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1. INTRODUCTION

The Sediment, Hydrology and Mass Wasting Steering Committee (SHAMW), with the
Department of Natural Resources (DNR) acting as the contracting agengy, entered into an

agreement with Golder Associates Inc. to provide guidelines for the ation of mass
movement on forested land. Our proposal dated January 25, 1991, g ted our technical
and philosophical approach to the project including the delineat] a seParate work

ethods for
a field

phases. Phase 1 was proposed to consider primarily the developy
slope stability hazard assessment. Phase 2 of the project was intended to'd
verification method for the assessment methods and to dgdelop a demsion
methodology. i

.:h- recomumendations for

This draft report presents the results of the Phase %5 fid
place between Golder and

the second phase. Although significant interaction
various SHAMW, DNR and forest company representa ust be recognized that
certain decisions with regard to the style and degree of im ntation of the
methodologies presented herein can urggzﬁﬁgmade by the ultimate users. Within this report
we have pointed out where further input from SE KDNR is required to select among
viable alternatives before the final produ@"i%gde veloped.

S
The specific objective of Phase 1 of the prO]
provide methods to 1denullem,;ate potential site
associated with proposed.ior exi
methodology for collecting’
preventive road manageme
we have: ‘

it sPeu.ﬁc slope stability problems

forest roads, including an objective and accountable
filzing road system information that encourages
Hicting the Phase 1 program to meet this objective,

.
. | interviews fith technical personnel

v D ped the preliminary slope hazard assessment data sheet and manual
*’ﬂg ‘Drafted a de tailed slope hazard assessment data sheet and manual ‘
. %ﬁﬂlg recq xmendations for implementing the assessment

For ease of r re wthe report has been structured so that Sections 2 and 3 summarize
background infofmation collected from an extensive literature search, by way of an internal
technical forum, and through interviews with forestry personnel. Section 4 describes the
rationale behind the development of a two stage slope assessment methodology. Sections 5
and 6 deal, respectively, with the preliminary and detailed slope hazard assessments.
Section 7 summarizes several alternatives for the application of decision analysis techniques
to the preventive maintenance of forest road systems. A work plan for Phase 2 of the
project is outlined in Section 8 while Section 9 summarizes the salient points of the Phase 1
study. Supplementary data and draft assessment sheets and companion user’s manuals are
contained in Appendices A through G.
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2. RESULTS OF TECHNICAL FORUM

A technical forum involving 14 participants was held in Redmond, Washington, on May 6,
1991, and included SHAMW members, a representative from the Wa on State
Department of Transportation and Golder project team members. T, topics covered
during the technical forum included: 1) SHAMW goals for implen a hazard
assessment system and 2) operating requirements of a system d
Minutes of the meeting are presented in Appendix A.

Based on discussions at the forum, it was stated that a p#itaa ' in
developing a hazard assessment system was to have : and technica]l_v defens‘ble

methodology for forestry road managers. After impf
inevitable slope failure, the managers will have a bona

decisions which were taken relative to the site which ©
secondary objectives for the hazard assessment system
following;:

" the faiture, Some of the
ere discussed included the

« Apply to old and new road

« Apply to all mass movement wit

stability-rel parameters (i.e. surrogates) for all

. .The imren%ﬁ( must be flexible enough to be

d 8t a variety of scales (eg. specific road, drainage basin
..

« Develop an inve

D e

assessed road SETTHETS

« Direct road managers to give greater attention to higher "risk" road segments (i.e.
targeting function)

In addition, the ultimate system was to be functional, user friendly, verifiable and have an

expandable data base system that could be readily updated. It was agreed that the system
would exclude road construction or material source development.

Goider Assoclates
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The SHAMW committee representatives at the forum also developed the following
prioritized list of consequences that should be considered in a decision analysis system:

+ Environmental: proximity to streams, wildlife habitat, fish sp
botanical species, type of material, existing stream quality,
fisheries.

egies (ranked),
m category and
+ Safety: road traffic/recreation, dwellings and utilities

+ Political issues: credibility to the public and regilators as stewards<f the forests

» Clean-up costs: proximity to waste/borro
required resources (equipment type), weé

i
* Loss of Product: size of failurej loss of resource, loss'of access, service area, timber
and non-timber resources. ;
The forum participants concluded that it : Sa1 ?o conduct interviews of the
SHAMW members’ techrucal and professional sfaff to collect insight covering several topics

discussed at the forum. Th
hazard assessment systemi 3 method of implementation.

Golder Assoclates
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3. SURVEY OF TECHNICAL STAFF AND LITERATURE

3.1 Interviews

Golder conducted a survey of eight representatives of companies
forest management in order to help compile a list of data that ;

of Natural Resources (DNR), Weyerhaeuser, Plum Cre
The interview questions are included in Appendix B.

During the interview process, the following advan!
assessment methodology were offered to Golder:

+ Beneficial to transfer informati

« Strong interest in an imrentol%
with construction history,

. Dn%@ﬁfﬁm maintenance workers to use any type of data collection work sheet.

« Not able to improve on current methods for preventing or fixing stability
problems.

+ Very difficult to collect the necessary data to build a comprehensive data base.

» Risk/hazard rating system would supply the regulators with more ammunition to
"hammer” or, at a minimum, slow down the industry.

« Concern that regulators who use such a system may be inexperienced and
extrapolate the system beyond the confidence of the input data,

Golder Associatos
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A summary of the technical forum and the responses to the interviews was presented by
Golder to the DNR annual engineering meeting on May 23, 1991 held at Winthrop,
Washington. One of the key observations at the meeting was that the inventory aspect of
the project would be very beneficial to forest road managers in that it would document
historical events and systematize the collection of basic data relative hazard potential
along forest roads. Concern was voiced about the decision anal of the project in
that the regulators might rely totally on the recommendations pa# by the system and
not have the flexibility to make independent site specific judg

3.2 Literature Search

In addition to the interviews, we also completed 2 v
mass movement on forested slopes in the Western Uiy ates and Canada. This review
further enhanced our understanding about the site ¢
movement on forested slopes. In summarjr, the followin
the literature:

+  Descriptions of several studie}”m rvent
the conclusions concerning the fre
management in response to the 3

« Lists of the king ation that ¢
potential damage. :
+ The DNR's ot dine R ﬁnned Hazard Zonation including:
-
- ﬁ;gggng the current slope hazard rating system

relop and/or add 5t alternative systems of zonation,
ipare current systems’ validity, verifiability, replicability, flexibility,

esults, appraise potential for adapting to GIS, explain changes to
tion system.

. Curf%ﬁfmethods used by the Washington State Department of Transportation to
identify and mitigate slope hazards, including the data sheet used for input into
the expert system depicted on the system flow charts.

+ A reference to 43 landslide inventories in northern California, Oregon, Idaho,
Washington and Canada. Topics included:

- Area involved in landslide

- Amount of sliding occurring as a result of roads and timber harvest
- Opportunities for control

- Methods for quantifying potential

- Impacts and recovery from mass movement

- Recommended database needs for future landslide inventories

The complete listing of our literature review is included in the bibliography of Appendix C.
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4. DEVELOPMENT OF FIELD ASSESSMENT METHODOLOGY

4.1 Assumptions

In order to develop the field assessment methodology, it has bee
multiple assumptions with regard to the nature of the road systém:
the magnitude of stability problems, the types of available data s qualifications
of the field personnel who will undertake the assessments ;
been made are based on our understanding of forest ites gained from the'interviews,
our previous experience and the technical forum prog
discussed below:

+ Qualifications of Field Personnel: It is exp
two levels of expertise will perform field asses
program, we have deemed these individuals as

generalist is defined as a person with extensive fores
a maintenance capacity, but usually wi

t personnel forming at least

For the purposes of this

alists" and "specia]isu". The

road experience, usually in
iout formal training in the geological or

: category represents a geologist or geotechnical

engineer with suitable experience inthe evatuation of slope stability for roads.

......

* Character of Road System: Field assess
elements or corridorsin the form of ‘existing roads or P-lines for proposed roads.
| xﬁj,leded in a traditional plan-view mapping format for

The objectives o fthe field assessment stage are as follows:

* To systematize the data collection procedure so that data quality is as uniform as
possible.

+ To collect geotechnical data in a "surrogate” form appropriate to the qualifications
of the field personnel.

+ To facilitate implementation at whatever level the agency or company desires
(specific road, drainage basin, district etc.)

Golder Assoclates
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* To act as a targeting mechanism so that attention is directed to those critical areas
requiring more study.

* To be compatible with existing data base resources (GIS systeg
amenable to computerized storage, analysis, retrieval and

» To be field verifiable.

+ To serve as a field inventory of historical problems along fores
transfer experience to successive road managers:.

+ To facilitate prediction of future stability
decision analyses for maintenance mana

43 Methodology

To facilitate the assumptions and objectives discuss
stage system for slope hazard assessment, The prel
rapid evaluation exercise of a general road
and to be carried out by generalists. The inary assessment will serve as a screening
mechanism for a large amosfit'of data that will target those critical areas that require more
study in the form of a defailed stability assessment. The latter would®be undertaken by
specialists and would wire thorough evaluation of segments or sub-segments
defined in the prelin: _The following sections discuss the specifics of the
assessments.

irifary assessment is intended to be a
‘subdivided into relatively large segments

SR,
COITTPINS
e
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5. PRELIMINARY SLOPE HAZARD ASSESSMENT

The purpose of preliminary slope hazard assessments is to provide a systemaﬁc approach
for non-geotechnical personnel to collect information relevant to failu
performance, site geometry, water conditions and material strength
assessment is assumed to be carried out by field personnel with li
geology or geotechnical engineering. The information will be 1

slope hazard assessment data sheet, Appendix D. This data is @ along
ensﬁng’pmposed road segments or at specific failure sites. The informatte serve as a
"screening tool” to help concentrate the efforts of land (e Operations
and geotechnical specialists to areas of historical or parficiil i . Itis our intent

to use the preliminary information to provide a ra
weighted values applied to specific items of the da

The first draft of the data sheet was presented to the technical forum on June 14,
1991, to discuss the content of the data sheet possible
work. § L'

preliminary slope hazard assessment user’s
he final draft of the manual will be provided
:d. An outline for the preliminary slope
hazard assessment data shgﬁ%@;rs manual‘ﬁ,ﬁg;luded in Appendix E. We expect the
preliminary data sheet to'be : : 1

during the second phas of thi

We also began to draft pertinent sectio |
manual that will accompany the data sheet

Golder Associates
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6. DETAILED SLOPE HAZARD ASSESSMENT

6.1 Objectives

The purpose of the detailed slope hazard assessment is to provi . on evaluation
approach for a "specialist” trained in earth science or geotec :

mass movement on a given slope or to build an informa ion base on exisf
movement. The potential for failure will be evaluated

+ Easily obtained background information

+ Existing site specific information N
+ Slope hazard rating (from the preliminary as
* Detailed geotechnical information

. These guides have provided a basis for the
"Road Surveys - Information Needs and

proposed detailed assessment; for refere' :
ork Plan by Brunengo, 1990".

