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The role of bedrock landslides in the denudation of fluvial catchments has 

received considerable attention, whereas the relative contribution of deep-seated bedrock 

landslides to the erosion of glaciated basins is less well known. A glaciated basin in the 

Chugach-St. Elias Range of southern Alaska was chosen to investigate the contribution of 

bedrock landslides because the debris from four major landslides on the surface of a 

glacier is easily distinguished from moraines and other supraglacial material. The 

sediment in the landslides was derived entirely from the hillslopes, as evidenced by large 

scars visible on the basin walls. 

A series of aerial and satellite photos from 1978 to 2000 and field observations in 

2001 and 2002 indicate that three of the four landslides have fallen onto the surface of the 

glacier since~ 1978. The landslides originated from the steeply dipping (60-70°) bedrock 

walls and were deposited onto the glacier in the ablation zone. Landslide material is 

currently being transported downstream supraglacially. Valley walls are composed of 

high-grade metamorphic rock, have a steep north-dipping foliation, are fractured by 

numerous large joints, and have an average relief of ~400 meters. A total landslide 

volume of~ 2.3 x 105 m3 was determined by combining surface profiles, area, and 

thickness from high-resolution survey data. This volume indicates that deep-seated 

landslides resulted in a basin-scale erosion rate of 0.4 mm yf 1. Other investigations that 

have attempted to quantify the sediment contribution from supraglacial sources, report 

that sediment derived from the basin walls could represent 24-60% of the overall erosion. 

If correct, the total landslide volume can be used to infer an overall, basin-scale erosion 

rate of 0.7 to 1.7 mm yr-1
. 



Additionally, a mean rockwall retreat rate of 6.7 mm yr-1 was calculated. This rate 

is considerably higher than published rates, which range from 0.04 - 4.0 mm yr-1. These 

rates were averaged over timescales of 105 years, therefore the most likely reason for the 

discrepancy is the short temporal scale of this study, 25 years. 



© Copyright by Ann M. Arsenault 

April6,2004 
All Rights Reserved 



Contribution of Deep-Seated Bedrock Landslides to Denudation of a Glaciated Basin in 
Southern Alaska 

by 
Ann M. Arsenault 

A THESIS 

Submitted to 

Oregon State University 

In partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

Presented April 6, 2004 
Commencement June 2004 



Master of Science thesis of Ann M. Arsenault presented April 6, 2004. 

APPROVED: 

Major Professor, representing Geology 

Chair of the Department of Geosciences 

Dean of the Graduate School 

I understand that my thesis will become part of the permanent collection of Oregon State 
University libraries. My signature below authorizes release of my thesis to any reader 
upon request. 

Ann M. Arsenault, Author 



Acknowledgements 

I would like to express my gratitude to my thesis advisor, Andrew Meigs, for 

allowing me to work on this project in Alaska and for providing the necessary 

atmosphere and guidance with which to complete it. I am most appreciative of his 

patience during a very difficult time in my life. I would also like to thank my family for 

their support, understanding and patience. 

Thanks to my committee members, Peter Clark and Stephen Lancaster for their 

helpful suggestions and comments. Your comments helped make me a better writer, and 

contributed greatly to the overall quality of my thesis. 

Thanks also to the following friends and colleagues at OSU who have helped in 

numerous ways during this journey: 

Kim Gordo for her invaluable help in the field. Joel Johnson for providing me with 

gainful employment and lots of advice. Chris Krugh for letting me ask a million 

questions and letting me "borrow" his spreadsheet program to crunch my data. Rose 

Wallick for her endless patience, understanding and advice, and for letting me vent far 

too often. Erik Klemetti, for not telling everyone that I got us lost at field camp! Anne 

Jefferson, and Sarah and Roger Lewis, for being great friends. Marion, for lending me 

Bailey. Melinda, Joanne, and Karen, (the OSU Geosciences office staff) for a pleasant, 

helpful place to work. Ann, Chris Goldfinger and all my friends in COAS for support 

and friendship. 

Thanks! 

Funding provided by NSF Grant# EAR0001239 



TABLE OF CONTENTS 

Page 

Introduction.............................................................................. 1 

Geologic setting........................................................................ 8 

Background and significance......................................................... 11 

Methods.................................................................................. 16 

Results.................................................................................... 28 

Discussion............................................................................... 41 

Sediment Flux.................................................................. 41 

Erosion rates..................................................................... 43 

Rockwall retreat rate.......................................................... 46 

Flow Velocity.................................................................. 47 

Landslide Mechanisms....................................................... 49 

Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Bibliography................................................................................ 58 

Appendices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

Appendix A: Transect and perimeter data.................................. 62 

Appendix B: Grid volume calculations..................................... 89 



Figure 

1. 

2. 

3. 

4. 

5. 

6a. 

6b. 

7a-c. 

8. 

9. 

10a. 

10b. 

10c. 

lla. 

llb. 

llc. 

12. 

13. 

14a-e. 

15. 

16a, b. 

LIST OF FIGURES 

Page 

Glacial transport system.................................................... 2 

Thompson Ridge, Chugach-St. Elias Mountains........................ 5 

Landslide evolution.......................................................... 6 

Glacier# 6, Thompson Ridge............................................. 7 

Jointing in valley walls..................................................... 10 

Rockwall retreat model..................................................... 15 

Landslide scar on eastern wall of basin# 6.............................. 15 

Survey lines of perimeters and transects................................. 19 

Envelope measurement technique......................................... 20 

Boulder measurement method............................................. 21 

Footprint of Landslide b........................................... .. . . . . . . .. 22 

Footprint of Landslide c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Footprint of Landslide d.................................................... 22 

3-D model of Landslide b........................................... .. . . . ... 23 

3-D model of Landslide c.............................................. ..... 23 

3-D model of Landslide d..... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Rockwall retreat rate........................................................ 27 

Photo showing relief of Landslide "b"............... . . . . . . . . . . . . . . . . . . . .. 29 

Profiles of Landslide "b"................................................... 30 

Sediment and debris found on Landslide "c"......... . . . . . . . . . . . . . . . . . . . 32 

Sediment and debris found on Landslide "d"................... . . . . . . . . 34 



LIST OF FIGURES (Continued) 

17. Accumulation and ablation zones for Glacier # 6....................... 36 

18a-l. Profiles of Basins 1-11...................................................... 37 

19. Denudation rates for Alaskan glaciers. Hallet et al., 1996..... ... . . . . . 45 

20. Basin # 6 relief and trimline................................................ 51 

21a. Average basin slope angles................................................ 52 

21b. Valley lowering vs. hillslope response via landslides response....... 52 

22. Along-strike profile of Thompson Ridge......... . . . . . . . . . . . . . . . . . . . . . . .. 55 



Contribution of Deep-Seated Bedrock Landslides to Denudation of a Glaciated 
Basin in Southern Alaska 

Introduction 

Glaciated alpine basins represent complex drainage systems involving multiple 

sediment production mechanisms, sources, and transportation methods. Sediment 

production mechanisms include mass wasting, glacial and fluvial erosion, and chemical 

and physical weathering. Sediment source areas include primary bedrock erosion of the 

cirque or valley walls and the ice-bed interface (Figure 1). Once produced, sediment is 

transported through the system supraglacially, englacially, or subglacially (Fenn, 1987), 

and subsequently removed by proglacial streams and rivers, and/or deposited as moraines 

(Figure 1). Sediment volumes delivered from alpine basins represent an integrated signal 

from various sources. Sediment exported from a basin is typically measured as fluvially 

transported sediments in glacial streams and outwash channels and from estimates of 

sediment volumes stored in fjords and lakes (e.g. Hallet et al., 1996; Hammer and Smith, 

1983; Hunter et al., 1996; Stravers and Syvitski, 1991). Though these techniques provide 

good estimates of the total amount of sediment being eroded out of a basin, the process­

specific, source-specific, or time-specific contributions to sediment outputs are not 

readily determined (Fenn, 1987). That is, how was the sediment produced, where was it 

produced, and how long does it take to pass through the system? 

Paraglacial processes are earth-surface processes in which sediments, landforms, 

and landscapes are directly conditioned by glaciers and deglaciation (Ballantyne, 2002). 

In mountain environments slope failure is both a significant paraglacial erosion process 

and an important delivery mechanism by which debris from the valley walls and cirque is 
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Figure 1. Glacial transport system. Sources of sediment in a glacial basin include the cirque headwaU, 
the valley walls, and the ice-bed interlace. Transport of sediment occurs supraglaciaJly (blue arrows) 
englacially (green arrows) and/or subglacially (red arrows). The fim line marks the division between the 
accumulation and ablation zone for a given year and typicaUy lies at the same elevation as the ELA. 
Sediment supplied to the glacier below the fun line is transported supraglacially, such as is observed on 
the study glacier (After Small 1987). 
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transported to glaciers. Factors that contribute to slope failure in alpine environments 

include debutressing of valley walls, steep slopes, high relief, lithology, rock strength, 

climate regime, temperature, and seismic activity (Gardner, 1977). 

Three general types of slope failure are recognized: 1) large-scale catastrophic 

failure, such as landslides or debris flows; 2) rock-mass deformation, or creep; and 3) 

rockfall (Ballantyne, 2002). Classification of slope failures varies as some nomenclature 

is based on magnitude whereas others are based on genesis and mechanics (Gardner, 

1977). Large-scale catastrophic failures are generally understood to describe bedrock 

falls or landslides ranging in size from 100 m3 to 1 x 106 m3 (Whalley, 1974). Rockfalls 

or debris falls are typically described as discrete events that result in talus accumulation 

(Ballantyne, 2002). Although the magnitude of rockfall is not well defined, generally it 

ranges in volume from 10 m3 to 50 m3 (Whalley, 1974). Low- volume rockfall is the 

most frequent form of slope failure whereas large-scale landslides are less frequent but of 

a much higher volume (Selby, 1993). The relative importance of low vs. high magnitude 

events and their contribution to rates of hillslope erosion is not well constrained, and 

likely varies with location (Benn and Evans, 1998). 

Large-scale catastrophic failure in the form of deep-seated bedrock landslides is 

the subject of this study. Three large landslides have been deposited onto the ice surface 

of an alpine glacier located in the Chugach-St. Elias Mountains in southern Alaska 

(Figure 2). A series of aerial photos and satellite images from 1972 to the present 

constrain the interval of deposition to the last 25 years (Figure 3). Because the landslides 

fell onto the ice surf ace in the ablation zone the deposits have not been incorporated into 

the ice; instead they are being carried down-valley as supraglacial deposits and have 



remained relatively intact (Figure 4). Thus, these landslides provide a unique 

opportunity to isolate sediment from a single source and to measure the sediment flux, 

equivalent bedrock erosion rate, and rockwall retreat occurring over a well-constrained 

interval of time. 

4 
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Figure 2. Thompson Ridge Chugach-St.Elias Mountains, Southern Alaska. Thompson Ridge is an east-west ~ 

trending ridge approximately 30 km long, with eleven north facing glaciated basins. The glaciers flow northward 
and drain into Granite Creek. 
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Figure 3. Evolution of four landslides on the surface of Glacier# 6 from 1972 to pre ent. The landslides occurred in the ablation 
area and are being transported supraglacially down stream . The eastern wall of the basin is the proposed source area for landslides 
"a" (green) "b" (yellow) and "d" (purple). Landslide "c" (blue) appears to have originated from the western wall of the basin. Also 
apparent in the series of images is the lack of retreat experienced by the glacier. The toe of the glacier has remained in 
appro imately the same position during the 30 year interval. 

°' 



Figure 4. Glacier# 6, Thompson Ridge, southern AK. Four landslides are present on 
the surface of glacier# 6 (a, b, c, and d). Landslide "a" is the oldest, having occurred 
before 1972; landslide "b" occurred between 1972 and 1978; landslide "c" occurred 
between 1978 and 1986, and landslide "d" is the youngest having occurred sometime 
between 1986 and 2000. 

7 
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Geologic setting 

The Chugach-St. Elias Mountain Range is an active orogenic belt located in 

Southern Alaska. The range is approximately 1100 km long and trends east-west along 

the Pacific-North American plate boundary. Geologically, the range is an exotic terrain: a 

bedrock assemblage of flysch and metamorphosed basalt accreted to the continent during 

the Mesozoic and Cenozoic by the subduction of the Pacific plate underneath the North 

American Plate (Winkler, 2000). The Chugach-St. Elias Range is extensively glaciated 

and exhibits high relief, rising from sea level to 5000 mover a distance of ~20 km (Meigs 

and Sauber, 2000). The high relief creates a substantial rainshadow, whereby the 

windward (south) side of the mountain range receives approximately 2-3 m of 

precipitation per year, and the lee side (north) receives less than 1 m per year (0strem et 

al., 1981). Precipitation amounts dictate glaciation levels or mean equilibrium line 

altitude (ELA), which in tum affects the erosional regime. The windward side of the 

mountain range receives more precipitation and experiences greater fluctuations in 

glaciation levels than the leeward side. 

Thompson Ridge is an east-west trending ridge located on the leeward side of the 

Chugach-St. Elias Mountains and is approximately 30 km long. Precipitation on the ridge 

is low and ranges from 750 mm to 1000 mm y{ 1 (0strem et al., 1981). The ridge contains 

eleven north-south trending glaciated basins. The glaciers flow from south to north and 

terminate in Granite Creek, which bounds the north flank of the ridge (Figure 2). The 

basins range in size from ~5.2 x 105 m2 to ~1.9 x 107m2 and each basin is bounded on 

either side by steeply dipping (37° to ~75°) bedrock walls. Glacier# 6, the study area, 

(Figure 3) has an area of ~ 1.9 x 107 m2
. 



Bedrock of the basin walls is composed of high-grade metamorphic rock with a 

steeply north-dipping foliation. Large joints are present in the cliffs above Glacier# 6 

(Figure 5) and may be a contributing factor to valley-wall stability. 

9 



Figure 5. Valley-wall parallel jointing observed in the basin walls of Glacier# 6. Large 
joints are found in the steep basin walls and are thought to be a contributing factor to 
the deep-seated bedrock landslides. (Photo courtesy Doug Burbank, 2001). 

lO 



Background and significance 

Denudation 

11 

Mass wasting is the downslope movement of soil or rock material under the 

influence of gravity (Selby, 1993) and landslides are just one of many types of mass 

wasting. Recent studies (Hovius et al., 1997) highlight the importance of landslides to 

hillslope erosion in fluvial basins. Though there have been a number of studies that have 

addressed the magnitude and frequency of rockfalls and landslides in alpine 

environments (e.g. Hinchcliffe and Ballantyne, 1999; Holm et al., 2004; Curry et al., 

2001; Evans and Clague, 1994), few studies have compared the volume of sediment 

contributed by landslides to the total volume of sediment. 

An understanding of sediment production and corresponding erosion rates in 

glaciated basins is fundamental to understanding range-scale denudation, yet many 

questions remain unanswered: What role do landslides play in the broad context of 

surface processes in glaciated environments? How significant are landslides and rockfall 

to the overall denudation in a glaciated terrain? What linkages exist between glacial 

erosion, climate, and tectonics? In order to understand the overall contribution of rockfall 

and landslides to overall glacial erosion, it is necessary to have a dataset of erosion rates 

with which to compare. However, reported glacial erosion rates vary greatly from 1.0-5.0 

mm yr-1 (Selby, 1993) to 5-70 mm yf 1 (Hallet et al., 1996). The variance is due to many 

factors. These data, for example, were generated in various geomorphic and geographic 

settings such as southeast Alaska (Carlson, 1989; Powell, 1991; Hunter et al., 1996), 

Norway (Bogen, 1996), the Swiss Alps (Bezinge, 1989), and Canada (Andrews et al., 

1994; Hicks, 1990; Stravers and Syvitski, 1991). With some exceptions, the majority of 
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these studies report erosion rates for tidewater glaciers, which are temperate, warm-

based, water-terminating glaciers, commonly associated with fast flow and higher erosion 

rates (Benn and Evans, 1998). Moreover, the aforementioned studies employed various 

methods to calculate sediment flux and represent denudation rates for different timescales 

and different basin areas. Methods used to calculate the sediment flux include 

measurement of water and sediment output from glacial streams (Hallet et al., 1996; 

Hammer and Smith, 1983), bathymetric analysis of sediment trapped in glacial lakes and 

inlets (Jordan, 1962; Powell, 1991), and measurements of sediment released from hydro­

electric dams (Bezinge, 1989). 

Sampling problems inherent in glacial environments make it difficult to obtain 

data with regard to erosion rates. Access to the ice-bed interface is limited, thus it is 

difficult to directly measure erosion at the bed. Inaccessibility makes it difficult to 

determine the role of sediment storage to overall glacial erosion rates. Also, contribution 

of sediment from multiple sources adds complexity to the calculation of erosion rates 

(Hallet et al., 1996). Typically, glacial erosion rates are calculated from the volume of 

material deposited in moraines, carried by proglacial streams, or stored in fjords and 

other sediment sinks. The sources of this material include primary bedrock erosion at the 

ice-bed interface, evacuation of sediments from subglacial storage (Koppes and Hallet, 

2002), and/or hillslope failure. 

A study of tidewater glaciers in southern Alaska (Koppes and Hallet, 2002) 

argued that primary bedrock erosion at the ice-bed interface is the dominant process of 

erosion and that the contribution from evacuation of subglacially transported and stored 

sediment was small. Sediment contribution from hillslope failure was considered to be 
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minor. Studies conducted in the Southern Alps (Hicks, 1990) estimated that 

approximately 60% of the total sediment flux was contributed from non-glacial erosion 

of the valley walls, while only 40% came from glacial scour of the basin floor. In 

contrast, another study (Hammer and Smith, 1983) conducted in a small cirque glacier in 

Alberta, Canada determined that 24% of the total sediment supply originated through 

supraglacial and/or high englacial sources, (i.e. cirque or valley wall), whereas the 

remaining 76% of the sediment was supplied in equal amounts by bedrock erosion and 

channel-bank erosion. 

There have been many investigations of rockfall on cirque and valley glaciers 

(Gardner, 1977; Whalley, 1983; Evans and Clague, 1994; Matsuoka and Sakai, 1999; 

Curry et al., 2001; Matsuoka and Abe, 2002; Holm et al., 2004). In contrast to 

landslides, volume contribution by rockfall is considered to be a low magnitude-high 

frequency process, operating on a continuous basis. The aforementioned studies have 

employed various methods to determine sediment volume including audial observations 

(Matsuoka and Sakai, 1999), natural traps such as large flat-topped boulders (Luckman, 

1988), artificial traps such as screens (Church et al., 1979; Douglas, 1980; Fahey and 

Lefebure, 1988), and snowfields below cliffs (Gray, 1973b; Ono and Watanabe, 1986; 

Rapp, 1960). In general, these studies have provided data on volumetrically small 

rockfalls, up to ~ 20m3
. 



14 
Cliff Retreat 

Rockwall retreat results from the erosion and removal of sediment and debris 

from valley walls (Figure 6a). Retreat typically occurs in a non-uniform spatial pattern 

because sections of rockwall may fail independently of one another (Figure 6b ). 

Studies of rock wall retreat (Rapp, 1960; Gray, 1973a; Hinchcliffe and 

Ballantyne, 1999; Rapp, 1960) provide important, but varied, information about rates of 

retreat of hillslopes and cirques. Differences in climate, lithology, structure, tectonic 

history, and sampling methods must be taken into account when comparing these 

various data (Hinchcliffe and Ballantyne, 1999). Cliff retreat rates generally reflect 

current processes and are largely confined to the Holocene or present day (Whalley, 

1996). Present day alpine environments yield retreat rates that range from 0.05 to 4.00 

mm y( 1 (Hinchcliffe and Ballantyne, 1999). It is thought that high retreat rates in alpine 

environments are due in large part to the joint density, slope steepness, and cliff height 

(Andre, 1997). 
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Figure 6a. Theoretical hillslope evolution and retreat. Landslides and 
rockfall cause the face of the hillslope to retreat back. Typically retreat 
does not occur uniformly across the entire cliff face. Talus that is not 
removed builds up at the base of the cliff and can retard retreat rate. 
(After Selby, 1993). 

Figure 6b. Landslide scar visible on the eastern wall of Glacier# 6. Landslide 
"d" is visible at the bottom of the photo. Erosion occurs in discrete sections, 
therefore one section of the hillslope fails and retreats independently of 
adjoining sections. 

15 
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Methods 

In the summer of 2002 a field survey of three landslides ("b", "c" and "d") 

(Figure 4), on Glacier 6 was conducted using a global positioning system, a laser 

theodolite, aerial and satellite photographs, and topographic maps, in order to determine a 

total landslide volume. A fourth landslide (Landslide "a") present on the glacier surface is 

currently at the terminus and an unknown volume of the original material is missing. 

From these volumetric data, a sediment flux, short-term erosion rate, and rockwall retreat 

rate were calculated. Digital elevation models were used to determine basin morphology 

and relief for each of the eleven basins on Thompson Ridge in an effort to determine if 

such factors affect the basin denudation regime. 

Field Methods 

A laser range finder/theodolite (Laser Atlanta Advantage®) and a Garmin GPS II 

Global Positioning System (GPS) were used to survey the three landslides (Figure 4). The 

GPS was used to determine the UTM coordinates of survey stations from which sections 

of each landslide were measured (Appendix A). The stations (numbered 1-36) were 

located on the crest of the landslide deposits: A point from which there was an 

unobstructed line of sight to either the landslide perimeter or a potential transect line. The 

range finder operates by shooting a pulse of light that is reflected by a prism located at 

the point to be surveyed, and returns a distance, bearing (azimuthal) and inclination 

(Appendix A). The measurement errors associated with the theodolite are as follows: 



Distance: ± 0.5 feet (15.3 cm) 

Azimuth: ± 1.0° when level 

± 1.0° when tilted 

Inclination: ± 0.4° 

The Garmin GPS IT provides horizontal accuracy within 15 m and vertical accuracy of 

± 75 m. The measurement error introduced by both of these instruments is systematic, 

and therefore not critical to this particular study. 

17 

For each landslide, points were surveyed around the perimeter and across the 

landslide on transects along its length (Figures 7a-c). The number of transects varied for 

each landslide and were spaced 50 to 75 m apart. Fifty-six transects were mapped on 

landslide "b" and four transects on landslide "d" (Appendix A). No transects were 

mapped on landslide "c" as the surface expressed little-to-no relief. The landslides are 

relatively thin blankets of debris sitting on the glacier surface. Points for each transect 

were collected along the ice surface and along the tops of boulders in an effort to measure 

the envelope of debris (Figure 8). This technique was employed at several locations along 

landslide "b" and allowed a more accurate calculation of the total volume of debris. Due 

to the nature of the debris in both landslides "c" and "d", the envelope technique was not 

used. Landslide "c" had little relief, < 4 cm, so this technique was not necessary, and 

Landslide "d" proved to be logistically difficult to survey in this manner. 

As a second method by which to determine total sediment volume on Landslides 

"a" and "c", boulder counts were performed. Measurements of 100 of the largest boulders 

in a given area (bounded by two transects) were taken to determine if once broken down 

to finer particles, the volume of the boulders would more or less equal that of the finer 



sediment blanketing the same area. The boulders were treated as ellipsoidal in shape 

and measurements of the long and short axes were used to calculate a volume 

(Figure 9; Equation I). 

4/3n a2b a = short axis, b = long axis. 

Lab Methods 
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(1) 

Each survey point measured with the laser range finder was converted into a point 

having an x, y, and z coordinate representing 3-dimensional UTM space (Appendix A). 

Distances were corrected for inclination and translated into actual ground distances. 

Bearings, measured from 0° - 360°, were combined with distance data in order to obtain 

the UTM coordinates for each surveyed point. The corrected data were then used to map 

a footprint for each of the three landslides (Figures lOa-c) from which the surface area for 

each was calculated (Table 1). The spatial data were used to create 3-D surface models 

of each landslide (Figures 11 a-c ), which allowed for the calculation of the total volume of 

sediment and debris contained in each landslide. The volume of sediment was calculated 

by multiplying the total surface area by thickness (Table 1). 

Landslide b Landslide c Landslide d Total Basin 6 
width (m) 45-380 ~50 ~100 

length (m) 1200 425 425 

surface area (m2
) 331,500 20,258 42,460 394,218 1.9 X 107 

thickness ( cm) 7-100 4 100-200 

avg. relief (m) 27 0.06 7 

volume (m3
) 164,750 810 64,765 230,325 

Table 1. Statistics for Landslides b, c, and d, and Basin# 6. The length of each landslide 
is measured east to west across the basin. The width is the distance as measured north 
to south. Total volume of sediment in the three landslides is 2.3 x 105 m3

. 
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Figure 7 a-c. Survey lines of perimeter and transects. 7 a) Perimeter ( outlined in blue) and 
example of 3 transects (yellow) on landslide "b". 7b) Perimeter and 4 transects on 
landslide "c". 7c) Footprint of landslide "b" constructed from the perimeter and transect 
survey data. Fifty-six transects measured on the surface of "b" (shown in various colors). 
Profiles of the landslide were constructed from transects T2, T3, T32, T35, T40, T43, 
T50, T61, and TIO, and are displayed in Figures 14a-f .. 
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Figure 8. Envelope measurement technique. Note the person circled in blue on the 
left side of the photo. Landslide "b", in general, is composed of a thin veneer of 
sediment and debris, ranging in thickness from 7-100 cm. In order to calculate a 
precise volume an "enveloping" technique was employed. Transects were surveyed 
along the ice-debris contact and over large boulders (upper yellow line). Depth to the 
ice was measured and is taken to be the thickness of sediment (area between the two 
yellow lines). This method introduces an error in volume of+/- 7%. The area shown 
in green represents an error of ~ 30% which is the potential error associated with 
fitting a surface to the highest points on the landslide. 
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Figure 9. Boulder measurements. Numerous large boulders (1.0 - 25 m) are present on 
the surface of landslides "b" and "c". One hundred of the largest boulders were 
measured in each of four locations on Landslide "b" and two locations on Landslide 
"c" as a second method in which to determine sediment volume. The boulders were 
assumed to be roughly ellipsoidal in shape, therefore, the long and short axes were 
measured to determine the volume of each individual boulder. This method introduces 
an overestimate in volume of -3-7%. 
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The thickness of landslide "b" varied across its length therefore the volume calculation 

was performed twice with two different thickness values and the average of the two 

iterations was taken to be the total volume. The first iteration was calculated using the 

smaller thickness values and the second iteration with the higher values. For example, the 

eastern limb of landslide "b" was found to have a thickness range of 7-15 cm, and the 

western limb ranged from 50-100 cm. Therefore the first volume calculation was 

performed using a thickness of 7 cm for the eastern limb and 50 cm for the western limb. 

The second iteration was performed with values of 15 cm and 100 cm for the eastern and 

western limbs respectively. The resulting sediment volume, 164,750 m3, is an average of 

the two iterations (Appendix B). 

A point-kriging gridding method was used to estimate the volume of the 

landslides. The default parameters were accepted and are as follows: Kriging = Linear, 

Slope = 1, Aniso = 1,0; Kriging type = Point; and Drift type = non. Kriging is a 

geostatistical method that generates an interpolated grid by estimating the values of the 

points at the grid nodes (Surfer 8 User's Guide, p. 119). This method is considered to be 

an exact interpolator, which means the program honors data points exactly when the point 

coincides with the grid node. When a point does not coincide with a node, a weighted 

average interpolation algorithm is applied. That is, the closer a point is to a grid, the 

more weight it carries in determining the Z value at that grid node. The difference 

between gridding methods is determined by how the weighting factors are computed and 

applied to the data points. Kriging is well-suited for producing maps from irregularly 

spaced data points, and is also useful for both small (<10 observations) and large (>1000 

observations) data sets. The data set for landslide "b" contains 1653 measured points, 



landslide "c" contains 80 points, and landslide "d" contains 100. Several other gridding 

methods were considered, including minimum curvature, natural neighbor, nearest 

neighbor, and triangulation, with less than satisfying results. 
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Sediment flux (volume/time) and a basin-scale erosion rate (volume/area/time) 

were calculated using 1) total volume estimates, 2) area of the basin as calculated from a 

USGS 1:63 360 topographic map (NOS/NOAA, 1985) and aerial photographs, and 3) the 

period of record, 25 years. The sediment flux is a measure of the volume of debris falling 

onto the glacier surface over a given amount of time. The erosion rate is the sediment 

flux divided by the total basin area. 

Rockwall retreat rate was calculated to determine how quickly landslides are 

eroding the basin walls. The following equation, adapted from Hinchcliffe, (1999) was 

used to determine the rate: 

R = V = ___ V.:,._ __ _ 

A A' sec (tan-1(h/d)) 

R = rockwall retreat rate 
V = volume of sediment 
A = area of contributing rockwall 
A' = planimetric area of contributing rockwall 
h = average rockwall height 
d = average planimetric distance from base of rockwall to crest 

(2) 

Retreat rate (R) was calculated by dividing the total amount of sediment in the 

three landslides (V) by the area of exposed rockwall in the basin. (i.e. contributing 

rockwall area (A)). The planimetric area (A') was measured on a 1:63 360 topographic 

map and aerial photographs (Figure 12). Average rockwall height (h) was measured in 
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the field and on topographic maps and the average planimetric distance (d) was 

measured on the topographic map and aerial photos (Figure 12). 

Digital elevation models (USGS Bering Glacier E, W, and C) were analyzed with 

Erdas Imagine 8.5 to determine basin profiles, valley slope, and relief for each of the 

eleven basins on Thompson Ridge. 

Flow velocity for Glacier 6 was calculated from aerial photographs (Figure 3) in 

an effort to determine a) how fast the landslides are being transported down-stream, and 

b) the total duration of time a landslide exists on the surface of the glacier. 
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Figure 12. Rockwall retreat rate. The mean rate at which the valley walls are 
retreating (6.7 mm a-1) was ca1cu1ated using the planimetric area (A'), the average 
planimetric distance (d) on the aerial photo, and the average height (h) of the 
contributing rockwa11 from the valley profile. (1978 USGS Landsat 5 TM image). 
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Results 

Landslide "b" 

Landslide "b" is arcuate in shape, 1.2 km (1200 m) long, as measured from east to 

west, 45 to 380 m wide, has a surface area of 331,500 m2 and ranges from 7 to 40 m in 

relief (Figures 4, 10a, 11 a, 13). The landslide lies on the surface of the glacier between 

813 and 880 m elevation and spans the entire width of the basin. Of the three landslides 

surveyed, it is the oldest, having occurred about 1974. In the 1978 aerial photo the 

landslide appears high on the glacier near the steep basin walls just below an icefall 

(Figure 3). Since it is not present in the 1972 photo, the slope failure occurred between 

1972 and 1978. The slope of the glacier underneath the present day location of the 

landslide ranges from 0.05°-10° with an average slope of 3°. The relief of the landslide 

varies and is dependent on the location of measurement. Generally the up-stream relief is 

less than the down-stream relief. That is, the up-stream slope is less steep than the down­

stream slope (Figure 14). Though the landslide appears as if it is a ridge of sediment and 

debris, it is actually composed of ice covered with a veneer of sediment (Figure 13). The 

thickness of the veneer varies from 7-100 cm and has served to insulate the glacier. As a 

result, the surrounding ice has ablated at a faster rate. The minimum ablation rate is 

~ 1.0 m yf 1 and was calculated by estimating the amount of ice down-wastage as seen in 

surface profiles of the landslide. The amount of ablation represents a minimum because it 

is not possible to calculate how much ice below the surface of the landslide has melted. 

The debris representing landslide "b" ranges from sand-sized grains to boulders up 

to 10 meters across (Figures 8, 9). There is no vegetation and in many places ice is visible 

(Figures 13). In general the eastern limb of the landslide has smaller, sub-angular 
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Figure 13. Relief of Landslide "b". Relief ranges from 7-40 m depending on the location 
of measurement. The relief is a result of ablation. The landslide has insulated the glacier 
such that the ice around the landslide has ablated at a faster rate; ~ 1.0 m yr-1. This photo 
was taken on the down-stream side of the eastern limb (person circled in blue for scale). 
Patches of ice can be seen showing through the thin blanket of sediment on the steep 
slope faces. 
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Figures 14a-f. Selected transects from landslide "b" (see Figure 7c for transect locations). 
Up-stream is to the left and down-stream to the right in all profiles. 
14a and 14b are profiles of the western limb of the landslide. The western limb is 
composed of two ridges therefore it was necessary to link two separate transects to create 
one profile. 14c and 14d are profiles located across the central portion of Landslide "b". 
The landslide is wide in this region therefore two transects were linked to compose one 
profile. 14e and 14f are profiles across the eastern limb of the landslide. In general the 
up-stream side of the landslide has less relief than the down-stream side. 
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boulders (0.5 to 3 m), and a thinner veneer of sediment (7 to 50 cm), than the western 

limb. Conversely, the western limb of landslide "b" has a thicker veneer of sediment (15 

to 100 cm) and a greater number of boulders that are both larger (1.5 to 8 m) and more 

angular. 

The total volume of sediment and debris contained within landslide "b" is estimated 

to be 164,750 m3 ± 16,475 m3 (Table 1). This value represents the average of the two 

volume calculations performed to account for variations in thickness along the landslide. 

Landslide "c" 

Landslide "c" (Figures 4, 10b, llb) is very different from both Landslide "b" and 

"d". Volumetrically it is the smallest of the three landslides, only 810 m3
, and exhibits 

little to no relief ( < 4 cm). It is arcuate in shape and is located at an elevation of 883 to 

921 m. Its location indicates that it is younger than landslide "b", but older than landslide 

"d" and occurred sometime after 1978 and before 1986 (Figure 3). Unlike Landslide "b", 

Landslide "c" does not extend across the entire width of the basin. Instead, it appears to 

have originated from the western wall and extends toward the middle of the glacier in a 

slightly arcuate shape. It is approximately 425 m long, 50 m wide, ~4 cm thick and has a 

surface area of 20,258 m2
. The sediment and debris that make up Landslide "c" is much 

different than that of Landslides "b" or "d". The clasts are angular and small, ranging in 

size from sand and silt sized particles up to~ 15 cm (Figure 15). Very few boulders were 

observed and those that were present were not larger than 1 m across. 



Figure 15. Sediment and debris on Landslide "c". Landslide "c' is composed of small, 
sub-angular clasts ranging in size from sand and silt-sized particles to 15 cm across. 
Several larger boulders ( ~ 1 m) were observed but were not common. The landslide 
exhibits little to no relief ( < 4 cm) and is volumetrically the smallest of the three 
landslides. 
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Landslide "d" 

Landslide "d" (Figures 4, 10c, 1 lc) is the youngest of the three landslides, 

appearing in the aerial photos after 1986 and before 2000 (Figure 3). The landslide lies at 

an elevation of 999 to 1014 m and abuts the eastern side of the basin. It is 425 m long, 

approximately 100 m wide and is composed of very large angular blocks and flat slabs up 

to 15 m across (Figures 16a, b). The slabs appear to be relatively fresh, are unvegetated, 

and exhibit little to no weathering. The surface area of the landslide is 42,460 m2 and the 

thickness was estimated to be 1.0 to 2.0 m resulting in an average sediment volume of 

64,765 m3
. This volume is considered to be a conservative minimum given that Landslide 

"d" was located in a somewhat inaccessible region on Glacier # 6. 

Boulder count 

The boulder count volume calculation method was not useful as it resulted in 

large overestimates of sediment volume. For example, the surface area surveyed between 

Transects 1 and 2 is 882 m2
, and contains 251 m3 of sediment, based on an average 

thickness of 0.28 m. The volume of sediment for the same area, as calculated from the 

boulder volumes, is 428 m3, nearly twice that of the survey method. The ellipsoidal 

measurement technique resulted in only slight overestimates of boulder volumes, ~3-7%, 

and therefore accounts for a fraction of the total volume overestimate. It is possible that 

the volume of material obtained by the transect method is conservative and the boulder­

count-method results are not a gross overestimate. However, the boulder method was 

applied over only four areas on Glacier "b" and does not supply us with a large enough 

data set to calculate an accurate volume. 



Figure 16a,b. Sediment and debris on Landslide "d". The debris and clasts that 
compose Landslide "d" are subangular and range from sand-sized grains to 
boulders up to 15 m across. Landslide "d" is the youngest of the three landslides 
and occurred between 1986 and 2000. 
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Sediment Flux/Erosion rate 

The total volume of landslides b, c, and d, averaged over 25 years, can be used to 

calculate a basin-scale sediment flux (Equation 3) and a corresponding basin-scale 

erosion rate (Equation 4). The total volume of sediment for the three landslides is 

230,325 m3, the total basin area (accumulation area plus ablation area) is ~ 19 km2 (Figure 

17), and the interval of time over which this volume accumulated is 25 years. 

Sediment flux = V/time 

Corresponding 

= 230,325 m3 I 25 yr-1 

= 9213 m3 yr-1 

erosion rate = sed flux /basin area 

Rockwall retreat rate 

= 9213 m3 y{ 1 
/ 19 km2 

= 0.4 mm yr-1 

(3) 

(4) 

Rockwall retreat rate can also be estimated for the 25-year period. The maximum 

value of retreat rate (R= 7.3 mm yf 1
) was calculated by dividing the total amount of 

sediment (V) in the three landslides by the area of exposed rockwall in the basin (i.e. 

contributing rockwall area (A)) (Equation 2). The planimetric area (A') as measured on 

the 1 :63 360 topographic maps and aerial photograph (Figure 12) is approximately 

700,000 m2
. Average rockwall height (h) as measured on the topographic maps and aerial 

photo is 365 m and the average planimetric distance (d) is 245 m (Figure 12). A second 

calculation to determine rockwall retreat was performed using the measurement of the 

contributing rockwall area directly from the Basin# 6 profile (Figure 18f). This method 

yielded a larger contributing rockwall area, which results in a slightly lower rockwall 

retreat rate of 6.1 mm yr-1
. Therefore the mean retreat rate is calculated to be 6.7 mm yf 1

. 
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Figure 17. Accumulation and ablation zones on glacier# 6. The accumulation zone 
(above the ELA) and the ablation zone ( below the ELA) were determined using the 
AAR method (e.g Meier and Post, 1962). The landslides that have fallen onto the 
surface of Glacier # 6 originated from the valley walls in the ablation area, therefore 
the sediment is being transported down-glacier supraglacially and has remained 
relatively intact. The four landslides (a, b, c and d) are indicated on the surface of 
the glacier in their present-day locations. The 1978 aerial photo was used as a base, 
and Landslides a and bare visible south of their present day positions (Figure 3). 
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Flow velocity 

The flow velocity for both the upper and lower part of Glacier # 6 was calculated 

by estimating the distance that each landslide traveled down-glacier over a given amount 

of time. For example, Landslide "b" traveled a distance of 3006 m from~ 1974 to 2000. 

