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At a Glance Schedule of Events

70" Highway Geology Symposium
Portland, Oregon
October 21-24, 2019

Monday, October 21

11:00 AM - 5:00 PM
Highway Geology Symposium Registration Open
Location : Portland Room

1:00 PM - 5:00 PM
Transportation Research Board Technical Session: “Looking Ahead at Informed Decision-
Making for Engineering Geologists”

Location: Salon C -D

5:00 PM - 6:15 PM
HGS National Steering Committee Meeting
Location: Salon A - B

6:00 PM - 8:30 PM
Highway Geology Symposium Exhibitor Area Open
Location: Salon E

6:30 PM - 8:30 PM

Ice Breaker Social - Sponsored by Landslide Technology
Location: Salon E (Exhibitor Area)

Tuesday, October 22

6:30 AM - 5:00 PM
Highway Geology Symposium Registration Open
Location : Portland Room

6:30 AM - 8:30 AM
Continental Breakfast
Location: Salon E (Exhibitor Area)

8:00 AM —-8:30 AM
Welcome and Opening Remarks

Tim Shevlin, HGS Organizing Committee Chair

Keynote Speaker

Curran Mohney, C.E.G., Engineering Geology Program Leader, Oregon DOT
Location: Salon A - D
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Tuesday, October 22 (continued)

8:00 AM - 5:00 PM
Highway Geology Symposium Exhibitor Area Open
Location: Salon E

8:30 AM - 2:00 PM
HGS Guest Field Trip “Tour of Portland Landmarks”

Guest Field trip Lunch - Sponsored by Apex Rockfall Mitigation LLC
Pick-up Location: Hotel Front Lobby

Technical Session 1: Young Author Presentations

Location: Salon A - D
Chris Ruppen, GeoStabilization International, Moderator

8:30 AM - 8:50 AM

Young Author Presentation: Geographic Information Systems (GIS) and Landslide
Stabilization

Author: Andrew Ferguson

8:50 AM -9:10 AM

Young Author Presentation: Geohazard Mitigation Alternative Foundation Backfill
for Emergency Construction

Author: Joseph McElhany

9:10 AM —-9:30 AM

Young Author Presentation: Rock Mechanics and its Effects on Spillway Modification
Design

Authors: Coralie Wilhite, K. Pattermann, J. Hilmar, and Vanessa Bateman

9:30 AM - 9:50 AM

Young Author Presentation: Case History and Remediation of a Troublesome Rock Cut in
Georgia, Vermont

Authors: Ethan Thomas, P.C. Ingraham, J.R. Smerekanicz, and T.D. Eliassen

9:50 AM - 10:20 AM
Morning Coffee Break
Location: Salon E

Technical Session 2 : Young Author Presentations

Location: Salon A -D
Krystle Pelham, NHDOT, Moderator

10:20 AM - 10:40 AM
Young Author Presentation: The Assessment and Remediation of Wabasha St. Rock Fall

Authors: Anya Brose, Lee Peterson, Ryan Peterson
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Tuesday, October 22 (continued)

10:40 AM - 11:00 AM
Young Author Presentation: Glaciolacustrine Earthflow Slides on US95
Author: Collin McCormick

11:00 AM - 11:20 AM
Young Author Presentation: Flexible Ring Nets as a Solution for Debris Flow Protection in
Environmentally Sensitive Areas

Authors: Saleh Feidi, Mallory Jones, Bill Kane

11:20 AM - 11:40 AM

Young Author Presentation: Verification of Tabulated Design Grout-Ground Bond
Strength

Author: Brian J. Forsthoff

11:40 AM - 12:00 PM
Young Author Presentation: Replacing Deteriorating Retaining Walls Along the Million
Dollar Highway

Authors: Brett Arpin and Todd Schlittenhart

12:00 PM - 1:30 PM

Lunch - Sponsored by Jensen Drilling
Location: Mount Hood Room

Technical Session 3 : Young Author and Gorge Presentations

Location: Salon A -D
Stephen Hay, Oregon DOT, Moderator

1:30 PM - 1:50 PM

Young Author Presentation: Implementation and Application of Geotechnical Asset
Management in Colorado

Author: Nicole Oester

1:50 PM - 2:10 PM

Young Author Presentation: Preliminary Rockfall Evaluation for the Historic Columbia
River Highway State Trail, Segment E

Author: Noah Kimmes

2:10PM - 2:30 PM
Oneonta Tunnel — Restoration, Fire, Restoration
Author: George Freitag

2:30PM - 3:00 PM

Field Trip Preview & Lessons learned about slope stability and erosion after the forest fire in
the Columbia Gorge, Oregon of 1991: implications for the fire of 2017 & Field Trip Preview
Dr. Scott Burns
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Tuesday, October 22 (continued)

3:00 PM - 3:30 PM
Afternoon Break
Location: Salon E (Exhibitor Area)

Technical Session 4

Location: Salon A — B
Evan Garich, WFL-HD, Moderator

3:30 PM - 3:50 PM

The Characteristic Friction Angle, Its
Determination and Use

Author: G. Norris

3:50 PM - 4:10 PM

Road re-opening after landslides the
contribution of Remote Sensing
Authors: A Brunetti, P. Mazzanti, S.
Moretto, A. Rocca, S. Romeo

4:10 PM - 4:30 PM

Poisson’s Ratio Assessed from
Ultrasonic versus Load Test
Authors: S. Elfass, E. Saint-Pierre, R.
Watters. And G. Norris

4:30 PM —4:50 PM

Settlement Monitoring of a Trial
Embankment in Philadelphia
Determining Site Specific Parameters
for Large Embankment Construction
Author: Sarah MclInnes

4:50 PM - 5:10 PM

Precision Presplitting — Changes to
Design Methodology Based on Young’s
Modulus

Authors: Anthony Konya, Dr. Calvin J.
Konya

Technical Session 5

Location: Salon C - D
Nicole Oester, CDOT, Moderator

3:30 PM - 3:50 PM

Blasting 2M+ Yards in Gneiss for a New
Phoenix, AZ Freeway

Author: Robert Cummings

3:50 PM —4:10 PM

Case Study of a Failed Tied-Back
Retaining Wall in A Colluvium Slope
Under Landslide Conditions

Author: Craig S. Lee

4:10 PM - 4:30 PM

Helicopter Sluicing for Rockfall Risk
Mitigation in Response to the 2016
Kaikoura Earthquake

Authors: Rori Green

4:30 PM —4:50 PM

Triggering Mechanisms Of The
Landslide And Rockfall Events Of The
Historic February 2019 Rainfall Event
In The Tennessee Valley

Authors: David Freistaedter and Michael
Laney

4:50 PM - 5:10 PM

Rockfall Hazard Assessment for the
1-90 Snoqualmie Pass Corridor
Snowbridges Project, Washington State
Authors: Kyle Obermiller, Reda Mikhail,
David Findley

Free evening to explore and dine in Portland
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Wednesday, October 23

6:00 AM - 7:00 AM

To-Go Continental Breakfast - Sponsored by Cascade Drilling
Location: Meet in Hotel Front Lobby

7:00 AM - 7:30 AM
Load buses for Field Trip
Pick-up Location: Meet in Hotel Front Lobby

7:30 AM - 5:30 PM
Highway Geology Symposium Field Trip

Lunch - Sponsored by Geobrugg North America
Beverages - Sponsored by Golder Associates

Snacks - Sponsored by IDS Georadar
(NO GLASS ALLOWED INSIDE BUSES)

6:30 PM - 7:30 PM

Highway Geology Symposium Social Hour

Sponsored by Access Limited Construction
Location: Salon E

Everyone Welcome!

7:30 PM - 8:30 PM
Location: Salon A -D
Highway Geology Symposium Banquet Dinner

Ticketed Event

8:30 PM - 9:30 PM
Highway Geology Symposium Banquet

Keynote Speaker
Catastrophic Missoula Floods, by Dr. Scott Burns

Young Author Awards Sponsored by Ameritech Slope Constructors
Everyone Welcome!

Thursday, October 24

6:30 AM - 9:00 AM

Continental Breakfast - Sponsored by GeoStabilization International
Location: Salon E

8:00 AM - 10:30 AM
Highway Geology Symposium Exhibitor Area Open

Exhibitors can break down after morning coffee break
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Thursday, October 24 (continued)

Technical Session 6

Location: Salon A — B

Benjamin George, Landslide Technology,
Moderator

8:00 AM - 8:20 AM

Estimating Rockfall Kinetic Energy as a
Function of Rock Mass

Author: John Duffy

8:20 AM — 8:40 AM

An Innovative Solution for Debris Flow
Barriers: Better Performance with Less
Maintenance

Authors: Chiara Morstabilini, Luca Gobbin,
Marco Luigi Deana, Daniele Lepore

8:40 AM - 9:00 AM

Advances in Rockfall: Protection: A
Preliminary Design Tool for Attenuators
Estimating Rockfall Kinetic Energy as a
Function of Rock Mass

Authors: Helene Hofmann and Tim Shevlin

9:00 AM —9:20 AM

Application of Rockfall Simulation to Risk
Analysis

Author: Timothy J. Pfeiffer

9:20 AM —9:40 AM

Assessment of Unstable Rock Columns at
the Tieton Royal Columns, SR-12, Oak
Creek Wildlife Area, Naches, WA
Author: William C. B. Gates

9:40 AM - 10:00 AM

A Review of Scaling as Rock Slope
Remediation Method

Authors: Gabrielle Mellies, John Nichols
Maureen Matthew

Technical Session 7
Location: Salon C - D
Palo Giscombe, Oregon DOT, Moderator

8:00 AM - 8:20 AM

The Meandering Mundo Mud Pot, or How
Salton Sea Tectonics Affects International
Trade

Author: Dean G. Francuch and Carolina
Zamora

8:20 AM - 8:40 AM

Mitigation of Chronic Bluff Retreat with an
Engineered Riprap Revetment

BNSF Bellingham Subdivision, Whatcom
County, Washington

Authors: Matthew Grizzell, Stephens

8:40 AM - 9:00 AM

TDOT’s Response to Landslides due to
February 2019 Floods

Author: Robert Jowers

9:00 AM —9:20 AM

Large-Scale Earthquake-Induced Landslide
Repair Following New Zealand’s Kaikoura
Earthquakes

Author: Colby Barrett

9:20 AM —-9:40 AM

OR213 MP 10 Spangler Hill Emergency
Slide Mitigation & Monitoring

Author: Max Gummer

9:40 AM —-10:00 AM

Disseminating Geological and Geotechnical
Information to End-users

Authors: Marc Fish, Tracy Trople, and Jim
Struthers



70th Highway Geology Symposium

Thursday, October 24 (continued)

10:00 AM - 10:30 AM
Morning Coffee Break
Location: Salon E

Technical Session 8
Location: Salon A — B
Mike Marshall, GRI, Moderator

10:30 AM —-10:50 AM

Investigation, Design and Construction of
Rock Slopes and Foundations for the New
Genesee Arch Bridge Letchworth State
Park, New York

Authors: Jay R. Smerekanicz, Mark F.
McNeilly, Jeffrey D. Lloyd

10:50 AM - 11:10 AM

Pfeiffer Canyon Bridge Failure in Context
of Risk

Author: Gresham D. Eckrich

11:10 AM - 11:30 AM

Rockfall and Risk: A Perspective from
Managing Risks for Dams and Levees
Author: Vanessa C. Bateman

11:30 AM - 11:50 AM

Evidence for the Value of Risk-Based Life-
Cycle Management for Geohazards and
Geotechnical Assets

Author: Mark Vessely

11:50 AM—-12:10 PM
Extended Q&A for session presenters

12:10 PM - 12:30 PM
Closing Remarks and Adjournment

Location: Salon C -D

Technical Session 9

Location: Salon C - D

Marc Fish, Washington Department of
Transportation, Moderator

10:30 AM - 10:40 AM

Route T Landslide Study and Repair, Ray
County, MO

Authors: John Szturo and Wayne Duryee

10:50 AM —-11:10 AM

The Emergency Repair for Federally
Owned Roads Program

Author: James Arthurs

11:10 AM - 11:30 AM

US 60 Pinto Creek Bridge Foundation
Optimization with Emphasis On Cost And
Constructability In A Challenging Geologic
Environment

Authors: Daniel N. Fréchette and Patrice P.
Brun

11:30 AM - 11:50 AM
Slide Ridge Culvert Replacement
Author: Robert E. Kimmerling

11:50 AM -12:10 PM

Ground Anchor Testing — Matching Test
Elements to Ensure Critical Anchor
Attributes are Verified, or “Why We Don’t
Push Ropes”

Author: Martin Woodard, David Scarpato,
David Wood and Peter Ingraham
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Time

1:00 pm -
1:10 pm

1:10 pm -
1:35 pm

1:35 pm -
2:00 pm

2:00 pm -
2:25 pm

2:25 pm -
2:40 pm

2:40 pm —
3:05 pm

3:05 pm -
3:30 pm

3:30 pm -
4:10 pm

4:10 pm -
5:00 pm

ENGINEERING GEOLOGY COMMITTEE

AFP00

2019 TRB Midyear Meeting at the 70" Highway Geology Symposium

(HGS), Portland, Oregon

Date: Monday, October 21, 2019, 1:00 PM — 5:00 PM

Location: Salon C - D

Session Theme: Looking Ahead at Informed Decision-Making for Engineering

Geologists
Topic
Introduction
Laser scanning of highway aggregates — Results of a transportation pooled
fund study
Glaringly obvious things we need to consider with data management, but all

too often do not

Developing a corridor health index to allocate budgets — Chiniak highway
project — Kodiak, Alaska

BREAK

Numerical solutions for problematic photogrammetrically derived digital
elevation models and the consequence for slope stability analysis

Slope deformation and change detection using ground-based LIDAR and
remote-monitored instrumentation, OSU project on remote sensing and
modeling of coastal bluff and rock slope deterioration

Simple decisions from complex data: How we can leverage emerging tools to
manage rock slope risk with better information

Open Discussion

Discussion
Lead/Presenter
Ty Ortiz
Colorado DOT

Warren Chesner
Chesner
Engineering, P.C.
Vanessa Bateman
US Army Corps of
Engineers

Benjamin George
& Trevor Strait
Landslide
Technology and
HDL Engineering

Justin Lindeman,
Cal Engineering &
Geology

Curran Mahoney
Oregon DOT

Dave Gauthier
BGC Engineering
Jean Hutchinson
Queen’s University

All
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Keynote Speaker: Curran Mohney

“Welcome to Portland and Engineering Geology”

Curran Mohney, RG, CEG
Engineering Geology Program Leader, Oregon DOT

Curran is presently the Engineering Geology Program Leader for the Oregon Department of
Transportation. The Engineering Geology Program at ODOT encompasses site characterization,
subsurface exploration, slopes and embankments, geologic hazards, groundwater, geotechnical
instrumentation, and planning and research activities. In this role, he has also implemented
elements of Geotechnical Asset Management including the Unstable Slopes (Landslide/Rockfall)
program for ODOT.

Curran is a Registered Geologist and Certified Engineering Geologist in Oregon with over 25
years of experience in Oregon and the Western States. He has been the Engineering Geology
Program Leader since 2004. Prior to this, he has been a Staff and Project-level geologist for
Consulting firms and the Mining Industry as well as for ODOT. He is a graduate of the Geology
program at Portland State University. During his professional career, he has been involved in the
investigation, design, and mitigation of literally hundreds of landslides and rockfalls.

10
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Banquet Speaker:

“Cataclysms on the Columbia: The Great Missoula Floods”

Scott Burns, RG, LG, CEG, PhD

Scott just completed his 49th year of teaching at the

university level, with past positions in Switzerland, New

Zealand, Washington, Colorado and Louisiana before

coming to Portland State University 29 years ago. He

has a BS and MS from Stanford University and his PhD

from the University of Colorado. He is an engineering

geologist and environmental geologist who also studies

soils. His areas of expertise are landslides, radon gas,

heavy metals in soils, Missoula Floods, and terroir of

wine. He has over 100 publications including two books

and has had 48 MS and PhD students complete degrees

under him. He has been Chair of three different geology

departments and also has been an Associate Dean. He

has been president of AEG, chair of the engineering

geology division of GSA, and also president of [AEG (first American president in its 54 year
history). He was chair of the HGS the last time there was a meeting in Portland in the early
1990's. burnss@pdx.edu

One of the greatest set of geological events to ever have
occurred in North America was given the name, the
Missoula Floods. The talk will focus on the incredible
story of discovery and development of the idea of the
floods by J Harlen Bretz and then will discuss the effect of
the floods on the development of the landscape of 16,000
square miles of the Pacific Northwest. The floods occurred
between 15,000 and 18,000 years ago.

11
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Highway Geology Symposium
History, Organization, And Function

Inaugural Meeting

Established to foster a better understanding and closer cooperation between geologists and civil
engineers in the highway industry, the Highway Geology Symposium (HGS) was organized and
held its first meeting on March 14, 1950, in Richmond Virginia. Attending the inaugural meeting
were representatives from state highway departments (as referred to at that time) from Georgia,
South Carolina, North Carolina, Virginia, Kentucky, West Virginia, Maryland, and
Pennsylvania. In addition, a number of federal agencies and universities were represented. A
total of nine technical papers were presented. W.T. Parrott, an engineering geologist with the
Virginia Department of Highways, chaired the first meeting. It was Mr. Parrott who originated
the Highway Geology Symposium.

It was at the 1956 meeting that future HGS leader, A.C. Dodson, began his active role in
participating in the Symposium. Mr. Dodson was the Chief Geologist for the North Carolina
State Highway and Public Works Commission, which sponsored the 7th HGS meeting.

East and West

Since the initial meeting, 70 consecutive annual meetings have been held in 35 different states.
Between 1950 and 1962, the meetings were east of the Mississippi River, with Virginia, West
Virginia, Ohio, Maryland, North Carolina, Pennsylvania, Georgia, Florida, and Tennessee
serving as host state.

In 1962, the symposium moved west for the first time to Phoenix, Arizona where the 13th annual
HGS meeting was held. Since then it has alternated, for the most part, back and forth from the
east to the west. The Annual Symposium has moved to different location as follows:

Organization

Unlike most groups and organizations that meet on a regular basis, the Highway Geology
Symposium has no central headquarters, no annual dues and no formal membership
requirements. The governing body of the Symposium is a steering committee composed of
approximately 20 to 25 engineering geologist and geotechnical engineers from state and federal
agencies, colleges and universities, as well as private service companies and consulting firms
throughout the country. Steering committee members are elected for three-year terms, with their
elections and re-elections being determined principally by their interests and participation in and
contribution to the Symposium. The officers include a chairman, vice chairman, secretary, and
treasurer. all of whom are elected for a two-year term. Officers, except for the treasurer, may
only succeed themselves for one additional term.

A number subcommittees conduct the affairs of the organization. The lack of rigid requirements,

routing and relatively relaxed overall functioning of the organization is what attracts many
participants.

12
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Meeting sites are chosen two to four years in advance and are selected by the Steering
Committee following presentations made by representatives of potential host states. These
presentations are usually made at the steering committee meeting, which is held during the
Annual Symposium. Upon selection, the state representative becomes the state chairman and a
member pro-tem of the Steering Committee.

The symposia are generally scheduled for two and one-half days, with a day-and-a-half for
technical papers plus a full day for the field trip. The Symposium usually begins on Wednesday
morning. The field trip is usually Thursday, followed by the annual banquet that evening. The
final technical session generally ends by noon on Friday. In recent years this schedule has been
modified to better accommodate climate conditions and tourism benefits.

The Field Trip

The field trip is the focus of the meeting. In most cases, the trips cover approximately 150 to 200
miles, provide for six to eight scheduled stops, and require about eight hours. Occasionally,
cultural stops are scheduled around geological and geotechnical points of interests. To cite a few
examples: in Wyoming (1973), the group viewed landslides in the Big Horn Mountains; Florida's
trip (1976) included a tour of Cape Canaveral and the NASA space installation; the Idaho and
South Dakota trips dealt principally with mining activities; North Carolina provided stops at a
quarry site, a dam construction site, and a nuclear generation site; in Maryland, the group visited
the Chesapeake Bay hydraulic model and the Goddard Space Center. The Oregon trip included
visits to the Columbia River Gorge and Mount Hood; the Central mine region was visited in
Texas; and the Tennessee meeting in 1981 provided stops at several repaired landslide in
Appalachia regions of East Tennessee.

In Utah (1988) the field trip visited sites in Provo Canyon and stopped at the famous Thistle
Landslide, while in New Mexico, in 1990, the emphasis was on rockfall treatments in the Rio
Grande River canyon and included a stop at the Brugg Wire Rope headquarters in Santa Fe.
Mount St, Helens was visited by the field trip in 1994 when the meeting was in Portland,
Oregon, while in 1995 the West Virginia meeting took us to the New River Gorge Bridge that
has a deck elevation of 876 feet above the water.

