GEOLOGIC-HAZARDS
MITIGATION IN ALASKA

A Review of Federal, State, and Local Policies

By R.A. Combellick

ag W bl L&
L—"""!' "‘ ! — -
L . o W ‘3?1

LR . L ¥ D 5 " % - .
) N, & Rt . b.“".-. b E:‘ '

% B L st

4
‘ N z .Y
l/‘*-rJ ] v il - ‘k"l,_\.,

SPECIAL REPORT 35
Published by

STATE OF ALASKA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS

Ross G. Schalf

State Geologist

1985



GEOLOGIC-HAZARDS
MITIGATION IN ALASKA

A Review of Federal, State, and Local Policies

By R.A. Combellick

Division of Geological & Geophysical Surveys
Special Report 35

Fairbanks, Alaska
1985



STATE OF ALASKA

Bill Sheffield, Governor
Esther C. Wunnicke, Commissioner
Department of Natural Resources
Ross G. Schaff, Director and State Geologist

Cover: Aerial view of the Turnagain Heights landslide, southwes! Anchorage (top of photograph is north), This land-
slide, triggered by the Great Alaska Earthquake of March 27, 1964, destroyed 75 homes and 130 acres of property.
Snow-covered slide blocks, many carrying complele homes, slid laterally as much as 2,000 ft northwest into Knik
Arm. US. Army photograph, Mohawk Series no, 253 M-64-64, courtesy of Alaska Earthquake Photograph Ar-
chive, Stan Blume collection, no. SB-47.

DGGS publications are available at: Alaska National Bank of the North Bldg. (2nd floor), Geist Rd. and University Ave., Fairbanks;
3601 C St. (10th floor), Anchorage; 400 Willoughby Center (4th floor), Juneau;and the State Office Bldg., Ketchikan, Mail orders should
be addressed to DGGS, 794 University Ave. (Basement), Fairbanks, AK 99709, Cost $3.



CONTENTS

Page

FRecubNa s woommes 0o 5o0 aeem P i0v SOEGHERE WS S SG0E 0N oW 0T GRDE S5 W0 SN0 0 W e G W e EE v 1
IO MO .. v nor momor son pr mnw g jwne s aer mhbiom wan sy Ba G B Bk Nl Wamit bon WA N Vew W0E N sl viE wa e e 2
Natuial disasters:in Alaskac: mn wars @05 S0_RE 595 i3 B e e BT e NRINGET MG T RN N Gl BT TR 0 T dne 2
Lessons from the 1964 Great Alaska Earthquake. . . . . . . . . . e e 5
Bazard mitieabion = ey o0 o6 56 5000 08 30 DUy UG e ey o 3 Pon o o e e gU Wa M b pon B meie o 6
FEEZarcl SRl e co i wowceus o iR B2 Gemie IR P DDw RMEIHE DG N0E NG WG 60 MENED G VS A DESE B e SReng B 8

B ik SoSERBIIONLE, o0 ror son memis man mr mr momer vk Ber ibor OhE B Wi Biad e n8 slf BB wd o ol Band B o0 R b 10
Rkt @AUCEION = s e mn avwan v a6 9% AN @00 e WESIENEIR BEE B BEOSONTE ADE RO OVHANS WOV S9N 0 BOENW B WG HWE e 11
Land USe . . . . o ot e e e e e e e 11
Consteuction:bechwologw: « i u i GG BU fR PaTelE B WA BT B W 0 ON0R B RN ER ONEE RN SN @AV W 11
ProtectioN WOTKE s v wwui dvi son an siaikiess 5o modiss S0E S5 ORI wsE RO 55 BIEDe aze i SWOEs S5 W SR e 15
WArDIng SYSLRITIS . . . 4 o o v i vt ottt e et e e e e e e e e e e e e e e e e e 16
Combinations of ADPROACRE : v o suine v B RoaGies i B NI DG RN WSO P P VUREDEGE B 08 S 17
SUBAIVISIONS . . . o o e e e e e e e e e 18
Excavationsand grading ; v v suon o S e a0 e Sl VG R0 BE RS G SRR BT s B e 18

Commercial facilities . . . . . . o . o e e e e e 18

Places:of assembBly- o o5 sn 08 S5 03 00 vaii sy o o VA S 90 Vel BN de et e e een i 18

Lifelities anid eritical Paailitios: wre o o v moanm a0 o cuie D 0B OOTEENS SN 364 DECEISET MR Ko SEETH G 18

The hazard-mitigalion ProCessi. ., .. «5 srs 006 sis ka8 508 305 5 ws 508 508 sk 720 vis bia §6 e 108 s b Bals ve 18
Roles of different levels of government . . . . . i . . . ot i it o e e e e e e e s 18
Geologic-hazard-mitigation programs in other states. . . . .. ... ... . e 20
Califorila o v s 23 B0 Sas oo 20 W0 DR D% TN SR ST TR SA REE AR VS WEAHAT BT 0N SRETER VE( HE BeuE o 20
State planning and zoning law: General plan. . . . ... ... .. o 22
Alquist-Priolo Special Studies Zones Act . . ... .. .. . 23

Field, Garrison, and Green Acts: School buildings . . . ... . ... . ... oo e 26
Hospital Seismic Safely ACL . . . . . . o o e e 28

RAUSY Ao o o snn won sonin o oo 00 57800 i Wie e @08 6 S R IEIEI T N BUROE 63 e S0 BORER NS R0 8RO% 0 28

Dam Safety ACt . . .0 vt vt ot e e e v e e e ey e E e e e e e 30
Strong-motion Instrumentation Program . . . . . . .. .. Lo e 31

Other programs in California . . . .. .. o e e 33
Statutory authority for California agencies engaged in geologic-hazard mitigation . . . .. ... ... .. 34

Division of Mines and Geology. . . . o v v v it v e e e e e e e 34

State Mining and Geology Board . . . ... . .. e e 34

Seismic Safety Commission. . . . . . .0 v it e e e e 35

State Board of Registration for Geologists and Geophysicists. . . . .. .. ... ........... R 36
Colorado: smswm o6 G s v O% 08 Seh B0 0% 5 W S TN Eeana o W PR B BRSSP S OB EmTE O s 37
Colorado land-use-planning laws. . . . . .. . o e e wive ros 38
SUDEIVIEIOIL JEW. vh wivie sr vin som omr won ae wod s i s o e w wie S NE EGTE GR OWE R WAN &9 00 w0y w W 41
State-level projecl FeVIEBWS. . . . . . . . i . e e e e e e 42
Minimum qualifications for professional geologists. . . . .. .. .. ... .. .. .. o 42
Statutory authority for the Colorado Geological Survey . . ... ... ... .. oo 43

Other states .o wn o0 i &5 i s i B6 Do SIes s 6 G5 DRI BT S BNeOR @08 G0 T BTN eI wes BRIk A A 44
Federal hazard-mitigation programsin Alaska. . . . .. . . ... L L 44
Disagterveliol; in un sven o6 5% 00 00800 0l o5 VR B0RS B M S o T BN WA DU VR N OGS 08 RS G b e 44
Regional SR« vu woma i wo mssosn i e wiesk i RS eI W Ne Snely e R m EIeI s mdr mwATent s K 45
RS RORBEICH ., o vos v e b mos w5 A0 W VGFATE BV B TORAEN I OO W IUE WA ACWVHD B R ROV &9 B Ta 46
Prediction and warniigs « o s wa dm o soe e w0ats S8 ks 0 eTE B K S e R G ne eI M VAR ASBI 86 s 6o 46
Construction technology. . . . . . . oo i e e 18
State and local geologic-hazard programs in Alaska . . .. ... .. .. L e 48
Disaster preparedness, warning systems, and protectionworks . . . . . ... .. ... o oo 48
Alaska planning law and local land-use regulation . . .. ... ... ..o oo 49
Geologic hazards in local planning and zoning. . . . .. .. .. . . e 50

State land-use planning and classification. . . . . ... ... .. e 51

Alaska Coastal Management Program. . . . .. .. 0ottt it s e e e 52
SUbAIVISION LAW . & o . o e e e e e e e e e e e e e 562

Siting, design, and construchion . . . . o i s b i e e e e e e e e 53
State and local building eodes . . . . . .o o0 o e e e e e s 53

CHEIOE]L TACIITIBE . ... v e wceir sin pom mos o pen, sie soe wee sodie 600 on Sw's 00 w0 e el B R RRE OE WG w0 54

Public facilities and state-funded capital-improvement projects. . . . . . . .. . .. e e 55

Project reviews hy state agencies. . . . . . ... e e e e 55
Professional registration . . . . . .. o v i i i e e e e e e i e e e e e 56



Research and technical services
Division of Geological and Geophysical Surveys
University of Alaska
Alaska Council on Science and Technology

Conclusions

CONTENTS (con.)

Recommendations from the workshop on evaluation of regional and urban earthquake hazards and risk in

AasKa. . . L e e e e e
Recommendation 1 - Alaska Natural Hazards Safety Commission
Recommendation 2 - State policy for hazard mitigation
Recommendation 3 - Hazard-monitoring program
Recommendation 4 - Amendments to the Municipal Code and other statutes to promote local-government

action in hazard mitigation
Recommendation 5 - Staie regulation of construction and major alteration of critical facilities
Recommendation 6 - Hazard-mitigation requirements for certain capital-construction projects
Recommendation 7 - Conditional availability of disaster-relief funds to promote hazard mitigation

Recommendation 8 - Improved capabilities for state agencies to provide technical assistance to other

agencies and local governments in hazard mitigation and disaster preparedness
Recommendation 9 - State hazard-notification system
Acknowledgments
References cited
Appendix A - Senate Bill No. 310: An act establishing the Alaska Natural Hazards Safety Commission
- Glossary . . . .
- Acronyms

Appendix B
Appendix C

Figure 1.
Za-b.

10,
11.

12,
13,
14.
15.
16.

1

Table

—

FIGURES

Photograph of downtown Fairbanks during the Chena River flood (1967) . . . .. .. ... ... ....

Photographs of Lituya Bay before and after the July 9, 1958, earthquake, which triggered

a massive rock slide at thehead of thebay . . .. .. ... ... . .. .. ... .
. Population growth in Alaska, 1880 t0o 1982 . . . . .. . e

Photograph of homes destroyed by a massive landslide in Turnagain Heights subdivision,

Anchorage, during the Great Alaska Earthquake of March 27,1964 . . . ... .. ... .......
Photograph of buildings in unstable areas on and near the L Street slide in downtown Anchorage. . .
. Photograph of the old Valdez townsite taken after a tsunami destroyed port facilities and most
of the downtown area on March 27, 1964 . . . . . . . . o i it st e e e
. Photograph of the new Valdez townsite near Mineral Creek, 3.5 mi northwest of the old

townsite (19T0) . . . v it e e e e e e e e e e e e
Flow diagram of study objectives in hazard mitigation . . . . . . ... ... ... .. . ...
Diagram showing the relationship between risk and hazard mitigation . . . . ... ... ... .. .....
Seismic-zone map from the Uniform BuildingCode . . . . .. ... ... . .. . . . . ...

Photograph of a floodgate in the Chena Lakes Flood Control Project, about 20 mi east of

Fairhanks. . . . . . . e e e e e e
Diagram showing the hazard-mitigation process. . . . . . . . .. . . e
Example of a Special Studies Zones map . . . . . ... o e e s

Photograph of John Muir School, Long Beach, California, damaged by the March 10, 1933,

Earthiqialee, soow s np o wey pop S8 SR s e w SRR e R RN T B R @ M BN R S e

Photograph of Olive View Hospital, Sylmar, California, damaged by the San Fernando

astthdualieson February@: TOTL, o on o0 00 S0 04 Wa % 570 B 08 BEs o vy PR ey B

Diagram showing functional relationships between the Seismic Safety Commission and

other organizations and activities in California . . . .. .. .. .. . ... . ... o

Map showing areas of Alaska for which surficial-geologic maps were available in 1983 at

scales useful for land-use planning. . . . . . .. .. L e

Sighificant Seologic NAZARE IR KIASKE v 2o senw s wn saen o 1w ooeke aye B9 B M GG SIEIEOODE

Suggested roles of federal, state, and local governments in hazard mitigation and disaster

PropafetlWesss sovs e o P4 Foal Br SR Lapy O PG ARnIO R e NG R T RURETGEE e W S o
Summary of responsibilities and functions under the Alquist-Priolo Special Studies Zones Act. . . .

Functions of local and state agencies regarding geologic-hazard areas under Colorado House bill

DAY o s smsmane ob o soers @ B9 WETSIENE B B GO BN MR W0 enele U6 aUh WINUE G R WA @ e e

60
60
60O
61

61
61

61
62

10
11
11
16
1
19
25
27
29

36

12

21
24

40



GEOLOGIC-HAZARDS MITIGATION IN ALASKA

A Review of Federal, State, and Local Policies

R.A. Combellick!

EXECUTIVE SUMMARY

FEarthquakes and volcanic eruptions occur fre-
quently in Alaska. Because the climate is dynamic,
topographic variation is extreme, and thousands of miles
of coastline are exposed to the open ocean, Alaska will
continue to to be affected by these and olher natural
phenomena such as landslides, snow avalanches, floods,
tsunamis, and many localized or chronic events that may
be as coslly over the long term as major events. Because
development is rapidly expanding into areas where
geologic hazards once had little effect, the same evenls
may now cause major property damage.

Technology is available to identify nalural hazards,
determine their probable severily, and reduce their
potential effects on people and property. On the basis of
this review of national and state policies, 10 issues were
identified in which possible improvements could sub-
stantially benefit public safety from natural hazards in
Alaska:

1. Policy guidance and coordination of state and
local hazard-mitigation programs.

2. Availability of basic technical information on
hazards for land-use planning and construction,

3. Continuation of many federally funded hazards
studies in Alaska that are being terminated or
substantially reduced.

4. Incenlives and guidelines to consider geologie

hazards in local plans and ordinances.

Hazard mitigation in siling, design, and con-

struction of critical facilities.

6. Hazard mitigation in siting, design, and con-
struction of many state-funded public facilities.

7. The relationship between hazard mitigation and
eligibility for disaster-relief funds.

8. Capability of state agencies to provide adequate
technical services, assistance, and project
reviews on geologic hazards for other agencies
and local governments.

9. Standards of experience and education for
geologists who prepare reports required by state
or local laws for siting or designing facilities.

o

lAlaska Division of Geological and Geophysical Surveys, 794
University Ave. (Basement), Fairbanks, Alaska 99709,

10, State capability to issue formal state notices of
serious geologic hazards and coordinate the
response by state and local agencies.

A comprehensive review of existing programs in
California, Colorado, and the federal government sug-
gests Lhal some common attributes are responsible for
the success and public acceptance of many hazard-
mitigation programs. These atiributes include central
policy guidance and coordination; availability of current
technical information; incentives and guidelines to
consider geologic hazards in local ordinances; immuniza-
tion of local governments from hazards-related liability
under certain circumstances; availability of guidelines
and state assistance to recognize and mitigate hazards at
the local level; centralized review of design and construc-
tion plans for critical and public facilities; appropriate
standards for design and construction of facilities that
are subject to review for hazard safety; adequate train-
ing and experience for reviewers; incentives for hazard
miligation as part of disaster-relief programs; and the
ability of programs to be self-supporting through special
revenue programs.

The 10 policy issues listed above were discussed by
participants at a workshop entitled ‘Evaluation of
regional and urban earthquake hazards and risk in
Alaska.” The workshop was organized by the U.S.
Geological Survey and took place September 5-7, 1985,
in  Anchorage. Participants included seismologists,
geologists, engineers, planners, emergency coordinators,
policymakers, and educators that represented levels of
government, the private sector, and academia. The
participants unanimously adopted nine recommenda-
tions for improvements in state policy:

1. Establishment of an Alaska Natural Hazards
Safety Commission to provide policy guidance
for the Governor and Legislature and to help
coordinate agency programs in natural hazards.

2, Development of state policies for hazard mitiga-
tion in Alaska that establish long-term commit-
ments and goals.

3. Establishment of a hazard-monitoring program
that ensures availability of basic data needed to
evaluate hazards.

4. Amendments to the muniecipal code and other



statutes to promote local-government action in
hazard mitigation.

5. State regulation of construction and major
alterations of critical facilities to ensure thatl
they are reasonably protected from natural
disasters.

6. Establishment of hazard-mitigation require-
ments for certain capital-construction projects
financed by the State.

7. Establishment of incentives or requirements for
local governments to implement hazard-mitiga-
tion measures as a condition for receiving dis-
aster-relief funds.

8, lmprovement in capabilities of state agencies to
participate in reviews and to assist other agen-
cies and local governments in problems that
relate to hazard mitigation and disaster pre-
paredness.

9. Establishment of a state hazard-notification
system to supplement that of the U.S. Geologi-
cal Survey and help coordinate responses by
state and local agencies.

INTRODUCTION

Many processes that are responsible for Alaska’s
scenic beauty and abundant resources are also responsi-
ble for the wide variety of physical conditions and
natural hazards that challenge the human presence.
Earthquakes and volcanoes are as active in Alaska as
anywhere else in the world, the climate is severe, topo-
graphic variation is extreme, and thousands of miles of
coastline are exposed to the open ocean. Thus, Alaska is
subject to major earthquakes, volcanic eruptions, land-
slides, snow avalanches, floods, tsunamis, and many local
or chronic hazards, such as permafrost, that can be
costly for property owners over a long period of time.
Effective mitigation efforts have greatly reduced these
costs in other states,

Although the number of major natural events in the
recent past is high, few events have significantly affected
the general public because of Alaska’s relatively sparse
population and vast, thinly inhabited areas. Major events
will continue to occur intermitlently as in the recent
geologic past, and with increasing development, the
probability will increase thal people, businesses, prop-
erty, and critical facilities will be affected.

