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Foreword 
 
 
 This Report documents the methodology and results of a 
study of debris mobility of failures within topographic 
depression catchments (TDF), and the recommendations 
pertinent to the methods and rheological model to be used for 
the debris mobility assessments of TDF. 
 
 This study was undertaken by Mr Frankie Lo, 
Ms Florence Ko and Dr Julian Kwan.  As part of the study, a 
series of aerial photograph interpretations was carried out by 
Ms Hoi-yan Ho, Ms Hei-yin Wong and Mr Willie Shum.  
Technical Officer, Mr Wai-kit Ho, provided technical support in 
conducting the back analyses.  Drafting unit of the Standards 
and Testing Division assisted in formatting this report. 
 
 
 
 
 
 
 Y.K. Shiu 

Chief Geotechnical Engineer/Standards & Testing 
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Abstract 
 
 
 A study has been carried out to examine the debris 
mobility of failures in topographic depression catchments (TDF).  
In the study, 46 historical mobile TDF were identified and back 
analysed using computer program 2d-DMM.  The methodology 
adopted in identifying the TDF, the assumptions made in the 
back analyses and results of the study are documented in this 
Report.  Recommendations pertinent to debris mobility 
assessments of TDF are also included. 
 
 This study revealed that mobility analyses using Voellmy 
parameters φa = 18o and ξ  = 1000 m/s2 produce suitably 
conservative estimates of runout distances of most of the mobile 
TDF, and that debris velocities match reasonably well with those 
of a historical TDF in Kau Lung Hang Shan.  It is 
recommended that the rheological parameters should be adopted 
for forward prediction purposes.  However, where historical 
landslides in the TD catchments of concerned have resulted in 
more mobile debris runout than that assessed using the above 
recommended rheological parameters, the appropriate 
rheological parameters to be adopted in analytical design of 
TDF mitigation measures should be assessed on a case-by-case 
basis. 



6 
 

Contents 
 

     Page 
     No. 
 
Title Page    1 
 
Preface    3 
 
Foreword    4 
 
Abstract    5 
 
Contents    6 
 
List of Table    7 
 
List of Figures    8 
 
1 Introduction   9 
 
2 Methodology of the Study  9 
 
3 Mobility Analyses of TDF  12 

 3.1 Results of Analyses  12 

 3.2 Benchmarking against the Kau Lung Hang Shan TDF 14 

 3.3 Effect of Source Volume 16 
 
4 Discussion   17 
 
5 Conclusions and Recommendations 17 
 
6 References   18 
 
Appendix A: Classification of Hillside Catchments Extracted from 20 
 GEO TGN 36 
 
Appendix B: List of Mobile Failures within Topographic Depression  25 
 Catchments Identified in ENTLI 
 
Appendix C: Topographic Plans of Mobile Failures within Topographic  29 
 Depression Catchments Identified in ENTLI 
  



7 
 

List of Table 
 

Table 
 No. 
 

  Page 
 No. 

 
 2.1 Rheological Parameters Used in Mobility Analyses of the 

46 TDF 
 

 11 

 



8 
 

List of Figures 
 

Figure 
 No. 
 

  Page 
 No. 

 2.1 Summary of the Number of Cases Involved in the 
Identification Process 
 

 10 

 2.2 The tana -1/ξ Space 
 

 11 

 3.1 Comparison of Calculated Runout Distance and Actual 
Runout Distance based on API 
 

 13 

 3.2 Estimation of Runout Distance Using a = 18˚,  
ξ= 1000 m/s2 
 

 13 

 3.3 Under-estimation of Runout Distances Using a = 18˚,  
ξ= 1000 m/s2 
 

 14 

 3.4 The Kau Lung Hang Shan Failure (GEO, 2006) 
 

 14 

 3.5 Calculated Debris Velocity Profile and Estimated Debris 
Velocities 
 

 15 

 3.6 Cumulative Percentage of the 46 TDF in Terms of Source 
Volume 
 

 16 

 3.7 Runout Distances Estimated Using a = 18°, ξ = 1000 m/s2 
According to Landslide Volumes 
 

 17 

 
  



9 
 

1   Introduction 
 
 Ng et al (2003) described two main types of natural terrain landslide hazards in Hong 
Kong, viz. channelized debris flows (CDF) and open hillslope landslides (OHL).  CDF occur 
in well-defined, incised natural drainage lines and OHL occur on relatively planar hillsides.  
Rheological parameters for assessing the mobility of CDF and OHL in Hong Kong are 
reported by Lo (2000).  Updated guidance is given in GEO (2011 & 2012a). 
 
