





Users need on Interpretative maps:
(1) Natural terrain stability (classes)
(i1) Terrain stability changes
- expectations as a result of man's activities
(i11) Prescribe Operability
- harvesting system/roads

A uniform approach to slope stability Hazard mapping is necessary:-

to evaluate the distribution of various stability classes

2. to transfer experience and knowledge from a study area to
similar but inaccessible or unstudied areas.

3. a means for communicating among managers, field personnel,
researchers and the public,

4. a framework for assessing management strategies and
predicting outcomes.

2.2 TERRAIN CLASSIFICATION FOR SLOPE STABILITY MAPPING

.. presentation by June Ryder

June, discussed the development of a data base for slope stability
mapping. She emphasized that a good data base is necessary to make
sound interpretations for the land manager. She, presented the revisions
to the terrain classification system. Specifically, a mapping system for
mass movement features. The primary use being for airphoto Interpretation
with field checks. Mass movement processes were discussed in detail (slide
presentation). The draft section (chapter 5?) pertaining to mass movement
and other slope processes was also reviewed (the update to the terrain
classification system will be published, shortly, by the Ministry of the
Environment, Terrestrial Studies Branch).



Summary: Discussion Questions (Q) Answers (A) and comments.

Rapid - does it relate to frequency or speed,
Speed - but it implies repetition of an event.

F can change to R, therefore both can be hazardous.
Yes - it should be noted in legend.

Maps can be cluttered
That is why we use letters.
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Re on site symbols: Some symbols are repeated for different
purposes and cause confusion.
A. This is a cartographic problem.

COMMENT - In industry rapidity is more important than detail and can
cause a problem.
A.  Then use a different type of line.

COMMENT - Use number subscript.
A. Letter associate with a process.

Review of definitions portrayed by symobls.

Q. How do we represent more than one process.
A. Can combine but would most usually use most spectacular event.

COMMENT - Lateral spread - we may never use; we need good examples.
- we need to keep in as there are these features in B.C.
- common along river banks.

Q. Where did debris avalanches go?
A. Combined with debris flow

COMMENT - We use avalanches often in forested terrain - steep failures
that keep going - expresses magnitude of failure.

A. if useful then we will include - need good definition,
(information to characterize or define debris avalanches
should be passed on to June).



COMMENTS - Debris flow and mud flow may be synonymous - separation by .

texture.

~ Japanese - torrent - 50% water 50% solids - but difficult
to determine.

- French used torrent for all failures.

- We will never get agreement on making the breaks.

- For management purposes we have to know how much debris
a creek can stand before it will flow.

- different processes have different impacts on forest
and fish values.

- should show accumulation in gullies, develop debris
torrents.

2.3 SLOPE STABILITY MAPPING SYSTEM

Discussion Chairman - K. Valentine

Introduction

Classification is only half the job - when you get classification
you want to delineate polygons on the landscape and map.

It is important that we be consistent and checkable

1) decide on classification (descriptive with synthesis or
interpretive)

2) decide on scale (not hierarchical but individuals on the
Tandscape)

Questions to be answered.

1. Intensity of survey and how we will check?

2. How do we get consistently to a polygon?

3. How do we deal with complexes?

4. What type of symbols and legends will we use? (have to consider
errors on the map and the time required to produce the map).
Reliability - how will we check and what is acceptable?

3 O

Do we want a provincial or regional system?
Where does Hydrology fit into the system?
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Bill Hicks: Landslide Hazard zonation and Risk Evaluation

- A short presentation outlining the techniques used on the Rogue

River National Forest, Medford, Oregon ( Appendix 4.24).

- Map scale 1 inch to 300 feet.
- Semi-quantitative to provide a sensitivity rating. At some

time, hopes to quantify the system.

DISCUSSION QUESTIONS & ANSWERS:

Q.
A.

Risk evaluation - how did you come up with the time factor?
Trying to prevent questions about it "failing anyway" from
coming up. To demonstrate that the time span will be compressed.

Are you assessing areas that are not active? .

Where clues are present we will rate but areas where they have
failed the steep old edges are most likely to activate.

Slope morphological changes also are considered.

We have to be site specific.

We separate rapid types from other failure processes,
primarily so we can communicate to managers.

What is different to the Charlottes.
Lithologic discontinuities - same.
Charlottes are difficult to deal with.
Would probably have a 3 class system

Is there a difference?
A big difference in the type of terrain between Northern
California and the Charlottes.

Jim Schwab: Interpretive Stability Hazard Classes

- brief slide presentation and discussion.

Three stability hazard classes used for long term planning

- direct forest harvesting Prince Rupert Forest Region

- cut control
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System applied at map scale 1:20,000
(i) TFL 24 by T. Lewis
(i1) TFL 2 by R. Frank
(177) Skeena West by J. Schwab

Three basic classes (Appendix 4.22).
1. Landunits with no problems.
2. Landunits few stability problems; sensitive to road
construction
3. Landunits active and recurring failures;
extreme mass wasting hazard.

A brief discussion as to the need for a uniform approach ensued.

Schwab: wuniformity required for:
- Section 88 evaluation
- to provide uniform interpretations
- to provide a means for communicating and transfering of
knowledge and experience
- to determine the distribution of various stability classes in
a management unit

Moon: argued strongly for a uniform approach citing the example of
soils mapping in B.C. The great diversity in soils mapping
has resulted in a "nightmare" situation. '

Note: R. Townshend in the Working Group on Hazard Classes and Interpretive
classes, presented his interpretive Units and stability classes.
His units are qualitative classes based on landform type,
material, texture length and steepness of slope, soil type, soil
moisture, landscape position and bedrock (Appendix 4.23),
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2.5 REGIONALIZATION

- Discussion chairman ..... T. Lewis

INTRODUCTION

Terry opened the session by indicating that regionalization can
go in one of two directions.

