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Abstract

This paper presents TrackDip, a new method for dipmdata processing. This method selects, losabrel measures
significant tilts from the comparison at variouslss of the changes of orientation of sedimentagdings. We tested this
method on simple cases (unconformity, gradualdilcessive tilts, without and with additional randnoise) and on a field
example, along three sections in the Eocene Sabidelia, Ainsa foreland basin, northern Spain. $ymthetic data sets, the
method clearly identifies and measures the intreduiits.

On the field, sedimentary and tectonic structuesgecially three main syn-sedimentary sliding s@s$a(S1 to S3), were
successfully identified from processed dipmeteraddthe tilt axis are mainly trending N-S in sands& associated to
westward transport of sediments. The sliding sedaS1 and S3 correspond to E-W-trending tilt aetatively correlated
either to the flexural subsidence of the basinpanticline growth during sedimentation southhef studied area. Combination
of these sedimentary and tectonic directions resolia NE-SW striking submarine slope, which logcalbntrols the gravity-
driven deformations, especially on the S2 slidingfexce. Finally, NNW-SSE-trending tilts above theparmost S3 sliding

surface are interpreted as the result of infillamgthe side of the scar produced by sliding.

Keywords: dipmeter, tilt, processing, gravity-driven defations, foreland basin

1. Introduction

Among downhole logging tools, dipmeters represent a
class of tools designed to measure the orientaitienboth
dip angles and azimuth (dip direction) of beddidgnps
intersected by a borehole. While boreholes are one-
dimensional, dipmeter data allow to describe 3-Dngetry
of sedimentary units, and bring crucial informatiom all
processes involving changes of orientation in sedim
bedding, such as deposition in flows (e.g. Luthid an

Banavar, 1988 ; Hocker et al., 1990; Donselaar and
Schmidt, 2005), deformations during and after
sedimentation (e.g. Hesthammer and Fossen, 1998),

differential subsidence. It is noteworthy that thebanges
of orientation occur at various space and timeesgadnd
that their effects are merged in a single record.

The word dipmeter refers only to dip measuremeans,
little has been done to fully use these three-dsiwaral
measurements. The classical tadpole graphical ajispt
dip and azimuth as a function of depth (Serra, 1989
underlines the dip variations, but azimuth variagicare
difficult to read. Interpretations often used mugirdip
variations (Gilreath, 1987 ; Serra, 1989). Simiarl
processing methods either used only dip measuresment
(Hurley, 1994), or are restricted to a given sdpleint to
point analysis : Berg, 1998 ; folded structuresenson,
1981).

In this article, we present a new method, named
TrackDip, to process bedding attitudes from outsrap
order to identify at various scales the successinanges of
orientations in a sedimentary section. While desilyto
process dipmeter logging data, we tested this ndetima
field example, in the Eocene foreland basin of Ains
(Spain). This test allows a direct comparison betwe
interpretations from dipmeter analysis and outcrop
exposures.

2. TrackDip processing of dipmeter data

The processing methodology described herein is a
formalized version of the empirical process usedhbgile
(2000) on logging data. Annexes 1 to 4 present the
successive stages of processing for the three edatas
analysed in this paper.

The dipmeter data set consists in a series of
measurements of elevation, azimuth and dip angle of
stratigraphic bedding surfaces (e.g. Annex 1). €ssing is
based on a multi-spectral analysis, where the cmmj
bedding attitude are compared and tracked betwagous
scales (Figure 1). It is important to note thas ftiocessing
only applies to stratigraphic surfaces. It has reaning if
sedimentary beddings and tectonic structures axedrin
the dipmeter data set.
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2.1 Investigated windows

A given scale (e.g. 1 m) defines a window size (Inm
this example). For this given scale the data setuisin
successive windows, positioned symmetrically bgmefice
to the centre of the depth interval (e.g. elevererrscale
windows from 10 to 21 m for a 10.25 - 20.75 m in&d).
The positions of windows depend only on the scabk@n
the position of the first and last data. The upged lower
limit of each window define its position.

2.2 Best planes

In each window, we compute a best plane, i.e. @naae
of the bedding plane orientations contained in wirgdow.
Most of the time, this best plane has no geological
meaning, as it may average data from distinct atjmrs
like above and below an unconformity. For the serall
scales, there is only one data in most windows,vemdise
this data as the best plane.

2.3 Tilts

A change of attitude (tilt) is then calculated begéw two
successive and adjacent windows (Figure 1, AnnexXg)
for the best planes, computed tits may not have a
geological meaning, as they may mix together sévera
independent geological tilts. Each tilt is definbd the
trend of the rotation axis, a rotation angle, antitavay
(Annex 2) ; it is located by the position of thenii between
the two consecutive windows. Defining the rotataxis
only by their trends restricts this processing toderately
dipping (less than 45°) sections. The tilt way éfinkd by
the azimuth of the lower plane when both upper lamgbr
planes are rotated to bring the upper one horit¢higure
2A). It is important to notice that the tilt way @® not
indicate absolute but relative tilt, by referenoghe upper
layer. For example, depending on the dip of thecugyer
at the time of sedimentation, a similar tilt waytrds East
can be interpreted either as a dune dipping Edstvban
horizontal surface, or as an horizontal surfaceoweh
dipping West prograding clinoform (Figure 2B).

2.4 Tracking rotations

Investigation scales vary from the smallest deptirival
between two data (often at centimetre scale), ubdasize
of the depth interval for the whole data set (femst to
hundred meters). In order to make the comparistwdan

the various scales easier, we used an arbitragd fiatio of
10>! between consecutive scales, investigating terescal
between 10 centimetres and 1 meter, between 1 rapter
10 meter, etc. Computing the tilts between allddg@cent
windows for all investigation scales results in rixas of
rotation axis trend, rotation angle, and tilt wayaafunction
of depth and window size (Figure 1, Annex 2). Tiagk
rotations is a process that identifies the moshiBaant
tilts in these matrixes.

Whatever the scale and the geological processeaesy
tilt can be considered either as a sudden tilt ighaof
orientation between two data) or as a graduahtidiund a
single rotation axis between more than two databdth
cases, we call this tilt ‘event’, and ‘noise’ thiner changes
of orientation, that can be instrumental errors the
adjacent geological event. This terminology appitesach
tilt, which is an event by itself, and a noise édher tilts. A
random noise has a random distribution around anage
value, and the best plane does not vary signifiggfrmm
this average value when the window size increases.

2.4.1 Sudden tilt
2411 Best measurement

For a sudden tilt, the event is correctly measured
when it fits the boundary between two windows. fis
position and for random noise, the best measureofent
the tilt can be obtained for the widest windows,ickh
represent the best average. If the noise is ndoranand
results from neighbouring events, then the best
measurement of the tilt is obtained for the widest
windows that do not cover the adjacent events.

24.1.2 Best location

In fact the main problem is that the position oé th
event is not known in advance. If a window straddhes
event, it contains data from the two groups sepdrat
the tilt. Its best plane differs from these two s, but
the tilt between this best plane and each of the tw
groups has an axis similar to the searched tittsmaller
rotation angle. Consequently, theent may be identified
by constant parameters (axis trend, way) for variand
successive window sizes. As the rotation anglecases
when the mixing between the two groups decreakes, t
best location is obtained for the highest rotatogle.
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Figure 2. A : a single sedimentary structure majdeetified by two tilts with opposite tilt waysilTsymbol as in Figure 3 to 9 and 15 to 17.
B : various interpretations of the same tilt : tiftentay does not give indications on sedimentamfastes intersection ; the same tilt way can

correspond either to downlap or toplap, but alscutved surfaces.

2.4.2 Gradual tilt

Gradual tilt can be considered as a succession of
adjacent sudden tilts with similar rotation axislamys. In
this case, the best location match the whole sedf#cent
windows, at the scale where the sum of rotationesnip
maximum. Then the best measurement consists in the
average rotation axis and ways, and rotation aigylhe
sum of rotation angles.

2.4.3 Process
The significant events are tracked from the largest
the smallest window sizes, searching rotations

characterized by significant rotation angles (>, 3tnilar

axis trend and similar tilt way in the same deptterivals.

We consider trends to be similar at + 20°, but Waikie, as
the rotation angle cut-off, can be modified (selbes 3).

We retain only as significant events the rotatitet can
be tracked in at least three successive windovs sidgout

similar data sets (Annex 3). For a given scale, wiveo

successive tilts (i.e. three successive windowsg Isamilar

axis trend and tilt way, we define the tilt by theerage
trend and by the sum of tilt anglésmong all the rotations
tracking a single event for various window sizes, netain

arbitrary the higher rotation angle (Annex 4).

3. Methodological tests (Table 1)

In this section, we present few tests of TrackDip
performed on synthetic data sets. Each data sdhiosn
200 measurements in a 100 m-thick section. Thehdept
each point has been randomly distributed withins thi
section.

3.1 Testl(Figure 3)

In this test, a single unconformity occurs betw#20.28
and 121.16 m. The unconformity represents a 7.18° t
around a rotation axis trending N53.6°. In this ragpée,
TrackDip perfectly localizes and measures the e{Eaible
1). As expected, the maximum rotation angle is fun
where the boundary between two windows fits thetldep
the unconformity. As there are no other changes in
orientation, the unconformity is the only eventritifed by
TrackDip.

3.2 TestAFigure 4)

Test2 is similar to Testl, but with a random chan§e
orientation on each data. Dips are randomly madifiel®,
and azimuths are randomly modified = 4°/sin(diphe3e

changes approximate a random distribution around an
average orientation. The resulting tilts betweeja@eht
data that belongs to the same group (above or btdew
unconformity) are smaller than 12°. As for TestackDip
localizes and measures the unconformity, with allsma
difference for the rotation angle, and a very small
difference for the rotation axis trend (Table 1)th&
events are also tracked for smaller window sizes, far
smaller scale ranges. These events are relatdue toost
important random changes of orientation, like tme @t
142 m (Figure 4). They are tracked for small windsizes,
when windows contain only few data (usually lesanth
seven). Around 154.5 m, a double event is tracketh
similar rotation axis and angle, but with oppositays
(Figure 4). This double event can be related tmgle data
located between them, which is significantly diéet from
the neighbouring data.

The same Test2 has been processed using various cut
offs (Figure 4). Decreasing the minimum rotatiorglan
from 4° to 2° does not change the tracking of the
unconformity, but tracks an increasing number ofléen
events, almost all for small windows containingslelsan
seven data. On the contrary, reducing the allowethge
of rotation axis from + 30° to + 10° reduces themer of
tracked events, and the continuity of tracking. &mmple,
for a £ 10° change, the unconformity is not ideatfby a
single track, but by two tracks at the same depthfor
different window scales (Table 1).

3.3 Test3 and Test(#igures 5 and 6)

Test3 and Test4 are also similar to Testl but digs
randomly modified + 8° and + 12°, respectively. iziths
are randomly modified + 8°/sin(dip) and + 12°/siipd
respectively. This increases the changes of otiens
related to the random distribution to more than &3 30°,
respectively. Consequently, an increasing numbetiltsf
are tracked, and they are not restricted to smaitiow
sizes (Fig. 6). Increasing the random noise alsvemdhe
identification of the unconformity to wider windowand
decreases the precision of both localization
measurement (Table 1).

and

3.4 TestyFigure 7)

In this test, we introduced a gradual tilt, thenadaere
randomly modified (Table 1). The gradual tilt is lwe
localized and measured by TrackDip, but for wider
windows than the interval where the tilt occursi{ieal),
because the best computation requires the adsom of
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Introduced Cut-offs Observed
Figure Type Depth Angle [ Axis | Random | [ Tilt angle| Axis Depth Window | Angle | Axis
of tilt (m) ) ) noise ®) trend (m) scale (m) ®) ®)
)
Testl 3 Sudden 120.72 7.78 53.6 0 4 30 120.76 2 7.78 53.6
Test2 4 Sudden 120.72 7.78 53.6 +4° 3 20 120.8 2.52 9.15 54.9
3 10 119.95 19.95 7.54 55.5
120.7 0.79 8.6 48
Test3 5 Sudden 120.72 7.78 53.6 +8° 3 20 119.76 19.95 8.64 51.5
Test4 6 Sudden 120.72 7.78 53.6 +12° 3 20 118 15.85 8.24 85.8
(94.22-141.77)
Test5 7 Gradua 169.7-173.7 15.69 94.9 +4° 3 20 171.77 6.31 15.56 87.2
(162.31-181.24)
Test6 8 Sudden 112.8 11 75 0 2 30 112.8 0.398 11 74.8
Gradual 124.87-131.25 15 348 0 127.6 2.512 12.88| 351.93
(122.6-132.6)
Gradual 131.25-136.16 15 348 0 133.85 2512 11.92| 352.2
(130.1-137.6)
Gradual 144.17-154.5 5 240 0 150.2 12.59 3.8 237.8
Sudden 183.38 17 200 0 166.01 31.623 | 20.36 | 207.15
(118.6-203.4)
183.64 0.631 15.77 | 197.9
Test7 9 Sudden 112.8 11 75 t4° 2 30 110.48 7.943 12.7 78.25
(98.57-122.4)
Gradual 124.87-131.25 15 348 t4° 127.64 5.012 13.03| 3411
(120.13-135.16)
Gradual 131.25-136.16 15 348 t4° 133.83 1.259 12.46| 348.95
(131.94-135.72)
Gradual 144.17-154.5 5 240 +4° 152.71 2512 3.53 270.9
Sudden 183.38 17 200 +4° 166.01 31.623 | 19.78 207
(118.6-203.4)
183.4 3.162 16.7 188.5
(178.66-188.15)

Table 1: Introduced tilts in tests 1 to 7, and Hssi@bserved columns) of TrackDip processing. Ramdoise applies to dips. In column ‘observed deptirentheses indicate the interval where thestilt

measured, when measured in three or four adjadedbws. Otherwise, the interval is the observedliephe window scale. See text for comments.

