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The American Institute of Professional Geologists
dedicates this book to the memory of

Maurice and Katia Krafft

who through their books and films conveyed their love of geology, and brought
awareness of the beauty and hazards of volcanoes to the public of many nations.

Katia and Maurice Krafft, the French geologists who devoted their lives to documenting the major
volcanic eruptionsthrough movies, photographs and booksfor the public. The husband and wifeteam
perished in June, 1991, at the eruption of Mount Unzen, Japan. (This photo was taken August, 1983, in
Jakarta, Indonesia, at the symposium on the occasion of the 100th anniversary of the 1883 eruption of Krakatau
Volcano, courtesy of Dr. Richard S. Fiske, Smithsonian Institution.)
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PREFACE

If you have wondered about the actual dangers of asbestos, radon, earthquakes, etc., which are
mentioned but not explained very well in the news, then this book is certainly for you. The book was
commissioned by The American Institute of Professional Geologiststo give readers knowledge that will save
livesanddollars. It explainsgeol ogic hazards, therisksthesehazards pose, and how professional geologistshelp
to mitigate these risks. We wrote this book for non-scientists, especially planners, contractors, homeowners,
elected officials, insurance underwriters, lenders and financiers, realtors, science teachers, and students.
Although geol ogistshavetheknowledgethat can hel p reducetherisks, theval ue of thisknowledgewill increase
greatly when the majority of citizens also understand the hazards and can upgrade public policies that will
guarantee that available knowledge is used. Many of the losses that you will read about in this book are
preventableif present-day knowledgeisapplied by the public. Knowledge and thewill to act on the knowledge
can prevent scenarios like he following:

Ayoung couplein Pennsylvaniausetheir entire savingsto make a down-payment ontheir first house.
Two months later the ground settles beneath the northeast corner of their brick home. The foundation
disintegrates, doorsshift out of line, windowsbreak, wallscrack and thehouseisfinally condemned. Thecouple
find that their homeowners' insurance does not cover the subsidence damage. Insurance that would have
covered losses due to subsidence into an abandoned mine was available in Pennsylvania; the young
homeowners simply never realized why they might need it. Mine subsidence was not a topic discussed in any
class they had taken in school.

In a new neighborhood in Colorado, sidewalks and driveways start to heave and buckle. Two years
later several houses on the block begin to experience cracked foundationsas aresult of the same swelling soils
on which the devel opment has been built. Property valuesin the area plummet. Maps showing the locations of
the swelling soils had been available for years, but they were never consulted by a single home buyer.

Aretainer wall isbuilt of limestoneblocksat thebase of fill inwesternlinois. Pressurebuildsagainst
the wall. One evening, the material slumps and limestone blocks are hurled onto parked cars below the wall.
Two young occupants in one vehicle are killed.

Homesand public buildingsin northwestern Armeniaar e constructed of stonemasonry and composite
concrete frame. In the dead of winter, an earthquake destroys these structures. At a time when 25,000 people
arekilledincollapsing buildingsand another 15,000 areinjured, only 20% of themedical personnel inthisarea
areleft alive to deal with the casualties. The other 80% lie crushed beneath the collapsed concrete panels of
their hospitals. Utilitiesaredestroyed and a half million peopleareleft homel ess, without heat or water, in sub-
freezing temperatures. The homes and hospitals were inadequately designed to resist tremors despite a well-
documented history of severe quakesin the region.

The causes of these misfortunes, all based on actual cases, are geologic hazards—geologic
phenomenathat present commonriskstolifeor property. They resulted whenindividual sor wholecommunities
made plans based on insufficient consideration of the geological characteristics of the area. Ignorance isthe
primary catalyst that gives geologic hazards special power to injure. Citizens who acquire an education in
geology are not as prone to experience loss of life and property from geologic hazards, nor are they as likely
to purchase land that is actually unsuited for the uses for which it is intended.

Too often, available geological expertise and knowledge are not considered in policy decisions that
affect water quality, land use, waste disposal, and domestic and industrial hygiene standards. This may be the
result of too few Americans obtai ning enough education in geol ogy to enablethemto appreciatetheimportance
of that science in environmental applications.

An example of the benefits that arise from an educated public can be found in the field of health.
Longevity and well-being have not resulted simply from medical breakthroughs and knowledge held by afew
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experts. Widespread benefitsbecame possibleonly after an educated popul ace understood the causes of disease
and took action themselves by practicing hygiene, mandating vaccination, and consulting experts directly
regarding medication. Education fails most severely when knowledge pertinent to public welfare is not
effectively delivered from experts to the public at large. The years 1990 - 2000 have been designated as the
I nter national Decade of Hazar ds Reductions. Aswe approach the 21st Century, we find that education in
the earth sciences has not reached the American public to any degree comparable with that of life or health
sciences. Geological illiteracy is compounded wherever earth science courses that are available are poorly
taught. Some schools, even colleges, have presumed that “Anyone can teach earth science.” W. Phillips
(Geatimes, v. 36 n. 2, February 1991, pp. 56 - 57) noted that 50% of teachers now providing "earth science"
courses have themsel ves taken only two courses or lessin earth science. Thisleadsto standards not tolerated
in the science disciplines of mathematics, biology, chemistry and physics—namely teachers without degrees
or significant training in a specific science assuming the responsibility for teaching it.

Onereason that many geological processes pose as hazardsisthat the understanding and ordering of
eventsin terms of geologic time or deep time (immense spans of time that encompass natural eventsthat are
seen to recur every few centuries, every few thousand years or even through tens of millions of years) is not
taught to many citizens. When one understands the way these processes act through time, then one really
understands the degree of risk, without being drawn into either the complacency produced by ignorance or the
worry produced by wild speculation and exaggeration.

Thisbook isavery practical kind of science book becauseit isdesigned to allow the reader to usethe
interesting information, evaluate whether the hazards threaten one's own property and then obtain help in
making detail ed assessment, planning remediation and even in obtai ning insurance protection. Sourcesof help
areprimarily in AppendicesA and B. Preliminary draftsof thisbook have been used in college coursesfor civil
engineering students as their first introduction to the science of geology in its applied aspects.

The text is augmented by many color illustrations, and a person without geological training can
quickly comprehend the content. Because geol ogic hazardsare not covered in many introductory earth science
or geology courses, thisbook isauseful supplement in these courses. Lists of additional referencesfollow the
discussions, and these should satisfy the extended curiosity of even the college professor of geology. Inaccord
with the common availability of video-cassette playersin homes and schools, we have also compiled lists of
videotapesavailable on thetopicsof geol ogic hazards. Educatorswill find thelisting of videotapes particularly
useful.

Water pollution, waste disposal, and probably global warming and ozone depl etion are technological
hazards that require thorough knowledge of geology in order to understand and deal with them. These broad
areasarea sointerdisciplinary with biol ogy, engineering, chemistry and environmental science. Here, wefocus
primarily on those natural hazards that lie well within the area of geology.

Each chapter in thisbook was reviewed by aspecialist, and the statementsgiven in these chaptersare
based on the best resourcesthat were available at the time of writing. Some topics such as asbestos and radon
are controversial, and we have attempted to present the conflicting arguments in the most balanced manner
possible. The statements made herein reflect the authors' best representation of current knowledge, but do not
represent any official policy or endorsement of the American Institute of Professional Geologists.

Geological phenomenaare fascinating, and the attraction to learn more about them sends geol ogists
into the field, sometimes scurrying up active volcanoes, or into the laboratories where even late at night it
becomesdifficult to tear one’ sattention away fromthethrill of discovery and learning. Geol ogic hazards make
fascinating science, asyou, thereader, will soondiscover. Y ouwill enter the subsequent pagesfor aguided tour
of adynamic planet asit affects the sites where we live and work, and you'll emerge from these pages seeing
local homes, hill slopes, highways, dams, rivers and seashores in ways that you never saw them before.
Welcome to awonderful and useful learning adventure!
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Everyoneisaffected by geologic hazardsin someway. This" tropical snowfall," which isactually volcanic ash from
Mount Pinatubo in the Philippines, for ced the closing of nearby Clark Air Basein summer of 1991. Those viewing
red sunsets through the latter part of 1991 and early 1992 saw Mount Pinatubo's ash still drifting in the upper
atmosphere. Volcanicashintheupper atmospher er eflectssunlight that would other wisebeabsor bed and converted
to heat on planet Earth. The Pinatubo eruption wasalso high in itssulfur content, which scientistsdeduced in 1992
asbeingat least asimportant toclimatemodification asash content. Scientistsin summer of 1991 anticipated aworld-
widecooler summer for 1992 asar esult of Pinatubo'serupted ash, and ther esultsin 1992 validated that anticipation.
Pinatubo affected global climate in that year more than any eruption since the 1883 eruption of Krakatau in
Indonesia. (Photo courtesy of USGS Cascade V olcano Observatory, Vancouver, Washington.)



Author’snotesfor the PDF version of The Citizens Guide to Geologic Hazards

As noted on the Copyright page, thisis a slightly modified version, not an expanded new edition.
Errors| knew of, | changed. For afew maps that required corrections, | updated those at the time of
the correction. Yet, the book is so close to the original that even the page layout and numbering is the
same. A number of web sites given in these notes can do alot to give the user an updated product. |
wrote the text for the book largely in 1989 and 1990. Hurricanes Hugo (1989) and Andrew (1992)
were exemplary of events that led to ongoing text revisions. The most devastating flooding disaster
in U.S. history, the 1993 floods on the Mississippi, took the flood chapter out of date immediately
after it went to press. Major events like the Northridge (1994) and Kobe (1995) earthquakes
followed. When AIPG published this book, the 1990s carried the name, “ The International Decade
for Natural Hazards Reduction.” In 2005, the Insurance Information Institute tabulated the ten
costliest hurricanes, and eight of the ten occurred after that decade. Most recently, the Indonesian
Tsunami (2004) and Hurricane Katrina (2005) dwarfed any of the hazard events we described.
Devastating consequences of geologic hazards seem to grow larger in the 21st Century, despite
efforts a reduction. As | sit putting the final touches on these notes October 7, 2005, a magnitude 7.6
earthquake near the Pakistan-India border killed about 30,000 unfortunate individualsin collapsed
buildings and landslides. It is a sad fact that geologic hazards literally take lives at such a pace that
no writer can hope to chronicle the magjor events in abook that can remain current for longer than a
few months. If the World Wide Web had devel oped when The Citizens' Guide... was written, AIPG
probably would have published this as an E-book on CD-ROM, where it could be continually
updated and revised.

The public certainly wants to know about these issues and wants to apply available knowledge and
resources in their own lives. The Citizens' Guide to Geologic Hazards was the first book with an
emphasisasalaypersons users guide and afocus on understanding catastrophic events as patterns
in deep time. It won a* Choice” award of “Outstanding Academic Book” in geosciences in 1995
from the Association of College and Research Libraries and sold out itsfirst printing of over 10,000
copies—all without being distributed through a single popular bookstore or opportunity to market
on-line. In 1997, the book was trandlated into Spanish and extensively modified as Guia Ciudana De
Los Riesgos Geologicos by the American Institute of Professional Geologists and Consorcio de
Compensacio’ n de Seguros and Colegio Oficial de Geologos de Espafa for the citizens of Spain.
Teachers and publishers still seek copies of the illustrations. AIPG Headquarters then met demand by
selling black and white copies and lacked funds to reprint the original. AIPG Headquarters staff and |
realized that we could reconstitute the entire book in color as PDF files on a CD-ROM. In addition,
al the field photos and line drawings from the book are on this CD in PowerPoint®, which will meet
the needs of educators and publishers.

Aside from events, the processes and remedies have not changed, and the book provides value that
remains in demand. In afew cases, we held hopes that remedies would change, such asin a science-
based resolution of the expensive radon and asbestos issues. | had hoped that professionals would
cease use of the term “asbestos,” which includes two very different types of mineral materials with
very different toxicities, and address a specific health problem in language that specified the mineral
involved. This hasn't occurred. A detailed current summary (http://www.umich.edu/~radinfo/
introduction/radon/) includes cost estimates of 44.5 billion dollarsto 101.2 billion dollarsto
remediate radon to the respective 4 and 2 pico-curies per-liter levels that some government
advocates hope to impose. An excellent book (Moore, C. C., 1997, Haunted Housing: Washington




D.C., Cato Ingtitute, 283 p.) with a Foreword by geologist Emeritus Scientist Malcolm Ross, has
indicted the public policies on radon and asbestos as woefully divorced from science.

Geology is perhaps the most useful of all sciencesto alayperson. It isalso awonderfully visual
science. Other than being in the field, nothing quite shows geology in action so well as capturing
events and processes in motion. In The Citizens Guide to Geologic Hazards, | tried to provide an
exhaustive list of videotapes, but this good intention proved to be a source of frustration for later
users. Unlike book publishers, many of the firms that produce videotapes prove to be short-lived
and/or to produce small quantities. Shortly after printing, many of the videotapes we listed proved no
longer available. The World Wide Web and sources like E-Bay® are often ways to locate these tapes.

For current sources of videos and DVDs, | now recommend the following more permanent video

suppliers through the following web sites. Most are generally searchable.
http://sargentwel ch.com/ Web site of Sargent-Welch for laboratory materials and teaching
aids
http://store.weather.com/store/ The site of the Weather Channel store for videos &
teaching aids
http://www.ambrosevideo.com/subject.cfm Web site for Ambrose Video
http://www.bullfrogfilms.com/subjects/geol ogy.html The web site of Bullfrog Films
http://www.chalktalkonline.com/ Web site of Chalktalk Online, mainly for K-12 teachers
http://www.championsonfilm.com/scicat.html Site of Schoolmasters Science for teaching
aids
http://www.discovery.com/ Web site of Discovery Channel and stores
http://www.goldhil.com/categories/science.html Site of Goldhil Home Mediafor science
videos
http://www.hawkhill.com/ Web site for Hawkhill, producers of videos, CD-ROMs and
DVDs
http://www.libraryvideo.com/ The web site of Library Video.com, amajor supplier
http://www.libraryvideo.com/ssl/ Site of Schlessinger Science Library
http://www.mpihomevideo.com/ Site of MPI Home Videos, a major producer of good
videos
http://www.nati onal geographic.com/index.html Web site of National Geographic
http://www.pbs.org/wgbh/noval Site for NOVA documentaries
http://www.sciencevideos.com/ Web site of Insights Visual Productions
http://www.teachersmarketplace.com/ A mgor retailer of various classroom aids and
supplies
https://www.edvidnet.net/ The web site of Educational Video Network
Boxed Sets (Available through Amazon. Com® (http://www.amazon.com)
Amazing Video Collection: Natural Disasters (1997) E-Realbiz.Com
Eyewitness - Natural Disasters (1997) DK Publishing
Natural Disasters (1998) Brentwood Communications
Natural Disasters (2004) Wea Corp
Natural Disasters Gift Set (1996) WGBH Boston Video
Raging Planet / Documentary (1998) Discovery Channel
Savage Earth Boxed Set (2000) MPI Home Video
Savage Planet Four-Volume Boxed Set (2001) MPI Home Video

Some videos may be available to borrow from local universities or libraries. Currently, the Oregon
Department of Geology and Mineral Industries (DOGAMI) maintains an extensive lending library



with an excellent collection of hazard videos and other geology videos that are hard to come by. See
list at http://www.oregongeol ogy.com/FIEL DOFFICES/VideosByCatagory. pdf

Good sources of illustrations are available at The National Oceanic Atmospheric Administration
Photo Library (http://www.photolib.noaa.gov/historic/nws/index.html) that includes digital slide sets
of hurricanes. NOAA aso sells hazard slide sets on CD ROM through their National Geophysics
Data Center. One can download many slides through their web site (http://www.ngdc.noaa.gov/seg/
hazard/hazards.shtml). The National Audiovisual Center (http://www.ntis.gov/nac) also offersa
number of audio-visual resources on hazards.

The original Citizens' Guide... contains many references to maps and their utility. Today, there are
web sites for understanding more about geologic maps. See the following.

http://geol ogy.utah.gov/online/pi-66/index.htm Utah Geological Survey site:
“Geologic Maps - What Are You Standing On?’

http://geol ogy.wr.usgs.gov/wgmt/aboutmaps.html U.S. Geological Survey site: “What
isaGeologic Map?’

http://geol ogy.wr.usgs.gov/wgmt/whymaps.html U. S. Geological Survey site: Why
geologic maps are made and how they are used
http://interactive2.usgs.gov/learningweb/explorer/topic_map2.htm U.S. Geological
Survey site: “Maps and Images - Geologic Maps’
http://www.consrv.ca.gov/cgs/information/geologic_mapping/ California Geological
Survey site: “ Geologic maps’

http://www.lgs.Isu.edu/map.htm L ouisiana Geologica Survey site: “The Value of
Geological Maps’

http://www?2.nature.nps.gov/grd/usgsnps/gmap/gmapl.html U.S. Geological Survey
site:” Geologic Maps’

The Sure-Void ® Products Corporation in Colorado has provided a great service in their
compilations of maps of swelling soils at http://webbwebs.com/surevoid/surevoid web/
menus/menu_maps_cons.html..

The original book addressed only Richter magnitude and Mercalli intensity scales for earthquakes.
Since then, the Moment Magnitude scale is becoming a preference. Information on varied
earthquake scales is found at http://earthquake.usgs.gov/bytopic/mag_int.htmil.,

The World Wide Web also provides ready replacements to the Appendices A and B. The state
geological surveys (Appendix A) contact information resides at the Association of State Geologists
web site at http://www.stategeologists.org/. The federal United States Geological Survey is
accessible starting with http://www.usgs.gov/. Current contacts for state insurance commissioners
(Appendix B) are now available through the web site http://www.naic.org/state web_map.htm, and,
of course, the publisher, AIPG is reached through http://www.aipg.org/.

| would like to take this opportunity again to thank all those who contributed to and supported this
project. The Citizens Guide to Geologic Hazards was gratifying to produce. Through this project, |
was able to meet and collaborate with some of the finest people one can ever expect to know. Some
contributors, notably coauthors Paul Moser and Janet Blabaum, who furnished both expertise and
photos, have passed on. As professionals, friends and colleagues in the AIPG family, we miss them
greatly.

Edward B. Nuhfer, 2005



Part | - Geology, Geologists and Geologic
Hazards

Geologic hazards annually take more than 100,000 lives and wrench billions of dollarsfrom
the world’'s economy. It has been demonstrated repeatedly that involvement of professional
geologists can minimize hazards and reduce losses.

eology is a science of materials, processes,

and changethroughimmense expansesof time

(deep time). Materias include the solids,
liquidsand gasesof the planet, and the processesinclude
the physical and chemical transformationsthat occur on
and within the planet. Geology includes the history of
life and the interaction between living organisms,
including humans, and the planet on which they live. In
particular, geology considers the rates of change, the
nature of change, and the ordering of events of change
through the planet’s history.

Geologists are those who are trained in and
work in any branch of the geological sciences. The
American|nstituteof Professional Geologistsconsiders
acquisition of a baccalaureate degree with 36 semester
creditsof coursesingeol ogy astheminimumeducational
qualifications needed to be a professional geologist.
Many states now require licensing, certification or
registration of geologistswho practice as professionals
in areas of geology that relate to public safety and
welfare. Geologistswho work with groundwater, waste
disposal sites, engineering foundation assessments and
assessment of geol ogichazardsarepracticinginspecialty
areas related to public welfare.

University geologists engaged in the
study of effectsof airbornevolcanicash |
from Mount Saint Helens on nearby
lakes recover a year's sample |
accumulation from a time-marking
collection device that was placed in
Merrill Lake, Washington, USA. (photo
by Walter E. Dean)

Hereageologist recor dsdata from an outcropping of rock
that will lead to production of a geologic map. Such maps
areindispensablefor general land useplanningand alsofor
dealingwith geologichazar ds. Dealingwith geologichazards
usually begins with field studies of geology. Such studies
may bethebeginning of gathering general datato produce
regional mapsor togather samplesand datathat pertainto
a specific site. (photo by Paul Moser)
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CASUALTIESFROM SPECIFIC GEOLOGIC HAZARDS COMPARED
WITH FAMILIAR SOCIETAL CATASTROPHES

SOURCES of CASUALTIES NUMBERS of
CASUALTIES
War s ver sus Earthquakes

U.S. Battle Deathsin World War 11 292,131

Atomic Bomb, Hiroshima, Japan 1945 80,000 to 200,000

EARTHQUAKE, Tangshan, China, 1976 242,000

U.S. Murdersversus Single Volcanic Eruption
Total murders U. S. , 1990 20,045
VOLCANIC ERUPTION, Colombia, 1985 22,000

AIDS Deathsin United States versus Single L andslide Event

Total AIDS deaths U. S, through April, 1992 141,200

LANDSLIDES, Kansu, China, 1920 200,000
Greatest Atrocity versus Greatest Flood Events

The Holocaust, Europe, 1939-1945 6,000,000

FLOOD Yeé€llow River, China, 1887 900,000 to 6,000,000

FLOOD Y angtze River, China, 1931 3,700,000

(data on familiar societal catastrophes from The World Almanac, 1993, New Y ork, Pharos Books; and
The Universal Almanac, 1993, Kansas City, Andrews and McMeel; geological catastrophes compiled
from Tufty, 1969, and Office of Foreign Disaster Assistance, 1992, Disaster History.)

The costs of geological ignorance are staggering.
These losses are mostly preventable but will occur
whenever necessary geological evaluationisomitted or
performed poorly by someonewithout suitabletraining.
Citizens who associate geology with only the study of
dinosaurs, the production of oil and gas, or prospecting
for precious metals are not likely to think of consulting
ageologist when property ispurchased, land use zoning
decisionsaremade, environmental legislationispassed,
or building codes are drafted. Yet these are everyday
areasof lifeinwhich expertise of geologists can prevent
severe |0sses.

Geologists are essential for making regional plans
to dea with major geologic hazards. The data that
geologists provide about the history and immediate
nature of any major geologic hazard establish the basis
for risk assessment, emergency preparedness, land-use
planning and public awareness programs. The principal
tasks of professional geologistsin regional projectsare
(2) to determine what hazards are likely to exist in the
area under study; (2) to investigate them thoroughly
enough to provide al the necessary data required to
characterize the hazard and its anticipated impacts; (3)
to compile and communicate the pertinent information
in a concise and comprehensive manner to other team
members (such as engineers, planners, government
representatives, and land owners); and (4) to ensurethat
the hazards are addressed in any final project plan.

Geologists are also indispensable investigators in
local site evaluations. Site evaluations precede many
projects which may range in magnitude from a single-
family hometo anuclear power plant. Geol ogists work
productively with site landowners, civil engineers,
architects, contractors and regulatory personnel. The
geologist will answer at least two important questions:
“How will the geologic conditions affect the success of
the proposed use of the site?” (Example— Will ahome
built here likely completeits expected useful life?) and
“ How might thedevel oped siteeventual ly causeadver se
impact throughitsgeologic setting?” (Example— If the
storage tank sited here eventually leaks, is it likely to
contaminate groundwater supplies over awide area?)

Hazar dousgeological materialsincludeswelling
soils, which expand in the presence of water and can
exert pressures sufficient to shatter pavements and
building foundations; toxic minerals, such as certain
types of ashestos, that can cause hedth hazards; and
toxic gases, which may include radon gas.

Hazar dous geological processes most familiar to
the public are those that occur as rapid events.
Earthquakesproduced by theprocessof rapid snapping
movementsalongfaults, vol canoesproduced by upward-
migratingmagma, landslidesproduced by instantaneous
failure of rock masses under the stress of gravity, and
floodsproduced by acombination of weather eventsand
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land use — al produce massive fatalities and make
overnight headlines. Other geologic processes, such as
soil cr eep (slow downsl opemovement of soilsthat often
produces disalignment of fence posts or cracked
foundations of older buildings), frost heave (upheaval
of ground dueto seasonal freezing of theupper few feet)
and land subsidence act more slowly and over wider
regions. These slower processes take a toll on the
economy. Human interaction can beanimportant factor
in triggering or hastening the natural processes.

Lack of awareness of eventsthrough deep time
induces human complacency which sometimes proves
fatal. It isdifficult to perceive of natural dangersin any
areawhereweand preceding generationshave spent our
lives in security and comforting familiarity. This is
becausemost catastrophi c geol ogi c hazardsdo not occur
on a timetable that makes them easily perceived by
direct experiencein asinglelifetime. Y et development
within a hazardous area inevitably produces
consequences for some inhabitants. Hundreds of

thousands of unfortunate people who perished in
geological catastrophes such as landslides, floods or
volcanic eruptions undoubtedly felt safe up until their
fina moments. In June, 1991, Clark Air Base in the
Philippines was evacuated when Mount Pinatubo, a
volcano dormant for over 600 years, beganto erupt and
put property and lives at risk.

Geologic hazards are not trivial or forgiving; in
termsof loss of life, geol ogic hazards can comparewith
the most severe catastrophes of contemporary society.
Single geological events have, in minutes, killed more
peoplethannow liveinMadison, thecapital of Wisconsin,
(pop. 176,000). Where urban density increasesand land
isextensively devel oped, thepotential severity of lossof
life and property from geologic hazards increases.

Some geologic hazards, such as radon gas and
asbestos, haveonly recently beenrecognized ashazards.
Their eventua costs to our society and the degree of
danger these actually poseremain, at present, questions

ECONOMIC COSTS of GEOLOGIC HAZARDS intheU.S.

GEOLOGIC COST in 1990 Dollar s* SOURCE(S)
HAZARD
HAZARDSfrom MATERIALS
Swelling Soils $6 to 11 hillion annually Jones and Holtz, 1973, Civil Engrg. v. 43, n. 8, pp. 49-51;
Krohn and Slosson, 1980, ASCE Proc. 4th Intnl. Conf.
Swelling Soils pp. 596-608.

Reactive Aggregates 1 | No estimate E—

Acid Drainage ﬁeglmwgﬂﬁrﬁgéoggol; $1310 | sgMm, 1085, 1C 9027: Senate Report, 1977, 95-128

Asbestos $12 to 75 billion cumulative for Croke and others, 1989, The Environmental Professional, v.
remediation of rental & commercial 11, pp. 256-263. Malcolm Ross, USGS, 1993, personal
buildings; total well above $100 billion communication. Costs depend on extent and kind of
including litigation and enforcement remediation done; removal is most expensive option.

Radon $100 billion ultimately to bring levels Estimate based on remediating about 1/3 of American homes at
to EPA recommended levels of 4 PCi/L $2500 each plus costs for energy and public buildings.

HAZARDS from PROCESSES
Earthquakes $230 million annually decade prior to USGS, 1978, Prof. Paper 950; Ward and Page, 1990, USGS
q 1989; over $6 billion in 1989 Pamphlet, "The Loma Prieta Earthquake of October 17, 1989"
Volcanoes ﬁnﬂ;'li’,”l é”a-lri?gf;t?j‘:r’ﬁ'aglem”“on USGS Circular 1065, 1991, and Gircular 1073, 1992
. .- .- Schuster & Fleming, 1986, Bull. Assoc. Engrg. Geols,, v. 23,

Landslides/Avalanches | $2 billion /$0.5 million annually pp. 11-28/ Armstrong & Williams, 1986,  The Avalanche Book

Subsidence 2 and m*ﬁ;ﬁgﬂzgggggé&%ﬂ”m Holzer, 1984, GSA Reviewsin Engrg. Geology VI; FEMA,

Permafrost 3 annually from natural karst subsidence 1980, Subsidence Task Force Report

Floods $3to 4 billion annually USGS Prof. Paper 950

St Surge 4 and $700 million annually in coastal Sorensen and Mitchell, 1975 Univ. CO Institute of Behavioral

orm SUrge = an erosion; over $40 billion in hurricanes Sci., NSF-RA-E-75-014; Inst. of Behavioral Sci., personal
Coastal Hazards & storm surge 1989 - early 1993 comm.

*Costs from dates reported in "SOURCE(S)" column have been reported in terms of 1990 dollars. This neglects
changes in population and land use practice since the original study was done but gives a reasonable comparative
approximation between hazards. *Aggr egatesare substances such assand, gravel or crushed stonethat are commonly
mixed with cement to make concrete. 2Subsidenceisloca downward settling of land due to insufficient support in
the subsurface. *Per mafr ost consists of normally frozen ground in polar or apine regions that may thaw briefly due
towarm seasons or human activitiesand flow . *Stor m sur ge occurs when meteorological conditions cause asudden
local risein sealevel that resultsin water piling up along acoast, particularly when strong shoreward winds coincide
with periods of high tide. Extensive flooding then occurs over low-lying riverine flood plains and coastal plains.
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without clear answers. Y et substantial sums of money
are aready being spent to remedy perceived hazards.
Some of this expenditure may prove needless. The
magnitude of risk must be accurately known in order to
tell if coststoremedy ahazard areworththeexpenditures.

Weare often faced with the decision about whether
we can wisely live in areas where geologic forces may
actively oppose otherwise pleasant living conditions.
Aninformed decision can be based on several choices.

(1) Avoid an area where known hazards exist.
Avoidance or abandonment of a large area is usually
neither practical nor necessary. Theaccurate mapping of
geologic hazards delineates those very specific areas
which should be avoided for particular kinds of
development. Otherwise hazardous sites may make
excellent green belt space or parks. Towns such as
Janesville, Wisconsin, have created beautiful parksin
areas zoned as floodplains, thus avoiding placing
expensivestructureswhereflooding will cause damage.

(2) Evaluate the potential risk of a hazard, if
activated. Risks can never be entirely eliminated, and
the process of reducing risk requires expenditures of
effort and money. Assuming, without study, that a
hazard will not be serious is insufficient. Life then
proceedsasthough thehazard werenot present at all. “ It
can’thappenhere” expressestheview thatisresponsible
for someof thegreatestlosses. Y etitisequally important
not to expend major amounts of society’s resources to
remedy a hazard for which therisk is actually trivial.

(3) Minimize the effect of the hazards by
engineering design and appropriate zoning. Civil
engineers who have learned to work with geologists as
team members can be solid and effective contributorsto
minimizing effectsof geol ogic hazards. M orestructures
today fail asaresult of incorrectly assessing (or ignoring)
thegeol ogical conditionsat thesitethanfail duetoerrors
inengineeringdesign. Thisfact hasledmany jurisdictions
tomandatethat geol ogi cal siteassessmentsbeperformed
by a qualified geologist. Taking geological conditions
into account when writing building codes can have a
profound benefit. The December, 1988, earthquake in
northwestern Armenia that killed 25,000 people was
smaller in magnitude (about 40% smaller) than the
October, 1989, Loma Prieta earthquake in California.
Thelatter actually occurredinanareaof higher population
density but producedjust 67 fatalities. Good construction
and design practice in California was rewarded by
preservation of lives and property.

Insomecolleges, civil engineersarenot required to
take any coursesin geology, and thereisaneed to make
geology, taught by qualified geologists, a part of the
education of far morecivil and environmental engineers.
Engineers should be cognizant of the benefits of
geological assessment and be ableto communi cate well
with professional geologists. It isno more practical for
an engineer without considerable formal training and
experience in geology to perform geological site
investigationsthanitisfor someonewithout considerable
formal training in engineering to practice engineering.

Sign marks allocation of flood
plain as part of the Green Belt of
Janesville, Wisconsin, now known
as"thecity of parks." Many of
the parksliein flood plain that
might otherwise have been
developed with peril to future
ownersand liability to the public.
Zoning of land proneto flooding
or other geologic hazardsinto
low-development useisone
effective action that local

gover nments can take to prevent
future disaster. (photo from City of
Janesville Leisure Services
Division)
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Cdlifornia, in 1968, became the first
American state to require professional
geological investigationsof constructionsites
and has reaped proven benefits for that
decision. Sincethen many stateshaveenacted
legidationtoinsurethat qualified geologists
perform critical site evaluations of the
geol ogy beneath prospective structuressuch
ashousing devel opmentsand landfills. Most
of these laws were enacted after 1980.

Zoning ordinances and building codes
that are based on sound information and that
are conscientiously enforced are the most
effective legal documents for minimizing
destruction from geologic hazards. After a
severe flood, citizens have often been
relocated back to the same site with funding
by a sympathetic government. This is an
example of “living with a geologic hazard’
intheillogical sense. A lesscostly dternative
might be to zone most floodplains out of
residential use and to financially encourage
communities or neighborhoods that suffer
repeated damageto rel ocateto moresuitable
ground. Whendamageor injuriesoccur from
a geologic hazard in aresidential area, the
“solution” isoften alawsuit brought against
adeveloper. The problem has not truly been
remedied; the costs of the mistake have
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simply been transferred to a more luckless
party—the future purchasers of liability and
homeowners' insuranceat higher premiums.
A solution would be a map that clearly
delineates those hazardous areas where
residential development is forbidden. A
suitable alternative would be a statute
requiring site assessment by a qualified

An example of tragedy from design, the upper deck of the Nimitz
Freeway Interstate 880 overpass in Oakland, California, collapsed
during the 1989 Loma Prieta earthquake. Column supports failed
during shaking, and reinforcing bars popped from the concrete posts
and peeled away likespaghetti. Elsewher e, support columnswrappedin
iron withstood the vibration. These columns were due to be wrapped,
but over 40 liveswerelost in thiscollapse before action could betaken.
The affected area fared well for a quake of thissize, primarily dueto
good earthquake design practice. (photo by H. G. Wilshire, USGS)

geologist before an area can be devel oped.
Sound land use that takes geology into
account can prevent unreasonabl e insurance premiums,
litigation, and repeated government disaster assistance
payments for the same mistakes.

(4) Develop a network of insurance and
contingency plansto cover potential lossor damage
from hazards. Planners and homeowners need not be
geologists, butitisuseful tothemto beabletorecognize
the geological conditions of the areain which they live,
andtorealizewhenthey need theservicesof ageol ogist.
A major proportion of earthquakedamageisnot covered
by insurance. Despite public awareness about
earthquakes in California, the 1987 Whittier quake
produced 358 million dollarsworth of damage of which

only 30 million dollarswas covered by insurance. Many
property owners really do not realize that they may be
uninsured against pertinent geological hazards.

For the property owner, especially the prospective
homeowner, a geological site assessment may answer
the following:

Is the site in an area where landslides,
earthquakes, volcanoes or floods have occurred
during historic time? Has the area had past
underground mining or a history of production
fromwells? Did theland ever have a previoususe
that might haveutilized undergroundworkingsor
storage tanksthat might now be buried? Doesthe
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siterest onfill, andisthequality of thefill and the
ground beneath it known? Arethereswelling soils
in the area? Have geologic hazards damaged
structures elsewhere in the same rock and soil
formations which underlie the site in question?
Hasthehomeever been checked for radon? I f the
homeison a domestic well, hasthe water quality
been recently checked? 1 stheproperty on theflood
plain of astream? | sthe property adjoining a body
of water such asalake or ocean wherethere have
been severe shoreline erosion problems after
infrequent (such as 20-year or 50-year) storms?
The answers to these questions are not always
obvious. Individuals who assumed that they lived in
areasthat never flooded have often been surprised with

Livingwith ageologichazard can bedonewell
or poor ly. Relocation of unmodified structur es
back tositesthat flood repeatedlyislivingwith
thehazard in theillogical sense. Thisinvitesa
futuredrain on theeconomy through disaster
relief or insurance payouts. Relocation or
elevation of structures may be a wiser long- |
term economic choice. (photo from Alabama |
Geological Survey)

great uninsured losses. A start in the home owner's
assessment may be contact with the state geological
survey or alocal consulting geologist (Appendix A).

Insurance agents are not always familiar with local
geological hazards. After risks have been assessed, the
individual canthen consult withinsuranceprofessionals
(agents, brokers, salespersons) to learn which firms
offer coveragethat wouldincludepertinent risks. (Note:
homeowners policies do not routinely cover geologic
hazards such as subsidence or earthquake damage.)
Consulting with the state insurance boards and
commissioners (Appendix B) can assist one in finding
insurers who provide pertinent coverage.

Compaction and
settling of soft
sediment formations
beneath Anchorage,
Alaska, led to
destruction of the
central part of town
in the earthquake of
1964. Notethe
elevation difference
between two sides of
thestreet. (photo
from USGS Photo
Library, Denver, CO)
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Local governments should make plans for zoning
and for contingency measures such as evacuations with
involvement fromaprofessional geologist. Thefirstline
of help for local governments lies in their own state
geological surveys. (See Appendix A.) Geologiststhere
are employed for service to the public. While they
cannot, by law, normally serve as consultants, they can
providemuch of theavailableinformation that isknown
about the site or region in question and can direct the
inquirer to other additional resources. Inmany cases, the

informationwhichthestategeol ogical survey cansupply
will be sufficient. Geologic maps and reports from
public and private agencies are most useful inthe hands
of those trained to interpret them. Significant evidence
that reveal s a potential geologic hazard may be present
in the reports and maps, but it may not be evident to the
user with only an introductory background in geology.
If significant risks of hazards are thought to exist, then
consultation with a professional geologist may be
warranted.

f

\

Applied Ignorance versus Applied Science

“Planning” sometimes includes ignoring or missing the available geological reports. An example is the Turnagain
Heightsresidential areain Anchorage, Alaska. Two geologists had made available a preliminary map and report in 1950 on
the quick clays (fine-grained sedimentsthat can be solid one moment but flow like aliquid after disturbance or shaking) that
underlay Anchorage. The U.S. Geological Survey (USGS) published a further report on this hazard in 1959. The report
mentioned the presence of quick clays below the city, and southern Alaska was well known as an area of frequent quakes.
Planners and devel opers were unaware of, or ignored, thisinformation. Therefore “ planning” did not provide an awareness
of what would likely occur to structuresbuilt abovethe clay whenit settled and shifted during an earthquake. Contractorsand
developers proceeded to build in the hazardous area and citizens purchased the homes, all in ignorance of the deep-seated
instability. During the Good Friday earthquake of March 27, 1964, homesat Turnagain Heightstoppled and flowed downhill
inaslipping quagmire that caused millions of dollars of damage. Ironically, new homeswere later built atop the same quick
clays—perhaps demonstrating that no mistake is so bad that it cannot be repeated.

In contrast, an impressive study that revealed the benefits of geological site evaluations was conducted in 1969 by the
City of Los Angeles Department of Building and Safety. It examined the history of damage to buildings from slope failure
over a40-year period. The enlightening revel ation of the study wasthat when both competent soils engineering and geologic
analyses were required and when professionals were required by law to certify their work, the failure percentages were
diminished from 10 percent before 1952 to 0.15 percent between 1963 and 1969. The resulting reduction in repair costs
provided savings many times the costs of the geological investigations of the sites.

4 )
PROGRESSIVE DECREASE IN LOSSESDUE TO FOUNDATION AND

SLOPE FAILURESWITHIN THE CITY OF LOSANGELES

Status - Pre 1952 Status - 1952-1962 Status - 1963-1969

Updated grading codes; soils
engineering and engineering
geology required for both design
and construction. Design engineers,
soils engineers and geologists
achieve professional status and
assume legal responsibility.

Improved grading code, soils
engineering required, very limited
geology required but without
formal professiona status or legal
responsibility for geologists

No grading code, no soils
engineering or engineering geology

10, 000 construction sites 27,000 construction sites 11,000 construction sites
$3,300,000 geotechnical damageat | $2,767,000 geotechnical damage at | $80,000 geotechnical damage at 17
1040 sites 350 sites sites

Average loss of $330.00 per site | Average loss of $100.00 per site | Averageloss of $7.00 per site per
per number produced per number produced number produced

$3,173.00 averageloss to damaged | $7,905.00 averagdoss to damaged | $4,705.00 averagdoss to damaged
site site site

Failure rate of sites built - 10.4% Failure rate of sites built - 1.3 % Failure rate per sites built 0.15 %

Asgeological input isrequired, losses due to geologic hazar ds decr ease mar kedly. (modified from Slosson, 1969)

\_ J/
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SUMMARY of PART 1

Geologic hazards annually take more than 100,000 livesand wrench billions of dollarsfromtheworld' s
economy. Such hazards can bedivided into hazardsthat result dominantly from particular earth materialsor from
particular earth processes. Most of theselossesare avoidabl e, provided that the public at large makes use of state-
of-art geologic knowledge in planning and devel opment. It has been demonstrated repeatedly that involvement
of professional geologists can minimize hazards and reduce losses. A public largely ignorant of geology cannot
usually perceivetheneedfor geol ogistsin many environmental,, engineering or even domestic projects. Currently,
most of our public is uneducated about geology, partly because few schools require any geology and partly
becausethereisalack of rigor in qualificationsto teach earth science. Thisresultsin apopulace proneto making

expensive mistakes, particularly in the area of public policy.