1. Regionalization based on the typeé of-mass’movements and their

relative frequencies/intensities.

- this requires inventories and regional knowledge

- Cartographic generalizations are required

- Lewis made reference to a paper by G. Eisbacher as an
example of this form of regiondlization

- another example - the Queen Charlotte Islands are
characterized as a region with shallow (rapid) mass
movements. Areas in the Interior may be characterized

by regionally occurring deep seated slump-earthflows.

2. Regionalization based on a hazard approach. With this approach,
Lewis identified a series of key questions:
i) What is there to move?

Rock . shallow unconsolidated material
-types - nature - texture
-structure -~ consolidation

i1) What contributes to movement?
- climate - water - total and intensity
- freeze/thaw
- unfortunately, many areas lack good climatic
information

- Vegetation - as an indicator
- Relief - local topography

~ physiographic regions

111) What is the trigger to movement?
- seismic activity
- wind
~ water
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What is/are the impact(s)? k
- fish, forest productivity, human improvements, human 1ife,

etc.

- there can be both positive and negative impacts

DISCUSSION POINTS:

i)

Regionalization was considered necessary for:
- compartmentalizing knowledge
- recognizing that processes differ from place to place.

for example, applying stability classes in a blind fashion
would or could have disasterous results
- research results should be applied within a suitable framework

- altering people when they move into a region with different

erosional processes.

2.6 RESEARCH NEEDS

Discussion chairman ...... Ted Baker

Ted opened the discussion by Tisting points he considered worthy

of further investigation.

i)

i)

iii)

iv)

Identification and testing of criteria

Quantification of criteria

- Using - natural breaks

- multiple regression models

Documentation and quantification of changes in stability with

Tanduse

- this could lead to a better predictive capability - probability
of slope failure with certain landuse practices

- this documentation and monitering work could investigate the
utility of new techniques (eg. multispectral scanners)

Mapping Methodology

- research should focus on standardization and simplification
where appropriate. This work should be user oriented
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v) Reliability
- methods to check reliability of mapping need to be developed
- some work is underway in the Prince George Forest Region.
vi} Regionalization
- due to the variability within the province, regionalization
is necessary as a framework for management and research
- research is needed to develop a sound regionalization scheme

vii) Role of Hydrology

- 501l water is one of the‘ﬁajor initiating factors of mass

movements, yet Tittle is known or can be gquantified.
viii) Process Research

- there appears to be a lack of knowledge at the mass movement
process level. For example - what are the processes leading
to the initiation of a debris torrent in a V-notch gully.
Qualitative knowledge exists, but quantitative knowledge is
needed inorder to develop sound land management interpretations.

ix) Computer compatability
- what options exist to gain a better understanding of mass
movements? ‘
X)  Mapping at detailed scales
- detailed mapping has been a useful tool. Could it help
resource managers make better decisions in unstable terrain?
xi) Deposits to identify mass movement hazards

- G. Eisbacher indicated the value in mapping and describing
landforms inorder to better understanding mass movements hazards.

- T. Lewis illustrated this point by comparing the relative
abundance of colluvial landforms in the unstable Coastal
Cedars Pine Hemlock Biogeoclimatic zone vs. the more stable
Coastal Western Hemlock Biogeoclimatic zone.

- detailed analysis of the depositional landforms could give an
indication on return intervals and other factors central to
identifying mass movement hazards. .

xi1) Debris in V-notch qullies
- this research area is similar to number viii. The question is -
what is the role of debris in V-notch gullies vis a vis the
generation of debris torrents or the magnitude of the events?
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xiii) Cartography
- what is the best manner for portraying stability information
to managers?
xiv)  Debris avalanche
- should this term be used to describe open slope failures?
- terminology in general use in the Pacific Northwest may
deviate from the international accepted standards
- terminology should be Tinked to processes and regional
use.
xv) Rehabilitation and mitigation
- what are the impacts of mass wasting? What can be done
along rehab and mitigation lines? The Queen Charlotte
Island. ""Fish/Forestry Interaction Program is working on
one aspect of this - impacts to forest sites and fish
habitat. Rehab work will be done to mitigate impacts.
xvi)  Engineering Technology
- what knowledge exists to reduce the occurrence or severity
of mass wasting? Where do we need new techniques? What can
be applied in terms of rehabilitation?
xvii) Lack of Trained Mappers
- what can be done to overcome this problem?
xviii) Impact Economics
- While this is a very difficult topic it does require
further work. Tt would shed 1ight on the "cost of doing
or not doing business".

Discussion developed as T. Baker went through the above list. Some
discussion point not covered above are:

D. Moon - should we consider inventories as research?
- the general opinion was that in many cases we need more baseline
data (inventory) before we can undertake sound, directed research.
The consensus was that the inventories should be undertaken in

a rigoreous fashion so that data can be adequately analyzed.
- R. Krag - any research into interpretations or mapping schemes must

keep the users in mind. What is necessary is to identify.
rehabilitation techniques and alternatives (technologies).
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General - impact assessment was considered important. It is
necessary to identify natural levels of mass wasting,
document acceleration, and impacts for both cases. It is
also necessary to identify what level of impact is accept-
able.

