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58" ANNUAL
HIGHWAY GEOLOGY SYMPOSIUM

Pocono Manor, Pennsylvania

October 15- 18, 2007

Welcome to the 58th Annual Highway Geology Symposium. The
Pennsylvania Department of Transportation and the Pennsylvania Geologic
Survey extends a cordial welcome back to the Keystone State.

Pennsylvania hosted the 38th Highway Geology Symposium in 1987, in
Pittsburgh, highlighting the western area of the state. We now have the
pleasure of acquainting you with the northeast area, the Pocono Mountains.
The Pocono Mountains are divided into five regions, Delaware River, Upper
Delaware River, Lake, Mountain, and the Lehigh River Gorge. The field trip
will predominately explore the Lehigh River Gorge Region; however we
encourage you to remain in the area and discover the incredible natural
beauty of the other regions as well. The entire state holds the allure of
geologic wonders and fascinating history so time permitting we hope you
will discover these delights for yourself.

The local organizing committee has generated what we hope will be an
informative, memorable and stimulating symposium. In keeping with the
symposium’s style, this year’s authors will present practical and innovative
papers, an interesting and delightful field trip is offered, and exhibitors with
a variety of products and services available for discussion. Again, welcome
and enjoy this year’s Symposium in the Keystone State.

The 58" Annual Highway Geology Symposium Host Committee

PENNDOT
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HIGHWAY GEOLOGY SYMPOSIUM

HISTORY, ORGANIZATION AND FUNCTION
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 the 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.

Since the initial meeting, 57 consecutive annual meetings have been held in 32
different states. Between 1950 and 1962, the meetings were held 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 for the east to the west. The Annual Symposium has moved to
different locations as follows:

List of Highway Geology Symposium Meetings

No. Year HGS Location No. Year HGS Location

Ist 1950 Richmond, VA 2nd 1951 Richmond, VA

3rd 1952 Lexington, VA 4th 1953 Charleston, W VA
5th 1954 Columbus, OH 6th 1955 Baltimore, MD

7th 1956 Raleigh, NC 8th 1957 State College, PA
oth 1958 Charlottesville, VA 10th 1959 Atlanta, GA

11th 1960 Tallahassee, FL 12th 1961 Knoxville, TN

13th 1962 Phoenix, AZ 14th 1963 College Station, TX
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15th 1964 Rolla, MO 16th 1965 Lexington, KY

17th 1966 Ames, IA 18th 1967 Lafayette, IN

19th 1968 Morgantown, WV 20th 1969 Urbana, IL

21st 1970 Lawrence, KS 22nd 1971 Norman, OK

23rd 1972 Old Point Comfort, VA 24th 1973 Sheridan, WY
25th 1974 Raleigh, NC 26th 1975 Coeur d’Alene, ID
27th 1976 Orlando, FL 28th 1977 Rapid City, SD
29th 1978 Annapolis, MD 30th 1979 Portland, OR

31st 1980 Austin, TX 32nd 1981 Gatlinburg, TN
33rd 1982 Vail, CO 34th 1983 Stone Mountain, GA
35th 1984 San Jose, CA 36th 1985 Clarksville, IN
37th 1986 Helena, MT 38th 1987 Pittsburgh, PA
39th 1988 Park City, UT 40th 1989 Birmingham, AL
41st 1990 Albuquerque, NM 42nd 1991 Albany, NY

43rd 1992 Fayetteville, AR 44t 1993 Tampa, FL

45th 1994 Portland, OR 46t 1995 Charleston, WV
47t 1996 Cody, WY 48t 1997 Knoxville, TN
49th 1998 Prescott, AZ 50th 1999 Roanoke, VA

51st 2000 Seattle, WA 52nd 2001 Cumberland, MD
53rd 2002 San Luis Obispo, CA 54t 2003 Burlington, VT
55th 2004 Kansas City, MO 56th 2005 Wilmington, NC
57th 2006 Breckenridge, CO 58th 2007 Pocono Manor, PA

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 20-25 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 of three-member standing committees conduct the affairs of the
organization. The lack of rigid requirements, routing, and relatively relaxed overall
functioning of the organization is what attracts many of the participants.
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Meeting sites are chosen two or 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 protem of the Steering
Committee.

The symposia are generally for two and one-half days, with a day-and-a-half for
technical papers and a full day 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 is the focus of the meeting. In most cases, the trips cover
approximately from 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 interest. 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 Mineral Region was visited in Texas; and the Tennessee
meeting in 1981 provided stops at several repaired landslides 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
treatment 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 876 feet above the water.

In Cody, Wyoming the 1996 field trip visited the Chief Joseph Scenic Highway and
the Beartooth uplift in northwestern Wyoming. In 1997 the meeting in Tennessee
visited the newly constructed future 1-26 highway in the Blue Ridge of East
Tennessee. The Arizona meeting in 1998 visited Oak Creek Canyon near Sedona
and a mining ghost town at Jerome, Arizona.



At the technical sessions, case histories and state-of-the-art papers are most
common; with highly theoretical papers the exception. The papers presented at the
technical sessions are published in the annual proceedings. Some of the more
recent proceedings may be obtained from the Treasurer of the Symposium. 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. 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 20 persons have been granted the
Emeritus status. Ten are now deceased.

Several Proceedings volumes have been dedicated to past HGS Steering Committee
members who have passed away. The 36t 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 meeting held in Albany, New York was
dedicated to Burrell S. Whitlow (1929-1990, Virginia).
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2007 HIGHWAY GEOLOGY SYMPOSIUM

STEERING COMMITTEE OFFICERS

Michael Vierling -
(CHAIRMAN)

Term: 9/2006 until 2009

(YAA) Engineering Geologist

Canal Design Bureau

New York State Thruway Authority
200 Southern Blvd

Albany, NY 12209

E-Mail: michael_vierling@thruway.state.ny.us
Phone: 518-471-4378

Fax: 518-436-3060

Jeff Dean -

(VICE-CHAIRMAN)

Term: 9/2006 until 2009

Oklahoma DOT

200 NE 21° st.

Oklahoma City, OK 73105

Ph: (405)521-2677 or (405)522-0988
Fax: (405)522-4519

Email: jdean@odot.org

Vanessa Bateman -

(SECRETARY)

Term: 9/2006 until 2009

Tennessee Department of Transportation fmage
Geotechnical Engineering Section

Address: 6601 Centennial Blvd. Nﬂt
Nashville, TN 37243-0360 .

Phone: (615) 350-4137 Available

Fax: (615) 350-4128
Email: vanessa.bateman@state.tn.us

Russell Glass -
(TREASURER)

(Publications & Proceedings)
Retired NCDOT 100 Wolf Cove
Asheville, NC 28804

Ph: (828) 252-2260

Email: frgeol@aol.com
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NATIONAL STEERING COMMITTEE 2007
HIGHWAY GEOLOGY SYMPOSIUM

NAME/ADDRESS

PHONE/FAX/E-MAIL

Ken Ashton

West Virginia Geological Survey
P.O. Box 879

Morgantown, WV 26507-0879

PHONE: 304-594-2331

FAX: 304-594-2575
Email: ashton@geosrv.wvnet.ed

John Baldwin

West Virginia Div. Of Highways
190 Dry Branch Rd.
Charleston, WV 25036

PHONE: 304-558-3084

FAX: 304-558-0253
Email:
jbaldwin@mail.dot.state.wv.us

Vanessa Bateman

Tennessee Department of
Transportation

Geotechnical Engineering Section
6601 Centennial Blvd.

Nashville, TN 37243-0360

PHONE: 615- 350-4137

FAX: 615-350-4128

Email:
vanessa.bateman@state.tn.us

Vernon Bump

South Dakota DOT (Retired)
Geotech. Engr. Activity

700 E. Broadway Ave.
Pierre, SD 575010-2586

PHONE: 605-224-7008

FAX:
Email:vernglobump@pie.midco.net

Richard Cross
Golder Associates

RD 1 Box 183A
Solansville, NY 12160

PHONE:518-471-4277
Cell: (603)867-4191
Email: dick cross@juno.com

Jeff Dean

Oklahoma DOT

200 NE 21st St.
Oklahoma City, OK 73015

PHONE: 405-522-0988

FAX: 405-522-4519
Email: jdean@odot.org

Xl




NAME/ADDRESS

PHONE/FAX/E-MAIL

John Duffy

California State Dept. of Transportation
50 Higuera Street

San Luis Obispo, CA 93401

PHONE: 805-549-3663

FAX: 805-549-4693
Email: John Duffy@dot.ca.gov

Tom Eliassen

State of Vermont, Agency of
Transportation

Materials & Research Section
National Life Building, Drawer 33
Montpelier, VT 05633

PHONE: 802-828-2561
FAX: 802-828-2792
Email: tom.eliassen@state.vt.us

Russell Glass

North Carolina DOT (Retired)
100 Wolfe Cove Rd.

Asheville, NC 28804

PHONE: 828-252-2260

FAX: 828-299-1273
Email: frgeol@aol.com

Robert Goddard

National Magnetic Field Lab
Florida State University
1800 E. Paul Dirac Dr.
Tallahassee, FL 32306-4005

PHONE: 850-644-4304

FAX: 850-644-0687
Email: goddard@magnet.fus.edu

G. Michael Hager
Wyoming DOT

P.O. Box 1708

Cheyenne, WY 82009-1708

PHONE: 307-777-4205

FAX: 307-777-3994
Email: mike.hager@dot.state.wy.us

Bob Henthorne

Materials and Research Center
2300 Van Buren

Topeka, KS 66611-1195

PHONE: 785-291-3860
FAX: 785-296-2526
Email: roberth@ksdot.orqg

Peter Ingraham

Golder Associates

540 North Commercial Street

Suite 250

Manchester, New Hampshire 03101

PHONE: 603-668-0880
Fax: 603-668-1199
Email: pingraham@agolder.com
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NAME/ADDRESS

PHONE/FAX/E-MAIL

Daniel Journeaux
Janod Inc.

34 Beeman Way

P.O. Box 2487
Champlain, NY 12919

PHONE: 518-298-5226
Fax: 450- 424-2614
Email: info@janod.biz

A. David Martin

Maryland State Highway Administration
Office of Materials & Technology

2323 W. Joppa Road

Brooklandville, MD 21022

PHONE: 410-321-3107

FAX: 410-321-3099
Email: dmartin@sha.state.md.us

Henry Mathis, PE
H.C. Nutting Co.

561 Marblerock Wy.
Lexington, KY 40503

PHONE: 859-296-5664

PHONE: 859-223-8632 Home
FAX: 859-296-5664
Email: hmathis@iglou.com

Harry Moore
Tennessee DOT

7345 Region Lane
Knoxville, TN 37901

PHONE: 865-594-2701

FAX: 865-594-2495
Email: harry.moore@state.tn.us

John Pilipchuk

NCDOT Geotechnical Engineering Unit
5253 Z-Max Blvd

Harrisburg, NC 28075

PHONE: 704-455-8902
FAX: 704-455-8912
Email: jpilipchuk@dot.state.nc.us

XV




NAME/ADDRESS

PHONE/FAX/E-MAIL

Nick Priznar

Arizona DOT

1221 N. 21st Ave.
Phoenix, AZ 85009-3740

PHONE: 602-712-8089

FAX: 602-712-8415
Email: NPRIZNAR@dot.state.az.us

Eric Rorem

Geobrugg North America, LLC.
Geobrugg Protection Systems
551 W. Cordova Road, PMB 730
Santa Fe, NM 87505

PHONE: 505-438-6161

FAX: 505-438-6166
Email: erik.rorem@us.geobrugg.com

Christopher A. Ruppen
Michael Baker Jr. Inc.

4301 Dutch Ridge Rd.
Beaver, PA 15009-9600

PHONE: 724-495-4079

FAX: 724-495-4017
Email: cruppen@mbakercorp.com

Stephen Senior

Ministry of Transportation

Rm 220, Central Bldg.

1201 Wilson Ave.

Downsview, ON M3M 1J6, Canada

PHONE: 416-235-3743

FAX: 416-235-4101
Email: stephen.senior@mto.gov.on.ca

Willard L. Sitz

Alabama DOT

1409 Coliseum Blvd.
Montgomery, AL 36110-2060

PHONE: 334-206-2279

FAX: 334-264-6263
Email: sitzw@dot.state.al.us

Jim Stroud

Vulcan Materials Co.
4401 N. Patterson Ave.
P.O. Box 4239
Winston-Salem, NC 27115

PHONE: 336-767-4600

FAX: 336-744-2019
Email: stroudj@vmcmail.com

John Szturo

HNTB Corporation
1201 Walnut, Suite 700
Kansas City, MO 64106

PHONE: 816-527-2275

FAX: 816-472-5013
Email: jszturo@hntb.com
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NAME/ADDRESS

PHONE/FAX/E-MAIL

Robert Thommen
Rotec Enterprises Inc.
P.O. Box 31536

PHONE: 505-753-6586

FAX: 505-753-6590
Email: thommen@rotecinternational-

Sante Fe, NM 87594-1536 usa.com
Sam Thornton PHONE:
37812 N Highway112 EAX:
Fayetteville,AR72704 Email:

Michael P. Vierling

New York State Thruway Authority
200 Southern Blvd.

Albany, NY 12209

PHONE: 518-471-4378

FAX: 518-436-3060
Email:
michael_vierling@thruway.state.ny.us

Chester F. “Skip” Watts
Radford University
Radford, VA 24142

PHONE: 540-831-5652

FAX: 540-831-5732
Email: cwatts@runet.edu

Terry West

Earth and Atmospheric Science Dept.
Purdue University

West Lafayette, IN 47907-1297

PHONE:765-494-3296

FAX: 765-496-1210
Email: trwest@cas.purdue.edu

W.A. Wisher

Martin Marietta Aggregates
P.O. Box 30013

Raleigh, NC 27622

PHONE: 919-783-4649

FAX: 919-783-4552
Email:
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HIGHWAY GEOLOGY SYMPOSIUM

EMERITUS MEMBERS OF THE STEERING
COMMITTEE

Emeritus Status is granted by the Steering Committee

R.F. Baker*
David Bingham
Virgil E. Burgat*
Robert G. Charboneau*
Hugh Chase*

A.C. Dodson*
Walter F. Fredericksen
Brandy Gilmore
Joseph Gutierrez
Charles T. Janik
John Lavish
Bill Lovell
George S. Meadors, Jr.*
Willard McCasland
David Mitchell
W.T. Parrot*

Paul Price*
David L. Royster*
Bill Sherman
Mitchell Smith
Sam Thornton
Bourke Thompson*
Burrell Whitlow*
Earl Wright
Ed J. Zeigler
Steve Sweeney

*Deceased
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HIGHWAY GEOLOGY SYMPOSIUM
MEDALLION AWARD WINNERS

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

Hugh Chase* - 1970
Tom Parrott* - 1970
Paul Price* - 1970
K.B. Woods* - 1971

R.J. Edmonson* - 1972

C.S. Mullin* - 1974
A.C. Dodson* - 1975

Burrell Whitlow* - 1978
Bill Sherman - 1980
Virgil Burgat* - 1981

Henry Mathis - 1982
David Royster* - 1982
Terry West - 1983
Dave Bingham - 1984
Vernon Bump - 1986
C.W. “Bill” Lovell - 1989
Joseph A. Gutierrez - 1990
Willard McCasland - 1990
W.A. “Bill” Wisner - 1991

David Mitchell - 1993
Harry Moore - 1996
Earl Wright - 1997

Russell Glass - 1998
Harry Ludowise - 2000
Sam Thornton - 2000
Bob Henthorne - 2004

*Deceased
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58th HIGHWAY GEOLOGY SYMPOSIUM

SPONSORS

The following companies have graciously contributed toward sponsorship of the
Symposium. The HGS relies on sponsor contributions for events such as
refreshment breaks, field trip lunches and other activities and want these sponsors
to know that their contributions are very much appreciated.