Though the aerial photos indicate that Landslide "b" was present on the surface of the 

glacier in the 1978 photo, it is estimated from ogives that the landslide could have been 

deposited as early as~ 1974. Ogives are arcuate alternating light and dark seasonal 

depositional bands (Figure 4 ). Lighter bands represent winter deposition and darker 

bands, which contain a higher concentration of wind-blown dust, represent summer 

deposition. A pair of ogives is referred to as a couplet and represents one year's 

deposition (Benn and Evans, 1998). The ogives are convex downstream due to variable 

flow velocity of the glacial ice. The velocity is less at the margins of the glacier due to 

friction with the valley walls, whereas the velocity in the center is greater. 

Landslide "b" was transported a distance of 3006 m over a 26 year time interval 

resulting in a flow velocity of 116 m yr-I for the upper part of the glacier. Landslide "a" 

traveled a distance of 650 m during a 28-year interval, 1972 to 2000, resulting in a flow 

velocity of 39 m yr-I for the lower part of the glacier. The calculated flow velocities 

indicate a ~55-year life span for landslides on the surface of the glacier. 
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Discussion 

Sediment Flux 

A sediment flux of 9213 m3 yr-I (Equation 3) represents the annual amount of 

sediment coming from the hillslopes via landslides in Basin 6, over the last 30 years. The 

corresponding erosion rate is calculated to be 0.4 mm y(I (Equation 4). Though the 

landslides originated entirely from the exposed hillslopes in the ablation area, the area of 

the entire basin (ablation plus accumulation area) was used to calculate the erosion rate, 

in an effort to conform to published standards. If the erosion rate is calculated based 

solely on the area of ablation (3.9 km2
), instead of the entire 19 km2 basin area, the 

resulting erosion rate is 2.5 mm y(I. It is more realistic to take into account only the area 

of the contributing rockwall to calculate the erosion rate, because the landslides 

originated from the exposed bedrock of the valley walls. However, in an effort to 

compare the sediment flux from this isolated source (the valley walls) to overall sediment 

flux, it is more useful to use the entire area. 

Though a fourth landslide (Landslide "a") is present on the surface of the glacier, 

it is not intact; therefore its volume was not measured. An estimated volume of material 

in this landslide is ~79,000 m3
. Inclusion of this volume represents an ~8% increase in 

sediment flux, to 9978 m3y(I considering a 6-year increase in temporal scale. The 

corresponding erosion rate is increased from 0.4 mm y(I to 0.5 mm yr-I by the inclusion 

of this additional volume. 

Volume contribution due to rockfall was not included in the sediment flux 

calculation. Rockfall is considered to be a high frequency, low magnitude process of 

erosion, and though rates are not well constrained, it is likely dependent on lithology, 
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climate, and geography (Whalley, 1983). Several studies of talus accumulation 

(Gardner, 1983; Luckman, 1988; Hinchcliffe and Ballantyne, 1999) found that rates of 

rockfall activity are generally higher immediately after deglaciation, and that Holocene 

rates are much lower, ranging from 0.08 to 0.13 mm yr-1. In an effort to determine 

whether the inclusion of rockfall would significantly effect the erosion rate, rockfall 

volume was estimated from visual inspection of the surface debris at the lateral edges of 

the basin and as seen in the 1972 aerial photo. The 1972 photo was chosen because the 

rockfall was more easily defined and there is less contamination from landslides. 

Volume, based on a surface area of 191,500 m2 and an estimated average depth of 0.20 

m, is~ 38,300 m3
. If the additional volume is added to the volume of the three landslides, 

and the temporal scale is extended to 31 years (to include 1972), then according to 

equation 3, the resulting sediment flux due to landslides and rockfall: 

= 268,625 m3/31 yr-l 

= 8665 m3 yr-l 

and the equivalent erosion rate (equation 4) 

= 8665 m3 yr-1/19 km2 

;::::: 0.5 mm yr-1 

The additional volume as contributed by rockfall results in an ~8% increase in sediment 

flux rate and an increase in equivalent erosion rate from 0.4 mm yr-1 to 0.5 mm yr -1. 

Note that the volume increase due to 31 years of rockfall is estimated to be equivalent to 

the volume as contributed by a single large-volume landslide. 
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Erosion rate 

A wide range of erosion rates ( ~5-70 mm yr" 1), which are based on sediment flux, 

has been reported for Alaskan glaciers (Hallet et al., 1996) (Figure 19). The basins are 

plotted according to size and overall denudation. Note that a shorter length of record does 

not necessarily imply higher erosion rates. A majority of these denudation rates are for 

tidewater glaciers, which, due to such variables as bedrock topography, higher 

precipitation, and marine termini, typically exhibit increased sliding velocity, which is 

associated with higher erosion rates than valley or alpine glaciers (Benn and Evans, 

1998). Erosion rates calculated for Alpine and Arctic basins are lower, 0.06-5.6 mm yr"1. 

The calculated equivalent erosion rate of 0.4 mm yr·1 for Basin 6, which represents only 

that sediment contributed from the hillslope, is more closely aligned with erosion rates 

for the alpine basins than with the Alaskan data (Figure 19). 

In studies of sediment yield from glaciated basins, the fraction of material 

contributed from the hillslope is not well constrained, though several studies have 

attempted to quantify the volume of sediment contributed from supraglacial sources. 

Koppes et al. (2002) assume the sediment contribution from hillslope failure to be minor, 

whereas Hicks (1990) determined that approximately 60% of the sediment was 

contributed from non-glacial erosion of the valley walls. A third study conducted by 

Hammer and Smith (1983) argued that 24% of the total sediment supply originated 

through supraglacial and/or high englacial sources, (i.e. cirque or valley walls). If a 

sediment flux of 9213 m3 yr·1 (which corresponds to an equivalent erosion rate of 0.4 mm 

yr· 1) represents 60% of the total erosion for Basin 6, the total sediment flux would be 

1.5 x 105 m3 yr·1 (an erosion rate of 0.7 mm yr"1). Conversely if 9213 m3 yr"1 represents 
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24% of the total sediment flux, then the flux would be 3.8 x 105 m3 yr-1 (1.7 mm y{ 1 

of erosion). If the contribution from landslides is minor, then the volume and equivalent 

erosion rate would be indeterminate. For example, if the hillslopes contribute 5% of the 

total sediment yield, the sediment flux would be 1.8 x 105 mm y{ 1 and the equivalent 

bedrock erosion rate would be 9.7 mm y{ 1
. When the Glacier 6 landslide volume is 

considered in the context of other alpine basins, a contribution of sediment by landslides 

of 25 to 65% seems reasonable. 
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Figure 19. Effective bedrock erosion rates for glaciated basins. Blue hatched: Alaska. 
Red striped: New Zealand, Asia, Iceland, Norway/Svalbard, Swiss Alps. Erosion rates 
range from 5-70 mm yr 1 for Alaskan tidewater glaciers. Due to such variables as 
bedrock topography, and water-terminating toes, tidewater glaciers typically exhibit 
increased sliding velocity, and thus higher erosion rates than valley or alpine glaciers. 
Erosion rates for alpine and arctic basins range from 0.06 to 5.6 mm yr 1. The blue dot 
plotted at 19 km2 and 0.4 mm yr·1 is the calculated erosion rate for Glacier# 6, and 
represents the sediment contribution from landslides .. An erosion rate of 0.4 mm yr·1 is 
a minimum and may represent 24-60% of the total erosion. If the landslides are 
contributing a minor amount , the total erosion rate of the basin would be indeterminate, 
as represented by the uppermost blue dot (After Hallet et al., 1996). 
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Rockwall retreat 

A mean rockwall retreat rate of 6.7 mm yr-I is high when compared with 

published rates for other alpine environments with similar lithology, which range from 

0.04-4.0 mm y{I (Hinchcliffe and Ballantyne, 1999). Rapid retreat rates(> 1 mm yr-I) are 

typically associated with weakening of bedrock due to post-glacial stress relaxation, high­

joint density and high, steep rockwalls (Andre, 1997). Possible reasons for such a high 

rate include an underestimate of the contributing rockwall area (Equation 2), due to 

surface irregularities in the cliff face and/or measurement error. This would cause an 

overestimate in values of cliff retreat, though we estimate these errors to be minimal. A 

second possible source of error is the exclusion of rockfall contributed by smaller, more 

frequent events and granular weathering. An underreporting of sediment volume due to 

the exclusion of rockfall volume results in only a slight underestimate of retreat rate. The 

main source of discrepancy between the published retreat rates and rates calculated here 

is due to the 25-year temporal scale. The data reported in Hinchcliffe et al. (1999) 

represent long-term rates of retreat, averaged over the past 17,500 years. If the calculated 

retreat rate for Basin 6 is averaged over longer time scales, for instance 100 years, since 

the end of the LIA, the calculated mean retreat rate for Basin 6 would be 1.6 mm yr-I and 

would be in close agreement with the reported rates of 0.4 to 4.0 mm yr-I. It is likely that 

if a mean retreat rate of 6.7 mm y{I were sustained over longer periods of time, erosion 

would have greatly outpaced uplift and the mountains would exhibit lower relief. The 

observed high relief in Basin 6 suggests that the high rate of rockwall retreat has not been 

sustained. 
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Flow velocity 

Flow velocity for the upper half of the ablation zone is approximately 116 m yr-I, 

whereas velocity for the lower half of the ablation zone is ~ 39 m yf I. The velocity varies 

with both distance down glacier and longitudinal differences in basin morphology. 

Velocity is highest at the ELA and where the valley has a smaller cross-sectional area. 

Conversely, the velocity decreases down ice, where the glacier has a wider cross­

sectional area (Benn and Evans, 1998). 

We have irregularly-spaced repeat photographic records for Basin 6, therefore we 

can only bracket a timeframe for landslide deposition. Flow velocities and the presence of 

ogives help to constrain these time intervals further. For example, Landslide "a" is 

present on the surface of the glacier in the 1972 aerial photo; however, since we do not 

have imagery prior to 1972 we cannot directly determine the time of landslide deposition. 

Assuming Landslide "a" was deposited near the base of the icefall (Figure 17) we can 

calculate the approximate time of deposition using the flow velocity and ogives. The 

distance from the icefall to its 1972 position is~ 1748 m, and the upper flow velocity is 

116 m yr-I indicating that Landslide "a" was deposited near the base of the icefall ~ 47 

years ago, in 1957. Additionally, there are~ 45 ogive couplets present from the icefall to 

its 2000 position, which supports the time of deposition as ~ 1957. Landslide "a" is 

currently (as of 2000) ~500 meters from the terminus of the glacier. Assuming a flow 

velocity of 39 m yr-I, Landslide "a" should reach the terminus in ~ 13 years (2013) and 

either will be deposited as a moraine, or carried away by Granite Creek. The calculated 

flow velocities indicate a ~ 55-year life span for landslides on the surface of the glacier. If 



Landslide "a" occurred in ~ 1957, Landslide "b" in ~ 197 4, and Landslide "c" in 

~1980, the reoccurrence interval for landslides on Glacier 6 is 6-17 years. 

Landslide mechanisms 
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Possible mechanisms of hillslope failure in the basin include topographic and 

rock-structural controls, debutressing, seismicity, and freeze/thaw processes. It is likely 

all of these mechanisms contribute to failure, though the primary cause in Basin 6 is 

thought to be rock strength and topography. Bedrock landslides typically occur when 

relief is high, slopes become oversteepened and shear stresses exceed hillslope strength 

(Terzhaghi, 1962). Additionally, a glacially steepened CT-shaped valley with joints or 

bedding planes that dip valley-ward is one of the most likely combinations for the release 

of large rockslides (Rapp, 1960). The hillslopes of Basin 6 are composed of high strength 

metamorphic rock with large valley-wall-parallel joints (Figure 5). The valley walls have 

high relief, an average of ~400 m from the present day ice surface to the adjacent peaks, 

with a maximum relief of 700 m, and steep slopes ranging from 60-70° (Figure 20). The 

rocks exhibit a north-dipping foliation that lies at a high angle to the strike of the basin, 

therefore failure is associated with joint planes and not foliation planes. 

Slope adjustments in the form of bedrock landslides are commonly linked to 

channel incision and base level lowering. The base level for the adjacent hillslopes in a 

glaciated valley is set by the surface of the glacial ice, rather than the valley bottom, 

although the valley bottom may also be lowering due to subglacial erosion (Benn and 

Evans, 1998). Advance and retreat of a glacier, which are accompanied by a thickening 

and thinning of the ice, respectively, cause a change in base level. As base level (the ice 
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surface) is lowered, the hillslope gradient becomes steeper and longer until a critical 

threshold slope angle is reached, after which landslides are likely to occur (Terzaghi, 

1962). Average slope angle is a function of relief (r) and basin spacing (w ), where the 

slope angle (0) = r/0.5 w (Figure 21a). For slopes composed of high-grade metamorphic 

rock, that threshold is estimated to be ~30-40° (Schmidt and Montgomery, 1995). 

However, critical slope angles can be as high as ~ 70° for hard massive rock with random 

joint patterns (Terzaghi, 1962). 

Additionally, base level lowering caused by glacial retreat serves to debuttress the 

hillslopes. Removal of ice at the toe of a hillslope results in destabilization and 

subsequent failure. In western North America, as well as Canada and Alaska, landslides 

are common on steep slopes that have experienced debuttressing (Evans and Clague, 

1994). For example, the Melbern Glacier system in the southern St. Elias Mountains of 

western Canada has experienced a 400-600 m lowering of its ice surface in the last 200 

years, resulting in large catastrophic slope failures (Clague and Evans, 1993). Though 

debutressing is a significant mechanism in hillslope failure, lithology plays an important 

role. Valleys composed of strong rock, such as granite or gneiss, as opposed to a weak 

lithology, such as sandstone, have a very low probability of increased landslide activity 

due to post-LIA glacial retreat (Holm et al., 2004). However, studies show that small 

reductions in ice height at the toe of a slope can translate to large increases in sheer stress, 

increasing the likelihood of failure (Terzaghi, 1962). 

In glaciated regions, the lag time between debutressing and hillslope failure may 

be on the order of 104-105 years (Selby, 1985). On short time scales it may appear as if 

base level lowering and hillsope adjustments are occurring at the same rate. However, 
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these processes do not necessarily occur synchronously (Figure 21b) and may only 

appear synchronous due to the short ( ~55 year) window of observation. 

Data show that fluctuations in the ELA on the northern (leeward) side of the St. 

Elias mountain range have small amplitudes indicating that the ice height does not 

change significantly from glacial to interglacial times (Pewe, 1975). Indeed, the trimline 

observed along the basin walls of Glacier # 6, indicates that base level has lowered by 

only ~50 meters since the end of the Little Ice Age (Figure 20). If only a minor amount 

of lowering is needed to increase the sheer stresses at the toe of the hillslope, then 

debutressing could be an important failure mechanism in Basin 6. 



-700 m 

Figure 20. Basin # 6 relief and trimline. View looking southeast at eastern wall of 
Glacier# 6 basin. The maximum relief of Basin # 6 is 700 m and the eastern wall of 
the basin has a slope of ~ 70°. The trimline marks the Little Ice Age maximum ice 
height and is approximately 50-100 m above the present surface of the ice. Because 
the maximum ice level was not substantially higher than the present level, ice retreat 
and debutressing of the valley wall is likely not a slope failure mechanism. 
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Figure 21 a. Average basin slope angle. The average slope angle is represented by the 
equation tan o = r/0.Sw, where r is relief and w is the wavelength of the basins, or 
distance from peak to peak or valley to valley. Relief is limited by the maximum slope 
angle which is ultimately controlled by rock strength. The rocks in Basin 6 are high-

grade metamorphic and the valley walls have steep slopes (60-70°) 
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Figure 21b. Valley lowering vs. hillslope response via landslides. Base-level lowering, 
or erosion of the valley (ev) (black dashed line), and erosion of the hillslope (eh) by 

landslides (solid blue line) does not necessarily occur synchronously. The rate of valley 
erosion is related to sliding velocity which varies on glacial/interglacial timescales, 
whereas the rate of landsliding is not. For example, in box "A", ev and eh are out of 

phase whereas in box "B", the two processes are in phase. The two examples above 
highlight the controls on hillslope erosion, whereby A may represent failure due to 
debutressing of the hillslope and B may represent oscillations of ice height leading to 
destabilization of the toe, and subsequent failure. 
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Earthquake induced landslides can generate large volumes of sediment and are 

important to long-term slope erosion. However, seismic activity is not believed to be a 

direct cause of the hillslope failure in this basin, though it may serve as a contributing 

factor. A strong correlation (r2 = 0.876) between earthquake magnitude and landslide 

volume (Keefer, 1994) indicates that an earthquake with a magnitude (M) of 5.3-5.4 

would be needed to produce landslides with volumes comparable to those of Landslides 

"b" and "d". Thompson Ridge is located south of the Borders Fault on the hanging wall 

of the Chugach-St. Elias thrust. During a period of approximately 16 years, from 1963 to 

1979, there was a fairly continuous background level of earthquake activity (Perez and 

Klaus, 1980). Fifteen seismic events of magnitude 4.2 or larger occurred during the 

period from 1963 to 1972, then after a six year period of relative quiescence, there was a 

sequence of five earthquakes in five months measuring between 4.1 and 5.0 in 

magnitude. In 1979 an earthquake of magnitude 7.9 occurred on the St. Elias fault and 

was reportedly felt over an area of about 500,000 km2 (Stover et al., 1980). This 

earthquake postdates the largest of the landslides, Landslide "b", which is already present 

on the ice surface in the 1978 photograph, and predates Landslides "c" and "d". The 

magnitude and timing of earthquake events in this region do not support an earthquake­

induced landslide mechanism. 

Freeze/thaw processes act to weaken rock by contraction and expansion of water 

in fractures and joints. Fractures propagate when water freezes and expands, resulting in 

lengthening and/or widening of a crack. Bedrock landslides involve large masses of rock, 

most of which lie beyond the depth of frost penetration and/or large temperature 

variations (Terzaghi, 1962). Therefore it is thought that freeze-thaw is an unlikely 
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mechanism for large slides (Whalley, 1983) and is not a key process in rockwall retreat 

(Andre, 1997). Recent studies by Matsuoka (1999, 2001) indicate that freeze-thaw 

processes are important to small-scale erosion processes such as rockfall. A Seasonal 

frost penetration depth of 5 m was shown to cause a maximum of 102 to 103 m3 of 

rockfall. Though large joints and fractures are present on the hillslopes of Basin 6, and 

rockfall activity was observed during the study period, freeze-thaw processes were not 

investigated, therefore their role in hillslope failure is not well known. 

A visual comparison of the eleven glaciated basins as seen in an along-strike 

profile of Thompson Ridge indicates that Basin 6 is not anomalous with regard to high 

relief and steeply dipping valley walls (Figure 22); Basins 4 and 8 appear to have similar 

characteristics, yet there are no landslides observed on these glaciers. A possible reason 

for the absence of landslides in Basins 4 and 8 is the short temporal scale of this study. 

Due to the random nature of the landslides, the ~55 year window of observation may not 

be a long enough period of time to observe landslide activity. Another possibility may be 

that the walls of Basins 4 and 8 have not reached critical heights, either because they 

have not experienced the same amount of glacial retreat or a critical amount of 

debutressing. A cursory examination of the aerial photos (Figure 2) indicates that Glacier 

6 has a very large accumulation area compared with Basins 4 and 8, therefore we would 

expect that Basins 4 and 8 would be experiencing more retreat and thinning than Basin 6. 

Increased thinning would indicate increased debutressing, therefore we would expect 

failure of the hillslopes in Basins 4 and 8. It therefore seems reasonable that the absence 

of landslides in Basins 4 and 8 is due, in part, to the short-temporal scale of the study. 
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Conclusions 

Total sediment volume for three landslides deposited on the surface of a glacier 

located in the Chugach Mountains in southern Alaska was estimated in an effort to 

determine the sediment flux, a basin-scale equivalent erosion rate, and the rockwall 

retreat rate. The landslides, which are present on the surface of the glacier, are intact and 

can be traced to their source area. The estimated values represent rates derived from 

volumes of sediment contributed solely by landslides, and do not account for high 

frequency/low magnitude rockfall, or sediment derived englacially or subglacially. 

• The sediment flux, or the annual amount of landslide-derived sediment being 

eroded from the basin walls, is 9213 m3 yr-I. 

• The corresponding short-term basin scale erosion rate is 0.4 mm yr-I. This 

represents a rate based on hillsope erosion alone. The basin may be experiencing 

overall erosion rates of 0.7 to 1.7 mm yr-I. 

• The rockwall retreat rate ranges from 6.1 to 7.3 mm yr-I, with a mean of 

6.7 mm yr-I. In comparison to published rates, which range from 0.04 to 

4.0 mm yr-I, this value is high. The primary reason for the discrepancy is the short 

temporal scale (25 years) over which this rate was calculated. 

• Flow velocity varies from 116 m yr-I in the upper part of the basin to 39 m yr-I in 

the lower part. Variation is due to distance downstream and valley cross-sectional 

area. Assuming the landslides originated from the valley walls adjacent to an 

icefall, the residence time of any given landslide on the surface of the glacier is ~ 

55 years. 
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• The hillslopes of Basin 6 are composed of high strength metamorphic rock with 

an east west strike, and steep, valleyward dips of 60-70°. The valley walls exhibit 

high relief, an average of 400 m from the present day ice surface to the adjacent 

peaks, with a maximum relief of 700 m and are dissected by numerous valley­

parallel joints and fractures .. 

• Topography and rock strength are likely the primary controls on slope failure in 

the form of bedrock landslides. Given the relief (average 400 m) and the steepness 

of the slopes (60-70°) the hillslopes are at or near their failure threshold. Because 

rock strength is high, slopes are able to attain and maintain high angles. 

• Basins 4 and 8 are similar in slope and relief to Basin 6, yet have no landslides. 

Perhaps these basins have not yet reached failure threshold conditions. More 

likely, the short-temporal scale of this study ( ~55 years) limits the window 

of observation and fails to capture the geomorphic processes that are likely 

operating at a different rate than those of Basin 6. 
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Appendix A. Transect and perimeter data from the Advantage Laser range 

finder for landslides "b", "c", and "d". Stations are numbered 1-36 and are 

identified by a UTM coordinate (easting and northing), and an elevation. Transect 

lines (T), perimeter lines (P), and ridgelines (R) are numbered 1-91 and are 

associated with a particular station. 

Perimeter Ridge Transect Station Easting Northing Alt. (m) Datafile 
Pla 1,2,3 1 424977 6731877 880 00,01 

4,5,6,7 2a 424995 6731997 860 02,03 
pg 8 2b 424988 6732232 856 04 

Pl0,Pl2 9,11,13 2c 424990 6732224 851 05 
P14,Pl6 15,17 3 424983 6732279 07 

Pl8a 17cont. .. 4a 424997 6732323 854 08,09 
Pl8b Rl8 4b 425111 6732498 841 

19 5 424945 6732405 855 10 
P20 19,21 6 424872 6732422 859 06 
P22 R23 24,25 7 424646 6732576 866 12 
P27 26 8 424646 6732601 862 13 

28,29 9 424570 6732592 861 14 
P30 31,32,33 10 424450 6732563 864 15,16 
P34 35 11 424474 6732617 862 17 

36,37 12 424465 6732619 860 17 
38 13 424371 6732627 865 18 
39 14 424389 6732614 865 18 

40,41 15 424346 6732644 852 19 
P42 43,44 16 424307 6732555 861 20,21 
P45 R52 46-51 17 424139 6732450 853 22,23,24 
P53 54,55,56,57 18 424169 6732726 847 26 

58 19 424155 6732711 849 27 
P59 60,61,62 20 424059 6732653 849 28 

63,64 21 424026 6732596 862 29 
65,66 22 30 

P67 23 423918 6732442 838 31 
P68 69,70,71,72 24 423977 6732196 869 32,33 

P68cont 76 25 34 
73,74,75 26 423957 6732244 853 34 

77,78 27 423949 6732347 854 37 
79,80 28 423969 6732524 844 38 

P81... 29 424115 6732261 863 39 
P81... 30 424135 6732316 860 39 
P81 31 424075 6732160 862 39 
P82 32 424277 6731945 906 40 
P83 33 424360 6732010 896 41 
P84 34 424518 6732016 897 42 
P85 35 424760 6731076 1015 43 
P86 87 ,88,90,91 36 424729 6730993 1015 44,45 



63 
Landslide "b" 

GPS SUnev Station lolb Laser Atlanta Data Calculations Coordinates 
SlatlonlD UJMIV UIMINl Ele'W{m) Ranee ....... _ Indio Roll J>onoo llao,ina Indio Roll Mau Dist X V z 

S11T1 42<19n 6731•, 880 202.33 2 83.1 89.7 202.33 0.1 -0.1 1.6 200.86 424984 6732078 855 
4249n 6731an 880 200.35 5.2 82.8 89.9 200.35 0.1 -0.1 1.6 198.n 424995 6732075 854 
42497: 6731n,. 880 199.68 9.4 83 90 199.68 0.2 -0.1 1.6 198.19 425009 6732073 855 
42<197: 6731•t. 880 197.62 14 83.1 89.8 197.62 0.2 -0.1 1.6 196.19 42502 4 6732067 856 
42<197: 67318n 880 199.71 16.8 82.< 89.4 199.71 0.3 -0.1 1.! 197.96 425034 6732067 853 
424977 67318n 880 166.64 17.9 82.4 89.6 166.11<1 0.3 -0.1 1.6 165.18 425028 6732034 857 

112 4249n 67318n 880 26.32 110.5 72.5 89.2 26.32 1.9 -0.~ 1.6 25.10 425001 6731868 871 
42<19n 67318n 880 24.99 111.1 71.9 89.1 24.99 u .0.3 1.6 23.75 42•- 6731868 872 
42<19n 67318n Mil 23.5 110.2 71.4 89.3 23.50 1.9 -0.3 1.6 22.27 424998 6731869 872 
4249n 67318n 860 30.22 109.! 69.9 89.1 30.22 1.9 -0.4 1.6 28.38 425004 6731868 869 
42<19n 6731an 880 20.14 108.9 68.7 89.5 20.14 1.9 -0.4 u 18.76 424995 6731871 872 
42<19n 67318n 880 18.76 109 69.4 89.4 18.76 1.9 -0.4 1.6 17.56 424994 6731871 87l 
4249n 67318n 880 17.51 109.5 70 89.2 17.51 1.9 -0.3 1.6 16.45 424993 6731872 873 
42497: 67318n 880 15.61 109.4 70.8 88.9 15.61 1.9 -0.3 1.6 14.74 424991 6731872 874 
424lfl) 67318n 860 14.72 110.2 72.1 89.5 14.72 1.! -0.3 1.6 14.01 424990 6731872 875 
_, 67318n 860 13.5, 109.1 71.9 89.6 13.57 1.9 -0.3 1.6 12.90 424989 6731873 875 
42<197 67318n 880 12.7! 108.2 70.8 89.9 12.79 1.9 -0.3 1.6 12.08 424988 6731873 875 
42497: 67318n - 11.81 108 72.9 89.3 11.81 1.9 -0.3 1.6 11.29 424988 6731874 876 
42..,, 67318n 860 11.32 101 72.3 89.4 11.32 1.9 -0.3 1.6 10.78 424987 673187• 876 
424977 6731a, 880 10.0! 108.1 72 89.8 10.0! 1.9 -0.3 1.6 9.56 424986 6731874 871 
42<19n 67318n 880 9.0! 108 72.1 89.1 9.05 1.9 -0.3 1.6 8.64 424985 6731874 an 
424977 67318n 860 7.84 107.1 74. 89.8 7.84 1.9 -0.3 1.6 7.56 424984 6731875 an 
4249n 67318n 880 7.72 106.8 81 89.8 7.72 1.9 -0.2 1.6 7.60 424984 6731875 878 
42<19n 67318n 880 6.9i 104.2 73.7 89.5 6.97 1.8 -0.3 1.6 6.69 424983 6731875 an 
424977 67318n 880 6.32 104.2 80.9 89.4 6.32 1.8 -0.2 1.6 6.24 424983 6731875 878 
4249n 67318n - 4.44 107.7 91.8 89.5 4.44 1.9 Oli 1.6 4.44 424981 6731876 879 
42...,, 67318n - 1.1 282.2 102.2 89 1.80 4.9 0.2 1.6 f.7' 42497" 67318n ""' _, 673187l 860 3.6 281.7 105.1 88.S 3.60 4.9 0.3 1.6 3.48 424974 6731878 880 
_, 67318n - 4.75 273.9 104.7 88.7 4.75 4.8 0.3 1.5 4.59 424972 67318n 881 
424977 6731an - 6.41 276.7 92.1 89.5 6.46 4.8 0.0 fl! 6.41 424971 6731878 880 
424977 673187 860 7.84 281.6 66.2 89.8 7.84 4.9 OJl 1] 7.84 424969 6731879 87! 
42<19n 6731a, 880 9.69 283.7 86.2 89.3 9.69 5.1 -0.1 1.6 9.67 424966 6731879 879 
42...,, 673187 880 11.55 284 85.5 89.6 11.55 5.( -0.1 1.6 11.51 424966 6731880 878 
42<19n 67318n 880 13.73 283.6 84.7 89.5 13.73 4.9 -0.t 1.6 13.67 424964 6731880 878 
42<19n 67318n 860 16.36 283.5 84.4 89.5 16.36 4.! -0.1 1.6 16.28 424961 6731881 878 
4249n 67318n - 18.94 284.8 85.1 89.9 18.94 5.0 -0.1 1.6 18.87 424959 6731882 878 
_, 67318n 880 21.31 284.7 84.5 89.4 21.36 5.1 -0.1 1.6 21.26 424956 6731882 an 
42<197: a131an _, 22.87 284.9 83.2 89.3 22.87 5.1 -0.1 1.6 22.71 424955 6731883 87' 
42<19n 117318n 860 24.71 284.4 82.2 89.7 24.75 5.C -0.1 1.6 24.52 424953 6731883 876 .,..,., 67318n - 26.01 284.3 81.8 89.7 26.0II 5.0 -0.1 1.6 25.81 424952 6731883 876 
4249n 6731an - 28.07 285.2 81.3 89.4 28.07 5.0 -0.2 1.F 27.75 424950 6731884 87~ 
424977 67318n 880 29.611 287.5 80.6 89.4 29.68 5.0 -0.2 1.6 29.28 424949 6731886 875 

S11 T3 424977 67318n 860 23.6 259.3 79.5 89.2 23.60 4.f -0.2 1.6 23.20 424954 6731873 875 
42.u, 67318n - 22.41 ,,., 80.7 89.3 22.46 4.5 -0.2 1.6 22.16 424955 6731872 876 
424977 67318n - 20.SS 251.7 81.2 89.7 20.89 4A -0.2 1.6 20.64 424957 6731871 876 
424977 67318n - 18.74 249.5 81.5 89.1 18.74 4A -0.1 1., 18.53 424- 6731871 an 
424977 67318n 860 17.511 247 82.5 89.1 17.58 4.3 -0.1 1., 17.43 424961 6731870 an 
424977 67311177 860 16.4 242.6 82.5 89.5 16.40 4.2 -0.1 1.6 16.26 424- 0 6731870 an 
4249n 67318n 860 15.61 238.2 83.1 89.f 15.61 .4.2 -0.1 1-' 15.50 424964 6731869 an 
424977 6731HT - 14.66 234.4 84.f 89.1 14.66 4.1 -0.1 1.• 14.M 424985 6731869 876 
424977 67318n - 13.07 223.3 86~ 89.5 13.07 3.S -0.1 1.6 13.04 42•-· 6731868 878 
42.,.,, 67318n - 12.24 217.8 86.9 89.6 12.24 3.S -0.1 1.• 12.22 424970 6731867 87S 
424977 67318n - 11.91 211.5 89.8 90.3 11.91 3.7 0.0 1., 11.91 424971 6731867 879 
42AY11 •• 673l8n - 11:71 ••• 202., ""86.6 89:6 • 1f.71 3.S • -0.1 '-' T1.69 42-4973 6731- ··~ 
4249n 67318n 11.73 195.! 84.1 89.6 11.73 3. -0.1 1.6 11.68 42<1974 6731866 878 
4249n 6731an 11.81 189.5 80., 89.4 11.111 3.3 -0.2 1., 11.71 424975 6731866 an 
424977 67318n 11.54 186.2 85.2 89.2 11.54 3.2 -0.1 1.6 11.RO 42<1971 6731- 878 

'""""" 
67318n 12.08 180 80.1 89.7 12.01 3.1 -0.2 1.6 11.9' 424977 6731866 B7 .,,.,.,, 67318n 13.21 175.7 79.1 89.4 13.21 3.1 -0.2 1.6 12.99 424971 6731884 .. , 

'""""" 6731K7l 14 171.7 78.1 .89.1 14.0C 3.( -0.2 1.6 13.72 42<191' 6731-· 87 
4249n 87318n 15.25 187.5 76.4 89 15.25 2.9 -0.2 1.6 14.lll 42•- =·•1-· 871 
424117) 67318n 16.i 185.6 n.9 89.8 16.80 2.9 -0.2 1.6 16.43 424981 6791861 876 
-n 6731an 860 1Al> 163.7 75.4 9C 18.2! 2.9 -0. 1.6 17.86 -~--6731860 875 
4i!4117l 6731871 - 19.94 159.6 75.1 89.4 19.!jj 2.8 -0.: 1.6 19.33 42•- 6731- 874 
4249n 6731117l 860 21.81 1511 74.4 89.1 21.81 2.7 -0.3 1.6 21.01 42•- 67311 ~ 4i!497l 67318n 23.12 154.1 74.6 89.1 23.12 2.i -0.3 1.6 "'"'' 1■ 6731 42411l 6731a, 25.1, 1"" 74.2 89.2 25.14 2.7 -0.3 1.6 24.1! 673"856 873 
-~~, 67318n 26.86 150.1 72.! 89.3 26.86 2.1 -Ol 1.6 25.67 67318 ~ 871 
424977 67310, 28.87 148.8 73.5 89.5 28.87 2.1 -0.3 1.6 21.61 424991 6731853 871 
4249n 6731n, 29.85 147.2 73.• 89.1 29.65 2.1 -0.3 1.6 28.41 424992 6731853 A71 
4249n 67318n 30.94 146., 72.6 89., 30.94 2.1 -Ol 1.6 29.52 42•- 6731852 870 
42..,, 67310, 860 32.35 147.4 71.9 89.1 32.35 2.6 -0.3 1.6 30.75 42"""" 6731851 869 
424977 67318n 860 33.11 146.1 72.8 89.8 33.11 2.1 -0.3 1.6 31.63 424QQJ 6731851 870 
424977 67318n 880 34.17 146.l 72.2 89.8 34.17 2.1 -0.l 1.6 32.53 424995 6731RSI 869 



Station I) UTM IEl UTM INl Elev Cm) Ra- R-- lnclln Roi R- Bea-ft lnclln Roi -ft Dial X V z 
S1211T4 •~•- 6731997 860 85.61 221.4 91 89.3 85.61 3.9 0.0 1.6 85.60 424938 673•=· 861 

1------,1--"""""'~=l--67=31;.;99,.ll...__860 87.59 217.9 91.2 88.! 87.5! 3.8 0.1 1.6 87.67 424941 673192 861 
424996 6731- ~86.~4~1-~~216~~91~.7~88~.81--~86~.4~1~-~3~.8~~~~01--1~1.l~-~86.~•~~~42~4~~~~6=~~1~92~~~~ 
424996 6731997 85.8 214.1 91. 89.1 85.11 3.7 0.( 1.6 85.7 424947 6731""' 861 

01~•- 85.11 212.: 90.1 E 85.11 3.l 0.0 1.6 85-:&! 4 ?..,..., 6~1= 861 
424996 6~1... 85.7! 209.9 91. 88. 85.79 3.7 0.0 1.5 85Ji 42"""' 6~1cr.>' 861 

I-i-======~~=~42~4996~~t~673~~1~99~~=== ~~85~1·~"~==~206.~~3l=t91t.6ttj88~~-t=!es.~ss~i===~3~.6l==~o-~0~=1~.5~===~es.~~52~J42~4~954~~~673~g1~922~~~~~ =•- 6~1"" ,.. 86.8 203,9 91.1 88. 86.87 3.6 O! 1.5 86.85 424- 6731918 861 
424995 6731- 860 86.91 201.5 91.3 88. 86.91 3.5 o. 1.1 86.89 ·~·-· 6731916 861 
424996 6731,.. 860 86.99 200.1 92.2 89.4 86,9!; 3.5 o. 1.6 86.93 424964 6731916 -·· 

1---------,1--4.;:;2;.;4995=1--673=1;.:;99:;,l:;,i...._ 86.94 1111 93.4 88.2 86.94 3.4 0.1 1.5 86.79 42497( 6731914 ~ 
424995 6731997 1860 87.32 199.• 92.8 89.2 87.32 3.! 0.1 1.6 87.22 424966 6731915 864 

424996 673199: 87.01 195.7 93.8 89.1 87.01 3.4 0.1 1.6 86.82 424972 673191 ~ 

l-1-======~~=-11424996~ ~=j6t73t1~99tl:t===jB~t=i86t,48~t==1~94~1-~5tj93~1.j,l t]i 81i~=J86~~-48~t===i3.j4t:j0t.1tt=j1j.6t===i86.tU~lij42t497~~3ij6=~;}"~1i,9~1jt'f.864~ ~~ 6731997 86.87 192.7 93. 89 86.87 3.4 0.1 1.6 86.7! 424976 8731912 864 
6~1- llti.71 190.S 93. 88.: 88.71 3.3 0.1 1.5 86.!. 424°= 67311112 864 

I-'"======~~=42~~4995~~tj673~~1~997~~===j~~=j86~!.91j~==t186~j-6t=~93~1.1[~88.~c~lt=~86~.96~t===j3~.3t==0~-~1 ==1w.5tt===j86~-~-,,~j424982~ 6~1911 865 424995 6~1- 86.3! 186.4 94. 81 88.3! 3.3 0.1 1.6 88.16 42 6731- 866 
l---~~42:;:;4995~~673~1~99~9l~-~860~~86;-~09~~183~.9~93~.4:t.-l86~-~~86~.09~_~3~.2J--0~.~1 _1~-5~-~85~•-~A<~ 67311111 864 

"""""' 67319IJI 860 llti.13 181.! 92.9 86.5 86.1 3.2 0.1 1.5 86.02 424993 6~191 864 

TS 

6~1997 860 86.79 17! 92.1 88.8 86,71 3.1 0.1 1.5 86.~ 424997 =191• 883 
424996 6~1997 860 86.91 178 91.1 88.7 86.91 3.1 0.( 1.5 86.89 424998 673191' AA1 
424996 6731997 97,8! 180.! 91.1 811 97.89 3~ 0.( 1.1 97.84 42•= 6731- = 

6731997 80.57 175.4 90.9 89.6 80.51 3.1 0.0 1.1 80.51 42"'1111 6731917 861 
424996 6731997 78.21 174.9 90. 89.7 78.21 3.1 0.0 1.6 78:l!l 425002 673191~ 860 
42- 6731w, 72.71 174.6 90.: 89 72.71 3.0 0.0 1.6 72.71 425002 6~1925 860 
424996 6~h,,., 69.4'1 174.8 90. 89. 69.44 3.1 0.0 1.6 &!IA: 425001 6731928 -
424996 6731w, 6! 172.2 91.2 89. 68.00 3.0 0.0 1.6 67.99 425004 6731930 861 
424995 673199 860 64.58 171 90. 89. 64.58 3.1 0.0 1.6 64.58 425005 6731933 860 

6731997 48.76 169.7 89.1 89. 48.76 3.1 0.( 1.6 48.76 425004 6731""" 859 
424996 6~1997 54.03 185.9 90.5 89. 54.03 2.9 0.( 1.6 54.03 42"'1111' 6~1945 ""' 
424996 6731w, 50.86 163.8 90.4 89.5 50.86 2.9 0.i 1.6 50.86 425009 6731..., 860 
424995 6731997 47.78 163.! 91 89.7 47.71 2.9 0.1 1.1 41.7'. 425008 6731951 860 
42..,.,.. 6731997 45.23 160.! 89.l 89.6 ... ~ 9, 2.8 0.0 1.1 45.2: 42501( 6~1-, -~ 

424996 
42....., 
42......., 
424996 
42......,, 

6731997 41.02 160.: 87.2 89.2 41.02 2.8 0.0 1.1 40.ll'l D""°' 6731=• 85 
6731991 40.91 163.8 87.1 89.• 4().96 2.9 -0.1 1.< 40.91 ~ 6731958 AA7 
6~1- 860 39.1 167 87., 89.2 39.60 2.9 o.o 1.6 39.56 425004 6731958 858 
6~199 Mil 39.08 170.4 87.8 89.3 39.08 3.0 0.0 1.6 39.IIF 425002 6731=• 858 
6731991 860 36.98 172.l 87.2 89.3 36.98 3.C 0.0 1.6 36.93 425000 6~1

1
958 _!§I. 