Experience in other states demonstrates that local
ordinances are among the most effective means of
mitigating natural hazards. State governments generally
provide guidelines, technical information, and the
requirement or incentives for local adoption of risk-
reduction measures, All municipalities in Alaska have
zoning authority that can incorporate hazard-mitigation
measures. Flood-plain-management ordinances have been
adopted in at least 20 cities and boroughs. Other hazards
have been only generally addressed. A few local govern-
ments have recently begun to independenily act on

SPECIAL REPORT 35

specific issues of local concern. Most major munici-
palities have adopted the Uniform Building Code pub-
lished in 1982 by the International Conference of
Building Officials (ICBO). Although this code provides
detailed requirements for earthquake-resistant design
and construction, it does not provide comprehensive
construction and siting requirements for other hazards.

The purposes of this report are fourfold: 1) review
geologic-hazard issues in Alaska from an historical
perspective; 2) discuss various approaches to hazard
mitigation; 3) evaluate hazard-mitigation programs in
other states (their strengths, weaknesses, and applica-
bility in Alaska); and 4) review existing state, federal,
and local programs dealing with hazards in Alaska.
This report also includes a summary of policy recom-
mendations developed in September 1985 during an
interagency workshop on earthquake hazards in Alaska.
Because major programs of disaster preparedness and
response already exist and operate under the Division of
Emergency Services and local agencies, these activities
are not discussed in detail. This report focuses primarily
on activities that reduce the likelihood of injury or
damage from natural hazards. Greater emphasis on
knowledge of the hazards, public awareness, and effec-
tive mitigation measures will reduce vulnerability to
hazards and consequently reduce dependence on post-
disaster response and relief.

NATURAL DISASTERS IN ALASKA

From 1964 to 1981, there were seven presidential
declarations of disaster in Alaska, an average of one
every 2.5 yr. These natural disasters included one major
earthquake, three floods, one heavy rain and landslide,
one severe freeze, and a major fire during a severe freeze.
Although a total of about $76 million in federal aid was
provided, it was far short of the total estimated damages.
For example, of the $350 million estimated damages
that resulted from the 1964 Great Alaska Earthquake in
1964, about $56 million in federal aid was provided.
Except for restoration work performed directly by the
U.S. Army Corps of Engineers, the remaining burden fell
on state and local governments, private businesses, and
individuals. Following the Chena River flood in Fair-
banks in August 1967 (fig. 1), which resulted in damages
that totalled about $84 million (Péwé, 1982), the federal
government provided $7.3 million in direct financial aid
(Federal Emergency Management Agency, 1982).

In addition to disaster declarations by the President,
for which federal relief funds are available, the Governor
of Alaska is authorized to make disaster declarations for
which state relief funds are provided, generally through
the Alaska Division of Emergency Services (ADES).
State funds may supplement federal-relief funds for
presidentially declared disasters, but more often are used
to provide relief after events that are not declared
disasters at the federal level. From January 1978 to
February 1982, no disasters were declared in Alaska by
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Figure 1. Aerial view of downtown Fairbanks, Alaska, during the Chena River flood. Photograph by U.S. Bureau of Land
Management, August 16, 1967.

the federal government, but the Governor made 14
disaster declarations, an average of 2.5 every year. Relief
funds authorized by the Governor ranged from $14,000
to $505,000 per disaster and totalled slightly more than
$2 million for the 4-yr period. These figures are not
necessarily all the funds expended; they do not reflect
all expenditures through agencies outside ADES, but
provide an estimate of the magnitude of state expendi-
tures used to respond Lo natural disasters.

State expenditures for disaster relief are likely to
increase as development extends into areas once con-
sidered remote and marginally suitable for development.
Because many major natural events have occurred in
remote areas where property damage was small, they are
not ecommonly recognized as manifestations of con-
tinuing processes that will eventually affect developed
areas. In 1912, a major voleanic eruption near Mt.
Katmai was about 24 times larger than the 1980 erup-
tions of Mount St. Helens in terms of volume of magma

ejected (Decker and Decker, 1981). A giant landslide-
induced seiche occurred in Lituya Bay during an earth-
quake in 1958. The seiche stripped all vegetation to an
elevation of 1,740 ft on the mountain opposite the slide
and resulted in two deaths, even though Lituya Bay is
only seasonally inhabited by a few people (figs. 2a,b). In
1946, a 100-ft-high tsunami hit Unimak Island, de-
stroyed the lighthouse at Scoteh Cap, and killed five
people; in addition, it killed dozens of people and
inflicted extensive property damage elsewhere on the
Pacific coast. In 1899, an earthquake of Richter magni-
tude 8.4 occurred near Yakutat Bay thal elevated the
coastline as much as 49 ft (Tarr and Martin, 1912).
Although many of these events are unusually
devastating, they are not unique; they are the episodic
results of ongoing natural processes that will continue o
produce similar destruction in Alaska. For example, at
least 40 of the more than 80 voleanoes in the Aleutian
Islands and Wrangell Mountains have erupted at leasl
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Figure 2. (a) View of Lituya Bay, Alaska, September 16, 1954. (b) The same area after the July 9, 1958,
earthquake (Richter magnitude 7.9) that triggered a massive rock slide at the head of the bay (arrow).
The resultant wave stripped vegetation to an elevation of 1740 ft on the hillside opposite the slide
(August 9, 1958). Photographs by D.J. Miller, U.S. Geological Survey.
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once during the past 200 yr (Miller, 1976). Four giant
waves have occurred in Lituya Bay since the mid-1800s
(Miller, 1960); at least six tsunamis over 30 ft high have
struck the Alaska coast during the last 100 yr (Cox and
Pararas-Carayannis, 1976), and 15 greal earthquakes
(M>7.8) have occurred in Alaska since 1899 (Meyers,
1976), an average of one every 5.5 yr.

The population of Alaska increased dramatically in
the late 1960s and early 1970s and continues o grow at
a steady rate (fig. 3). Undoubtedly, human exposure to
natural hazards will increase substantially as the popula-
tion grows and occupies larger areas. More events will be
declared disasters at the state and federal levels because
they affect more people. A corresponding increase in
casualties and expenditure of public funds for disaster
relief can be expected unless continued precautions are
taken to reduce vulnerability to hazards.

Recent changes in federal policy add to the burden
of disaster recovery on state and local governments and
individuals, as the people in Fort Wayne, Indiana,
discovered after their spring 1982 flood. Because of
recent policy changes, federal grants to local govern-
ments for repair of public facilities are limited to 75
percent of the total cost of damages; state and local
governments are responsible for the remainder. Also,
federal disaster-relief loans to individuals and businesses
are no longer available at low interest rates (Federal
Emergency Management Agency, oral commun., 1983).
Loans issued at less than the conventional interest rate
are only available to applicants who cannot qualify at
the conventional rate. Thus, many people in Fort Way ne
faced interest rates of about 16 percent on their disaster
loans, as opposed to the 3 percent charged Alaskans in
1964 after the Great Alaska Earthquake.

LESSONS FROM THE 1964 GREAT
ALASKA EARTHQUAKE

The Great Alaska Earthquake of March 27, 1964
(Good Friday), provided an unprecedented opportunity
to assess several conditions and effects: 1) the sound-
ness of construction methods; 2) the effects of state and
local land-use practices under conditions of severe
ground shaking; 3) the effectiveness of disaster response;
4) the approaches to postearthquake recovery; and
5) the subsequent impact on land-use regulation and
construction practices. Unfortunately, many lessons
from this event have not been taken seriously. Because
of the increased population and accelerated construction
in high-risk areas, Alaskans are more vulnerable now
than they were in 1964. Selkregg and others (1970;
1984) reviewed planning and regulatory factors that
relate to the 1964 earthquake and its aftermath. Their
reviews, summarized below, underscore the desirability
to assess hazard-mitigation measures in Alaska.

When the 1964 Great Alaska earthquake occurred,
there was no state-development plan and there were very
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Figure 3. Population growih in Alaska, 1880 to 1982,
Data from Rollins, 1978, and Alaska Department of
Labor, 1983.

few controls on land use and construction in Alaska,
Very little state assistance was available to local com-
munities to prepare their own comprehensive develop-
ment plans and implement zoning controls. In addition,
few state or local efforts had been made to collect
basic data on geologic hazards in developing areas.
Consequently, very litile had been done to mitigate the
effects of earthquakes or other geologic hazards. This
situation not only accounted for much of the damage
that occurred, but made it nearly impossible to make
intelligent, defensible decisions for improvements during
reconstruction. Reconstruction practices varied widely
throughout the affected region, and many hard-hit areas
were allowed to redevelop to preearthquake standards
and conditions,

Anchorage was the only city in the affected region
that adopted the ICBO Uniform Building Code before
1964, and many large buildings constructed according to
that code withstood the severe shaking. A few buildings
moved more than 11 ft without substantial damage
except to utilities. However, local development plans
and zoning ordinances did not consider potential haz-
ards, and some heavily developed residential and busi-
ness areas were affected by major destructive ground
displacements. One of the few reports that contained
geologic-hazards information on the Anchorage area
before 1964 identified areas of poor foundation ma-
terials and slope instability (Miller and Dobrovolny,
1959). Although the report was available 4 yr before the
earthquake, it was apparently not used in local planning.
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Many unstable areas identified in the report failed during
the earthquake, which resulted in millions of dollars in
damage to homes, businesses, and utilities.

Soon after the earthquake, several groups began to
technically evaluate the affected area. The groups
included an Engineering Geology Lvaluation Group
established by the Alaska State Housing Authority
(ASHA); a federal Scientific and Engineering Task Foree
appointed by a special presidential commission; a
panel of architects and engineers also appointed by the
commission; and the U.S. Army Corps of Engineers.
High-risk areas were identified, based on unstable soils
and proximity to steep slopes. Recommendations were
made to prohibit or severely restrict construction in
high-risk areas or to limit high-risk areas to offsireet
parking, parks, and other low-densily purposes, A
strong plea was made to improve planning and zoning
and adopt and enforce building codes. Many local people
objected to the recommendations because they thought
the recommendations would further disrupt an economy
already seriously impacled by the earthquake, despite
arguments that the project would provide much-needed
renovation in parts of the Anchorage business district
and the chance (o implement sound redevelopment
plans.

Pressures were great to rebuild Anchorage to its
preearthquake status as quickly as possible. Ultimately,
the recommended urban-renewal projects, which origi-
nally included all areas identified as high risk, were
reduced to only those areas that were directly damaged
by the earthquake; adjacent unstable zones were ex-
cluded. The Corps of Engineers exlensively studied the
Turnagain Heights landslide area where many homes and
utilities were destroyed (fig. 4). They reported that the
slide material would continue to be subject to ‘sub-
stantial differential movements’ and ‘locally large
distortions during future earthquakes.” Accordingly,
they concluded that construction of any type should be
prohibited on the slide material. Although ASHA
originally recognized a high-risk area that extended far
iniand from the slide scarp, its final redevelopment plan
for Turnagain Heights reflected the strong public re-
sistance to urban renewal and limited the proposed
project to the area on the seaward side of the scarp that
had failed during the earthquake?. The ASHA adopted
the Corps of Engineers’ recommendations and recom-
mended that the high-risk area be redeveloped for park
and recreation purposes only. However, the Anchorage
City Council decided not to adopt the plan and began to
accept applications for building permits in the slide area.

Similarly, the L Street slide area in downtown
Anchorage was designated as high risk and recommended

?'Subsequent engineering analyses in unaffected areas inland
from the Turnagain Heights landslide demonstrated that the
sediments responsible for failure (Bootlegger Cove Formation)
have a safety factor of only 0.85 (Seed and Wilson, 1966),
which indicates an unsafe condition because the material is not
strong enough to withstand anticipated loads.

for limited single-family residential construction and
recreational open space, The council again decided not
to adopt the recommendations. Permits were issued to
rebuild existing buildings and erect new structures on
the slide and in the adjacent high-risk area. Large,
high-occupancy buildings continue to be constructed on
and near the slide (fig. 5).

The approach to postearthguake reconstruction in
Valdez contrasted markedly with Anchorage. Valdez and
its marine facilities were seriously damaged by a tsunami
and submarine slide caused by the earthquake (fig. 6).
Because of earthquake hazards posed by rebuilding
Valdez in the same location, the residents voted to move
the entire town to a new location near Mineral Creek
(fig. 7). The new site is naturally protected against
tsunamis, and the soil is stable. The move, endorsed by
the federal task force, paved the way for major assist-
ance by the U.S. Office of Emergency Preparedness and
Corps of Engineers. A new mayor and cily council were
elected (o carry outl the move, and an aggressive new
planning and zoning commission was appointed. The
Uniform Building Code was adopted, a comprehensive
redevelopment plan was developed by a privale con-
tractor, and the entire town was relocated by the fall of
1967.

A major improvement in state disaster preparedness
was made when a comprehensive disaster act was passed
in 1977. Under this act, the newly created Division of
Emergency Services (DES) initiated major disaster-
preparedness plans and programs to improve the ability
of state and local agencies to respond to disasters. This
improvement in response capability is nol matched
by a complementary program of predisaster measures for
proper land-use and construction practices to reduce the
likelihood of injury or property damage.

[n completing its eight-volume analysis of the 1964
earthquake and its aftermath, the National Research
Council (1973) observed that if the earthquake had
occurred in a more densely populated area during work
and school hours (the event was at 5:36 p.m.), it could
have resulted in 50 times as many deaths and 60 times as
much property damage. The council concluded that
improved hazard mitigation is possible only through
research and meaningful regulation, which serve as a
basis for improved design, construction, and land-use
decisions, and better containment of disasters. Both
require improved knowledge of the hazards, adequate
warnings, and dependable response and recovery plans.

HAZARD MITIGATION

Advance planning and preparation are essential to
prevent or minimize adverse effects from natural hazards
and respond to disasters when they occur. The first step
in this effort is to learn as much as possible about
natural processes and their potential effects. The second
step is to use that information to develop measures that
reduce the likelihood of injury and damage to persons
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Figure 4. During the Great Alaska Earthquake of March 27, 1964, homes were destroyed by a massive landslide in
Turnagain Heights subdivision, Anchorage. U.S. Army Corps of Engineers photograph, courtesy of Alaska Earth-

quake Photograph Archives (archive no. TRN-35).

and property at risk from the hazard. The third step is to
develop the means to quickly respond to a disaster,
restore public order, and remove the threat of further
injury or damage. Hazard mitigation encompasses
activities that reduce the likelihood of property damage
or personal injury from a natural event. Disaster pre-
paredness acknowledges that, particularly with major
events, there will be property damage and personal
injury that cannot be prevented through hazard mitiga-
tion. Therefore, disaster preparedness creates mecha-
nisms to respond to the disaster, enables an orderly
recovery, and distributes financial losses. Response
preparation normally includes plans, facilities, and
programs for evacuation, search and rescue, communica-
tion, shelter, food, police protection, debris removal,
rapidly deployable protection works (such as sand-bag
levees), and restoration of lifelines and critical facilities.
Hazard insurance and disaster-relief funds (the latter
supported by taxes) are the most common means of
distributing financial losses. In this repori, relief funds
and insurance are considered functions of disaster
preparedness rather than mitigation because they do not

reduce the overall cost of a disaster; they simply distri-
bute those costs among taxpayers and insurance buyers.
Although hazard insurance and disaster relief cannot
substitute for adequate safely measures, they can be
effective tools for mitigation if they include the proper
incentives, such as reduced insurance rates for taking
specified loss-reduction  measures  or requirements
for taking such measures as a condition of eligibility.
Disaster response puls disaster-preparedness plans and
other postdisaster actlivities into effect to restore order
and facilitate recovery. This report emphasizes hazard
mitigation and does not discuss disaster preparedness
and response in detail excepl where improvements can
be made to promote mitigation.

The first two steps in the hazard-mitigation process,
hazard evaluation and risk assessment, are prerequisites
to the third step, risk reduction. Reliable information on
natural processes and their associated risks is essential to
determine appropriate risk-reduction measures. Inade-
quate information can result not only in inadequate or
misguided measures, but can contribute to overdesign
and overregulation,
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Figure 5, Buildings in unstable areas on and near the L Street slide in downtown Anchorage. This slide (and others) was
triggered by the earthquake that occurred March 27, 1964, Photograph by R.A. Combellick, May 22, 1982,

HAZARD EVALUATION

The objective of hazard evaluation is to produce five
kinds of information:

—

. Descriptions of natural processes and con-
trolling factors that relate to the hazard.

2, Location and extent of polentially affected
areas.

3. Probability and frequency of occurrence.

4. Probable severity (for example, magnitude,
intensity, and duration).

5. Expected physical effects.

Understanding the natural processes and controlling
factors that relate to a hazard is essential for determining
the location and extent of potentially affected areas,
probability and frequency of occurrence, probable
severity, and expected physical effects (fig. 8). Earth-
quakes are a good example of a hazard for which per-
sistent data collection has led to successful hazard miti-
gation in many parts of the country. As a result of

continuous global and regional seismic monitoring and
geological and geophysical studies over the past few
decades, geoscientists are gradually developing a better
understanding of the processes that control the distribu-
tion, occurrence, intensity, and effects of earthquakes.
In California, commitments by federal and state agencies
to long-term, continuous monitoring of earthquakes
have contributed to an increased level of confidence in
identifying areas of high earthquake hazard and im.
proved knowledge of earthquake effects (for example,
strong ground motion). Both factors have been used
extensively and successfully in regulating land-use and
improving earthquake safety in new and existing build-
ings.

The scale and complexity of processes determine
the difficulty of evaluating associated hazards. General-
ly, the larger the area over which the processes operate
and the grealer their complexity, the less ‘mappable’ the
hazards are because of the difficulties in delinealing
areas likely to be affected. Often, high cost and limited
technology preclude accurate delineation of areas of
high exposure and definitive predictions or forecasts
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Figure 6. Old Valdez townsite after a tsunami destroyed port facilities and most of the downtown area on March 27,
1964. Photograph by J.B. Townshend, April 1964, courtesy of Alaska Earthquake Photograph Archive, Townshend

collection, no, 74B.

of events. This condition poses legal problems in hazard
mitigation, particularly in land-use regulation, because of
limited technical defensibility of the boundaries of
designated ‘hazard areas.’