Education is one of the most
effectivewaysof preparingtodeal
successfully with geologic
hazards. Every state geological
survey  produces  useful
publications, distributes maps,
and answers inquiries by the
public. Unfortunately, lack of
good earth science education
leaves many citizens unawar e of
theresour cesthat their geological
surveys provide. Readers are
encouraged to contact their state
survey through the addresses
given in Appendix A. (photo by
Paul Moser)

References for Additional Reading on Geologic Hazards

Theliterature of geologic hazards falls primarily under two indexed subfields of geology: environmental
geology and engineering geology, although some flood hazards may also be found under the subfield hydrology.
Books (those titles in italics) and other references are listed that provide broad coverage of geologic hazards.
References that focus on particular hazards follow each chapter in this booklet. Those marked with an "E" are
considered as particularly suitable for students and teachers involved with pre-college courses.

American Society of Civil Engineers, 1974, Analysis and in terms of background, problems and outcomes, and
Design in Geotechnical Engineering: New York, lessons learned in brief one-page two-sided formats.

Amer. Soc. Civil Engrs.

Attwell, P., and Farmer, 1., 1976, Principles of Engineering

American Society of Civil Engineers, 1976, Liquefaction Geology: New York, Methuen.
Problemsin Geotechnical Engineering: New Y ork,
Amer. Soc. Civil Engrs. Bennison, A. P., and others (eds.), 1972, Tulsa's Physical
Environment: Tulsa Geol. Society Digest, v. 37.
American Society of Foundation Engineers, 1975 - Tulsa Geol. Soc., Suite 116, Midco Bldg., Tulsa, OK,
Ongoing, Case History Series: ASFE/ The 74103.

Association of Engineering Firms Practicing in the

Geosciences, 811 Colesville Road Suite G 106, Silver Bilodeau, S. W., Van Buskirk, D., and Bilodeau, W. L.,
Spring, MD, 20910. A series of case studies arranged 1987, Geology of Boulder, Colorado, United States
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of America: Bull. Assoc. of Engrg. Geologists, v. 24,
pp. 289 - 332. The Bulletin of the Association of
Engineering Geol ogists occasionally features the
environmental and engineering geologic aspects of
major cities. This citation is one example.

Bolt, B. A., Horn, W. L., Macdonald, G. A., and Scott, R.
F., 1977, Geological Hazards E: New Y ork, Springer-
Verlag.

Bowen, F. G., 1984, Geology in Engineering: New Y ork,
Elsevier.

Bryant, E. A., 1991, Natural Hazards: New Y ork,
Cambridge University Press.

Burton, I., Kates, R. W., and White, G. F., 1978, The
Environment as Hazard: New Y ork, Oxford Univ.
Press.

Coates, D. R., 1981, Environmental Geology: New Y ork,
John Wiley.

Coates, D. R., 1985, Geology and Society: New Y ork,
Chapman and Hall.

Cornell, J., 1976, The Great | nternational Disaster Book
E: New York, Charles Scribner’s Sons, Pocket Books.

Dapples, E. C., 1973, Basic Geology for Science and
Engineering: Melbourne, FL., Krieger Pub.

Costa, J. E., and Baker, V. R., 1981, Surficial Geology -
Building with the Earth: New Y ork, John Wiley.

Dennen, W. H., and Moore, B. R., 1986, Geology and
Engineering: Dubuque, 1A, Wm. C. Brown.

Dodd, K., Fuller, H. K., and Clarke, P. F., 1989, Guideto
Obtaining USGS Information E: U.S. Geol. Survey
Circular 900. Our federal geological survey serves
more than just other geologists. Thisfree circular tells
how to access their vast storehouse of information and
how to order many of the USGS publications. Write
Books and Open-File Reports Section, USGS, Federal
Center, Box 25425, Denver, CO 80225.

El-Sabk, M. I., and Marty, T. C. (eds.), 1988, Natural and
Man-Made Hazards : Dordrecht, Netherlands, Reidel.

Fang, H. Y., 1986, Environmental Geotechnology:
Bethlehem, PA, Envo Pub.

Farmer, 1., 1983, Engineering Behavior of Rocks (2nd.
ed.): London, Chapman and Hall.

Federal Emergency Management Agency (FEMA), 1991,
Areyou ready? Your guideto disaster
preparedness E: FEMA, Publications Dept., P. O.
Box 70274, Washington, DC, 20224.

Federal Emergency Management Agency (FEMA), 1991,
How to help children after a disaster: A guidebook
for teachers E: FEMA Earthquake Education
Program, 500 C Street SW., Washington, DC 20472,
(202) 646-2812.

Finkl, C. W. (ed.), 1984, The Encyclopedia of Applied
Geology E: New York, Van Nostrand Reinhold.

Flawn, P. T., 1970, Environmental Geology: New Y ork,
Harper & Row.

Foster, H. D., 1980, Disaster Mitigation for Planners: The
Preservation of Life and Property: New Y ork,
Springer-Verlag.

Frazier, K., 1979, The Violent Face of Nature: Severe
Phenomena and Natural Disasters E: William
Morrow.

Freedman, J. L. (ed.), 1977, “Lots’ of Danger - Property
Buyers Guideto Land Hazar ds of Southwestern
Pennsylvania E: Pittsburgh Geol. Soc., 85 p. Thisisa
model publication that serves property owners and
prospective property owners of southwestern
Pennsylvania.

Galster, R. W., 1989, Engineering geology in
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Videotapes on General Geologic Hazards

Nosinglevideotapecoversall geol ogic hazardsdiscussed
inthisbook. Thetapesbel ow includeseveral geologicdisasters.
Some include wesather disasters and human-caused disasters.

Disaster s of the 20th Century: Release pending,
Educationa Video Network, 1401 19th St. Huntsville,
TX 77340, (409) 295-5767. Call company to learn
details of contents.

Geologic Hazards M aps of San Mateo County,
California: 1987, 13 minutes, U.S. Geol. Survey.
Available on loan from U.S. Geol. Survey Library,
Specia Collections, MS 955, 345 Middlefield Road,
Menlo Park, CA 94025, (415) 329-5009. Although
focused on one geographic area, this video can
illustrate the uses of hazards mapsto any audience.

Infinite Voyage - Living with Disaster E: 1990, 58

minutes, WQED Enterprises, 4802 5th Ave.,,
Pittsburgh, PA 15213, (412) 622-1307.
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Myths and Realities of Natural Disasters: 1989, 25
minutes Pan American Health Organization. Available
onloan from U.S. Geol. Survey Library, Special
Collections, MS 955, 345 Middlefield Road, Menlo
Park, CA 94025, (415) 329-50009.

Nature' sFury: A Decade of Disasters: 1989, 60 minutes.
Features geological and meteorological disasters. MPI
Home Video 15825 Rob Roy Drive, Oak Forest, IL
60452, (800) 323-0442.

Pan American Health Organization Disaster
Compilation: 1989, 64 minutes, features earthquake
and volcanic disasters in the southern hemisphere;
Available on loan from U.S. Geol. Survey Library,
Specia Collections, MS 955, 345 Middlefield Road,
Menlo Park, CA 94025, (415) 329-5009.

Solar System Roulette: Conseguences of Large | mpact
Eventsfor Life on Earth: 1988, 105 minutes, U.S.
Geol. Survey. Explains consequences of collision of
our planet with an asteroid. U.S. Geol. Survey Library,
Specia Collections, MS 955, 345 Middlefield Road,
Menlo Park, CA 94025, (415) 329-5009.
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Slide Sets on Geologic Hazards

Sets of 35 mm slides are very useful to teachers.
Illustrations in this book are available on dides from AIPG.
Suppliers with extensive collections include the following:

Earthquake Engineering Resear ch I nstitute, 499 14th St.
Suite 320, Oakland, CA 94612-1902, (510) 451-0905.

Geophoto Publishing Company, P. O. Box 1960, Orem,
UT 84059, (801) 226-4009.

National Oceanic and Atmospheric Admin. National
Geophysical Data Center, 325 Broadway, Boulder,
CO 80303-3328, (303) 497-6277.

United States Geological Survey Photographic Library,
MS 914, P.O. Box 25046, Federal Center, Denver, CO
80225-0046 (303) 236-1010. This source also
supplies photographs of hazards on digital disk for
computers (DDS n. 8 by J. K. McGregor, 1992).

Geologists see both the beauty and the
power of natural processes aswell asthe
destructive aftermath that takes place
when human construction and
development conflict with geologic
processes. Here, a geologist uses a probe
to sample lava underlying the thin crust
on which he stands. (photo from USGS
Hawaii Volcano Observatory)



Part || - Hazards from Geological
Materials

Reducing hazards from geological materials may be the costliest of all environmental
projectsthat the public may bear through the 21st Century. Some dangersarereal; some
dangersappear tobemoreimaginedthan real. Citizensand el ected representativesshould
ask: “What isthe current evidence that massive expenditures arereally needed to remedy
these alleged hazards?” and “ What benefits will result from such expenditures?”

he common minerals that most of us

encounter daily in soils and rocks are not

harmful, but readers who are genera
science and earth science teachers along with their
students may encounter some of the less common ore
mineralsthat contain arsenic, mercury, or other toxic
elements. Substances that are seldom encountered
outside a mineralogy laboratory do not produce
significant loss of life or economic losses, and further
coverage of toxic minerals isbeyond the scopeof this
book. A source to consult about working safely with
minerals in school is “Classroom dangers of toxic
minerals’ by J. H. Puffer inthe 1979 issue of Journal
of Geological Education(v. 27, pp.150- 153). Minerals
and rocks are natural, but just because a substance is
"natural" does not necessarily mean it is wholesome.

Regiona distribution of natural chemicals in
drinking water andlocally grownfoodisrelated tothe
geology of the local area. Chemical substances that
weather from rocks enter soils and natural waters.
They arethen ingested in locally produced foods and
drinking water. Many substances are necessary
nutrients. Some are beneficial when ingested in trace
amounts, but become toxic when ingested in larger
doses. Common calcium, sulfate, sodium, and less
common substances such as zinc, iodine, fluorine and
selenium have been shown to have effects on health.
Work over recent decades confirms several links

between regional geology and environmental health.
Laymen interested in this topic are referred to the
chapter “The Geologic Aspects of Environmental
Health” in E. A. Keller’s Environmental Geology;
(1988, New Y ork, Merrill Publishers) and thosewith
more training in science may choose Environmental
Geochemistry in Health and Disease, published as
Memoir 123 of the Geological Society of America
(3300 Penrose Place, Boulder, CO 80301).

Hereafter, we discuss only those geological
materials that produce widespread and significant
coststolifeor totheeconomy. Thegeol ogical materials
we detail here include reactive minerals, asbestos,
and toxic gasses—primarily radon.

Asbestos and radon are now frequent topics in
newspapers and popular magazines. A decade ago,
these materials were never mentioned in books on
geologic hazards, but today the estimated costs for
abating these substances in the United States alone
could dwarf the costs of al other geologic hazards
combined. Estimatesincludeabout 100billiondollars
for asbestos remediation and even larger amountsto
bring indoor content of radon gasin American homes
down to currently recommended levels. Despite the
regulatory mandates that triggered such massive
expenditures, the benefitsto health that these dollars
will actually produce remains very open to question.

REACTIVE

Some hazards result because certain minerals
(earth materials with distinctive crystal structure and
chemical composition) have properties that change
radically duringthegeol ogical processof weathering.

Weathering processes produce chemical and
physical changesinall material sexposed at theplanet's
surface. These changes constitute the natural “aging

MINERALS

process’ that manifestsin deterioration of structures.
Examples of damages from weathering are gradual
weakening of bridge supports; corrosion and collapse
of utility pipes, drainagepipesandtunnels; or cracking
of pavement. Weathering constitutes a severe
economic liability only whenit reducesthelife spans
of structuresbel ow thosefor whichthey weredesigned.
However, some weathering processes that involve
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special mineralsarerapid enough to produce dangers
to human health and safety. Such hazards include
swelling soils, expansiveaggregatesand acid drainage.
These cost the nation billions of dollarseach year. g

ol

Undulation and
heaving slabs
distinguish this
sidewalk near
Dallas, Texas, as
built upon swelling
soils. (photo by
Edward Nuhfer)

Swelling Soils

Soil, in its simplest definition, consists of
unconsolidated earth material that overliesbedrock. It
is as vital to life on earth as is water. Soils consist

primarily of minerals, but they are much more than
weathered bedrock; they arealivewith bacteria, al gae,
fungi, insects, and other tiny organisms aswell asthe
larger familiar plants and animals. These organisms
produceimportant amountsof organic matter, so soils

end up being mixtures of clay minerals, quartz and ©

other minerals, along with organic matter, water and
living organisms. Soils differ in composition, grain
size, amounts of organic constituents, water content
and engineering characteristics.

Swelling soils (or expansive soils) are those that
increasesubstantially involumewhenwater i spresent.
They cause over 2 billion dollarsin damage annually
to highways and buildings in the United States.
Swelling soils are common and some occur in every
state. Three mineral groups can cause swelling soils.

1. Expandableclay miner als. Themost common
cause of swelling soils is expandable clay minerals.
Clay minerals result from ordinary chemical
weathering of common rocks. The constituents of
clay minerals—usually silica, with alumina, or
magnesia and a little potassium and sodium—are
arranged in sheets or sandwich-like structures.
Members of one particular clay mineral group
(smectites) have a powerful attraction for water

mol ecul es between the sheets. When aclayey soil has
a high percentage of the smectites, it absorbs water
and expands or swells. The tiny clay particles may
expand by up to 20 times their dry volume, and the
bulk soil often increases in volume by about 20% to
50%. (Soils that undergo volume increases above as
little as 3% are considered problem soils.) Pressures
exerted can easily exceed over 5 tons per squarefoot,
and pressures as high as 10 tons per square foot have
been measured. Such pressures easily break concrete
floors and cause extensive foundation damage.

2. Calcium sulfates (gypsum and anhydrite).
During an afternoonin 1954, afarmer north of Moran,
Texas, witnessed adistant explosion accompanied by
acloud of dust and debris. Closer inspection revealed
that an area about a thousand feet long had erupted

£ | " Popcorn-like" textureof soils at the

# ground surface characterized by bulges and
= cracksisa characteristic of soilswith
¥ swelling clays. These Wyoming soilsare full
of bentonite, a deposit of swelling clays
4 mined commercially for many uses—from
cosmeticsto oil well drilling fluids. (photo by
& Edward Nuhfer)
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upwards as much as 20 feet, and the
explosionhad scattered rock fragments
over some distance. This was one of
several violent events that have been
recorded when large amounts of the
minera anhydrite(calciumsulfate) are
converted into gypsum (hydrated
calcium sulfate) through contact with
water. The conversion of anhydriteto
gypsum, like the smectite reaction, is
expansive and produces pressures
during confinement of up to 700 tons
per squarefoot. Althoughthereactions
seldom produceasrapid or spectacul ar
events as that recorded above, the : - RIS
presence of calcium sulfate minerals — o e : S e
in soils renders them expansive, and Heavingof swelling soilshasdamaged thisT exashome, causing separ ation
thereforethese soilsmust be accorded near theroof. (photo by Edward Nuhfer)
thesamecautionsasthosethat contain
Smectites.

3.Iron sulfides. Black shalesare
normally rich in iron sulfides. When
these sulfides oxidize, the products
(sulfuricacidand sulfateminerals) are
corrosive. Thesulfatemineralscontain
much water in their structures, and
they occupy alarger volume than the
original sulfide. If foundations and
pavements are sited without proper
design precautions on black shales,
these concrete structures will
experience rapid deterioration and
heaving.

Stresses exerted by swelling soils have caused this block wall

) . ) . surrounding a condominium complex to tilt and break. (photo by
Fine-grained soils that lie on Edward Nuhfer)

slopes and that are rich in swelling
clays are particularly susceptible to
creepingandslumping (seeal sosection
on landslides). Because of the type of
clay mineral and the open fabric
arrangement of thetiny clay particles,
some soils and sediments can change
from solids to liquids when triggered
by vibration. Such soils, called quick
clays, can flow quickly and with
devastating consequences. Structures
builtwithout proper designonunstable
soils soon suffer foundation cracking,
sticking doors and windows, and out-
of-plumb walls.

) ] ] Paved roads constructed without precautions on swelling soils
Swelling soils can be dealt with exhibit heaving, undulation and extensive cracking. (photo by
successfully, and if structuresmust be Edward Nuhfer)
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located on swelling soils, methods of preparing the
foundation are available. Some swelling soils can be
stabilized by treatment with lime or other chemicals.
These chemicalswill increase the strength of soilsby
placing calcium or potassium ionsin the parts of the
clay minera layersthat would normally beentered by
water. The soil thereafter has|ess tendency to absorb
water. Other methodsof treatment include excavating
theswelling soilsand replacingthemwithmorestable
fill material, or installing drainage controls that keep
excess water away from sensitive foundations and
maintainthenatural level of soil moisture. Engineering
remedies include placing structures on piers that are
anchored bel ow thedepth of swelling, andformul ating
special types of flexible pavement that can withstand
some heave and flexure without cracking.

Homeownersinaffected regionsshouldbecertain
that their insurance policies cover damages from
swelling soils. Inthe Front Rangeregion of Colorado,
a1980 study by the HomeownersWarranty Insurance
Program of Colorado reveal ed that a high percentage
of claimsthere occur as aresult of swelling soils.

Swelling soils may be troublesome, but swelling
properties of some rocks and soils prove useful. The
more noteworthy commercial material isbentonite, a
soft rock rich in swelling clays. Bentonites originate
when volcanic ash is atered over geologic time.
When properly applied, bentonite serves as moisture
sealsaround foundations, assealing linersin landfills

and waste disposal areas, and as sealants for man-
made ponds and reservoirs.

When the following steps are taken prior to
construction, losses due to reactive soils are mostly
preventable.

1. Consult soil and geologic maps (where
available), soastoanticipatethenature
of materialslikely to occur at the site.

2. Samplethesitein an adequate manner
to insure that thickness, depth and
distribution of all pertinent materials
are known.

3. Testthesoilstodeterminetheir physical
characteristics.

4. Design structuresin accor d with thesoil

conditionsindicated by testing.

. Build accor dingtodesign specifications.

6. Educate the building owners or
occupants about the soil situation, and
instruct them in how to care for the
structure through maintaining proper
drainageandincor poratingappropriate
landscaping plans.

ol

No discussion intended for the layman about
problem soilswould be compl etewithout themention
of quicksand. Novelists and movie script writers
have conveniently invoked quicksand for sucking
down horrified victims. These gridy portrayals are

ooooo
ooooo
ooooo
ooooo

An uplifting experience that will not be appreciated! LEFT - All iswell in this newly built home until water from
drains, lawn sprinklers, leaking sewer sor water mainssoaksswelling soil beneath foundation. RIGHT - With time,
expanding soilsexert several tons per squarefoot of pressureon foundation and shallow pilings. Without remedial
measur es, thehousewill actually defor m out-of-plumb and shatter masonry and windows. Remediesvary from mere
maintenance that keeps drainage away from the house to expensive reconstruction of foundations. Prior site
planning that takes geology into account is always preferable to dealing with problems after a structureis built.
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Distribution of swelling soils within the conter minous United States. Areasin red are most abundant in swelling
soils, followed by areasin blue. Uncolored areas are not devoid of swelling soils. There are many small local
occurrencesthat are not shown. (from Hays, 1981, USGS Prof. Paper 1240-B)

more ballyhoo than fact. Quicksand occurs where
groundwater flowsupwardthroughloosesandtoward
the ground surface and often forms a pond where
bubbling springsrisefrom asand bottom. Theforceof
the water moving upward pushes the grains of sand
apart and preventsthenormal grain-to-grain cohesion
that givessandstheir expected strength. Quicksandis
moreacondition of sandthan acharacteristic of sand.
Objects placed on quicksand can sink through it much
like sinking through water. Quicksand isessentially a
hazard comparable to stepping unwittingly into a
pond or lake. Just as when one fals into water,
panicked thrashing about may tire a victim at some
position where the face is covered and may prove
fatal. In comparison to other hazards noted in this
book, fatalities and economic costs attributable to
quicksandaretrivial. Inengineeringpractice, diversion
of groundwater to eliminate upward water flow will
return the sand to a condition capable of providing
normal support.

Reactive Aggregatesin Concrete

Aggregates consist of sand, gravel or crushed
stone, and they are used in a variety of construction
projects. After fossil fuels (oil and gas), aggregates
congtitute the most important economic deposits of
earth materials. Finding good sources of aggregate
posesachallengein many areasof thenation. Insome
developed areas of the United States, most of the
easily found higher quality aggregates have been
depleted. Someearth material s, when used asconcrete
aggregates, react with the Portland cement through
expansive reactions that cause accel erated aging and
premature failure of the resulting concretes. Such
materials are called reactive aggregates. Reactive
mineralsthat commonly findtheir way into aggregates
includeclay minerals. Clayshiddenwithindolostones
(rockscomposed primarily of themineral dolomite—
cal cium-magnesium carbonate), or within limestones
(rocks composed primarily of the mineral calcite—

17



THE CITIZENS' GUIDE TO GEOLOGIC HAZARDS

cal cium carbonate) can betroublesome. Other reactive
minerals are micas (layered silicate minerals), some
feldspar s(alumino-silicateminerals), opal (hydrated
silica), chert (a very fine grained mixture of quartz
and opal), and, pyrite and marcasite (iron sulfides).
Natural non-crystalline substances that occasionally
produceexpansivereactionsincludevol canic glasses
and diatomaceous earth (an earth material that

consists of the silicashells of one-celled algae called
diatoms). Ignorance about the nature of the aggregate
producesexpensivemistakesin construction of short-
lived highways, bridgesand sidewalks. Whenreactive
materials are known to be present, special additives
can be placed in the concrete mixturetoinsurelonger
life. A key to successliesin knowing which minerals
are present before the concrete is made.

Map-cracking in this
concreterevealsan
expansivereaction
between the aggr egate
and the cement within
the concrete. Soon the
finished surface will spall
away and complete
deterioration will follow.
(photo by Edward Nuhfer)

\.

Acid Drainage - A Consequence of the Sulfide Oxidation Reaction

The same oxidation of iron sulfidesthat produces soil expansion causes widespread damageto streamsand
lakes in the form of acid drainage. Acid drainage (often called “acid mine drainage” because of its frequent
occurrence at coal mines) occurs when sulfide minerals, particularly pyrite (iron sulfide - FeS,) and marcasite
(another iron sulfide - FeS)), react with air and water to produce the sulfuric acid and iron sulfate minerals. Iron
sulfidemineralsarewidely distributed. Those most likely to produce acid drainage occur in waste rock from mines,
incoal, andinblack shales. Thesulfatemineral soxidizefurther toyield arusty-rediron hydroxidesludgeand sulfuric
acid. An overall expression of the chemical reaction is:

4FeS, + 14H,0 + 150, —> 4Fe(OH), + 8H,SO,
which means
Pyrite pluswater plus oxygen from the air makesiron hydroxide and sulfuric acid.

When this reaction occurs, the sulfuric acid pollutes the water, and reddish iron hydroxide sludges choke
streamsandreservoirs. Theacid waterskill aguaticlifeand attack man-madestructuressuch asconcretebridgepiers,
retainer walls, concrete drains, utility and sewer pipes and well casings. Estimates vary between 5,000 and 10,000
linear miles for streams in the United States that have been ruined by acid drainage. The reaction costs mining
industriesover 1 million dollarsaday simply to control it, and cumul ative damages have been estimated at between
15 and 50 billion dollars. In nature, the reaction takes place quickly in the presence of the bacterium, Thiobacillus
ferrooxidans. This species of bacteria derivesits energy from the sulfide-oxidation process and servesto speed the
reaction above by rates over one hundred times what they would be in bacteria-free conditions. The reaction also
producesgresat quantitiesof heat and causesproblemswhen coal that contai nsreactivepyriteisstockpiled or shipped.
Natural weathering of rock exposes only alittle reactive iron sulfide at atime, and thus the above reaction is not
usually aproblem until major excavations by humans quickly expose large volumes of sulfide-rich material. Then
the reactions proceed quickly and great volumes of acid may form.
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Acid drainage from old
Appalachian coal mines
produced the rust-red
sludgesin the stream. The
acid water corroded the
Portland cement - based
concreteretainer wall, and
bridge supports shown
will soon sharethe same
fate. Reclamation and
I mining practices now
minimize acid drainage.
Siteslikethisarerarely
i caused by modern surface

I mines. Federal and state
abandoned mine lands
programsare having a
~ gradual but telling effect

| on restoring water quality

to such streams. (photo
circa1960s from WV Geol.
and Economic Survey)

One of nature's water-treatment plants at work. A marsh of cattails, sphagnum moss and jewel weed has
established itself below an acid-producingroaster pileleft fromtheprocessingof lead-zincorein theearly 1900s
in southwest Wisconsin. Wetlands are now recognized as effective in removing toxic metals and other
substancesfrom water. Wetlands construction for acid water treatment was pioneer ed from mining resear ch,
and thetechnology isnow being adopted for other types of water treatment aswell. (photo by Edward Nuhfer)
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Aciddrainageoccurswhereironsulfideminerals
areexposed to air and water in both underground and
surface excavations. Damage persiststhat was begun
before acid drainage was understood and could be
dealtwith. Oncetheacidformation processestablishes
at asite, it can be difficult and expensive to control.
One method of control iswith chemicalssuchaslime,
limestone, sodium hydroxide, or phosphate rock that
neutralize acid or inhibit acid production. Another is
to use surfactants (compounds such as soaps or
detergents) that kill the Thiobacillus bacteria by
stripping away their outer oily coatings that protect
them from the acid. In general, these are costly,
temporary measures and not permanent solutions.
One promising method is to construct wetlands with
special plants such as cattails and Sphagnum moss.
These aguatic plants can survive in acid water and

have a high capacity for removing toxic dissolved
metals and sulfate from the water. The acid water is
channeled through the constructed wetlands and
emerges much cleaner than before, sometimes even
cleanenoughtorender further treatment unnecessary.
Theiron and sulfur are converted back to pyrite and
remain in the mud of the wetlands. The best solution,
though, issimply not to allow the reaction to become
established. In modern surface mines, this is
accomplished by mineral extraction that is followed
by immediater eclamation. Inreclamation, themined
or excavated area is graded, drainage controls are
installed, topsoil isreplaced, and asuitablevegetative
cover isestablishedthat preventsair and bacteriafrom
reaching theiron sulfides(seep. 21). Waste materials
from the mine are not alowed to stand open to air,
water and bacterialong enoughto generatemuchacid.

Roles of the Geologist in Coping with Reactive Minerals

In mapping. Geologists are trained to identify
earth materialsand to know the concepts behind their
distribution. Geologists use their training in
identification and distribution to quickly evaluate
most local sites for reactive minerals. Mapping is
probably the most important aspect of both regional
planningandlocal sitecharacterization, andgeol ogists
employed in public service by cities, counties, states
andthefederal government provideanimmenseservice
by producing and publishing maps.

In sample studies. Analysis and testing of soil
and rock samples overlap between engineering,
geology and soil science. Engineering testing usually
involvesphysical teststhat tell what will happenwhen
astructureisplaced on agiven material. Engineering
tests are physical and are standardized. They help to
deduce the fluid transmission characteristics of soils
and the behavior of soilsunder varying conditions of
stressand moisture. Geol ogical testinginvolvessimilar
physical tests, geophysical tests, and more
sophisticated laboratory tests focused on grain size
distribution, chemical composition, fabric, and
particularly, mineralogy. Geol ogical testsaredesigned
to explain why asoil has particular properties, where
such soils are distributed and, in particular, what is
likely to happen to a structure such as a tunnel or
building as result of changes that may take place in
adjoining rocks and soil over long periods of time.
Soil scientists deal more with soil as a biological
medium for plant growth than do geologists or
engineers, and their insightsare particularly useful in
construction, wastedisposal and reclamation projects.

20

Geologists can help contractors avoid reactive
aggregates in concrete by doing a microscopic
characterization of prospectiveaggregates. Geologists
who dothiswork employ aspecia microscope(called
a polarizing microscope because it uses polarized
light to observe specimens) thatisdesignedfor looking
at crystalline materials such as minerals. This study
may be done at the site of the pit or quarry where the
aggregate is obtained. Technology transfer has given
riseto anew field of concrete petrography wherein
the methods of petrography (the study of rock fabrics,
texturesand mineral compositionsin hand specimens
and by pol arizing microscopes) areappliedto concrete
to deduce its integrity, assess quality during curing
and application, andlearn about reasonsfor itsfailure.

In research. Dedling with reactive soils and
rocks is an interdisciplinary problem that involves
geol ogistsworking in conjunctionwith soil scientists,
engineers and sometimes chemists, biologists and
environmental scientists. Geologists, particularly those
of the United States Bureau of Mines and in those
universities and state surveys located in states with
extensive coal mining, have done much of the
pioneeringresearchthat allowsprediction about where
acid minedrainage will occur beforean excavationis
begun and how acid drainage can be controlled.
Geologists study the processes of rock formation and
rock weathering, and thisknowledgeisuseful to help
devise methods that work in accord with natura
processes to control acid drainage.
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Stages of Surface Mine Reclamation

Reclamation restores disturbed lands to a useful purpose and prevents long-term damages, such as acid
drainage, that might otherwise result from abandonment. It consists of five stages of activity: (1) drainage
control, (2) landform stabilization, (3) revegetation, (4) continued monitoring and (5) return to managed use.

(2) Drainageiscontinually diverted and controlled from the
disturbed area. Proper replacement of waste rock covered
by subsoil and then topsoil insur esstableslopesand burial of
any reactive minerals. This bulldozer lightly compacts the
soil asitstrack leavescleat marksthat parallel theslopeand
hold seeds and moisture.

(3) A cover crop of fast-growing rye grass prevents soil
erosion and adds organic matter that helps to restore soil
quality. Choiceof cover cropsmust bedonecar efully because
suitable cover in one climatic region may be a perennial
weed in another. Noland useispossibleat thisdelicatestage.
Checkson water quality and slope stability verify any need
for repairs.

(2) Replacement of topsoil isfollowed by immediate seeding
to establish vegetative cover. Herea hydroseeder spreadsa
mixture of seeds and fertilizer along with a paper mulch.
Greencolor ishiodegradabledyethat allowsthehydr oseeder
operator to view coverage.

(4) After thecover crop diesback, mor eper manent perennial
grassesand legumestakeover andrestorethismined areato
pastureor meadow. Present usecould belimited grazing or
for wildlife or recreation. Later, trees might be planted to
return this site eventually to forest. Ideally, permanent
reclamation vegetation isformulated based on plantsnative
to thelocal area. Reclamation plans vary and may include
restoring a native prairie, returning a site to use as prime
farmland, or using a site for building and development.

(photos by Edward Nuhfer)
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ASBESTOS

Abatement of asbestos may cost upwards of 100 billion dollars cumulatively. Over 90
percent of all asbestos used in the U.S. consists of a mineral which current research
indicates posesminimal health risk, except under conditionsof heavyindustrial exposure.

The Substance and Its Uses

Asbestosoccursprimarily inmetamorphicrocks.
“Asbestos’ wasoncealoosely used commercial term
for fibrous minerals used in heat-resistant fabric.
“Asbestos’ has a newer meaning as a group of afew
fibrous minerals that are specified as health hazards
by federal statutes. Asbestosincludestwo very differ-
ent mineral groups—sheet minerals and amphiboles.

The sheet mineral group includes chrysotile (a
hydrated magnesium silicate), which comprisesabout
95% of asbestos used in commercial and industrial
applications. Chrysotileappearsunder thelight micro-
scope as thin needles, but a scanning electron micro-
scope reveals that these fibers are actually made of
tightly coiled sheets—much like aroll of gift-wrap-

ping paper. Chrysotile occurs in metamorphic rocks
that were produced when hot subsurface (hydrother-
mal) waters reacted with magnesium-rich igneous
rocks. Some areas of the world where chrysotile has
been commercially mined include Quebec, South
Africa, Russia, Italy, Cyprus, Rhodesia and, in the
United States, the west flank of the Sierra Nevada
Mountains, Arizona, New Y ork and New Jersey.

The asbestos minerals of the amphibole group
occur astrueneedles, not coiled sheets. Those specifi-
cally regulated by federal law include amosite (also
called brown asbestos - an iron-magnesium silicate),
crocidolite (also called blue asbestos - asodium-iron
silicate), anthophyllite (a magnesium iron silicate),
tremolite (calcium magnesium silicate), actinolite
(calcium magnesium iron silicate) and ferroactino-

* Heating ducts,
furnace grout/
insulation, water
pipe coverings.

* Fire-proof clothing and
gloves.

* Artificial snow to
decorate Christmas

* Ceramic plumbing
fixtures.

* Room and corridor
insulation and
fireproofing in
buildings on floors, .
walls, ceilings and £,

trim.

* Floor tile and tile
cements.

* Asbestos plaster
used for trim in
buildings.

* Roof coatings,
sealants, cement
sheets and under-
ground sewage and
water pipes.

* Flower pots, rugs,
draperies, designer
coats, buttons,
mailbags, table
covers, place mats.

Places wher e ashestos has been encountered in the home.

trees and window
displays.

* Acoustical tiles.

* Phonograph records.

* Liners for ovens,
toasters, hair dryers,
washing machines,
refrigerators, and
vacuum cleaners.

* Brake linings for
automobiles and
motorcycles.

* Gaskets and seals in
various applications.

* Exhaust packings.

* Acetylene cylinders.

* Sealing tapes.

* Shingles and siding.

* Fireproofing for steel
structural members in
buildings.

(graphic Victorian House from Public Domain Exchange)
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L L 1 .
Colorful and deadly, crocidolite (" blue asbestos") fiber s magnified 100 times appear in their characteristic

blue and green color when seen in the petrographic microscope. Crocidolite, a potent car cinogen, was used
in only a small percentage of commercial products. (photo by Janet Blabaum, Highland Geotechnical)

Themineral, chrysotile, magnified hereat 100times, hasextensiveuses. Itisin many homes, officesand public
buildingsand istheprimary substancebeingremoved in abatement actions. It differscompletely initscrystal
structure from the amphibole asbestos minerals, and casual exposure to chrysotile at low levels poses no
presently documented appreciablerisk. Yet property owners, school districts and churches spend millions
each year to haveit removed asthough it werethe samedeadly substance ascrocidolite. Grouping chrysotile
and crocidolitetogether asequal hazar dsresultsmor efrom gover nment edict than from scientific fact. (photo
by Janet Blabaum, Highland Geotechnical)
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lite (calcium iron silicate). Together these make up
only about 5% of commercial asbestos.

All of these asbestos minerals have a naturally
fibrousmodeof occurrenceandtendto separateeasily
into minute fibers. The fibers themselves display
flexibility, high tensile strength, heat and corrosion
resistance, and physical durability. These qualities
have made asbestos minerals important to a broad
spectrum of industrial and home products.

The Dangers of Asbestos

Exposureto specific kinds of asbestosand asbes-
tos-containing material has been found to cause se-
vereand often fatal lung diseases. To date, asbestosis
documented as a health hazard only if it becomes
friable (easily torn apart and dispersed) and airborne
so that it may be inhaled. Health problems arise
because amphibol e asbestos fibers cannot be broken
downinthelung. Fibersretainedinthelung constitute
aconstant irritant, and the body’ s reaction over 10 to
40 years eventually produces cancerous cells at the
site. Once these cells overcome the body’s immune
system, rapid mortality usually follows.

Melvin Benardein his book, Asbestos, The Haz-
ardous Fiber, notes that exposure to cigarette smoke
has been found to increase the incidence of lung
cancersby afactor of 10to 18 timesthat of nonsmok-
ers with occupational exposure, and 5 to 9 times that
of smokers without occupational exposure. Current
(1993) research shows that the best step anyone can
taketo reducerisk from lung diseaseissimply to stop
smoking. The risk of dying of diseases caused from
smokingisabout 1in5; therisk of dyingfrom asbestos
without smokingisabout 1in 100,000— about 1/3the
risk of being killed by lightning.

Demographic studies, such asthosecarried outin
the Thetford area of Quebec, Canada, support the
hypothesisthat asbestoswhichisingested orally does
not pose asignificant health problem. Even dietsthat
contained 1 percent asbestos (amosite), an astronomi-
cally huge dose, produced no enhanced mortality in
laboratory rats.

The Controversy About Asbestos

Most of the proof of toxicity to humans centers
around the amphibol e types of asbestos, particularly
crocidolite. Statisticsareindeed grimfor that mineral.

Onestudy conducted at the Dana-Farber Cancer Insti-
tutein Boston, Massachusetts, showed that, of 33 men
from one factory who were involved in 1953 in
cigarette filter manufacture that utilized crocidolite,
19 had died of asbestos-associated disease by 1990.
Crocidoliteis considered the most dangerous form of
asbestos. In contrast, chrysotile (95% of all asbestos
used commercially) hasnot beenclearly implicated as
a hazard except in unusually heavy industrial expo-
sures over long periods of time, but it is nevertheless
legally defined as a hazardous substance.

Itisdifficult to gather datafrom general workers
because there is usually no control on what kinds of
asbestos individual s have been exposed to. Working
groupssuchascarpenters, |aboratory chemists, plumb-
ers, builders, air conditioning and heating duct install-
ers, or residents of ashestos shingle homes—all of
whom have lived daily for most of their lives with
chrysotile—do not report heightened mortality attrib-
utableto asbestos. Thosefew studieswhichhavebeen
able to discover and evaluate a population (one ex-
ample is from Thetford, Quebec) exposed to high
concentrations of chrysotile (and no other form of
asbestos) show no significant enhancement of mortal -
ity. The preponderance of current data indicates that
working or attending school in a building that con-
tains the common asbestos, chrysotile, poses little
risk. Thisdataisin seriousconflict withfederal policy
which defines chrysotile ashestos as a hazardous
substance and mandatesitsabatement in public build-
ings. If chrysotile is not actually a serious health
hazard, then an economic drain on our economy that
may extend beyond 100 billion dollarsistaking place
to abate a material which is not a proven threat to
health or longevity.

Misidentification of asbestos mineralsis also a
chronic problem. Lack of standards that result in
misidentification of samplesplaceshuge, unwarranted
financial burdens on some clients and sometimes
leaves the general public at risk. Analysts often con-
sist of graduates from a brief (4 days to one week)
short-course, and misidentification becomes more
common as poorly trained microscopists enter the
profession of asbestosidentification. A current (1992)
program exists to accredit laboratories through test-
round samples(throughtheNational V oluntary L abo-
ratory Accreditation Program - NVLAP) but not the
analystswho performtheidentifications. Thereforeit
is possible to have anaysts of both high and low
proficiency working in a NV LAP-accredited labora-
tory. NVLAP test-round samples can receive special
attention not received by samples that are routinely
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SOILS DUST AND WATER
IN THIS AREA

CONTAIN ASBESTOS
WHICH COULD BE
HAZARDOUS TO HEALTH
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Sign north of Coalinga, Fresno County, California, war ns of asbestos dust hazard. The sign was posted because of
rock and soil in the area that contains chrysotile. Natural dust in the air contains some asbestosthat comessimply
fromweatheringand wind erosion. Oral ingestion of asbestosin food and water appar ently poseslittledanger. (photo

by Malcolm Ross, courtesy of USGS)

processedinlarge numbers, so the passing of periodic
test-roundsby participatinglaboratoriesdoesnot guar-
anteereliability. Becauserdliability in asbestosiden-
tification depends so heavily upon the personal skills
of individual microscopists, periodic testing for certi-
ficationof individual analysts, rather thanfor anentire
corporation's or agency's laboratory, seems reason-
able. Thereiscurrently (1993) no required qualifica-
tion, testing or review processto certify every asbes-
tos analyst who actually performs the work.