Slope-Stability Hazard Zonation Pilot Proj __
d assessmient data sheet is supplied in Appendix F.
is included in Appendix G.

A first draft of the detailed‘&fo
The outline for the co

' S
6.2 Philosophical Approach

During our-delibera ﬁiﬁf tailed slope hazard assessment methodology, it became
apparen&{ﬁ?ﬁ%;jdi&ﬁnd approaches were possible. In the first of these, the specialists
collect-data with ayiew to the typical cross-section for a field designated road segment. In
the s@éﬁﬁ’zﬂtem%ﬁéﬁam is collected in a more traditional plan-view mapping format.

For the

rposes of the discussion which follows these approaches will be termed the
"cross-section’ and “map” formats. The concepts and advantages and disadvantages of each

in the following discussion.

6.2.1 Cross-Section Format

Using the cross-section format, the detailed hazard assessment methodology would be an
extension of that for the preliminary assessment. The implementation is envisioned as
follows. Based upon the preliminary assessments, a series of road segments are targeted as
"high” hazard intervals requiring further study. This would trigger the detailed assessment
to determine the relative priority of the various segments and to plan cost-effective
remediation strategies. After review of the preliminary assessments and any available
background information, the specialist carries out a field evaluation of each segment. The
initial focus is to review the appropriateness of the segment definition. If unsuitable, the

Golder Associates
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specialist subdivides or otherwise reallocates additional subsections and completes a
preliminary hazard assessment sheet for each new subsection so defined. The reallocation
would probably relate to the specialists’ better appreciation for the aerial distribution of
contrasting geologic units which the assessor should document by wayeof a corridor map
for the road segment. For each of the new subsegments, the specialigt g#
additional information based on the detailed hazard assessment st r this format, as
presented in Appendix F, Alternative 1. The specialists’ skills w, uired to make
certain field judgements as to the "controlling” stratigraphic, geal
strength conditions within the subsegment. This data is then entered
an "automated" determination of the relative probabiliti i
failure modes. These probabilities are then analyzed
consequences of failure to determine the "risk” of fail
alternative remediation schemes as discussed in Se 25

6.2.2 Map Format

Using the map format, the preliminary hazard assessment will be used as a screening tool
that directs the specialist to the approprigte road systesidocations requiring further
investigation, The specialist will use any pertifient infermation on the preliminary hazard
assessment forms, however, the specialist wiil be free to disregard the previously selected
segment boundaries. ff"ﬁ; o

-

o
8t:10 select and obtain a base to use in mapping. This
erial. photograph, orthophotograph or a topographic
en to engure that the base map is compatible with the media
used in any central compil of data such as a GIS system or photograph overlay
system. Once the base for mapping has been selected, a corridor map will be prepared that
re distribution of engineering units (consisting of groups of one or more

similar engineering properties), surface hydrologic characteristics and

landferm types, particularly those related to slope stability. During this process information
ollected on the thickness of each engineering unit as well as index engineering
properties such'as selative density, stiffness, gradation, and plasticity. A first draft of the
detailed assessmient sheet for the map format is given in Appendix F as Alternative 2.
5 5

This format requires o
base may be a conventiona
map. Care will need to'be

After the field data have been acquired other pertinent information such as other geologic
mapping data, climatic data, and vegetation mapping will be overlain on the field mapping
data and road segments will be defined based on the similarity of hazard conditions (this
may also be defined in the field based on the mapped data alone). Once the segments are
located, representative cross-sections will be drawn for each segment. This data can then
be entered into a data base and relative failure mode probabilities determined as described
in Section 6.2.1.

Golder Assoclates
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6.2.3 Discussion

The advantages and disadvantages of each format for the execution of detailed slope hazard
assessments are presented below:

Cross-Section Format

» Advantages

- Segment allocation is correlative between
assessments.

- All data is collected in a format ame

- Field assessment is rapid and many key ded

- Presumes that the spf:t:'iaulif.g;'i
subsegments in the field based on. the
relatively quick appramal of ':_:;

« Disadvantages

o 'Ggeruzahon of geologic conditions in

- Requires a significant .”
1€ Wnent with a limited number of parameters.

order to

Map Format

. ' .of segments and development of cross-sections in the detailed
assessn%,ls more rigorous and can be documented.

- Segment allocation is not correlative between the preliminary and detailed
assessments.

- The map data collection effort is less systematized and may be less amenable to
automated processing.

Golder Associates
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At this stage of program development, Golder has not had the opportunity to discuss these
alternative formats for the detailed field assessments with SHAMW members. For the
purposes of this Stage 1 report, we have presented both options as a basis for further
discussion during Phase 2 of the program. One of the primary issues which the SHAMW
members should consider in this context is the ultimate use of the daff, $pecifically whether
a decision system is to be incorporated in the final product. Sectigff 7.8 discusses possible
systems based on our understanding of the project gained d

Golder Assoclates
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7. DECISION ANALYSIS SYSTEM

Several cptions exist regarding the decision analysis methodology to adopt for this project.
The appropriate option to select depends on the specific application as the
available analytical resources. The possible applications consist of th

+ Development of a slope inventory, with a "rating” defs
rating would indicate the level of concern for each sloge:
inventory would allow for a rough prioritization of the attenti
slope. The highest rated slopes would subsequently be treated i inds ually in the

"standard" way, e.g.,, investigation, analysis ig

based on either "hazards" or "risks". Thé hazar ing would indicate the
probability of various types of failure modes gceurring, whereas the risk rating
would indicate the probability of various types.f ﬁ;[ure modes occu.rnng in

in aﬁ“ﬁe schemes. A decision methodology

could be developed which would'select the appropriate design/maintenance

alternative for qu&ﬁ?zge based o 6 most cost efficient minimization of the

risks i __.:»-. {y subject to b 'w tﬂl‘f constraints. This would require an

: iated with each slope, i.e., the probability of various

ng and the potential consequences if such failure

an assessment of the cost effectiveness of available

nee alternatives in reducing those risks. Such "risk management"

ould be apphed to ual slopes or to a set of slopes. For a set of slopes, the
efficient program'in reducing the risks associated with all of the slopes

:Ezmmtﬁed for any specified budget.

imed that &j‘esources for implementing the selected decision methodology are

eia to the availability of technical "specialists”. Hence, the
methodology ‘should strive to make the most efficient use of technical specialists, using less
specialized staff (ie., "generalists”) as much as possible. It is thus anticipated that the data
required to conduct a preliminary site hazard assessment will be obtained (primarily in the
field) by generalists. Based on this information, the hazard (or probability of various failure
modes occurring) will be inferred through established algorithms. Depending on the
spedﬁc application (as discussed above), as well as on the availability of technical specialists,
the primary options for subsequent steps are as follows:

+ For optimizing the design/maintenance activities for an individual slope, the
primary option is whether to conduct site consequence assessments before or after
the detailed site hazard assessments by the technical specialists. Such site
consequence assessments can be largely conducted by generalists in the office.
Based on site consequence assessments, some slopes may be screened out and not

Golder Associates



[une 28 1991 14 913-1121

require a detailed site hazard assessment, thus reducing the amount of work
requiring technical specialists. A secondary option is whether to: (a) explicitly
assess the cost effectiveness of the available desigrn/maintenance alternatives the
(by the technical specialist) in order to calculate the probablegonsequences of

each alternative as the basis for deciding among them; or @) k#iplicitly evaluate
the available desigr/maintenance alternatives and to se best alternative,

sible decision

based solely on the judgement of the technical spe
approaches for this case are illustrated in Figure 2. ™

+ For optimizing the program of design/mainte
the primary option is whether to evaluate spi
all possible programs. In the first case, the
consisting of a specific activity for each §i
explicitly evaluated in terms of the probable &
over all of the slopes. The program with the
is also within budget, would then be selected. cation of the various
programs and the assessments of the probable conse

gifce activities for
* programs or to optimize among
alternative programs (each
identified and then

quences for each activity for
iscussed above) would involve significant effort by
technical specialists. In the second case, the cost effectiveness of each activity
applied to each slope would d (primarily by technical specialists, as
discussed above). This cost effectiveness would be expressed in terms of the
change in the combified consequenges:over all slopes. The optimum combination
-each glope can then B¢ determined automatically for each budget

level (or othef | constrained optimization routines. This part would
not requirétechhical specialists, although they should review the results. The
possible decision approaches for this case are illustrated in Figure 3.

The decision approach selected will in turn determine the appropriate type, quality and
quantity of information which must be obtained. It is desirable to collect and process as

little inférmation as possible, especially from the field, to minimize costs and effort.
Howeyer, in order to make better decisions, it is desirable to use as much information as

possible.. Clearly, tradeoffs must be made between these two objectives, so that the
optimum amouni of information is obtained and used.
G

.
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8. WORK PLAN FOR PHASE 2

8.1 Scope

The following tasks are proposed for consideration in Phase 2 of

Task 1 Internal Technical Forum

A second one-day internal technical forum will be held 6 :
Detailed Slope Hazard Assessment forms to a cross-s
representatives. Specific discussion of the Detailed 4
with guidance relative to the format in which spedal
The forum should also examine the ultimate implemen
to which decision analysis should be incorporated.