6731997 "'" 39.1 175.1 86.2 89.6 39.10 3.1 -0.1 1.6 39.01 424996 6~1 _!§I. 
6731""• 860 39.59 17! 86 89.8 39.59 3.1 -0.1 1.6 39.49 42•~ 6731 ~ 
6731997 39.35 181 86.! 89.5 39. 3.2 -0.1 1.6 39" 424- 6731 ..!!!f! 

424- sr.<1997 39.79 184.2 85.2 89.4 39. 3.2 -0.1 1.6 39.RI 4216731: 856 
'"1-======~~==~424996 6731991 39.84 186.l 85.2 89.! 39. 3.3 -0.1 1J 39.71 42 6731958 ~ 

6~1H!ll 39.86 188.2 63.1 89.4 39. 3.3 -0.1 1.• 39.56 42 6731 .,!;!;! 
6731991 39.99 192.! 84.4 89.9 39. 3.4 -0.1 1 J 39.AI 424967 6731 ~ 

1------,1--42~4996 -~ "'~c-1=:""'!--,:'8603-_~All.U,;i.._1~95;:·:15~84~-~1i-;89;;:;.3~~40.;;:;;44=.!--~3.;;i4...-.:;-0;:;·1,._..;1:;·61---;;;40;;:;'·23-l:;;42,:;4984=~67=3;;1958=1"855=':I 
1---~~42~ 6731997 ..,. 40.51 198.l 62.9 89.7 40.51 3.5 -0.1 1.6 40.20 424982 ~ ~ 

42 6731997 ..,. 41.96 201.! 83.i 89.f 41.96 3.! -0.1 1.6 41.72 424979 67~ .,!;!;! 

'"1-======~~=4242~4995 --~673~tl1~99~7t===!860~t=i42~.43~t=j204~~--j'tj83~.i3ti90~.3~=j42~j-43it===!3.!lt=~-0~.1i=j1~.6t===~42~.1~4t~42~4977~~tt673~~1~~t854~~ 6~11111, llllll 41.95 206.2 83.9 90.2 41.95 3.6 -0.1 1.6 41.71 424975 6731- -~ 
42 6731,.., _, 41.R!l 211.S 84.4 89.S 41.68 3. -0.1 1.6 41.41 42-' •~1962 855 
42 11r~1 ... , _, 42.54 216.8 84.9 89.4 42.54 3.1 -0.1 1. 42.!11 424= 6731- -

673199 "" 43.62 220.S 86.1 89.4 43.62 3.9 -0.1 1. 43.72 424- 6731- 856 
42 6731997 ... 45.61 ??3,5 86.3 89.! 45.67 3.9 -0.1 1, A~"' •~•- Kr•1964 856 

m199l "" 46.0! 226.1 87.1 89A 46.05 3.9 0.0 1. Ml.01 424962 6731 858 
6731,.., "" 48.4 227.8 86.1 89.3 46.47 &.C -0.1 1. 48.AII 424-1 6731 857 

1!7311111, - =-- ,,,.,7 86.l 89.! 48.42 4.0 -0,1 1. 48.35 424958 6731 867 
6731!1!1J ""' 50.53 231.5 87.5 89. 50.53 4.0 o.o 1. 50.48 424955 6731 857 

t=======t=~4242:1i-_jmg~1~997~f:::j -~l=:50:.69~l==~233~itJaa~~-1tj89~•-·~tj50~>~--6! ~t:::j4.i1t:jo~.o::j1~. t:::j50~.66~1tj42~4955~~1tj -~-~~1!~1t!-~ ~ m1- ... 51 233.2 87.3 89.• 51.00 4.1 0.1 1.6 50.94 424954 6731966 -
6731""' "'" 52.83 -1 87.1 89.! 52.8:! 4.1 -0.1 1.1 !ll!.71 ·~•- 0 6731-· -
6731997 "'" 53.59 235.l 66.1 89.4 53.5! 4.1 0.1 1.6 53.6' 424951 6731967 -

4249951 6731H!li ..,. 54.!il 2:f1 87.5 89.• 54.52 4.1 0.1 1.6 &t.47 424949 6731- 85 

64 



65 
5-1) UTMIEl UTM(Nl Elev(m - a- lncln Roi R- Baa~ lncln Roi Map Diet X y z 

S12T6 424995 673111YI 48.66 259.7 85 89.5 48.66 4.5 -0.1 1.6 48.69 424947 6731988 855 
424995 6731-, 36.05 259.5 64.6 89.2 36.05 4.5 -0.1 1.6 35.61 424960 6731990 856 - 6731-, 44.07 269 65.2 89.2 44.07 4. -0.1 1.6 43.11< 424952 6731989 856 
42 6731997 43.07 259.8 64.8 89.! 43.07 4. -0.1 1.6 42.111 42-• 6731989 855 
42 6731997 

I 40.86 259.5 65.1 89.6 40.86 4.i -0.1 1.6 40.71 424956 6731',,oc 856 - 6731997 39.36 258.9 86.2 89.6 39.36 4.1 -0.1 1.6 39.27 424956 6731989 857 
42 6731997 37.64 259.1 86.9 89. 37.64 4.! -0.1 1.6 37.58 424958 6731- 857 
42 6731997 35.1 259.8 87.4 89.3 35.80 4.! 0.0 1.6 36.7E 424960 6731991 858 
424995 6731997 - 33.~ 258.5 87.3 89.1 33.34 4.5 0.0 1.6 33.30 424962 6731990 tll>II 

I 6731w, - 30-"' 259.2 86.6 66.6 30.42 4.5 -0.1 1.5 30.37 42~ 6731991 858 
6731997 880 26.0I 260.5 67.2 89.4 26.09 4.5 0.0 1.6 26.06 424969 6731993 858 
6731w, 24.87 261.3 88.2 89,6 24.67 4.6 o.o 1.6 24.llt 42...,, 6731993 ~ 
6731997 22.13 262.4 67.7 89.3 22.13 4.6 0.0 1.6 22.11 42...,, 6731994 ~ 

424995 5731..,, 19.llt 263.7 66.4 89.2 19.66 4.6 0.0 1.6 19.87 42497 n,.,1995 = - n,.,1..,, 18.34 263.5 90.4 89.1 18.~ 4.6 0.0 1.6 18.34 4249l 6731995 ~~ -- 6731997 17.91 265.5 89.4 89.4 17.91 4.6 0.0 1.6 17.91 =4~, 6731996 859 
424995 5731..,, 16.! 265.7 92.4 89.6 16.80 4.6 0.0 1.6 16.79 424978 6731996 880 
424995 6731997 15.89 266.7 90.1 89.7 15.IIS 4.7 0.0 1.6 15.89 424979 6731996 ""' - 6731997 12.64 267.7 89.9 89.6 12.6'1 4.7 0.0 1.6 12.64 424982 6731996 i - 67319117 11.76 263.6 95.2 66.S 11.76 4.6 0.1 1.6 11.71 6731996 - "'••1997 10.34 265.3 91.5 89.S 10.34 4.6 0.0 1.! 10.~ 424965 6731-
42 6731997 8.67 265.5 90.9 89.1 8.67 4.6 o.o 1.6 8.67 424966 6731996 i - 6731997 5.69 260.8 93.5 89.l 5.59 4.6 0.1 1.6 5.56 424,..,. 6731""" - 6731997 880 3.93 254.3 97.3 89.1 3.93 4.4 • 0.1 1.6 3.90 424991 6731996 
424995 6731997 1.91 126.1 94.9 89., 1.91 2.2 0.1 1.6 1.90 424997 6731996 I 424995 6731997 5.01 114.4 91.4 89.1 5.01 2.0 o.c 1.6 5.01 """""" 6731995 
424995 6731997 7.2 112.1 91.3 89.4 7.211 2.0 0.0 1.6 7.20 425002 6731994 
424995 673199 9.85 109.4 90.9 1111 9.85 u 0.0 1.6 9.85 """""' 6731994 880 - 6731-, 12.31 112.8 91.9 89.3 12.31 2.0 o.o 1.6 12.30 425006 6731992 -42 6731997 13.13 111.5 88.9 89.4 13.13 1.9 0.0 1.6 13.13 425007 6731992 859 
42 6731997 14.98 108 86.4 89.7 14.98 1.9 -0.1 1.6 14.95 425009 6731992 858 

T7 42 6731-• 32.22 26.! 81.4 91 32Jll! 0.5 -0.2 1.6 31.811 '"""""" 
ft O~A- K-

42 6731997 32.0I 24.6 80.E 89.! 32.06 0.4 -0.2 1.6 31.66 425008 6732026 854 
42 6731997 880 31.21 20.6 80.S 89.1 31.29 0.4 -0.2 1.6 30.90 425006 6732026 854 - 6731997 880 30.76 16.3 82.~ 89.6 30.76 0.3 -0.1 1.6 30.48 425004 6732026 me 
42 6731997 -· 31.05 12.3 80.5 89.1 31.05 0.2 -0.2 • 1.6 30.62 """""' 6732027 854 
42 6731-• 880 32.14 5.1 80.E 89.9 32.14 0.1 -0.2 1.6 31.71 424,... MO~~ 854 
424995 6731997 880 32. 359. 80.1 89.4 32.64 8.3 -0.2 1.6 32.1! 424995 

iii 424995 6731-• 880 33. 358.i 80.1 89.8 33.06 6.2 -0.2 1.1 32.69 - 854 
424995 6731997 -· 34 351.3 81 90.1 34.25 6.1 -0.2 1.1 33.S:: 424990 854 
424995 6731997 880 347.1 80. 9C 35.0I 8.1 -0.2 1.6 34.50 424966 6732031 853 - 6731997 36. 344.1 80.i 89.! 36.53 8.0 -0.2 1.6 36.05 424985 67o=m =• 
424995 5731..,, 37. 340.! 80.1 9C 37.3:! 5.9 -0.2 1.6 36.63 424=< 6732032 853 
424995 6731997 36. 337. 81 89.6 36.36 5.9 -0.2 1.6 37.91 424981 6732032 853 
424995 n,do_, 39 334.8 81. 89.7 39.21 5.1 -0.1 1.6 36.63 

•

4978 6732032 
424995 6731997 40 333 80. 89.6 40.9 5.8 -0.2 1.6 40.45 853 
42.....,, 6731997 43.07 330.2 80. 89.6 43.07 5.8 -0.2 1.6 42.48 852 
42.....,, n,,,1997 -.A 329 8 89.7 44.3! 5.7 -0.2 1.6 43.66 852 - n,d,_ 45. 327.1 79. 89.7 45.71 5.7 -0.2 1.6 44.91 1 

"""""' 6731'"' 47.31 324.2 79. 89.3 47.36 5.7 -0.2 1.i 46.641 1 
42....., 6731997 49.41 323.1 79.2 89.9 49.41 5.6 -0.2 1.l 48.53 850 

•

nFd1-, 51.82 319.1 79.! 89.8 51.11: 5.6 -0.2 1.6 50.111 4249821 6732036 850 
tiT.<1997 52.71 318.l 80.! 90.3 52.71 5.6 -0.2 1.6 52.04 4249611 6732036 851 
5731 ... , 55.111 315.! ,M.• 89.8 55.91 5.f -0.2 u 55.08 424-nn,.=m 649 



66 
S-1) UTMIEI UTMINI E-ml R- a- lnclln Rall R- Bea- lnclln Rall -DIii X V z 

S12bT8 .,._ 6732232 856 94.66 326.8 81.3 91.7 94.66 5.7 -0.2 1.6 93.57 424937 6732310 841 
424988 fi7lll!Z<: """ 92.21 328.7 82.1 91.8 92.21 5.7 -0.1 1.6 91.33 424941 673231 0 843 
424988 6732232 ... 83.55 331.9 81.5 91.6 83.55 5.8 -0.1 1.6 82.63 42•~· 6732305 843 
424988 6732232 ~ 80.26 337.4 81.2 91.8 80.21 5.9 -0.2 1.6 79.~ .ill4958 6732305 843 
424988 6732232 856 79.6 338 81.6 91.2 79.80 5.9 -0.1 1.6 78.75 42•= 6732305 844 
424988 6732232 ft- 80.32 340.1 82.! 91.3 80.32 5.9 -0.1 1.6 79.7t 4240R1 ==7 845 
424988 6732232 856 80.56 342.4 82.9 90.6 80.56 6.0 -0.1 1.6 79.94 424964 6732308 845 
424988 6732232 ·- 80.21 346.6 84.2 91.2 8026 6.0 -0.1 1.6 79:s! 424<>R< 6732310 847 
424988 5,~7"~ 856 80.21 348.7 84.8 90.8 8028 6.1 -0.1 1.6 79.95 424972 6732310 JW 

424988 6732232 - 79.27 352.2 87.1 91.1 7927 6.1 -0.1 1.1 79.17 424977 67323tti 851 
42•- 6732232 856 79,61 352.6 87 91.5 79.68 6.2 -0.1 1.6 79.57 424978 6732311 851 
424988 ., ·- 82.02 ""' 90.8 91.2 82.02 6.2 0.0 1.6 82.01 424986 6732314 "-"" 
424988 87 856 81.67 359.1 90,l 91.! 81.67 6.3 0.0 1.1 81.66 .ill4987 6732314 -=•- 6732232 856 81.11 95.l 90.9 90.• 81.17 1.7 0.l 1.6 81.16 425069 ., •• 7,,, 851 
424988 ~~Ir~. 856 79.32 10.9 87 90.1 79.32 O.l! -0.1 1,1 79.21 .,_.,. 6732311 851 
424- 6732232 856 79.4, 12.1 86.7 91.5 79.47 0.2 -0.1 1.6 79.34 425005 6732311 851 
424988 6732232 856 79.2 14.l 86.4 91.1 79.23 0.2 -0.1 1.6 79.07 425008 ~~~,··· 850 
424988 6732232 "" 80.11 18.2 84.9 91.1 80.15 0) -0.1 1.6 79.8' 425013 6732306 846 
42....., 6732232 "" 87.1 30.8 82.7 91.1 87.11 O.! -0.1 1.6 86.~ 425032 6732306 844 
42....., 6732232 856 89.21 32. 82.2 91.2 89.2. 0.6 -0.1 1.6 88.44 ·~ 67=~1 843 ..,,,._ 6732232 856 99.37 55.: 81.! 90.8 99.37 1.0 -0.1 1.6 9828 425069 6732288 841 
424988 6732232 856 93.04 55.8 81.3 91 93.04 1.0 -0.2 1.6 91.97 425064 6732284 841 
424988 6732232 856 89.51 58.1 81. 91.4 89.56 1.0 -0.1 1.6 AA,62 425063 67= 842 
42....,. 6732232 856 88.93 59.8 81.i 90.7 88.93 1.( -0.1 1.6 87.M 425064 6732276 842 
42- 01== - 90.2 63.! 81.2 91.! 90ot 1.1 -02 1.6 89.14 425068 6732272 842 
424988 6732232 856 86.94 63.2 81.3 91.1 66.11' 1.1 -0.2 1.6 85.94 

■= 
842 

42.....,. 6732232 84.75 64 80.1 90.5 84.75 1.1 -0.2 1.6 83.49 841 
424988 6732232 79.5 63.7 79.9 90.8 79.50 1.1 -0.2 1.6 78,?1 6732267 841 
424988 6732232 71.61 66.5 78.8 91.6 71.61 1.2 -0.2 1:li 70.25 425052 ~ 841 - 6732232 65.56 71.8 78.4 91. 65.56 1.3 -0.2 1.6 64.22 4250491 6732211, ... 
424988 6732232 61.71 n.3 78.1 91.: 61.71 1.3 -0.2 fl! 60.38 

•

67322.tl ... -- 6732232 856 63.73 85 78.l! 92.4 63.7l 1.5 -0.2 1] 62.38 6732237 842 
42- 6732232 856 69.82 101.6 79.6 92.: 69.82 1.8 -OJI n 68.67 = 42- 6732232 ft- 76.73 112.1 80.2 91.i 76.73 2.0 -0~ T.ll 75.61 
42- r)f,-LC~ 856 88.3! 120.• 83.1 91.2 88.3! 2.1 -0.1 1.6 87.71 425064 6732188 845 
424988 6732232 856 93.38 126.8 82.7 9U 93.38 2.2 -0.1 1.( 92.62 4250621 6732177 843 
424968 .,.-LC~ 856 109.52 140.1 85.1 90.9 109.52 2.5 -0.1 1.( 109.12 ·~· 6732148 846 
42~- 6732232 856 112.6:! 144.: 85 9U 112.6:! 2.5 -0.1 1.1 112"' 

~

6732141 846 
S12cT9 42L<l!O 67.=n4 851 76.33 204.: 66.6 88.4 76.33 3.6 -0.1 1.5 78.20 6732155 846 

42..,... 6732224 851 75.56 202.2 87.2 89.! 75.51 3.5 Ol 1.6 75.47 424961 6732154 84 
424990 673222<1 851 75.71 201 87.1 90.6 75.71 3.5 0.0 1.6 75.64 424- 6732153 84 
42"""'1 673222<1 851 75.43 197.1 88.1 90.4 75.43 3.4 0.0 1.6 75.41 424968 6732152 849 
424990 67=4 851 74.98 195.2 89.2 90.2 74.98 3.4 0.0 1.6 74.!l'l 424970 6732152 849 
424990 67=4 851 74.97 194.1 90 90.8 74.91 3.4 o., 1.6 74.!l'l 424972 6732151 850 
42"""'1 6732224 851 74.96 188.1 89.1 90.4 74.96 3.3 o., 1.6 74.95 424979 67321511 ... 
424990 6732224 851 n.2!1 181.6 87.9 90.4 77.26 3.2 o., 1.6 77.21 424968 6732147 -·-·- 6732224 851 78.41 179.' 87.5 90.7 78.41 3.1 0.1 1.6 78.~ 424991 6732146 84 
42 67""224 851 79.74 176.• 86.5 90.6 79.74 3.1 -0.1 1.6 79.!'d 42 67321~ 845 
42 fi7""224 851 80.91 173 86.4 90.6 80.98 ~-~ -0.1 1.6 80.~ 6732144 ... 
42 6732224 851 84.1 170.7 85.1 90.l! 84.17 3.0 -0.1 1.6 83.94 6732141 844 
42 ,.,,.,,,,.4 851 86.16 167.1 85.! 90.5 86.16 2.9 -0.1 1.f 85.IM 425009 6732141 -
42 673222• 851 67.45 163.5 "" 90.3 87.45 2.9 -0.1 1.6 87"' 

ji5 
.,,.,141 -

42 fiT&ZM 851 88.31 160.! 85.2 90.6 68.31 2.6 .11.1 1.6 88.IX 6732141 
42 6732224 851 91 <'l 158.! 85.! 90.1 91.22 2.8 -0.1 1.R 90.94 6732139 843 

673222<1 851 94.1: 156.8 85.! 90.1 94.13 2.7 .11.1 1.6 93.84 425027 6732138 
42 6732224 851 97.5 154.◄ 85.2 90.7 97.5C 2.7 -0.1 1.1 97.16 425032 6732136 842 
42 6732224 851 102.01 151.3 85.3 91 102.01 2.6 -0.1 1.1 101.67 -~-6732135 842 



StaUonl> UTMIEl UTMINl Elev/ml Ranae a- 1nc1n Roll ......,. Bea-ft lncln Roi ManDlol X v Z 

l-
l'T~1~1:::::~=~~~4990,.,_..;673222.,;;;;;;;;,4;i....-.;85;,1a-..;,76;:.;:14;i........;.11;.;;8:;.7l--82.~9;i....:;90:;.:;i81-;;76;:;.1;,;4l---.;2:,;.1l--..:-0;:..1;i........,1,.:;.;i.....-..;,75;:.;;56,i..:•·,=~ 6732188 841 - "' 67,= 851 70.69 118.9 82.9 90.9 70.69 2.1 -0.1 1. 70.15~425051 67321!11 842 
1----1-c;;;:;;;;;.;i....;,;67,.3222=:;i41-_85:;;;;.;i...1_68:,;;:;-04;:;i...__....,1~19;:-,;,i1 -~82~;.91;.:,-1a-~68:;-:;04:;i..._..:2;:.-1;i...._:;-0,.,;.1l--..;;1-;i...._...:67,;;:;-38~ 6732191 841 

424990 6732224 851 85.04 119.9 80.8 90.8 65.04 2.1 -02 1.8 6420 6732192 840 
424990 6732224 851 812 119 80.8 91.5 61.20 2.1 -0.2 1.6 60.41 425043 6732195 841 
424990 6732224 851 56.3 117.7 79.! 91 56.30 2.1 -0.2 1.6 55.36 425039 6732198 840 
424990 6732224 851 51.71 118.5 79.7 91 51.71 2.1 -02 1.6 50.88 425035 6732200 841 
424990 6732224 851 47.46 119 78.4 91 47.Aii 2.1 -0.2 1.6 46.49 425031 6732201 841 
424990 673222• 851 42.94 122 n.8 91.1 42.94 2.1 -0.2 1.6 41_sr; 425026 6732202 841 
424990 673222• 851 34.85 129.4 TT.9 91 34.85 2.l -0.2 1.6 34.08 425016 6732202 843 

"1-::::::~~=~1 6732224 851 30.39 134.8 78.1 90.5 30.39 2.4 -0.2 1. 29.74 425011 6732203 ~· 
- 673222 851 2822 141.◄ 80.7 90.7 2822 2.5 -0.2 1. 26.88 425006 6732204 846 

673222 851 22.4.l 152.2 82.1 90.8 22.42 2.7 -0.1 1. 2221 425000 6732204 847 
6732224 851 19.43 165.9 82.1 90.4 19.43 2.9 -0.1 1. 19.25 424995 6732205 848 

T13 

Sl&T21 

St3T15 

St3T17 

42...,., 
424990 
424990 
424990 
424990 
424990 
424990 

42-
424990 
424990 
424990 
424990 
42 
42 
42 
42 

42 
424990 
42-
424990 
42487' 
42487' 
424872 
424872 
424872 
424872 
424872 
424872 
424872 
42...,,, 
424872 
42487:I 
424983 

42.....,,, 

424983 
42-· 
424983 

424983 
424983 

61= 851 18.22 184.1 81.1 90.2 18.2l 3.2 -0.2 1. 18.00 424989 6732206 848 
6732224 851 18.07 200.1 80.4 91.6 18.07 3.! -02 1.6 17.82 424984 6732207 847 
6732224 851 19.! 214.9 80.9 91.4 19.60 3.8 -0.2 1.6 19.35 424979 6732208 847 
6732224 851 22.13 228.8 80.• 91.4 22.13 4.C -0.2 1.6 21.82 424974 6732209 847 
6732224 851 24.11 235.9 79.! 91.2 24.11 4.1 -0.2 1.6 23.71 424117f 6732211 846 
6732224 851 26.54 239.4 78.1 91.3 26.54 4.2 -02 1.6 25.97 424968 8732211 845 
6732224 851 26.75 239.2 78.3 90.8 26.7! 42 -02 1.6 28.19 424968 8732211 845 
6732224 851 28.73 243.3 n.4 912 28.7! 42 -02 1.6 28.04 424965 8732211 ,... 

4 851 29.98 241 76.! 91.1 29.98 4.3 -0.2 1.6 29.15 424964 8732212 843 
6732224 851 31.42 249.1 76.9 91 31.42 4.3 -0.2 1.6 30.47 424962 6732213 843 
6732224 851 38.57 256.l TT.7 91. 38.57 4.! -02 1. 37.68 424953 6732215 842 
6732224 851 7.08 5.4 104.6 90. 7.08 0.1 0.3 1. 6.85 424991 6732231 852 
673222• 651 8.76 38.! 100.1 90. 8.76 0.7 02 1. 8.62 424995 6732231 852 
673222• 851 11.6 56 972 90 11.60 1.1 0.1 1. 11.51 425000 6732230 852 
6732224 851 14.14 66.1 92.5 90.9 14.14 12 0.0 1.6 14.13 -~~«· 6732230 851 
6732224 851 17.64 72.6 90.J 91 17.64 1.3 0.0 U 17.64 425007 6732229 N~ 

6732224 851 21.24 n.1 88-' 90.9 21.24 1.4 o.o 1.6 21.23 425011 6732229 -
6732224 851 24.34 82.9 88.3 91.1 24.3' 1.4 -0.1 1.6 24.29 425014 6732227 849 
6732224 851 30.48 RE 84.! 91.l 30.48 1.5 -0.1 1.6 30.36 425020 MUFrfl 848 
6732224 851 36.S 88.4 83.! 90.9 36.51 1.5 -0.1 1.6 3627 425026 57-~rrfl 846 
6732224 851 41.13 89.9 83. 91 41.13 1.6 -0.1 1.6 40.86 425031 6732224 846 
6732224 851 40.08 95 79.4 91.l 40.08 1.7 -02 1.6 39.40 425029 6732221 AA" 

6732224 851 43.66 96.9 78.! 91. 43.6' 1.7 -0.~ 1.6 42.78 425032 67~-19 842 
673222 851 47.5 98.l 78.• 90.9 47.5' 1.7 -02 1. 46.53 425036 6732217 841 
6,=n, 851 60.62 96.4 79 90. 60.62 1.7 -02 1. 59.51 425049 8732217 839 
6732224 851 65.1• 98 79.• 91.! 65.14 1.7 -02 1. 64.03 42""'-' 8732217 -
6732224 851 69.23 98.6 80.8 91.3 6923 1.7 -0.2 1. 68.34 425058 8732214 839 
6732422 859 27.ll! 211 79.4 91.1 27 .05 3. -02 1. 28.59 411'"""" 6732399 853 
6732422 = 23.21 208.7 82.7 90.7 2329 3.6 -0.1 1.6 23. fC 424861 6732402 Ro;,; 

6732422 ~- 18.4 189.6 80.1 90.8 18.4C 3.3 -02 1.6 18.13 42......, 6732404 "'"' 
6732422 859 16.98 169.6 82.4 90.7 16.98 3.0 -0.1 1.6 16.81 424875 6732405 856 
6732422 = 13.14 141.9 94.3 91.1 13.14 2.5 0.1 1] 13.10 42•aa, 6732412 859 
8732422 H.'i! 14.6 115.2 92.5 90.! 14.611 2.0 o.o 1.! 14.59 424885 6732416 859 
6732422 859 17.12 g; 97.6 90.1 17.12 1.7 0.1 fl 16.97 424889 6732420 861 
6732422 859 20.5! 80.! 95.1 91.1 20.59 1.4 0.1 fl 20.51 424892 =•~· 860 
6732422 859 28.3' 82.! 99.6 91.1 28.34 1.1 02 fl 27.94 424897 6732435 863 
6732422 859 28.5! 66.: 982 90.1 28.55 12 0.1 fl 28.38 ·~·- 6732433 861 
6732422 H.... 38.35 68.4 96.3 90.1 38.35 12 0.1 1] 38.1' 424907 6732436 .. 
6732422 859 44.61; 542 98. 90.• 44.69 0.9 0.1 fl 44.42 42•~ 6732448 •• , 

852 76.91 66.t 76. 91.1 76.91 12 -02 (E 74.91 425052 6732309 •= 
6T.l227 852 63.77 60.! 76 91.2 63.TT 1.1 -0.2 f.E 82.11 425037 ~ 837 
673227 852 49.14 45.4 76. 91.1 49.14 0.8 -0.2 1.• 47.74 425017 =13 .. , 
1173227' 852 49.53 45.1 75. 91 49.53 0.8 -02 1.1 48.02 425017 673231 ·-
673227' ·- 852 "37.82 • ·15_5 ·93:4 91:1 ··- 3T.82 0:3 • -0:1 -1:1 --37:m ·424993 "673231• ·941 

1<7:<Zn, 852 36.1 356 90 89.9 36.16 62 o:c 1.8 36.16 424980 6732315 851 
S73227l 852 58. 298.5 75.3 91.1 58.70 6.2 -0.3 1.l 56. 78 424932 6732304' •-

852 74.67 299.9 81.1 91.2 74.61 52 -OJ 1.1 73.TT 42491S 6732316 840 
6732279 852 73.16 302.1 79.9 90.8 73.16 5.3 -0.l 1J 12-:m 424922 6732318 839 
a, 852 78.01 305.7 79.4 90.1 78.01 5.3 -02 1.6 76-:si 424921 "732324 837 
67 852 68.74 308.l 79.1 91 68.74 5.< -02 • 1.6 67151 424 ""' 6732321 838 

852 68.n 308.5 78.! 90.8 66.T 6.4 -0.: 1.6 66.----.il 411....,. 6732320 838 
852 65 311.5 78.4 91.1 65.11 5.4 -02 1.6 83.61 42.... 11732321 838 
852 66.36 312 n.3 9U 65.36 5.4 -0.2 1J A'l1i 411• 6732322 837 
852 72.14 310.1 79.8 91 72.14 5.4 -02 1.1 71.00 411• 11732"'" ~ ... 
852 70.04 313.7 80.3 91.3 70.0 5.5 -02 1.6 69'JM 4~• 6732 r:,7 '41" 

852 68.05 315.! 81.4 90.8 68.11 5.S -02 1.6 67.28 42 67"" 171 141 
852 65.91 311.1 82.3 91.1 65.91 5.5 -0.1 1. 65.32 42 5,~ "' .._, 

424983 ~~ 64.38 321.l 82.3 91.1 64.!ll 5.1 -0.1 1. ~· • 42 6732 ... , 
424983 87322 852 62.69 324.7 83.6 an. 62.69 6.7 -0.1 1. ""·"' a~• 7 n,~ 844 

"1-:::::::~:!;;;,:·424~983:::lf---,K;:,-=:.l--~852:=IH60~-97~....:!.~~~85~-6~90~U~·~~60~lg;~-----;5~~~--0~l~'-1~.a--~60~-~79;i..;424953~~~6732332 847 
- 67~• 852 60.18 331.! 67.8 90.7 60.18 5.8 0.0 1. 60.14 424955 6732332 849 

.c= 852 60.73 335.8 87.8 90.1 60.73 5 0.0 1. 60.69 424- =6732334[M! 
6732279 852 61.18 340.8 88 91).8 61.18 5. 0.0 1. 61.14 424983 67 [M! 
6ru-n 852 53.~ ,..._, 68.~ 91.1 53.33 6. 0.0 1. 53.~ 849 

424983 6732271 852 63.66 346.3 88.5 91).! 53.66 6. o.o 1. 53.IL -~·-· .. ,.~~1 KN 

I--
---J-~~42

42 7
..;6732279~a;::¼---i,852S-..;65.;;i:;; •• 31 ,a.......;;:3'6.;;:;5!-'89e:l'!, •• E i-.;:90;,;.8;i....;65;:.38;,;J.--.6'-e. 1-...;0~. ,1-.;:1.;!61----;65:;.~38;.+-:;424;;:;;,;,;+-;,;6732343..;;;,:;:;i,.;a 11!!1 ~ 6732279 852 6621 349.2 89.! 90.8 66.21 6.1 o. 1.1 6621 424971 6732344 851 
6732279 """ 66.36 349.8 89.4 90.! 66,36 6.1 0. 1.6 IIR.36 <12491'1 K~r~• 851 
tir.zm 852 68.7l 350.3 89.6 91.3 68.7l 6.1 o. 1.6 68.72 424971 8732347 851 

424983 ti7=7l 852 72.34 354.9 88.7 90.9 72.34 62 O. 1.1 72.32 424977 6732351 a« 

67 



68 
Station I) UTM 11:1 UT. Elevlml w- a-- lncln Roi w- -- lncln Roi MID Diet X V Z 

St4a 42•- 854 54.37 9.7 82.5 91.4 54.~ 02 -0.1 1.6 53-:si 1 ~'""" 6732376 846 

t:::::::t:i~~•~-~t=~ 854 33.15 342.7 83.f 90.9 33.1! 6.0 -0.1 1.6 32.94 42Alllfl "7'«>364 850 
~ 42499: K, 854 31.7! 349.6 81.3 90.7 31.75 6.1 -0.2 1.6 31.38 424991 6732354 RAC 

424997 8732323 ""' 33.87 358.5 78.1 90. 7 33.87 6.3 -0.2 1.6 33.l! 424996 6732358 847 
"""""' 6732323 854 34.71 9.2 74.1 90.5 34.71 0.2 -0.3 1.6 33.-' 425002 6732358 844 
424997 67"23Z ""' 37.34 16.6 73.3 90.! 37.34 0.3 -0.3 1.6 35.77 425007 6732357 =· 

87-=-=· 854 41.22 21.4 71.f 91.1 41.22 0.4 -0.3 1.' 39.09 426011 67=•- =• 
424997 873232 854 44.8 26.9 70.2 91 44.80 0.5 -0.3 1.6 42.15 426016 8732361 838 
424997 n, --M 45.63 33.4 70.6 91 45.63 0.6 -0.3 1.E 43.04 425021 8732••• 838 

t-!-::::::~~==~~-~~·t=it 49.48 35.9 70 91.3 49.48 0.6 -O] 1.6 46.50 425024 ~8732361~ 42-• 63.77 38. 70.5 91 53.77 0.7 -0.3 1.6 50.69 425029 ~ 

l-1,~;~;==~~==~~--~g·t:87323236~ 59.7 41. 69.5 91.f 59.70 0.7 -0.4 fl! 55.92 425034 ~ 42-• 62.03 43.4 68.8 92.6 62.03 0.8 -0.4 1.6 57.83 425037 6732355 831 
S15T19 424945 855 72.14 94.8 69-7 91.2 72.14 1.7 -0.4 1.6 87.66 425012 67~"""' 829 

.... ::::::~~=42~~4945~~~=-.8732~., 405405 855 64.83 91. 70.5 90.f 64.83 1.6 -0.1 1.6 81.11 425008 8732A"' 833 424945 -• 855 56.SE 91. 70.• 91.2 56.56 1.6 -0.3 1.6 53.28 424998 8732404 835 
f------i1-:=;;;;;··-~·1-;;. 855 47.&S 90.1 70.9 91.1 47.8! 1.6 -0.3 1.6 45.06 424990 6732405 839 

"42•-• 855 38.SE 92.3 71.9 91 38.58 1.6 -0.3 1.8 35.87 424982 6732404 842 
42•-• 8732405 ""' 30.52 98.1 73.1 91.1 30.52 1.7 -0.3 1.6 29.~ 42497A 8732402 845 
42•-• 8732405 855 18.1E 107.1 77.1 91 18.11 1.9 -0.2 1.6 17.71 424962 8732~ 850 
424945 8732405 "-"' 12.17 146.3 90.4 90.4 12.17 2.6 0.0 1.6 12.17 424962 K7•~r- 854 
K,o-., 6732405 855 18.2A 208 100.8 9().9 18.24 3.6 0.2 1.6 17.11: •?•-,, 8732389 858 

•-• 8732405 855 23.U 218.7 93.7 91.1 23.19 3.8 0.1 1.6 23.14 424931 8732387 -
424945 8732405 855 27.27 222.6 95.3 90.! 27.2i 3.i 0.1 1.6 27.15 42492 8732385 857 
424945 8732405 31.84 227.! 91.3 90.8 31.84 4.1 0.0 1.6 31.A.< 424922 8732•m 855 
424945 8732... 13.8! 2:!8.4 89.4 90.9 13.85 4.0 o.o 1.6 13.85 424935 6732398 854 

S16T19 424872 8732.az 62.5! 152.2 93.2 90.! 62.55 2.7 0.1 1.6 62.45 424901 =-~--. 862 

42411,: lir.!242.i 64.1! 152.2 87.4 90.S 64.1! 2.7 0.0 1.6 64.12 424902 87~ 
42487' tiTs.!422 66.! 162.7 85.1 80.9 66.5! 2.8 -0.1 1.6 66.32 424892 6732359 

67ll242li 62.91 152.6 90.2 90.6 62.97 2.7 0.0 1.6 62.97 424901 87323661 

424872 8732422 68.311 110.4 & 90.8 68.39 3.< -0.1 1., ea.m 851 

St7T24 
424117' 8732422 " 78.33 1&:. 80.5 90.S 78.33 3.2 -0.2 1.6 75.28 424859 873234~7 ~ 
424548 8732576 866 103.91 119.4 80.2 91.3 103.91 2.1 -0.2 1.6 102.~ 424735 .., ~ 
..,,._ 8732576 '""' 105.51 110.3 80.9 91.8 105.51 U -0.2 1.6 104.1• 424744 .., 849 
424645 67=7li '""' 106.4 105.7 82 9U 106.4< 1.8 -0.1 1.1 105.36 424747 873254 851 
4241W 8732576 866 107.4 100 83.1 91 107.40 1.8 -0.1 1.6 106.62 4247"' 8732552 852 

8732576 '""' 110.28 101.1 83.1 91.: 110.28 1.8 -0.1 1.6 109.48 42471> 6,...,... 852 
424548 8732576 866 114.21 91 83.7 9U 114.21 1.7 -0.1 1.6 113.52 424758 8732558 853 

1-1-::::::~~=42~~4645~~~~87325g 76 '""' 115.31 93. 82.3 91.7 115.31 1.6 -0.1 1.f 114.2' 424- 8732568 -
42 -~,· '""' 117.83 90.1 80.9 91.! 117.~ 1.6 -0.2 1.6 116.35 424762 8732576 =· 

l-l-:_:_:_:_:_:_::i':.::;;42iliJ-f.-_;-l-~.. 866 113.44 83.7 78.1 91.S 113.44 1.5 -0.2 1.6 111.00 424756 sr~,- 842 
42 l!l!t 116.54 80. 77.1 91.7 116.54 1.4 -0.2 1.6 113.M 4247~ 8732594 839 

42 873257 ~866itt11IT8~--78~===7~5~-t:±~;.9~j9~1j3tj1~18.t78~t:::J1G.3t:=-O~-i3t:1j.6~:::1D1[~i88uj~~7~57aj8732604~~~~ti834~ = •=,., ~ 121.92 74.5 74.2 91.3 121.92 U -0.3 1.6 117.31 424,~ 8732607 832 
., 873257 139.87 132.7 82.1 91.3 139.87 2.3 -0.1 1.6 138.54 4247"' 8732482 846 
424548 8732576 866 133.97 130.4 83.1 91.3 133.97 2.3 -0.1 1.6 133.0I 424747 8732•- 849 

8732576 866 151.0l 119.2 86 90.7 151.07 2.1 -0.1 1.6 150.71 424778 •r~,~ 855 
S17T25 "~-~ 866 151.82 114.3 aa.2 91.6 151.82 2. o.a 1.6 151.75 42478A 8732514 861 

8732576 866 153.8" 110. 86.i 91.5 153.86 1. -0.1 1.1 153.611 424790 6732521 855 
8732576 866 144.2 10( 85.! 90.8 144.l!fl 1. -0.1 1.1 143.76 424,- Kr~,~- 854 
8732MK 866 148.ft' 103.1 84.! 91.7 148.63 1. -0.1 1.6 147.95 424,- 8732542 851 

S18T26 424645 8732801 862 77.99 1611.8 80.2 91.7 77.99 2. -0.2 1.1 76.85 424871 8732528 848 
42- Mc~,1 862 74.62 156. 79.8 91, • 74.62 2. -0.2 1.1 73.44 424875 67'0?!<.... ..... 