In Cody, Wyoming the 1996 field trip visited the Chief Joseph Scenic Highway and the
Beartooth Uplift in northwest Wyoming. In 1997 the meeting in Tennessee visited the newly
constructed future I-26 highway in the Blue Ridge of East Tennessee. The Arizona meeting in
1998 visited the Oak Creek Canyon near Sedona and a mining ghost town at Jerrome, Arizona.
The Virginia meeting in 1999 visited the “Smart Road” Project that was under construction. This
was a joint research project of the Virginia Department of Transportation and Virginia Tech
University. The Seattle Washington meeting in 2000 visited the Mount Rainier area. A stop
during the Maryland meeting in 2001 was the Sideling Hill road cut for [-68 which displayed a
tightly folded syncline in the Allegheny Mountains.

The California field trip in 2002 provided a field demonstration of the effectiveness of rock
netting against rock falls along the Pacific Coast Highway. The Kansas City meeting in 2004
visited the Hunt Subtropolis which is said to be the “world’s largest underground business
complex”. It was created through the mining of limestone by way of the room and pillar method.
The Rocky Point Quarry provided an opportunity to search for fossils at the North Carolina

13
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meeting in 2005. The group also visited the US-17 Wilmington Bypass Bridge which was under
construction. Among the stops at the Pennsylvania meeting were the Hickory Run Boulder Field,
the No.9 Mine and Wash Shanty Museum, and the Lehigh Tunnel.

The New Mexico field trip in 2008 included stops at a soil nailed wall along US-285/84 north of
Santa Fe and a road cut through the Bandelier Tuff on highway 502 near Los Alamos where
rockfall mesh was used to protect against rockfalls. The New York field trip in 2009 included the
Niagara Falls Gorge and the Devil’s Hole Trail. The Oklahoma field trip in 2010 toured the
complex geology of the Arbuckle Mountains in the southern part of the state along with stops at
Tucker’s Tower and Turner Falls.

In the bluegrass state of Kentucky, the 2011 HGS field trip included stops at Camp Nelson which
is the site of the oldest exposed rocks in Kentucky near the Lexington and Kentucky River Fault
Zones. Additional stops at the Darby Dan Farm and the Woodford Reserve Distillery illustrated
how the local geology has played such a large part in the success of breeding prized
Thoroughbred horses and made Kentucky the “Birthplace of Bourbon”.

In Redding, California, the 2012 field trip included stops at the Whiskeytown Lake, which is one
in a series of lakes that provide water and power to northern California. Additional stops
included Rocky Point, a roadway construction site containing Naturally Occurring Asbestos
(NOA), and Oregon Mountain where the geology and high rainfall amounts have caused Hwy
299 to experience local and global instabilities since first constructed in 1920.

The 2013 field trip of New Hampshire highlighted the topography and geologic remnants left by
the Pleistocene glaciation that fully retreated approximately 12,000 years ago.

The field trip included stops at various overlooks of glacially-carved valleys and ranges; the Old
Man of the Mountain Memorial Plaza, which is a tribute to the famous cantilevered rock mass in
the Franconia Notch that collapsed on May 3, 2003; the lacustrine deposits and features of the
Glacial Lake Ammonoosuc; views of the Presidential Range; bridges damaged during Tropical
Storm Irene in August 2011; and the Willey Slide, located in the Crawford Notch where all
members of the Willey family were buried by a landslide in 1826.

The 2014 field trip presented a breathtaking tour of the geology and history of southeast
Wyoming, ascending from the high plains surrounding Laramie at 7000 feet to the Medicine
Bow Mountains along the Snowy Range Scenic Byway. Visible along the way were a
Precambrian shear zone, and glacial deposits and features. From the glacially carved Mirror Lake
and the Snowy Range Ski Area, the path wound east to the Laramie Mountains and the
Vedauwoo Recreational Area, a popular rock climbing and hiking area before returning to
Laramie.

In Sturbridge, MA, the 2015 field trip focused on the Connecticut Valley, a Mesozoic rift basin
that signaled the breakup of Pangea, and the Berkshires, which represents the collision and
amalgamation of an island arc system with the North American Laurentian margin.

The field trip in 2016 was an urban setting along the western edge of Colorado Springs and
around Manitou Springs. Stops included the Pikeview Quarry, Garden of the Gods Visitor
Center, and several other locations where rockfall and debris flow mitigation, post-flooding

14
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highway embankment repair, and a nonconformity in the rock records that spans 1.3 billion years
were observed.

The 2017 field trip provided an opportunity to view the geology of northern Georgia. Stops
included the Bellwood Quarry, which, at one time was run by the City of Atlanta and served as a
prison labor camp. It will eventually serve as a 2.4 billion-gallon water storage facility for the
City of Atlanta upon completion of a tunnel to connect the quarry to two water treatment plans
and three pump stations. Additional stops included the Buzzi Unicem Cement Plant to get a
close-up view of the Clairmont Melange, The Cooper Furnace near the Allatoona Dam, and the
New Riverside Ochre-Emerson Barite mine.

The 2018 field trip in Portland Maine provided a good overview of the geology of coastal Maine.
Field trip stops included a stop at the Sherman Salt Marsh near Newcastle which was recently
restored to its natural state after the dam that carried US Highway 1 washed out during a 2005
storm. Additional stops included the site of the 1996 landslide near Rockland Harbor that
consumed several homes and the rock slope remediation project at the Penobscot Narrows
Bridge near Prospect Maine. A lobster lunch along the shore of Penobscot Bay was one of
several highlights of the field trip.

Technical Sessions and Speakers

The Highway Geology Symposium technical sessions most commonly include case histories and
state-of- the- art papers with highly theoretical papers the exception. The papers presented at the
technical sessions are published in the annual proceedings. All of the HGS Proceedings, from the
first 1950 Symposium to present, were digitized and are available at the HGS website. Banquet
speakers are also a highlight and have been varied through the years.

A Medallion Award was initiated in 1970 to honor those persons who have made significant
contributions to the Highway Geology Symposium. The selection was and is currently made
from the members of the national steering committee of the HGS.

Member Recognition

Emeritus Members: A number of past members of the national steering committee have been
granted Emeritus status. These individuals, usually retired, resigned from the HGS Steering
Committee, or are deceased, have made significant contributions to the Highway Geology
Symposium. A total of 42 persons have been granted Emeritus status. Ten are now deceased.

Dedications: Several Proceedings volumes have been dedicated to past HGS Steering
Committee members who have passed away. The 36th HGS Proceedings were dedicated to
David L. Royster (1931 - 1985, Tennessee) at the Clarksville, Indiana Meeting in 1985. In 1991
the Proceedings of the 42nd HGS held in Albany, New York were dedicated to Burrell S.
Whitlow (1929 - 1990, Virginia). The 64th HGS Proceedings were dedicated to Earl Wright
(1931 —2012) at the North Conway, New Hampshire meeting. The 65th proceedings were
dedicated to Nicholas Priznar (1952 — 2014) at the Laramie, Wyoming meeting. The 67th HGS
held at Colorado Springs, Colorado dedicated the proceedings to Vern McGufty (1934 — 2016).
The proceedings for the 68th HGS held in Marietta, Georgia were dedicated to Richard (Dick)
Cross (1944 — 2016). The proceedings for the 69th HGS are dedicated to Dave Bingham (1932-
2018) and Joe Gutierrez (1926-2018).
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Young Author Award: The Highway Geology Symposium has always encouraged participation
of Young Professionals, realizing that Young Professionals are the future of the Organization.
This participation was taken formal in 2014, with the formation of an annual National Young
Author Competition, where Young Authors have the opportunity to prepare papers and present
their work. To participate, Young Author’s must be up to 35 years old or younger, the principal
author of the paper and the sole presenter of the paper at the Symposium. Papers are reviewed
and judged based on Technical Presentation of the Paper (including Geology), Originality of the
Work, Applicability of the Work to Others and Paper Layout. One Young Author is selected
each year to receive the coveted Young Author Award, with presentation of the award conducted
at the annual Symposium banquet.
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Ist

3rd

5th

7th

9th

11th
13th
15th
17th
19th
21st
23rd
25th
27th
29th
31st
33rd
35th
37th
39th
41st
43rd
45th
47th
49th
51st
53rd
55th
57th
59th
61st
63rd
65th
67th
69th

List of Highway Geology Symposium Meetings

Year  HGS Location
1950  Richmond, VA
1952  Lexington, VA
1954  Columbus, OH
1956  Raleigh, NC

1958  Charlottesville, VA
1960  Tallahassee, FL
1962  Phoenix, AZ

1964  Rolla, MO

1966  Ames, IA

1968  Morgantown, WV
1970  Lawrence, KS

1972  Old Point Comfort, VA
1974  Raleigh, NC

1976  Orlando, FL

1978  Annapolis, MD
1980  Austin, TX

1982  Vail, CO

1984  San Jose, CA

1986  Helena, MT

1988  Park City, UT

1990  Albuquerque, NM
1992  Fayetteville AR
1994  Portland, OR

1996  Cody, WY

1998  Prescott, AZ

2000  Seattle, WA

2002  San Luis Obispo, CA
2004  Kansas City, MO
2006  Breckinridge, CO
2008  Santa Fe, NM

2010  Oklahoma City, OK
2012  Redding, CA

2014  Laramie, WY

2016  Colorado Springs
2018  Portland, ME
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No.
2nd
4th
6th
8th
10th
12th
14th
16th
18th
20th
22nd
24th
26th
28th
30th
32nd
34th
36th
38th
40th
41st
44rd
46th
48th
50th
52nd
54th
56th
58th
60th
62nd
64th
66th
68th
70th

Year  HGS Location
1951 Richmond, VA
1953 Charleston, WV
1955 Baltimore, MD
1957  State College, PA
1959 Atlanta, GA

1961 Knoxville, TN
1963  College Station, TX
1965  Lexington, KY
1967  Lafayette, IN

1969 Urbana, IL

1971 Norman, OK

1973 Sheridan, WY
1975 Coecur d'Alene, ID
1977  Rapid City, SD
1979  Portland, OR

1981 Gatlinburg, TN
1983 Stone Mountain, GA
1985 Clarksville, TN
1987  Pittsburg, PA

1989  Birmingham, AL
1991 Albany, NY

1993  Tampa, FL

1995 Charleston, WV
1997 Knoxville, TN
1999 Roanoke, VA

2001 Cumberland, MD
2003  Burlington, VT
2005  Wilmington, NC
2007 Pocono Manor, PA
2009  Buffalo, NY

2011  Lexington, KY
2013  North Conway, NH
2015  Sturbridge, MA
2017 Marietta, GA

2019 Portland OR
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Emeritus Members of the Steering Committee

Emeritus Status is granted by the Steering Committee

R.F. Baker

John Baldwin
David Bingham
Vernon Bump
Virgil E. Burgat
Robert G. Charboneau
Hugh Chase

Jim Coffin

Dick Cross

A.C. Dodson
Walter F. Fredricksen
Brandy Gilmore
Russell Glass
Robert Goddard
Joseph Gutierrez
Mike Hager
Rich Humphries
Charles T. Janik
John Lemish
Bill Lovell

A. David Martin

Henry Mathis
William McCasland
George S. Meadors, Jr.
David Mitchell
Harry Moore

W.T. Parrot

Paul H. Price
Nicholas Priznar
David L. Royster
Bill Sherman
Willard L. Sitz
Mitchell Smith

Jim Stroud

Steve Sweeney
Sam Thornton
Berke Thompson
Mike Vierling
Burrell Whitlow
W.A. “Bill” Wisner
Earl Wright

Ed J. Zeigler
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Medallion Award Recipients

The Medallion Award was instituted in 1969 to recognize individuals who have made significant
contributions to the Highway Geology Symposium over many years. The award is a 3.5” medallion
mounted on a walnut shield and appropriately inscribed. The Medallion Award is presented during the
banquet at the annual symposium.

Hugh Chase 1970 Earl Wright 1997
Tom Parrott 1970 Russell Glass 1998
Paul Price 1970 Harry Ludowise 2000
K.B. Woods 1971 Sam Thornton 2000
R.J. Edmondson 1972 Bob Henthorne 2004
C.S. Mullin 1974 Mike Hager 2005
A.C. Dodson 1975 Joseph A. Fischer 2007
Burrell Whitlow 1978 Ken Ashton 2008
Bill Sherman 1980 A. David Martin 2008
Virgil Burgat 1981 Michael Vierling 2009
Henry Mathis 1982 Dick Cross 2009
David Royster 1982 John F. Szturo 2010
Terry West 1983 Christopher Ruppen 2012
Dave Bingham 1984 Jeff Dean 2012
Vernon Bump 1986 Eric Rorem 2014
C.W. "Bill" Lovell 1989 John Pilipchuk 2015
Joseph A. Gutierrez 1990 Peter Ingraham 2016
Willard McCasland 1990 Richard Lane 2017
W.A. "Bill" Wisner 1991 Steve Sweeney 2018
David Mitchell 1993 John Duffy 2018
Harry Moore 1996 Krystle Pelham 2018
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2014
2015

2016

2017

2018

Young Author Award Winners

Simon Boone, “Performance of Flexible Debris Flow Barriers in a Narrow Canyon”

Cory Rinehart, “High Quality H20: Utilizing Horizontal Drains for Landslide
Stabilization”

Todd Hansen, “Geologic Exploration for Ground Classification: Widening of the I-70
Veterans Memorial Tunnels”

James Arthurs, “Construction of Transportation Infrastructure in Weathered Volcanic
Ash Soils”

Brian Felber, “Geotechnical Challenges for Bridge Foundations & Roadway
Embankment Design in Peats and Deep Glacial Lake Deposits”

20



70th Highway Geology Symposium

HGS National Steering Committee Officers

Ken Ashton CHAIRMAN

West VA Geological Survey

1 Mont Chateau Road
Morgantown, WV 26508

Phone: (304) 594-2331

Cell: (304) 216-3025

Fax: (304) 594-2575

Email: ashton@geosrv.wvnet.edu

Bill Webster SECRETARY
CalTrans

5900 Folsom Blvd.

Sacramento, CA 95819

Phone: (916) 662-1183

Fax: (916) 227-1082

Email: bill webster@dot.ca.gov

Krystle Pelham VICE-CHAIRMAN
New Hampshire Dept. of Transportation
PO Box 483

Concord, NH 03302

Phone: (603) 271-1657

Email: Krystle.Pelham@dot.nh.gov

John Pilipchuk TREASURER
NCDOT Geotechnical Engineering Unit
1020 Birch Ridge Drive

Raleigh, NC 27699-1589

Phone: (919) 707-6850

Fax: (919) 250-4237

Email: jpilipchuk@ncdot.gov

HGS National Steering Committee Members

Vanessa Bateman

Headquarters, USACE

441 G Street NW

Washington, DC 20314-1000

Phone: 202-761-7423

Email: Vanessa.c.bateman@usace.army.mil

John D. Duffy

Caltrans (Retired)

128 Baker Ave.

Shell Beach, CA 93449

Phone: (805) 440-9062

Email: JohnDuffy@charter.net

Mark Falk

Wyoming DOT

5300 Bishop Blvd.
Cheyenne, WY 82001
Phone: (307) 777-4205
Cell (307) 631-5015

Email: mark.falk@wyo.gov

Jeff Dean

Terracon

4701 North Stiles Avenue
Oklahoma City, OK 73015
Phone:405 445-3280

Email: jeff.dean@terracon.com

Tom Eliassen

VT AOT (Retired)

15 CIiff Street, Apt. 2
Montpelier, VT 05602

Phone: (802) 498-4993

Email tomeli@mytfairpoint.net

Kyle Halverson

Chief Geologist

Kansas Department of Transportation
Bureau of Structures and Geotechnical
Services

700 SW Harrison St.

Topeka, KS 66603

Office: 785-291-3860

Cell: 785-845-4332

Email: kyle.halverson@ks.gov
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HGS National Steering Committee Members (continued)

Bob Henthorne

Mid-States Materials

1800 Brickyard Road

Topeka, KS 66618

Phone: (785) 640-2477

Email: bhenthorne@midstatesmaterials.com

Jody Kuhne

North Carolina DOT

P. O. Box 3279

US Highway 74
Asheville, NC 28802
Phone: (828) 298-3874
Email: jkuhne@ncdot.gov

Sarah McInnes

PA DOT

District 6-0

7000 Geerdes Blvd.

King of Prussia, PA 19406
Phone: (610) 205-6544
FAX: (610) 205-6599
Email: smcinnes@pa.gov

Erik Rorem

Geobrugg North America, LLC
20483 Whistle Punk Rd. 97702
Bend, OR 97702

Phone: 1 505 690 7144

Email: erik.rorem@geobrugg.com

Stephen Senior

Ontario Min of Trans. (Retired)

11 Dewbourne Ave.

Richmond Hill, ON L4B 3G7 Canada
Phone: (416) 235-3734

Fax: (416) 235-4101

Email: sa.senior@rogers.com

Peter Ingraham

Golder Associates Inc.

670 North Commercial Street, Suite 103
Manchester, NH 03101-1146

Phone: (603) 668-0880

Fax: (603) 668-1199

Email peter ingraham@golder.com

Richard Lane

NHDOT (Retired)

213 Pembroke Hill Rd.
Pembroke, NH 03275

Phone: (603) 485-3202

Email: lanetrisbr@hotmail.com

Victoria Porto

PA DOT (Retired)

10 Pine Lake Drive
Carlisle, PA 17015

Phone: (717) 805-5941
Email: vamporto@aol.com

Christopher A. Ruppen YOUNG
AUTHOR COMMITTEE
Geostabilization International
3808 Sunflower Road

New Brighton, PA 15066

Phone: (724) 272-7532

Email: chris.ruppen@gsi.us

Deana Sneyd

Petrologic Solutions, Inc.
3997 Oak Hill Road
Douglasville, GA 30135
Phone: (678) 313-4147
Email: dsneyd@gmail.com
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HGS National Steering Committee Members (continued)

John F. Szturo

HNTB Corporation

715 Kirk Drive

Kansas City, MO 64105

Phone: (816) 527-2275 (Direct Line)
Cell: (913) 530-2579

Fax: (816) 472-5013

Email: jszturo@hntb.com

Terry West

Earth and Atmospheric Science Dept.
Purdue University

West Lafayette, IN 47907-1297 Phone:
(765) 494-3296

Fax: (765)496-1210

Email: trwest@purdue.edu

Richard Wilson

S&ME, Inc.

2020 Liberty Road, Suite 105
Lexington, KY 40505

Phone: (859) 293-5518

Cell: (502) 682-1203

Email: rwilson@smeinc.com

Highway Geology Symposium
Past, Present, and Future Symposium Contact List

2013  New Hampshire Krystle Pelham  603-271-1657  Krystle.Pelham@dot.state.nh.us
2014  Wyoming Jim Coffin 307-777-4205  Jim.coffin@wyo.gov
2015 Massachusetts  Peter Ingraham  603-688-0880  peter ingraham@golder.com
2016  Colorado Ty Ortiz 303-921-2634  Ty.ortiz@state.co.us
2017  Georgia Deana Sneyd 678-313-4147  Dsneyd61@gmail.com
2018  Maine Krystle Pelham  603-271-1657  Krystle.Pelham(@dot.state.nh.us
2019  Oregon Tim Shevlin 503-423-7258  tim.shevlin@geobrugg.com
2020  North Carolina  John Pilipchuk 919-707-6851  jpilipchuk@ncdot.gov

Jody Kuhne 828-298-3874  jkune@ncdot.gov
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Sponsors

The following companies have graciously contributed toward the sponsorship of the
Symposium. The HGS relies on sponsor contributions for refreshment breaks, field trip lunches
and other activities. We gratefully appreciate the contributions made by these sponsors.

Platinum Sponsors

Geobrugg North America, LLC.
22 Centro Algodones
Algodones, New Mexico 87001
P: (505) 771 4080
Fax: (505) 771 4081
Www.geobrugg.com

Geobrugg supplies Geohazard Mitigation and Safety Systems from nets and meshes of high-
tensile steel wire. Many years of experience and a global network with branches and partners in
over 50 countries ensures fast, thorough, and cost-effective solutions for specific customer
requirements. We are partners, consultants, developers, and project managers for our customers.

