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. 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 ey

Hon of mass

movement on forested land. Our proposal dated January 25, 1991, gfresented our technical
and philosophical approach to the project including the delineatief fa, separate work
phases. Phase 1 was proposed to consider primarily the developa methods for
slope stability hazard assessment. Phase 2 of the project was intended to'd a field

methodology.

This draft report presents the results of the Phase %3
the second phase. Although significant interaction has

: “ | place between Golder and
various SHAMW, DNR and forest company represen

- must be recognized that

methodologies presented herein can on]%t_, made by the ul wate users. Within this report
we have pointed out where further i:nph_t?' ros ;"D'\IR is required to select among

The specific objective of Phase 1 of the pmj w 1dent|ﬁed in the agreement was "to
provide methods to 1dentif‘g-:mﬁ:$§te potenti ﬁip specific slope stability problems
associated with pmpcxseq.,ﬁg{ ting forest roads, including an objective and accountable
ting ing road system information that encourages
ing the Phase 1 program to meet this objective,

we have:

Attended meehngs vith 3

_Conducted interviews with tecl'u'ui:al personnel

: p: Ztﬁ preliminary slope hazard assessment data sheet and manual
etailed slope hazard assessment data sheet and manual ‘

nmendations for implementing the assessment

For ease of refe the report has been structured so that Sections 2 and 3 summarize
background infolhation 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 Washjagton State
Department of Transportation and Golder project team members. pain topics covered
during the technical forum included: 1) SHAMW goals for impleméntiric a hazard
assessment system and 2) operating reqmremenu of a system develoy
Minutes of the meeting are presented in Appendix A.

Based on discussions at the forum, it was stated that a pfia
developing a hazard assessment system was to have a
methodology for forestry road managers. After imp!
inevitable slope failure, the managers will have a
decisions which were taken relative to the site which:
secondary objectives for the hazard assessment system W
following:

trackable system for the
nced the failure. Some of the
. were discussed included the

stability-ralated parameters (i.e. surrogates) for all
:The mvenﬁl‘y must be flexible enough to be
e .2 variety of scales (eg. specific road, drainage basin

w:’rg@ rate hazards and complete hazard mapping.

«,Mw.

.' prubablllty of failure.

» 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.

Golder 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 spegies (ranked),
botanical species, type of material, existing stream quality, sff¢aim category and
fisheries.

» Safety: road traffic/recreation, dwellings and utilities

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

* Loss of Product: size of failurﬁiéﬁa&-of resource, loss of access, service area, timber
and non-timber resources. ;

The forum participants concluded that it
SHAMW members’ technical and professia
discussed at the forum. xrviews would promote a discussion of the needs for a slope
hazard assessment syste its 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 4
forest management in order to help compile a list of data that g
preliminary slope hazard assessment. Golder drafted a list of qi¥stions« _
help guide the discussions with technical personnel repregenting Crown Pagifi¢; Department
of Natural Resources (DNR), Weyerhaeuser, Plum Cre i
The interview questions are included in Appendix B

ncies involved with

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

* Beneficial to transfer information from experien

Hanagers to new managers.
5 2

+ Strong interest in an invento : %@track stability problems associated
with construction history. L
fphin:al option to produce graphical

kA

» Data base inventory should have
summaries and @“ s. ‘%}’%}

o
o

‘gplacﬁggéxt for on-site evaluations.

W 7
« Do ﬁ%@ed 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 Assoclaias
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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 ould document
historical events and systematize the collection of basic data relative

along forest roads. Concern was voiced about the decision analys

3.2 Literature Search

In addition to the interviews, we also completed alliter :
mass movement on forested slopes in the Western Ui tates and Canada. This review
further enhanced our understanding about the site ctexistics that influence mass

movement on forested slopes. In summary, the following
the literature:

» Descriptions of several studies
the conclusions concerning th
management in response to the §

*-i:roducé,mults appraise potential for adapting to GIS, explain changes to
4 e!ﬁmnahon system.

. Cun'éfﬂ‘methods 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.

Golder Associates
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4. DEVELOPMENT OF FIELD ASSESSMENT METHODOLOGY

4.1 Assumptions

In order to develop the field assessment methodology, it has beer
multiple assumptions with regard to the nature of the road systém:
the magnitude of stability problems, the types of available data ‘as 2 qual:ficahons
of the field personnel who will undertake the assessmen
been made are based on our understanding of forest p

discussed below:

» Qualifications of Field Personnel: Itis e pe at personnel forming at least
two levels of expertise will perform field asses ks, For the purposes of this
program, we have deemed theg individuals as ralists” and "specialists”. The

a maintenance capacity, but u
geotechmcal fields The spec i

» Character of Roﬁ?jﬁgm Field dssessment data will be collected along linear
elements or corr n the form of | ‘existing roads or P-lines for proposed roads.
Data will geste tbe ¢

« Background Datat _:__graphic, climatic and other data bases are anticipated to
be available or to bé'developed. It is assumed that this information can be
incorporated during the "office analyses" and no effort has been made to

2

The objectives of the 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 syste
amenable to computerized storage, analysis, retrieval and d

ms) and to be

¢ To be field verifiable.

« To facilitate prediction of future stability pré
decision analyses for maintenance managg

4.3 Methodology

relimiinary assessment will serve as a screem'.ng
mechanism for a large amoufitiof rget those critical areas that require more
study in the form of a ted s mer . The latter would*be undertaken by

defined in the preliminary asséssment
preliminary and detaﬂe&r;l‘"-'r ?ta i

Golder Assoclates
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5. PRELIMINARY SLOPE HAZARD ASSESSMENT

The purpose of preliminary slope hazard assessments is to provide a systematic approach
for non-geotechnical personnel to collect information relevant to failurg:history, road
performance, site geometry, water conditions and material sh’ength

slope hazard assessment data sheet, Append.ix D. This data is $esigne
exlstmg/proposed road segments or at specific failure sites. The informa

MW technical forum on June 14,
1991, to discuss the content of the data sheet, possible improvements and areas for further

work.

manual that will accompany the data sh I'draft of the manual will be provided
after the preliminary data sheet has been d. An outline for the preliminary slope
hazard assessment data shaﬁ?ﬁg;s manual {8 included in Appendix E. We expect the

e finalized after the results of the "field test case” are compiled

Golder Assoclates



[une 28, 1991 9 913-1121

6. DETAILED SLOPE HAZARD ASSESSMENT

6.1 Objectives

The purpose of the detailed slope hazard assessment is to provid pmon evaluation
approach for a "specialist” trained in earth science or geotechnjéa ieexing. The data
will be collected from areas or specific sites, and used to det selative potential for

* Easily obtained background information {

» Existing site specific information w

+ Slope hazard rating (from the preliminary a
» Detailed geotechnical information

T
e T

The DNR is currently developing guideit
one or more methods of slope hazard 29

‘Rm;gg guides have prowded a basis for the
proposed detailed assessment; for refereﬁg see

Stirveys - Information Needs and
Work Plan by Brunengo, 1990".

*Fm ass Ssen nt data sheet is supplied in Appendix F.
njonganual is incltided in Appendix G.