8732801 862 60.98 152.! 80.2 91.f 60.911 2. -0.2 1.6 60.119 424673 87""""' 851 
424548 8732801 862 60.02 1AA 80.2 91.6 60.02 2. -0.2 1.1 59.14 424677 8732651 851 

861 71.9: 116.2 86.1 91.6 71.92 2.1 -0.1 1.1 71.BI a,_._ Kr~ 856 
861 70.7' 114.E 86.1 91.! 70.7! 2.1 -0.1 1.6 70.64 .,_._ KTC~ -

.... :::::::~=~~~~~=~ 1-f.-:::86~~1t:87~•~--4 jt:j1~1"~·'n=~~ e;~t~91~.5!:j87~-~48~===~2~-0~==-0~~-1t:t1.~f~==~87~•~-ll! ~~:~ii 6"~ 857 861 89.2j 110. 88.2 91.< 89.21 1., n.o 1.6 69.23 8732568 858 
f----l-~~1-;,;,;~:i---.;86;:1~~89~1.0~1~_1!,loe.~11---:81.~3~9~1.;i4 ~69~.0~1 f-----+1-'~----lo~•.I~~ 1.6:i--_;,68.~98~~~ •r~,.11 858 

i46 '""" 861 6U 104.l 88.4 91.2 63.48 1.8 0.0 1.1 63.46 •·,.•~1 8732576 859 
42- "".IZ!i 861 62.6 101.1 91.! 91.2 82.88 1.1 o.o 1.6 62.111 42483 ~~- -
42457 67"-""' 861 63.48 -.• 88.2 91.! 63.48 1.7 0.0 1.6 63.45 •?•~• 87•~- 858 

,.r..,,. 861 76.72 90.J 873 91.6 75.72 1.6 0.0 1.1 75.A. 42o4848 8732591 857 
42467 6732592 861 73.95 88.7 86.9 91.! 73.9! 1.5 -0.1 1.6 73.fl. A?A._, 8732594 856 



StaUon I> UTM 11:1 UTM INI I Elev1m1 R- a- 1nc1n Roi R•- -~ lnclln Roi - 0 Dlllt x I v I z 

FI-S~t9~T~29~==~~==~~~~~n~~j6732592~■ 861 56.92 17! 78.6 91.l 56.92 3.1 -0.2 1.6 55.37 4245751 67325371 847 

l-------l~4245:;;:;~57~10i---;"'~ 861 26.72 152.7 81.2 91.l 26.72 2.7 -0.2 U 26.41 42 856 
424570 "' 861 32.07 167.3 75.7 9U 32.07 2.9 -0.2 1.6 31.06 4211852 

l-----l~4245:,;;;.;70=1-..:6732=.,592='_---;86;;i1----,:::-:125-7'12.;7,:;.4~=n=".5a-,90~-91-~""-·wa--....;2,;2:i-..:-0~.2~..,1i',.6;f--~2,.4,,.41;.t-;42;: 

St10R31 

St10T32 

42457C 6732592 861 2562 120.9 n.1 91.E 25.62 2.1 -0.2 1,6 25.04 424591 6732579 
424570 6732592 861 25.34 119.4 79, 91.7 25.34 2.1 -0,2 1.6 24.91 424592 "'""""" 856 
42- o,~ 861 25.4 106.5 79.8 91.i 25"4 1. -02 1.6 2500 424594 6732584 ""' 

4245 

42-
4245 

4450 
42 
42 

42 
42 

42-
424450 
42440ll 
42...,,. 
42...,. 

424450 

424450 
42....,,. 

42 

42 
42 
42 

42 

42 

6732592 861 26.31 108.4 80.l 91.6 26.31 1. -02 1,6 26,04 424595 6732585 ""' 
9,.-- 861 26.lii 104 80.7 91.4 2&.i. 1. -02 1.6 2622 424595 6732586 """ 
6732592 861 28.92 96.7 81.7 91.5 28.92 1. -0.1 1.6 28.62 424598 9,.~ -
9,_ 861 34.85 93.2 85.1 91.9 34.81 1. -0,1 1.6 34.r. 424605 n,.~ ... , 
6732592 861 33.37 88.1 88,3 91.1 33.3 1. -0,1 1.6 33,:,c 424603 6732= 856 
6732592 861 34.7 75 902 91. 34.70 1.3 0.1 1.6 34.7! 424604 6732601 860 
6732592 861 39.31 20, 1 70.4 91.8 39.31 0.4 -0.l 1,6 37.03 424583 6732627 847 

0=-• 864 121.19 79.8 89.6 91.2 121.19 1.4 0,1 1,6 121.19 42~- 6732584 863 
6732563 - 83.67 76.8 90.1 91.3 83.67 1.3 0.0 1.6 83.67 424531 6732582 --
6732563 864 84.81 75.4 90.! 91.! 84.81 1.3 0.1 1.6 84.81 11 67-~- 864 
6732583 864 56.68 602 89.1 91.! 56,68 1.1 0.1 1.6 56.67 6732591 862 

I 6732563
67
:t=l---i864.a,...;55,;;.:;,23a1--54:;r,,3,1-.,.67;;:,.8:i-i9 .. 1'i.4+---i55i:c23=t------io:'=.9:t---i'o.;;iof--,1ic.6.t---;ss,;;.:;,19.i-;42~=""

6732595
.,;;;~'"

86
""'

1 
864 56,38 50.9 81 91.8 56.38 0.9 0.0 1. 56.31 424494 6732599 861 

6732563 
6732583 
6732583 
6732563 

6732563 
6732563 
6732583 
6732583 
6732563 
6732563 

""""""' 6732583 

"'""""" 6732563 

67""""'1 
6·=-• 
6732583 
6732563 

864 60.22 49.3 aa., 91.6 6022 0,9 0.0 1.1 60,2( 42=- 6732602 ~ 
53.28 35,5 67,t 91. 5328 0.6 0.0 1.6 5323 424481 ""~~ 861 

864 55.23 ~ 88.1 91.1 5523 0,6 0.0 1.6 5520 42......u 6732609 862 
864 40.32 2.4 84.7 91.4 40,32 0.0 -0.1 1.6 40. 15 424452 6732603 -
864 43.51 1.6 86.2 91 43.68 0.t -0.1 1.6 43.SE 424451 6732607 860 
864 41.1 352.9 892 91.5 41.17 6.2 0.0 1.6 41.11 424445 6732604 863 
864 42,86 344.2 86.6 91.4 42,911 6.t -0.1 1.6 42.8E 424'""11 6732604 861 
864 48.71 341.8 67.4 91.1 48.71 6.t 0.1 1.6 48.&E 4244:10 6732609 861 
864 48.: 333.8 882 111.3 48.:it 5,1 o., 1.6 4828 4244i<ll "'""""" 862 
864 53.1: 329.8 89.5 91.3 53.11 5,8 o., 1.6 53.15 .....,,., 67""""" """ 
864 56.27 317.2 91 91.4 56.27 5.t 0,( 1.6 56.26 424412 l>T&l>U4 864 
864 63.42 314.8 9U 91.6 63.42 5.t 0.( 1.6 63.39 424405 6732806 865 
864 57.06 307.5 89.4 91.~ 57.08 5.4 0.0 1.6 57.06 4'!4400 6732598 ~ 
..,. 61.5':l 303.4 89.J 91.1 61.53 5.3 0.0 1.E 61.si ....,,., ii~ 
..,. 62,7 2982 91.1 91.ti 62.1\l 52 0.0 1.E 62.69 42...,,., ~ 
864 64.41 295.li 92.: 91.1 64,41 52 0.0 1.E 64.36 424392 "' 866 
864 71.01 293 93.t 912 71.01 5.1 0.1 1.1 70,81 424385 6732591 ]! 
864 76.39 289.9 91.• 91.1 76.39 5.1 0.0 1.1 76.3' 424378 ~ ~ 

= ~~ ;;, 9~ :: ~:~ ;~ ~:~ ::! ~:, ==~ 
864 110.:,, 273.4· 89.1 91.3 110.55 4.8 0.0 1.6 110.54 __, 6732570 862 
864 110.t> 269.7 902 91 110.t> 4,7 0.0 1.E 110.6'1 424339 6732582 864 
864 149,56 267,9 88.7 91,1 149.51 4,l 0.0 1.6 149.52 424301 61""""" 860 
864 151..tt 264.6 89.7 90.8 151,21 4.6 0.0 1.6 1512! 424299 6732=• 863 .... 143.74 263.8 89.2 90.9 143.7• 4.6 0.0 1.6 143.73 42~... "''=- 881 
864 

56.15 142.8 74.7 91.5 56.15 2.5 -0.3 1.6 54.16 =~ 6 849 
42.72 132.6 74.5 91.5 42,7:! 2.3 -0.3 1.6 41.17 =- 6732 

864 41.7! 130,6 78 91.4 41.78 2.3 -02 1.6 40.54 424481 "' 

... .... ~· ... .... .. ... .. - ..... r 

864 48.64 126, 1 76.7 91,7 48.64 22 -0.2 1.6 47.34 424488 67 852 
6732583 - 46.7! 125.1 76.7 9U 46.75 22 -0.2 1.6 45.511 424487 9732537t'ii;;:; 
6732583 - 45.11 121.1 n.e 91.! 45.11 2.1 -0.2 1. 44.06 424488 ""=- 854 

__ 6732583 __ ::~~~~~4~1~.53~~:j1~19~.1~:tnt.8~j•~';j,.'~:44t1,53~j:::~2~.1t::-o~.~2~:t1.~:::~40~,~-~~q-~~~~~6732543g~~~~~856~ 864 41, 1111.E 79.8 91.5 41.36 2.1 -0.2 1. 40.71 424486 ""- 856 
_ 864 39. 114.& 79.e 91.7 39.31 2.1 -02 1. 38.71 424485 6732547 856 
_ :: 38. 107.l 81.5 91.4 38.01 1.! -0.1 1. 37.55 424486 6732551 
_ """ 37. 100.l 83.4 91.3 37.21 1,1 -0,1 1. 37.01 424488 

.,. 114.. ..... .,., .,... f.6 ,v, 1.6 37,11:l --
40, 84.S 110.1 91.I 40.62 1.5 -0,1 1, 40.71 424491 67 
43.8 78.6 86.3 91.7 43.81 1.4 -0,1 1. 43.r. 42. 6732 
54.64 55 67.! 91.2 54.64 1.0 0.0 1, 54.61 -~======~~=42~~4450: 
59.!lli 49.4 1111. 91.3 59.99 0.9 O.t 1. 59.9 -

861 
861 
862 - 61.2◄ 43.3 90.! 91.4 6124 0.11 O.t 1. 6124 42 - 864 59.19 40, 67.! 91.! 59.19 0.7 0.1 1. 59.1 =· 1 

St10T33 - ..,. 41.21 164. 73.4 91.1 4121 2.S -0.3 1. ""·'"' 424461 852 --
;;

{- ____ -i..;864~~~:;40.~~1i◄~:11,._6~1~. t:t72.~l1j~•~1'=_:;,4t:~40~.,,,,1l41-____ ---;-i2.~8t::-ot'·~~~::,;'1i',.~:::-i_{'311";; 7 
•• ,.341~4t24462~il16732527~ 1 - 35.9◄ 154. 71.! 91,7 35.94 2.7 -0.3 1. 34.1 =---= ~ - 18.81 11:t. 72~ 91.5 18.81 2.1 -0.3 1. 17.11: 856 

864 22,71 54.! 78.4 91.5 22.7! 1.1 -OJI 1. "'"' 42 
- l>tllZ!O ,_ 31.&l 20.t 81, l 91 31.6! 0,4 -0, 1 U 31.31 424481 
"""- Dr-"' ,_ 34,41 19,◄ cw:. 912 34,41 OJ -0.1 1.E 34.15 =-1 

..,....,. "' - ll4.e 11.1 83.3 91.4 34.67 o.: -0.1 u 34.63 42445 

..,.,.,. n, 864 41.ti 12.6 84.8 912 41,113 0.2 -0.1 1.6 41AII ......,. 

......,. n, - 4U 7.6 85.t 91 48.05 0.1 -o.1 1.6 47.91 424456 6732611 860 
St11T35 ""4474 6 17 862 30.0 119.7 1.... 91,4 30.07 2.1 02 1.6 29.59 """""' tlf.211Ul 867 

• ..,..74 67 11 862 26.~ 113,5 114.6 91.~ 26.58 2.1 0.1 1. 26.4! 424498 6,.....,. _, 

l-l-::::::~~=42~~44~7'~4~~n~,~~~17~==~!--=23.;;.,31;,i...._,;;10.,;7,:;,6~;:92.;:;7,1--;9,;.1:;.41-;;23;:;-3,,;1+----i1'i •• ! +---Oi'-1'~.t-..,1;;,-•,1--.;;23.;;:•3--"..:;42i="'.-ii:""":t--.6i=1-,,,1:ii11rii862=f 424474 673261 i!ll, 103.3 91,6 91.5 23.91 1,1 0.0 1.6 23.89 424497 673261: ,_ 
424474 673281 25.11! 90.1 84.9 91.5 25.11! 1.t -0.1 1.6 25,59 42~ .. ,~11 859 
""""74 11732817 862 26.5 86.9 85.7 91.6 26.51 1.5 -0.1 1. 26.43 42"""' 61=1a ""' 
424474 n,.=17 862 26.57 80.7 80.! 91. 26.57 1.4 -02 1, = 424500 6732621 857 
42447◄ 6732617 - 25.3 75.9 82,l 91. 25.30 1.3 -0,1 1. 25. """""' ,r..,,..,, """ 
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Slllllanl> 
St12T38 

UTM 
G 
G 
G 
G 

UTM oo Elev1m1 R- a- 1nc1n Roi R..,.. """""" 1nc1n Roi - 0 Diet x y z 
6732611 - 2321 228.7 102 89.9 23.21 4.0 02 1.ti 22.71 G4448 6732604 864 
6732611 ,.. 24.77 238.1 95.1 902 24.77 42 0.1 1. 24... G4444 6732606 862 
673261 1110J 2124 246.3 92.1 90.2 21.2 4.3 0.1 1. 2121 - 6732610 860 
673261 860 1723 258.8 89., 90.3 17"- 4.5 0.1 l. 17.23 G4448 67'2816 859 
673261 - 111A 263.7 88.! 901 18.41 4.1 0.1 1. 18."1 424447 673261 859 

t-t-::::::~~=G~~~~~=67326~i~~1~===~ 18.98 268., 872 90.3 18.98 4.7 0.1 1. 18."" 424446 6732618 858 
<12-4465 n,-1 ]!!i~2~4-~n;i.._-~"""::;i_....::.81~.4;i...,~~~....;;U~n~-----;5.~"~~-0~.~2f-1~.6:l--~2~4.~~,;+.-;;4=24~◄~◄2:1--;6732627=9:=,HC8563 - 67-1 860 25.03 311.! 74 89.9 25.o:! ' 5.4 -0.3 1.6 24.IJI 424447 6732635 852 

ISl12T37 

<12-4465 
G 

673261 860 27.48 315.1 74.5 90.4 27.48 5.5 -0.3 1.6 2ti.48 G-7 6732638 852 
673261 860 31.31 320.1 74.3 90.7 31.31 5.6 -0.3 1.6 30.14 424446 67326G 851 
673261 _, G.5:l 333.1 71.7 91.4 G.Sl 5.8 -0.3 1.6 40.38 424447 67.><ao:: """ 
6732619 860 64.78 337.1 73.6 902 64.71 5.! ,,0.3 1.6 62.14 G~1 6732676 641 
8732619 - 71.7 338.9 n.7 90.4 71.7C 5.9 -0.3 1.6 68.46 G..- 6732683 638 

G 6 ~-11 - 54.7 259.1 97.6 90.1 54.71 4.f 0.1 1.6 54.31 G~1: 8732609 86, 
G 6732619 860 52.: 265.1 94.9 89.7 52.54 4.6 0.1 1.6 52 . .>, ~1, 673261 864 

6732611 860 53.1 268.5 ·93.1 90.6 53.85 4.7 0.1 1.6 53.77 G~11 v,=n1 862 
1173l!llll 54 269.8 93.i 89.8 54.>i 4.7 0.1 1.6 54.10 G~11 673261 863 

67:'21i1l 54.~ 276.: 922 89.4 54.6◄ 4.8 0.0 1.6 54.0I ~11 67 861 !
G:- 11,....,11 ""' 53.l 26 93.: 89.7 53.!I< 4.7 0.1 1.6 53.64 G~11 873261 862 

8732611 55. 274.3 91.1 89.7 55.31 4.8 0.0 1.6 55.,,. ~1~ -1 

t----;~G~-~t-_48~7326~i$.19i:::iit:154i·i61t::~2;.;8~1i.3t:ii90/;:,'·lii89~,:;2Jt-""-~;,,54t.6~1t:::-ii4'7 •• 9t::~o~.~OJ-__ /1n.1~:::154i·16:il1!1--'i"7G~~1.1 ~ 
G 

~im-6732611 58.81 262.1 88.1 89.1 58.86 4.9 0.0 1.1 58.a., G~ 6732632 857 
- ~~n,.~=~11;f--~.t-i70.~lffi-Bl-~~1i.5t-64.;;:ill;f-i89.~51-r-ro~t~Sif------.5~.1t-~-0~.~1'----,1n.6r_iroj.~$if-7G~~ 6732645 

6732611 67.32 292.8 88.2 89.6 67.32 5.1 -0.1 1.6 67.1 G~ 6732645 856 
G- 6732611 67.81 298.1 64.1 90.• 67.86 5.2 -0.1 1.6 67. G~ n,.-=1 853 

t-------,t--7-Gil-:mt-67326~=1~9 r----i860a=H90~.52:it------.299~.1r.77! s:f-90~2:l--.90i_i52al----i5.2rn--0T..1t-f1.17"_-i89~. ~~ 6732663 848 
t-------il-7-Gil-:mt-n~"==1~9f----ia=H88.o:;~,=Ollf----.300~.2al---.64~.7'--90a-----.88.,.:i,08.t--,---i5.2rn--OT..1t-f1.~6f------i67~. ~G~ n,.~, 851 

-~ 6732611 67.68 301.6 85.1 91 87.88 5.3 -0.1 1. 87. G4390 6732665 852 
11 64.07 305.2 62.i 90.3 64.07 5.3 -0.1 1. -•· G4397 6732667 -

6732619 99.2 306.! 81. 90. 99.23 5.4 -02 1. 98.1 G4387 6732678 -
G- 673261 119.7 310 80. 90. 119.73 5.4 -0.2 1. 118.1 G4374 67-~~ -
G- 673261• 12U 312.1 802 90.9 121.95 5.5 -02 1. 120.1 G4377 673270I 839 

S113T38 

t-
t::::::~~=G~~437~~1~=6732627~~~~~=== ,.......:37,;;'·;;'i;f4_7154,,lr, •• I ,r~98.;2r,90~.6t--.37;,:;·~=------';2.;'i;f--i0.'i,1 t--f1..t--,---i37;;;'·'Eflll-i42~4387~i;Hn,;_, 

:.,, = •::,;: :;< .~ ".:,::,;; ~ -:::. : ·:~ -· 11 
G4371 n,.- i865 32. 148.5 92.1 90J 32.61 2.1 O.c 1. 32.57 G4388 n, 866 

t-l-::::::~~=42~~43t7t1t:n~,i·-~i~==~ --~3~1-~69~::t143.~~6t:t91t.1tt⇒90~1~ •• I t:~3t1.69~~===~2.g5t::t0.~0~=t1·~===~3~1-~lil~~42~~~i~~6732601~~~~t 

S114 T39 

G4371 n,.~ 31.71 143.4 91.1 90.• 31.76 2.1 0.1 1.6 31.7 6732602 
G4371 6732627 28.Z 138.1 91.• 90.4 28.2: 2.4 0.1 1.6 2n.z G4390 6732606 
G4371 6732627 865 ~-62 131.1 91. 90.1 ~-62 2.3 0.1 1.6 ~.81 -=• 673260l 
G4371 8732627 865 28.t> 131 96.6 89.f 28.6◄ 2.l 0.1 1.6 28.50 G4393 6732609 867 
G4371 6732627 ""' 30.: 119.1 93.7 89.8 30.; 2.1 0.1 1.6 3024 G--• 8732612 866 
G4371 6732627 llfi 27.99 115.7 91.6 89.1 27.1 2.1 0.0 1.6 27.98 G4396 6732615 ~ 
~~.,1 6732627 '"' 26.51 111.1 92.1 90.1 25.1 1.9 0.0 1.6 26.:,; G4396 u,~17 865 
•=> 1 IITsai.!l '"' 21.39 103. 9U 90.8 21.: 1.8 0.0 1.6 21.:o G4392 6732622 ~ 
G4371 tiT""'62l ,_. 22.18 91. 67.9 89.8 22.1 1.6 0.0 1.6 22.15 G4393 6732626 864 
G4371 """""'' ,.. 21.42 90. 63 90.4 21.G 1.6 -0.1 1.6 2126 G4392 6732627 862 
~.,1 6732627 "" 18.64 86. 81.4 90.9 19.~ 1.5 -0.2 1.6 19.62 G4391 6732628 861 
~~.,1 6732627 ,.. 18.62 73. 77.f ~-· 18.62 1.3 -02 1.6 18.3, ◄2~ 6732632 
G4371 """""'' ,.. "3.za ~ 78.3 90.2 aa.22 12 -0.. 1., 32_,., G4401 °'~ 
G4371 IIT&ti2l ..., 34.83 64. 1111.: 90.1 34.1 1.1 -02 1.6 34.::,; G~ 67=-
G4371 6732627 $.69 ti0.1 81. 90.2 $.I 1.0 -02 1.t $281 <i!~ n,~ 

42 
G 
G 
G 
42 

G 

G 
G 

G 

1 6732627 36.1 54.1 77.1 90.: 36.1 O.! -0.2 1.6 35.1, G~ n,_ 
6732627 5U 51.1 73.6 90., 51.1 0.1 -0.a 1.6 49."' I <i!~11 6732658 
K~-1• 27.55 223., 96.1 90.4 27.l 3.1 0.1 1.6 27.c.,,. , -• n,~594 II 

673261• 26.38 2272 91.a Ill 211.38 4.C 0.0 1.6 25..>, G4370 67""""' 
1• 24.7: 231.1 89.5 90.1 24.7: 4.0 o., 1.1 24.r. G~.. u,- 864 
14 21.0I L~'-' 111., Ill 21.lil 4.1 u., 1:1 2, ... , -· u,=- 8IU 
1 22.41 2G., "" 89.5 22.41 4J -u.1 1.6 22.G, ...,._ 6732604 ""' 
1 22.43 252.1 ci;t.4 90.1 22.,i; 4.4 -<1.1 1.6 22.21 ....._ 6732601 ""' 
1 25.68 257. 11"4.3 911 25.68 4.E -0.1 1.6 25..., G4384 8,.,...,. 861 

073261 18.41 264. 78.l 90.6 18.48 4.8 -02 1.E 18.1 G4371 n,=n1; 861 
873261 18.11' c,.,_ 7B. 90.4 18.04 4.8 -02 1.t 17.G, G4371 67~1, 861 
K, •-1 21.71 L= 82.1 90.1 21.71 5.~ -0.1 1.t 21 .... - n,~19 862 
Ill -1 23.11 °''. 11"4.7 90.1 23.19 5.0 -0.1 1.t 23.,. G4387 6732621 861 
"'-1 21.71 295.1 80.9 90.2 21.71 5.2 -0.2 1.6 21 ... _,, ~ 861 
"' ""1 24.1 2982 au 89.1 24.11 5.. -0.2 1. 23.a. - ~ 861 

~!: 2~ = 82~ 89~ ::: !: 1~ :: ::: ~ 111 
673261• 19.6 311. 80.8 89.5 19.tiCI 5.4 -0."' 1. 19.36 G4375 
ll73l!lll• 24.91 315. 77.! 89.◄ 24.91 5.5 -02 1 1<4.a ~ ·673263 
v,-=14 31.~ 318. 7R. 89.9 31.~ 5.8 -0.2 1. 30.8 6732ii3l 857 
1173l!111 ◄ 865 ::17.llll 332 73.7 89.1 37.98 5.8 -0.3 1. 36A 8732iii 864 
673261◄ ..,. 57.19 --•. n.1 90.8 57.1ti 6.0 -0.3 1. 54.• G...,,4 n,.~ 647 
673261◄ ..,. 77.18 ,_, n.2 90.3 11.16 u -0.3 1. 73.4 --.,, v,.,..... 641 
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Station D UTM IEI UTM INl Elevlml , w- , -- 1nc1n Roi R•- - lnclln Rall u.n Diet X v Z 
snn40 424346 6732644 llS2 80.11 196.7 93.! 90.4 80.11 a, 0.1 1.6 79.92 ..,,..__ 8732567 857 

'424346 6732644 llS2 SUM 195.1 93.2 89.l 51.66 3.4 0.1 1.6 51.58 '424332 6732594 ""' 
"""""' "'""""' llS2 51.3 196.2 92.t 90.1 51.33 3.4 0. 1.6 51.21 '424332 6732595 854 
"""'.., """ w llS2 21.8 196 91.7 89.: 21.BE 3.4 0. 1.6 21.85 ., •• _ 6732623 llS2 
.,..,.... BS2 16.21 196.6 88.8 -., 16.21 3.• 0.0 1.6 16.21 '424341 Kl1 
,12....... llS2 12.2l 196.4 87.4 89.1 12.22 3.4 o. 1.f 12.21 "24343 • 851 
'42-- llS2 5,56 198 67, 90 5,51 3,5 -0, 1.6 5, 14 '424344 K 849 
=-- llS2 3.8' 273.3 40.1 89.9 3.8' 4.1 -0. 1.6 2.47 '424344 67 
424346 llS2 4.23 293., 40. 90.3 4.23 5.1 -O] 1.6 2.7• '42 ·-· = ~ 
424346 = 5.!ll 358. 46. 90.2 5.92 6.3 -O] 1.6 4.32 424346 6732648 84 
424346 llS2 16.94 14. 63.2 89.9 16.94 D.3 -OJ 1.6 15.12 '424350 =~ 844 
424346 - 19.7l 13., 87. 89.8 19.73 0.2 -0.4 1.6 18.24 -42••= 6732662 844 

6732644 llS2 31.74 13. 69. 89.8 31.74 0.2 -0.4 1.6 29.71 '424353 • = •• , 
424346 6732644 ll52 39.28 13. 70. 9().2 39.2! 0.2 -0.3 1.6 37.ttJ '424.._ 6732RAl 838 
424346 ti7~~ ll52 59,91 13.2 72, 90 59.92 0.2 -0. 1.f 67 .27 '424.-..0 673270 R ... 

Sn5T41 ·- ""~~ llS2 73.0 241 89. 90.5 73.05 4.3 o. 1.6 73.05 =•- 673281: 851 
= ·- .. ,.~~ ,... 65.81 247.2 88.1 91.1 65.81 4.3 0. 1.6 65.811 '42-4285 8732611 ""' 
., - 11,_ llS2 64.56 246.2 88.3 89.9 64.58 4.! o. 1.6 64.53 '42•- 87•~-~ 849 
'42 .,., 6732644 ""' 55.5! 258.4 87.l 90.2 55.59 4.! 0. 1.6 55.~ ~ 6732631 849 

,._ ti7:li!ti4< ""' 50.31 260] 86.1 90.I 50.31 4.5 -0.1 1.6 50.1 ~ 8732636 848 
'42 "'" ti73i!ti4< llS2 41.3l 269., 85.7 89.7 41.32 4.7 -0.1 1.6 41 '424305 8732643 848 
'42 "'" 6732644 ""' 38.33 281.2 85. 91.3 38.33 4.9 -0.1 1.6 •• '424309 6732651 848 
424346 """""" llS2 43.38 282.8 85. 90.3 43.38 4.! -0.1 1.6 43 ~ 6732554 848 

6732644 llS2 46.~ 288.9 85 90.1 46.~ 5.( -0.1 1.6 45.86 424302 6732651 847 
424346 6732644 ""' 50.71 297.2 83.5 90 50.71 5.2 -0.1 1-' 50 ..... '424301 6732567 846 
.,..,....., ti13i!ti4< = 46.9: 306.4 81.3 89.4 46.91 5.3 -0.2 1.6 46.43 '424309 6732672 844 
-- n, -- ~~ 45.91 314.2 79.9 89.2 45.95 5.5 -0.2 1.6 45.2• '424314 6732676 843 

Sn6T43 

6732644 llS2 58.I 317.4 78. 89.2 56.61 5.5 -0.2 1. 55.SI '424308 •=~ ! 
424346 ti13i!ti4< llS2 76.35 321.! 77.7 89,5 76,3' 5,6 -0.2 1, 74,60 '7R 

424346 6732644 llS2 72.41 325.5 77.3 89.9 72.41 5.7 -0.2 1.6 70.71 '424306 •= 
'424307 ~ 861 34.DI 119.7 87.2 90.5 34.06 2.1 0. 1.• 34.02 '424337 6732538 

6732555 861 34.76 116.1 67.4 90 34.76 2.( 0. 1.6 34.72 '42 ,.., ~,-•& 859 
'424307 673!651 861 35.1 113. 88.8 89.9 35.10 2.( 0. 1.6 35.09 '424339 6732541 
'424301 Rr.<2M! 861 35.16 100.1 88.4 90.7 35.16 1.1 o. 1. 35.15 '424342 6732546 
'424307 n,.=~ 861 39.61 94.2 67.1 8li 39.61 1.1 0. 1. 39.58 '424346 6732552 
'424307 ~ 861 33.76 91.6 88 90.2 33.76 1.1 o. 1, 33.74 '424341 6732554 
'424307 6732555 861 35.23 88.1 94.3 9C 35.23 1.! o. 1. 35.13 -42 .... 6732558 
'424307 6732555 861 36.87 80.1 87.2 90.7 36.87 1., 0.0 1.6 36.83 '424343 6732581 
'424307 6732551 861 36.58 77. 86.1 90.2 36.58 1.' -0.1 1.• 36."" •• ,.u 6732563 858 
'424307 6732551 861 38.74 70. 85.8 90.2 38.74 1.2 -0.1 1.6 38.64 <42•-· 6732568 858 
42.0:,m tiT,j2fjljl 861 38.21 64. 86.1 89.8 38.21 1.1 -0.1 1. 38.12 •• , •• ,.. 6732571 •~ 

tiT,j2fjljl 861 37.4 62.5 67.2 89.3 37.40 1.1 0.~ 1. 37.36 '424340 6732572 859 
42<!307 """"""" 861 46.85 54.l 85. 89.7 46.85 1,( -0.1 1. 46.72 '424345 6732582 857 

sr.-12""" 861 49.TI 50.! 85. 90.1 49.77 OJ -0.1 1.6 49.63 •r~- 857 
'424307 87""--'"'" 861 55.66 43.7 85.1 91 55.66 0.1 -0.1 1.6 55.46 8732595 858 
'424307 67:..,,....., 861 58.111 40.6 84,4 90.4 58.81 0. -0.1 1.6 58.53 an,_ 855 

,.... 6732555 861 66.01 36.1 84.7 90.4 66.01 0.6 -0.1 U 65. 7!! 6732606 854 
'424307 6732555 861 60.97 28.9 85.1 89.9 60.97 o., -0.1 1.6 60.75 87·~-~ 855 
'42'1301,1-,;.;:"'"""""~~-_:86~11-1!!6~.2:;i._4----!1,;,;74~-.1~~89g:'·E~89~.1,l-~16.2~•4;i...,__...;3~.1~~0.~~-,;.:1,B;a.,._--,1~6~.24~::••=·•-;a..;6732539=,~~860~ 

1---~1-42~•~•[iQl,i....~6732555~~1-_.:86~11-......!1.:2,..___!1~73.l:l-.!86!!;•4:!L,.;90~.21-..!13~1.0C!!!!j. _ ___,:3~1,l:l,..._;-0:::,,:.!.11-!.:1•6~--1~2~.97~~•••~•....:•~j/"~c-~a~860~ 
t-----,t-'424307~=1-6732555= 861 8..41 174.1 ~ 89.8 8.48 3.1 -0.1 U 8.42 424306 6732547 859 

Sn6T44 

1-------11-42430~:<r.:71-K=• 881 8.18 169,1 78,4 89,9 8,18 3,1 -0.2 1.6 8.01 a,Ha 6732547 11'-0 

f-l-::::::jt:~~,~-~•7't=K~, 861 5.06 1AAF 71.1 90.2 5.lll 2.9 -0.3 1.6 4.79 
4

'

4

••• 6732550 859 
861 1.98 179.! 39.S 90.4 1.91 ll.1 -11.9 1.6 1.27 42••••· nr~- 859 

t------,l-'424307~ 67 861 1.6 4.9 4U 9ll 1,8' 0,1 -0.8 1.6 1.DI a,n,. 6732556 859 
l-------11-~~ 861 4.25 359.1 40.1 89.9 4.2' 6.3 -0.9 1. 2.7• 42<!307 n,~ 857 

a,~ 881 10.~ e,F 5:l 89.1 10.A! 0.1 -0.6 1. 8.65 6732584 R .. 
42430 861 22.3 359.! 72.l 91 22.32 6.! -0.3 1.6 21.31 K,0~-76 854 
424307 861 28., ""' n 90.4 26.7f 6.2 -0~ 1.6 26.0: 6732581 854 
42 6 881 34.4 355., 79.1 89.7 34.... 6.2 -0.2 1. 33... 67""""' 854 