Task 2 Field Verification

Hazard Project:

nary and

be uﬁ]ized to collect field data.
of the program and the extent

) tegral to the development of the
hazard assessment techniques which wﬂl% is proposed that a two-day
workshop be held at a forestg camp in pro: to a road system with a range of stability
and forest conditions. The‘workigession would be organized to have all participants,

Sefits ate an interval of roads through the Preliminary Slope
Hazard Assessment foim&r Referring'to the manuals, these assessments will be compiled
and compared in an open identi wealcnesses or ambiguities in the process, forms
and manuals. Having con Preliminary Assessments, a set of Detailed
Assessments would be ca ,_m by specialists on specific segments rated to have a high
hazard. A q;qqla;ymoeaa of | ws__ 1p analysis will be undertaken to refine the methodology
and doc

xxxxx

Itis re@mmeuded 32 to 15 representahves of private companies and public agencies
participate in the ﬁeﬁlﬁenﬁcatmn session. These representatives should include individuals
who woul&ke <0 ;_-_ generalists and specialists. It is anticipated that Golder will have
1 the workshop.

Task 3 Finalize EL@[d Assessment Methodology

As a result of the second internal technical forum and the field verification workshop,
revisions to the field assessment methodology will be required. Under Task 3, the
preliminary and detailed assessment sheets and the companion field manuals will be
finalized.

Task 4 Inventory Development

A computer data base should be developed which will represent an inventory of the
Preliminary and Detailed Field Assessments. It is envisioned that this system would be fully

Golder Associates
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integrated with other data bases developed by State or Federal agencies. It is proposed
that a working committee, comprised of road management personnel and Golder
representatives, be established to oversee the development of this mmputer-based system.
This will ensure that a user-compatible system is produced.

The deliverables from this task would require development of a d
on the strategy adopted, could include the following capabilitiess

e which, depending

* Assignment of a hazard rating to each mapped segment bas e results of a

+ Preparation of summary reports based upo ygation criteria such as hazard
rating, previous instability, location, etc.

» Plotting of maps which illustr

v
+  For those critical areas that are rated as high hazard:

The softaééﬂﬁ“i‘oi‘%&wentnry management would be developed to the level of a highly

profeﬁmmj pmduetg uitable for presentation to senior management.

Depending on pproach that DNR and SHAMW chooses to adopt regarding the
application of decision analysis, the following may be necessary regarding:

+ Hazards

- Development of an algorithm(s) for assigning a hazard rating to a mapped
segment, e.g., based on the results of a preliminary slope hazard assessment,
and specification of a threshold of concern.

- Development of an algorithm(s) for estimating the probability of various failure
modes for a mapped segment, e.g., based on the results of a detailed slope
hazard assessment.

Golder Assoclates
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» Consequences

- Development of a consequence assessment sheet for each mapped segment and
an algorithm for assigning a risk rating to a mapped segmeat, e.g., based on the
results of the consequence assessment, and specificatio eshold of
concern.

- Development of an algorithm(s) for estimating the*a
consequences for each failure mode for a mapped segment, ¢
results of a consequence assessment.

» Design/maintenance activities

4(s) for estimating the changes in the probability of

various failure modes and ty of various consequences for each
design/maintenance alternafi 1 t0:a mapped segment, e.g., based on
gsessment
« Optimization . N
- Specifica d preferences among consequences.

all mapped segtents, considering the possible changes due design/maintenance
naking tradeoffs among the various consequences (e.g.,
"figure of merit").

aaaaaaaaaa

If a decision analysis process is implemented in Phase 2, a verification program should be
developed to test it. This verification would include the determination of consequences of
failure at a specific site, and the determination of the cost effectiveness of various
remediation schemes. Verification of this nature is difficult without a significant lapse of
time with a preventive maintenance program in place. The best short-term alternative may
be to "back-analyze" the maintenance that has been performed, or should have been
performed, on a section of road with a significant history of stability problems.

Golder Assoclates
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8.2 Level of Effort

The level of effort to accomplish the tasks recommended for Phase 2 is dependent upon the
direction and degree of implementation which DNR and SHAMW elects. to adopt.
However, we have developed a tentative level of effort and cost in which assumes a
full implementation of the tasks we have proposed. This estimateoes not include direct
costs such as computing time nor does it include the developmgf full-fledged GIS. For

Golder Assoclates
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9. SUMMARY

A draft Preliminary Slope Hazard Assessment form and acmmpan_',nng user’s manual has
been prepared and is in a format suitable for field verification.

Two alternative formats for the Detailed Slope Hazard Assessment form have been
prepared. Prior to field verification, these alternatives should 1 !

members as part of the review of this domment and in a secoft
verification.

The SHAMW committee must direct Golder with reg
system. The alternatives include: ‘

» A slope inventory system based on hazard (ie,,

o ﬂ"f%"‘;?‘i&*;m?“?;m,
*ﬁéventwe maintenance planning,
or a set of slopes (road system).

+ A slope management system to %
either with respect to individual

The selected alternative will ¢l
study. Jgﬁ{%

o
_ -
‘%};
William ]. Roberds
Principal
Wayne C. Adams Robert L. Burk
Project Engineer Associate
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a) Sile Invenlory - Hazard Ranking

Slope:  Results of preliminary Action:
site hazard assessments
(by generalist):

ot == (all Tech Specialist*
— A
fou

== Nothing

gt == (Call Tech Specialist*
B
low,

== Nothing

% eyl == Call Tech Specialist"
N
lo;.y .

Nothing

*Prioritize sites based on hazard ranking

b) Site Inventory - Risk Ranking Results of site

Results of preliminary consequence assessment
site hazard assessments
{by generalist):  conduet site

consequence assessment
{by generalls!)’?

-w u == Call Tech Specialist*
"{. yes <

== Nothing
N0 =———=——————=> Nothing

igt == Call Tech Specialist*
gt yes
—B <‘@ low
loy

Slope: Action:

== Nothing

0O no =——=—=—=—————= Nothing
3 o == Call Tech Specialist*
gt yee
. F/
Y ow == Nothing
oy, N0 =——==—————=—=—=3 Nothing

*Priorilize sites based on risk (hazard x consequence) ranking

FIGURE 1
DECISION APPROACHES FOR

SLOPE INVENTORY APPLICATION
DNR/SLOPE HAZARD/WA

PROJECT ND. 8131121 DRAWING NO, 25636 DATE &2091 ORAWNBY EA Golder Associates



SIBID0SSY J9pjoD

¥3 AHNMYHQ 16/828 HIVQ O£9ST 'ON DNIMYHG 1264 €18 "ON 193r0Bd

VMWQAHYZVYH 3dO1S/HNG
3dOTS TVNGIAIONI
40 NOLLVZINILHO Bungou .
HOd STHOVOUddV Bungou
NOISIO3a S >
g 3unou unpou
(wondun) %
aydus
(oeds yos) jo wewebpn| L T
uo paseq) ‘}je 1seq Juswe|dungos|ss e
(uondxa) juawssasse
@ sak 4(o8ds yoay 10 piezey <
1syessuab £q) as payeep opt
. 4 (oads yoay ow_u_ﬂ___“”ww“”” jluawssasse 10 synsey _H *
-omy Aq} saaneuis)e souanbasuco
g 8lIs JO synsay
uewubisap : 8lIs 12Npuo)
|0 S38UBALOBYE
1500 S50ssY
. Buoure sjjoep boy,
wowsiduy ou 0p E=———————x= e
. gv. X
wewstdyy  ¢== 1alpng Jeac jou * 18BN {sisijesoued
MOWSH U 0P e oo Aq} juswssesse
%v 2y piezey elis
WL €= 198paq a0 10 ISBIEH Areununead jo synsey
Moweiduy uop e gy
/1 W [
Wwewoyduy = to?a.!os:.u*v
RGLISHOIEE SSOUBAIDO)P 1800 SOAlIOYE
ooy wewubisep o synsey  EuBiceg
Bunpou ou Moy
Bunpou ou goﬂ S3IA —
soh o
ondw
{-oeds yoey jo Juswebpn| {aron o...v &1siepads
uo paseq) e 1seq Juswsjdungoses iloads T yoa) Buiajoau
(nondxa) yoey Aq) eousanbesuoo 6:0aq (isyeisued
o1 owssesse  luBLSsasse Aq) wawssasse
@ sak prezey piezey o :Mc._.... aousnbesuoo
tloods st  guspagmep NS PelEIp bl ays Jonpuog
uonoy Ew SaAleuIa) e je sinsay 12Npuos
) ‘Juewubisep
Jo SSeuBALOB)e

1502 SS85SY




S9]B100SSY 19pjoy)

Y3 ABNMVHO 10/82/9 31vQ (1952 'ON DNIMYHO 1211 £16 'ON 10310ud

YWQHVZVH 3dO1SAING
$3d0O7S 40 13S 4O NOLLYZINILLO

HOd S3HOVOHddY NOISIO3a

m 3HNOIS

Hofwe oy

Colme= 2z ]

tolne 1g—J

(W]

{2eBpnq  106pngq »»8d0jS08 seds
o_*.oe% J0) Apoodg 1o} ssBuBAlDa)e
Fl'azv) 1500 JO UoRENEAS
ezZIwIXeW) Jo synsay
‘weiboxd
uonezjwndo
POUIBISUCO
40 synsey

B Xwt'53vid

2w —L1 N edoig -+ [B-2y'53v)d

‘W W%\ [@twl'5zvie

N edo)s 1o} +0dofsaoe oads 10)
SORIARDE Yy $SeusAnoeye 1Soo Jo
UOHENBAD JO SYNSoYy