4



Marine & Petroleum Geology, accepted

100 3 é
120 T - — P\ V i U
trend axis: 53.6°
tilt angle: 7.78° N
140 %
g
=
&
<
160 } i
180
tnlmd of
ultaxis  downward
tilt
® O, ©|© T
200 ‘ 1 L ) I 1 1 lllllll 1 L Lkl LL
0 20 30 40 50 60 120 180 240 300 10 20 30 40 50 1 100
dip (°) dip direction (°) dip (°) investigated window (m)

Figure 3: Testl: Display of data and TrackDip resuA : tadpole representation of bedding attitudesazimuth of beds. C : dip of beds. D :
TrackDip results : the tracked tilt event (thiclegiine) is shown as a function of the investigat&ddow size (logarithmic scale). Tilts are
shown for each investigated window ; the boldisiltetained as the most significant tilt for thectkted event (see text and Figure 1). Cut-offs

are 4° for the rotation angle and * 30° for thation axis trend.

data that are outside the tilting interval. Whempared to
sudden tilts (Figure 4), the gradual tilt is tragkenly for
wide windows, because differences of orientatiotwben
adjacent data are small, and below the angle dutoof
small-size windows. Some of these small-size wirglow
identify parts of the gradual tilt, with similartedion axis
but smaller rotation angles (Figure 7).

3.5 TestqFigure 8)

In this test, we introduce several tilts in the sadnterval.
Two of them are sudden tilts, three are gradui (ifable
1 and Figure 8). The three deeper tilts have simitation
axis and the same tilt ways. As for Testl, the eudilts
are perfectly localized and measured for the srmialle
window size. However, at large widow sizes, theeé¢hr
deeper tilts merge together in a single and moreoitant
tilt, which is not representative of a single eydntt of the
large-scale effect of three events. As seen fort5Tes
gradual tilts are best identified at scales latpan the tilt
intervals.

3.6 TestqFigure 9)

Test7 is similar to Test6, with a random change of
orientation on each data. Dips are randomly madiifiel®,
and azimuths are randomly modified + 4°/sin(dips f&r
Test2 compared to Testl, there are numerous tracked
events related to the random modification. The five
introduced tilts are localized and measured likeT @st6,
but for wider windows, containing more than 7 d@table
1).

3.7 Synthesis

From these tests, it appears that TrackDip cogrectl
identifies, localizes and measures single or nleltigts,
either sudden or gradual. Sudden tilts are easietetect

5

than gradual tilts, that requires lower cut-offsidg the
processing. The identification is easier for wid@dows ;
the localization and measurement occur at narravdews
with no or limited random changes, and at widerdeins
when the dispersion of orientations increases. Hewehe
size of the windows can not be used as an autoroatic
off : the events tracked for small window sizesséxin the
presented tests, they are related to random dispecs
orientation, but in real studies they can be relatesingle
geological events. Anyway the most significant dsen
always appear as those that can be tracked in @mmax
of consecutive scales.

The main limit of TrackDip is that it does not pess the
superposition of tilts. When similar rotations alesed one
to another, they are correctly identified at smailhdow
scales, but combined at large window scales. Silyjla
superposition of tilts in the same interval mayaveraged
at large windows. For example, meter-scale syn-
sedimentary tilts can be deformed by a later fgdat a
kilometre-scale. TrackDip can identify both tilts aoth
scales, but the meter-scale measurements reflest th
superposition of the two tilts.

4. Field test

In the following section, we present a field apation of
TrackDip, to perform several geological tests :

- Efficiency : does this method correctly localiaad

measure the sedimentary or structural structuresrebd

on the field ?

- Reproducibility : does this method give similasults

when performed in similar sections ?
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Figure 4 : Test2: Display of data and TrackDip tesstA to D : same legend as for Figure 3. In Bg tnly tilt shown in bold is the most
significant tilt for the tracked event that correegs to the introduced tilt. The other shown tits discussed in the texthe dotted line
indicates the size of the windows containing sedata. Cut-offs are 3° for the rotation angle an2i02 for the rotation axis trend. E to H :
same legend as for D, with different cut-offs & :and + 30° ; F : 3° and £ 30° ; G : 3° and £ 16F: 4° and + 30°). See text for comments.

- Predictive ability : is this method able to idénta
structure not observed directly in the logged segtbut
in its vicinity.

4.1 Geological background

The studied sections are located in the Ainsa basin
which represents with Tremp and Jaca basins therieoc
foreland basin south of the Pyrenean belt (Puiditetsas
et al., 1991 ; Figure 10). Lithospheric flexure ucdd an
increasing subsidence towards NorthEast to North-
NorthEast. During basin formation and infilling, eth
development of a thrust ramp (Sierra de Montsedyiéed
an East-West trending drainage, and the developmint
the important Sobrarbe delta feeding the Ainsa meari
basin from the South East (Figure 10, Dreyer et18199).
The propagation of the lateral thrust ramps inducgic-
basinal North-South-trending growth anticlines,nfr&cast
to West, and from the oldest to the youngest : iedl
Arcusa, Boltana anticlines (Figure 10). These é&ngs
locally imposed a north-northwestward progradatbihe
delta. Finally, the Ainsa basin has been unconfbiyna
covered by Middle to Upper Eocene continental sedis
of Jaca basin (Figure 10).
The studied sections belong to the proximal parthef
Sobrarbe delta, at the top of Las Gorgas composite
sequence (Dreyer et al., 1999) : the shallowerefacre
nummulitic limestones, either in situ or resedineehin
submarine dunes or sand channels in the delta felserg
deeper facies are siltstones and mudstones from the
prodelta. In the studied area, the delta front basn

affected by large-scale collapses. Dreyer et a@99)
interpret these collapses as a result of tiltingrenflank of

a North-South-trending Arcusa growth fold, althougky
notice that tilting seems to occur towards North-
NorthWest.It is noteworthy that the Boltana anticline was
not well-developed at the time of deposition of gedied
sections, but appeared more recently as a growth fo
Callot et al. (Submitted) identified three slidisgrfaces
(S1 to S3) in the studied area (Figure 11). S1 &A8d
truncate the underlying sediments, with marked &rgu
unconformities (Figures 12 and 13). S1 and S2 are
associated to numerous normal faults and clasteslyhat
indicate northwestward slides (Callot et al., subedi;
Figure 14). From the orientation of S3 and its shimg
towards north (Figures 11 and 13), a northwardeslgl
postulated for this surface (Callot et al., subeoi}t

4.2 Measurements

On three outcrops, we systematically measured ablail
and accessible attitudes of beds along three ssctio the
right bank of Rio Ena, between barrancos Mazana and
Solano (Figures 11 to 13). The measurements were
reported on a vertical log. Elevations are givemdfgrence
to the first measure of the section. The error ba t
difference of depth between two consecutive measisre
estimated to 20%. As we measured all observed bed
surfaces, measurements are closer in sandstonese whe
individual strata are centimetre- to decimetrekhiban in
mudstones where clear beddings are sparsd, aiten
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separated by several meters. Consequently, sanmmpliags than the observed variations of azimuths (more B@%)
not constant, and the changes of attitude have ttudied and dips (more than 40°) (Figures 15 to 17).

at various scales.

Section | (Figure 15) is a 74 m-high E-W sectiocalied

We repeated some measurements ten times to estimate just North of barranco Solano (Figure 11). The ttber
instrumental errors on azimuths and dips. The a&eera Sections are located 400 m North of Section | (Fagld),
standard deviations are 2.5° on azimuth measursment and define two perpendicular sections across a daline
(between 1.25° and 3.34°), and 3.7° on dip measemé&m N-S and E-W for Sections Il and I, respectiveBigures
(between 2.13° and 5.09°). These errors are clsanbller 16 and 17). These two sections are close one tthano

and several strata (A to D in Figures 16 &n) can be
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correlated. The two sections share the same measute decimetre- to meter-scale sliding scars. In Sestibrand
for strata E at the top of the hill. Above stratati@® upper lll, sedimentary dikes were also observed at thee o A
parts of Sections Il and Ill are lateral equivateof the sandstones, along S2 sliding surface (Figure liallly,
first ten meters above the S3 unconformity located7.5 the large-scale changes of attitude are often asdcto
m in Section I. pinching-out beds, some of them clearly associatethe

In these three sections or in their vicinity, wesetved main unconformities S1 and S3 identified in theaare

several structures associated to changes of bed (Callotetal., submitted) (Figures 12 and 13).

attitude (Figures 15 to 17): sedimentary structuese

mainly cross-bedding in sandstones ; syn-sedimgndar 4.3 Results of TrackDip process
syn-diagenetic normal faults currently occur in istades. 4.3.1 Artefacts

Some of these structures appear in three dimenssns

9
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- The right parts of Figures 15 to 17 display tiftng
events computed by TrackDip from the variationsbetl
attitude in Sections | to Ill, respectively (Annexg and 4).

0°10'E |:|
Lower-Middle Eocene
l:l platforms and deltas
Lower-Middle Eocene
- undifferenciated detritics
- ante-Eocene

A4 thrust fault
<«—>» anticline axis

Middle-Upper Eocene to Oligocene
non marine detritics

Pyrenean belt

sedimentary input
in Sobrarbe delta

Montsec Sierra

25 km

Figure 10 : Simplified geological map of the cehpart of the
spanish Eocene foreland basin (modified from FetearBellon,
2004). The box locates Figure 11.

We refer to these rotations by the Section number

followed by the tilt number (e.g. I-7). In the tkreases, the
characteristic scales of identified rotations afecourse
constrained by the distance between

characteristic scales vary from 1 to 10 meter, aviiey
can be as small as 10 cm in sandstones. With
restriction, the dipmeter logs appear as a sucnessitilts
at various scales. However, some of these tiltschrarly
related one to another. We exemplify these cas&gdtion
| (Figure 15), but they were observed similarlytie two
other sections :

- In some cases like 1-69 and I-152 (elevation 7 an)l-
193 and 1-229 (elevation 24 m), TrackDip identifizgo
similar rotations at different scales but for thame

consecutive
measurements : in mudstones where bedding is sparse

this

elevations. As in Test2 (see above), this indicaes
interruption of tilt tracking, due to too restriedi cut-offs.
However, these two rotations correspond to a sitiffle
event which location is best indicated by the sewll
window size.

- A peculiar feature occurs when the
progressively rotates when the window size deceaseh
as for I-7, 1-13 and 1-48 (elevation 24 to 30 mhis
indicates a progressive change of preferred otientavith
scale : smallest scales (< 1 m) correspond to keiding
rotation, while large scales correspond to E-W dieg
rotation. As in Test6 or Test7, this change ochgsause
large windows merge several individual tilts thatur at
smaller scales.

4.3.2Section | : various scales

Taking apart the variations associated to thessfaaits,
the tilts of Section | can be sorted as follow (Fiy15) :

At scales larger than 25 m, two perpendicular tite
observed. Both tilt ways indicate eastward dipthanlower
part of the section, consistent with the decredisipowith
elevation in the section. However, tilt trends elifbetween
the lower part of the section (I-1, trending N3@#fd the
upper one (I-2, trending N140°). I-2 rotation iraties a
progressive tilt from 46 to 76 m, which is bettefided at
a 10-meters scale.

At 10-meters scale, we observe three successitge: til
below 25 m, two tilts (I-9 and 1-3) with similareind
(N160°) but opposite ways; in the 20-35 m-interval
southward tilt I-7 is E-W-trending ; finally in thepper part
of the Section (above 35 m), N140°-trending tiltscur
with alternative tilt ways (I-10, 1-6, I-2).

At smaller scales, the variability of the intervakstween

consecutive measurements precludes a description of

consecutive tilts. However, we observe only fewfgnred
tilt orientations : in the lowest part of the Sedti two
consecutive and opposite tilts (I1-15 and |-124ndreNE-
SW at few meters to few decimetres scales. ElseayieiS
trending opposite tilts prevail at the smallest lesa
including less than 10 cm-scales. Most

tilt  axis
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Figure 11 : Location of studied Sections | to Figures 12, 13, 15 to 17) and main sliding strieguS1 to S3, according to Callot et al.,
submitted). S1 and S3 in grey where hidden. Elemdti meters.

NNW SSE

|

Figure 12 : Section | outcrop, located on Figure Ripmeter measurements follow the dashed line;lthvest part of the section is not
visible on this picture. The main sliding surfa@ksand S3 are underlined, together with stratigeaptarkersa and (Figure 15). View to
the south east.

WSW Boltana anticline

Figure 13 : Sections Il and IIl outcrop, locatedFigure 11. Dipmeter measurements follow the dadimed. The main sliding surfaces S2
and S3 are underlined, together with some stragigcamarkers (A, C to E, Figures 16 and 17). Notiee changes of thickness between D
and E. View to the north, Boltana anticline in treeckground.

these rotations are first (from bottom to top) wastl tilts, sub-parallel beds enclose oblique beds, as cratdifize
then westward (e.g. 1-34, 1-152 and [-69 followgumard between horizontal beddings (Figure 2A).

by 1-43, 1-9 and 1-27). E-W trending tilt axes appén the

25 to 48 m interval (e.g. I-63 at 41 m or 1-22 &t ). 4.3.3 Section | : comparison with field observasion
Finally, many successive tilts indicate similarat@in axis At all scales, several identified tilts perfectlit the
and angle, but opposite tilt ways (e.g. 1-15 anti24, structures observed on the field :

elevation 2 to 5 m; 1-27 and 1-3, elevation 12%m ; I-10 In the sandstones, the observed cross-beddin@423.8
and I-6, elevation 38 to 46 m). These pairs indichat two m in Section 1) are dune-like structures, with qbé beds

11
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dipping East between paleo-horizontal surfaces fgure
18). These structures fit the identified N-S trewgtilts at
the same elevations (1-143, 1-193 and 1-229, 1-223)4, |-
212). Tilts with similar trends are also identifigd other
sandstone beds where cross-bedding was not directly
1-69,

observed (I-152, 1-43, 1-9 in the 7-b@interval ;

feid

Figure 14 : Sedimentary dykes in the mudstoneswbelo
sandstones A and sliding surface S2 (located ini®ec!l and
I, Figures 16 and 17). Stereographic projectidfu(ff net, lower
hemisphere) of the dykes measured in the samegstiattic
layer. Notebook (17.5 x 11.5 cm) for scale. Loaattagure 13.

I-245 and 1-157 in the 25-27 m interval). All these
observations indicate a westward transport of fietri
particles in this part of the delta.

At a larger scale, nummulitic limestones are
systematically associated to NNW-SSE trending ianat
with an ENE tilt way (I-3 at 14 m, I-2 in the uppaust part
of Section I).