861 38.~ 354.1 81.2 89.4 38.2 6.2 -0.2 1. 37.84 6732593 854 
6 861 46.1 354.1 81.! 88.! 46.1 6.2 -0.1 1. 45.11! 424302 '" • "'-' 

42 861 46.62 354.1 81.I 91 46.6 • -II, 1 1. 46.1• ' .,._, 1 "" 
881 789 -- Al>,6 89.9 78.11 6.2 -0.1 1. 78"' .,~ 87 "" 
861 82,lll 354., A.1, 89,I 82.06 • -0.1 1, 81.51 a,a- 161 
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72 
Station D llfMll!!l UTMIII Ellvlml R•- - lnclrl Roi R- .......... lnclrl Roi •-DIii ~ v z 

f!t-S:t1:7: T=~==~~=-42¥.~4~13~~=8~732l~~===:i~!t~82~j-8~1 t::~85.~L!t:i80~.7il:i89~~-9t:i82.~~81?t:::~1~-5~==-0~-12~:t1.~6 t:::j8~1~.72~t~ 6732457 839 -424139 .. 853 Bl 80.3 83.2 90,2 83,00 u -0.1 1,6 82.-42 67=•R• 843 
=•1 853 82.91 78.5 84.! 91.2 92.91 1.: -Ol 1. 82-:S. 424229 6732472 844 
"241 6 853 87.51 74.8 65.8 89,! 87.58 1.: -0.1 1. 67.32 424223 673247: "" 
-4241 853 n.94 12 86.1 90.2 n.94 1.: -0.1 1. n:i! ~-42tt 673247' ""' 
-4241 -· 72.51 84.2 85.9 89.8 72.51 1.1 -0.1 1. 72.32 424204 6732481 84 
-4241 853 66.25 55., 65.2 89,1 66.25 1.C -0.1 1. 66.02 -424193 a=>.ur. 841 
-4241 NS"• 68.. 52,8 65 9 68.58 0,9 -0, 1 1. 68,32 -424193 6732491 846 
424139 853 82,7 -42.2 83.7 90.6 82.70 0:7 -0.1 1,8 62.32 -424181 Ku,■u 845 
"24139 6732450 115' 62.66 38.1 83.8 90.7 62.RI' 0.7 -0.1 1.6 62~ -4241~ 67324 u 846 
"24131 Br~,-~ ""' 122.72 18.4 81.5 90.2 122.72 0.3 -0.1 1.6 121.37 -42417 6732565 ~~ 
-424139 tiT"2454 853 128.09 17.3 82.2 90.1 128.05 0.~ -0.1 1,8 128.90 "2417 6732571 835 
-424139 tiT- Ill<- 140.45 11.5 83.8 90.2 140.45 0.2 -0.1 1,6 139.8!' -42416 6732587 637 
"24139 tiT- 853 140.00 9.1 84.l 89.9 140.03 0.2 -0.1 1.6 139.34 -424181 6732588 838 
-424139 6732 853 146.17 7,8 65.4 89.8 146,17 0.1 -0.1 1.F 145.70 -4241~ 6732594 841 
-424139 67 853 1■M.- 5,8 86,1 89.7 149,59 0.1 -0.1 1.6 149.36 -424154 6732599 844 
-42413E 853 184.2 5.9 87.1 89. 184.28 0.1 --:0.1 f.l 184-'" -424158 6732633 "'° 
-424139 853 216.a s.a a1.1 89. 216.80 0.1 o.o n 216.84 -424151 ~ 844 
"2413!i = 221.03 4.1 68.• 89. 221.03 0.1 Ol fl 220.94 -424155 6732671 846 
-424139 - 221.11: &.3 68.9 89. 221.62 0.1 o. n 221:si -424163 67321171 R4I 

139 853 224.11 1.1 89.i 89. 224,11 0.1 o. n 224.74 -424110 6732ll7l ""' 
-4241:!5 =· 225.IM 5.2 89.5 89. 225,61 0.1 0. 1.1 225.65 -424159 6732675 "'"' 

St17T48 "24139 853 17.92 159.1 91.3 89.1 17.92 2.1 0. 1.1 17.92 -424145 6732 ... .., 853 

"24131 K'' 15.91 15. 72,6 89.3 15.91 0,3 -0,: 1.6 15.18 "24143 6732465 848 
131 853 37.37 8. 70.6 90.2 37.37 0.2 -0.: 1.6 35.25 -424144 8732- 840 

-424139 853 -42.06 7. 72 90.1 -42.lll 0.1 -0.3 1.6 40.00 -424144 6732490 839 
-424139 6732 853 51.98 7.2 72.7 90.4 51.98 0.1 -0.3 1.6 49.63 -424145 67·~-- 637 
-424139 6732 853 62.33 ; 73.4 !I0.4 82.33 0.1 -0.3 1.1 59.73 -424146 .. ,,~- 835 

4131 8732 -· 63. 6.5 73.7 90.2 63.24 0.1 -0.3 1.1 60.7C -424146 6732514 835 
-424131 nr~ 853 86.1 8.5 78,8 91.1 86.67 0.1 -0.2 1.1 85.02 •~•1511 Kr~~ A.'> 

"24131 nr~ 97. 7 80.3 90,! 97. 0.1 -0.2 1.6 96.33 "24151 6732,... -
"24139 6732 102. 6.5 81.4 90.1 102. 0.1 -0.2 1.6 101.30 ■-fsi: 6732551 637 
"24139 nr~ 106. 7.2 82.9 90.1 106.! 0.1 -0.1 1.6 106.06 "24152 " 7'''""" -

i-!-::::::~~=-42¥.~4~139~~=67~!32450~~~=== 130.1 7.1 84.4 911 130.1 0.1 -0.1 1.6 129.51 -424155 673257!1 840 
-424135 n,= _1~33~-::,:76:3-_...;5~.2~;:65:::_.1~90~.1~1::;:33~.l~----lo~.1~...:-0:::;-~11-1;:c,6:3-_~133~[27:;;i..:-42:;4~1~5,;i1...;=~;;;;;""";1,M~1 
-424139 6732 853 150.47 2.! 87.2 89.9 150.47 o.o 0.1 1.6 150~ -424146 6732600 ""' 
-424131 n,.~ =• 182.07 1.• 87.6 89.~ 182.07 0.0 0.1 1.6 181.91 -424143 6732632 845 
-424139 6732 853 190.06 0.2 68.3 89.7 190.08 0.0 0.0 1.6 190:0C -424Wi """"""' 841 

St17T49 -424131 n,= 853 18.51 200.2 103.5 89.ll 18.58 3.5 0.2 1.6 18.07 -424133 6732433 ""' 
"24131 6732450 853 9.T. 205.5 98.9 90.3 9.n 3.6 0.2 1.6 9.65 -424135 «=>441 854 
"24131 6732~~· =• &.61 220.1 s1.1 90 5.68 3.9 o.o n 5.68 -424135 6732""" 853 
"24139 6732450 853 4.72 271.6 67 911 4.72 4.7 -0.4 fl 4.34 -424135 6732"-"" 651 
"24131 n,.~, 853 6.! 328.5 58.6 89.8 6.90 5. -0.5 1) 5.89 -424136 6732455 849 
424131 6732 =· 12.8! 314.9 60.4 89. 12.65 5.1 -O:!i TI 11.17 -424131 6732458 846 
-424131 6732 - 13.81 315.9 8! 89. 13.81 5_! -0.4 1.1 12.52 -4241 6732AR< 847 
-424139 6732 =· 25.5 328. 63.! 9 25.57 5.7 -0.5 1J 22.68 -4241! 6732471 841 
-424139 n,.-, =• 29.51 331. 84.! 89. 29.! 5.8 -OA 1.6 26.lt -4241! 673247' 840 
-42413 n,.- 853 31.9' 333. 64. 89. 31.l 5.l -OA 1.6 28."' "241! 6732471 839 
-42413 n,.- 853 65.28 335. 65.2 e 65 5.1 -OA 1.6 59.24 -42411 6732504 825 
-42413 6732.. =· 66.1 337. 65.4 89.1 66.1 5.ti -0.4 0 60.1• -42411 6732506 82• 
4241 1173241 ""' 117.ffl 338.2 66.8 89.4 87.0 5.9 -0.4 1.6 61.65 -42411 6732607 826 
-4241 tiT"24 853 88.~ 341.! 69.4 89 68.93 6.0 -0.4 1.6 64.52 -42411 6732511 --
-4241 ti7llZ4 73.01 345.2 73.3 89.9 73.01 6.0 -0.3 1.6 69.93 -424121 6732518 831 
-4241 ..,,.,... 79.5 346.7 n.1 89.9 79.51 a.1 -0.2 1.6 n.• -424121 6732525 835 
"241 tir-12« 89-~ 349.9 84.6 90.2 89.51 6.1 -0.1 1.• 89.1 4?4123 11732538 844 
424139 QI•-■ 99,71 350.! 65.8 89.9 99.71 6.1 -0.1 1,6 99. -4241"' 67=RA• =• 
424131 6732• 107.8! 350.! 86.8 89.8 107.89 6.1 -0.1 0 107.' -424121 ~...!!I 
-424131 v,--- 853 1311.65 349.1 89.9 89.6 139.81 6.1 1J 139.1 -424114 ~~~ 
"24139 v,-- =· 142.32 34! 91.3 89.5 142.32 6.1 07 1.1 1"'.28 -424W 6732 856 



Slallonl> 
Sn7T50 

Sn7T51 

snaT54 

UTMI UT-• ~lev Ra- B-n lncln Roi N- Bea- lncln Roi .,_nDllt X V Z 
4241 Km 13.41 201 91.8 89.6 13.41 3. O.C i-1 13.40 424134. A7=• 7 853 
4241 nr~ 11.16 ·= 87.5 90.1 11.18 3.6 0.0 1.6 11.15~134 =440 852 
•~•1 1>r~ 8.11 210.5 84.1 90.8 8.11 3.7 -0.1 1.6 8.1, 424135 6732AA.< 852 
4241 6732 ""' 5.n 226.5 10.8 sc 5.n 4_1 -0.3 1.1 5.45 42413! 6732446 ..., 
4241 67324."' Ill< 3.67 273.5 71 9C 3.81 4.8 -0.3 1.1 3.66 424135 Kr~AN 851 

1 6732450 853 3.11 293.6 74.8 90.2 3.11 5.1 -0.3 1.6 3.00 4241:lf' 6732451 852 
424139 67324.'II = 6.78 321.1 66.8 90.3 6.78 5.6 -0.4 1.6 '"" 424135 6732455 -
424139 67"""-"' ~~ 8.1: 324.2 63.2 B< 8.13 5.7 -0.5 1.6 7.26 424135 6732•- 849 
424139 6732450 = 21.1: 332.7 65.1 90.3 21.n 5.8 -0.4 1.6 19.71 4241!ll 6732468 843 
424139 0(--L~ 853 26.51 334 88.6 90.2 26.51 5.8 -0.4 1.• 24.33 424128 6732472 642 
424139 6732450 = 28.01 337.8 88.8 89.1 28.01 5.9 -0.4 1.6 26.11 424129 673247• 642 
42413 6732450 ~~ 31.05 339.2 66. 89.3 31.0!i 5.! -0.4 1.6 28.93 4241" 673247'. 841 
42413 6732450 853 64.11 340.6 66. 89.4 64.11 5.9 -0.4 1.6 59.73 42411' ~ -
42413 6732450 -· 70.5 341.4 70.2 89.8 70.50 6.0 -0.3 1.6 66-:sl 424118 673251 828 
424139 67°~•~ 853 n.94 342.6 73.9 90.3 n.94 6.o -0.3 1.6 74.88 424111 6732521 831 
4241 6732450 -• 82.95 341.E n.3 901 82.95 6.0 -0.2 1.6 80.92 424114 6732527 634 
4241 6732450 853 87.93 341.8 79.! 90.2 87.93 6.0 -0.2 1.6 88.57 424112 6732532 837 
4241 Mr-c-..0 4 ""' 1W 108,44 343.2 84.9 90.2 108.44 6.0 -0.1 1,6 108.01 424108 6732J..~'l ,w 

4241 6732450 853 139.44 343.1 87.6 90.3 139.44 6.1 0.0 1.6 139.32 424099 6732583 847 
4241 6732•N 853 141.47 343.~ 8! 90.l 141.47 8.0 0.0 1.6 141.41 424098 •r~- 650 
4241 8 °~,.~ 853 147.13 342.7 90.4 90.4 147.13 6. 0.0 1.6 147.13 424095 •r~,- 853 
4241 6732450 853 166.62 342.6 91.8 90.! 166.62 6. 0.0 1.6 166.54 424089 6r~- 658 
4241 61"""'""' 853 171.08 342.8 92.4 90.4 171.M 8. 0.0 1.6 170.lr' 424089 673261: ""' 
424139 6732450 853 173.55 343 92.7 90_, 173.55 6. o.n u 173.36 •~- 6732616 861 
42413! 6732- 853 21.13 221.8 91 90.1 21.13 3. 0.0 1.6 21.13 42411 6732434 853 
42413! 6732- 853 14.46 242.6 83. 90 14.46 4.2 -0.1 1.6 14.36 42411 6732443 851 
42413! 6732450 lln:· 14.18 248.2 79.i 89.9 14.18 4.l -0.2 1.6 13.94 42412 Rn,

44
• 650 

42413! .,,,.._,..,. 853 13.!M 268.S 70.1 89.1 13.94 4.7 -0.3 1.6 13.11 4241~ 6732450 848 
42413! 67324... 853 15.89 273.9 67., 89.7 15.89 4.8 -0.4 1.6 14.66 424124 6732451 646 
42413! 67""'-"'1 853 20.i 288.7 73.4 90 20.50 5.0 -0.3 1.1 19.65 424121 6732•-
42413! 67324..,. 853 21.1 292.6 72. 89.! 21.14 5.1 -0.3 1.6 20.18 424121 6732458 646 
424139 """"""" 853 19.6: 295.4 89.3 90 19.63 5.2 -0.4 1.6 18.36 4241?! 6732458 845 
424139 6732""'1 853 28.62 299.3 67.9 89.9 28.62 5.2 -0.4 1.6 26.52 424116 6732463 842 
42413! 67324."'1 853 32.BJ 312.6 70.2 90.i 32.67 5.1 -0.3 1.6 30.93 424116 =•71 841 
424139 6732&."' 853 34.J 314 71.7 90. 34.70 5.1 -0.3 1.6 32.M 424115 673247~ 841 
42413! 67324."' 863 36.39 315.3 73.5 90.: 36.39 5.1 -0.3 1.1 36.81 42411~ 6732476 841 
424139 6732450 853 39.E 318.8 74.1 89.i 39.60 5.E -0.3 1.1 36.08 424114 6732479 642 
424131 6732450 ""' 63.65 322.7 74.8 89., 63.85 5.6 -0.3 1.6 61 . .tl 424102 6732499 --
424131 """"""" ""' 78.21 324.1 76.8 89. 78.21 5.7 -0.2 1.6 76.14 42•~ 6732512 634 
424139 6732= 115: 75.66 323.S 80.2 89.< 75.66 5.7 -0.2 1.6 74.56 424095 6732511 839 
42413! sr&..,. 853 78.71 324.2 81.5 89.◄ 78.71 5.7 -0.1 1.6 n_e, 424093 6732511 841 
42413S 67324"' """ 86.36 325.9 80.! 89.4 86.36 5.7 -0.2 1.6 85"' 424091 6732521 836 
4241 6732450 853 91.18 3Z7.I 82.1 90.2 91.11 5.1 -0.1 1.6 90.31 424090 67~ 
4241 67,..,.... ""'' 109.64 328.8 85.1 90.8 109.84 5.7 -0.1 1.6 109.24 424082 67~ 
4241 ::;32 853 111~ 332 87.E 9CI 1112~ 5.8 o.n 1.6 111.14 •~-- K,~,-- 848 
4241 -• 853 123.57 333.4 89.2 89.9 123.51 5.8 0.0 1.6 123.56 424084 •u- 851 
4241 ""' 160.51 331.i 91 89.8 180.51 5.8 0.l 1.1 160.AI 424063 6732591 855 
424139 6732 853 163.3 331.1 92 89.7 163.3( 5.8 O.l 1.1 163.21 424082 Kr~~ 658 

4241~ :~-~-~~1~aa.22~~~33~1~.5~92~-4~89~1-~E~166~n~-~5-~8~~0~.0~~1~.•~~1~88~.w~~~4059=~6732596~~~658= 
42416! 847 243.16 125.2 95 90.7 243.16 2.2 0.1 1.6 242.23 42••-, Kr~- """ 

424169 Kr-c-..or-. 841 235.~ 123.2 93.E 89.8 235.46 2.2 0.1 1.6 234.94 424366 s,~. 862 
42416! 6732726 847 256.1 119.! 94.2 90.2 258.1[ 2.1 0.1 1.! 256.41 424391 673259! """ 
42416! 67 847 230..Rll 117.1 93.1 90.3 230.82 2.1 0.1 1.6 230.48 424374 6732621 """ 
424189 847 247.02 116 92.8 89.8 247.02 2.1 o.c 1.6 246.73 424391 67328fl 858 
424189 847 199.85 119.! 91.9 90.2 199.85 2.1 0.1 1.6 199.74 424352 R=><W ..... 

4241 847 232.76 112.1 91.7 90.2 232.7! 2.1 0.0 1.1 232.86 AU'Ul• 6732836 853 
4241 84 234.72 111.7 92.1 90.4 234.72 1.9 0.0 1., 234.56 424367 =~.. """ 
4241 84 232.47 111. 90 90.1 232.47 1.9 0.0 1.6 ,-~,_41 424386 _,,~,- 852 
..,,..1 214.1 1aaJ 91.1 89.S 214.1 1. o.n 1.8 214.06 424372 ....,,...., ...., 
4241 7 218.!!! 104 88.8 89.9 218.3 1. 0.0 1.6 218.30 424381 ='"' 642 
4241 r~r-• -.7 100.< 111 90.7 205.1' 1.8 0.0 1.1 205.57 424371 ,,..,_, <Al In 

4241 146.92 97.9 67.7 90.< 146.92 1.7 0.1 1.6 146.&C 424314 u,vm ""' 

~•1 160.32 97.2 67.f 90.: 160.g 1.7 1.1 160.18 424328 673Z70 "" 

t,....-....--1--r.42,n:744 :--~g~g~f:::~84~7j~1~58t'!l"~t==~96~1!.I tj86~~-8t]90!.~7:f158~1~ •• D ~t:::t1.~7t::l-0t.1i:j11j. t::i158.~~L7li~t42432~~~~7t~67327~~~0:~~837~~ sn8T55 - ,.. - 11a.11 140.7 93.: 89.4 116.18 2., .0.1 1.6 11s.99 424242 ~ .. ""' 
-124189 847 100.0I 138.4 93.4 9( 100.0! 2. 0.1 1.6 99.87 424235 6732651 ""' 
424189 847 100.21 136.2 94.2 89.9 100.21 2.4 0.1 1.6 99.94 -~· 6732651 854 
42416! 847 101.0I 136.1 94.! 9C 101.CM 2.4 0.1 1.1 100.7! 424236 Kr~- 854 
424189 847 96.24 135.1 94.1 90.1 96.24 2.4 0.1 1.8 95.fll 424237 K~ 853 
...... 1. 847 92.42 134.1 92.( 90.: 92.42 2. 0. 1.6 92.31 424291 6732662 851 
42416! 847 SH;.tl 130. 92.: 90.' 95.4 2. 0. 1.8 95.40 -~·,. .., 

42416! =r:::84~~~tj9~1~.7~4t:j1~24~-i:i90!,.'~=90~,~--•i:i9t1.t7~:::j2~.2l::i~:t:t1.8~:::j9~1-iT.ij42~~~~~~~~~ 1~~848~ 424189 r- 847 85.91 116. 87.8 90.1 85.91 2.1 o. 1.8 "' 424246 
42418 847 70.<ll 115. 88.1 9C 70.42 2.1 0. 1.1 ~ •• ,.~-~ 845 
42411!! sr-"'r"' 84i 7n,i 11s. 89.6 89.6 70.23 2.1 n.o 1.6 .23 42429! -
424161 67""r.. 841 89.71 109.3 88 90.: 89.76 1.9 o.r 1.1 J.7> AftA~• -

424 """"" 84i 88.64 108. II 90.7 88.64 1.! -0.1 1.6 .47 424234 642 
4241 .. ,,.,.,,. 847 88.81 10 84.! 90.7 88.81 1.8 -0.1 1.6 88.46 424254 67 -· 
4241 67--,~ 847 67.53 101.i 85.8 90.8 67.S: 1.8 -0.1 1.6 87"' 4242!1< ~ -
4241 6732726 847 88.73 101.1 85.8 90.3 88.73 1.8 -0.1 1.6 88 . .tl 424256 67 -
4241 n<e=m 847 73.0: 96.4 85.4 90.: 73.03 1.7 -0.1 1.1 72.79 •n•n41 673271 840 
4241 67,-m 847 74.l 95.9 84.4 90.: 74.20 1.7 -0.1 1.1 73.85 •ft•ft- 6732718 839 
4241 6732726 847 74.7! 94.6 83.2 90.3 74.7! 1.7 -0.1 1.6 74.2" 42•ft.s 6 = u•,; 
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Slllllonl> 
St18T58 

UTMIEI UTMINI Elovlml , _ - lncln Roi R- -- lncln Roi MonDfat X v Z 
42<1169 8732726 847 "6.21 160.8 101.1 9 "6.21 2.8 0.2 1.6 45.~ I 424184 6732683 -• 
42418 1173272! 847 46.41 157.9 99. 69. "6.48 2.l O.l 1.6 45.lr 4241M &-•, 854 
424111 n,=m 847 46.02 154.9 f/1, 69. 48.02 2., 0,1 1.6 45,S 424188 6732685 852 
424111 n,c=m 847 44.27 149.5 95. 811, 44.27 2.6 0.1 1,6 44]M 424191 """""" 651 
424169 8732726 84 41.58 142.7 91. 90.3 41.58 2.! OJ 1.6 41.51 424194 6732693 847 

4169 n,c~,- 84 36.12 138.1 68. 90.! 36.12 2.• O. 1.6 36.11 424111l 6732699 846 
42416! n,-,- 84 26.84 138.4 91 90.3 26.64 2.4 0.1 1.6 26.64 42418, 6732706 847 
424169 "'-'- - 26.75 138.2 92.7 90.5 26.75 2. 0.1 1.6 26.72 424111. 6732701 846 
424169 nrm- - 109.3 133.5 93.3 90.3 109.31 2,: 0.1 U 109.12 424248 6732651 653 
424169 6732rA 847 26.32 129.2 92.3 9I 26.32 2,3 0,[ 1.6 26.llj 42418! 67327/l! 84a 
4241 8732726 84, 26.!!f 123.8 86.1 90.1 26.!!f 2.2 -0.1 1.6 26.llj 424191 673271 -· 
4241 8732726 847 24.0< 122 84.2 90.: 24.0< 2.1 -0.1 1.6 23.92 42418! 673271 844 

t-l-:::::::t:~42~4~1~t=~67~32~27j26~t::J84~~7~j27~j-8~1t:j1~16~11~:jllt"·~~90~~1.lt:j27~-~81tt:::~2~•.1~==-0.~j1t:t1.6~:::j27~-~-~ ~j~42~•4194 673271 843 4241 fi:r:<:ir.,. 847 35.5' 108.7 82.8 90. 35.5' 1.' -0.1 1.6 35.26 6732715 842 
l----l-~4:U:,;1 ~-~"""'~r""~--"84~71--,34~.87~......!1~02.~'.!~..,,:_8,:,i1 ....,,,9~~34;::-~8i~ __ 1;_:;,8~_-0~.2l-~1.6~-...;34~.44;i...:~ 673271! 841 

St18T57 

St19T58 

S120T60 

42416' ..,,.,,,.... 847 34.11 98.8 80.! 90, 34.11 1.7 -0.2 1.6 34.45 424203 6732721 841 
424169 6732721 847 37.11 94.8 80., 90.5 37.1 1.7 -0.2 fl 36.67 424206 1i7327Z Jl4l1 

424169 8732726 847 34.2 91.4 78.i 91 34.28 1.6 -0.2 1.6 33.llC 424203 1173272! 840 
424169 n,.wA 847 42.91 84.3 77.1 90.7 42.91 11 -0.2 1.6 41.Sl 424211 6732731 837 
424169 n,.=,A 84j 41,74 80,9 76. 90.7 41.74 1,4 -0..:i 1.6 40,62 "7.490< 6732732 637 
424169 8732726 847 53.76 78 77J 91 53.76 1.4 -0.2 1.6 52.42 "74'Y.lf 6732737 ,.... 
4241 6,~,A 84 58,41 58,! 79.8 90.3 58,41 1.2 -0.2 1.6 57:s! 424223 673274J R .. 

4241 ft,C-,A 84 56.87 86.1 78.1 90.3 56.87 1.2 -0.2 1.1 55.65 424220 6732741 ,.,.. 
4241 6732726 84 66.28 188.4 91 90.2 66.28 3.: 0.1 1.6 66.27 424159 67326611 w 
4241 6732 ,_ 84 36.37 169.6 69.1 811.6 36.37 3.: 0.1 1. 36.37 424f&l 6732690 
4241 6732726 84 37.64 192.5 91 69.5 37.64 3.4 OJ 1. 37.64 424161 6732669 u 
4241 8732726 84 28.5.'! 1f/1.7 88.3 90.5 28.53 3.1 0.1 1.1 28.52 424161: nr~- -
4241 6732726 84 19.02 203.1 86.7 9C 19.02 3.1 -0.1 1. 18.9!1 424162 6732m 
4241 6732726 84 15.28 210.9 85.5 90.2 15.28 3.7 -0.1 1.6 15.23 424161 673271 
4241 ~ 12.81 231.1 65.4 90.2 12.8 4.C -0.1 1.6 12.63 42415!; 673271 845 
4241 847 8.03 249.7 82.3 90.1 8.0 4.4 -0.1 1.6 7.91 424162 8732723 845 
4241 841 6.! 262.1 81.1 90.E 6.6 4.6 -0.2 1.6 6.5l 424163 ""' 
4241 847 6.14 269.3 78.1 90.2 6.1 5.C -0.2 1.6 6.02 4241&: 845 
4241 647 6.11 296.S 79.: 9C 6.1 5.2 -0.2 1.6 6.00 424•- 845 
4241 847 7.81 312.1 66.2 90.2 7.8 5.4 -0.4 1.6 7.21 424164 1 843 
424 6 841 6.72 340.! 611 90.1 8.72 5.9 -0.4 U 8.09 424166 843 
4241 6 847 8.41 2.1 65.2 91 6.45 0.1 -0.4 1.6 7.lr. 424169 6732734 843 
424169 " 84 35.1! 4.5 66.2 91 35.1! 0.1 -0.4 1.1 32.21 424,r. 67327 832 
42416 6732726 84 46.f/1 5.1 69.~ 91 46.f/1 0.1 -0.4 1.1 43.94 42417! "'~" - 4 

42415 6732711 -• 81.25 165.4 93.1 90. 81.25 3.2 0.1 1.1 81.1! 42414 nr~- -
424156 6732711 -· 82.01 188.3 92.! 69.9 82.01 3.3 0.1 1.6 81.91 4241.i! 67•~- 852 
424151: 6732711 849 49.86 192.8 92.! 69.9 49.86 3.4 0.1 1. 49.80 424144 """""' 651 
424156 6732711 - 45.71 196 93 69.8 45.71 3.4 0.1 1.1 45.65 424142 6732667 651 
4241 6732711 - 37.16 1f/1.7 93.3 90 37.H 3.5 0.1 1.6 37.fil 424144 = """ 
4241 Df.,,.111 849 38,11 202.1 92.6 69.7 38.11 3.5 U,I 1,6 38.07 424141 6732671 650 
4241 "'""'' 1 -• 29.76 203.6 90.7 69. 29.76 3. OJ 1.6 29.76 424143 ~ 849 
4241 6732711 849 23.51 216.4 88.7 g 23.51 3. 0.1 1.6 23.50 424141 6732692 iw, 

4241 DT.SU11 - 17.37 226.4 87.1 69. 17.37 4. -0.1 1.6 17:a! 424142 """""" 847 
4241 6732711 - 14.11 248.! 87. 90. 14.11 4. OJ: 1:li fZ.1 424142 6732- ••• 
4241511 D732711 849 13.! 258.! 87. 90. 13. 4. OJ 1li 13"' 424141 6732708 846 
424156 6732711 "' 15.3l 264 87. 90. 15. 4. o.c 1.6 15.32 424140 6732709 846 
42415! 6732711 "' 16.07 269.! 74. 69. 16. 5.1 -:0.3 1]! 15.47 4241 6732716 844 
424,.., G732711 12.8 298.2 70. g 12. 5.2 -:0.3 1.6 12.11< 4241 67,i,,71 844 
424151 6732711 12.86 3 ... , 7 90 12. 5.4 -01 1.6 12.36 4241 =1 ••• 
424156 D732711 14.61 313.8 73. 90.1 14. 5.5 -0.3 1:li 14.0 4241 6732721 •• , 
424,,., =11 24.Zi 316.l 72.7 91 2.. 5.5 -0.3 1:li 23.1 4241 8732728 841 
424151 D732711 25.1l 319.1 73.2 69.! 25.1 5.1 -OJ 1:li 24.1> 4241 ~ 841 

424151 6732711 
424155 6732711 
42411i 6732711 
424'fi57l12111> 

,_ 
,_ 

18 . .x 322: --7u ·so-; 1a. 5:1 -"-0:! ··r.e 17.• 424 
51.24 326. 11.3 89.1 51.24 5_1 -01 n 48.54 424128 5732751 832 
52.1 """· 72.9 69.8 52.1 5.7 -0-:: f] 49."' 424128 67327"' 

""" ... ,,, - .... .. 40 " .... -·· 1 45.69 11u. 102.2 89.t 45.61 1.! 0.2 1.1 44.11 424101 = 
48.75 108. 99. 90J 48.71 IJ o.l 11 a_n 4241" 
47.e: 107.: 101. -• 47.67 1.! Ol fl 46.88 424104 
47. 103.8 aa 90.2 47.71 1.8 Ol T.l 46.111 4241"" 
46. 102.1 99.4 90.1 46.71 1. ol T.i 46.07 424104 '-= 

44.52 86 94.1 90 44.52 1. 0.1 fi 44~1 424103 = '-= 
42.41 79.7 93.1 90 42.41 1. 0.1 1. 42.35 424101 67326611 11!<1 
40.87 77.6 92 69.S 40,S: 1. 0.1 1. 4ilJI! 42MIII 8732662~ 
40.Bli 75.5 II 69.8 40.81 1 0.1 1. 40.87' 47..,,., 67' 11...!!!!!: 
41.14 70.: 69.: 69. 41.1, 1.2 0.1 1. 41.1' 42.. ,m 846 
40,71 M 88.4 69, 40.71 1.2 0.1 1. 40.7' ! "7A ,m u, 847 
42.4• 63.1 0A 69, 42.41 1.1 -0.1 1, -123 '~• N"• U" ..... 
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Slallonl> UTMIEI UT-•N• 
Sl20T61 =-- 6732653 

Elovlml R~ Beama lncln Roi R- e- Inell Roi ~ Diet X z 
-- 17.52 144.8 113.~ 89.7 17.52 2.5 0.4 1.1 16.08 424088 67 856 

St20T62 

42-- 6732653 

424059 "'""""" 

424059 

424059 
42~ 
424059 
424059 

424059 
42...,,,, 
4Z405!, 

424059 

6732653 
6732653 
6732853 

6732853 
6732653 
6n,,o,,,,. 
6732653 
6732853 
6732653 
6732653 

""' 13.88 141,8 105,7 90,1 13,611 2.( 0.l 1.1 13.17 424067 852 
..., 10.33 138.l 103 89,8 10.33 2. 0.2 1.6 10.07 42..,,,. 851 
849 5.31 122. 91.1 90.2 5.31 2.1 o.c 1.6 5.31 424063 848 

3.55 111.7 84.2 90 3.ti!: 1.9 -0.1 1.1 3.53 -~ ,=~ 848 
849 2.00 105.9 AA 89,8 2.03 U -0, 1 1.1 2,02 4"4061 732652 848 

2.26 68.5 68.6 89,8 2.26 1.2 -0.4 1.6 2.10 42-~1 67.~ 848 
849 2.79 22.9 65.3 89, 2.79 OA -0.4 1.6 2.53 424060 n,.=~~ 847 

4.63 5.9 66.4 9! 4.6:l 0.1 -0, 1.6 4.24 42-= 6732857 846 
849 12.99 347. 85.7 89.7 12.9S 6.1 -0. 1.6 11,84 424056 6732655 -· 
849 30.0f 345.E 65 89.9 30.05 6.( -0.4 1.6 27.23 424Ut>l! 6 •=• 836 
849 38.75 344.5 66.2 89.9 38.75 6.( -0.4 1.6 3!'45 424050 6732681 833 
- 66A 343.7 fil 89,8 66.4t 6.0 -0.4 1.6 61.12 424042 6732712 822 
- 70.14 343.1 70 89,5 70,1• 6.0 -0.3 1.6 65.91 - 673271E """ 
849 87.4li 342,5 69A 89.8 67.49 6.0 -0.◄ 1.6 81,90 424034 6732731 818 
-- ~-82 217.4 93 90.3 ~-82 3.8 0.1 1.6 ~.69 424t 1 6732578 853 

42...,.,. 6732653 849 97.3 219.6 92.9 89.8 97,30 3.8 0.1 1.6 97.18 423997 6732578 853 
424059 m.=• 849 ~.69 223,7 90,4 89.9 ~.69 3.9 0.0 1.6 ~.69 423~ n,.= 849 
424059 6732653 - 106.26 227.1 88.7 89.7 106.26 4.0 o.~ 1.6 106.23 423981 6732581 846 
424059 6732653 - 86.54 231.E 66.7 90 88.54 4.0 -0.1 1.6 88.40 423991 6732600 843 
42-= 6732653 849 87,78 241.E 82.8 89.9 87.78 4.2 -0.1 U 87.09 423982 6732612 837 
42~ 6732653 849 114,83 248.2 80.8 89.1 114.83 4.3 -0.2 1.6 113.35 423955 6732807 830 

l-l-::::::~t=-~~-~-~t=6732653~i~~~:::j~~tj11~0.~43~::!252.~~9l:~78~.5~j89~1~ •• • tj1f10~.43~t:::j4~At::-0~.2~t=1~.6~===1~08!.2~1t~ 6732821 826 
424059 6732653 849 126.17 259.7 n.6 90. 126.17 4.5 -0.2 1.6 123.23 423938 821 
424059 6732653 849 116.4 259.8 76 90.3 116.40 4.5 -0.2 1.6 112.~ ~ -

424059 6732853 849 123.67 261.7 n.1 90. 123.67 4.6 -0.2 1.6 120.83 42393!l 822 

1-l-::::::~~~42~~~~~~nf'i·=~~~•===~~fil=~133.~,~03~==!263~~·8t:~n~.3~~90~~.3~:J1~33~.03~t:::j4~.6t::-0~.2~=~1~.6~==~1~29~.~781Jj423930 8732839 819 =-- 6732653 """ 134.02 265.1 76.7 9Q.2 134.02 4.6 -0.2 1.6 130.43 6732642 818 
"=~=-+_;;;42,:;:4059~c_,;n=•~~•-c_,;84:;;IS~ . ..,!;133~.76~_;265~.~3~76~i.!3-,!;89:;:,l,;i.._i!.>133~.~71~ _ _;:4,~E_-0:;,.2:;i,_~1~.6:l-___..:.,13D.~06;:i,..: 6732842 817 
S121 T63 424026 6732596 _ ___,,862~----;43.29~;;1----;132~.7:l-ii:=~lf:l--:89~.81--i43.29~:l---a2.;;i,i:I-_-0.~1 ----;1,.,.6;t----i43.:H:01;,t-;424058,..;;i~-;67:;32567=';;.r--.,856ai;t 

1-1-::::::jt:$.424026~~~t=~ """ 41.89 128.2 82.1 89.9 41.89 2.2 -0.1 1.6 41A9 424059 6732570 856 =-- 862 38.19 125.2 80.9 89.7 38.19 2.2 -0.2 1.6 37.71 424057 6732574 855 
424026 6732596 862 35.57 113.6 78.3 89.5 35.57 2.C -0.2 1.6 34.83 424058 6732562 854 

4026 ni.-.-...--. atfol! 20.43 51.7 73.7 90.2 20.43 0,9 -0.3 1,6 19.61 424041 6732608 aoa 
42-= 6732596 862 19.56 33.7 72.E 90.E 19.56 0.6 ~•. 1.6 16.68 42"""' 873261~ 855 
424026 6732596 862 18.96 15.3 67.7 91.1 18.96 0.3 -0.l 1.6 17.56 424031 6732E13 854 
424026 6732596 862 18 1e.8 67.!i eo.~ 18.00 o.~ -0.4 1.6 1e.53 424031 8732612 854 
424026 6732596 862 18.55 7.5 65.8 9Q.1 18.55 0.1 -0.4 1.6 16.92 =--· 873261~ ~-

6732596 882 24.55 347.9 66.8 90.3 24,55 6.1 -0,4 1.1 .22.56 424021 8732618 852 
42--• 6732596 862 45.69 343.5 67.8 90.1 45.69 6.0 -OA 1.6 42.30 42401 673263 844 

t-l-::::::~~=42~~4026~~t:6732596g] -~862~---!54:;.~11;,i..,_--'f340~.9:i.-~67~.7~90~.21-;;64~.1~1,1--_..:;:5:::;:.S:i.-..:-0;:;.4:;i...._1;::.6~_..:;:50~1.~0l.:;42;:40;;.;11~.;;,:n••~~~;;84e:11 
424026 01, 862 69.5 338.8 611 90.2 69.5(1 5.9 -OA 1.6 64.4< 424003 6732656 835 