Regulation and Asbestos

Asbestosdetection, management, abatement, and
disposal arehighly regulated. At thefederal level, the
United StatesEnvironmental Protection Agency (EPA)
is the organization concerned with protection of the
environment and occupants of school buildings. The
health and safety of workersinthe private sector isthe
concern of the Occupational Safety and Health Ad-
ministration (OSHA). Further regulation and control
occurs at the state level.
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The Asbestos Hazard Emergency Response Act
(AHERA) becameeffective December 14, 1987. This
first phase of legislation mandated specific asbestos
management procedures for all schools. The second
phase, the A sbestos School Hazard Abatement Reau-
thorization Act (ASHARA), became effective No-
vember 28, 1992, and extends to other public build-
ings. These acts have produced a sudden demand for
an entirely new group of asbestos specialists includ-
ing asbestos analysts and asbestos abatement work-
ers. AHERA also spurred a growing cognizance of
legal liabilities (and resulting lawsuits) within the
asbestos mining and manufacturing industry. This
impacted manufacturersof asbestos-containing mate-
rials(ACMs), building contractors, constructioncom-
panies or other employerswho may unknowingly (or
knowingly) exposetheir empl oyeestoairborneasbes-
tos fibers.

Current (1993) policy by EPA mandatesthat both
the amphiboleand the chrysotileforms of asbestosbe
treated as identical hazards. This means that liability
extendsto ownersof buildingscontaining asbestos, to
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real estate agents selling such buildings, to banksand
lendinginstitutionsissuingloansfor purchasing those
buildings, and to purchasers of land upon which
asbestos(or other hazardousmaterials) may bepresent
in building materials. Homeowners who have asbes-
tos inside their homes will, in many states, have
difficulty selling their home without first abating the
asbestos. Those involved in ownership or transfer of
land where some asbestos may have been buried or
dumped are similarly vulnerable. At present (1993)
theselegal liabilities exist regardless of whether the
asbestos present is benign chrysotile or one of the
dangerousamphiboletypes. Potential liahilitieshave
spurred the development of an asbestos abatement
industry which includesbuilding inspection and sam-
pling in order to minimize the cost of doing unneces-
sary building renovation, avert future liabilities, and
prevent investments in property that may require
major clean-up.

Roles of the Geologist in Asbestos
Abatement

Inidentification. Becauseof their uniqueeduca-
tion in mineralogy and laboratory techniques, geolo-
gists should assumethelead rolein theidentification
of asbestos. True asbestos consists of minerals, and
only professionals who have substantial formal edu-
cationin mineral ogy and experiencein determinative
methods for minerals should perform identification
work. It iscommon for unskilled analysts to mistake
cellulose wood fiber for chrysotile, or the benign
calcium silicate mineral, wollastonite (CaSiO,), for
the regulated amphiboles, actinolite and tremoalite.

A few other fibrous mineralsmay yet be added to
the list of materials implicated in lung disease. One
zeolite (agroup of silicate mineral sthat contain water
intheir crystal structures), erionite, has been recently
implicated in lung disease in Turkey. However, the
worry that al fibrous minerals may be serious health
hazards appears groundless. Only afew minerasare
hazardous, and it is important that they be clearly
distinguished and not confused with the much more
abundant and diverse group of benign substances.

In education. Laypersons are unfamiliar with
therisksof asbestosand they are unableto distinguish
asbestos from other fibers or between the various
mineral types of asbestos. Secondary schools should
provide information about asbestos as part of the
“rock and mineral” section of earth science courses,
and students should be familiar with what kinds of
materialsmay contain asbestos. Geol ogy programsat

the university level should be aware of the need for
skilled optical mineralogists in asbestos monitoring
and abatement and be prepared to respond to the
market needs. Colleges can prepare graduates for
asbestos work by providing special course work in
advanced microscopic techniques, asbestos analysis,
and microscopy of man-made and earth-rel ated mate-
rials for their students. These courses would also
provideexcellent el ectivesfor studentswho areenter-
ing the environmental, waste disposal or industrial
hygienefields.

In developing public policy. Government poli-
cies that mandate remediation and abatement should
be based only upon the well-reviewed scientific evi-
dence of the health risks and not on interests of those
whomay benefitfinancially or politically fromgrowth
of an abatement industry. Asbestos abatement has
developed quickly into a multi-billion dollar busi-
ness. Abatement isexpensive, and businesses, home-
owners, churches and school districts can be bank-
rupted by it. Large sums of money have been spentin
abating chrysotile, which is probably a benign sub-
stance (except in unusual occupational settings that
are beyond 20 fibers per cubic centimeter of air—
about 10 timesthat of even present exposures experi-
enced in modern asbestos mines.) For perspective, it
should aso be added here that even quartz, the most
common earth material and the main constituent of
beach sand, is clearly implicated as the cause of a
disease (silicosis) when inhaled as dust in unusual
quantitiesover considerabletime, such asmight occur
in heavy occupational exposures as the result of not
wearing protective equipment.

The difficult decisions about what actually de-
mands abatement must be based on information pro-
vided by experts with competence, ethics and no
conflictsof interest. Geologistswho are specialistsin
mineralogy can serve as team members with health
professionalsto ensure that studiesthat link a disease
with a mineral make that link with a very specific,
correctly identified mineral. In 1991, 2,900 people
died simply from choking onfood or ingested objects.
Thefact that ahuge abatement industry, along with a
massive regulatory component of government, has
sprung up to control an asbestos “hazard” which
probably causes less than 100 deaths each year re-
quires serious examination of priorities and current
public policy. All asbestos is not the same, and the
most common variety seemsto poselittleactual threat
to health or longevity. The asbestos "hazard" appears
at time of thiswriting (1993) to have been overrated
beyond reason.

27



THE CITIZENS' GUIDE TO GEOLOGIC HAZARDS

References for Additional Reading on Asbestos

Benarde, M. A., (ed.) 1990, Asbestos, The Hazardous
Fiber: Boca Raton, FL, CRC Press. This is a very
thorough book. Benarde' s Chapter 4 on adversehealth
effectsisrecommended readingfor anyoneinvolvedin
ashestos legislation and remediation.

Croke, K., Mensah, E., Fabian, R., and Tolley, G., 1989,
Asbestos in buildings: effects on residential and
commercial real estate values. The Environmental
Professional, v. 11, pp. 256 - 263.

Cullen, M. R., 1987, Controversies in ashestos-related
cancer : Occup. Medicine State of the Art reviews, v.
2, p. 259.

Deer, W. A., Howie, R. A., and Zussman, J., 1982, An
Introduction to the Rock Forming Minerals: Long-
man Group Ltd., England.

McCrone, W. C., 1970, I dentification of asbestos fibers
by microscopical dispersion staining: Microscope,
v.18,p. 1.

McCrone, W. C., 1987, Ashestos | dentification: Chicago,
IL, McCrone Research Institute.

McCrone, W. C., 1989, Asbestos, twenty years later:
Amer. Environmental Laboratory, Sept., pp. 60 - 65.

McCrone, W. C., and Delly, J. G., 1973 and 1978, The
Particle Atlas (2nd. ed.): Ann Arbor Science Publish-
ersinc., Michigan.

Phillips, W. R., and Griffen, D. T., 1981, Optical Mineral-
ogy - The Nonopaque Minerals: W. H. Freeman and
Co.

Ross, M., 1984, A survey of ashestos-related disease in
trades and mining occupations and in factory and
miningcommunitiesasameansof predictinghealth
risksof non-occupational exposureto fibrousmin-
erals. Amer. Society for Testing Materials, Specia
Technical Publication 834, pp. 51 - 104. Thisarticle is
recommended reading for anyoneinvolvedin asbestos
legislation and remediation.

Rutstein, J., 1989, Asbestos, geology, and asbestology:
The Professional Geologist, Nov., 1989, pp. 7- 11.

Skinner, H. C. W., and Ross, M., and others, 1989, Fibrous
minerals, mining, and disease: Geol. Soc. Amer.
Report of Committee on Geology and Public Policy,
11p.

Skinner, H. C. W., Ross, M., and Frondel, C., 1988, Ashes-
tosand other Inorganic FibrousMaterials: Mineral-
ogy, Crystal Chemistry and Health Effects: New
Y ork, Oxford Univ. Press.

28

Veblen, D. R, (ed.), Amphiboles and other hydrous
pyriboles: Washington DC, Mineralogical Soc. Amer.
Spec. Pub. 9A. Chapter 6 by Mal colm Rosson geol ogi-
cal occurrences and health hazards of amphibole and
serpentine asbestos is particularly pertinent.

World Health Organization, 1986, Asbestos and other
natural mineral fibers. Environmental Health Crite-
rig, n. 53, Geneva, Switzerland, World Health Organi-
zation.

Zoltai, T., 1978, History of asbestos-related mineralogi-
cal terminology: Natl. Bur. Standards Spec. Pub. 506.

Videotapes on Asbestos

Asbestos: 1978, 27 minutes, U.S. Natl. Institute for Occu-
pational Safety andHealth, National Audiovisual Cen-
ter, National Archives and Records Administration,
Customer Service Section PZ, 8700 Edgeworth Drive,
Capitol Heights, MD 20743-3701, (301) 763-1896.

Asbestos: 1979, 41 minutes, Marshfield Regional Video
Network, 1000 N. Oak Ave., Marshfield, WI 54449-
5777, (800) 782-8581.

Asbestos Safety: 1988, 20 minutes, International Film
Bureau 332 South Michigan Avenue, Chicago, IL
60604-4382, (312) 427-4545.

Asbestos: A Lethal Legacy: 1984, 57 minutes, Time-Life
Video, 1271 Avenue of the Americas, New York, NY
10020 (219) 484-5940.

Asbestos - Playing it Safe: 1985, 37 minutes, National
Audiovisual Center, National Archives and Records
Administration, Customer Service Section PZ, 8700
Edgeworth Drive, Capitol Heights, MD 20743-3701,
(301) 763-1896.

Asbestos: The Manageable Hazard: 1988, 99 minutes,
Educational Video Network, 1401 19th St. Huntsville,
TX 77340, (409) 295-5767.

Dangers of Asbestosin Our Environment: Separating
Fact from Fiction: 1986, 70 minutes, U.S. Geol.
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RADON and OTHER HAZARDOUS GASSES

Natural gasses are geological hazards that have caused much recent concern. Radon is
unique among gas hazards because it is radioactive, its toxic effects in amounts usually
found indoors are obviousonly after along period of time, and its effects are not yet well
assessed. Although radiation isdoubtlessdamaging to the cells of living organisms, there
is no such thing as a “radiation-free” environment on this planet. What actually
constitutes a radon level we can live with as an acceptable health risk is one of the most
heated controversies of all current environmental debates. At stake is the health risk for
millions of peopleif lowlevelsare serious hazards, or the needlessdrain of many billions
of dollarsfrom the national economy for remediation if risks are negligible.

Recognizing the Radon Problem

The annual dose of radiation we receive comes
from many sources. In addition to radioactivity from
soil and rock, we receive radiation from diagnostic
medical X-rays, fromdevicessuchascolortelevisions,
computer screens and smoke detectors, from the sun
and other cosmic sources, and from radiation inside
our own bodiesthat enterswith food and nutrients (in
theform of potassium-40 and carbon-14). It hasbeen
estimated that about 40% of the average American’s
dose of radiation comes from indoor radon.

1984 marked the beginning of the recognition of
radon, an invisible, odorless, radioactive gas, as a

major geologic hazard. In that year a worker at a
nuclear power plantin Pennsylvaniarepeatedly set of f
the alarms used to detect employees exposure to
radiation at the plant. Intensive investigation finally
reveal ed that the source of theworker’ sexposurewas
not his place of employment, but instead was hisown
home! The unusual accumulation in the home came
from natural radon released from the soils and rock
beneath the foundation, and this natural, radioactive
gasprovided constant, dangerous, radi ation exposures
for the employee and hisfamily. The soils and rocks
were not a uranium ore deposit; instead, the rocks
wereamylonite, arock typethat is produced in fault
zoneswheretherock is sheared and ground together.
Mylonitesare lesscommon than other rocks, but they
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Radon accountsfor about 40% of the radiation dosereceived by the average American (after Toohey, 1987).
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Map of general radon potential in the United States. Radon concentrations are reported in the United Statesin
picocuries(pronounced peek-o-cur ees) per liter of air (pCi/L). Onepicocurie-per-liter isabout thelevel of radiation
produced by thedecay of tworadon atoms in aliter of air over thecour seof oneminute. Thismap isavery condensed
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Agency, Washington, D.C. Thismap should not be used as a substitute for actual testing.

arecertainly not rare. Anobviousquestionwas, “ How
many other homes might be similarly affected?”
Subsequent follow-up studies over several yearsnow
confirm that radon gas is a natural contaminant in
virtually every state. This revelation may not have
occurred for many yearshad it not beenfor theintense
monitoring of employees by the nuclear industry.

M ost homesand buildingsdo not have hazardous
concentrations of radon. Y et owners should redlize
that awareness of potential radon hazardsisgrowing,
and future regulation may assign responsibility for
disclosureof indoor radonlevelstotheseller. Insome
areas of the nation, a building is not marketable
without an indoor radon survey.

Radiation from Geological Materials

Radiation is produced when unstable forms
(radioactive isotopes) of a few chemical elements
“decay.” Decay isaprocesswhereinradioactiveatoms
release both energy and mass. Release of energy
occurs as emission of high energy radiation (gamma
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rays). Massis lost when very small heavy and light
particles (alpha particles and beta particles,
respectively) areshot out of theatom at highvel ocities
like tiny bullets.

Isotopes are forms of a chemical element that
differ from one another by weight. Someisotopesare
radioactive; othersarestableand never decay. | sotopes
aredistinguishedinwriting by presenting thenameor
symbol of the chemical element along with anumber
whichdenotestheatomicweight. Thustheradioactive
isotope of carbon that weighs 14 units can be denoted
as carbon-14 or as *C, and the stable isotope of
carbon, *?C that weighs 12 unitscan also bewritten as
carbon-12 . *C forms naturally in the atmosphere.

Low-level radiation occurs in virtually all
geologica materials. Infact, natural low-level radiation
has long been recognized, and its measurement has
been used for decades asauseful meansto distinguish
different rock typesin drilled wells. Potassium-40 is
the most common geological radiation source and
occursin high levelsin potassium-rich rocks such as
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granites, gneisses, dates, some schists, many shales
and sandstones, in most types of glacial deposits, and
in special potash salt deposits formed by evaporation
of seawater. Potassium-40 decaysin asinglestep that
releases only gamma rays and produces harmless
stable daughter products, calcium-40 and argon-40.
Potassium-40 is not considered to be ahealth hazard.

Most of the remaining natural radiation come
fromthree other i sotopes. uranium-238, uranium-235
and thorium-232. In terms of radon, the important
isotope is uranium-238. Uranium-238 decays in a
series of steps that eventually changes uranium-238
into stable lead-206. Radon gas (radon-222 to be
moreprecise) isaradioactiveisotopeproduced during

34 STATES-- HOW THEY RANKED in the STATE/EPA INDOOR
RADON SURVEY

State Average % greater Rank
Concentration than 4
pCi/L pCi/L

lowa 8.8 71.1 1
North Dakota 7 60.7 2
Nebraska 55 53.5 3
Minnesota 4.8 454 4
Colorado 5.2 415 5
Pennsylvania 1.7 405 6
Maine 4.1 29.9 7
Ohio 4.3 29 8
Indiana 3.7 28.5 9
Wisconsin 34 26.6 10
Wyoming 3.6 26.2 11
M assachusetts 34 227 12
Kansas 31 225 13
New Mexico 31 21.8 14
Rhode Idand 3.2 20.6 15
Idaho 35 19.3 16
Connecticut 2.9 185 17
Kentucky 2.7 17.1 18
Missouri 2.6 17 19
Vermont 25 15.9 20
Tennessee 2.7 15.8 21
West Virginia 2.6 15.7 22
Michigan 2.1 11.7 23
Nevada 2 10.2 24
Alaska 17 7.7 25
Georgia 18 7.5 26
North Carolina 14 6.7 27
Arizona 1.6 6.5 28
Alabama 18 6.4 29
South Carolina 11 3.7 30
Oklahoma 11 33 31
Cadlifornia 0.9 2.4 32
Louisiana 0.5 0.8 33
Hawalii 0.1 0.4 34

Thislistisan arrangement of datafrom Gundersen et al., 1991, Preliminary Radon Potential Map
of theUnited States, USGS, Denver, CO. Datafrom other statesarestill being compiled. OnepCi/
L (picocurie per liter) isabout thelevel of radiation produced by the decay of two radon atoms

in aliter of air over the cour se of one minute.
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one of these intermediate steps of decay of uranium-
238 on its way to becoming lead-206.

Relationship between Indoor Radon
and Geological Materials

Mylonitesarenow knowntobevery concentrated
sources for radon gas. Uranium is also enriched in
granites, gneisses, schists, sates, some sandstones
and some glacial deposits. Uranium is highly
concentrated within black shales deposited in marine
environments and in rocks used as commercial
phosphate deposits.

Low content of uranium inthe bedrock beneath a
structure favors low radon in that structure, but the
character of the bedrock is not aways a foolproof
indicator. Limestones and dolostones are normally
[ow in uranium, but they can weather to leave behind
insolubleclay-soilsthat arerichinradioactiveminerals.
Asaresult, homessituated in limestone-derived soils
can be high in radon even though the unweathered
bedrock islow in uranium. Thisisparticularly truein
humid or temperate areas, such as the northern and
eastern U.S., where weathering builds thick soils.
Caverns in limestones can aso accumulate radon,
primarily because they contain floors of clay muds
derivedfromweathering of thesurrounding limestones.
Fracturefillingswithinlimestonesand dol ostonescan
contain uranium mineralization brought into the
fractures at an earlier time by groundwater. Coalsare
usually not high in radioactive elements when
deposited, but the black shal esthat constituteroof and
floor rocks of coa seams, particularly of coals that
were deposited in brackish water near marine coasts,
may be high in uranium. The numerous fractures in
coal (called cleats) can accumulate this radon.
Elsewhere, particularly in low-grade coals (lignites),
ground water may add large amounts of uranium to
these coals after they are deposited and make them
sources of radon. In summary, even houses sited on
“clean” rocksmay exhibit high radon readingsif soil-
forming conditionsare favorableto concentrating the
uranium-bearing mineralsin the soil.

Radon-222 has ashort half-life (time for 50% of
a given amount to decay—in this case 3.8 days),
which allowsit to remain atoxic, radioactive gas for
less than amonth. About 75% of radon produced at a
giventimedecaysinabout oneweek after itsformation.
These constraints mean that radon must come either
from uranium within a very immediate source, or
there must be conduits available for very rapid
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migration from below. Such conduits might be open
fractures, caves, old mines, or open well bores. Most
radon contamination occurs as |leakage from soil and
bedrock into basement foundations. Sometimes, but
rarely, constructionmaterialsmadefrom certainkinds
of rock may be asource of radon, and sometimes, but
rarely, water supplied by private domestic wells may
be a source where radon is carried into the home
dissolvedinthewater. Thereeveryday activitiessuch
as showering, flushing, heating or boiling of this
water rel ease the dissolved radon into the atmosphere
of thebuilding’ sinterior. A factor which may increase
indoor radon concentrationsistheuseof tighter, more
energy-efficient construction that greatly reducesthe
draftiness associated with older buildings.

Remediation, except in cases of very high
concentrationsof radon, canbesimple. Keepingradon
gasout of basementsisan exercisesimilar to keeping
a basement dry. Caulking along joints of basement
floors, sealing sumps with a tight-fitting plug, or
coating porouswallswithaseal er canbevery effective
in reducing radon content. Low amounts may aso be
brought down to acceptable levels simply by getting
additional ventilation into the building. Opening
basement windows and using the fan of the central
heatingandair systemor instal ling abasement window
fantobringinfreshair arehel pful measures, although
in most climates they could be considered as only
temporary seasonal remedies. In afew cases, amore
complex system (sub-slab suction) may berequiredto
flush soil gas from beneath the foundation floor.

Why Radon isa Hazard

Radon is a hazard because it decays quickly to
yieldaradioactivesolid (Polonium-218) whichlodges
permanently inthelungs. Thesolidthenbeginsarapid
decay cycle that releases apha and beta particles
inside the lung within amatter of minutes. The result
is damage to lung cells that may give rise to lung
cancer. Ordinary concentrations of radon in the
atmosphere are unavoidable and likely do not pose
any danger. The gas becomes a serious threat when
high concentrations build up within poorly ventilated
enclosures. It is particularly dangerous to smokers
who are exposed to high concentrations.

Radon Measurements

Radon concentrations are reported in the United
States in picocuries per liter of air (pCi/L). One
picocurie-per-liter is about the level of radiation
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produced by the decay of two radon atoms within a
one liter volume over the course of one minute. The
averagelevel of outdoor radon isabout 0.2 pCi/L and
the averageindoor level isabout 1.5 pCi/L or 5times
the outdoor levels. At present, the EPA calls
concentrations above 4 pCi/L “action level”
concentrationsand recommendsremedial actionwhen
radon content is above that level.

Homeowners and managers of public buildings
can perform rapid short-term measurements with
inexpensive test kits. These are exposed to the
building’ satmosphere and arethen sealed and mailed
toalaboratory for prompt analyses. Test kitscommonly
include charcoal cannister kits and alpha-track kits.
Thesemay be purchased at many hardwarestores, and
the cost of the kit should include the analysis.

Theinexpensive charcoal cannister kitsare used
to monitor for only short-term periods (one to four
days) and therefore they provide a convenient means
for a quick evaluation. However, a four-day survey
represents only a little over 1% of the year. Results
fromjust asingle short-term study should not serveas
the sole basis for remedia action. A few short-term
tests through the seasons will give a more realistic

picture of the degree of hazard. An unusually high
result should lead quickly to more precise eval uation.

Alpha track detectors are aso inexpensive and
can be deployed through an entire year. They require
at least 3months’ exposureto obtain good data. These
kits should be placed initialy in those areas of the
home that are likely to receive radon from external
sources (such asin the bathroom where radon might
enter through a domestic water source) and in living
areas where radon may be concentrated by reduced
circulation (such as a basement; crawl! spaces don't
qualify asliving areas). Becauseradonisaheavy gas,
it may be concentrated more at lower levels of the
house. However, foundationsconstructed with hollow
materials, such as some types of concrete block, can
divert the radon to the first floor rather than to the
basement.

Indoor radon concentrations vary markedly
through the year in accord with weather changes.
Maximum readingsshoul d beexpectedtooccur during
the time of year of minimum ventilation. This is
usually winter, when the building is operated to
conserve heat loss and when snow and ice prevent
easy escape of radon from soils into the atmosphere.

COMPARATIVE RISK CHART for RADON LEVELS

Radon Level | Estimated Fatal Comparable Comparable Risk
pCi/L Lung Exposure Levels Estimate
Cancers/1000
) 1,000 timesaverage | More than 60 times non-
200 440-770 outdoor |evel smoker risk
) 100 times average Four pack/day smoker
100 270- 630 indoor level or 20,000 chest X-rays/yr
3 100 times average
40 120 - 380 outdoor level Two pack/day smoker
20 60 - 210
) 10 times average
10 30-120 ndoor level One pack/day smoker
4 13- 50 10 imes average Five times non-smoker risk
outdoor level
7-30
1 3.13 Average indoor level Non-smoker risk of fatal lung
cancer
0.2 1-3 IAevV Zrage outdoor 20 chest X-rayslyr

EPA recommendsaction betaken if indoor radon levelsexceed 4 pCi/L , which is10timestheaver age outdoor level.
Some EPA representatives believe the action level should be lowered to 2 pCi/L; other scientistsdissent and claim
therisks estimated in this chart are already much too high for low levels of radon. The action level in European
countriesisset at 10 pCi/L. Notethat thischart isonly oneestimate; it isnot based upon any scientificresult derived
from astudy of alarge population meetingthelisted radiation criteria. (from U.S. Environmental Protection Agency)
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The Radon Controversy

Some scientists hotly contest the need for
widespread concern and expensive remediation.
Disagreement comes because assessing the radon
hazard is very difficult at this time. To assess the
degree of hazard clearly, scientists must be able to
attributeto the hazard the specific fatalitiesthat result
from it within alarge population. The case for radon
isespecially troublesome because (1) radon produces
lethal consequencesonly after many yearsof exposure
and has only recently become recognized as ahazard
and, (2) lung cancer, theterminal disease produced by
radon, is produced by many other lung irritants as
well, thegreatest of whichissmoking and not theleast
of which may be passiveinhalation of smoke. To use
the mortality rate for lung cancers directly, scientists
need to distinguish specifically the lung cancers that
are caused by radon. At time of thiswriting, that data
is just not available for a sufficient population to
directly assess the radon risk.

At present, evidence that low concentrations of
radon in homes may pose significant risk must come
from two indirect observations. The main indication
of potential danger comesfrom known popul ations of
miners exposed to radon in uranium mines. These
workers, particularly the workers who smoke as well
as suffer occupational exposure to radon, do have a
significantly increasedfrequency of lungcancer. There
is an undeniable risk for smokers at these levels of
exposure. In contrast, another line of evidence which
shows no significant risk lies in recent demographic
studies which have tried to relate average life span
over an areato regional concentrations of geological
background radiation. These fail to support any link
between regional radiation levels and expected
longevity. In fact, North Dakota, which has high
backgroundradiationand somevery highradonlevels,
is the state with the greatest longevity.

Problems arise when such indirect evidence
becomesthe basisfor policy. First, the population of
miners who received high doses of radiation from
both radon gas and mineral dust is not representative
of the populace that receives only low doses of radon
gas at home. Radon concentrations such as those
foundinuraniumminesandinthehomeof thenuclear
plant worker in Pennsylvania are rare occurrences,
and using these exceptions as the basis to develop
policy for the general populace may lead to unwise
mandatesand needlessterror. In contrast, theregional
background radiation studies do not directly address
the indoor radon concentrated in specific homes for
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specific individuals, and thus these regional studies
may leadtoaninterpretationthatinducesfal sesecurity.

In summary, concentrations of radon in a home
can be inexpensively monitored and measured. Once
alevel has been established in pCi/L, the risks of the
actual likelihood of contracting lung cancer, as
estimated by the United States EPA, can be obtained
from the risk table on radon levels (see page 33).
Remember that the table is based only upon indirect
evidence. If it is correct, then indoor radon should
produce about 20,000 fatalitiesin the U.S. each year.

Other Toxic Gasses

Although radon has been a frequent topic of the
mediainthelate 1980sand early 1990s, thereareother
natural gasses that sometimes pose deadly hazards
under specia conditions. About 1,000 peopleayearin
the U.S. die through accidental poisoning by gas;
many of these poisoningsare dueto methaneused as
“natural gas’ inhome heating and cooking. Residents
who are not minersor drillersby profession, and who
do not live with the specia conditions listed below,
will not likely be affected.

M ethane, car bon monoxideand car bon dioxide
are gasses that were particularly dreaded by coal
miners prior to modern design, monitoring and
ventilation of mines. The gasses were colloquially
dubbed “fire-damp” or “choke-damp” in referenceto
the deaths of miners by fires, explosions and
suffocation. These are not simply hazards of the
distant past; 200 miners died in 1992 in Ankara,
Turkey, in a methane explosion.

Hydrogen sulfide, a natural gas associated in
lethal concentrations with some petroleum deposits,
is even more toxic than the “cyanide” gas used in
executions. The human body can sense hydrogen
sulfide gas by its unpleasant “rotten egg odor” in
quantities of less than afew parts per million in air.
Thegasistill dreaded by oil drillers, and wholedrill
crews have been killed instantly when this* sour gas”
belched from awell onto adrill floor.

All gasseshavetheability tomigrateinto shallow
openings such as pore space in soils or rocks or into
man-made openingssuch aswells, minesand tunnels,
shallow sewers, septic tanks, utility conduits, drains
or basements. Where seeps of these gasses occur
naturally, their presence is evident by phenomena
suchasfoul odorsor “burning springs,” and therefore
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Portion of radon map from USGS Map Folio 2047, Fairfax County, VA. Radon-risk areaslabeled and outlined in
red ink arekeyed to atext which accompaniesthis map. Such detailed maps are now not common in the U.S., but
may become mor e so asresult of 1992 funding for the National Geologic Mapping Act of 1992 (H. R. 2763).

theareaisavoided for residence. Somedanger occurs
when devel opment occurs over old mineworkings or
oldleakingwell casings. When gassesreach sufficient
concentrationsin devel oped areas, dangersarisefrom
the potential for combustion (methane), explosion
(methane), toxic inhalation (hydrogen sulfide) or
suffocation (carbon dioxide and nitrogen). Methane
gas from gas mains or sewers may leak and migrate
through underground openings over alarge area and
explode with fatal consequences. Such a methane
explosion occurred in Guadalgjara, Mexico, on April
22,1992, and left nearly 200 dead.

Gasses can also be released during earthquakes.
Broken gasand sewer mains are obvious gas sources,
but gasses can also be released with mud and sand
boils and from ruptured cover over waste sites.

V ol canoes (see section this book, p. 54) are well
known for release of toxic and nauseous gasses that
include sulfurous and chloride acid vapors. In
Cameroon in 1986, over 1,700 people as well as

wildlifeand farmanimal sperished beneath aplume of
carbon dioxidethat bel ched forth from beneath a200-
meter-deep lake located within a volcanic cone.

Undergroundfiresin coal seams, abandoned coal
mines and spoil piles can perpetually release foul-
smelling and health-damaging fumes on unfortunate
residents nearby. These fumes consist of sulfurous
gassesand hydrocarbonswith an asphalt odor that are
released and distilled from the coal and associated
organic-rich roof and floor rocks.

Finally, man’'s disposal of wastes, particularly
organic wastes and trash into the geological
environment in “land fills,” can often be a source of
hazardous gasses. The same microorganismsthat are
responsiblefor converting natural organic matter into
methane in swamps and marshes are also responsible
for converting man-made organic wastes in landfills
to that same gas. In instances where carelessland use
planning occurred, structures built over old land fills
accumulated methane within basements, sewers and
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utility conduits with disastrous consegquences of fire
and explosion. Production of methane gas at waste
disposal sitesisso pralific, that it can at timesserve as
auseful local source of fuel.

Roles of the Geologist in Reduction
of Gas Hazards

In mapping. Geologists can tell from simply
looking at ageologic map where anumber of areas of
risk are likely to be located. The ability to make this
interpretation comes from formal university training
obtained in a number of courses and from field
experience. This same training permits geol ogists to
map deposits, both at the surface and at depth, inareas
that havenot been previously mapped, andtointerpret
older maps and reportsinthelight of newer, state-of-
the-art knowledge.

I'n public service. Asevidenced from thisentire
booklet, sites for new buildings should be evaluated
by aqualified geol ogist before construction or design
plansare begun. Often the state geol ogical survey can

providehelp of agenera naturewith mapsthat outline
those areasthat are underlain by bedrock of known or
probable elevated concentrations of uranium.
Aeroradioactivity maps, maps of surface radiation
made from readings taken in low-flying airplanes,
have been produced by the USGSfor someareas. The
state survey will likely have these maps available for
review. The state surveys should also know about
particular ground water sources that may be high in
radon. As of 1993, the Branch of Sedimentary
Processesat the USGSin Denver completed amap of
the radon potential of the United States. The map is
published with an accompanying booklet for each
State.

Inresearch. Asresult of therecently recognized
radon problem, geologists have learned surprising
facts about the types of geologic conditionsthat lead
toincreased radon in structures, and about how radon
becomesenrichedin soil, groundwater and rock. New
work will reveal more, and the data provided by
geologistswill likely lead to amore precise statement
about actual dangers of radon to homeowners.

SUMMARY of PART I

Widespread education is the most significant step that can be taken against hazards from geological
materials. However, some individual s teaching earth science, physical geography, physical geology and
introductory geology have never themselves taken formal courses in mineralogy, petrology or soils.
Property ownersarethe main victimsof economiclosses, where swelling soil sor inappropriate construction
materials can wreak havoc with structures. Safeguards there include procuring good information about the
nature of the site from a professional geol ogist, and obtaining appropriate insurance to cover possibility of
loss.

Radon and ashestos aretwo topicsthat are frequently in the national media. M assive amounts of money
arealready being spent to remedy these hazards, and some estimatesto remediatethese exceed the combined
costs of all geological hazards. State-of-the-art knowledge about these hazards seems to be unknown or
misunderstood by policy makers and journalists. The public remains ill-informed without realizing the
substance behind the controversiesthat surround asbestos and radon. While some segments of the populace
suffer needlessfear and unwarranted financial | oss, othersare obliviousto real dangers. Massiveregul atory
actionsthat are not based upon solid science may be some of the most expensive blunders of this century.
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Part |11 - Hazards From Geological
Processes

art 111 contains chapters on earthquakes,
volcanoes, landslides, subsidence, floods
and coastal hazards that result from the
dynamic processes that characterize our planet. Each
chapter detailsdistribution of thehazard, the nature of
the hazard through deep time, methods of measuring

or quantifying the severity of a hazard where appli-
cable, dangersposed by thehhazard, methodsof reduc-
ing losses from the hazard, and the role of geologists
in mitigating the hazards. Every chapter endswith an
extensive list of references for further information,
including listsof availablevideoson specific hazards.

EARTHQUAKES

I n densely populated areasthat have taken no precautionsthrough building codes, single
earthquakes have taken more than 100,000 lives within less time than it will take you to
read this page. Since 1884, there have been over 30 major earthquakeswithin the United
Statesthat have produced significant financial lossand lossof life. The 1989 Loma Prieta
earthquake alone produced over 6 billion dollarsin damage. Loss is minimized through
land use zoning and engineering design that take geology into account. The eastern and
midwestern U.S. are not exempt from earthquake hazards; some of the most powerful
earthquakes in the continent have occurred there.

: - ' e :

Former five-story communications building in Spitak, Armenia. This failure is typical of buildings constructed
without adequate ties between floors and walls. During vibration, the floor s collapse through standing walls and
leave no open spacewher evictimsmight survive. Hospitalsin thisarea wer e constructed in the sameway, and their
collapsekilled alargepart of themedical personnel. The Armenian earthquakeleft 25,000 dead, 15,000injured and

over half a million homeless. L osses wer e mor e than 14 billion U.S. dollars. (photo by C. J. Langer, USGS)

P L
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Earthguake Severity and Magnitude

The power suddenly released during a major
earthquake produces a terrifying experience. This
power is described in terms of its magnitude and its
intensity. TheAlaskan quakeof 1964 (magnitude9.2)
released asmuch energy aswould 25 thousand atomic
bombs of the size that destroyed Hiroshimain 1945.

TheRichter Magnitude Scale, devised in 1934
by the late Dr. Charles F. Richter at California Insti-
tute of Technology, expresses the calculated energy
released by an earthquake. The Richter magnitudeis
based on alogarithmic scale with each whole number
step on the scale representing a tenfold increase in
seismic wave trace amplitude. A magnitude of 1 on
the Richter scale represents the energy released in
detonation of about 6 ouncesof TNT, whereasaquake
with amagnitude of 8 representsenergy equivalent to
that rel eased by an explosion of over 6 milliontonsof
TNT. Earthquakes that register above 7 are consid-
ered to be “major” earthquakes; those above 8 are
termed “great” quakes.

Another scale, the Mercalli I ntensity Scale de-
veloped in 1902 by the Italian geologist Giuseppe
Mercalli, employs observations of an earthquake's
effects on man-made structures, and isamore easily
understood expression of severity tothenon-scientist.
Mercalli’ sscale, asmodifiedin 1931, isexpressed by
Romannumerals"l" through"XI1." A"l"israrely felt;
a"V" iseadly felt, with small objects such as vases
overturning or falling fromshelves. A " XI1" resultsin
extreme damage to nearly all structures.

4 )

’3
o 2
1

Small numbers mean a big difference on the Richter
scale. Each integer on the scale indicates a quake
producingan amplitude 10timesaslargeasthequake
described by the next lower digit. Energy released
increasesabout 40-fold betweenintegers. Circleareas
above show the scale of logarithmic growth of
amplitudes for Richter magnitudes 1-3. To show a
magnitude of 10 at this same scale would require a

sheet of paper nearly 500 feet (150 meters) wide.

EARTHQUAKE RATING SCALESCOMPARED IN TERMS OF ENERGY
RELEASED AND DAMAGE OBSERVED
RICHTER MERCALLI EQUIVALENT WITNESSED
MAGNITUDE | INTENSITY ENERGY in OBSERVATIONS
WEIGHTS of TNT
upto3 I -11 less than 400 |bs barely noticeable
3-4 =111 up to 6 tons feels like vibration of
nearby truck
>4-5 V-V up to 200 tons small objects upset, e
Sleepers awaken Modified
o —| from Petak
>5-6 VI - VII up to 6, 270 tons g;T]:I cgltg mtagonftand, L
20 10 masonry (1982) and
>6-7 VII - VI up to 100,000 tons general panic; some Earthquake
il Sl Information
>7-8 IX-XI upto 6, 270,000tons | wholesale destruction, | Bulletin
large landslides (1974, Sept.-
8-9 XI - X1l up to 200,000,000 tons | total damage; waves | Oct.)
seen on ground surface
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Worldrelief map produced on computer showingcrustal plateboundaries(yellow), major oceanicfaults(black) and
earthquake epicenters (varied colors according to depth ) for lar ge earthquakes from 1970 through 1980. (image
produced by Dr. Peter Sloss, 2000, National Geophysical Data Center)

Distribution of Earthquakes

We know that the crust of the planet is not a
continuous skin, but instead it islike acompleted jig-
saw puzzle, with the actual pieces of crust termed
plates. Unlike a jigsaw puzzle's pieces, the plates
move. Plate movement isdriven by motion withinthe
deeper portion of the earth (the mantle) that supports
the crust. The plates move only at about the rate at
which your fingernails grow, but tremendous energy
isrequired to move such immense masses of rock at
all.

Over deep time, the motion is not smooth and
steady. Instead, the motion is jerky, with the plates
jamming up against each other for awhile, until stress
builds sufficiently to break the locking friction, and
motion proceedswith arapid snap. Earthquakeisthe
term for an event when the ground trembles and
shakesduring thesnapping rel easeof theaccumul ated
stress. Mgjor stresses along plate boundaries produce
numerous fractures along which the movement re-
peatedly occurs. Suchfracturesaretermedfaults, and
faults along which motion has been perceived in
historic time are termed active faults. Almost all
earthquakes occur from the process of natural stress
being released along large faults. However, in afew
rareinstances, minor earthquakeshavebeen produced
by human activities such asinjection of fluids under-

40

A bird's-eye view shows the San Andreas fault of
California asalinear gash dividing the Carizzo Plain
(Ieft) from the Temblor Range. (photo by R. E. Wallace,
USGS)
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WORLD’SMAJOR DISASTROUS EARTHQUAKES

YEAR RICHTER LOCATION APPROXIMATE

MAGNITUDE DEATHS
365 unknown Crete and Greece 50,000
526 unknown SyriaArea 250,000
893 unknown India 180,000
1138 unknown Syria 100,000
1293 unknown Japan 30,000
1455 unknown Italy 40,000
1556 unknown Shaanxi, China 830,000
1667 unknown Caucasia 80,000
1693 unknown Sicily 60,000
1737 unknown Cadlcutta, India 300,000
1755 8.7 Lisbon, Portugal 60,000
1783 unknown Italy 50,000
1797 unknown Ecuador 41,000
1868 unknown Ecuador and Colombia 70,000
1908 75 Southern Italy 58,000
1915 75 Centrd ltaly 32,000
1920 8.6 Kansu, China 200,000
1923 8.3 Y okohama, Japan 103,000
1927 8.3 Nan-Shan, China 200,000
1932 7.6 Kansou, China 70,000
1935 75 Northern India 60,000
1939 7.8 Chile 40,000
1939 7.9 Erzincan, Turkey 23,000
1949 7.3 Pelileo, Ecuador 6,000
1960 5.8 Agadir, Morocco 12,000
1970 7.7 Chimbote, Peru 67,000
1976 8.0 Tangshan, China 242,000
1976 75 Guatemala 23,000
1978 7.7 Northeast Iran 25,000
1985 8.1 Mexico City, Mexico 9,500
1988 6.8 Armenia 25,000
1990 7.7 Northwest [ran 40,000

Casualties given here on fatalities include associated fires, landslides, and
tsunamis. Datacomesprimarily from Gereand Shah, 1984, TerraNon Firma
and Office of Foreign Disaster Assistance, 1992, Disaster History.

ground near Denver, Colorado, in 1962 or by filling of
large reservoirs, such as at Koyna Reservoir in India
in 1967. In these cases, human-induced stress causes
rock to move aong joints (natural fractures in the
rock which have experienced no prior offset move-
ment) and quakes are the result.