: 'iﬁétaﬂed slope hazard assessment methodology, it became
apparent. ihatw ﬁﬁtmct approaches were possible. In the first of these, the specialists
collec} ﬂata with & ew to the typical cross-section for a field demgnated road segment. In

_I_W'xdmcussmn which follows these approaches will be termed the
nap" formats. The concepts and advantages and disadvantages of each

cross-secuon d n
format are presgnted 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 spedialist carries out a field evaluation of each segment. The
initial focus is to review the appropriateness of the segment definition. If unsuitable, the

Golder Assoclates
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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 wa -3_ a corridor map
for the road segment. For each of the new subsegments, the specialigt g#ithers specific
additional information based on the detailed hazard assessment sh

u' this format, as

presented in Appendix F, Alternative 1. The specialists” skills w, mred to make
certain field judgements as to the "controlling” strahgraphlc, geoh d material
strength conditions w1th1n the subsegment. This data is then entered to fa base for

failure modes. These probabilities are then analyzed jif'c bination with the site specific
consequences of failure to determine the "risk" of failiire i

6.2.2 Map Format

Using the map format, the preliminary
that directs the specialist to the appropri
investigation. The specialist will use any
assessment forms, however, the spemahst
segment boundaries.

ffidocations requiring further
nt inférmation on the preliminary hazard

This format requires falis to select and obtain a base to use in mapping. Tl'us
base may be a conver ) z ]

map. Care will need to that the base map is compatible with the media
i of data such as a GIS system or photograph overlay

has been selected, a corridor map will be prepared that

ilar engineering properties), surface hydrologic characteristics and
larly those related to sloPe stability. During this process information
‘thickness of each engineering unit as well as index engineering
afive density, stiffness, gradation, and plasticity. A first draft of the
detailed assesst heet for the map format is given in Appendix F as Alternative 2.

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 Associates
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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 nated evaluation.

- Field assessment is rapid and many key de are made in the field.

« Disadvantages

5

- Presumes that the specialist
subsegments in the field based
relatively quick appraisal of th

ified to assign segments or
1y assessment and on a

smogenization” of geologic conditions in

- 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 Assoclates
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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 pecifically whether
a decision system is to be incorporated in the final product. Sectig;

Golder Associates
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7. DECISION ANALYSIS SYSTEM

Several options exist regarding the decision analysis methodology to adopt for this project.
The appropriate option to select depends on the speciﬁc application as el as on the

rating would indicate the level of concern for each slope:
inventory would allow for a rough prioritization of the attenti
slope. The highest rated slopes would subsequéritly be treated indigi
"standard” way, e.g., investigation, analysis design based on judgement,

ored. The rating could be

probablllt}r of various types of failure modes ( g, whereas the risk rating
would indicate the probability of various types-of failure modes occurring in
conjunction with the potential gonsequences if sﬁ@ﬁ]uﬁs do occur. The
decision approaches for a site b:-,r hazard ranking and by risk ranking

are illustrated in Figure 1 a) a%%} et g1y+

atiee schemes. A decision methodology
¢t the appropriate design/maintenance
ach slo t the most cost efficient minimization of the
risks involved, possibly subject to budgetary constraints. This would require an
assessment o isks asstciated with each slope, ie., the probability of various
: ': 1 and the potential consequences if such failure
1 assessment of the cost effecuveness of available

c?,;ddxhg applied to ual s]opes or to a set of slopes, For a set of slopes, the
0 cent pmgram% reducing the risks associated with all of the slopes

1ally with respect to the availability of technical "specialists”. Hence, the
methndology sho '*. @ 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
specific 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 Associlates
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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 design/maintenance alternatives the
(by the technical specialist) in order to calculate the probable gonsequences of

Lo

programs and the assessmenﬁ*{?ﬁ’the:yrobable consequences for each activity for
each slope in a program (as dis ) would mvolve significant effort by
technical specialists. In the snd.
applied to each slope would first be as
discussed above). This cost eff

change in the copibi
of activities fo;
level (or other &

ssessed (primarily by technical specialists, as
seness would be expressed in terms of the
ces over all slopes. The optimum combination
e can then be determined automatically for each budget
_cunstramed optimization routines. This part would
s, although they should review the results. The

little inﬁarmahoﬁ”' i 'ble, esp-eually from the field, to minimize costs and effort.

in order %iaake better decisions, it is desirable to use as much information as

adeoffs must be made between these two objectives, so that the
information is obtained and used.

Golder Associates
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8. WORK PLAN FOR PHASE 2

8.1 Scope

The following tasks are proposed for consideration in Phase 2 of e Slgpe Hazard Project:

Task 1_Internal Technical Forum

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

and

sk 2 Field Veri

xd ggtal to the development of the
hazard assessment techniques which wﬂlﬁg itilized. Tt is proposed that a two-day
workshop be held at a fores\ camp in p oximity to a road system with a range of stability

“work session would be organized to have all participants,
d "":fﬁate an interval of roads through the Preliminary Slope

and compared in an cgm‘ia
and manuals. Having com
Assessments would be carrieg

enti weaknesses or ambiguities in the process, forms
limmary Assessments, a set of Detailed

Task 3 Finalize Field 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 Assoclates
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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 computer—based system.
This will ensure that a user-compatible system is produced.

The deliverables from this task would require development of a das . which, depending
on the strategy adopted, could include the following capabilities?

Y‘?’i,} -
Depending on ﬁﬁz‘”appmach 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. 8 based on the

concern.
- Development of an algorithm(s) for estimating the arious
consequences for each failure mode for a mapped segment, d on the

results of a consequence assessment.
» Design/maintenance activities

- Development of a cost-effectiveness 2 sheet for various
design/maintenance alternatives applied to & mapped segment.

:ﬁ’-"mg:é

' ~£Qr_esbmahng ‘changes in the probability of

ility of various consequences for each

applied fo:a mapped segment, e.g,, based on
assessrient.

- Development of an algoritl
various failure modes and
design/maintenance alterna
the results of the cost-effecti

odel for estimating the consequences combined over
s, considering the possible changes due design/maintenance
king tradeoffs among the various consequences (e.g.,

‘ﬁgu:e of merit").

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 elecis. 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 estimate ot include direct
costs such as computing time nor does it include the developr il-fledged GIS. For
preliminary lanmng, direct costs should add approximately te:
total labor costs in Table 1. Based upon review of this draft Phase 1
can be revised prior to the execution of Phase 2. Alternafiw
complete can be updated at intervals during executiopof £ e Phase 2 program

Golder Assoclates
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9. SUMMARY

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

L]

« A slope management system to assis
either with respect to individual

ventive maintenance planning,
 or a set of slopes (road system).

. \z\;/n-

. i
The selected alternative )dé y th requl;@ﬁ 'scope and level of effort for the Phase 2

study.