 Experience shows that there are cases where the mode of landslide debris transport is 
somewhat between OHL and CDF as highlighted by Ng et al (2003).  Wong et al (2006) 
introduced an additional hazard type, viz. failures within topographic depressions (TDF), to 
deal with the intermediate situations between CDF and OHL.  Classification of catchments 
associated with CDF, TDF and OHL is further elaborated in GEO (2013) (see also Appendix 
A). 
 
 Mobility of TDF in Hong Kong was not investigated systematically before, and 
therefore a study on this subject has been initiated.  This report documents the methodology 
and results of this study.  Recommendations pertaining to the mobility assessments of TDF 
are also given. 
 
 
2   Methodology of the Study 
 
 TDF were first identified from the historical landslides contained in the Enhanced 
Natural Terrain Landslide Inventory (ENTLI) with data updated to 2009.  The more mobile 
landslides were screened in initially.  They included 120 out of about 12,500 recent OHL 
with runout distance exceeding 100 m and 500 out of about 6,700 recent CDF with runout 
distance exceeding 175 m.  The site settings of these cases were reviewed in detail using LIC 
1:1000-scale topographic maps and aerial photographs to establish whether they were genuine 
TDF in accordance with the technical recommendations given in GEO (2013).  Topographic 
depression catchments cover a broad spectrum, and it is recognized that both LIC topographic 
maps and aerial photographs have their limitations.  Therefore, care has been exercised in 
identifying TDF.  For example, low-flight aerial photographs were used, as far as practicable, 
and the results of aerial photograph interpretation were reviewed by experienced geologists. 
 
 A total of 46 genuine mobile TDF were identified from the above exercise for mobility 
analysis.  Figure 2.1 shows a breakdown of the number of cases involved in the process of 
identifying the mobile TDF cases.  Appendix B lists the corresponding ENTLI number, 
landslide source dimensions and runout distances of the 46 TDF.  The list also includes the 
aerial photographs reviewed in this study.  Appendix C presents the topographic plans of 
these TDF. 
 
 Mobility analysis to simulate the runout dynamics of the TDF was carried out using 
the computer program 2d-DMM (GEO, 2012b).  The runout profiles of the 46 TDF were 
generated using the 2010 airborne LiDAR survey data for input to 2d-DMM.  The landslide 
source volume was estimated based on the source dimensions recorded in the ENTLI, using 
the upper-bound empirical correlation suggested by Tattersall et al (2009).  Entrainment is 
assumed to be negligible in the analysis, and the cross-section of debris trail is assumed to be 
rectangular.  The width of debris trail is taken as the source failure width recorded in the 
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ENTLI unless the width as identified in the aerial photograph is significantly different from 
that of the ENTLI.  Other parameters adopted in the analysis are listed below: 
 

 active pressure coefficient, ka = 0.8; 
 passive pressure coefficient, kp = 2.5; 
 'at-rest' pressure coefficient, ko = 1.0; and 
 pore-water pressure coefficient, ru = 0.5. 

 
 Savage & Hutter equation as recommended by Pudasaini & Hutter (2007) was used to 
establish the values of ka and kp.  According to the equation, the active pressure coefficient 
and passive pressure coefficient are governed by the values of apparent friction angle (φa) and 
bulk friction angle (φb) of landslide debris.  In the present study, φa ranging from 10o to 30o 
and φb ranging from 20o to 35o were adopted.  The adopted values of ka = 0.8 and kp = 2.5 
correspond to the average values of ka and kp calculated by the Savage & Hutter equation. 
 