Finally, pinching out and unconformities are well-
identified : S1 and S3 sliding surfaces are sindyilar
identified by E-W-trending tilts (I-49 and 1-109na I-22,
respectively), with the underlying beds truncategd &
north-dipping unconformity. The same E-W-trendirilg t
(I-63 at 41 m) is observed associated to pincloingat a
smaller scale between the two surfaces. Howeveralls
scale and large-scale pinching out overlying S1 SBdre
mainly characterized by similar NW-SE-trendingstilttilt
I-10 fits the 38-40 m pinching out associated to S1
unconformity, with similar NW-SE trend and tilt wag for
rotations 1-3 (10-20 m) and I-2 (46-74 m), whiclpresents
the large-scale wedge overlying S3 unconformityg(Fé
12). 1-9 (10 m) and 1-6 (45 m) share the same NWaSis
but with an opposite tilt way.

On the contrary relationships between identified
tilts and small-scale paleo-scars are not obvidhe trends
of rotation axis do not clearly fit the orientatiof sliding
surfaces (Figure 15) : I-34 at 6 m trends N25° e
sliding surfaces strike N125° to N-S; |-72 at 18mends
N145° while the sliding surfaces strike N-S and N7At

12

24 m, the sliding surfaces strike N-S, paralleirtany N-S
trending rotations that can also be attributed toss
bedding. At 37 m, I-101 trends N-S as sliding stefa
observed laterally.

4.3.4 Sections Il and Il

In lower parts of Sections Il and Il (Figures 1i6dal7),
the large scales (> 7 m) indicate tilts trending-S\ (11-8
and 11-12) and N-S (llI-11, IlI-1 and 111-12), resptively.
Similar NW-SE-trending tilts occur in the upper tsaof
both sections (1I-13, 11-15, 11-3 ; I1I-13, 111-8]I-5).

As in Section |, numerous structures observed @n th
field are directly identified by significant tiltsin the
sandstones, tilts in the observed cross-beddingstlie
trending N-S (1ll-72 and 111-141, 111-41 and [lI-9& the
11-15 m interval) or NNW-SSE (E strata in Sectitinsnd
[ll). Several tilts fit the location and orientatioof the
observed small-scale paleo-scars (I1I-67, IlI-44 &ih-13,
[11-8 at 22, 26 and 37 m, respectively) or nornallts (I11-
53 at 1 m), while others (lI-15 and 11-29, 1I-2434 and 34
m) are oblique or perpendicular to the orientatibipaleo-
scars. The sedimentary dykes striking N40° (FiglL4g
that underlie S2 surface are also well-recordedbath
sections (11-44 ; 111-26, 11I-71 and 111-88). Finlgl the
unconformities located at 9 and 11 m (S3) in Sectio
correspond to E-W-trending tilts (11-45, 11-22 ateB7, 1I-
27 and 11-38).

As the same data set has been used in the uppgparost
of Sections Il and Il (strata E), it representgomd test to
investigate how the change of position of the itigased
windows (which is linked to the depth frame) inflwes
the identification of significant tilts : becaudeetposition
of the investigated windows differs in the two $mas, the
tracked tilts are not exactly identical. Howevemtt
Sections display a similar succession of tilts, thee same
strata, with similar trends, angles and tilt walt 11-119
is the only exception, as it is not observed inti®aclll,
where the change of position of the investigateddeivs
makes the rotation angle too small to be retained.

4.4 Interpretation

Dipmeter processing in the three investigated cesti
shows that this method is able to detect, localrel
measure the sedimentary (cross-bedding, unconfgyrmit
tectonic structures (sliding structure, scar, ndrifaalt)
observed on the field at various scales. Obvioustis
identification does not allow directly identifyingnd
naming each type of structure, but provides infdiomaon
the geometry of the structures, and allows diserating
by their orientations structures that can appearpavable
on the field. Furthermore, it appears that evenrwhe
peculiar structures were observed, the bed atstuidenot
vary randomly, but their tilts have preferred otadions
that can be ascribed to specific processes idedtiin
other parts of the section. Finally, there are semidences
of reproducibility : in the studied sections we ebh®
similar evolution for two close sections (Il andl),ll
especially where the lateral continuity is cleaet{een
strata D and E), but also in the upper part of iBect
Because of shift in the position of investigatechaddws,
there are only slight changes in the results foatastE
between Sections Il and Il
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Of course, dipmetry processing can not be useckaks comparison with other data easier. On the fields th
it does not provide by itself a geological intetptmn of method can be time-consuming (for systematic
the changes of orientation. But the fact that thesenges measurements along a section), and lacking precisio
of orientation are specific to some scales makes th  (because of compass measurements). On the conimnary,
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Figure 15 : Sedimentary and dipmeter (dip direcdod dip) logs for Section |. Strataand and sliding surfaces S1 and S3 are located on
Figure 12 ; S1 and S3 are also mapped on Figur&ti lateral equivalent of the upper part of Sextith (above S3) and Il (above layer C)
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is located above S3 surface. On the righten plirttatcking (grey lines) as a function of investigd window size, and identified significant

tilts from processing of dipmeter data (cf. textidfigure 1). The dotted line indicates the sizéhefwindows containing seven data. Tilts are
referenced by a number attributed during trackitigey are referenced in the text by the Section rmurahd the tilt number (e.g. I-7) ; circled

numbers exemplify the structures drawn in FigureSitBreographic projections : Wulff nets, lower sphere.
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Figure 16 : Section Il. A to E are common stratinia markers in Sections Il and Ill. Strata A antbCE and sliding surfaces S2 and S3 are
located on Figure 13 ; S2 and S3 are also mappé&dpome 11. Same caption as for Figure 15.

drilled borehole, as dipmeter tools provide fasd an
precise measurements, and moreover allow a systemat
survey of bedding attitudes in thicker sedimentagtions,
the processing method used herein may be a usefuta
integrate and interpret structural measurementf Wit
other logging records.

For the specific study of the gravity-driven sturets in
the Sobrarbe delta, the dipmetry results can lerpreted
quite simply as a combined effect of sedimentamyuia
and large scale tectonic deformations. In the tistedied
sections as in adjacent places, all evidencesgredhect

(dunes,

cross-bedding,

flute-casts) or from dipynetr

analysis (N-S-trending tilts in sandstones : 1-182102,
I11-72...), indicate a westward clastic transport.efd are
only small-scale evidences of N-S-trending gravditiwen

14

sliding (e.g. IlI-13 and IlI-44) that were probably
controlled by sedimentary overloading. These sedime
deposited north of the northern termination of HieS-
trending Arcusa anticline, and west of northermiieation
of Mediano anticline (Dreyer et al.,, 1999 ; Figute).
While detrital displacement was controlled souttdvay
the N-S-trending Mediano and Arcusa anticlines, the
westward transport in the studied area probablicatds a
change of orientation of the transport network ehtre
Arcusa anticline disappears (Figure 19). An altdvea
hypothesis can be an independent detrital networkirg
from the uplifted westernmost part of Tremp basiigre

5 in Dreyer et al., 1999), crossing the northermiration
of Mediano anticline, and converging with the mdiita
north of Arcusa anticline (Figure 19).
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The large scale tectonic deformations are bestateld

by E-W-trending tilt axis, associated to S1 and S3

unconformities in Sections | and Il (1-49, 1-22 aheB7).

These slides can be interpreted either as resuitimg the

regional northward tilt of the flexural basin, orora
probably as the southward uplift of the growing ésa
anticline (Figure 19). For these two sliding suefsicthe
recorded tilts in the studied sections aredweral orders

trend of
tiltaxis  downward
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|| E=] calcareous marls | 4 = oblique bedding

[=—=] mudstones g () observed laterally

" |

}—> tilt

tilt = 10°

J

LLLLLLp

/M x
A (10T

T

0 60

\ \. e 7

\ /\/\I/\\ ™

L
\
L

=

—

63 31 __/}

Ll

dip direction (°)

120 180 240 300 O

10 20 30 40

dip (°)

50 60 70

137 ,,{.}g/
L1111 ' i L1l
0. 84 53X1 10
investigated window (m)

Figure 17 : Section Ill. A to E are common strajgnic markers in Sections Il and Ill. Strata A &b E and sliding surface S2 are located
on Figure 13 ; S2 and S3 are also mapped on Figur8ame caption as for Figure 15.

larger than the regional tilt that can be inducgddiding
or foreland basin flexure: these mechanisms cagyeri
gravity-driven instabilities, inducing locally syeslopes.

A combination of this northward regional tilt wita

westward sedimentary transport may generate a NE-SW

striking slope at the edge of the delta. This NE-SW
direction is mainly recorded by large scale tittghie lower
parts of Sections | and Il, but also by extensiatalctures
(normal faults, some small-scale scars, sedimemtgkgs),
especially associated to sliding surface S2 in iGestll
and Il (Figure 19).
Finally, it has been observed a significant, wilet
systematic, difference between tilt axis trend aswér

15

strikes. As proposed by Callot et al. (submittethis
difference may be due to the curvature of slump.sSthe
arcuate fault may range from perpendicular to fiding
displacement (in the centre) to parallel to it {ba edges).

A good example is given by the structures obsente80

m in Section 1l (Figure 16), where normal faults
accommodates a WNW-ESE extension, but where the
overlying sliding scars observed just above stEKé/, and
probably represent the edge of an arcuate strudturthis
case as at larger scale in the upper part of tiheeth
Sections, the associated NNW-SSE-trending tilt adn
represent the structures associated to the edd¢NyY-
SSE elongated sliding surfaces S1 and S3 (Figuje 19
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Furthermore, the large-scale NNW-SSE-trending tilt  infilling from the side the depressions formed gyious
associated with nummulitic limestones in Sectioard it gliding.
ENE tilt way can be interpreted as the record of th

southwestward progradation of the overlying mudsson
{5 5 4 b ‘ i :

&

Figure 18 : Submarine dune built by an accumulatibNummulites (white dots). Lateral equivalentsafhdstones, elevation 48 m, Section |
(Figure 15). Compass for scale (9 x 10 cm). Locafigure 12.

uplifted
anticline

infilling: 1-2,11.3,
1118, I1-15, 111-13, [11-5

etritic input: \ =
-152,11:102, 111-72...

30 km

30m

Figure 19 : Schematic 3-D view of the main typestodictures observed and deduced from dipmeter Mgsbers refer to examples of tilts
associated to each type of structure

5. Conclusions sedimentary input from east to west, regional tibwards
North triggering the main gravitational instabéii, and a
While needing a careful interpretation, the propose NE-SW local submarine slope.
TrackDip processing method of dipmeter data appeds
able to detect, localize and measure the structures

independently observed on the field. Because thathoud Acknowledgments
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Annexes

Annex 1 : Dipmetry measures (dip direction, dip,
elevation) for Sections | to Ill.

Annex 2 : Computed tilts for Sections | to Ill.

Annex 3: Significant tilts (displayed as paths in
Figures 15 to 17) for Sections | to Ill.

Annex 4 : Retained tilts (displayed in Figures 15
to 17) for Sections I to lll.
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Section II

window size
(m)
0.02
0.025
0.025
0.032
0.032
0.032
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079

elevation between
two consecutive windowg
(m)
45.43
44.78
45.44
11.76
44,96
45.43
11.77
44,49
44.61
44.73
44,77
44.89
45.09
45.21
45.33
45.45
45.49
45.61
11.7
11.75
32
32.45
32.6
44,48
44.63
44.68
44,73
44.78
44.83
44.88
45.03
45.08
45.13
45.28
45.33
45.38
45.43
45.48
45.53
45.68
8.37
11.72
32.1
32.16
32.35
32.54
32.6
32.92
44.59
44.65
44,72
44.78
44.84
44.91
44.97
45.03
45.1
45.16
45.22
45.29
45.35
45.41
45.47
45.54
45.6
45.66
8
8.4
11.73
31.99
32.07
32.15
32.39

lower window
number
of measures

32.47
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average
orientation

115
145
115
8
155
115
8
170
160
152
145
148
175
158
165
115
141
140
8
8
165
146
159
170
160
145
152
145
172
148
156
175
151
159
165
48
115
141
152
167
132

10
155
142
164
159
171

163.5
145
152
145
172
148
155
156
175
151
158
159
165
48

129.4
152
140
167
142
132

165
10
155
142
146

NE
NE
NE

NE
NE

NE
NE
NE

NE
NE
NE

NW
NE
NE
NE

NE
NE

NE
NE
NE

26
37
26
24
28
26
24
32
37
33
37
32
16
33
30
26
33
52
28
24
25
23
27
32
37
34
33
37
26
32
34
16
23
29
30

26
33
53
30
41
28
15
26
24
27
27
25
36.4
34
33
37
26
32
28
34
16
23
33
29
30

28.9
53
52
30
30
41
26
25
15
26
24
23

upper window
number
of measures
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average
orientation

141
172
141
170
156
141
170
167
145
145
172
155
151
159
48
141
152
167
8
170
10
164
175
167
145
152
145
172
148
155
175
151
158
165
48
115
141
152
140
158
137
177.5
155
141
146
159
175
179
145
152
145
172
148
155
156
175
151
158
159
165
48
129.4
152
140
167
158
162
137
170
10
155
141
146
164

NW
NE

33
26
33
35
34
33
35
36
34
37
26
28
23
29

33
53
30
24
35
15
27
25
36
34
33
37
26
32
28
16
23
33
30

26
33
53
52
28
28
29.2
26
24
23
27
25
30
34
33
37
26
32
28
34
16
23
33
29
30

28.9
53
52
30
28
41
28
35
15
26
24
23
27

tilt angle
(°)
14.45
17.66
14.45
14.02
6.02
14.45
14.02
4.34
9.19
5.66
17.66
5.31
10.51
4.03
34.31
14.45
21.3
27.84
4
14.02
12.95
8.55
7.27
4.34
9.19
3.99
5.66
17.66
12.98
5.31
19.5
10.51
10.51
3.12
34.31
23.95
14.45
21.3
9.57
4.79
13.3
5.18
16.03
6.23
1.88
2.27
7.27
6.21
10.89
3.99
5.66
17.66
12.98
5.31
6.02
19.5
10.51
10.51
4.03
3.12
34.31
28.7
27.98
9.57
27.84
4.79
15.88
13.3
12.74
12.95
16.03
6.23
1.88
8.55

tilt axis

6.4
110.2
6.4
143.6
159.7
6.4
143.6
149.3
39.7
109
110.2
114.3
115.3
152.2
176.1
6.4
162.2
121.1
8
143.6
138.1
35.1
94.5
149.3
39.7
75.7
109
110.2
100.1
114.3
143
115.3
170.8
50.8
176.1
131.6
6.4
162.2
46.2
44.9
124.2
107.9
125.2
37.6
88.3
71.5
94.5
28.3
48.6
75.7
109
110.2
100.1
114.3
159.7
143
115.3
170.8
152.2
50.8
176.1
144.1
166.5
46.2
121.1
44.9
13.1
124.2
137.5
138.1
125.2
37.6
88.3
35.1