Significant geologic hazards in Alaska are listed in
table 1. The ‘mappability’ of these hazards is based on
the presence of physical features that provide a basis for
areal delineation of the hazard at scales appropriate
for land-use planning. For secondary hazards, map-
pability is based on the relative ease of delineating areas
susceptible to secondary effects. For example, areas in
which the intensity of ground shaking is likely to exceed
given levels are very difficult to accurately delineate;
hence, this primary hazard of earthquakes has low
mappability. Areas that are likely to experience ground
failure as a result of the given intensity of ground
motion are easier to delineate; hence, ground failure, as a
secondary effect of earthquakes, has higher mappability.

‘Prediction capability” for catastrophic events (table 1)
is based on the presence of recognizable conditions that
warn of an impending event within a definite time
period so thal people can be evacuated and other pre-
parations can be made,

To a large degree, legal defensibility of hazard-
related land-use regulations is related to mappability. A
map adopted for regulatory use is subject to legal
scrutiny; thus, the boundaries or contours depicted on it
and data used to derive them must be defensible in
court. Historically, two additional factors have heavily
influenced court decisions and often override problems
of scientific defensibility: 1) the potential loss associated
with the hazard (for both life and property); and 2) the
degree of restriction posed by the regulation. On the one
hand, land-use regulations related to highly destructive
hazards, such as floods or earthquakes, have fared better
in courts than those that relate to less destructive
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Figure 7. The new Valdez townsite near Mineral Creek, 3.6 mi northwest of the old townsite. Photograph by Steve and
Delores MeCuteheon, summer 1970,

hazards, such as soil creep or lightning. On the other
hand, regulations do not fare well if they are so restric-
tive that they infringe on fundamental liberties or do not
clearly relate to the promotion of public health and
safety. Generally, if a rational relationship exists be-
tween a regulation and the promotion of public health
and safety, the regulation will be upheld in court. On
this basis, many regulations have survived court tests,
even when there were disagreements within the scientific
community about the validity of the data used as criteria
for the regulation (Baker and McPhee, 1975).

RISK ASSESSMENT

Ultimately, the impact of a disaster on individuals
and public resources depends on the success of hazard
mitigation. The number of casualties, amount of publie-
relief funds disbursed, and time required for recovery are
reduced if mitigation efforts are successful. The effects
of a disaster cannot be predicted accurately and are
generally anticipated in terms of risk, that is the prob-
able level of damage or loss given the probability of an
event (hazard) occurring and its predicted effects.
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Figure 8. Flow diagram of study objectives in hazard
mitigation.

Disaster preparedness must be capable of responding to
the ‘calculated risk' (the estimated lotal risk for any
given level of mitigation; fig. 9). ‘Residual risk’ is the
difference between calculated risk and ‘acceptable risk’
(risk that can be accommodated without undue hard-
ship). Residual risk represents the range of unacceptable
risk that can be reduced by proper management,

If the potential physical effects of a hazard are
known, the risk can be estimated based on the types of
facilities present or planned, cost of replacemeni or
repair, whether or not people are likely fo be present,
and the socioeconomic impact of damage. Obviously,
there is no direct risk from a hazard, such as a landslide,
if there are no facilities or people in the affected area.
Similarly, the risk of locating agricultural land or parks
in the path of a potential landslide is lower than for
locating a hospital or power plant in the same location.
The task of economists, planners, developers, designers,
and regulators is to use the hazards information provided
by scientists and engineers Lo derive associated ‘cal-
culated risks' and then select appropriate risk-reduction
and disaster-preparedness measures. A comprehensive

Calculated risk

Increasing risk

Acceptable risk

e O

Increasing mitigation ——

Figure 9. Relationship between risk and hazard mitiga-
tion. The residual risk (R,) is the difference between
calculated risk and acceptable risk for a given level
of hazard mitigation (M). Modified from Woodward-
Clyde Consultants, 1980b, fig. 1-1.

treatment of risk assessment for natural hazards is given
by Burton and others (1978) and White and Haas
(1975).

RISK REDUCTION

Given adequate information about geologic hazards
and the risks they pose, different risk-reduction ap-
proaches are possible: 1)land use, 2)construction
technology, 3) protection works, and 4) warning sys-
tems.

LAND USE

Land-use approaches to risk reduction involve
decisions about where certain types of facilities can be
built. The greatest power for effective land-use planning
and regulation for most facilities is concentrated at the
local-government level, where most construction is
regulated under authority delegated by the state. Gen-
erally, the planning body of the local government
prepares a comprehensive land-use plan that serves as a
base for specific zoning ordinances. Natural hazards are
just one of many considerations that may affect land-
use-planning and zoning decisions. If the hazard is
severe, separate hazard zones may be identified to limit
land use to low-density or recreational purposes. If the
hazard is localized and manageable on a site-specific
basis, certain siting and design practices may be pre-
scribed. Some local governments, primarily outside
Alaska, use hazard-overlay maps to add qualifiers to
existing zoning categories without changing their pri-
mary designations. In all cases, local governments have
provisions that allow flexibility in cases where the
ordinance imposes an undue hardship or where a specific
use that is not normally allowed can be permitted
because it meets the standards intended by the ordi-
nance, Where land is already in use, zoning changes
generally apply only to new construction,

Hazards information can be used by individual
builders to select safe sites for construction, for ex-
ample, based on location of unstable slopes or ice-rich
permafrost. At the state level, hazards information can
be used in statewide and regional land-use plans to
develop zoning regulations for state land and in site
selection for state buildings and major public or critical
facilities.

CONSTRUCTION TECHNOLOGY

Proper design and construction of facilities are
effective in reducing vulnerability to many hazards. The
most stringent regulatory measures are used in the design
and construction of critical facilities. For most non-
critical facilities, the power for implementing regulatory
measures is at the local level. Typically a local govern-
ment adopts the ICBO Uniform Building Code by
ordinance and deletes or adds provisions as it deems
appropriate for its jurisdiction. Sometimes, design and
construction standards are incorporated into the zoning



Table 1. Significant geologic hazards in Alaska.

Potentially catastrophic geologic hazards

H - Probable location of future events can be shown on large-scale maps (1:63,360 scale or larger).
M - Variations in relative intensity or severity of hazard can be shown on large-scale maps, but not the location of future events,
L - Variations in relative intensity or severity cannot be shown on large-scale maps.

Bprediction capability

H - Individual eventis can be predicted with sufficient accuracy and warning time to evacuate area,

M - Although individual events eannot be reliably predicted, conditions favorable for their occurrence can be forecast in time to issue warnings and evacuate area if necessary.

L, - Neither individual events nor the conditions favorable for their occurrence can be predicted reliably enough to allow for adequate response.

Mappability®
Zone of Zone of
primary secondary Prediction
Event Causative processes Primary hazards Secondary hazards hazards  hazards capability?
Earthquake Crustal displacement Strong ground shaking Ground failure L-M M-H L
Voleanic eruption Fault displacement Avalanche
Subsidence or uplift Tsunami (can also be
caused by earthquakes
outside Alaska)
Seiche
Rapid mass
movement
Snow avalanche Snow accumulation on steep High dynamic pres- Air blast H H M
slopes and subsequent modifi- sure
cation by drifting, melting, Burial
and precipitation (also a
secondary effect of
earthquakes)
Slide (landslide, Natural or artificial slope Ground displace- Flooding following M H M
rockslide, rock- oversteepening, overloading ment (both temporary damming
fall, slump) and/or reduction of vertical and hori- of stream by slide
material strength, usually zontal) deposit
by water saturation (also a High dynamic pres- Tsunami or seiche
secondary effect of earth- sure
quakes, volcanic eruptions, Burial
coastal erosion, and river
erosion)
Flow (mudflow, Excessive rainfall or rapid Ground displace- Flooding following M H M
debris flow, snowmelt in areas of ment temporary damming
debris avalanche, steep slopes and loose High dynamic pres- of stream by flow
slushflow surficial materials (soil, sure deposit
avalanche) vegetation, rock; also a Burial
secondary effect of
voleanic eruptions)
dMappability
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Table 1 (con.)

Mappability?
Zone of Zone of
primary secondary Prediction
Secondary hazards hazards hazards  capability?

Event Causative processes Primary hazards

Veolcanic eruption Buildup of magma and gas Lava flow Mudflow (lahar) M M-H M

Flood

Soil instability

under pressure within or

Pyroclastic flow

Debris avalanche

beneath the earth’s crust, Nuee ardent (glow- Tsunami

followed by upward migra- ing avalanche) Acid rain

tion via conduits and fis- Directed blast Lightning

sures to the Earth’s sur- Ash fall Forest fire

face Voleanic bomb Landslide
Earthquake

Cloudburst

Prolonged rainfall

Rapid snowmelt

River ice jam

Glacial outburst (release of
subglacial or englacial water)

Coastal storm surge

Also a secondary effect of
earthquakes, volcanic
eruptions (tsunami), and
mass movements

Settling as a result of melting

of ice-rich permafrost or seasonal

ground ice

Shrinking of clay-rich soils during

drying

Noxious gas

High dynamic pres-
sure in area of
high-flow velocity

Submergence of large
areas

Excessive siltation

Erosion and de-
position

Water-supply
contamination

Chronic or localized geologic hazards

Creep Solifluction or gelifluction Differential down- e
Frost creep slope movement
Slow downslope movement of of ground surface
nonsaturated soils on steep
slopes
Heave Frost heave Differential vertical
Swelling of clay-rich soil movement of ground
by absorption of water surface
Subsidence Soil compaction Differential vertical

movement of ground
surface
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Event

Causative processes

Coastal erosion

River erasion

Table 1. (con.)

Waves of sufficient energy to
remove sediment or rock faster
than it is replenished

Tsunami

Tidal current

Artificial disruption of longshore
sediment transport (jetty,
breakwater, sand mining)

Storm surge

Flow of sufficient velocity
and capacity to remove material
from riverbank

Migrating or shifting channel

Artificially induced (for example,
sand-and-gravel mining from river-
bank}

Also a secondary effect of floods
(see above)

Mappability®
Zone of Zone of
primary secondary Prediction
Primary hazards Secondary hazards hazards  hazards capability®
Land removal Landslide caused by H H -
slope oversteepening
Land removal Landslide caused by H H -

slope oversteepening
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ordinances, such as minimum floor elevations in flood
areas, but these are in addition fo a building code that
applies to the entire jurisdiction. Most states require
local governments to adopt a building code and usually
specify the Uniform Building Code (UBC). The State of
Alaska currently does not require local governments to
adopt a building code, although it gives them the author-
ity to do so. Most major municipalities in Alaska have
adopted modified versions of the Uniform Building
Code. At least one municipality, the Fairbanks North
Star Borough, has not yet adopted a building code.

Hazard-related design and construction require-
ments are nol comprehensive in the Uniform Building
Code. The latest version (International Congress of
Building Officials, 1982) contains design requirements
for wind and earthquake loads (sec. 2312) and guidelines
for excavations, construction on expansive soils, grading,
drainage, and erosion control to be implemented largely
at the discretion of local building officials. A major
limitation of the earthquake regulations in the code is
that they provide design requirements only for the
structural integrity of buildings under the forces of
earthquake shaking and will not necessarily alleviate
major foundation failures, building displacements, or
misalignments that resull from earthquake-induced
ground failure, This omission could mislead local au-
thorities or building designers who follow the code
rigorously to expect the resultant structure to be safe
from earthquakes; in fact, the structure may be built on
sensitive or liquefiable soils that could cause failure from
major ground displacements even before shaking reaches
the level for which the structure was designed. A build-
ing so designed would probably maintain its structural
integrity; however, risk of injury from falling and sliding
objects is still very high if major ground failures are
involved and, unless the building can be realigned, it
could be a total loss.

For earthquake design, the Uniform Building Code
incorporates an ‘importance factor’ that depends on the
type of facility proposed and specifies design criteria
based on the seismic zone in which the facility is located
(fig. 10). Buildings with assembly rooms for 300 or more
persons require earthquake-design forces 1.25 times the
normal value, For ‘essential facilities’ (hospitals, fire and
police stations, and disaster centers), the factor is 1.5,
Some state governments have legislated special design
and construction requirements for such facilities beyond
the provisions of the Uniform Building Code. State
agencies (or federal agencies for federally supported
projects) have authority to establish standards and
review proposed designs and construction practices on a
project-specific basis for some major public facilities,
such as hydroelectric dams. Some specific approaches
used in other states are discussed later in this report.

A problem in hazard-related design is that the
magnitude of an event a structure should be capable of
withstanding (the ‘design event’) is difficult to assess.
The conservative approach is to design for the ‘maxi-
mum credible event,” or the largest event possible

considering the known natural processes or conditions in
an area. For example, in a seismically active region, the
maximum credible event could be a Richter magnitude
9.0 earthquake. The design cost for a Richter magnitude
9.0 earthquake may be unreasonably high for many
facilities, especially if the probability is low that the
event will occur during the design life of the facility.
These costs may approach or even exceed the total
financial loss that could result from the maximum
credible event if no measures are taken. A more common
approach is to design for the 100-yr event, which is
often termed the ‘maximum probable event.” Flood-
hazard maps typically show elevations of the ‘100-yr
flood,” a flood that can be expected to occur once every
100 yr. The type of facility will also help determine the
design event. In California, the Division of Safety of
Dams (DSD) requires that dams be designed so that no
major amount of water is released if the maximum
credible earthquake occurs.

Intensity of ground shaking at the site is the most
important factor in earthquake-resistant design and
depends on factors such as the distance of the site from
the expected earthquake, the magnitude of the earth-
quake, the degree of attenuation of shaking with dis-
tance from the epicenter, and whether the site is on
bedrock or sediment. Intensity of ground shaking can be
expressed in terms of peak ground acceleration, dura-
tion, ground displacement, spectral velocity, or numer-
ous other parameters. Thus, for design purposes, the
maximum probable or maximum credible event must be
one or more of these parameters, rather than just magni-
tude.

PROTECTION WORKS

A limited number of hazards can be mitigated by
protection works and other structural and corrective
solutions. The most common protection structures are
flood-control dams and diversion works, which can
substantially reduce the need to relocate existing facili-
ties and impose new =zoning restrictions to prevent
disaster (fig. 11).

Although flood-protection works have successfully
controlled flood hazards in many areas, two potentially
serious deficiencies must be considered. First, if the
protection works fail, the hazard can be much more
severe than before the works were buill because large
volumes of water are suddenly released and the diversion
works can inhibit flood water draining from the pro-
tected area. Second, protection works can promote
increased development in the ‘protected’ area and, if the
protection fails, damage and injury will be much more
extensive.

Protection works have also been used successfully to
control slope instability and coastal erosion. Techniques
for stabilizing landslides are developing rapidly and
proving to be increasingly successful. As a result, many
areas in southern California that were formerly avoided
because of landslide hazards are no longer considered
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Figure 10. Seismic-zone map from the Uniform Building Code (International Congress of Building Officials, 1982).
Seismic hazard is lowest in zone 1 and highest in zone 4.

unfit for development (Leighton, 1982). Because many
landslides are triggered when they become water satu-
rated, internal-drainage systems are frequently success-
ful, as in the Pacific Palisades area. However, not all
landslides can be controlled in this manner, and other
protection or stabilization methods are often prohibi-
tively expensive. For coastal-erosion problems, jetties
and breakwaters often reduce erosion in one area, but
promote erosion or deposition in adjacent areas be-
cause the longshore transport of sediment is disrupted.
Other protective or corrective approaches to risk reduc-
tion include firebreaks, riprap, use of vegetation for
slope stabilization, and anchoring of loose structures.

Protection works and corrective measures are often
necessary because land was improperly developed.

Sound land-use planning and regulation and proper
selection and preparation of construction sites are the
best ways to avoid expensive postdevelopment measures
that may have limited success.

WARNING SYSTEMS

Warning systems are both risk-reduction and dis-
aster-preparedness measures. They help reduce the
hazard to people by providing time to evacuate an
area of impending disaster and simultaneously initiate
disaster-response activities. Although short-term warning
of an impending event can reduce risk of personal injury
during a disaster, it generally does not reduce the hazard
to fixed structures and property. Warnings are possible
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Figure 11. Floodgate in the Chena Lakes Flood Control project, about 20 mi east of Fairbanks. The structure limits
water flow to 12,000 i3 /see, which is less than one-fifth the amount that flooded Fairbanks in 1967. Photograph by
U.S. Army Corps of Engineers.

only if reliable hazard predictions can be issued and
communication is dependable, or if adequate time lapses
between an event and its effects (table 1). For example,
if a major tsunami is generated by an earthquake be-
neath the south Pacific Ocean, there is ample time to
issue warnings to Alaskan coastal communities.

Warning potential for river floods is high because
predictive techniques for weather conditions that
produce heavy rainfall are relatively effective, and often
there is time to warn people downstream once a flood
begins. Prediction of voleanic eruptions is improving
rapidly, but requires constani localized seismological
monitoring and measurements of ground deformation.
Warnings are less effective for snow avalanches and
landslides, Typically, areas susceptible to these hazards
are identified and studied to determine when conditions
exist that could trigger mass movements; however, it is

nol possible to reliably predict individual events, Al-
though advances are being made in earthquake predic-
tion, it will probably be a long time before they are
reliable,

COMBINATIONS OF APPROACHES

No single approach to risk reduction is universally
effective. In most situations, a combination of ap-
proaches is most effective, and the ecircumstances will
dictate which methods should be emphasized. For
example, in developed areas, substantial changes to
zoning ordinances are unreasonable; therefore, protec-
tion works or more stringent building codes should be
emphasized. Old buildings may need to be refurbished to
meel new standards. The besl combination of risk-
reduction measures depends on the level of jurisdiction
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(local, state, or federal), the types of facilities involved,
the extent and type of development, and the expected
hazards. A balance between land-use and building-
technology approaches has proven most effective. Many
local jurisdictions outside Alaska use both a strong
hazards-related zoning ordinance and a building code. If
adequately enforced, this approach can alleviate many
problems, Zoning ordinances can be used to prohibit or
restrict construction of certain types of facilities in
unstable areas. Facilities that are allowed in these areas
must be built according to the building code.