 

 
 
Figure 2.1   Summary of the Number of Cases Involved in the Identification Process 
 
 
 The aim of the present study is not to identify the actual rheological parameters which 
best describe the mobility of the individual TDF but rather to establish a set of suitably robust 
rheological parameters for use in forward mobility assessment of TDF (e.g. for the design of 
natural terrain hazard mitigation measures).  According to GEO (2012a), the frictional 
rheological model should be used for the mobility analysis of OHL and that φa should be 
taken as 20o if the landslide volume is larger than or equal to 400 m3, and φa = 25o for other 
landslide volumes.  GEO (2011) provides updated guidance on the mobility assessment of 
CDF.  It recommends that the Voellmy model should be used for the mobility assessment of 
CDF and that φa and turbulence coefficient ξ should be generally taken as 11o and 500 m/s2 

ENTLI

Recent CDF
(~6,700 cases)

Runout distance ≥ 175 m
500 cases

16 TDF identified

Recent OHL
(~12,500 cases)

Runout distance ≥ 100 m
120 cases

30 TDF identified

Total 
46 mobile 
TDF cases

Initial screening

Review using
LIC 1:1,000
topographic maps &
aerial photographs
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respectively.  Voellmy resistance is proportional to the values of tanφa and 1/ξ (i.e. inverse of 
ξ).  Figure 2.2 shows the above recommended rheological parameters for OHL and CDF 
mobility assessments in the tanφa -1/ξ space. 
 
 The mobility analyses for the 46 TDF were carried out based on 10 sets of Voellmy 
parameters.  Each set of the parameters consists of a combination of φa and ξ as shown in 
Table 2.1.  Those 10 combinations provide a reasonable coverage of the region in the 
tanφa -1/ξ space bounded by the rheological parameters recommended for mobility 
assessments of CDF and OHL (see Figure 2.2). 
 
 

  
 

 
Figure 2.2   The tanφa -1/ξ Space 
 
 
Table 2.1   Rheological Parameters Used in Mobility Analyses of the 46 TDF 
 

Combination φa   (tanφa) ξ 
1 15o   (0.27) 5000 
2 15o   (0.27) 1000 
3 15o   (0.27) 500 
4 20o   (0.36) 5000 
5 18o   (0.32) 1000 
6 20o   (0.36) 1000 
7 20o   (0.36) 500 
8 25o   (0.47) 5000 
9 25o   (0.47) 1000 
10 25o   (0.47) 500 
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3   Mobility Analyses of TDF 

3.1   Results of Analyses 
 
 The calculated debris runout distances of the 46 TDF using the 10 sets of rheological 
parameters are compared with the debris runout distances as derived from the aerial photographs 
in this study.  The results are presented in Figure 3.1. 
 
 Among the 10 sets of rheological parameters considered, the combination of φa = 25° 
and ξ = 500 m/s2 represents the least mobile while the combination of φa = 15° and 
ξ = 5000 m/s2 is the most mobile.  The calculated debris runout distances are sensitive to the 
value of φa adopted.  With the use of the sets of rheological parameters involving φa = 15°, 
2d-DMM over-estimates the runout distance in most of the cases (see lines with squares in 
Figure 3.1).  In contrast, when the sets of rheological parameters involving φa = 25° are used, 
the mobility analyses under-estimate the runout distance for many of the cases (see lines with 
circles).  Mobility analyses using 20o-500 m/s2 and 20o-1000 m/s2 also produce significant 
under-estimation in runout distances.  The under-estimation could be up to 30% - 40%. 
 
 The remaining sets of rheological parameters are 18°-1000 m/s2 or 20°-5000 m/s2.  
The latter parameter set gives relatively a smaller number of cases of under-estimation (four 
cases).  However, the maximum velocity calculated by the mobility analyses using the 
parameter set 20°-5000 m/s2 exceeds 15 m/s in 20 out of the 46 cases.  Nine of those cases 
which predicted a high velocity have a landslide source volume of less than 200 m3.  The 
velocity calculated using the parameter set of 20°-5000 m/s2 appears to be not consistent with 
local experience (e.g. the velocity of the 2008 Yu Tung Road Debris Flow estimated based on 
video recording and mobility analyses is in the range of 10-15 m/s only; the source volume of 
the Debris Flow exceeded 2400 m3). 
 