Jensen Drilling Company
1775 Henderson Ave.
Eugene, Oregon 97403
P: (800) 762-7435
www.jensendrilling.com

Jensen Drilling Company provides a wide variety of drilling expertise, ranging from small
projects to multi-million-dollar construction projects throughout the United States. Technical
capabilities include, air and mud rotary drilling, large diameter flooded reverse circulation
wells, anchor and tiebacks, drilling and grouting, air percussion drilling from 3-inch to 24-inch
diameter, horizontal and vertical drain drilling.
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Gold Sponsors

Ameritech Slope
Constructors, Inc
PO Box 2702
Asheville, North Carolina
28802
P: 828-633-6352

www.ameritech.pro

Ameritech Slope Constructors, Inc. is a specialty contracting company specializing in
Civil/Geotechnical Construction projects, including rock and soil slope stabilization, rock
scaling, rock bolting, high strength steel mesh drapes and barriers as well as dry mix
shotcrete. We also drill and break large boulders and overhanding ledges using
nonexplosive rock removal methods and mechanical rock splitters.

27



70th Highway Geology Symposium

70" ANNUAL HIGHWAY GEOLOGY SYMPOSIUM

Silver Sponsors

Access Limited Construction
1102 Pike Lane
Oceano, California 93445
P: (805)-592-2230

www.accesslimitedconstruction.com

Access Limited Construction is a Specialty Contractor located in San Luis Obispo,
California. An industry leader, we provide rockfall mitigation, slope stabilization, and difficult
drilling services for transportation, energy, mining and private sector clients. With our fleet of

Spyder Excavators, we can access steep terrain and hard to reach projects throughout the
United States from the East Coast to Hawaii.

Landslide Technology
10250 SW Greenburg Road, Suite 111
Portland, Oregon 97223
P: (503) 452-1200
www.landslidetechnology.com

Landslide Technology, a division of Cornforth Consultants, is a geotechnical engineering
firm based in Portland, Oregon. Currently in its 36th year of operation, we were established to
focus specifically on transportation projects including landslides, rock slope stability,

emergency response to sudden failures, and other challenging geotechnical and geologic
assignments.
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Bronze Sponsors

Acker Drill Company
PO Box 830
Scranton, Pennsylvania 18501
P: (501) 479-2009
www.ackerdrill.com

Acker Drill Company was founded in 1916 and has been exporting its products worldwide
since 1960. Today, we are recognized as a world leader in the manufacture of drill rigs and
tooling for the geotechnical, environmental, mineral exploration, and civil engineering
industries.

AMS, Inc.

105 Harrison Street
American Falls, Idaho 83211
P: (208) 226-2017
www.ams-samplers.com

AMS, Inc is a world leading manufacture of soil sampling equipment from hand augers,
bucket augers, soil probes and core/split core samplers for all types of soils testing from
environmental, groundwater, geotechnical, geophysical, site investigations. AMS, Inc is also
the sole mfg of the PowerProbe and PowerCore Drilling equipment that is capable of surface
and down-hole asphalt and concrete coring and geotechnical (SPT) sampling for sub-surface
investigations for new / used roadway repairs.
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Bronze Sponsors (continued)

Apex Rockfall Mitigation, LL.C

"Specializing in Limited Access Slope Stabilization"
3229 Springtfield Road
A P E X Grand Junction, Colorado 81503
P: (970) 314-7302

Rockfall Mitigation LLC www.apexrockfall.com

Providing a wide varitey of solutions ranging from- Scaling, rockfall netting,
rock anchors, soil anchors, shotcrete

drapes, rockfall barriers, debris fiow, rock anchol
cable lashing, tim blasting, rock dowels and much more.

Apex Rockfall Mitigation is a leader in the rockfall and geo-hazard stabilization industry.
Apex prides itself in providing innovate solutions across the county to safe guard slopes of
all natures, specializing in limited access and rope access work.

Cascade Drilling, LP
13600 SE Ambler Road
Clackamas, Oregon 97015
P: (503) 572-3090
www.cascade-env.com

Cascade is a field services contractor that partners with our clients to provide seamless
geotechnical and environmental solutions from concept to completion. We provide the,
industry's most comprehensive in-house suite of field services to support your geotechnical
and environmental projects no matter how routine of complex.
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Bronze Sponsors (continued)

Durham Geo Slope Indicator
12123 Harbour Reach Drive, Suite 106
Mukilteo, Washington 98275
P: (425) 493-6249
www.durhamgeo.com

Durham Geo Slope Indicator (DGSI) is a designer and manufacturer of geotechnical
instrumentation, materials testing equipment and environmental pumps. Our expertise is
based of decades of experience. Our instrumentation is integrated into some of the World's
most important assets and construction projects.

GeoStabilization International
543 31 Road
Grand Junction, Colorado 81504
P: (855)-579-0536
www.geostabilization.com

GeoStabilization International® focuses on bringing new technologies to the geohazard
repair industry to reduce project time, cost, and minimize environmental impact. Through
many years of training, experience, and this founding philosophy, GeoStabilization
engineers and constructors now stand as the most qualified and most experienced in the
industry.
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Bronze Sponsors (continued)

Golder Associates
670 North Commercial Street, Suite 103
Manchester, New Hampshire 03101-1146
Phone: (603) 668-0880
Fax: (603) 668-1199

G O L D E R www.golder.com

Golder is respected across the globe for providing consulting, design and construction services
in our specialist areas of earth and environment. Our highly skilled engineers, scientists, project
managers and other technical specialists are committed to helping clients achieve project success
on projects around the globe.

I D S IDS GeoRadar
14828 w. 6th Avenue, Unit 12-B

Golden, Colorado 80401
G eo R a d ar P: (303)-726-6024

www.idsgeoradar.com
A

IDS GeoRadar manufactures, sells, and services radar instruments. IBIS mine and
geohazard monitors, and GPR tools, lead the sector in features, affordability and utility.
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Bronze Sponsors (continued)

Rocscience, Inc
54 Saint Patrick Street

|l rocsclience M essn

WWW.rocscience.com

Rocscience is a world leader in developing 2D & 3D software for civil, mining, and

geotechnical engineers. For over 20 years, we’ve used leading-edge research to build
geotechnical tools used by over 7,000 engineers around the world for slope stability,

excavation design, and geotechnical analysis.

Williams Form Engineering Corp
7601 N Columbia Boulevard
Portland, Oregon 97203
P: (503) 285-4548
www.williamsform.com

Williams Form Engineering Corporation has been offering Ground Anchors, Concrete
Anchors, Post Tensioning Systems, and Concrete Forming Hardware to the construction
industry for over 95 years.
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"Specializing in Limited Access Slope Stabilization”

APEX

Rockfall Mitigation LLC

Providing a wide varitey of solutions ranging from- Scaling, rockfall netting,
drapes, rockfall barriers, debris flow, rock anchors, soil anchors, shotcrete
cable lashing, trim blasting, rock dowels and much more.

Solutions for

Every Stage

Cascade is a field services contactor that partners
with our clients to provide seamless environmental
and geotechnical solutions from concept to

completion.

0O O
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Soil and Rock Slope Stability

Environmental Health and Safety

Hazard Assessment Rugged Terrain Design
Pavement Design and Management Remediation

We thrive
on challenges

golder.com

i > .‘5 )| v g

G5 (A ET
Rockfall Mitigation
Ground Engineering
Environmental Services ——— =
Shoreline and River Studies :E:"‘

c

GOLDER
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Exhibitor Display Locations
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Exhibitors

Thank you to all participating exhibitors. The exhibit booths are in the Salon E.

Necializing in Limited Access Slope Stabilization”

Rockfall Mitigation LLC

oviding a wide varitey of solutions ranging from- Scaling, rockfall netting,
apes, rockfall barriers, debris flow, rock anchors, soil anchors, shotcrete
cable lashing, trim blasting, rock dowels and much more.
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Access Limited Construction
1102 Pike Lane
Oceano, California 93445
P: (805)-592-2230
www.accesslimitedconstruction.com

Acker Drill Company
PO Box 830
Scranton, Pennsylvania 18501
P: (501) 479-2009
www.ackerdrill.com

Ameritech Slope Constructors, Inc.
PO Box 2702
Asheville NC 28802
P: (828) 633-6352
Fax: (828) 398-2041
www.ameritech.pro

AMS, Inc.

105 Harrison Street
American Falls, Idaho 83211
P: (208) 226-2017
www.ams-samplers.com

Apex Rockfall Mitigation, LLC
3229 Springfield Road
Grand Junction, Colorado 81503
P: (970) 314-7302
www.apexrockfall.com
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Atlas Pipe Piles
1855 East 122nd Street
Chicago, Illinois 60633

P: (312)-275-1608
www.atlaspipepiles.com

BGC Engineering, Inc.
Suite 211
701 - 12th Street
Golden, Colorado
USA, 80401
Tel: (720)-598-5982

www.bgcengineering.ca

Cascade Drilling, LP
13600 SE Ambler Road
Clackamas, Oregon 97015
P: (503) 572-3090
www.cascade-env.com

Central Mine Equipment Company
4215 Rider Trail North
Earth City, Missouri 63045
P: (800) 325-8827
WWW.CIMECo.com

Durham Geo Slope Indicator
12123 Harbour Reach Drive, Suite 106
Mukilteo, Washington 98275
P: (425) 493-6249
www.durhamgeo.com
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Geobrugg North America, LLC.
22 Centro Algodones
Algodones, New Mexico 87001
P: (505) 771 4080
Fax: (505) 771 4081
www.geobrugg.com

Geokon
48 Spencer Street
Lebanon, New Hampshire 03766
P: (603) 448-1562
www.geokon.com

GeoStabilization International
543 31 Road
Grand Junction, Colorado 81504
P: (855)-579-0536
www.geostabilization.com

Gilson Company, Inc.
PO Box 200
7975 N Central Drive
Lewis Center, Ohio 43035
P: (800)-444-1508
www.globalgilson.com

Golder Associates
670 North Commercial Street, Suite 103
Manchester, New Hampshire 03101-1146
> Phone: (603) 668-0880
Fax: (603) 668-1199
www.golder.com

GOLDER
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GRI
9750 SW Nimbus
Beaverton, Oregon 97008
P: (503) 641-3478
WWW.gri.com

Hi-Tech Rockfall Construction, Inc.
PO Box 674
Forest Grove, Oregon 97116
P: (503) 357-6508
Fax: (503) 357-7323
www.hitechrockfall.com

IDS GeoRadar
14828 w. 6th Avenue, Unit 12-B
Golden, Colorado 80401
P: (303)-726-6024
www.idsgeoradar.com

Jensen Drilling Company
1775 Henderson Ave.
Eugene, Oregon 97403
P: (800) 762-7435
www.jensendrilling.com
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ABSTRACT

Understanding the geology and typical engineering properties of subsurface soil conditions
is essential to identify possible failure mechanisms, perform site reconnaissance, and perform
preliminary design analysis on landslides. States, local municipalities, and other organizations
provide free access to Geographic Information Systems (GIS) including geologic and topographic
maps, satellite imagery, LIDAR imagery, well logs, and geologic surveys. This paper will briefly
discuss some of the free online resources available, how they can be applied to geohazard
professional practice and their importance to successful landslide mitigation design.

Access to free online GIS tools has dramatically increased over recent years and shall grow
with use as geospatial technologies continue to develop. The readily available information can be
used to create multiple cross-sections at various locations, inspect the site along with the road
platform, identify possible failure mechanisms and/or essential features, understand subsurface
conditions, and create preliminary slope stability models. The application of these tools into
engineering practice can provide a greater understanding of the existing geologic conditions and
aid in designing the appropriate repair for landslides.

Case histories will be provided from completed projects to demonstrate the successful
application of these tools in landslide mitigation. Projects benefiting from these applications
include a landslide stabilization on Highway 36 in California, a deep-seated emergency landslide
located on Highway 101 in Oregon, and preliminary design analysis on a landslide on Highway
138W in Oregon.
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INTRODUCTION

Geohazard Professionals (i.e., engineers and geologists) strive to develop and install
innovative solutions that protect people and infrastructure from the dangers of geohazards, such
as landslides. The geology and engineering properties of subsurface soil conditions must be
understood to implement these solutions effectively. As technology improves, the ability to
understand site conditions also improves. As a result, geohazard professionals can now gather
more information about a project location than ever before.

Technologies such as online GIS, available for free to the public, have created a platform
where geohazard professionals can obtain information that previously required comprehensive
subsurface investigations. This paper highlights several free online GIS resources and how to
implement these technologies in practice successfully. The case studies provided in this paper are
from completed projects showing the successful application of the free available GIS resources.
The objective of this paper is to explain why geohazard professionals should incorporate GIS
tools into their practice.

FREE AVAILABLE INFORMATION
Online GIS

Geographic Information Systems (GIS) is geographic data that is stored, managed, and
analyzed in geospatial technologies where the information can be used for various applications.
The information gathered can be visualized and assessed by the user for quick access to geographic
data. Federal, state, and private entities collect and maintain online GIS databases where the
information is easily accessible. This paper will outline various GIS tools available, where they
can be found, and how the information applies to landslide stabilization.

Geologic Maps

Geologic maps provide information about subsurface conditions necessary for designing
geohazard repair solutions. Geologic maps are available online from several sources, including the
United States Geological Survey (USGS) and state or county GIS databases (Websites, 1).
Valuable information required for proper design can be obtained or inferred from geologic maps,
including structural orientation, geologic history, and rock/soil type. This information helps the
designer make critical assumptions about important engineering material parameters in place of
conventional geotechnical investigation techniques. Geologic data from these sources can often be
incorporated into existing maps to help provide a more thorough understanding of site conditions.
These maps can help identify potential concerns that may impact design, such as larger landslide
complexes or adverse structural or bedding orientation.
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Other Maps

Other readily available resources that are commonly used by geohazard professionals
include topographic maps and landslide location maps. Topographic maps are helpful during the
initial assessment phase and can be useful in determining slope severity and creating cross-sections
to be used in modeling software. These maps can also be used to visually identify moderate to
larger landslides or landslide complexes that may affect the project area. Landslide location maps,
where available, provide information about the susceptibility of an area to sliding and can be useful
determining the location and frequency of movement on historically active slides. All of these
maps are typically available in digital format for free online.

LiDAR Imagery

Light Detection and Ranging (LiDAR) surveying is another useful tool in landslide
mitigation that has become more readily available in recent years. LIDAR surveying collects data
by using light pulsed lasers to measure ranges to the earth, which generate precise, three-
dimensional geographic information of surface characteristics (Website, 2). LiDAR data is
collected and provided through agreements with a variety of organizations including national,
state, and private companies. State, federal, and private websites share information when possible
to provide users with a large amount of data. Online resources offer interfaces where users can

access and download pre-computed raster images, Google Earth KMZ files, and point cloud data
(Website, 3).

LiDAR, when available, provides the ability to analyze the topography of a landslide in
more detail than satellite imagery or topographic maps alone. Critical features of landslides,
including head scarps, toe bulging, and limits of the failure are often easily identifiable.
Topographic features, including ravines, rivers, and slope geometries are also more easily
recognizable. Point cloud data can be downloaded and processed to generate cross-sections in
areas of interest. When information derived from onsite investigation is limited or unavailable,
cross-sections created from LiDAR datasets can provide a slope geometry to perform a back
analysis. Figure 1 displays different perspectives of processed LiDAR data.

Figure 1: Processed LiDAR Data (Website, 4)
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Satellite Imagery

Free satellite imagery data from agencies around the world can be used for reference and
informational purposes by merely performing an online search. Programs such as Google Earth
allow users to take measurements, gather elevation data, view the site from the road platform, and
even view images taken at various dates over time. The programs include roadway information,
city and county information, and global positioning coordinates for reference. Overlay files such
as images, LiIDAR, township & range, soil surveys, and many other records can be placed into
these programs for visualization.

The information obtained from these free available resources is valuable in understanding
the geology and critical features of landslides. When street views are available, the user can gain
a deeper understanding by virtually visiting the site to get a 360-degree view. Geologic features
including slope geometries, rock outcrops, and natural drainage paths can be identified above,
below, and within the landslide. Key features of the landslide including head scarps, limits of the
failure, cut/fill interfaces, pistol butted trees, and bulging can often be identified. Assumptions on
subsurface profiles can even be made based on approximated measurements obtained from satellite

imagery.
Well Logs

Well logs are used in landslide analysis, especially when subsurface investigation and/or
testing has not been performed. Most states require wells to be drilled by a licensed driller/operator
to protect groundwater resources from contamination. Drilling reports, also referred to as well
logs, are typically required for documentation as part of the permitting process. State water
resource departments maintain the well logs and the information can be found on GIS data hubs
online. Subsurface investigations involving drilling performed by transportation departments or
other entities can also be a resource for locating well logs.

Well logs typically include information such as date and location of drilling, drilling
conditions, observed subsurface material types, static water levels. The driller/operator records the
observed conditions during the well's installation; however, the logs may not have been reviewed
by an engineer or geologist. Therefore, judgment should be used when reviewing well logs and
incorporating data into the design solution. Additional information such as geologic maps and/or
web soil surveys may also be needed to verify drilling conditions. Figure 2 displays well logs that
can be obtained from online GIS databases.
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Figure 2: GIS Well Log Map (Website, 5)
Web Soil Surveys

Web soil surveys provide a comprehensive database of soil maps and soil data throughout
the United States. General soil information gathered by the USDA Natural Conservation Service
(NRCS) is maintained in real-time on the interactive Web Soil Survey application for online access
(Website, 6). Currently, there are data and soil maps for more than 95 percent of the counties
nationwide. The NRCS also provides access to historical soil survey reports in pdf format archived
by state for reference. Programs such as the SoilWeb app by UC Davis incorporate web soil survey
data provided by NRCS for use in interactive web browsers, Google Earth, and smartphones
(Website, 7).

The web soil surveys are useful in landslide analysis because they give insight into the
near-surface soil conditions as determined by the USDA. Typical surveys will provide engineering
and chemical properties for soils up to approximately six feet deep. Engineering properties from
the surveys include USCS and AASHTO soil classification, USDA texture, hydrologic properties,
sieve analysis, liquid limits, plasticity index, and soil PH. This information can be used to estimate
important soil strength parameters, create soil profiles, identify the potential presence of water,
and estimate the corrosion potential of the soils. Figure 3 displays soil data from the web soil
survey application.

Figure 3: Web Soil Survey Data (Website, 6)
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APPLICATION

Once the available tools have been identified for use in a landslide repair, the next step is
to apply them to geohazard mitigation practice. Free resources such as online interactive GIS
programs and other free design tools provide designers with site-specific information necessary
to perform an analysis. In summary, the free available information online can be used to create
cross-sections, make visual site observations, identify possible failure mechanisms, understand
subsurface conditions, and make detailed measurements. This information can then be used to
create a back analysis and evaluate repair options.

Back Analysis

The purpose of a back analysis is to create a reasonable model of the site conditions at the
time of failure. A slope stability analysis is performed with the measured critical failure surface,
having a factor of safety equal to one (Textbooks, 1.). The engineering properties of the soil/rock
are estimated based on an iterative process of adjusting material parameters until the failure
surface is accurately re-created using various soil/rock mechanics parameters. In the absence of
Geotechnical reports, the free available information can meet or exceed the minimum
requirements to create a back analysis. The free, accessible data can also be used along with a
geotechnical report to supplement information not provided.

Preliminary design

Once a representative back analysis is created, the project then moves into the design phase
of the landslide repair. During the design phase, the designer evaluates repair options based on
cost and constructability. The designer uses the back analysis to create a repair model used to
determine the driving and resisting forces required to stabilize the landslide. Structural elements
and supporting calculations will be derived from the resting forces.

CASE HISTORIES

This paper contains three case studies showing how successful application of GIS tools
was used in landslide mitigation. The projects were designed based on limited geotechnical
subsurface information available at the time of design; therefore, online GIS was instrumental in
evaluating these sites. The case studies will outline the design methodology used to obtain
supporting information, determine failure mechanisms, and ultimately provide design-build repair
options. Lastly, the case studies will demonstrate how the application of these tools was used for
successful project outcomes.

Case Study 1:
Mad River, California
Background

This landslide was in Trinity County near Mad River, California. In the area of interest, a
V-shaped head scarped extended from the outboard slope face to the inboard ditch approximately
105 LF measured along the guardrail. Vertical displacement on the road platform had been a
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reoccurring issue requiring yearly maintenance to keep the road safe for the traveling public.
Traditional solutions had been evaluated but were not economically feasible. Figure 4 displays the
pre-construction conditions of the area of interest.

Figure 4: Existing Head Scarp Near Mad River, California

Information obtained from site visits indicated the road platform was originally constructed
approximately 80 feet slope distance below the current roadway elevation. The new road platform
appeared to be built entirely of fill material with no clear delineations of the native soil contact.
Rock outcrops were observed upslope with increased exposure along the western side of the road.
Drainage appeared to be concentrated where the head scarp extended into the inboard ditch.
Inclinometers and piezometers were also observed throughout the slope face; however, none of
the data collected from these devices could be obtained.