- there appears to be a need for a manual that identifies how
to successfully construct roads through unstable areas, and
how to maintain the roads in an effective manner.

- there was general agreement on this point.

3.0 WORKING GROUP REPORTS

3.1 Working Group A. - Mapping System - Chairman: Don Howes

The following proposal is not a mapping system but rather a frame-
work (or step by step method) for collecting base data necessany'%or
the production of a slope hazard map. Essential to this methodology
is the production of a modified terrain map using the Terrain Classi-
fication System supplemented by additional parameters established from
a mass movement inventory. It was noted that the various parameters,
their degree of importance and defining criteria will vary from region
to region. Thus, the group tried to identify the important parameter
(see below) although acknowledged that others could be added at the
discretion of the mapper. No attempt was made to establish the defining
criteria for the various parmeters.

Framework for collecting base data:

mass movement W terrain map |————p| additional data
Inventory )
factor map

factors. identifi
on hazard map

on site map

—» z s1ope hazard map
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Mass Movement Inventory

To be conducted prior to or during the early part of field programme.
2. Should involve: identification of failure types
distribution of failures
description of failures (e.g. slope, volume, etc. )
data should be collected on a standard data card
3. Data from the survey could be used for preparing an on-site symbol
map and for identifying some of the important parameters of mass
movements operating within the study area which could be incorporated
into the modified terrain map.

Terrain Map

1. Parameters that should be described on the terrain map include
texture, material type, form*, process, depth to impermeable layer*,
slope* and moisture regime*.

* The defining criteria for these parameters will vary according
to the region being mapped.

2. The following should be on the margins of the map:
a) purpose or the map
b) criteria used for establishing the parameters ;
c) notes directed towards the user explaining how the map
was produced, how it should be used, etc.
3. It was also recommended that a short report be written describing
the character of materials, processes and other information not
presented on the map, so that this infermation is not lost.

Additional Data

It may be necessary to present some of the parameters identified
under the terrain map section or other parameters that affect mass
movement processes on seperate overlays due to either the scale of
mapping or as the study area dictates. Other data that may be ne&essary
includes bedrock (types, structures) and climatic data (storm
intensities).
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The question of establishing a reliability rating for the terrain
maps was not discussed by the working group. It should be pointed out
that establishing such a rating is extremely difficult and that
several factors are involved in the process. These are experience
of the mapper, complexity of the terrain, accessibility (ground), time,
and quality of the air photographs. Many of these factors are
impossible to determine a quantitative value. Some suggestions include
a qualitative assessment by the mapper, identification of all polygons
checked in the field, and putting site inspections and traverses on the
map. Most of these however, do not provide a reliability rating but do
give the user some idea of how much of the area was ground truthed.

It was suggested that al] maps should’at least indicate ground checks,
transects, and helicopter traverses. No general agreement however
was established concerning map reliability and is an area that should
be addressed in the future.

3.2 WORKING GROUP B

Interpretive Hazard Classes - Chairman: Stephen Chatwin

The goals of the working group on Hazard Classes was to make
recommendations on a legend for soil stability classes, detailing the
"correct” number of classes, defining each class, as well as providing
recommendations on how the classification should be derived. Discussion
was vigorous, but only partially successful. The main conclusions drawn
were:

1. A soil stability map should be an interpretive map derived from a
terrain survey map. This provides a permanent data base upon which
the finterpretations were based, hence is preferable to a system in
which classes are mapped directly. Each stability map unit will,
therefore, be mappable, using conventional photo interpretation
and field verification techniques.



2. The physical criteria for each class must be determined on a
regional basis. For example, ti]] slopes on Vancouver Island may
be stable at 450, but failing on the Charlottes at 35°. A thorough
documentation of the criteria used to produce the stability map
should appear either on the map or in an accompanying report.

Where possible, a statistical treatment of existing landslides in
the area will define the criteria. Devising factor tables for
deriving classes is not recommended, as it will over-simplify the
situation. The system of using subscripts appended to the stability
class to identify the main terrain concerns was endorsed; however,
this could be very repetitive.

3. A "province wide" system of stability classification is preferred.
This provides a means of communicating about "common levels of
concern”. It also is a basis for making comparisons within regions,
so experience gained in logged areas can be transferred. Such a
system may also be useful to the MOF for cut calculations.

4. Arriving at a concensus on the ideal number of stability classes and
the proper definition of each class was difficult. The group felt .
that the system should be flexible enough to accomodate different
intensity levels of field chécking (i.e., the accuracy of the map)
as well as to accommodate the different geotechnical expertise of
the mapper (which is different from his soil surveying expertise).

The concensus was that the classification should be based on the
natural stability of the terrain unit, and not on expected induced instability.
However, predictions on how a unit will respond to a treatment could be
included in-a second column. For example:

Class Definition Implications
5 Extensive mass-wasting throughout Clearcutting or roadbuilding
the unit will Tead to increased land-

slide activity -

The disadvantages of a system based on induced instability are:
1) changes in technology or methods may date the map, 2) different logging
techniques in different regions would make the system less transport-
able.
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The concensus seemed to be that a two-tier classification might be
the best system. At the most general level, three classes were advocated:
dividing "extremely unstable" from "stable" with a yellow zone of "moderate
instability". Most expressed concern about the amount of Tost knowledge
with such a simple system. Therefore, it was advocated that for areas
in which detailed field checking has been done by a mapper with a good
geotechnical background, it was preferrable if Class IT was subdivided
into three sub-classes, thereby creating five classes.