2 einBig eag,,

sacuenbosuoo Buowe syocapey) sesinbay,

.Mu/ [V Xpii5zvid -

Xw

2y —{] 9edog- [Vep'5zvId

v edo|g - ou —
oy V' wi'5zvid i _
Hu\ ~adojsace

g ado|s 10) 2645 JoJ SSBUBAROBYS 1500 v edo|g 10}
sepiagoe |y jouonenjead jo synsay  senianoe )y

wawejdw jou op =

")

wowedwn <= *
Juews|duw Jou op &=
()
oY —
woaweduy &
wawsjdw Jou op <= soh
)
m ]
aws|duy < n._ ols @

iy Awnoe) (sweiboid
‘uonay «~weiboid oypeds jo swesbos opads aenjeas
uonenieAs Jo SiNSOH  aaneuselyy pue Ajuepj




Golder Assoclates



June 28, 1991 A-1 913-1121

GOLDER ASS50CIATES TECHNICAL FORUM
FOR
SLOPE STABILITY HAZARD ASSESSMENT IN FOREST ROAD MANAGEMENT

MAY 6, 1991
ATTENDANCE
Bill Roberds Golder Associates
Norm Norrish Golder Associates
Wayne Adams Golder Associates
Marti Spencer Dept. of Nat. Res.
Jim Ward Weyerhaeuser
Jim Hurst Dept. of Nat. Res.
Matt Brunengo Dept. of Nat. Res.
Mary Raines Citizen - SHAMW
Kate Sullivan * Weyerhaeuser o
Dave Beedle Muckleshoot Tribe
Tom Koler  ** USES.
Duncan Wyllie Golder Associates

Bob Burk Golder Associates
Steve Lowell T,

* Not present at meeting ;

** Not present at meefin:
Rt

_ sduction of each member. Explains that this meeting is

a session” and not a formal presentation. Golder assumes that focus
t is on 1) Forest or Road Manager or people with earth sciences
y pe stability problems with-in the road prism.

utiines the Timber Fish and Wildlife (TFW) organization. Explains the
informal bond between the Forest Practices Board and TFW. The Forest Practices Board
informally advises TFW policy by committee or on a consequences basis.
TFW/CIMER/SHAMW reaches decisions by consensus, no voting. Forest Service was not
initially involved or invited when the SHAMW began meeting in 1986 because members
had to be able to set policy for their company. John Lowell was initially contacted to
represent Forest Service Management. Golder is funded through DNR budget, project may
encompass 3 to 4 years. Problems have come up with-in the TFW framework concerning
failure to address policy.

T.Koler: Decision making process is based on the consequence.

Golder Assoclates
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K.Sullivan: SHAMW wants a product that works [easy to use] and shows that techniques
are effective [in reducing hazard]. The main problems;

. to recognize [potential] hazards, field personnel need to he able to identify
problems especially during road location.

a good job but

T.Koler: Issues are 1) Hazard: slope conditions (slope/
resource damage.

K.Sullivan: First focus of product should be catast
consequences are very important.

M.Spencer: DNR-Logging Engineer, have &
the DNR with various levels.of capability b ally the field foresters assess P-lines and
locates the roads. Enginegrs run donstruction'grews and maintenance.

>>>>>>
¢¢¢¢¢¢

D.Wyllie: People ;
background to assess. .

o
M.Spencer: Would like to see
s i

A

Pt b
Jﬁ*ﬁﬁ it ghat the most difficult ground is left to harvest?

M.Raines: USFS is [realizing] a rapidly shrinking budget for maintenance [therefore]
becoming more reactive to problems.

JHurst/K.Sullivan: Final say to act on problems rests with the district manager. Engineers
are used more in a consulting role.

N.Norrish: Funded through DNR budget.

K.Sullivan: Maintenance vs. Road Design Engineering; very different managers and styles.
Must design something that’s attractive.

Golder Assoclates
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B.Burk: Has any hazard mapping been done similar to that accomplished on the Gifford
Pinchot & Olympic N.F.’s?

Group: No organized mapping other than USFS.

T.Koler: Need to show managers that they can make decisions ang
experts. USFS is mostly going to a recreation base [less emphasis
management/timber harvest].

the necessary

M.Brunengo: DNR, regulates itself, weyerhaeuser and lgal g'hazard

process of improving rating system. Currently there
problems. Attention goes to the worst [visible] problem
areas [to assess stability]: .

T.Koler: Just a matter. of s
effectively. aéz v

K.Sullivan: The main prnbi%é% get away from surprises. Need to help engineers have
fewer false @ﬁj@%w}} read the Tandscape and 2) prevention oriented across scale.
i S

R
R

AR

train? Least common denominator is most effective but [must] look at

KSullivan: [repliés 0 who will use the system]. She often hears that "only the pro’s do
this” instead of "the existing people have to do this". Get as many people as possible into
this [system of assessment]. Shouldn’t assume that [Golder] has to use the existing system.
In her experience the engineers get 80% of the problems, but they need other tools [to catch
the other 20% of the stability problems). Weyerhaeuser engineers indicate mapping [as the
likely other tool).

M.Spencer: Need machine operator training,

TXKoler: Must talk to road maintenance crews [to get an idea of the type and location of
problems].

N.Norrish: Sounds like a Multi-Staged system is necessary. [Summarizes our 2-Phased
proposal]

Golder Assoclates
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B.Roberds: Introduces "Current Practice."

N.Norrish: Discusses Golder CP Rail Project.

D.Wyllie: Must be able to LD. problem and fix. It is typically not
of work in several places.

to do a little bit

S.Lowell: WSDOT LD. all unstable slopes. They estimated that§#80 v

be required to fix stability problems. [The biggest question was] w 2% first? Rating
system was implemented; road typetraffic loads, road img#dance rating, failtige frequency.
Prioritized for maintenance. Using an Expert System

T.Koler: USFS Hazard Mapping is a product of thie
Plarv10 year Plan/Timber Sale. Between 10 year Plan‘as Timber Sale there is a series
of stability analyses. : _

>
-applied to sale areas at the
polygon system.
e

dors at the transportation planning

+  LEVEL : MUSLE/WEPP,LISA or Hoe
planning stage to from a‘three {a

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

. LEVEL II: SARA applied to tnad o;
stage (1"=300" typical scale).
A ﬁi"g gk ?%‘% %

MOS prism (1"=10’ typical scale).

Mainly work with thé Soil Scienti
assigned (Integrated RﬁWﬁe“
e
‘Songh

K.Sullivan: Can use an :rwl:“ with levels of analysis to get funding. Weyerhaeuser
10 supply effort'to begin pilot project.

ogist & Engineering Geologist. Once basin is
i hazard risk assessment.

J.Ware{:;}éi:;qtﬂd se?“%i’;;ﬁ@nd' adjustable and based on needs of maintenance.
Wy T
R P i
B.Roberds* Critigue E%;ﬁiaeely & Rice paper; "Estimating Risk of Debris Slides After Timber
Harvest in Northwest California”.

e

N.Norrish: Discusses Golder Rock Fall Mitigation Project

K.Sullivan: Inventory? Golder should not assume that a computer storage system is not
acceptable.

B.Burk: System must be reasonable.

K.Sullivan: Must be able to show good environmental performance; less frequency of
failure. System will need to be verifiable (gives greater confidence in system). Should also
be able to collect knowledge into system. Kate could not get a good agreement among the
engineers to LD. the problem [continuing stability] but several points were mentioned
including; budget, organization, knowledge and process. To get implemented system must

Golder Assoclates
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be "handy" for road managers. LOSS TO ENVIRONMENT is the highest priority of TFW &
SHAMW.

B.Roberds: Asked if we are mainly looking at two user types; Generalists & Specialists.

K.Sullivan: Specialist = Tom, Matt or Jim Ward. Generalist = not#
Forester or [logging systems] engineer.

level but maybe a

D.Wyllie: If propose to do an inventory [of stability] then must be done first time
M.Spencer: May need to be able to alert one [kind] o t to call in another specialist
[with the proper skills]. :

B.Burk: [He would define] generalist uses eﬁsﬁng : i
specialists to extrapolate using current information. L N

USER TYPE
1 SPECIALISTS
1 BOTH
3 SPECIALISTS |
 NEELY&RICE NO NO 1 GENERALISTS
| ROCK FALL YES YES 1 SPECIALISTS
ROAD PAVE YES YES 1 GENERALISTS
HAMW ENVIRON | YES 2 BOTH
GOALS

GROUP BREAKS FOR LUNCH UNTIL 1300
N.Norrish: Presents "straw-person” questionnaire. Planning to have W.Adams conduct

interviews on a reduced scale from original proposal. Would like to add several SHAMW
meetings to scope. Report Phase I on how to proceed.

Golder Associates
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Group responses to questionnaire: A-1;various data is used. A-2;mostly reactive and some
proactive in adjacent areas. A-4 "mainline or secondary” is used in Weyerhaeuser.
Abandoned;non-road but still get stability problems on the reclaimed land. Orphaned;roads
not used since 1980 for forest practices.

B.Burk: Presents Factors Influencing Stability. Parameters include#tre; gth, geometry, pore
pressure and unit weight. il

STRENGTH CEOMETRY

SPECIALIST USsCs SLOPE HT.

SLOPE ANG

EROSION

GENERALIST MATERIAL

TYPE

GEOMORPH

ORGANICS SURFACE

CONDITIONS

D.Bee% ﬂre the%x egories things that we can expect spedialist to plug into a slope
stability.n 10d ? [Has his doubts that specialist will be able to handle this data collection].

S
J-Hurt: Keep in mind [the differences between] existing and new road problems.
Questionnaire won't work if what we want is an inventory.

N.Norrish: Explains purpose of questionnaire. Asks if percentage of problems are in
embankments or cutslopes.

Group: No consensus. Critical resource damage is a priority.

M.Spencer: [quote of the month] "There’s a lot of gravity out there." Most managers have
no concept of the causes of stability problems.

J-Ward/J.Hurst: Need to get organized method to attack problems.

Golder Associates
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GROUP BREAKS

D.Beedle: Do we suggest that SHAMW inventory everything to fix an area? Tribal land
may not want to do work if not "fixing" something. .

N.Norrish: Not necessarily recommend an inventory of Forested UT do need to

have a "key" such as a drainage basin.
B.Roberds: Discusses continuous measure of P(f) which d

increase quantity and quality of info to get increase in tryfh,
failure then don’t need much reliability. Can note s
produces an increase in probability of failure.