1-----Jf-424026:;;:;,;;;1-fil;;;,; -_ -_ -_ -;~862~~[J10~.~52~::~335~~.et:~66.~3~J90~~.2t:f10~.S2~t:::j5~.9t::-0$.4~::1~.6~:::j65.~•~IM:~42399S~~~~l~~~~t~835~ 
424026 6732596 862 73.49 335.2 67.l 90,3 73.4S 5.9 -0.4 1.6 67.~ 423998 6732656 833 

S121T64 424026 6732596 862 44.05 156.7 85.! 90,1 44.05 2.8 -0.1 1.6 43.91 424042 6732555 858 
424026 6732596 882 41.75 156.1 82.1 90.1 41.75 2.8 -0.1 U 41.35 424041 n,=- 856 

6732596 862 34.03. 157 A 80.4 1lO 34.113 2.7 -0.2 1.6 33.55 =-•- 6732565 858 
424026 6732696 862 23.75 157.1 n 90 23.75 2.7 -0.2 1.6 23.1 424035 n,~"'" 856 

t::::::~t:~
42
~~ --l6~732596~~~t:::t862~!:~20~.e~1t::,,~56.~~1tj12~1.1t~89t.9~:~20~1.9~1 t:::2.~fil8 t:j-0~.3t::!1~.6t:::~19~,.9(~t42~~4033~~t6~7~32577~~~~855~~ 6732596 862 12.oe 156.J 68.1 89.8 12.08 2.8 -0.4 1.6 11.21 424030 n,.-- 857 

6732596 862 6.56 168.5 59.! 89.7 8.56 2.9 -0.5 1.6 7 Z 424027 6732589 857 
424026 6732596 862 1.42 181.4 48.5 90. 1.42 3.2 -0.7 U 1.0I 424026 67325S5 860 
424026 6732596 862 2.3S 202 52.8 Ill 2.39 3.! -0.6 1.6 1.90 424025 6732594 860 
424026 n,.~- - 1.7 255.2 75.5 89.9 1.70 4.! -0.3 1,6 1.65 =--~ 6732596 881 t::::::~;:B~aa 6732596 862 2.56 294.5 15.1 90.1 2.6! 5.1 -0.2 1.6 2.51: 424024 ii eiii 

862 14.96 314.2 65. 89.2 14.96 5.1 -0.4 1.6 13.63 424016 855 t::::::~~-=-~ ••~•= __E ___-862 _---23.61 "1 7 --66 ... oc -23..61 _ li.1 ---OA 1.6 _ .. 21.51 -•12 _ 152 
....,,...., ---,-~hlso~.se:;f-,3.,19,:;.5:1-i68.=-.1;i-..;89~.1hi30~1.S1.,._ _ ___,,s.::,6:1-..:-0~A71--...,1;.:;.6.i---~2e.:'ff.38~424006~~ ... 6;;;:732E~1.,8:l-~iiesorn 