William ]. Roberds

Principal
Wayne C. Adams Robert L. Burk
Project Engineer Associate

Golder Assoclates
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TABLE 1
PHASE2 PRELIMINARY LEVEL OF EFFORT AND COST ESTIMATE
Client: SHAMW/DNR
Project: Slope Hazard Assessment
Personnal Adams Burk Dershowitz Fuget Norrish  Roberds Support TASK TASK
TOTAL | TOTAL
HOURS | COST
Approximate bllling rate $55.00 $92.00 $94.00 $50.00 $118.00 $102.00 $44.00
Task No / Description
1 internal Technical Forum 16 12 12 12 4 56 $4,800
2 Field Assessment Verification 40 24 24 24 8 120 | $10,040
3 Finalize Field Assessment Methodology 40 16 16 8 24 104 $7,432
4 [nventory Development 80 60 40 80 40 40 60 400 | $29,120
5 Decision Analysis Methodology 200 80 40 80 40 400 80 920 | $75,160
6 Verification of Decision Analysis 24 8 8 16 8 40 16 120 | $9,336
Methodology
TOTAL HOURS BY INDIVIDUAL 400 200 88 176 140 524 192 1720
TOTAL COST BY INDIVIDUAL $22,000 $18,400 $8,272 $8,800 $16,520 $53,448 $8,448 $135,888
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GOLDER ASSOCIATES 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 :
Dave Beedle Muckleshoot Tri
Tom Koler  ** USFS.
Duncan Wyllie Golder Associates
Bob Burk Golder Associates

Steve Lowell

K.Sullivan: O .
informal bond b’éﬁ,ﬁen 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.
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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

e able to identify
problems espedcially during road location.

resource damage

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

D.Wyllie: People maﬁg
background to assess.

M.Spencer: Would like iy e% '

Hitees, s }i* -

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

J-Hurst/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.
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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 an
experts. USFS is mostly going to a recreation base [less emphas
management/timber harvest].

M.Brunengo: DNR, regulates itself, weyerhaeuser and logal :
ratings do exist: State Soil Survey. Accepted but no whes fiear perfect. Matt Is in the
process of improving rating system. Currently thereds igritize

problems. Attention goes to the worst [visible] pro
areas [to assess stability]: '

. Redefine State Hazard Zonation e

. Address stability in an on@*ﬂ ite specific manper

. Prioritize by drainage ba!
JHurst: DNR seems to use macro appro

M.Spencer: Northwest Disty

T.Koler: Just a maﬂe%
effectively.

K.Sullivan: The main problem is $o get away from surprises. Need to help engineers have
fewer false sfarts b :L) read the Tandscape and 2) prevention oriented across scale.

he existing people have to do this". Get as many pec}ple as posslble 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,

T.Koler: 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]
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B.Roberds: Introduces "Current Practice.”

N.Norrish: Discusses Golder CP Rail Project.

D.Wyllie: Must be able to L.D. problem and fix. It is typically note e to do a little bit

of work in several places.

T.Koler: USFS Hazard Mapping is a product of 1 if :
Plan/10 year Plar/Timber Sale. Between 10 year Plan s e Timber Sale there is a series
of stability analyses. :

. LEVEL I: MUSLE/WEPP,LI5A or Hoek & Bray, applied to sale areas at the
't lygon system.

K.Sullivan: Can use an invertory with levels of analysis to get funding. Weyerhaeuser
N iﬁ;',;upply effort'to begin pilot project.

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 L.D. the problem [continuing stability] but several points were mentioned
including; budget, organization, knowledge and process. To get implemented system must
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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 & Spedialists.

K.Sullivan: Specialist = Tom, Matt or Jim Ward. Generalist = noty

¢ level but maybe a
Farester or [logging systems] engineer.

B.Burk: [He would define] generalist uses existing 1
specialists to extrapolate using current information.

USER TYPE

SPECIALISTS
BOTH
JSES/MAP SPECIALISTS
NEELY&RICE GENERALISTS
ROCK FALL SPECIALISTS
ROAD PAVE GENERALISTS
SHAMW 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 | on how to proceed.
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Group responses to questionnaire: A-I;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 geometry, pore

pressure and unit weight.

'EOMETRY

STRENGTH

SLOPE HT.

SPECIALIST uUsCs

CIP/SNOW | SLOPE ANG

G.TYPES EROSION

MATERIAL GEOMORPH

TYPE

GENERALIST

ORGANICS

s¢ ¢ategories things that we can expect specialist to plug into a slope
el? [Has his doubts that specialist will be able to handle this data collection).

J-Huri: 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/].Hurst: Need to get organized method to attack problems.
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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 L4 : UT do need to
have a "key" such as a drainage basin. :

B.Roberds: Discusses continuous measure of P(f) which dependson if wagt th." Must
increase quantity and quality of info to get increase in tryfh, Rrobability of

produces an increase in probability of failure.

B.Roberds: Discusses Consequences. _
. COSTS;clean-up,remediation loss of servir: 3
«  SAFETY;transportationhbusing
. ENVIRONMENTAL

N.Norrish: $w&ce4‘t&_?m runoff failures:not part of our scope of project to give a surface
water design. Wélg

mile.
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.
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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, materi ‘
resources (equipment type), weather/season.

(loss of access for fire protection), s
Tesources.

. Safety:Road Traffic/recre
B Environmental:Proximity & sty

botanical species, type of nah
city/fisheries.

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.
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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 QUESTIGNNAIRE 5/6/91)
(913-1121)

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

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

A-3. Do you use geotechnical analyses and designs, retaining walls or horizontal
drains, in dealing with slope failures? ;

A-4.

B-1.

B-2.

B-3a.

B-3b.

B4.

B-5.

B-6.

B-7.

In viewing the following list what.
in the road prism? .
. unfavorable road location

mamtenanf:% Al

® & @ & @ & & @

These failures are mostly which, shallow (< 5 feet deep) or deep (>5 feet deep)?
DELETED

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.

What age of roads are associated with failures? (by percentage)

What portions of the year do you get most of the failures?
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B-8. DELETED

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

Cleanup costs

Resource loss

Human health & safety

* ® * & & 9

C-2.  In your experience, what failure volume size ray |
C-3a.
C-3b.
C-3c.
C4.

C-5.  Which of the following do you use of slope failures?

Rnad cleanu durin
e cause

D-1. hvish the road prism could be reduced by which of the following?

D-2.

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

Do you track the slope failure/remediation history?

W-7.
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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 S

- : search concerning mass
movement as apphed to management of forested land in the'Western United States and
Canada. It is not a comprehensive listing of all litera slope stability, mass movement
or landslide inventories. b :s;

1. Baﬂey, R.G., 1972, Landslide

Relation to Land

.» 1975, "Effects of Deforestation on Slopes," in Journal of
ag Division, Vol. 101, No. GT2, pp. 147-165.

4. .+ 1990, Road Surveys-Information Needs, Department of Natural
blished, 16 p.
5, ¥ ],, 1990, Slope-Stability Hazard Zonation Pilot Project, Draft Work Plan,

ingion Department of Natural Resources, Division of Geology & Earth
Resources, Forest Regulation & Assistance Division, unpublished, 30 p.