 The rheological parameter set of 18°-1000 m/s2 over-estimates the runout distances of 
37 cases, and under-estimates those of the remaining nine cases (Figure 3.2).  Out of these 
nine cases, the runout distance in four cases is under-estimated by less than 5% only (see 
Figure 3.3).  The maximum under-estimation is bounded by 12%.  Given the present 
knowledge, it is not possible to identify the adverse site settings that would give rise to the 
occurrence of more mobile TDF.  However, it should be emphasised that the TDF samples 
considered in this study belong to a biased dataset because they represent the more mobile 
historical TDF in the ENTLI.  If the dataset of a larger sample size is considered, additional 
less mobile TDF would be included in the mobility analyses and the percentage of cases with 
under-estimation of the runout distance would be reduced.  Amongst the range of rheological 
parameters studied, the parameter set with φa = 18° and ξ = 1000 m/s2 is considered suitable 
and sufficiently robust for forward prediction of the mobility of TDF for the design of natural 
terrain hazard mitigation measures. 
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 Note: % difference in runout distance = 
(Calculated runout distance - Actual runout distance based on API )

Actual runout distance based on API
  100%. 

 
Figure 3.1   Comparison of Calculated Runout Distance and Actual Runout Distance 

based on API  
 
 

 

 Note: % difference in runout distance = 
(Calculated runout distance - Actual runout distance based on API )

Actual runout distance based on API
  100%. 

 
Figure 3.2   Estimation of Runout Distance Using a = 18˚, ξ= 1000 m/s2 

Under-estimate 

Over-estimate 
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Figure 3.3   Under-estimation of Runout Distances Using φa = 18°, ξ = 1000 m/s2 
 
 
3.2   Benchmarking against the Kau Lung Hang Shan TDF 
 
 GEO (2006) documents an investigation of a natural terrain landslide in Kau Lung Hang 
Shan (ENTLI No. 03SWD2586E), in which super-elevation data observed on site and debris 
velocity estimated from the super-elevation data are reported.  The landslide occurred in 2003 
and was classified as a debris flow at that time.  The reported source volume is about 200 m3.  
Entrainment was assessed to be negligible.  Figure 3.4 shows a general view of the landslide. 
 
 Re-interpretation of the landslide using aerial photographs conducted as part of this 
study has confirmed that the landslide occurred within a topographic depression.  The 
reported runout distance of the landslide is some 160 m.  Since this runout distance is less 
than 175 m, the landslide was not included in the identification exercise illustrated in 
Figure 2.1, and hence not selected for the mobility analyses reported in Section 3.1. 
 
 

 

 
Figure 3.4   The Kau Lung Hang Shan Failure (GEO, 2006) 

Landslide source 

Access road 

Debris trail 
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 2d-DMM analysis which adopts rheological parameters 18o-1000 m/s2 is benchmarked 
against the reported debris runout distance and the estimated velocities of the TDF at Kau 
Lung Hang Shan.  The runout distance estimated by the analysis is 147 m, which is 10% 
lower than the reported value.  The debris trail was intercepted by an access road.  
According to GEO (2006), a considerable amount of surface runoff from the access road 
could have been discharged into the landslide trail after the debris runout event, and actions of 
overland flow at the distal end of the debris trail were evident.  Therefore, the extent of the 
debris deposition was probably affected and the actual runout distance could have been 
shorter than the reported value. 
 
 Figure 3.5 shows the velocity profile predicted by the mobility analysis.  The debris 
velocities reported by GEO (2006) are presented for comparison.  The debris velocity was 
estimated based on the super-elevations observed on site.  At Chainage 66 (CH 66) and 
Chainage 73 (CH 73), the reported super-elevations were 2 m to 3 m.  However, based on 
site photographs and field mapping records, there is no evidence of change in direction of 
debris travelling at these two locations.  The locations of CH 66 and CH 73 were 
immediately below the access road on which a portion of debris was accumulated (see also 
Figure 3.4).  The unconfined spreads of debris from the road were probably mistaken as 
super-elevations.  Therefore, reported debris velocities at these two chainages were not 
included in Figure 3.5. 
 