i 
6732596 1862 101.94 320.9 66.~ 89 101.ll• 5.1 -OA 1.6 ~.78 -A- 6732670 824 

~S~t242]T]69[=~~~ 6732196 184A8 167.l 89.! 90. 184.48 2.1 0.0 U 184.411 424018 6732016 868 
~~~6g732~~196~i::: 187A1 168.7 90.3 90 187.41 2.9 0.0 1.6 187A1 424014 6732012 869 
"1 6732196 869 190.23 169.J 90.7 9Q. 190.23 3.C 0.0 1.6 190.22 424011 n•=•N 871 

6732191 ;;f-1~92.~~i01~==t.172~~.2t:::9~1~.2t~90~.~~11i'92t,','0~1t===~3.~0t=~Otl.1~=~1~,6i==~1~9t1.,;9_;7t! 6732006 ffl 6732191 ...,194.19 173.4 91.5 90.5 1~.19 3.0 0.1 1.6 194.ll 6732003 873 

6732196 ...,_1~95$_i04!::t175.~~1t:e~u~[]90~,.~et:f195~E·04~t:::13.i1t:jo~.o~:j1j.6i::j1~~~-s:~t 6732002 a1 4239n 6732191 196.15 178.5 92 90.5 196.15 3.1 o.o 1.6 196,0: 67,~ .. 
-,-, 6732191 1~.54 180.2 91.!I 9C 1~.64 3.1 o.o 1.6 194.4: 4239761 6732002 5 

t-l-::::::j~=4239n~~~~~=6732~~~1~91m~::J""'~~~~198~~.26~~=~1~81~J~=~90t.6~=90~~c2t~1~98~.26~~===~3~.2~==~0.,~0~=t1,lm:::~198~.244~~-~3S71 67319911 1 ~,-, 8732191 ...., 2112.22 183.l 91.1 90.l 202.22 3.2 0,0 1.1 202.11 42 6731-
=0-• 6732196 """ 187.34 188,1 91A 90 187.34 3.3 0.0 1.1 187.21 673201[ 

75 



76 
Station I> 

I 
UTMINI Elevlml R- a- ,_ Roi R-- Beartna Jncln Ral u.no1et X v z 

St24T70 M~•191 869 95.ll 154.6 84.8 91 95.11 2. -0.1 1.6 95.!. ---•1 8 673211 0 860 
6732196 - 96.24 157.3 86.4 9 96.2< 2.7 -0. 1.6 96.111 42401• 673210 
.. ,,.,19( - 92.7 162.4 86.6 9( 92.71 2.8 -0. 1.6 92.64 424006 6732"' 

423977 6732196 869 90.21 167.1 87.1 90.1 """ ?.! -0. 1.1 90.1! 423996 673210 
4Z<!lfl 6732196 - 879: 169.9 67.4 90.2 &7?, 3.1 0.1 1.6 67.1, ·- 673211 
423977 6732111 869 SU 176.2 88. 90.2 91.33 3.1 0.0 1.6 91.29 423983 8732105 

6732111 - 83.7• 180.9 89.1 90. 83.74 3.2 OJ 1.6 83.tl - 6732112 

!t 6732196 869 89.6 186.1 90 90. 89.67 3.2 0.0 1.6 89:&l .. ,,,..,., 673210 7 868 
6732196 - 90.46 185.6 89.~ 90.2 90.46 3.2 0.0 1.6 !111.46 AT- 6732106 888 
6732191 .... 91.39 167.7 90.2 90.2 91.39 3.3 0.0 1.6 91.~ 423965 6732105 

I 423977 6732196 869 95.6! 189.6 ""' 89.6 95.65 3.3 0.0 1.f 95.62 42396 1 6732102 

I 6732196 ..., 92.45 190.8 88.2 89.6 92.45 3.3 0.1 1.6 92.M 6732106 
6732196 669 72.l 195.4 87.7 90.3 72.71 3.4 0.1 1.6 72.64 423958 67321! 
67321 869 80.◄ 196.3 67.6 90.2 80.41 3.4 0.1 1.6 80.33 ·- 673211 665 
67321 869 92.11 197.! 88.~ 90.• 92.1 3.! 0.1 1.6 92.14 423949 673211 888 

4'0/Jn 67321 869 101.01 ... 1 88.6 90.! 101.01 3. 0.0 1.6 100."" 423942 673210 666 
423977 67321 - 97.64 202 88.7 90.1 97.54 3.l 0.0 1.6 97.51 423940 673210 666 
4'1$7 67321 

I 
150.39 208. 88 90.6 150.39 3.6 0.0 1.6 150.3ii ,..,,_,. 6732064 863 ___ , 

6732196 174.! 210.8 87.9 90.9 174.11 3.7 0.0 1.6 174.68 423866 67"'1fW' 862 
St24T71 """"'' 6732196 68.79 151.6 80. 89.9 66.1' 2.1 -0.2 1.6 65.91 424008 6732131 858 

4'0/Jn 6732191 65.1'6 153. 80.! 89.9 65.71 2. -0.2 1.6 64.86 424006 6732138 851 
4'0/Jn 6732191 669 67.62 155.1 81.4 89. 67.62 2. -0.2 1.6 66.8 I .-9..,,,,. 673213!' .... 
423977 6732196 869 65.51 159J 81.8 89. 65.57 2.8 -0.1 1.6 641i ,_ 6732135 659 ____ , 

6732196 869 64.22 162.5 62.6 89. 64.22 2.8 -0.1 1.6 63-:& 423996 6732135 860 
4'0/Jn 6732196 669 64.97 164.f 83 89. 64.97 2.9 -0.1 1.6 54.4 423994 6732134 860 
.,,_, 6732196 869 63.52 170.3 83.7 9 63.52 3.0 -0.1 1.6 63.1 423966 6732ffi 861 
423977 6732196 869 64.l 174.3 83.l 90.2 64.30 3.0 -0.1 1.6 63.81 423983 6732132 861 
4239n 6732196 -~ 63.6! 176.9 83.1 . 90.~ 63.!, 3.1 -0.1 1.6 63.ll! 423980 6732133 861 
4239n 6732196 669 80.07 181.1 79.3 89.9 80.0 3.2 -0.2 1.6 59.03 AT_,_ 67321:r. -· .,,_, 6732196 669 58.~ 184.! 78.7 90 . 58.1' 3.2 -0.2 1.6 57.40 423972 673213! 857 
42397. 6732196 669 56.92 188.4 n.1 90. 56.92 3.3 -OJ! 1.6 55.63 423969 K,~,141 856 
423977 6732196 - 58.74 188.7 71 90.2 58.74 3.l -0.2 1.6 57.46 423968 6732139 856 
4'0/Jn 6732196 

i 59.95 191.! 79.2 91 59.9! 3.3 -OJ 1.6 58.89 423965 6732138 857 
4239n 6732196 65.14 206.l 87.2 89~ 65.14 !l6 0.( 1.6 65.06 423948 6732131 -· 
4239n 6732196 74.8 198.5 86.f 90 74.80 3.5 -0.1 1.6 74.67 423953 6732121 864 
4239n 673219 869 79.1~ 200.2 88.5 90.1 79.14 3.! 0.0 1.6 79.11 423950 6732122 666 
423977 6732191 

i 80.19 202 "" 89. 80.19 3.5 o.~ 1.6 80.1! 423941 6732122 -42397. 6732191 62.62 ~ 88. 89! 62.~ 3.6 o.o 1.6 62.80 423943 6732121 666 
.,,_, 6732196 118.39 210. 87. 91 118.S! 3.7 0.0 1.6 118.29 -,-15 K,~A- 863 
423977 6732196 869 119.91 213. 67. 91 119.91 3.7 o.~ 1.6 119.81 42391 6732096 864 

S124T72 423977 6732196 669 52.33 134. 7 90.1 52.33 2.< -0.3 1.6 50.55 42401l 6732180 855 ____ , 
6732196 869 50.58 1S 75.1 90.1 50.58 2.4 -o.a 1.6 48.88 424011 6732161 855 

423977 6732196 869 41 160.4 n.8 91 41.00 2. -0.2 1.6 40.m 423990 6732158 850 ____ , 
6732196 - 36.15 163.4 78.5 89. 36.15 ? -0.:1 1.6 35.42 423987 6732162 861 

423977 6732196 669 35.1! 168.1 80.1 89.9 35.19 2. -0.2 1.6 34.72 .. ._. 6732162 863 
423977 n,c-196 - 34.93 173.1 79. 90.1 34.93 3. -0.2 1.6 34$1 423881 6732162 862 
423977 6732196 869 33.61 181.9 71 90.! 33.61 3.2 -0.2 1.6 32.~ 423976 6732163 861 
4'0/Jn 6732196 869 36.51 191.7 76.4 90.1 36.51 3.3 -0.2 1.6 35.4" 423970 6732161 860 ___ , 

6732196 869 43.79 194.4 75.9 90.2 43.71< 3A -0.2 1.6 42.47 423966 6732•'"' 858 
42397l 6732196 869 43.74 200.1 76.5 90.2 43.74 3.5 -0.2 1.6 42.53 423962 6732156 858 
423977 6732•- 45.88 203.9 76.7 90.S 45.88 3.6 -0.2 1.6 44.65 ..,,....., .6732155 858 
4239n 6732196 47.05 211.2 74 90.6 47.05 3.7 -0.3 1.6 A<9S - 6732157 855 --· 6732196 49.37 218.2 78.4 90.1 49.:!7 3.8 -0.2 1.6 Alf.ii .. ?,...,.., 6732158 858 
4239n 6732196 56.71 223.• 81.S 90.1 56.71 3.9 -0.2 1.6 56.06 - 673215E 850 
4239n 6732196 59.51 224.! 62.7 90.1 59.51 3.9 -0.1 1.6 59:00 423936 6732164 861 
-~n 6732196 669 89.83 236 81.S 90. 89.8:l 4.1 -0.1 1.6 88.84 423904 iii: S126T73 
____ , 

673224' 853 76.28 123.1 80.7 89 76.28 2.1 -02 1.6 75911 .-?MY>< ___ , 
673224' ~~ 57.94 129.6 80.7 ! 57.94 2. -02 1.6 57.11! 424001 

42395 6732244 n~ 45.11 133.5 81.7 l 45.19 2. -0.1 1.6 44.72 423989 6732213 ..... 
=·-· 6732244 853 29.31 141.2 84.2 ! 29.31 2. -0.1 1.6 29.16 42397! 6732221 849 
423957 n,=,- 853 28.75 147 87.l 902 28.75 2. OJ fli 2Vl .. ,._,., 67"""1f 851 
.,,_ 6732244 24.12 150.7 89.4 89.8 24.12 2. 0.1 1.6 24-:ll - 6732223 -~,-

I 23.1 153.1 91.1 89. 23.1, 2. .... 1J 23.11 423967 1173222 ""' 
423957 

.._ 
,,,.,~ 155.1 93.! I 23.76 2. 0.1 1.6 23:i: .-9-, 1173222 854 

423957 
.._ 

24.11 161 95.J 90 24.81 2. 0.1 1.6 24.7• - 6732221 855 
=-

.._ 
23.71 164.4 94.2 89. 23.71 • 0.1 1.6 23.61 423963 6732221 .... 

42,- 67322 
.._ 

22.1 188.6 93.! ! 22.11 • 0.1 1.6 22.06 423961 1173222 854 
423957 67322 i 21.63 170.2 93. ! 21.~ 3. 0.1 1.6 21.61 423961 ~ 854 
423957 .. ,~,. 19.22 17ll.6 g1 lit. 19.22 3. o.c 1.6 19.22 423969 67""""" 853 ~--· .. ,~,. 18.12 194.E 84.5 89. 18.12 3.4 -0.1 1.6 18.IM _,_, 

■n, u,::, 423957 .,,...,. 853 18.41 200.1 83 90. 18.41 3.5 -0.1 1.6 18.27 423951 
423957 till!2244 "" 21.7• 213.7 80.• 90.1 21.74 3.1 -0.2 1.6 21.A. ji5 849 
·--1 6732244 "" 22.62 218.2 n.1 89.6 22.62 3.8 -0.2 1.6 22.~ 84 
-~-1 lillf224< 853 22.95 221.8 n 89.! 22.95 3.9 -0.2 1.6 22.~ 
42395 tir.12i!44 853 22.92 222.3 n.s 90.1 22.9l 3.! -0.2 1.6 9'.S! 423942 6732227 7 
423951 6732244 = 26.62 231.8 75.8 89.8 26.62 4.1 -0.2 1.6 25.81 423937 67322261 =• 
423957 6732244 = 28.62 237.3 7•. 89.1 · 28.62 4.1 -0.3 1.1 

27.621■: 423951 673224' 853 32.6 243.7 74 90.1 32.1, 4.3 -0.3 1.6 "'·"' 6 843 
423957 673224' -, 39.18 ,an.3 73.9 902 39.11 4.3 -o:, 1.1 37.64 6 841 
423957 6732244 853 31.34 249.9 71.6 90.4 31.34 4.4 -0.3 1.6 29.74 



Slllllon I> UTM 
S127T77 

UTMIN 
117:<Z« 

Elavlml R•""" , ,._ 1nc1n Roi R...... a- 1nc1n Roi •- Dial x I v z 
~~ 115.87 99.: 84. 90.3 115.81 1.7 -0.1 1.6 115°' •~•=• 673232 I A.41 

7 
673234 

- 115.S: 98.8 84J 90.1 115.32 1.l -0.1 1.6 114.Bi 4240621 ~ 843 
- 116.0! 97.3 84,1 90.1 116.0! 1.7 -0.1 1.6 115.421 A<>AnR .. 6732332 84 

673234 864 110.6 93.3 8 89.: 110.64 1.1 -0.1 1.6 110.18 6732341 844 
864 114.81 95.6 84.3 Al 114.11! 1.7 -0.1 1.6 114.28m ~., 1 "'"' 

~----1f-=~-~f---cfir.<Z<d~~7al---~-~-1R06~.~85~---;92~!.!:J.-~84~i.!~~90~~1~~~C81~----,1~.6:J.-~.()~.~1f-1~1.E~-1R~~l~A~ a==• 844 
423948 6732347 - 112.04 90.6 84.1 89.l 112.0. 1.1 -0.1 1.6 111.11 424061 = 

6732347 ~~ 109.63 85.9 84.4 89.1 109.63 1.5 -0.1 1J ffle.11 -~·-· ,u 

423949 6732347 864 106.46 81 83.9 90.1 106.41 1.4 -0.1 1J 105.86 A,>.uv;, 

6732347 - 104.:!.I! 76 63.7 90.2 104.31 1.3 -0.1 1.6 103.7 424050 6732372 842 

1-
t-_ -_ -_ -_ -_-_ +-1---·..:;423949~~=~67~3234~~~7t===~~t=~96.~7~5t==~7j4.2~tj63~i-9ti90~l.:~:j98~~-7i5t:::t1.~3t=~-0~.1!:i1l.6t:::!98~.1~t~·~~M~-~-t~~~~~·74~~843~ C, 673234 K~ 97.42 68 85.1 90. 97.42 1.2 -0.1 1.6 97.0 A~Mm 1173238: JIA! 

K •=o,a - 98,43 64.◄ 84.1 90. 98.43 1.1 -0.1 1.6 98.04 424037 6732389 845 

~~=~673234i~~tt:::~864~t=~99~1.6l~t::j63~1.~ltj85~1j.l. ti 89t··•~:j99~~-63~t:::t1.~1 t:j-0~.1i:j1~.6t:::~99~.38~t42~~4038~~t67~~3239~~~1 □.846~ ,, 6732347 ""' 1121<1 61.i 86.4 89.E 92.55 1.1 -0.1 1.6 92.ll :lffl42 6732391 846 
423949 6732341 864 94.7: 5! 86.3 89.7 94.73 1.0 -0.1 1.6 94.11: 6732396 84 
423948 6732341 864 94.32 54.9 85.1 90.1 94.32 1.1 -0.1 1.6 94.0J 6732401 

6732347 864 100.25 51.2 85.4 an 100.25 0.9 -0.1 1.6 99.93 424027 6732411 
6732347 864 92.44 47 JI 83.8 90.: 92.4' 0.8 -0, 1 1.• 91.Ar 424017 ~,M 843 

423949 6732347 98.38 45.5 63.6 90.: 98.38 0.8 -0,1 1.6 97.77 •~•n11 6732411 KA', 

<IZi!l4! 6732347 81.41 42.6 84.6 90.2 81.41 0.1 -0,1 1.6 81.11! 424004 =•~,MT 846 
6732341 79.71 36.4 84.1 91.: 79.75 0.6 -0.1 1.6 79.42 ·~ 6732411 846 
6732347 78.21 29.1 67.6 90.: 78.28 0.5 OJ 1-:li 78.21 423987 673241! 850 
5,.- ... , 75.T. 20 87.6 90.1 75.73 0.3 OJ 1.6 75.66 42397• 6732418 850 

423948 6732347 864 62,4: 16.8 86.1 90.8 62.42 0.3 -0, 1 1-:li 62.32 423967 K=,_m 850 
6732347 864 64.67 10.2 88 90.4 64.67 0.2 0.0 1.6 64.63 - 11732411 851 
6732347 - 67.1! 6.8 67.9 90. 67.1! 0.1 0.0 1.6 67.14 423957 K ~~•14 851 
6732347 864 70.86 1.6 88.1 90. 70.86 o.c o.o 1.6 70.84 423951 6732~18 852 
6732347 864 80.81 357.6 88.! 90. 80.81 6.2 0.0 1.1 ecil 423946 6732•~· 852 
6732347 - 75.86 363.9 67.; 90. 75.81 6.2 o.o 1.6 75.1 423941 6732422 "" 

t~;;;;:~=~42394~9i:!673234t~~~7t:::~864~t=~7~5.~9t=~35~~1.2~~j85~-~8t!90~-~:j75~1~.lll~t:::6.~~1 ==~-0~.1t:i1.f~t==~~75~.7~t423937~§~~~6732~~~422~~~846~ ,. ,,, 673234 K~ 62.44 -.1 93.1 so. 82.44 e.1 -0.1 1.6 an 423933 6732427 ""' 
S127T78 673234 = 122.1 107.1 84.1 89. 122.71 1.9 -0.1 1.6 122] 424066 6732311 841 

673234 ~~ 92.4 103.1 82 90.2 92.41 1.8 -0.1 G 91.50 424038 6732325 R4f 

673234 864 83.14 11X 80.7 90.1 83.14 1.7 -0.2 1.6 82.05 A<>.,.., 6732•• 840 
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- n,.-n, 174.n 134.7 63.9 90.1 174.n ? -0.1 1.1 173.78 424,,, fi132454 847 
42_, 673257 170.48 135.8 83.E 902 170.48 2.4 -0.1 U 169.4: 4:!4,~ ~ ~ 
42...,.. 873257 152.68 131 632 90.8 152.81 2.4 -0.1 1.6 151.81 424750 ~ 847 

~======~~==~-~-4846~~~~~~~~~~=== =~~::S!~

1:::t::~~-6t::~1~-1i~:~,:~16
~j:45.~36~-:S~

1
t:::~~4

44
t:~~~::tt:~:~::i::~!~:~-:~i~:4~4~;~~

7ti::4~i48~~1~

846~i 
42• n,.=,. 866 117"" 139J 81 69.7 117.98 2.4 -0.2 1.1 118.5' 424 ,z, o,=- 847 

~ -_1j09~-~71i::i145~~2t=8~1U~iJ9~12~~~109~~-7~1t:::~2l~t:J-0~2~=~1~.li:::1~1111~1 •• 4:~i442~4~708~t~6732~~!48i~~~849~~ t-t-::::::~~=-~~~~~⇒6732578~ c:::::!! rn.71 148. 812 90.~ rn.1e 2.6 -02 1.6 98.61 --- 673249' 850 

42 i 866 --~i98~.1!==~153.~~t=8~1~.E!]~9~1 ~=98.~~80~~:::i2~.7t:~-0.~1~=~1~.6~===~97~.7~4~-~ 6"== 861 

t-
t-_-:_-_-_-_---.... 1-f---7'42~;:;~~~~~rt-_-'~.. ~ 93.7l 154.s 812 90.8 93.73 2.1 -0.2 1.6 92.63 42 8732492 951 

42 ~~~;L~6_ 71$m,~~~~-~~9~1~~--~~-~2~.7f-~-O~c~2~1~.l,t--;~i'~~~42~ 850 
- 87325 866 86.43 156.6 8( 90.e 86.41 2.7 -02 1.1 86.12 424681 6732491 850 

42 67325 
42 6 ,~-76 
42 6732578 
42 .. ,.,..,,. 

424846 "'""''"" 424646 6732576 
42...,.. 6732576 
42484e 6732576 

64.fl."· 1562 78.l 91.4 64.63 2.7 -02 u 6321 _,_ K"'7N 850 
866 80.1 158 79-: 81.4 80.11 2.1 -02 1.6 78.77 '""""" 6732503 850 

82.4 158 78.7 91.4 82.49 2.1 -02 1.6 81.16 424671 6732501 861 
866 78.7 160., 78.1 9U 78.71 2.8 -02 1.6 77.31 42 ar4l<tll 110U 

""" 74.! 162., 77.1 w., 74.54 2.8 -0.l! 1.6 72.'r. - 6732507 849 
- 62.1 186.1 75.1 91.8 62.99 32 -0.3 1.6 60.8 42 fi132515 849 
- 87.! 1fi1.7 74.• 91.8 57.9! 3.: -0.3 1.6 55.82 42 fi132521 850 
- 57. 111.l 73.l 91.1 57.61 3.4 -0.3 1.8 55.3' .,, n, •-=• 849 
- Dl.76 199.7 75 91.1 57.71 3.1: -0.3 1.6 55.71 424627 6732523 850 

79 



80 
SlallonD UTMll:1 UTMINI Elevlml -- B....., lncln Roi """"" Baanna ...., Roi - 0 D1111 X I Y Z 

P22 cont... '424646 6732576 ..., 59.8 201.2 76.9 91.1 59.80 3.1 -0.2 1.6 58.00 • ,.,...... 85 
424646 6732578 """ 582:< nr 75.9 91. =z., 3.1 -ll. 1.6 57.At 85 
·~- ...,,....,rn; 866 59.21 211. 76.3 91 59.21 3. -ll- 1.6 57.:,., 6732527 850 

t--------;t---,,G:--:4646:-i,:t-6732576.,,, - ~-~ 215.8 76.4 91.3 59.lll 3.8 -0 U 57.lll 11732629 851 

1-1-::::::jt:-$.~~~t=~~ - 59.71 222.~ 75.2 91. 59.71 -• _,, 1.6 57.78 --•7 67""""'1 85i 
42- ~-------- ~63~.o5al----;;232;,;1;:,:-·7 :l-:75r.i.!il-i9iT1.¼_63.;s;:,l(m------i4.'ii11---i-0.;:,;t----;1.;,;;.6:l-_-i;;61°".04rn-T.42459:m:ai7t--ii6732~1iG9fflls85irnl 
424646 v,.xu,v ~ 67.49 231.7 76.1 V1. 67.• 4.1 -0.2 1.8 66.51 424591 D/"""41 849 
424646 866 70.78 241.1 76.8 91~ 70.l 4.2 -0.l! 1.6 68.91 G4586 n,...,,.., 849 
424646 K-,~~ - 73.72 241.7 77,1 91.2 73. 4.2 -0.2 1.6 72.UIJ ~ 6732542 -
424646 6732571 866 76.67 243.1 78.: SU 76.1 4.2 -0.2 1.6 75.08 42457 6732542 -

lrnl2fi71 80.U 244.7 79.2 91.4 80.1 4., -0.2 h 78.63 _,. n,=542 850 
'424646 6732576 BUI• 249.1 80.! 91.2 91.1 4.< -0.2 1.6 90.68 --• 6732~ 850 
'424646 673251 97.1 251. 81.1 9U 97.1 4.4 -0.2 1. 96-"" 424555 n,.=- 850 
'424646 ft<~M• 107.~ 253.1 82.S 91.2 107. 4. -0.1 1. 106.55 42~- i 
'424646 ft<~M• 116.! 254.l 83.2 91.3 116.1 4. -0.1 1. 116.~ 424534 6732545 
42...., 6732571 116.3 258.1 83.l 91.3 116.37 4.5 -0.1 1. 115.67 424534 ~ 
424646 6732576 132.l! 258.5 84 91.◄ 132.24 4.5 -0.1 1. 131.52 424518 ~ 852 
424646 6732576 141.◄ 258.7 86.2 91.3 141.~ 4.5 -0.1 1.6 140.9: 424:JUt 673254418S4 
424646 6732576 163.57 256.2 86.3 91.4 163.57 4.5 -0.1 1.6 1R.•"' 42.....,, n1=1 855 
'424646 6732576 167.5-4 258.5 86.6 91.◄ 167-"" 4.5 -0.1 1.6 167.0: 424482 6732543 """ 

sta P27 424646 81.,-.,:,10 ---;2~"··:;;;75,1-~95;;;:;.·4+---,79~-7:i-=9c;;1·:;i31-;;244;;;:;·75:il--------;;1.'i:l11-~-0-.2:1--;1.;;;.6t----;;2,.40,:;-8,.1t-""'"""'-;;;-;iiii--i;&1,.325-49~;;r,822~ 
'424646 &1~-.,. 242.26 93.5 78.9 91 242.26 1.6 -0.2 u w.n 424883 6732561 81 
42- 67325711 ~ 234.71 ,.., 78. 91.1 234.71 1.1 -0.2 1.1 230.08 ""' 6732564 81 
'424646 67:"'51" 866 218.1 BO. 77. 91.8 218.60 1.1 -0.2 1.6 213.34 42 6732573 81 
424646 67325711 866 212.92 88.1 76.3 91.1 212.92 1.1 -0.2 1.6 206.86 42 6732581 81 
424646 6732576 - 195.4< 86. 74. 92.: 195.47 1.l -0.: 1.6 188.72 - 6732590 81 
'42- 6732576 "" 191.1: 82.1 74.: 92.4 191.18 1.• -o 1.6 184.05 .,, 6732600 81 
424646 67"2f>7" ,.. 1-- 79.6 73.7 92.3 184.8 1.4 -0.3 1.6 177.AC .., 67~ 813 
'42- 6732576 ""' 164. 76.4 72.1 92; 164.71 1.3 -0., 1.6 157.1, 424799 6732613 811 
424646 6732576 ""' 104.21 72.2 70.6 92. 104.21 1.3 -0.3 1. 98.2! 424741 6732605 831 
'424646 67"21m 866 89.33 63.1 68.3 90.3 89.3 1.1 -0., 1. 83.0C 424, ~ 6732614 832 
42- 67"2nn 866 74.09 41.l 1111.2 91.! 74.U 0.7 -0.4 1. 68.~ 424691 n,~~8 838 
42- 11rs.a,n ""' tiB.73 32.2 66.< 92.1 69.r. 0.6 -0.4 1. 63.91 424680 6732630 837 

6r.<>.~n ""' 54.99 l 67.5 91.i 54.99 o.1 -0.4 1. 50.80 424652 6732626 844 
424646 673257! ""' 68.71 2.1 67.6 91.• 68.71 o.o -0.4 1. 63.59 42- n,~ 839 
42- 6732571 866 53.U 358.1 67.l 91,3 53.U n., -0.4 1.6 .... 08 - n,~ 
'424646 6732576 866 57.82 344~ 68.8 91. 57.8: 6.0 -0.4 1.6 53.91 424632 6732628 
'424646 6732576 866 86.31 341.1 70.8 91.l 65.36 8.0 -0.> 1.6 61.72 42~ 67326M 
42- ti7i'f<!l)7t l!ti 7l>.2! 327.4 72.l 91.2 75.:!lo 5. -0.3 1.6 71-"' -42460 6732637 

6732576 .,. 85.29 320.1 75.4 91.2 86.29 5.1 -0.3 1.6 82.!> 42- 67326◄0 -
S110 P30 '424450 6732563 .,. 57.12 145.8 75.1 90.1 57.1, 2.5 -0.3 1.6 55.3: 4'<4481 673251 849 

1-1-:::::::~:~G~ 6732563 .,. 48.53 198.8 71.1 91.: .,._,,: 3_, -o.. 1.1 48.1< - 6732511 , -

G ..... ~11 • - ,,,, ,U •• , ~• • ~ U n• _,_ """' ... 
1-1-:::::::~:~G~ _ - 60.62 226.7 74.S 91.5 60.s 4.1 -0.3 1.1 58.S: 424407 6732523 648 = 864 69.81 231.1 77.2 90.8 69.81 4J -0,2 1.6 68.0I 424397 6732521 648 

1-1-:::::::~:~G~ - 89.24 239.8 79.7 91.6 89.2' 4.2 -0.2 1.6 87.a,. 42ffl4 6732519 841 
- 864 162.82 248.3 84.2 91 162.82 4.3 -0.1 1.6 161.9! 424299 6732503 847 

I-
1-:::::::~=~-~ ..... 6732563 864 187.01 250 84.7 90.8 187.01 4.4 -0.1 1.1 186.21 42427 6732499, ""' 

42 864 222.n 247.5 86.! 90.9 222.7 4.3 -0.1 1.1 222.09 42.,,.,. "'"""" , 114 

= 6732563 - ~-.26 246.7 86 91.2 """" 4.3 -0.1 1.6 254.64 424216 D/- · 114 

1---------,1--42m 6732563 864 275_1, 241.1 86.• 90.s 275.7 4.3 -0.1 1.1 275.20 424191 "'""""" -
S111 P34 424474 6732617 862 150.81 71 80.8 91.2 150-81 1.2 -0.2 1.6 146.Bl 424811 6732665 83 

424474 6732617 1862 135.S: 67.! 79., 91.1 135.IJ 1.2 -0.2 1.6 133.64 42.,.., 6732668 837 
42447, 6732617 105.1, 57.8 76.8 91 105.1 1.( -0.2 1.1 101.961 - 6732671 836 
424474 6732617 95.S: 52 74.1 91, 95.53 o.s -0.3 1.1 92.10 '42454 6732674 836 
'424474 Kr-17 862 59.39 33.5 68.9 91. 59.31 0.E -0.< 1.1 55.411 ""40Ut 6732663 840 

•• • •• 424414 - 6782617 -- 1162 - -.,._..,. · 17J 61'8 91-c 64-.86 - ru -o., UI -&Oa~ i4 --837 
<42447, 673261 862 ""' " 340., 71.2 91. 64.34 5.9 -0.3 1.6 60.91 424454 6732674 841 
'424474 673281' 862 112.81 317.9 78.8 91.8 112.81 5.! -0.l 1.1 110.11 == "'""""" ..,. 

74 673281 862 135.01 312.1 80 91. 135.01 5.4 -0.2 1.1 132.9 -~.,, 6732706 838 
'42447 6732617 862 150.86 309.◄ 81.6 91. 150.86 5.• -0.1 U 149" -~- 6732712 """ 
42447, 6732617 862 161.711 306.9 82.7 91.4 161.76 5.• -0.1 U 160-4 42~ 6732713 841 
42447 6732617 862 174.◄ 303.6 83.6 91.~ 174.40 5., -0.1 1.6 173.31 424330 6732713 .,... 



81 
Station I) UTMIEI UTM INI I Elevlml - a- lncln Roi R- a- lncln Roi -DIii X V z 

S116 P42 424.'III • 861 61.03 167.2 76.2 90.4 61.03 3.3 .ll_l 1.F 59.01 42•~ arr,•- 845 

'"""'"' 861 73., 207 77.7 90,8 ,~,c• 3.8 -0.2 1.6 71.R< 42427, 8732491 -, 
=--· 861 86.6 ~, llll.1 90.2 86.60 3.6 -0.2 f]! 85.31 I..,,._ ·~-~ g., 

424307 861 97.41 ", .. 81.2 91.: 97.48 3.1 -0.2 1.6 96.33 14l!A25' 8732471 845 

-~·-·· .,=- 861 109.62 215. 81.9 90.1 109.82 3.8 -0.1 1.6 108.5! 42A0A.< """"""' 
... 

424307 8732565 861 137.43 219. 82.7 90 137.43 3.1 -0.1 1,6 136.32 42-rA ,,, .... w • .... 
42., ... ... .,_ 861 146.31 223J 84.1 90.1 146.3i 3.9 -0.1 1.1 145.53 424207 -~, .. , 845 
424307 8732565 861 172.6! = 84., 91.2 172.6! 3.! -0.1 1.1 171"' 424183 8732n 844 
424.-.0, 67:!2551 861 186.9 225.8 85.2 90.4 186.95 3.1 -0.1 1.6 186"' 42417. 6732425 845 ..,. ....... 

j 
861 193.li ~--.2 85.3 90 193.63 3.9 -0.1 1.6 192.88 42417 8732411 844 

42••· 881 202.1 226.2 85.4 89.! 202.17 3.9 -0.1 1.6 ""1.52 424182 8732416 844 
424307 861 205.97 223.1 85.1 90.2 205.97 3.9 -0.1 1.6 205.4:1 424161 =•n 845 
42., .. 861 212.lr. 226.1 85,! 91.8 212.87 4.0 -0.1 1.6 212.~ 424152 8732411 ... 
424307 861 229.86 228.! 86.2 90.3 229.66 4.1 -0.1 1.6 229.18 424136 8732= ... 
424307 861 244.7! 229_, 86.5 91.8 244.75 4.1 -0.1 1.6 244°' 424122 8732398 845 
424307 8732565 861 254.~ 221., 86.5 90.! 254.95 4.1 -0.1 1.6 254.4 424120 8732383 ... 
424307 u~,- 861 271.ll! 226.5 86.8 90.4 271.39 4.1 -0.1 1.6 270.!r. 424110 8732368 845 
424307 8732555 861 286.61 """ 87.2 89.8 288.61 3.9 0.0 1.6 2867. 424101 8732358 -·-·· 6·~-~ 861 288.41 226.1 87.3 90.2 288.47 3.9 0.0 1.6 288.15 -- a1~-~h• 847 

S117P45 424, .. 8732 .... ""' 60.2 207.1 83.7 90.2 6021 3.~ -0.1 1.6 79.72 '-~•10: 8732379 844 
424139 ~ 853 105.6 216.3 85.6 90.7 105.6( 3.8 -0.1 1.~ 1~= 42401n K-nr..o·- -
42413! 87324nlJ ""' 119.0I 219.1 86.5 90 119.0I 3.1 -0.1 1.6 118.84 42-•a 8732358 -, 
424111! 67:iZOOIJ 863 139.51 222.4 86.2 90.1 139.51 3.1 -0.1 1.6 139.20 42•=• 673234 843 
4241 87324. .. 156.88 222.3 86. 90! 156.88 3.9 -0.1 1.6 156.60 424034 a=,·r~ 843 
4241 67324. .. 166.75 219.6 87.1 90., 166.7! 3.1 o. 1.6 166.59 42-4033 6732322 845 
4241 87324. .. 184.9! 218.7 88. 90.5 184.98 3.8 0. 1.6 184'" 424023 6732306 846 
4241,S 87324. .. 220.96 219.2 88.8 89.6 220.96 3.1 0. 1.6 220.91 423999 h=n, 846 
424JIS 87324.0\ll 256.46 219.2 88.8 89.J 256.46 3.8 o. 1.6 256.40 423977 6732251 847 
42413S 67324.'"1 280.S 217.6 89 89.9 280.91 3.8 o. 1.1 280.AI 423968 67·rrr,, 847 

S111P53 424161 .. ,,.,,,..,., 847 152.7! 102 87.1 89.9 152.7! 1.8 o.o 1.1 152.65 424311 6732694 841 
42416! """"'"" 847 157.2! 99.• 87.1 90.6 157.2! 1.7 0.0 1.1 157.11 42-•r,, 8732700 a40 
42416! 67:'27".,., 847 149.44 99.E 87.1 90.6 149.4< 1.7 -0.1 1.1 149.26 42431.1 8732701 639 
424159 6732726 847 145.59 99.3 au 90.5 145.6! 1.7 -0.1 1.6 145.41 -~ 838 
424159 IIT.'2r_,,, 847 142.03 99.9 86.7 90.5 142.03 1.7 -0.1 1.1 141.79 838 
424159 6732726 847 133.07 100.! au 90.4 133.07 1.8 -0.1 1.6 132.82 838 
424159 """'"'' 847 127.llf 101.1 96.4 90.2 127.85 1.8 -0.1 1.6 127.AI 424294 6732701 
424189 fir.<2rd 847 100.33 102.5 86.3 90.1 100.33 1.8 -0.1 1.6 100.12 42•-· 6~r~ -
424159 8732rd 847 85.33 99.3 84.2 90.1 85.3:: 1.7 -0.1 1.6 84~ -.---· 8732712 838 
424159 6732726 1147 59.92 f11 82.2 90.1 69.92 1.7 -0.1 1.6 69.27 424238 6732718 837 
424159 87112rd 847 68.66 90.4 82.2 90.l 68.66 1.6 -0.1 1.6 68.02 42 •. , .• , K7"r'7~ 837 
42416!1 6732726 847 7.3S 88.E Ill 90.2 7.3! 1.5 -0.2 1.1 7.28 424176 6732726 845 
42416!1 6732726 847 47.94 81.6 80. 90.7 47.94 1.4 -0• 1.6 47.lll 424216 K7"r'7~> 639 
42416!1 6732726 847 52.01 72.6 7! 90.2 52.01 u -0.2 1.6 51.ll! 424218 6732741 838 
42416!1 """'r" 847 44.91 68.6 75.3 90 44.91 1.2 -0.3 1.6 43.44 424209 8732742 635 
4241119 6732726 847 42 ... 58.5 73.7 90.6 42.46 1.~ -0.3 1.6 40.75 424204 8732741 634 
424169 6732726 847 37.1 38.7 70.6 90.2 37.1C 0.7 -0.l 1.6 34Jll; 424191 6732763 634 
4241119 67•r,r- 847 34.41 23.4 70.2 90.3 34.41 0.• -0} 1.6 32.38 424182 873275! 635 
424169 6732726 847 43AS 354.6 69.2 89.9 43.8:l 6.2 -0.4 1.6 40.9 424165 67 831 
424 at3l!r41l 847 39.11 34U 7110 90.6 39.11 8.~ -0.~ 1.6 36.91 424157 61 634 
4241 ar3l!ra 847 44.32 338.1 71.8 89.7 44.32 5~ -0.3 1.6 42.1C 424154 •~ KC< 

4241 ti7:<2r.., 847 46.5 333.6 12.: 89.9 48.5CI 5.8 -0.3 1.6 46_2C 424141 ·~ 832 
4241 Hr.<2r,. 847 59.91 320.1 74.I 90.9 59.91 5.6 -0.3 u 57.81 42413:i 6 'fl 831 
4241 til'~"~ 847 59.6 310.5 78 89.8 59.5CI 5.4 -0.2 1.6 58.20 424W 6732764 634 
4241 6732726 1147 60.2 307.8 78.!i 89.8 60.20 5.• -0.2 u 58.9!1 424IB 8732782 634 



Station I) UTMIE) I UTI Elevlml N~ a- lncln Roi R•- - lnclln Roi U.n Dist X V z 
ts~120=~PS8~~==~=~11 - ,,.. ,._, .., • "" • = '·' "" ~,.,_,. "' r "" 110.02 30,1 8Q.: M. 110.02 0. -0.2 1J 108.41 424113 ff13X147 R"' 

~ 84 101.11 23.! 77. 90.1 101.17 0 -02 1J 96.66 -- 673274:= 112 

... 104.01 212 78 90.l 104,01 o. -OJ 1.1 101,74 424096 K=.rl46 112 

• 732653 849 95.!I 19., 76.I 90.1 95.9 0. .()l 1,1 93.36 42 6732741 826 
42.,... 6732653 849 99.4 18. 76.1 90.1 99.4 o.: -02 1.6 96.53 42 IIT.<7745 824 

93.93 6.l 74. 90 93.93 0.1 -0.3 1.6 90.43 424069 67327A" 823 

t::::::j~:i 92A 3.8 .,,.. 89.9 92.40 0.1 -0.3 1.6 88.78 424065 ff13X142 "°' 
11 :~ ':, ~, :; ::. ::: ~ :~ = =: = = 

r 99.73 1.3 73.6 89.8 99.73 0.1 -0.3 1.6 95.67 424061 6732749 82i 
t::::::j~:i 84! 96.61 2.1 73.• 90.1 96.61 0.1 -0.: 1.E 92.1, 424063 673274! 821 
r 849 86,6) 3.8 72.5 902 66.67 0.1 .(),! 1.6 82.6' 424064 STS.,7'11 822 

84 85.4l 6.1 72.3 91 65.4: 0.1 -0,3 1,f 81.l!J •~•- K
7 = 822 

"' 79.ll 8.1 71.6 91 79.90 0.1 -0.~ 1.6 75.82 424070 6732728 ~, 
4240691 ..,.,..,..., ~ 75.6 9.3 70.9 91 75.6C 02 -0.3 1.fl 71.44 424071 6732723 824 
42...,,., 6732653 ~ 75.32 11 70.7 89.1 75.32 0.2 -0.3 1.• 71.09 424071 6732723 823 
42..,,... n,.~, ~ 74.99 11. 70,1 89.6 74.99 O.l -0.3 1.6 70.73 424073 6732722 823 1 -6732653 849 70.55 12.7 69.! 89.5 70.55 02 -0.4 1.6 6625 424074 67327f! 824 
- 849 66. 12.• 69.i 90. 68.77 02 -0.4 1.6 64-:si JJ9Mrn 6732716 825 

t::::::jt:i42 6732653 -• 63. 12 67.! 90. 63.3' OJ -0,4 1J! 58.69 424071 6732710 825 
,.. 42 ,~, 849 60. 9.3 66.6 902 60.53 02 -0.4 1.6 55.55 424068 6732708 "'" 

r======~~=:o59~

1
~4059~~1~•=ig: ~ ::: .,,; :: ~ :::: ~ :1 :: :::: = :=, :; 

1-1-::::::j~:~rr.o=---;; ..., 64.5 3572 66.7 90. 64.50 6.2 -0.4 1.6 5924 424055 6732712 823 
42 114! fl5.!I!; 345.5 67.! 90.1 fl5.95 8.0 -0.• 1.6 60.93 424045 673271~ 823 

t::::::jt:42i 67 -· 71.05 ~, 67.8 90.1 71.05 6.1 -0., 1.6 65.7! 424041 6732716 822 
.. 42 849 76.7 337.1 68.1 90.3 76.75 5.! -0.• 1.6 7121 4214031 6732719 820 

t-1-::::::~~=42~4059 67 849 76.5! 331-' 67J 90.5 76.53 5.1 -0.4 1.1 70.81 42 6732715 819 
42 6732653 849 76 ?I 3262 67 90.2 7521 5. -0.4 1.f 69.30 42 6732711 819 
42 67326531 -· 68.94 3212 67.4 90.f 68.94 5.6 -0.4 1.6 63.65 424019 6732703 
42-~ 9,~u -• 71.58 315.' 88.~ 90.5 71,58 5.! -0,4 1.6 fl5.54 424013 6732700 WR 

I-
1-::::::~t=-::¥.~-:s~~59~~1 =1~32653 84 75.39 313.8 67.5 902 75.! 5.5 -0.4 1.6 69.65 424009 6732701 819 -· 73.45 312.8 67.~ 902 73.• 5.5 -0.4 1.6 68.01 424009 6732699 821 
~~[~~;;:;;:~:=~~ 849 79.7: 307.~ 68.1 91 79.7 5. -0.• 1.6 73.96 424001 K,~- 819 
f59 cont,. i -• 79.91 303 68. 90.2 79.~ 5.! -0.• 1.6 74.50 423997 6732694 819 !-1-::::::j:~~~ 84 71 300.! 67 .I 90. 78.C 5.: -0.4 1.6 72.22 •~·=• 6732690 819 

• -• 71.1 301.• 66.8 91 71.1 5.! -OA 1] 65.41 424003 u,c_, 820 

'"1-::::::j~:~~42~·~-~ntl---":g6 849 70.38 299.1 65.1 89,; 70.38 52 -0.4 1.6 64.09 424003 6732684 au 
-- 84! 73.51 297.E 67. 902 73.51 52 -0.4 1.6 67.82 423999 6732684 820 

-· 71.1 295.7 66.! 90.1 71.10 52 -0.4 1.6 65,li 424000 6732681 820 

42 
42 

424059 

42• 

42• 
424059 

78.8! 29 67.1 89.ll 78.89 5.1 -0.4 1.6 73:0. 423991 6732679 819 
849 76.65 286.! 67 2 90.4 76.81; 5.t -0:.l 1.6 70.65 423991 ~ 819 

6732653 8621 284.6 69.• 89.9 86.21 5.1 -OA 1.6 80.711 423961 6732673 818 
91.71 283.9 70.8 89.8 91.71 5.1 -0.3 1.6 86.61 .. ,,....... 6732674 818 

6732653 100.4: 278.8 72.4 89. 100.42 4.! -0-:a 1.6 95.72 - 6732668 818 
104.81 276.9 73.1 89. 104.69 4.8 -0.3 1.6 100.36 423959 6732665 818 

6732653 102.92 276.2 73.• 89 102.92 4. -0-:a 1:S 96.63 423961 6732664 819 
102. 275.9 73.1 90. 102.411 4. -0.3 1.6 88.33 423961 6732663 820 

101.41 272 7• 90 101.46 4. -0.3 1:s 971l3 423982 6732656 820 
115.44 271.3 74.7 90.5 115.44 4. -0.3 1.6 111Jffi 423948 6732656 818 

849 11nz 269.3 75. M 110.23 4. -0.3 1.6 106.62 423952 6732652 ""'1 

~
6732653---;-~•--;;;12"'1.,,1;,---ia266~2t--;,;15:=;.1;i-::90::;."'11-,1;;;21.:;.1;:;11t----;,.,.· t----0:<'.;;13----,1;.;;J;1-----,1;;.1~1.~36;f-j423942~m-ii;;~~"""•e.,1°"s -· 849 1211.11! 261.1 772 89.9 129.05 4.6 -02 1.6 125.84 423935 6732635 820 

- 130.91 259.! 78.4 91 130.91 4.5 -02 1.6 12824 423933 Rr<?R"'7 822 

¾
- 151.5E 255.8 78.8 89.! 151.56 4.!i -02 1] 148.67 423915 -6732617 ...!!!! 

._...156.ll .253.l z•~ J!Q.1 1-- .~ _.-0~ .J.JL _ :1.5324 '423912. _BQ 
145.66 251.! 79.5 90.1 145.61 4.4 -0.2 1.6 143.22 -· 822 

84 149.81 248.7 80 90.3 149.81 4.3 -0.2 1.6 147J:.' 423922 67~ 822 
~ 6732653 169.o:I 246.9 812 89.9 169.w 4.3 -02 1J! 167.04 423905 6732587 822 

82 



F8123:.=S=•.:::=~ll--l-UT...:;ffl u:,u ElaV(m) n-- a- lnclln Roi R~ Beannn """"' Roi MID Dial X y z 
838 155.51 3.: 81.6 90 155.51 0.1 -0.1 1.6 153.91 --· 6732586 815 
-- 139.03 359.1 80.1 au 139.03 6,3 -0.2 1.6 136.111 -- 6 n,c~n,. 813 

42391 
423918 6 

838 114.85 353.1 78.! 90.◄ 114.8! 6.2 -0.2 1.6 112.54 -~~ 6732564 814 
838 84A6 3411,1 78 89.8 84.46 6.1 -0.2 1.6 82.61 423902 6732523 ...., 
838 71.26 347. 77 90.2 71.26 6.1 -0.2 1.6 69.4l 423903 6732510 821 

423918 """ 113,56 341.8 76.1 1K 83.51 6.( -0.2 1.6 61.7 423899 6732501 """ 
423918 6732442 838 .... 57 -~= 75.9 90.2 56.b, 5.8 -0.2 1.6 54. -~ 6732-492 824 
423918 """" 838 52.47 331.4 75.2 90.3 52.47 5.8 -0.3 1.6 50. 423894 6732487 824 
423918 -y 61.34 327.9 74 90.2 61.34 5. -0.3 1.6 49. 423892 6732484 823 
423918 -y 55.06 326.• 72.6 90. 55.06 5. -0.3 1.6 52. 423688 6732485 82 
423918 838 42.91 320. 70.2 90. 42.91 5.6 -0.3 1.6 40. 423892 .. ,.,.,473 823 

t-t-======~=:4239~~g1!8~~g~~~t===i838 43.93 318,8 611 90.3 43.!lil 5,1 -0.4 1,6 41.01 •~c-w1 n•=•73 822 
423918 ---,;43i',09=!--3:::1:i:3':.61--'68='i=i.4:1-.;90,:'.';!1 f-43::i:'i,'~3-----;5':.51--'--i-0.=,.4if--:i1.:;.6;t---;40;,'1.IJl,=--a423889a:;l--ii67i;;324~7~0r.82im:11 
~11 ~ ---;53;''',i88;t-_303::;,;~•31--':::i6Sc;f-..:90:;,.,;i4f-53.='icE~---;6*.l---i-0.=,.4if--::1a:;•6;t---;50.;'L21~-i="""":::"r=:6732:=4:ii7il0r.8.;1,;II 
""'""18 55, 19 298 68.5 llll 55.1 5.2 -0.4 1.6 5UII 4Z<111l 6732486 81 
423918 6732442 ""' 46.n 290.5 68.3 89.9 45., 5.1 -o.4 1.6 42.41 423678 6732457 ""' 
423918 6732442 838 29.87 283.7 69. 89.9 29.8 6.~ -0.4 1.ti 27.96 423891 6732449 lfi<j 

423918 6732442 ""-66 278.8 69. llll 48.66 4.9 -0.4 1.6 45.49 ---'·' n,.- "" 
423918 "'""'""" 55.74 272 69. 90.1 55.74 4. -0.• 1.6 52.28 423666 6732- 81 
423918 6732442 39.91 262.2 70.9 89.1 39.91 4.t -o.: 1.6 37.71 423881 6732437 82 
423918 6732442 39.57 268.7 72.1 90.2 39,51 4.1 -0.3 1.6 37.65 423881 6732435 -
423918 673244" 43, 13 253.6 73.4 90.1 43.1l 4.4 -0,3 1.6 4 -"" =·-'" n,.~-w, -
423918 6732442 47.22 246.6 75.5 90.1 47.22 4.3 -0.3 1.6 45.72 423676 6732424 -
423918 6732442 48.14 241.l 76.5 90.• 48.14 4.2 -0.2 1.6 48.81 ___ ,, 6732420 ~ 
423918 67-- 70.61 225,4 79_. 89,! 70.61 3.! -0.2 1.6 69.;it; 423669 6732393 82 

t::::::4:~""""~!~·1a~=~6732442~~~~t:::t~i~:jeoi~-~2~8t;:~:~~i~1-:i.~1t:~80~:,~·'t;!eot~-~4~~:~~eo~~~~~:~~::~:fa~.1~t::~~-o~~.21;:➔i1~.~tit;:~::l~88~~-~~~tr~=~ 6732375822 I 423918 6732- 88.75 21◄ 81.! 90,1 88,75 3,7 -0,1 1,6 87.86 = 6732369 825 

fif~~f~[=
4

=~4239~~~1E:=~n~,-~~~~t===~~i=~84~.35~~=~2~1~0.~8~~82~~-~!~~=j84~~"-~•~===t3.~7 ~=~-0~.1t=~1.~6~===~8343~ •. 61,i;~7~-~- ~ ~7 11124 P68 423977 6732191 4ti.22 81 68.9 90.2 46.~ 1.4 -0.4 1.6 ""''""' 
423977 6732196 47.51 101.7 70.! 90.1 47.51 1.8 -0.3 1.6 44.89 424021 6732187 = 
423977 6732196 869 48.5 109.4 72.8 llll 48"" 1.9 -0.3 1.6 46.33 424021 6732181 nn 

-fl 6732196 869 54.76 121.3 n. 89.8 .. 54.76 2.2 -0.2 1.6 53.42 42401 6732184 ftft 

-/( 67321eti 869 69.21 142.4 80 89.9 69.21 2.5 -0.2 1.6 68.3' 42401 6732142 857 
4239n 6732196 869 83.27 151.1 E 89.6 83.27 2.6 -0.1 1.6 82.ti! 42401 n"~124 858 
-fl 67321111 -· 108.73 154.• 86. 89.1 106.71 2.7 -0.1 1.6 108.53 42402 6732098 862 

t-t-:=====~=:-~~~"~~~6732~~~1111~~===869 124.16 184. 88. 89.8 124.16 2.9 o.c 1.6 124.11 42401 6732076 865 4'dllfl 6732196 86l 134.44 170.l 88, 90.2 134.44 3,0 0.C 1,6 134,41 = n,c=- 865 
t----;--:4239~;i;n;t--i6732~~196~ __ 86l~r.1ra12.i'12;a._!!11"4.2.a-...;88.~H89~1.il-1+112an:.r.;~-~3.~ol---io.:,'·ca---;1.:;.6i1-----i1cii12.'.68~~= 6732024 865 

423977 6732196 - 185.47 1n 89. 89.8 186.47 ac o.c U 185.48 = n,=,12 866 
4239n 6732196 869 208.91 112 91.1 89.8 20&.91 ac o.o 1.6 208.81 II "872 

:~::::::::::::➔4=:~~=~~~t~~~.:~,·~=~~~~~32!~~~::~~;t::::::~~:!~~i~~~l~m~~J.C~~-1tt::::1~~1~~~:~j:~~~~:~~:~4::tt~~=~~::~~:~t~~~~~a~~,:~~~~~======~!::!~:~~==~~g~~:;:==~~:~~::tt====~t=~~~~.:..~~1t~ 976 ~ 
I 4=1Jfl 6732196 - 210.0: 184.6 91.• 9( 210.02 3.2 0. 1.6 209.96 """ 
t----;--,=~;;;'';t-'-i6732~~196~--~-;f-i206~~~1il-_1~90~1~ 7 -i~~-1H89~.~8'-i206ar.~~11--~3.7i--iO.C,.<l--iU'i.il----:206~.67;i;r. ,_ 878 
t------t--:423977,i;i;;oi;i--;6732...;,,1963-----:8693-...;=;,;:;:•=;,;i.-1~94,;·:;,7i--;90,;:;-ti1--;90;:,;i3:....;e202~.115::;:i..._~3.~4f-...;0;:;-;i.....;1.:;.6;i---;202:;,:;:;•·lllla-,: 6732()()0 870 

423977 6732196 869 194.31 197. 90.1 90.2 194.31 3.6 0. 1.ti 194.31 423918 6732011 
423977 6732196 869 190.65 197. 89.• 90.1 190.65 3.t o.o 1.6 190.11' 42391i 6732014 866 
423977 6732196 869 171 200.l 66.l !1t1 176.C 3.5 0.0 1.6 175.9' 423916 6732031 863 

673219C _, 111, 215.9 as.a 89.9 111.◄ aa -<1.1 1.ti 111.23 423912 6732106 ...., 

I-
i-::::::~=~•4239-+--'6732=ai1-=te1---;869:=1--;-~~;i....--;:m:;;;;.1l--=84;:;.4:1-,80;,;1:; •• ◄ 1-;;;94;::.3;;;i..-----;3;:,;.9l----v:= •• 

3
1--,1;.:;.6;i....--.sa="r.eor.4239:i:;;14il-i6732""".;,1263-659=1 _ "' 6732196 869 84.45 233.1 80.9 90.4 84.◄ 4.1 -0.2 1.t 83.39 423910 6732141 ""' 

1------J----;.~1#-,6732~ii1i96;t-_-i869= 7 1~6-~6,;t---....:::24;.;1i'i.at-79~-reo"i_s.31-~1&.;=,6.if----i4~.2t-_-o~.2~--i1r'i.6r_-ii75i;.'iil-43-'i4239~-i-i11~6732i;;;i;'ii16t;a-""'rat 
...,..,., 6732196 869 66.61 251 ,~ 9C 66.61 4.4 -0.2 1.6 65.25 42391ti 6732175 ""' 
423977 6732196 869 84.1 ◄ 2&2.1 n. so.: 84.14 4.6 -0.2 1.e 62.84 423915 67:s.!188 ""' 
4239n 6732196 869 84.03 262.6 n. 90.l 84,0l 4.6 -0.2 1.6 62.51 42391ti n,=188 854 
423977 6732196 869 67.33 276.7 75. 89.6 67.3l 4.8 -0.3 1.6 65.19 423912 6732204 851 

~;:;:::::i.;;;:. ~-~-.-~~/~l~~n~,~~~i;;;::;;;~~~-~79.11~. i~:-;:;~~~~~7~4~9~~111l~i:...ru~~~t:::-~.5.~~~-:~-o.a~t=_U~~t:: .. ~.
88
Z!l.3!!;~~~~ !I! 

- =----i6732=.;13 _ 7 869:=1...,;eo::"1•3i;;i_:295;;;;. ~;,;n,:,.1;i....,89.9,;:;;1----,;,90;:;.53;:;i.._-=5:;.2;t-..:-o;:.2:1----i1;.:;.6;i....--::::==f.-'~ 