The following examples illustrate how combined
risk-reduction approaches are commonly used in specific
applications.

Subdivisions

Most local jurisdictions, including those in Alaska,
establish subdivision regulations by ordinance to provide
guidelines and requirements for dividing large parcels of
land inlo smailer lots for resale. In addition to the
standard requirement that developers submit plans and
plats that describe proposed layouts of lots, utilities, and
transportation routes for review and approval by the
local planning commission, subdivision regulations
sometimes deal with localized geologic hazards. Rather
than impose a priori restrictions on land use and con-
struction within subdivisions, local jurisdictions may re-
quire, through subdivision regulations, that the de-
veloper identify hazards such as unstable soils, steep
slopes, snow-avalanche zones, and areas prone to flood-
ing. The developer must describe how these hazards can
be avoided through appropriate land use or construction
alternatives approved by the planning commission.

Excavations and Grading

Many local governments establish site-development
ordinances to prevent hazards caused by improper
grading that could promote slope instability or inhibit
drainage. A permit may be required for specific types of
grading and excavalions. Some provisions of this type
are included in chapter 70 of the Uniform Building Code
(International Conference of Building Officials, 1982).

Commercial Facilities

Major new commercial facilities tend to attract
residential development and, if improperly located, can
inadvertently promote growth in hazardous areas.
Therefore, if major shopping and business centers are
located away from hazardous areas, community risks
will be reduced.

Places of Assembly
Special measures are often necessary for facilities,

such as schools, auditoriums, churches, and other large
buildings that are intended for large groups of people.

The objectives of hazard mitigation for these structures
are to allow safe exit and protect occupants from injury.
One highly successful measure is the Field Act in Cali-
fornia, which regulates construction and remodeling of
schools. Other successful measures are the earthquake
regulations in the Uniform Building Code that require
design loads to be increased by 25 percent for buildings
that will be used by at least 300 people.

Lifelines and Critical Facilities

Some facilities are essential to public health and
safety and require special consideration in hazard
mitigation. These critical facilities would pose a major
danger to the public if damaged or must remain func-
tional during and after a disaster for public safety or
essential economic activities. Included in this category
are hospitals, police and fire stations, detention facilities,
disaster centers, dams, nuclear and other power plants,
chemical plants that handle toxic materials, water
supplies, sewer systems, power lines, highways, railroads,
airports, and communications systems. Schools and
other places of assembly are often considered critical
facilities because of the large number of people that
would be affected in a disaster. Key considerations are
that critical facilities must provide for safety of occu-
pants and, in most cases, must continue to perform some
or all functions. Thus, more stringent hazard-mitigation
measures are required. Special building standards and
site-selection procedures are needed for these facilities.
Effective hazard mitigation for these structures requires
periodic review during site selection, design, construc-
tion, and operational phases of the projects. This process
generally must be established through federal and state
legislation and regulations that specify permitling and
regulatory authorities, responsibilities and rights of the
contractor(s), and review functions of various agencies.

THE HAZARD-MITIGATION PROCESS

Hazard mitigation consists of four major steps:
1) collection of geologic data, 2) hazard evaluation,
3) risk assessment, and 4) risk reduction (fig. 12). The
success of this process depends on effective public
education. Government policy in hazard mitigation
cannol be developed and implemented without support
by an informed public. The most effective hazard
mitigation occurs when informed individuals make wise
decisions about where and how they build.

ROLES OF DIFFERENT LEVELS
OF GOVERNMENT

Because most development is regulated by local
governments, local risk-reduction practices have the
greatest potential for success. Large public-works pro-
jects and construction of critical facilities are often regu-
lated at the state level, where hazard-management
policies are most appropriate. Because many hazards
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Figure 12, The hazard-mitigation process,

transcend the boundaries of local governments, adjoining
local jurisdictions need to coordinate with each other to
prevent conflicting plans and regulations. For example,
flood-plain management or diversion practices in one
community could affect other communities down-
stream, or zoning for major commercial facilities in one
jurisdiction might promote development in hazardous
areas of an adjacent jurisdiction. All regulatory activities
of local governments are performed under authority
granted by state government. Therefore, states need to

provide legislation, clear policy guidelines, and adequate
information for local governments to develop hazard-
related ordinances,

In Alaska, local land-use policies are the responsi-
bility of borough governments. Because boroughs
occupy sizable land areas (larger than most counties in
the contiguous states), the scale of borough land-use
plans is ideal for incorporating geologic-hazards con-
siderations. However, only 25 percent of Alaska is
subdivided into boroughs; therefore, when problems
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arise in areas outside the organized boroughs, coordina-
tion between borough and state or federal governments
is necessary.

Because federal, state, and local governments have
different levels of financial and personnel resources and
different management responsibilities, their roles in
hazard mitigation are also quite different (table 2). Local
governments generally do not have the financial re-
sources or personnel to conduct major geologic-hazards
studies, particularly for large-scale and potentially
catastrophic hazards like earthquakes and volcanic
eruptions. State geological surveys are equipped to
conduct these types of studies, publish information on
hazards that affect the state, and provide technical
assistance to local governments. Other state agencies can
assist with land-use plans, ordinance development,
building-code enforcement, and other risk-reduction
measures, The federal government assists states by
providing {opical information on geologic-hazards
processes, performing research, and mapping on a
regional scale. State and federal governmentis have
disaster-relief funds to assist communities if a disaster
occurs, Availability of federal disaster-relief funds is
becoming increasingly contingent on effective state and
local risk-reduction measures that follow a disaster.

GEOLOGIC-HAZARD-MITIGATION
PROGRAMS IN OTHER STATES

Twenty-seven states, including Alaska, have adopted
some form of legislation that authorizes or requires
measures for geologic-hazard mitigation, The com-
prehensiveness and effectiveness of hazards legislation
vary widely among these states and depend on how
strongly the statutes are worded and how actively they
are implemented. In some states, hazards legislation is in-
effective because it authorizes measures thal are never
implemented. Of the 27 states with hazard-mitigation
legislation in effect in 1982, 13 (including Alaska)
adopted the Example State Disaster Act published by
the Council of State Governments (1972). The disaster-
prevention section of the act calls on the Governor and
the state Division of Disaster Emergency Services to
study disaster-prevention matters, land uses, and con-
struction in the state and to recommend measures to
reduce or prevent harmful consequences of a disaster.
The Council of State Governments Disaster Act does
litile to mitigate hazards because it is primarily disaster-
preparedness legislation, The act relies on follow-up
legislation, policies, and development of agency pro-
grams to be effective for hazard mitigation. Only a few
states have enacted programs in which hazards con-
siderations are integral to land-use, development, and
construction policies. The most common approach at
the state level is enactment of legislation that initiates
development of local mitigation programs and broad
state policies and sets up state regulation of certain
facilities.

Hazard-mitigation programs in California and
Colorado were reviewed to determine whether they
could serve as models for similar programs in Alaska.
Both states have significant geologic hazards that are
similar to those in Alaska and have tested their programs
over longer periods than most other states. Information
used in this review includes state statutes and regula-
tions, published reports, and numerous discussions with
individuals involved with the programs at state and local
levels.

CALIFORNIA

Hazard-mitigation programs in California are largely
an outgrowth of public reaction to natural disasters,
beginning with legislation that was developed after the
St. Francis Dam failed in 1928 (Campbell, 1976). This
approach has been responsible for a wide variety of
seemingly unconnected special-purpose programs. For
example, school construction has been strictly regulated
for earthquake safety under the Field Act since 1933,
when an earthquake extensively damaged schools in
Long Beach. Similar standards for hospitals (Hospital
Seismic Safety Act) did not appear until after the 1971
San Fernando earthquake when exfensive damage
occurred and dozens of people were killed at four major
hospitals and many other medical facilities. In recent
years, California has begun to develop more farsighted,
coordinated programs in anticipation of future events.

Surges in public emotion thal follow disasters have
been responsible for the episodic development of ha-
zards-related legislation in California. Two consequences
are the need for extensive corrective action by the
legislature on hastily prepared bills and, until the early
1970s, the lack of comprehensive, well-prepared legisla-
tion. A high percentage of hastily prepared bills were
passed by the Legislature during the emotional after-
math of disasters. Lulls between disasters allowed
sufficient time to prepare good legislation, but were
also periods of apathy during which few good bills were
passed (Slosson, 1975).

Despite this erralic process, many successful pro-
grams that address specific problems were developed. In
recent years, Californians and their legislators have
begun to support more advanced planning and well-
prepared, long-range legislation like the Alquist-Priolo
Special Studies Zones Act and establishment of the
Seismic Safety Commission.

Many lessons can be learned from the history of
hazard-mitigation programs in California. The lessons are
particularly applicable to Alaska, which is in a position
similar to that of early 20th-century California. Eco-
nomic development is still in its youth, one major
damaging earthquake has occurred, and the likelihood is
high that additional events will occur (as they did in
California) that will take a progressively greater toll of
lives and property unless the disaster potential is re-
duced. Ironically, the 1964 Great Alaska Earthquake



Table 2. Suggested roles of federal, state, and local governments in hazard mitigation and disaster preparedness. Modified from Council of State Govern-
ments, 1979; Hays and Shearer, 1981; and Nichols and Campbell, 1971.

Policy

Research

Technical
services

Risk
reduction

Disaster
preparedness

Federal government

Long-term national goals and policies
Financial assistance for state and local govern-
ments to develop policies and programs

Support topical research on geologic pro-
cesses and regional mapping of hazards

Support engineering and socioeconomic
studies

Support permanent monitoring (for
example, earthquakes) at regional scale

Conduct postdisaster studies

Supply geologic data, small-scale regional
maps, and information

Provide assistance to state and local govern-
ments

Develop model building codes and land-use
plans

Provide financial support for local land-use
plans

Support development of risk-reduction
building technology

Protection works (for example, U.S. Ammy
Corps of Engineers)

Issue predictions and warnings

Federal disaster-relief funds and loan programs
Provide advice and financial incentives for
state and local preparedness plans
Maintain major response capability (for example,
U.S. Army National Guard, Corps of Engineers)
Offer or subsidize hazard insurance

State government

Enabling legislation for local govern-
ments

Statewide goals and policies

Statewide land-use plans

Establish interdisciplinary councils
to recommend public policy

Financial assistance to local govern-
ments

Support research on geologic hazards
in the state and mapping of hazards
at local to statewide scales

Support long-term monitoring at
statewide scale

Conduct short-term postdisaster
studies in cooperation with federal
government

Supply geologic data, large-scale maps,
and information to local governments
and public

Provide technical assistance to local
governments

Develop guidelines for local risk-re-
duction measures

Develop model zoning ordinances

Establish laws and regulations for
siting and design of lifelines and
critical facilities

Set hazard-mitigation requirements
for construction projects using state
capital funds or loans

Protection works

Evaluate predictions, issue warnings,
and advise as to appropriate response

State disaster-relief funds

Disaster-preparedness plans and
programs

Public education

Assistance to local governments
in developing preparedness plans

Local government

County (borough) land-use plans

Perform or require local studies of
specific hazards

Assemble and evaluate data
relevant to local hazards issues

Adopt and enforce zoning and site-
development ordinances, buiiding
codes, and subdivision regulations

Local preparedness plans
Public education with emphasis on
individual preparedness
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inspired the establishment of California’s Joint Com-
mittee on Seismic Safety, which in 1974 became the
Seismic Safety Commission (Campbell, 1976).

The major state legislative programs that relate to
geologic-hazard mitigation in California, their develop-
ment, and some of their strengths and weaknesses are
reviewed below.

STATE PLANNING AND ZONING LAW:
GENERAL PLAN

In 1927, California passed legislation thal allows
local governments to prepare a general plan to document
their land-use and development policies. In 1955, the
general plan became a state requirement for all counties
and cities, and two ‘elements’ (land use and circulation)
were addressed (California Government Code, secs.
65300-65302). By 1971, seven more elements were
added, including a ‘seismic-safely element’ and a ‘safety
element’ required by amendments that were passed soon
after the San Fernando earthquake. Also in 1971, the
most significant feature relating to implementation was
added: the requirement that all zoning ordinances and
subdivision approvals be consistent with a jurisdiction’s
general plan.

State law requires the Governor’s Office of Planning
and Research to prepare, adopt, and periodically revise
state guidelines to assist local governments in preparing
their general plans. These guidelines constitute Califor-
nia’s official interpretation of the planning law and give
detailed instructions and suggesiions on content, format,
and procedures (California Office of Planning and
Research, 1980).

As new elementis were added to requirements in the
general plan, local governments were given deadlines for
their preparation and adoption. All seismic-safely and
safely elements were Lo be completed by 1976. As of
January 1977, 81 of the 412 cities and 19 of the 58
counties had not adopted a seismic-safety element
(California Seismic Safety Commission, 1977a). Only
the housing element requires an update every 5 yr.
However, the guidelines strongly encourage thorough
review and revision of all elements at least every 5 yr to
reflect new conditions and public attitudes.

Various portions of each general plan must be
submitted to appropriate state agencies for review. For
example, a copy of the adopted seismic-safely element
and agsociated technical data must be submitted Lo the
state Division of Mines and Geology (DMG). With one
exception (unrelated Lo hazards), stale agencies do not
have approval authority over general-plan elements. The
purpose of submitting review copies is Lo inform state
agencies thal have responsibilities related lo certain
aspects of the general plan and to provide those agencies
with an opportunity lo suggesl revisions or improve-
ments.

The seismic-safety element of the general plan must
consist of an “identification and appraisal of seismic and
geologic hazards, such as susceptibility to surface rup-
tures from faulting, to ground shaking, lo ground
failures, or to effects of seismically induced waves such
as lsunamis and seiches.” The safety element must
describe proposed features for community protection
from Lhose hazards. Flooding musl be addressed in other
elements of the general plan, including the land-use
element (which identifies areas subject to flooding) and
the conservalion element (for conservalion aspects of
flood control). State guidelines note that the division of
the general plan into separate elemenis ‘““is more a
product of ihe ineremental nature of the legislative
process than a conscious design.” Thus, local planning
commissions are encouraged to combine the seismic-
safety and safely elements into one section devoted to
the hazard issues. Plans for implementing the Alquist-
Priolo Special Studies Zones Act, described below, must
also be included in the general plan if all or a portion of
the local jurisdiction lies within one zone.

Only 1 yr after all seismic-safety elements were
due to be completed, the California Seismic Safety
Commission (SSC) (1977a) reviewed the seismic-safety
requirement and found that it had already begun to
produce positive effects. However, SSC recognized that
it could be a long time before a major earthquake
tested the requirement’s effectiveness. The seismic-safety
requirement forced local identification of earthquake
problems, formulation of related policy, and signifi-
cantly impacted land-use decisions. When a question-
naire was sent to four cities and four counties, most
jurisdictions responded that information generated by
the seismic-safety requirement provided important
seismic and geologic data for decisionmakers at all levels
of government and increased the awareness of planners,
public-works officials, building departments, and elected
representatives of seismic and geologic problems related
to land-use planning. The review committee concluded
that, despite some weaknesses, the seismic-safety re-
quirement produced very significant benefits in the
interest of public safety.

One weakness of the planning law is that the state is
unable to ensure that general plans or their individual
elements are adopted and periodically updated. No
penalties are prescribed for failure to complete a general
plan, nor are financial incentives given. However, any
property owner, resideni, state agency, stale attorney
general, or any aggrieved party may sue to enforce the
requirement for adoption of a general plan and con-
sistency of subdivision approvals and zoning. The courts
may issue a writ of mandate for compliance with the
requirement or set aside city or county approval of an
action that is inconsistent with the plan. Apparently,
court action is the only means of ensuring compliance
(J.L. Mintier, oral commun., 1982).
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Another weakness is that no single agency is respon-
sible for reviewing the adequacy of general plans. Seis-
mic-safety elements are submitted to the Division of
Mines and Geology (DMG) for possible review, but
approval is not required. Also, DMG comments con-
centrate on the technical adequacy of geological and
geophysical information and do not address application
of the information to planning (J.L. Mintier, oral com-
mun., 1982), The California Seismic Safety Commission
(1977a) found a wide variation in content and quality of
plans. Although SSC conceded that variation in content
and organization is inevitable, and to a certain extent
desirable, it concluded that lack of checks on quality
allowed the adoption of many seismic-safety elements
that contain misleading or erroneous information.
Consequently, questions are raised about the validity
and effectiveness of seismic-safety elements in a planning
document.

After a general plan is adopted, implementing it
through such means as revising existing zoning laws,
updating building codes, and conducting safety in-
ventories of existing buildings is difficult. Although the
law requires that actions such as subdivision approvals
and zoning changes be consistent with the general plan,
it cannot ensure that new actions stipulated by the plan
are implemented. Mintier and Stromberg (1982) sur-
veyed seven jurisdictions and found that the safety
element has not functioned successfully as a planning
document. For example, all seven jurisdictions had
adopted policies in their general plans that called for an
inspection and rehabilitation program for hazardous
buildings, but none have implemented their programs.
Instead, the seismic-safety element has been most
effective as an educational tool for planners and elected
officials and as a broad mandate for local governments
to learn about the geology of their areas and to mitigate
hazards through project reviews.

ALQUIST-PRIOLO SPECIAL STUDIES
ZONES ACT

The Alquist-Priolo Special Studies Zones Act was
passed in December 1972 and became effeclive as part
of the California Public Resources Code (secs. 2621 to
2630) in March 1973. As of 1980, the act had been
amended four times. The law requires the State Geolo-
gist to delineate special-studies zones (normally 1/4 mi
wide or less) that encompass all ‘potentially and recently
active’ faults that constitute a possible hazard to struc-
tures from surface faulting or fault creep. Before any
‘project’ (defined by the law) within a special-studies
zone is approved, cities and counties must require a
geologic report that defines and delineates any hazard of
surface fault rupture. Project approvals and geologic
reports must comply with policies and criteria set by the
State Mining and Geology Board (SMGB). The act also
requires that sellers of real property located within a
special-studies zone disclose that fact to prospective
buyers. Table 3 summarizes responsibilities and func-
tions under the act.