Much further discussion is needed on the definitions of each of
these classes, and it was agreed that J. Schwab should organize a group
to resolve the problems.

3.3 WORKING GROUP ¢

Regionalization - Chairman: Robert Laird -
Report Prepared by: Scott Smith

Much of the discussion was circular. Do we need regions to facilitate
mapping and data handling, or, do we need more mapping and data analysis
before we can form meaningful regional boundaries?

Attendance at the working group was marginal, perhaps reflecting
priority-status felt for this topic.
The following are the main conclusions drawn from the discussion.

1. It was understood that the primary objective of regionalization would
be to develop boundaries of units within which one set of stability
class criteria could be applied. Since such criteria, or class
limits have yet to be formulated, the participants of the working

graup were not convinced of an immediate need for special slope

stability regions. While the concept of regionalization is valid,
the drawing of boundaries would be a time consuming job with
questionable returns.
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2. As work proceeds the boundaries of regions will become increasingly
evident. Establishing lines now might only create headaches in the
future. Our knowledge of regional slope stability conditions is
variable on a provincial scale, as is existing pertinent data (terrain
maps, biogeoclimatic/climatic data, stabi]ity'studies). The setting
of Tines at this time might be feasible in some areas, i.e. coast,

but difficult or impossible in others, i.e. northern interior.

3. Until such time that formal regionalization becomes imperative the
following steps are suggested. Common sense and past experience
coupled with existing regional data should provide a basis for
organizing or assessing present stability work. Regional subdivision

could/will be based on existing physiographic, biogeoclimatic/

climatic, geologic and administrative boundaries.

4. If province wide classes are to be formed, and these classes are to
be based on response to development rather than natural stability,
regions would have to address the questions of classification of

lands without commercial timber stands.

5. A committee to follow the needs and development of slope stability
regions might be formed. This committee, whose goal would be to
establish regional boundaries, could be composed of either represen-
tatives from a variety of interests, or, the job could be placed on
the shoulders of an appropriate government agency. In the latter
case, this agency should work in consultation with a use advisory
group.

3.4 WORKING GROUP D

Research Needs -~ Chairman: Dave Wilford

The research working group strongly endorsed the proposal te under-
take thorough inventories. The inventories should be done using a
standard descriptive card, or multiple cards that have a basic information
card. We recommend that currently available data cards be circulated with

the goal of acheiving a concensus at our fall meeting.
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With the inventories several points must be clear:

1.

2.

The

1

2

3.

4

5

The
T. Baker'
dollars,
research,
identify
meeting.

How is the information to be quantitative?
Who is to analyze the data and where will the information
be stored?

inventory will aid in:

developing a sound regionalization scheme

identifying the important factors for stability mapping <
identifying classes

developing interpretations

directing research

Research working group attempted to add detail and priorize

s list of research proposals. Unfortunately we got hung up on

staff, and differentiating "nice to know" from "need to know"
We recognized the need for all workshop participants to

research proposals. These could be tabled at a possible fall
We should focus on research to solve our problems. The

resulting list may be well beyond our abilities to address - but at
lease the research topics are identified. A broader circulation of
the Tist may well turn up interested people and funds.
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Appendikes 4.0

4.1 Workshop Agenda & Participants
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Appendix 4.1

SLOPE STABILITY MAPPING WORKSHOP

February 9 and 10, 1982
B.C. Ministry of Forests

1450 Government Street
Victoria, B.C.

First Floor Conference Room
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AGENDA
February 9/82:
8:30 - 8:40 Opening Remarks J. Schwab
8:40 - 10:00 Terrain Classification J. Ryder
10:00 - 10:15 Coffee
10:15 - 12:00 Slope Stability Mapping System ,
Discussion Chairman K. Valentine
12:00 - 1:30 Lunch
1:30 - 3:00 Hazard Classification/
Interpretive ‘Classification
Discussion Chairman D. Moon
3:00 - 3:15 Coffee
3:15 - 4:30 Regionalization
Discussion Chairman T. Lewis
February 10/82:
8:30 - 9:45 Research Needs
Discussion Chairman T. Baker
9:45 - 10:00 Coffee
10:00 - 12:00 Working Groups Chairman
A. Mapping System D. Howes
B. Hazard Classes/Interpretive
classes S. Chatwin
C. Regionalization R. Laird
D. Research Needs D. Wilford
12:00 - 1:00 Lunch
1:00 - 2:00 Working Group Summaries
2:00 - 2:45 Panel Discussion D. Wilford
g M. Walmsley
S. Chatwin

3:06 - Open Discussion



Ted Baker

Rob Buchanan
Al Chatterton
Steve Chatwin
Jack Cheng
Gerry Eisbacher
Ron Frank

Phil Gimbarzevsky
Bob Gerath

Don Howes

Evert Kent

Ray Krag

Robert Laird
Terry Lewis
Beve Maclean
Denny Maynard
Dave Moon

Terry Rollerson
June Ryder

Jim Schwab
Scott Smith
Bruce Thomson
Ron Townshend
Greg Utzig
Keith Valentine
Mark Walmsley
Dave Wilford
Val Hignett
Bill Hicks
Mark
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WORKSHOP PARTICIPANTS

Ministry of Forest, Research, Victoria
Ministry of Transportation and Highways
B.C. Forest Product, Crofton

MacMillan Bloedel, Nanaimo

Ministry of Forests, Research, Kamloops
Geological Survey Canada, Vancouver
Crown Zellerback, Sandspit