= Golder Associates
540 North Commercial Street, Suite 250
Golder Manchester, New Hampshire 03101-1146

ASSﬂEiﬂI'EE Phone (603) 668 0880 / Fax (603) 668 1199

www.golder.com/pingraham@golder.com

Golder Associates is an international group of science and engineering companies.
The employee-owned group of companies provides comprehensive consulting
services in support of environmental, industrial, natural resources and civil
engineering projects. Founded in 1960, Golder now has nearly 3,600 employees in
over 88 offices worldwide and has completed projects in more than 140 countries.

Geobrugg North America, LLC.
Geobrugg Protection Systems
ﬁm A 5551 W. Cordova Road, PMB 730
e Santa Fe, New Mexico 87505
Phone (505) 438 6161 / Fax (505) 438 6166
www.geobrugg.com
erik.rorem@geobrugg.com

Geobrugg helps protect people and infrastructures from the forces of nature. The
technologically mature protection systems of steel wire nets developed and
produced by us are now used all over the world. Our dynamic and static barrier
systems offer proven protection against rock falls, avalanches, mud flows and slope
failures.
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HI-TECH Rockfall Construction, Inc.
2328 Hawthorne Street

P.O. Box 674

Forest Grove, OR 97116-0674

Phone (503) 357-6508

Fax (503) 357-7323
HTRockfall@aol.com
www.HI-TECHRockfall.com
Specialists”

"The Roclfall Specialiste”

HI-TECH Rockfall is a General Contractor who, since 1996, has specialized in
rockfall mitigation and is considered to be the industry leader in designing and
installing rockfall protection systems throughout the United States. HI-TECH
constructs a vast array of rockfall mitigation systems in a variety of locations
such as highways, railroads, dams, quarries, mines, construction sites,
commercial and residential properties. HI-TECH has installed over 6,877,00 sf
of wire mesh drapery, 927,000 sf of cable net drapery, 74,597 sf of Tecco mesh,
57,038 If of rock bolts, dowels and anchors, 31,295 If of rockfall and debris flow
barriers and 7,178 crew hours of scaling.

Michael Baker Jr., Inc.
4301 Dutch Ridge Road
Beaver, PA 15009

Phone (724) 495-7711

FAX (724) 495-4017
www.mbakercorp.com
cruppen@mbakercorp.com

Michael Baker Corporation has evolved into one of the leading engineering
and energy management firms by consistently solving complex problems for its
clients. We view challenges as invitations to innovate.

Baker has been providing geotechnical services since the mid-1950's.
Professional geotechnical engineers and geologists are supported by a staff of
highly trained assistants. Expertise covers most major facets of geotechnical
investigation and design, including geologic reconnaissance, subsurface
investigations, geotechnical analysis and design, and geotechnical construction
phase services.
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Vertec Contractors Inc.
555 VT, Route 78, Suite 252
Swanton, VT, 05488
Tel: (450) 455-9690
Fax: (450) 424-2614

Vertec specializes in complex and technically challenging projects in areas of steep
terrain and difficult access. Using techniques and equipment developed in the
European alpine construction industry, our highly skilled technicians can execute
difficult projects safely and efficiently. Vertec provides innovative solutions and cost
effective technology with less impact to the environment than conventional
methods.

Janod Inc. Janod Ltd.

34 Beeman Way 190 VALOIS

P.O. Box 2487 Vaudreuil-Dorion
Champlain, NY Quebec, CANADA
12919 J7V 1T4

Tel: (518) 298-5226 Tel: (450) 455-1223
Fax: (450) 424-2614 Fax: (450) 424-2614
info@janod.biz info@janod.biz

Janod has specialised in rock stabilization and rock remediation
since 1968

Janod was founded in 1968 by Douglas Journeaux, and at that time, soft earth
tunneling was the principle part of our operations. In 1970 Janod was introduced to
rock slope stabilization when called in by Quebec Cartier Mining Looking towards
the future of rock stabilization to perform some emergency work along the railway.
Janod has since become a specialist in rock stabilization, and employs a
combination of innovative mechanized equipment and highly trained rock
remediation technicians who have an intimate knowledge of geology and influence
of climatic conditions unexposed rock structures.

Janod takes pride in having successfully met many different challenges at numerous
and varied worksites throughout North America.
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American Mountain Management Inc.
Financial Plaza Building, 1135 Terminal Way,
Suite 106
Reno, Nevada, 89502-2145, U.S.A.
y Telephone: 1-866-466-7223
Mountain Fax: 450-455-8762

m"aggmqnt http://www.mountainmanagement.biz/

Mountain Management is a new North American distributor and manufacturer
of rock fall barrier, erosion control and avalanche systems. Our suppliers have more
than 20 years experience in mitigation systems. Our systems are guaranteed and
have proven over the years to assemble and install with more ease and less time
required. We have the latest in design and technology. Many of our products are
patent protected and field tested. Mountain Management Rock Fall protection
systems are capable of handling energies ranging from 50to 5000 Kilojoules.
Submitted to testing, our systems are the outcome of more than 20 years of
combined field experience and Rock Fall Simulation Studies.

DMJM HARRIS | AECOM

DMJM Harris
605 Third Avenue
New York, NY 10158
Phone: 212.973.2900

DMJM Harris has a vision: to be the world's premier transportation and
infrastructure company, with a reputation for innovation, creativity and technology-
driven leadership. We link our strengths with those of our AECOM sister
companies. This "AECOM Advantage,"” the cross-sharing of staff, ideas and solutions
among AECOM companies, is a major contributor to DMJM Harris's ability to
provide clients with the best, most creative and cost-effective solutions to
transportation problems. From the earliest planning stage through project close-out
and operations and maintenance, DMJM Harris does it all.
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GeoConstruction

A Division of Layne Christensen Com pany

Ruther Glen, Virginia

1-866-44-LAYNE

Layne GeoConstruction is a singularly qualified specialty foundation
construction company, offering a wide array of service capabilities. A commitment
to solution-driven innovation positions Layne GeoConstruction as a leader in jet
grouting, drilled micropiles, vibratory ground improvement, and construction
drilling, grouting and anchor technologies.

“Helping You Look info the Earth”

Pennsylvania Drilling Co.
500 Thompson Avenue, McKees Rocks, PA 15136
Phone: (412) 771-2110 (800) 245-4420 Fax: (412) 771-3167
www.pennsylvaniadrillingco.com

Pennsylvania Drilling Company provides superior technology and an
experienced staff make our work notably accurate. Proof: Our reputation. The
expertise of our personnel and management provides our customers the maximum
flexibility available in information accumulation.
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AIS Construction Company
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Phone (805) 643-6996
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www.aisconstruction.com
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Bariod Industrial Drilling Products
P.O. Box 1190

Dillwyn, VA

Phone (540) 729-0483

Fax (434) 969-2301

www.baroididp.com
dennis.duty@halliburton.com

Boulderscape, Inc.

149 Avenida Granada

San Clemente CA 92672

Phone (949) 661-5087

Fax (949) 661-3397
steve@boulderscapeinc.com

Carmeuse Lime Co.

3600 Neville Rd.

Pittsburgh, PA 15225

Phone (412) 777-0728

Fax (412) 777-0727
dale.andrews@carmeusena.com

Central Mine Equipment Company
4215 Rider Trail North

Earth City, MO 63045

Phone (800) 325-8827

Fax (314) 291-4880

WWW.Cmeco.com

info@cmeco.com

Diedrich Drill, Inc.

5 Fisher Street

Laporte, IN 46350

Phone (800) 348-8809
Fax (219) 324-5962
www.diedrichdrill.com
dditr@diedrichdrill.com

DMJMHarris, Inc.

260 S. Broad Street

Philadelphia, PA 19102

Phone (215) 735-0832

Fax (215) 735-0883
www.dmjmharris.com
bruce.shelly@dmjmharris.com

XXV



Durham Geo Slope Indicator
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Fax (770) 465-7447
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Gannett Fleming, Inc.
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P.E. LaMoreaux & Associates, Inc.

(PELA)
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Oak Ridge, Tennessee 37830
Phone (865) 483-7483

Fax (865) 483-7639
www.pela-tenn.com
info@pela-tenn.com
www.geobrugg.com
info@us.geobrugg.com

Geonor, Inc.

109 Greenwood Circle
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Phone (570) 296-4884
Fax (570)296-4886
geonor@geonor.com

Geokon, Inc.

48 Spencer Street
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Phone (603) 448-1562
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Geo-Instruments
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Environmental
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ABSTRACT

Geologic mapping in the area of Delaware Water Gap and Lehigh Gap in northeast
Pennsylvania and northwest New Jersey by the USGS and the Pennsylvania and New Jersey
Geological Surveys, mostly at a scale of 1:24000, has shown the distribution and nature of
Paleozoic sedimentary bedrock and Quaternary surficial deposits, and documented the
orientation and extent of rock fractures. These data are useful for the understanding of landslide
development in the area.

I have recognized four types of landslides, soil slips on glaciated-polished bedrock
surfaces, debris flows in glacial till, debris slide in cemented glacial gravels, and rockfalls that
originated along fractures that parallel roads. In the Delaware Water Gap National recreation
Area a soil slip on the northwest-facing slope of Kittatinny Mountain occurred near Sambo
Island on the Delaware River in October, 1995. Here, moderately dipping beds of the
Bloomsburg Red Beds are covered with a thin veneer of soil and glacial till. A combination of
heavy rain and lack of anchoring of the soil by tree roots that did not penetrate the glacially
polished bedding surface resulted in the landslide. Similar geologic conditions (moderately steep
bedding, glaciated-polished bedrock surfaces and shallow soil) can be used to determine areas of
potential future landsliding. A debris flow in rain-saturated glacial till developed along a road
cut in 1996 in a steep bank along a narrow tributary valley in the Pocono Plateau near Bushkill,
Pa. Glacial till is common throughout the area and landsliding may be anticipated in areas where
the bases of steep slopes are excavated. Sliding of cemented glacial gravels occurred along a
steep stream-cut bank along a road paralleling Tom Brook. Two rockfalls occurred in New
Jersey where the Old Mine Road parallels longitudinal joints near the crest of an anticline just
north of Delaware Water Gap and on the northwest limb of an anticline opposite Tocks Island.
These fractures are common in bedrock throughout the park. Stress measurements by the US
Army Corps of Engineers on northwest-dipping bedding-plane faults in New Jersey near Tocks
Island suggest that there is the potential for massive failure of rock above these structures should
they be exposed by construction. Twenty five miles to the southwest at Lehigh Gap movement
along cross joints in sandstone and conglomerate have created a rockfall hazard that required
mitigation. This location is the site of stop 5 of this years filed trip. The run out from several of
the joint-related landslides at Delaware Water Gap and Lehigh Gap have been mitigated with
gabions.

INTRODUCTION

The landslides discussed in this report occur within folded sedimentary rocks along the
Blue Mountain section of the Valley and Ridge physiographic province and the Pocono Plateau
of northeastern Pennsylvania and northwestern New Jersey (fig. 1). Those in the Delaware
Water Gap National Recreation Area have been affected by Wisconsinan glaciation where
previous weathering materials have been largely stripped away. The landslide at Lehigh Gap is
beyond the limit of the most recent glaciations and is in an area of deep weathering.
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Figure 1. Satellite image showing physiographic provinces of eastern Pennsylvania and
location of landslides (X) discussed in this report . The limits of major glacial advances is
shown by solid line (Wisconsinan); long-dashed line (Illinoian), and short-dashed line (pre-
Illinoian). DEWA is the boundary of Delaware Water Gap National Recreation area.

The Delaware Water Gap National Recreation Area (DEWA) lies within the heart of the
Boston-Washington urban corridor. It is the largest National Park facility in the northeastern
United States and is the sixth most heavily visited National Park Service facility in the country
with about 4 million visitors yearly. It is about 40 miles long and includes a scenic and mostly
undeveloped stretch of the free-flowing Delaware River between Port Jervis, New York, and the
Delaware Water Gap in New Jersey and Pennsylvania. It occupies parts of eleven 7.5-minute
quadrangles (Figure 2). The area offers a variety of recreational opportunities and opportunities
to study the biologic diversity, cultural history, and geologic development of this part of the
Appalachians.
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Figure 2. Index map showing landslides and topographic map coverage in the Delaware

Water Gap National recreation Area and adjoining Worthington State Forest,
Pennsylvania-New Jersey. Red-dahsed line is the Old Mine Road.

The park spans two major physiographic provinces, the Valley and Ridge and

Appalachian Plateau, the latter locally known as the Pocono Plateau (fig. 3). The rocks within the

park area aggregate more than 8,000 feet in thickness and range in age from the Middle

Ordovician to the Upper Devonian, approximately 440 to 380 million years ago. The structure in
the rocks and the resulting landscape features trend northeastward. These rocks are varied in
lithology and structure and can be subdivided into four units. Table 1 summarizes the lithologic
and structural characteristics of the component formations within these units. Wisconsinan

glacial drift is the most widespread unit at the surface in the area.
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Figure 3. The Delaware Water Gap National Recreation Area spans two physiographic
provinces, the Pocono Plateau and the Valley and Ridge. The boundary is marked by
gently dipping rocks of the Marcellus Shale and Mahantango Formation (Unit IV) of

Middle Devonian age along cliffs northwest of the Delaware River, separated from

Ordovician through Middle Devonian rocks (units III- I) to the southeast that are more

complexly folded.

Unit I comprises slate and sandstone of the Martinsburg Formation of Middle Ordovician
age, forming rolling hills that slope down to the southeast towards the Paulins Kill which is
underlain by carbonate rocks of Cambrian and Ordovician age. No significant landslides are
present in the Martinsburg in the immediate area. Unit II comprises resistant sandstone and
conglomerate of the Shawangunk Formation which holds up Kittatinny Mountain, rising to
altitudes above 1600 feet, with less resistant shale, siltstone, and sandstone of the Bloomsburg
Red Beds forming the northwest slopes. Slope failures include soil slips and debris flows in the
Bloomsburg and rockfalls in both formations. Bedding-plane faults in the Bloomsburg have the
potential for causing mass movement of overlying rock if construction daylights this zone of
weakness.
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Table 1. Generalized description of rock units in the Delaware Water Gap National Recreation Area,

Pennsylvania and New jersey

wavelengths about
2,000 feet; pervasive
slaty cleavage

GES }Etglc Age Formation n}l?:,:f 58 Description
Catskill 500+ Sandstone and lesser shale; forms
_4 Formation uplands in Pocono Plateau
Flat-]ym_g t‘_3 Mahantango Siltstone and silty shale; forms
gently dipping Fonnatini 2,000 | steep slopes northwest of the
rocks of the Delaware River
Pocono Plateau. Marcellus 800 Shale; underlies the Delaware
Shale River northeast of Flatbrook Bend
it ha il S Limestone, calcareous shale, and
Falls 275 h
Devonian Limestone chert
Schoha_r 1 100 Calcareous, argillaceous siltstone
Formation
foizggzn 180 Shaly siltstone and shale
3 Oriskany 100 Sandstone, calcareous shale and
Asymmetric generally Group s1}tsmne, chert
eI Helderberg 100 Limestone, calcareous shale,
with wavellengths Group ca]care_ous sandstone
averaging about Rundu_ut 10 [_)nlomne, calcareous shale,
1,000 feet, Formation limestone _
Decker R0 Arenaceous limestone, calcareous
Formation sandstone, dolomite
Bf;i‘::;ﬂf 100 Limestone
Poxono Island Dolomite, shale, limestone;
Formation 500 underlies Delaware River
Silurian southwest of Flatbrook Bend
2 Red sandstone, siltstone, shale;
Asymmetric upright B]],f ndesb‘;lrg 1,500 | forms northwest slope of
S T e el beds Kittatinny Mountain
folds with wavelengths
averaging about Shawangunk 1 400 Sandstone and conglomerate;
1 mile Formation ' holds up Kittatinny Mountain
1
Assymetric similar . Slate and greywacke:; forms
overturned folds with o Martinsburg 1,000+ | southeast slope of Kittatinny
Ordovician F t
ormation

Mountain
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The course of the Delaware River in the northeast section of the Recreation Area is on
cherty limestone of the Buttermilk Falls (Onondaga) of Unit III and shales of the Marcellus of
Unit IV. After cutting through unit III at the S-shaped Flatbrook Bend, the river flows on the
weak shale and carbonate rock of the Poxono Island Formation (Unit III) and upper part of the
Bloomsburg Red Beds (Unit II). Other than large talus blocks, probably of Pleistocene age, there
are no major landslides in unit III, although a Wisconsinan gravel debris slide, cemented by
calcium carbonate derived from the underlying limestones of this unit, is found above this unit.
Unit IV lies northwest of the Delaware River and forms the base, steep slopes, and tableland of
the Pocono Plateau. The basal shales of the unit, which form the escarpment and steep slopes
along US 209, are over steepened because of Wisconsinan glacial erosion and are constantly
spalling off, forming shale-chip rubble at the base of the cliffs. One debris flow is reported here
in glacial till overlying this unit.