SE

NE

24.8
23.3
24.8
17.3
2.5
24.8
17.3
12.5
33
23.9
23.3
19.1
13.9
3.8
6.3
24.8
13.2
22,5

17.3
11.9
21.6
24.7
12.5
33
32.2
23.9
23.3
24.9
19.1
8.6
13.9
8.2
27.8
6.3

24.8
13.2
51.9
26.1
6.7
27.6
13.6
23.4
19.7
27
24.7
15.8
33.8
32.2
23.9
23.3
24.9
19.1
2.5
8.6
13.9
8.2
3.8
27.8
6.3

18.4
51.9
22,5
26.1
24.2
6.7
20.6
11.9
13.6
23.4
19.7
21.6

tilt way
(°)
278
14
278
231
250
278
231
236
135
194
14
20
204
61
88
278
256
21
98
231
46
307
2
236
135
342
194
14
188
20
50
204
262
323
88
222
278
256
142
138
32
197
214
130
356
162

301
143
342
194
14
188
20
250
50
204
262
61
323
88
234
260
142
21
138
287
32
225
46
214
130
356
307
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0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

32.25
32.35
32.45
32.55
32.65
32.95
34.25
44.55
44.65
44.75
44.85
44.95
45.05
45.15
45.25
45.35
45.45
45.55
45.65

8.13
8.25
8.38
8.5
11.78
32.05
32.17
32.3
32.42
32.55
32.67
32.8
32.93
34.31
44.51
44.63
44.76
44.89
45.01
45.14
45.26
45.39
45.52
45.64
8.04
8.19
8.35
8.51
11.52
11.68
32.13
32.29
32.44
32.6
32.76
32.92
44.49
44.65
44.81
44.96
45.12
45.28
45.44
45.6
2.1
7.49
8.09
8.29
8.49
11.48
11.68
32.03
32.23
32.43
32.63
32.83
34.03
34.23
44.6
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141
142
146
164
166.7
171
158
168.4
152.8
152
156.3
151.3
162.2
151
158.5
165
121.5
152
150.4
142
162
166
132
137

165
167.9
141
144
164
166.7
155
171
158
170
163.5
148.5
153.4
155.5
160.9
158.5
149.2
129.4
150.9
142
163.5
132
137
172

174.4
148.3
144
161.5
165.4
171
170
163.5
152.2
151.3
158.6
158.5
132.1
145.3
180
86
153.4
166
134.1
172

165
157.7
144
161.5
165.4
143
158
165.5

=4 =4
mmEgmmagmmwnm

13.7
28.9
44.7

31.5
41
28
29
28
19.6
24.8
23.5
27
23.7
25
32
36.4
32.1
30
24.1
31
17.3
45.9
32
33
35.1

34.5
29
28
25

20.7

23.5
27

23.7
22
33

34.9
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142
146
164
166.7
155
179
55
152.8
152
156.3
151.3
162.2
151
158.5
165
121.5
152
150.4
158
162
166
132
137
134
170
167.9
141
144
164
166.7
155
171
179
55
163.5
148.5
153.4
155.5
160.9
158.5
149.2
129.4
150.9
158
163.5
132
137
134

177.5
148.3
144
161.5
165.4
171
179
163.5
152.2
151.3
158.6
158.5
132.1
145.3
162.6
165
125
166
134.1
134

177.5
157.7
144
161.5
165.4
175.3
158
55
152.2

NE
NE
E

NE

NW
NE
NE
NE
NE

NE

NE

NE
NE

NE
NE

NE
NE

zZ2 =Z
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13.7
28.9
44.7
28
31.5
41
28
35
28
29.2
24.8
23.5
27
23.7
25
30
36.4
32.1
30
24.1
31
17.3
45.9
28.9
37
32
22
34.5
35
28
29.2
20.7
23.5
27
23.7
27.4
33
24
32.1

0.41
1.88
8.55
1.71
5.57
6.21
44.25
8.96
2.31
3.17
2.69
7.23
4.86
8.67
3.46
20.29
36.71
12.8
12.94
15.88
19.11
25.38
13.3
7.17
12.74
5.42
10.77
1.3
9.19
1.71
5.57
6.79
6.21
44.25
5.77
9.08
3.5
111
12.09
11.92
17.56
16.54
20.25
17.24
11.02
20.63
13.3
7.17
7.68
5.18
11.08
2.22
8.22
3.7
2.66
6.21
5.77
7.69
2.2
6.76
6.95
17.13
29.24
19.82
9.83
20.69
14.35
19.21
0.53
7.68
5.18
5.18
5.85
8.22
3.7
5.7
12.92
44.25
7.86

51.5
88.3
35.1
123.8
38.7
28.3
8.1
80.4
161.4
112.5
42.7
116.1
44.1
175.5
91
23.9
162.4
154.8
138.1
13.1
158.5
109.1
124.2
124.7
137.5
155.7
89
77.7
39.8
123.8
38.7
54.5
28.3
8.1
132.3
43
106.4
74.5
148.3
155.2
164.8
115
173.8
142.9
53.9
89.3
124.2
124.7
98.4
107.9
100.7
16.1
35.6
138.9
46
28.3
132.3
28.3
162
128.2
158.1
1.7
150.9
127.2
117.8
18.6
137.4
102.2
129.7
98.4
107.9
12.6
91.2
35.6
138.9
36.2
180
8.1
44.2

NE
E
NE
SE
NE
NE

SE
NE
SE
NE
NE

NW

NW

24
19.7
21.6
18.2
20.8
15.8

18

34

6.1
22.4
28.6
18.4
22.1

10

29
19.9
13.5

3.7
10.3
24.2

18.7
6.7
6.5

20.6
4.3

19.3

21.7

22.8

18.2

20.8

22.7

15.8

18

20.9

325

23.9

30.7
4.3

3.8
7.8
21.1
7.9
30
30.5
6.7
6.5
28
27.6
18.9
18.9
22.4
11.1
20.9
15.8
20.9
27.5
6.1
12.7
0.2
13.3
5.7
17.8
28.9
30.9
11
19.9

28
27.6
12.2
19.1
22.4
11.1
18.8
13.7

18
30.8

321
356
307
30
131
301
103
170
74
18
137
23
137
267
358
118
254
67
44
287
67
197
32
213
225
65
178
345
311
30
131
325
301
103
218
139
12
345
57
245
76
204
268
50
324
177
32
213

197
190
110
307
46
319
301
218
125
74
35
248
95
242
30
204
285
44
191
218

197
105
180
307
46
309
272
103
139



0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.501
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.794
0.794
0.794
0.794
0.794
0.794
0.794
0.794

11.63
12.89
17.64
32.18
32.5
32.82
33.76
34.08
44.52
44.83
45.15
45.47
1.95
5.54
7.53
7.93
8.32
8.72
10.71
11.11
11.51
13.1
13.5
32.21
32.61
33.8
34.2
44.55
44.95
45.35
5.81
6.32
7.82
8.32
8.82
10.33
10.83
11.33
12.83
13.33
17.84
18.34
32.38
32.88
33.38
33.88
44.91
45.41
4.24
4.87
5.5
6.13
6.77
7.4
8.03
8.66
9.29
9.92
10.55
11.18
13.08
13.71
14.34
17.49
18.12
32
32.63
33.27
33.9
44.62
45.25
2.2

3.79
6.17
6.97
7.76
8.56
9.35
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172
165

166.7
148.7
163.1
139
143
170
156.2
155.3
145.8
180
135
86
125
156.4
134.1
133
33
172
165
173
159.8
153.3
139
143
168.4
153.2
159.7
135
112
105.2
156.4
134.1
134
133
33
165
173

176
155.9
160.1
175.3

139
156.9
156.9

135
112
179
86
133.3

145
173
134
133
33

165
173
155

176
165
154.9
170.7
139
165.5
154.7
180
165

128
179
105.2
146.9
147.4

NE

z ZmZm2Z p=4
ZmguommEmMEMEmMmMOEZmm®

z
m

NE

29
35
18
21.5
24.2
24.8
21
22
32
33.4
26.4
24.5
32
36
33
32
30.6
34.6
39
29
29
35
30
21.7
25
21
22
34
32.1
27.4
36
15
31
30.6
34.6
21
39
29
35
30
18
13
22
24.7
27.4
21
33
24.1
43
35
36
15
26
33
30.7
32.6
18
21
39
29
35
30
34
18
13
25
23.1
25.5
21
34.9
29.3
32
37
43
25.1
26
31
31.6
25.3
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0.9
173
176
148.7
163.1
175.3
143
116.8
156.2
155.3
145.8
152.4
165
112
125
156.4
134.1
173
33
172
0.9
173
155
153.3
170.7
143
116.8
153.2
159.7
144.1
112
179
156.4
134.1
173
133
33
178.7
173
155
176
165
160.1
175.3
139
128.3
156.9
146.2

135
112
179
86
133.3
145
173
134
133
33
178.7
173
155
155
176
165
154.9
170.7
139
128.3
154.7
146.8
165

179
105.2
146.9
147.4

134

10

NE

NE

28.7
30
13

24.2

24.8

27.4
22
19

33.4

26.4

24.5

40.3
37
15
32

30.6

34.6
18
29
29

28.7
30
34
25

25.5
22
19

32.1

27.4

31.2
15
26

30.6

34.6
18
39
29

28.7
30
34
13
20

24.7

27.4
21

19.8

24.1
36
35
36
15
26
33

30.7

32.6
18
21
39
29

28.7
30
34
35
13
20

23.1

25.5
21

19.8

29.3

30.9
37
43
35
26
31

31.6

25.3
21

4.31
6.58
5.43
7.48
5.99
6.01
1.77
9.56
7.56
7.04
4.5
16.17
9.83
22.86
20.69
16.24
12.66
23.21
42.89
19.55
4.31
6.58
10.3
4.13
7.42
1.77
9.56
8.49
5.74
8.52
22.86
24.15
25.56
12.66
23.21
18.01
42.89
16.39
6.58
10.3
5.43
7.64
3.14
7.2
15.94
3.91
8.81
12.95
8.02
26.79
22.86
24.15
42.16
24.52
6.41
18.51
13.11
18.01
42.89
16.39
6.58
10.3

5.43
7.64
4.5
6.89
13.12
3.91
8.01
4.22
9.83
11.87
8.02
21.42
33.53
21.31
6.35
6.79

91
133
22.5
90.3
60
50.3
14.8
20.7
86
159.2
33.5
159.9
117.8
147.3
18.6
56.4
76.8
109.1
95.6
102.5
91
133
100.1
120.4
67.8
14.8
20.7
56.1
125.9
91.6
147.3
31.8
41.8
76.8
109.1
132.1
95.6
104.8
133
100.1
22.5
147.2

53.3
42.6
24.9
156.9
129.8
178
70.9
147.3
31.8
50.2
25.4
29.6
121.5
76.7
132.1
95.6
104.8
133
100.1
155
22.5
147.2
43.8
51.5
44.1
24.9
21.1
85.2
117.8
45.9
178
61.1
60
34.1
145
9.4
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28.7
20.4
5.9
20.9
24.2
23
17.6
18.9
31.9

22.9
6.4
28.9
8.8
30.9
30.2
30.2
16.3
26.2
27.4
28.7
20.4
28.9
14.2
24.9
17.6
18.9
31.9
16.1
25.7
8.8
14.8
28.2
30.2
16.3
0.7
26.2
27.8
20.4
28.9
5.9
6.3
12.1
23.8
20.9
19.3

11.5
2.8
33.2
8.8
14.8
20.8
29.5
30
14.3
17.9
0.7
26.2
27.8
20.4
28.9

5.9
6.3
21.7
22.6
20.9
19.3
22.1
27.7
28.9
33.4
2.8
23.3
23.1
29.6
1.2
17.5

360
38
113
179
330
323
287
113
175
69
126
251
204
60
285
323
165
15
358
195
360
38
188
209
337
287
113
149
32
179
60
301
308
165
15
222
358
197
38
188
113
237
279
325
136
116
67
218
87
164
60
301
143
291
301
28
167
222
358
197
38
188
245
113
237
136
322
137
116
117
173
204
321
87
329
152
302
55
102



1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.259
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.585
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
1.995
2.512
2.512
2.512
2.512
2.512
2.512
2.512
2.512
2.512
2.512
2.512
2.512
3.162
3.162
3.162
3.162
3.162
3.162
3.162
3.162
3.162
3.981
3.981
3.981
3.981
3.981
3.981
3.981
3.981
5.012
5.012
5.012
5.012
5.012
5.012
5.012
6.31

0.82
2.08
3.34
4.6
5.86
7.12
8.38
9.64
10.9
12.15
13.41
18.45
19.71
31.04
32.3
33.56
44.89
1.46
3.04
4.63
6.21
7.8
9.38
10.97
12.55
14.14
18.89
31.57
33.16
1.9
3.9
5.9
7.89
9.89
11.88
13.88
15.87
17.87
19.86
29.84
31.83
33.83
1.5
4.02
6.53
9.04
11.55
14.06
16.58
19.09
26.62
29.13
31.65
34.16
2.3
5.46
8.62
11.79
14.95
18.11
27.6
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32.88
3.93
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180
165
1.5
135
155.2
135.7
143.6
156.1
178.7
168.7
155
165
151
159.8
162.1
131.5
151.5
172
1.5
128
125.2
147
156.1
178.7
164
155
151
161.4
131.5
175.4
149.4
125.2
145.7
175.5
164
155