 

 

 
Figure 3.5   Calculated Debris Velocity Profile and Estimated Debris Velocities 
 
 
 Field measurements of super-elevation could not be made very precisely given the 
difficult site conditions and the fact that the debris trail could have been modified by surface 
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water after the landslide event.  However, the measurements could indicate the likely order 
of magnitude of the debris velocity.  As noted from Figure 3.5, the mobility analysis using 
rheological parameters φa = 18o and ξ = 1000 m/s2 provides a reasonable velocity estimate for 
the TDF at Kau Lung Hang Shan.   
 
 
3.3   Effect of Source Volume 
 
 The source volumes of the 46 TDF studied range from 31 m3 to 3,968 m3 (see 
Figure 3.6).  The volume dependence of the runout distance estimation has been examined.  
Figure 3.7 shows that the magnitudes of over-estimation/under-estimation do not correlate 
with the landslide source volume, which suggests that the use of different sets of rheological 
parameters for different landslide volumes would not be appropriate. 
 
 

 

 
Figure 3.6   Cumulative Percentage of the 46 TDF in Terms of Source Volume 
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Figure 3.7   Runout Distances Estimated Using a = 18°, ξ = 1000 m/s2 According to 

Landslide Volumes  
 
 
4   Discussion 
 
 Mobility analyses using Voellmy model with rheological parameter set of a = 18 and 
ξ = 1000 m/s2 do not over-estimate all the 46 mobile TDF.  Where forward prediction of the 
mobility TDF is to be carried out, assessment as to whether the historical landslides in the TD 
catchment have resulted in more mobile debris runout than that assessed by the rheological 
parameter set 18-1000 m/s2 should be conducted. 
 
 2d-DMM was used for conducting the mobility analysis in the present study.  
Landslide debris is modelled as a homogeneous continuum material in the analysis.  An 
explicit Lagrangian numerical scheme proposed by Hungr (1995) to solve the governing 
equations of unsteady non-uniform shallow water flow equations is adopted.  Computer 
programs developed based on the same modelling technique or demonstrated to have 
performance similar to 2d-DMM can be used when rheological parameters recommended by 
this study are adopted for mobility assessment of TDF. 
 
 
5   Conclusions and Recommendations 
 
 Historical mobile TDF were identified and mobility analyses of these mobile TDF 
were carried out.  Mobility analyses using Voellmy parameters a = 18o and ξ = 1000 m/s2 
produce suitably conservative estimates of runout distances of most of the mobile TDF, and 
velocities that match reasonably well with the field velocities deduced from a historical TDF 
in Kau Lung Hang Shan.  It is considered that the rheological parameters could be adopted 
for forward prediction purposes.  However, due regard should be given to assessing whether 
the historical landslides in the TD catchments of concern have resulted in more mobile debris 

Under-estimate 

Over-estimate 
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runout than that assessed by the recommended rheological parameters. 
 
 Based on the results of the study, technical recommendations are given as follows: 
 

(a) Voellmy model should be used for the assessment of debris 
mobility of TDF.  Except for situations referred to in the 
paragraph below, the generic rheological parameters that 
should be used are φa = 18o and ξ  = 1000 m/s2; and 

 
(b) where historical landslides in the TD catchments have 

resulted in more mobile debris runout than that assessed 
using the above recommended rheological parameters, the 
appropriate rheological parameters to be adopted in 
analytical design of TDF mitigation measures should be 
assessed on a case-by-case basis, with account taken of the 
back-analysed rheological parameters of the historical TDF 
within the TD catchments of concern and any other relevant 
factors that may affect debris mobility. 
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Table A1   Classification of Hillside Catchments (Sheet 1 of 2) 
 

Catchment 
Characteristics  

Channelised (CD)  
Catchment 

Topographic Depression (TD) 
Catchment 

Open Hillslope (OH) 
Catchment 

Topography 

• Presence of an incised 
drainage channel.  