Design Methodology

A back analysis was created to evaluate possible failure mechanisms and estimate the
engineering properties of the rock and soil. The site visit provided crucial information for field
measurements and general assumptions. However, no subsurface information was available to aid
in the analysis. Supporting resources used to create a representative back analysis were geologic
maps, Google Earth, and web soil surveys (Website, 3 and 6).

Web soil surveys were used to estimate engineering parameters of native soils in the area.
The survey indicated the native soils were coarse-grained and contained fine-grained sediments
with variable plasticity. The USGS hydrologic soil group conditions classified the native soils as
a group C for slow infiltration rates (Website, 6). Poor drainage of the native soils was assumed to
be one of the driving factors in the landslide. The general soil classification provided a starting
point for typical engineering properties of the native soils.

Geologic maps were used to refine bedrock parameters used in the back analysis. These
maps indicated that bedrocks in the project area were of Cretaceous and Jurassic age and were
composed of massive graywacke, minor amounts of platy shale, thin-bedded chert, and mildly
metamorphosed sedimentary and volcanics of the Franciscan Formation. Several north-northwest
striking, large scale, thrust and strike-slip faults were identified adjacent to the region, suggesting
bedrock in the area was highly-fractured. It is interesting to note that directly above the road
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platform at this site, a massive, highly-fractured outcrop is juxtaposed against highly-weathered
marine sedimentary rocks of seemingly different origin. Based on geologic maps of the area, one
of the nearby larger-scale strike-slip faults project directly into the project area and could help
explain the juxtaposition of these different rock types. These geologic maps were also used as a
reference to infer native soil properties derived from this parent material. The geologic maps
helped estimate the typical engineering properties of the rock used in the back analysis. They also
provided an understanding of the standard bedding and jointing of the rock in the area which was
used to estimate reasonable bond capacities for anchor elements. Figure 5 shows the geologic map
of the case study near Mad River, CA.

Figure S: Geologic Map of Case Study 1 (Website, 8)

Google Earth was used to provide additional information used in analyzing the site
(Website, 3). Satellite imagery provided important information including the head scarp location,
slope conditions outside of the landslide limits, preferential drainage pathways, and historical
imagery dating back to 1993. Street-view images were used to “revisit” the site as questions arose
during the design phase. These images revealed the highly-fractured nature of the bedrock

Web soil surveys were used to understand the native soil conditions in the area. The survey
indicated the surficial soils were of coarse-grained with fines varying from low plastic to plastic.
The hydrologic soil group conditions classified the native soils as a group C for slow infiltration
rates (Website, 6). Poor drainage of the native soils was assumed to be one of the driving factors
in the landslide. The general soil classification provided a starting point for typical engineering
properties of the native soils.

The back analysis was evaluated using a non-circular failure surface in Slide by Rocscience
(Figure 6; Website, 9). The critical failure surface was modeled as a deep-seated failure extending
from the inboard ditch and extending down to the location of the previous road platform. The slide
was assumed to be confined within the fill along native contact. Sensitivity analyses were
performed until the critical failure matched conditions observed in the field. The model created in
Slide by Rocscience can be seen below in the Figure.

The repair consisted of a 20-foot-high soil nail wall with up to 50-foot embedment hollow
bar injection anchors and reinforced shotcrete per FHWA GEC 7 design guidance (Federal
Government Reports, 1). Horizontal drains were installed with up to 20-foot embedment for the
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length of the repair, and in areas groundwater was encountered during drilling. The anchors were
conservatively designed with allowable bond capacities non-dependent on bond values for a
homogenous soil for full embedment. However, all the anchors were installed with at least 10 feet
embedment into bedrock. Design assumptions, including subsurface profiles and anchor bond
capacities, were vetted during construction and field testing. The model created in Slide by
Rocscience for the repair can be seen in Figure 6.

Figure 6: Back Analysis and Repair Analysis for Case Study 1 (Website, 9)
Project Outcome

The desired outcome of the project was to stabilize the landslide quickly with an
economically feasible solution. The project duration lasted approximately six weeks, and the
highway remained open during construction with limited impact on traffic. While important slide
information collected from previously installed inclinometers and piezometers were never
obtained, data derived from free online resources and field reconnaissance helped provide crucial
subsurface information necessary for the design. The final product of the project can be viewed in
Figure 7.

Figure 7: Final Repair for Case Study 1
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Case Study 2: Hwy 101, Oregon
Background

Case study two was located along Hwy 101 south of Coos Bay, Oregon. A massive winter
storm passed through the area resulting in approximately 14 inches of rainfall within three days.
Multiple landslides were triggered due to the large concentration of moisture, and this landslide of
interest sat on the flanks of a larger landslide complex. Figure 8 displays the pre-construction
conditions of the area of interest.

Figure 8: Site Photo of Highway 101

Visual observation from the initial reconnaissance visit revealed two scarps along the trace
of the slide; the shorter scarp, which had up to approximately 8 inches of offset, was over 230 LF
measured along the guardrail and extended to the outboard fog line. The longer scarp, with
approximately 3 inches of offset, was over 300 LF and impacted all three travel lanes (and paved
shoulder) while extending over 45 feet inboard to the fog line.

Design Methodology

A detailed site investigation to obtain geotechnical information was not able to be
performed due to the emergency response time needed to stabilize the landslide. Continued rainfall
during the initial site visit made conditions too dangerous to access the slope. Additionally, the
dense vegetation along the slope face prevented a clear view or reasonable access to the area.
Although access and site information was limited, an analysis was able to be performed
successfully as a direct result of the free available GIS resources. Supporting resources used to
analyze the landslide were well logs, satellite imagery, geologic maps, soil surveys, and LiDAR

imagery.

Well logs provided by the Oregon Well Resources Department were used to gain an
understanding of typical subsurface conditions in the area (Website, 10). There were no well logs
available in the immediate vicinity of the project. However, nearby well logs were used to
approximate soil thickness and to estimate depths to bedrock. Based on the available information,
the native soil was estimated to be approximately 15 to 20 feet thick overlying highly weathered
bedrock. General soil observations, bedrock conditions, and water level elevations were
documented from the well log, so reasonable assumptions could be made in the back analysis.
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Satellite imagery from Bing Maps and Google Earth were used to assess the conditions of
the surrounding area and identify key features in the landslide (Website, 3 and 11). These resources
were used to estimate the location of the fill and native material interface below the road platform
based on slope geometries and apparent upslope conditions. Historic street view images indicated
the larger head scarp had been paved over in recent years. They also indicated a drainage channel
located approximately 250 LF downslope incised the hillside oblique to the movement of the slide
mass. The channel appeared to undermine the landslide resulting in a loss of resisting forces
contributing to the slope instability.

Geologic maps and web soil surveys were used to understand the geology in the area, so
engineering properties of the subsurface materials could be estimated. Geologic maps provided by
the Oregon Department of Geology and Mineral Industries indicated the bedrock in the region was
composed of severely folded and deformed marine sedimentary and mafic volcanic rocks of
Cretaceous age (Website, 12). The overlying soils derived from these deeply weathered parent
rocks were inferred to be weak with moderate cohesion and moderately lower phi angle values. A
USGS web soil survey indicated the overlying soils consisted of a low to high plasticity clay with
silt with slow infiltration rates (Website, 6). Soil chemical properties were also evaluated,
indicating the soil PH ranged between 5 and 6 in the upper soils. Figure 9 shows a geologic map
of the project area procured from the Oregon Department of Geology and Mineral Industries
Website (DOGAMI).

Figure 10: Geologic Map of Case Study 2 (Website, 12)

Due to the emergency nature of the landslide and the unsafe slope conditions, detailed
measurements of the slope were not available. However, LIDAR imagery was available and used
to create representative cross-sections at multiple locations. Open Topography resources were used
to download LiDAR data from the Oregon Department of Geology and Mineral Industries
(Website, 12). The data was then processed using free geospatial analysis software to export cross-
sectional profiles of the slide mass. The profiles were analyzed, and initial observations identifying
the erosional channel at the toe of the slope were supported.

An understanding of the subsurface and geologic conditions was solidified by successfully
incorporating free online GIS information into the site research. The available information made
it possible to create a representative back analysis to estimate engineering soil and rock properties
at the time of failure. Sensitivity analyses were performed to evaluate the effects of varying water
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and layer profile depths until the critical failure surfaces matched conditions observed in the field.
The representative back analysis showed the two failures were deep-seated and likely failed
through the weathered bedrock layer. The model created in Slide by Rocscience for the repair can
be seen in Figure 10.

Figure 10: Back Analysis of Highway 101 (Website, 9)

The repair consisted of a soil nail wall varying in height up to 19 feet tall at the critical
section. Hollow bar soil nails were installed in varying lengths up to 60 feet with a reinforced
shotcrete facing. Subsurface conditions and anchor lengths required injection anchors so grout
encapsulation would be maintained during installation. Horizontal drains were installed along the
base of the soil nail wall for anticipated groundwater and connected to toe manifold for positive
drainage. Design assumptions were vetted during construction based on real time drilling feedback
and anchor testing. The model created in Slide by Rocscience for the repair can be seen in Figure
11.

Figure 11: Repair of Highway 101 (Website, 9)
Project Outcome

The objective of the design was to stabilize a sizeable deep-seated emergency landslide as
fast as possible with limited information. Geotechnical investigations were not feasible because
the emergency landslide occurred on a vital stretch of highway that needed to be re-opened to
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traffic. As a result, access to free innovative GIS tools was a crucial factor in the successful
stabilization of the landslide. Work was performed in lift construction from the platform where
possible and a construction bench below as required. The project was designed and priced in less
than three days, and construction took approximately eight weeks to complete. Figure 12 shows
the final repair of this project.

Figure 12: Final Repair of Highway 101
Case Study 3: Hwy 138W, Oregon
Background

Case study three was located on Hwy 138W in Douglas County south of Elkton, OR. As
seen below in Figure 13, a large head scarp extending a couple of feet beyond the inboard fog line
was observed for approximately 195 LF as measured along the outboard fog line. The head scarp
was clearly delineated as it approached the bottom of the slope with signs of toe bulging. Another
smaller head scarp appeared to extend along the outboard shoulder of the road surface. Figure 13
displays the pre-construction conditions of the area of interest.

Figure 13: Site Photo of Highway 138W

Visual observations taken from the site visit indicated there was a rock buttress along the
base of the landslide extending north beyond the limits of the observed failure. The buttress
appeared to be providing adequate resisting forces north of the slide mass, but additional support
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would be required for the southern section showing distress. A road was cut into the side of the
slope for buttress installation, and there were multiple construction benches observed along the
slope face. Drainage was identified as a possible problem on the inboard side of the roadway.
Dense vegetation made it hard to identify additional key features.

Design Methodology

Accurate field measurements were difficult to obtain because of the dense vegetation above
and below the road platform. The dense vegetation also prevented a clear view of the area upslope
of the landslide. The benches constructed along the slope face made it difficult to determine the
slope geometry without limiting assumptions. Supporting resources to effectively analyze the
landslide were satellite imagery, geologic maps, web soil surveys, well logs, and LiDAR imagery.
A back analysis was then created with the additional information obtained.

Information obtained from satellite imagery using Google Earth was used to analyze the
topography of the area, including the geometry immediate above and below the landslide (Website,
3). Using Google Earth, the bottom of the slope could be easily identified with gross measurements
indicating horizontal and vertical distances from the road platform to the apparent toe of the slide.
Above the road platform there appeared to be an irrigated field and a ravine where the drainage
appeared to be concentrated to the critical section of the landslide. Lastly, the geometry of the
slopes surrounding the slide mass indicated this section of road was constructed mainly of fill
materials.

Geologic maps provided by the Oregon Geologic Survey and USGS were then consulted
to get a general understanding of the local geology of the area (Website, 1). Bedrock, if
encountered, would consist of sedimentary rocks, including sandstone, siltstone, and mudstone.
Web soil surveys were then used to get a general understanding of the typical surface soil
conditions in the area. The results of the web soil survey indicated the native soils consisted of low
to high plastic silts and silty clays low to moderate infiltration rates when thoroughly wet. Figure
14 below displays how the geologic map was procured for the case study south of Elkton, OR.

Figure 14: Geologic Map of Case Study 3

Once a good understanding of the geology and surface soils was achieved, the next step
was to determine the stratigraphy of the area. Two well logs were found in the nearby vicinity
using the Oregon Water Resources Well Report Query (Website, 10). The first well log was in the
irrigated field upslope from the project location and the second well log was a subsurface
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investigation performed by the Oregon Department of Transportation (ODOT) located on Hwy
138W MP 4.7 (approximately 0.10 miles away). The well logs provided detailed observations
made during installation, including drilling conditions, material layer thicknesses, and static water
levels.

LiDAR imagery provided by the Oregon Department of Geology and Mineral Industries
and Open Topography was also used to analyze the site (Website, 12). The LiDAR supported
observations made from the satellite imagery indicating the runoff was concentrated at the
landslide, and the road platform was constructed with a significant amount of built-up fill material.
Key features were clearly identifiable, including the shape/limits of the slide mass, the benches
built into the slope face, and bulges. Lastly, the downloadable LiDAR data was used to generate
multiple cross-sections, including a cross-section at the critical section.

From the freely available information, supplemented with the site visit, gave enough
detailed information about the landslide to prepare a representative back analysis of the failure.
The critical failure surface was modeled with a deep-seated non-circular failure extending through
the native and fill materials. Soil profiles and groundwater depths were estimated based on the
boring log information provided by ODOT. Sensitivity analyses were performed to evaluate the
effects of varying depths of native soil, rock, and groundwater. The final analysis showed failure
surfaces at approximately the same locations as measured in the field. The model created in Slide
by Rocscience for the back analysis can be seen in Figure 15 below.

Figure 15: Back Analysis for Highway 138W (Website, 9)

The proposed repair consisted of a soil nail wall in varying height up to 15-feet in the
critical section. An array of hollow bar injection anchors varying in lengths up to 60-foot
embedment and reinforced shotcrete was designed in the critical section. The wall heights and
embedment lengths were optimized based on scarp measurements and cross-sections taken at
various locations throughout the slide mass. Hollow bar injection anchors were selected and
designed based on anticipated drilling conditions for a sandy fill material and silty clay w/sand
native material identified in the free available information. The model created in Slide by
Rocscience for the repair can be seen in Figure 16 below.
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Figure 16: Repair of Highway 138W (Website, 9)
Project Outcome

The object of this design was to stabilize the sizeable deep-seated landslide with limited
impact to the traveling public. The proposed design consisted of a 1.2 factor of safety, which was
considered adequate for a landslide of this size and magnitude. The projected duration of the
project would last approximately five to six weeks. The work could be performed from the existing
road platform or a construction bench in a top-down construction. Design assumptions would be
vetted during installation by a quality assurance program involving the documentation of drilling
conditions and proof testing on production anchors.

CONCLUSION

In conclusion, this paper presented the reader with some of the free available information
to help engineers solve challenging landslides. Innovative tools such as online GIS were identified
so Geohazard Professionals can understand the geologic and subsurface conditions of a site when
geotechnical reports are not available. Next, the paper showed how these tools could be
incorporated into the engineering practice of creating back analyses and evaluating repairs for
landslides. Lastly, case studies demonstrated how these tools were used to stabilize actual
landslides. Upon reading this paper, Geohazard Professionals should understand the power of
incorporating Online GIS into their practice.
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ABSTRACT

The design of geohazard mitigation protection barriers for debris flow, landslides, and
rockfall are governed by lateral loads. After impact, the loads are distributed through the system
with post foundations transferring the loads to the ground. Cast-In-Drill-Hole (CIDH)
foundations can be designed to resist the lateral loading by calculating the depth required using
the properties of the in-situ surrounding soil. However, geohazard mitigation systems are often
installed in remote locations where large drilling equipment may not be appropriate due to
limited access or inclined terrain. Alternatively, ground improvement techniques for in-situ soils
can be applied to support foundations. Ground improvement is a technique that modifies the
existing soil properties by improving strength. Two types of ground improvement backfill are
Controlled Density Fill (CDF) and Soilcrete. Both types of backfill improve soil lateral support
resulting in reduced CIDH foundation depth. For emergency construction projects, the use of
these ground improvement options potentially eliminates the need for large drilling equipment
and decreases overall construction duration and costs. Three case studies will be presented where
Soilcrete and CDF were used to improve foundation support. This resulted in meeting emergency
construction time constraints and design requirements for the foundations.
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INTRODUCTION

Since the 1950s different techniques have been used around the world to help improve
existing ground conditions for foundation and embankment applications in geotechnical
engineering (1). These include embankment support and widening, bridge abutment support,
bridge pier support, retaining wall foundations, and deep pile foundations. The idea behind
ground improvement is to use native soil material blended with cementitious material. This
technique helps increase soil stability and strength while also reducing the soil settlement and
permeability. Different ground improvement techniques have been developed for a range of
applications of geotechnical engineering. These techniques include jet grouting, dynamic
compaction, and deep soil mixing method (DMM). This paper focuses on the dry soil mixing
method (Soilcrete) and the wet mixing method (Controlled Density Fill) for backfill support.

Soilcrete Background

Since 2003, Soilcrete has been used by the Federal Highway Administration (FHWA) for
deep soil mixing and has developed the FHWA Design Manual for Deep Mixing for
Embankment and Foundation Support (1). The report provides deep soil mixing design and
construction guidelines for embankment and foundation support. Soilcrete is a mix of native soil
material with a cementitious base, admixtures, and binders that affect the overall flowability and
or strength of the Soilcrete. The native soil for mixing is often loose, unconsolidated soils that
are not stiff or include large aggregate size cobbles or boulders, Figure 1. Silts and sands react
better with cement mixing rather than clayey or organic soils which require an increase in binder
materials to achieve similar strengths (1). The cement component of the mix is typically a readily
available Portland type II cement. The angular aggregate for the mix is ranged between }2-in to
%-in; this is to provide a well-cemented mix that has low void possibilities that would be evident
using native sized boulders or cobbles. In addition, angular aggregate helps increase the
frictional shear strength component of the mix more than a rounded cobble size rock.

The phase relationship of the soilcrete strata is critical to developing a competent
Soilcrete mixture. The water to binder (w:b) ratio is critical for developing strength workability
of the Soilcrete. Deep soil mixing projects w:b ratios vary based on the minimum strength
required, workability, and or flowability. Guidelines usually suggest w:b ratios ranging from less
than 1.0 for shallow foundations to greater than 1.5 for deep foundations (1). Values used in the
case studies presented used a w:b ratio of 0.45 for a shallow foundation 4-ft deep. Admixtures
can be fluidifiers, dispersants, and or retarding agents are also used in Soilcrete mixtures help
with flowability, water volume reducer, or substitution for air entrainment within a mix (1).
Binders used in mix designs differ from admixtures as they subsist of chemically reactive
materials such as cement and fly ash.
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Figure 1 - Soilcrete Mixture on-site in Camarillo, California.

Controlled Density Fill Background

Controlled Density Fill (CDF) is a flowable slurry cementitious mix. The slurry type is
classified by the American Standards for Material Testing (ASTM) as a Controlled Low Strength
Material (CLSM) (2). The main differences between the CLSM and the Soilcrete types are the
CLSM is a low strength material compared to Soilcrete. CLSM is a self-compacting and self-
leveling flowable material. Soilcrete is vibrated and inserted into lifts, whereas CLSM is not.
CLSM is considered as a substitution in lieu of compacted backfill soil, Figure 2. CLSM mix
components vary slightly than soilcrete. CLSM main base is the cementitious material typically
Portland cement type I / V and binders also called pozzolans. The most used pozzolans within a
CLSM mix is fly ash for void filling. Fine aggregate is added to the mix but includes smaller size
sand particles to provide flowability and low strength. Due to the high flowability of the CLSM
mix, admixtures are used for air entrainment and pumping aid use in hose applications. The
water to cement (w:c) ratio is critical for developing strength workability of the CLSM;
published w:c ratios range from greater than 0.50 to less than 1.0 for low strength flowable
materials (2). For the purpose of this paper, only the strength characteristics of the CLSM
backfill and Soilcrete will be compared and explained for design applications of shallow
foundations.
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Figure 2 — Control Density Fill Mixture in Felton, California.

GEOHAZARD MITIGATION REINFORCED CONCRETE FOUNDATIONS

Rockfall and debris flow mitigation systems have been developed by geohazard
mitigation manufacturers to contain and dissipate kinetic rockfall and debris flows with high-
strength steel wire mesh and or ring nets. Nets and meshes cover the mitigated area and
distribute the loading impact to support wire ropes. The heights are supported using steel flanged
column posts, which are subjected to loading from the rockfall and debris flow impact.
Manufacturers have field-tested and developed loading inflicted upon posts for foundation
design. Due to the lateral loading scenarios of the rockfall and debris flow events, post
foundation design for geohazard mitigation systems are governed by substantial lateral loads,
that results in shear load and moment components.