169.4
151
145

159.8

128.3

175.4

149.4

139.6

163.3

171.9
155

174.5
151
161
145

158.7

116.8
1.5

137.7

171.1

161.7
0.6

156.9

150.5

158.7

116.8

164.4

141.7

169.6

174.5
151
148

150.5

155.5

147.3

158.6
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142.9

11

NE
NE
NE
NE
NE
NE
NE

NE
NE

NE
NE
NE
NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE
NE

NE

NE

NE
NE
NE
NE
NE

NE
NE
NE
NE

23.6
19.8
37.1
25.9
29.7
23.8
30.5
35
16.8
28
17
34
23.4
19
39
28.8
25.4
33.3
15.5
23.8
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19
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27.8
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28
17
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28.2
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20
17
23.7
21.4
27.1

12.13
9.83
10.3

27.93

20.33
15.1
5.78
5.62

10.86
6.26
7.83
6.54
9.77

13.99
3.36

12.51
4.83

11.24
7.34

30.37

1.2

10.96

6.8

10.86
8.49
5.49

14.13

12.76

11.66

14.67
17.4

10.39
9.82

14.07

7.4
5.49

20.92
4.59

13.36
18.2

12.57

12.09

14.67
17.4
5.89

12.05
7.74

10.17

19.85

14.13
3.79
18.2

12.42

15.41

10.86

25.84

15.41
9.09

19.25

11.42
8.35
3.89

15.41
3.14

10.71

13.81

14.04

14.13

11.06
8.35
3.33

11.09
5.46
2.73
8.88
5.13

7.3
3.37
16.24

41.4
117.8
69.3
61
120.8
115.8
102.7
78.9
52.5
124.1
89.9
127.6
124.7
125.6
175.5
33.1
5.3
16.8
40.5
36.8
48
19.5
116.7
52.5
113.5
97.3
125.6
118.4
36.8
18.5
29.1
43.8
23.9
72.7
122
97.3
134.3
66
130.8
132.5
121.1
35.4
18.5
29.1
97.5
92.7
15.4
103.6
141.3
125.6
64.5
132.5
123
31.1
32.7
44.1
77.9
139
148.8
126.4
155
96.2
31.1
22.4
58.3
52.2
164.5
125.6
155
155
117.6
41.6
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56.8
170.2
26.9
175.8
20.4
40.4
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34.9
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31.9
12.5
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12.6
6.2
19.9
17.2
16
27
25.1
24.8
24.5
16.1
23.9
26.4
30.6
12.9
16.8
20
16.5
22.8
25.1
24.9
27.6
23.3
30.6
13.9
16
10.4
8.3
15.3
19.8
16.5
22.8
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22.6
13.2
28.7
9.4
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16.9
8.3
14.2
18.9
22.8
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25.4
14.2
8.3
12.7
2.1
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18.9
18.6
27.7
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2.1
2.1
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14.7
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340
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216
213
32
266
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289
316
134
136
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324
201
184
214
24
129
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294
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184
40
157
220
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27
127
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185
359
288
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49
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29
124
307
141
345
227
56
215
245
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74
214
66
245
25
136
315
328
81
119
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112
136



Section III

window size
(m)
0.02
0.025
0.025
0.032
0.032
0.032
0.032
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079
0.079

elevation between
two consecutive windowg
(m)
56.1
55.46
56.11
55.46
55.75
55.94
56.1
55.16
55.28
55.4
55.44
55.64
55.76
55.88
56
56.12
56.16
56.28
11.43
11.78
12.03
55.18
55.23
55.28
55.43
55.58
55.63
55.68
55.73
55.88
55.93
55.98
56.23
56.28
56.33
11.34
11.53
11.6
11.79
11.85
12.04
12.1
55.26
55.32
55.38
55.45
55.51
55.57
55.64
55.7
55.76
55.83
55.89
55.95
56.02
56.08
56.14
56.2
56.27
56.33
0.07
0.47
0.71
11.35
11.43
11.51
11.59
11.67
11.75
11.83
11.91
11.99
12.22

lower window
number
of measures
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number
of measures
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average
orientation
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172
141
172
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165
141
167
145
145
172
156
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48
141
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167
180
8
158
167
160
145
156.3
155
156
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165
48
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158
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8
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158
154
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33
26
33
26
23
30
33
36
34
37
26
34
23
29

33
53
30
22
29
11
36
37
34
30.8
28
34
16
23
29
30

52
30
28
33
41
32
29
42
11
25
35.3
33
37
26
32
28
34
16
23
33
29
30

28.9
53
52
30
28
37
37
37
33
22
41
32
53
29
42
28
11
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tilt angle
(°)
14.45
17.66
14.45
17.66
10.51
3.12
14.45
4.34
9.19
5.66
17.66
6.02
10.51
4.03
34.31
14.45
21.3
27.84
11.04
24.98
17.17
4.34
4.28
9.19
3.17
5.31
6.02
19.5
10.51
4.03
3.12
34.31
9.57
27.84
4.79
14.77
20.81
9.02
24.98
13.78
17.17
14.05
8.3
2.31
5.66
17.66
12.98
5.31
6.02
19.5
10.51
10.51
4.03
3.12
34.31
28.7
27.98
9.57
27.84
4.79
6.35
9.97
7.74
14.77
11.04
20.81
9.02
23.2
24.98
13.78
21.84
17.17
33.25
9

tilt axis

6.4
110.2
6.4
110.2
115.3
50.8
6.4
149.3
39.7
109
110.2
159.7
115.3
152.2
176.1
6.4
162.2
121.1
174.7
169.3
145.4
149.3
90.1
39.7
112.5
114.3
159.7
143
115.3
152.2
50.8
176.1
46.2
121.1
44.9
39.6
149.3
165.6
169.3
167.6
145.4
151.2
63.7
161.4
109
110.2
100.1
114.3
159.7
143
115.3
170.8
152.2
50.8
176.1
144.1
166.5
46.2
121.1
44.9
53.2
16.8
6.6
39.6
174.7
149.3
165.6
9.6
169.3
167.6
31.1
145.4
160.8
12.9

N

24.8
23.3
24.8
23.3
13.9
27.8
24.8
12.5
33
23.9
23.3
2.5
13.9
3.8
6.3
24.8
13.2
22,5
2.1
10.1
2.4
12.5
35.3
33
22.4
19.1
2.5
8.6
13.9
3.8
27.8
6.3
51.9
22,5
26.1
23.3
11.7
2.2
10.1
10.9
2.4
1.3
35.3
6.1
23.9
23.3
24.9
19.1
2.5
8.6
13.9
8.2
3.8
27.8
6.3

18.4
51.9
22.5
26.1
33.2
18.8
13.5
23.3
2.1
11.7
2.2
16.1
10.1
10.9
25
2.4
3.1
13.7

tilt way
(°)
278
14
278
14
204
323
278
236
135
194
14
250
204
61
88
278
256
21
84
74
55
236
178
135
18
20
250
50
204
61
323
88
142
21
138
312
237
76
74
255
55
241
156
74
194
14
188
20
250
50
204
262
61
323
88
234
260
142
21
138
150
291
280
312
84
237
76
284
74
255
129
55
71
284
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0.158
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0.158
0.158
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0.158
0.158
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0.158
0.158
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12.09
12.19
23.49
24.09
42.19
42.99
43.29
55.19
55.29
55.39
55.49
55.59
55.69
55.79
55.89
55.99
56.09
56.19
56.29
0.12
0.24
0.37
0.49
0.62
0.75
11.32
11.45
11.57
11.7
11.82
11.95
12.08
12.2
12.33
13.21
24.04
40.02
42.16
42.79
43.17
43.3
55.13
55.26
55.38
55.51
55.63
55.76
55.89
56.01
56.14
56.26
0.14
0.3
0.45
0.61
11.39
11.55
11.71
11.87
12.02
12.18
12.34
13.29
14.72
23.44
24.07
39.6
40.08
42.14
42.3
42.77
42.93
43.09
43.25
55.13
55.29
55.45
55.61
55.77
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154

142
148
152
153
163
163.5
148.5
156.3
148
155.5
160.9
158
162
100.4
147.5
140
162.6
173
166
159
170
162
168
178
169.2
162
1.2
180
152.3
154

176
13
148
166
152
154
148
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167
152.5
156.3
151.3
162.2
155.1
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121.5
146
162.6
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28.3
24.7
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14.05
33.25
15.08
4.37
4.23
2.04

5.77
9.08
4.95
4.5
4.06
12.09
13.94
4.11
25.64
34.1
10.67
27.05
6.35
8.85
3.39
9.97
8.26
7.74
14.77
5.01
3.83
14.34
1.36
26.09
5.57
33.25
55.97
29.75
4.37
2.04
4.23
1.22
3.47

4.34
8.47
4.23
2.69
7.23
4.52
3.67
18.9
34.8
25.63
11.38
3.39
9.97
4.46
8.51
16.68
12.38
10.6
16.93
26.38
55.97
29.75
16.94
15.08
4.37
9.64
2.04
4.23
4.02
1.22
2.04
3.47

5.77
9.58
8.29
4.13
4.41

151.2
160.8
148.7
8.3
136.2
163.7
12.9
132.3
43
99
80
78.3
148.3
154.7
133.1
10.5
162.4
121.3
124.6
53.2
11.4
72.5
16.8
13.8
6.6
39.6
59.8
88.9
37.8
153.6
15.6
159.3
160.8
176.6
20.9
8.3
176
136.2
62.5
179.2
12.9
149.3
57.5
129.3
42.7
116.1
117.1
41.4
21.7
155
134.4
21.8
72.5
16.8
19.9
134.3
143.7
56.3
38.4
178.7
163.6
176.6
20.9
0.7
148.7
8.3
1.3
176
136.2
157.8
62.5
163.7
179.2
12.9
132.3
52.1
116.2
132.2
126.2
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1.3
3.1

16.8
6.3
4.3
13.7
20.9
32.5
26.7
30.1
30.4
4.3
2.1
15.3
15.1
13.4
22.3
18.8
33.2
13.4
29
18.8
16.9
13.5
23.3
29.8
30.9
27.3
21.8
13.6
2.5
3.1
0.7
24.3
16.8
4.6
6.3
24
10.1
13.7
12.5
34.4
15.2
28.6
18.4
18.1
25.9
19.8
11.4
14.7
17.9
29
18.8
20.6
16.1
13.5
354
27.7
7.4
2.7
0.7
24.3

16.8
17.6
4.6
6.3
2.3
24
4.3
10.1
13.7
20.9
34.5
19.6
13
15.2

241
71
60

280

225
75

284

218

139

168
345
57
244
39
104
253
204
26
150
106
163
291
109
280
312
153
178
312
235
111
250
71
267
300
280
267
225
332
91
284
236
151
35
137
23
205
314
116
247
37
117
163
291
116
41
232
329
136
91
74
267
300
272
60
280
95
267
225
248
332
75
91
284
218
146
21
40
214



0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.251
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316
0.316

43.25
43.85
55.23
55.43
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0.43
0.68
0.94
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11.49
11.74
11.99
12.24
12.49
13.24
13.5
13.75
14.5
14.75
23.29
24.05
24.3
24.55
39.12
39.37
39.62
39.87
41.13
41.88
42.13
42.38
42.63
42.88
43.14
43.89
55.19
55.44
55.7
55.95
56.2
0.2
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1.15
2.1
5.58
11.59
11.9
12.22
12.54
12.85
13.17
13.49
13.8
14.12
14.43
14.75
23.29
24.24
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42.26
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42.89
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25
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29.7
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27.6
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163
147
152.5
153.8
158.6
160.6
134.7
152.7
162.5
166.4
168
151
155
156
168.3
173.9
147.3
176
169
13
179
177
141
164
143.8
148
155
153
157
148
133
165.5
151
156
152
153
151
153.5
156.6
147
153.9
157.1
159.4
141.7
152.7
165.4
165.3
151
155
156
150
176.8
153
174.6
169
176
13
179
177
180
141
164
143.8
155
153
156
157
141.4
165
166
153
150
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156
152.5
151
151.9
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37
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24
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29.7
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26
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8.94
4.21
6.67
6.64
12.85
12.51
12.59
4.91
3.69
12.75
11.21
19
15.67
10.27
23.89
38.87
5.57
29.75
13.46
16.1
49.61
16.94
14.22
4.37
4.09
17.03
8.13
5.57
9.64
12.86
4.02
8.01
4.23
4.02
2.17
1.42
1.37
2.16
9.4
5.63
4.76
8.18
10.05
9.79
1.89
9.08
11.21
19
13.61
10.12
20.69
7.79
30.11
5.57
29.75
13.46
16.1
3.26
49.61
16.94
14.22
4.39
17.03
9.16
8.13
10.16
10.3
2.04
5.47
1.56
7.16
8.01
6.12
0.63
2.38
6.23
5.99

12.9
89
74.4
145.2
139
166.7
42
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5.4
179.4
20.4
162.6
156
165.7
155.4
2.9

112.3
20.9
110.6
0.7
5.8
0.7
173
8.3
111
151
149.4
25.8
1.3
54.6
145.7
153
136.2
157.8
173
109.6
96.4
89
94.4
140.2
146.9
80
178.1
31.8
164.1
27.3
162.6
156
83.4
17.3
16.5
92
166.6
112.3
20.9
110.6
0.7
32
5.8
0.7
173
80.3
151
145.6
149.4
14.5
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143.3
61.9
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8.4
22
6.1

2.3
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5.6
5.3
43.9
24.3
72.9
5.9
10
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16.8
15.7
1.6
4.9
26
17.6
22.6
1.8

6.3
2.3
9.5
16.4
19.6
19.8
31.2
9.4
5.8
24.7
17.2
24
0.8
23.9
6.1
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15.7
15.1
18.9
2.8
43.9
24.3
72.9
5.9
42.6
10

16.6
21.3
1.6
5.9
4.9
21.6
22.8
4.6
23.9
17.8
4.6
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24
3.3
16.7
17.5

284
177
165
53
47
258
136
281
123
279
271
116
254
66
255
61
94
271
195
300
195
95
102
272
89
280
18
241
238
121
95
324
55
63
225
248
85
17
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182
48
55
169
272
129
254
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66
174
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89
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241
54
238
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350
267
150
112
255
63
233
152
53
293
116
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0.631
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0.794
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38.94
39.34
39.74
40.13
40.53
41.73
42.12
42.52
42.92
43.32
43.72
55.26
55.66
56.06
0.37
0.88
1.38
1.88
5.89
6.39
11.4
11.9
12.4
12.9
13.4
13.91
14.41
20.42
20.92
21.42
22.93
23.43
23.93
24.43
24.93
38.97
39.47
39.97
40.47
40.97
41.47
41.97
42.47
42.98
43.48
43.98
55.5
56.01
0.43
1.06
1.69
5.48
7.37
11.79
12.42
13.05
13.68
14.31
21.25
21.88
22.51
23.14
23.77
24.4
25.04
38.92
39.55
40.18
40.81
41.44
42.07
42.7
43.33
43.96
55.32
55.95
0.79
1.58
5.55