 
• In practice, this applies to 

catchments with the 
presence of a well-defined 
drainage channel based on 
the contours or a hydro-line 
feature shown in the Land 
Information Centre (LIC) 
1:1,000-scale topographic 
map, unless otherwise 
invalidated by aerial 
photograph interpretation, 
airborne LiDAR data, 
information from historical 
landslides, and/or field 
mapping.  

 
• The degree of confinement 

provided by the drainage 
line should be considered in 
relation to the design event 
being considered. 

• Presence of a pronounced 
topographic depression but 
without a well-defined 
drainage channel.  

 
• In practice, this applies to 

catchments without the 
presence of a hydro-line 
feature in the LIC 
1:1,000-scale topographic 
map but where a certain 
degree of confinement can 
be observed based on the 
contours of the LIC 
1:1,000-scale topographic 
map, and where debris 
would converge and travel 
downslope.  This should 
be verified by aerial 
photograph interpretation, 
airborne LiDAR data, 
information from historical 
landslides, and/or field 
mapping.  

 
• The topographic depression 

can vary from well defined 
valleys of limited extent to 
linear depressions on 
otherwise planar slopes. 

 
• In general, the plan distance 

between the downslope end 
of the topographic 
depression and the facilities 
at risk would normally be 
less than 100 m. 

 

• Generally planar slope as 
observed from the LIC 
1:1,000-scale topographic 
map, with neither a 
conspicuous drainage 
channel nor pronounced 
topographic depression.  
This should be verified by 
aerial photograph 
interpretation, airborne 
LiDAR data, information 
from historical landslides, 
and/or field mapping. 

Drainage/Debris 
Concentration 

• Has a high drainage 
concentration in general, i.e. 
the section through which 
debris would be discharged 
is significantly small 
compared with that of its 
upstream catchment. 

• Has some drainage 
concentration in general, i.e. 
the section through which 
debris would be discharged 
is relatively small compared 
with that of its upstream 
catchment.  There is 
evidence of only limited 
surface water flow 
occurring and only in 
significant rainstorms. 

 

• Has insignificant drainage 
concentration, i.e. the 
width of the section 
through which debris 
would be discharged is 
comparable to (or even 
greater than) that of its 
source area width or 
upstream catchment. 
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Table A1   Classification of Hillside Catchments (Sheet 2 of 2) 
 

Catchment 
Characteristics  

Channelised (CD)  
Catchment 

Topographic Depression (TD) 
Catchment 

Open Hillslope (OH) 
Catchment 

Discharge Outlet 

• Debris from different 
sources within the 
catchment would travel 
downstream, given 
sufficient mobility, to a 
predictable discharge point. 

• Debris would likely 
converge, given sufficient 
mobility, to a likely 
discharge point, i.e. debris 
would continue to travel 
along a preferential 
pathway until exiting the 
topographic depression at or 
near the site boundary.  

• Debris from different 
sources within the 
catchment could travel 
downslope, given 
sufficient mobility, to 
different discharge points 
and may involve the 
lateral spreading of 
debris. 

 

Debris Path 

• Debris path is controlled by 
the alignment and 
confinement of the drainage 
line.  

 
• ‘Overshooting’ of debris 

laterally from the drainage 
line is very unlikely within 
the main drainage line.  
However, near the exit point 
or where a debris fan is 
present this may occur.  

• Debris path is somewhat 
confined by topography and 
may either be curved or 
relatively straight.  

 
• Possibility of ‘overshooting’ 

of debris laterally from the 
topographic depression is 
unlikely but cannot be 
excluded entirely, 
depending on the size of the 
potential failure event 
relative to the dimensions of 
the depression. 

• Debris path is relatively 
unconfined, straight, and 
tends to follow the line of 
greatest slope which has 
insignificant change in its 
dip direction.  