B.Roberds: Discusses Consequences.

. COSTS;clean-up,remediation loss of service

i

. 5) & product

. SAFETY;transportation,ha
. ENVIRONMENTAL

ace W runoff failures:not part of our scope of project to give a surface
may want to quantify stability problems in frequency per mile or tons per
mile. i

T.Koler: 2 levels: 1) with-in road prism/unless there’s an increase in sediment to the
drainage 2)number of events per mile. Geotech engineering: 10-50 yd3 inside the road
prism and 200-1000 yd3 outside road prism.

M.Spencer: Cost/yd3 climbs at some rate,

N.Norrish: What if there is an environmental impact? If there is wrong doing then it's a
legal matter.

M.Brunengo: Logging practices are assumed to be poor in some areas (Hoh river). Then
logging stopped until prove that the contractor can prove that they have a better method.

Golder Assoclates
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M.Spencer: Would like to add to C-3 what is average annual maintenance costs.

D.Wyllie: As a decrease in maintenance then can expect an increase in costs to repair. In
questionnaire; Is cost/yd3 independent?

B.Roberds: Discusses Consequences of failure;

. Clean-up costs:Waste/borrow proximity, materia
resources {(equipment type), weather/season.

. Loss of Service:Traffic/type & alternati

= Loss of Product:Size of failure, loss ¢
(loss of access for fire protection), se

alue of what is there) &
Timber and non-timber

<<<<<

. Envi.mrunental:]’m)dﬂdty%,
botanical species, type of msa
city/fisheries.

wildlife habitat, fish species (ranked),
, stream quality, stream category,

N.Norrish: Who are we to jitte
KN
M.Spencer: Annual Engineé%%@jeeﬁng May 22nd & 23rd good time to talk to some
individuals; ‘{See phone numbers].

GRS ik

A

Williamson (URCS), Reilly (GRC/GRI), Neal (Current Practice in AEG),

Precursor to WEPP.

O
M.Brunengo: Must visit his office.
N.Norrish: Answers to D.Beedle’s questions; our interview questions will be different from
those on the current questionnaire. We will have fewer individuals in interviews. Would
like to meet again in one month. M.Spencer will get back to N.Norrish about DNR
meeting,.

D.Beedle: Keep in mind watershed and fisheries management.

Golder Assoclates
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MEMORANDUM

TO:  FILE, N.Norrish, B.Burk, B.Roberds June 28, 1991

FR: Wayne Adams

RE:  INTERVIEW QUESTIONS (REVISED FROM DRAFT QUESTI:
(913-1121)

RE 5/6/91)

A-1.  What sources of information, such as maps, do you use to locate
stability issues?

with slope

A-2.  In dealing with slope failures are you reacti

A-3. Do you use geotechnical analyses and desig

retaining walls or horizontal
drains, in dealing with slope failures?

ned, Orphaned, fnactive and Active?"
s,
the m 'ﬁy@puﬂam in terms of failures with-

B
S

A-4. Do you use the terminology "Aba :

B-1.  In viewing the following list what 2
in the road prism?
. unfavorable road location

L]
L]
-
L]
L
L]
L]
L]
L

m npe failures (on ALL slopes) are in which material, soil or rock?
L 4
B-3b. These failures are mostly which, shallow (< 5 feet deep) or deep (>5 feet deep)?

B-4. DELETED

B-5.  What volume range are most of your failures? Can assume "failure” to exclude slope
ravel and creep features that would be handled under routine maintenance. Can
also consider failures less than 50 yd® to be part of routine maintenance.

B-6.  What age of roads are associated with failures? (by percentage)

B-7.  What portions of the year do you get most of the failures?

Golder Associates
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B-8. DELETED

C-1.  The most significant damage as a result of failure is which of the following?
Sedimentation to streams
Interrupted road service
Traffic damage

Cleanup costs

Resource loss

Human health & safety

@ & & # & @»

C-2. In your experience, what failure volume size r
C-3a. What is the average annual cost due to slog
C-3b. How many miles of road (active & inactive) do §
C-3c. What is the average maintenan v%ur your roads? g
C4. Whatis the typical cost range "

D-2.

. ﬁ-@x&ved access to geotechnical specialists
. Geotechnical manual
. Hazard maps or GIS system

W-1.  How do you currently see the interaction between maintenance and engineering?
W-2.  How do you currently identify stability problems.

W-3.  Is hazard mapping feasible/practical?

W-4. Do you have computer capabilities?

W-5. How do you prioritize maintenance?

Golder Associates
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W-6. On what scale could you implement an inventory?

W-7. Do you track the slope failure/remediation history?

i

Golder Assoclates
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MEMORANDUM

TO: FILE June 28, 1991
N. Norrish
B. Burk
B. Roberds

FR: W.C. Adams

RE:  BIBLIOGRAPHY OF LITERATURE REVIEW FOR §
THEIR

e search concerning mass
estern United States and

movement as applied to management of forested land |
; ope stability, mass movement

Canada. It is not a comprehensive listing of all litera
or landslide inventories.

1. Bailey, R.G., 1972, Landslide Hazas .; Land Lse Planning in Teton
National Fureﬂ Northwest W}ro r U5 Depar
Service, Intermountain Region, 1

2. ractices and Natural Events - Their
Protection,” in National Council of the

am Improvement Inc. (NCASI), Technical Bulletin

- % 5., 1975, "Effects of Deforestation on Slopes,” in Journal of

eting Division, Vol. 101, No. GT2, pp. 147-165.
4. 1990, Road Surveys-Information Needs, Department of Natural
s blished, 16 p.
5. a_:;-?:_ » 1990, Slope-Stability Hazard Zonation Pilot Project, Draft Work Plan,

-5" partment of Natural Resources, Division of Geology & Earth
TForest Regulation & Assistance Division, unpublished, 30 p.

6. Burroughs, ERJr. and King ].G., 1989, Reduction of Soil Erosion on Forest Roads,
U.S. Department of Agriculture, Forest Service, Intermountain Research Station,
General Technical Report INT-264, 21 p.

7 Carrara, A., 1983, "Multivariate Models for Landslide Hazard Evaluation,” in
Mathematical Geology, Vol. 15, No. 3, pp. 403-426.

8. Clayton, ].L., Megahan, W.F. and Hampton, D., 1979, Soil and Bedrock Properties:

Weathering and Alteration Products and Pmﬁ:sses in the Idaho Batholith, U.S.
Department of Agriculture, Forest Service, Research Paper INT-237, 35 p.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

5 0+ ’*’

Cleaves, A.B., 1961, Landslide Investigations; A Field Handbook for use in Highway
Location and Design, U.S. Department of Public Roads, Bureau of Public Roads, 67

P

M,
Canadian Geotechnical Journal, Vol. 22, pp. 528-540.

Day, N.F. and Megahan, W.F., 1976, "Landslide Occurrefige on
in North-Central Idaho: A Progress Report, 19?4-?5 in Procee
Annual Engineering Geology and Soils Engineeripg

Durgin, P.B., 1977, "Landslides and the Weatk
Society of America, Reviews in Engineering

Ellen, S.D., Fleming, RW. and Lee, HJ., 1987, " '
Shallow Slides,” in Erosion and Sedlmentatlon in

Corvallis Symposium), ed. by Beschita, R.L., et al, 1A Publ. No. 165, pp. 243-244.

Gonsior, M.]. and Gardner, R.B., 1971,
Batholith, U.S. Department of Agrigis

P-

n of Slope Failures in the Idaho
Service, Research Paper INT-97, 34

Forest Cle ,f.uthng on the Stability of Natural Slopes,"

Gray,DH 1970, "Eti
in Bulletin of th{ Agsoc Engmeenng Geologists, Vol. VII, Numbers 1 and 2,
pp.45-66. 4 » 4 | ws:o

Skagit R;;ver Dral.nag_. i
G eQ

\Northern Cascade Range, Wasl'mgton, in Enwronmental
. ,%,;%,& PP 221228,

rgan, G.C. and Kellerhals, R., 1984, "Quantitative Analysis of Debris
’f‘qﬁ‘e}}t Hazaje s for Design of Remedial Measures,” in Canadian Geotechnical

Journal, ,a»’ow 663-677.

Iverson, and Major ].J., 1987, "Rainfall, groundwater flow, and Seasonal
Movement at Minor Creek Landslide, Northwestern California: Physical
Interpretation of Empirical Relations,” in Geological Society of America Bulletin, Vol.
99, pp. 579-594.

Klock, G.O., 1979, "Some Engineering Aspects Of Forest Soils of the Douglas-Fir
Region," in Forest Soils of the Douglas-Fir Region, Washington State University
Cooperative Extension, edited by Heilman, P.E. et al, pp. 269-277.

Kockelman, W.]., 1986, "Some Techniques for Reducing Landslide Hazards," in
Bulletin of the Association of Engineering Geologists, Vol. XXIII, No. 1, pp. 29-52.
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21, Lewis, ]. and Rice, R.M., 1990, "Estimating Erosion Risk on Forest Lands Using
Improved Methods of Discriminant Analysis,” in Water Resources Research, Vol. 26,
No. 8, pp. 1721-1733.

22, Lowell, S., 1991, Unstable Slope Repair Data Sheet and Flow
Expert System, unpublished, 18 p.

23.  Megahan, W.F, Day, N'F. and Bliss, T.M., 1978, "Landslide Occs
Western and Central Northern Rocky Mountain Physiographic
in Forest Soils and Land Use, (Proceedings of the
Conference, Ft. Collins, Colorada), pp 116-139.