6. Burroughs, E.R.Jr. and King ].G., 1989, Reduction of Scil 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, J.L., Megahan, W.F. and Hampton, D., 1979, Soil and Bedrock Properties:

Weathering and Alteration Products and Processes in the Idaho Batholith, U.S.
Department of Agriculture, Forest Service, Research Paper INT-237, 35 p.
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9. Cleaves, A.B., 1961, Landslide Investigations; A Field Handbook for use in Highway
Location and Design, U.5. Department of Public Roads, Bureau of Public Roads, 67

P

10.  Cruden, DM., 1985, "Rock Slope Movements in the Canadian &6
Canadian Geotechnical Journal, Vol. 22, pp. 528-540.

11.  Day, NF. and Megahan, W.F., 1976, "Landslide Dccurre inous Terrain

12.  Durgin, P.B., 1977, "Landslides and the Weath&
Society of America, Reviews in Engineeringi€

13. Ellen, S.D., Flemjng, R.W. and Lee, H.J., 1987, "Mt ion of Debris Flows from
Shallow Slides,” in Erosion and Sedimentation in ific Rim (Proceedings of the
Corvallis Sj,rmpoﬂum}, ed. by Be%ﬂp et al, “Publ. No. 165, pp. 243-244.

14. Gonsior, M.J. and Gardner, R.B., £971; Ini tion of Slope Failures in the Idaho
Batholith, U.S. Department of Agrie : rest Service, Research Paper INT-97, 34

p-

15. Gra}r, D.H., 1970, "
in Bulletin of II'@"

f Forest Clear-Cutting on the Stability of Natural Slopes,”
Engineering Geologists, Vol. VII, Numbers 1 and 2,

o

16. A & _ndslide Types and Controls in Glacial Deposits: Lower
Skaglt ]{wer Dramage, Jorthern Cascade Range, Washington,” in Environmental
" %‘ Pp- 221- 287
17. i
18. (. 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.

19.  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.

20.  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, J. 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.

2. Lowell S, 1991, Unstable Slope Repair Data Sheet and Flow @ s#ts for WSDOT
Expert System, unpublished, 18 p.

24.  Megahan, W.E., 1974, Study Plan: Landslid
the Idaho Batholith, U.S. Department of Agric orest Service, Intermountain
earch Paper INT 1651-230, 35

P

25. National Council of the Paper
(NCASI), 1985, Catalog of Landslid: ku’
Bulletin No. 456, 69 p.

26.  Neely, MK and RicesRM., 1990, "Es""f ting Risk of Debris Slides After Timber
Harvest in North ‘California,” in B’fﬁétm of the Association of Engineering

27.  Orme, AR, l?m?n Initia
Slopes," in Erusmn . E_,dh:nentaticm in the Pacific Rim (Pmceedings of the

29, TR, D., 1983,
agement of Forest Lands on Residual and Colluvial Soils,” in Transportation
1"Record 919, pp. 27-36.

30.  Reilly, TK and Powell, B., 1984, "Applications of Geotechnical Data Forest
Management,” in Proceedings of a Workshop on Slope Stability: Problems and
Solutions in Forest Management,” in U.S. Department of Agriculture, Forest Service,
Pacific Northwest Forest and Range Experiment Station, April 1985, General
Technical Report PNW-180, Doug Swanston ed., pp. 87-93.

31.  Reilly, TK, 1989, "A Method for Application of Geologic Information in Management
of the Gifford Pinchot National Forest," in Washington Department of Natural
Resources, Washington Division of Geology and Earth Resources Bulletin 78,
Engineering Geology in Washington, Volume II, RW. Galaster, chair, pp. 945-954.
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32.  Reneau, S.L. and Dietrich, W.E., 1987, "Size and Location of Colluvial Landslides in a
Steep Forested Landscape,” in Erosion and Sedimentation in the Pacific Rim,
(Proceedings of the Corvallis Symposium), ed. by Beschita, R.L., et al, IAHS Publ. No.
165, pp. 3948. .

33, Rice, R.M., 1981, "Erosion Associated with Cable and Tract
Northwestern California,” in Erosion and Sediment Transg

Steeplands, (Proceedings of the Christchurch Symposi No. 132, pp
362-374,
34.  Rice, RM. and Pillsbury, N.H,, 1982, "Predicting&andslides in Clearcut Patches,” in

Recent Developments in the Explanation an
Yield (Proceedings of the Exeter Symposi

35.  Rice, RM,, Pillsbury, N.-H. and Schmidt, KW., 1
Using Discriminant Functions to Manage Logging-F
Terrain," in Forest Science, Vol. 3, 3, pp. 772-784.

36. Roth, R.A., 1983, "Factors Affecting
California,” in Bulletin of the Association

pp. 353-372.
37.  Sidel, R.C,, 1984, "Eact ?ﬁ?luenmng ¢ Stability of Slopes,” in U.S. Department of
Agriculture, Fm;ﬁt' TViCe,

Pacific Northwest Forest and Range Experiment Station,
Report PNW-180, Doug Swanston ed., pp. 17-25.

ssceptibility in San Mateo County,
gineering Geologists, Vol. XX, No. 4,

: ¢ Model of Slope Stability in Zero-Order Basins,” in
Erosnon and Sed.lmen in the Pacdific Rim, (Proceedings of the Corvallis
1), ed. by Beséhta R.L., et al, IAHS Publ. No. 165, pp. 101-110.

39. b d Dyrness, C.T., 1975, “Impact of Clear-Cutting and Road

on Soil Erosion by Landslides in the Western Cascade Range, Oregon,”
%53 No. 7, pp. 393-39%.
40. 5 Swanson, MM. and Woods, C., 1977, Final Report: Inventory of Mass
Erosion in the Mapleton Ranger District, Siuslaw National Forest, U.S. Department
of Agriculture, Forest Service, Siuslaw National Forest and Pacific Northwest Forest

and Range Experiment Station, 62 p.

41.  Swanson, FJ., Swanson, M.M. and Woods, C., unpublished, Analysis of Debris
Avalanche erosion in Steep Forest Lands: An Example from Mapleton, Oregon, USA,
U.S. Department of Agriculture, Forest Service, Forestry Sciences Laboratory Report,

8p.
42.  Swanson, FJ. and Swanston, D.N,, 1977, "Complex Mass-Movement Terrains in the

Western Cascade Range, Oregon,” in Geological Society of America, Reviews in
Engineering Geology, Vol. III, pp. 113-124.
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43, Swanston, D.N., 1976, "Erosion Processes and Control Methods in North America,”
in XVI JUFRO World Congress Proceedings, Div. I, U.S. Department of Agriculture,
Forest Service, pp. 251-275.

44.  Swanston, D.N. and Swanson, F.J., 1976, "Timber Harvesting, Has:
Steepland Forest Geomorphology in the Pacific Northwest,;
Engineering, D.R. Coates ed., pp. 199-221.

45.  Thorsen, G.W., 1970, Washington’s Landslide Survey (A
Engineering Geology and Soils Engineering Sympésium, 8th Annua
Idaho Department of Highways, pp. 285-293. £

Y
bility Pilot Project, Upper

46.  Thorsen, G.W. and Othberg, KL., 1978, Fos ‘ ¢ 5
“Resources, Division of

Deschutes River, Washington, Department of
Geology and Earth Resources, Open File Report

47. Toth, S., 1990, A Road Damage ‘_
-
48.  VanDine, D.F., 1985, "Debris Flows and

4.  Vames, D], 1978,
and Control, Transpt

50. Weaver, W., Hagans, D, .and Madej, M.A., 1987, "Managing Forest Roads to Control
Cumulative Erosion M%entaﬁon Effects,” in Proceedings of the California
'ét&fManagemenT‘@bnference, West Sacramento, California, Report No. 11,

51. . and
;" in Proceedings of the Fifth Federal Interagency Sedimentation
l. 2, pp. 13-40 to 13-44.