According lo the law, a ‘project’ is any new real-
estate development or structure intended for human
occupancy, with the exception of single-family wood-
frame dwellings that do not exceed two stories and
alterations thal do not exceed 50 percent of the struc-
ture’s value. The SMGB defines an active fault as one
that shows evidence of surface displacement within the
last 11,000 yr (Holocene time). To delineate special-
studies zones, the State Geologist defined a ‘polentially
active’ fault as one that shows evidence of surface
displacement during the last 2 m.y. (Quaternary time),
and included ‘recently active’ faults in the ‘potentially
active’ category. Since January 1, 1977, special-studies
zones have been delineated based only on faults that
show evidence of activity during Holocene time,

The DMG produces maps that show special-studies
zones on U.S. Geological Survey 1:24,000-scale topo-
graphic base maps (fig. 13). An ongoing fault-evaluation
program selects faults that can be located in the field
with sufficient precision and confidence to indicate that
site-specific investigations required by law will be
successful, Positions of the special-studies zones are
controlled by the positions of mapped fault traces. Zone
boundaries are straight-line segments that join locatable
features on the ground. The zones have a total width of
about 1/4 mi except where there are closely spaced,
parallel fault strands in which case the zone may be
wider. As of January 1, 1980, 288 special-studies-zone
maps had been issued; 24 of these had been revised.
Approximately 24 counties and 69 cities are affected
(Hart, 1980). The DMG is required to review new
geologic and seismic data to revise existing zones or
delineate new ones.

Local governments are responsible for determining,
through requirements placed on the developer or builder
of projects within a special-studies zone, whether a
potential fault hazard exists for proposed structures and
their occupants. Fault information shown on DMG
special-studies-zone maps is not intended to be sufficient
for this purpose. Along with the permit application,
the developer or builder must submil a report prepared
by a geologist registered in the State of California that
addresses potential surface fault displacement through
the project site. As required by SMGB policies, the city
or county must then retain a registered geologist to
review the report for adequacy. The city or county must
approve the report before a permit is granted. The
policies of SMGB prohibit construction of structures for
human occupancy within 50 ft of an active fault. There-
fore, to be eligible for a permit, a builder or developer
must prove there are no active faults within 50 ft of the
proposed project. The board has set 50 ft as the mini-
mum standard, and encourages cities and counties to
impose more restriclive criteria for large or critical
structures.

The DMG has found that the investigative methods,
documentation, report quality, and validity of conclu-
sions are inadequate in many fault-evaluation reports
(Hart and Wagner, 1975; Stewart and others, 1977).
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Table 3. Summary of responsibilities and functions under Lthe Alquist-Priolo Special Studies Zones Act (Hart, 1980).

State Geologist

1. Delineates special-studies zones; compiles and issues
maps to cities, counties, and state agencies.
a. Preliminary maps for review.
h. Official maps.

2, Reviews new data.
a. Revises existing maps.
b. Compiles new maps.

3. Approves requests for waivers initiated by cities
and counties,

State Mining and Geology Board

1. Formulates policies and criteria to guide cities and
counties,
2. Serves as Appeals Board.

Although not required to do so by law, DMG published
guidelines for the evaluations and a suggested outline for
the reports (Hart, 1975).

Implementing the Special Studies Zones Act at the
local level has additional problems, some of which
remain unresolved. Most difficulties result from lack of
clear definitions and requirements and from incon-
sistencies bhetween SMGB policies and the Special
Studies Zones Act. For example, the law is not clear
about what basis is used to establish property values of
buildings proposed for alteration to determine if a
geologic report is required (based on 50 percent of the
value), Whether ‘structures for human occupancy’
include warehouses, studios, and buildings added to an
existing facility, or if the requirements apply to expan-
sion of existing uses and changes in occupancy is not
clear, Policies of SMGB prohibit building any struetures
for human occupancy within 50 fi of an active fault,
whereas the Special Studies Zones Act exempis certain
structures (for example, single-family dwellings) from
thal requirement. Many problems could be resolved by
amending the act and revising SMGB policies (California
Seismic Safety Commission, 1977b).

More serious implementation problems arise because
the Special Studies Zones Act imposes uniform, state-
wide requirements that do not allow flexibility for local
differences in government, level of development, and
conditions that preclude accurate delineation of surface
fault traces. For example, how can the trace of a sus-
pected active fault be located in an urbanized area that
has no predevelopment aerial photography and is largely
covered by fill? Where faults must be located by re-
mote-sensing methods, such as seismic and magneto-

Cities and Counties

1. Must adopl zoning laws, ordinances, rules, and
regulations; primary responsibility for implement-
ing act.

2. Regulate specified ‘projects’ within special-studies
Zones,

a. Determine need for geologic reporis before
project development.
b. Approve geologic reports before issuing develop-
ment permits.
c¢. May initiate waiver procedures.
3. May charge reasonable fees for administrative costs.

Other

1. Seismic Safety Commission — advises State Geologist
and State Mining and Geology Board.

2. State Agencies — prohibited from siting structures
across active fault traces,

3. Disclosure — prospective buyers of any real properly
located within a special-studies zone must be noti-
fied of that fact.

meter surveys, it is generally not possible to date the
displacement or accurately extrapolate the surface trace.
Many local governments alleviate uncertainties in clarity,
definition, and application of the law by imposing their
own more restrictive ordinances. For example, if the
sethack is increased to 100 fi, the surface trace of a fault
that has no surface expression can be approximately
mapped because it incorporates a 50-ft margin of error
beyond the setback required by SMGB. To alleviate
uncertainties in how the law is applied to indjvidual
properties that lie partially within a special-studies zone,
one city adjusted zone boundaries to follow property
lines and street centerlines so that lots originally crossed
by a zone boundary are now entirely within the zone
(California Seismic Safety Commission, 1977h).
Requiremenis imposed by the Special Studies
Zones Act and by board policies created a considerable
demand for registered geologists. Two registered geolo-
gists are required for all new projects in every special-
studies zone in every city and county affected by the
act. One registered geolopist prepares the report for the
developer or builder, and the other reviews it for the
permitting body. Many local governments regard this
requirement as excessive and have recommended that
they be allowed to hire one geologist to prepare a report
for the entire portion of a special-studies zone that
transects their respective jurisdictions and that DMG
provide the review. Because of the scarcity of registered
geologists, some people believe that it is impractical and
not in the public interest to require that the reports be
reviewed by repistered geologists. One city geologist
found that ‘“many geologists preparing reports are
unaware of recent trends in fault analysis, rely on
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Figure 13. Example of a Special Studies Zones map. These maps are published by the California Division of Mines and
Geology in accordance with the Alquist-Priolo Special Studies Zones Act of 1972. Modified from Hart, 1980, p. 7.

inappropriate methods of investigation, and restrict
themselves too tightly to a site, referring only to pub-
lished regional data rather than using field-checked
air-photo inlerpretation™ (California Seismic Safety
Commission, 1977h).

The disclosure requirement presents implementation
problems and is not clear about responsibility for its
enforcement. Most local governments assume the state is

responsible for enforcement, but a few have clarified
their own policies and procedures for disclosure, Most
cities and counties do not know whether a seller dis-
closes to prospective buyers that the subject property
lies within a special-studies zone. Many sellers and real
estate agents are unaware of the requirement, even
though they may be aware of the act. One county
requires the owner to sign a stalement, recorded with
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the deed, that acknowledges the potential hazard, but
only for new projects that require a geologic report
under the Special Studies Zones Act. Enforcement of
the disclosure provision for property that does not
require a report is much more difficult because a permit
is generally not involved, and the county is there-
fore unaware of a sale until after it is recorded. Ap-
parently the only real compliance incentive is the threat
of possible court action against the seller if an unnotified
buyer suffers losses from fault damage (California
Seismic Safety Commission, 1977b),

A major concern among property owners has been
the potential impact of the Special Studies Zones Act on
property values and development interests. Some cities
and counties have in turn expressed concern about
possible liability for lots declared ‘unbuildable.” Al-
though there apparently are no documented cases of
financial loss due to the act, one would expect such
losses to occur when property intended for construction
is purchased, later included in a special-studies zone, and
found to be located on an active fault. After the initial
loss, however, subsequent investments in the property
should not be affected because restrictions on property
use would not change (California Seismic Safety Com-
mission, 1977b).

The Special Studies Zones Act has successfully
restricted development along mapped active faults in
California. 1ts effectiveness in reducing the hazard from
surface fault rupture has not been tested because no
damaging surface ruptures have occurred in a special-
studies zone since the law wentl into effect. Whether
particular faults are active or inactive is often dis-
puted, because the age of most recent displacement is
based on interpretations on which competent geologists
may disagree, especially when there is insufficient
conclusive evidence. When a geologic report is accepted,
a jurisdiction reduces its liability if it takes the conserva-
tive position and regards faults of questionable age as
active and imposes the setback requirement for an active
fault.

Locating boundaries of special-studies zones has
often been a problem for local agencies. Some landmarks
that were used to identify turning points no longer exist
because they were based on old topographic maps or
were not field checked (California Seismic Safety
Commission, 1977b). Once turning points are located,
boundaries are rarely challenged, even though they
represent no identifiable geologic boundary between
areas of greater and lesser hazard. This approach to
mapping hazard areas has generally been upheld by court
decisions in many states, as long as there is a rational
relationship between delineation of the hazard area and
the promotion of public safety (Baker and McPhee,
1975). Boundaries that can be easily located by the
enforcing agency are preferable to boundaries that
follow natural discontinuities in hazard severity. Special-
studies zones only delineate areas where fault-evaluation

reports are required and do not themselves impose a
priori restrictions on land use. Therefore, precise geo-
logic data to defend boundaries is not needed.

FIELD, GARRISON, AND GREEN ACTS:
SCHOOL BUILDINGS

California’s Field Act (Education Code, secs. 39140
to 39156 and 81130 to 81146) is one of the best known
and documented success stories in geologic-hazard
mitigation. The Field Act resulted directly from public
reaction to the extensive damage inflicted on schools in
Los Angeles County during the Long Beach earthquake
of March 10, 1933 (Richter magnitude 6.3). Although
accurate figures are not available, about 70 schools were
demolished and many more severely damaged (fig. 14).
Assemblyman Don Field introduced the bill, which
quickly passed both houses of the state legislature and
was signed into law on April 10, 1933, exactly one
month after the earthquake.

The Field Act regulates new construction of pri-
mary and secondary schools and community colleges to
ensure conformance with minimum design standards for
protection of life and property during an earthquake,
Alterations or additions that exceed $20,000 are similar-
ly affected. The Garrison Act was enacted in 1939 and
amended by the Greene Acts in 1967, 1968, and 1974,
to require that schools built before 1933 be inspected
and, if judged unsafe, rehabilitated to Field Act stan-
dards or abandoned,

The Field Act has several requirements:

1. Plans for construction or alteration of school
buildings must be prepared by registered
architects or structural engineers.

2. Plans must be reviewed and approved by the
Office of the State Architect, Department of
General Services, before a construction contract
is awarded to ensure that the plans meet
standards of the state building code (ICBO
Uniform Building Code by reference).

3. Construction must be continuously inspected
by registered inspectors to ensure compliance
with approved plans.

4. The design architect or structural engineer must
observe the construction and prepare any
necessary design changes.

9. All parties (designers, confractors, and in-
spectors) must file reports (under penalty of
perjury) that verify compliance with the
approved plans.

Because the act references the state building code
(part 2, title 24, California Administrative Code), it does
not impose its own standards for school-building design,
and therefore remains flexible to accommodate changes
in the code as earthquake-engineering technology
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Figure 14. John Muir School, Long Beach, California, damaged by the March 10, 1933, earthquake (Richter
magnitude 6.3). Photograph by W.L. Huber,

advances, In effect, the Field Act simply strengthens
uniform implementation of the code for school con-
struction by placing strict design-review and approval
responsibility and inspection enforcement in the hands
of the State Architect. The law requires a filing fee of
0.6 to 0.7 percent of the estimated construction cost
($250 minimum) to defray the state’s costs of imple-
menting the law.

Other provisions of the Education Code (secs.
39002 to 390026 and 81033 to 81033.5) require
geologic and soils-engineering studies of prospective
school sites located within a special-studies zone (Al-
quist-Priolo Aet) or an area designated geologically
hazardous in the local general plan. A copy of the report
must be submitted to the Department of Education. The
site selection is not approved if the construction effort
required Lo make the school building safe for occupancy
is economically unfeasible.

The Field Act has proven its effectiveness through
several damaging earthquakes since 1933. During the
Kern County earthquake of 1952 (Richter magnitude
7.7) and the San Fernando earthquake of 1971 (Richter
magnitude 6.4), many buildings not built to Field Act
standards completely collapsed, but nearby school

structures built in compliance with the law survived
nearly undamaged (Campbell, 1976; Mann, 1979).

When Mann (1979) reviewed the Field Act and
related laws for the Seismic Safety Commission, he
concluded that the only major problem is that early
(pre-1950) schools built to comply with the Field
Act may no longer conform to modern standards be-
cause of frequent upgrading of building codes. The Field
and Garrison Acts contain no provisions for periodic
inspections and possible rehabilitation of schools that
once complied with the law. Although many early
structures are probably safe, Mann (1979) recommended
that selected schools built from 1933 to 1950 be in-
spected by the Office of the State Architect and pro-
fessional societies,

School boards faced with building a new school are
concerned that Field Act requirements will make con-
struction prohibitively expensive. In response to their
concern, Mann (1979) compiled information from
design professionals and estimators and showed that the
total added cost of materials, labor, inspections, fees,
and paperwork related to Field Act requirements his-
torically has been a maximum of 5 percent of the total
construction cost. This increase is partially offset by
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lower insurance rates available for schools that comply
with the Field Act. In addition, because of the high
probability of exposure to a significant earthquake
during the 50-yr design life of any school in California,
the relatively minor additional investment during con-
struction is likely to prevent major earthquake-related
repairs. With one exception, no school built to Field Act
requirements has been damaged by an earthquake to the
extent that major repair was necessary. However, the
damage rate for schools built before 1933 is 25 to 75
percent.

Perhaps the only other major drawback of the Field
and Garrison Acts is that they do not apply to all
educational facilities or other important public facilities
(J.F. Meehan, oral commun., 1982). Universities, for
example, are notl subject to the acts. Hospitals were not
placed under similar requirements until after the San
Fernando earthquake in 1971, The Riley Act, which was
also enacted in 1933, requires most other buildings to be
constructed to comply with the state building code, but
does not impose strict enforcement and review pro-
cedures as prescribed for schools by the Field Act, The
review provision is probably primarily responsible for
the Field Act’s success, A study by Woodward-Clyde
Consultants (1980a) concluded that “the superior
performance demonsirated by public schools con-
structed under Field Act standards appears to be a
product of both the formalized review process and
the appropriateness of policy standards. The superior
performance is also a product of the sound judgment
exhibited by reviewers; this is related to sufficient scope
of review, a high level of expertise of reviewers, and a
high degree of independence of reviewers.”

HOSPITAL SEISMIC SAFETY ACT

After many medical facilities were severely damaged
during the San Fernando earthquake in 1972 (fig. 15),
the Hospital Seismic Safety Act (California Health and
Safety Code, beginning with section 15000) was en-
acted. This acl requires enforcement and inspection
procedures similar to those of the Field Act for con-
struction and alteration of hospitals. New construction
of hospitals must conform to provisions of the latest
edition of the ICBO Uniform Building Code. An im-
portant difference from the Field Act is that the Hospi-
tal Seismic Safety Act requires, beyond protection of
life and property from the immediate dangers posed by
an earthquake, that hospitals be capable of continuing
services to the public after a disaster. Additional re-
quirements for fire safety and equipment anchorages are
imposed. According to Woodward-Clyde Consultants
(1980a), practical standards used to fulfill these require-
ments are that the design should permit safe exit after
the maximum credible earthquake and continued
function after the maximum probable earthquake (see
app. B).

Implementation of the Hospital Seismic Safety Act
is different than for the Field Act because of the addi-
tional safety requirements and because hospital con-

struction is regulated by the Office of Statewide Health
Planning and Development (SHPD). The Office of the
State Architect, Department of General Services, re-
views designs and inspects structures as under the Field
Act, but under contract to SHPD, which coordinates all
reviews and enforces the act. A Building Safety Board
within SHPD serves as an advisory body and acts on
appeals and waivers. To cover the cost of administering
the act, SHPD is authorized to collect a filing fee not to
exceed 0.7 percent of the estimated construction cost.

Construction plans for work that affects hospital
structural elements must be accompanied by a geologic-
and engineering-investigation report that evaluates the
potential for earthquake damage. This site assessment
can be waived by SHPD if judged unnecessary and not
beneficial to public safety. The Department of General
Services (generally the State Architect) provides in-
dependent review of the geologic data by a registered
engineering geologist or DMG as part of its basis for
approving or rejecting the plans.

The Hospital Seismic Safety Act authorizes SHPD
to review hospital operations to ensure that the hospital
is adequately prepared to resist earthquake damage. The
act does not specifically provide for inspection of
structural elements, nor does it require upgrading of
older hospitals that are seismically hazardous. Amend-
ments to the act (chapter 303, 1982) authorize SHPD to
inspect any hospital for hazardous conditions and order
it vacated if it violates applicable building standards.
Although upgrade policies that affect hospitals may also
be contained in general plans and implemented at the
local level, very little local action has been taken (Weod-
ward-Clyde Consultants, 1980a).

Besides lacking policy for upgrading existing hospi-
tals, the Hospital Seismic Safety Act has a potentially
serious limitation regarding the requirement for con-
tinuing hospital services after an earthquake. The ability
to provide uninterrupted medical services strongly
depends on lifelines and other external eritical facilities,
such as roads, electric power, natural-gas lines, water,
and sewer, Seismic-safety requirements for these facili-
ties do not exist to the degree imposed on hospital
buildings under the act. It is questionable whether a
hospital could continue to funetion for a long period
after a major earthquake that would probably disrupt
some or all of these services, even though the building
conforms to the strictest earthquake-safety standards.
Although the Veteran’s Administration requires its
hospitals to be capable of operating independently of
external facilities for at least 4 days, no similar require-
ment is included in California’s Hospital Seismic Safety
Act (Woodward-Clyde Consultants, 1980a).