Pacific Forest Research-Center, Victoria
Thurber Consultants, Victoria

Ministry of Environment, Victoria
Ministry of Environment, Kelowna

Forest Engineering Research Institute, Vancouver
Ministry of Forest, Research, Vancouver
Consultant, Burnaby

Thurber Consultants, Victoria

Pedology Consultants, Victoria
Agriculture Canada, Vancouver

MacMillan Bloedel, Nanaimo

Ministry of Environment, T.S.B., Victoria
Ministry of Forests, Research, Smithers
MacMillan Bloedel, Nanaimo

Ministry of Environment, Victoria

Pearl Bay Geotechnic Services, Nanaimo
Consultant, Nelson

Agriculture Canada, Vancouver

Pedology Consultants, Victoria

Ministry of Forests, Research, Smithers
Ministry of Environment, Victoria

Rogue River N.F. Medford Oregon

Rogue River N.TF. Medford Oregon
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WORKING GROUPS

Working Group A

Mapping System

Place: 1450 Government St.
First Floor Conference Room

Chairman: Don Howes

Al Chatterton
Rob Buchanan
Ron Frank

June Ryder
Terry Rollerson
Mark

Working Group C

Regionalization

Place: 31 Bastion Square
2nd Floor Conference Room

Chairman: Robert Laird

Phil Gimbarzevsky
Denny Maynard
Bev Mclean

Scott Smith

Working Group B

Hazard Class/Interpretive Classes

Place: 31 Bastion Square
4th Floor Meeting Room

Chairman: Steve Chatwin

Bob Gerath

Bi1ll Hicks
Terry Lewis

Jim Schwab
Keith Valentine
Mark Walmsley
Ron Townshend
Ray Krag

Working Group D

Research Needs

Place: 31 Bastion Square
First Floor Room

Chairman: Dave Wilford

Jack Cheng
Evert Kent
Dave Moon
Bruce Thomson
Greg Utzic
Val Hignett
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Appendix 4.2

Interpretive Hazard Classifications
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Aprendix &.21
TERRAIN STABILITY CLASSES

MacMillian Bloedel - S. Chatwin
S. Smith

INTRODUCTION

Terrain stability classes are derived from data on surficial
material, landform, geomorphic Process, slope angle, texture,
length of slope, soil moisture regime, landscape position,

vegetation and bedrock properties. Based on the relative

importance of each of these factors, stability classes are
assigned. These classes are indicative of the natural
terrain stability which can be reduced by disturbances
such as road construction and logging.

TERRAIN STABILITY CLASSES.

Stability Class I

- No significant stability problems exist.

Stability Class II

- No significant stability problems exist.

Normal road construction and logging practices will not
significantly decrease the terrain stability.

Periodic maintenance involving ditch cleaning .is expected
due to sloughing along road cuts on roads constructed
through colluvial landforms.

- Minor slumping along the road cut can be expected on
. any road that traverses slopes greater than 30° on
morainal landforms.

Stability Class III

- Minor stability problems can develop.

Clearcutting should not significantly reduce the terrain
stability, but minor slumping and small debris slides
are expgcted, particularly where slopes are greater

than 357,

Minor slumping is expected along road cuts on roads
Crossing areas with slopes greater than 309, especially
for one to two vears following construction.

Sidecast material which forms slopes great
will increase the potantial for terrain fai:
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Stability Class IV

. Contains areas where significant terrain failures can
occur because of road construction. Wet period construc-
tion will significantly increase the potential for
failures. Terrain failures can occur if sidecasting
is allowed on units exhibiting significant soil creep.

. Minor slumping in clearcuts can be expected, especially
during wet periods after harvesting.

. A field inspection of thesé zones should be made by a
soils specialist prior to any proposed development-  in
order to assess the stability of the affected area.

Stability Class V

- Contains areas where significant terrain failures can
follow conventional clearcutting or road construction.
‘Construction or yarding during wet periods will signi-
ficantly increase the potential for failures.

- A field inspection of these zones should be made by a
soils specialist prior to any proposed development in
order to assess in detail the stability of the affected
area. Careful planning and supervision at all levels
of development will decrease, but not completely remove
the high potential for terrain failures.
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Appendix 4.22

Terrain Stability Classes
For Long Tern Planning - J. Schwab

~used by B.C. Forest Service, Western
Forest Products, Crown Zellerback

THE THREE CLASS INTERPRETIVE SYSTEM

The system was initially developed for use, (photo interpretation and
mapping) at a scale of 1:20,000. However, we feel the system may also be
useful at a reconnaissance mapping scale of 1:50,000.

Class 1: Llandscape.units that are predominately stable; no
natural instability problems

No instability Timitations to clearcut harvesting

Road construction requires an awareness of the potential
for induced instability on sensitive sites in the unit,
and also on adjacent units of higher instability (e.q.,
the concentration of surface runoff).

*Class 2: Landscape units that may show scattered evidence of in
unit natural mass wasting; and Tandscape units that are
particularly sensitive to slope disturbance by road
construction and yarding disturbance.