 
• Actual debris path may be 

different from that 
assessed based on the line 
of greatest slope, e.g. due 
to uncertainty in the strike 
of the failure plane at 
source and resolution of 
the available data. 

 

Potential Hazard 
to Consider 

• Channelised debris flow 
(CDF) hazards. 

 
• High entrainment potential 

in general, dependent on 
presence of entrainable 
materials within the stream 
bed, the steepness and/or 
stability of channel sides.  

 

• Debris flow (DF) hazards.  
 
• Lower entrainment potential 

than CDF in general, largely 
dependent on the steepness 
and presence of entrainable 
materials within the 
topographic depression.  

• Open hillslope landslide 
(OHL) hazards (i.e. debris 
slide or debris avalanche 
on a relatively planar 
slope).  

 
• No entrainment potential 

in general. 

 Notes: (1) It should be noted that the potential hazard of a small CD catchment may be more akin to a TD 
catchment and hence in such cases a small CD catchment may be treated as a TD catchment.  
Similarly, the potential hazard of a small TD catchment may be more akin to an OH catchment and 
hence in such cases a small TD catchment may be treated as an OH catchment.  In these cases, 
judgement needs to be exercised and justifications should be provided. 

  (2) The possibility of presence of localised topographic depression on an OH catchment and affecting 
debris movement mechanism cannot be excluded, e.g. due to the hillslope being not entirely 
planar, resolution of the available data, and local concavity due to gully erosion and landsliding. 
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Identified in ENTLI 
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Table B1   List of Mobile Failures within Topographic Depressions Identified in ENTLI 
 

ENTLI No. 
Source Length 

(m) 
Source Width 

(m) 
Aerial Photograph 

Year 
Aerial Photograph 

No. 
Runout Distance# (m) 

03SEA1688E 11 12 1945 Y913-14 108 
03SEA1749E 14 15 1963 Y9882-83 113 
03SEB2528E 7 9.5 1988 A15017-18 114 
03SEB2712E 9 10 1997 CN19240 122 
03SEB2750E 6 9 2003 CW53911-12 113 
03SED0510E 7 12 2003 CW48319-20 114 
03SWB1297E 10.5 12.5 1993 CN5475-76 235 
03SWB1305E 10 9 1993 CN5476-77 176 
03SWD2389E 14 19 1993 CN5475-76 137 
03SWD2394E 10 12 1993 CN5521-22 155 
05NED1226E 7.5 9 2000 CN26601-02 127 
05NED1349E 13.5 10 2000 CN26603-04 105 
06NEC0482E 20 8.5 1949 Y1903-04 155 
06SWA2031E 11 5.5 1982 44602-03 108 
07NED0922E 12 5.5 1945 Y745-46 134 
07NWA1717E 20 25 1999 CN24486-87 117 
07SWC0554E 12 10 1997 CN19028-29 119 
08NEC1157E 16 18 1963 Y10382-83 168 
08NEC1218E 12 13 1981 39226-27 150 
08NWD1139E 10 6.5 1978 24566-67 103 
08NWD1142E 8 9 1978 24566-67 109 
09SEA1119E 9 12 2008 CS20016-17 191 
09SEB1515E 16 14 1992 CN3333-34 110 
09SEB1824E 7 9.5 2008 CS19668-69 176 
09SEC2556E 7.5 9 2008 CS14002-03 179 
09SEC2683E 21 22 2008 CS14365-66 259 
09SED1900E 8 8.5 2008 CS20175-76 213 
09SWD1927E 20 14 1973 3932-33 194 
09SWD1930E 10 6 1973 3932-33 101 
09SWD2715E 18 14.5 2008 CS14896-97 135 
10NWD0626E 12 13 1999 CN24215-16 154 
10NWD0627E 9 8 1999 CN24215-16 116 
10SWA0811E 25 8 1994 CN6127-28 100 
10SWC2137Ea 52 7 1999 CN24291-92 173 
11SWA0362E 30 35 1967 Y13297-98 252 
11SWA0386E 23 14 1967 Y13299-300 236 
11SWA0388E 20 13 1967 Y13299-300 119 
13NEA2391E 13.5 13.5 1993 CN5278-79 134 
13NEA2662E 4.5 8.5 2008 CS14036-37 175 
13NWA0964E 19 15 1982 44807-08 181 
13NWB2254E 25.5 17 1993 CN5238-39 116 
13NWB2361E 11 8.5 2007 CW80034-35 129 
13NWB2516E 8 8 2008 CS14393-94 317 
13NWB2517E 10 12 2008 CS14393-94 275 
13NWB2573E 10 11 2008 CS14391-92 186 
15NWB0476E 19 12 1973 1690-91 114 