24.  Megahan, WF,, 1974, Study Plan: Landslidé
the Idaho Batholith, U.S. Department of Agri !
Forest and Range Experiment Station, Boise, Ida
P+ e
B o
25.  National Council of the Paper ;u- '

(NCASI), 1985, Catalog of Landsl
Bulletin No. 456, 69 p.

rest Service, Intermountain
search Paper INT 1651-230, 35

ir and Stream Improvement, Inc.
ntories for the Northwest, Technical
W e

, "Estimating Risk of Debris Slides After Timber
fornia,” in Begletin of the Association of Engineering
- %231-28&

26, Neely, M.K. and RiceyRiM.
Harvest in Northwes
Geologists, V. XXViI,

27.  Orme, A.R., 1987 “Initlation ard Mechanics of Debris Avalanches on Steep Forest
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Sketch of Road and Segment

PRELIMINAR Y SL OPE or Feature Location in Section
HAZARD ASSESSMENT

(See Manual for explanation}

Assessor Name
Date Weather Conditions |

1. LOCATION OF DESCRIBED SEGMENT OR FEATURE
Road Number/Name

Milepost or Milepost Start and End
Elevation (ft.- msi) I
Reference Map(s) or Cther Reference Name

Township —— Range
Section Segment No.
2. SITE HISTORY
Original Road Constr. (Yr.) Road Reconstr. (Yr.) Past Wildfire (Yr.) Logging (Yr.)
Distance to Timber Cut (up slope) —— . (down slope) —fL.
Road Construction Type (Circle one or more):
Drill and Blast Reinforced Earth Fill Through-Cut Sidecast Full Bench
Embankment Fill Self Balance Light-Weight Fill Stream Crossing Other (attach
Road Maintenance History (Indicate Year(s) or average years between activity): description)
Ditch Clean-out Subgrade reinforcement Resurfacing Fill repair
Regrade of Road Culvert repair/replacement Cutslope repair Other

(attach des.)
3. CURRENT PERFORMANCE IN ROAD PRISM (Indicate Numbered Selection(s) from List):

P Number(s)
Potential Selections List Natural Slope (Above Rd.)
1. Stable 6. Blocked drainage —— Cut Slope
2. Organic decomposition 7. Tension cracks Ditch
3. Surface erosion 8. Subsidence —-—— Running Surface/Roadway
4. Surface ravel 9. Slope failure (See 4.) ———— Fill Slope
5. Poor drainage 10. Other ——— Subgrade

Natural Slope (Below Rd.)

Slope Shapes 1A 2A A

(Circle One): @ @ @

1B % 28 @f

Road Prism Shapes (Indicate maximum values *) @m o S

S ® &
D —— ‘L- q?.

4. GEOMETRY
General Landform (Circle
Approximate Position(s)
of Road on Landscape):

. -~ Ref: Tsukamato, Y, Minematsu, H 1987,
S | * Estimaled Measurements by
Cut Slope = .. Road Width = (6} Numbers Indicated: . (1)
@ 6 N ft {2)
Drainage Ditch WY | % (i)
@2 N % (4)
N ) - f. (5)
Slope Aspect (Circle | S~ B (@ it (6)
Correct Combination): | Se——— .
EW ~ — % (7
Maximum Road Grade (Circle One): - (@ ____h(8)
Original
0-5%, 5-10%, 10-15%, 15-20% Ground Surface — % {9

R e— Side One -




Existing Failure:

Failure (Yr.)— ... Length ft. width #t. Average Depth of Scarp (Pempendicular to Slope) —.—it.
Failure Type(s) (Indicate Numbered Selection from Material/Mechanism Lists):
Potential Selections el
v fee_al' — /__ Natural Slope (Above Road)
aten /
Type Mechanism 7 g“‘ hSIOpe
A. Rock 1. Fail it
B. Soll 2. Flow —/L Fill Slope
C. Debris 3. Slide Natural Slope (Below Road)
4. Topple
5. Avalanche
5. WATER
Surface Flow (1)
e @ Circle Yes/No or
¢ Estimated Measurement
| by Numbers Indicated:
g't.ll S[:pe -~ - SO Negrle?l Establglhed Ch;nnel Y/ N (1)
urface 1
S:;:’ggt S \\. Flow Birec?io:l 2y 2alance 1o Stream @) > Y /N (2
(7)\ ' (8) Y/N (3
N Fill Slope Y /N (4
Blocked Drainage Ditch (5) i\\ Seepage (10) /N 5
Blocked Culveris (6) ' Rl Y/ N (6)
I ~——— Surface N
SANHon YN (7)
Original / YN (g
Ground Surface Y ft. (9)
— Y /N (10)
6. STRENGTH Y /N (11)
HsolL=_____ 1t
Soil Composition (Circle if Present, Give Percentages if Possible):
Rock Fragments % Sand Size Fraction %  Silt/Clay Size Fraction %
Fill Composition (Circle if Present, Give Percentage if Possible):
Rock Fragments % Sand Size Fraction %  SilVClay Size Fraction %  Organics %

Rock (Circle One): Massive Moderate Fracturing Heavy Fracturing
Blasting % Rippable % Excavated %

Sine Tiwn —




Golder Assoclates



MANUAL FOR THE PRELIMINARY SLOPE HAZARD ASSESSMENT ON
FORESTED LAND

REVISED June 28, 1991

1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this guide to slope hazard assessment on foresteg land
of information necessary to evaluate potential or existing slope hazards
movement. This manual is designed to help the assess ]

assessment and provide input to the decision making

We have assumed that collection of information of; d ianid will be done on two
levels. First, the site or area under consideration wil :

forestry personnel who will not have specific training r
These personnel, typically forest engineers, road locators
use the hazard assessment data sheet to'hélp them build a
under consideration will be ranked by haza
the consequences. If the consequences #ge i
then a data collected

ovement or earth science.

niaintenance personnel, will

X ata base of their land. The area

i and-will lead the assessor to an analysis of
isidered to have a high level of importance

8. The terms often referred to in this guide
ted land are included in Section 5 of this manual. The
farnes (1978) is presented as a guide to help define
ed in mass movement features.

The termi “mass moveément” in this guide refers to a progressive process in which the shear
strength of a materigl decreases relative to the shear stress until resisting forces are less
than the driving forces.” A "landslide” is a general term applied to a variety of mass
movement {ypes that involve down slope transport of "naturally occurring” earth materials.
"Landslide” includes several types of mass movement which may or may not include actual
sliding as a mechgnism for ground failure. The term "slope stability" covers a condition
describing the resistance to failure of a natural or constructed inclined surface.

1.3 Landslide Classification

The classification system presented by Varnes (1978) is depicted by a selection of figures in
Table 1. This classification system helps to define the type or types of movement and
general material involved at the time of the failure. The primary category for classification
is Type of Movement and Type of Material is a secondary category. It is important to note
that the type of movement relates to the motion of the failure mass and the type of material
is based of the state of the material mass before the initial movement.
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(TABLE 1: Selection of Landslide Types from Varnes (1978).)

1.4 General Indicators of Mass Movement

Mass movement is influenced by many site factors however, most o can be related

one of the three following characteristics:

. geometry of the failure mass
. pore pressures at the failure surface
. strength of the material

The actual parameters defining these site features a subject of great effort in
studies of mass movement. The reliability of the a it slope hazards hinges on the

level of quality achieved in collecting site parameters.
the more reliable the assessment.

r words, the better the data,

3
potential or existing slope
specifically focus attention on the area in
rior o a field oriented evaluation, one
sing" process. Such tools may include air

Several tools are available that have provetiuseful for indic
hazards. One must be familiar with -s :
terms of mass movement processes. In the off
can use several tools to help in this "attention
photos, topographic maps, geologic/s azard 1
One should not forget that athess d maintenance crews, may have experience
in the area and offer valuable i t about the area in question. Though after some field
experience is gained the use e-tools may seem repetitive it is still considered a
necessary step prior to m: ervations.

Several general observations in the field can help an assessor to key into mass
movement processes that may.gxist. With-in the road prism, surface erosion, ravel,
drainage conditions and evidence of movement can indicate mass movement. On

' eloped” ground slope shape in terms of concentrating surface water, hummocky
topography, springs, seepage and vegetative cover may help to indicate areas where further
work is‘necessary. Many of the important features considered essential to slope hazard
assessment-are incliided on the data sheet and are further explained in Section 3 of this
guide. i

1.5 Collection of Data

The collection of information for a slope hazard assessment can be accomplished at sites of
existing failures, along designated lines, such as roads and in larger areas, to assess failure
potential. Information collected at existing failures can help in the design for fixing the
problem, and can be stored for use as a history tracking system. Information from
designated road segments or areas can help to delineate regions that require more intensive
effort. Data from "undeveloped" areas can help the land manager make decisions for long
range planning.
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2. DATA COLLECTION

This section is intended as a supplement to help further explain the items included in the
hazard assessment data sheet.

2.2.1 Localion of Site

The location of the described road segment or mass movement :
bracket the feature, elevation and reference maps are needed to

2.2.2 Site History
It is important to track site construction and repaif

priorities may be improved and logging and constructi
improve adverse trends. Enter the following information

ties can often be adjusted to
it applies to the road or site:

. Road Construction: appreximate year that the:r
(first cut and fill on -‘::;a,_ T

Type: circle one or more descriptions of the construction

* _.Road Constru
alon or at site, or list other.

This portion of the data sheet is intended to provide information on the location and
severity of the slope condition. The number(s) corresponding to stability feature from the
list on the right should be placed next to the road prism locations listed on the left in order
to match the appropriate feature with the correct location.

2.2.4 Geometry
This section is included to provide in formation on the relative slope position of the site,

road prism shape, geometry and type of failure. In order to indicate the correct location of
the site, circle the numbered location on the profile sketch that best shows the location.
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The numbered locations shown on the sketch are listed below:

1.) ridge top

2.) midslope

3.) valley or drainage bottom
4.) lower slope break

5.) upper slope break

6.) plateau

7.) side slope adjacent to stream

. & & * W » ®

General Landforms (FIGURE 2)

Slope Shape (FIGURE 3)

The road prism shape will help determine the geomet ite. the numbers indicated
on the typical section are located at the position on the slope af:the required measurement.
The actual measurement or estimate value should be indicated in the blanks on the
right hand side of the page. :

Road Prism Shape (FIGURE 4)

Many factors relating to the esisting failure, i
the approximate year that‘ -; e exigting failure ind ally occurred length width and average
ovement. The failure type should be entered for the
where the failure is located. The main material
ft hand side of this section. Select the number that

Collect Site Speei%‘infnrmatmn
Assess Need for Geotechnical/Experts Input

4. DEFINITIONS
Colluvium: Earth material that has moved or deposited mainly through forces of gravity.

Debris: Earth material composed various mixtures of soil, rock fragments and organic
material. In construction, all non-usable natural material produced by clearing, grubbing or
roadside cleanup.
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Full Bench: Practice of constructing a road prism entirely as a cutslope. Usually used
where earth fill slopes will not remain at an angle corresponding to a 1.5H:1V slope or rock
fill slope will not remain at an angle corresponding to a 1.25H:1V slope.