Earthquake Occurrence and the
Concept of Deep Time

Earthquakes are one of the few geologic hazards
that seldom produce sufficient warning to permit
evacuationor rel ocation. Themajor problemsindeal -
ing with earthquakes lie in their anticipation and
prediction. If earthquakes occurred periodicaly at

regular time intervals, then they would be easy to
predict. Unfortunately, earthquakes don’t occur with
regularity. Where earthquakes occur frequently, such
asin Californiaand Japan, they are easy to anticipate
(i.e., we know that one or more will occur within the
next few years), but they are not possible to predict
(i.e., no oneknows onwhat day or even year that they
will occur.)

In the midwestern and eastern United States,
earthquakes are not associated with plate boundaries,
but instead occur along deep faults within the North
American plate. These faults are apparently tightly
locked because tremors are infrequent. When energy
is not released in a series of frequent tremors, this
energy builds over time until huge amounts are re-
leased in a single earthquake. Such earthquakes are
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noted for their size and destructive power, and be-
cause they occur infrequently, from once every few
decades to perhaps centuries, they are difficult to
anticipate, much less predict.

Therealm of our planet’ s crust is active, and the
million or so earthquakes that occur within it each
year testify to its dynamic nature. Over 99% of these
million quakes pose no danger, and are only known
through the responses they produce in the sensitive
instruments of seismologists. Yet, over 100 earth-
quakes occur each year that are capable of doing
severe damage.

Dangers from Earthquakes

Strangely, therelease of all of thispower beneath
thesurface of the planet poseslittledirect danger toan
individual. Humans are not “shaken to death” by
earthquakes, and film depictions that show strug-
gling, terrified victims falling into bottomless fiery
chasmsareportrayal swith entertainment astheir sole
redeeming value.

® Helena 1935
@ Marihattan 1925
Hebgen Lake 1959
Kosmo

Pleasant Valley 1915

San Francisco 1906 .

Hayward 1868 Elsinore'._:1921
Loma Prieta H

@089 @owens Valley 1872 *

The greatest dangers come from the interaction
between earthquake vibrations and man’ s own struc-
tures. Thedangersof being crushedin afalling build-
ing, getting burned in fires that burst from ruptured
gasmainsor fuel tanks, being swept away and drowned
in a flood from a burst reservoir, or getting buried
beneath quake-inducedlandslidesarevery real . About
every 20 years a single earthquake occurs that takes
over 100,000 lives. One earthquake in Chinain 1556
killed over three-quarters of amillion people.

The hazard arising from a particular earthquake
will depend in part onitslocation and severity. When
rock under stress ruptures, the violent adjustment
sendsshock wavesradiating outward from around the
rupture point or focus (usually severa kilometers
deep). To an observer on the ground, the shock wave
vibrations move as ripples, much as ripples radiate
outward incircleswhen arock istossed into abody of
still water. The epicenter is the point on the ground
surface directly above the point of origin or focus. In
general, the vibrations will be felt less strongly the
farther an observer is from the epicenter.
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1663, 1870

Timiskaming

1935
@

Cape Ann

w York area
A \ 1884
County
VA 189

1811-1812

San Fernando 19 : N
Arcadia/Sierra Madre 1991%  _,**
Riverside County 1918

Big Bear Lake/Yucca Valley

Kern County 1952 ’
Santa Barbara
1925 whittier 1987
Northridge 1994’
Long Beach 193 Hemet 1899
San Juan Capistrano Imperial Valley
1812 1940

Charleston, SC
1886

N

Earthquakesin United Statesand near by Canadathat havecaused notabledamage. Shaded zonesshow high-risk areas
for earthquake damagein eastern and midwestern U.S. M ost of western U.S. to left of dashed linerunning from New
M exico through Montanaishigh-risk area. The 1992 Big-Bear L ake/Y ucca Valley quake caused littledollar damage
or lossof life, but islisted becauseof sever esurfacecrackingthat fortunately occurredinarural area. (map updated from
Hays, 1980, USGS Prof. Paper 1114, with shading added based on various seismic-risk maps)
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SELECTED EARTHQUAKESIN THE UNITED STATES

YEAR NEAREST CITY / RICHTER NUMBER OF DEATHS -
EPICENTER MAGNITUDE COMMENTS
1755 Boston, / Cape Ann, MA 6 buildings damaged
1811- 12 | Memphis, TN / New Madrid, 7.8 8in 3 separate quakes
MO
1812 San Juan Capistrano mission/ 7 40 - roof of church cavedin
San Gabriel, CA
1857 Los Angeles/ Ft. Tgjon, CA 8.0 1 - San Andreas Fault
1865 San Francisco, CA 6.3 ? - Severe damage
1868 San Jose, CA 7.0 30 - Hayward Fault
1872 Bishop, CA / Lone Pine, CA 8.0 27 - Sierra Nevada Fault
1886 Charleston, SC 6.8 100 - Liquefaction of soils
1906 San Francisco, CA 8.0 700 - Liquefaction of soils
1925 Santa Barbara, CA 6.3 13 - Unnamed offshore fault
1933 Long Beach, CA 6.3 120 - inspired codes for
construction of schools
1934 Salt Lake City/Kosmo, UT 6.6 0 - Wasatch Fault System
1940 Brawley/ Imperial Valley, CA 7.1 8 - An area of frequent quakes
1949 Seattle,/ Puget Sound, WA 7.1 8 - Areaof occasiona quakes
1952 Bakersfield/ Kern County, CA 7.7 12 - White Wolf Fault
1954 Reno/Dixie Valey, NV 7.1 0 - Epicenter in rural area
1959 Bozeman/ Hebgen Lake, MT 7.3 28 - In landdlide caused by quake
1964 Anchorage/ Prince William 9.2 131 by tsunami and landslides;
Sound, AK tsunami kills 11in CA
1971 Los Angeles/San Fernando 6.4 65 - buildings and highway
Valley, CA bridges collapse
1975 Kalapana, Hawaii 7.2 2 - tsunami damage
1983 Coalinga, CA 6.5 1 - older buildings destroyed
1987 Whittier, CA 59 8 - 358 million dollars damage
1989 San Francisco - Oakland / Loma 7.1 62 - Most in overpass collapse;
Prieta, CA over $6 billion damage
1991 Arcadiag/SierraMadre, CA 6 2 - $ 18 million dollars damage
1992 YuccaValey & Big Bear Lake, 74& 6.5 2 - over 170 injured. Extensive
CA ground cracking in remote area.

(data from Bolt and others, 1977; Gere and Shah, 1984; and the National Oceanic and Atmospheric
Administration.)

1886 Photograph of the
Charleston, South
Carolina, earthquake
along East Bay Street.
Because of infrequency
with which major quakes
occur away from plate
boundaries, many
property ownersdo not
realizethey areat risk and
have no insurance against
earthquake damage.
(photo by J. K. Hillers; from
USGS Photo Library,
Denver, CO)
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Thistsunami was generated by the 1964 earthquake near Anchorage. (photo from USGS photo library, Denver, CO)

Earthquakes cause damagein four ways.

1. Ground shaking. Ground shakingisgenerally
the most severe direct cause of damage. Crowded
public buildings that cannot be evacuated quickly,
such aschurches, schoolsand hospitals, may collapse
during ground shaking and result in mgjor loss of life.
Oneexampleisthe collapse of the Veterans Hospital
in Sylmar, California, in 1971 that killed 45 people.

2. Surface rupture. Surface rupture is the hori-
zontal or vertical displacement of the ground surface
along a narrow fault zone. While affecting a much
smaller area compared to ground shaking, it can
severely damage structures|ocated adjacent to faults.
Damage from surface rupture was particularly severe
in the 1971 San Fernando earthquake in California.

3. Ground failure. Ground failureisan indirect
cause of damage, but it may be widespread and
produce some of the most devastating losses of life.
Fissures (open fractures) may developin certain soils
during major quakes due to ground shaking, but most
areshallow. Chancesof being“swallowed” by one, as
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displayed in the film portrayals of Shogun or Clan of
the Cave Bear, are about on par with the odds of a
vegetarian choking to death on abone. Extreme dan-
gers, however, do result when a quake produces
landslides and mudflows. Then, burial aliveisarea
possibility. The vibration of an earthquake causes
sensitive soilsto flow. Some even liquefy as the soil
grains collapse together, and water is released from
microscopic pores. Structures built on sensitive soils
collapseand sink. Quake-induced landslidesin China
during 1920 killed about 100,000 people.

4. Tsunamis. Tsunamis are ocean waves pro-
duced by earthquakes, volcanic eruptions or major
landslides (see chapter on coastal hazards). These
may sweep ashore, causing damage at points thou-
sands of kilometers from the earthquake epicenter.
Similar waves can also be produced within enclosed
or restricted bodies of water such as lakes and reser-
voirs. Damage can be severe where the waves move
forward up the shoreline or overtop dams, alowing
downstreamareastobeinundated. At Valdez, Alaska,
81 lives were lost in 1964 as result of the tsunami
produced by an earthquake.
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Reducing Earthquake
Damage

Worldwide, on the average, 10,000
peopledieeachyear from earthquakes. Itis
anticipated that amajor northern California
earthquake, in or near San Francisco, will
produce several thousand deaths and over
40 hillion dollarsin damage. An insurance
coalitiontermed“ The Earthquake Project”
estimates that insurance losses for amajor
quake, including firesfollowing the quake,
workers' compensation and general liabil-
ity, would surpass 50 billion dollars for
losses a ong the Newport-1nglewood fault
in southern California. The Loma Prieta
earthquake produced over 6 billion dollars
in damage, but insured property damage
accounted for only 16% of this loss. It is
obvious that many property owners were
not insured against this hazard. Another
largeearthquakeintheMidwest, Northeast
or Carolina coast, where neither compa-
rable earthquake building codes nor disas-
ter plans exist, would likely be even more
devastating.

It is possible to significantly re-
duce the damages to structures and | oss of
life through the following:

1. requiring buildingsto be placed a
specific distance from known ac-
tivefaults

2. restricting land use in areas un-
derlainby soilspronetolandsliding
or settling

3. enforcing stringent requirements
for sitesand design

4. incor poratingconstruction designs
that withstand ground shaking

5. strengthening of existing struc-
turestowithstand ground shaking

6. encouraging effective damage re-
duction through fiscal planning

7. adjusting insurance rates to en-
courage remodeling to limit dam-
age

8. providing tax incentives for land
uses that are compatible with ex-
isting hazards

9. educating the public to protect
themselves and their property.

A casualty to ground shaking, an Armenian stonemasonry church
liesin ruinsin thewake of the 1988 earthquake. High unsupported
roofsin such public structuresareresponsiblefor largelossof life
at asingle site. (photo by C. J. Langer, USGS)

- Y Lt i T
Ground cracking in Guatemala earthquake in 1976. (photo from
USGS photo library, Denver, CO)

Railway in Guatemala offset by surface rupture. (photo from
USGS photo library, Denver, CO)
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Roles of the Geologist in Reduction
of Earthquake Hazards

Inregional monitoring. Geologistsareinvolved
at both the regional and the local levels. At the
regional level, geol ogistsmonitor earthquakesthrough
a world-wide network of seismic stations that are
linked to central information banks via computer.
When a quake occurs anywhere in the world, its
intensity, depth andlocation of itsepicenter areimme-
diately calculated and recorded in the information
bank. Thisinformation can then be used to determine
if an earthquake is the likely cause of a specific
disaster such as a landslide or a collapsed structure.
Furthermore, this seismic network allows identifica-
tion of particularly large quakes that may produce
tsunamis and provides warning time for preparation
and evacuation of dwellers along coastal areas who
would otherwise be unaware of their pending fate.

In public service. In conjunction with historic
records, seismicinformation is used to compile maps
of geological conditions that favor earthquakes and
earthquake damage. Regional seismicrisk mapshave
been compiled for the entire United States. Other

Landslide of nearly 4000 cubic yards of material restsat base of cliff near Fort Funston, California, after

more detailed maps are being developed for local
areas. State and federal geological surveys provide
publications on earthquakes that range from educa
tional brochures for children to technical papersin-
tended for use by professional engineers.

Inengineeringapplications. Engineering struc-
tures that are earthquake-resistant require accurate
sitemapping of the geology underlying the structure.
Geologists are trained to identify and to map the
distributionof earthmaterials. They apply thisknowl-
edge at the local level in the mapping, sampling and
testing of foundation material sfor worksof construc-
tion, zoning, land use management and risk assess-
ment. Geology is of paramount importance to engi-
neering and architecturein any setting, but especially
so in earthquake country. Even when engineering
design and construction are of the highest quality, a
structuremay instantly fail withfatal consequencesif
thegeol ogical conditionshavebeenignored or incor-
rectly evaluated. States that have frequent earth-
quakes usually require that geologists perform the
geological investigation. Many professional geolo-
gists are employed by engineering firms or as inde-
pendent consultants to such firms.

— \*‘
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theLomaPrieta earthquake of 1989. Such slidesoften block transportation routesand prevent rescueand

evacuation. (photo by D. M. Peterson, USGS)
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I n resear ch. Earthquake prediction comprises a
particularly fascinating and activefield of geological
research. Eventual development of areliable earth-
guake prediction model will be amajor milestonein
scientific achievement. To date, only a few quakes
have been predicted such as at Blue Mountain Lake,
New Y ork, and Hsing-t’ ai, China. Although accurate
prediction of earthquakes is not yet possible, the
present state of knowledge allows geologists to de-
lineate most areas where earthquakes can be antici-
pated to occur within the next several decades.

In education. In California, where earthquakes
are repeatedly evident, the public has areal desireto
know about earthquakes. “Are You Prepared for the
Next Big Earthquake?’ wasacolorful magazine-style
insert that recently was placed in 2.4 million newspa-
persinthe San Francisco area. It was produced by the
U.S. Geologica Survey and printed through funding

from the American Red Cross and United Way. The
public response was extraordinary and resulted in
over 700,000 requests for additional copies within a
few weeks of the publication's release.

Citizensin many parts of the country wholivein
endangered areasarelargely unaware of the nature of
the risks they face. Complacency results there be-
cause of long time intervals between major earth-
guakes. Only asmall percentage of property owners
outside California have earthquake insurance, and
most structures are not designed to be earthquake-
resistant. Geologic hazards are not covered in most
earth science courses, and few studentstakeany earth
science in schools. In terms of earthquake literacy,
citizens of most areas of the nation outside California
are not aware of earthquake dangers, do not plan or
design for the next inevitable earthquake, and are
generaly unprepared to deal with this hazard.

Special mapsthat emphasize geologic hazar dsar eoneof thegeologists major contributionsto plannersand engineers.
Aboveisa portion of such amap constructed by the USGSfor the Henrys L ake area of |daho. Thismap shows areas
of earthquake- related hazar dsthat may beavoided. Red and oranger eveal areaswher eearthquaketremorsarelikely
totrigger landslides. Hachured blue around the edge of thereservoir delineatesland that may beinundated by waves
generated in thereservoir by an earthquake. The United States currently lagsbehind other nationsin providing such
detailed mapsfor public use.
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Collapsed buildingintheMarinaDistrict of San Franciscoduringthe1989 L omaPrieta Earthquake. Thisareawas
filled with sand and waste materials from the 1906 earthquake. Such fill liquefies and flows under vibration;
structures such asthese should never have been built on such material in earthquake country. Nine peopledied in
fires and building collapse in this district. Asin 1906, fires could not be fought with city water because shifting,
liquefying ground shattered water mains. (photo from NOAA by D. Perkins, USGS)

References for Additional Reading on Earthquakes
"E" Denotes references particularly suitable for educators.

Asada, T., (ed.), 1982, Earthquake Prediction Tech-

American Geophysical Union, 1993, Earthquake
Curriculum Package E: AGU, 2000 Florida
Avenue, N.W., Washington, DC 20009, (202) 462-

6900. The exercises for grades 7-12 now being field

tested in 1993 will be generally availablein 1994.

American Red Cross, 1984, Safety and survival in an
earthquake E: Los Angeles, American Red Cross.

American Society of Civil Engineers., 1976, Liquefac-
tion Problemsin Geotechnical Engineering: New
York, Amer. Soc. Civil Engrs.

Arkansas Earthquake Preparedness Program, 1990,
Home and family earthquake preparation
guidebook: P. O. Box 758, Conway, AR, 72032.

Atkinson, W., 1989, The Next New Madrid Earthquake
- A Survival Guide for the Midwest E: Carbondale,
IL, Southern IL Univ. Press, 210 p.
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VOLCANOES

Disastersproduced by vol canic hazardsarenot frequent, but they aredevastating. | n some
densely populated developing countries, volcanoes are a serious threat. Major eruptions
can affect global climatesfor at least a year or two after the actual volcanic event. Only a
fraction of the world’s volcanoes have been studied in detail.

Volcanic Occurrences

Few things excite theimagination so much asthe
exclamation, “Volcano!” The very word brings to
mind thunderous explosions, rivers of fiery orange
lava and images of smoking destruction. The actual
capability for destruction is not overrated—volcanic
eruptionsareoneof themost devastating of all geologic
hazards. There are about 700 potentially dangerous
volcanoesin the world, and about 50 eruptions occur
each year worldwide. The United States is the third
most volcanically active country in the world. Here,
58 volcanoes have erupted over 470 times since just
1700 A. D. Only Japan and Indonesia have had more
eruptions.

TheAleutianlslandsof Alaskacontainthelargest
number of U.S. volcanoes—more than 40 vol canoes
that have erupted historically. The island of Hawaii
consists of 5 volcanoes, 2 of which have been

consistently active with about 100 major eruptions
betweenthemsincetheearly 1800s. Ha eakal avol cano,
onMaui, northwest of Hawaii, eruptedin1790. Within
the conterminous United States, 11 peaks of the
Cascade Range, which runsfrom northern California
through Oregon and Washington, have histories that
are replete with eruptions; 6 of these peaks have
erupted within historic time.

About 80% of the earth’s volcanoes occur near
subduction boundaries or island-arc trenches.
Subduction boundaries occur where denser, oceanic
crustal plates (made primarily of the black, fine-
grainedigneousrock, basat) areslowly but relentlessly
shoved beneath less dense, continental plates (made
primarily of thelight-colored coarse-grained igneous
rock, granite). Island-arc trenches are similar, in that
subduction of abasaltic oceanic plate occurs, but the
plate is pushed beneath another slab of oceanic plate
which has been jammed up against the side of a

Schematic showing cross-section of thecrust with (from left toright) island arcwith subduction zone, hot spot, mid-ocean ridge
rift (divergent) zone, subduction zonebeneath continental plateand continental rift-valley zone. Actual analogsfrom left toright
are: ISLAND ARC - Japan and Philippines; HOT SPOT - Hawaii; M1D-OCEAN RIDGE - PacificRiseand Mid-Atlantic Ridge;
SUBDUCTION ZONE (beneath CONTINENTAL PLATE) - Cascade Mountains of western U.S.; CONTINENTAL RIFT
VALLEY - present East African Rift. (from Simkin and others, 1989, This Dynamic Planet - World Map of Volcanoes, Earthquakes
and Plate Tectonics, by Smithsonian Institution and U.S. Geological Survey; art work by James Caldwell)
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continental plate. Subduction of oceanic platesoccurs
aroundthecircumferenceof most of thePacific Ocean,
an areathat is so replete with vol canic eruptions that
itishashbeen called “the Ring of Fire’ by generations
of geologists. Volcanoesin the Cascade Range of the
northwestern United States and along the Aleutian
Islands of Alaskaoccur along subduction boundaries,
whereas those in Japan and the Philippines occur
along island arcs.

About another 15% occur at divergent zones,
where two distinct plates are slowly being separated
from one another. The border zone where such
separation beginsiscalled arift area. An example of
a divergence zone is along the Mid-Atlantic Ridge,
where the North American Plate and the Eurasian
Plate are separating at a few centimeters-per-year.
Here, submarine volcanoes beneath the mid Atlantic
Oceanoccur asmagmaenterstheriftleft by separation.
The exposed volcanoes of Iceland, such as Surtsey,
are simply surface expressions of this same type of
vol canism, wherethemoltenrock g ected by vol canoes
has built land above sea level. Divergence can also
begin within an existing plate, gradually rifting the
plate apart, and sometimes succeeding in completely
separating it into two distinct plates. The Malpai lava
flowsof New Mexico, which areonly afew thousand
yearsold, probably erupted when the Rio Grande Rift

The Pacific " Ring of Fire" with
yellow showing plate boundaries
and red depicting epicenters of
earthquakes of Richter
magnitude 5 or above. TheRing
of Firederivesitsnamefrom
numer ous volcanoesthat are
located along the plate
boundaries. Most earthquakes
and volcanoes ar e associated
geogr aphically along plate
boundaries, but earthquakesdo
not cause volcanoes, and most
earthquakes are not caused by
volcanoes. (Relief-globe image
produced on computer by Dr. Peter
Sloss, 2000, NOAA National
Geophysical Data Center, Boulder,
Colorado)

was briefly active within North America. Some
vol canoes associated with this rifting are near major
cities such as Albuquerque, New Mexico, but these
arenow thought to beextinct. Finally, avery few areas
of volcanic activity appear within plates and are not
related to plateboundaries. Theseareattributed to hot
spots—areas bel ow the crust that have enough heat to
produce surface volcanism through the plate. The
Hawaiian I slands, near the center of the Pacific Plate,
and Yellowstone Park, within the North American
Plate, are examples of volcanism associated with hot

spots.

Volcanism and the Concept of Deep
Time

Although volcanoes are violent hazards, time
between eruptions is often great, particularly in
comparison to historic events. Likethe sleeping, fire-
breathing dragons of lore and fable, many vol canoes
lie silent for centuries, until the terrifying moments
when they reawaken with life-threatening eruptions.
If you were to ask, “Why do people live next to
volcanoes?’ oneanswer wouldbe* Becausevol canoes
provide some of the richest soils for agriculture, and
becausedensepopul ations, likethose of Japan andthe
Philippines, desperately need all available living
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space.” Elsewhere, where pressures dictated
by agricultural needsand living space are not
so critical, such asin the Cascade Mountains
of the United States, the answer would be
“Because volcanic terrain is beautiful! It is
some of the most desirable of all terrain for
residence.” A question more pertinent to
volcanichazards, “Why dovol caniceruptions
produce such heavy casualties?’ isanswered
ultimately with “Because volcanoes lie
dormant for centuriesbetween eruptions, and
long periods of inactivity bring afalse sense
of security to residents who often fail to
evacuate the areain time.”

If humanslivedfor several hundredyears,
their perceptions about volcanic hazards
wouldbemuchclearer. A lifetimeview shows
constancy and changelessness, but a deeper
time view shows an area characterized by
violence and catastrophic change. Mount
Pinatubo in the Philippines awoke in 1991,
after over 600 yearsof inactivity. EI Chichén
in Mexico was assumed to be an extinct
volcano, perhaps because no geologist had
studieditinenough detail to seeevidencethat Fine ash roars upward from the throat of Mount St.
proved otherwise. Its eruption in 1982 killed over Helens as it erupts in May of 1980. (photo by D. A.
1800 people. When about ten thousand years of  Swanson, USGS)
history of eruptions in the Cascade Mountains are

Map of potential volcanic hazardswithin conterminous United States. Severity of risk decreasesfrom red to green to
blue. (compiled by Donal Mullineaux of the USGS and reproduced from Hays, 1981, USGS Prof. Paper 1240-B)
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compressed through computer simulation onto about
10 secondsof film, amap view that includes northern
California, Oregon and Washington resembles the
staccato series of flashesand explosions of anignited
string of firecrackers.

Geologists have much more success with
forecasting volcanic eruptions than with predicting
earthquakes. Thetaskissimplified becausevol canoes
just do not occur outside the well-known volcanic
habitats of plate boundaries and hot spots. Yet,
classifying volcanoes as “extinct” is risky business
sincethousandsof yearsmay el apsebetween eruptions.
Geological eventsthat are separated by such amounts
of timearenever easy to predict. When an eruptionis
imminent, warnings usually occur a few weeks to a
few days before an eruption. The most common
warning is a series of earthquakes of increasing
magnitude and frequency. Specia tremors called
harmonic tremors show that magma is moving

upward, andthesetremorsmay bedetected onmodern
seismographs. Topographic changes, usualy bulges,
may occur on some volcanic peaks as aresult of the
stress that is building from below. Such changesin
shape can be detected by sensitive surveying
instrumentsand by instrumentsdepl oyed at thevol cano
that show slight changesin tilt of the ground surface
(tiltmeters). Although some vol canoes have erupted
without warning, modern sensitiveinstruments make
it easi er to seethewarning signalsgiven by vol canoes.
As these methods become more refined and more
frequently applied, deaths caused by “surprise”
eruptions can be decreased because more time for
evacuation becomes available. To make use of this
technology, governments may sponsor monitoring
programssothat scientific personnel areavailableand
instruments can be deployed. One of the most critical
actions any government can take is to actually heed
geologists warningsand take actionto clear residents
from an areain danger.

GLOBAL HISTORIC VOLCANIC ERUPTIONS, VOLCANIC
EXPLOSIVITY INDEX (VEI) AND APPROXIMATE CASUALTIES

YEAR [ VOLCANO VEI LOCATION (AGENT of CASUALTIES
MORTALITY)
1628 B.C. Santorini 6 | Greece (explosion, tsunami) unknown
79 Vesuvius 5 | Pompeii & Herculaneum (pyroclastic 3,360

flow)

1631 Vesuvius 4 | Naples & Resina (pyroclastic flows) 3,500

1783 Skaptar (Laki) 4 | Iceland (tephra and starvation) 9,500

1792 Unzen 2 | Kyushu, Japan(avalanche and tsunami from 15,000
eruption-related earthquake)

1815 Tambora 7 Indonesia (tephra, tsunami and starvation) 92,0002

1822 Galunggung 4 | Indonesia (pyroclastic flows and 4,000
mudflows)

1883 Krakatau 6 | Indonesia (tsunami) 36,400

1902 Pelée 4 | Martinique (pyroclastic flows in 2 29,000
eruptions. First produced 28,000 deaths)

1902 SantaMaria 6 | Guatemala (pyroclastic flows) 6,000

1919 Kelut 4 | Java(mudflows) 5,110

1951 Lamington 4 | New Guinea (debris avalanche, pyroclastic 2,942
flows)

1977 Nyiragongo 1 [ Tanzania (lava flows from burst wall of | lessthan 100
lavalake flood valley at up to 100 km/hr)

1980 Mt. St. Helens 5 | Washington (lateral blast, debris avalanche 57
and mudflows)

1982 El Chichon 4 | Mexico (pyroclastic flows) 1877

1985 Nevado del Ruiz 3 | Colombia (mud flows) 23,000

1986 Nyos NA | Cameroon (CO> gas cloud) 1,746P

1990 Kelut 4 | Java, Indonesia (tephra) 32

1991 Unzen 2? | Shimabara, Japan (pyroclastic flows) 38

1991 Pinatubo 5 | Luzon, Philippines (tephra collapses roofs; 932
disease in evacuation camps)

1993 Mayon NA ¢ | Mayon, Philippines 60C

& 70,000 deaths from famine due to crop destruction € Eruption began at the time this book went to press

bcold gas cloud erupted from beneath lake in old volcano

Datafrom Barberi et al. (1990); Smithsonian Institution, written communication (1991), and Office of
Foreign Disaster Assistance, Disaster History (1992)
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Inadisplay of dazzling beauty and power, red-hot lavaand white-hot lightningdancetogether in thenight
skyintheeruption of Galunggung, I ndonesia. Lightningboltsarecommon productsof eruptions, but they
are seldom caught in still photographs. (photo by Ruska Hadian, VVolcanological Survey of Indonesia)

A tragic example where officials did not heed
warningstook placeat theNovember 13,1985, eruption
of Nevado del Ruiz, Colombia. Over 20,000 people
died after the heat produced by the eruption melted
glacial ice and sent hot mudflows (lahars) racing
through narrow river canyonsand out ontothealluvial
plain wherethecity of Armero lay sleeping. Warning
signs of an eruption had been noted in 1984, and by
summer of 1985 an extensive seismic monitoring
network had been deployed. Y et government officials
failed to recognize the degree of danger, the
communication network between scientists and
officials failed, and the local city government of
Armero took no action. Some survivorsrecounted the
mayor as having a radio conversation in which he
expressed there was little danger—moments before
hetoowasswept away inthemudflow! Othersrecalled
authority figures counseling people simply to go back
insidetheir housesandremaincalm. A simpleorder to
evacuateto higher ground woul d have saved thousands
of lives. In contrast, no chancesweretakeninthe 1991
eruption of Mt. Pinatubo inthe Philippines. Clark Air
Base, and nearby villages were evacuated asresult of
authorities' heeding the early warning provided by
geologists. Loss of life was minimized, even though
the eruption was one of the largest in historic time.
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Explosivity of Volcanoes

Volcanoes obtain most of their devastating,
explosive force from a very innocuous material—
water. Water confined at severa times its boiling
temperature exertsenormous pressure as superheated
steam. When the confining seal of rock above wet
magmafails, immense pressurethat can shatter cubic
milesof solid rock intotiny fragmentsisreleasedina
few moments of explosive violence. Geol ogists have
used severa scales through which to express and
comparetheenergiesrel eased during different historic
explosions. The current convention iswith a number
expressing the Volcanic Explosivity Index (VEI)
rating. This rating, devised by C. G. Newhall of the
U.S. Geological Survey, isbased upon measurements
of thevolume of gjecta(therock and ash blown out of
thevol cano), theheight of the cloud column, and other
observations. OntheVEI scale, 1issmall and5isvery
large. The scale continuesto 8 but no eruption in the
last 10,000 years has been assigned a VEI of 8.
Historically, thegreatest eruptionrecorded (VEI of 7)
was Tambora, Indonesia, in 1815 where an estimated
36 cubic miles (147 kmd) of material was gjected (Mt.
St. Helens gjected 1.5 cubic miles or about 6 km®).
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Single eruptions can affect the entire planet. The
1815 explosion of Tambora released the energy of
about 10,000 atomic bombs of the size used in World
Wer I1. Theencirclingashlayer andreleaseof sulfurous
gassesincreased the albedo of the planet and dropped
theworld averagetemperature 2 °Ffor 2 years. Snows

Weyer haeuser logging company
bus caught in mudflow. Mudflows
covered roads and poured through
homes during the 1980 Mount St.
Helens eruption. M elted snow
pack provided most of the water
needed to bring the mudflowsinto
inhabited areas and pristine
streams. (photo by Lynn Topinka,
Cascades Volcano Observatory)

were recorded in New England, even in July and
August, and 1816 becameknown asthe* year without
summer.” Elsewherethelow temperaturesresultedin
crop failures and even famine in a few areas. Less
drastic global cooling in 1992 followed Pinatubo's
eruption that took place in summer of 1991.

Mudflow engulfs garage on the North
Fork of the Toutle River after the May
18, 1980, eruption of Mount St. Helens.
(photo by Lynn Topinka, Cascades V olcano
Observatory)

Dragline dredges St. Helens' volcanic
mud from channel of North Fork of
the Toutle River in an attempt to
restore a navigable channel and
prevent downstream sedimentation.
(photo by Lynn Topinka, Cascades
Volcano Observatory)
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Heavy ash-laden
steaming cloud
(pyroclastic
flow) rushes
down the side of
Mount St.
Helens. The
only defense
against such
flowsliesin not

Dangers of Volcanoes

Although glowing lava comes to mind when we
hear the word “volcano,” lavarankslow in danger to
life. Alist of hazardsassociated withvol canoesfollows.

1. Mudflows (lahars) and debris avalanches.
“Lahar” isaterm that originated in Indonesia where
these flows caused thousands of deaths. Lahars may
be hot or cold and are generated when water is
supplied by rain, or when massive amounts of glacial
iceor snow on avolcanic peak melt rapidly from heat
released during an eruption. As this water moves
downslope, it initially incorporates large amounts of
volcanic ash and soil, and then eventually large
boulders and trees. Most mudflows follow the
established drainagenetwork of streamvalleys. Flows
can reach great distances beyond the actual volcano.
The prehistoric Osceola mudflow extended 60 miles
(96 km) from Mt. Rainier, Washington. Mudflows
can move at close to 30 miles per hour (up to 50 km/
hr), which ismuch faster than a human can run. They
crush, bury or carry away everything in their path.

L aharskilled between 20,000 and 24,000residents
in 1985 when Nevado del Ruiz erupted in Colombia.
Over 200 homes were destroyed by mudflows along
the Toutle River when Mount St. Helens erupted in
1980. In Japan, an elaborate system of sensors has
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being there.
(photo by G.

Volcano
Observatory)

been used in some up-valley areas where mudflows
arelikelytostart. There, officialscanlearn early about
movement and warn people down-valley.

TheMay 18, 1980, eruption of Mount St. Helens
produced debris avalanches and mudflows that
destroyed Spirit Lake and filled the basin with mud
and debris. The avalanche established a large debris
dam that created anew impoundment. Thenew Spirit
L akewas 200 feet deep, and its new bottom was close
tothe surface el evation of theformer ake. New Spirit
L ake held over 350 million cubic yards of water. Had
this dam failed, towns downstream would have been
swept away beneathawall of water over 150feet high.
Because there was no way to stabilize this dam, a
tunnel wasdrilled through abedrock ridge at acost of
over 13milliondollarstodrain Spirit Lakewatersinto
nearby Coldwater L ake. (Coldwater L akewasanother
lake created in 1980 when a mudflow dammed
Coldwater Creek. However, this natural dam was
thick and solid. It required only construction of a
concrete spillway to insure its permanence.)

Seepage of contaminants from decaying rubble
and vegetation may also cause pollution of springs
and streams that flow from the new deposits. The
watersof Spirit Lakewereheavily contaminated with
harmful microorganisms after the May 18, 1980, St.
Helens eruption.

Coyler, Cascades
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Y ears after mudflows occur, debris still chokes
stream channels and causes extensive sedimentation
far below the actua extent of the flows. Extensive
dredging of waterways miles away from Mount St.
Helens was necessitated as streams carried debris
onward from the mudflowsthat had penetrated upper
regions of drainage basins. Major sediment retention
dams had to be built to prevent further downstream
fouling.

2. Pyroclastic flows (including glowing
avalanchesand hot gasrel eases). Pyroclasticisaterm
that isused to describerock debrisproduced during an
explosive eruption. When explosive eruptions occur,
volcanic gasses mix with air, water and pyroclastic
debris to form heavy gas-and-ash-charged clouds.
These cloudsmay travel downslopeat over 200 miles
per hour to cover areas of morethan ahundred square
miles near the volcano. In the Windward Islands
southeast of Puerto Rico, more than 30,000 people
werekilled at Martinique in 1902 when apyroclastic
flow from Mt. Pel ée, glowing red-hot at about 800° C,
swept over the town of St. Pierre. In moments every
structurewassmashed and simultaneously incinerated;
almost every living creature perished.

Some pyroclastic flows are cooler but are still
lethal even without heat. The ash is so concentrated
within the cloud that suffocation takes place; lungs
simply cannot handle such concentrations of dust.
The amount of ash debrisin these clouds gives them
a dense consistency more akin to water than to air.
Their density coupled with their speed gives these
clouds the impacting force of a jackhammer and the
abrasive power of a sandblaster. Buildings and
structures are crushed and shattered; trees are blown
away from their stumps and their bark and limbs

L ooking deceptively like a newly fallen snow, deposits
of white volcanic ash like this blanketed thousands of
square miles down-wind of Mount St. Helens. (photo
from USGS photo library, Denver, CO)

Volcanic ash seen under the polarizing
microscope magnified 140 times. Dark grains
are glass with black, hard magnetite; bright
grains are plagioclase feldspar; grains with a
hint of color are the minerals hornblende and
diopside. The hardness of this material makes
ash devastating to machinery becauseit grinds
intoall moving partsthat it contacts. Sampleis
from the smaller May 25, 1980, eruption of
Mount St. Helens. (photo by Edward Nuhfer)
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Glowing orange, hot, viscous lava creeps from a fissure and will slowly cover the area. Observer stands on black
basalticrock formed from earlier, perhapsprehistoric, lavaflows. Thisflowisnot dangeroustotheobserver inthe
foreground, but flows can cause devastating economic damage as they encroach over highways, structures and
residences. (photo from USGS Hawaiian Volcano Observatory)

stripped away inaviolent abrasivestorm of sharprock
fragments. Violent electrical storms may also occur
within the clouds, even some distance down-wind,
and the lightning bolts can start additional fires.

Although steamistheprimary gaswithinvolcanic
clouds, acidic carbon dioxide, carbon monoxide,
hydrogen chloride, and sulfurous oxides may also
occur in lethal concentrations. Pockets of poison
gassesthat occur around vol canicventsprovelethal to
animals or hikers that may wander into them before
the danger isrealized. Eruptions of gasses may prove
lethal evenwhenthey arecool. In Cameroon, in 1986,
over 1700 fatalities occurred when a plume of cool
carbon dioxide burst from the bottom of Lake Nyos,
which was located within a volcanic cone.

3. Tephradeposits. Tephrareferstopyroclastic
debris which is blasted into the atmosphere during
eruptions. Very fine-grained tephra is caled ash.
When violent eruptionsdischargetephrahighintothe
air, ashmay fall onareashundredsof milesdownwind,
andfinedust may evencircletheplanet andremainfor
yearsintheatmosphere. Air-fall depositsseveral tens
of feet thick may accumulateontheimmediatel eeward
sideof thevolcano. Ashremoval isaseriouseconomic

62

problem, and even depositsof lessthananinch (afew
mm) are devastating to atown. In the town of Moses
Lake, WA (population of about 11,000), the May 18,
1980, eruption of Mount St. Helensrequired removal
of 230,000 cubic meters of ash. The Washington
Department of Transportation reported that over
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A far more deadly volcanic hazard than the lava above,
Lake Nyos, housed in its volcanic crater in Cameroon,
stood muddy and full of debris several daysafter carbon
dioxide gas belched from beneath the lake bottom and
killed over 1700 people. (photo by Michelle Tuttle, USGS)
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540,000 metric tons of Mount St. Helens ash was
removed from state highways.

Ash cloudsendanger aircraft that may enter them
because the ash can destroy an aircraft engine in
moments. A commercial jet carrying over 200
passengers encountered an ash plume from Alaska' s
Redoubt V olcanoon December 15, 1989. Theengines
failed and the plane fell over 12,000 feet before the
pilot could restart the engines. A tragedy wasavoided
by the narrowest of margins, and the plane suffered
millions of dollars in damage. Redoubt's eruption
caused about 100 million dollarsin damages.

In addition to the short-term problems of lung
irritation associated with thefinedusty ash, long-term
problems continue until it isremoved. An ash fal is
similar to a snowfall in that it must be removed in
order for acommunity to return to anormal life, but

this “snowfall” doesn’'t melt! Instead, it must be
painstakingly cleaned up and trucked away to afill
area. The ash consists of very fine but very hard
particles of glass and even harder mineras. The
hardness of the material allows it to damage all
moving parts, and its small size permits the particles
togainaccesstovirtually every pieceof machinery—
automobile engines, electrical generators, motorsin
heating and air conditioning units, lavn mowers,
electrical appliances, computers, clocks, anything
with moving parts is subject to premature wear and
damage. If you can imagine the effects of pouring
finely ground glass into the moving parts of your
favorite appliance, computer or motor vehicle, then
you can conceiveof theeconomic burdenonresidents
whose homes and businesses receive an ash fall.
Residents of Anchorage, Alaska, experienced this
first-hand in 1992 with the eruption of Mt. Spurr.