Four distinct types of landslides were identified: (1) a soil slip-debris flow on moderately
dipping, glacially polished bedrock surfaces in the Bloomsburg Red Beds, (2) a debris flow in till
on a steep slope, (3) a debris slide on glacial gravels, and (4) rock falls or slips generated along
joints along the Old Mine Road (fig. 2). The variety of slope instabilities within the park
boundary poses a risk to people and property. Mitigation costs for these landslides in the park
have been an estimated $150,000.

SAMBO ISLAND LANDSLIDE

During October 20-21, 1995, heavy rain fell in the Delaware Water Gap area generating a
landslide on the anticlinal ridge south of Sambo Island along the Delaware River (fig. 4). The
ridge is composed of red siltstone, shale and sandstone of the Bloomsburg Red Beds (unit II,
Figure 3). The northwest slope of the ridge is a dip slope with bedding dipping gently at the crest
at about 850 feet altitude, increasing to nearly 40° farther down the slope (fig. 5). The bedding
surface exposed at the landslide site has been polished and striated by glacial erosion (fig. 6).
Scattered outcrops of bedrock dot the ridge, but in most places bedrock is covered by three types
of surficial materials: (1) soil composed of shale chips and organic matter; (2) large blocks of
sandstone, and (3) till. The glacial erosion and till are the result of action by the last glacier that
departed from this section of the Delaware River less than 20,000 years ago. The soil and
sandstone debris formed subsequent to glacial retreat.
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Figure 4. Sambo Island landslide, developed on glacially polished bedrock bedding
surfaces, extends for more than 600 feet on a slope that averages about 36°. It originated
as a soil slip, entrained additional soil, glacial till, and trees downslope, and spread out into

a debris fan at the bottom after encountering a rock rib formed by a stratigraphically
higher bedding surface. Note the leveed channel on the lower right.

The soil cover in the slide area averages about two feet thick (fig. 7), ranging up to 8 feet
thick. It consists mostly of rock chips, weathered from Bloomsburg shale and siltstone,
averaging about 1 inch in length, and mixed with fine organic matter. Where the underlying
bedrock is sandstone, angular blocks as much as 20 feet long are produced by spalling off from
the bedrock surface and by transportation down slope. Slow mass wasting by creep is evidenced
by many trees that are bowed at their bases. Production of the weathered fragments is facilitated
by cleavage, bedding parting and joints in the shale-siltstone, and by bedding parting and joints
in the sandstone. Most trees in the immediate slide area have an accumulation of rock chips
plastered on their up-hill side to a height of two feet, indicating fairly recent downward
movement of these materials.
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Figure 6. Glacially polished Bloomsburg bedding plane in the initial failure area of the
Sambo Island landslide. Bedding slopes 32°NW. Glacial striae trend S. 40° W., parallel to
the trend of the ridge.

Figure 7. Pressure ridge (arrow), about 3 feet high, showing downslope slip of
soil adjacent to the initial failure area of the Sambo Island landslide. Note the
lack of penetration of tree roots into the polished bedrock.

Glacial till (fig. 8) is present in patches along the entire slope of the mountain and is
more than 20 feet thick in places where it blankets large areas of bedrock. Hummocky
topography along much of the lower slope of the mountain is suggestive of old landslide
deposits. At the slide area the till is thickest at the base of the slope where it is nearly 5 feet thick
(fig. 9). The material is a moderate brown (5YR4/4) clay-silt till with subangular to rounded

cobbles and boulders as much as four feet long in the slide area. The clasts include a variety of
11
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rock types, including quartzite and sandstone from the Shawangunk Formation, Bloomsburg

Red Beds, and Catskill Formation; and limestone and chert from various stratigraphic units.
Some igneous boulders are syenite derived from an intrusion at Beemerville, NJ, 17 miles to the
northeast. A thin veneer of soil containing red shale chips overlies the till in many places. For
several hundreds of feet downstream, riffles in the Delaware River are due to large erratic till
boulders that may have been emplaced by older landslides. Some of these boulders are as much
as six feet long.

Figure 8. About 4.5 feet of glacial till overlies Bloomsburg bedrock just below the initial
failure area. A thin veneer of soil containing red shale chips overlies the till.

Figure 9. Four-foot deep channel developed in debris fan in glacial till at the base of the
Sambo Island landslide.

12
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Between 11 PM, October 20, 1995, and 3 PM, October 21, a total of 3.3 inches of rain
fell near the site of the landslide (fig. 10), during two periods separated by about 6 hours.
Immediately following the rain the river’s discharge increased nearly ten-fold, peaking at about
27,000 cfs (fig. 11). During the 16 hours, there were two separate periods of heavy rain which
saturated the thin soil making it unstable and causing it to slide on the polished bedrock surface.
The contrast between the loose porous soil and the hard smooth bedrock surface was favorable
for such failure because of a buildup of pore-water pressure over the less permeable bedrock
surface. During recent periods of rainy weather, water flows along the smooth bedrock from
under the soil cover.
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Figure 10. Bar graph showing hourly precipitation and curve showing cumulative
precipitation between 11 PM, October 20, 1995, and 3 PM, October 21, 1995, at dingmans
Ferry, 11 miles northeast of the Sambo Island Landslide.
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Figure 11. Streamflow for the Delaware River at Tocks Island during October, 1995.
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The slide initiated in about 1.5 feet-thick, moderate-reddish-brown (10R4/4) shale- and
siltstone-chip soil and organic matter at an altitude of 680 feet, encompassing an oblong area 37

feet wide and 90 feet long (fig. 12). The bedrock here forms a dipslope (34 ), is composed of red
siltstone, and is partly burrowed and mudcracked. The surface is highly polished and striated

(fig. 6), glacial movement towards S40 W is indicated by the striae. At the bottom of the
initiating area, the slide narrows to 28 feet at a three-foot-high pile of a debris-flow levee on the
bedding surface, below which there is about 4.5 feet of moderate brown (5YR4/4) clay-silt
glacial till overlying the bedrock (fig. 8). The soil thickens to about three feet in a pressure ridge
(fig. 7). Initial movement of the slide compressed the soil to form the pressure ridge, then
movement was retarded at this debris dam, and finally failure progressed by entrainment of
material in a narrow slide area averaging about 40 feet wide, but reaching 50 feet in width, and
for a total length of 600 feet to the bottom of the ridge. It extended out into the Delaware River
for an additional 60 feet. Fortunately, no canoeists were present in the river at the time.

Figure 12. Initial failure area at the top of the Sambo Island landslide. This area is 37 feet
wide and extends down 90 feet to a pile of debris. The bedding dips 320, paralleling the
slope. The slide area extends 600 feet down to the Delaware River.

For most of the slide area, the soil has slipped off a single bedding plane, which remains

fairly constant in dip (38 near river level, although complicated by a small fold there) down to
an altitude of 440 feet. At about 130 feet above the river, higher bedding planes are exposed and
the slope is offset upwards by about 10 feet. Glacial till (fig. 9) was encountered and the material
spread out as a gullied debris fan (figs. 4 and 9), 40 feet wide at the top, and 125 feet wide at the
bottom where it removed the Pioneer Trail just above the Delaware River. The debris included

14
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bedrock fragments, soil, till, and trees, which slid out into the river. The total volume of soil
displaced is calculated to be about 48,000 cubic feet (1,800 cubic yards).

The instability that produced the landslide probably began as sheet wash of soils, as evidenced
by many small (less than 20 feet long) debris fans made of forest litter and piling up of soil up to
two feet high on the uphill side of trees. Initial failure may have been sited at fractures, similar to
ones present near the slide (fig. 13). Some of these tension cracks were developed along animal
trails.

Figure 13. Irregular tension cracks (below dashed line) several inches high and a few tens
of feet northeast of the initial failure area. Arrows show slight downward movement of the
soil.

In summary, the landslide near Sambo Island is a soil slip of a thin veneer of shale-
siltstone-chip gravel and glacial till that merged into a debris flow at the bottom. It is sited along
the steep cutoff northwest slope of Kittatinny Mountain at the outer bend of a meander in the
Delaware River. The presence of old landslide deposits indicate the potential for a landslide
hazard here and elsewhere where similar conditions exist. The factors that make some of the area
prone to instability and landsliding are (1) fairly steep slopes, more than 30 degrees in many
places, (2) a thin soil cover, including glacial till, that rests on glacially polished bedrock
surfaces, (3) tree roots, which otherwise could anchor the soil to bedrock, that do not penetrate
the bedrock, (4) water seeps along the soil-bedrock boundary, making for a low-stress condition
at this interface, (5) removal of the toe of the potential failure area by stream erosion (or the
works of man), and (6) tension cracks similar to those seen near the landslide. Figure 5 outlines
the slope adjacent to the Sambo Island landslide that meets these criteria for instability.

15
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ROCKSLIP NEAR TOCKS ISLAND ALONG THE OLD MINE ROAD

The Old Mine Road in New Jersey (fig. 2) cuts through siltstone and very fine-grained
sandstone of the Bloomsburg Red Beds for a distance of 2,400 feet adjacent to Tocks Island.

Smooth longitudinal joints whose strike parallels the road (averaging about N. 70 E.) and which

dip steeply towards the road (50-70 northwest) produce slabs averaging about 1 foot thick (fig.
14). These joints are smooth and regular and suggest sheet jointing or exfoliation resulting from
expansion due to release of confining pressure due to rapid erosion along this stretch of the
Delaware River.
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Figure 14. Exposures of the Bloomsburg Red Beds along the Old Mine Road in New
Jersey, opposite Tocks Island, Delaware Water Gap National Recreation Area, showing

how joints, sheeting, and cleavage affect development of rock slabs prone to sliding.

A. Longitudinal sheeting joints dipping 48° NW and producing slabs between 10 inches
and 3 feet thick. Shallow tree roots do not penetrate bedrock. B. Bare Bloomsburg
bedrock due to rockfall along sheeting joints. Note shallow soil and tree roots that do not
penetrate the bedrock. C. Sheeting joints (1) dipping steeply to the northwest and two
rock slabs (A, 8 feet long; B, 10 feet long) that slid off during 1999. Other slabs that
covered the road have been removed. D. Longitudinal (sheeting) joints (1) dipping 57°
NW and cross joints (2) separate the rock into slabs between 2 and 8 feet long. Rock
cleavage (3) dips steeply southeast and bedding (dashed line) dips gently NE. E. Irregular
cross joints cutting steep longitudinal joint surface and separating rock into masses 2-8 feet
wide.

The rock is further cut by irregular steeply dipping cross joints (striking 2 -53 northeast;

fig. 14 C,D, and E) and fracture cleavage (averaging N60 E, 65 SE;fiog. 14D). The road cut is as
much as 25 feet high along this stretch. The slope above the road cut comprises ribs of bedrock

outcrop and colluvial debris on slopes of about 38 . The bedrock is massive and bedding is
generally indistinct; it is recognized mainly by green reduced layers. The bedding dips more

gently than the longitudinal joints, ranging between 16 and 44 northwest (fig. 14D). Bedding
has not influenced slope instability along this road cut. Figure 15 illustrates the geologic features
at the site and their control on rock slips at this locality.

Because the toe of the rock mass has been removed by road construction (fig. 15), rock
masses as much as 10 feet long have slid down the smooth joint surfaces. Figure 14C shows two
masses that fell off the outcrop, partially blocking the road in 1999. The soil above the bedrock is
thin, about 1 foot thick, and tree roots do not penetrate into the bedrock (figs. 14A and B). Thus,
the soil is not stabilized by the trees and, just as at the Sambo Island landslide, there is potential
for soil slip along this stretch of steep slopes. These small rock falls are a continuing problem.
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Figure 15. Cross section showing orientation of longitudinal joint set (sheeting) and
cleavage in the Bloomsburg Red Beds along the Old Mine Road opposite Tocks Island on
the Delaware River, New Jersey. Because the road cut along the Old Mine Road is steeper
than the dip of the joints, the toe of the rock mass has been removed making the area
susceptible to rock falls along the joint surfaces. Cross joints, parallel to the plane of the
section, aid in breaking the rocks into slabs as much as 10 feet long. Along the Delaware
River, the surface slope is less than the dip of the joints, so there is little likelihood that
rockfalls will form.

ROCKFALL IN DELAWARE WATER GAP ALONG THE OLD MINE ROAD

Worthington State Forest includes part of the gap of the Delaware River through
Kittattiny Mountain in New Jersey (fig. 2) and is surrounded by the Delaware Water Gap
National Recreation Area. During the early 1980's a landslide, presumably a rockfall, removed a
part of the west side of the Old Mine Road in the park, one thousand feet northeast of where I-80
crosses the Delaware River (fig. 16). The failure occurred in interbedded siltstone and shale and
minor sandstone of the Bloomsburg Red Beds on the crenulated southeast limb of the Cherry
Valley anticline which, 800 feet to the northeast, brings gray quartzite and conglomerate of the
Shawangunk Formation to the surface. A 50-foot cliff parallels the road here and the slope above

is steep, averaging about 43 . Figure 17 is a diagrammatic cross section at the site. The landslide
along the road probably occurred along sheeting fractures, but failure may have also been by
rock toppling along steep cross joints.
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Figure 16. Geologic map of part of Delaware Water Gap showing location of rockfall along
Old Mine Road and relation to geologic structure. Heavy dotted line is trend of sheeting
fractures. Qal, Holocene alluvium and stream terrace deposit; Qg, Wisconsinan glacial

drift; Sb, Bloomsburg Red Beds; Ss, Shawangunk Fromation. Solid lines, contacts. Long
dashed lines, anticlines. Short dashed line, synclines. Modified from Epstein, 1973.
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Figure 17. Generalized profile showing the relations of joints, sheeting, wedge boulders,
and topography that resulted in rock sliding and toppling along the Old Mine Road in
Worthington State Park, New Jersey. Dashed lines beneath road bed indicate joints and
sheeting fractures that probably were related to the road collapse about 50 years ago.
Additionally, the dotted block contributed to the failure by sliding off the sheeting joint.
Dotted line indicates configuration of pre-rockfall topography.