.
52. Wieczorek, G.F., 1984, "Preparing a Detailed Landslide-Inventory Map for Hazard
Evaluation and Reduction,” in Bulletin of the Assodation of Engineering Geologists,

Vol. XXI, No. 3, pp. 337-342.

53. Wieczorek, G.F., 1987, "Landslide Erosion in Central Santa Cruz Mountains,
California, USA, Preparing a Detailed Landslide-Inventory Map for Hazard
Evaluation and Reduction,” in Erosion and Sedimentation in the Pacific Rim,
(Proceedings of the Corvallis Symposium), ed. by Beschita, R.L., et al, IAHS Publ. No.
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54, Wu, T.H. and Swanston, D.N., 1980, "Risk of Landslides in Shallow Soils and Its
Relation to Clearcutting in Southeastern Alaska,” in Forest Science, Vol. 26, No. 3,
pp. 495-510.
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Sketch of Road and Segment

PREL IM,NARY 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.- msl) |

Reference Map(s) or Other 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 siope) —ft. (down slope) —— L.
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):
Number
Potential Selections List > s 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
o Natural Slope (Below Rd.)
4. GEOMETRY

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

Siope Shapes 1A 2A A

(Circle One): % @ @

1B % 2B @

Road Prism Shapes (Indicate maximum values * ) 2 15 2 c

" @ @ % %
—---"-i-u. L

-....,I Ref: Tsukamato, Y, Minemaisy, M 1987.
* Estimated Measurements by

Cut Slope Road Wicnh =(6) Numbers Indicated: ft (1)
@ ‘51 N t it (2)

| ™~
Drainage Ditch R _J —? (i)
@ N T % (4)
'\\ 2 Fifl — i)
Slope Aspect (Circle | S Stope U i (6)
Correct Combination): | S —_— T w (T
EW ~ % (7)
Maximum Road Grade (Circle One): Original A © — 1 (8
0-5%, 5-10%, 10-15%, 15-20% Ground Surface — % (9)
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Existing Failure:

¢
~ I
Cut Slope - Nearest Established Channel
Flow (3) ~ Surface Water or Distance to Stream (9)
Seepage (4) ~. Fiow Direction [ >

(7)\ (8

'~ o Fill Slope
Blocked Drainage Ditch (5) | < Seepage (10)
Blocked Culverts (6) ! "
| ~— Surface
i Flow (11)
Original /
Ground Surface

6. STRENGTH

~ ?

Soil Composition (Circle if Present, Give Percentages if Possible):
Rock Fragments % Sand Size Fraction %

Fill Composition (Circle if Present, Give Percentage if Possible):
Rock Fragments % Sand Size Fraction % Silt/Clay Size Fraction

Rock (Circle One): Massive
Blasting %

Moderate Fracturing Heavy Fracturing
Rippable % Excavated %

m fRaldar Aceariatae

Side Two

Failure (Yr)—— Length —_ft. widgth_____t. Average Depth of Scarp (Pempendicular to Slope) —fi.
Failure Type(s) (Indicate Numbered Selection from Material/Mechanism Lists):
Potential Selections > (MavMach)
|
P . —L__ Natura! Slope (Above Road)
Material Failure I Cutsi
Type Mechanism ut Slope
—L__ Ditch
A. Rock 1. Fall
< —L Fin Slope
B. Soil 2. Flow
C. Debris 3. Slide —L  Natural Slope (Below Road)
4. Topple
5. Avalanche
5. WATER
Surface Flow (1)
Seepage (2)

Circle Yes/No or
Estimated Measurement
by Numbers Indicated:
Y/ N (1)

Y/N (2

Y/N (3

Y/ N (4)

Y/N (5

Y/ N (6)

Y/N (7

X/N (8

f. (9)
e Y /N (10)
Y /N (11)

Sil/Clay Size Fraction %

%  Organics %o
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MANUAL FOR THE PRELIMINARY SLOPE HAZARD ASSESSMENT ON
FORESTED LAND

REVISED June 28, 1991

1. INTRODUCTION

11 Purpose and Scope

The purpose of this guide to slope hazard assessment on foresteg Tand«
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 makin

We have assumed that collection of information ofy.
levels. First, the site or area under consideration will4
forestry personnel who will not have specific training 1
These personnel, typically forest engineers, road locators
use the hazard assessment data sheet tg heélp. th

under consideration will be ranked by' A ZAT
the consequences. If the consequences %?“
then a data collected Y
gﬁ

o
o

Several definitions will prow ﬁheful for rela

viewed on—the-gruu.nd" by
@mment or earth science.
“maintenance personnel, will
4 base of their land. The area

‘ormation about slope hazards. There are
3. The terms often referred to in this guide

Landslide Classification

4 mes (1978) is presented as a guide to help define
movement and materiak y

;nvolv&é;ﬁ‘l mass movement features,

i H ent” in this guide refers to a progressive process in which the shear
mateftgl‘ﬁ?creases relahve to the shear stress until resxstmg forces are less

movement types. that i
"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 of#fiesé 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 ay
studies of mass movement. The reliability of the ags:
level of quality achieved in collecting site parameters::.
the more reliable the assessment.

lope hazards hmges on the
words, the better the data,

59 a field oriented evaluation, one
| g process. Such tools may include air
photos, topographic maps, geologldsoﬂfh
One should not forget that othe

ES ad maintenance crews, may have expenence
in the area and offer valuable insig

-area in question. Though after some field
ols may seem repetitive it is still considered a

/. Springs, seepage and vegetative cover may help to indicate areas where further
scessary. Namy of the important features considered essential to slope hazard
assessment 2 ed on the data sheet and are further explained in Section 3 of this

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 Location of Site

posts that
Lsite location.

The location of the described road segment or mass movemen featurs
bracket the feature, elevation and reference maps are needed to help tratk

2.2.2 Site History

séventive maintenance
ities can often be adjusted to
applies to the road or site:

It is important to track site construction and repai¢ }
priorities may be improved and logging and construet

improve adverse trends. Enter the following information.

uad Constru 2?S;.'],:«: circle one or more descriptions of the construction
g road segmént 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.

2.24 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.

Golder Assoclates



[une 28, 1991 E4 913-1121

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

* ® ® & = » @

General Landforms (FIGURE 2)

Slope Shape (FIGURE 3)

The road prism shape will help determine the geometry
on the typical section are located at the position on the s £ :
The actual measurement or estimate of the walue should be tdicated in the blanks on the

right hand side of the page.

Road Prism Shape (FIGURE 4)

wvement. The failure type should be entered for the
ristn where the failure is located. The main material

‘on the Jeft hand side of this section. Select the number that
' _,gatenal (at the failed surface) and mechanism.

Collect Site Spedific Information
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.

Wolve down slope
eral types of mass
or ground failure.