Hugetreesliealigned likethequillson aporcupine sback.
Researchers learned that such blow-downs of timber
resulted from the force of heavy, ash-laden clouds that
followed the contour of theland and flattened the forests
they passed across. (photo from USGS Cascades Volcano
Observatory)

Shattered treetrunk at right testifiestotheblasting power
of eruptionsthat push heavy ash-laden clouds. (photo by N.
Banks, USGS)
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POTENTIALLY HAZARDOUSVOLCANOESIN THE
CONTERMINOUSUNITED STATES

SITE DATESof MOST GENERAL
RECENT FREQUENCY OF
ERUPTIONS MAJOR ERUPTIONS
Cascade Volcanoes
Mt. Adams, WA more than 3500 years ago | once per 5000 years (?)
Mt. Baker, WA 1870 - steaming in 1975 once per century
Mt. Hood, OR 1730, 1859, 1865, 1907 once per 4000 years
Mt. Lassen, CA 1914-1921 once per century (?)
Mt. Rainier, WA 1820 (?), 1879, 1882 once per 500 years
Mt. Shasta, CA 1786 once per 800 years
Mt. St. Helens, WA 1844, 1857, 1980-1986 once per century
Mono Craters, CA 1340 once per 1000 years (?)
Some other sites of recent major volcanism Nearest Cities

Craters of the Moon, ID 1200 B. C. Pocatello & Idaho Falls, ID
Inyo Craters, CA 1400 years ago Mammoth Lakes, CA
Sunset Crater, AZ 1200 years ago Flagstaff, AZ

Bandera Field lava flows, NM 1000 years ago Grants, NM

Y ellowstone, WY about 70,000 years ago Cody, WY; Bozeman, MT

(datafromHarris, 1980, and USGS. General frequenciesareuseful for comparison but not prediction becauseeruptions
do not occur at regular intervals. Frequencies with "?" are based on data that too insufficient to be much more than

order-of-magnitude approximations.)

4. Lava flows. Lava is a term for magma that
erupts from volcanic cones or fissures and flowslike
afluid out upon the earth’ s surface. Lavaflows pose
little hazard to life because they follow pathways
dictated by topography. Because their downslope
coursesareknown beforehand, thereisusually plenty
of time for evacuation. At times, dams and channels
are constructed that successfully divert lava away
from homes and other structures. In Iceland, special
hoses were used to pump seawater onto the front of a
slowly advancing flow. This solidified the lava and
successfully stopped the flow from advancing onto
the harbor area of Vestmannaeyjar.

Fluid lavaflowsusually accompany gentletypes
of eruptions such as those often filmed in Hawaii
Volcanoes National Park. These fluid eruptions are
spectacular, but usually affect only small areas at a
given eruption and are preceded by seismic tremors
that provide warning and allow evacuation. The most
dangerousvol canoes are expl osive eruptions or those
that releasepyroclasticflowssuchasMount St. Helens,
Washington, and Mount Unzen, Japan. These
explosive eruptions are lethal over large areas, but
they seldom are associated with fluid lava.

Roles of the Geologist in Reducing
Volcanic Hazards

In monitoring, prediction and hazard-
assessment. Geologistsarethemajor professional sat
thefirstlineof defense, whichisprediction. Monitoring
has occurred for years at the Hawaiian Volcano
Observatory. The eruption of Mt. St. Helensin 1980
led to the establishment of the Cascades Volcano
Observatory and to the constant monitoring for
earthquakes beneath thosevol canosthat arejudged to
be most likely to erupt. Established by the U.S.
Geological Survey, the Observatory’s crew of 50
scientists conducts active and ongoing research to
determine potential volcanic activity. Seismic
warnings provided by volcanic earthquakes were
particularly useful in minimizing the loss of life in
1980 at Mt. St. Helens, Washington. Theinformation
gained since has alowed predictions of the smaller
eruptions that have taken place since May 18, 1980.

Research scientists from universities and state
geological surveys are also involved in studies of
prediction. Some notable advanceshavealready been
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Mount Pinatubo'seruption in Juneof 1991 in thePhilippineswasoneof thelar gest of the20th Century. | t destroyed
Clark Air Base and displaced thousands of Filipino citizens. However, warning followed by evacuations greatly
minimized lossof life. Immense amounts of ash werereleased, and ash blanketsthe near by terrain. The ash cloud
sentintotheupper atmospher eshould contributetored sunsetsand lower ed global temper atur esfor about twoyears
after the eruption. (photo by USGS Cascades Volcano Observatory)

made in the science of prediction, which, under ideal
conditions, can sometimes provide at least a day’s
warning before a specific volcano erupts. University
of Buffalo researchers were successful in using a
computer model to predicttheApril 16,1991, eruption
of Mount Colima, Mexico. Prediction, however, is
presently far from foolproof. Eruptions, such as the
January, 1993, eruption of Galagos volcano in
Columbiathat killed at |east five vol canol ogists, have
occurred without any detected precursory warning.

Hazard assessment involvesestimating how large
aneruptionwill be, whetheritislikely tobeexplosive,
and what the effects of an eruption could be.
Assessments are made by reconstructing the eruptive
history of the volcano, interpreting the origin of
eruptive deposits, dating the deposits to provide a
chronology of past eruptions, and mapping depositsto
determinewhat areascoul d beaffected by eruptionsin

~ ~ S
meter, helpto
provide warnings that prevent loss of life from

areport with an accompanying map. The map can be keep watch on areas of concern, some of which
used for zoning plansand for determining evacuation arelisted in the table on the facing page. (photo
routes and access restriction. by J. C. Ratte from USGS photo library)
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In USGS Bulletin 1383-C by Dwight Crandell
and Donal Mullineaux, publishedin 1978, thegeneral
direction of the main ash plume and the pathways of
mudflows as deduced from studies of older deposits
proved remarkably accuratefor forecasting theeffects
of the 1980 eruption of Mount St. Helens. Only the
distanceof theblast-effect and thereach of pyroclastic
flows to the north, northeast and northwest were
underestimated, primarily because no two eruptions
are exactly alike, and the 1980 eruption extended
furtherinthesedirectionsthan had previouseruptions.
At least 15 nations, including the U.S., now have
volcanic-hazards assessments and hazards zonation
maps for one or more of their volcanos. However, of
about 600 volcanoes in the world that are probably
active, only a small fraction have been studied in
detail. There has been far too little commitment of
research to these particular hazards.

Inengineeringand environmental evaluation.
Another role of geologists involves the engineering
geology that isrequired in redeveloping an area after
an eruption has occurred. Dutiesinclude recognizing
areas that may be prone to destruction by lahars,
evaluating stability of natural dams, and providing
geotechnical datafor reconstruction and remediation.

In education. Although geologists can produce
hazards maps and reports, individuals must have
sufficient geological educationin order to make good
use of this information. Forbidding development of
population centers in areas of risk is not usually the
desirablesolutionbecausevolcanicterrainisbeautiful
and, except during the brief periods punctuated by
violent eruptions, volcanism creates truly desirable
areasinwhichto live. To livein such terrain without
tragedy, the populace should be prepared for those
punctuated periods through acquiring awareness of
the hazard and acceptance that an eruption may
someday occur. A thorough understanding of volcanic
events and past history of volcanoes is required to
assure an appreciation for contingency plans and
warning policies. Some California business
representativeswereoutragedin 1982whengeol ogists
recorded earthquakes beneath the Mono Lakes area
and warned the public of a possible eruption. The
tremors ceased and the eruption did not occur, but the
antagonistic response (by those whose very lives
might besaved by suchwarnings) pointstoinsufficient
education and to lack of respect for volcanic
phenomena.
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LANDSLIDES and AVALANCHES

Each year landslidesin the U.S. produce over 1.5 billion dollarsin lossesand about 25 to
50 deaths. Avoiding high-risk areas, or planning to include measuresfor stabilization, is
awisechoicefor buildersandfinanciers. Wheregood geol ogic and slopestability mapsare
available, chancesfor successful construction and development are greatly enhanced.

Landslide Occurrences

A landslide consistsof earth material sthat move
by gravitational force. Themotioninvolvesdownslope
movement as well as lateral spread or scatter of
materials. Landslides can eveninvolve some upsiope
movement, asinthecaseinwhichamassivedideruns
downslope across a valley and sends debris up the
oppositevalley wall. Theterm “landslide” appliesto
rapid movement of earth material's, althoughlandslide
movementsoften beginwithslow creep. Anavalanche
is a similar mass movement of snow and ice.
Avalanches take about 20 lives each year inthe U.S.

Downslope movement of soil and rock isaresult
of natural conditions on our planet’'s surface. The
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This landslide has under cut the foundation of this California home, has removed the sidewalk and

constant stress of gravity and the gradual weakening
of earth materials through long-term chemical and
physical weathering processes insure that, through
geologic time, downslope movement is inevitable.
However, when we talk about downslope movement
as ahazard, we usually say that a slope is hazardous
only when the downslope movement is likely to be
rapid enough to threaten man-made structures. Many
landdlidesoccur inunpopul ated areasand causeneither
hazard nor risk. Landslidescaninvolvevolumesfrom
assmall asonefalling boulder to massive movement
of millions of cubic yards of material. The largest
known landslide on Earth occurred prehistorically in
Iran, and was 14 km (9 miles) wide and 19 km (12
miles) long.

,‘: ¢ ik ——
R i (8 LR

threatens the road in the foreground. Landslides affect both buildings and transportation routes.
Special engineeringdesign, zoningand land usemanagement can gr eatly reducescenessuch asthisone.

(photo by J. T. McGill, USGS)
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WORLD’SMAJOR LANDSLIDESAND AVALANCHES

YEAR LOCATION APPROXIMATE
DEATHS

218 BC Alps (avalanches - Hannibal's army) 18,000
1248 Alps, France (avalanche) 5,000
1618 Mount Conto, Switzerland 2,430
1889 South Fork Dam, Johnstown, PA 2 2,200
1906 - 1913 Panama Canal excavation likely hundreds
1916 - 1917 Alps, Italy (avalanches) 1 10,000
1920 Kansu, China3 200,000
1928 St. Francis Dam, Southern CA 2 500
1934 Bihar, Nepal 4 3,500
1941 Huaraz, Peru (avalanche and mudflow) 7,000
1945 Kure City, Japan 1,154
1949 Khait - near Garm, former USSR*4 12,000
1958 Shizuoka, Japan 1,100
1962 Y ungay, Peru 4,500
1963 Vaiont Reservoir, Italy 2 3,000
1966 Aberfan, South Wales (tailings pile) 2 144
1967 Rio de Janiero, Brazil 1,700
1970 Y ungay, Peru (avalanche) 4 18,000 to 25,000
1970 Alaknanda River, India? 600
1971 Chungar’ Peru 2 200
1971 Hindu Kush Mountains, Afghanistan 2 1,000
1972 Buffalo Hollow, WV (tailingsdam) 2 118
1974 Mayunmarca, Peru 450
1976 Guatemala 4 hundreds
1985 Ponce, Puerto Rico 130
1985 Stava, Italy (tailings dam) 2 268
1985 Mamayas, Puerto Rico 129
1989 Tadzhikstan 4 270
1991 Uttarkashi, India 2,000
1991 Ormoc, Philippines 4,0815

Ijtalian and Austrian armies.

2gide into river, lake or reservoir produces flood; victims drowned.

3 oess cliffs containi ng homes collapsed and flowed (dry) during earthquake

accounting for about half of the cited fatalities.
4| andslides generated during earthquakes.
STotal for mudflows, mudslides and flash floods associated with typhoon

Compiled from Coates, 1985; Costaand Baker, 1981; Keller, 1985; National Research
Council, 1987; Tufty, 1969 (complete citations given on pp. 8 - 11 this book) and Office
of Foreign Disaster Assistance, 1992, Disaster History.

Dangers of Landslides

Slope failures result in an annual cost to society
of about 1.5 billion dollars. Damages to highways
alonefrom slopefailureinthe United Statesapproach
1hilliondollarsannually. Annua damagetobuildings
and building sitesin the United Statesis about half a
billiondollars. AtMalibu, California, asinglelandslide
at Big Rock M esarecently generated costsof about 92
million dollars in damages and liabilities.

Very few landslides occur in areas where they
cannot at al beanticipated. Small flowsand slidesthat
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take only afew lives are common and account for an
annual averageestimatedlossof 25livesintheUnited
States. Worldwide, landslides account for an average
of 600 lives each year. Although steep slopes are an
obvioustopographic conditionthat shouldalertanyone
topotentia landdides, humaninability totakeseriously
thosehazardsthat occur infrequently canincreaseloss
of life. Even professional engineers and regulatory
officials who are aware of significant past landslide
activity at asite can till be tempted to proceed with
projects through unwarranted faith in the belief that
“It won't happen here.”
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It is not possible to prevent al loss of life from
small “freak accident” rockfalls, but it is possible to
prevent or reduce many of themassivefatalitiesof the
kind illustrated in the table on the preceding page.
Thisisbecauserapid slopefailuresoccur asaresult of
the presence of specific types of earth materials and
particular conditions and processes. Areas with
conditions that indicate potential for massive slides
can and should be avoided for major projects and
developments.

Indications of Natural I nstability

Slides can be anticipated through the following
criteria.

1. History of past landslidesin thenearby area
inthesamestratigraphicunitsasthesiteinquestion.
For instance, prehistoric wedge failures had been
mapped intheK ootenai River valley of Montana, and
wedgefailuresthereplagued thesite of the Libby dam
after construction began in 1967. The shales of the
Pierre Formation are well known by geologistsin the
areaof Denver, Colorado, asmaterial sinwhich many
slope failures occur. Therefore, a geologic map that
shows where this stratigraphic unit is exposed at the
ground surface reveals potentially dangerous areas.
Somerecent landslidesareeasily recognized fromthe
ground even by theuntrained eye. Oldlandslideswith
the potential to move again are likely to be noticed
only by experts who employ aerial photographs and
remote sensing techniques. If the subtle evidence is
ignored, disaster isinvited.

Rockfall isa common
hazard in mountainous
regions. Motoristsare
sometimesinjured
when their vehicles
strikerocksthat have
fallen onto highways.
Eventrainsare
sometimes derailed by
rocksthat fall onto
railroad tracks. This
boulder on Highway 6
in Colorado took the
life of thedriver of a
gasoline tanker. (photo
by R. Van Horn, USGS)

2. Soil typesthat arerich in silt-to-clay-sized
material, particularly soilsthat arerichin swelling
clays. (See section on quick clays p. 15.) Usually
movement occursin these soilsin spring when the soil
isvery saturated from thaw and snow melt. However,
water is not always required to produce movement.
About 200,000 lives were lost in 1920 in Kansu,
China, when dry loess soils (fine soils developed on
fine wind-blown material) went into fluid motion
during an earthquake, destroyed dwellings and
engulfed the inhabitants. Loose volcanic materials
(seepreceding section on vol canoes) often can absorb
so much water that they flow quickly down even
gentleslopes. A mudflow, alongwith gases, destroyed
the Roman city of Herculaneum at the base of Mt.
Vesuviusin 79 AD. Formationssuch astheRissaClay
of Norway and the Leda Clay of Ontario, Canada, are
particularly notorious for slope failure by flowage
during liquefaction. The clayswere deposited during
late glacial periods in the seas that occupied these
areasat that time. Wherefresh ground water removed
salts that were deposited with the claysin seawater,
the clays became particularly unstable.

3.Downslopeorientation of planesof weakness
in bedrock. Tranglational movements occur where
bedding planes (the planes between layers of
sedimentary rocks) point in a downslope direction.
Orientation of schistosity (alignment of platy and
rod-shaped minerals in metamorphic rocks) in a
downslopedirection or orientation of jointsparallel to
the slope direction also furnishes planar weaknesses
that are conducive to dides. Thefamous GrosVentre
landslide of Wyoming, slidesin the Cretaceousrocks
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Some Kinds of Landdlides Portrayed in Concept...

Rotational slide in soil Planar slide in bedrock

Two basic types of landslide movements are rotational failure and planar failure. Rotational failures are
commonin soils; themost catastr ophicslidesusually involveplanar block failurebecause hugevolumesof rock
and soil can movein thismanner. Other formsof failurenot shown hereincludetoppling, movement of wedge-
shaped blocks (wedging), buckling, and combinations of all of these.

Types of slope failuresdiffer
FLOW from one another in speed of
movement (ranging from creep
to dlides of over 200 miles-per-
hour) and type of movement
(slide vs. flow). The type of
movement depends upon how
much water isin the slide debris.

& - N , With increasing water content,
& /. . the movement changes from
= MUDSLIDES sliding motion to flowing.

Amount of destruction caused
by a slope failure dependson its
speed and especially itssize.

_ DEBRIS sLiDESSOL
7T -~ TALUS ) soIl «

U

4 —— N
SLIDE ROCKSLIDFTS CRE/E,P’ CREF” -\ CREEP  (diagram modified from Clarkson
Fast / / / and Kirkby, 1972, Hillslope Form
<« Speed of Movement and Process, Cambridge
University Press)

Slumps often show features
of dliding near their tops
and flowing failure near
their bases. The dide scarp
(1) usually displays concave
crescent-shape. Slump
blocks (2) show rotational
movement. Hummocks (3)
are uneven mounds and
ridges produced during soil
flowage. Toe of dide (4)
displays fluid movement.
Failure plane (5) boundsthe
base. Fissure (6) indicates
that slump is still active and
that more movement is
likely. Removal of toe at the
base of a slope often

\_ triggersaslump failure. Y,

1 SCARP
2 ROTATED SLUMP BLOCKS

3 HUMMOCKS
4 TOE
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...and Portrayed as Seen in the Field

W .| Theexposed bedding planerevealsthe
surface along which thislandslide failed.
Construction of the highway (to right)
removed supporting base and triggered
thisplanar slidein Wyoming. Although
thisisa small side, hugerockslides that
send millions of tons of rock downslope
(such asthe Vaiont reservoir landslidein
Italy) are well modeled by this small
siide. Planar weaknessesin therock that
dip downslope produce situations that are
dangerousfor buildings and highways
below. Dip of bedsin relation to the slope
is easily seen on geologic maps, so
planning ahead is possibleif the maps are
consulted and under stood. (photo by
Edward Nuhfer)

In contrast to the dliding
motion of therockslide
above, earthflows and
mudflows move downslope
like viscous, plastic
material. Failure may be
slow or fast. This
earthflow in West Virginia
developed on red shales
and clay soils. It now
advances slowly toward
the home below. The
utility pole engulfed in toe
of flow isalready tiltingin
responsetothe
encroachment of the flow.
(photo by Richard Waugh)

Theentirehill side abovethis
four-lane highway at Athens,
Ohio, isinvolved in active
slumping. The headward scar ps
at thetop of the hill are
advancing to threaten apartment
sited on the hill top. Uneven
hummocky ground and slump
blocks are apparent on the hill
side, and the toe of theslump is
flowing toward the highway.
Many slumps can be prevented b
early planning that controls
drainage, makes use of retaining
structures, or pre-excavates
material likely to break loose.
(photo by Edward Nuhfer)
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L ow-altitude aerial photograph of Anchorage, Alaska, after the 1964 earthquake. Fissuresat the
head of landslide blocks can be seen passing through the Turnagain Heights neighbor hood. The
areabetween themajor fissuresdropped down asresult of theconsolidation and settling of por ous
sediments during the strong tremors. Ruins in background are remains of the Four Seasons
apartment building. Landslides are a common product of earthquakes, and many slides close

roads and delay rescue and repair efforts. (photo from USGS Photo Library, Denver, CO)

near Rapid City, South Dakota, and thelandslide into
the Vaiont Reservoir, Italy, al occurred in rocks
containing weaknesses in planes that dipped steeply
downslope.

Evidence for past landslides abounded in the
valley used for the impoundment of the Vaiont
Reservoir in Italy. Yet, engineers ignored the
implications and constructed the reservoir. The
catastrophe of 1963 occurred when a huge landslide
shot into the reservoir and sent awave of water over
300feet (100 m) high acrossthereservoir and over the
dam. The dam withstood the immense wave that
overtopped it, and its strength was a credit to its
designer. However, 3000 peopl e caught in the path of
the onrushing flood wave perished. Excellence in
engineering design proved to be no substitute for a
geological siteinvestigation.

4. Slopeunder cutting. Landdidesareparticularly
common aong stream banks, reservoir shorelines,
andlargelakeand seacoasts. Theremoval of supporting
material by currents and waves at the base of aslope
producescountlesssmall slideseachyear. Particularly
good examplesarefound in the soft glacial sediments
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along the shores of the Great Lakes of the U.S. and
Canada.

5. Earthquaketremors. A tremor, even afairly
mild one, can provide the coup de grace to a slope
which has been resting for decades in a state of
marginal instability. Nearly 30 campers were killed
when the 1959 landslide in the Madison Canyon of
Montana was triggered by an earthquake. Over 130
million tons of debris covered Canada’ s Highway 3
when two small earthquakes triggered the Hope
Mountain slide in British Columbiain 1965. During
the 1964 Alaskan earthquake, huge blocks of the
shoreline dlid beneath the ocean at Valdez, Alaska,
when rotational slumping took place in materials
below sea level. Similar rotational slumping in soft
materials damaged large sections of Anchorage.

6. Sensitive slopes subject to intense rainfall.
When theright geological conditionsexist, periods of
intenserainfall can trigger the movement of unstable
dopes. Inonenight in January, 1967, 600 peoplelost
their lives in Brazil when a three-hour cloudburst
converted green hills into mudflows and attractive
stream valleysinto flood torrents. In the southern and
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central Appalachian Mountains, periods of increased
frequency of glides often coincide with severe local
summer cloudbursts and thunderstorms. More
widespread regional rains associated with hurricanes
that move inland trigger landslides over larger areas.
Studies of the Canadian Rockiesalsorevea adefinite
link between rainstorms and rockfalls. Landslidesare
particularly abundant during the rainy season along
the West Coast of North America.

Human Causes of Rapid Slope
Failures

People are very capable of causing catastrophic
dope failures. Designers who are ignorant about
geological materials and processes may unwittingly
produceconditionsat asitethat arethesameconditions
that promote natural failures.

All loose materials such as sand or soil have a
natural angle of repose, whichisthemaximum angle
that can be measured on a slope when the materia is
stable and at rest. When any earth material is
maneuvered into large pilesthat have side slopesthat
aresteeper thantheangleof repose of the material, the
situation invites alanddlide.

Minewastes may be susceptible to absorption of
water and gradua deterioration of shear strength.
Sometimes these materials are stacked in huge piles
with side slopesthat are even steeper than the natural
angle of repose (about 40°) of stable materials. When

thewastesweaken, thehugepilescanfail inalanddide.
This occurred in Aberfan, Wales, in 1966 when 144
people, 116 of them children, died in aflow of fine-
grained minewaste. Six yearslater, coa minewastes
which had been used as a makeshift dam in avalley
failed, and resulted in over 100 deathsand 50 million
dollars damage at Buffalo Hollow, West Virginia,
when the failure sent a 5-meter (15 ft.) wall of water
and mud down the Buffalo Creek Valley.

Around major cities, accumulated waste is often
stacked in largelandfills. Someold landfillsare piled
high near their angle of repose. Like mine wastes,
these present sources of possible danger fromfailure,
especially in sites subject to earthquake tremors.

An unstable slope can be set into motion by
removing supporting material from the toe of the
slope, asituationthat of ten resultsduring construction
on or at the base of aslope. Movement can also result
from loading the slope from above. Loading from
above occurs when people build a structure such asa
building, astoragetank, or ahighway upon materials
that cannot remain stable under the additional 1oad.

Human development of areas alters the natural
drainage and increases runoff. Storm drains, roof
gutters, septictanks, or leaking water mainscan focus
enough water into a sensitive slope to generate
movement, particularly where intensive housing
development existsin several tiers on asingle slope.
Drainage control is very important in such areas.

Failureto appreciatethe
angle of repose of fill may
have led to the collapse of
thisrock wall in northern
Illinois. Sail fill was
surrounded by a stone
block decorative wall of
insufficient strength to act
asaretainer wall. Pressure
accumulated asthefill
settled until it suddenly
| broke the wall and cast
blocks and fill material
onto users of the parking
area below. Fatalities
resulted. (photo by Richard
- Wetzdl)
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Small earthquakes can trigger huge landdlides. This
landslide at Hope Mountain in British Columbia was
triggered by a small earthquake early on a January
morning. It sent millions of tons of debris hurtlinginto
Nicolum Valley, buried the highway in over 200 feet of
rubble, and killed four people. (photo by Edward Nuhfer)

Unlike natural lakes, flood-control reservoirsin
steep valleys are often subject to seasonal water level
variationsthat canexceed 100feet. Whenthereservoirs
arelowered quickly after ahigh water period (usually
spring), the water level in the reservoir drops faster
than water can exit from the pores and capillaries of
the saturated rocks and soils. Thisleaveswaterlogged
soilsresting tenuously on steep banks, and these soils
easily slump into the reservair. As this materia is
removed, the soilsthat lie on slopesabove havenotoe
support downslope. Sliding then devel opsfurther up-
slope and contributes to abnormal sediment filling
rates in the reservoir.
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LanddlidesandtheConcept
of Deep Time

Mass wasting, the downslope
movement of materials, is the most
prevalent of all geological processes.
Through this process, materials are
eventually carried into streams or onto
glaciers. Thereafter, the materia is
transported (eroded) away by water,
ice or wind. Most mass wasting takes
place as creep, which is so slow that it
cannot be discerned by direct
observation. Instead, creep becomes
evident only after some years through
changessuchasmisaligned utility poles,
out-of plumb old houses, and bulgesin
stoneretainer walls. Asahazard, creep
issodowthatitisharmlessandprobably
represents the more gradual of
geological processes. However, not all
downslope movement is gradual.
Occasionally sections of rock and soil
movequickly. A meltingsnowmanisa
good analogy of change. Most of the
snowman disappears at nearly
imperceptible rates by slow, gradual
melting, but occasionally apiecebreaks
andfallsaway. Thepieceisrarely seen
falling because afall occursin only a
tiny fraction of the time taken for
melting. The falling events are
anal ogous to the type of mass wasting
characterized by rock falls or toppling blocks. The
frequent “Falling Rock” sign seen on our highwaysis
areminder of the perpetual problem of falls, but we
rarely see arock actually in motion toppling onto a
highway.

Some slope failures occur seasonally. In many
areas in the early spring, one sees small slumps that
have occurred along the banks of streams, in pastures,
or along slopes adjacent to the highway. While it
cannot be predicted exactly when aslump will occur
in spring, we can anticipate that more slumps will
occur in seasons when the soils are wet with water
from recently melted snow.

Somelandslidesoccur ontheirregular timetables
of events such as earthquakes and storms which
trigger movement. (See al so chapters on occurrences
of earthquakes and floods through deep time.) These
triggering eventscannot bepredicted, but theparticular
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geologica conditions in an area which will make it
prone to movement can be mapped, thus clearly
showing where the higher landslide risks will be for
homes and other structures during a future storm or
earthquake. Such maps can help planners, lenders,
homeowners and insurers.

Massive dliding or flowing failures that involve
thousands of tons of material and that move at speeds
well in excess of 100 miles-per-hour are the most
infrequent of mass wasting events. Such massive
movements usually leave scars and other tell-tale
signs on the landscape that enable these areas to be
recognized as dlide-prone many centuries after the
event occurs. These events cannot be predicted, but
many can be anticipated from evidence of older
prehistoric slides, and the area can be avoided for
dense development or construction of sensitive
facilities such asdamsor power plants. Thelandslide
which destroyed the Vaiont Reservoir in Italy should
have been anticipated because landslide scars

aboundedinthevalley, and the geological conditions
were obviously ideal for massive failures.

Through deep time, there have been afew huge
landslides (called sturzstroms) involving billions of
cubicyardsof material. Movement of oneof thesehas
never been witnessed by humans, but they are evident
from the rock record in places like the Shastaterrain
of California, and they are clearly evident from high-
altitude space-probe photographs of the surface of
planet Mars.

In summary, mass wasting through deep timeis
characterized by (1) gradual movement as creep, (2)
fairly regular seasonal times of increased landslide
activity, and (3) irregular punctuationswhen massive
dideeventsaretriggered by major regional rainstorms
or earthquakes. Times of major slide eventscannot be
predicted. Generally, the larger the landslide, the
more infrequently it occurs over time.

Map showing primary areas of landslide problems within the conterminous United States. Hazards decrease in
severity in theorder red, yellow, green, blue and violet. (map reproduced from Hays, 1981, USGS Professional Paper
1240-B. Readers may wish to consult the larger, more detailed Map Showing Landslide Areasin the Conterminous United
Sates by D.H. Radbruch-Hall and others that accompanies USGS Professional Paper 1183.)
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Roles of the Geologist in
Minimizing Slope Stability Hazards

In field evaluation. The more an area is
susceptible to landsliding, and the more humans
encroachintoit, thegreater thenecessity foracomplete
geologic investigation.

Theinvolvement of professional geologistsshould
be absolutely mandatory in the site characterization
for any structure whose failure may endanger human
livesor significant amounts of property. No structure
is safer than its geological setting.

Geologic examinations of slopes require
evaluation of at least the following:

1. The evaluation of topography—rélief,
steepness and shape of slope

2. Thetypesand conditionsof thebedrocks
that underliethe slope

3. Thetype and thickness of soils present

4. Theangleanddirectionof beddingplanes
or rock fabric

5. Thefrequency and the direction of any
discontinuities(such asjoints), theextent
of the discontinuities, and the kind of
infilling material present in them

6. The amount and type of vegetation on
the slope

7. Thesour cesof moistureandthemoisture-
retaining properties of the materials

8. The nature of surface and subsurface
drainage, and any human-madedrainage

9. A determination of the earthquake
history of thearea

10. Evidenceof past slides, flows or rockfalls
11. Anevaluation of possiblevolumeof earth

materials susceptible to failure, the
possible styles in which they may fail,
and the area that may be affected by
failure.

Inpublicservice. Attheregional level, geologists
serve as data gatherers, compilers and organizers of
basicinformationthat will becomeavailablefor future
usein devel opment of theareas. Geol ogistsemployed
by state geological surveys and the U.S. Geological
Survey provide atremendous service by constructing
geol ogical and slopestability maps. Mappingisbased
on field study of the soils and rock formationsand is
aided by remote sensing methodsthat include satellite
and high-altitude photography and computer
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technology. Geologists published maps are used by
engineers, contractors, developers and homeowners.

I nresear ch. Thequantitativeestimation of slope
safety is a common task performed by engineering
geol ogists and geotechnical engineers. Calculating a
“factor of safety” by estimating the ratio of those
forces that tend to hold material in place to those
forcesthat tend to drive it downslopeisarequisite of
most engineering design projects that involve any
construction on a sloping terrain. The more that is
known about the nature of the geological materials
and processes present at a site, the more likely a site
will be developed without later regret. Research
provides better waysto investigate sites and evaluate
data. The mining and civil engineering professions
benefit particularly from slope stability research.

A vigorous research program on the topic of
massive earth movementshasbeen ongoingin Russia
for several years. Study of the way landslides move
aids in the design of methods of blasting that move
materials efficiently during mining and major
construction projects. Benefits of such research serve
the public whenever applied by engineers.

Computers provide continued research
opportunities to model slope failures and rockfalls,
and new programsremovethetediumfromcal culations
that formerly were a necessary evil in conventional
factor of safety calculations.

Inthisageof electronicandbiol ogical technology,
it might seem to the lay reader that most answers to
problems that involve something as apparently
primitive as falling rock would have been answered,
but suchisnot the case. In particul ar, the mechanisms
that cause rocks to move surprisingly great lateral
distances during rock avalanches are still not well
understood. Slopestability and rock movementremain
very suitable areas for research in our age of high
technology.

Ineducation. Geology isthemost essential of all
sciencesfor understanding what constitutesgood land
use. It is important that citizens understand slope
hazardsbecauseso many homesitesand devel opments
are on dopes. Slope hazards should be covered in
introductory geology and earth science courses, and
such courses should be taught only by teachers with
extensive formal education in geology.

Geologists in some universities are involved in
teaching engineering geology and environmental



Part 3 - Hazards from Geological Processes — Landslides and Avalanches

Portion of the slope-stability map produced for Clarksburg, West Virginia, by Peter Lessing and other sof the West
Virginia Geological and Economic Survey. Recent landslidesareshown in dark red, older slidesin solid pink, slide-
proneareasin red stipplesand stable ground in white. Red X'sshow rockfall areas. A citizen can purchasethefull-
sized map for only $5.00. What abar gain for thethousandsof homeowner sand citizensin thevicinity of Clarksburg!
Every city should have such fine maps.

geology tofuturedesigners. Geol ogy shouldbepart of
the education of any civil or environmental engineer,
environmental scientist or architect. Development
and construction projects that are designed using the
contributions of professional geologists have proven
to be more successful in reducing damages from
landslide hazards than those in which the geology is
omittedor isperformedby someonewithout credentials
ingeology. Y et only afew graduating civil engineers
actually take a course in engineering geology, and
only half take any geology courses.

Geologistsare aso involved in public education
through establishing scientific areaswhere the public
can investigate landslides, often by guided tour. One
of the most expensive didesin history occurred near
Thistle, Utah, in 1983, and over 200 million dollars
was required for the relocation of a major highway
and railroad. The site is now used as an educational
resourceand aclassicareafor scientific study. Soalso
arethesitesof theM adison Canyonlanddlide, Montana,
and the Gros Ventre landslide, Wyoming.

8l
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1979, 28 minutes, U.S. Dept. of Labor, National
Mine Health and Safety Academy, P. O. Box 1166,
Beckley, WV 25802-1166, (304) 256-3257.

USGS Landslide Prediction Efforts; 1987, 120
minutes. An educational tape by geologists of the
USGS on methods of landslide prediction. Available
on loan from U.S. Geol. Survey Library Special
Collections, MS 955, 345 Middlefield Road, Menlo
Park, CA 94025, (415) 329-40009.

Zunil, Guatemala, Landslide: 1991, 22 minutes, Harry
Reid Center for Environmental Studies, Suite 201,
100 Washington St., Division of Earth Sciences,
Reno, NV 85903, (702) 784-6151.

Slide Sets of Landslides and Avalanches

Philippines|I: Faulting, Structural Damage,
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SUBSIDENCE

Subsidence seldom causes fatalities, but it brings heartbreaking financial losses to
property owners. Readerswho livein areas where underground mining has occurred or
where limestones or other rocks with natural, large voids underlie their property should
be aware of the potential for subsidence. Obtaining property insurance that includes
coverage against subsidence hazards can be worthwhile in many areas.

Occurrences of Subsidence

Subsidence islocal sinking of the land surface
with little or no horizontal motion. Special natural or
man-made geologic conditions produce subsidence.

Tectonic processes (large-scale geologic
processes) are one means of producing subsidence.
One tectonic process that brings about natural
subsidence occurs when regional areas of strong,
competent rock are lowered by settling along major
faults. When settling is abrupt, the subsidence is
associatedwithmajor earthquakes. Duringthe Alaskan
earthquake of 1964, an area of 100,000 knv? (over

42,000 square miles) subsided in a single block that
extended from Kodiak Island eastwards past
Anchorage, Alaska. Tectonic subsidencethat ismore
gradua and not associated with major earthquakes
still has important implications for residents. For
instance, geologists now know that the Nile deltais
subsiding at arate that hasimportant implicationsfor
the well-being of the city of Cairo and the nation of
Egypt. Subsidence along coastal areas means|oss of
important land and greater susceptibility to effects of
floods, wave erosion and storm surge. Gradual
subsidence of the Mississippi delta has similarly
important (although lessimmediate) implicationsfor
residents of that Gulf Coast areatoo.

Thetown of Portage, along the coast of Alaska, wasbuilt on ablock of land which subsided over 6 feet during the
1964 Alaskan earthquake. Thetown then flooded at every high tide. (photo from USGS Photo Library, Denver, CO)
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Collapse of soluble rocks or compression of
weak rock and soil are major causes of natural
subsidence. Other than tectonic subsidence, the
ultimate cause of subsidence is usually insufficient
support of the overlying soils and rocks. Areas prone
to natural subsidence occur over soluble rockswhere
dissolved voids produce lack of support of overlying
material. Solublerocksincluderock salt and gypsum
beds, but by far the most common soluble rock is
limestone, a rock composed of calcium carbonate.
Over time, water seepsthrough cracksin therock and
percolates downward while dissolving the rock and
creating ever-enlarging voids.

When viewed from the air, many limestone
terrains are seen as pock-marked with sinkholes
(depressions caused by collapse of large voids), thus
reflectingthecavernsand gall eriesdevel oped beneath
the ground surface. Such terrain is termed karst
topography. In many areas of the country, sinkholes
have been used for dumps and garbage pits, and the
users have been unaware that sinkholes are open
conduits to the ground water supply. As a result
valuable water supplies have been ruined through
sheer ignorance of geology. Most drainage in karst
terrain is underground through open fractures and
cavernsrather thanthrough surfacestreams. Thesink-
hole areas that occur within the limestones of the
southeastern United States, especially Florida,
Kentucky and Alabama, are examples of subsidence
intonatural voids. Inkarstterraintheadditional weight
of new construction at a site above a hidden cavern
may cause the surface to collapse immediately. If
there is no immediate failure, then dight subsidence

Sign warns motoristsin the Dry Creek area of Shelby
County, Alabama, about sinkholes that may appear
suddenly inthehighway built upon caver nouslimestone.
(photo by Paul Moser, Alabama Geological Survey)

A new sinkhole develops in Shelby County, Alabama.
(photo by Paul Moser, Alabama Geological Survey)
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Sinkhole at Winter Park, Florida,
engulfed homes, cars,
recreational vehiclesand part of
amunicipal swimming pool as
the affected area expanded in
early May of 1981. Damage
developed over a period of a few
hours, and within monthsthe

4 holefilled with water toform a
new lake. A lowered water table
™ caused by a dry season was

2 thought to be thereason for

4 failureduring 1981. (photo by
Florida Geological Survey)
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associated with the structure may allow precipitation
to collect and percolate into the ground toward the
structure. The process has been called “induced
recharge,” which oncestarted, tendstoincrease water
inflowsthat ultimately weaken the roof of the cavity,
causingittofail. Evenremoval of treesfromaforested
area can induce recharge and initiate subsidence.
Sometimes, sinkholesin soluble rocks become filled
with mud and clay and clay-filled cavities do not
support heavy structures well. The structure may
settle unevenly into the soft clay-filled cavity even
though it is supported elsewhere by strong bedrock.
The University of Wisconsin campus at Platteville,
Wisconsin, has several buildings that have suffered
damage from settling into clay-filled cavities.

Minesubsidenceoccurswherelargeunderground
voids have been created by humans. Even the deepest
minescan eventually have an effect onlocal lowering
of theground surface. Most metallic mineswill result
insubsidencewithinasmall local areabecausetheore
deposit is generally vertical or at least restricted

Clay-filled cavitiesin limestone and dolostone, likethat
below in southwestern Wisconsin, will result in damage
if heavy structuresarebuilt upon them. Structuresthen
rest partly on sound bedr ock and partly on soft clay. The
latter eventually deformsand allowsstructur estosubside
unevenly and crack. (photo by Edward Nuhfer)

usually can be overcome by prior planning and site
evaluation. " A" shows construction above an open
cavern which later collapses. Thisisone of the most

difficult situationsto detect, and the possibility of

this situation beneath a structure warrants
insurance protection for homes built on karst
terrain. " B" isasituation where a heavy structure
presumed to lie above solid bedrock actually is
partially supported on soft, residual clay soilsthat

produce very gradual subsidence and damageto

the structure. Thisoccurswhereinadequate site

evaluation can betraced to lack of geophysical

studies and inadequate core sampling. " C" and
" D" show the close relationship between hydrology
and subsidence hazardsin limestoneterrain. In
"C," the houseissituated on porousfill (light
shading) at a site where surface and groundwater
drainage move supporting soil (darker shading)
into voidsin limestone (blocks) below. The natural
processisthen accelerated by infiltration through

fill around the home. " D" shows a karst sitewhere

normal rainfall is absorbed by subsurface conduits,

but water from an infrequent heavy storm cannot
be carried away quickly enough to prevent flooding
of low-lying areas. (Hazard modelsin part fromL. D.
Harris, 1973, Sinkholesin Knox County, Tennessee,
USGS Map I-767-F)
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beneath a small surface area. On the other hand,  percent of the rock within the stratum being mined.
economicdepositsthat occurinextensive, continuous  This loss of support causes the overlying rock to
strataresult in atype of mining that extends beneath  collapse into the void, and the collapse eventually
alargearea. Underground mining of coal, limestone,  manifestsat the ground surface. About one quarter of
salt, and some iron and chromium ores are examples  al United States land over areas mined for coal has
of thelatter. Such minesusually removefrom50t090  subsided. Subsidence beneath the Appalachian coal

= sse. o min

Map of karst terrane. (Erom Davies, 1970.)