The collapsed section of the road is now supported by a concrete gabion, about 100 feet
long and 15 feet high (figs. 17, 18), located along the abandoned railroad grade below the road,
now used as a foot trail. A one foot diameter weep pipe, about 30 feet northeast of the gabion,
drains a wet area along the road. At the time of one visit, water coming out of the pipe was
much less than the water falling from the rocks above and into a drainage along the road. At this
locality the rock is highly fractured and veined in a zone ten feet high that parallels a bedding-
plane fault. Bedding trend is N. 68° E., 41° SE. and slickensides plunge 27°, S. 34° W., with
steps indicating movement downdip to the southwest. Much water soaks into the substrate
below, a possible concern for future failure. Just above the fractured zone is a set of sheeting
fractures, similar to those at the Tocks Island rockfall, along which the failure probably took
place (figs. 17, 19). The strike of sheeting parallels the road at the failure site (fig. 20) and dips
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45° NW. Because it parallels the slope of the ridge and because it[ s orientation is different

than most other joints produced by tectonic forces, exfoliation is believed to be the origin of
these joints.

Figure 18. Concrete gabion along abandoned railroad grade below the Old Mine Road in
Worthington State Park.

Figure 19. Sheeting joints along which the landslide along the Old Mine Road near
Delaware Water Gap probably occurred. The shear zone is often wet and water seeps into
the road bed below, more than is emitted from the weep pipe shown in figure 17.
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Figure 20. Rose diagram showing trend of longitudinal joints, cross joints, and sheeting
fractures along Old Mine Road in Worthington State Park, New Jersey.

Failure may have also occurred by separation and toppling along cross joints (fig. 21) that
trend slightly west of north (fig. 20). These joints, prominent south of the gabion, are aligned
about 25° from the trend of the road. Rock fragments and angular boulders have fallen into the
cracks and over time have wedged the rock apart. The potential for future toppling is obvious,
especially for those rocks on the steep hill high above the roadway.

Figure 21. Irregular cross joint, trending slightly west of north and at an angle to the trend
of the Old Mine Road (see figure 20). Boulders in the fracture are wedging the block
apart, creating the potential for toppling.
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Thus, several geologic factors appear to be involved in two distinct types of failure and
potential failure. These include joint sheeting dipping towards the roadway, shearing along a
fault, and rock masses being forced apart by wedging along cross joints. Additionally, rock
cleavage, which averages about N. 60°E., 65°SE., is nearly parallel to the Old Mine Road,
creating another plane of weakness along which the rock may separate.

BRODHEAD ROAD DEBRIS FLOW IN GLACIAL TILL

The Wisconsinan glacier retreated from the Delaware Water Gap area less than 20,000
years ago. It left behind a variety of geologic deposits, including sorted sand and gravel, mainly
in the valleys, and glacial till, consisting of a heterogeneous mixture of clay, silt, sand, and
boulders. The till has the potential for flow when it becomes water saturated on moderately
steep slopes. A debris flow developed about 1996 on the east side of Brodhead Road, 1.3 miles
northeast of Bushkill, PA, and 1500 feet north of US 209 in the Flatbrookville quadrangle (figs.
3,5, and 22).

Fig 22. Scarp and debris flow in clay-silt till along Brodhead Road. The largest boulder in
the till is two feet long.

The bottom of the slope was excavated by construction of the road, cutting out the toe,
and expediting the sliding. The landslide is 60 feet high with the steeper head scarp 20 feet high.

The angle of the original slope was 37 , now steepened by the sliding in the upper part. The
landslide occurred in a moderate- to dark-yellowish-brown (10 YR 5/4-4/2), poorly sorted,
compact, clay-silt till with scattered boulders as much as 2 feet long, but averaging about 3
inches long. Boulders more than 5 feet long have been noted nearby. Stones were derived from
underlying siltstone bedrock and gray and red sandstones from northerly rock units including the
Trimmers Rock and Catskill Formations. The most recent slide is 140 feet wide, but there are
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older slide scars extending for an additional 300 feet along the road. The slope is steep, having
been eroded along the outside meander of the creek that now lies west of the road. Another
smaller slide area lies about 200 feet south along a cut bank on the opposite side of the creek.
Two wire-mesh gabions, each 200 feet long and separated by 50 feet, were constructed along the
road along the total slide area to prevent future movement onto the road (fig. 23). The potential
for future landsliding is shown in figure 5 where till is present on slopes greater than about 30
degrees. The slide along Brodhead Road is presently stabilized and overgrown.

Figure 23. Gabion, about 450 feet long, along the glacial debris flow along Brodhead Road.

FLATBROOK DEBRIS SLIDE

A landslide involving cemented gravels of Wisconsinan age occurred during the past year
along a steep slope 0.3 mile northeast of the road intersection in the town of Flatbrookville, Pa.
(figs. 5, 24). The head scar is about 60 feet above the road surface and about 10 feet high (fig.
25). The gravel is composed of well-rounded clasts as much as 10 inches long, comprising a
variety of rock types, including sandstone, limestone, red beds, and shale, in a coarse-sand
matrix. (fig. 26) It was able to maintain a steep slope because it is cemented with calcium
carbonate derived from the underlying Bossardville Limestone. It is in a cut bank on the outside
curve of Flat Brook. Concrete barriers are positioned to prevent rocks from falling onto the road.
Some large blocks of Coeymans Limestone, several feet long, are mixed in with the debris.

24



58" HGS 2007 25

Figure 24. Concrete barriers confining falling rock from a debris slide near a cut bank of
Flat Brook.

Figure 25. Coarse gravels in the head scar of debris slide slide, about 60 feet high.
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BEDDING-PLANE FAULTS IN THE BLOOMSBURG RED BEDS AND THEIR
POTENTIAL FOR FAILURE

Faults along bedding in the Bloomsburg Red Beds were recognized by Epstein and
Epstein (1967, 1969) throughout eastern Pennsylvania and northwestern New Jersey. They
consist of polished and slickensided bedding surfaces, occasionally in a zone as much as one foot
thick. Steps on the slickensides invariably indicate that overriding beds moved to the west,
regardless of the rock’s position on a given fold. Wedges (small ramp thrusts) and dragged
cleavage also corroborate this general sense of movement (fig. 24). These faults are commonly
zones of weathering and ground water flow.

During engineering evaluation for the proposed Tocks Island dam after the Delaware
Water Gap National Recreation Area was authorized by Congress in 1965, the U.S. Army Corps
of Engineers (ACE) encountered 360 feet of laminated and massive, partly desiccation-cracked,
red siltstone and shale with some greenish-gray mottling and minor gray quartzitic sandstone in a
600-foot long exploratory adit in the Bloomsburg at the base of Kittatinny Mountain in New
Jersey near Tocks Island (figs. 2 and 25). The maximum stress level parallel to one of these
faults was determined as 1,000 psi during excavation for the proposed spillway (x in figure 25),
and was attributed to the weight of the entire rock mass between the fault and the surface (Dan
Parillo, ACE, written communication, 1970). The maximum stress level below the fault was 525
psi, indicating that there is little or no strength across the fault and if the toe were daylighted the
entire uphill mass would move downhill, according to Parillo. Many of the bedding faults shown
in figure 25 are zones of abundant water flow.

Even though the Tocks Island dam was never constructed, there should be concern about
future road building or other construction along the Old Mine Road in New Jersey, or anywhere
else where these conditions exist in the Bloomsburg. Should any of the bedding faults be
intersected during road construction, there is the potential for massive failure along these zones
of weakness. There are many of these zones in the Bloomsburg and individual potential
construction sites need to be analyzed for their presence. One such fault zone, which may have
contributed to failure, is the rockfall in Worthington State Park, discussed above.
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Figure 25. Cross section through the Bloomsburg Red Beds in the lower part of the
northwest slope of Kittatinny Mountain in new Jersey near Tocks island (modified from
Depman and Parrillo, 1969). Structure determined from exposures in 600-foot-long
exploratory adit and several drill holes. Solid heavy lines are bedding-plane faults, arrows
indicate direction of movement of overriding beds; short-dashed lines are normal bedding
surfaces. “X” is bedding-slip fault along which stress measurements are discussed in text.
Dotted lines show proposed spillway for the now-deauthorized Tocks Island dam.

ROCKFALL HAZARD AT LEHIGH GAP

Well-developed longitudinal and cross joints in competent Paleozoic rocks are a
consequence of folding in the Appalachian Mountains of Pennsylvania. The orientation,
concentration, and character of these joints, in relation to slope aspect, can lead to instability. PA
248 is a major four-lane highway through Blue Mountain in Lehigh Gap south of Palmerton, Pa.
The northbound lane of the road is cantilevered above the southbound lane, their location is
constrained by a railroad along the Lehigh River to the left and a railroad, now abandoned,
above. The roadway is also constricted by the resistant coarse clastic rocks of the Shawangunk
Formation in the gap. Slope failure at the site is due to conspicuous north-northwest-trending
cross joints in the sandstones and conglomerates in the Shawangunk that parallel the highway.
These generally irregular and roughly planar open joints have created overhanging blocks of
rock many tens of feet long and wide (fig. 26), creating the potential for rocks toppling onto cars
in the road below. A more detailed description of the geology of the site and of the rockfall
hazard are presented in Stop 4 of this Symposium (Epstein, 2007).
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Figure 26. Open cross joints in conglomerates and sandstones of the Shawangunk
Formation at Lehigh Gap. Views looking north (left) and south (right). Loose blocks of
rock up to ten feet long have fallen to the road below. The unconformable contact between
the Shawangunk (Ss) of Silurian age and shales, slates, and graywackes of the Martinsburg
Formation of Ordovician age is seen along the abandoned railroad grade 60 feet above the
highway.

The parallelism of the cross joints and the highway are not fortuitous. Cross joints form
perpendicular to fold axes; erosion of the resistant rocks in these folds forms ridges parallel to
the fold axes. Water gaps cut through the resistant ridges along planes of weakness controlled by
cross fractures and other structural anomalies (Epstein, 1966). The gaps form a transportation
corridor through the ridge. If the highway cut is steep, as it is at Lehigh Gap, overhanging rocks
divided by through-going cross joints create loose blocks and the potential for slope failure. The
orientation of joints at the gap site and in the surrounding area are shown in figures 5-15 and 5-
16 in Epstein (2007).

The Martinsburg Formation is exposed south of the Shawangunk. It weathers into small
fragments along cleavage, bedding, and joints, leading to spalling from the steep face above the
railroad grade. The use of gabions, fences, and screens to prevent these products of erosion from
falling on the road below, in both the Martinsburg and Shawangunk, is discussed at Stop 4
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(Epstein, 2007).

In 1990, following an evaluation of the landslide potential, the potential for slope failure
was mitigated by removal of large blocks of rocks from the fractured Shawangunk and by
construction of a gabion along the outcrop of the Martinsburg Formation to prevent erosion and
rock spalling. More recent mitigation efforts are discussed at Stop 5.

CONCLUSION

The complex geology, both bedrock and surficial, in northeastern Pennsylvania and
northwestern New Jersey presents a variety of conditions that have resulted in slope instability.
An understanding of these conditions would be useful in predicting the potential for slope failure
in similar environments. Bedrock instability is favored by (1) fractures in bedrock, such as
joints, bedding, and cleavage, (2) the relation of slope aspect to the orientation of these fractures,
and (3) type of geologic material. Omnipresent glacial deposits are prone to failure on steep
slopes either along cut-banks along streams or due to highway excavation. Glacial deposits and
shallow soils developed on ice-scoured and polished bedrock, especially where they have not
been anchored by tree roots, are prone to sliding on steep slopes. Appreciation of these factors
and an adequate geologic database would be helpful in avoiding or mitigating the types of slope-
failure hazards.
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ABSTRACT

Low Altitude Large Scale Reconnaissance
Or Is This A Great Job or What?
Alan Hotchkiss

Colorado Department of Transportation
alan.hotchkiss@dot.state.co.us

The Colorado Department of Transportation (CDOT) has been using Low Altitude Large
Scale Reconnaissance (L.A.L.S.R.) since 1994 for the identification of geologic hazards,
environmental issues, and project documentation. CDOT performs LALSR by using
what is called a U.A.S. or Unmanned Aerial System as defined by the Federal Aviation
Administration (FAA).

What this really means is CDOT uses Remote Controlled (RC) airplanes and helicopters
to perform aerial photography of sites which are either too difficult or costly to fly using
conventional aerial photography or satellite imagery applications.

This presentation will present the aerial systems CDOT employs, the applications it is
used for, and case histories as well as lessons learned since the inception of this program.
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Introduction

L.A.L.S.R. is an acronym for Low Altitude Large Scale Reconnaissance. What it
provides is inexpensive, high resolution digital photographs at low altitudes.

L.A.L.S.R. photography fills a gap in aerial reconnaissance. In remote locations it is less
expensive, more flexible, and gives better resolution than satellite photography and is
lower in cost and easier to access difficult or restricted areas than with manned aircraft. It
is another tool in our bag that we can use to help us gather information.

ol

UAV Airplane UAYV Helicopter
The Colorado Department of Transportation’s (CDOT) “air force” consists of Unmanned
Aerial Vehicles (UAV’s as the FAA refers to them) of 2 Remote Controlled (RC)
airplanes and 2 RC helicopters. Our airplanes are self designed and are used to fly areas
where detail is important and areas are greater than ¥ mile in length and altitudes above
500 feet are required. The airplanes are capable of flying to altitudes of 1500 feet above
ground level and to distances of up to 1 mile from the radio control point.

Our helicopters are used in areas where greater detail and smaller areas of operation are
required. These generally being in the mountain canyons of Colorado where space is
limited and aerial photography is difficult to provide using other aerial photography
systems. They are capable of flying to altitudes of up to 200 feet above ground level and
have a radius of operation of up to 1000 feet. Our unmanned helicopters are used in our
rockfall program to identify rockfall hazards at mitigation sites.

We use a small digital camera mounted in our UAV aircraft and pictures are taken
remotely from the ground via sophisticated radio transceivers. Two cameras are mounted
on the UAV aircraft, one giving a fixed “pilots” view and the second “ball mount”
providing multiple angles of view which the camera operator can adjust in flight to
capture pictures from vertical to almost any oblique angle. The flight crew on the
ground always has visual confirmation of the shots via these video cameras mounted on
the aircraft. The UAV’s can actually be flown using the video downlink and monitors.
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The CDOT UAV'’s are extremely versatile. This lightweight aircraft and supporting
equipment is transported in a van that allows the crew to access almost any site, no matter
how remote. The plane requires approximately 500 feet of “runway” and “take-off” from
bridge decks, frontage roads, and even by hand launching have all been successfully
accomplished. Landings also require little in the way of space. Our helicopter needs
only a 12 foot by 12 foot open pace to take off and land.

Ly

b ?

~ CDOT Operations' Van

This is especially useful in restrictive or narrow areas such as canyons and construction
projects. The UAV is flown only visually and during daylight hours when weather
conditions allow. An operations van is used to capture the video downlink and uses VHS
recorders and TV monitors to fly in “real” time.

The Aerial Reconnaissance Programs’ use of UAV’s for aerial photography is significant
because it provides an inexpensive way to acquire quality, large scale photographs. The
use and cost savings have successfully allowed a wide array of applications to include:
geologic hazards such as landslides and earth flows, rockfall are design, mitigation and
emergency response; and as historical references. Other used include support for
environmental restoration with color and infrared photographs, documenting flood
damage to structures and monthly and/or yearly recording of work progress for ongoing
construction projects. Site characterization activities such as drilling, hazardous waste
sampling can be documented as well. Pre- and post-closure conditions at a site can be
documented, supplementing standard ground photography. Right-of-way properties can
be confirmed and portions of aerial coverage no longer reflecting current conditions can
be updated. CDOT, the Colorado Geologic Survey (CGS) and local agencies have used
the program to identify natural hazards and Military Affairs has used the program to
inventory of all the Colorado Armories.