Landslide: A general term for a variety of mass movement types
transport of "naturally occurring” earth materials. The term desc veral types of mass
movement which may or may not include actual sliding as a mg i i

Mass Movement: A progressive process in which the shear strength of
relative to the shear stress until resisting forces are less

Right-of-Way: Land, property or property interest, 4 '
devoted to transportational purposes. G

Road Prism: Portion of the road right-of-way that con __ area used to construct the
cutslope, roadbed and fill slope. . .
,‘-;E:’fmﬁ?

Rock (engineering): Reserved for ea
excavation.

Self Balanced: Constmm«gaw-ce where 4 gnatenal from the cutslope can be used for
the road fill.

'. excavated material by incidental or deliberate
ing road construction and used as part of the road
$ steeper than 55 percent.

Sidecast Constructiofy, Practicé
spmagﬂ; blademg ar En‘&(é T T
fill. Usua]]}r not allowed @

Slope Sl,al:ili ty: € andi tion of a natural or constructed slope describing the resistance to
failure. Note: :iw'is often evaluated by applying mathematics to model the mass
movement or to model site conditions and arrive at a relative "Factor of Safety."

Soil {engmeermg] The Unified Soil Classification System defines soil group names by
material grain sizes that are less than or equal to 3 inches. Note: The term "soil" can also
include material that can be excavated with earth moving equipment and placed in regular
lifts during construction.

Subgrade: The top surface of the roadbed on which sub-base, base, surfacing, pavement of
layers of similar layers of materials are placed.
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Zero order basin: A slope unit that joins a slope and a stream, a seasonally shifting
conjunctive area of hill-slope and fluvial process, an area where subsurface storm runoff

appears on the ground as saturated overland flow and the area becomes part of a stream
during a storm.
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DETAILED SLOPE
HAZARD ASSESSMENT (Alternative #1)

{See Manual for explanation)
Assessor Name Date
1. LOCATION OF DESCRIBED SEGMENT OR FEATURE
Township —  Range —————— Section —_ SegmentNo.—__ Site No.

2. WATER (Circle Number Corresponding to Condition Closest to Those Observed at Site):

Fully draned siope

3. STRENGTH
Geologic Unit Associated with Soil

Engineering Soll Unit (Average Over Segment, Section or Site)
Origin
Estimated thickness ft.
Maximum Fragment Size in.
Percent > 3 in. <3in.

Description of Soil > 3 in. Diameter (Circle One):

Moisture Dry Damp  Moist Wet
Consistency (Cohesive) V. Soft Soft Firm Stift V. Stiff Hard
Density {Cohesionless) V.Loose Loose  Compact Dense V. Dense
Estimated Gradation % > #4 sieve
% < #4 sieve > #200 sieve
% < #200 sieve
Field Test on Soil < #4 sieve {.425mm) (Circle One):
Toughness None Slight Medium High
Dilatency Quick Slow V. Slow None

Dry Strength MNone Slight Medium High

Plasticity (< #200 sieve) npl bpt apl

Unified Soil Classsification:

Enginaering Rock Unit (Average Over Segment, Section or Site)

Commaasae s | Character of Discontinuity Surface Propariies Intact
Rock $m‘. Failure Mechanism Discontinuity Dip {degroos) Pergistence (feet) Matarial
Units |Number| Planar |Wedge |Topple |0-25 |25-50 |50-75 |>75 <10  [10-30 |»30 |SmootivSheared |Rough |V. Roughvimequiar |Grade |




DETAILED SLOPE
HAZARD ASSESSMENT

{See Manual for explanation)
Assessor Name

(Alternative #2)

Date

1. LOCATION OF DESCRIBED SEGMENT OR FEATURE

Township — Range —————— Section—__ Segment No.

2. WATER (Circle Number Corresponding to Condition Closest to Those Observed at Site):

Site No.

>>>>>

Bk,
B
gg%vgi %
Fe A r i

Prnnae iR, -
e e

Fully drained slope

i ] m-mu':per
slope at distance of B x Height  slope at (4 x Ht)

zr?* §s%r§s L T

Water emits about hatfway
between toe and top of cut.
Surlace water anlers uppar
slope cut (2 x HL)

hieavy eracapemﬂa

o R f223i52§¥5525555<mdw«a—mm: : Field Tests of Soil « #40 Sleve ﬁn-H_
Soil mmcfuln Thickness | Max.| Percent|Percent | Maisture | Consistancy | Dansity Gmmmww Toughness | Dilalancy |Dry mlr
Linits | Linit Size|»3" <3 >HZ00 | < #200 su--!

4. ENGINEERING ROCK UNIT
Compigessin ] Charactar of Discontinully ; Mﬂﬁmp-rtiu Intact
Rock  [Set Failure Mechanism Dnmnimw Diudwuﬂ Persiglance (fesr) ; Material

Units _|Number| Planar |Wedge [Toppie |0-25 2650 278 |<10 |10-30 |30

5. ATTACH PLAN MAP AND CROSS-SECTIONS

fm Raldar Arnssnintan



APPENDIX G
DETAILED SLOPE HAZARD ASSESSMENT DATA SHEET US
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DRAFT MANUAL FOR THE DETAILED HAZARD ASSESSMENT DATA SHEET

WATER
Select number of water condition displayed on the data sheet that best describes site.
ENGINEERING SOIL UNIT DESCRIPTION
SOIL UNIT;

Assign arbitrary letter that will represent the particular set of para ‘Hescribed.

GEOLOGIC UNIT:
Note lithologic unit that directly underlies the soil’ ivium, Till, Tuff, Basalt etc.
ORIGIN:

Note geologic origin of soil unit, e.g. Regidy;

THICKNESS:

MOISTURE

Dry: No moisture

Damp: Feels wet but leaves no moisture on hands.
Moist: Leaves moisture on hands.

Wet: Can squeeze water out of specimen.
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CONSISTENCY (ASTM D 2488)

Cohesive: Very Soft Thumb will penetrate soil more than 1 inch

Soft Thumb will penetrate soil about 1 inch

Firm Thumb will indent soil about 1/4 inch

Hard Thumb will not indent soil but readi nted with
thumbnail ;

Very Hard  Thumbnail will not indent soil
DENSITY (NAVFAC DM-7.1-17)Relative Density

Cohesionless: Very Loose < 15%
Loose 15-35 % Easily excavated:
hand shovel
Compact 35-65%
excavate: hand shovel SN
Dense 65-85% i 1. 5] Loosen with pick
to excavate: hand shovel : e,
Very Dense > 85 %

Difficult to

GRADATION

Note the percentage of ma!

> #4 Percerit larger | : eve (4.76 mm)
<#4 >#200 Percent smaller than #4 sieve but larger than #200 sieve (.074 mm)
<#200 Percent s : E%? #200 sieve

W‘Eﬂ:: 2
FIELD TESTS GF SOIL PASSING #40 SIEVE SIZE
Selectgé%ﬁ ulﬁ‘%@g nd remove the particles larger than the No. 40 sieve (grain sizes
larger ﬂwoﬁbgut th&ﬁe“ ﬁ_ of salt grains).
Hoa, i

p

Lot

N
1) Select enough material to form a 1 inch diameter ball and mold the material until it
has the consistency of putty, adding water if necessary.

2) Make at least three 1/2 inch diameter lumps and allow these specimens to dry in air
or sun ensuring that the drying temperature does not exceed 60 degrees.

3) If the specimen contains 1/2 inch diameter natural dry lumps, these can be used in
place of remolded balls.

4) Test the dry strength of the lumps by attempting to crush them, using a rolling

action, between the thumb and forefinger. Note the strength using the criteria in
Table 1 below:
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Description

Criteria for Describing the Reaction of Pressure to the Dry Sample

NONE

Crumbles into powder with mere hand pressure.

LOW

Crumbles into powder with some finger pressure.

MEDIUM

Breaks into pieces or crumbles with considerab}

Cannot be broken with finger pressure. Breaks into PI'ECE
thumb and a hard surface. 1

DILATENCY
1)

2) Smooth

3)

Select material to mold into a 1/24ni
it is soft but not sticky.

the ball in the palm of

Shake horizontally bys

" SLOW

pears slowly on the surface of the specimen dunng shalqng
es not disappear or disappears slowly upon squeezing.

RAPID

TOUGHNESS
1)

Water appears quickly on the surface of the specimen during shaking
and disappears quickly upon squeezing,

Roll the test specimen into a thread about 1/8 inch in diameter on a smooth surface

or between the palms.

2)

If the specimen is too wet to roll easily, spread the sample out and allow to dry from

evaporation.
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3) Fold the threads and reroll. Re[eat until the thread crumbles when reaching a 1/8th
inch diameter. The thread will crumble at this diameter when it is near the plastic
limit.

4) Note the strength and pressure required to roll the thread.

5) Lump the crumbled thread together and knead until thes

6) Describe the toughness of the thread in accordance with the crité

l Description

LOW

Only slight pressure is required to'
limit. The thread and the lump are w

MEDIUM | Medium pressure is requjred to roll the

HIGH

Considerable pressure is
limit. The thread and th

the thread to near the plastic
ety high stiffness.

\\\\\\\

N SOIL PASSING THE #200 SIEVE

8 inch diameter thread cannot be rolled at any water content.

The thread can barely be rolled and the lump cannot be formed
" when drier than the plastic limit.