67321 869 102.74 301 76.9 89.7 102.74 5,3 -0.2 U 100.0l 423891 l84i 
67321 - 116.tR 304.t 76.1 89.1 116.IR 5.l -0.2 1.6 113.17 423684 .~ -

~ 67321 - 124.11' 304.4 76.5 90,I 124.0' 5.l -0.2 1.6 121-"' 423677 = 844 
~ 6732196 869 126.79 308.1 78.2 89.8 126.71 5.4 -0.2 1.6 124.11 --· ·=• 842 

S125 P88 ,., .. ., sos., 74.6 89.e 93.09 5.~ -o.3 1. 89.7! -,: 50 -25 
cont .. 94.19 306.1 74.1 89.9 84.19 5.4 -0.3 1. 90.59 •T, -25 
noGPS 99.87 311 n.1 llll 99.Bi 6.4 -0.2 1. 97.S. •7 -22 

119.03 311. 79.3 90.1 119.0l 5.4 -0.2 1. 116.111 -88 -23 
130.94 311.4 78.1 91 130.94 6. -0.2 1. 1l!ll.1: -96 -28 
148.6 315 78.3 90 148.80 5 -0.2 1.6 1~~1 ·103 1 -31 

158.62 316.! 78.1 91 158.62 5. -0.2 1.6 156.21 ·107 11 ,~ 
184.7 317.4 78.2 89.8 164.70 5 -0.2 1.6 161.22 -109 11 ,~ 

170.79 =, 76.7 89.8 170.79 6. -0.2 1.1 167.'ll ·106 128 ,~ 
179.55 ~.1 eo .• eo.1 179.55 5.6 -0.2 1.1 1"'"' -101 141 -a1 

S14bR18 425111 6732- 841 235.24 216.5 95.2 90.9 235.24 3.1 0.1 1.6 ?"4.27 424972 ■I 1 425111 6732•~ 841 203.47 ~.6 94.◄ 90.! 203.47 3.! 0.1 1.6 202.67 42-
425111 6732491 841 191.65 ~B 95J 90.6 191.65 4.1 0.1 1.6 190.86 424972 °~ 
425111 n,,~-- 841 190.2l 235.1 95.7 w.: 190.23 4.1 0.1 1.6 189.29 424958 
425111 6732498 841 189.11 236.7 96J 90.t 189.1ti 4.2 0.1 1.6 187.7l 42.....,1 6732<U1 111> 

425111 6732498 841 10,.96 251.8 96.; 91J 187.96 4.4 0.1 1.6 186.82 42"""' 67:1ZA41 661 
425111 6732498 841 L=.58 253.6 111 90.! l!IJ0.51: 4.4 0.1 1.6 1~.48 424920 .. ,..._ 861 
425111 67"""""' 841 212.64 256.3 96 90,3 212,84 4.5 0,1 1.6 211,48 424906 n, 863 
425111 6732498 841 206.75 268.2 96.ti 90.. 206.75 4.5 0.1 1.6 206.25 42491 til ""' 
425111 6732498 841 210.17 280.6 95.7 90.8 210.17 4.5 0.1 1.6 209.13 ~ Qj nn, 

426111 6732498 841 213.87 263.• 94.9 90.7 213.87 a,n 0.1 1.6 21a09 ~ 67 4 869 
t----;--,425~1~1TI176732;~;f--i84i1it-i2~86.~35a,--:i=..-;i--;93~.◄H90~.~a'-i285~,.~:,a...-""""74.~71---io~.1if--i1~ •• 6il----:284.~~rn-~~42~ t&i 857 
._ __ __.__:425=1:.:.1.:.,1 __,67::;32=498=----=84::.1:i..:280=""=--=2::.:70.::·c:.1 L...!93=.8:i..:9~1.ll=i...=280='·3::~_.....:!4.7:.:.L_..;0:::,, 1:.i..._,1.::,.6:,__:2::.;79::.,7:..:1.1.~= l6i W 

83 



Station I> urM IEI I urM IN} Elevlml IR ...... ,_, ,_ Roi - Bealfna lncln Roi -Dllt X V I 
84 

S17R23 42- 11,_,, - 151.!il 1'"· 67.: 91.4 151.51 2.1 0.1 1.f 15' ., ••~a. 6732515 860 
..,,...., ll1lli!Ci7' 866 116.ll 105.7 82. 91.! 115.95 1.8 -0.1 1.6 115.01 42475: 6732645 851 - n,=~" - 11~-. 99.• 83. 91.1 113.75 1.7 ---:0:1 1.6 113.02 l8A758 6732558 852 
42 ..... n,~,. 866 83.5 91.6 74.1 90.! 83.50 1. -0.3 1.6 80.31 424721 6732574 842 
424646 6732576 866 36.81 88.1 73.! 90.8 36.86 1 -0.l 1.6 311:41 424681 ,,,.,.,,,.77 855 ~- 6732571 866 28.84 83.7 69.7 91,1 28.84 1., -0.4 1.6 27Ji 42467: H,~~, 855 
424646 6732576 866 15~ 46.7 86.3 91.1 15.23 0.8 -il.1 1.6 1•~ -~--67~,- 864 
424646 6732576 866 6.71 19.3 79.l 92 6.71 0.3 -0.2 1.6 6.59 42•=• 6732582 864 
424646 6732576 866 11.65 333.1 104.8 90.8 11.65 5.8 0.3 1.6 11.17 424841 6732586 866 - 6732576 866 24.99 314.4 72.! 90.1 24.99 5.5 -0-~ 1.6 23.Al ·••= 6732593 -
424646 6732576 866 45.8 293.7 85.2 90.7 45.80 5.1 -0.1 1.6 45.64 42"""' 6732'"" 862 
424646 6732576 866 67.18 290.1 90.7 90.1 67.16 5.1 o-:c (6 67.17 424564 6732607 886 ~- 6732576 886 99.! 278 87.1 90.6 99.30 4. -0.1 1.6 99.11 424548 6732590 ..., 
424646 

II 
866 109.7! 279.8 90.l 91.4 109.7! 4. 0.0 1.6 109.74 -~-~-6"~- 867 

St10R31 -·-~ 884 121.19 79.l 89.6 91.2 121.19 1. 0.0 1.1 121.19 42-- 6732- 863 
42 4450 - 83.67 76.8 .90.1 91.l 83.67 1. 0.0 1.6 83.67 424531 8732582 ..., 
42=N - 84.81 75. 90.3 91.! 84.81 1. 0.0 1.6 84.81 42••- = =· =N 6732563 884 56.68 60) 89.1 91.! 56.68 1.1 0.0 1.1 56.67 42••~ ~ 
42=N 6""""" - 65.23 54.l 87.8 91.4 65.23 o., 0.0 1.6 65.19 424495 .!!! 
424450 67"'™" 864 56.36 50.5 8E 91.1 56.36 0.! 0.1 1.6 56.35 424494 6732599 861 
-~ .. N 6732563 864 80.22 49~ 88.! 91.6 60.22 0.! 0.1 1,1 60.20 42••~ 67=· 862 
42"-N 6732563 - 53.28 35.! 67.E 91] 53.28 o., 0.0 1.6 532' 424481 8732606 1161 
..,....,, li7 "' 864 55.23 33 88.1 91.8 65.23 0.1 0.0 u 5521 42••= 6732609 862 
424450 "' 

..... 40.32 2.~ 84.7 91A 40.32 o.c -0.1 1.6 40.1! 424452 6732603 860 - 67 864 43.68 1.6 86.2 91 43.68 o.c -O:l 1.E d_q_59 424451 6732607 860 - 117 864 41.17 352.~ 89.2 91.! 41.17 6J 0.0 1.6 4t1' 42 ....... 67= 863 
4244..'\IJ 

"' - 42.96 344.2 86.6 91.• 42.96 6.C -0.1 1.6 42.88 424438 67""""' 861 - "' - 48.71 341.8 67.4 91.1 48.71 6J 01 1.6 48.86 424435 6732609 861 
42440ll 67 864 48.3 333.8 88.2 91.: 48.30 5.1 01 1.6 48.21 424429 6732606 862 
424450 l>7 864 53.11 329.8 89.5 91.: 53.1! 5.1 0.0 1.6 53.1! 424423 6732609 863 
424450 11712 - -~ 317.2 91 91.• 56.27 5.5 0.0 1.6 56"' 424412 6732604 .864 
42440ll fir...-., ..... 63.42 314. 91.1 91,6 63.42 5.5 o.o 1.6 63.39 424405 6732608 865 
424450 67 864 57.08 307.1 89~ 91.5 57.08 5.4 o.o 1.6 57.08 424405 6732598 863 
42....i Ii] ""' 61.53 303.4 89.l 91.1 61.53 5.3 0.( 1.6 61."-S 424399 6732597 863 
424450 fi] 864 62.l 296.2 91.1 91.6 62.70 5.2 0.0 1.6 62.69 ·••= 6732593 865 
42440l Ii] ..... 114.41 295.2 92.3 91.1 64.41 5.2 0.0 1.6 64.36 424392 == 886 
42 .. 67 ""' 71.01 - 93.! 91.2 71.01 5.1 0.1 1.6 70.M 424385 6732591 868 ...... 6732563 ""' 76.39 289, 91., 91.1 76.3!1 5.1 0.0 1.6 76.37 ·••=• =- 865 
424' 6732563 ""' 77.57 268 91.8 91 77.57 5_r 01 1.6 77 .. 424376 6732587 886 
42= 6732563 ""' 62.91 281 9( 91 82.91 4.S o.o 1.6 82.91 424369 6732579 863 
42= fir.<Z""' 116 110.5! ~,.,_4 89.1 9U 110"' 4.8 0~( 1.6 110.lwl 424340 =-= 862 
424450 6732563 - 110.64 269.l 90.2 91 110.64 4.7 0.0 1.6 110.64 42••= 6732562 -42 .. ~ "'""""-' ..... 149.56 267.9 88.7 91.1 149.56 4.7 0.0 1.6 149.52 ··•-1 6732556 860 
424450 fi732!\S.1 """ 151.26 """.6 89.7 90.! 151.26 4.6 o.o 1.6 151.26 424299 6732549 863 
42 .. ~ fiT.<Z.'IK< 884 143.74 263.S 89.~ 90.! 143.74 4.6 0.0 1.6 143.73 424307 6732548 861 



SlllllonD UTMIEl UTMINI Elev/ml R- , -- lnolln Roi u- u■■- lncln Roi .-DJiii x v z 
sn1RS2 424•·· 67""""' 853 193. 64.1 93.l 90.3 193.92 1.1 0.1 1.6 193,61 42431 K,~,~- ""' 

42413 67,..,.,. ""' 192. 62.6 91.I 89.7 192.95 1.1 0. 1.< 192.11! 42431 6732539 858 
.a:,4138 RT.<?L.. 853 190 611,6 91.5 90.1 190.25 1,1 1,1 11111,18 424306 =~ BF,7 

424139 6732450 8531-,.!1~83~·l!l---,,J6!,\11 ~9~1-~5~89~.4~1~83~.90rfl,.--.;; 1.-¾111-~0~. l-f'1. 1~--,1~83~1,A.~.:i,42~·~6732539~~a-~ -, 
424139 6732450~ f-~208~.0:11 l-~53~ •• ! r-:90~.7al-:90~.3H208.:-0:=1:l---...;O,:;. ,._~o·;i.......,1;:;.6a--:2!Jl~•·="'...:;42;:4307,;.;..i-;6732573,..;~H856~ 

t------i1-:;;;;.;;139;a.._6732450~ ~ ~222~!:!! •• e-: !l--38.~8!1-.!:!!eol!:!.2!1-.!89~.6w222~'.61~-~o~. ~-o~-~-1~1~......,;222.~[l!'J:g:J.,::42~'=~~~ =~~·~853~ 
t------i1-42:;;;;4.;;139;a.._;67=E 853 213.97 35. 89.3 90 213.97 0.6 o. 1.6 21• ... 424283 •• ,,..,,. 850 
1-----1-----:;42;:4;;;139;a.~67= 853 228.6 26J 88.8 90.6 228.80 0.5 0. 1.6 228.55 424242 m 

42413! 67 853 220.89 1U 90.7 90.2 220.69 0.3 0.0 1.6 220.67 424210 856 
424139 67:<ZL'll 853 198.58 16.4 90.3 90.◄ 196.58 0.3 o.o 1.6 198.58 424195 853 
424139 6="' 853 195.12 14.E 88 89.6 195.12 0.3 0.0 1.6 195.08 424188 ~-·~ 849 
424139 67:<:>... 853 172.23 11.5 89. 89.8 172.23 0.2 o., 1.6 172.23 424173 6732611 852 
42413! 6,.~~~ 853 149.08 7,7 90,1 89.7 149.08 0.1 0.0 1.6 149.07 4241!« 6732598 854 

t-
t-___________ -,-tf-_ _;42¥,~4~139~~=6732450~~ ~:::j853~~=~1~51i.6~:::j6~.1t=9~1~.3!tj89~.i~j 1~51~.60gt:::~Oj.1t::O~i:l~=~1~.61t==~1~5t1.56~~~42~4~1~56t~"""""'~~~~1t~856~ 424139 ~~ 853 166.2. 4.2 90J 89.1 1-~- 0.1 0.0 1.6 166.25 424151 6732616 855 
.,_--~l-42:;;;41.;_;39;;i__;u;;•~;;;; ~-~853~_1.;,;52~-~72~-~0::::l,~i,.._9~1~1.1~89~U~, ~1~52.;::72~-~0~J. 1-..,;0~.0;i,..._;1~.6~......,;1~52.~66;;;i__:;42;::14;_;14C~,;6732603~;;;;!-;:86;;.l• 

..... ::::::~~=4242¥,~44~113939~~=_;:~~;~ 853853 117917_1. 358 92. 89.8 175.17 6J 0.1 1.! 174.98 424127 6732625 861 
u, -~ 354 92.1 89,9 179.44 6.2 0.0 1.6 179.24 42412( 6732628 861 

~41~39~~j~:: _; _ _;853~_;.g17~3.~92~~350~.6i,.._.:!!92::., 1!J_,..;90~_;1~73~1 "'~-~6.~11-_0~.:-:!01-1~.6~_1;.;73.~L~ll_:;424;::;,;1.;_11~6:;,:73262~;;11-~""' 
4139 f---i853=11-7i178;::;.893-.....;;346:;;:.;.1,1-;.91;.:;.7,t-:90~.11,---;1.;;78;:;l.8!3-----;6~.1:I--0;;:·il--,1;.:;.!,1-----,1,.,76:'i'.'a,8:r,42'a-4:::1io02;1-i6732625:ii~H868~ 
413! 853 165.03 345.1 91.1 90 165.0: 6.1 o. 1.6 164.9 42--· 6732609 ""' 

424139 6732450 853 180,6' 342.4 91.9 90 180.84 R • 0. 1.1 180.74 424084 Krr-~ 868 
4241!1! 6732450 853 173.S: 339.2 92.3 89,9 173,5:1 K < 0, 1.1 173.39 42,40n 6732612 869 
42413! 6732450 K.'\> 163.8 336.7 91 89.7 163.80 5.9 o. 1.6 163.78 42,4074 67~~- 855 
424139 6732 .. .., 853 170.~ 336 90.4 89.8 170.92 5.9 0. 1.6 170.92 424069 6732606 854 
424139 6732450 K.'\:• 176,1! 334,! 89,! 89.6 176,16 5.8 o, 1,6 176,lf 42••-• K--• 861 
424139 67324.'\IJ 853 125.78 332.1 99.2 eo.1 125.76 5.8 o. 1.6 125.n 424081 6732562 es1 
424139 67324.'\IJ 853 166.1! 330.7 89,6 90 166.19 5,8 0.0 1,6 166.19 42•~ 6,--u 651 
424139 6732450 853 169.32 324,6 90,8 89,I 189.32 5,7 0,0 1,6 169,30 424041 R-- 855 
42413!1 6732450 853 158.01 321.3 90.3 90.1 158.01 5.6 0.0 1.6 158.01 ~·~· 6732573 853 
424•"" 6732450 ...., 158.96 317.4 9U 91 158.96 5.5 0.0 1.6 158.91 424031 6732567 856 

RS2 cont... 42413!1 5732....., 853 159.95 311.1 91 sc 159.95 5.6 o.r 1.1 159"" 424030 6732567 855 
424139 6732450 853 143.91 315.6 91.4 90 143.91 5.5 0.0 U 143,87 ~ ~r=, 856 
424139 lir.<Z&.'ll ... .., 147.49 310.4 91.1 90.3 147.49 5.4 o.o 1.6 147.d< ~ 6732546 
424139 67:<ZL'll 853 165.95 307.2 91.1 90.4 165.9! 5.4 0,0 1.6 165,8! 42 =•r•K- 867 
42413!1 6732450 853 166.37 305.6 91.: 90.6 166.37 5.3 o.o 1.6 166,!'t 42•= 6732547 856 
424139 67324.'\IJ 853 156,72 310,6 91,1 89,8 156.72 5,A 0,0 1,6 156,fll 42••YH 6732552 K-

42413!1 67:<ZL'\IJ 853 166.6 308.4 91.4 89.8 166.6( 5.4 0. 1.6 166.56 424008 6732553 856 
424139 6T.<Z4.'\IJ S,S, 166,17 305.8 91,3 89,7 166,17 5.3 0, 1.6 166.13 42•~M 6732641 856 
424139 6T.<24Nl 853 156.41 303,! 90.9 89.6 158.41 5,3 0. U 1"" '>< 424008 6732538 855 
424139 6T.<24Nl 853 153.3E 301.6 91J 89.8 153.31 5.3 0. 1.6 153.32 424008 Krr,K·• 856 
424139 67324."'1 853 156.19 30U 91.6 89.7 156.1! ILl 0.0 1.6 156.1 424006 K~,K·• 867 
424139 1>r™"'1 853 153.54 300.5 91.9 89.7 153.54 5.2 0.0 1.6 153.AI 42•m ~ ~ 
424139 =6732450 853 154.26 299.1 91.7 89.5 154.28 5.2 o.c 1.6 154.21 42-•· 867 

t------,f-42.;;;.;"1;.;39~""'-i==,. _----;853='....,.;1;,:53~.3~~298~.11-9~1~.2~eo~.~1~153.~30~-~6~.21-...:o~.oa---]1~.er~1:,:53a=";;i..;424004~a,-:6732522==i,.;856~ 
.,_ __ ~1-424:;;;1.;.;39;;i.....,;;;~ --~853~-1~4;:9-~75~--==296~•::!··7 1-90~.6i...;:90~-~11--!149~·1;!1...,_~5-~21-..,;0~.o;i...~1~.6~~1:;49~.i~r•~42:;::'-~•~:i...:;67325~~1~1R~ .. 

"'t-::::::~~=42~~41~39~~J67~~32450 -_::j853~~=1~34~--~62~==~295~1.1t:89~~·.7iJ90~-~1 t:i134~~·-~~t:::~51.2t:jo~.o~:j1j.6t::j1~34~.62~[$42~,10~1~8i!6732508~~~~t852~~ 424139 6732 853 125.36 292.7 89.9 90.2 125.36 5.1 0.0 1.! 125.36 424023 67,,,._ 852 

.... ::::::~~j42~~41~39~~j6~7~ 853 127.82 290.4 90.1 90.3 127.82 (5.1 0.0 1.6 127.82 42'4019 6732
4

"' 853 
424139 6732 r--:853=ll-,-,1,;2;8,7;i,....~289~,9r~90~.8~90~.3~1~26.~70~-----,5.;:,1:1,-_0~1.~C_,,1~.!a----,1~26.~69a,..:;42~,I0~18~6732;;,..~•H,854.i! 
42413! 67"" 853 161.24 266.3 90.7 90.5 161.2A 6,1 o.o 1.6 161 "• 6732""' 854 
424139 6732 853 147.25 282.7 92 90.7 147.25 4.! 0.1 1.6 147.16 6732482 867 
424139 """"' 853 163.79 281.6 91,3 90,9 163.7S 4,! 0.1 1,6 163.7fi K,~,~ 856 
424139 6732 - 160.37 279 90.8 90.1 160.37 4.! 0.1 1.6 160.35 1 6732471 855 
424139 tiTSLM,l ""' 176.11 278.2 91 89,9 175.11 4.9 0./ 1.6 175.08 673247! 855 
42413! 6732451. 853 174.55 276.8 90.1 90.4 174.55 4.8 0.0 1.6 174.56 6732471 853 

,.. Krr,•- -·· 171,73 275.• 90.2 on.I 171.73 4.8 o. 1.6 171.~ .. ,~,- 853 
424139 6732..,. llfil 162.24 272.9 90.8 90. 162.2◄ - 4.8 0. 1.6 162.22 ucr,•~ 855 
424139 ti£3'A..'iC 853 163.72 271.6 91.6 90.3 163.72 4. o. 1.6 163.66 6732--~ 867 
42413! 67324.'i[ 853 164.1 270.3 92.2 90.3 164.11 4. o. 1.1 183.98 6732451 "" 
424139 67,.,..,. 853 164.06 269.3 91.i 90.1 164.IM 4. 0.0 1.6 163.ll! 42397 K~,- -

R52 cont... 424139 67,.,..,. 853 164.28 268.2 91.• 90.2 164.28 4. o. 1.6 164"' 423975 6732446 856 
424139 "'"""" ""' 164.31 25i 91.3 90.3 184.35 4. 0. 1.1 164.lll •~- 6732- ""' 
424131 HT.<ZO& 853 183.51 267.8 91.3 90,9 163.51 4. 0. 1.6 163.d< ~~ 6732a 867 
424139 Hr-"'A...- 853 186.97 262.2 91 90,7 186.9, 4.6 0. 1.6 186.94 •~- 6732425 a,; 
424139 HT.""'-'" K.'\> 189.31 280 90.! 90.6 189,37 4. 0, 1.6 189.35 •~ 6732417 AA 

424139 6T.<Z4... K.'\> 168.52 256.l 90,8 90 166.52 4, 0. 1.6 168.50 423975 6732411 "" 

..... =- .. ""' ,.., "" .. ,,,,., < • " -1■ "' 424139 6,,.,,. 853 165.7• ,!<9.3 89.8 89.9 165.74 ... o. 1.6 165.7 rn 
424139 67:<Zd K..., 180.18 251.5 89.5 89.9 180.18 4, 0. 1.6 180.1 ~ 
424139 """ 853 180.08 251.1 89.5 9( 180.08 4. o. 1.6 180.I 732392 851 
424139 6732 853 190.8! 250.9 89.4 90.2 190.8! 4.4 0. 1.6 190.f 850 
42413! 6732 853 209.61 247.7 89.6 91 209.51 4.3 0.0 1.6 209' 1 851 
424139 67,~ 853 208.52 <>Loi.I 91 89.8 208.52 4.3 0'J 1.6 ___, 1 =-
42413! ""~ 853 218.42 246.7 89.1 90.5 218.42 4.3 0.0 1.6 218A' 423938 6732384 862 
424139 67°~ 853 215.69 244.4 90.2 90.5 215.69 4.3 0.0 1.6 215.69 423944 = 853 
424139 K,C~ N~' 215.34 243,4 91.< 90.4 215,3' 4,2 0,0 1.6 215.28 423947 67""""' 868 

t------i1-:;;42;;4.;;139;a.....:6732== 1-.......;-~i-;21,;4;.'..1~11-~243~1.1~~92~.,:sc~...;2~1~4-~71~-..:;4,:;.3,._~o.1;1-...,1;:;.6.i---:2..,1~4-~58.I-: .,,,..,.~·1.i-;67;,;7 ...,,~-=-=""' 
424139 n,~, n,,; 216,1 241.4 92.1 89.9 216.10 4.2 0,1 1,6 215"' 42""'"' 6732347 860 
424139 ti711i! 853 216.78 2'40.8 91.l 90.1 216.78 4.2 0.0 1.6 216.72 ·~·- 6732344 867 
424139 6732._., 853 227.16 235.6 91 90 227.16 4.1 O.t 1.1 227.1! 423952 6732322 856 

... ,. - .. ,,.. ,.,, ., ... "',. " ., " ,,.. i :: "" 
4241 6732450 853 226.89 226.8 92.6 89.6 226.6! 4.0 0. 1.6 226.d< 42397, .!!J 
4241 n"=~-, 853 222.16 224.1 92. 89,5 222.16 3.9 0. 1.6 221.AI 1...!!) 
4241 6732450 853 215.3:! 221.1 91. 90.4 215.33 3.9 0. 1.1 215.21 869 
4241 6732450 853 200.8 218.3 91. so., 200.11 3.1 o. 1.6 ~.~ 42'401 • 
424 n,=~~ 853 197.58 216.8 92. 90.2 197.li 3.1 n; 1,6 f"""1 •~•~11 661 
424139 6732~- 853 198.3:! 215.8 91. 91 198.3 3.8 n., 1.6 1989' .,,,.,.,., 67 869 

85 
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Landslide "c" 

GPS ,.,..._ Stallon Info LaRr Atlaola Dala Caleulallons Coordlnalls 
Station ID lJTM(E) UTMINl •-m) KO- Bearin1 lndln Roll Rane Bear1no lndln Roll Mao Dist X y • 

Sl32P82 424277 6731945 906 150.03 220.6 95.9 69.9 150.03 3.9 0.1 1.6 149.24 424160 6731832 921 
4242n 6731945 906 134.15 222.2 95.6 69.5 134.15 3.9 0.1 1.6 133.51 424167 6731846 918 
4242n 6731945 906 123.76 223.5 95.6 69.1 123.76 3.9 0.1 1.6 123.17 424192 6731856 917 
4242n 6731945 906 35.69 222.8 94.4 69.4 35.69 3.9 0.1 1.6 35.58 424253 6731919 906 
4242n 6731945 906 90.07 224.6 94.4 90.5 90.07 3.9 0.1 1.6 69.60 424214 6731881 912 
4242n 6731945 906 86.96 223.5 94.3 69.7 86.96 3.9 0.1 1.6 86.72 424217 6731882 912 
424277 6731945 906 35.82 208.8 96.1 90 35.82 3.6 0.1 1.6 35.42 424260 6731914 909 
424277 6731945 906 20.99 186.7 94.1 69.7 20.99 2.9 0.1 1.6 20.94 424282 6731925 ""' 4242n 6731945 906 26.99 119.3 91.5 69.6 26.99 2.1 0.0 1.6 26.98 424301 6731932 906 
4242n 6731945 906 43.28 90.9 86.6 69.7 43.28 1.6 0.0 1.6 43.27 424320 6731944 904 
424277 6731945 906 44.96 78.6 86.7 69.l 44.96 1.4 -0.1 1.6 44.69 424321 6731954 903 

end so.side 4242n 6731945 906 43.29 81 86.7 69.6 43.29 1.4 -0.1 1.6 43.22 424320 6731952 903 
4242n 6731945 906 92.05 254.4 90.2 69.4 92.05 4.4 0.0 1.6 92.05 424186 6731920 906 
424277 6731945 906 50.49 276.2 84.4 69.6 50.49 4.8 -0.1 1.6 50.25 424227 6731950 900 
4242n 6731945 906 45.49 282.1 82.6 69.1 45.49 4.9 -0.1 1.6 45.11 424233 6731954 899 
4242n 6731945 906 49.73 296.9 78.9 69.5 49.73 5.2 -0.2 1.6 48.80 424233 6731967 896 
4242n 6731945 906 39.28 321.1 n.1 69.9 39.28 5.6 -02 1.6 38.29 424253 6731975 697 
4242n 6731945 906 38.86 324.3 n 69.8 38.86 5.7 -0.2 1.6 37.89 424255 6731976 697 
4242n 6731945 906 29.n 332.8 73.• 69.8 29.n 5.8 -0.3 1.6 28.53 424284 6731970 897 
4242n 6731945 906 35.05 358.6 71. 69.4 35.05 6.3 -0.3 1.6 33.22 424276 6731978 894 
4242n 6731945 906 41.211 11.8 74.6 89.8 4128 0.2 -0.3 1.6 39.BC 424285 6731984 894 
4242n 6731945 906 51.85 16.2 75.7 69.2 51.85 0.3 -02 1.6 50.05 424291 6731993 893 

St33 P83 424360 6732010 896 44.• 276.1 85.2 86.9 44.40 4.8 -0.1 1.6 4424 424316 6732015 692 
424360 6732010 896 31.33 306.1 n.7 89.3 31.33 5.3 -0.2 1.6 30.61 424335 6732028 869 
424360 6732010 896 14.91 348.2 69.9 69.4 14.91 6.1 -0.4 1.6 14.00 424357 6732024 -· 424360 6732010 896 25.7 18.8 86.9 69.3 25.70 0.3 -0.4 1.6 23.98 424368 6732033 886 
424360 6732010 896 36.84 34.8 73.9 69.6 36.84 0.6 -0.3 1.6 35.40 =-, 6732039 885 
424360 6732010 896 69.04 54.7 60 69.4 69.04 1.0 -0.2 1.6 67.99 424415 6732049 883 
424360 6732010 696 117.1 68.f 84.9 69.7 117.10 12 -0.1 1.6 116.84 424489 6732053 885 
424360 6732010 896 122.74 73 86.1 69.3 122.74 1.3 -0.1 1.6 122.46 4244n 6732046 ""· 424360 6732010 896 7129 2252 98.6 90 7129 3.9 0.2 1.6 70.49 424310 6731960 .... 
42 .. ...., 6732010 896 41.95 220.3 97.3 69.7 41.95 3.8 0.1 1.6 41.61 424333 6731978 901 
424360 6732010 896 37.91 211.4 97.8 69.6 37.91 3.7 0.1 1.6 37.58 424340 6731978 900 
424360 6732010 896 33.32 199.7 96.4 69.6 33.32 3.5 0.1 1.6 33.11 424349 6731979 899 
424360 6732010 896 22.92 167.8 86.9 69.a 22.92 3.3 -0.1 1.6 22.69 424357 6731987 894 
424360 6732010 896 31.67 155.9 86.8 69.4 31.67 2.7 0.0 1.6 31.86 424373 6731981 695 
424360 6732010 896 29.46 123.4 86.4 69.4 29.46 2.2 -0.1 1.6 29.40 424385 6731994 894 
424360 6732010 896 33.08 106.8 86.4 90 33.08 1.9 -0.1 1.6 33.01 424392 6732000 693 
424360 6732010 896 46.5 94.7 86.5 69.6 46.50 1.7 -0.1 1.6 46.41 424406 '""""""' 893 
424360 6732010 896 61.39 85.9 85.7 69.6 61.39 1.5 -0.1 1.6 61.22 424421 6732014 691 
424360 6732010 896 63.61 83.6 85 69.5 63.61 1.5 -0.1 1.6 63.37 424423 6732017 890 
424360 6732010 896 74.0E 67.6 882 69.6 74.08 1.5 -0.1 1.6 73.92 424434 6732013 890 
424360 6732010 896 n.8 78.9 85.2 69.6 n.60 1.4 -0.1 1.6 n.53 424436 6732025 869 
424360 6732010 """ 85.28 82.6 86.2 69.6 8526 1.4 -0.1 1.6 85.07 424444 6732021 -
424360 6732010 896 90.46 78.6 • 86.2 69.1 90.46 1.4 -0.1 1.6 90.26 424448 6732028 869 
424360 6732010 896 97.4 84.6 86 69.6 97.40 1.5 O.( 1.6 97.34 424457 6732019 692 
424360 6732010 896 103.72 79.1 67.3 69.6 103.72 1.4 o.c 1.6 103.60 424462 6732030 _, 
424360 6732010 896 104:69 75.: 86.5 69.5 104.69 u -0.1 1.6 104.49 424481 6732037 869 
424360 6732011 896 115.84 82. 88.5 69.4 115.84 1.4 0.0 1.6 115.60 424475 6732025 ..,.., 

--·· 896 1'1U.()S BO.I .68.3 _96.9 -130.08. 1.• "' u ,,., ... 130.02 1124488. .6••~m -891 
424360 6732010 896 129.04 83.1 86.9 69.4 1.5 0.0 1.6 0.00 424360 673201( 895 

St34P84 424518 6732016 697 55.64 313 78.3 69.7 55.84 5.5 -0.2 1.6 54.48 424478 6732053 885 
42451f 6732016 697 26.9 325.3 76.8 90 26.90 5.7 -0.2 1.6 26.19 424503 6732038 890 
424518 6732016 897 25.98 348.6 75.9 69.7 25.98 6.1 -0.2 1.6 25.20 424513 6732041 ""' 
424518 6732016 897 23.29 24.4 79.2 69.8 23.29 0.4 -02 1.6 22.88 424527 6732037 892 
424518 6732016 697 28.51 52 84.4 69.7 28.51 0.9 -0.1 1.6 28.37 424540 6732033 894 
424518 6732016 697 39.1 73.7 86.1 69.8 39.3C 1.3 0.( 1.6 3928 424556 6732027 895 
424518 6732016 897 50.47 60.6 69.4 69.8 50.47 1.4 0.1 1.6 50.47 424568 6732024 696 
424518 6732016 691 59 86 69.9 90 59.00 1.5 0.( 1.6 59.00 4l!l!Of1 6732020 ..... 
424518 6732016 697 70.15 67.4 90.5 89.6 70.15 1.5 o.c 1.6 70.15 424588 6732019 697 
424518 6732016 897 26.36 290.9 81.1 69.9 28.36 5.1 -0.l 1.6 26.04 424494 6732025 892 
424518 6732016 697 19.58 301.5 n.5 90.2 19.58 5.3 -0.2 1.1 19.12 424502 6"""""" 892 
424518 6732018 697 15.88 307.1 75.9 69.8 15.86 5.4 -02 1.1 15.40 424506 6732025 892 
424518 6732016 897 18.58 330.4 73.9 90.2 16.58 5.8 -0.3 1.6 15.93 424510 57,,.,.:r..., 692 
424518 6732016 697 1629 341.2 73.9 90 16.29 6.0 -0.3 1.6 15.65 424513 6732031 892 
424518 6732016 697 16.67 2.9 75.6 69.7 16.67 0.1 -0.3 1.6 18.15 424519 6732032 892 
424518 6732016 697 10.4 25.7 73.9 69.6 10.40 0.4 -0.3 1.6 9.99 424522 6732025 893 
424518 6732016 697 15.39 49 81 69.7 15.39 0.9 -0.2 1.6 15.20 424529 6732026 894 
424518 6732016 697 16.42 82.8 84.1 69.7 16.42 1.1 -0.1 1.6 18.33 424533 6732023 895 
424518 6732018 697 23.16 57.7 85.4 69.6 23.16 1.0 -0.1 1.6 23.09 424538 6732028 894 
424518 6732016 697 32.a 70.5 67.7 69.5 32.80 1,2 0.( 1.6 32.n 424549 6732027 895 
424518 6732016 697 37.76 75 86.4 69. 37.76 1.3 0.( 1.6 37.75 424554 6732026 895 
424518 6732016 697 42.4:l n.1 69.1 69.9 42.43 1.4 0.0 1.6 42.42 424559 6732025 896 
424518 6732016 697 47.82 80.3 69.5 69.3 47.82 1.4 0.0 1.6 47.82 424585 6732024 896 
424518 6732016 697 50.87 84.5 90.3 69.6 50.87 1.5. 0.0 1.6 50.67 424569 6732021 697 
424518 6732016 697 56.37 88.3 90.8 69.4 56.37 1.5 0.0 1.6 58.36 424574 6732018 697 
424518 6732016 697 41.42 88.7 90.9 69.6 41.42 1.5 0.0 1.6 41.41 42 ......... 6732017 ·697 



Landslide "d" 
87 

GPS Suffn Stallaa Iaro Loser Atlanta Data Calculatloas Coonlbma 
SlalloalD Ul'M(E) Ul'MINI Elev!ml --- -n•• India - ···- --~ lndln Rall .,.•Dist • y • 

S135P85 424760 6731076 101! 23.14 184 85.3 90.2 23.14 3.2 -0.1 1.1 23.06 424761 6731053 101~ 
424760 673107E 1015 79.74 . - 84.3 QCj 79.74 5.1 -0.1 1.1 79.35 -- 673111 1•or 
424761 6731076 1015 103.19 300. 83.7 89.8 103.19 5.2 -0.1 1.6 102.57 424672 6731121 1003 
424,- 67310,• 1015 98.81 302.1 83.6 89.l 98.81 5.3 -0.1 1.6 98.IQ 424671 6731128 1003 
424760 6731076 1015 100.81 307.3 82.4 89.8 100.81 5.4 -0.1 1.6 99.92 424681 6731131 1001 
424""' 6731076 101 98.44 305.8 81.7 89.l 98.44 5.3 -0.1 1.6 97.41 424681 6731133 1000 
424760 6731076 101 34.66 323.9 79.l 89.8 34.6E 5.7 -0.2 1.6 34.05 424740 673110 1••~ 
424760 673107E 1016 48.Bli 338.2 75.1 90 48.85 5J -0 .• 1.6 4729 424742 673112 1002 
424 6731076 1015 52.02 341.1 74. 89.8 52.02 6.1 -0.3 1.6 50.18 424744 673112 1001 
424 6731076 1015 40.84 5.3 68.8 90.1 40.84 0.1 -0.4 1.6 38.08 4247&4 673111• 11J(J[ 
424 6731076 1015 39.58 19.3 65.1 90.1 39.58 0.3 -0.4 1.6 36.04 424772 673111 998 
424 6731076 1015 35.31 511 64.1 89.7 35.31 0.9 -0., 1.6 31.90 424781i 6731096 999 
4247 6731076 1015 26.7ll r. 70.1 90 26.73 1.3 -0.: 1.6 25.13 424784 6731082 1005 
424760 6731076 101! 43.51 82.5 72.2 90.1 43.51 1.4 -0. 1.6 41.43 424601 6731081 1001 
424,- 6731071 1015 77.3 112.5 80.7 89.9 77.30 2.0 -0.2 1.6 76.28 4~-4 6731047 1002 
424760 6731071 1015 70.98 120., 82.l 89.8 70.98 2.1 -0.1 1.6 70.34 424821 

~11 

1005 
424760 6731"" 1015 77.55 128.1 84.3 90 77.55 2.2 -0.1 1.6 77.17 --A 1007 
424,- 6731076 1015 126.71 140.l 86., 90.1 126.71 2.4 -0.1 1.1 126.46 424841 1006 

. 424760 6731076 1015 125. 141.8 86.6 90 125.80 2.5 -0.1 1.6 125.58 42-•- .,.4 1007 
424rHU 6731076 1016 208.11 155.6 88.8 89.8 208.18 2.7 0.0 1.6 208.13 424846 6730886 1010 
424760 6731076 1015 250,02 160.5 90 90.2 250.02 2.8 0.0 1.6 250.0: ......,.,, 

• ~ 424760 6731076 101 200.8 160.1 89.6 90.5 200.80 2.8 0.0 1.6 200.e. 424828 ..Jlli 
S136P86 424n• """"""' 1011 213.41 149.! 89.2 89.9 213.41 2.6 0.0 1.6 213.39 424836 ...Jfil.! 

424729 6730993 101 213.3 149.8 89.: 90.1 213.30 2.6 0.0 1.6 213.28 424836 ~ 
424rai 6T.<ll!l!I: 1015 278.91 174.1 89. 90 278.91 3.0 0.0 1.6 278.89 424758 673071 1011 
424729 "'""""' 1015 83.52 173. 88. 90.2 83.52 3.0 0.0 1.6 83.49 424738 873091 1012 
424729 ..,,._ 1015 71.01 178.1 88 891 71.01 3.1 0.0 1.6 70.97 4247<11 8730922 1012 
424729 6730993 1015 58.67 183.1 86.2 90.4 58.67 3.2 -0.1 1.6 58.55 424,-,. KT.illl"1 1011 
424729 67-~-- 1015 36.37 190.l 79.2 89.9 36.37 3.3 -0.2 1.E 35.73 424723 """""" 10UI! 
424729 6730993 1015 17.32 247.1 7ll 90.1 17.32 4.3 -0.3 1.6 16.2l 424714 6730987 1008 
424729 6730993 1015 25.5! 298. 71.3 89.5 25.59 5.2 -0.3 1.6 24.2• 424708 6731005 1006 
424,,.. 67.,-• 101 46.64 315 78.4 89.9 46.64 5.5 -0.2 1.6 45.69 42469 6731025 1-
424729 6730993 101 47.31 319. 79.9 90.1 47.38 5.6 -0.2 1.6 46.65 '""""-" 6731028 1006 
424729 101 74.71 324.7 81 90.1 74.79 5.7 -0.2 1.6 73.87 """"" 67311K' 1003 
424729 101 86.31 328.1 82.5 89. 86.36 5.7 -0.1 1.6 86.62 """"" 6731066 1am 
424,,., 6730993 101 109.07 329.1 84 89. 109.07 5.8 -0.1 1.6 108.47 42467 6731087 1003 
424n, 6730993 1015 110-94 333. 85.3 89.7 110.94 5.8 -0.1 1.6 110.51 .,,,...,, 6731092 1005 

S136T67 424729 6730993 1015 48.21 315.1 78.9 89.3 48.21 5.5 -0.2 1.6 47.31 424696 6731112, 1uue 
424,-.,,. 6730993 1015 48.32 322.◄ 60.2 89.6 48.32 5.6 -0.2 1.1 47.61 424700 6731031 1006 
424729 6730993 101! 43.3 330.1 80.6 89.6 43.3( 5.8 -0.2 1.1 42.72 424708 6731030 1007 
424729 1015 43.47 331.• 82.4 89.! 43.41 5.8 -0.1 1.1 43.09 424708 6731031 1009 
424729 1015 44.81 333J 82.6 89.7 44.81 5.8 -0.1 1.6 44.44 424m 6731033 1009 
424729 1015 45.31; 334.1 82.2 89.6 45.39 5.8 -0.1 1.6 44.97 42471( 6731034 1008 
424,.,. 1015 47.38 345.5 81.6 89.1 47.38 6.C -0.1 1.6 46.87 42471 6731""" 1uu, 
424729 101E 32.82 349.1 82.3 89.1 32.82 6.1 -0.1 1.6 32.52 424723 6731025 1011 
424729 30993 67 1015 7o.4E 3.: 81.8 89.1 70.46 0.1 -0.1 1.6 69.74 424733 6731•~ 1004 
424729 6730993 1015 47.64 8.8 82.• 89.2 47.64 0.2 -0.1 1.6 47.22 424736 6731""' 1008 
424729 30993 67 1015 49.65 11.2 821 89.1 49.65 0.2 -0.1 1.6 49"' 424739 6731041 1008 
424,,,, 6730993 1015 49.74 13.◄ 85 89.1 49.7◄ 0.2 -0.1 1.6 49.5! 4247Al 6731041 1010 
424rA 11731l98:l 101 69.57 17.2 84.6 89.4 69.57 0.3 -0.1 1.6 69.28 42474! 6731•~ 1008 
424729 6730993 101 71.11 19.! 85.7 89.2 71.11 0.l -0.1 1.6 70.91 424"" 6731•- 1009 
424,~ 6730993 101 83.0 20.: 86.8 89.1 83.09 0.4 -0.1 1.6 82.91 424758 6731071 1010 
424729 .,,._......., 101 79.9 22.3 67.1 89.< 79.93 0.4 o.o 1.6 79.81 424759 6731067 1011 
424729 li73099l 101 86.7 23.S 88.1 89.2 86.73 OA 0.1 1.1 86.70 42476' 6731 1012 
424,-,. .. ,........., 1015 85. 26.2 88.8 89.4 85.30 0.5 0.1 1.1 86.28 42471r. 6731 1013 

St36T88 424729 6730993 1015 79. 36.l 88 88.6 79.44 0.E 0.1 1.5 79.39 424776 6731 1012 
424,-.,. 6730993 1015 73. 36.2 86.6 89.• 73.37 0.6 -0.1 1.6 73.24 424772 6731 1011 
424729 • 1015 57. 37.1 85.• 89J 57.86 0.6 -0.1 1.6 57.67 4247&4 6731 1011 
424729 101 40. 37 83. 89.1 40.33 0.6 -0.1 1.6 40.09 424753 673102 1011 
42ar- 101 30. 41.4 80.9 89.1 30.78 0.7 -0.2 1.6 30.39 424749 673101 1 .. 
424729 ..,........, 101 24 . 43.2 79.l 89.l 24.50 0.1 -0.2 1.6 24.01 424745 6731011 1010 
424729 6730993 101 11.0 46.3 73.l 89.7 11.07 0.1 -0.3 1.6 10.61 424,,., 6731••· 1011 
424,-.,. 6730993 101 5.17 51.5 67.6 89.5 5.17 O.! -OA 1.6 4.78 •~aro~ Kl-- 1011 
424729 ..,,._, 101 2.1 122.7 55.1 90.1 2.63 2.1 -0.6 1.6 2.16 424731 6730992 101! 
424729 6730993 1011 1.1 136.5 84.6 89.1 1.69 2., -0.1 1.6 1.6S 42473U 6730992 101, 
424,~ 6730993 101! 3.1 185.3 85.! 89. 3.18 3.2 -0.1 1.E 3.17 424729 """""'" 1014 
424729 n,.w-• 1015 6.1 201.6 77 89.• 6.66 3.5 -0.2 1.E 6.4! 42472l 6730967 1013 
424729 ft,04-• 1015 11.! 209.8 76 89. 11.lili 3.l -0.2 1.6 11.3( 424= 8730963 1012 
424,~ 6730993 1015 20.1 211.8 79.9 89.6 20.67 3.7 -0.2 1.ti 20.35 424711 8730976 1011 
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Station ID UTMll:I UTM INI I Elevlml N- Bea- lncln Roll - -- lncln Roll -nDlal X I V z 

S136T89 424729 67309931 101 95.42 285.E 83. 90.1 95.42 5.1 -0.1 1.6 94.84 42-16381 6731011 1,.u 
424729 R7~- 101 65.21 287.6 as.: 89.9 65.21 5.( -0.1 1.6 84.71 42.-11 673101! 1007 
424,-.., :mm 101 74.82 290.7 83.2 89.5 74.1!. 5.1 -0.1 1.6 74.2! 4246601 673101! 1005 
42472< 101 76.44 292. 83.4 89.2 76.4' 5.1 -0.1 1.6 75.93 42~ 6731022 1006 
424•- 6730993 1015 81.04 m. 82 89. 81.04 5 -0.1 1.6 ao~• 42 6731 .. ., 1003 
424729 6730993 101 62.1 301. 81.• 89.1 62.10 5. -0.2 u 61 Al 424677 6731005 1005 
424729 !I 101 62.89 305. 83.• 89.! 62.89 5.! -0.1 1J 62.47 42<1678 6731"~' 1007 
424729 101 60.35 306. 81 89.8 60.35 5.3 -0.1 1.6 59.76 424681 6731028 1006 
424729 101 64.64 309.5 81. 89.3 64.64 5.4 -0.1 1.E 83.95 424680 6731"~ 1005 
424m 6730993 101 67.65 312.i 80. 89.1 67.65 5.5 -0.2 1.6 66.98 4?Atilll 67311«! 111lM 

Sl36T91 424r-" 6730993 101 51.54 346.1 74.8 89.1 51.54 6. -0.l 1.6 49.7l 42471 6731041 1001 
424729 6730993 1015 43.54: 340.3 75.7 89.1 43.66 5. -0., 1.! 42.21 42471! 6731033 1004 
424 6730993 1015 35.33 332.3 n.a 89.1 35.33 5. -0.2 1.6 34.4) 424713 67310:0 1UU7 
424 o,-~-• 101! 35.33 329.S 78.8 Ill 35.3:l 5. -0.2 1.6 34.66 424712 673102 1007 
424 6730993 1015 33.92 324.1 79.8 89. 33.92 5. -0.2 1.6 33.38 424709 6731,~ 1008 
424 5,--- 101 33.9E 321.6 80.9 89.1 33.96 5.6 -0~ 1.6 33.53 424,.~ 673101 I 424 6730993 101 34.91 317.8 81.1 89.1 34.91 5.5 -0.l 1.6 34.49 424706 673101 
424729 6730993 101 35.22 309.3 80.7 89.1 35.22 5.4 -0.2 1.6 34.71 424,.. 6731015 
424729 6730993 101 39.3 304 81.1 89.i 39.30 5. -0.l 1.1 38.B: 42469 6731015 
424,~ 

• 101 38.15 295.B 82.3 88.1 38.15 & -0.1 1.! 37.81 ·~- 6731009 1•• 
424729 1011 39.94 285.5 au 89.! 39.94 5. -0.1 u 39.60 =-1 6731••· 1 .. 
424729 1011 49.6 279.~ 65.9 89 49.60 4 -0.1 1.6 49.47 424680 6731001 1011 
424r~ 1011 51.89 27, 84.2 Ill 51.89 4. -0.1 1.6 51.62 424677 6711U!!!ffl I 4241.e. 67:1llY!l:<1 1011 57.45 268.1 63.5 88.1 57.45 4. -0.1 u 57.06 .,._.,.,,, 6730992 
424729 67309931 1011 60.32 266.6 84.6 88.6 60.32 4.7 -0.1 u 60.07 42- 6730989 
424729 H"'°""'il 1011 63.87 256.2 84.1 8E 63.87 u -0.1 1.1 63.53 42....., 6730960 1008 
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Appendix B. Grid volume computations. Volume of sediment within the landslides 
was calculated with the Surfer 8 program. The thickness of Landslide "b" varied, 
therefore two iterations were performed to obtain an average volume for the entire 
landslide. Moreover, one limb of landslide "b was thicker than the other, so two different 
thicknesses were used for each iteration. The first iteration was performed with 
thicknesses of 7 cm and 15 cm and the second with 50 cm and 100 cm. Landslide "c" had 
little-to-no relief therefore a simple volume calculation was performed using the planar 
area and a thickness of 4 cm. 

ZMaximum: 880.0 
Landslide "b" (iteration 1) 

Thickness used: 7 cm & 15 cm 

Upper Surface Volumes 

Grid Size: 78 rows x 100 Z Scale Factor: 1 
columns 

Total Volumes by: 
XMinimum: 423886.3 
XMaximum: 425068.9 Trapezoidal Rule: 36535.2 
X Spacing: 11.9 Simpson's Rule: 36254.7 

Simpson's 3/8 Rule: 35975.6 
YMinimum: 6731849.9 
YMaximum: 6732769.7 Cut & Fill Volumes 
Y Spacing: 11.9 

Positive Volume [Cut]: 58387.9 
ZMinimum: 810.3 
ZMaximum: 880.0 

Areas 

Lower Surface Planar Areas 

Grid Size: 78 rows x 100 Positive Planar Area [Cut]: 283808.5 
columns Negative Planar Area [Fill]: 32057.8 

Blanked Planar Area: 771935.4 
XMinimum: 423886.3 Total Planar Area: 1087801.8 
XMaximum: 425068.9 
X Spacing: 11.9 Surface Areas 

YMinimum: 6731849.9 Positive Surface Area [Cut]: 315926.1 
YMaximum: 6732769.7 Negative Surface Area [Fill]: 0 
Y Spacing: 11.9 

ZMinimum: 810.1 
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Landslide "b" (iteration 2} ZMinimum: 811.0 

ZMaximum: 879.5 
Thickness used: 50 cm & 100 cm 

Upper Surface Volumes 

Grid Size: 78 rows x Z Scale Factor: 1 
100 columns 

Total Volumes by: 
XMinimum: 423886.3 
XMaximum: 425068.9 Trapezoidal Rule: 251051.0 
X Spacing: 11.9 Simpson's Rule: 249583.7 

Simpson's 3/8 Rule: 248750.3 
YMinimum: 6731849.9 
YMaximum: 6732769.7 Cut & Fill Volumes 
Y Spacing: 11.9 

Positive Volume [Cut]: 258464.4 
ZMinimum: 810.3 Negative Volume [Fill]: 0 
ZMaximum: 880.0 Net Volume [Cut-Fill]: 258464.4 

Lower Surface 
Areas 

Grid Size: 78 rows x 
100 columns Planar Areas 

XMinimum: 423886.3 Positive Planar Area [Cut]: 285179.4 
XMaximum: 425068.9 Negative Planar Area [Fill]: 6713.3 
X Spacing: 11.9 Blanked Planar Area: 795909.0 

Total Planar Area: 1087801.8 
YMinimum: 6731849.9 
YMaximum: 6732769.7 Surface Areas 
Y Spacing: 11.9 

Positive Surface Area [Cut]: 291953.1 
Negative Surface Area [Fill]: 0 
ZMaximum: 879.5 
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Landslide "d" 

Upper Surface Volumes 

Grid Size: 100 rows x 42 Z Scale Factor: 1 
columns 

Total Volumes by: 
XMinimum: 424671.8 
XMaximum: 424845.9 Trapezoidal Rule: 44622.8 
X Spacing: 4.2 Simpson's Rule: 44588.2 

Simpson's 3/8 Rule: 44616.9 
YMinimum: 6730715.5 
YMaximum: 6731136.5 Cut & Fill Volumes 
Y Spacing: 4.2 

Positive Volume [Cut]: 44624.3 
ZMinimum: 998.5 Negative Volume [Fill]: 0 
ZMaximum: 1014.2 Net Volume [Cut-Fill]: 44624.3 

Lower Surface 

Grid Size: 100 rows x 42 Areas 
columns 

Planar Areas 
XMinimum: 424671.8 
XMaximum: 424845.9 Positive Planar Area [Cut]: 42459.7 
X Spacing: 4.2 Negative Planar Area [Fill]: 0 

Blanked Planar Area: 30862.5 
YMinimum: 6730715.5 Total Planar Area: 73322.2 
YMaximum: 6731136.5 
Y Spacing: 4.2 Surface Areas 

ZMinimum: 994.4 Positive Surface Area [Cut]: 42459.7 
ZMaximum: 1013.2 
Negative Surface Area [Fill]: 0 