Logging systems must be critically evaluated as to ]
their potential for induced slope instability on the unit
and on adjacent units of higher instability

Road development is to avoid these units; short
unavoidable sections will require critical evaluation
and severe construction constraints

*Class 3: Landscape units that show clear evidence of recent and
recurrent mass wasting through out the unit. Mass
wasting is the dominant gecmorphic process

Mass wasting hazard precludes timber harvesting and road
development

* a subclass could be included to recognize landunits sensitive
to surface erosion. '
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Appendix 4.23
Terrain Stability Classes

Pearl Bay - R. Townshend

Terrain Stability Classes

- Five qualitative classes originate from considerations of inventory
data regarding the landform type, material, texture, length and steepness
of slope, soll type, soil moisture regime, landscape position, vegetation,
properties of the underlying bedrock and presence or absence of mass
movenments. The classes were defined, according to the extent and relative
importance placed on each of the above considerations, the existing literature
and past landslides within the study area.

- The classes were designed to identify the potential for road and/or
timber harvesting induced debris avalanches and debris slides. Most
large debris torrents are triggered by these two mass movement processes.
The classes do not specifically identify areas having a high potential for
large rockslides, although these features are discussed in the report.,
Small failures associated with road construction are also discussed but are
not the main processes considered in the classes. Emphasis was directed to
the potential for induced landslides which could have marked effects on
forest site quality and fish habitat.

- Stability classes are not a good measure of surface erosion hazard.
Specifically, this refers to the disturbance associlated with road construction,
maintenance and yarding. Users should refer to the terrain map and landform
descriptions if surface erosion becomes a major concern. Deep, fine-textured
deposits, situated where runoff concentrates have the greatest potential for
surface erosion and stream sedimentation.
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- The general criteria for assigning terrain stability classes to each
terrain unit, including the primary managemwent Implications, are outlined
in the following:

(a)

(b)

(e

Stability Class 1

- Terrain units having slopes less than 35 percent not adjacent

to steep, lower landforms. Associated with lower landscapes,
including valley bottoms, floodplains and also broad, gently
sloping plateaus and bogs. Most organic and fluvial deposits
fall into this class. ;

- No significant stability problems are expected.

Stability Class 11

- Terrain units having dominant slopes 20-50 percent, usually
associated with hummocky, benched or ridgetop landforms.
Includes gently sloping ridges or benched terrain adjacent to
or directly above steep topography such as gullies and bedrock
escarpments. Some units contain small pockets of steeper
terrain which cannot be separated at the 1:20,000 scale of
mapping.

- Minor terrain stability problems could develop and an awareness
of the potential for induced instability in small units is
required. Sensitive areas such as gullies, seepage areas or
adjacent failing units are main considerations.

Stability Class 111

- Terrain units having dominant slopes ranging from 30-70 percent,
primarily associated with colluvial deposits. Pockets of wet
soils, seepage areas and/or inclusions of steeper topography
and isolated gullied landforms are common. Most middle land-
scape positions fall into this class. No natural landslides
initiate in these areas, with the exception of small rockfalls.
Any large natural failures are triggered in the steeper terrain
above these units although debris paths commonly transect these
middle landscapes.

- Terrain stability problems could develop from roadconstruction
and/or yarding methods which do not minimize disturbance in
sensitive units such as gullies and seepage areas.

~ Clearcutting should not significantly reduce the terrain stability,

but minor slumping and small debris slides are expected, assoc-
iated with seepage areas and slopes greater than 40 percent on
morainal and highly weathered bedrock deposits and greater than
60 percent on colluvial materials. Gullies are the most sensitive



-36-

units.

~- Good construction practices will minimize the potential for
failing and subsequent erosion.

~- Site specific investigation is necessary to identify inclusions
of a higher stability class which usually occur on slopes greater
than 60 percent, in seepage areas.

(d) Stability Class 1V

- Terrain units havinp dominant slopes greater than 60 percent
and/or landforms associated with failing units or incised by
deep, steep-sided gullies. Most units occur om upper landscapes
on colluvial or bedrock landforms/deposits. Small rockfalls are
common but few large natural failures initiate in these units.

- Significant terrain stability problems could develop from road
construction and conventional harvesting methods. Contained
within these units, small areas occur where only minor problenms
could develop.

= Dry period construction, full benching, minimal sidecasting and
installation and maintenance of drainage structures will reduce,
but not eliminate the potential for failures. The most sensitive
areas are gullies, seepage areas on slopes greater than 60 percent
and previous slide units. Construction over extensive areas
greatly increases the potential for failures. N

— The relative importance of yarding disturbance compared to tree
root deterioration is not certain. It is conceivable that many
clearcut failures could be avoided through the use of harvesting
methods ‘such as skyline systems and/or helicopters. Conventional
high-lead equipment may also prove effective where additiomal lift
can be obtained with optimum landings, good yarding deflection
and the use of backspars or "scab-skylines" to reduce soil distur-
bance.

- Careful planning and strict supervision at all levels of development
will decrease but not remove the potential for induced failures in
these areas. Natural failures can be expected, especially in those
areas containlng evidence of prior imstabilicy,

(e) Stability Class V

~ Terrain units having dominant slopes greater than 70 percent,
associated with gully complexes and numerous recurrent failures.
Most large landslides are debris avalanches or debris torrents
although smaller debris slides and rockfalls are common. The
initiation zones of the deep-seated rockslides are also included
in this class.
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~ Significant terrain stability problems are expected from
conventional road construction and timber harvesting methods.

Interpretative Units

Prompted by requests from the Ministry of Forests to incorporate more detail
into interpretative maps and to reduce report length, a unique grouping of
terrain units was devised. The interpretative map legend was expanded, yet
retained the terrain stability class ratings and recommendations. EFach unit
wag assigned an individual terrain stabillity class. !

Users should find this new format easier to understand and apply with ref-
erence to this report. Note that groupings are unique to Tartu Inlet.