 Note:   #The runout distance was estimated from the aerial photographs by this study. 
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Appendix C 
 

Topographic Plans of Mobile Failures within Topographic Depression 
Catchments Identified in ENTLI
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Location Plan of ENTLI No. 03SEA1688E 
 

 

 
 

Location Plan of ENTLI No. 03SEA1749E 
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Location Plan of ENTLI No. 03SEB2528E 
 

 

 
 

Location Plan of ENTLI No. 03SEB2712E 
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Location Plan of ENTLI No. 03SEB2750E 
 
 

 
 

Location Plan of ENTLI No. 03SED0510E 
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Location Plan of ENTLI No. 03SWB1297E 
 

 

 
 

Location Plan of ENTLI No. 03SWB1305E 
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Location Plan of ENTLI No. 03SWD2389E 
 

 

 
 

Location Plan of ENTLI No. 03SWD2394E 
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Location Plan of ENTLI No. 05NED1226E 
 

 

 
 

Location Plan of ENTLI No. 05NED1349E 
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Location Plan of ENTLI No. 06NEC0482E 
 

 

 
 

Location Plan of ENTLI No. 06SWA2031E 
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Location Plan of ENTLI No. 07NED0922E 
 

 

 
 

Location Plan of ENTLI No. 07NWA1717E 



38 
 

 

 
 

Location Plan of ENTLI No. 07SWC0554E 
 
 

 
 

Location Plan of ENTLI No. 08NEC1157E 
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Location Plan of ENTLI No. 08NEC1218E 
 

 

 
 

Location Plan of ENTLI No. 08NWD1139E 
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Location Plan of ENTLI No. 08NWD1142E 
 

 

 
 

Location Plan of ENTLI No. 09SEA1119E 
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Location Plan of ENTLI No. 09SEB1515E 
 

 

 
 

Location Plan of ENTLI No. 09SEB1824E 
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Location Plan of ENTLI No. 09SEC2556E 
 

 

 
 

Location Plan of ENTLI No. 09SEC2683E 
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Location Plan of ENTLI No. 09SED1900E 
 

 

 
 

Location Plan of ENTLI No. 09SWD1927E 
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Location Plan of ENTLI No. 09SWD1930E 
 

 

 
 

Location Plan of ENTLI No. 09SWD2715E 
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Location Plan of ENTLI No. 10NWD0626E 
 

 

 
 

Location Plan of ENTLI No. 10NWD0627E 
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Location Plan of ENTLI No. 10SWA0811E 
 

 

 
 

Location Plan of ENTLI No. 10SWC2137Ea 
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Location Plan of ENTLI No. 11SWA0362E 
 

 

 
 

Location Plan of ENTLI No. 11SWA0386E 

11SWA0386E 
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Location Plan of ENTLI No. 11SWA0388E 
 

 

 
 

Location Plan of ENTLI No. 13NEA2391E 
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Location Plan of ENTLI No. 13NEA2662E 
 

 

 
 

Location Plan of ENTLI No. 13NWA0964E 
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Location Plan of ENTLI No. 13NWB2254E 
 

 

 
 

Location Plan of ENTLI No. 13NWB2361E 
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Location Plan of ENTLI No. 13NWB2516E 
 

 

 
 

Location Plan of ENTLI No. 13NWB2517E 
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Location Plan of ENTLI No. 13NWB2573E 
 

 

 
 

Location Plan of ENTLI No. 15NWB0476E 
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