MEDIUM The thread is easy to roll and not much time is required to reach the
plastic limit. The thread cannot be rerolled after reaching the plastic
limit. The lump crumbles when drier than the plastic limit,

HIGH It takes considerable time rolling and kneading to reach the plastic
limit. The thread can be rerolled several times after reaching the
plastic limit. The lump can be formed without crumbling when drier
than the plastic limit.
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USCS CLASSIFICATION

The soil material should be classified according to the system presented in Appendix A.
In addition, the inorganic fine grained soil can be identified using the result of the
descriptions applied from Dry Strength, Dilatancy and Toughness, sed Table 6 below:

SOIL DRY STRENGTH
SYMBOL
ML NONE TO LOW SLOW T}
CANNOT BE FORMED
CL MEDIUM TO HIGH N MEDIUM ||
MH LOW TO MEDIUM NONE LOW TO MEDIUM
HIGH TO VERY HIGH HIGH

ENGINEERING ROCK UNIT
ROCK UNIT:

.-,:‘:{:' - . E{ -'-:_‘;
Mark the box which; best describes the mechanism of failure.
R 4
TN :
DISCO Nthtggw (degrees)

Mark the box which best brackets the majority of the discontinuity dip direction into the
cut of feature.

PERSISTENCE
Mark the box which best brackets the range for most of the spacing of the set.
SURFACE PROPERTIES

Mark the box which best describes the dominant surface texture of the discontinuities of
the set.
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INTACT MATERIAL GRADE

Indicate the grade, as listed below, which corresponds to the rock unit and set.

GRADE ROCK FIELD IDENTIFICATION
DESCRIPTION

RO Extremely Weak Indented by thumbnail.

R1 Very Weak Crumbles under firf eologist hammer, can be
peeled by a po

R2 Weak Can be peeled by ife with difficulty, shallow indentations
made by firmBlow with point of geologist hammer.

= Medium Strong | Cannot be scraped ar peeled with a pocket knife, specimen can be
fra@.;red with &l..l'lgle § ::-__:Pg-.' of gEOIDgiﬁt hammer.

i £8 more than one blow of geologist hammer to fracture.

|| R4 Strong

e

R5 Very Strong Spacits miﬁgs ‘many blows of geo]ogust hammer to fracture.

Extremely Strong

Golder Assoclates
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June 28, 1991

913-1121

DRAFT MANUAL FOR THE DETAILED HAZARD ASSESSMENT DATA SHEET

WATER
1 3
“ﬁ_‘.'m“ ki m “ =R i
o el Surlace waler enteds u Eniary upper
slope ai gistance of 8 x ’ﬂ:gm mput[ul-n
back from toe. (B x HL)

Select number of water condition displayed on the data sheet
NG SOIL UN

Hiie Rk Bl _i Deseription of Soll «3-inch Diametar
Soll | Genlogic ThmmuMuF Parcent| Molslure! Consistency | Densly
Unis | Unk ISize [>3*  |e3
1
SOIL UNIT: e
Assign arbitrary letter that will regre

GEDLGG IC UN[T

ORIGIN:

PERCENT > 3 INCHES:
Note the percentage of material (by weight) greater than 3 inches.

PERCENT < 3 INCHES:
Note the percentage of material (by weight) greater than 3 inches.

Golder Assoclates
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DESCRIPTION OF SOIL LESS THAN 3 INCHES IN DIAMETER

MOISTURE

Dry: No moisture

Damp: Feels wet but leaves no moisture on hands.
Moist: Leaves moisture on hands.

Wet: Can squeeze water out of specimen.

CONSISTENCY (ASTM D 2488)

Cohesive: Very Soft Thumb will penetrate soil more than 1 inch#
Soft Thumb will penetrate soil about 1inch %
Firm Thumb will indent soil about 1/4 inch
Hard Thumb will not indent soil but readil$:i

Very Hard  Thumbnail will not indent soil

DENSITY (NAVFAC DM-7.1-17)Relative Density  Pocket F
Cohesionless: Very Loose < 15%

ractical Guide

Loose i5-35% o%g% Easily excavated: hand shovel
Compact 35-65% i : }Dl.fﬁcult to excavate: hand shovel
Dense 65-85% Loosenmﬂ'uplck to excavate: hand shovel

GRADATION L

Note the percentage of material (by weight) in the € C:

> #4 Percent larger than #4sieve (4.76 mm}._

<#4 >#200 Percent smaller thart #4 s but larger.@ian #200 sieve (.074 mm)
<#200 Percent smaller ) g1y

S
""I?‘:v

FIELD TESTS OF SOIL PASSIN SIEVE
Select a handful of soil and rernove‘ﬁ&ﬁgmdes larger than the No. 40 sieve (grain sizes larger than about the size
of salt grains). " ‘igw

P L4

DRY STRENGTH N
1) Select efiough 1 16 form a 1 inch diameter ball and mold the material until it has the consistency of
putty, %gwater Em\essary

2)  Make at least three i@vfnd\ diameter lumps and allow these specimens to dry in air or sun ensuring that
the drying temperattire does not exceed 60 degrees.

3) If the specimen contains 1/2 inch diameter natural dry lumps, these can be used in place of remolded balls.

4) Test the dry strength of the lumps by attempting to crush them, using a rolling action, between the thumb
and forefinger. Note the strength using the criteria in Table 1 below:

Golder Associates
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| Description | Criteria for Describing the Reaction of Pressure to the Dry Sample
NONE Crumbles into powder with mere hand pressure.

LOW Crumbles into powder with some finger pressure.

MEDIUM | Breaks into pieces or crumbles with considerable finger pressury

HIGH Cannot be broken with finger pressure. Breaks into p:eces
thumb and a hard surface.

Cannot be broken between the thumb and a hard surfac®

Smooth the ball in the palm of the hand with a small spa

3) Shake horizontally by sl:n]cing the side of the hand vigomus]
reaction of water appearing on the surf % '

he soil between the fingers. Note the reaction in
n is the speed with which water appears while shaking

4) Squeeze the sample by closing the hand or pin
accordance with the criteria in Table 2. The reac
and disappears while sque Zing,: §

Water appears slow

he surface of the specimen during shaking

anq}m disappear or disappears slowly upon squeezing.
e~
r appears guickly on the surface of the specimen during shaking
\&n&ﬂmappea ﬁmcﬂy upon squeezing.

1) Roll the test specimen into a thread about 1/8 inch in diameter on a smooth surface or between the palms.
2) If the specimen is too wet to roll easily, spread the sample out and allow to dry from evaporation.

3) Fold the threads and reroll. Re[eat until the thread crumbles when reaching a 1/8th inch diameter. The
thread will crumble at this diameter when it is near the plastic limit.

4) Note the strength and pressure required to roll the thread.
5) Lump the crumbled thread together and knead until the lump crumbles.

6) Describe the toughness of the thread in accordance with the criteria in Table 3.

Golder Assoclates
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Description | Criteria for Describing Toughness

| LOW Only slight pressure is required to roll the thread near the plastic
limit. The thread and the lump are weak and soft.

MEDIUM | Medium pressure is required to roll the thread to near the plastic
limit. The thread and the lump have medium stiffness.

HIGH Considerable pressure is required to roll the thread to near th plastic
limit. The thread and the lump have very high stffness

ESTIMATE OF PLASTICITY ON SOIL PASSING THE #200 SIG¥

PLASTICITY
1) Describe the plasticity of the material in acmrdance@&fﬁiih%

Description

NONPLASTIC
LOW
when drier than the plastic li
MEDIUM The thread is ea oll and no time is required to reach the

plastic limit. lled after reaching the plastic

when driet than the plastic limit.

HIGH It takes cofu ag and kneading to reach the plastic
d several times after reaching the

can be formed without crumbling when drier

plast}c limit. Th

The soil material should be fassified according to the system presented in Appendix A.

In addition, the inorganic ﬁna gmmed soil can be identified using the result of the descriptions applied from Dry
Strength, Dilataﬂqr an'd' wness, see Table 6 below:

i :.f‘.'yo 8
SOIL DRY STRENGTH DILATANCY TOUGHNESS
SYMBOL
ML NONE TO LOW SLOW TO RAPD | LOW OR THREAD
CANNOT BE FORMED
cL MEDIUM TO HIGH NONE TO SLOW | MEDIUM
| vH LOW TO MEDIUM NONE TO SLOW | Low TO MEDIUM |
CH HIGH TO VERY HIGH | NONE HIGH

Golder Assoclates
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Characlar of Discomtinulty : e o0 s A e, R R )
Failure Machaniam - | Discontinuity Dip Do |Persimence o) st o 0 DR ] Mgt
Planar |Wedge |Topple 10-25 [25:50 [£0-75 [>75  |<10* [10-30° |30 |SmooitvSheared |Rounds|V. Roughvimegylar |Grade

ROCK UNIT:
Assign an arbitrary letter for each lithologic type.

SET NUMBER:
Assign a sequential number for each fracture set in the lithol

CHARACTER OF DISCONTINUITY
FAILURE MECHANISM:
Mark the box which best describes the mechanism of failure.

DISCONTINUITY DIP (degrees): o

Mark the box which best brackets the majority of the ;gtx dip direction into the cut of feature.
G e !ﬁ??%&‘%‘x, i

PERSISTENCE £

Mark the box which best brackets the range for most

he spacing of the set.

SURFACE PROPERTIES ;
Mark the box which best describes t nt surface texture of the discontinuities of the set.

Indented by thumbnail.

aaaaaaaaaa

Crumbles under firm blows with point of geologist hammer, can be
peeled by a pocket knife,

[ R2 Weak Can be peeled by a pocket knife with difficulty, shallow indentations
made by firm blow with point of geologist hammer.

R3 Medium Strong Cannot be scraped or peeled with a pocket knife, specimen can be
' fractured with single blow of geologist hammer.

| R4 Strong Specimen requires more than one blow of geologist hammer to fracture. _

| RS Very Strong Specimen requires many blows of geologist hammer to fracture.

Extremely Strong | Specimen can only be chipped with geologist hammer.

Golder Associates
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