ANAWHRNHWNRERNNNRERENRERNWRNOHERRERNWRAONHWNWHRERRNWHRNNRNHERRBNENFEFUONFREARNRERAWNOWNNNNNERERNN = -

-
o

EENEN]

160
157
141.4
165.5
153
151
155.4
152.5
152.5
150.7
157.9
165.5
151.9
157.3
174.4
165.2
151
155.5
178
150
166.7
174.5
159.9
169
5.6
179
178.5
131
145
179
139
150.2
142
144.2
153.7
160
157
148.6
159.6
150
151
155
153.5
152.5
155.4
152
158.2
157.5
171
167
153.3
178
149
169.1
169.8
169

178.5
145
160
139
155

143.8

144.2

153.7
160

152.7

155.2
153

150.5
155

153.5

151.7

157.9

160.5

155.8

169.2

153.3
178

E
NE

E

25
33
26.3
24
24
19
22
24
24
20.5
23.9
34.9
31.4
23.5
35.2
33.2

43.5
28
30

28.4

36.1

20.3

31.5
23.4
30.5
25
31.4
22.9
24
21
26
22
22.2
23.9
34.4
28.9
33.9
33.5
28

HFNNOSHNAWRNRWNRNNNRERRENNNWRENHEENNWNORRWONWRRERNWORRENNENRRERNNRNRUORRRENERMONORNNNNNRRNNR

Annex 2

157
141.4
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147
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159.9
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24
24
20.5
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29
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59.7
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59

21.2
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15
44

41.4
24
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33
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24.4

22.2
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30.9
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10.16
10.43

5.08

1.56

3.37

2.29

0.02

3.58
4.38
4.44

8.22

8.21
13.54

5.53

8.85
15.71

14.5
13.61

3.04

8.77
17.15

29.1
17.21
15.51
15.02
39.92
19.86
18.41
31.08

29.7
17.92

1.06

8.24

1.24

8.13

9.12

4.6

4.09
4.02

7.16
4.05

2.04

2.12

1.3

2.16

5.15

7.33

2.55

7.72

5.26
13.61
12.93

9.09
24.28
19.98

7.45
39.92

7.24
18.26

32.6
14.22

8.04

8.24

1.24

7.28

8.57

1.37

3.15

5.32
4.05

0.73

2.97
4.44

6.03
4.88

8.83

5.26
13.61

149.4
14.5
77.2
69.3
19.2
179
126.6
38.5
161.9
10.9
49.8
39.1
138.9
130.5
54.8
28.5
161.3
154.9
83.4
157.5
15.3
8.6
173.2
34
172.7
179.4
4.9
116.9
120.7
143.8
153.8
158.5
86.8
177.7
91.7
149.4
176.4
70.2
43.8
145.7
164.5
162.2
142.9
123.4
53.7
89
161.3
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59.9
169.1
83.4
172.6
167.6
168.5
21.5
25.3
4.9
62.5
172
159.4
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142.8
177.7
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130.9
147.2
117.6
168.4
171.1
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83.5
28.5
49.8
179.1
88.3
67.7
169.1
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21.6
24
23.9
17.8
9.2
11
22.1
4.2
13.6
22.8
29.3
7.8
11.1
315
24.2
5.4
0.6
27.9
4.3
14.5
10.1
4.9
39.1
21
1.5
10.5
14.6
12.8
8.8
3.1
7.2
20.1
13.5
27.5
4.9
12.2
24.4
22.2
1.8
4.6
3.5
4.2
12.2
21.8
19.8

26.1
29.7
334
10.2
27.9
11.5

0.6
31.7
36.9
10.5
28.8

6.6

4.2
16.6

0.6
13.5
27.5
12.8

3.4
14.4

6.8

7.7

3.5
20.8
18.9
22.8
12.3

27
33.4
10.2
27.9

238
109
345
160
112
270
215
153
73
283
141
135
47
219
149
123
253
65
174
69
288
102
264
316
251
91
101
21
28
233
244
71
357
270
358
238
90
339
135
55
255
73
232
32
145
177
72
177
198
153
262
174
265
77
258
303
136
101
332
84
250
89
53
270
358
218
56
206
80
262
73
169
300
141
93
176
160
262
174
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2.512
2.512
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12.69
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19.69
20.69
21.69
22.69
23.69
24.69
29.69
36.69
39.69
40.69
41.69
42.69
43.69
55.69
1.12
6.16
7.42
12.45
13.71
14.97
20.01
21.27
22.52
23.78
25.04
30.08
35.11
36.37
37.63
38.89
40.15
41.41
42.67
43.93
55.26
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7.59
12.34
13.93
15.51
20.27
21.85
23.44
25.02
29.77
34.53
36.11

37.7
39.28
40.87
42.45
55.13
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7.24
13.23
15.22
21.21

23.2
29.19
35.17
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41.16
43.15

1.82
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11.86
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148.3
149.5
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164
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158
160
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138.5
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156
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153

152.8

152.9

152.8

155.7
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39
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35.6
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36
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22
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39
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38.7
39
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36
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27.7
39
32.9
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30.6
26
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32.07
15.38
17.57
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23.9
29.05

7.25

7.76
12.72
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2.5

5.93

5.05

2.38
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8.8

6.85
12.93
31.68

20.9
16.16

7.92

8.03
13.51

8.8

4.42

8.03
4.49

2.5

2.16

2.92
4.47

1.39

0.24

2.67

9.48

8.8

6.85
12.93
30.47
18.01
16.16
11.31
4.31

5.71
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8.03

4.49
2.5

5.99

5.06

2.21
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11.33
21.52
19.22
9.37
3.35
8.03
4.49
3.4
2.83
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7.49
10.92
11.33
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10.72
17.4
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7.38
5.6
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5.7
10.3
7.2
145.5
115.8
117.9
131.8
144.1
149.2
164.7
148
39.8
104.8
29.1
3.2
160.5
65.9
7.2
116.8
54.3
172.6
6.8
9.7
120
119
115.6
137.4
145.4
13.2
148
68
39.8
179.4
96.6
165.4
14.5
160.5
65.9
43.4
116.8
54.3
172.6
5.7
9.1
120
100.9
111.3
151.1
13
148
68
39.8
159.3
1.3
154.5
154.1
60.2
116.8
156.6
5.8
63.5
95.5
65.5
148
68
27.3
101
154.8
162.2
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150.7
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117.9
3.2
22.7
174.3
134.2
148.1
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SE
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NW
SE
SE
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SE
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SE
NW

23.1
7.6
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12.3
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15.7
13.7
9.3
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2.9
20.5
20.3
18.2
11.7

2.8
22.7

18
26.7
26.9
11.5

9.4
14.2
33.7
13.6
15.2

7.7

2.1
19.3

2.9
21.9
20.5

8.8
22.6

5.6
15.4

2.8
22.7
28.9
26.7
26.9
11.5

8.8
13.8
33.7

24
20.7

1.5
19.1

2.9
21.9
20.5

0.6
12.2

0.7

0.5
30.5
26.7

1.1

9.6

50
25.1
28.4

2.9
21.9
18.4
20.7

0.7

3.7
26.6

4.2

1.1
27.5

7.4
23.6
10.9

0.9

25
277
109
102
233
203

22
220
233

59
256

57
311

11
122
275

75
155
101
202
146
265
279
108
203

25

22
226

55
286

57
158
311
271
184

77
286

75
155
138
202
146
265
278
106
203

198
61
286
57
158
311
249
94
65
247
153
202
246
278
163

156
57
158
299
189
65
74
202
59
246
21
275
121
87
222
59



3.981
3.981
3.981
3.981
3.981
5.012
5.012
5.012
5.012
5.012
5.012
5.012
5.012
5.012
6.31
6.31
6.31
6.31
6.31
6.31
6.31
6.31
7.943
7.943
7.943
7.943
7.943
10
10
10
10
10
12.589
12.589
12.589
12.589
15.849
15.849
15.849
19.953
19.953
25.119
25.119
31.623

26.2
30.18
34.16
38.14
42.12

3.13

8.14
13.15
18.17
23.18
28.19

33.2
38.21
43.23

6.11
12.42
18.73
25.04
31.34
37.65
43.96
50.27

4.36

12.3
20.25
28.19
36.13

8.19
18.19
28.19
38.19
48.19

9.31

21.9
34.48
47.07
12.34
28.19
44.04
18.21
38.17
15.63
40.75
28.19
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15

13

19

11
16
12
12

15
22
14

20
15
27
12
22
27
24
25
37
19
36
27
51

149.3
151
152
158

154.1

163.8

158.5

169.5

174.6

148.6

148.7

151.5
158

153.4

163.8

167.1

173.9

148.1

152.7
158

153.9
147

163.8

165.8

168.8

150.6

153.9

162.5

171.5

148.7

154.6

153.5

162.5

167.4

150.7

153.7

164.9

160.9

153.8

167.8

150.2

168.3

151.5

162.9

28.4
44
36

22.3

24.2

34.4

30.5

30.7
51

30.5

28.6
40

22.3

23.7

33.5

29.6

50.7

29.4

36.6

22.3

23.7
23

34.4

28.3

47.2

28.5

30.9

33.4

37.4

29.5

29.2

23.7

33.4

35.7

29.8

23.6

30.9

36.4

24.8

35.4

29.4
35

29.1

33.3
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151
152
158
154.1
152.8
158.5
169.5
174.6
148.6
148.7
151.5
158
153.4
154.4
167.1
173.9
148.1
152.7
158
153.9
147
153.7
165.8
168.8
150.6
153.9
153.7
171.5
148.7
154.6
153.5
153.7
167.4
150.7
153.7
153.7
160.9
153.8
153.7
150.2
153.6
151.5
153.4
153.7

17

NE
NE
E
NE
NE

NE
NE
NE

NE
NE

NE
NE

NE
NE
NE

NE
NE
NE

NE
NE
NE
NE

NE
NE
NE

NE
NE
NE
NE
NE
NE
NE

44
36
22.3
24.2
23
30.5
30.7
51
30.5
28.6
40
22.3
23.7
23.5
29.6
50.7
29.4
36.6
22.3
23.7
23
30.5
28.3
47.2
28.5
30.9
23.6
37.4
29.5
29.2
23.7
30.5
35.7
29.8
23.6
30.5
36.4
24.8
30.5
29.4
27.1
29.1
27.4
27.4

15.63
8.03
14.03
2.47
1.28
4.85
5.56
20.51
26.28
1.93
11.55
18.03
2.31
0.44
4.25
21.47
26.58
7.63
14.6
2.18
2.82
8.07
6.21
18.94
21.58
2.86
7.22
6.56
14.75
2.9
5.55
6.81
3.6
10.73
6.35
6.93
5.89
12.18
5.75
11.11
2.76
10.62
1.94
7.55

153.2
148
144.4
120.4
176.7
12.6
71.5
179.4
14.7
146.4
156.5
145.3
106.9
92.8
144.3
179.7
12.9
167
146.4
110.6
44.2
170.1
156.7
171.8
5.6
2.6
154.2
34
33.7
67.3
158.2
154.1
29.8
31.5
141.3
153.7
144.4
172.5
153.4
32.1
119.6
32.3
127.4
12.2

NW
SE
SE
SE

gmzzmzz

N

2.1
2.9
5.5
14
9.8
18.3
30.5
5.8
23
1.3
4.2
5.1
17.7
20.9
12.4

21.7
10.4
4.7
16.8
22.5
9.5
4.8
3.3
17.3
16
0.2
27.3
27.1
29.2
2.1
0.3
25.8
26.5
5.4

11.8
8.4
0.2

26.4

16

25.9

12.8

17.8

244
57
53

207
87

108

341

271

115
57

248
54

194

51
272
112
259

55
197
136
262

65
263
103
276

65
309
130
337

69
244
305
127

50
244
231

85
243
128

27
128

34
107



Section I

Tilt number

VWOOVOVONNNNNNINNDIOIWWWWWWWWWWWWNNNNNNNNNNNRR =

window size
(m)
39.811
31.623
25.119
31.623
25.119
19.953
15.849
12.589
10
10
7.943
6.31
5.012
3.981
19.953
15.849
12.589
10
7.943
6.31
5.012
5.012
3.981
3.981
3.162
2.512
15.849
12.589
10
7.943
6.31
5.012
12.589
10
7.943
6.31
5.012
10
7.943
6.31
5.012
3.981
3.162
10
7.943
6.31
5.012
3.981
7.943
6.31
5.012
3.981
3.162
6.31
5.012
3.981
3.162
2.512
2.512
5.012
3.981
3.162
2.512
1.995
3.981
3.162
2.512
1.995
3.981
3.162
2.512
1.995
1.585
3.162
2.512

elevation
(m)
36.91
21.09
24.35
52.72
49.46
56.86
60.68
62.08
56.9
66.9
52.79
55.83
54.45
54.82
16.95
13.13
11.73
16.91
21.02
17.98
14.35
19.36
15.01
18.99
14.77
14.3
44.83
49.49
46.9
44.85
43.21
44.42
24.32
26.91
28.96
30.6
29.39
6.91
5.13
5.36
9.34
11.03
8.44
36.91
36.91
36.91
39.41
38.9
68.68
68.45
69.48
66.76
68.53
24.29
24.38
26.95
24.26
24.35
26.86
4.33
3.07
2.12
1.74
1.99
42.88
43.23
41.93
41.89
46.86
46.39
46.95
45.88
47.21
11.61
11.79

tilt angle
(°)
5.1
7.2
6.2
7.8
3
9.5
15.6
13.7
10.3
7.7
9.7
9.8
9.8
10
6.8
5.1
4.6
7.3
6.5
9.1
6.6
6.6
7.9
3.9
13.3
12.4
9.4
3.5
14.5
14.3
14.4
14.7
4.2
5.5
5.6
4.5
1.8
1.5
2.9
2.5
3.4
4.6
2.9
8.1
8.1