For structures subjected to large lateral loads and moments, deep foundations have been
developed using different design criteria. These include the American Institute of State Highway
Officials (AASHTO) and the Federal Highway Administration (FHWA) to resist overturn,
reduce lateral displacement, and distribute axial loading to competent subsurface geologic layers.
The bending of laterally loaded foundations reduces with depth and embedded in more
competent geologic layers. As overburden depth increases the lateral passive pressure resistance
to the movement of the foundation under loading decreases. For geohazard mitigation systems,
the magnitude of the lateral loading is applied near the foundation surface. Different
manufacturers have developed post base plates that incorporate options for inclined upslope
anchor micropiles to reduce the applied shear and rotation of the foundation (3). The inclined
anchors are designed to be encased within the foundation to improve resistance to foundation
rotation. Anchors for the post base plate attachment are also used as vertical micropiles that
extend below the foundation. Vertical anchors help reduce rotation of the foundation but do not
effectively resist shear. Upslope inclined micropiles are a reliable solution to reduce laterally
loaded deep piles, but inefficient in unfavorable loose soil strata and bedrock anchors.
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TYPICAL FOUNDATION TYPE ISSUES

Soils near the foundation surface often do not provide adequate lateral passive pressure
resistance because of inadequate strength from loose or not properly compacted, low
consolidation, and or liquefiable soils. Piles are commonly designed with increased depth or
diameter to improve passive resistance and bending curvature. Pile foundations often require
permanent steel casing to improve the structural pile capacity. Steel casing can reduce the pile
skin friction between the geologic strata and concrete.

Cast-In-Drill-Hole (CIDH) Pile Foundations

Deep foundations require a substantial amount of steel and concrete material for
construction. Depending on the pile depth, additional steel rebar for concrete confinement, bar
alignment, and flexural bending may be required. The time required for deep foundations to
reach design drilling depths increases overall materials and labor costs. For deep foundations,
large drill rigs with augers are often attached to large construction equipment such as drill rig
semi-trucks and excavators. Geohazard mitigation systems are commonly placed in limited site
access areas including sloped surfaces, debris channels, and secluded locations. These areas
make large standard drilling rigs accessibility limited or impossible due to machinery safety
constraints, Figure 3.

Figure 3 - Typical Deep Foundation Pile.



70" HGS 2019: McElhany and Kane 8

Tieback Micropile Anchored Foundations

Tieback micropiles are efficient when bedrock is shallow for anchorage, Figure 4.
Tieback micropile anchors are often deep in soil strata due to low achievable anchor
grout/ground bond strength. Theoretical design anchor grout/ground bond strengths are used in
the design and tend to be conservative for soil conditions. Increase in the drill hole diameter
correlates to an increase in the skin friction but is more efficient in anchor length reduction.
Locating the micropile tieback anchors from previous observations tend to be difficult depending
on drill equipment used. Inclined drill rigs can provide an accurate drill hole where drills
mounted to wagons or hand drills can be difficult. The inclination of the tie-back micropile is
critical to the design for shear and moment resistance.

Figure 4 — Post Foundation Upslope Micropile Tieback Anchor.

SOILCRETE AND CDF LATERAL SUPPORT ALTERNATIVES

An advantage of Soilcrete and CLSM backfill is that it increases the surrounding lateral
support of the foundation. The lateral pressure resistance is increased by the soil compressive
strength correlating to cohesion. The FHWA has conservative design guidelines relating low
strength backfill support to compacted soil cohesion. Soilcrete and CLSM also help to prevent
erosion, liquefaction, or saturated soils around the foundation. Often, debris flow system
foundations are installed within debris channels. Erosion of compacted soils from flowing water
within debris channels can cause loss of lateral pressure support.

Using Soilcrete and CLSM increases the stiffness of the topsoil, resulting in reduced
foundation depth and diameter. Depending on project size, Soilcrete and CLSM can reduce the
overall material cost and construction. Construction drilling and concrete installation due to less
foundation volume and steel reinforcement. Using native soil materials can also be used for
Soilcrete. This method was done in Camarillo, California with the native colluvial soil sieved to
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provide a well-graded soil with uniform aggregate. Using native soil can reduce imported fill and
additional CLSM volume costs. Soilcrete and CLSM do not require the use of large excavation
equipment for foundation construction. Smaller and less expensive equipment such as backhoes
and walking mobile excavators can be used.

Potential Issues

Occasionally foundation excavations can be constrained due to property limits, underground
utilities, and terrain topography. Environmental constraints and large soil excavations can result
in permits requirements. Vertical excavations below 5-ft in unstable soils can often lead to
temporary shoring.

Lateral Support Design Factors

The focus of CLSM and Soilcrete in this report is the design strength factors. Per FHWA
the strength for Soilcrete and CLSM can be determined using a materials unconfined compression
strength. The CLSM and Soilcrete compression strengths are both influenced by multiple mixture
materials including; binder mixing ratios, additive types, curing temperature, and curing duration.
Studies show that Soilcrete strength increases with improved mixing efficiency, curing time,
organic soil, and water content (1). Therefore, a decrease in the water to base (w:b) ratio of a
mixture increases the unconfined compressive strength. This theory is true for similar concrete
mixtures. Higher water to cement (w:c) ratios results in a higher slump and high flowability with
strength reduction, Figure 5.

Figure 5 - FHWA Figure 29. Compressive Strength Sample Comparison.
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Soilcrete and CLSM Design Strengths

Laboratory-prepared samples to determine unconfined compression strengths were tested
by the FHWA for wet and dry mixing methods. For the dry mixing (Soilcrete) method the
unconfined compression strength ranged from 2-psi to 400-psi and the wet mixing method 20-psi
to 4,000-psi curing for 28-days (1). Typical values for Soilcrete unconfined compressive strength
range between 75-psi to 150-psi (1). CLSM samples were tested at 28-days curing resulting in
unconfined compressive strengths ranging from 56-psi to 1,000-psi (2). The mean of the samples
was between 300-psi to 500-psi (2). Values range for CLSM unconfined compressive strength
from 50-psi to 100-psi for most applications (4). The National Ready Mixed Concrete Association
(NRMCA) guideline specification for CLSM specifies that backfill is typically less than 300-psi
at 28-days for most applications with a maximum of 1,200-psi (5). The rationale of low strength
is to provide a similar alternative to compacted backfill. CLSM at low strengths of less than 150-
psi is excavatable by hand tolls and conventional smaller excavators. CLSM at higher strengths
exceeding 150-psi are considered non-excavatable (5). Compacted soils can achieve cohesive
strengths up to 2,100-psf (15-psi) (6).

Figure 6 - KANE GeoTech Backfill Support Testing Results.
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Additional CLSM and Soilcrete samples have been tested specifically for geohazard
mitigation post foundations. The tests were to determine unconfined compression strengths to
compare with published results. The compression strength data for backfill support is presented
in Figure 6. Three Soilcrete samples provided 700-psi unconfined compressive strength in 2-days
of curing. Six CLSM samples provided unconfined compression strengths with a maximum of
280-psi and a minimum of 140-psi, Figure 6. The results have a similar comparison in
compression strength with referenced published results.

Soilcrete and CLSM Design Guidelines

The Soilcrete and CLSM strength design criteria have not been accepted as a worldwide
standard of practice due to the differences in the strength envelope development (1). It is
recommended by the FHWA that a reasonable but conservative strength envelope be used for
design. The total stress should include a negligible internal friction angle of @ = 0-deg and
tensile strength, Figure 7. The standard of practice in the United States does not rely on the
tensile strength of the mixed ground for design (1). The conservative approach incorporates a
total stress internal friction angle of @ = 0-deg and a cohesion (c¢) intercept of ¢ = 1/2(qu) where
qu is the unconfined compression strength (1). For design, the foundation backfill support should
include a minimum factor of safety (FOS). The standard of practice for foundation FOS includes
a minimum of 3.0. The FOS provides resistance against the variability in the mixture strength
and the shearing capacity through the backfill support zone. Using this design method provides a
minimum unconfined compression strength required for the backfill support.

Figure 7 - Typical Mohr Circle for Unconfined Compression.

Often geohazard mitigation system post foundations are located within loose non-stiff
soils such as colluvial and alluvial soil deposits. These soil deposits include matrices of silty
sands, pebbles, and cobble size rock. Locations of certain geohazard mitigation projects can
determine if geotechnical subsurface and material testing can be performed. Secluded and
difficult access areas for drilling equipment can result in limited geotechnical information.
Conservative designs are often used for geologic subsurface materials where limited
geotechnical information is achieved. Typical strength properties of compacted soils have been
tested and provided for design use based on the soil classification, cohesion, and internal friction
angle. These soil classifications range from well-graded clean gravel sand mixtures with no
cohesion and high friction to inorganic clay and silts with higher cohesive strength from
compaction and lower friction. The parameters for compacted soils aid in the foundation backfill
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design. The information from Hunt Geotechnical Engineering Investigation Manual is also
referenced from the Naval Facilities Engineering Command (NAVFAC) DM 7 Manual (6).

Soilcrete and CLSM Design Implementation

Soil parameters for compacted silty sand, poorly graded sand-silts, and sand-silt clays
have an internal friction angle of 33-deg to 34-deg with an estimated compacted cohesion of
1,050-psf (6). Deep pile foundations are often designed using the typical parameters with
foundation design software for laterally loaded piles. To achieve the required minimum
compression strength of the foundation, backfill a FOS of 3.0 is added to the 1,050-psf
compacted cohesion to increase the required minimum cohesive strength to 3,168-psf. The FOS
also ensures that the CLSM or Soilcrete will not fall below the required minimum that would be
used for the similar compacted soil. Using the FHWA design criteria, the minimum unconfined
compression strength (total stress state) can be determined. A minimum of 44-psi (6,336-psf)
compressive strength is estimated to be adequate backfill support compared to a compacted silty
sand type soil.

The rationale for the backfill estimated maximum compression strength at 1,000-psi is
due to the lateral backfill interaction with the foundation (1). Typically, low strength concrete or
slurry do not require structural steel to increase tension and shear strength. Low strength concrete
has a limited young’s modulus than reinforced concrete. The increase in strength, rigidity, and
flexure resistance of the backfill around the foundation, limit the foundation’s ability to interact
similarly to the soil. The soil around the foundation allows normally designed flexure and
displacement. The CLSM and Soilcrete at low strength allow the post foundation to react
normally like a compacted or in-situ soil under lateral load.

CASE STUDIES
Camarillo Springs, California

In May 2013, Ventura County, California was impacted by the Springs Fire that scorched
approximately 24,000-acres. As a result of the fire, the area’s vegetative coverage and soil
characteristics were drastically changed. These changes, along with heavy rainfall, caused a
residential area at the base of Conejo Mountain, Camarillo Springs, to experience two
major debris flow events (7). Following the major debris flows, the threat of El Nifio predicted
for the upcoming rainy season, an innovative rapid response mitigation design was put into
action to be constructed prior to foreseen debris flow events. (7). To mitigate any additional
debris flow hazards, KANE GeoTech designed five debris flow mitigation systems. Three of the
five systems spanned along existing debris flow channels where post foundations were required.
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To shorten the project construction timing, the post foundations were designed using
Soilcrete backfill. The backfill reduced the foundation construction time in-place of deep piles
requiring large on-site drilling rigs. By using the soilcrete backfill design approach, the same
drilling equipment to install the mitigation system anchors were used to excavate the shallow
foundation footprints, Figure 8. Accessibility for large drilling equipment was limited due to
steep terrain at the foundation locations. The debris flow mitigation systems designed were
Geobrugg UX180-H6 and Geobrugg SL-150 type systems. The Geobrugg UX180-H6 system
post foundations were designed to resist the lateral loading of 95.4-kips and an axial compressive
load of 67.4-kips (8). The Geobrugg SL-150 system post foundations were designed to resist
lateral loading of 63.6-kips and an axial compressive load of 78.6-kips (8).

Figure 8 - Shallow Foundation Using Soilcrete Method.

The foundation location subsurface soils were colluvial with matrices of silty sands and
cobbles (9). Compacted soil cohesive strength value of 1,050-psf was used for backfill support
design to resist lateral deflection and reduce overall flexure of the foundation (6). The minimum
design unconfined compressive strength required was 44-psi (6,336-psf). Due to high variability
in Soilcrete design mixtures, a minimum of 300-psi unconfined compressive strength Soilcrete
mixture was required. The soilcrete volume was relatively small at 3-CY per foundation.
Therefore, the Soilcrete compaction lifts and effort during placement reduced overall variability
in the Soilcrete strength. The Soilcrete was placed in 1-ft leveled lifts around the foundation. The
Soilcrete was mixed on-site with samples collected for testing to verify minimum strength. The
soilcrete contained Calportland cement Type II/V with a maximum aggregate size of 1/2-in. The
water to cement (w:c) ratio was 0.45 with 4-sacks of cement per mix, Figure 9. The unconfined
compression strength values for all three samples were well above the minimum required
strength of 300-psi. The tested values were all between 700-psi to the 730-psi range (10).
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Figure 9 - Contractor Mixing Soilcrete Backfill.

Construction was completed three weeks ahead of the projected schedule (7). The day
following the construction completion, Camarillo, California experienced the season’s heaviest
rainfall. The storm continued for three days and as a result, the newly constructed barriers were
impacted by debris flows (7). The higher elevation debris flow barriers (without post
foundations) were heavily impacted while the lower barriers were not impacted.

14
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Figure 10 — Completed Shallow Foundation with Soilcrete Backfill.

Felton, California

A shallow landslide failure occurred above an abandoned railroad in Felton, California.

(11). The owner of the property uses the existing roadway to access their facilities. The shallow
landslide material slid onto the roadway requiring debris removal and remediation to provide
access along the roadway and prevent residential properties downslope of the roadway from the
potential risk of debris impact. (12). Provided geotechnical subsurface soil classification below
the roadway composed of silty fine sand, clayey sands, and loose-fill (11). The project site access
roadway was relatively narrow and steep terrain. Due to the narrow roadway, the backfill support
alternative was selected for the design. Due to the weather conditions, the excavated soil became

Figure 11 - Contractor Pumping CDF Backfill Around Foundation.
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difficult to use for Soilcrete mixture. CLSM was used in lieu of the Soilcrete. The CLSM was
pumped through long hoses from slurry vehicles on wider sections of the road, Figure 11. The
debris flow mitigation system design was a Geobrugg SL-150 type system. The Geobrugg SL-
150 system post foundations were designed to resist lateral loading of 66.7-kips and an axial
compressive load of 82.3-kips (13).

Due to the narrow and sloped area below the roadway, the available passive pressure
resistance was relatively low resulting in an increased strength required for the backfill, Figure
12. For design compacted soil cohesion of 10,800-psf (6) was used for backfill support to resist
lateral deflection and reduce bending of the foundation. The minimum unconfined compressive
strength required for the design was 150-psi (21,600-psf) (15). The CLSM volume was relatively
small at 3-CY per foundation. Since the CLSM is a flowable and self-leveling and compacting
backfill, no vibration or compaction lifts were performed during installation. The CLSM was
pumped on-site with samples collected for testing to verify minimum compression strength. The
CLSM contained ASTM C-150 cement with fine sand aggregate. The CLSM mixture slump was
6-in with 4-sacks of cement per mix (14). The unconfined compression strength values for all
three samples were between 140-psi to 190-psi with the average at 167-psi exceeding the
required 150-psi for design (15). Due to the cold and wet climate and long pumping distances,
the flowability of the CLSM was high resulting in lower range CLSM values.

Figure 12 - Completed CDF Backfill Around Foundation.
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Riverside County, California

East of Highgrove, California in Riverside County a residential property development has
been under construction. KANE GeoTech provided design for a rockfall mitigation system at the
northern end of the property and two debris flow mitigation barriers at the southern end of the
property development. One of the debris flow barrier systems required post foundations for a
Geobrugg SL-150 type system. The Geobrugg SL-150 system was located at the slope toe inside
a channelized potential rockfall and debris flow chute. The nearest residential properties were
within 300-ft of the chute opening downslope on fill housing pads. Due to the locations of the
post foundations, no subsurface investigation was performed. The United States Department of
Agriculture (USDA) soils maps provided limited information on subsurface geologic material.
USDA classified the site as alluvial deposits of sandy silt (16). The post foundations were
designed for Cast-in-drill-hole (CIDH) pile conditions.

Figure 13 - Contractor Pumping CDF Backfill Around Foundation.

During construction, the installation Contractor provided a request for information (RFI)
for a change order on the post foundation design. The change was to substitute an augered CIDH
foundation with an over-excavation with backfill support. The Geobrugg SL-150 system post
foundations were designed to resist the lateral loading of 63.6-kips and an axial compressive load
of 78.6-kips (17).

The backfill support design incorporated compacted soil with the cohesion of 1,050-psf
(6) to resist lateral deflection and reduce bending of the foundation. The minimum design
unconfined compressive strength required was 44-psi. For the CLSM, a minimum of 100-psi
unconfined compressive strength was required. The CLSM volume was relatively large at 10-CY
per foundation. Since the CLSM is a flowable and self-leveling and compacting backfill, no
vibration or compaction lifts were performed. The CLSM was pumped on-site with samples
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collected for testing to verify minimum compressive strength, Figure 13. The CLSM mix
contained Portland type II/ V cement with fine aggregate. The CLSM mixture slump was 5-in
with 2.3-sacks of cement per mix (18). The unconfined compression strength values for all three
samples were between 260-psi to 280-psi with the average of 270-psi (19) exceeding the
minimum 100-psi design requirement. Due to the warmer climate and admixtures, the CLSM
compressive strength was improved with a reduction in water content, Figure 14.

Figure 14 - Completed CDF Backfill Around Foundation.

CONCLUSION

Post foundations for geohazard mitigation using backfill support provide an efficient
alternative to tieback anchored and deep pile foundations. The tested Soilcrete and CLSM mix
designs used in the case studies have been tested and provide similar results to the referenced
documents. The backfill support alternative has resulted in a foundation design that requires less
construction time, reduced labor, equipment, and materials. The reduction in overall construction
time provides an efficient solution for areas in need of emergency rapid response construction
using geohazard mitigation after post-wildfire events.
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ABSTRACT

Success Lake is a U.S. Army Corps of Engineers dam and reservoir located about 6 miles
upstream of the city of Porterville, CA on the Tule River and provides flood damage risk
reduction, agricultural water supply, and recreation. An engineering study was completed in
1999 that proposed to raise the spillway 10 feet and lengthen it across the channel from 200 to
365 feet to provide additional flood risk reduction and irrigation water supply. Following that, a
baseline risk assessment was completed that found the main risk drivers to be extreme loading
events and confirmed that the proposed raise and widening would further reduce the flood related
risks. General site geology consists of moderately fractured diorite, with large bodies of quartzite
and metavolcanics with known areas of block failure and sliding. The existing spillway is
unlined with a 3 foot-wide x 200 foot-long reinforced concrete sill that is embedded into rock.
Modifications will include widening the spillway to the right by blasting and excavating, re-
assessing the side slope rock stability, and investigating a landslide that occurred in the left
abutment during original construction. New structural features include a 10 foot high reinforced
concrete ogee weir, a 100 foot wide concrete apron with a downstream concrete headcut cutoff
wall, reinforced concrete sidewalls anchored into rock, and relocation of a public access road.
Additional geologic site investigations include: geologic mapping, seismic refraction survey (p-
wave), structural geologic data gathering, subsurface drilling, downhole optical and acoustic
televiewer, and lab testing. This data was processed to analyze all potential cut slopes and to
design stable slopes based on block stability analyses for, sliding, wedge failure, and toppling.
The extensive geologic investigations and kinematic analyses have decreased design and
construction risk by reducing the number of onsite unknowns and allowing the design team to
proceed forward with increased confidence in slope geometries and less risk of significant
differing site conditions during construction.
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INTRODUCTION

Success Lake is a U.S. Army Corps of Engineers dam and reservoir located about 6 miles
east of the city of Porterville, California (Figure 1). Completed in 1961, Success Dam sits on the
Tule River and provides flood damage risk reduction, agricultural water supply, and recreation to
the local community and central valley. Draining an area of 630 square miles the Tule originates
as three forks, that join to form Lake Success. The main project features include a zoned earthen
embankment dam, an auxiliary dike (Frazier Dike) 3 2 miles northeast of the main dam, and an
emergency spillway.

Figure 1: Site Location

An engineering study was completed in 1999 that proposed to raise the spillway 10 feet
and lengthen it from 200 to 365 feet to provide additional flood risk reduction and irrigation
water supply. A subsequent baseline risk assessment found the main risk drivers to be extreme
loading events and confirmed that the proposed raise and widening would further reduce the
flood related risks.