These systems are not toys so the Federal Aviation Administration (FAA) has developed
guidelines for their use. Both pilot and ground crew must either be certified pilots or
have completed an accredited flight ground school. Then your aircraft must be certified
as “airworthy” by your agency. A Certificate of Authorization (COA) must be filed with
the FAA and approved. This contains information such as location, duration, and date of
scheduled flights in addition to information about the pilot, ground crew, and UAV
system. Cost and time for this is approximately 40 hours of training and $500 per person.
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History

The Colorado Department of Transportation has been using the L.A.L.S.R. system for
the past 13 years to identify geological hazards, environmental concerns, archeological
and paleontological sites and for project documentation.

CDOT’s 1t UAV

The concept of using RC airplanes for low level photography was first conceived by Ken
Wood, Research Engineer, of the CDOT Research Branch. In 1994 a pilot program was
implemented by Brandi Gilmore, Supervising Geologist, and Robert Florez, Senior
Geologist, of the Staff Geotechnical Unit. It was a research project designed to determine
the usefulness of aerial photography for a variety of CDOT environmental and
engineering projects. The photography had to be low cost, large scale, high resolution,
and available on short notice.

This was all accomplished in the first few years using homebuilt airplanes and 35 mm
cameras. These airplanes were flown visually and only took vertical photographs, but
yielded photograph scales between 1:100 to 1:1500 with high resolution and no image
blur.

Since 1994, there have been 14 airplanes that have been built and used by the Aerial
Reconnaissance Program and each new UAYV has had significant upgrades. The latest
version now uses digital photography, a ball camera mount, fiberglass body, two video
downlink cameras, and molded carbon fiber re-enforced styrofoam wings.

The use of our helicopter in the Aerial Reconnaissance Program started in 2002. They
have been upgraded and now are used almost exclusively in areas that are restricted from
airplane use due to flight constrictions. They also use digital photography and use a
swivel mount capable of providing multiple angles for photography.

These upgrades have allowed the current UAV’s to be smaller, lighter, and more durable
while providing better quality photography along with greater flexibility. The use of the
digital camera allows for the transfer of photographs to the requestor that same day.
Using any number of photographic computer programs allows the project engineer to
digitally annotate the photographs and more easily place them into project logs and
presentations.
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Costs

Our annual budget to operate is $25,000 per year with this covering construction flights
as well as maintenance and repair to the UAV’s. The cost is inexpensive, with flights in
the Denver area usually costing less than $300 per flight. This compares to manned
flights in the Denver area costing around $1,000 per hour. Start up costs for this program
is around $2,000 which includes the fabrication of the airplane and the electronic
surveillance equipment.

Airplanes are usually replaced about every one to two years. This is typically due to the
unforeseen risks of flying. Radio interference, structural defects, mechanical failure,
pilot error, turbulence from large commercial or military aircraft in the area or even large
birds can create crashes.

Airplane ashSte
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Case Histories
Project Design and Development

Before major construction projects begin, designers like to know what possible impacts
new construction may have on the public. Aerial photography has allowed the designers
a “bird’s eye” view of what they might encounter during construction and to plan for it.

Project Engineers use aerial photography for a variety of reasons. Usually as project
documentation to see and have a record of progress made on the construction site and to
help in estimating payments to the contractor. This also becomes a valuable tool when
public forums are held. The project engineer has a visual aide to show what construction
is planned and how it may affect the traveling public.

Many of these aerial photographs have been used in publications, during awards
presentations, and as historical reference for future projects.
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DeBeque Canyon

In September and October of 2006, the Aerial Reconnaissance Program was asked to fly
the site of a large rockfall event.

’ 3 -~ a3

Ground views of the rockfall site

The Aerial Reconnaissance Program was able to acquire the necessary photographs
which significantly enhanced the mitigation efforts.
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Monitoring devises were installed and rockfall catchment area was determined.
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SH 67 Cripple Creek

In July of 2004, the Aerial Reconnaissance Program was contacted by the Regional
Engineering and Maintenance sections and asked to investigate possible subsidence of a
road due to mines in the area. The roadway was scheduled to be improved because of
increased traffic volume produced by gambling in the nearby town of Cripple Creek.

e o
= g -

SH 67 near érlpple Creek Colorado

The Aerial Reconnaissance Program arrived and walked the site to determine where the
subsidence was and where possible mine portals and adits might be located. After flying
the site the program was able to determine the location of the subsidence and helped
determine which shafts needed to be mitigated to stabilize the roadway to allow for the
additional improvements to the roadway.

What Lessons Have We Learned
Plan ahead and do a site investigation prior to flying. Not all projects are good candidates
for L.A.L.S.R. Take off and landing zones are crucial as well as safe zones to abort the

flight if necessary. Be aware of traffic and overhead obstructions.

Communicate with local airports to advise them that you are in the area so they can notify
other airmen in the area of a potential hazard to them.

Communicate with your pilot. If they are not comfortable with flying an area, then you
shouldn’t be either. Consider the risks and the down time if you have a crash.

Be able to adapt. Take enough equipment with you so that if a failure occurs, it can be
fixed in the field. One UAV may not be able to do all that you want.
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ABSTRACT

The Missouri Department of Transportation is completing the Route 249 — US 171
interchange on an abandoned underground lead-zinc mining site near Joplin, Missouri. The
interchange required the construction of 5 major bridges connecting massive earth embankments
and involved the construction of 23 bents, 3 culvertsand 3 MSE walls.

The geotechnical characteristics of the project site are the product of the origina
limestone and chert bedrock geology, the tectonic processes leading to brecciation, folding and
paleo karst, and the anthropogenic (manmade) activities associated with mining. These
processes resulted in a site that exhibited critical geotechnical attributes:

Highly variable rock parameters (strength, deformability and hydraulic conductivity)
Very low level of predictability or correlation between subsurface explorations
Locally modified hydrologic regime due to the mining disturbance

Presence of residual mining voids in both the upper “confused” zone and the lower
“sheet” zone

e Potential for ground loss beneath foundation elements

e Presence of heterogeneous mine fillings including compressible clay

e Presence of vertical shafts with random and partial filling

These attributes led the design team to the selection of a foundation design concept that
required bent specific geologic characterization based on subsurface exploration and
geotechnical testing; pre design utilizing stress analyses and other analytical approaches to
predict the interaction of ground quality, voids and imposed loading; systematic confirmatory
exploration during construction; and ground treatment and foundation design modifications as
required by the confirmatory construction site engineering and inspection work. The basic
premise of this approach was that there were no foreseeable ground conditions at the project site
that could not be adequately improved to provide foundation support for the proposed structures.
Discussions during the pre bid phase emphasized ground conditions would be evaluated on a
continuous basis in the field, reducing or eliminating any delays.

This paper describes the historical research, site investigation, design methodologies and
construction of spread footings at 7 of the bents and the 220 micropiles used to provide deep
foundations for 16 of the bents. Pregrouting of the rock mass involved 8698 yds? (6,650 m®) of
LMG and 504 yds® (385 m®* ) HMG and was conducted to confirm design assumptions at all
bents and as a site preparation for those bents to be micropiled. A separate program of mine
shaft location and treatment was also required.
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INTRODUCTION

The Missouri Department of Transportation (MoDQOT) is constructing afive bridge
interchange in Jasper County, Missouri connecting Route 249 and US 171. The projectisa
segment in the future 1-49 Shreveport, La. to Kansas City, Mo corridor. HNTB with project
team sub consultants Geosystems, L.P., Monir Precision Monitoring Inc. and Wyllie & Norrish
Rock Engineers Inc. was retained by MoDOT to provide geotechnical exploration assistance,
design of bridges, retaining walls and box culvert structures for the entire interchange as well as
resident construction engineering and inspection.

Figure 1 shows the bridges, retaining walls and box culverts locations for the interchange
project. The bridges range from two spansto eight spans with lengths ranging from 220 to 1457
ft. (67 to 444.2 m). Approach fill heights at the bridge locations range from 23 to 70 ft. (7 to
21.5m). The three Mechanically Stabilized Earth (M SE) walls range from 21 to 26 ft (6.5 to 8m)
high. The three box culverts will carry the existing Mine Branch Creek through embankments at
the south end of the project. Embankment heights over the boxes range from 43 to 75 ft. (13 to
23m).

HEONESO

H"TB May 13. 2005

Figure 1 — Bridge Layout with Shaded Abandoned Mine and Suspected Mine Shafts
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SITE HISTORY

The Tri-State mining district, so named for itslocation at the junction of Missouri,
Kansas and Oklahoma, was formerly one of the largest lead and zinc producing districtsin the
world. Maor minerals mined were sphalerite (zinc sulfide) and galena (lead sulfide). Mining
began in the project areain the 1850’ s with excavation of the shallow “upper ground” deposits of
insoluble residual mineralsin the upper clay or in incompetent zones of broken, unconsolidated
chert. These deposits were dug by hand in typically small claims of 100 to 645 ft2 (30 to 60 m?).
Mines were dug as deep as practical by hand; typically the limiting depth was the groundwater
table, usually 50 ft. (15 m) or less below the surface. Many shafts were sunk at close intervals
due to the unstable nature of the upper ground and the broken rock that prohibited drifting or
horizontal mining. The gangue material was randomly placed as backfill in the mined areas.
Ore was crudely smelted on site with wood fires.
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Figure by Missouri Department of Natural Resour ces

In the period near 1900, advances in mining along with capitalization brought
mechanization, milling, hoisting, explosives and pumps with the ability to dewater the mines and
lower the groundwater. Shafts were deepened and horizontal drifts began in the lower more
competent rock layers. This began the era of large scale company mining on larger tracts of
ground. The deeper shafts began mining veins or runs of the larger, extensive, lower grade
“sheet-ground” ore bodies. Horizontal mining, or drifts, were highly irregular in size, shape and
elevation, as the excavation followed the irregular shaped ore deposits. Only the economically
feasible ground was mined. Mining references suggest afew of the openings may have been as
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large as 60 to 70 ft. (18 to 21m). More common openings found in the project explorations size
the openings in the sheet ground at 3 to 6 ft. (1 to 2m) or less. The sheet ground deposits were
mined by irregular pattern room and pillar methods.

Mining flourished during the World War | period in the Webb City Carterville Area. The
Cornfield Mine associated with the project was thought to have been worked during the period
1910 —-1920. At the end of World War | mineral prices declined and operations ceased in this
area with much of the equipment moved to the richer, more profitable Pitcher Field of
Oklahoma. Lead and zinc were again in demand during World War Il and, while not
documented at this location, it was typical practice for a small mining operation to reopen some
of the mines and scavenge any readily available ore. Another common practice wasto rob the
pillars supporting the mine. It was also during this period the vast mine tailings piles “chat”
were reworked for additional recovery of minerals.

After the mines stopped operating, they filled with groundwater and are believed to be
filled with water today. Also, since the closure of the mines, the enormous tailings piles have
been transported off site for use as aggregate and mineral fillers. The Environmental Protection
Agency has designated the tailings as a hazard due to the presence of heavy metal particles.
Specia material handling and encapsulation will be required for the proposed highway project.
Present day evidence of mining on the right of way for the proposed project include, chat piles,
mine shafts closed by Missouri Department of Natural Resources, and occasiona surface
depressions.

GEOLOGIC SETTING

The project areais situated within the Ozark Plateau physiographic province, a gently
uplifted plateau of nearly horizontal sedimentary rocks. Asthe areaison the far west flank of
the Ozark Dome, the dip is gently to the west — northwest at about 10 feet per mile. The plateau
has been eroded to form a topography of rolling hills.

Structurally, the areais controlled by northwest — southeast trending Joplin Anticline and
parallel east adjacent Webb City Syncline. References indicate the mineralization of the area
appears to be confined to the synclinal areas.

Bedrock is of the Lower Pennsylvanian and Mississippian Age (Figure 2). The
lowermost rock is the Reeds Springs Formation composed of nearly equal parts of chert and
limestone. The chert is bluish to tan, nodular and irregularly bedded. Chert can make up one
third to two thirds of the formation. The formation averages 100 to 150 ft. (30 to 45 m) thick in
the project area. While not included in the modern nomenclature, the Grand Falls Chert
Member, or Elsey Formation is usually included in the Reeds Springs formation, but this rock
layer is prominent in the study area and is composed wholly or heavily predominant beds of
chert. Above the Reeds Springsis the Burlington — Keokuk Formation, 65 to 100 ft. (20 to 30
m) of coarsely crystalline limestone with layers and nodules of chert common. The Short Creek
Member is found near the top of the Burlington Keokuk Formation. The Short Creek isa
persistent 3 to 10 ft. (1 to 3m) thick layer of oalitic limestone. The undifferentiated
Pennsylvanian Carterville and Cherokee Member Shale found in the study areais the result of
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paleo karst activity. The shale “confused” or “broken” ground and consist of broken, angular
chert lying on the slopes and bottom of the formerly solutioned, collapsed valleys. The chert is
the residual component of the solutioned cherty limestone. It iswithin this porous, confused
ground zone that most of the mineralization of the area has occurred. Areas of confused ground
can extend nearly throughout the rock column of the project area, from the bedrock surface to
over 115 ft. (35m) deep near the top of the Grand Falls Chert Member.

_GENERALIZED GEOLOGIC MAP
OF MISSOURI

MISSOURI DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGY AND LAND SURVEY
P.0. Box 250, Rolla, MO 65401

1990

In addition, many areas of brecciated, intact rock were noted in the borings. These areas
are known as “sheet” breccias and are characterized as chert crushed in place and recemented by
chert. The brittle chert layers were broken in place by horizontal stresses while the more elastic
limestone escaped brecciation. The stresses occurred as aresult of minor faulting, solution
adjustment, warping, and horizontal thrust. During mineralization, the chert was re-cemented.

The “Cornfield Bar” feature has alarge influence on the project, controlling the location
of the broken and confused ground as well as location of the shale bedrock. The confused
ground reaches nearly down to the sheet ground in the area of the Bar, so called becauseitis
barren of mineralization. The width of the bar varies from 50 to 300 ft (15 to 90m), with the
location of the bar being in direct relationship to the location of the Cherokee Shale.
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The synclinal bar is characterized by flanking bedrock dipping into the trough. The
trough filled with a confused mixture of limestone and chert mixed with weathered and broken
shale. All thislies unconformably on the broken sheet ground. The bar is believed to have been
formed by overlying strata slowly sinking into a solution cavity after Mississippian Time.

SITE INVESTIGATIONS
e 371 Boringsweredrilled for the project

Between 1996 and 1998 during the initial mine study phase, MoDOT drilled borings near
selected known or suspected mine features. Subsequently in 2000 and 2001 MoDOT forces
drilled 152 sample and core borings plus additional pattern auger borings during the bridge
preliminary design phase.

During the bridge final design phase in 2004, MoDOT forces drilled 134 sample and core
borings plus additional pattern auger borings. Due to changes in the bridge configurations,
additional borings were required at new substructure locations, box culverts and retaining walls.
MoDOT Drill Crewsdrilled 8 additional borings for the bridges, 30 borings for the addition of 3
box culverts, and 24 borings for the addition of 3 retaining walls to the project in 2005. MoDOT
forces utilized truck mounted Failing 1500, Mobil B - 31, CME — 45, and track mounted CME —
850 drill rigs to accomplish the drilling.