RILEY ACT

The Riley Act (Health and Safety Code, secs. 19100
to 19183) regulates construction of most other buildings
in California that are designed for human occupancy and
do not have their own specific legislation, The only
exclusions are buildings located outside city limits and
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Figure 15. Olive View Hospital, Sylmar, California, damaged by the San Fernando earthquake on February 9, 1971
(Richter magnitude 6.4). Photograph courtesy of National Oceanic and Atmospheric Administration.

not intended for human occupancy, one- and two-family
dwellings outside city limits, farm buildings, and certain
labor-camp buildings in unincorporated areas,

The Riley Act was signed into law in 1933 and
originally required that all buildings, other than those
listed above, be constructed to withstand lateral de-
sign-wind and earthquake forces of 2 to 3 percent of the
total vertical design load. Amendments in 1965 and
1974 changed the lateral-force requirements to comply
with the state building code (part 1, title 24, California
Administrative Code), which is based on the latest
edition of the ICBO Uniform Building Code. A 1979
amendment allows local governments fo assess the
earthquake safety of existing buildings and identify
permissible corrective actions. Structures governed by
the Field, Garrison, or Hospital Seismic Safety Acts and
all state-owned buildings are specifically excluded from
the 1979 provisions, The latest amendment in 1980
authorizes local governments to require installation of
earthquake-sensitive gas-shutoff valves in public build-
ings as a fire deterrent.

Although design and construction standards for
buildings under the Riley Act are similar to standards of
the Field and Hospital Acts (all use the ICBO Uniform

Building Code), review and enforcement requirements
are not nearly as stringent. City and counly governments
are responsible for enforcing new construction under the
Riley Act through their own ordinances and procedures,
some of which are prescribed by the Uniform Building
Code. The 1979 amendments for reconstruction of
hazardous buildings authorize local governments to
assess earthguake safety and establish reconstruction
standards. This provision applies only to unreinforced
masonry buildings constructed before building codes
were adopted that require earthquake-resistant design;in
effect, the Riley Act assumes that all newer buildings are
safe,

Two important provisions alleviate major concerns
of local governments that want to initiate programs for
building rehabilitation. One provision grants local
governments immunity from liability for earthquake
damage based on any action taken or not taken to assess
or upgrade old buildings. The other provision recognizes
the high cost of rehabilitating old buildings to meet
codes that must be metl for new buildings and allows
local governments to enacl their own building standards
to improve seismic safety and still be economically
feasible,
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Because the Riley Act does not require centralized
review and therefore has not produced centralized
records, ils effect in reducing earthquake hazards to
buildings in California is difficult to assess. The present
concern over the earthquake safety of many buildings
constructied in California before and after 1933 suggests
that the Riley Act has not been entirely successlul,
Although the act is enforced by local agencies, the
quality of review and inspection varies {Woodward-Clyde
Consultants, 1980b). Contributing factors include
qualifications of building officials, competence of
inspectors, personnel and funding limitations, interprela-
tion of the building code, and familiarity of the building
official with the type of project involved. Building
officials in California are not reguired Lo meel any
standard minimum qualifications. According to the
Woodward-Clyde study. many building officials assume
that building designs, soil reports, and geologic-hazard
reporls are adequate because they are prepared by
registered professionals who are familiar with the code’s
requirements. Funding limilations often prevent local
agencies from hiring competent professionals to perform
reviews and from contracling Lo have reviews performed
externally.

Elected local officials play a large role in deler-
mining the degree of building-code enforcemeni by
establishing budgets and setting work priorities. One
survey of local building depariments showed that 40
percenl of the respondenis believed that their elected
local officials are sympathetic to weaker enforcement of
building regulations, and 70 percent felt that local-
governmenl management has little or no concern aboul
earthquake risk (Olson and Scott, 1980: International
Conference of Building Officials, 1980). The survey
concludes that roughly hall of the local building de-
partments in California operate with little supporl from
elected officials and management. Judging from Lhese
surveys, the atlitudes of many local elected officials in
California apparently do not reflect public concerns for
seismic safety. Two recent surveys in California showed
strong public support for siringeni seismic-safely mea-
sures. In one survey (Turner and others, 1979), 65
percent of Lhe respondents strongly favored public
expendilures Lo enforce building codes for seismic
safety. The second survey (Turner and others, 1980)
showed that 75 to 80 percent of the respondents favored
laws to strengihen or vacale hazardous buildings.

DAM SAFETY ACT

Design, construction, alteration, operation, and
removal of nearly all nonfederal dams in California
{concrele and earth-fill) are under Lhe authority of the
Dam Safety Acl (California Water Code, secs. 6000 to
6501). The only exempltions are dams smaller than the
lurisdictional size specified by the act, based on heighl
and storage capacity. The Dam Safely Acl is another
example of response to publie reaction that followed a

major disaster. In 1928, the St. Francis Dam in southern
California failed and caused extensive properly damage
and about 120 deaths. The new law pul all nonfederal
dams under state supervision if they were built or
proposed to be built across a natural watercourse. State
involvement includes extensive reviews of design and
construction elements to ensure safely, After the 1963
failure of the Baldwin Hills Dam in Los Angeles, which
was nol buill across a nalural watercourse and therefore
was exempl from slate supervision, the acl was amended
to include offstream dams,

The Division of Safety of Dams (DSD) in Cali-
fornia’s Department of Water Resources (DWR) ad-
ministers the Dam Safety Acl and is required to autho-
rize and supervise all aspeclts of dam construction,
alteration, operation, and removal. Not only does DSD
perform these functions for state-jurisdictional dams; it
also  reviews federal hydroelectric and flood-control
dams under the Memoranda of Understanding with the
Federal Energy Regulatory Commission and the U.S,
Army Corps of Engineers.

For state-jurisdictional dams, the Dam Safety Act
and associated regulalions require state-of-the-art design
and construction standards. Before construction can
begin, an application must be filed with DWR, accom-
panied by detailed design plans, specifications, and the
results and supporting data from regional and sile-
specific geologic and engineering studies. The DSD
conducts extensive geologic and engineering reviews and
sometimes retains outside consultanis to assist with the
review of major critical projects. As part of the review
process. DSD may conduct site inspections and observe
field studies.

Dam construclion or alteration may begin afler
DSD formally approves the design plans and supporling
data. To ensure that approved plans are followed and
unforeseen problems are recognized and resolved, DSD
frequently inspects sites during construction and reviews
the required owner-performed inspections and lests.
After the dam is bhuilt, a use permit is required before
the reservoir can be filled. After filling, the dam and
reservoir are inspecled and evaluated al least annually
during operation. The use permit can be revoked al
any lime if DSD finds a condition thal indicates the dam
or reservoir is unsafe and constitutes a danger to life and
property. Fees that are collected with the initial applica-
tion (hefore the design review begins) and annually
during the operational phase provide $200,000 to
$300,000 to the state general fund each year to partially
offset costs of the dam-safely program.

The DWR is also responsible for site selection,
design, construction, operation, and maintenance of
State Water Project facilities. A Consulting Board for
Earthquake Analysis was established to assist DWR in
seismic design and participate with DSD in design
reviews. The DSD annually inspects and evaluates slate
dams and nonstate-owned jurisdictional dams; the
consulting hboard conducts an extensive review every 3 to
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5 yr. As part of the safety program for state-owned
dams, DWR also installs and operales strong-motion
instruments to monitor earthquake effects. One or more
instruments is installed on or near each dam at sites
recommended by the design engineers for maximizing
structural responsge. These data are combined with dala
from instruments nol owned by the state to determine
possible damage Lo exisling dams and provide seismic-
design information for future dams. The instrumentalion
program is conducted by the Earthquake Fngineering
Section of DSD and is funded entirely through slate
water-use fees. Seismic instrumentation of dam sites has
provided some of the best strong-motion data available
anywhere for recent earthquakes.

The DWR requires high performance sltandards for
dams, although design standards are not fixed. This
approach promotes improvements in design techniques
as technical knowledge improves. Each selected design
must meet eslablished minimum performance standards
that are more conservalive than for most other types of
struclures. For example, the design must ensure that no
major amounti of water is released from a reservoir as a
result of the maximum credible earthquake or the
1,000-yr flood. The DNam Safety Acl makes the owner
and operator of a dam or reservoir legally responsible for
the dam’s safely and specifically protectls the state from
liability for damages thal result from failure after
approval, enforcement of orders, regulation, or measures
taken to prevenl failure (W.W. Peak, oral commun.,
1982).

As with the Field and Hospital Acts, success of the
amended Dam Safety Acl in reducing geologic and
seismic hazards to dams and reservoirs is largely altri-
buted to its strict, centralized review procedure, The
approach Lo dam reviews, however, is much different
because of the size and uniqueness of dam projects. In
conlrast to schools and hospitals, for which definiie
design codes musl be followed and standard, proven
designs are typically used, each dam presents totally new
problems for which great flexibility in design must
be allowed. For this reason, dam-safety reviews require
expertise in several disciplines and a high level of in-
dependent thinking (Scott, 1981). Thus. DWR uses
experienced staff as well as privale firms contracted for
external reviews. (zeologists and engineers in DWR must
meet minimum qualificalions and participate in con-
tinuous technical training, including extensive educa-
tional programs in earthquake engineering. Many review
tasks of the department are performed by reputable
private consulling firms with the best expertise in
their fields. The review processes of DWR are considered
to be objective, independent, and thorough (Woodward-
Clyde Consultants, 1980b).

Although dams and reservoirs are subjecl to sirict
hazards-safety regulations under the Dam Safely Act,
other elements of the water-supply system are almost
totally unregulated with regard to geologic hazards, Most

water-distribulion facilities, including agueducts, pump-
ing stalions, Lreatment facilities, and local distribution
neilworks, are buill and operaled by municipalilies and
are generally self regulaling. The remainder, serving 20
to 25 percent of California's population, are owned hy
private companies regulated by the Public Utilities
Commission. However, there are no general policies
regarding protection of these facilities from natural
hazards (Woodward-Clyde Consultants, 1980a). Because
aqueducts and waler-distribulion lines frequently must
be placed across active faulls or within sediments sub-
ject Lo failure during earthquakes, they are highly
susceptible Lo damage. Possible serious effects of dam-
age, as demonstraled during past earthquakes, include
loss of adequate water supply for fighting fires, con-
tamination from damaged sewage facilities, and disrup-
tion of water supply to medical facilities for treating
disaster victims. Except for the Dam Safety Act, there
are no stale policies regarding protection of water-supply
facilities from natural hazards (W.W. Peak, oral com-
mun., 1982},

The dam-safety program in California has nol only
been a model for other states, bul has also had a major
impact on federal dam-safely programs. Because of itls
major recent influence in the federal Auburn Dam and
Warm Springs Dam projects, California helped demon-
strate the inadequacy of the review process for many
federal dam projects and was instrumental in causing
improvements at the federal level (W.W. Peak, oral
commun., 1982),

Just as the hazards-miligation policies of the Field
and Hospilal Acts could be expanded Lo improve Lhe
safely of other buildings for public occupancey for which
similar policies do not exist, the Dam Safety Act could
be applied to other critical facilities in California and
elsewhere, Presently, California does nol have a formal
review process for other critical facililies, although Lhe
Seismic Safety Commission has strongly encouraged
such review. The SSC defines a critical facility as “any
slructure housing or serving large numbers of people, or
olherwise posing unusually high hazards Lo public health
and safely in the evenl of damage or malfunction”
(Scotlt, 1981). In addilion Lo dams, schools, and hospi-
tals, the definition includes nuclear reactors, liquified-
natural-gas terminals, petroleum-storage facilities, fire
and police stations, disaster centers, communication and
transportalion facilities, utility lifelines, electric generat-
ing plants, prisons, coliseums, and large office buildings.

STRONG-MOTION INSTRUMENTATION
PROGRAM

Technology for design  of earthquake-resistant
buildings is derived largely from information aboul the
forces and deformation induced in structures by ground
motion during earthquakes. Reliable informalion of this
type can be obtained only by measuring motion in
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buildings and on nearby ground during earthquakes.
Lack of such data continues to hamper advancement of
earthquake-design technology, despite major nationwide
expansions in strong-motion instrumentation. The 1964
Greail Alaska Earthquake produced limited information
useful for seismic design because there were no strong-
motion instruments in the area to record ground motion
and building response.

In addition to providing data essential for improving
earthquake-resistant design, quantitative measurements
of ground motion are imporiant to develop a belter
understanding of earthquake processes, improve predic-
tion capabilities, aid regional planning, and assess applic-
ability of dala to other areas.

Because strong-motion data are importani for
improving earthquake-resistant design, a requirement
was added to the Uniform Building Code in the mid-
1960s that all buildings with more than six floors be
instrumented with strong-motion-recording devices.
Many California cities immediately adopied the provi-
sion. However, problems and inadequacies soon became
apparent. There generally were no provisions for con-
tinued instrument maintenance, many areas were ne-
glected because instrumenis were concenirated in areas
of high-rise buildings, and instrument localions pre-
scribed by the code frequently proved inadequate. For
example, during the 1971 San Fernando earthquake, all
deaths occurred in buildings with fewer than six stories,
and instruments localed at siles in buildings as pre-
scribed by the code (one al ground level, one on a
middle floor, and one at the top) often produced un-
usable data because the effects of structural details and
resonant properties of the buildings were not considered.
The ground-level instrument produced no building-
response data, and the instrument on the middle floor
often was localed at a nodal poinl where response was
minimal. The highest instrument often produced the
only usable data, but recorded only the horizontal
components of motion (California Division of Mines and
Geology, 1976).

The California Legislature recognized the need
for statewide planning, coordination, and standardiza-
tion Lo obtain quantilative ground-motion information
from earthquakes. The Strong-motion Instrumentation
Program (SMIP) (Public Resources Code, secs. 2700 to
2708) was signed into law in October 1971, with the
objective of ““acquiring strong-motion instruments and
installing and maintaining such instruments as needed in
representative geologic environments and structures
throughout the state.” The Division of Mines and
Geology is responsible for organizing and moniloring the
SMIP with advice from the Seismic Safety Commission.
Under the program, DMG purchases, installs, and main-
tains instruments throughouti the state and processes the
resulting data. Funds to operale SMIP come from an
application fee levied on all building permils in the state.
The fee, collected by cities and counties, is 0.007
percent ($0.07 per $1,000) of the proposed facility’s
total value as determined by the local building official.

Local governments deposit the collected fees in the
Strong-Molion Instrumentation Special Fund of the
State Treasury to be used exclusively for the program. A
city or county may be exempted from collecting the fees
if it has adopted an ordinance that requires accelero-
graph installation and has at least one building under its
jurisdiction that was instrumented in accordance with
the ordinance before January 20, 1972, Fees are not
collected from projects thal do not require a city or
counly permit. Thus, state and federal construction
projects and those requiring only state or federal permits
are exempl from the fee requirement.

The SMIP is funded entirely by fees collected by
cities and counties, including instrument purchases,
field logistics for installation and maintenance, salaries,
and data processing. Because the budget is affected
directly by the construction industry, it varies from year
to year. The program is adjusted to respond to revenue
fluctuations; for example, the number of instruments
purchased and installed each year is increased or de-
creased. The overall financial health of the program has
been excellent despite downiurns in the construction
industry because fees have generated more revenue than
originally anticipated. Although annual revenue was
initially projected at $250,000, it grew rapidly to well
over $400,000 in the first few years and is now about
$1 million per yr (California Division of Mines and Geol-
ogy, 1976; T.M. Wootton, oral commun., 1982). Al
though additional funds were needed for unanticipated
data processing and instrument maintenance, the pur-
chase and installation of instruments were accelerated.
The program’s goal is to install 1864 accelerographs by
the year 2035, at which time the building-permil fee will
be reduced to a level sufficient to maintain a monitoring
program. Instrumenis will be distributed equally among
free-field sites (away from man-made structures), build-
ings, structures other than buildings, and utility systems
(T.M. Wootton, oral commun., 1982).

The SMIP uses structural information available for a
building and its location relative to faults when it installs
accelerographs and recording systems rather than using
the standard minimum installation prescribed by the
Uniform Building Code. This procedure maximizes the
results hy anticipating the building response, Most
installations have a 13-channel capability that can record
up Lo four strategically placed instruments that measure
three directional components.,

Data generated in the SMIP are being used to
improve building designs and update codes. For ex-
ample, one instrumented building that was constructed
in compliance with existing codes failed during the 1979
Imperial Valley earthquake. Because the accelerographs
recorded the earthquake motion and failure of the
building, they provided invaluable data to analyze the
building's structural response and determine design flaws
responsible for failure (T.M. Wootton, oral commun.,
1982).

Many local programs do not comply with the
standards of the state program because of the exemption
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granted to cities and countries that had adopted pre-
1972 ordinances that required installation of accelero-
graphs. Those thal had adopted a program were using
unreliable building locations prescribed by the Uniform
Building Code. Unfortunately, the exemption applies to
most major cities. T'o partially alleviate this problem, the
legislature enacted an amendment in 1975 that allowed,
but did not require, an exempted cily or county tlo
apply to rescind its exemption,

Another possible weakness with the SMIP is that
many major or critical facilities thal require stale or
federal rather than local permits are exempt from the
program. This situation does not necessarily mean that
slate- and federal-regulated critical facilities are nol
being adequately instrumented, bul it may mean that
some are notl financially supporting a program from
which they benefit greatly. A few of these facilities, such
as dams in the State Water Projecl, are instrumented
under separate programs with their own sources of funds
and are contributing to the strong-molion data base in
California. The earlier Advisory Board to the SMIP (now
replaced by Lhe Seismic Safely Commission as advisory
body to the program) solicited the input of the Cali-
fornia Water and Power Earthquake Engineering Forum
and the Public Ultilities Commission to delermine
appropriate accelerograph installations for many critical
facilities and lifelines systems. The SMIP has since
included many of these struclures in its installation
program (T.M. Wootton., oral commun., 1982),

A third potential weakness is the possible lack of
sufficient funds to process and inlerprel strong-molion
records from a major earthquake, a contingency not
addressed in the legislation. In the absence of a legisla-
tive solution, the Office of Strong-motion Studies has
proposed two ways Lo deal with this problem. First, the
program has a continuous reserve of controllable funds
io purchase and install new instruments; these funds
could be diverled, if needed, after a major earthquake.
Second, after planned installations are completed and
the program enters its operational phase, revenues will
exceed expenses and thus allow a conlingency reserve to
accumulate. Once an adequate reserve is atlained, fees
could be reduced to a level necessary for program
maintenance (California Division of Mines and Geology,
1976).