This proposed spillway modification was approved and work began in the Fall of 2018.
Work within the spillway will be completed in two phases and this paper will focus on design of
the Phase I (which includes widening of the spillway and relocation of the public access road)
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slope angles for the right abutment. The work presented here will inform design as well as
reduce uncertainty in the geologic model and associated project risk during design and
construction.

BACKGROUND

Success spillway was constructed as the emergency outlet structure for Success Dam. It is
located about 700 feet northwest of the right abutment of the main dam, with a large nob of
existing rock between the structures (Figure 2). The spillway was blasted and excavated through
colluvium and the underlying bedrock.

Figure 2: Spillway features — looking downstream (west)

The existing spillway is unlined with a reinforced concrete (RC) control sill at elevation
652.5 feet (NGVD 1929) located at station 10+00 that measures 3 feet wide at the top and 8 feet
wide at the bottom, and is 6 feet deep. The existing sill is 200 feet long (across the channel).
Reinforced concrete key blocks were also embedded into the abutments at the sill location
measuring 4.5 feet thick and ranges from 8 to 12 feet wide. Number 8 steel reinforcing bars were
drilled and embedded 8 feet into rock on 5 foot centers and terminated with an S-style hook into
the RC. The new proposed RC ogee weir will be at elevation 662.5 feet (10 feet higher),
approximately 365 feet long with RC sidewalls extending approximately 50 feet upstream and
100 to 200 feet downstream. There will also be a RC apron extending approximately 100 feet
downstream of the weir with a RC headcut cutoff wall approximately 30 feet deep at the end of
the apron.

A rock and soil slide occurred during original construction of the spillway. It is located
on the left abutment between stations 7+50 and 9+50 and appears to be joint controlled (Figure
2). The spillway expansion will be to the right, however, the mechanics of this slide were
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considered during the investigations and analysis of the right spillway abutment to see if similar
sliding could occur.

Other small scale rock falls, wedge failures, slides, and topples have occurred since
construction, but in general the right spillway abutment appears to be relatively stable at the
current slope of 1:1 to date.

Historical Flow Through The Spillway

The spillway has only operated once since initial construction. This event occurred in
December of 1966 and had a maximum flow of 8,300 cfs through the spillway. Erosion within
the excavated spillway was minimal upstream of the existing sill and downstream for about 450
feet. After that point, erosion began to cut into the spillway floor with a max depth of about 15
feet from original grade and headcutting moving upstream (Figure 3).

Figure 3: 1966 spillway flow

Regional and Site Specific Geology

This project sits in the foothills of the Sierra Nevada Mountains and exhibits some of the
key features of the geologic processes that are common in this region. The earliest regional
deposits were a thick series of sedimentary and volcanic rocks associated with shallow intrusions
deposited in the late Paleozoic to early Mesozoic. The early Nevadan Orogeny produced
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volcanic deposits. All of the above rocks were intensely folded and metamorphosed during a
period of compression and folding. Late Nevadan Orogenic events produced massive igneous
intrusions in multiple stages: the early stage being hornblende gabbro and diorite sills, dikes, and
stocks; later stages being granodiorite and quartz monzonite batholiths; and end stages being
small bodies of granite, aplite, and pegmatite dikes and quartz veins cutting all previously
implaced rocks. The intrusion of those bodies produced contact metamorphism that was
superimposed on earlier phases of metamorphism. The Nevadan Orogeny was followed by a
long period of erosion, removing immense thicknesses of rock to expose the granitic core of the
Sierra Nevada. Finally, uplift during the Pliocene and Pleistocene as well as subsequent erosion
established the current drainage pattern, fluvial deposits, and stream paths.

This has resulted in significant geological complexity at the dam due to the deposits,
compression, intrusions, uplift, and erosion that formed the regional geology. The project
foundation report describes multiple different rock types on site such as quartzite and quartz-
mica schist, meta-basalt, grabbro, micro-gabbro (diabase), diorite, and granite. However, in
geologic logs, the most common rock types encountered are granite, quartzite, and meta-basalt.

Additionally, some borings (e.g., 1B-07-33, 1F-19-08 & 1F-19-11) exhibit relatively,
thick highly weathered, sections that appear to be structurally controlled causing variability in
the weathering grades across the site and at depth. Furthermore, differential weathering has
resulted in sporadic and unpredictable occurrences of moderately/slightly/unweathered core
stones floating in a groundmass of highly weathered rock.

Reverse and normal faulting on small orders of magnitude have occurred in the bedrock
at the dam site, but no evidence of faulting is observable in the alluvium. Fault, lineation and
joint orientations on site are complex and vary somewhat depending on the rock type and depth
in which they are encountered. Shear zones were also mapped onsite when no direction of
movement could be determined for a structure.

FIELD INVESTIGATIONS

Numerous field investigations have taken place onsite before and after spillway
construction. All historical investigations were reviewed and through project development and
planning it was determined that additional field investigations were needed. To date, the 2019
field efforts have included: structural geologic mapping, rock mass classifications, sub surface
explorations (rock coring), seismic refraction lines, and laboratory testing. All investigations
related to the right spillway abutment are summarized below and shown in (Figure 4).
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Figure 4: Map of borings and seismic lines for the right spillway abutment

Pre-2019 Field Investigations

Numerous field investigation programs have been performed for the Success Project.
Some of which are directly relevant to the right abutment expansion of the spillway. Due to
inconsistent funding sources, drilling for the spillway enlargement was conducted over several
years, including, 2001, 2003, and 2007. The 2001 drilling consisted of 8 rock core borings (HQ
size) in the invert and right abutment with depths ranging from 20 to 119 feet. Some of these
depths were too shallow considering the potential for spillway erosion. The 2003 drilling
consisted of 10 rock core borings (HQ size) focused mostly in the invert for a proposed new
reinforced concrete ogee weir at station 5+50. It was found from the 2003 borings that the
foundation conditions for the proposed ogee weir were not satisfactory. For example, a few
borings consisted of decomposed granite for depths up to 25 feet, which would have to be
removed during construction and replaced with mass concrete. This unsatisfactory foundation
was also verified during the 2019 seismic lines and prompted the team to move the proposed
ogee weir location further downstream where the foundation rock is of much better quality. The
2003 exploration program also included rock bolt bond zone verification testing and unconfined
compressive strength testing. The 2007 drilling had two purposes: 1) to identify potential borrow
sources for a major dam rehabilitation (which was later found not to be required through risk
analyses) and 2) for widening the spillway. The 2007 drilling consisted of 39 rock core borings
with depths ranging from 40 to 140 feet. Most of the 2007 borings were drilled outside of the
spillway area.
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2019 Right Abutment Geologic and Joint Mapping

Based on field observations, it was found that the current right abutment cut face is
generally composed of granitic rocks, with pockets and veins of quartzite and meta-basalt. It was
also found that in general a relatively thick (approximately 25 to 60 foot) zone of decomposed to
highly weathered rock exists in the current cut face with moderately weathered to better rock
below. This rock extends along most of the spillway slope from the toe and approximately 20 to
40 feet in height, with the highest quality material around the existing key. Two zones of highly
weathered rock extend down to the spillway floor approximately 80 and 170 feet upstream of the
existing sill. Both zones are approximately 20 feet wide and appear to be composed of meta-
basalt, which has weathered more rapidly than the surrounding granitic rock. Additionally, these
two zones are intensely fractured and some surfaces show striations indicating motion, but since
the spillway floor is covered and no evidence of the two features exist in the left abutment, their
trace is unknown across the spillway site. Additionally, three Rock Mass Classifications were
performed in moderately and slightly weathered rock and provide a general rating of “Good”
rock with high intact rock strength, joint spacing that varied from about 3 inches to
approximately 7 feet, and RQD values ranging from 57%-72%.

2019 Right Abutment Sub-Surface Explorations and Televiewer Logging

Subsurface investigations included drilling 7 rock core borings located on and at the toe
of the right abutment (Figure 4). Optical and acoustic televiewer logs were performed in 5 of
these borings (1F-19-04, -05, -06, -15, & -22) and provided data for hundreds of structural
features. This was combined with the surface mapping to create the data set of 1133
measurements used in these kinematic analyses and slope modeling. There is limited data for the
site piezometric surface, but televiewer data showed that the borings located high on the right
abutment had ground water elevations of approximately 621, 669, and 680 feet (for comparison,
the existing spillway invert is at elevation 651 feet. Additionally, it is important to note that the
site experienced higher than average rain fall this year and the borings were drilled toward the
end of the rainy season, therefore, these measurements are assumed to represent relatively high
groundwater elevations for the right abutment. Samples from the 2019 borings were also sent out
for analysis of unconfined compressive strength (UCS) and direct shear (angle of internal friction
— ¢). Results of these tests were used in the analyses performed and are summarized in the
Material Properties Used in Analysis Section below.

Direct Shear Testing

Direct shear testing was conducted according to ASTM D5607. Samples were selected
from the current 2019 investigations with shallow natural open fractures that were typically
covered with iron (Fe) staining from groundwater, rain infiltration, and weathering processes. All
samples were tested on existing fractures in the rock, rather than on sawn surfaces. The testing is
being conducted in several phases to assess the results from the first phase before selecting rock
cores for the subsequent phases. The first phase included testing samples in all types of
weathering grades including decomposed, highly, moderately, slightly, and unweathered. During
collection and testing, condition and weathering of the fracture was considered and logged,
including the level of Fe staining, angle of the joint, types of surface minerals, and degree of
asperities (or joint roughness coefficients). The cores were tested at stress levels 1 to 2 times the
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magnitude of the insitu stress at the fracture depth. Interestingly, the moderately weathered
surface gave a higher friction angle than the slightly weathered surface, which is likely due to
samples surface condition and fracturing. Laboratory specification sheets were made for the lab
as shown in Figure 5. Residual shear stress was used as the failure criterion with the results for
each weathering grade shown in Figure 6. A second phase of testing will be performed during
the next subsurface investigation program that will take place this summer.

Figure 5: Direct shear lab specification test sheet - rock core

Figure 6: Direct shear test results - Phase 1
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2019 Right Abutment Seismic

Thirteen seismic refraction lines were run onsite in early 2019. Lines 9 and 10 run along
the top of the right spillway abutment and were analyzed with respect to the known geology,
boring logs, geophysical data, and field mapping. This data was then imported into a 3-
dimensional environment and compared to nearby boring logs to produce a better understanding
of the geologic conditions between borings. It was determined that a value of 3000 fps
represented the approximate change in rock quality from highly weathered to moderately
weathered or better. This values is approximate since the known, rapidly varying, apparently
joint controlled weathering profiles provide complexity and uncertainty in picking changes in
weathering surfaces. Also, differential weathering on site is known to result in sporadic
occurrences of slightly and unweathered core stones floating in a groundmasses of highly
weathered and decomposed rock. Even with this uncertainty, these geophysical analyses provide
a better understanding of rock quality across the project site and were used to inform modeling.

Summary of Recent Investigations

Combining all historical and recent field investigations, a site geologic model was
created. This shows that geologic materials vary from igneous to metamorphic and that rock
quality generally increases with depth. It also shows that the quartzite typically remained slightly
to unweather no matter its location, but that the granitic and metavolcanic rocks tend to decrease
in weathering and fracturing with depth.

DATA ANALYSIS

Analysis of all historical, field, and laboratory data presented above was used to
characterize the geology and material parameters of the right spillway slope. The slope was then
broken down into sections and combined with the field data to determine slope design grades for
the Phase I construction by running kinematic and slope stability analyses.

The existing right abutment slope is approximately 850 feet long with a high point about
134 feet above the current spillway floor. It was constructed with a layback of 1:1 without
benching, slope support, or drainage. The slope curves as it extends downstream (approximately
E-W on the upstream end and approximately N-S on the downstream end). Because of the
changing slope orientation, kinematic analyses were run for 4 different slopes (Table 1).

Table 1: Analyzed slope orientations

Slopes Analyzed - Right Spillway Abutment

Slope | Strike | Dip | Max Height Approximate Location (Centerline Stationing)
A 080 | 170 115 5+25 to 8+00
B 065 | 155 135 8+00 to 10+50
C 050 | 140 105 10+50 to 13+50
D 035 | 125 60 13+50 to 14+25
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A number of design considerations were used for these analyses: 1) The existing 1:1
slopes have experienced small volume block failures and have formed a small wedge of soil and
rock along the toe of the slope (note, this wedge is only since the 1966 flow event discussed
above); 2) Slope design does not need to prevent all failures, but must ensure that the OGEE weir
structure, between station 7+00 and 10+00 (which will be constructed during Phase II), will not
be damaged and will remain in place during spill events; 3) Failure of slopes upstream and
downstream of the OGEE weir are acceptable as long as the volume is small enough that it does
not block or impeded flow; and 4) After new grading, any remaining potential slope failures
must be protected to ensure site safety during construction and along the new roadway bench.

Based on these design considerations, initial kinematic analyses were run in RocScience,
Dips7.0. Initial analyses started with the existing slope parameters to determine if the
performance since construction is indicative of the type, nature, and extent of failures that could
occur or if larger scale failures are kinematically possible. Sensitivity analyses were then run by
varying slope grades, material properties, and water tables. The results of these analyses were
then modeled in RocScience Swedge6.0 and RocTopplel.0 to determine factors of safety (FS)
and potential failure volumes. A global slope stability limit equilibrium analysis was also
modeled in GeoStudio Slope/W to assess FS, especially through highly weathered to
decomposed materials.

Material Properties Used in Analyses

Historical and current laboratory tests were used to determine the material properties for
each weathering grade on site. As described above, geology across the site is variable and precise
locations of each rock type in the slope was difficult to determine. Therefore, average material
properties for the right abutment slopes were used for analysis and are summarized in Table 2.

Table 2: Material properties

Average Unconfined Unit Weight Angle of Internal Friction
Weathering Grade Compressive Strengths 3g (Phase 1 Lab Results)
. (Ibs/ft?)

(psi) (9)
Unweathered 29,000 165 76
Slightly Weathered 20,500 155 33*
Moderately Weathered 8,500 150 58
Highly Weathered 1,500 145 49

*Used as lower bound for slightly to highly weathered material for Phase I analyses

Most samples followed a general trend of strengthening in both unconfined compressive
strength and angle of internal friction (¢) as the weathering grades improved. However, the
friction angles for the slightly weathered samples were comparatively low and may have been
due to defects in the core including healed micro-fractures, reduced asperity strength, material
infilling, or sheared surfaces. These unusual results will be examined further and supplemented
with additional tests in Phase 2. Until that time, the ¢ from slightly weathered rock will be used
as a basis for the analyses as it may represent the lower end of joint strengths on site.
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Stereographic Kinematic Analysis

All structural joint measurements from surface geologic mapping and downhole
televiewer for the right spillway abutment were combined to create a representative
stereographic plot of the geologic structure. The resultant stereoplot (Figure 7) shows that the
geologic structures are scattered for the low angle jointing, but that a few prominent, higher
angle, joints are persistent throughout the site. Using this stereonet, 7 key joint sets were selected
as representative for the right spillway abutment (Table 3). These joint sets were then used to
create a simplified stereoplot, which was used to run the kinematic analyses for rock wedge,
planar, and topple failures.

Figure 7: Right spillway wall pole plot and pole plot with seven
representative ioint sets. Fisher distribution. eaual angle. lower

Table 3: Representative joint sets and simplified stereoplot

Set Name Strike (right) Dip Dip Direction
Set K 091 11 181
Set L 187 17 277
SetM 083 85 173
Set N 237 58 327
SetO 010 70 100
Set P 021 30 111
SetQ 353 46 083

Kinematic analyses were run for each of the four slope orientations listed in Table 1.
Initial analyses used the existing 1:1 slopes and $=33 degrees. This initial analysis does not
account for the variation in joint orientations as seen on the stereonet or friction angles found in
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testing. Therefore, secondary sensitivity analyses were run by varying ¢ to determine the strength
at which the slopes may become unstable. This is also necessary to check based on the

performance of the existing 1:1 slope, where evidence of small scale slides have been observed
in the field.

The results of the initial and sensitivity analyses are shown in Table 4 and are
summarized as follows: 1) All slope orientations have potential for topple failure even in shallow
(less than 2:1) slopes; 2) The existing 1:1 slopes with the initial ¢ of 33 degrees do not show
potential for wedge or planar failure; 3) As the ¢ decreases, the potential for wedge and planar
failure increases; and 4) As the slope orientation changes from near east-west to near north-
south, the prominent joint orientations become less favorable and potential failure modes
increase.

Table 4: Kinematic analysis results

X . Friction Wedge | Flexural | Direct
Location Details Slope Planar . . . Notes
Angle Analysis | Toppling | Toppling
K & P can topple at any slope angle
Dip Direction = 170 (SE) [1:1 (45°) 33 None None None 2 (K,P) Likely small blocks (max ~5x5ft)
Sensitivity run for 1:1 slopes
Dip Direction = 170 (SE) [1:1 (45°) 25 None |1 (P&Q)| None 2 (K,P) | -Wedge failure potential at a phi of
Strike 080 25degrees
K & P can topple at any slope angle
Dip Direction = 155 (SE) 11 (459) 33 None None None 2 (KP) Likely small blocks (max ~5x5ft)
Strike (80-15) = 065 ’ Variability on P could create planar
failures if phi is 30 degrees or less
Sensitivity run for 1:1 slopes
-Planar failure potential at 30
Dip Direction = 155 (SE) [1:1 (45°)| 30/25 1(P) 1(P&Q) | None 2 (K,P) degrees (P)
Strike (80-15) = 065 -Wedge failure potential at a phi of

25degrees
K & P can topple at any slope angle 4
Likely small blocks (max ~5x5ft)
1:1 (45°) 33 None None None 2 (K,P) | Variability on P could create planar
and wedge failures if phiis 30
degrees or less
Sensitivity run for 1:1 slopes
-Planar failure potential at 30
Dip Direction = 140 (€) |11 (45°) [30/30725| 1(7) | > PMM| None | 2 (kP)  degrees (P) .
Strike (65-15) = 050 1(P&Q) -Wedge failure potential at a phi of
30 degrees (P&M) & 25 degrees
(P&Q)

K & P can topple at any slope angle
Likely small blocks (max ~5x5ft)
1:1 (45°) 33 None None None 2 (K,P) | Variability on P could create planar
and wedge failures if phi is 30
degrees or less

Dip Direction = 140 (SE)
Strike (65-15) = 050

Dip Direction = 125 (SE)
Strike (50-15) = 035

Sensitivity run for 1:1 slopes
-Planar failure potential at 30
. . 1 (P&M d P
Dip Direction = 125 (SE) |1:1 (45°) [30/30/26| 1(P) (PEM) | \one | 2 (K,P)  degrees (P) '

. 1(P&Q) -Wedge failure potential at a phi of

Strike (50-15) = 035
30 degrees (P&M) and 26 degrees

(P&Q)
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Figure 8 shows representative examples of the kinematic analyses for wedge, planar, and
topple failures on Slope C. This slope has potential for all types of failures depending on varying
¢ values. Topples at occur at $=33 degrees, planar and wedge at ¢=30 degrees, and a secondary
wedge at $=25 degrees. As Table 4 shows, this sensitivity analysis was performed for each of
the 4 slope orientations. The results were then modeled for slope stability in SWedge and
RocTopple (next section) to determine FS and potential block size of each failure type.

Figure 8: Representative kinematic analyses for Slope C

Block Failure Analysis

Based on the results of the stereographic kinematic analysis, modeling was performed to
determine likelihood of failure, size, and factor of safety (FS). RocTopple was used to get a
general look at the toppling potential and size. SWedge was used to model wedge and planar
failures. All RocScience analyses used the material parameters stated above, an initial slope of
1:1, and a water pressure based on 50% filled joints.