The HNTB exploration program consisted of 23 borings drilled during the period
November 9, 2004 and January 17, 2005. . The borings were drilled under a subcontract with
Boart Longyear of Wytheville, Virginia. Depths of borings ranged from 92.5 to 217.2 ft. (28.22
to 66.20m).
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Coring of the bedrock was accomplished with triple tube core barrels (double swivel tube
with aset of split inner tubes). Three diameters of cores (PQ-3, HQ-3, NQ-3) were taken, with
larger diameters starting at the surface, switching to smaller diametersif drilling difficulties were
encountered. Many different types of impregnated bits with varying diamonds and matrices
were used. Much of the coring was accomplished with little or no water return to the surface.

The drilling was observed and rock core logged in the field with items such as percent
recovery, RQD, lithology, physical characteristics, drilling action, and drilling fluid loss noted
and recorded. Additional structural geologic logs were also recorded and field point load testing
accomplished at the core storage facility. The geologic structural 1ogs further described items
such as coreloss, areas of RQD calculation, breaks per foot, rock type, color, weathering, grain
sizein general accordance with ISRM(1981). Description of and graphic log of discontinuities
such as bedding planes, fractures and filling were also recorded. Point load test, both axial and
diametral were performed generally at 10 ft. (3m) intervals throughout al testable core. All core
was photographed.

Borehole videos, acoustic televiewer (ATV), and borehole caliper diameters, were also
taken at selected locations. The work was performed under subcontract to Boart Longyear by
Geologica Logging Systems of Bluefield, Virginia. The borehole video produced movies of
drill hole sidewallsin digital format available on DVD. The Acoustic Televiewer provided an
orientated, full 360 degree view of the borehole sidewall, detecting not only the presence of
fractures, but also the dip angles and direction of the fractures and bedding planes. The ATV
produced a hard copy log of the borehole. The caliper tool measured the diameter of the
borehole and produced a graphical record.

GEOTECHNICAL CHARACTERIZATION
Overview
The following general material types were present at the project site:

Overburden:
Chat: Loose gravel and sand, crushed limestone and chert fragments
Tailings: Loose silt and sand, localized deposits
Soil: Primarily medium stiff to stiff clay developed from bedrock weathering

Bedrock (with typical ISRM strength classification and typical fracture spacing)
Limestone: Strong to very strong, close to moderate spacing
Chert: Very strong to extremely strong, close to moderate spacing
Breccia: Medium strong to very strong, very close to close spacing
Shale: Extremely weak to very weak, very close to extremely close spacing
Sandstone: Weak to strong, very close to close spacing

The above tabulation underscores the inherent variability of the bedrock units.
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Mining voids were known to be present in both the upper “confused” zone and the deeper
“sheet” zone. Based on published information the upper zone voids were reported to be irregular
and variable in shape and extent. Typical sizes were 50 to 165 ft. (15 to 50m) in horizontal
dimension and 6 to 26 ft. (2 to 8m) in vertical dimension. The lower voids exhibit lateral
continuity with horizontal dimensions greater than 325 ft. (100m) but with vertical dimension
limited to less than about 10 ft. (3m).

Interpretation of Void Size

Core drilling intersected multiple voids in both the upper “confused” mining zone and the
lower “sheet” mining zone. These void intersections included core loss zones, broken rock and
very soft clay infilling. Previous studies showed that remote sensing methods (geophysics) were
inadequate to positively determine the size and location of voids. Consequently atrio of indirect
approaches was employed:

Literature: 50 to 100 ft. (15 to 30 m) (physical dimensions)
Sinkholes: 65 to 115 ft. (35 m) (surface expression)
Boreholes: 20 to 235 ft. (6 to 72 m) (inferred correlations)

Therefore, based on the above indirect evidence, it was concluded that a horizontal void
continuity of 20 to 60 m should be used for foundation design purposes.

The drilling programs and borehole logging provided direct information on the vertical
continuity of voids and mine features An analysis of this data indicated the upper mining voids
had vertical continuity typically lessthan 16 ft (5m) although two features were intersected with
apparent vertical continuities greater than 65 ft. (20m). For the lower mining horizon (sheet
ground) the drilling indicated vertical void continuity in the range of 1.5 to 10 ft (0.5 to 3m).
Two features were intersected with vertical continuities of about 20 ft (6m). For design purposes
the respective vertical continuities for voids were:

e Upper “confused” zone: 15 ft (5m)
e Lower “sheet” zone: 10 ft (3m)

M echanisms

It was recognized that both short and long term processes could affect the performance of
bridge foundation units:

Short Term:
. Bearing failure due to imposed |oading

Long Term:
) Ground loss into shafts or mine voids
o] erosion of shaft plugs
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o] dissolution of limestone
o] roof cave
. Increased |oading related to regional groundwater lowering

The long term processes were discounted based on either direct mitigation (e.g.
permanent shaft closures), institutional controls (e.g. regional groundwater effects) or perceived
low risk (dissolution and roof cave). Foundation design was therefore based on short term
bearing failure for which two mechanisms were considered for analysis:

e A “punching” failure of a spread footing or micro pile group situated on arigid
stratum (e.g. limestone) overlying a compressible unit (void or mine infilling).

e A flexura “beam” bending of arigid stratum ( e.g. limestone) overlying a
compressible unit (void or mineinfilling).

The objective of the analyses was to determine the thickness and quality of rock mass
required to support the foundation loads assuming the structures were located over voids with
the horizontal continuity as developed above. The punching failure was analyzed using an
equilibrium formula while the “beam” behavior was modeled using both an analytical solution
and finite element stress analysis.

SELECTION OF FOUNDATION CONCEPTSAND TREATMENT
General

The highly variable nature of the geology required a systematic approach be implemented
to reduce the risk associated with variability between assumed and actual ground conditions at
any specific location. To reduce this risk, the project team developed a foundation design
concept that incorporated the following basic principles:

1. The exact nature of the rock mass under each foundation would be identified and verified
during production drilling.

2. At each foundation location productions holes would be drilled to verify the ground
conditions and also to treat the ground to limit subsequent micropile grout takes and/or to
improve the mechanical properties of the rock mass.

3. The actua foundation built at each location would be responsive to the information
obtained from the production drilling.

4. No bent (or wall) would be built over the location of a mineshaft that had not been
remediated in some definite fashion in advance.

Bridge Foundation Types

Multiple foundation types were evaluated including drilled shafts, H piles, spread
footings, and micropiles. Drilled shaft foundations were not recommended due to the variability
of rock conditions, presence of underground mining and anticipated difficulty and costs of
advancing to significant depths within the chert layers. H piles were not recommended for
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support of heavy loads due to the variability of rock conditions, presence of underground mining,
and the possible necessity of significant high cost predrilling. Thus either spread footings or
micropiles were the preferred foundations for the support of each bent.

In evaluating the 23 bent foundation locations, two geotechnical/geostructural categories
of foundation conditions were defined to simplify foundation design:

e Ground Type 1 consisted of competent, non mined limestone extending to at
least 130 ft (40m) below ground surface.

e Ground Type 2 consisted of all other conditions, included voided, collapsed,
solutioned or highly fractured ground.

Spread footings on rock were recommended at bent |ocations where competent limestone
was shallow and geologic conditions were interpreted to be in an area of Ground Type 1.

Micropiles were recommended at bent locations where geologic conditions were
interpreted to be of Ground Type 2.

Footings at each bent location would therefore either be cast on a spread footing keyed 6 inches
minimum into competent limestone or be supported on micropiles. Micropile design would bein
general accordance with FHWA “Micropile Design and Construction Guidelines’, Publication
No. FHWA-SA-97-070.

The micropile permanent steel casing was designed to extend approximately 10 ft (3m)
into rock based on the lowest interpreted elevation or to a minimum elevation as required for
lateral stability with the bond zone designed below the bottom of casing. Bond zones below the
cased length of 16 to 26 ft (5 to 8m) were foreseen in competent, strong limestone, and of 33 to
51 ft. (10 to 15.5m) in more chaotic horizons. Micropiles were designed to support axial
compression loads in side friction along the bond zone length and lateral loads through a
combination of battered piles and bending.

Four preconstruction “performance piles’ were installed and tested to geotechnical bond
failure or to at least twice the anticipated average bond stress to verify overall design
assumptions prior to production piles being installed. A minimum of one production pile from
each bent was selected for a proof testing to at least 120% of the design working load.

Production Exploration and Treatment Principles

As noted above, the exact nature of the rock mass under each foundation was verified
during production drilling. These exploratory holes were also used to treat the ground to limit
subsequent micropile grout takes and/or to improve the mechanical properties of the rock mass.

The general approach to exploring each bent location was uniform and consistent, but the
foreseen amount and type of drilling and grouting at each bent was to variable based on the
preproduction understanding of local foundation conditions (i.e. Ground Type 1 or Ground Type
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2 as a base) and the footing geometry. This approach featured the concept of “intensity” of the
treatment conducted at each bent prior to construction of the spread footings or micropiles,
namely low, medium and high. Each exploratory hole was drilled vertically to the target depth.
Core drilling was not specified but each hole had to be logged during drilling in accordance with
automated Monitoring While Drilling (MWD) principles. Minimum hole diameter was set at 4
in. (100) mm in rock. The grout type was varied with the severity of the conditions.

Low Mohility Grout (LMG) was used in voided conditions (apertures greater than 4 in.
(100 mm). High Mobility Grout (HMG) with or without sand was used in tighter ground
conditions.

Based on the ground water chemistry, Type Il cement was recommended for use in both
the HMG and LMG grouts. LMG was specified to have a low slump (less than 5 in.), high
internal friction and 28 day strength in excess of 600 psi (4 MPa). The HMG was specified to
have a Marsh Cone Viscosity of 40-50 seconds, be stable and have 28 day strength in excess of
600 psi (4 MPa). In the event of excessive take in any one location, it was foreseen that sand
would be added to the HM G or the viscosity would be modified.

Depending on the actual conditions found in the field at each bent the level of treatment
could escalate i.e. additional holes might be required to explore and treat the bent. Conversely, it
was not anticipated that there would be cause to reduce the intensity of treatment at any bent
under this program.

It was anticipated that ascending stage grouting principles could be used for both the
LMG and HMG operations. However, particularly severe ground conditions could require
downstage grouting. For bidding purposes it was estimated that up to 25% of the drilling would
require downstage grouting due to variable rock quality.

The plans and specifications included the foreseen ground treatment program and
quantities for each bent location. Modifications to the treatment program and foundation
construction were made primarily in the field based on actual field conditions encountered and
on the judgment of the monitoring and design personnel.

MSE RETAINING WALL FOUNDATION EXPLORATION and TREATMENT

At three locations, Mechanically Stabilized Earth (MSE) walls were selected to reduce
the overall bridge lengths and associated costs. MSE walls were selected as they are considered
the most economica and can accommodate a variety of subsurface conditions. It was
recommended that maximum wall heights be kept to about 30 ft. (9m).

The major foundation concern for these structures was the potential for loss of ground
into, and loss of support from, underlying voids or mine shafts. As for the bents, all known or
suspected shafts were to be pretreated.

It was recommended that the top of leveling pad and the bottom of wall be exposed and
inspected first to verify the actual foundation material conditions. As Type 2 ground conditions
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were assumed, a line of primary treatment holes at 6 meter centers was drilled to a depth of 30
meters and treated with LMG if Type 2 conditions were found or inferred.

It was noted that depending on the local conditions, additional “closure”, or secondary
treatment holes may be needed. With respect to grouting, this phase of exploration and treatment
was intended to locate and fill shafts or other major voids. Systematic fissure grouting was not
deemed necessary, and so only LMG was specified.

Additionally, one treatment hole approximately every 118 ft2 (36 m*) was planned to be
drilled to a maximum depth of 65 ft (20m) below ground surface in a regular pattern under the
footprint of the reinforced mass for the MSE wall if Type 2 conditions were found or inferred.
These treatment holes would be treated with LMG. It was recommended that should significant
features be encountered, additional “closure”, or secondary treatment holes may be needed.

BOX CULVERT FOUNDATION EXPLORATION and TREATMENT

Three box culverts were planned at the southern portion of the project. The box culverts
will carry the Mine Branch Creek below the approach roadway embankments of Rte. 249 NBL,
Rte. 249 SBL, Ramp 3 and Ramp 4.

The major foundation concern for these structures is the potential for loss of ground into,
and loss of support from, underlying voids or mine shafts. As for the bents and walls, all known
or suspected shafts were pretreated.

Even though Type 1 ground conditions were foreseen, it was recommended that one
primary treatment hole approximately every 65 ft2 (36 m? ) be drilled to a maximum depth of 65
ft. (20m) in a regular pattern under the footprint of the box foundation slab. These holes were
treated with LMG. It was noted that depending on the local conditions, additional “closure”, or
secondary treatment holes may be needed. With respect to grouting, this phase of exploration and
treatment was intended to locate and fill shafts or other major voids. Systematic fissure grouting
was not deemed necessary, and so only LMG was foreseen.

MINE SHAFT/OPEN FEATURE CLOSURE PHILOSOPHY

The general philosophy was that each known or suspected mine shaft or open feature
location on the site should be explored and treated in addition to the specific actions to be
conducted at individual bent, MSE wall, and box culvert locations. The locations of the major
structural elements of the project including the bridge foundations, MSE walls, and box culverts
had already been adjusted during preliminary design iterations to avoid known mine shafts or
open features. It was noted that several suspected features were located on MNA Railroad

property.

Two categories of mine shafts/open features were defined based on their proximity to the
proposed structures and grading limits. Each had a different treatment method and intensity:
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“Type 1 Shaft” - Mine shafts/open features located within approximately 50 ft (15m) of a
major structural element of the project or within approximately 15 ft (5m) of the footprint of an
embankment or cut footprint.

“Type 2 Shaft” - Mine shafts/open features located beyond approximately 50 ft (15m) of
amajor structural element of the project and beyond approximately 15 ft (5m) of an embankment
or cut footprint.

Based on review of mining maps, literature, site drilling and reconnaissance, some 26
potential mine shaft/open feature locations were identified within the proposed interchange. A
number of locations were investigated further by performing test pit excavations. As a resullt,
seven potential feature locations showed no indication of a shaft; therefore, no further
investigation or treatment was recommended at these locations. One mine feature location, J-7,
was located beneath the MNA Railroad tracks and no investigation or treatment by MoDOT was
recommended. Of the remaining 18 feature locations, six locations were confirmed as mine
shafts either open or previously plugged by the Missouri Department of Natural Resources
(MDNR). These six shafts were recommended to be closed either as Type 1 or 2 closures.

Twelve unconfirmed shaft locations were identified for investigation and possible
closure. Exploratory inspection excavations were recommended at these locations to determine
if mine features are present. If so, closure would be required either by Type 1 or 2 procedures.
The actual number of Type 1 and 2 closures would therefore be determined during the
exploration phase.

It was noted that the excavations for the exploration and closure of mine features might
encounter groundwater and that excavations on or near the railroad right-of-way may necessitate
the use of temporary shoring to control the excavation and maintain the railroad tracks.

For Type 1 shafts, the recommended treatment involved full penetration by drilling with
an initial treatment hole to confirm the shaft base elevation, filling it with LMG and verification
of thoroughness of treatment by a minimum of 2 additional treatment holes. These additional
treatment holes would be within the mine shaft limits.

Therefore, each Type 1 shaft would require a minimum of three treatment holes drilled to
the bottom of the feature. It was noted that the drilling might encounter obstructions and/or other
complexitiesin the backfill such as timber, metal, concrete, reinforcing steel, etc.