OTHER PROGRAMS IN CALIFORNIA

In 1975, a Surface Mining and Reclamation Acl
(SMARA) was enacted in California to prevent adverse
environmental impacts of surface mining, restore mined
areas to a condition compatible with other uses, halance
mining interests againsi other land uses, and eliminate
residual hazards Lo public safety. The SMARA requires
the State Mining and Geology Board Lo develop policies
and guidelines for reclamation of mined land, which
then must be implemented by lead agencies (generally
local governments). The State Geologist is required by

SMARA to classify areas based on their mineral poten-
tial (areas that contain little or no mineral deposits, areas
that contain significant mineral deposits, and areas Lhat
contain mineral deposits of unknown significance). This
information is used by SMGB to establish policies
and land-use priorities for mineral-resource areas. Local
governmentls are required Lo balance land use between
development and resource extraction and (o issue
surface-mining permits consistent with SMGB policies.

A reclamalion plan must be submitted to the local
agency before a permil can be issued. Polentlial geologic
hazards that result from surface-mining and reclamation
practices represent one of several issues that must be
addressed by the plan. Proposed approaches to soil-
erosion control, flood conirol, disposal of mine waste,
slope gradients, backfilling, erosion, and drainage must
be described in the plan and must be consistenl with
SMGB policies before a permil is issued. The plan is
reviewed only by the local agency. A copy of the plan
must be submitted to the California Division of Mines
and Geology, but DMG does nol have approval author-
ity. The SMGB encourages local agencies Lo integrate the
requirements of SMARA with other required planning
and review procedures, such as the general plan (Cali-
fornia Division of Mines and Geology, 1979).

Another statute thal requires local-government
action in land use and development is the California
Environmental Quality Act of 1970 (CEQA). This
law requires local agencies Lo review, for environmental
effects, all public and private projects over which they
have discretionary authority. State guidelines for im-
plementation specifically include geologic and seismic
hazards as environmental effects and direcl local agen-
cies to examine such hazards in their assessments. Any
issue in the assessment that may have a significant effect,
including exposing people or structures to major geo-
logic hazards, must be addressed in an environmental-
impact report. For many new critical facilities that do
not carry their own review requirements (as for dams
and hospitals), CEQA is the chief means to ensure thal
geologic and seismic hazards are considered in siting and
design (Mintier and Stromberg, 1982).

The Subdivision Map Ael (1907) is the oldest
land-use law in California. Among other provisions that
establish procedures for filing and approval of parcel
maps, this law requires studies to evaluale possible
expansive soils and flood hazards in tract developments
of five or more lots, unless waived by the local building
official. These studies can provide the developer and
local huilding official with information necessary to take
proper precautions against soil and flood hazards. The
California Division of Real Estate may refuse approval if
a subdivision is threatened by floods. As with imple-
mentation of the general plan and Riley Acl, the Sub-
division Map Act relies on diligence, adequate funding,
and competence of local officials Lo be successful.
Expansive soil is one of the most costly geologic prob-
lems nationwide but, ironically, one of the easiesl and
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cheapest to correct. The benefil-cost ratio of measures
to reduce losses from expansive soils can bhe as high as
20:1 (Alfors and others, 1973). This hazard can be dealt
with adequately at the local level, such as through the
Subdivision Map Acl.

In 1981, an Earthquake Education Act signed into
law in California provided $250,000 to develop public-
education programs about earthquake preparedness and
response, The Seismic Safety Commission was required
to develop these programs within 2 yr, then lest the
programs in communities and schools in several counties,
In 1984, a law was passed that authorizes the statewide
implementation of the new curriculum. Another 1984
law requires all California schools that have an enroli-
ment of 50 or more students to develop earthquake
disaster plans and conduet regular drills,

In 1981, a Mobile Home Safety Actl was passed that
requires state certification of anchoring devices for
mohile homes. Manufacturers of the devices must submit
results of physical tests of their products for review by
the Department of Housing and Community Develop-
ment and demonstrate that they meetl minimum engi-
neering standards for earthquake safety.

SATUTORY AUTHORITY FOR CALIFORNIA
AGENCIES ENGAGED IN GEOLOGIC-
HAZARD MITIGATION

All hazards programs in California are administered
by a slate agency, although for many programs the
enforcement power is largely delegated Lo local govern-
ments. Agencies thal have wide-ranging responsibilities
for geologic-hazards mitigalion are the Division of Mines
and Geology (DMG), the Siate Mining and Geology
Board (SMGB), and the Seismic Safely Commission
(SSC). In broad lerms, SSC is an advisory body and
SMGRB a policy-setting body. The DMG colleets, ana-
Ivzes, and disseminates information on the state's
geology according Lo SMGR policies and (for earthquake
issues) the advice of the SSC, Many other agencies are
involved in hazard-miligation programs bul have nar-
rower responsibilities, The roles of these agencies, such
as the Office of Planning and Research, Office of the
State Architect, and Division of Safely of Dams, are
described in preceding sections on slalutory programs.

Division of Mines and Geology

Seclions 607 and 2201 to 2205 of the Public
Resources Code eslablished the Division of Mines and
Geology under the direction of the State Geologist
and oullined its authority, With regard Lo hazards, “the
State Geologisl may...conduct, with city and county
governmenls or federal agencies, large-scale geological
invesligations Lo identify and provide timely delineation
of geological hazards in and adjacent Lo metropolitan
areas...”(sec.  2205h). Within this authority, DMG
routinely studies geologic hazards throughout the

stale and publishes the results in bulletins, special
reports, county reporls, and maps for use by local
governments and Lhe general public.

Other statutes require DMG to perform specific
additional functions. For example. the Sirong-motion
Instrumentation Propgram was established by separate
legislation that requires DMG to organize and monitor
the program. The Alguist-Priolo Special Studies Zones
Act requires DMG to delineate special-sludies zones Lhat
encompass potentially active faults. Mineral-resource
#ones must be delineated by DMG (under the Surface
Mining and Reclamation Act) to sel priorities and
policies for balancing local land use and developing
reclamation plans. Slate planning law requires local
agencies Lo submit copies of their approved general plans
to DMG for review.

Most funding for DMG activities comes from yearly
appropriations by the legislature through lhe general
fund. The funds designated for the Strong-motion
Instrumentation Program are directly offsel by local-
government deposits to the SMIP Special Fund from
permit fees, Otherwise, appropriations to DMG are not
itemized by project except for occasional special pro-
jects (T.E. Gay, oral commun., 1982} The Stale Geo-
logist manages Lhe budget to conduclt programs under
authority granted to DMG and according to policies and
priorities set by SMGB. The Urban Geology Master Plan
for California (Alfors and others, 1973) was prepared
using funds from the Department of Housing and
Urban Development.

State Mining and Geology Board

The State Mining and Geology Board has existed in
some form as an advisory body for state geologic issues
since the 1880, 1t evolved into an informal policy board
for the Division of Mines and Geology until 1975, when
the legislature gave the board specific policy-setling
duties in the Surface Mining and Reclamalion Acl.
Complementary legislation in 1975 (secs. 660 Lo 678 of
the Public Resources Code) formally established SMGB
as a policv-making body for DMG and sel ils overall
statutory authorily.

The SMGB consists of nine members who represent
the public interest; they are appointed by the Governor
and are nol emploved by the state. Minimum qualifica-
tions of members are sel by statute and are intended Lo
represent a broad range of technical and planning fields
that inelude geology, mining engineering, soils engineer-
ing, seismology, mineral resources, ecology, landscape
architecture, and local government. A chairman is
appointed by the Governor from among the members,
and a paid executive officer and staff are appointed by
the board. Board members hold staggered 4-yr terms and
receive $100 compensation for each day the member is
engaged in official board duties (up to $4,000 per yr).

In addition to developing surface-mining and
reclamation policy, SMGB “shall also represent the
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state’s interest in the development of geological informa-
lion necessary to the understanding and utilization of
the state's terrain and seismological and geological
information pertaining to earthquake and other geo-
logical hazards, General policies for the Division shall be
determined by the Board.” The SMGB nominales a
candidale for State Geologist, who is appointed by the
director of the Department of Conservation and ad-
ministers the board’s policies as chiefl of the Division of
Mines and Geology,

In effect. SMGB assumes much of the load usually
borne by state legislatures and administration in setling
policies and priorities for the activities of a state geo-
logical survey (D.W. Sprague, oral commun., 1982).
The advantage is direct public influence on survey
activities by independent public representlatives. The
possible disadvantiages are the additional ‘layer of
bureaucracy,” a working relationship that may ham-
string the survey, and difficulties identifying which
policy issues are appropriale for board action as opposed
to those that can be effectively resolved within the
survey. ‘There is also a potential problem regarding
division of responsibilities in earthquake-hazard issues
belween SMGB and the Seismic Safety Commission.
Although SSC has an advisory role and SMGB has a
policy-setting role, the difference is often not distinet:
whether two separate bodies are justified where subject
areas overlap is gquestionable. On issues related Lo seismic
hazards, however, SMGB and SSC appear to cooperale
on an informal basis to minimize duplication, In at least
one instance, legislation has formally established S5C as
a policy-setling body for a DMG function, In 1975, the
legislature abolished a separate bhoard formerly estab-
lished for the Strong-motion Instrumentation Program
and transferred advisory and policy authority to S5C.
The SMGB no longer issues policy for DMG management
of the strong-motion program,

Seismic Safety Commission

The Seismic Safely Commission (55C), established
by the California Legislature in 1974, was an outgrowth
of two advisory groups that were aclive in earthquake-
related issues. The legislature’s Joint Committee on
Seismic Safety (1969-71) and the Governor’s Earth-
quake Council (1971-7T1) recommended formation of a
permanent organization with broad powers in earth-
quake-hazard reduction. The SSC was established by
sections 8890 to 8899.5 of the Government Code as an
advisory body to coordinate the various earthguake-
related programs of slate. federal, and local agencies.
Amendments to the Seismic Safety Commission Act in
1976 abolished the Strong-motion Instrumentation
Board and Geological Hazards Technical Advisory
Committee and transferred their functions to SSC. In
1984, the legislature removed the sunsetl clause on SSC's
enabling legislation, effectively making SSC a permanent
commission.

All but two of the 17 members of S5C are ap-
pointed from the public b_\«; the Governor Lo represent

the fields of seismology, geology, soils engineering,
structural  engineering, architecture, fire prolection,
public utilities, mechanical engineering, city and county
government, insurance. social service, and emergency
service. One member is appointed from the State Senate
and one from the State Assembly. Members have stag-
gered 4-yr terms and receive only travel expenses and per
diem for their work, The SSC appoints a paid executive
director who hires technical and clerical staff. Total
funds expended by S5C in FY 1980-81 were $396,569,
of which $31,000 was for direct support of SSC and the
remainder for contracts and staff support to conduct
special projects and prepare reports (California Seismic
Safely Commission, 1981}.

Responsibilities and powers of S5C are diverse, but
are basically restricted to earthquake-hazard-reduction
issues. Its statutory mandates are to sel goals and prior-
ities in the public and privale sectors: recommend
program changes to state and local agencies and the
private sector Lo veduce earthquake hazards: review
postearthquake reconstruction practices; gather, analyze,
and disseminate information: encourage research;
sponsor training for enforcement and fechnical per-
sonnel; help coordinate seismic-safety activities of all
levels of government; advise the State Mining and
Geology Board on seismic-safely aspecls of the Special
Studies Zones Act; and advise the Stale Geologist on the
Strong-motion Instrumentation Program. To carry
oul its functions, SSC reviews proposals, drafts legisla-
tion, conducts public hearings, and enters into contracts
for special studies as a basis for issuing its recommenda-
tions. Much of SS5C’s work is performed by or under
supervision  of specially appointed task commitlees.
Figure 16 summarizes the funeclions of SSC and illus-
Lrates its relationships to the Division of Mines and
Geology, the State Mining and Geology Board, and
other agencies.

In practice, SSC helps coordinate aboui 30 seismic-
safely programs that involve 32 state agencies. Total
program expendilures during the past few vears range
from about $13.7 million in FY 1980-81 to $18.1
million in FY 197879, In addition Lo ils ongoing
advisory and coordinaling functions, SSC reviewed
numerous programs, stch as the Hospital Seismic Safety
Act, Field and Garrison Acts, and seismic-safely-element
requirement (General Plan) and, as a resull, recom-
mended changes and drafted legislative amendments Lo
increase their effectiveness. The SSC was instrumental in
initiating state review of the federal Auburn Dam and
Warm Springs Dam projects and establishing memoranda
of understanding with federal agencies for fulure dam
reviews (California Seismic Safely Commission, 1981).

After damaging earthquakes in California, members
of S5C or its staff generally visit the site Lo observe the
damage, evaluate disaster response, and issue recom-
mendations for policy or program changes for particular
problems made apparent by the events. Because of high
public concern over the Livermore Valley earthquake of
January 1980 and its possible implications for seismic
safety of plutonium facilities al the Lawrence Livermore



36 SPECIAL REPORT 35
Legislature Governor
N L} A X
N / \
approprition A\ i
advisory, advisory advisory
~ prr:}m:ﬁ::\lt‘gishllIul1 // \\
Mg N\ / N\
~ N / N
Building Safety annad _: N \\
Board (hospitals) report Seismic
) Safet Mining & Geology
s A Bly_ ————— advisory ——— Board
FhE Commission ’
////
; i A
Public conduet //// / } \\ st I|' P
3 - —————— . wolicy
hearings | aclvisory I“,"' addvisory ]'/ g
| / coordinate ’ /s
| ¥ | b ¥
Public malyre | Other state |~ ’7;\‘\‘“1& _[ ivision of mines
information “isseminate | agencies // 1\ & Geology
\
I £\
| / I N
Post earthquake | review 1 ¥ | X
reconstruction |~ | Federal | Local
I government l government
IOt || I
L i
Research S|HONSOT | -
| Private
| sector
|
Training il Mo |

Figure 16. Functional relationships between the Seismic Safely Commission and other organizations and activities in
California.

Laboratories, SSC conducted public hearings and ini-
tiated an independent review of the facility.

Recently, SSC created a Hazardous Buildings
Committee to develop a model local ordinance for
hazards mitigation of older buildings and recommended
that seismic safety of state-owned buildings be evalu-
ated. The Southern California Earthquake Preparedness
Program (SCEPP) is a significanl cooperalive program
with local government, The program is funded by the
state and federal governments and involves five southern
California counties. The objectives of SCEPP are to
produce an operalional prediction and warning system,
establish earthquake-hazard-reduction plans, develop
public-awareness programs, assess earthquake vulner-
ability, and conducl Lests Lo improve plans and sysiems.
The SSC has overall management responsibility for
SCEPP and has appointed a policy advisory board to
provide project direction. In 1984, the legislature
authorized funding to extend SCEPP and initiate a
similar program in the San Francisco Bay area (R.A.
Andrews, oral commun., 1984).

A formal coordinating and advisory body for
nonearthquake-related hazards does not exist in Califor-
nia. The SSC has reviewed some statutory programs

and their implementation problems, but has focused
primarily on earthguake-related issues. Legislation that
established SCEPP in 1980 also broadened the authority
of 88C to all natural hazards, but the demands of
earlthquake-hazards work have prevented the commission
from devoting significant effort to other hazards. The
State Mining and Geology Board provides policy and
advice to the Division of Mines and Geology on other
hazards. bul nol Lo other siate agencies and only in a
limited fashion to local governments (D.W. Sprague, oral
commun., 1982),

STATE BOARD OF REGISTRATION FOR
GEOLOGISTS AND GEOPHYSICISTS

A State Board of Registration for Geologists and
Geophysicists is responsible for examining and regis-
tering applicants who perform professional geological or
geophysical work in California, Originally established for
registration of geologists only, the board was created
through legislation in 1968 (see¢s. 7800 to 7807, Califor-
nia Business and Professions Code) because of consider-
able problems thal developed when unqualified persons
performed geologic work required by various local
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agencies, In the early 1960s, city and county govern-
ments began adopling ordinances thal required geologic
reporis in proposed subdivision areas where a geologic
hazard was known or presumed to exist. The prolifera-
tion of such ordinances occurred after Los Angeles
County lost a $6 million lawsuil that resulled from
movement of the Porluguese Bend landslide. The move-
mentl was initiated by construction of a county road
(Campbell, 1976). The new ordinances created an
immediate and considerable demand for geologists.
Unfortunately, many unqualified people Look advantage
of the demand, which resulled in serious inadequacies
and wide variation in report quality,

To protect homeowners and subdividers who were
responsible for meeting report requirements, cilies and
counties established qualifying boards to determine who
were qualified geologists and stipulated that only reporis
prepared by approved professionals would be acceptable.
With separate boards in each jurisdiclion, each with its
own qualifving criteria, peologists were forced to take
numerous examinations and pay fees Lo several boards Lo
practice in different areas of the state. Eventually,
geologists demanded action from the state.

In 1968, legislation created the Board of Regisira-
tion for Geologists and sel minimum qualification
requirements. The board developed ils own regulations
Lo establish procedures and fees. In 1972, the law was
amended Lo include geophysicists, with similar require-
ments regarding background and experience. All geologi-
cal or geophysical reports required under state and
local laws musl now be prepared by or under the super-
vision of a stale-registered geologist or geophysicisl.
Optional certification in a specialty (such as engineering
geology) is also provided under the statute.