Findings:
e Stereographic analysis showed that all four slope orientations have potential for toppling
failures. Potential for topple failures remains even to impractically shallow slope angles
which cannot be constructed onsite due to level of effort and cost. Modeling joints P and
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K in RocTopple with respect to the other joint sets showed that toppling on P is most
likely with O as the back plane (FS=1.06) and that toppling on K is unlikely due to the
low base angle. Based on these analyses, historical performance, and the rock mass
ratings (which showed that individual block sizes should not exceed approximately 7 x 7
feet) for the site, it was determined that topple failures with large enough volumes to
block the spillway or damage the ogee weir are highly unlikely and low consequence.
Therefore, any potential topple blocks identified during construction should either be
scaled out, spot anchored, or held in place by mesh netting and that the risk associated
with any remaining topple failure potential is acceptable based on the design parameters.

e Stereographic analysis showed that all four slope orientations have a potential for wedge
failures on joint sets P and Q at $=25 degrees, but when these values are input into
SWedge for the 4 slope orientations the results showed, “no wedge is formed”. Since the
initial stereonet showed variation in joint orientations, P and Q were varied in SWedge
and found that a wedge could be forced by varying Q by more than 10% of its
representative value. These wedges formed with FS greater than one, very small volumes,
and breaks that extended long distances into the slope face. Therefore, a wedge forming
on joint sets P and Q was considered unlikely and low risk.

e Stereographic analysis also showed that slopes C and D have a potential for wedge
failures on joint sets P and M at ¢$=30 degrees. Modeling in SWedge showed that wedges
formed by P and M increase in volume and decrease in FS in the downstream direction.
The largest and least stable wedge found during modeling was in Slope D with a resultant
FS = 0.92 and a volume of 120,033 ft* (Figure 9 - B). The slope was then varied to
determine if acceptable FS and volumes could be obtained. It was found that the FS
would remain consistent at 0.92, but the volume would decrease as the slope grades
shallowed. At a slope of 1.2H:1V the volume decreased to 32,104 ft* which is still too
large, but at a slope of 1.4H:1V, the volume decreases to 617 ft*, and finally the wedge
potential would disappear at a slope of 1.5H:1V. Similarly, Slope C initially produces a
wedge with a FS = 0.91 and a volume of 10,107 ft* and at a slope of 1.2H:1V the wedge
disappears. This shows that slopes C and D are stable at a grade of 1.5H:1V, but that
steeper slopes would be reasonable for design in some areas since the potential failure
volumes are small enough that they could either be scaled, stabilized by anchoring, or
allowed to fail. This is especially true for Slope D, which is at the far downstream end of
the spillway, only about 60 feet tall, and over 400 feet from the proposed OGEE weir.

e Stereographic analysis showed that slopes B, C, and D have potential for planar failures
on joint set P. These potential planar failures were also modeled in SWedge by adding a
3 plane to the analysis (Basal Plane) (this is also supported by the wedge analyses since
P is the base plane of all identified wedge failures). Joint set P was input as the basal
plane, then all other joint sets were paired and input to find potential failures. The lowest
FS was found in slope D, when M & N were input to produce a FS=0.46 and a volume of
2,910 ft>. When a slope of 1.2H:1V was modeled for M & N, the FS increased to 0.71
and the volume also increases to 4,894 ft*. The largest volume with a FS less than one
was found when M & Q were input and resulted in a FS=0.91 and a volume of 44,968 ft
(Figure 9 — B). When a slope of 1.2H:1V was modeled for M & Q, the FS increased to
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1.01 and the volume decreased to 24,311 ft. For a slope of 1.5H:1V the failure potential
on M & N goes away and FS for Q & M increases to 2.1. Therefore, 1) Slope C is near
stable at a slope of 1.2H:1V with volumes that could be scaled, anchored, or allowed to
fail and 2) Slope D becomes stable at a slope of 1.5H:1V as the FS increases over 2 and
volume decreases to 423 ft* and at slopes nearing 1.5H:1V the volumes could be scaled,
anchored, or allowed to fail.

Figure 9: A) Potential wedge failure and B) Potential planar failure, on
slope D at $=30 degrees and a 1:1 slope

Limit Equilibrium Slope Stability Analysis

Even though the site is mainly composed of highly weathered to unweathered rock with a
mantle of decomposed rock and colluvium, a limit equilibrium (LE) analysis was also used to
provide factor of safety guidance on global slope stability analysis using the shear strength data
from the rock joint testing, and various levels of piezometric lines. This analysis was used to
supplement the kinematic and block failure analysis and several different models were developed
based on varying sequences of rock weathering profiles based on borehole stratigraphy at
different locations along the spillway right abutment. Three piezometric lines were used per
model that represent normal, unusual, and extreme conditions based on estimated combinations
of reservoir seepage and rainfall infiltration. The design slope stability factors of safety proposed
for the normal, unusual, and extreme piezometric conditions were 1.4, 1.2, and 1.0 respectively.
Based on the kinematic and block analysis, the right abutment was modeled in GeoStudio with a
lower slope of 1.2H:1V, a 40-wide bench road (which is located just above the PMF water
profile elevation), and a 1.5H:1V slope above the bench as shown in Figure 10. The results of
the slope stability analysis for one of the models with a normal piezometric condition and a
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resulting FS of 1.43 is shown in Figure 11. Modeling slopes steeper than shown in Figure 11
produces lower FS and therefore the LE model supports the findings of the block analyses.

Figure 10. Proposed design slopes of spillway at ogee weir

Figure 11. Right abutment (LE) slope stability - normal piezometric condition

CONCLUSIONS

Site characterization, kinematic analysis, and modeling show that the right spillway
abutment varies in stability based on the slope orientation, structural data, and rock properties.
Findings from the kinematic analysis were modeled in RocScience and the whole generalized
slope was modeled in GeoStudio to provide a cross check of the results. The results from these
analyses generally support one another in their findings and show that there is a feasible path
forward for the right abutment spillway expansion design. They also provide the design team
with confidence for a design path forward that will decrease risk during both construction and
long term operation.
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Based on the information and analyses presented here, the right abutment will be designed
with the following parameters:

All slopes in colluvium, alluvium, soil, decomposed rock, or similar and greater than
five (5) feet in thickness shall be designed at 2H:1V.

Slopes above the proposed road bench should be designed at 1.5H:1V for moderately
weathered or worse rock (some of these areas will include sections of slightly
weathered rock, but the extents are not considered large enough to warrant steeper
slopes at this time).

Slopes below the road bench should be designed at 1.2H:1V when in moderately
weathered or better rock. Areas containing significant amounts of highly weathered
rock or soil below the bench should be designed at 1.5H:1V or 2H:1V according to the
first two bullets.

Scaling shall be performed to remove all small scale potentially unstable blocks.

Spot anchoring shall be installed as excavation progresses to stabilize any potentially
unstable blocks that may still exist in the graded and scaled slopes.

All slopes in moderately weathered or better rock and taller than 15 feet shall be
covered with double twist hexagonal mesh for site safety from small scale rock
topples, falls, and slides.

Finally, all slopes shall be monitored during construction to field verify these
parameters and ensure localized reinforcement is applied as needed.

19
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ABSTRACT

In the early 1970’s shortly after construction, two significant rockfall events occurred at a rock cut
located on I-89 NB at Mile Marker 107.50 in the Town of Georgia, Vermont. The rockfalls
blocked both travel lanes of'the northbound barrel of the Interstate. Smaller chronic rockfall events
continued mto the late 1990’s. In 2007, the rock cut was ranked within Vermont’s Rockfall Hazard
Rating System as the 9'" highest hazard rock cut.

The rock cut was constructed within the Lower Cambrian Dunham Formation consisting of steeply
dipping curved beds of dolomite forming the east limb of a syncline with its axis nearly parallel to
the roadway. Remnant bedding dips moderately to steeply to the west with at least three major
joint sets parallel to cleavage planes, forming planar and wedge failure features. Significant
rockfall events have originated from these areas.

In 2014, the rock cut was programmed for remediation. Due to the complex geology of the site,
and poor blasting practices in the original construction, remediation options were utilized
consisting of trim blasting, hand scaling, rock dowel and shear key mstallation, rock drams, and
constructing shotcrete buttresses.

The condition of the rock cut presented challenges during construction including trim blasting to
address back-break from original construction, additional rock reinforcement to mitigate poorer
than anticipated deteriorated rock conditions, and construction of a substantial shotcrete buttress
to address a remaming overhanging rock mass.
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INTRODUCTION

Vermont’s Interstate system was constructed i the early 1960s through the 1980s. Due to the
mountainous nature of Vermont, the development of the Interstate system necessitated the
construction of numerous rock cuts throughout the state. Most of these rock cuts were
constructed using presplit blasting techniques and utilized a standard rock slope cut angle of
4V:1H (76°) without consideration of geologic structural control. As these rock cuts age, many
become unstable and produce rockfalls that have potential to reach the roadway and impede
traffic flow.

This paper presents a case study of a rock cut which produced significant rockfall events shortly
after construction, the Vermont Agency of Transportations’ (VTrans) response to managing
rockfalls at this location, and subsequent rock slope remediation techniques used at the rock cut
in question.

ROCK SLOPE INFORMATION AND ROCKFALL HISTORY

The subject rock cut is located on Interstate 89 (I-89) Northbound at Mile Marker 107.50 in the
northwestern section of the state in the Town of Georgia, as shown on the location map in
Figure 1 below. The rock cut is 2,352 feet long, lies on the east side (right side) of the
northbound lanes of I-89 between project Stations (Sta) 5699+78 south to Sta 5676+26, and
ranges between 20 to 60 feet high. Figure 2 shows a view of the rock cut looking south-east
showing the general conditions of the rock cut prior to the remedial construction discussed later
in this paper.

In 1972 the first significant rockfall occurred at the rock cut between Sta 5687+00 to Sta
5687+50. This rockfall overwhelmed the catchment ditch and spilled into the roadway blocking
the majority of -89 Northbound. During clean up, traffic was forced to skirt close to the median
rock cut.

Figure 3 and Figure 4 below show the unstable rock mass exposed after the rockfall. At the
time, VIrans Chief Geologist Frank Lanza recommended that the unstable rock mass be
removed utilizing controlled blasting techniques using a maximum drill hole diameter of 3" on a
1.5 foot to 2 foot spacing to produce a stable, near vertical wall.



70t HGS 2019: Thomas et al.

Figure 1 — Location and geologic map of project area. Red star denotes the location of the
rock cut, lying within the Dunham Dolostone.
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Figure 2 — View of rock cut looking to the south east. Note the extensive vegetation along
the crest and the variable slope height.

Figure 3 — Unstable rock mass exposed after rockfall in 1972 near project Sta 5687+00 to
Sta 5687+50. View is to the north north-east. Red dots denote joint sets parallel to
overhanging rock face.
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Figure 4 — View of unstable rock mass looking east north-east near project Sta 5687+00 to
Sta 5687+50. Red dots denote west dipping tabular rock masses exposed after rockfall.

These remediation options were not performed, and on October 11, 1978 the rock mass failed
again producing the second significant rockfall event at this rock cut. The fallen rock
overwhelmed the catchment ditch and spilled nto the roadway, blocking traffic as shown in
Figure 5 below. The rockfall resulted in naturally removing the unstable rock mass identified in
1972.

At some point between the 1978 rockfall and the 1990s, trim blasting was performed to remove
unstable overhangs present at Sta 5691450 to Sta 5692+00 and Sta 5686+00 respectively.

As the rock cut continued to age, smaller, chronic rockfall events continued mto the late 1990s
leading to frequent cleanout of the ditch line by maintenance personnel. An additional
substantial rockfall occurred in February 1999.

In 2007 VTrans adopted and implemented a Rockfall Hazard Rating System (RHRS) based on
the FHWA/Oregon DOT RHRS. The subject rock cut was designated as Rock Cut #142 within
the RHRS mventory and was ranked as an “A” rock cut, where rockfalls will happen and rocks
will reach the roadway. “A” ranked rock cuts are further differentiated from each other by
developing a Rockfall Hazard Rating Score (RHR Score). This numerical value represents the
hazard associated with a rockfall event at the particular rock cut. and rock cuts with high RHR
Scores represent significant hazards. The subject rock cut received an RHR Score of 558 making
it the 9" highest hazard rock cut in the inventory.
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Figure 5 — Newspaper clipping showing the rockfall event of 1978.

REGIONAL GEOLOGY

The bedrock composing the rock cut is mapped as the Lower Cambrian Dunham Dolostone
Formation which consists of buff and pink mottled and massive dolostone, or light gray, pinkish
gray weathering and massive to poorly bedded dolostone. The site is located within the
overturned eastern limb of the Hmnesburg-St. Albans synclinorium.

ROCK SLOPE DESIGN

Due to continued deterioration, increase in frequency of rockfall cleanup i the catchment ditch
and the high RHR Score, the rock cut was programmed for remediation in 2014 with
construction scheduled in the 2018 construction season.

Rock slope design was based on the results of review of rockfall history, field visits to
photograph and record current rock slope conditions, identify areas of instability, to collect
discontinuity data and assess properties of discontinuities.
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GENERAL ROCK SLOPE CONDITIONS

Figures 6 through 8 show the general conditions of the rock cut by project stationing prior to
construction activities. Of particular note are the following:

e Sta 5692+00 to Sta 5692+50 (see Figure 6): Steeply dipping curved beds of the east
limb of a syncline with its axis nearly parallel to the roadway.

e Sta 5687+00 to Sta 5687+50 (see Figure 7): Vegetated face consisting of moderately to
steeply dipping beds similar to the area exposed in Sta 5692+00 to Sta 5692+50. This is
the source area for the rockfall events n 1972 and 1978. A large overhanging rock mass
was exposed approximately 40 feet up on this cut after vegetation was removed during
construction as discussed later n this paper.

e Sta 5685+00 to Sta 5685+50(see Figure 8): Recent wedge failure, possibly associated
with karst solutioning. This section also contains a large rock block with dilated
discontinuities, indicating movement has occurred.

Figure 6 — Rock cut conditions between Sta 5692+00 to Sta 5692+50. Note curved beds of
the eastern limb of a syncline (left), and presplit blasting mitigation following the 1978
rockfall event (right), which occurred down station.
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Figure 7 — View of rock cut conditions between Sta 5687+50 to Sta 5687+00. This is the

area that produced rockfall in 1972 and 1978. View of rock cut conditions is obscured by
vegetation.

Figure 8 — Large overhanging block of dolostone and recent wedge failure along solutioned
joints near Sta 5685+33.

Groundwater evidenced by ice buildup was present in a few locations on the rock slope, and
VTrans has observed groundwater emanating from bedding plane surfaces and karst features in

several areas.



70t HGS 2019: Thomas et al. 11

KINEMATIC ANALYSIS

VTrans used rock mass discontinuity information to conduct preliminary kinematic analyses and
support rock slope mitigation design--including a possible recut of the slope. Fifty-five
discontinuities were measured along the base of the rock cut, where remnant bedding dips
moderately to steeply to the west with at least three major joint sets parallel to cleavage planes,
forming planar and wedge failure features.

Stereonets created using Rocscience’s Dips V5.0 program, presenting the kinematic analyses are
presented in Figure 9. The discontinuities form three distinct sets (above the 4% contour),
consisting of bedding, joints and cleavage. The kinematic analysis indicates that at the original
cut slope configuration, ie. 4V:1H, the slope is susceptible to planar sliding failure and wedge
failure (Figure 9A). This conclusion is evidenced by the past rock slope failures and observed
conditions. The kinematic analysis indicated that the rock slope failure mechanisms can be
reduced by reducing the slope cut angle to as low as 1V:1H (Figure 9B). The curvilinear nature
of some of the features associated with the syncline made use of the kinematic analysis highly
variable based on location on the slope, therefore, kinematic analysis was used only to assess
gross trends of structural orientations.

Toppling Toppling
Envelope Envelope
Wedge PI'al?ar Wedge PI'al'war
Sliding S"dl'"g Sliding S"dl'”g
Envelope Envelope Envelope Envelope

Figure 9A and 9B - Stereonets of the pre-mitigation slope conditions (Figure 9A, left), and
of the mitigation design conditions (Figure 9B, right)

ROCK SLOPE REMEDIATION OPTIONS

Due to the complex geology of the site, the poor conditions of the rock cut due to blasting
damage, the presence of large, unstable overhangs and the rockfall history ofthe site, two viable
remediation options were considered. The first was cutting the entire rock cut back to a
kinematically stable 1V:1H slope angle. The second option was to apply a wide range of
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location-specific remediation options consisting of hand scaling, rock dowel mstallation, rock
drain installation, shotcrete buttresses, trim blasting to remove unstable overhangs, and
mstallation of shear keys. Due to the high traffic counts of this area, the difficulty and cost of
constructing a cross over for blasting work, it was decided that the rock slope stabilization
measures of the second option would be implemented. Estimated quantities for the above-
mentioned rock slope remediation items are shown below in Table 1.

Table 1 - Estimated Rock Slope Remediation
Quantities for Rock Cut #142
Rock Slope Remediation Estimated
Item Quantity
Trim Blasting 5,000 Cubic Yards
Hand Scaling 150 Hours
Rock Dowel Installation 600 Linear Feet
Shear Key Installation 100 Lincar Feet
Drain Holes in Rock 40 Lincar Feet
Shotcrete 20 Cubic Yards
Shotcrete Nails 60 Linear Feet

The as bid cost of the project was $1,048,203.
CONSTRUCTION

Rock slope remediation construction began in the summer of 2018 starting with the setup of
traffic control. One lane of the northbound barrel and the shoulder adjacent to the rock cut were
closed during construction to allow the Contractor adequate room to store equipment, scale and
trim the rock cut, and remove the scaled rock.

Clearing and grubbing of the crest, rock cut face, and ditch line was then performed. Once the
vegetation was removed it became readily apparent that the rock slope conditions at the source
area for rockfall in 1972 and 1978 were worse than assumed in the mitigation design. A
fractured overhanging rock mass was exposed near the upper part of the slope, as shown in
Figures 10 and 11 below. The overhang was 6 feet to 8 feet deep, by 12 feet tall, by 32 feet
wide. Field adaptation of the design for this overhang is discussed below.
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Figure 10 — Overall view of rock cut at Sta 5687+50 to 5687+00 after vegetation has been
removed, showing the extent of the overhang.

Figure 11 — Close up view of unstable rock mass exposed after vegetation removal.
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Trim blasting was performed at four designated trim blast areas using five blasting events, and
was followed by extensive hand and machine scaling. Figure 8 above shows a typical unstable
rock mass condition that was designated for remediation through trim blasting, and is identified
as Trim Blast Area 1. Blasting in Trim Blast Areas 2, 3, and 4 was difficult due to venting of
blast gases and explosive energy out of open back jomts/back break n seams present in these
areas. After the three blasts performed in Trim Blast Area 2, the Contractor opted to remove the
remaining rock by machine scaling and hand scaling. Hand scalers were not readily available
on-site during blasting activities and the blasters were forced to scale rock near the crest utilizing
their drill rig after Trim Blast 2. This method was time consuming, risky for the blaster, and
resulted in damage to the drill rig leading to a delay in drilling and blasting operations.

Hand scaling was conducted by a team of rock slope specialty contractors using rope access
techniques. Hand scaling activities began at the southern section of the rock cut and progressed
northward. Hand scaling proved difficult in areas where massive dolostone blocks were present.
Although these blocks had open joints large enough to accommodate air bags, many of the
blocks were keyed nto the rock mass leading to difficult and time-consuming hand scaling in
these areas. The trim blast areas were thoroughly scaled, and loose, blast damaged rock was
eventually removed. Stable, intact dolostone blocks were left in many of the trim blasting areas
and were deemed stable. This produced a rough look in the trim blast areas.

Rock dowel installation was performed by the rock slope specialty contractor. In some areas,
hand scaling had removed blocks that had originally been planned to be stabilized with rock

dowels. Additional rock dowel reinforcement was deemed necessary in the area of historical

rockfalls as well as the fold limb exposed at Sta 5692+00 to Sta 5692+50.

Rock dowels were #11 Grade 80 galvanized steel and were fully grouted. The estimated lnear
footage of rock dowels in the mitigation design was 600 linear feet, but due to the severity of
encountered conditions, 879 feet of dowels were used in the project.

Shear keys were originally intended to be installed to support relatively small, partially
overhanging blocks of dolostone. Steel for shear keys consisted of #11 Grade 80 galvanized
steel, encased i a block of concrete. The estimated linear footage of shear keys was 100 linear
feet. As work progressed, some areas designated for shear key installation were thoroughly
scaled and the need for shear keys in these areas was reduced. In some areas it was determined
that rock dowels would be needed instead, and shear keys were eliminated in these areas.
Twelve (12) shear keys were installed between at Sta 5685+80 and Sta 5687+30 for a total of
50.5 linear feet of steel for shear keys.

Dry mix steel fiber-reinforced shotcrete was utilized on this project. Originally shotcrete was
mtended to be used as dental shotcrete to fill small voids located in the presplit face at Sta
5692+00 (see Figure 12 below). With the 8-foot-deep void exposed under the fractured rock
mass at Sta 5687+00 (mentioned earlier), it was determined that the most appropriate
remediation option was to install rock dowels within the fractured rock mass and create a
shotcrete buttress along the base of the overhang. Removal of the overhanging rock mass would
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possibly encroach on the right-of-way, leading to significant project delays. It was estimated that
35 cubic yards of shotcrete, supported by a series of short rock nails, would be needed to address
this area.

Drains were also used in the mitigation design, consisting of open drill holes inclined upward

mto the rock cut below known seeping areas and karstic features. The drains were designed to
reduce groundwater pressures at the face, thus reducing ice buildup n winter that could cause

rockfalls. Most of the drains produced water immediately following drilling.

Figure 12 — Annotated photo showing planned remediation options at Sta 5692+00 to Sta
5692+50. Note the area highlighted in blue designating dental shotcrete.