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

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

Road Prism: Portion of the road right-of-way that conte e area used to construct the
cutslope, roadbed and fill slope. b

Rock (engineering): Reserved for ea
moving equipment. Note: Usually mus
excavation.

Self Balanced: Constructionpiractice where tf mtmal from the cutslope can be used for
the road fill. g

Sidecast Constructioh:
spillage, bladeing or end ¢ d
fill. Usually not allowed ¢

lacing excavated material by incidental or deliberate
g road construction and used as part of the road

Slope Stabilit ‘;—ﬁﬁﬁinon of a natural or constructed slope describing the resistance to
failure. Note: This 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 (engineering): 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):

Fuly drained siope

ianp- di . ra
al amn
back from toe (B x

3. STRENGTH
Geologic Unk Assoclated with Soll

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 Stiff V. Siiff 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 bpl apl

Unified Soil Classsification:
Engineering Rock Unit (Average Over Segment, Section or Site)

>>>>>>> s | m,,mlchulmﬁmulnuh Surface Proparties : Intact
Rock { Fallure Mechanism Discontinuity Dip (degrees) Persistance (feer) i _ |Material
iELlﬁEELiM Wedge |Topple 025 |2650 |50.75 [»75 <10 [10-30 [>30 |SmoothvSheared [Rough |V. Roughimegular |Grade |
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DETAILED SLOPE
HAZARD ASSESSMENT (Alternative #2)

{(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 slopa

o PRSI LTI L LA { Q !- e

aaaaaaaaaaaaaaaaaaaaaaaaaa

Srabmn e ,_Ww% nmmum‘mmm Field Tents of Soll « 440 Siave|<#200 Slave,_____
Soil |GeclagicOrigin | Thickness Max, | Parcant wa Moisture | Consistency bmlnr lﬂuou Toughness | Dilazancy Il.'.lqr Plasiicy  Clansiy
Lini2s | Linil Size |»3" |3 Streng {uscs

4. ENGINEERING ROCK UNIT

i Character of Discontinuily Surface Propertles Intact
Failure Meachanism &mm.inrnip(diﬂr-u: Persisience (feat] ; Matarial
Planar |Wedge | Topple |0- 25-50 |50-756 =75 |«10 [10-30 |=30 |SmoothvSheared |Rough |V. Boughimegular |Grade |

5. ATTACH PLAN MAP AND CROSS-SECTIONS

t@} Golder Assnciates
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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 soil para
GEOLOGIC UNIT:

Note lithologic unit that directly underlies the soil%
ORIGIN:

Note geologic origin of soil unit, e.g. R
THICKNESS:

MAXIMUM SIZE:

Note the maximum

PERCENT > 3 INCHES: "
i g-?%
£ e
ial{by weight) greater than 3 inches.

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.

Golder f&ssoclates
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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 1inch o
Firm Thumb will indent soil about 1/4 inch & 7
Hard Thumb will not indent soil but readilyindented with
thumbnail
Very Hard  Thumbnail will not indent soil

Cohesionless: Very Loose < 15%

Loose 15-35% Easily excavated:
hand shovel

Compact 35-65% Difficult to
excavate: hand shovel

Dense 65 - 85 % Loosen with pick
to excavate: hand shovel

Very Dense > 85 %
GRADATION
Note the percentage of weight) i fﬂie three categories:
> #4 Percerit jarger 4 sieve (4.76 mm)
<#4 >#200 Percent smaller | 4 sfeve but larger than #200 sieve (.074 mm)
<#200 Percent smalls n #200 sieve

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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I Description | Criteria for Describing the Reaction of Pressure to the Dry Sample

NONE Crumbles into powder with mere hand pressure.

LOwW Crumbles into powder with some finger pressure.

MEDIUM | Breaks into pieces or crumbles with considerab}é

| HIGH

thumb and a hard surface.

VERY
HIGH

DILATENCY

1)

2)

3)

Cannot be broken between the thun

f the hand vigorously against the other
er appearing on the surface of the soil.

ppears slowly on the surface of the specimen during shaking
oes not disappear or disappears slowly upon squeezing.

RAPID

m— =

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

TOUGHNESS

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.
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3)

4)

5)
6)

-
Description

| LOW

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.

Note the strength and pressure required to roll the thread.
Lump the crumbled thread together and knead until the

limit. The thread and the lump are weéak ar

MEDIUM | Medium pressure is required to roll the

limit, The thread and the kim have medium st tlffness

=

HIGH

inch diameter thread cannot be rolled at any water content.

LOW e thread can barely be rolled and the lump cannot be formed
when drier than the plastic limit.
EDIUM 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 rgsult of the
descriptions applied from Dry Strength, Dilatancy and Toughness,

DRY STRENGTH

LOW ORy EAD
CANNOT BE FORMED

MEDIUM
LOW TO MEDIUM
HIGH

NONE TO LOW

MEDIUM TO HIGH N
LOW TO MEDIUM
HIGH TO VERY HIGH

ENGINEERING ROCK UNIT
ROCK UNIT:

Assign an arbitrary letter 0

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
R1 Very Weak Crumbles under fizf ith point'f geologist hammer, can be

peeled by a pocket knife.
Weak Can be peeled ket knife with difficulty, shallow indentations
It made by firm h point of geologist hammer.
Medium Strong Cannot be scrape %led with a pocket knife, specimen can be
‘blow of geologist hammer.

R4 Strong es more than one blow of geologist hammer to fracture.
R5 Very Strong ;;?:%many blows of geologist hammer to fracture.
R6 Extremely Strong
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Unifled Soil Classiflcation System

Criteria for Assigning Group Symbols and Nemes

Soll Ciesz'" ~atlon

Generailzed
Group Descriptions

“mponent Definitions by Gradation

Component Size Renge

Boulgars Abovo 12 in.

Cobblos 3in. to 12in.

Gravel 3in, to No. 4 (4.76mm)

Coarse gravel Jin. to 3/4 in,
Fine gravel 3/4in, to No, 4 (4.76mm)

Sand No. 4 (4.76mm) to No. 200 (0.074mm)
Coarss sand No. 4 (4.76mm) to No. 10 (2.0mm)
Medium sand No. 10 (2.0mm}) to No. 40 (0.42mm)
Fine sand No. 40 {0.42mm) to No. 200 (0.074mm)

Silt and Clay Smaller than No. 200 (0.074mm)