M ap of United Statesoutlining ar eas of subsidence dueto natural causes. Red, green and brown denote subsidence
inlimestoneterrain; dark yellow denotes sinking above evapor ite beds consisting of salt and gypsum. Blue denotes
subsidence in areas underlain by lava tubes (natural cavities that formed when the lava was molten) which may
collapseand causestructuresabovethem tosubside. Pur pleshowswher esinkholesdevelop dueto settling of gravel.
(fromHays, USGS Professional Paper 1240-B, 1981) Thereader may wishto procureW. E. Davies and others 1986 map,
Engineering Aspects of Karst (1:7,500,000), which is alarger map with detailed text that is available from the USGS.

Grocery storein residential area south of Pittsburgh, Pennsylvania, subsidesinto an abandoned coal mine. (photo
by Edward Nuhfer)
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fields of Pennsylvania, West Virginia, Ohio and Fluid withdrawal causes subsidence. Rock is
Kentucky or thewestern coal fieldsnear Sheridanand  not theonly supporting medium of theground surface.
Rock Springs, Wyoming, are just two examples of  Fluids entrapped in the small pores of the rock also
many areas prone to mine subsidence. providesupport. If thissupportisremoved by pumping

Aerial photograph near
Sheridan, Wyoming,
shows characteristic
rectangular pattern of
sinkholes above
abandoned coal mines.
Themine operated from
the early 1900s through
the 1940s. (photo by C. R.
Dunrud, USGS)

Under ground firesin coal ssamshave been amajor cause b
of subsidence. Workers at the Percy site in southern
Pennsylvania encounter choking gases asthey attempt to
isolate the fire that otherwise would soon spread beneath ==
homesin the background. (photos by Edward Nuhfer)
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of wells, then subsidence can result at the ground
surface. Most damage from subsidence of this type
occursin areas where the underlying sediments have
not yet been compacted and cemented into strong
rock, and extensive withdrawal of water or petroleum
occurs in them near urban developments. Water
withdrawn between 1960 and 1967 from wells

Thered, lava-like glow revealsthe
high temperatures developed in
underground coal fires. Thisfire
follows abandoned mine workings
around Sheridan, Wyoming, and
leaves behind voids certain to cause
subsidence. Vaporsreleased from
such firesare a health hazard.
Firesare often started by careless
burning of trash near a coal seam;
othersstart by natural processes.
Extinguishing such firesis never
easy. (photo by C. R. Dunrud, USGS)

Schematic below shows how fluid withdrawal causes
subsidence by removing supporting fluidsand allowing
mineral grainstodraw together. Thisprocesscan wor k
at scales from small domestic water wells up to
commercial oil wells.

near the southern end of San Francisco Bay
produced land subsidence of upto 4 m (12 ft.) in
the area of San Jose, California. Construction of
levees to prevent flooding and repair of wells
alonecost morethan13milliondollars. Fluidscan
also be withdrawn from the subsurface due to
construction of geothermal power plants (power
plantswhich use high-pressure steam foundin hot
areas of the earth to drive turbines). Subsidence
displacements above 4.5 m (above 11 ft.) dueto
fluid withdrawal at geothermal power plants in
New Zealand have been measured. Notable
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EXPLANATION
Average heat value

Anthracite
12,700 Buw/lb

Bituminous Coal
13,100 Biw/ib

Subbituminous Coal
8,500 Btu/lb

Lignite
6,700 Btu/lb

Locations of coal-mining areasin the United States. Most underground mining produces later opportunities for
subsidence. L and-use planning above mined ar eas should always take possible subsidence into account and make
use of whatever mine maps are available. (map from Hays, 1981, USGS Professional Paper 1240-B)

subsidences due to fluid withdrawal have been
described in the San Joaquin Valley of Cdifornia;
Houstonandvicinity, Texas, New Orleans, Louisiang;
south-central Arizona; and in the Wilmington-Long
Beach areaof southern California. Atthecity of Long
Beach, California, oil withdrawal caused part of the
city to subside 31 feet! In arid regions such as near
Deming, New Mexico; Riverside, California; and in
south-central Arizona, large earth fissur es appear at
the ground surface over large areas as a result of
subsidence due to water withdrawal.

Water also provides support even in the large
openings that include abandoned mines and in karst
terrain. When the water table islowered below these
openings, collapse oftenfollows, alongwith resulting
surface subsidence.

Drainage of surface waters can have a
pronounced subsidence effect on soils, particularly
when water is drained from highly organic soils and
peatsthat lieinwetlandsand coastal areas. Subsidence
ratescan vary fromlessthan 1 to over 10 cm/yr (upto
4infyr), and amounts of subsidence up to 3.5 m (over
11 ft.) have been recorded. States with notable

subsidenceduetodrainageof organic-richsoilsinclude
Cdlifornia, Florida, Louisiana, Michigan and New
York.

Hydrocompaction is a type of subsidence
produced by the addition of water. When water enters
somesoils, several processescanresultincompaction.
Oneisthat the surface tension of thin films of water
actually pulls the grains more tightly together. Any
home gardener who has freshly tilled fluffy soil has
witnessed thiskind of hydrocompaction after aheavy
rainstorm. Other processes include the softening or
removal of material such as clays and calcite that act
like cements to strengthen and support the soil when
it is dry. Soils susceptible to hydrocompaction are
usually fine-grained and porous. Loess (wind-
deposited silts) and soils derived from old lake
sediments are notorious for being susceptible to
hydrocompaction. The Colorado Geological Survey
noted that soils subject to hydrocompaction along the
Interstate 70 routein western Col orado between Rifle
and Debecque subsided almost a meter within one
month. The California Aqueduct canals crossed an
areawith severe hydrocompaction problems; thearea
was pre-saturated by ponding, and the ground sank
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Fracturesinthisstructurewereproduced by subsidencewhen unconsolidated sedimentsbeneath thePacificGarden
Mall in Santa Cruz, California, settled during the 1989 L oma Prieta earthquake. (photo by C. Stover, USGS)

more than 10 feet prior to canal construction. In one
extreme domestic case, a home subsided when a
garden hose was accidentally left on for an extended
period near the foundation of a house.

Earthquake tremors can trigger subsidence.
The fluids from uncompacted natural sediments can
escapethrough newly createdfractures, andthemineral
grains then rearrange themselves, collapsing closer
together as the fluids depart. Such compaction in the
Bootlegger CoveFormation caused extensivedamage
to portions of Anchorage, Alaska, during the 1964
earthquake. The Pacific Garden shopping mall in
Santa Cruz, California, was severely damaged when
the river deposits underlying the mall shifted and
compacted during the 1989 L oma Prieta earthquake.

Human-placed fill consisting of soil, rock and
wastedebrisisal so proneto subsidenceduringtremors
and earthquakes. The fill is amost impossible to
compact to the point where developments can be
safely built on it in earthquake country. The Marina
district of San Francisco was built upon the site of a
former lagoon whichwasfilledin 1915 with sand, soil
and debris from the famous 1906 San Francisco
earthquake. Parts of thisheavily developed areawere
totally destroyed by subsidence of thisfill during the
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1989 L omaPrietaearthquake. Artificia fill isnotorious
for local subsidence even in areas which are not
affected by earthquakes. Sometimes the subsidence
resultswhenthefill ispoorly compacted. Other times,
the fill may include degradable materials such as
refuse, which eventually breaksdown and leavesvoid
space that eventually invites subsidence.

Per mafr ost soil sarethosesoilsnear polar regions
that, except for shallow layers, remain permanently
frozen. These are sometimes discussed under the
topic of slope stability because of their propensity to
flow laterally. They area so particularly pronetolocal
subsidence. The melting that takes place during the
brief polar summer season permits shallow layersto
liquefy, to flow, and to subside under the weight of
structures. Homesthat are not adequately constructed
so asto keep their heat from melting the soils at the
foundation can produce local subsidence. Permafrost
soils also shift, expand and heave when they refreeze
during cooler seasons. About 20 percent of theearth’s
surfaceisunderlain by permafrost. Morethan 32,000
square miles of the high mountain areain the western
United Stateshasal pinepermafrost. Alaskaisunderlain
by 500,000 square miles of permafrost, and off its
northerncoastline, permafrost createsspecial problems
for construction of docks and offshore drilling rigs.
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The delicate thermal equilibrium of permafrost
can be disrupted by altering the snow or vegetation
cover. The upper active layer of frozen ground will
thaw insummer, will releasewater if any ice hasbeen
present, andwill besusceptibletoerosion. Construction
of all types—roads, bridges, factories, homes, railroad
tracks, storage tanks, pipelines and utility lines—
must be preceded by plans to reduce or eliminate
damage that will otherwise certainly occur asaresult

of heaving, subsidence and slippage. The geology
within permafrost is unique because ground water
movement is controlled by various thawed zones
rather than by consistent aquifer s(rockspermeableto
water) and aquicludes (rocksimpermeableto water),
thus complicating water supply and waste disposal
problems. Water may issuefromthegroundandinthe
winter form sheet-likemassesof i cethat cancomplicate
any construction project.

Subsidence and the Concept of
Deep Time

Subsidence is easy to anticipate based on
knowledge of the geology and mining history of an
area. However, anatural subsidence event isthe most
difficult of al geologic hazardsto predict. Openings
insolublerocksthat will someday collapsetobecome
sinkholesareusually roofedwith solid rock and hence
are not easily detected. Collapse is sporadic and
unpredictable. The karst terrain pock-marked with
sinkhole depressions provides ample evidence that
collapses are frequent through geologic time, but
these collapses are not perceived as common over a
single human lifetime.

Tectonicsubsidencethat resultsfromearthquakes
occurs only from some of the major earthquakes that
affect a wide area. Quake-induced subsidence of
uncompacted materialsis even harder to predict than
an earthquake itself, because not every area with
subsidence potential will actually collapse during a
singleearthquake. However, thel ocationsof materials
that arelikely tosubsideseverely during an earthquake
can be mapped, and devel opment canthen beavoided
in the highest-risk areas.

Sensitiveinstruments can monitor slow regional
subsidence that is ongoing in some areas, and this
allowsscientiststo estimaterates, withincertainlimits,
and to predict long-term consequences for the future.

Extremeshiftingand tilting of thesepower linesoccur becauseof shifting of theper mafr ost soilsin which they
are set. (photo by T. L. Pewe, USGS)
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Geologic mapsarethebest toolsto useto anticipate subsidence. Thismap (apart of USGSMap |-767-F, Sinkholes
in Knox County, Tennessee) focuseson kar st hazar dsand outlineslimestonear easin blueand particularly high-risk

areasin red stipples.

Subsidence that results from human activitiesis
much more frequent over time, and numerous
occurrences in local regions are easily perceived
within a single human lifetime. Artificial openings
such as mines and tunnels are far more unstable than
are natural caverns. Hence construction over an
undermined area offers a much higher risk than
constructionwithinanareaunderlainby karst geology.

Subsidenceduetofluidwithdrawal ismeasurable,
predictable and controllable. This is because the
changes that occur are gradual and closely related to
generally known volumes of fluid withdrawal. This
kind of subsidencethroughtimecanbedescribedwith
mathematical equations and modeled on computers.
Future conseguences then can be anticipated much
more clearly.
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Dangers from Subsidence

Other thanrapidtectonicsubsidenceevents, losses
duetosubsidencearevery localized and posefar more
danger to property and the economy than to life.
Potential hazardstolifeoccur primarily if asubsidence
failure occurs beneath a major transportation route
such as beneath a highway or railroad, or in the rarer
instance when the subsidence occurs above aburning
underground coal mine. While the potential is there
for loss of life, actual occurrences of loss of life have
been almost non-existent. Someexamplesof common
damages follow.
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1. Physical destruction and damage (to
homes, buildings, highways, bridges,
dams, etc.) by uneven (differential)
settling and earth fissures that often
develop in a subsiding area

2. Encroachment of water onto lowlands
adjacent to the sea, lakesor rivers

3. Changesingradient that affect drainage
instream channels,man-madedrainage,
pipelinesand sewer lines

4. Collapse of oil and water well casings

5. Leaking and seepage from landfills,
canalsand reservoirs

6. Pollution of ground water supplies by
surface pollutants traveling through
conduits and fissures produced by
subsidence

Thereisno practical way to reverse, to halt or to
retard natural tectonic sinking. Once human-induced
land subsidencehasbeen detected, correctivemeasures
can only retard or hat the sinking; only fractional
amounts of lost surface elevation may be regained.
Enormous monetary losses are possible. In 1984 the
Geological Society of America estimated an annual
cost of human-induced subsidence of 100 million
dollars. In 1985the Ground FailureHazard Committee
of the National Research Council estimated $500
million astotal annual subsidence lossesin the U.S.

Roles of the Geologist in Mitigating
Subsidence Damage

Inpublicservice. Despitethefact that subsidence
eventsareoften difficult to predict, theareasinwhich
subsidence can be anticipated are based on mappable
geological characteristics. Geologistsinpublicservice
(suchasthoseempl oyed by geological surveys, bureaus
of mines, departments of transportation and
municipalities) and private consultants who work
with engineering and environmental firms are all
actively engaged in mitigating subsidence damage.
These geologists prevent costly mishaps that might
otherwise occur from building important structures
over areasthat may beparticul arly pronetosubsidence.
Geologists are specialists in dealing with subsurface
resources that include minerals, petroleum and
groundwater, and they areableto usetheir knowledge
of these fields as an aid to anticipating subsidence.

At this time, however, mapping of hazardous
areas is far from complete. Drilling and mining
occurred inthe United Statesfor almost two centuries
before permits were required and records were kept.
Therefore, thelocationsof many old minesmay never
be known. The most economical safeguard liesin a
general geological investigation from public records

vacated. (photo by Edward Nuhfer)

This brick home was declared a total loss to mine subsidence damage.
Notethat cracking occur sthroughout the house, alongthered brick side
fromcellar toroof (towar d far left chinked with pink fiber glassinsulation)
totheconcreteblock foundation. Such homesarecondemned and must be
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95



THE CITIZENS' GUIDE TO GEOLOGIC HAZARDS

and published maps and literature (available through
state surveys) to seeif the hazard might exist locally.
If concerniswarranted, subsidence insurance, where
available, is a prudent investment. Subsidence
insurance should be obtained by all homeowners
locatedinseriously endangered areas. Oncesubsidence
begins, thereisnoreversingit, and damagetostructures
such as homes is often total. While the risks of

subsidencelossare numerically small, the actual loss
can be a lifetime investment.

I'n research. Geologists involved in subsidence
research study features that range from regional
tectonics to individual sites of homes. Modeling of
subsidence on computers helps to understand the
mechanisms, rates and risks of subsidence.
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FLOODS

Floodsarethe most destructive of all geologic hazardsand takeimmensetollson livesand
property. Yet flooding streams serve an important, increasingly recognized function in
both local and regional environmental balance. Human development of drainage basins
has a profound effect on drainage, flooding and erosion as well as on water quality and
aquaticlife. Flood control hasbecomeintimately entangled with water userights, andthis
has made flood control the most fiercely politicized issue of land use planning and

environmental management.

Occurrence of Floods

A flood is any high flow of surface waters
that overtops the normal confinements and/or covers
landthatisnormally dry. Natural floodsoccur at some
time along most of the major river systems of the
world.

Riverine floods occur primarily when water
from rainfalls or melting snow is directed to a major
stream from its drainage basin. The larger floods
involve either unusually rapid regional melting of
snow intheearly spring or major weather eventssuch

as hurricanes that bring heavy rainfals over alarge
region. In northern latitudes, ice jams brought about
by moving cakes and sheets of ice released during
spring thaw often cause floods. Initialy, broken ice
jamsthe channel, and this causes water to back up to
floodtheareaabovetheicejam. Whenthejam breaks,
the result is like a burst dam, and a rushing wall of
water floods the areas downstream.

Flash floods occur naturally when occasional
cloudbursts pour large amounts of rainfall into small
drainage basins. Although flash floods are of short
duration, they are devastating to local residents. The

Main Street of downtown Northport, Alabama, during flood. (photo by Alabama Geological Survey)
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e 1 he power of flash floods to move
materials is shown in the aftermath of
.| the1976 Big Thompson Canyon flood in
Colorado. A battered truck isburied to

- and rock debris. (photofromUSGSPhoto

The flood roaring through Big
Thompson Canyon denuded soil and
treesfromthevalley sidesand scour ed
the foundation from beneath thered
cabin. Thisflood destroyed a number
of homesand killed over onehundred
victims who could not scale the steep
canyon walls quickly enough. (photo
fromUSGSPhoto Library, Denver, CO)

flash flood in 1976 on the Big Thompson River in
Colorado took about 140 lives and cresated over 30
million dollarsin damage. In 1942, 8.5 inches of rain
fell at Bayfield, Wisconsin, within 12 hours. Boulders
were washed through city buildings and the harbor
was filled with sand and mud. Coffins were even
washed out of graves. Sometimesflash-floodsdestroy
man-made dams and release large volumes of water
catastrophically downstream.

Inrareinstancesrapid melt of local snowpack or
glacial ice dueto volcanic action causes flash floods.
Snowpack meltwaters produced during the May 18,
1980, eruptionsof Mount Saint Hel enssped downslope
tocreate flashfloodsand mudflows. A hugeprehistoric

~ | Library, Denver, CO)

flood (Wright Valley flood) occurred in Antarctica
near the Ross Seawhen avolcanic eruption occurred
beneath thick glacial ice. Smaller historic meltwater
floods caused by volcanic heating have occurred in
Iceland and Ecuador.

Storm surgefloodsbegin near alow coastal area
when onshore winds and low barometric pressuresin
storms such as hurricanes cause the sea level to rise
locally above the coastal lowlands. Seawater then
rushes into the mouths of river channels and covers
the lower floodplains and deltas. If the time of the
storm coincides with the time of high tide, the
devastation will be catastrophic. Sometimesriverine
and storm-surge processes occur simultaneously ina
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single river basin. Floodwaters rushing down-valley
then combinewith theinvading ocean watersentering
upstream. Because storm-surges affect coastal areas,
wedetail theseinthefinal chapter on coastal hazards.

Human interference in the fluvial (stream)
environment is a major factor causing floods and
increasingtheir consequences. Themost easily pictured
flood of thistypeistheresult of aburst dam, fortunately
aninfrequent event. The bursting of one such dam on
the Little Conemaugh River caused the 1889 flood in
Johnstown, Pennsylvania, which took 3,000 lives. A
second bursting dam occurred therein July, 1977, and
caused 77 fatalities.

L oose garbage, logs and debris can briefly form
unintended dams that temporarily back up water and
cause local floods. The Buffalo-Creek disaster of
1972 that killed 125 people in West Virginia can
scarcely be called a failure of a designed dam. The
“dam” wasmerely apileof old mining wastethat was
dumped into a hollow. The disastrous event led to
prompt actionin removing similar wastedams. It also
resulted in regulations limiting the size of water-
retention ponds that can be built on active mines and
added the requirement that dams for these temporary
ponds must be removed upon completion of mine
reclamation.

Constructing soil and wood levees and dikes
alongriversasan attempt to control floods dates back
many centuriesbefore Christ. Burstsof theseartificial
dikes (see discussion on Yellow River below) are
frequent and cause some of the most deadly floods of
all. Early flood control management along the
Mississippi River alsorelied on construction of higher
levees, even though major floods occurred again and
again through the late 1800s and early 1900s. Until
early 1927, theCorpsof Engineersremained steadfastly
dedicated to the premise that levees aone could
control flooding, despite all evidenceto the contrary.
In 1927, alevee breach 18 miles north of Greenville,
Mississippi, sent awall of water acrossmorethan 2.3
million acresof land even asover 5,000 [aborerstried
to save the levee. The number that perished in that
breach alone hasnever been clearly known. Whenthe
flood ended, over half amillion peoplewerehomeless
as the result of over 100 breachesin the levees. The
1927 disaster brought an end to the near-fanatical
reliance onleveesand led to amuch broader approach
to flood control management.

Floodsareheavily influenced by humanactivities
in the drainage basin. Farming, overgrazing,
deforestation or construction may increase the size
and frequency of floods by modifying the ability of
thelandtoabsorbwater. Several other humanactivities

Thisflood occurredin EstesPark, Colorado, when acloudbur st destroyed two damsat L awn
Lake and Cascade L ake. (photo by R. D. Jarrett)
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WORLD’'SMOST SEVERE FLOODS
(exclusive of floods produced by storm surge)

YEAR FLOOD LIVES
LOCATION LOST
1887 Y ellow River, China 900,000 to
6,000,000
1911 Y angtze River, China 100,000
1931 Y angtze River, China 3,700,000
1939 Y ellow River, China 200,000

Estimates of lives lost in such major floods conflict depending upon the
source and methods of estimation. Maximum numbers in 1887 and 1931
include deaths from flood-induced famine. Sources for these figures are
Clark and others (1982), Tufty (1969) and Office of Foreign Disaster

Assistance, 1992, Disaster History.

can promoteflooding. Theseincludechoking of natural
channels with sediment from some mining or
construction projects (asoccurredin Californiaplacer
mining in the late 1800s), poor planning in the
development and paving of largeareas(the1972flood
in Rapid City, South Dakota, is an example) or
construction of dams that later fail catastrophically
(such asthe Teton dam in Idaho in 1976).

Runoff refersto the process by which quantities
of rainwater travel overland. I nfiltration occurswhen
water seepsinto the ground and isreleased slowly, if
at al, to streams. Runoff increases when forests are
cleared, grassy vegetationisremoved (asduringmining
and excavation), areasare paved, and homesarebuilt.
Rainfall that enters a developed basin rushes across
any cleared slopes, pavements and roofs, enters
artificial drains and sewers, and passes immediately
onwardtostreams. |nawell-vegetated drainagebasin,
the vegetation and the natural, thick, porous, spongy,
organic soilsdecrease runoff. Much morewater seeps
into the ground than runs across its surface. Because
infiltrated water is released to streams slowly over
many months, a stream fed by a drainage basin that
has high infiltration and low runoff characteristics
will be much more resistant to flooding.

Floods are the most devastating of all geological
agents. Only globa plagues, world wars and the
Holocaust have exceeded floods in causing
catastrophiclossof life. The sites of theworst natural
disastersin history areuncontested asbeing thefloods
along China'srivers. Texts conflict only on whether
theloss of life was greatest in the 1887 Y ellow River
flood or the 1931 Y angtze River flood.

TheYellowRiverisoftencalled” China sSorrow”
and hastaken morelivesthan any other single natural
feature. The Yellow River carries 1.6 billion tons of
silt each year, morethan enoughto build awall around
theworld 6 meters(20feet) highand 5 meters(16feet)
thick. Asthesiltisdepositedintheriver channel over
the last 500 miles of its course across the flat North
ChinaPlain, thechannel becomesfilledwith sediment
and, astheriver bottom rises, so doesthewater level.
Toprevent frequent flooding, residentsalongtheriver
had to increase the height of the levees and dikes by
the amount theriver bottom rose dueto siltation. The
river thus gradually became perched high above the
alluvia plainbetweentwo parallel dikesthat extended
for hundreds of miles. Deathsalong thisriver resulted
primarily whenleveesand dikeswerebreachedthrough
natural failure during seasons of high rainfall or
through intentional breaching during wartime. When
breaches occurred at the start of the greatest floods,
they widened in minutes into huge openings more
than a half-mile wide. Walls of water poured across
thelow alluvial plainsand eventually covered an area
of about 10,000 square miles (25,000 square
kilometers). Thisisan areacomparabletothat of L ake
Erie. When this occurred, it took years to repair the
dikes and dry the flooded areas. Thusthe loss of life
from the floods extended over years, including not
only the drowned, but also those who died from
exposure, starvation and flood-associated diseases
such as cholera.

Most of the deaths in the 1931 flood of the
Y angtzeRiver areattributedto starvation. TheY angtze
was home to nearly one-quarter of a billion people
who produced nearly half of thenation’ sgrains. When
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SEVERE RIVERINE and FLASH FLOODSin the UNITED STATES
(1937-1993)

YEAR FLOOD LOCATION LIVES LOSS
LOST | (millions
of
dollars*)
1937 Ohio and lower Mississippi river basins 137 417.7
1938 Southern California 79 24.5
1947 Lower Missouri and Middle Mississippi 29 235.0
basins
1951 Kansas and Missouri 28 923.2
1955 West Coast 61 154.5
1955 Northeastern U.S. (Hurricane Diane) 187 714.0
1963 Ohio River 26 97.6
1964 Californiaand Oregon 40 415.8
1969 California 60 399.2
1969 James River Basin, Virginia 154 116.0
1977 Big Thompson River, Colorado 139 30.0
1977 Kansas City, Missouri and Kansas 25 80.0
1983 Arizona 13 416.0
1986 Cdlifornia 17 270.0
1989 Hurricane Hugo 49 10,000
1990 May floods in South - Central U.S. 7 600
1990 June flash flood near Shadyside, Ohio 26 8
1990 Texas, Louisiana, Arkansas, Oklahoma 14 1,000
1991-92 | Texas, December 1991 - March 1992 15 150
1992 Southern California, February 4 >40
1993 Southwestern U.S. and southern CA 9 > 160
(data current only to mid-January)

*Loss figures are approximations. Accurate losses from floods are difficult to
acquire. Totals should include private and federal insurance payments, disaster
relief, damagesto publicworks, uncompensated privatedamagesand| ost revenues,
but that dataisnot alwaysincluded in compilations. Figureshereare not corrected
for currency inflation. (data from U.S. Army Corps of Engineers Annual Flood
Damagereports; World Almanac, 1993; and W. W. Hays, 1981, USGSProf . Paper
1240- B, p. B40) TheU.S. Army Corpsof Engineersnotedintheperiod 1980-1989
that flood damages averaged 2.2 billion dollarsayear, but flood control structures
saved an average of 10.7 billion dollars annually during that period.

the flood crested at nearly 100 feet above its normal
stage, productivity of that important area was
destroyed. A later flood in 1954 took 30,000 lives
despite heroic efforts to contain the rising waters.

In the United States, the annual average is 100
lives lost and property damage of between 1 billion
and 3 billion dollars. With 3 million miles of streams
existing inthe United States, and 6 percent of theland
containingalargepercentageof thenation’ spopulation
and property, repeated threatsfrom flooding areto be
expected. Over 20,000 communities are affected by
flooding, and evacuation of morethan 300,000 people
occurs annually. Major cities of the United States
havesignificant portionsof their devel opment located
within floodplains.
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Flood Occurrence and the Concept
of Deep Time

Floods are so frequent that most individual s will
observeseveral intheir lifetimes. While many people
should anticipate floods at least every few years and
take regular precautions in dealing with them, most
action taken to mitigate flood risk actualy comes
duringtheimmediateaftermath of aflood. Thefrequent
basisonwhichfloodsoccur doesnot givethefull story
about floodsin the context of deep time. The longest
historical record of floodscomesfromtheNileRiver.
Nilometer s were probably the first stream gauging
stations and have been in use since about 3500 B.C.
Thelongrecord of Nilefloodstypifieschangethrough
time in most streams—pronounced irregularity
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characterized by frequent small floods, occasional
large floods, and rare enormous floods. The larger
floodsoccur at noregular intervals. Themathematical
pattern of these events charted through timeis called
afractal. Itissimilar to the pattern of therainfall at a
sitethroughtime. L argeflood eventsarenot predictable
any more than are large rainstorms or hurricanes.
However, flood effectscanbeanticipated fromclimatic
records, historical recordsand geological studies. The
geologic record left within the sediments along a
stream can oftentell how frequently prehistoricfloods
have occurred in the area and how large they were.

Torrential rains spread inland
by Hurricane Camille in
summer of 1969 caused floods
in many rural areas that were
not normally considered as
endangered, including this
cabininsouthernWest Virginia
used by West Virginia
University'sgeology field camp.
This is an example of the
infrequent flood that surprises
many citizenswho believe they
live wher e floods do not occur.
(photo by Edward Nuhfer)

Computer programs that take into account local
surfacetopography, geology and land use can be used
to deduce flood effects by modeling them. These
programs allow input of a hypothetical rainfall
(amount, intensity and affected area) and give as
output the likely water levels in streams during and
after the rainfall event.

Floodscan occur at any month of theyear, but the
most frequent floods result from seasonal events that
occur regularly through time. Floods that occur in
accord with annual rhythms of spring rains and snow

" Flood plains of major rivers
. experience frequent flooding.
This aerial view shows spring
flooding of the Missouri River
downstream from themouth of
the Osage River junction in
April of 1973. Floodplainsthat
areinundated frequently merit
either flood control structures
or limits on development.
Reconstruction of flood-
damaged homeson flood-prone
sites using federal insurance
claims payments results in a
repeated drain on the flood
insurance fund by a relatively
small number of insured
structures. (photo by Richard
Waugh)
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thaw or monsoons(seasonal windsthat blow shoreward
from seas and oceans and bring heavy rains) are
anticipated to occur frequently and within given
seasons. Significant floods can be expected from
regular seasonal processes at |east every two or three
years on many rivers.

Most readers recognize that hurricanes cause
coastal storms, but hurricanes also cause largeinland
riverine floods by bringing moisture far inland from
thecoast. Hurricane-induced floodsareal so seasonal,
but they arenot aspredictableassmaller, morefrequent
seasonal events. Numbers of hurricanes vary from
year toyear, and movementsof hurricanesaregenerally
unpredictable. A hurricane produces significant
flooding somewhere in the eastern United States at
least once or twicein adecade and morefrequently in
the Gulf Coast. Regarding specific areas within the
eastern United States, amajor storm like a hurricane
will produce avery large flood every century or two.
Thisisnormally the kind of flood that engineers and
plannerstry to anticipatein the* 100-year flood” used
in flood control design and zoning.

Itisimportant to realizethat the 100-year floodis
not the maximum flood that occurs along rivers.
Catastrophic floods occur every few thousand years.
Their infrequency makes them difficult to anticipate
and unreasonable to use as the basis for engineering
design of control structures. In fact, a thousand-year
flood represents atime span which is about ten times

theuseful lifeof many dams. Nevertheless, important
historical floods fall into this category. The Big
Thompson Canyon flood of 1976 was an event that
probably is expected only about once every 5,000
years; the 1936 floods in the Connecticut Valley of
Massachusetts also represent an event that occurs
perhaps only every few thousand years. These huge
floods are usually local and result from rainstorm
events that are just as infrequent as the floods they
produce. An astonishing 31.5 inches of rain fell in
about six hours, when Hurricane Camille brought
devastating flash floods to Nelson County, Virginia,
in 1969.

Infrequent enormous floods of sizes beyond
anything recorded in history are seen in deep time.
The channeled scablands of eastern Washington
resulted about 15,000 yearsago when animmenseice
dam that retained glacial Lake Missoula failed. The
lakewasinwhat istoday thewestern part of Montana.
Several hundred cubic miles of water rushed across
2,000 square miles and carved channels hundreds of
feet deep in solid rock. The dam failed repeatedly
during the wane of the Pleistocene, sending waters
againand again across|daho and eastern Washington.
Closer examination of the sedimentary deposits in
other areas also reveals periods of enormous floods.
Such areasinclude the glaciated regions of the north-
central United States, the present-day Mediterranean
Sea (which has not always been a sea through deep
time) and the Wright Valley flood in Antarctica.

v

e T

s il

et e

A nilometer on Rodalsland near Cairo, Egypt. Several varietiesexisted; theearliest
onessimply recorded thelevelsof the high water marks. These early stream gauging
stations provide the longest hydrologic record in history. (photo by P. E. LaMoreaux)
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A levee along the
Mississippi River beginsto
experience leakage that
may leadtopipingof water §E
through the levee and an
eventual catastrophic P
failure. Sandbags have &
been applied on snow
fencein an effort to brace
the levee. (photo by U.S.
Army Corps Engineers)

Dangersfrom Floods

Primary lossescaused by rampaging flood waters
arethedeathsor seriousinjuriesof peopleandanimals,
structural damageto buildings, roadbedsand utilities,
and destruction of equipment and property. In
developed countries, good communication and
monitoring systemsgivecitizensearly warnings, and
good transportation systems permit rapid evacuation
and prevent massive loss of life over large areas.
Ideally lossof lifeshould not occur at all after adequate
warningisgiven, but theideal responsedoesn’t always
occur. Lack of focused educationleavesmany citizens

without the critical ability to distinguish between
flash-flood watch, which means that weather
conditions have developed that may lead to a flood,
andaflash-flood war ning, whichmeansthat flooding
has already begun in certain areas and that real
responses are required such asinvestigating the local
situation immediately and possibly moving to higher
ground. Because the urgency of theterm “flash flood
warning” is sometimes not understood, listeners may
not taketheannouncement seriously until itistoolate.
Even in the most developed countries major loss of
lifecan occur from quick eventssuch asburst damsor
flash flooding.

If flood watersforce a path
through a weakness along a
% levee, a"bail" or upwelling of
+ water may be established at
the base of the levee, through
it, or on thefloodplain just
outsideit. Piling sandbags
around the boil raisesthe
water head to build pressure
that helpsto slow the seepage
. and prevent erosion that may
cause major failure. Levees
must be monitored for damage
and maintained to keep them
strong. Even an animal
£ burrow can providethe

| weaknessthat allowsaboil to
develop during flooding.
(photo by U.S. Army Corps
Engineers)
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Longer term secondary damage from floods
includes backing up of sewers, flooding of septic
tanks, landfills, wastedisposal areasand farms, which
leavestheresulting flood waterspolluted withanimal,
human and industrial wastes. These can contaminate
wellsand other water supply sourcesand even marine
fisheries near the areas of river discharge. Disruption
of normal utility services and water supplies results,
and dealing with massive incidence of disease is a
possibility. Additional long-term damages include
equipment malfunctions, hunger, homelessness, and
losses to commerce, education, and employment.

Mitigating the Effects of Floods

Effective reduction of losses from floods comes
from three primary actions by citizens.

1. Investment in flood control structuressuch
as dams and flood walls. Large expenditures have
been made by the American public to mitigate flood
damages, andthestructureshavesuccessfully protected
many areas. Y et theseexpenditureshavenot produced
anything like a complete solution. Flood damage
losses have not decreased significantly since 1937,
despite significant investments in flood control
structures. Thisis because flood plains become more
heavily developed as they become better protected.
Urban damagefrom flooding continuesto account for
amajor share of the increase in damage.

Thischannelized stretch of
Mill Creek, Wisconsin, is
shown bythelinear channel
and lack of irregularities.
Straightening streams in
this manner increases
water flow and helps
prevent local flooding, but
does so at great cost to the
aquatic life in the stream.
The devastation that
channelizing wreaks on
streamsgreatly reducesits [
attractionasaflood control
measur e. (photo by Richard
Waugh)
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2. Zoning of flood plains to prevent
developments that will likely lead to loss. Actions
include preventing high populations from settling in
flood-prone areas by restricting flood-prone land to
usessuch asrecreation, parking areasand agriculture.
Other zoning restrictions include required siting of
structures so that they are built on elevations higher
than the maximum anticipated flood, and limiting
flood plain development by other legal measures.

3. Purchase of appropriate flood insurance.
Many homeowners who live in areas susceptible to
flooding do not have appropriate insurance. Today in
many communities, a person cannot obtain federally
secured financing to buy, build or improve structures
in flood hazard areas. New structures built in
compliance with National Flood Insurance Program
(NFIP) standards are far less likely to experience a
loss than older, noncompliance structures. Today
about half the structuresin floodplainsarenew andin
compliance, and zoning and building coderegulations
are reducing losses significantly. Older,
noncompliancestructuresenjoy subsidizedinsurance
rates because they are exempted in the NFIP by a
grandfather clause. Thegrandfathered structuresarea
major source of flood insurance claims, and thus a
small portionof al propertiesinsuredfor flood damage
accountsfor alarge portion of NFIP payments. Since
October 1, 1991, lower flood insurance premiums
became available to residents of participating
communities that have demonstrated success in
managing reduction of flood losses.
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This map was compiled by geologists of the Ohio and U.S. geological surveys. The flood-prone area bordering
the Sandusky River appearsin light blue. The sewage plant liesin the area of potential flood. Wastesthat enter a
river during flood can spread pollution and even disease in undeveloped countries with few purification plants.

(map from USGS Hydrologic Atlas 47)

Controversies over Flood Control

Few interactions between man and nature have
sparked more controversy than flood control. The
earliest human controlsweredikesand leveesused by
the Egyptians to enhance agriculture. By about 3000
B.C. the Egyptians under King Menes had dammed
the Nile and diverted its course. Since before 2000
B.C., the Chinese had utilized dikes and levees in
attemptsto suppressfloods Chineseemperorswereor
were not remembered fondly in accord with their
successinmanagingwater resourcesandflood hazards.
Dikes and levees were still the primary means of
control espoused by the United States government
until after 1927.

Channelization, or straightening a stream to
increase its capacity to send large flows of water
quickly downstream, has also been used as a flood
control measure. Channelization is controversial
because, while it improves flow, it also permanently
devastates the straightened stream segment and
convertsitintoastretchthatisincapableof supporting
diverse agquatic life.

Dams were not built in Europe until about 200
yearsago, and thefirst major flood control damswere
built in the United States in 1913. After 1927, dams
and locks were constructed across nearly al of the
major rivers of the United States.

107



THE CITIZENS' GUIDE TO GEOLOGIC HAZARDS

Today there are over 50,000 damsin the United
States, and where dams should or should not be built
has been a source of major political controversy.
Agricultural andnatural resourceinterestshavefavored
construction of many small dams in the upstream
tributaries to control floods. Large industrialists and
developers favor construction of large dams
downstream. Each interest group has supported its
owngovernment agency whosephilosophy isinaccord
with its interest, and this has led to bitter political
contestswhereinterestinwinning sometimesoverrides
interest in providing good management.

Intheeastern United States, dams, in conjunction
with flood walls, have provided increased stability
and control. The controls have enabled eastern rivers
to become important commercial boat and barge
routes. Damsin the west have permitted irrigation of
aridregionsthat arenow our nation’ smajor sourcesof
agricultural produce. Hydroel ectric power generation
at many dams provides clean energy, and reservoirs
located behind dams are used for everything from
critical water supplies for cities and farms to
recreational boating and fishing. The highest per
capita boat ownership occurs today in states that
formerly had no significant natural lakesor navigable
rivers.

Dams also bring costs and consequences.
Agricultural land gained from irrigation is offset by
loss of land as deltas and flood plains downstream of
damserode becausethey arenolonger repl enished by
silt. Reservoirs behind dams spread water over large
areas and may cover useful forest, recreational
waterways, scenic valleys, historical areasand fertile
agricultural land. Water impounded in alarge areais
susceptible to evaporation, and in arid regions this
may beso great astoresultinsignificant lossof useful
water and increased salinity of the water remaining.
Impoundmentsmay a soleak water intothesubsurface,
especialy into geological formations that lie within
the reservoir above the former stream level, and that
water may then belost to both human useand theriver
environment.