With slight modification, this same format could be applied to other water-
sheds. ‘

Nine units are separated according to terraln features summarized in Table 3.
Since most natural failures initiate in steeply sloping Units 3 and 4, the
potential for induced failures is considered highest in these units. The
largest landslides-induced or natural, are expected in the gullied, steep
terrain of Unit 4. Induced fallures are also a concern in Units S and 7
depending on terrain features and potential impacts. Site specific invest-
igations are necessary to evaluate plans in areas having Terrain Stability
Class ratings of 111, IV or V. Table 3 summarizes terrain data for each

- interpretative unit.
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Appendix 4.24

TABLE 1:

Landslide Hazard Zonation and Risk Evaluation.
Rogue River National Forest - Bi11 Hicks

LANDSLIDE ACTIVITY LEVEL DESCRIPTIONS

A\

/A

A

/N

VN

/\

ACTIVE

SUB-ACTIVE

POSSIBLY

ACTIVE

DORMANT

INACTIVE

ANCIENT
INACTIVE

Currently active or active in the very recent past. May have
fresh scarp or cracks. Leaning trees may indicate recent
movement; i.e., straight, healthy conifer leaning from the
base indicates recent movement. Broadly-bowed, living conifer
indicates movement over a period of time. Hummocky terrain,
terrace~like slopes not deeply weathered may indicate recent
movement.

Movement occurring periodically, landslide features more
weathered (e.g., flatter slope to scarp) than « Leaning
or bowed trees may indicate no very recent movement; i.e.,
temporarily dormant.

No clear indications of recent movement. Landslide features
not so heavily weathered as to indicate long-term stability.
More subtle features often without obvious scarps or cracks.
Possible low, constant creep rate; i.e., currently creeping
at rate sufficiently slow that obvious cracks do not form.

‘No active movement within recent past. Landslide features

moderately weathered. Only larger trees show indications of
movement. Conditions (i.e., parameters of stability such as
slope angle, shape and area of influence zone) make reactivation
possible.

*

No indication of movement within recent past. Only oldest
trees show indications of movement. Landslide features well
weathered and revegetated. Interpretation (i.e., location
and form) may be only from topographic ﬁap or aerial photo-
graphs. Field eviderice for this type of landslide is
difficult to interpret.

Ancient features, which are easily discernible only from
topographic map and aerial photographs. Field indications
obscured by weathering, erosion and revegetation. Very
low risk of reactivation. Creep rate, if present, is too
slow to visibly affect tree growth.

A S

o=
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HAZARD LEVEL OF 2Z0NES .

Zone which includes active landslides or actively gutting
channel and/or includes the portion of the influence zones
directly impacting the landslide or channel; i.e., the
portion of the influence zone believed to require as much
caution as the landslide or gutted channel due to instability

and/or impact on the landslide or gutted channel.

Zone which is slightly less sensitive than the zone.

Often adjacent to or within the influence zone of an area

of active landsliding. This hazard level used for type Ziéx
landslides and portion of the influence zone directly impacting
the landslide when other factors do not indicate greater

instability.,

This zone may be determined by proximity to active land-
slides or by potential for impacting active landslides. It
is used for typezfik landslides and their immediate impact
zones. Additional key parameters are percent slope ééd
position of the zone on the slope (i.e., proximity to
creeks or drainages). Some zones delineated by specific

combinations of hazard parameters.

This zone usually does not impact active landsliding area
except from considerable distance upslope. Applies to type

landslides and their immediate impact zones.

Most stable zone. Rarely located in an influence area of
active landslide. Applies to typelfixlandslides and their

immediate impact zones.

TABLE 2
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EXAMPLE RISK EVALUATION AND POTENTIAL IMPACTE

% CUT POTEN-
(LOGGING) TIAL (2)
———— 0% 50% 100% IMPACT %
HAZARD (NATURAL (SELECTIVE, (CLEAR- CUBIC ;
ZONE CONDITIONS ETC., CUT) cuT) YDS. ‘
(LEVEL) ACRES -
! |
t :
N% (1) 10,000 ;
1 50 - 80% 80 - 90% 90 - 100% 4 :
]
5,000 i
2 40 - 60% 60 - 80% 80 - 90% 2 !
2,000
3 30 - 40% 40 -~ 50% 60 - 70% 1
< 5,000
4 15 - 25% 20 - 30% 40 - 60% 2
~
, 8,000
5 10 - 20% 15 ~ 25% 20 - 30% 3
=Z-> 50 - 500 5 - 10 5 - 10
TIME Years Years Years

TADI = o

(1) 50 - 80% risk of landslide activation;
under natural conditions activation may
not occur for a long time period,

or may

occur during a long time period (50-500 years)
but with impact can occur post-cutting and

pre-regrowth (5-10 years)

(2) Impact listed if for one alternative only
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Appendix 4.3

Landslide Data Cards
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MacMILLAN BLOEDEL LIMITED
L.U.P.A.T.
Landslide Inventory Form

STide number Collector Date

Location Air Photo Number

SHAPE
Slide type: (DA, DS, DT, RF, Sp) Slope position: (top 1/3, middle 1/3, bottom 1/3)

Aspect: Elevation Proximity to qully: (metres)

Gully form: Orainage area above slide: (ha)

Drainage length above slide: (metres)

MATERIALS

Terrain Classification:

Bedrock type: Soil texture:
structure: depth:
competence: moisture:
SLIDE |
Slide length: (metres)  Slope origin: s
width: average:
depth: : run-out:
volume:
Stahility class: Year of slide:
Stream impact: (% of volume) -

Post slide erosion: (none __ minor gqully _ major gully recurring slides )

Revegetation: (excellent moderate fair poor )

FACTORS

Forest Cover: Habitat type:

Development: (clearcut partial cut road natural )

Hillslope Condition: suyrface seepage _ jackstrawed trees creen slump tervaces___

tension cracks cld slides turbic soiis pistol butts

gther:

Roads: Tacation: (below slide above slide thru slide_ )
ditches: (y, n) condition:
side cast: (large vol. small vol, none )
culvert discharge: (y, n) construction: (shovel, cat) b
Date:

Logging: Date: Type:

COMMENTS : Sketch:
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SITE DESCRIPTION

RESEARCH Branch,  B.C. FOREST SERVICE

8) ASPECT wococeeen 4) SLOPE TYPE womeecccoccean g) BEDROCK COMPOSITION wmccmoocmmcmmccmcceee
b) ELEVATION —weee- n o) SIOFE POSITION —cvcmeenn - . FORMATIOR m e e
[+] o
©) SLOPE mees (ccem ) £) SLOPE LENGTE —ocememems n JOINT DENSITY coomecmeen DIP e o
L) UNCONSOLIDATED MATERTAL e e oo ROOTING ~ DEPTH wwen- cm SOIL GREAT GROUP mweccme-n-
TEXTURE ;e DEPTH cccmeee - ~ ABUNDANCE = e SOIL STRUCTURE w-vcecccunow
DEPTH OF WEATHERING e n e SIZE e e
1) DRAINAGE - LANDSCAPE POSITION covoom oo - 3) VEGETATION = TREE meoo s o oicccccccmce e meem
SOIL DRAINAGE CLASS e oo e — CONDITION m oo TYPE mmeeecmmm e o
SOIL PERVEABILITY commmmce e i e o o ——— SHRUB o e o et e e e e e e s i e e e e e e e
SIBSURFACE PIPING o e ce e m ——— HERB mm e m e e e e o e 0SS ~.-.%
DESSCRITION OF RROSION s) TYPE T TP
b) SIZE wmeees X cemeeem B X memen m o) PROFILE ° -
©) FAILURE PLANE womoeo oo
d) ASSOCTIATED WITH e oo
REFERENCE
. NOTES
CARD KUABER —wcws A COLLECTOR wemecmm v - DATR wevmmceem
LOCATION « LATITUDE wemeccmeeee FATERSHED o e e e e
LONGITUDE wmommmeae REGION e e e
MAP NUMBER s e — AIRPHOTO NUMBER w- oo mcem e cemms
DATE OF OCCURFENCE mem e oo —
REGIORAL INFORMATION
CLIMATIC .~ PRECIPITATION woee-_ e e e e o e e e e e e e
- WIND covmew —— e e e o e et e ot e e
SEISMIC mommee ————— e e e e o e e e e e e e —
O R o e e e e e e e e e e e -—
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From: Bob Pack - Slope Stability Data Collection Manual __. . i e m
froj. ID Site No. Date(Y/M/D) .
Location o
NTS Sheet Lat. ° ! S Long. ° ! N
Flight Line _____Photo No. X Y Elevation * m
Mainline Branch Mileage

KATURAL HILLSLOPE .

Slope above below Moisture ‘Regime Zone
Terrain Class Seepage: nome min  wmod consid
Thickness Soil Drainage
Rel. Dens. ‘|Drainage Pattern :
% Stones Erosion: sheet rill  gully wind
% Cobbles . slight mod severe
% Gravel A O O I i R T PR AR
C.Ffrag.Lith. Bedrock Type ™
Unif. Class. Structure Type S D Int.
Sample # parall horiz into out subparall
Description Weathering Consist
Total Depth to Comments
Weathering Depth O R R R T IR

R R R R R O A R G O R R A A
ENCOMPASSING TERRAIN UNIT

PP TP TETEEIIEETETTITT DEOTDDE

- X

T

ey

ASAEIEEEEX

Root Depth Tree Type

Slope Processes: none snow aval creep
dry ravel dry creep flood mess-move
Indicators: none J-trees jackstraw

- bow trees exp.roots morph
HAARAKRARIARRAAR R ARKKARANK A KA RARK AR AKX

Comments:

LONGITUDINAL-SECTION CROSS-SECTION

Scale Scale

roll no. photo no scale
i FAILURE OF NATURAL SLOPE ROAD FAILURE
Type Type: fil1l below £fi11 cut above cut
Length Width Depth Shear Surface
Volume Vertical Drop T Length Width Depth
Headscarp °Midslope °Toeslope °{Volume Vertical Drop
Cross Profile: conc conv straight Headscarp  °Midslope *Toeslope °
Shear Surface ' |Fillslope length ) angle °
Stability: dinact sl.act mod.act active|Cutslope length angle °
Scarp Face Mat'l: dry moist wet Road Width Grade
Slide Debris: dry moist wet Road Type '
Erosion: sheet rill  gully wind Prism Type . .
slight  moderate severe Water Control none poor adeq good
Date of Failure(Y/M/D) Culvert Type Cond.
Date of Forest Harvesting Ditching Type Cond.
Method: cable tractor . Accelerated Erosion: sheet rill gully
_{Distance from top of cut slight mod severe
Photo roll No Cause -
Cause
Comments Comments

Miscellaneous Notes
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