7.2
11.5
7.4
7.4
7.4
7.6
6.4
3.8
6.5
7.2
4.7
4.3
5.5
3.8
7.1
7.7
9.3
9.3
16.4
8.1
14.8
11.7
12.9
14
23.7
15.4
23.7
5.5

tilt axis
(°)
47.3
29.4
53.6
148.2
155.5
137.3
140.4
139.2
135.4
141.9
139.8
137.5
137.5
150.8
16.5
3.3
172.8
179.6
174.5
174.7
164.3
165.9
166.7
148.6
161.1
155.3
145.1
143.6
137.4
145.3
149.4
141.6
83.3
93
91.1
69.3
79.5
157.9
152.4
150.2
136
159.3
3.8
139.1
146.4
150.1
128.1
145.4
142.7
142.7
142.7
156.2
153.6
139
152.9
137.7
137.3
129.5
133.5
5.2
24.3
37.8
42.7
42.7
9.2
9.4
0.2
175.4
93.8
100.2
79
103.5
79
160.5
175.9

tilt way
()
140
123
146
58
66
46
49
48
44
51
48
46
46
61
110
95
84
92
86
86
75
76
77
57
70
63
235
233
227
235
239
231
173
182
179
159
167
247
240
238
222
249
276
48
56
60
37
56
52
52
52
66
64
227
242
226
226
218
221
278
297
310
315
315
280
281
271
266
183
189
172
191
172
249
268
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53
53
53
53
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
66
66
66
66
66
69
69
69
69
69
72
72
72
72
72
72
72
72
72
79
79
79
79
79
79
79
79
79
79
79
88
88
88
88
88
88
97
97
97
97
97
101
101
101
101
109
109
109
109
109
124
124
124
130
130
130
130
143
143

0.794
0.631
0.501
0.398
1.585
1.259

0.794
0.631
0.501
0.398
0.316
0.251
0.2
0.158
0.158
0.126
0.126
0.1
0.079
1.585
1.259

0.794
0.631
1.259

0.794
0.631
0.501
1.259

0.794
0.631
0.501
0.398
0.316
0.251
0.2
1.259

0.794
0.631
0.501
0.398
0.316
0.251
0.2
0.2
0.158

0.794
0.631
0.501
0.398
0.316
0.794
0.631
0.501
0.398
0.398
0.794
0.631
0.501
0.398
0.631
0.501
0.398
0.316
0.251
0.398
0.316
0.251
0.398
0.316
0.251
0.2
0.316
0.251

50.01
49.84
49.94
50.04
40.87
40.05
39.9
40.48
41.01
40.91
40.89
41.02
40.92
40.9
40.87
41.03
40.87
41
40.95
40.96
70.98
71.53
70.9
71.46
71.29
7.32
6.91
7.12
6.93
7.33
17.39
17.91
18.24
18.29
17.86
17.8
17.93
17.81
17.95
47.61
47.9
47.63
47.95
47.93
47.65
47.66
47.71
47.68
47.88
47.68
25.91
26.18
25.86
25.88
26.16
25.84
22.21
22.08
22.37
22.18
22.57
36.51
35.96
36.4
36.51
35.33
35.4
35.31
35.32
35.4
4.66
4.65
4.75
24.56
24.57
24.6
24.53
22.99
22.84

2.6
9.6
9.6
6.7
14.4
12.2
6.5
12.2
16.5
16.5
12
16.5
16.5
6.3
6.3
15.3
6.3
15.3
9.4
9.4
15
15.4
11.4
13.9
13.9
7.7
3.9
3.9

10.2
5.5
8.2

IS

8.3
8.3
8.3
8.3
15.3
19.2
13.2
13.3
13.3
12.5
12.5
12.2
4.2
21.4
7.7
3.5
1.9
3.5
3.7
5.1

18
20.6
16.1
16.8
3.1
4.5
2.7
5.5
5.5
11.8
12.9
13.2
13.8
15.3
6.9
8.1
9.1
6.1
7.8
12.4
8.9
15.4
15.4

153
152.3
152.3
167.4

55
44.2
24.1
44.2
64.2
64.2
62.9
64.2
64.2
78.9
78.4
65.5
78.4
65.5
90.7
90.7

17.1

17.6

17.5

19.2

19.2
172.8
177.7
177.7
161.5
169.2

169
147.8
157.2
157.2
147.8
144.6
144.6
144.6
144.6

12.9
170.6
169.2
154.4
154.4
159.7
159.7
169.7
151.8

173
145.2
43.8

53.8
43.8
42.2
46.8
22.5
152.9
154.5

141
151.1
165.1

165
170.3
162.8
162.8

71.7
60.7
56.1
56.3
57.9
41.3
58.3
56.7
179.3
17.5
17.3
25.2

1.5
23.1

245
243
243
262
324
313
294
313
333
333
332
333
333
348
347
335
347
335
360
360
288
288
288
290
290
84
90
90
71
80
260
237
247
247
237
233
233
233
233
110
85
84
66
66
73
73
84
62
87
54
316
325
316
314
318
295
60
62
45
58
75
258
264
255
255
162
152
148
148
150
135
152
150
271
289
289
297
93
116
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204
204
204
204
204
204
211
211
211
211
212
212
212
212
212
212
217
217
217
217
217
217
223
223
223
223
223
223
223
229
229
229
229
229
229
245
245
245
245
245
272
272
272
272
272

0.158
0.126
0.1
0.079
0.063
0.05
0.126
0.1
0.079
0.063
0.126
0.1
0.079
0.063
0.05
0.04
0.1
0.079
0.063
0.05
0.04
0.032
0.1
0.079
0.063
0.05
0.04
0.032
0.032
0.079
0.063
0.05
0.04
0.032
0.025
0.05
0.05
0.04
0.032
0.025
0.025
0.02
0.016
0.013
0.01

47.84
47.79
47.85
47.87
47.88
47.86
47.67
47.65
47.63
47.63
47.92
47.95
47.95
47.95
47.96
47.95
24.56
24.59
24.6
24.6
24.58
24.59
47.75
47.79
47.76
47.76
47.75
47.74
47.77
24.2
24.22
24.2
24.23
24.21
24.21
25.5
25.55
25.58
25.57
25.56
47.72
47.72
47.71
47.71
47.71

21.4
19.1
19.4
19.8
19.8
19
12.8

13.2
14.5
6.6

10.3
10.3
10.3
13.1
13.1

8.5
9.4
9.4
9.4
9.4
6.5

6.8
6.8
6.5
5.2
2.9
9.8
9.8
15.3
9.6
17.6
15.1
3.6
10.6
8.7
10.6
11.1
3.9
4.3

IS

173
179.5
169.2
171.2
171.2
167.6
120.1
116.5
135.2
114.1
46.5
23.4
23.4
23.4
29.5
29.5
26.3
11.9
9.1
9.1
9.1
9.1
29.3
16.3
25.6
25.6
16.5
23.4
28.7
166.6
166.6
164.2
170.8
168.8
167
8.9
1.7
4.9
1.7
168.3
109.7
134
147.8
147.8
147.8

87
94
83
85
85
81
23
18
42
15
316
293
293
293
298
298
298
284
281
281
281
281
124
111
121
121
112
119
122
77
77
74
81
79
77
281
274
277
274
259
194
220
236
236
236
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Annex 3

Section II
Tilt number|window size| elevation | tilt angle| tilt axis| tilt way

(m) (m) (°) (°) (?)
3 19.953 32.83 5.5 131.8 220
3 15.849 30.78 7 143.1 232
3 12.589 35.44 7.9 151.5 241
3 10 27.85 3.9 140.3 230
3 10 37.85 7.6 150.6 240
3 7.943 38.74 7.9 149.3 239
8 7.943 6.97 5.9 56.3 148
8 6.31 3.93 16.2 40.4 136
8 5.012 2.81 11.1 41.6 136
8 3.981 2.95 3.1 22.4 116
8 3.162 5.46 25.8 44.1 141
8 2.512 4.02 17.4 29.1 125
8 1.995 3.9 17.4 29.1 125
8 1.995 5.9 10.4 43.8 135
8 1.585 4.63 30.4 36.8 134
8 1.585 6.21 1.2 48 136
8 1.259 4.6 27.9 61 157
8 1 4.86 26.8 70.9 164
12 6.31 10.24 12.9 51 321
12 5.012 7.82 5.5 43.4 315
12 5.012 12.83 2.7 56.8 328
12 3.981 10.91 13.8 52.2 322
13 6.31 16.55 10.9 173.3 84
13 5.012 17.84 8.9 170.2 81
13 3.981 14.89 14 164.5 74
13 3.162 14.95 19.3 148.8 56
13 2.512 16.58 19.9 141.3 49
13 1.995 15.87 20.9 134.3 40
15 6.31 29.16 6.4 154.9 245
15 5.012 27.87 7.3 175.8 267
15 3.981 26.84 8.4 155 245
15 3.162 27.6 8.4 155 245
15 2.512 29.13 18.2 132.5 221
15 1.995 29.84 18.2 132.5 221
18 3.981 18.87 14.1 125.6 214
18 3.162 18.11 11.4 126.4 215
18 2.512 19.09 14.1 125.6 214
18 1.995 19.86 13.4 130.8 220
18 1.585 18.89 14.1 125.6 214
18 1.259 18.45 6.5 127.6 216
18 1.259 19.71 9.8 124.7 213
21 3.162 2.3 10.9 32.7 307
21 2.512 1.5 14.7 18.5 291
21 1.995 1.9 14.7 18.5 291
21 1.585 1.46 11.2 16.8 289
21 1.585 3.04 7.3 40.5 316
21 1.259 0.82 12.1 41.4 314
22 3.162 8.62 15.4 77.9 345
22 2.512 9.04 12.1 92.7 359
22 1.995 9.89 14.1 72.7 341
22 1.585 10.97 10.9 52.5 324
22 1.259 10.9 10.9 52.5 324
24 3.162 33.92 15.4 31.1 124
24 2.512 34.16 15.4 31.1 124
24 1.995 33.83 12.1 35.4 127
24 1.585 33.16 11.7 36.8 129
24 1.259 33.56 12.5 33.1 126
24 1 33.85 14.5 38 130
24 0.794 33.18 10.1 39.3 132
24 0.794 33.98 8.7 21.4 113
24 0.631 33.27 13.1 44.1 137
24 0.631 33.9 3.9 249 116
24 0.501 33.38 15.9 42.6 136
24 0.501 33.88 3.9 24.9 116
24 0.398 34.2 9.6 20.7 113
24 0.316 34.08 9.6 20.7 113
24 0.251 34.16 9.6 20.7 113
24 0.2 34.23 44.3 8.1 103
27 2.512 14.06 10.2 103.6 191
27 1.995 11.88 7.4 122 209
27 1.995 13.88 5.5 97.3 184
27 1.585 12.55 8.5 113.5 201
27 1.585 14.14 5.5 97.3 184
27 1.259 12.15 6.3 124.1 210
27 1 11.86 12.6 122.2 209




44
44
44
44
45
45
45
45
45
66
66
66
66
66
66
66
66
66
66
66
84
84
84
84
84
91
91
91
91
91
92
92
92
92
92
93
93
93
93
94
9
94
94
97
97
97
97
101
101
101
102
102
102
102
102
102
102
102
102
103
103
103
103
103
103
103
110
110
110
110
110
110
119
119
119
119
119
119

0.316

0.316

0.251
0.2

0.794
0.631
0.501
0.398
0.631
0.501
0.398
0.316
0.316
0.251
0.2
0.158
0.126
0.1
0.079
0.316
0.251
0.2
0.158
0.126
0.251
0.2
0.158
0.126
0.1
0.251
0.2
0.158
0.158
0.126
0.251
0.2
0.158
0.126
0.251
0.2
0.158
0.126
0.2
0.158
0.126
0.1
0.2
0.158
0.126
0.2
0.158
0.126
0.1
0.079
0.079
0.063
0.063
0.05
0.2
0.158
0.126
0.1
0.1
0.079
0.079
0.158
0.126
0.1
0.079
0.063
0.05
0.126
0.1
0.079
0.063
0.05
0.04

7.52
7.83
7.53
7.49
8.86
8.56
8.66
8.82
8.72
32.63
32.88
32.61
32.5
32.82
32.4
32.43
32.44
32.42
32.45
32.47
32.18
32.15
32.23
32.13
32.17
32.65
32.63
32.6
32.55
32.55
32.9
32.83
32.76
32.92
32.8
44.71
44.6
44.65
44.63
44.96
45
44.96
45.01
8.29
8.19
8.25
8.26
45.2
45.28
45.26
45.4
45.44
45.52
45.45
45.41
45.49
45.41
45.47
45.38
45.6
45.6
45.64
45.55
45.65
45.57
45.65
45.12
45.14
45.15
45.18
45.16
45.13
44.76
44.75
44.78
44.78
44.78
44.77

20.7
15.9
20.7
20.7
14
6.4
18.5
23.2
23.2
6.9
7.2
7.4

e

8.3
8.2
8.2
9.2
8.6
8.6
7.5
10
5.9
11.1
10.8
1.6
3.7
3.7
1.7
1.7
9.4
5.7
2.7
6.2
6.8
5.2
7.9
7.7
9.1
5.1
8.1
6.8
12.1
19.2
20.6
25.4
25.4
4.7
17.1
17.6
22.2
29.2
20.3
36.7
28.7
28
28.7
28
24
17.2
19.8
17.2
12.8
12.9
12.8
12.9

11.9
8.7
8.7

10.5

10.5
3.5
3.2

14.8

17.7

17.7

17.7

18.6
36.1
18.6
18.6
136.1
145
121.5
109.1
109.1
51.5
53.3
67.8
60
50.3
52.7
35.6
35.6
39.8
35.1
35.1
90.3
79.5
91.2
100.7
89
133.3
138.9
138.9
123.8
123.8
36.9
36.2
46
28.3
54.5
19.7
44.2
28.3
43
131.1
136.6
128.2
148.3
102.2
89.3
109.1
109.1
177.7
1.7
164.8
129.9
150.9
173.8
162.4
144.1
166.5
144.1
166.5
131.6
107.9
127.2
142.9
154.8
138.1
154.8
138.1
158.1
155.2
175.5
175.5
170.8
170.8
106.4
112.5
110.5
110.2
110.2
110.2