Regarding the LMG volume, it was anticipated that not all the shaft space was void, but
that there would be workings leading off the shaft which may still be open, filled, or collapsed.

In addition, wherever Type 1 shafts were encountered, it was recommended that at |east
three vertical treatment holes shall be drilled at 10 ft (3 m) centersto a depth of 100 ft (30m) in a
line running transverse to the direction of the shaft and any structure that was within the critical
distance. These treatment holes were intended to verify that no open shallow lateral workings
still existed between the shafts and the interchange structures.
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It was recommended that these activities should be conducted under the utmost safety
standards. Drilling equipment should operate from either frames/platforms or be vertically
suspended from remotely located leads. Prior excavation to top of rock would provide visual
evidence of the in situ geometry of the feature, indication of the required of safety measures,
anticipated quantities of LM G, and the precise location of the treatment holes.

Type 2 shaft closure involved partial excavation to top of rock, temporarily plugging the
throat with polyurethane foam, and then casting a reinforced concrete plug over the top.

CONSTRUCTION
PHYLOSOPHY

One of the conclusions of the geologic/geotech investigation was the chaotic and
“confused” nature of the subsurface at the site. During the course of several years, many borings
were taken in an attempt to characterize the site. The characteristics of the subsurface were
known to change drastically between boreholes located less than a meter apart. Drilling
additional holes during the design phase, might not provide further useful design information.
Therefore, during design, the subsurface was classified into zones of ground type. The
subsurface characterization, as well as the design of ground improvements would be continued
during the construction phase by drilling and treating the encountered mine voids and highly
disturbed ground. The subsurface would be logged at each drill hole and treatment
recommendations made in real time.

The production drilling equipment would include the use of monitor while drilling
(MWD) as well as the real time observation of drilling and logging of the hole by a geologist or
geotechnical engineer employed by the engineer. Grouting, both low mobility and high mobility
would also be electronically recorded and monitored by the field personnel.

The selection of ground treatment type was based on actual subsurface conditions
encountered at hundreds of production holes rather than a few exploration holes taken during
design. Low mobility grout (LMG) was used in voided conditions, all areas of mass ground
treatment, and for closure of mine shafts. High mobility grout (HMG) was used in the fractured
rock and foundation treatment to limit the use of grout during micropile installation. The use of
real time observation was used successfully to modify the ground trestment and micropile
installation in a seamless effort.

CONTRACTING
The project originally consisted of two contracts to construct the interchange. The first
was to include ground investigation, treatment, and installation of micropile and spread footing

foundations prior to construction of the five bridges.

The second contract would construct the embankments, bridge structures above the
footings, retaining walls, and box structures. The second contract was expected to commence
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within a few months of the first, with the work then proceeding simultaneously with the
cooperation of both contractors.

Unfortunately, MoDOT received only one bid for the original foundation contract. The
lone bid exceeded the engineers estimate and was recommended for rejection. Subsequently,
contract and plan adjustments were made to attract additional bidders. In order to maintain
schedule and spread risk to a general contractor, the contract now would be bid a second time as
a combined bid.

A couple of months later, the contract was let as a combination project - foundation
activity along with the embankment and structures. The job specia provisions maintained the
requirement the ground treatment contractors be pre-approved. This pre-approval process
provided prospective prime-contractor bidders with a list of three ground treatment contractors.
APAC Missouri was the successful prime contractor, constructing the structures and providing
excavation at the mine shafts and footings. Layne Geo-Construction served as a subcontractor to
APAC performing the ground treatment and micropile activity.

HNTB was responsible for the construction engineering and inspection of the project
with respect to the ground treatment project and micropile installation only. HNTB also
provided documentation to MoDOT for daily pay quantities and inspector diary information.
The contract specified all contractor correspondence to be provided as RFI's. The RFI's were
submitted through the prime contractor and then to MoDOT. MoDOT entered the information
into a website database that HNTB accessed and responded to any formal request.

PREQUALIFICATION

Early in the project, the design team noted that a highly experienced specialty foundation

contractor was required for the project, mainly due to:

e thesite being extremely complex with highly variable geology;

e the methods being proposed to investigate and treat the foundation rock at each major
structural location, although well-defined in principle, required interactive
implementation during construction;

e theground required a high level of construction expertise, flexibility and responsiveness.
The contractor would need to able to react to variations in drilling and grouting quantities
from those foreseen, and for large variability between adjacent locations;

e the extensive scale of the site and time constraints on the project.

The mechanism for selecting the most suitable and qualified specialty foundation contractor
merited special attention. It was understood that restrictions imposed by State Law made it not
feasible to use “Best Value’ selection means. Therefore, apre-bid prequalification process was
selected.

The pre-qualification process required potential bidders to review provisional contract
documents (approximately 80%) and submit a Statement of Qualification. The Statement of
Qualifications was used by the Commission to determine prospective bidders that were capable
of performing the specialized work that was necessary for this project.
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The Commission would not accept bids from any prospective bidder that had not been
pre-qualified through this process. Attendance by prospective bidders at the pre-bid conference
held on site was mandatory for a contractor to be pre-qualified

QA - INSPECTION

The QA/QC requirements from the specifications are summarized in Table 1.

ITEM/ACTIVITY

QA/QC

PURPOSE

Drilling

e Verticality, location and depth.

Holesin intended plan
location.

e MWD (i.e, rea time monitoring

and recording of major drilling
information, e.g., penetration
rate, strata changes, drill actions,
flush characteristics, hole
stability.

Given the variability of the
site, each hole will act asan
investigation to reduce
geological uncertainty and
demonstrate improvement
of the ground at each
location during treatment.
Thiswill also confirm the
suitable bearing horizon for
the micropiles.

Grout Materials

LMG — slump, cube strength

HMG — bleed, s.g., Marsh Cone,
cube strength.

Ensure accurate and
consistent batching and
proportioning.

Grouting Process

For al grout injections the
following parameters will be
recorded: pressure, rate of
injection, volume (per stage per
unit length). Also recorded will
be observations on interhole
connections, breakouts, pressure
irregularities, delays.

Datawill permit the team to
analyze incremental
performance of each phase
of grouting (i.e., via use of
Reduction Ratios, etc.)
leading to logical decisions
asto intensity of treatment
(e.g., more or fewer holes,
mix type selection).

Micropile Capacity

Minimum three “ Performance
Tests’” prior to construction in
the different ground types.

e Minimum one “Proof Test” per

bent on productions piles.

Performance tests will
confirm basic design
assumptions.

Proof tests will demonstrate
consistency of installation
quality of each main
structural location.




58" HGS: Szturo, Norrish, Chuaqui 20

Analysis of these data in real-time was particularly important on this project to assure that
aresponsive treatment was provided at each structure location, notwithstanding the provisions of
the Specifications.

The successful implementation of this concept required: The full engineering cooperation
between the owner’ s representative (HNTB) and the specialty foundation contractor (Layne);
and the on-site presence, guidance and participation of the owner’s representative (HNTB).

HNTB provided ateam for the construction engineering and inspection which consisted
of aresident engineer and an inspector (geologist or engineer) for each drilling or grouting
operation. The scale of the operations required a staff of aresident and four to five inspectors.
Layne normally ran two or threerigs drilling and two rigs grouting.

Prior to the drilling of any hole, the field inspector responsible for logging the hole
reviewed the Geotechnical Baseline Report (GBR) information to determine the expected
elevations of rock-head and features within the hole. Part of the initial site set-up involved
ensuring that all the relevant information was available onsite in an easy to search format to
allow the inspectors to easily find this information.

The holes were logged during drilling by an HNTB inspector independently of Layne.
Once the hole was drilled, logs completed by HNTB and Layne were reviewed and compared to
the design intent of the plans and specifications as well asthe GBR and Geotechnical Design
Report. The automatic parameter recorder data submitted by Layne was checked to ensure that
the automatic parameter recorder data and the manual |og were consistent.

The holes were drilled with a down-hole-hammer, thus, the ground types logged were limited
to match the sensitivity of the drilling system. The comments section contained additional
information. The person logging the hole was trying to determine if the drill was penetrating
material from one of the following categories.

e overburden;
shale;
chaotic, poor quality limestone, chert breccia;
hard competent limestone;
void/filled feature.

The log contained space for instantaneous penetration rates, flush comments and general
comments.

CONSTRUCTION PROCEDURES

Construction began with the installation of the four design verification piles. The pile
locations were placed in the three previously identified types of ground plus treated ground. The
verification piles were placed in good limestone, broken and confused ground, treated broken
and confused ground and shale.
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GROUND TREATMENT

Mass ground treatment was undertaken in the areas where formerly mined (both shallow
and deep) ground were thought to exist. The purpose of the mass treatment was to reduce the
risk of ground loss under bridge approach embankments and in previously identified poor ground
in the vicinity of bridge foundations.

The treatment consisted of a pattern of holes generally 13 by 13 ft.(4 by 4m) to a
designated depth. The holes were drilled with down the hole hammers. Holes were logged in
real time by Jean Lutz monitor while drilling (MWD) electronic apparatus. The MWD system
provided advance rate, thrust pressure and rod torque. The holes were also logged real timein
the field by the inspectors.
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The contractor’ s MWD data and the inspectors field logs were then compared and a
grouting treatment specified. The mass ground treatment holes were all grouted with LMG. The
intent of the mass ground treatment was to explore and fill mine voids.

The LMG consisted of a contractor designed mixture of sand, cement, fly ash, additives
and water. LMG grout strength was specified as 28 day strength of 600 psi (4 MPa) with a
slump of 5in. (127mm) or less. Several modificationsin mix design were necessary at the
beginning of the project to achieve the project strength and slump criteriaas well as the
pumpability and set time required. Type C instead of type F fly ash was allowed due to material
availability.
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The LMG was furnished by alocal concrete batch plant and brought to the site in transit
trucks normally carrying between 6 to 8 yd® (4.5 to 6.1 me). The grout was pumped with standard
concreted pumpsin liftsof 3.3 ft (1m) to arefusal criteria of 600 psi (4 MPa) at thedrill rig.

Tylcal ou Treatment Process— One rig r|II|ng, one groting

The main purpose of the ground treatment program was to explore for mine voids and
reduce the risk of collapse. The holes normally ranged in depth from 65 to 100 ft. (20 to 30m).
LMG takes for holes without voids were normally lessthan a1 to 2 cubic yards. When mine
voids were encountered, grout takes ranged from 6 to 307 cubic yards (5 to 235 cubic meters).
In holes with very large takes, the holes were allowed to rest for approximately two hoursif 50
cubic yards were placed without achieving refusal criteriain alift. The resting time and grout
rate were varied and made at the discretion of the rig inspector. Inamost all cases, the rest
period resulted in achieving the refusal criteria with addition of smaller amounts of LMG.

MINE SHAFT REMEDIATION

Several vertical mine shafts were aso on the project right of way. None of these shafts
were open to the surface prior to construction. A few of the shafts were evident from observed
surface expressions and were excavated in the exploration phase and included in the contract
documents. Other shaft locations were taken from mine maps obtained from historic sources.
The contract documents included multiple suspected shaft locations that were to be explored by
backhoe during the construction phase. The shaft exploration cost was based on measured
volumes of material excavated. Some of the listed shafts were located, some were not, and other
shafts not anticipated by surface expression or mine maps were found during the site grading.

Due to the possibility of encountering open shafts and ground collapse, a crane was
specified to be placed in the vicinity of each work areafor worker safety.



58" HGS: Szturo, Norrish, Chuagui

routing Mine Shft

23



58" HGS: Szturo, Norrish, Chuaqui 24

TYPE 1 MINE SHAFT CLOSURE

Once a shaft was located, the area was excavated generally to top of rock with backslopes
for asafe temporary work area. The contractor then placed timber crane mats over the shafts and
drill rigs placed to access the vertical shaft. Mine shaft drilling was a separate contract item due
to the inherent possibility of encountering avariety of possible materials which over history may
have been placed in the shafts. The shaft were typically used as alocal solid waste disposal site
and could befilled with nearly any type and size of material. The shafts were generally 5ft
(1.5m) square.

Once the drill rig was over the shaft, the down the hole hammer was taken to elevations
thought to be the previous mine floor or to penetration of several feet into material which
appeared solid. Some of the shafts were necked off with several feet of miscellaneousfill and
then water filled, while other shafts were filled with miscellaneous mostly soft fill to the bottom.

After drilling, the rods were withdrawn and grout casing placed into the hole. Low
mobility grout was placed in 5 ft stages to the project refusal criteria. Again, the amount of grout
placed and any periods of rest time were placed at the discretion of the inspector.

In addition to the first hole, two additional confirmation holes were placed one to two
meters from the original location. The purpose of these secondary holes was to confirm the
original grout placement and explore for stopes and adits which may have occurred off the
vertical shaft.

In addition to the shaft grouting, a series of three additiona confirmation holes were
located approximately 33 ft (10m) from the shaft in the direction of any nearby adjacent
structure. Again these additional holes were designed to explore for any possible stopes or adits
emanating off the main shaft.

A total of 12 shafts were found and remeditated using this method. The amount of LMG
need to close a shaft ranged from 4 to 409 cubic yards (3 to 313 cubic meters).

TYPE 2 MINE CLOSURE

Another type of shaft closure was designed to be employed at shaft locations on the right
of way but not near any bridge structure. The purpose of these shaft closures was long term site
safety.

These closures were known as Type 2 closures and consisted of excavating the area of
the shaft to top of rock and placing a plug of expanded polyurethane foam in the throat of the
shaft and then placing an inverted cone of cast in place reinforced concrete to seal the opening.

FOUNDATION TREATMENT

The area surrounding each foundation unit was excavated to bottom of footing elevation
and inspected for signs of any mining activity. Then a series of holes was laid out surrounding
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and covering the footing area. These holes were aso drilled with a down the hole hammer to
depths ranging from 43 to 180 ft (13 to 55m). Again, the holes were both logged by MWD and
the rig inspectors.

Based on type of ground anticipated, three levels of foundation treatment intensity were
specified in the plans, low, medium, and high. The low intensity averaged three primary and two
secondary holes for atwo footing bent. The medium intensity averaged three primary, two
secondary, and four tertiary holes for atwo footing bent. The high intensity treatment averaged
three primary, two secondary, four tertiary, and four quaternary holes per two footing bent.
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After reviewing the drilling logs, atreatment scheme was chosen based on the character
of the rock and the number and size of any voids logged in the drill hole. The purpose of the
foundation treatment was two fold, the first to look for mining voids and unstable ground, the
second to reduce the amount of grout needed for installation of the micropiles. In genera, voids
larger than 6 inches (152mm) were desired to be treated with low mobility grout while broken
and fractured rock was to be treated with high mobility grout.

The high mobility grout consisted of fluid grout designed by the contractor and composed
of cement, fly ash, bentonite and additives. There were three different grout mixes based on
viscosity, A, B, and C. The grout was mixed at a central automated grout plant (Tecniwell TM
30). The grout mixes ranged from a marsh cone of 40 to infinite. HMG was required to achieve
a 28 day strength of 600 psi (4 MPa). The high mobility grout was installed using a packer in 10
ft. (3m) meter stages to project refusal criteria of flow verses time.

Prior to proceeding with micropile installation, the information from the entire group of
foundation treatment holes was plotted, analyzed and compared to the depths, thicknesses and
types rock materials assumed in the design of the micropiles. At this point the casing and
micropile bond lengths were adjusted to match the actual conditions gathered during the
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foundation treatment. The casing and micropiles were generally adjusted asagroup at asingle
bent footing rather than on a pile by pile basis.