COARSE-GRAINED SOILS GRAVELS CLEAN GRAVELS GW | Well-graded Gravels
M?rp ﬂ:jan 50% More Ihfan 50% of Less than 5% fines
retained on coarse fraction
No. 200 sieve hetainesc,l - GP Poorly-gradefl gravels
0. 4 Sieve GRAVELS WITH FINES | GM |  Sravel and Silt
More than 12% fines Eraveland G
rav a
GG i?tuereg J
SANDS CLEAN SANDS SW | Well-graded Sands
50% orfmo;ue of Less than 5% fines
coarse fraction
paszes No.d Siave sP Poorly-graded Sands
SANDS WITH FINES SM Sand and Silt Mixtures
More than 12% lines
SC Sand and Clay Mixtures
FINE-GRAINED SOILS SILTS AND CLAYS CcL Low-plasticity Clays
50% of moro passes Liquid limit INGRGANIC Non-plastic and Low-
the No. 200 sieve less than 50 ML | Plasteity Silts
Non-plashc and Low-
ORGANIC oL Plasticity Organ:c Clays
Non-plastic and Low-
Plasucny Orgamc Silts
SILTS AND CLAYS CH High-plasticity Clays
Liquid limit INORGANIC
greater than 50 MH High-plasticity Silts
High-plasticity
ORGANIC OH | Organic Clays
High-plasticity
Organic Silts
HIGHLY ORGANIC SOILS Primarily organic matter, dark in color, and PT Peat

organic odor

SOIL CLASSIFICATION/LEGEND

DNR/SLOPE HAZARD/WA

PROJECT NO. 913-1121

DRAWING NO. 26640

DATE &27411 DRAWNBY CB
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<30% plus No. 200 ? <15% plus No. 200

GROUP SYMBOL
<30% plus No. 200 ‘c:
PI>7 and plots — CL
on or above
*A" line 230% plus No. 200 <
4<Plsand ————»CL-ML
Inorganic plots on or above
“A" line 230% plus No. 200 <
LL<50 <30% plus No. 200 ?
Pl<d4 or plots ———& ML
below "A" line
230% plus No. 200 <
LL-overdried
Organic| «—----—eeeeeeee 1<0.76 — OL — See figure 1b
L-not dried
<30% plus No. 200 ?
Pl plots onor —# CH
above "A" line
230% plus No. 200 <
Inorganic
<30% plus No. 200 .(\_:
LL>50 -
Pl plots below MH
“A® line
230% plus No. 200
LL-overdried
Organic| --seemmmmmeenrems 1<0.75 ———= OH —» See figure 1b
L-not dried

ey

<15% plus No. 200
15-20% plus No. 200~

ot

% sand 2% gravel ——»-
% sand <% gravel ——

% sand 2% gravel —<: <15% gravel ———————=

215% gravel —————=

% sand <% gravel —<: <15% sand —————

215% sand ———»

.

15-29% plus No. 200 -Q:

% sand 2% grave| ——»-
% sand <% gravel| ———

% sand 2% gravel ~<: <15% gravel ——————

215% gravel ————

% sand <% gravel -<: <15% sand ——————»

215%sand ———»

.

<15% plus No. 200
15-29% plus No. 200 <:

% sand 2% grave| ——»
% sand <% gravel ——»

% sand 2% gravel ~<: <15% gravgl —————

215% gravel ————=

% sand <% gravel —-<:<15% sand ———

215%sand ——— =

R

<15% plus No. 200
15-29% plus No. 200 <:

% sand 2% gravel -«-—\‘:

% sand 2% gravel ———»=
% sand <% gravel ——
<15% gravel —————»-
215% gravel ——————

% sand <% gravel '<:¢:15% sand ——

z18%sand ———»

P

<15% plus No. 200
15-29% plus No. 200 q

% sand 2% gravel —>
% sand <% grave| ~———&

% sand 2% gravel -<: <15% grave| ~———8

215% gravel ————»

% sand <% gravel ~—~=—_% <15%sand ——— >

2i5%sand —*

GROUP NAME

Lean day

Lean clay with sand

Lean clay with gravel
Sandy lean clay

Sandy lean clay with gravel
Gravelly lean clay

Gravelly lean day with sand

Silty clay

Silty clay with sand

Silty clay with gravel

Sandy silty clay

Sandy silty clay with gravel
Gravelly silty clay

Gravelly silty clay with sand

Sit

Silt with sand

Silt with gravel

Sandy silt

Sandy silt with gravel
Gravelly silt

Gravelly silt with sand

Fat clay

Fat clay with sand

Fat clay with gravel
Sandy fat clay

Sandy fat clay with gravel
Gravelly fat clay

Gravelly fat clay with sand

Elastic silt

Elastic silt with sand

Elastic silt with gravel

Sandy elastic silt

Sandy elastic silt with gravel
Gravelly elastic silt

Gravelly elastic slit with sand

FIGURE

FLOW CHART FOR CLASSIFYING FINE-GRAINED SOIL

DNR/SLOPE HAZARD/WA

PROJECT NO. 913-1121 DWG. NO. 25661 DATE &/28/01 DRAWN C8
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GROUP SYMBOL GROUP NAME

<30% plus No. 200 ? <15% plus No. 200 » Otganic clay

Plz4 and plots 15-29% plus No. 200 <: % sand 2% gravel ——s- Organic clay with sand

on or above % sand <% gravel — Organic clay with gravel

A" line % sand 2% gravel ————» <15% gravel ———— Sandy organic clay
230% plus No. 200 215% gravel ——————»~ Sandy organic clay with gravel

% sand <% gravel ~<:<1 5% sand ————»= Gravelly organic clay
oL 215% sand ———— Gravelly organic dlay with sand

<30% plus No, 200 ? <15% plus No. 200 » Organic silt

Pl<4 15-29% plus No. 200 q % sand >% gravel —— Organic silt with sand

or plots below % sand <% gravel —— Organic silt with gravel

*A" line % sand 2% gravel -<: <15% gravel ———— Sandy organic silt
230% plus No. 200 < 215% gravel ——— Sandy organic silt with gravel

% sand <% gravel —<:<15% sand ——————»~ Gravelly organic sill
215% sand —————= Gravelly organic slit with sand

/NN

<30% plus No. 200 ? <15% plus No. 200 » Organic clay
15-29% pius No. 200 <: % sand 2% gravel ———= Organic clay with sand
P! plots on or % sand <% gravel — Organic clay with gravel
above "A" line % sand 2% gravel -<: <15% gravel —» Sandy organic clay
230% plus No. 200 < 215% gravel — Sandy organic clay with gravel
% sand <% gravel —==—_% <15% sand ———* Gravelly organic clay
OH 215% sand ——» Gravelly organic clay with sand
<30% plus No. 200 ? <15% plus No. 200 » Organic slit
15-29% plus No. 200 I~ % sand 2% gravel ——» Organic slit with sand
Pl plots below % sand <% gravel — Organic slit with gravel
*A" line % sand 2% gravel ~==—_} <15% gravel —— Sandy organic siit
230% plus No. 200 < 215% gravel — Sandy organic silt with gravel

% sand <% gravel ~<: <15% sand —> Gravelly organic siit
2159% sand —* Gravelly organic silt with sand

FIGURE 1 b

FLOW CHART FOR CLASSIFYING

ORGANIC FINE-GRAINED SOIL
DNR/SLOPE HAZARD/WA

PROJECT NO. 9131121 DWG.NO. 25662 DATE 6281 DRAWN C2 Golder Associates



GROUP SYMBOL GROUP NAME

<5% fines Cu24 and 1sCe3 > QW ? <15% sand ——a~ Well-graded gravel
:: 215% sand ———= Well-graded gravel with sand
Cuc4 and/or 1>Ce>3 > Qp <: <15% sand ———= Poorly graded gravel