Figure 13 below shows the condition of the rock cut at Sta 5687+00 to Sta 5687+50 after
shotcrete, rock dowel installation, and shear key installation.
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Figure 13 — Annotated photo of Sta 5692+00 to Sta 5692+50 showing rock slope
reinforcement installed. Yellow text and dots represent rock dowel locations, green text
and dots represents rock nail locations, red text and dots represent shear key locations.

CONCLUSIONS

Remediation of Rock Cut #142, which historically has produced significant rockfall events, was
completed in the 2018 construction season. Due to vegetation growth that obscured rock slope
conditions, complex structural geology, back break from poor blasting practices during original
construction, and difficult scaling conditions, overruns occurred on the project. The total cost of
the project was $1,466,000 which is $417,797 above the as-bid estimate.

After remediation the rock cut was reevaluated and downgraded from an “A” ranked rock cut to
a “B” ranked rock cut. A “B” ranked rock cut is defined as a rock cut having possible rockfall
potential and/or rockfalls that may reach the roadway. The reasoning for this rating was the
overhangs remaining in the trim blast areas. Although this area was thoroughly scaled, it is
expected that these areas will degrade through ice jacking each winter and may produce rockfalls
in the next 10 to 20 years that will likely be contained by the improved ditch design.

Rock slope remediation projects differ vastly from conventional civil transportation
infrastructure projects. As in almost all rock slope mitigation construction projects, the final
product did not match that ntended by the design. However, flexibility of the design to
accommodate encountered conditions following clearing and grubbing, trim blasting and hand
scaling allowed the project to be completed within a reasonable construction schedule, albeit
above the original estimated cost by about 40%. This project is another example supporting that
all rock slope projects should include contingencies to address unknown conditions that will be
encountered once slope work begins.
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ABSTRACT

In April 2018, a limestone block weighing approximately 384,000 1bs. toppled off a 100-
ft tall bluff along Wabasha Street in Saint Paul, Minnesota. The block broke into slabs along
bedding planes, slid down the slope, overtopped a concrete wall, and blocked the west sidewalk
and both lanes of Wabasha Street. The block was comprised of Platteville limestone, which
overlies the Glenwood shale and St. Peter sandstone at the bluff where the fall occurred. Itasca
Consulting Group (Itasca) was retained by the City of Saint Paul (City) to investigate the bluff
stability after the fall and to propose remedial actions.

Site data collected in a field investigation allowed Itasca to determine the primary causes
of the rockfall and the stability of the remaining limestone blocks and sandstone. Various
remediation options were developed and presented to the City along with a list of factors to be
considered by the City (such as location of unstable rock, land ownership, risk, cost, schedule,
etc.). The final remediation plan was based on the following City guidelines:

1. No removal of materials from private property
2. No installation of support materials on private property
3. No exposure of workers to the unstable bluff.

These factors led to a gabion wall rockfall barrier installed between the toe of the slope
and Wabasha Street.
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INTRODUCTION

A rock slide on April 30, 2018 blocked Wabasha Street between Plato Boulevard and
Cesar Chavez Street in Saint Paul, Minnesota. A Platteville limestone block weighing
approximately 384,000 Ibs. toppled off the bluff, broke into pieces, slid down the slope,
overtopped a low concrete wall, and blocked the west sidewalk and lanes of Wabasha Street
(Figure 1). After the limestone block fell, the affected section of Wabasha Street was closed until
an investigation could be performed. Upon examining the bluff after the rockfall, another
potentially unstable limestone block was identified adjacent to the block that had fallen.

Itasca was retained by the City to perform a site investigation to determine the cause of
the April 2018 rockfall and to develop remediation options to protect Wabasha Street and the
adjacent sidewalk from future rockfalls. Then, the City determined remediation guidelines. Since
the bluff is owned by various private entities, the City requested that no installation or removal
of material occur on private property and that there be no exposure of workers to the unstable
bluff face. Following these guidelines, Itasca proposed a remediation plan that involved cleaning
the bluff face from rockfall debris and vegetation, excavating a catchment behind the existing
concrete wall, and building a gabion wall adjacent to the concrete wall.

Figure 1 — Aerial view of April 2018 rockfall.
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Site Geology

There were five major rock units present along the bluff where the rockfall occurred.
These geologic units are shown in Figure 2. Understanding the nature of the rock units played an
important role in determining the cause of the rockfall and in engineering an appropriate solution
for protecting the road from future rockfall events. Consequently, these units will be described in
detail in the sections below.

Figure 2 — Geologic units present at the rockfall site.

St. Peter Sandstone

The base of the bluff is composed of St. Peter Sandstone, which is a quartz sandstone
containing greater than 98% silica. At the rockfall location, there is approximately 60 feet of
exposure of St. Peter Sandstone, with a total unit thickness of approximately 150 feet. The St.
Peter Sandstone is weak to very weak, with a UCS of approximately 0-1000 psi (CNA, 2005).
The St. Peter Sandstone is not water bearing at this elevation.

The St. Peter Sandstone was actively raveling along the bluff (Figure 3). In addition, trees
and shrubs grew from many of the open joints along the bluff.
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Figure 3 — Raveling St. Peter sandstone with tree roots growing in the joints.

Glenwood Shale

The Glenwood shale lies under the Platteville limestone and is about 5-ft thick. The
Glenwood shale is composed of soft and hard, green to blue shale layers of varying thickness.
This unit is also water bearing at some locations on site. The Glenwood shale does not have
sharp contacts with either the overlying Platteville limestone or the underlying St. Peter
sandstone—the contacts are transitional to both formations.

The Glenwood shale layer appeared to be heavily eroded. In some places along the bluff,
the shale layer was eroded to loose shale fragments, which a rock hammer could easily penetrate
(Figure 4). Additionally, due to the water-bearing nature of this layer, it was common to see
roots and vegetation growing from the shale.
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Figure 4 — Example of a heavily eroded section of the Glenwood shale.

Platteville Limestone

At the project site, the Platteville limestone consists of two layers: the upper, weathered
limestone and the lower, less weathered limestone. The weathered limestone consists of the
upper three members of the formation: Carimona, Magnolia, and Hidden Falls. The weathered
Platteville is about 10 ft thick at the site. This unit is characterized by relatively strong rock
pieces cut by weakened joints and seams.

The lower, less weathered limestone consists primarily of the Mifflin and Pecatonica
members. The Mifflin and Pecatonica members of the Platteville limestone were defined by thin,
wavy shale layers. The Mifflin member appeared to be more massive at this site, only cut by
persistent subvertical joints, whereas the Pecatonica member was defined by blockier, more
variable jointing.

Soil

Soil is the top layer at most locations on the site and is a mixture of natural soils, fill and
top soil. The soil is intermixed with the prior slope stabilization and limestone slabs. The soil is
also partially filling some of the large subvertical joints between limestone blocks.
ROCKFALL DESCRIPTION
Rock Block and Slope Description

The rock block that fell in April 2018 was in the lower, less weathered Platteville
limestone, primarily the Mifflin member, plus some overlying weathered members. The block
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was defined by four subvertical joints and the dimensions of the block were 14 ft by 17 ft by
11 ft.

Once the block dislodged and hit the slope surface, the weaker shaley layers caused the
block to break into slabs. The high strength of the lower Platteville caused some of the sheets to
remain intact even after the block fell (Figure 5). Because the slabs were thin and wide, sliding
rather than tumbling or rolling was the principal rockfall mechanism. This is significant when
determining the impact and extent of future rockfalls.

Figure 5 — Examples of intact limestone sheets.

Some of the upper, weathered limestone fell with the rock block, but a section of
weathered Platteville remained, creating an overhang above the location where the rock block
existed (Figure 6). After the rockfall, the upper, weathered limestone also continued to support a
few feet of soil and vegetation.
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Figure 6 — Image showing the upper, weather limestone overhang.

SITE INVESTIGATION

To understand the geology of the site, to determine the cause of the rockfall, and to
identify areas requiring remedial action, a site investigation was performed in May and June
2018. The site investigation included photogrammetry and surveying, site mapping, and remote
monitoring.

Photogrammetry, Scanning, and Surveying

To capture the bluff geometry, photogrammetry data was collected using a drone. Later,
ground-based scanning provided additional coverage. Both techniques produced a point cloud
that was used as a base to place and organize site information. Figure 7 shows a horizonal section
through the limestone unit of the bluff. The arrows correlate the image of the bluff face to related
locations in the photogrammetry. The red block indicates the approximate geometry of the block
that fell.
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Figure 7 — Horizontal slice of the photogrammetry aligned with an image of the bluff.

In addition to photogrammetry and scanning, significant features across the bluff were
surveyed to incorporate into the site model.

Site Mapping

To understand the nature and geometry of the rock units along the bluff, the site was
extensively mapped, and the collected data was incorporated into the digital model of the site. A
90-ft boom lift was used to access the lower regions of the bluff. From the lift, most areas could
be mapped and measured. To map the upper section of the bluff, which was inaccessible from
the lift, the St. Paul Fire Department assisted in rope access. Joint location, characteristics, and
orientation were recorded. These joints were then numbered and incorporated into the digital
model. Examples of limestone joints and sandstone joints mapped on site are shown in Figure 8
and Figure 9.
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Figure 8 — Example of mapped limestone joints.

Figure 9 — Example of mapped sandstone joints.

Remote Monitoring

To monitor potential movement of the rocks along the bluff while the site investigation
was underway (and later during design and construction), a total of 51 points were monitored,
with points in limestone, shales, and sandstone. Measurements were taken approximately 15
times per day. All monitored points were reflectorless—no prisms were installed. Remote
monitoring data was reviewed daily to detect any potential movement. Reviewed data was
compiled into PowerPoint presentations for quality assurance and future reference.

SITE INVESTIGATION FINDINGS
Slope geometry and changes with time

The pre-rockfall slope had two large bowl-shaped recesses that are laterally concave and
characterized by near-vertical sandstone faces in the upper slope, transitioning to a flatter slope
near street level. Prominent sandstone noses, which are vertically and laterally convex, are
present on either side of the bowl-shaped recesses (see Figure 10). The slope was excavated to a
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uniform convex shape in 1929—the bowls have since formed by decades of erosion. The amount
of erosion was analyzed using historic plans provided by the City. Plans of the 1929 Wabasha
Street construction were compared to the present-day photogrammetry to visualize the
significant amount of sandstone erosion that had occurred over the past 89 years. A cross-section
taken in the south bowl is presented in Figure 11, showing the profile of the as-built cliff
geometry (green) and the present geometry (black). The figure shows that some sections of the
sandstone slope have eroded of the order of 50 ft in about 90 years. This rate of retreat is
expected to continue, further undercutting the limestone.

Figure 10 — Photograph of the site highlighting the north and south bowls, and the north
and south noses.
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Figure 11 — Past and current slope profiles in the south bowl.

Bluff Discontinuities

A plan view of the location and orientation of the jointing in the limestone is shown in
Figure 12. Note that the extent of the joints is unknown, so the length of the blue lines cannot be
interpreted as fact. The vertical jointing in the limestone is cut by horizontal bedding planes.

The limestone joints were vertical to subvertical. There were three major joint sets in the
limestone, striking at 320, 250, and 280 degrees. Many of the vertical joints were open and
rough. One joint was measured to be open at least 17 ft deep. This led to the belief that the joints
may extend deep into the bluff face.
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Figure 12 — Vertical joints (blue) in the Platteville limestone overlaying photogrammetry
(red) and Wabasha Street (black).

The joints sets are shown on a stereonet in Figure 13, and the locations of the joints
corresponding to the joint sets are shown on the bluff face in Figure 14.

Figure 13 — Stereonet showing joint sets in the limestone.
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Figure 14 — Joint locations in the limestone, with colors corresponding to the joint sets in
Figure 13.

One of the major northwest striking joints doglegs to the west, then doglegs again back to
approximately the same orientation. This joint is highlighted in Figure 15. Due to this variation
in joint orientation, it was not certain which joints could be projected straight back from the bluff
face, making it challenging to approximate the size of limestone blocks.

Figure 15 — Location of joint that doglegs to the west (highlighted).

The sandstone is more jointed and broken than typically seen in the Twin Cities area. The
sandstone and the shale appeared to be actively raveling underneath the limestone, especially in
locations where the shale was water bearing.

Trees, shrubs, and vines were present across the bluff. Trees were observed to have both
positive and negative effects: the roots penetrate rock, loosen, and deteriorate, but also hold rock
and soil in place.

ROCKFALL CONTRIBUTING CAUSES

Past rockfalls at the site were the result of four contributing causes. Future rockfalls will
result from the same causes, which are:
e Surface water either pools on the surface and percolates into the soil and rock or runs off
over the cliff face.
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Groundwater seeps out of the Glenwood shale. The St. Peter sandstone and Glenwood shale
at the site has significantly eroded in the past 89 years, on the order of 50 ft.

Both the surface and groundwater cause freeze-thaw action and the rapid erosion
experienced. The erosion in the shale and sandstone leads to undercutting the Platteville
limestone.

The vertical joints in the Platteville limestone form discrete rock blocks, which are subject
to undercutting and toppling. An example of an undercut limestone block is shown in
Figure 16.

Figure 16 — An undercut limestone block located along the Wabasha Street bluff.

SITE REMEDIATION

Based on the site investigation findings, four site features were identified as potentially
needing remedial measures. Referring to Figure 17, the identified site features include the
following:

1.

2.

3.

Weathered Platteville limestone: The weathered limestone could fall off the bluff and into
the street.

Lower, hard Platteville limestone blocks: The limestone blocks could topple out of the bluff
and into the street.

Glenwood shale at the limestone-shale-sandstone interface: The interface could erode
underneath existing limestone blocks, accelerating the process of blocks toppling off the
bluff.

Soil and sandstone: Soil or sandstone masses could slide off the bluff and reach the street.
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Figure 17 — Identified remedial areas, numbered.

FACTORS INFLUENCING CHOSEN REMEDIATION OPTION

Itasca proposed multiple remediation options to the City. The solutions included different
methods to either stabilize or remove the potentially unstable materials. Itasca also proposed
factors to be considered when choosing the final solution. Selected factors are discussed in the
sections below.

Private Property

A challenging aspect regarding the remediation involves the land ownership along the
bluff. The bluff is owned by multiple private entities, one being a homeowner. Figure 18 shows
the land ownership along the bluff. The limestone block that fell in April 2018 and most of the
overhanging, loose limestone blocks are on homeowner property. For this reason, supporting or
removing the limestone blocks would be a greater liability risk to the City, since they would be
constructing on private property.
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Figure 18 — Land designations along the Wabasha Street bluff.

Schedule

Wabasha Street is a main corridor leading into downtown Saint Paul. Because of the
frequency of use, there was public pressure to find and execute a solution efficiently so that the
street as well as the sidewalk may reopen for commuters.

Aesthetics

The bluff along Wabasha street provides natural beauty for this neighborhood. Several
remediation options may result in changing the appearance of the bluff (i.e., bolting, netting,
walls). Consequently, the visual aesthetics of the final solution were considered.

Public Safety and Construction Risk

The overhanging limestone blocks, the weathered limestone, and the soil mass on top and
along the slope all create a public safety risk as well as a risk to construction workers for this
project. There is a public sidewalk that runs along the bluff side of Wabasha Street that the city
desired to keep open, meaning that the public will remain relatively close to the bluff.

Likewise, construction workers would be close to potential hazards, including the steep
sandstone slopes and the overhanging limestone blocks. Remediation options that either limit
workers’ exposure to the unstabilized bluff or establish necessary safety measures during
construction were considered.

CITY OF SAINT PAUL REMEDIATION GUIDELINES

The City of Saint Paul determined the guidelines for which Itasca should propose their
final recommendation. The guidelines include:
e No removal of materials from private property.
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e No installation of support materials on private property.
e No exposure of workers to the unstable bluff.

Following these guidelines, Itasca proposed the following remediation plan:

e (leanup site debris and vegetation.
e Excavate catchment behind existing concrete wall.
e Construct gabion wall at the base of the bluff, adjacent to the existing concrete wall.

Since the wall was to be built on city property, it would involve no interference with private
property. To address the safety risk, cleanup and construction of the gabion wall was to be
performed from a safe distance from the bluff face, putting no workers at risk. The gabion wall
would be built from local Prairie Du Chien limestone, helping camouflage the wall and maintain
the natural beauty of the area.

Gabion Wall Design

Choosing the height required to provide the necessary storage volume was complex.
(Because the rockfall mode was sliding of rock slabs, not rolling and bouncing, only storage
volume was important.) Three design measures were applied:

e Assessment of how the April 2018 rockfall spread, in order to estimate the length of wall

that would stop a future rockfall.

e Conduct a 3DEC back analysis of the April 2018 rockfall, and apply the calibrated model

to a future rockfall.

e Estimate the rate at which future slope raveling would fill the storage volume. This

consideration also established the frequency that the area behind the gabion wall must be
cleaned.

The gabion wall was designed to be 12 ft tall, 9 ft wide, and 260 ft long. The wall cross-
section is shown in Figure 19. Most of the wall volume was constructed using 4- to 8-inch Prairie
Du Chien limestone. The rock facing the street was constructed using beige stone to match the
bluff. Wire mesh coating used in the gabion baskets consisted of zinc overcoated with PVC to
extend the life of the gabion wall. A geotextile filter material was placed at the base of the
gabion baskets.
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Figure 19 — Wabasha Street gabion wall section.

CONCLUSIONS

After a rockfall in April 2018, Itasca performed a site investigation to determine the
cause of the rockfall and to mitigate future public safety risks. From observation data,
photogrammetry, and historical information, Itasca provided the City of Saint Paul with multiple
remediation options. The chosen option involved cleaning the debris from the April 2018 event,
excavating a catchment, and building a gabion wall to prevent any future rockfalls from harming
the public. This option was ideal because it did not interfere with private property and it kept
construction workers at a safe distance from the bluff face.
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ABSTRACT

Failure of a cut slope along US 95 just south of Bonners Ferry, Idaho impacted traffic along a
major highway linking commerce between the US and Canada in March 2017. Initial field
reconnaissance revealed groundwater seeps emanating from thin sand layers within
glaciolacustrine silt deposits. Piping occurred in the seepage areas, resulting in flow slides and
slumping of destabilized portions of the cut slope. Liquefied slide debris traveled down the cut
slope over long runout distances, flowed into the ditch, and then onto the highway and across to
the opposite side. This highly-fluid earthflow was difficult to contain. Concrete barriers placed
along the edge of pavement were pushed by the leading edge of the advancing earthflow.
Retrogression of the head scarp caused additional slumping and subsequent lobes of earthflow
debris posed a continuing hazard to traffic.

Temporary mitigation measures were developed to address the immediate earthflow hazards. A
temporary debris retention barrier was rapidly constructed using readily available materials to
contain liquefied slide debris.

Supplemental temporary mitigation measures were necessary to maintain highway safety through
winter. In late summer 2017, the slope was laid back in the headscarp area to improve local
stability and a network of French drains were installed in the slide debris perched on the cut
slope to reduce water runoff and groundwater pressures.
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INTRODUCTION

US Route 95 through the northern Idaho Panhandle serves as a major transportation corridor
connecting commerce between the US and Canada. The location map is shown in Figure 1.
Repeated slumping and earthflow slides occurred in the right cut slope at US 95 Milepost (MP)
498 near Naples, Idaho the spring of 2017. Earthflows had long runout distances causing
liquefied slide debris to displace concrete barrier rails and enter the travel lanes. Multiple road
closures were required to clean up the roadway. Hazardous landslide conditions persisted as
retrogression of the head scarp recharged potential for earthflow slide debris to liquefy and
impact the roadway.

Figure 1. US Route 95 MP 498 Location Map

The Idaho Transportation Department retained Landslide Technology under an emergency
contract to assist the Department with initial interpretation of the slide and development of
mitigation options. Emergency mitigation measures were developed to address the immediate
hazards to traffic. A temporary debris retention barrier was rapidly constructed using readily
available materials to contain liquefied slide debris. Supplemental temporary mitigation
measures were necessary to maintain highway safety through the following winter until a more
permanent mitigation could be developed. In late summer 2017, the slope was laid back in the
headscarp area to improve local stability and a network of French drains were installed in the
slide debris perched on the cut slope to control water runoff and reduce groundwater pressures.

SITE CONDITIONS AND GEOLOGY

The right cut slope at MP 498 is approximately 80 feet tall by 540 feet long and was originally
excavated at a 1.5H:1V slope angle. US 95 is a two-lane, undivided highway at this location.
Maintenance crews reported the site has a long history of surficial erosion and sloughing during
heavy precipitation and snow melt events requiring frequent ditch cleaning. Erosion and
sloughing was also reported in the cut slope adjacent to the railroad and below the highway.
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