Using HM G to Control Groundwater

MICROPILES

The micropiles consisted of a cased and bonded length. In the case of piles designed with
lateral loading, the cased length consisted of a single piece of steel casing, 7.625 in (193.7mm)
OD, N80 Mill Secondary steel pipe. The casing tensile strength was 80 ksi with a minimum wall
thickness of 0.5in (13mm). In the case of piles without lateral design load, threaded joints were
alowed. The pile steel reinforcement consisted of an epoxy coated 2.5 in (65mm) OD, grade
150 K Sl thread bar.

Installation of the micropiles generally enlisted two methods; (1) drill, install casing,
drill, install reinforcing bar method and (2) drill and advance casing to bottom of hole, install
reinforcing, grout and withdraw casing to plan depth.

In the first method, a 9.625 in (245mm) bit and down the hole hammer was used to drill
to the planned bottom of casing. The hole was logged to obtain the desired penetration into rock
specified by the design. The rig inspectors logged the drill hole and adjusted the depths
accordingly. The casing was then capped and grout pumped down the casing and up the annulus
until undiluted grout returned to surface.

After the casing was grouted and allowed to set for one day, the bond area was drilled
through the grouted casing and into the bedrock. The bond zone was drilled with a6.25 in
(160mm) bit and down the hole hammer. Again, the rig inspector logged the hole for agreement
with the bent specific characteristics intended in the micropile design. The micropile was either
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installed per plan or lengthened accordingly. The micropiles were never shortened due to better
than expected conditions.

After drilling the bond zone, the threaded bar reinforcing wasinstalled. The bar was
made up of stock 10 and 20 ft (3 and 6 m) lengths and cut to final grade. The bars were joined
with mechanical threaded couplers. PV C centralizers were placed on the bar at approximately
10 ft (3m).

A grout tremie tube was attached to the bar before it was placed in the hole drilled for the
bond zone. Grout was then pumped until undiluted grout returned to surface. Nearly all
micropilesinstalled were below the local groundwater table.

One micropile was selected for proof testing at each bent. Normally, the selection was
based on a possible anomaly observed during the installation of the pile. Some of the factors
may be high grout takes, low grout takes, hole instability, or difficulty inserting the bar.

CONCLUSIONS

The system of gathering and inspecting information from the drilling and grouting in real
time reduced the risk associated with design of ground improvements and micropile installation
in avery complex geologic and mined environment. The system helped control quantities on the
project and allowed for adjustments to all aspects of the grouting and micropile construction
without interrupting the work process.
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Item Plan Actua Over Under | Percent of Plan
Quantity Quantity

Type 2 Mine Closure 3ea lea -2€ea 33%

Mine Shaft Drilling 2503 ft 2408 ft -95 ft 96%
763 m 734 m -29m

Micropile Proof Load Test | 16 ea 16 ea Oea 100%

Micropile Verification Test | 4 ea 4 ea Oea 100%

Overburden Drilling 5630 ft 7286 ft +1656 ft 129%
1716 m 2221 m +505 m

Rock Drilling 53855 ft 48442 ft -5413 ft 90%
16415 m 14765 m -1650 m

Micropile Bond Length 6614 ft 6844 ft +230 ft 103%
2016 m 2086 m +70 m

Micropile Cased Length 4072 ft 4295 ft +223 ft 105%
1241 m 1309 m +68 m

Redrill 13474 ft 2812 ft -10662 ft 21%
4107 m 857 m -3250 m

High Mobility Grout 752 yds? 504 yd? 248y - | 67%
575 m3 385 m? 190 m3

Low Mohility Grout 4756 yds® | 8698 yd 3 +3943yd® | 183%
3636 m3 6650 m?3 +3015 md

The planned contract quantities were originally estimated taking into consideration the
conditions of the site as awhole, not each footing. In the end, the quantities varied greatly from
hole to hole and bent to bent as the subsurface conditions were truly chaotic and confused.
However, when the highly variable quantities were applied to unit costs, the total cost was within
four percent of the original estimate.
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ABSTRACT

This paper illustrates the use of anew hybrid rockfall mitigation system for drapery. This new
product was used by the Pennsylvania Department of Transportation on SR 79 near Pittsburgh,
Pennsylvania as a rockfall mitigation system. The system consists of PV C coated double twisted
mesh with steel cable integrated within the mesh during the manufacturing process. The
incorporation of steel cable within the wire mesh provides multiple advantages in the installation
and in the product characteristics. For a better integration with the rock, the wire mesh was
coated with ablack polymeric barrier. The design for the project was carried on using the
mechanical characteristics of this new drapery system. In the project, the maximum height of the
rock slope protection was 120 feet high with atotal surface area of 40,000 square yards.

Intensive laboratory tests were done to demonstrate the performance of this new system: mesh
tensile strength, junction strength between cable mesh, cable sleeve connection, and punch test.
The improvement of this new system over the specified product was not only related to the
strength of the product, but also on the cost savings during installation.
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INTRODUCTION

With the improvement of an existing portion of the State Route 79 (SR 79) located in Collier and
Robinson Townships, Allegheny County, Pennsylvania, arockfall drape netting intervention was
required in three distinct rock slope areas of the project: located along SR 79 between Exit 59
(i.e., State Route 279) and Exit 57 (i.e., Carnegie, Pennsylvania). See Figure 3.

The Project is about 10 miles Southwest of Pittsburgh, Pennsylvania (see Figure 2), and resides
within the Appalachian Plateau, which is situated West of the Appalachian Mountain
range/chain. In this region, the rock massis generally made up of horizontal beds/layers of
slightly weathered, laminated, fine-medium grain sandstone and shale of the Casselmen
Formation and Conemaugh Group (e.g., Pennsylvania Period, or about 320 to 290 million years

ago).

Figure 1 -Photo of 179 Southbound befor e construction.

The owner of the project is Pennsylvania Department of Transportation (PennDOT); the
contractor was Trumbull Corporation; the engineer Golder Associates, Inc.; the material was
manufactured and supplied by Maccaferri, Inc.

The installation of the rockfall netting began in late spring 2006 and was completed in early fall
2006.

Existing Condition

The rockfall mitigation works consisted of three sections:
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Southbound Sope

This areaislocated between roadway stations 322+50.00 to Sta. 349+63.60 on the left side of the
road and SR-8007-Ramp “C” Sta. 36+25.00 to Sta. 41+51.94, Right (RT). This section is about
3,241 linear feet (988 m) in length. Slope heights generally vary from about 40 to 160 feet (12.2
m to 48.8 m).

Northbound Sope

This areaislocated between northbound roadway stations 329+72.00 and 329+94.00 on the right
side with alength of 22 linear feet (6.7m). Slope heights generally vary from about 30 to 90 feet
(9.15mto 27.4 m).

Ramp “ B” Sope

This section is located on the southbound of SR-0079 between Sta. 413+10.00 to Sta. 419+19.77
on the left and SR-8009-Ramp “B” Sta. 51+25.00 to Sta. 53+96.98 on the right for about 882
linear feet (269 m)in length. The slope heights generally vary from about 30 to 80 feet 9.15 mto
24.4).

[|mzcnes| +|

-

1
| 1 _|!:|-:||:||:_||:|-
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Figure 2 —Slope Treatment L ocation.
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The total surface of rockfall drape was 40,000 square yards with a height varying from 30 to 120
feet (9.15to 36.6 m).

During the site visit by (3) Golder Associates, Inc., the following conditions were observed on
the rockfall treatment areas:

e Therock facesfor al three areas are parallel to the roadway alignment, generally trend
North-to-South, and are steeply dipping between 65 to 80 degrees from horizontal.

e A steeply dipping (75 to 85 degrees) systematic joint set intersects at nearly 90 degrees
forming cubic rock blocks of varying size (upwards of about 3 cubic-feet). The joint
spacing appears to vary between about 6 and 36 inches (150 to 914 mm) while some may
occur closer or farther apart in some areas.

e Weathering of thinly laminated fine-grained rocks create raveling conditions, which
resultsin rock fragments with particle sizes of about 1 to 2 inches (25 to 50 mm).

o Differential weathering between thinly laminated, fine-grained and medium grained rocks
results in an undercutting condition of the bedding within the rock mass.

e Each of the three designated rock slopes has catchment areas at the toe-of slope, and
these catchment areas appear to be offset about 10 to 20 feet (3 to 6 m) from the adjacent
slope toes.

e During their site visit, rock blocks were observed within the catchment areas for each of
the three designated rock slopes, as defined herein, which indicates these slopes are
currently subject to active rockfall events.

e Thedesignated rock slopes were partially covered with snow and ice.
Selection of Material

Theinitial bid document was asking for an alloyed high strength carbon steel wire with a
minimum strength of 256,000 psi (1765 MPa) and coated with Galfan®. Mesh construction was
in asingle twist diamond form with atwisted loop at the end. The mesh was required to be
colored to match the existing rock.

As an aternative product, Maccaferri contacted Trumbull Corporation to offer afunctional
equivalent product made of steel wire mesh and steel cables. The Rock Mesh B900 was proposed
as an alternative for the SR 79 project. This product consists of a PV C coated double twist steel
wire mesh with steel cable of 5/16 (8 mm) inserted within the mesh during the weaving process.
The steel cables are inserted every 2 feet (0.6 m) in the mesh direction and 3 feet (0.9 m)in the
cross direction. The transversal cables are secured at both ends with auminum sleeves. The PVC
coated wire is available in multiple colors. (See Figure 3)
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Figure 3—-Rock Mesh B900 with Brown PV C under manufacturing process.
Product Testing Performance

For simple drapery, the extra strength of the wire mesh fabric is provided by the tensile strength
of the longitudinal cables spaced at every 2 feet (0.6 m); each cable had a tensile strength of
9800 Ib 43.6 kN. This hybrid product has cable spacing 2 by 3 feet (0.6 by 0.9 m) and with steel
wire mesh within the cable mesh opening. In comparison, this hybrid system is stronger than
standard double twist wire mesh.

The cables are connected together using the wire twist mesh during the weaving process. As per
CTC (1) lab test in February 2005, the connection strength of the steel cable within the mesh was
54.3 kN/m for breakage. Thisis 2.5 times the minimum connection strength of 1400 |b/ft (20.4
kN/m) asrequired by ASTM A975 for connecting two double twist wire mesh panels together.
In 2005, the Construction Technology Institute — National Research Council in Italy had tested a
certain number of connection systems for cable panels. The test results published in Maccaferri
Literature (4) had demonstrated that the strength of the connection with steel clips varied from
103 Ib (4.6 kN) and 303 Ib (13.5 kN) for a cable panel of 8 mm diameter. If we extrapolate for
comparison, a cable netting panel with a mesh opening of 12 by 12 inches (30 by 30 cm), the
panel will have a connection strength between 946 |b/ft (13.8 kN/m) and 2775 Ib/ft (40.5 KN/m).
Thisislower than the strength achieved by the Rock Mesh BO00 at 3720 Ib/ft (54.3 kN/m).
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Figure4 — Rock Mesh test at Bathurst (1), Clarabut Geotechnical Testing, Inc.

Other tests were performed to demonstrate that the mesh would not break before the cable got in
tension. The test was carried out by Bathurst (1), Clarabut Geotechnical Testing, Inc. in 2005.
With 2 cablesinserted at 2 feet (0.6 m) spacing, both vertically and horizontally, in all the tests
the cable was breaking before the mesh.

Design consideration

The project specification required a stamped design by an Engineer registered in the state of
Pennsylvania. Maccaferri had retained the service of Golder Associates, Inc. to perform the
design. The design was done in accordance with industry standards and PennDOT’ sinitial
drawings, by considering mesh weight, rock size and existing site conditions. The design
required a product that was stronger than the regular double twisted mesh; the engineer selected
Rock Mesh B900 as the solution for the project.

Installation Procedure

The rockfall drape nets were installed across all exposed rock slope surfaces within the three
designated slope areas defined on the drawings with the following procedures:

Removal of Vegetation

All vegetation and loose debris, if any, was removed from the rock slope face area. The
vegetation located within ten feet of the rock slope crests was also removed.

Rock Scaling

All exposed rock slope surfaces within the three designated slope areas were scaled to remove all
loose, unstable rock blocks/fragments, which could potentially move down-slope and represent
significant future rockfall hazards. The scaling was done manually with a nacelle using hand
tools.
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Rockfall Netting Installation

The Rock Mesh B90O rolls were made 12 feet (3.66 m) wide with customized lengths for
each section. Each roll was numbered with an assigned location to increase the
productivity during the installation. The length of the rolls were from 120 to 230 feet
(36.6 to 70.1 m) long with multiple sections of panels per roll for atotal of 220 rolls.

The wire mesh color selected by PennDOT was black PV C.

The Rock Mesh was installed with all adjacent panel sections connected together using
lacing cables 5/16 inch (8 mm) and secured at the end.

Mesh panels were anchored along the entire top of the slope; they were connected to the
top anchors with a 5/8 inch (16 mm)cable. The wire mesh panels were lapped
over/around the top anchor cable a minimum of 2 feet (0.6 m), and the connection was
done by connecting two transversal cables together with the lacing cable.

Installed wire mesh panels were secured to the rock slope using a combination of top and
vertical anchorage cables, and rock bolt anchors. (See Figure 7).

All rock bolts and anchors were drilled into competent bedrock to a minimum depth of 6
feet. The minimum pull out resistance required was 48 kips (214 kN), every 5 anchors
were checked on the field for pullout resistance.

All rock bolt anchorswere 1 1/4 inch (32 mm) diameter, Grade 75, galvanized All-thread
bars, as manufactured by Williams Form Engineering Corp. The rock bolts were
anchored using resin grout cartridges.

The anchors were installed every 6 feet (1.83 m); they were placed alternatively 2 feet
(0,6 m) from the crest of the slope and at a minimum of 15 feet (4.6 m) back of the crest
in an angle of 35 to 45 degrees from the vertical.

Three rock bolt anchors were placed at an equal distance on both ends of each
section/area to contain the rock within the protected area.
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Figure5 - Lacing cable at every mesh opening.

e Each panel was connected using 5/16 in (8 mm) steel cable in every mesh opening and
secured at the end.

¢ No cableswereinstalled at the toe to capture the rock; the debrisis caught by the
catchment area.

e The cable panels were designed to be 20 to 30 feet (6.1 to 9.15 m) shorter than the
catchment area.

Figure6 - Installed Rock M esh B900 on the southbound area.
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Rock Mesh BS00

All-Thread Bar / Rock
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Bottom of Rock Mesh
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Figure 7 — Typical cross section of the drape netting.
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Conclusion and Recommendation

The project went generally well considering that it was arelatively new product on the market
and the contractor (Trumbull) had limited experience in installing arockfall netting system.

PennDOT had observed some problems related to the ice accumulation of the drapery on
asimilar site where the anchors pullout resistance was diminished after afew years. In
order to prevent this from occurring on this project, the pullout resistance was set at 48
kips (214 kN) almost twice what is normally required. The number of anchors were also
increased in comparison to other projects. Inspection of the site may be required
periodically to monitor the behavior of the anchors.

The length of the drapery system is 20 to 30 feet (6.1 to 9.15 m) shorter than the slope,
creating some problems from rocks bouncing in the catchment areas. The shorter lengths
allow for cleanout of the drop zone without worrying about catching the drape with
equipment and damaging it

The reduced experience of the contractor did require more onsite assistance.

Although the rock on site was gray in color, the black PV C blended well with the existing
rock.

Manufacturing each panel at the required length did not really save time during the
installation.

This system required no overlap for the panel to panel connection, compared to the
specified system, which reduced the quantity of material by 10%.

The panel to panel connection did not require using clips and cabling as was required for
the specified material.

In certain areas, mostly under the power line, the drape did not go high enough on the
slope. Thisresulted in several rock falls last spring and will likel