As more dams are built, quality and quantity of
usable water downstream of dams deteriorate. The
Colorado River hasbeen practically eradicated by the
timeit entersthe Gulf of California, and the quality of
the Rio Grande has been so reduced by dams and
irrigation projects that it has become a source of
political conflict between Mexico and the United
States. Large dams bring abrupt changes to riverine
environments that have been established over
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thousandsof years, andirreparableecol ogical damage
can occur. Commercial marine fisheries may suffer
after constructionof amajor damwhenfishpopul ations
decrease because of upstream impoundment of
nutrientsand disruption of coastal wetlandsspawning
habitat. The sardine industry of the Mediterranean
was reduced after construction of the Aswan dam on
the Nile River. Upstream, the mud-flat areas of the
reservoir can increase populations of undesirable
disease-bearing organisms such as certain species of
snails.

Dams do not prevent al floods. No dam can be
designed for the catastrophic flood that occurs every
few thousand years. When such floods occur, some
dams burst and cause enormous loss of life. In 1981,
astudy by the Corpsof Engineerslisted 2,884 damsas
unsafe out of 8,639 surveyed. Most were deemed
unsafe because of inadequate spillway design.
Worldwide about three dams fail annually.

Construction of a dam does not provide a one-
time permanent solution against flood damage.
Siltation behind dams insures that they have only a
limited useful life. Whenfull, they retain animmense
amount of mudwithinariver valley and arethen often
termed “ sediment dams.” Many damsin this country
are approaching the end of their useful life, and
financial decisions will need to be made regarding
their maintenance and replacement in comparison to
adopting alternative flood control methods.

Many scientists and engineers are advocating
zoning and flood plain management as an alternative
to major engineering works such as dams,
channelization and channel paving projects. Good
zoning and management policy is often at odds with
pressuresfromurbangrowth, fromland devel opment,
and from agencies and private organizations that
compete for funding and influence. There are no
simpleanswersthat satisfy all interestsand situations.

Roles of the Geologist in Flood
Prediction and Control

Thetraining of geol ogistsofferstwo good reasons
for their involvement in mitigating the effects of
floods. The first is an educational curriculum that
focuses on an understanding of natural processes.
This begins in freshman physical geology courses
with the study of the effects of running water and
continues in many advanced courses that focus on
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river processes. Thesecond isan educational focuson
deep time which provides geologists with the
knowledge about how rivers develop and how floods
occur over deep time. Hydrology of both ground
water and surface watersis one of the major areasin
whichgeologistsareemployed. Their dutiesarediverse
andincludemonitoring of water quality, producing of
maps, and performing research on fluvial processes
that includeerosion and sedimentation. A few specific
examples follow but these are by no means all-
inclusive.

Inanticipatingfloods. Applied geology inflood
control beginswith reconstructing the history of past
flooding of an area, especially theimportant geologic
history that precedes recorded history. Based upon
landformsand types of soilsand sediments present, it
is possible to deduce the extent and magnitude of
some record floods that occurred in the past. It isnot
asimple matter to piece together the detailed history
of ariver orto estimatewhat the* 100- year flood” will
actually be in terms of water levels and extent.
Geol ogistsexaminethesedimentsof thestreamvalley
and ook for subtlesignsof scour and erosionthat may
reveal immensepast floodslarger thanthoserecorded.
Without study of the geology these would never
otherwisebeanticipated. Geol ogistsal somakerecords
from flood scars recorded in tree rings or in other
growths that reveal flood damage. Since 1969,
geologists(many withthe USGSaspart of the Federal
Emergency Management Agency (FEMA) National
Flood Insurance Program) have been involved in
mapping flood-prone areas throughout the nation on
more than 13,000 topographic maps. Current (1992)
efforts are directed toward mapping areas (1)
downstream from larger reservoirs that have high
potential for overtopping their spillways, and (2)
channel ssusceptibletoflashfloodsinareasof potential
future urban devel opment.

By investigating thesizeof thedrainagechannels
and the runoff potential associated with particular
land useinthedrainagebasin, itisalso possibleto use
acomputer to quantitatively model hypothetical floods
for an area based on various scenarios of rainfall
amount and intensity. Engineers, geologists and
applied mathematiciansareal involved in modeling.
Predicting the magnitudeof futurefloodscanbeaided
by use of historical data where good records are
available. Once a mgjor rainfall occurs on streams
which contain monitoring devices, the data yielded
allows the magnitude and timing of water flow and
associated flood stages throughout the length of the
channel to be more accurately predicted.

In geology for engineered control structures.
Thesuccessof any flood-control structure, particularly
dams, dependson accurate geol ogi c assessment of the
nature of the foundation materials, the slope stability
around theimpoundment, and the sedimentationlikely
to occur withinanimpoundment. Someof thegreatest
flood disastersin history resulted whereflood control
structureswerebuilt without adequatecharacterization
of geology. The Saint Francis Dam in Californiain
1928 (450 killed), the Malpasset dam in France in
1962 (421 killed), the Vaiont Reservoir in Itay in
1963 (3,000 killed), and the Teton Dam in 1976 (11
killed) areafew exampleswhereinadequateeval uation
of thegeol ogy ledtosignificant fatalitiesand economic
losses. A study in Spain in 1962 examined the cause
of failurein over 300 damsand designated foundation
failure as the greatest single factor.

The role of the geologist is not limited to flood
control structuresbutincludesall typesof construction
that takeplaceinflood plains. By delineatingtheareas
of potential flooding, the geologist defines zoning
boundariesthat should excludethelocation of certain
projects such aswaste storage dumps, certain types of
industry, and housing projects. Bridge failures, such
as the 1987 failure on the New Y ork State Freeway
andthe 1972 bridgefailureonInterstate 90 near Rapid
City, South Dakota, both occurred becausethescouring
of alluvium, anormal geol ogical processduringfloods,
was not anticipated during bridge design. The bridge
supports were undercut and failure occurred because
design did not take into account the geological
conditions. Design of structures such as dams and
flood walls lies within the province of the engineer,
but theinvestigation of the geologic conditions of the
site should always be undertaken and supervised by a
qualified geologist.

Geology isa souseful asanaidtoinvestigate cost
effectiveness of some structures. Warm SpringsDam
in Californiacost over 440 million dollarsto build as
a water supply. Ground water could probably have
supplied the same users for a cost of only about 10
million dollars, but geologists were never consulted.
The dam at Fishtrap Reservoir on the LevisaFork in
Kentucky wasbuilt without making an adequate study
to determine how much sediment would fill the
reservoir behind the dam. After the dam was built, it
was discovered that the useful life might be less than
half of what was expected. Only then were geol ogists
called in to investigate—more to explain the
mechanismsfor an ongoing economic disaster rather
than to prevent it.
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Ineducation. Thereareanumber of earth science
teachersin our schools systems today who are either
geologists or who have significant education (36 or
more creditsin geology). Unfortunately there are not
enough suchteachers. Despitethefrequency of floods
and the immense expenditures spent on remediation
and on flood control, few American citizens receive
education about fluvial processes.

A populace familiar with streams and stream
processesismorelikely tosupport sound management
policy that protects property and minimizes losses.
An educated public is less likely to be swayed by
unwise arguments that spring simply from vested
political or economicinterests. Citizensshoulddemand
that all studentstake an earth science coursetaught by
ateacher with solid qualifications in geology.

Referencesfor Additional Readings on Floods
"E" denotes references especially suitable for educators

Arnold, J. L., 1988, The evolution of the 1936 Flood
Control Act: GPO n. 008-022-00245-6, Government
Printing Office, Washington, DC 20402, 126 p.

Associationof State Floodplain Managers, 1987, Reducing
lossesin high-risk flood hazar d ar eas: FEMA Pub. n.
116, 500 C St. SW, Rm. 324, Wash., DC 20492.

Association of State Floodplain Managers, 1987, Realistic
approachestobetter floodplain management: Inst.
of Behaviora Sci., Univ. Colorado at Boulder, CO
80309, 53 papers.

Association of State Floodplain Managers, and Kusler, J.
A., 1989, Avoiding public liability in floodplain
management: recent casesand trendsin thecourts:
Assoc. of State Floodplain Managers, P.O. Box 2051,
Madison, WI 53701.

Baker, V. R., (ed.), 1988, Flood Geomorphology: New
Y ork, John Wiley.

Belt,C.B.,J.,1975, The1973flood and man’ sconstriction
of the Mississippi River E: Science, v. 189, pp. 681
- 684.

Biswas, A. K., 1972, History of Hydrology: Amsterdam,
North Holland Pub. Co.

Brown, W. R., and Cutcheon, B. W., 1975, Historical
Catastrophes: FloodsE: New Y ork, Addison Wesley.

Bue, C. D., 1967, Flood information for flood plain
planning E: U.S. Geol. Survey, Circular 539.

Buffey, P. M., 1977, Teton dam verdict: A foul-up by the
engineersE: Science, v. 195, pp. 270 - 272.

Burby, R. J., and others, 1988, Cities under water: ten
cities efforts to manage floodplain land use E:
Monograph 47, Institute of Behavioral Sci., Univ.
Colorado, Boulder, CO 80309.

Chadwick, W. L., and others, 1976, Report toU.S. Dept. of
thelnterior and State of |daho on Failureof Teton
Dam: U.S. Govt. Printing Office, Washington, DC
20402.

110

Clark, C., and others, 1982, Flood E: Alexandria, VA,
Time-Life Books Planet Earth Series 176 p. An
outstanding book for students and lay readers, it
contains detailed, well-illustrated accounts of
catastrophic floods and dam failures.

Committee on Natural Disasters, National Research
Council, 1991, The New Year’s Eve Flood on
Oahu, Hawaii, December 31, 1987 - January 1,
1988: Washington, DC, National Academy Press.

Committee on Natural Disasters, National Research
Council, 1991, Hurricane Elena, Gulf Coast,
August 29 - September 2, 1985 E: Washington, DC,
National Academy Press.

Costa, J. E., 1978, The dilemma of flood control in the
United States. Environmental Management, v. 2, pp.
313 - 322.

Costa, J. E., 1978, Holocene stratigraphy in flood-
frequency analysis. Water Resources Research, v.
14, pp. 626 - 632.

Costa, J. E., 1985, Floods from dam failures: U.S. Geol.
Survey Open-File Report OF 85-0560.

Crippen, J.R.,andBue, C. D., Maximum floodflowsinthe
conterminous United States: U.S. Geol. Survey
Water Supply Paper 1887, 52 p.

Degen, P., 1984, Johnstown Flood of 1889 - Tragedy on
the Conemaugh E: Philadelphia, PA, Eastern Acorn
Press, Division of Eastern Natl. Park & Monument
Assoc.

Drieger, C.,andKennard, P., 1984, | cevolumeson Cascade
volcanoes. U.S. Geol. Survey Open File Report 84-
581.

Ellen, S. D., and others, 1988, Landslides, floods and
marine effects of the storm January 3-5, 1982, San
FranciscoBayregion, California: U.S. Geol. Survey
Prof. Paper 1434.

Emerson, J. W., 1971, Channelization: A case study:
Science, v. 173, pp. 325 - 326.



Part 3 - Hazards from Geological Processes — Floods

Federal Emergency Management Agency, 1992, An
assessment report on floodplain managementinthe
United States E: FEMA, 500 C Street, Washington,
D.C. 20472.

Howard, A. D., and Remson, |. (eds.), 1978, Geology in
Environmental Planning E: McGraw-Hill, chapters3
and 4.

1llinoisDept. of Transportation Division of Water Resources,
1991, Floodplain compliance: Enforcing your
community’s floodplain management ordinance:
IL Dept. Trans. Div. Water Resources, 201 West
Center Court, Schaumburg, IL 60196-1096.

James, L. D., Laurent, E. A., and Hill, D. W., 1971, The
floodplain as a residential choice: Atlanta, GA,
Georgialnst. Technol. Environmental Resources Ctr.

Jansen, R. B., 1980, Dams and public safety: a water
resour ces technical publication: Water and Power
Resources Service, Denver Federal Center, P. O.
Box 25007, Denver, CO 80225.

Judkins, G., (ed.), 1976, The Big Thompson Disaster E:
Denver, CO, Lithographic Press.

Lee, L. T., Chrostowski, J., and Eguchi, R. T., 1978,
Natural hazards: riverine floods, storm surge,
tsunami loss models. Natl. Tech. Inf. Serv. n. PB-
294682/AS-PCA-10.

Leopoald, L. B., 1968, Hydrology for urban land
planning: A guidebook on the hydrologic effects
of urban land use E: U.S. Geol. Survey Circular
554,

McCain and others, 1979, Storm and flood of July 31 -
August 1, 1976, in the Big Thompson River and
Cachela PoudreRiver basins, Larimer and Weld
counties, Colorado: U.S. Geol. Survey Prof. Paper
1115 B.

McCullough, D. G., 1968, The Johnstown Flood E:
New Y ork, Simon and Shuster.

Mathewson, C. C., and Keaton, J. R., 1988, Flood
hazard recognition and mitigation on alluvial
fans: ASCE Proc. of Hydraulic Engineering Symp.,
Colorado Springs, CO.

National Park Service, Association of State Wetland
Managers, and Association of State Floodplain
Managers, 1991, A casebook in managing rivers
for multiple uses E: Assoc. State Floodplain
Managers, Madison, WI, 53701-2051, 86 p. The
organization at this address also provides many
other useful publications.

National Science Foundation, 1980, A report on flood
hazard investigation: NSF, 2101 Constitution
Ave., Washington, DC. 20418.

National Weather Service, 1991, Shadyside, Ohio, flash
floods June 14, 1990 E: Warning and Forecast
Branch, Natl. Weather Service, 1325 East West
Highway, Silver Spring, MD 20910.

Natural Hazards Research and Applications Information
Center (NHRAIC), 1991, Floodpr oof retr ofitting:
homeowner self-protective behavior E:
Publications Clerk, NHRAIC, P. O. Box 482,
University of Colorado, Boulder, CO 80309-0482.

Outland, C. F., 1977, Man-made Disaster - the Story of
St. Francis Dam E (revised ed.): Glendale, CA.
Arthur. H. Clarke Co.

Parker, D. J., 1991, Flood disastersin Britain: lessons
from flood hazard research: Flood Hazards
Research Ctr., Middlesex Polytechnic, Queensway,
Enfield, EN3 4SF, U .K.

Paulson, R. W., and others, 1991, National water
summary 1988-89: U.S. Geol. Surv. Water Supply
Paper 2375, 591 p.

Rahn, P. H., 1975, L essons lear ned from the June 9,
1972, flood in Rapid City, South Dakota E: Bull.
Assoc. Engineering Geologistsv. 12, pp. 83 - 97.

Rahn, P. H., 1986, Fluvial Processes E: Chapter 8in
Engineering Geology, An Environmental Approach,
P. H. Rahn, New Y ork, Elsevier, pp. 241 - 302.

Rantz, S. E., 1970, Urban sprawl and flooding in
southern California E: U.S. Geol. Survey Circular
601 B.

Rogers, J. D., 1992, Reassessment of the St. Francis
Dam failure: in Engineering Geology Practicein
Southern California, Assoc. Engrg. Geologists Spec.
Pub., Belmont, CA, Star Pub. Co., pp. 639 - 666.

Schaeffer, J. R., Ellis, D. W., and Spieker, A. M., 1970,
Flood hazard mapping in metropolitan Chicago:
U.S. Geol. Survey, Circular 601-C.

Schneider, W. J., and Goddard, J. E., 1974, Extent and
development of urban flood plainsE: U.S. Geol.
Survey Circular 601 J.

Smith, N., 1972, A History of Dams: Secaucus, NJ,
Citadel Press.

Starosolsky, O., and others, 1989, Hydrology of

disasters; proceedings of the technical conference:
London, James and James.

111



THE CITIZENS' GUIDE TO GEOLOGIC HAZARDS

Tennessee Valley Authority, 1991, Conserving your
valuable floodplain resources: TVA Flood
Protection Section, Evans Bldg. Room 1A,
Knoxville, TN 37902.

U.S. Army Corps. Of Engineers, 1991, Flood proofing
techniques, programsand referencesE: U.S.
Army Corps. of Engineers, Natl. Flood Proofing
Committee, Attn. CECW-PF, 20 M assachusetts
Ave., Washington, DC 20314-1000.

Vance, M., 1990, Flood insurance: A bibliography: P.
O. Box 229 Monticello, IL 61856, Vance
Bibliographies, 13 p.

Ward, R., 1978, Floods: New York, NY, John Wiley.

White, G. F., and others, 1975, Flood hazards in the
United States: a research assessment: Monograph
NSF-RA-E-75-006, | nstitute of Behavioral Sci., Univ.
Colorado, Boulder, CO 80309.

Wilson, W. A, 1990, I ssuesto floodpr oof retrofitting E:
Assoc. of State Floodplain Managers, P. O. Box 2051,
Madison, WI 53701.

Videotapes on Floods

Best Build I1: Construction in a Riverine Floodplain
E: 1988, 20 minutes, Natl. Flood Ins. Program, Best
Build Series, P. O. Box 710, Lanham, MD 20706,
(800) 638-6620 - 7.

Best Build I11: Protecting a Flood-Prone Home E:
1990, 30 minutes, Natl. Flood Ins. Program, Best
Build Series, P. O. Box 710, Lanham, MD 20706,
(800) 638-6620 - 7.

Buffalo Creek Flood: An Act of Man: 1975, 40
minutes, Appalshop Films, 306 Madison St., Box
743 A, Whitesburg, KY 41858, (213) 666-6500.
Focus on Buffalo Creek disaster from burst tailings
damin West Virginia

Buffalo Creek Revisited: 1984, 31 minutes, Appalshop
Films, 306 Madison St., Box 743 A, Whitesburg,
KY 41858, (213) 666-6500.

Community Rating System: 1992, 13 minutes, National
Flood Insurance Program Community Rating
System (NFIP - CRS) Publications, P. O. Box
501016, Indianapolis, IN 42650-1016,

(317) 845 - 1750.

Flood Control: 1992, 20 minutes, Films for the
Humanities and Social Sciences, P.O. Box 2053,
Princeton, NJ 08543-2053, (800) 257-5126.

Floodsin South E: 1990, 60 minutes, ABC Nightlines,

112

MPI Home Video, 15825 Rob Roy Drive, Oak
Forest, IL 60452, (800) 323-0442.

Flood Forecasting: 1987, 20 minutes, Britannica Films,
310 South Michigan Ave., Chicago, IL 60604, (800)
621-3900. Call for current prices. Occasiona special
sale prices on videos are given.

Managing the Floods of 86 - California’s Ordeal E:
1986, 9 minutes, U.S. Dept. Interior Bureau of
Reclamation, P.O. Box 25007, Mail D-1500, Denver
Federal Center, Denver, CO 80225-0007, (303) 236-
6972. Focus on California floods in late winter
through early spring of 1986.

River Town E: 1984, 28 minutes, Bullfrog Films, Inc.,
Oley, PA 19547, (800) 543-3764. Focuses on
Soldiers Grove, Wisconsin, afrequently flooded
town that not only relocated out of the floodplain
area, but became a model solar energy community.

Teton - Decisions and Disaster E: 1976, 60 minutes,
Copyrighted and produced by KAID-TV, Boise, ID
and KUID-TV Moscow, |daho. Available for loan
from U.S. Dept. Interior Bureau of Reclamation,
P.O. Box 25007, Mail D-1500, Denver Federa
Center, Denver, CO 80225-0007, (303) 236-6972.
Focus on the background of the Teton Dam and the
disaster which followed from the dam break.
Particularly interesting for mature social science
students because of the extreme viewpoints between
conservation and exploitation expressed regarding
water rights.

The Awesome Power: 1989, 15 minutes, National
Oceanic and Atmospheric Administration. Focuses
on flash floods. Available on loan from U.S. Geol.
Survey Library Special Collections, MS 955, 345
Middlefield Road, Menlo Park, CA 94025, (415)
329-5000.

The Johnstown Flood E: 1989, 30 minutes, Johnstown
Area Heritage Association, 319 Washington St.,
Johnstown, PA 15901, (814) 539-1889.

TheLiving Desert E: 1954, 45 minutes, Walt Disney.
Available at many rental outlets, thisold film
focuses primarily on desert wildlife but has excellent
footage of aflash flood from its beginning through
itswane.

Walls of Water: 1978, 29 minutes, Pennsylvania State
University Audiovisual Services, Specia Services
Building, University Park, PA 16802, (800) 826-
0132. Focus on the Johnstown Flood.

Water E: 1989, 59 minutes, Bullfrog Films, Inc., Oley,
PA 19547, (800) 543-3764. This film designed for
educatorsis also available on videodisc. Includes
section on purpose and construction of dams.



COASTAL HAZARDS - STORM SURGE, TSUNAMIS
and COASTAL EROSION

Lossesfrom coastal hazardsare extremely severeand will continueto increase even more
as shorelines become more densely developed. Loss of life has been greatly decreased in
developed countriesasaresult of satellite weather warning systems and good evacuation
routes. Economic losses can be decreased by developing only on favorable geological
materials and by managing developmentsin accord with natural shoreline processes.

Occurrences of Coastal Hazards

Coastal areas along large lakes and oceans are
some of the most charming and desired areas for
human residenceand recreation. Already, over half of
our population in the United States lives on or very
near to the coasts. These areas are also sensitive
ecological areas where wetlands are important for
wildlifeandfor fisheries. Y et theseareasprovidetheir
own specia hazards. On a day-to-day basis, wave
erosion gradually undercuts bluffs and periodically
causes areas of the shoreline to recede and collapse.
Common wavesresult primarily from windsblowing

over thesurfaceof thewater. Thesewaves, inturn, are
the primary generators of nearshore currents.
Accelerated events of erosion caused by fluctuations
in water levels (particularly aong the Great Lakes)
and by occasional storms have cost many property
ownerstheir homesand the land itself on which their
homeswerebuilt. Today, severeerosion occursalong
about 25% of the nation’s coastline and produces an
annual loss of about 900 million in 1990 dollars.

Storm surge is the term used to describe the
abnormal sudden rise in sea level that accompanies
wind and other atmospheric conditions that cause
water to pile up over alow coast and spill into low

e aull il o 3 *
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Destroyed area of Romain Retreat‘, on Bulls Bay, southern coast of South Carolina. Storm surge here during
HurricaneHugo wasalmost 20feet. Forty-threehomeswer e present befor ethe stor m. (photo from National Weather

Service NOAA National Hurricane Center)
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coastal river valleys. Loss of life occurs by drowning
andstructural collapse. Property damagefromasingle
event can reach billions of dollars. In natural
catastrophes within the United States, storm surge
accounts for both the event with the greatest loss of
life (Galveston, Texas, in 1900, with 6,000 lives|ost)
and the two costliest natural disasters (Hurricane
Hugo, in 1989, at over 10 hillion dollars, 7 billion on
the U.S. mainland, and Hurricane Andrew in 1992 at

Bay of Fundy), tides do not produce “tidal waves’ or
any other sporadically large waves. However, the
time of high tide that coincides with either a storm
surge or tsunami can greatly accent its destructive
force. Tsunamisaretypically larger than storm surge.
Tsunamis are not common, but when they occur,
waves more than 80 feet high might be expected.

about 30 bllllondollars). ( WORL D’SMA\]OR S-I-ORM \
Undevel oped countrieswith large popul ationsin SURGES
low-lying coastal valleys are pr'oneto terrible losses YEAR LOCATION | DEATHS
from storm surge coastal flooding. The most severe 1099 Netherlands 1100000
storm surge in recent history occurred in Bangladesh & England '
in 1970, where a tropica cyclone (typhoon) with 1737 Bay of Bengal | 300,000
winds over 100 miles per hour combined with high 1881 Southeast 300,000
tides to create a 20-foot tidal surge into the Bay of China
Bengal that inundated lowlands. Here, more than 1906 Hong Kong | 10,000
300,000 lives were lost. 1932 Cuba 12,500
1942 Bengal, India | 40,000
Tsunamisareproduced by purely geol ogicagents et NEirEleTss | 1
. 1963 Bangladesh 22,000
such. as earthquakes, avalanches and volcanic 1965 Bangladesh [ 57,000 in 3
eruptions. “Tsunami,” the Japanese term for “harbor dorms
wave,” isthe proper name for huge waves generated 1970 Bangladesh | 300,000
by geologic agents. These same agents sometimes 1971 Orissa State, | 9,600
also cause large waves to occur on inland lakes. The India
common term “tidal wave” is amisnomer. Tides are 1977 India 14,000
the regular, rhythmic and predictable rise and fall of 1985 Bangladesh | 10,000
local sea levels that result from gravitational forces 1991 Bangladesh | 139,000
that change according to relative positions of the (early data from Tufty, 1969; post-1900 data
earth, moon and sun. While the highest spring tidal fromWorld Almanac(1993) and Officeof Foreign
rangesinsomeareasmay exceed40feet (suchasat the DIEEE R AESIERTIER, (TERELEr | IRy, dieell)

" Y i‘,!" -
Aerial view of Valdez,
Alaska, after tsunami
$vip g : - ... damage. Thewave was
. o ,ﬂ"" generated locally during
: the Alaska quake of 1964
when a huge block of land
dlid into the sea, carrying
portions of the town with
it. The landslide gener ated
a huge wave that slammed
¥ into thewaterfront within
minutes and penetrated
into two blocks of the town,
“'"‘“- = producing 30 fatalities.
(photo by U.S. Dept. of
Interior, distributed by
1 NOAA, Boulder, CO)
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WORLD’SMAJOR TSUNAMIS

YEAR ORIGIN DAMAGE LOCALE DROWNINGS
(COMMENTYS)
1628 B.C | Santorini (Thera) eruption Crete, Greece, Egypt (Minoan civilization
devastated)

1640 K omagatake Volcano Hokkaido, Japan 1,470

1707 West Pacific earthquake Osaka Bay, Japan 4,900

1755 Offshore Lisbon earthquake X\ﬁs(t:grn Europe, North 20,000 - 30,000

1792 Unzen Volcano Kyushu, Japan 10,000
avalanche into sea (landslide killed 5000 more)

1812 Offshore SantaBarbara, CA | Santa Barbara, CA (reported waves 30 ft. high)
earthquake

1815 Tambora eruption Indonesia 10,000

1868 Peru/Chile earthquake Hilo, Hawaii (waves 30 ft. high - carried

boats 2 mi. inland)
1883 Krakatau eruption Indonesia 36,000 (waves more than 100
ft. high)

1896 Honshu earthquake Sanriku, Japan 27,000

1905 Norway, landslide into fjord | Loen Lake, Norway 61

1918 Landslide, Philippines Philippines 100

1933 Honshu earthquake Sanriku, Japan 3,000 (waves 75 ft. high)

1936 Norway, landslideinto fjord | Loen Lake, Norway 73

1946 Aleutian Islands earthquake | Wainaku, Hawaii 173 (waves 55 ft. high)

1960 Chilean earthquake Chile, Hawaii, Japan 1,900

1964 Alaska earthquake Crescent City, CA; Valdez 122

area, AK

1971 Peru avalanche into lake in Chungar, Peru 600
Andes

1976 West Pacific earthquake Philippines 3,000

1979 Werung Volcano with Lomblem Island, Indonesia 539
avalancheinto sea

1992 Southwest Nicaragua Masachapa & 200 miles of -
earthquake * coast & arf)earby islands HBEESEDITEY

(data from Office of Foreign Disaster Assistance, Disaster History, 1991; World Almanac, 1993; D. R. Coates,
Geology and Society, 1985; and United Nation's, UNDRO NEWS, 1992. As of early 1993, 63 people remained
unaccounted for in addition to the 116 killed in the 1992 tsunami in Nicaragua.)

Fortunately, tsunamis are brief and their effects
are restricted to the immediate coastline. Because
tsunamis have their origins in local geologic events
that occur withinminutes, they providefar lesswarning
thanisprovided by atropical storm, which canbeseen
devel oping and moving. Satelliteimagesnow provide
many days of warning time to prepare for major
storm-related hazards. Only a few hours at most
€l apsebetweenthetimewhenthetriggeringlandslide,
earthquake or eruption takes place and the resulting
tsunami strikes the coast.

AlongtheEast Coast and Gulf Coast, the primary
coastal hazard is storm surge rather than tsunamis.

The Pacific Oceanisringed by plate boundaries, and
thepotential for tsunamisproduced by accompanying
earthquakes and volcanoes is greater for the nations
that border that ocean.

Theorientationandbathymetry of the West Coast
of the United States tend to protect it from the full
effects of many tsunamis. However, the 1964
earthquakein Alaskaproduced a20-foot tsunami and
severedamagein Crescent City, California. Nearly 30
blocks of the business district were destroyed and 11
deathsresulted. Many residentsal ong the West Coast
live within areas that are endangered by tsunamis.
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The Importance of Geological
Materialsin Shoreline Erosion

One of the wisest actions a prospective property
owner along alake or ocean shore cantakeistolearn
about the nature of the geological materialsunder the
property. Thestability of shorelinesdependsuponthe
inherent strength of the geological materias, their
degree of exposure to waves and their vegetative
cover. Natural shorelines are composed of materials

Soft, unconsolidated
depositsare particularly
susceptible to wave
erosion, even when capped
with resistant blacktop or
concrete. A moder ate
winter storm damaged
structures, including a
parking area, while
causing recession of the :
shorelineat arecreational &
beach at Isla Verde, Puerto
Rico, in 1988. (photo by
David M. Bush, Duke
University)
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that range from soft clays to hard bedrock. Even
common storms can cause disastrous recession of
shorelinesunderlain by soft, unconsolidated deposits.
Some shores recede at over 20 meters (60 feet) per
year. The number of homes and structures now
currently hanging over water on U.S. coasts shows
profoundly just how many contractors, developers,
engineers and homeownersincorrectly estimated the
rate of shorelinerecession. The attractive appearance
of sites underlain only by unconsolidated materials
can inspire unwarranted confidencefor building. Ina

Desperation to protect this
hotel near Fort Lauderdale,
Florida, isevident. The
building is sited on soft sand,
and neither the sandbags nor
the attached breakwater will
saveit if amajor storm occurs.
Thisisan example of ignoring
the nature of both beach
processes and geological
foundation materials. Heavier
structureslike seawalls will
simply destroy the recreational
use of the local beach that
initially provided the incentive
tolocate a hotel here. (photo by
Paul Moser)
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RIGHT - Sand removal became a
problem for these residents of
Garden City, South Carolina, after
it wasmoved into thisdevelopment
by overwash. Both eventsoccurred
during Hurricane Hugo. (both
photos by Rodney Priddy and E.
Robert Thieler, Duke University)

truly major storm, these materials, even where well
vegetated, can be stripped away and the shorelinecan
recede a significant distance in only afew hours.

Coastal sand dunes are the least durable of
unconsolidated deposits. They are composed of
materials easily moved by wind or water and are
particularly inhospitableareasfor plant growth. These
dunes are normally stabilized only where a very
delicatecommunity of vegetation becomesestablished
over long periods of time. The vegetation can be
destroyed even by occasional foot traffic, and barren
dunes are especially susceptible to wind and wave
erosion. If natura offshore barriers such as reefs or
sandbars are destroyed, then increased exposure of
these delicate dunesto wavesresults. Unlessbarriers
strong enough to withstand currents and waves are
maintained or are artificially restored, roads and
structures are at immediate risk.

N

ol s
.‘ ( Sand movement affects homeowners
SR &, in major coastal storms. LEFT -
: ‘ M Scour produced in late stages of
storm surge eroded the pilings of
W these homesalmost to their baseson
M4 Folly Island, South Carolina.

Other unconsolidated deposits established along
coastlinesincludeold glacial till, soft terraces built of
marine or lacustrine mud and sand, and thick residual
soils. In unconsolidated deposits, suitable vegetation
servesasimportant barriersto wavesand currentsand
greatly reduces rates of land erosion. In marine
coastlines, only a few salt-tolerant plants, such as
mangrovetreesin FloridaandtheBahamasor Spartina
(salt marsh cordgrass) in England and the east coast of
the U.S.,, are suited to grow all the way to the water
line. In some places, thick growths of mangrovesare
so effective in trapping sediment that they produce a
net gain in land area. In freshwater coastlines, a
diversevegetationmay grow all theway totheshoreline
and reduce erosion during normal rains and winds.
When natural vegetation hasbeen destroyed or replaced
by less suitableflora, effects of shoreline erosion will
be much greater.
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Bedrock includes diverse indurated geological
substances, but aside from weak rocks such as shale
and chalk, bedrock cliffs are by far the most stable
sites for shoreline foundations. Most resist wave
erosion, even from wave surges, to a remarkable
degree. A homeowner who wisely selects a bedrock
siteat areasonableelevationisnot likely toexperience
the sea or lake entering the back door or the
disappearance of 100 feet of shorefront property ina
single storm. Many who ignore thelocal geology and
build or buy cabins, houses, condosor other structures
on bluffs consisting of sand, glacial till or other
unconsolidated materials can expect just such an
experience. No engineered structure is more stable
than the geological material on which it rests.

Coastal Hazards and the Concept of
Deep Time
Shorelines are probably the most dynamic of al

geological environments. The eye-catching presence
of wind and water energy over vast expanses of land,

sky and sea is the major aesthetic attraction of
shorelines. This energy seems always at work
producing changes, whether it be in the constant
movement of sand by longshore currents or in the
cataclysmic power of the tsunami.

It iseasy to see short-term changes that occur in
minutes as sand gets carried in zigzag patterns down
the beach in the back-and-forth rhythm of waves.
Tidal rise and fal in response to the gravitational
forcesof sunand moon areobvious. Theregular shifts
intideon adaily basisare perhapsthe most repetitive
and predictable agents affecting the geologic
environment.

Seasons produce extreme changes along many
shorelines. Beaches that are sandy and inviting in
gentle warm summer can be stripped to cobble and
bedrock inwinter asmorepowerful stormscrash onto
the shore and drag the sand to deeper water offshore.
In fresh water lakes in temperate zones or along
oceans in polar climates, ice pack grinds against the
shore, rearranging even boulders and gouging out

MAJOR HURRICANES and STORM SURGESAFFECTING
COASTAL UNITED STATES and HAWAI I

DATE LOCATION DEATHS
July, 1715 Florida ( Ten Spanish galleons sank) 1,000
August, 1856 Isle Derniere, LA 400
August, 1881 Georgia and South Carolina 700
August, 1893 South Carolina & Georgia 1,000
August - September, 1900 Galveston, TX - hurricane 6,000
September, 1909 L ouisiana and Mississippi 350
August - September, 1915 Gulf Coast 525
September, 1919 Texas and Florida 300
September, 1926 Florida and Alabama 243
September, 1928 L ake Okeechobee, Florida 1,836
August - September, 1935 Florida Keys 408
September, 1938 New York and New England 600
August, 1955 Hurricane Diane, NE. U. S. 184
June, 1957 Hurricane Audrey, TX & LA 390
September, 1965 Hurricane Betsy, SE. U. S. 75
August, 1969 Hurricane Camille, MS, LA & E. U. S. 256
August, 1972 Hurricane Agnes, Floridato New Y ork 118
August, 1979 Hurricane Frederic, Gulf Coast 13
August - September, 1979 Hurricane David, Caribbean and SE. U. S. 1,100
August, 1980 Hurricane Allen, Caribbean and SE. U. S. 273
September, 1989 Hurricane Hugo, S. Carolina and Caribbean 54
August, 1991 Hurricane Bob, NE. Atlantic coast 18
August, 1992 Hurricane Andrew, Florida& Louisiana 38
September, 1992 Hurricane Iniki at Kaual, Hawali 4

(data from National Oceanic and Atmospheric Administration's Technical Memorandum NWS
NHC 31, 1990; The World Almanac, 1993; and D. R. Coates, Geology and Society, 1985) For
brevity, only those storms affecting the mainland U.S. are shown here. This table omits many
Caribbean hurricanes, such asGilbertin 1988, that did great damagein the Caribbean but only minor
damage in the continental U.S. Sizes of hurricanes should not be inferred on basis of casualties.
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loose chunks of bedrock. Spring rains and snow melt
cause sea cliff springs to flow and even wash away
parts of rock cliff. Swollen riversthen bring mud and
sand, theraw material that natureusesto build beaches,
sand bars and spits to parts of the coast. As summer
returns, sand is again washed onto the beaches and
remains there until autumn squalls begin to carry it
away again. These seasonal process are regular and
anticipated.

Storms and hurricanes, like floods, can be
anticipated but their timing cannot be predicted. The
same long-term patterns that produce floods also
produceshorelinechanges, and someof thesechanges
are permanently destructive to residents. Describing
shoreline recession in terms of a certain length-per-
year may mislead alistener into picturing a gradual,

uniform process. Shoreline recession is anything but
gradua and uniform. There may be no recession for
over adecade; then suddenly morethan ahundred feet
of waterfront property vanishes within a few hours
during a single violent storm. The 100-year storms
and those great stormswhose effects are separated by
intermissions of deep time are coastal counterparts of
the 100-year floods and enormous deep-time floods
noted in the previous chapter.

In deep time, we have to consider yet another
factor—"sealevel" isnot constant over deep time! At
the shoreline, effects are profound as relationship of
land level and sealevel changes. In the Great Lakes
and smaller lakes as well, a few dry seasons can
depress the water level by more than afoot, and wet
seasonscanraiseit by thesamemagnitude. Infact, the

The Dynamic Beach

A. Beachesarein motion,
and sand doesn't simply
rest on abeach. A beach is
likeariver of sand, and the
sand flowsin a zig-zag path
along the shorelinein
response to wave-driven
longshore currents.

B. Protective structures
affect the beach well beyond
thesite of thestructure. A
groin may capture sand and
add waterfront land to
some property, but it
always does so at the
expense of taking away land
down-current through
erosion. Dotted line shows
theoriginal shoreline
configuration prior to groin
installation.

C. Even though the
detached sea wall does not
physically touch the beach,
it weakens the waves and
thusthelongshore currents
between the wall and the
beach. This causes sand to
build up in thisquiet area,
but starvesthe beach of
sand down-current and
resultsin erosion. Any
manipulation of a natural
beach has adverse
consequences as well as
benefits.
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(" SAFFIR-SIMPSON HURRICANE SCALE

RATING | CONDITIONS EFFECTS
Winds 74-95 mph; Damage to unanchored mobile homes and
1 storm surge 5 ft. trees; some coastal road flooding
above normal
Winds 96-110 mph; | Roofing and window damage to homes; heavy
2 storm surge 6-8 ft. damage to trees, mobile homes and docks.
above normal Flooding occurs 2 to 4 hours ahead of arrival of
storm center.
Winds 111-130 Mobile homes destroyed, structural damage to
3 mph; storm surge of | small homes. Flooding near coast damages
9-12 ft. above larger structures. Land less than 5 ft. above
normal sealevel may be flooded for milesinland.
Winds 131-155 Major erosion of beach areas, failure of shore
4 mph; storm surge protection devices. Major damage to all
13-18 ft. above nearshore structures; land lower than 10 ft.
normal above sealevel may flood inland for up to 6
miles. Mgjor evacuation warranted.
Winds greater than | Complete roof failure on residences and public
5 155 mph; storm buildings. Major damage from flooding to lower
surge greater than floors of buildings on land less than 15 ft.
18 ft. above normal | above sealevel. Devastation within 500 yards
of coastline. Massive evacuation warranted
from low areas up to 10 miles from the coast.

On the Saffir - Simpson Scale, hurricanes Hugo (1989) and Andrew (1992),
wererated at 4. Chart condensed fromNOAA, 1978, Tropical Cyclonesof the
North Atlantic Ocean, 1871 - 1987, p. 25.

. J

RIGHT - Enhanced infrared satelliteimagery of
Hurricane Hugo asit spiralswith its eye near
Charleston, South Carolina.

BELOW LEFT - Folly Beach south of Charleston
before Hurricane Hugo. Large buildings are the

newly remodeled Atlantic House Restaur ant and
tourist shops.

BELOW RIGHT - Thesame site after Hugo. This
developed area had a history of chronic problems
with beach erosion. It was a certain site for
disaster when theinfrequent, but inevitable, major
storm passed through. (photos by National Weather
Service, NOAA, National Hurricane Center)




Part 3 - Hazards from Geological Processes — Coastal Hazards

Folly Beach homes before
Hurricane Hugo. Evidence of
effortsto control beach erosion by
engineering isrevealed in the hard
barrier of riprap rock facing the
beach. Thebarrier was designed to
protect homes by preventing wave
erosion of the soft sand on which
the houses are built.