215% sand ——&~ Poorly graded gravel with sand

fines=ML or MH ————————= QW-GM <: <15% sand ———= Well-graded gravel with siit
Cuz4 and 15Ces3 -<: 215% sand —————= Weil-graded gravel with silt and sand
fines=CL, CH, (or CL-ML) —> GW-GC ? <15% sand — Well-graded gravei with clay (or shty clay)

GRAVEL >15% sand —»~ Well-graded gravel with clay and sand (or silty clay
% gravel > 5-12% fnes and sand)
% sand

fines=ML or MH ———————— GP-GM ? <15% sand ——= Poorly graded gravel with siit
Cucd and/or 1>Ce>3 <: 215% sand — Poorly graded gravel with sl and sand
fines=CL, CH, (or CL-ML) ——* GP-GC ? <15% sand ———= Poorly graded gravel with clay (or silty clay)
215% sand —® Poorly graded gravel with clay and sand (or siity clay
and sand)

fines=ML of MH ——————® GM ? <15% sand — Silty gravel
215% sand ~————= Siity gravel with sand

>12% fines ™ ines=CLorCH ——————————*G¢C ﬁ: <15% sand —» Clayey gravel
215% sand ——® Clayey gravel with sand
fines=CL-ML ™ Gac-GM <& <15% sand — " Silty, dayey gravel
215% sand — - Silty, dayey gravel with sand
<5% fnes Cuz6 and 1=Cc<3 = Sw <15% sand " Well-graded sand
215% sand — ™ Well-graded sand with gravet
Cuz6 and/or 15Cc>3 > gp <15% sand — > Poorly graded sand

215% sand — ™ Poorly graded sand with gravel

215%sand > Well-graded sand with siit and gravel

fines=MLOrMH — ™ SW-SM T: <15% sand —— > Well-graded sand with silt
Cuz6 and 15Ccs?
fines=CL,CH, (or CL-ML) —  SW-SC = <15% sand ™ Well-graded sand with clay (or silty clay)

SAND 215% sand - Well-graded sand with clay and graval {or silty clay
% sand2 5-12% fines and gravel)
% gravel

finos=ML or MH — — ™ sp.SM ﬁ' <15%sand > Poorly graded sand with sit
Cu<6 and/or 1>Ce>3 a|s%gw__*moﬂygmmmmmmwm

fines=CL., CH, {or CL-ML) ™ spSC g <15%sand " Poorly graded sand with clay (or sfiy clay)
215% sand ™ Poorly graded sand with clay and gravel (or silty clay
and gravel)

_ —_—
fines=ML or MH SM q <15% sand Slity sand
215% sand . Sity sand with gravel

>12% fines P nes=CLorCH — T8¢ <15%ma—_""glamm o
. 215%sand ____, Clayey with grav
T R i i SO
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DRAFT MANUAL FOR THE DETAILED HAZARD ASSESSMENT DATA SHEET

Fully drained siops

Sol umlcomr. Thickness

<.%.,:. -" e i
g
SOIL UNIT: T, %é‘ Efw,.
Assign arbitrary letter that will ;¢ SEN %y: parunﬂamt of soil parameters described.

GEOLOGIC UNIT:

Note lithologic unit that :ﬁmﬂy” ies the sodl unit, e.g, Alluvium, Til, Tuff, Basalt etc.

ORIGIN: <y .
Note geologic ungn 0? ﬂ'ﬁf gmt e.g F.cs uum, Colluvium, etc.

H'IICIGNIE.SS-HZ-.~

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 Assoclales
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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 1inchs =
Soft Thumb will penetrate soil about 1 inch %
Firm Thumb will indent soil about 1/4 inch

Hard Thumb will not indent soil but readjlf-indented with thegnbnail
Very Hard  Thumbnail will not indent soil &

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

Loose 15-35%
Compact 35-65%
Dense 65 -85 %

Very Dense > 85%

GRADATION
Note the percentage of material (by weight) in the
> #4 Percent larger than #4si :
<#4 >#200 Percent smaller thax{@

<#200 Percent smaller :

2) Make at least /2inch diameter lJumps and allow these specimens to dry in air or sun ensuring that
the drying tempéﬂmrt 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 Assoclates
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Description | Criteria for Describing the Reaction of Pressure to the Dry Sample
NONE Crumbles into powder with mere hand pressure.
Crumbles into powder with some finger pressure.

Cannot be broken with finger pressure. Breaks into pieces Lot
thumb and a hard surface. ;

DILATENCY
1) Select material to mold into a 1/2 inch diameter ball,

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

3) Shake horizontally by su-lldngﬂ'nesrde of the hand vigoro
reaction of water appearing on the surfag e o{ﬁuml

bis o iﬁ%«m‘l 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 { J1
accordance with the criteria in Table 2. The reac

and disappears while muﬂ%ﬁ%

phii iy

No visible chang! hpe&ﬂf‘.

Water appears slnwl? | the surface of the specimen during shaking
an-‘.}M t disappear or disappears slowly upon squeezing,

:Z.Hmcld}r on the surface of the specimen during shaking
ars quickly upon squeezing.

o ok,
.N-:acu

1) Rnl]tl‘mtzstspemmwa 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 imit.

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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Criteria for Describing Toughness

|

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

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
limit. The thread and the lump have very high stiffness.

ESTIMATE OF PLASTICITY ON SOIL PASSING THE #200 SIEVE

PLASTICITY ‘
1) Describe the plasticity of the material in accordance &

Description
NONPLASTIC

LOW The thread can barely be rolle;
when drier than the plastic li

¢d several times after reaching the

plast:ic limit. Thedgmp.can be formed without crumbling when drier
plastic li
USCS CLASSIEICATIO _
The soil material should be classified according to the system presented in Appendix A.

In addition, the ifm:garac fine g;mned soil can be identified using the result of the descriptions applied from Dry
Strength, Dilatancy amd Toughrness, see Table 6 below:

TOUGHNESS

DRY STRENGTH DILATANCY

LOW OR THREAD
CANNOT BE FORMED

MEDIUM TO HIGH NONE TO SLOW | MEDIUM
LOW TO MEDIUM NONE TO SLOW | LOW TO MEDIUM
HIGH TO VERY HIGH NONE HIGH

SLOW TO RAPID

NONE TO LOW

Golder Assoclates
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ENGINEERING ROCK UNIT
Fallure Machanism Dmnnumlybbtdnrm: . | Persintence i sl FE e R e S
Limit _|Number| Planar | Wedge | Topple |0- 25-50 |50-75 [>75  |<10* |10-30° |»30* |Smooth/Sheared |Rounds!V. Rouglvimeqular |

ROCK UNIT:

Assign an arbitrary letter for each lithologic type.

SET NUMBER:

Assign a sequential number for each fracture set in the litholog
CHARACTER OF DISCONTINUITY

FAILURE MECHANISM:

Mark the box which best describes the mechanism of failure.

DISCONTINUITY DIP (degrees):

Mark the box which best brackets the majority 0

PERSISTENCE

SURFACE PROPERTIES
Mark the box which best des

INTACT MATERIAL GRADE

FIELD IDENTIFICATION

Indented by thumbnail.

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.
|| R5 Very Strong Specimen requires many blows of geologist hammer to fracture. 'I
Ré Extremely Strong | Specimen can only be chipped with geologist hammer.
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