uoness Joy 1oid 1ybieH
Ll o9l
abed
0t

UOISIaA
Sd9-90

29zusppE INYN ASAINS SdD
enlL WHIMIIN JOROFETTITA ISTIW 1IN

9002 92 1eqONO
aleq




wizzzl Wl —vukovorwis [ e IIWEDR | WO B0 N | N0 B0 W | Iom [ cdprmom o TN @ @ s Wizl wmg-ponn(J = 13800 8+-+030 ™| [T 0ud o @ +0m W | o | PodpenDm o FO R Fmi s

£526 SXRIOA [ 4OUH 01 9 2 (AS Oummanay
00 |wemodpe] LTz |wemo) . OU |Bmpess _0OR(SECIRL _UELINM L |wemeywe] 90 |weme) , 0O |Smpmeg _DOBBERE|SuL _LIELINA

_..n._. o e

gfEs

R R R R R R R B R R R R R R R R R R R R R R

__EN_EE =

e — AN SEURI0o) Py L
I -4
=] 3 el
- 1 -] =

_ D11 fopseipes | DUReN A eweey| w | we3p apwery | g _|

E.ﬁﬂnm [ wommpy | retcuyerey | womsd
[ o4 b0 Jx00 |- 000

w_10000) v+ GISLEY]
w_00000| 5000 (2 £5.500 3

AT L EEEEETEERETSLEEE

w_g00) 4 SERSEZLON W) B H _
, [Towmwg  gtesn g vews i
_ _000) v 00OB/EE[PWL  _ SE0°] QMADY i
1ed
oup
Lo1p
#90p
s90p
950p
0sop LB L9 PEZT IO LS PER LOERLOSPYVERZIL
mnuﬂ tetzgzrzzeTzezlilIiILLILLILLPE DD R DY
sv
Ge09 iod Joj sielewesed uoneis SUOIEIS UMOU3UN & PUB SUONE)S adualajal g Joj sniels Bunjoel] Sdo
Buissasoid | MYINSND 1o sdunp uaaias (Al XIANIddY
LLjo Ll
abed
ol
uoIsian
$Sd9-90
29ZU2PPEA INWN ASAINS SO
|plL WHIMLIN TORIMIIIA ISTIW 13H
9002 92 '199oni0
aleq