BELOW isthe samehousing area
after Hurricane Hugo. Theriprap
rock barrier hasbeen breached and

) ‘m nearly leveled by waves and storm

surge.

In an act with the flavor of a
defiant parting gesture, Hugo
deposited theriprap blocks from
thebarrier wall into the very living
rooms of the homes the wall was
intended to protect. (photos from
National Weather Service, NOAA,
National Hurricane Center)
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water levelsinthe Great L akeshave varied aboveand
below their present level sby hundreds of feet through
deep time. Presently, the crust is rising in the area
around northern Lake Superior at one or two inches
(severa centimeters) per century, thus slowly tilting
the lake basin, like a giant teacup, to the south. The
levels of the oceans have aso changed, primarily in
responseto agood portion of the planet’ swater being
bound up in glaciers that were spread across the
northern continentsduring theice ages. About 20,000
years ago, the waterfront of the present United States
extended about 200 miles further into the Atlantic
Ocean. Astheglacial icemelted, thewater ran back to
the oceans, which have continued to rise accordingly
over the past 200 centuries.

When water levelsrise, the erosion along coasts
increases. Even a small rise makes a difference, as
homeowners along the Great Lakes shorelines can
truly attest.

Changesin climate determineboth thefrequency
and severity of coastal hazards, because hazards
associated with storms are products of weather and
climate. Increasing of ocean surface temperatures
through global warming should lead to more frequent
and larger hurricanes, especially along the Gulf and
Atlantic Coasts. Any rising sea level that resulted
from melting the ice caps over the next few decades
would seriously increasethe effects of storm surgeon
thesecoastal communities. Anabrupt global warming
period, whether resulting from human effects or from
natural variations, would likely increase damages
caused by coastal hazards.

In summary, geologic hazards along shorelines
are aproduct of many short-term rhythms and longer
term events acting together to make coastlines the
most changeable of al Earth’s environments.

Dangers from Coastal Hazards

Stormsbring wind and rain and occasional storm
surge that involves catastrophic flooding. The low
barometric pressuresnear thecentersof major regional
storms(hurricanes) causethe oceanto bulgeupwards.
Thisraisesthelocal el evation of seawater over anarea
of many sguare miles. Winds associated with the
storm push across the surface of the sea, and the
traction generated by this push gets transmitted to
underlying water. This traction is relentless and
eventually getswater moving eventodepthsof severa
hundred feet. As the storm moves close to land, the
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moving water begins to drag against the bottom, and
more and more energy is directed into shallower and
lesser volumes of water. Large waves are the resullt.
The composite result of the low barometric pressure
and the pile-up of water forces immense amounts of
water over low-lying areasinastormsurge. Theworst
case for loss of life occurs when hurricane winds
encroachtoward thecoast at thetimescoincident with
high tide. Then every mechanismisin place to raise
the local sea level and drive the ocean waters, with
accompanying violent winds and rain, over coastal
lowlands.

Hurricanes are rated in severity according to the
speed of their winds and the height of the storm surge
they produce. The Saffir-Simpson Hurricane Scale
ranks severity on ascale between 1 and 5. Theratings
arebased on sustained wind speed and height of storm
surge at affected aress.

Flooding producesgreat | osses, and tornadowinds
that accompany hurricanes can cause comparable
degrees of damage. Property damage occurs when
natural barriers such as sand dunes and man-made
barriers such as stone walls are destroyed. Thereafter
thousands of square feet of land and all structures on
it can beswept away inhours, andthe shorelinecan be
completely reconfigured—all during a single storm.
Thereafter, thestormmay moveinland, bringingwind
damage and immenserainfallsthat will producelarge
floodsalong streamsand landslidesin sloping terrain.

Pressures to develop coasts are similar to the
pressuresto devel op floodplains. People want to live
thereand many arewilling to take therisks. For those
who chooseto live along coastlines, an informed risk
greatly increases chances of avoiding catastrophe. In
developed countries, early warning systems for both
tsunamis and major storms exist, and transportation
facilitiesareusually adequateto allow evacuation, but
even there risks exist to property and perhaps to the
overall global quality of life.

L ocal risksinvolvepersonal safety andeconomics.
Risks to property can be reduced by construction of
protectivebarrierssuch asseawalls, groinsandjetties,
and the cost of maintenance of these structures
increases the costs to society, especially to the
residential areas that require them. Risks to property
may also be mitigated by obtaining appropriate
insurance against the events that occur over longer
time spans, such as storm surgesand tsunamis. Those
whofail toinsurethemselvesagainst such hazardsare
at least as negligent as citizens who risk living on a
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floodplain without flood insurance. Some citizens
who live with flood dangers often are unaware that
they live at alocality which occasionally is flooded;
residents of a shoreline see water daily and should
have no doubt about their position.

Possible Global Consequences of
Coastal Development

Onelong-termrisk of overdevel opment of coasts
may be global catastrophe. Development brings
pragmatic problems of pollution and waste disposal.
The ocean, unlike ariver basin, isaglobal source of
life. Plankton in the ocean yield life-giving oxygento
the atmosphere. All oxygen in our atmosphere is
produced by photosynthetic organisms. Marine
plankton produced an oxygenated atmosphere over
our planet hundreds of millions of years before
terrestrial plants became important contributors.
Plankton continue to remain important oxygen
producers, and they support the entire food chain of
the oceans.

Wetlands, marshes and living coral reefs are
essential for marinelife, particularly for fishand other
marinelife. Wetlands also serve as sinksthat remove
harmful pollutantsfrom boththewater and atmosphere.
(Recall that inthe section on acid drainagein thisbook
we noted that wetlands were found to be so effective
at removing some pollutants that artificial wetlands
are constructed to serve as actual biological water
treatment plants.) Coral reefsremove carbon dioxide
from sea water (most of this carbon dioxide comes
ultimately from the atmosphere) and convert it into
limestone. Human devel opment invol ves excavating,
and excavationsincreasesediment yield during runoff.
Sedimentisdeadly to coral reefs, and somereefsinthe
Caribbean have been nearly destroyed by sediment.
Unlike restoring ariver, there will be no restoring an
ocean if humans succeed in seriously damaging it. It
isasobering fact that our devel oping of coastlineshas
already been responsiblefor loss of about 50% of our
nation’ swetlands, and pollution hasforcedtheclosing
of one-third of the nation’s shellfish beds.

Roles of the Geologist in Reducing
Coastal Hazards

Coastal areas are complex systems, and dealing
with coastal hazards is a responsibility of many
professionals, including biologists, chemists,
meteorologists, engineers, physical geographers,

oceanographers and environmental scientists. Yet,
there are some areas of reducing coastal hazards that
require geol ogists as the dominant scientists.

I ntsunami war nings. Unlikestormsurge, where
the development of the storm can be monitored in a
timely manner on weather instruments and satellites,
tsunamisresult frominstantaneous and unpredictable
geological events. The waves generated spread from
the source of disturbance like ripples on a pond and
can cross the entire Pacific Ocean in less than aday.
Nearby areas may have less than an hour’s notice.
Immediate recognition of the location and magnitude
of thetriggering geol ogiceventisimperativeto provide
time for evacuation of high-risk areas. Tsunamis
rippling across the open ocean are no larger than any
normal wave and pass ships unnoticed. These waves
become visible and build to great heights only where
they approach coastal areaswith appropriateshoreline
and bottom configurations. By thistimeit istoo late
to warn coastal inhabitants. In the Pacific Ocean, an
international tsunami warning system headquartered
inHawaii utilizesasystem of tidal gaugesand seismic
stations to provide warning. When a significant
earthquake or volcanic disturbance occurs within the
ocean, geologists who specialize in geophysics and
seismology are the first to note the location and
magnitude of the event. If tidal gauging stations near
the site begin to show significant response, then a
tsunami warning can be issued to al endangered
locations.

In mapping and public service. Ordinary wave
erosion is a chronic problem in shoreline areas, and
the most cost-effective method of dealing with
economic losses is allowing construction only on
suitablegeol ogical materials. Thegeologististhesole
professional who is trained to map the distributions
and thicknessesof thesematerials. Fromfield studies,
geologists can select the most stable sites for
development and sometimes can deduce the extent of
previousfluctuationsinwater level that haveoccurred
at the site over deep time. The extent of loss of
property and life that ensues along coastlines during
wave surge of any origin greatly depends upon the
degree to which the knowledge of geology has been
incorporatedintostructural designandland usezoning.
Geologists in government, academia and the private
sector produce coastal maps that often enable the
public to investigate development of property with
someknowledge of the geologic materials. The series
Living with the Shore, produced by Duke University,
is an outstanding example of this service.
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In engineering structures. Geology plays an
important role in the stabilization of both shore
protectiondevicesand offshorestructures. Man-made
islands, walls, breakwatersand groins, piers, offshore
oil drilling platforms, and deep-water ports are all
exposed to waves and wave-generated currents that
may erode unsuitable foundations. Geological
foundations beneath prospective structures require
prior evaluation by qualified geologists.

Assessment of suitability of particular structures
cannot bemadeby simply concentrating onthedesign
of thestructureitself. Overall knowledge of shoreline
processesisessential . Shoreline processesare studied
by geologists during their educations, and many
geol ogistsspeciaizeinthestudy of shoreline, shallow
marineandreef processes. Whenthenatural geological,

meteorological and climatological conditions of an
areaare understood, it ispossibleto evaluate benefits
ver sus ultimate costs of such structures.

In research. Because shorelines represent an
immenseglobal system, thestudy of human effectson
this system must come through research that involves
global perspectives of space, and deep time
perspectives of change. These perspectives require
learning about past shorelinepositionsand elevations,
and climatic conditionsthat persistedinthepast. This
involves extensive monitoring and gathering of data.
Geologists in many universities and government
agenciesareinvolved with thisimportant research, as
well as research on local areas that helps to assess
shoreline processes and their rates.

SUMMARY of PART I11

The earth is a dynamic planet with a number of wondrous, constantly ongoing processes. Process-
based hazards result from the dynamics of our planet’s deep interior (earthquakes and vol canoes), its shallow
interior (subsidence) anditssurfaceenvironment (landslides, floodsand coastal hazards). Thesurfaceprocesses
account for thelargest losses of life and property and are heavily influenced by weather and climate. A human
lifetimeis short in comparison to the recurrence of many hazards at a single place on the earth’'s surface. Thus
long time intervals that occur between major catastrophic events contribute to complacency and lack of
preparation that would minimizel osses. Betweenfall, 1989, and early 1993, process-based hazardscost theU.S.
over 50 billion dollarsin losses, making this the most costly period of economic losses from natural hazards
in the nation's history

The appendices which follow this section provide access to self-help for any reader who may be
confronting a geologic hazard.
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Appendix A:
Sources of Help from Professional Geologists

Theseappendicesaredesigned to hel p usersof thisbook eval uate presenceof ahazard ontheir property
and to take action to minimize danger or losses. Preventing |osses may involve procuring appropriateinsurance
(Appendix B, p. 131).

If your intention is to obtain persona help, a good first step is to access educationa or general
information sources by making atelephone call or writing aletter to your local state geological survey (seepp.
128 - 130). Ask for alist of publications and their procedures for answering public service requests.

The United States Geological Survey (USGS) produces a wealth of outstanding resources. Every
citizen should know about thisagency and itsservices. A Guideto Obtaining USGSI nformation, U. S. Geol.
Survey Circular 900, tells how to access the vast storehouse of information of the USGS. Circulars are free.
Write Books and Open-File Reports Section, USGS, Federal Center, Box 25425, Denver, CO 80225, and
request your own copy of Circular 900. Y ou may also contact the Public Inquiries Office closest to your area.

Geologists employed with the USGS are highly qualified specialists (many hold doctorates in
geology). They are forbidden by law to do private consulting, but serve the public through production of maps
and publications and through pure research.

Public Inquiries Offices of the United States Geological Survey (USGS)

ANCHORAGE, AK: Room 101, 4230 University Drive, Anchorage, AK 99508-4664, (907) 271-4320

DENVER, CO: 169 Federa Building, 1961 Stout Street, Denver, CO 80294, (303) 894-2850

MENLO PARK, CA: Building 3, Room 3128, Mail Stop 533, 345 Middlefield Road, Menlo Park, CA 94025,

(415) 329-4390

RESTON, VA: 503 National Center, Room 1-C-402, 12201 Sunrise Valley Drive, Reston, VA 22092, (703) 648-6892
SALT LAKE CITY, UT: 8105 Federal Building, 125 South State Street, Salt Lake City, UT 84138 (801) 524-5652

If you are aproperty owner or buyer who wants to assess the geol ogic hazards under aparticular site,
begin by examining the checklist below. Cross out any risks that you know do not apply to your property. In
most cases, only a single hazard will likely apply to a given site. If you have categories to which you have
answered “yes” or “unknown,” proceed on in these appendices for sources of help in your area.

PROPERTY OWNERS and HOME BUYERS CHECKLIST for
POSSIBLE GEOLOGIC HAZARDS

HAZARD POSSIBLE RISK? |[DEGREE OF RISK INSURANCE
ASSESSED? COVERAGE?

SWELLING SOILS
ACID DRAINAGE
ASBESTOS
RADON GAS
OTHER GASES
EARTHQUAKES
VOLCANOES
LANDSLIDES and
AVALANCHES
SUBSIDENCE
FLOODS

STORM SURGE
TSUNAMIS
COASTAL EROSION
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Y our first action after compl eting the previoustable should betofill inthe gapsregarding the unknown
geological situation of home or property in question. Contact with the state geological survey should be made
tofill inasmany of these gapsas possible. The best way to contact the survey isto furnishthemwith the marked
location of your property on agood map, ideally the 7 1/2 minute topographi c quadrangle of your town or city.
If you have no such map available, one can be purchased from the state survey. Simply phone them, give your
address, and ask for the name of the appropriate quadrangle. Theserviceof providing theinformationisusually
free of charge; maps and publications must be purchased but costs are very reasonable.

The state survey should be able to provide you with the pertinent information which they have.
Remember that geologistsare still in the process of mapping and compiling data, and not everything you want
may be actually available. If important gaps are missing, you may wish to use the services of a professional
geologist who may make an on-site assessment.

If ageological consultant isrequired, you can obtain reference to acertified professional geologistin
your areafrom The American Institute of Professional Geologists (AIPG), 7828 Vance Drive, Suite 103,
Arvada, CO 80301, (303) 431-0831. Thisisthe organization who commissioned this book. It aso represents
a source for consultants in virtually every specialty area of geology. The Institute maintains a listing of
geologists and their specialties by geographic location. All geologists listed with AIPG are certified by the
Institute on the basis of education and work experience. Most can consult and act as expert witnesses. There
aremany very capable geologistswho are not listed with AIPG but, unfortunately, there existsamuch smaller
number of individua swithout degreesor qualificationsingeol ogy who neverthel esscall themsel vesgeol ogists.
In some states, registration boards of geologists keep such persons from offering bogus geological servicesto
the public; other states have no provisionsto protect the public from charlatans. We advise readersto ask their
statesurvey, their state’ sregistration board (for those which havethem) or AIPG if they areuncertain about who
may be qualified locally to perform consulting.

State (and Territory) Geological Surveys

State geol ogical surveysprovide someof themost useful servicesof all to private citizens, to domestic
state industries and to other government agencies. Their geologists are usually highly qualified people with
educations comparable to employees of the USGS. However, most are more heavily engaged in direct public
service rather than in research and publication. State employees are generally forbidden by law to do private
consulting, at least within the state in which they are employed. However, they are able to answer service
requests of private citizens, to make information available by mail and by phone, to provide maps and
publications and, in a few urgent cases, to provide on-site visits. State surveys may also provide lists of
geologistsfromthe private sector who are avail ableto consult. Readersof thisbook will be pleasantly surprised
if they writeto their state survey requesting alist of publicationsand an explanation of servicesprovided. Most
will be amazed at the services provided for little cost and often for free. The contacts for the state geological
surveys follow.

ALABAMA

Geological Survey of Alabama
P.O. Drawer O

Tuscaloosa, AL 35486

(205) 349-2852

ALASKA

Alaska Division of Geological and
Geophysical Surveys

794 University Avenue Suite 200
Fairbanks, AK 99709

(907) 479-7625
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ARIZONA

Arizona Geological Survey

845 North Park Avenue, Suite 100
Tucson, AZ 85719

(602) 621-7906

ARKANSAS

Arkansas Geological Commission
Vardelole Parham Geology Center,
3815 West Roosevelt Road

Little Rock, AR 72204

(501) 371-1488

CALIFORNIA

California Dept. Conservation,
Mines & Geology Division
801 K Street Mail Stop 12-30
Sacramento, CA 95814 - 3531
(916) 445-1923

COLORADO

Colorado Geological Survey
1313 Sherman Street, Room 715
Denver, CO 80203

(303) 866-2611
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CONNECTICUT

CT Dept. of Envtl. Protection
Natural Resources Center, 165
Capitol Avenue, Room 553
Hartford, CT 06106

(203) 566-3540

DELAWARE

Delaware Geological Survey
University of Delaware
Newark, DE 19716

(302) 451-2833

FLORIDA

Florida Bureau of Geology
903 West Tennessee Street
Tallahassee, FL 32304
(904) 488-4191

GEORGIA
Georgia Geologica Survey
Dept. Natural Resources, Room 400

19 Martin Luther King Jr Drive SW.

Atlanta, GA 30334
(404) 656-3214

HAWAII

Hawaii Division of Water and Land
Development

P.O. Box 373

Honolulu, HI 96809

(808) 548-7533

IDAHO

Idaho Geological Survey

Univ. of ID., Morrill Hall, Rm. 332
Moscow, |D 83843

(208) 885-7991

ILLINOIS

Illinois State Geological Survey
Room 121, 615 E. Peabody
Champaign, IL 61820

(217) 333-5111

INDIANA

Indiana Geological Survey
611 North Walnut Grove
Bloomington, IN 47405
(812) 335-2862

IOWA

lowa Geologica Survey Bureau
123 North Capitol Street

lowa City 1A 52242

(319) 335-1575

KANSAS

Kansas Geological Survey
Univ of KS 1930 Constant Ave.
West Campus

Lawrence, KS 66045

(913) 864-3965

KENTUCKY
Kentucky Geological Survey

228 Mining & Mineral Rescs. Bldg.

Lexington, KY 40506
(606) 257-5500

LOUISIANA

Louisiana Geological Survey
P.O. Box G

Baton Rouge, LA 70893
(504) 388-5320

MAINE

Maine Geological Survey
State House Station 22
Augusta, ME 04333
(207) 289-2801

MARYLAND

Maryland Geological Survey
2300 St. Paul Street
Baltimore, MD 21218

(301) 554-5503

MASSACHUSETTS
Massachusetts Executive Office of
Environmental Affairs

100 Cambridge St., 20th Floor
Boston, MA 02202

(617) 727-9800

MICHIGAN

Michigan Geological Survey
Division

MI Dept. Natural Resources
Box 30028

Lansing, M1 48909

(517) 334-6923

MINNESOTA

Minnesota Geological Surv.
Univ. of MN 2642 University
Avenue

St. Paul, MN 55114

(612) 627-4780

MI1SSISSIPPI

Mississippi Bureau of Geology
Dept. of Natural Resources
P.O. Box 5348

Jackson, MS 39216

(601) 354-6228

MISSOURI

Missouri Division of Geology and
Land Survey

Missouri Dept. Natural Resources,
P.O. Box 250,111 Fairgrounds Road
Rolla, MO 65401

(314) 364-1752

MONTANA

MT Bureau of Mines & Geology
Montana College of Minera Science
and Technology

Butte, MT 59701

(406) 496-4180

NEBRASKA

NB Conservation and Survey Div.
Inst. of Agricultural and Natural Res.
Univ. NE, 113 Nebraska Hall
Lincoln, NE 68588

(402) 472-3471

NEVADA

NV Bureau of Mines and Geology
University of Nevada at Reno
Reno, NV 89557

(702) 784-6991

NEW HAMPSHIRE

New Hampshire Dept. of
Environmental Services

117 James Hall, University of New
Hampshire

Durham, NH 03263

(603) 862-3160

NEW JERSEY

New Jersey Geological Survey
Division of Water Resources
CN-029

Trenton, NJ 08625

(609) 292-1185

NEW MEXICO

New Mexico Bureau of Mines and
Mineral Resources

Campus Station

Socorro, NM 87801

(505) 835-5420

NEW YORK

State Geological Survey

3136 Cultural Education Center
Albany, NY 12230

(518) 474-5816
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NORTH CAROLINA
North Carolina Dept. of Natl.
Resources and Community
Development

P.O. Box 27687

Raleigh, NC 27611

(919) 733-3833

NORTH DAKOTA

North Dakota Geological Survey
University Station

Grand Forks, ND 58202

(701) 777-2231

OHIO

Ohio Dept. of Natl. Resources
Division of Geological Survey
4383 Fountain Square, Bldg. 8
Columbus, OH 43224

(614) 265-6605

OKLAHOMA

Oklahoma Geologica Survey
830 Van Fleet Oval Room 163
Norman, OK 73019

(405) 325-3031

OREGON

OR Dept. Geol. & Minl. Industries
1400 SW Fifth Ave., Room 910
Portland, OR 97201

(503) 229-5580

PENNSYLVANIA

PA Bureau of Topographic and
Geologic Survey

P.O. Box 2357, Dept. of
Environmental Resources
Harrisburg, PA 17105

(717) 787-2169

PUERTO RICO

Sevicicio Geologico de Puerto Rico
Apartado 5887 Puertade Tierra
San Juan, PR 00906

(809) 724-8774

RHODE ISLAND

University of Rl Dept. of Geology
315 Green Hall

Kingston, RI 02881

(401) 792-2265

SOUTH CAROLINA

South Carolina Geological Survey
5 Geology Road

Columbia, SC 29210

(803) 737-9440

SOUTH DAKOTA

South Dakota Geological Survey
Science Center, USD
Vermillion, SD 57069

(605) 677-5227

TENNESSEE

Tennessee Division of Geology
Dept. of Conservation
Customs House 701 Broadway
Room B-30

Nashville, TN 37219

(615) 742-6991

TEXAS

Texas Bureau of Economic Geology
University Station, Box X

Austin, TX 78713

(512) 471-1534

U.S. VIRGIN ISLANDS
Caribbean Research Institute
College of the Virgin Islands
St. Thomas, U.S. Virgin Islands
00801

(809) 774-9200

UTAH

Utah Geological & Mineral Survey
606 Black Hawk Way

Salt Lake City, UT 84108

(801) 581-6831

VERMONT

Vermont Office of the State
Geologist

103 S. Main St., Center Building
Waterbury, VT 05676

(802) 244-5164

VIRGINIA

Virginia Division of Minera
Resources

P.O. Box 3667, McCormick Road
Charlottesville, VA 22903

(804) 293-5121

WASHINGTON

Washington Geology and Earth
Resources Division

WA Dept. of Natural Resources
Mail Stop PY-12

Olympia, WA 98504

(206) 459-6372

WEST VIRGINIA

West Virginia Geologica and
Economic Survey

P.O. Box 879, Mt. Chateau Res. Ctr.
Morgantown, WV 26507

(304) 594-2331

WISCONSIN

Wisconsin Geological and Natural
History Survey

3817 Mineral Point Road
Madison, WI 53705
(608)-263-7384

WYOMING

Geological Survey of Wyoming
P.O. Box 3008, Univ. Station
Laramie, WY 82071

(307) 742-2054

Accessto Professional Organizations

Forworking professionals, particularly thosein land use planning and government, thereare professional organizations
concerned with research and abatement of natural hazards that are useful to join or contact. Thelist istoo long to provide
herein abook intended primarily for lay readers, but it has been published in the January, 1991, edition of Natural Hazards
Observer (v. 15, n. 3, pp. 9-12) Their list is available for $0.50 from Univ. of Colorado, Campus Box 482, Boulder, CO
80309-0482, (303) 492-6818.

Geotimes, the monthly magazine of the American Geological Institute (AGI) carries aperiodic issue that contains an
updated directory of geological organizations. Their list also contains many societies that have little to do with geologic
hazards, but most of the soci etieswhose publicationswe have cited in thisbook can befound there. Contact AGI, 4220King
Street, Alexandria, VA 22302-1507, (703) 379 - 2480.

130



Appendix B:
Sources of Help from I nsurance Professionals

The general lack of education in geology brings problems to the public consumer, especialy if local
insurance agents are unfamiliar with local geologic hazards. The authors have experienced first-hand the
difficulty inobtaining appropriateinformation on availableinsurancefromlocal agentswith respect to geologic
hazards. Agents who have read this book will probably be much better able to assist property owners.

However, should you not feel that you are able to obtain sufficient information locally to meet your
needs, you should contact your state's insurance commissioner. At the state level, offices of state insurance
commissionersaretheinsurance profession'sequival entsof thegeol ogical profession'sstategeol ogical surveys
in regard to providing public assistance. A call to the state commissioner’s office may give you the answers
about what types of insurance are available in your state. The list below comes courtesy of The Insurance

Information I nstitute.

State (and Territory) Insurance Commissioners

ALABAMA

Commissioner of Insurance

1665 Hot Springs Rd.

Carson City, NV 89710

(702) 687-4270 or (800) 992-0900

ALABAMA

Commissioner of Insurance
135 South Union Street
Montgomery, AL 36104
(205) 269-3550

ALASKA

Director of Insurance
P.O.Box D

Juneau, AK 99811
(907) 465-2515

AMERICAN SAMOA
Insurance Commissioner
Office of the Governor
Pago Pago, AS 96797
(684) 633-4116

ARIZONA

Director of Insurance

3030 North 3rd Street Suite 1100
Phoenix, AZ 85012

(602) 255-5400

ARKANSAS

Insurance Commissioner

400 University Tower Building
Little Rock, AR 72204

(501) 371-1325

CALIFORNIA

Commissioner of Insurance

100 Van Ness Avenue

San Francisco, CA 94102

(415) 557-1126 or (800) 233-9045

COLORADO

Commissioner of Insurance
303 W. Colfax Ave. Suite 500
Denver, CO 80204

(303) 866-6274

CONNECTICUT
Insurance Commissioner
165 Capitol Avenue
Hartford, CT 06106
(203) 297-3801

DELAWARE
Insurance Commissioner

Rodney Bldg., 841 Silver Lake Blvd.

Dover, DE 19901
(302) 739-4251 or (800) 282-8611

FLORIDA

Insurance Commissioner

State Capitol PlazaLevel 11
Tallahassee, FL 32399-0300

(904) 488-3440 or (800) 342-2762

GEORGIA

Insurance Commissioner

2 Martin L. King, Jr., Drive
Floyd Memorial Bldg.

704 W. Tower

Atlanta, GA 30334

(404) 656-2056

GUAM

Insurance Commissioner
P.O. Box 2796

Agana, GU 96910

011 - (371) 477-5106

HAWAII

Insurance Commissioner

P.O. Box 3614

Honolulu, HI 96813

(808) 548-5450 or (800) 548-5450

IDAHO

Director of Insurance
500 S. 10th Street
Boise ID 83720
(208) 334-2250

ILLINOIS

Director of Insurance

320 W. Washington St. 4th Fl.
Springfield, IL 62767

(217) 782-4515

INDIANA

Commissioner of Insurance

311 W. Washington St #300
Indianapoalis, IN 46204-2787
(317) 232-2385 or (800) 622-4461

IOWA

Commissioner of Insurance
Lucas State Office Bldg. 6th Floor
Des Moines, |A 50319

(515) 281-5705
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KANSAS

Commissioner of Insurance

420 South W. Ninth Street
Topeka, KS 66612

(913) 296-7801 or (800) 432-2484

KENTUCKY

Insurance Commissioner

229 West Maine Street P.O. Box 517
Frankfort, KY 40602

(502) 564-3630

LOUISIANA

Commissioner of Insurance
P.O. Box 94214 Capitol Station
Baton Rouge, LA 70801

(504) 342-5900

MAINE

Superintendent of Insurance
State House Station 34
Augusta, ME 04333

(207) 582-8707

MARYLAND

Insurance Commissioner

501 St. Paul PI., 7th Floor S.
Baltimore, MD 21202

(301) 333-2520 or (800) 492-6116

MASSACHUSETTS
Commissioner of Insurance
280 Friend Street

Boston, MA 02114

(617) 727-7189

MICHIGAN

Insurance Commissioner
P.O. Box 30220
Lansing, M1 48933
(517) 373-9273

MINNESOTA

Commissioner of Commerce

133 E. 7th Street

St. Paul, MN 55101

(612) 296-6848 or (800) 652-9747

M 1SSI SSI PPI
Commissioner of Insurance
1804 Walter Sillers Building
Jackson, M'S 39205

(601) 359-3569

MISSOURI

Director of Insurance

301 W. High St. 6 N., P.O. Box 690
Jefferson City, MO 65102-0690
(314) 751-4126
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MONTANA

Commissioner of Insurance

126 North Sanders Mitchell Building
Rm. 270

Helena, MT 59601

(406) 444-2040 or (800) 332-6148

NEBRASKA

Director of Insurance

Terminal Bldg., 941 O St., Suite 400
Lincoln, NE 68508

(402) 471-2201

NEW HAMPSHIRE

Insurance Commissioner

169 Manchester Street

Concord, NH 03301

(603) 271-2261 or (800) 852-3416

NEW JERSEY
Commissioner of Insurance
CN 325-20 West State Street
Trenton, NJ 08625

(609) 292-5363

NEW MEXICO
Superintendent of Insurance
Department of Insurance
P.O. Drawer 1269

Santa Fe NM 87504

(505) 827-4500

NEW YORK

Superintendent of Insurance

160 West Broadway

New York, NY 10013

(212) 602-0429 or (800) 522-4370

NORTH CAROLINA
Commissioner of Insurance

P.O. Box 26387

Raleigh, NC 27611

(919) 733-7349 or (800) 662-7777

NORTH DAKOTA
Commissioner of Insurance
Capitol Building Fifth Floor

600 East Blvd.

Bismarck, ND 58505-0320

(701) 224-2440 or (800) 247-0560

OHIO

Director of Insurance

2100 Stella Court

Columbus, OH 43266-0566

(614) 644-2658 or (800) 282-4658

OKLAHOMA

Insurance Commissioner

P.O. Box 53408

Oklahoma City, OK 73105-3408
(405) 521-2828

OREGON

Insurance Commissioner

21 Labor and Industries Bldg.
Salem OR 97310

(503) 378-4271

PENNSYLVANIA
Commissioner

1326 Strawberry Sg. 13th F.
Harrisburg, PA 17120

(717) 787-5173

PUERTO RICO
Commissioner of Insurance
Fernandez Jucos Station
P.O. Box 8330

Santurce, PR 00910

(809) 722-8686

RHODE ISLAND
Insurance Commissioner
233 Richmond Street
Providence, Rl 02903
(401) 277-2223

SOUTH CAROLINA

Chief Insurance Commissioner
1612 Marion Street

P.O. Box 100105

Columbia, SC 29201-3105
(803) 737-6117

SOUTH DAKOTA
Director of Insurance
Insurance Building
910 E. Sioux Avenue
Pierre, SD 57501
(605) 773-3563

TENNESSEE

Commissioner of Insurance

500 James Robertson Pkwy.
Nashville, TN 37243-0566

(615) 741-2241 or (800) 342-4029

TEXAS

Commissioner of Insurance
1110 San Jacinto Blvd.
Austin, TX 78701-1998
(512) 463-6464



Appendices - Help from Professional Geologists and Insurance Providers

UTAH VIRGINIA WEST VIRGINIA
Commissioner of Insurance Commissioner of Insurance Insurance Commissioner
3110 State Office Bldg. 1200 Jefferson Building 1220 Bank 2019 Washington St. East
Salt Lake City, UT 84114 St Charleston, WV 25305
(801) 538-3800 Richmond, VA 23219 (304) 348-3394 or (800) 642-9004
(804) 371-7694 or (800) 552-7945
VERMONT WISCONSIN
Commissioner of Insurance WASHINGTON Commissioner of Insurance
State Office Building 120 State Insurance Commissioner 121 E. Wilson Street
Street Insurance Building AQ-21 Madison, WI 53702
Montpelier, VT 05602 Olympia, WA 98504 (608) 266-0102
(802) 825-3301 (206) 753-7301 or (800) 562-6900
WYOMING
VIRGIN ISLANDS WASHINGTON D. C. Insurance Commissioner
Commissioner of Insurance Superintendent of Insurance Herschler Building 122 West 25th
18 Kongen's Garden 613 G St. NW 6th Floor Street
St. Thomas, V1 00802 Washington, DC 20001 Cheyenne, WY 82002
(809) 774-2991 (202) 727-7424 (307) 777-7401

National Sources of Help and Information

Theinsurance profession involves both private industry and government programs. Below are some
useful sources of information for citizens.

Insurance Information Institute (111) 110 William Street, New York, NY 10038, (800) 331-9146. This
institute compilesextensivedataon all aspectsof theinsuranceindustry. Their annual 1.1.1. Fact Book provides
awesalth of detailed information on natural disasters and their costs to the insurance industry.

National Insurance Consumer Helpline (800) 942-4242. The helpline is sponsored by three councils of
insurance. Currently the hel plineanswersservicerequestson all kindsof insurance, particularly health andfire.
The helpline has informational brochuresfor consumersthat cover some natural disasters, but none currently
on geologic hazards. Usefulnessof thishelpline oninsuring against geol ogic hazardswill increase as personnel
serving on the helpline become more familiar with the topic.

National Committeeon Property I nsurance (NCPI), Ten Winthrop Square, Boston, MA 02110, (617) 423-
4620 NCPI providesthe property insuranceindustry with advice on awide variety of issuesthat includelosses
from geologic hazards.

Property Insurance Plans Service Office (PIPSO), Ten Winthrop Square, Boston, MA 02110, (617) 423-
4620 PIPSOisaspecia division of NCPI which providesadviceon special risk coveragethat may not belocally
available.

National Underwriter Company, 505 Gest, Cincinnati, OH 45203, (513) 721-2140. This firm publishes
books for insurance companies. Their annual compilation, Who Writes What, hasinformation on insurersfor
unusual health hazards such as asbestos and for those in the geological, mining and drilling professions.

National Flood Insurance Program, (NFIP), P. O. Box 459, Lanham, MD 20706, (800) 638-6620. This
agency also supports seminars for producers and lenders, and serves as a map distribution center with 78,000
maps compiled for 21,000 communities. Flood study reportsare availablefor over 10,500 communities. There
arecurrently 2.4 million policiesinforcein over 18,000 communitiesthat cover both single-family dwellings
and 2- to 4-family buildings. Average rates as of current time of thiswriting are approximately $275 for about
$85,000 worth of insurance, but rates vary by location. Policies written by 85 companies are sold through
130,000 insurance agencies and brokers. From 1983 through 1990, the program paid over two and a quarter
billion dollarsin losses, with annual losses ranging from 45 million (1988) to 592 million dollars (1989).
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Index of Key Terms

This index also serves the function of a glossary. Technical terms have been kept to a
minimum, and all termsthat are used are defined. The page on which the definition appears
ishighlighted below in standard boldface type. Boldfaceitalics below indicate the page on
which particular features areillustrated by photographs or drawings.

acid drainagel4, 18, 19

active faults 40

aggregates 17

AHERA 26

amphibole group of asbestos
minerals 23-24

angle of repose 77

aquicludes 93

aquifers 93

asbestos 23, 24

ash (volcanic) x, 56, 60, 61, 62, 63,
65

ASHARA 26

avalanche 71

bedding planes 73, 80

bentonite 16

breakwater 119

carbon dioxide 34, 35, 62

carbon monoxide 34, 35, 62

channelization 107

chrysotile 23, 24, 25, 26

coastal (shoreline) erosion 113, 116,
117, 119, 120, 121

coastal hazards 113

crocidolite 23, 24, 25,

dams 106, 107-108

debris avalanche 60

debrisdides 74

deep (geologic) timeviii, 1, 3, 41,
55, 78, 93, 102, 118

dikes 107

divergent zone 54, 55

earthflows 74

earthquakes 5, 38-53 39, 40, 76, 92

epicenter, 42

expansive soils (see swelling soils)

explosivity index (volcanic) 57, 58

factor of safety 80

failure plane 74

faults 40, 41

fill 92

flash floods 98

flash-flood warning 105

flash-flood watch 105

floods 98 -112, 124

fluid withdrawal 89, 90

focus 42

frost heave 3

geologic hazards vii, 3

geological surveys 8, 127 - 130

134

geologists 1, 20, 27, 36, 46, 64, 79,
95, 108, 123

geology 1

groin 119

ground failure 44, 45

ground shaking 44, 45

gypsum 14, 15

harmonic tremors 57

hazardous geological materials 2,3,
13

hazardous geological processes 2, 3,
124

hot spots 54, 55

hummocks 74

hurricanes 99, 103, 104, 118, 119,
120, 121, 122

hydrocompaction 91

hydrogen sulfide 34, 35

infiltration 101

insurancevii, 5, 6, 16, 43, 45, 47, 85,
96, 106, 109, 122, 123, 131,
133

iron sulfides 15

island arc 54

joints 41

karst topography 86

lahars 60

landslides 46, 71, 71 - 81, 124

lava 12, 62, 64

levees 100, 101, 106, 105, 107

limestone 17, 86, 87

loess 73

marcasite 18

mass wasting 78

Mercalli intensity scale 39

methane 34, 35

mine subsidence 88, 89

minerals 13

modeling 103

mudflows 58, 59, 60, 74

mudslides 74

mylonite 29, 32

nilometers 102, 104

picocuries (pCi/L) 30, 32-33

permafrost soils 3, 92

planar dide 74, 75

plates 40, 41, 54

pyrite 18

pyroclastic flows 60, 61

quick clays 15

quicksand 16

radiation 29, 30

radon 29-34, 31

reactive aggregates 17

reactive minerals 13

reclamation 20, 21

Richter magnitude scale 39

rift 55

rift valley 54

Ring of Fire 55

riverine floods 98, 101, 102

rockslides 74

rotational dide 74

runoff 101

Saffir-Simpson scale 120, 122

sand dunes 117

schistosity 73

sinkholes 86, 86

slide scarp 74

slump 74, 75

smectites 14

smoking 25, 32, 34

soil 14, 20

soil creep 3, 74

solifluction 74

soluble rocks 86

storm surge 3, 99, 113, 114, 118,
122

subduction zone 54

subsidence 85, 85 - 97, 124

surface rupture 44, 45

swelling soils 2, 14, 14 - 17

tephra 62

Thiobacillus 18

tiltmeter 57, 65

toe (of slope or dlide) 74, 77

toxic minerals 2, 13

tsunamis 44, 114, 115, 123

tsunami warning 123

volcanic explosivity index 57, 58

volcanoes 54-70, 115, 124

weathering 13

wetlands 19, 20
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The Citizens' Guide To Geologic Hazards is an invaluable resource for home-
owners, prospective homeowners, Realtors, property insurance agents, finan-
ciers of real estate loans, land use planners, government officials, and students
and teachers of geology and earth science. This is one of those rare books written
by professionals for lay readers which actually succeeds in combining solid,
practical content with easy readability. Through over a hundred color illustra-
tions, the reader is taken upon a comprehensive tour of the hazards presented
by earthquakes, volcanoes, landslides, ground subsidence, floods, tsunamis and
coastal storm surge, and into an understanding of the controversies that
surround the issues of radon gas and asbestos hazards. The reader is introduced
to geologists and their roles in preventing losses from geologic hazards, and
finally to specific sources for help in the appendices. Each chapter is followed by
extensive up-to-date references and unique bibliographies of videotapes.
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Cover: Relief globe image of the earth produced at
the National Geophysical Data Center, Boulder,
Colorado; lava falls from USGS Hawaiian Volca-
noes Observatory; collapsed communications build-
ing in Spitak, Armenia, in the 1988 earthquake
from USGS; sinkhole collapse in Winter Park,
Florida, from Florida Geological Survey.
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