285
306
285
285
45
55
28
15
15
322
325
337
330
323
322
307
307
311
307
307
179
169
180
190
178
42
46
46
30
30
309
309
319
301
325
115
139
125
139
38
44
35
57
191
177
197
197
90
95
76
219
242
268
254
234
260
234
260
222
11
30
50
67
44
67
44
248
245
267
267
262
262
12
18
15
14
14
14

Annex 3



Section III

Tilt number

0 00 GO 00 00 00 GO 0 00 G0 B 00 00 U1 U1 U1 = H K

ALLAADALARAWWWWWWWWWWWNNNNNNNNNRNNNRNNDRNNDNRN R R e 2 b 2 e 2 2 2 e 22 o
RFRHERHRRRHERRROODORNDRRHERRROAONDNDNDNDINNNORRRRPAPVOOOVLWWWWWWNNNNR R

window size
(m)
31.623
25.119
19.953
15.849
12.589
10
12.589
10
7.943
6.31
5.012
3.981
3.981
3.162
2.512
2.512
1.995
1.585
1.259
1
7.943
6.31
5.012
7.943
6.31
5.012
3.981
7.943
6.31
5.012
3.981
3.162
2.512
5.012
3.981
3.162
2.512
3.981
3.162
2.512
1.995
1.585
1.259
3.162
2.512
1.995
1.585
1.259
1
0.794
0.631
0.501
0.398
0.316
0.251
2.512
1.995
1.585
1.259
1
1.995
1.585
1.259
1.259
1
0.794
1.585
1.259
1
1
0.794
0.631
0.631
0.501
0.398

elevation
(m)
28.19
15.63
18.21
44.04
47.07
48.19
34.48
38.19
36.13
31.34
33.2
30.18
34.16
31.35
29.45
31.96
29.19
29.77
30.08
29.69
12.3
12.42
13.15
20.25
18.73
18.17
14.26
28.19
25.04
28.19
26.2
28.19
26.93
23.18
22.22
21.87
21.91
42.12
40.84
39.49
41.16
40.87
40.15
12.38
11.86
13.23
12.34
12.45
12.69
12.7
13.05
12.9
13.06
13.17
13.24
1.82
1.25
1.25
1.12
1.69
21.21
20.27
20.01
21.27
20.69
20.64
13.93
13.71
13.69
14.69
14.29
13.68
14.31
13.91
13.86

tilt angle
(°)
7.6
10.6
11.1
5.8
6.9
6.8
6.4
5.6
7.2
14.6
18
8
14
19

23.5
10.7
21.5
30.5
31.7
32.1
37.1
20
17.2
17.2
29.8
29.8
7.5
8.8
8.8
8.8
4.3
9.4
11.3
7.9

29.1
29.1
18
20.9
15.4
17.6
44.8
7.5
39.9
15
15

tilt axis
(°)
12.2
32.3
32.1
153.4
153.7
154.1
141.3
158.2
154.2
146.4
145.3
148
144.4
140.3
148
137.8
148
148
148
148
171.8
179.7
179.4
5.6
12.9
14.7
31.7
2.6
167
156.5
153.2
141.6
145.7
146.4
134.5
141.6
148.1
176.7
166
163.4
154.8
154.5
165.4
2.5
3.2
5.8
5.7
6.8
5.7
13.9
21.5
34
34
20.9
20.9
117
116.8
116.8
116.8
140.8
95.5
100.9
119
115.6
117.9
117.9
9.1
9.7
10.3
7.2
3.7
25.3
4.9
179.4
179.4

tilt way
()
107
128
128
243
244
244
50
69
65
55
54
57
53
47
57
45
57
57
57
57
263
272
271
103
112
115
129
276
259
248
244
230
234
57
42
50
59
87
78
74
65
65
77
274
275
278
278
279
277
286
303
316
316
300
300
202
202
202
202
227

25
22
22
22
106
108
109
102
100
136
101
91
91
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62
62
62
62
62
62
62
62
62
62
62
63
63
63
63
63
63
63
67
67
67
71
71
71
71
71
71
71
71
71
72
72
72
72
72
72
72
72
80
80
80
80
84
84
84
84
84
84
84
84
88
88
88
90
90
90
90
94
94
94
94
94
95
95
95
97
97
97
97
97
97
97
97
97
97
122
122
122
134

0.794
0.631
0.501
0.398
0.316
0.251
0.251
0.2
0.2
0.158
0.126
0.794
0.631
0.501
0.398
0.398
0.316
0.251
0.794
0.631
0.501
0.631
0.501
0.398
0.316
0.251
0.2
0.158
0.126
0.1
0.631
0.501
0.398
0.316
0.251
0.2
0.158
0.126
0.631
0.501
0.398
0.316
0.501
0.398
0.316
0.251
0.2
0.158
0.126
0.1
0.501
0.398
0.316
0.501
0.398
0.316
0.251
0.501
0.398
0.316
0.251
0.251
0.501
0.398
0.316
0.501
0.398
0.316
0.251
0.251
0.2
0.158
0.158
0.126
0.1
0.316
0.251
0.2
0.251

55.59
55.32
55.5
55.66
55.54
55.44
55.7
55.43
55.62
55.61
55.63
1.58
1.69
1.38
1.12
1.52
1.15
1.19
23.03
22.51
22.93
11.79
11.9
11.87
11.9
11.99
11.93
11.87
11.95
11.99
12.42
12.4
12.27
12.54
12.24
12.33
12.34
12.33
41.44
41.47
41.73
41.63
0.37
0.32
0.2
0.18
0.16
0.14
0.24
0.19
11.4
11.47
11.59
14.41
14.26
14.43
14.5
39.47
39.34
39.42
39.37
39.62
39.97
39.74
39.73
42.47
42.12
42.26
42.13
42.38
42.26
42.14
42.3
42.16
42.19
56.18
56.2
56.22
55.19

4.8

5.2
8.2
6.6
5.6
4.8
4.2
6.7
4.1
7.2
5.3
5.3
15.7
7.5

11.2
11.2
23.8
32.6
29.7
9.1
17.2
16.4
20.7
23.9
25.6
10.6
26.1
23.3
24.3
29.1
28.7
30.1
38.9
40.2
56
56
5.3
7.2
3.4
7.2
5.5
6.5
9.8
12.6
11.4
11.4
8.9
8.9
8.8
7.3
10.1
39.9
48.4
49.6
49.6
9.1
10.2
10.2
5.6
9.6
4.6
10.4
10.3

2.3
6.1
4.2

6.1
4.2

4.2
4.2
18.3
10.1
12.5
9.4

5.3
179.1
161.3
138.9

137
140.2
146.9
145.2

139
132.2
116.1
169.1
169.1
161.3
136.5
158.7
162.6
162.6
152.2
159.4
153.8
167.6

8.6

4.9

16.5

2.9

17.3
38.4
15.6
171.5
168.5
173.2

166.6

1.5
176.6
176.6
171.1
164.5

179
164.5

54.8
44.7
31.8
26.8
21.8
21.8
11.4
11.4
15.3
14.1
17.3

4.9

4.4

5.8

5.8
176.4

14.5
14.5
25.8
1.3

70.2
77.2
83.2
142.9
126.6
143.3
136.2
157.8
143.3
136.2
157.8
136.2
136.2
162.2
178.1

94.4

99
93
72
47
44
48
55
53
47
40
23
262
262
253
223
250
254
254
242
250
244
77
102
97
112
94
112
136
111
82
258
264
274
256
271
272
267
267
262
255
270
255
149
140
129
123
117
117
106
106
288
287
291
101
100
102
102
90
109
109
121
95
339
345
350
232
215
233
225
248
233
225
248
225
225
254
272
281
182
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160
160
171
171
171
171
171
171
172
172
172
172
172
172
183
183
183
183
184
184
184

0.063
0.063
0.126
0.1
0.079
0.063
0.05
0.04
0.126
0.1
0.079
0.063
0.05
0.04
0.1
0.079
0.063
0.05
0.1
0.079
0.063

56.08
56.14
56.01
55.99
55.99
56.02
55.98
56
56.26
56.29
56.31
56.27
56.28
56.28
55.69
55.67
55.7
55.68
55.79
55.83
55.83

28.7
28
18.9
25.6
34.3
34.3
34.3
34.3
25.6
27.1
27.1
27.8
27.8
27.8
12.1
16.7
19.5
19.5
13.9
8.7
10.5

144.1
166.5
21.7
10.5
176.1
176.1
176.1
176.1
134.4
124.6
124.6
121.1
121.1
121.1
148.3
139.4
143
143
154.7
175.5
170.8

234
260
116
104
88
88
88
88
37
26
26
21
21
21
57
47
50
50
244
267
262
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annex 4

Section I Section III
Tilt number|window size| elevation | tilt angle| tilt axis| tilt way Tilt number|window size| elevation | tilt angle | tilt axis [tilt way
(m) (m) (°) (°) () (m) (m) () (°) (°)
1 31.623 21.09 7.2 29.4 123 1 19.953 18.21 11.1 32.1 128
2 10 56.9 10.3 135.4 44 5 12.589 47.07 6.9 153.7 | 244
2 10 66.9 7.7 141.9 51 8 2.512 29.45 8 148 57
3 3.162 14.77 13.3 161.1 70 8 2.512 31.96 15.1 137.8 45
6 5.012 44.42 14.7 141.6 231 11 6.31 12.42 21.5 179.7 | 272
7 7.943 28.96 5.6 91.1 179 12 6.31 18.73 26.6 12.9 112
9 3.981 11.03 4.6 159.3 249 13 3.981 26.2 15.6 153.2 | 244
10 3.981 38.9 11.5 145.4 56 19 2.512 21.91 5.6 148.1 59
11 3.981 66.76 7.6 156.2 66 24 2.512 39.49 4.8 163.4 74
13 2.512 24.35 4.3 129.5 218 26 0.794 12.7 37.1 13.9 286
13 2.512 26.86 5.5 133.5 221 31 1.259 1.12 8.8 116.8 | 202
15 1.995 1.99 9.3 42.7 315 36 0.794 20.64 29.1 117.9 22
21 3.981 42.88 16.4 9.2 280 41 0.631 13.68 7.5 25.3 136
22 1.585 47.21 23.7 79 172 41 0.631 14.31 39.9 4.9 101
27 1.995 11.96 12.7 175.1 267 44 0.398 23.41 17.9 158.5 71
34 1.585 6 5.3 25.2 120 49 0.794 21.44 22.9 150.5 [ 240
43 1.585 7.58 17.7 15.9 289 52 0.398 43.72 4.4 49.8 141
48 0.631 24.6 10.6 4.2 276 53 0.794 0.79 8.8 67.7 160
49 0.794 34.92 6.2 111.2 200 62 0.2 55.43 4.2 145.2 53
49 0.794 35.71 5.3 88.3 175 62 0.2 55.62 6.7 139 47
53 1 48.9 15.8 174.8 266 63 0.398 1.12 7.5 136.5 | 223
53 1 49.9 2.6 153.7 246 63 0.398 1.52 9 158.7 250
63 0.158 40.87 6.3 78.4 347 67 0.631 22.51 32.6 159.4 [ 250
63 0.158 41.03 15.3 65.5 335 71 0.2 11.93 25.6 17.3 112
66 1.259 71.53 15.4 17.6 288 72 0.126 12.33 56 176.6 267
69 0.501 7.33 10.2 169.2 80 80 0.316 41.63 7.2 164.5 [ 255
72 0.2 17.95 8.3 144.6 233 84 0.251 0.18 12.6 26.8 123
79 0.2 47.68 4.2 151.8 62 88 0.316 11.59 10.1 17.3 291
79 0.2 47.88 21.4 173 87 90 0.251 14.5 49.6 5.8 102
88 0.398 26.16 5.1 46.8 318 94 0.316 39.42 10.2 14.5 109
97 0.631 22.08 20.6 154.5 62 95 0.398 39.74 10.4 77.2 345
101 0.398 36.51 5.5 162.8 255 97 0.158 42.14 4.2 136.2 | 225
109 0.251 35.4 15.3 57.9 150 97 0.158 42.3 4 157.8 | 248
124 0.251 4.75 9.1 56.7 150 122 0.316 56.18 18.3 162.2 | 254
130 0.251 24.6 12.4 17.3 289 134 0.079 55.28 10.9 48.6 143
143 0.126 22.87 25.5 20.3 115 137 0.1 0.59 8.3 13.8 109
144 0.2 24.33 7.1 66 156 141 0.158 12.02 16.9 178.7 91
152 0.2 6.78 9.4 6.8 100 141 0.158 12.18 26.4 163.6 74
157 0.2 25.73 10.2 9.3 103 146 0.158 42.93 2 163.7 75
193 0.158 24.23 11.4 176.1 87 146 0.158 43.09 3.5 179.2 91
194 0.079 24.35 14.3 142.6 233 160 0.063 56.08 28.7 144.1 234
195 0.126 24.5 9.9 67.7 336 160 0.063 56.14 28 166.5 [ 260
204 0.158 47.84 21.4 173 87 171 0.04 56 34.3 176.1 88
211 0.063 47.63 14.5 114.1 15 172 0.04 56.28 27.8 121.1 21
212 0.04 47.95 13.1 29.5 298 183 0.05 55.68 19.5 143 50
217 0.032 24.59 9.4 9.1 281 184 0.1 55.79 13.9 154.7 244
223 0.032 47.74 5.2 23.4 119
223 0.032 47.77 2.9 28.7 122
229 0.032 24.21 17.6 168.8 79
245 0.05 25.5 3.6 8.9 281
245 0.05 25.55 10.6 1.7 274
272 0.02 47.72 4.3 134 220

Section II
Tilt number|window size| elevation | tilt angle| tilt axis| tilt way
(m) (m) (°) (°) (?)
3 10 27.85 3.9 140.3 230
3 10 37.85 7.6 150.6 240
8 1.585 4.63 30.4 36.8 134
8 1.585 6.21 1.2 48 136
12 3.981 10.91 13.8 52.2 322
13 1.995 15.87 20.9 134.3 40
15 1.995 29.84 18.2 132.5 221
18 1.259 18.45 6.5 127.6 216
18 1.259 19.71 9.8 124.7 213
21 1.585 1.46 11.2 16.8 289
21 1.585 3.04 7.3 40.5 316
22 3.162 8.62 15.4 77.9 345
24 0.2 34.23 44.3 8.1 103
27 1.585 12.55 8.5 113.5 201
27 1.585 14.14 5.5 97.3 184