Basic requirements for registration as a geologist are
gradualion wilth a major in geology or completion of at
least 30 semester units in geologic science, of which at
least 24 unils are upper division or graduate courses; a
minimum of 7 yr of professional geologic work thal
includes at least 3 yr under the supervision of a regis-
tered geologist or b vr “in responsible charge of pro-
fessional geological work™; and successful performance
on a written examination. Credil is given for experience
through undergraduale training ('w=yr credil for each
year of training up to 2 yr), graduate Lraining (year for
year), and teaching (year for vear if teaching load is at
least six units per semester). Credit for training and
teaching may not exceed 4 yr toward the 7-yr require-
ment. Minimum qualifications for registralion as a
geophysicist are equivalent to those for a geologist.

The primary objectives of state-level professional
registration of geologists and geophysicists are to protect
the public from unqualified persons and provide com-
parable professional standards throughout the state (a
benefil for the public and professionals). Some pro-
fessionals also believe it has helped Lo establish com-
parable pay scales for engineering geologists and regis-
tered engineers.

The registration program in California has been
subjecl to two major crilicisms. First, registration does
nol necessarily protect the public from unqualified
persons. Someone who once meets the qualifications for
registration may not have the opportunily to keep up
with rapid advances in knowledge and techniques in
certain areas or maintain his or her original proficiency
in that area. As an example, a city geologist in California
found that “‘many [registered| geologists preparing
reports are unaware of recent trends in fault analysis,
rely on inappropriate methods of investigation, and
restricl themselves too tightly Lo a site, referring only Lo
published regional data rather than using field-checked
air-photo interpretation™ (California Seismic Safety
Commission, 1977b). Inadequate report preparation by
registered geologists and geophysicists is a significant
problem, and only an adequate peer-review process is
capable of detecting poor reports and producing im-
provements. When the Division of Mines and Geology
reviewed geologic and seismic reports of a hospital site,
only 31 of the initial 71 reporls were accepled (Am-
imoto, 1974). The percenlage of unacceptable reporis
has decreased markedly since the Division published
study guidelines and the professional community be-
came familiar with the requirements, However, many
reports must still be revised. Apparently, the kev to
ensure acceptable geologic reports is a clear statement of
the report requirements combined with an adequate
review process. The requirement that the reports be
prepared by registered geologists may not be necessary.

The second major criticism is thal the law dis-
criminates against academic personnel, who in many
cases may be belter qualified to perform certain tvpes
of work than many private consultanis because they are
more apt to keep up with new developments (Troxel,
1982). The law does nol count research as qualifying
experience, and many professors are not allowed by
their employers to perform services that might be
considered consulting. Because no more than 4-yr credit
can be granted for teaching and a professor can rarely
accumulate more than 3-mo consulling experience each
vear, at least 16 yr are needed Lo acquire the necessary
experience.

COLORADO

Although there is less natural-hazards legislation in
Colorado than in California, the Colorado stale govern-
ment and many local jurisdications are very active in
hazard mitigation. Most activity is atiributable Lo slate
land-use-planning laws, a subdivision Jaw, and a state
geological survey that is very active in hazard issues.
Hazards are a major focus of siate planning and sub-
division laws that were developed in the early 1970s,
During the 1960s, population growth in Colorado was
tremendous, and new subdivisions were virtually un-
regulated. Development expanded from relatively safe,
flat areas into narrow, flood-prone valleys and onto
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steep mountain slopes. Serious property damage from
geologic processes in mountain subdivisions contribuled
to the overall problems of rapid development and
short-lived land-sale schemes. These praclices produced
many unhappy customers and generaled demands for
stricter regulation of land use and development, Destrue-
tive floods on the South Platte River in 1965 and 1969
reinforced the demand Lo consider geologic processes in
land-use decisions.

Legislative action on land-use problems and geologic
hazards began in 1969 when the Colorado Geological
Survey (CGS) was established. In 1971, a Land lUse
Commission was established and given broad advisory,
coordination, and review responsibilities, A slringent
subdivision law [Senate bill (8.B.) 35] that requires
evaluation of geologic factors was enacted in 1972,
Finallv, two importani statutes regulating local land use
were passed in 1971: House bill (H.B.) 1034, a Local
Government Land Use Control Enabling Act  thal
authorizes cities and  counties o consider geologic
hazards in any land-use decisions; and H.B. 1041, an acl
that concerns “areas and aclivities of state interest” and
empowers local governments to  designale geologic-
hazard areas and requires that Lhese areas be adminis-
tered in accordance with slate guidelines. Except for
dam review and inspection, Colorado does not have
statutory programs for state review and permitting of
olher special Tacilities as California has for schools and
hospitals. Instead, the Colorado Land Use Commission
has authority to review almost all development activities
and issue cease-and-desist orders on behalf of the Gover-
nor for any development believed Lo pose a serious
public hazard. The commission coordinales Lechnical
reviews among other state agencies, including the CGS,
as part of its review function,

Unlike California, there is no state building code in
Colorado, nor is there a state requiremeni for local
adoption of building codes. Local governments have the
authority to establish codes, and many have adopted the
ICBO Uniform Building Code. The extent to which these
jurisdictions adopt and implementl provisions of the
Uniform Building Code that relate Lo seismic and geo-
logic hazards in Colorado was nol studied,

COLORADO LAND-USE-PLANNING LAWS

Colorado cities and counties did not acquire broad
authorily to plan and regulate land use until 1974, when
the General Assembly passed {he Local Government
Land Use Control Enabling Act |H.B. 1034, Colorado
Revised Statutes (Rev. Stal,) 29-20]. The act also
menlioned certain considerations, including pgeologic
hazards, thal could be used as a basis for land-use
decisions. However, the act did notl prescribe conditions,
requirements, procedures, or schedules for adopling
local land-use plans: its only inlent was to grant land-use
regulatory authority Lo local governments.

In a companion hill passed the same vear (H.B.
1041, Colorado Rev. Stat, 24-65.1-101, and those that
follow), local governments were given the authorily lo
identify and designale ‘matiers of state interest’ {acliv-
ities or areas having state significance). A major category
of ‘areas of state interest’ is natural-hazard areas, which
could include geologic hazards, flood hazards, and
wildlire hazards, Legal definitions were given for most of
the nine specific geologic hazards: avalanches, landslides,
rock falls, mudflows. unstable or potenlially unstable
slopes, seismic effects, radioactivity, ground subsidence,
and expansive soil and rock. However, local designalions
are not restricted to these nine hazards.

House bill 1041 required the state Department of
Local Affairs Lo conduct a stalewide program to desig-
nate natural-hazard areas or other matlers of state
interest by June 1976. The General Assembly appro-
prialed enough money for the depariment to grant
$£25,000 Lo each participating county. To qualify for the
grant, the county had Lo designate flood-, wildfire-, and
geologic-hazard areas, as well as olher matters of stale
interest. In addition, the Colorado Land Use Commis-
sion is authorized to formally request local govern-
ments to designale matters considered by the commis-
sion Lo be of stale interest. If the local government fails
to act, the commission may seek courl aclion, Although
local designalion of matters of state interest is optional
under the law, the slate has considerable power Lo see
that it is done. However, this power is limiled because
the courts make the final decision, presumably based on
their judgment of whether an aclivilty or area is impor-
tant enough to the public welfare Lo warrant stale
involvement (P. Schmuck, oral commun., 1982),

Before a malter of state interesi is designaled, a
local government must hold publie hearings and submit
the proposed designation Lo the Land Use Commission
for review. Geologic-hazard designations are reviewed by
the Colorado Geological Survey. Neither the CGS nor
the commission have approval authorily over local
designations, bul both may issue recommendatlions for
revision, which the local government can either accept or
reject. Once the designation is adopted, the local gov-
ernment must develop guidelines and regulations for ils
administration consistent with state criteria. Generally,
guidelines for geologic-hazard areas are contained in
local zoning ordinances. In H.B. 1041, state crileria for
geologic-hazard areas specify that “all developments
shall be engineered and administered in a manner that
will minimize significant hazards to public health and
safely or to property due Lo a geologic hazard.” Addi-
tionally, H.B. 1041 requires CGS (o develop model
geologic-hazard-control regulations Lo serve as com-
pulsory guidelines for local governments. The resulting
publication (Rogers and others, 1974) provides defini-
tions, descriplions, criteria for recognition, consequences
of improper use, and mitigation procedures for each
hazard, plus identification procedures, recommended
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professional qualificalions for geologists and engineers
who prepare reports, and suggestions 1o local govern-
ments Tor administering geologic-hazard aveas. The
appendix of the report containg a model geologic-hazard-
control regulation that demonstrales applicalion of
suggested procedures. The CGS is also required by
H.B. 1041 to provide tlechnical assistance Lo local
governmenls concerned with designation and develop-
ment of puidelines for geologic-hazard areas (W.P.
Rogers, oral commun., 1982),

After a matler of state interest, such as a geologic-
hazard area, has been designated by a local government
or after the Land Use Commission has formally re-
quested that a local government issue a designation, no
development is allowed in the area until local guidelines
and regulations for ils administration have been devel-
oped and approved. The law specifies that, as part of its
administration, a local government must require a permit
for any development in a designated hazard area. A
permit can be approved only if the proposed activity
complies with local-government guidelines for adminis-
tration of the area.

A  model loecal geologic-hazard-area regulation
developed by the Colorado Land Use Commission and
the CGS (Colorado Land Use Commission, 1976)
specifies acceplable hazard-mitigation techniques for
issuing a permit in a designated geologic-hazard area. For
example, in designated avalanche areas, structures that
support snow in the starting zone, avalanche deflection,
or protection in the runout zone are considered accept-
able mitigation techniques, but artificial release of
avalanches with explosives or artillery is nol. Similarly,
the model regulation lists earthquake-resistant design
according to the ICBO Uniform Building Code as an
acceptable mitigation technique in designated seismic
areas. Mitigation measures are not required to issue a
permit for certain ‘allowable uses’ in geologic-hazard
areas, such as agricultural uses, certain industrial-
commercial uses (loading and parking areas), and public
and privale recreational uses such as parks, golf courses,
and nature preserves.

Results from detailed technical studies of the hazard
and documentation of proposed mitigation techniques
are required by the model regulation as a basis for review
of the permit application. These studies must be per-
formed by a qualified professional geologist or registered
professional engineer. Although geologisls are not
registered in Colorado, a separate bill, H.B. 1574 (1973},
sets the minimum qualifications for geologists who
prepare reports or maps required by law (see p. 42).
According to the model regulations, the local govern-
ment must solicit and consider recommendations from
CGS on the permil applicalion; however, compliance
with the recommendations is not mandatory.

Table 4 summarizes functions of local and state
agencies in implementing H.B. 1041 with regard to
geologic-hazard areas. House bills 1034 and 1041 con-
stitute the Colorado equivalent of the General Plan Law

in California. Designalion of geologic-hazard areas and
development of guidelines for their administration are
analogous to the ‘seismic safety’ and ‘safety’ elements in
the General Plan, respectively, The major difference is
that local master plans (as they are called in Colorado)
are not required in California, nor are designations of
geologic-hazard areas, As of September 1981, 26 of 63
counties had adopted a master plan (Colorado Land Use
Commission, 1981). Information on how many of these
counties had designated geologic-hazard areas was not
available.

Colorado planning law has some of the same weak-
nesses as the General Plan and Special Studies Zones
laws in California. House bill 1041 does nol provide
state government with a direct means to enforee the
requirement that local governments administer matters
of state interest in accordance with state and local
guidelines, such as standardized review procedures (P.
Schmucek, oral commun., 1982). Although the Colorado
Geological Survey reviews designations of geologic-
hazard areas and geologic reports prepared for per-
mit applications, ils recommendations are nol com-
pulsory and approval is not required, Other than the
courtesy review' of designations and guidelines Lhat
local governments are required Lo solicit from the state,
Lthere is no other review requirement such as the Califor-
nia requirement in the Special Studies Zones Acl that
the local permitting authority musl obtain an indepen-
dent review of geologic reports by a registered geologist,
The CGS often identifies and resolves potential problems
in their reviews, but only to the extent that a local
governmenl or developer is willing to accept the recom-
mendations (W.I. Rogers, oral commun., 1982).

Colorado H.B. 1041 and other similar bills thatl
introduce special permit requirements can be an un-
necessary burden to developers and builders because
ol additional applications, required supporting materials,
and delays, Often different permits duplicate require-
ments for supporling matertals. The Colorado Land Use
Commission has issued a permit-application form that
local governments are required Lo use for development in
areas of state interest (Colorado Land Use Commission,
1976}, Lven though a local government may have
taken measures Lo incorporate the requirements of H.B.
1041 into its existing master plan and zoning proce-
dures, al least two permit applications must be filed:
one for the local zoning permit and one for the desig-
nated area under H.B. 1041. This problem could be
eliminated by allowing local governments to incorporate
the requirements of stale laws into their own permitting
procedures (P. Schmuck, oral commun., 1982).

One difficully of administering geologic-hazard
areas al the local level is reconciling hazard-area designa-
tions with other zoning ordinances. Hazards represent
only one of many zoning considerations, Jefferson
County, one of the most populated counties in Colo-
rado, solved the problem by creating a separale Geologic
Hazard Overlay District (G-H) zoning designation
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Table 4. Functions of local and state agencies regarding geologic-hazard areas under Colorado House bill 1041 (1974).
LOCAL GOVERNMENT

1. Designates geologic-hazard areas, among other ‘matters of state interest,” in accordance with guidelines from the
Colorado Geological Survey and Land Use Commission.

2. Holds hearings and solicits state recommendations on permit applications for development in geologic-hazard areas.
3. Grants or denies permits for development in geologic-hazard areas in accordance with established guidelines.

4. Receives recommendations and technical assistance from the Colorado Geological Survey and Land Use Commis-
sion Lo designate and administer geologic-hazard areas,

5. Sends recommendations on geologic-hazard areas Lo other local governments and the Land Use Commission.
6. On request of the Land Use Commission, acls on designations of specific geologic-hazard areas.
COLORADO DEPARTMENT OF LOCAL AFFAIRS

1. Conduects statewide program to identify geologic-hazard areas and other matters of state interest (before June 30,
1976).

2. Oversees and coordinates state lechnical assistance to local governments.
3. Provides financial assistance as authorized by law,
COLORADO LAND USE COMMISSION

1. lssues formal requests for local governments Lo take action in specific geologie-hazard areas.

[ 8]

. Provides assistance, guidelines, model land-use regulations, and forms to be used for local designations ol geologic-
hazard areas, permit applications, and permits.

3. Reviews or delegates review of designations of geologic-hazard areas proposed by local governments.

4. Submits recommendations to local governmenis for modifying proposed designations of geologic-hazard areas.

b

. Issues written notices to county boards of commissioners on any activity believed Lo constitule a serious hazard Lo
the public safety, followed by written cease-and-desist orders on behalf of the Governor if the county fails to take
action,

COLORADO GEOLOGICAL SURVEY
1. Develops guidelines and model local regulations to designate and administer geologic-hazard areas.

2. Sends recommendations to local governments and the Land Use Commission to designate geologic-hazard areas
based on current information.

3. Provides technical assistance to local governments concerning designation of geologic-hazard areas.

{J. McCalpin, oral commun., 1982). As its Litle implies, geologic and hazard-mitigation information required

the Gi-H district is superimposed on other zone districts
and its regulations supplement those of the underlying
district. The G-H zoning resolution states that “when the
regulations of this district conflict with any provision of
the underlying zone districl, the provisions of the
Geologic Hazard Overlay District shall control; other-
wise, the provisions of any underlying districl shall
remain in full force and effecl.” A G-H district may be
designated for any ol six different lypes of hazards.
Guidelines for district administration basically follow
the model geologic-hazard-area regulation issued by the
state Land Use Commission thatl specifies the types of

with permit applications. The guidelines also reference
CGS criteria (Rogers and others, 1974) as the primary
source for geologic-hazard identification and mitigation
procedures.

Colorado land-use laws, particularly H.B. 1041, have
heen effective in encouraging consideration of geologic
hazards in local planning and incorporation of positive
hazard-reducing land-use requirements in zoning ordi-
nances. Virlually all heavily populated counlies have
designaled and are administering geologic-hazard areas.
One exception, surprisingly, is the City and County of
Denver, which has elected not to participate in the
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program. Many smaller communities are actively partici-
pating. The town of Vail has incorporated avalanche-
hazard areas into its zoning ordinances, which has had
a substantial impact on developmeni. The initial hazard-
assessment studies used as a basis for the zoning in Vail
helped improve public awareness of the issue and pro-
duced positive responses from many developers. Builders
who avoid hazardous areas, or use such areas for recrea-
tion, or use avalanche-resistant designs, have generally
received support from the public; but Lthose who are
indifferent io avalanche hazards often elicil critical and
antagonistic public response that can jeopardize their
abilily to obtain financing (Ives and Krebs, 1978).

Effectiveness of the hazard-area-designation pro-
gram (H.B, 1041) in preventing damage or injury from
natural hazards is difficult to assess because of Lhe lack
of centralized records on individual cases. Open-space
and low-density uses have been effective in reducing
damage from floods and avalanches in many areas of
Colorado, Colorado lacks other major catastrophic
geologic hazards thal affect large areas, such as frequent
large earthquakes, which would provide more visible
evidence on the effectiveness of hazard-miligation
measures,

SUBDIVISION LAW

One of the strongest responses by the Colorado
legislature to public pressure that resulted from un-
controlled development in the late 1960s was passage of
a stringent subdivision law (S.B. 35, 1972). Because
many problems of rapid growth in mountainous areas
are related to geologic hazards, S.B. 35 requires that
geologic conditions of an area be evaluated before a
subdivision is approved by a county. The law applies Lo
all division of land into single parcels of less than 35
acres within a county Jurisdiction. Apparently the
reason for having a maximum applicable parcel size of
35 acres was that larger parcels allow enough flexibility
in land use that owners can avoid geologic hazards (W.R.
Junge, oral commun., 1982). A county may elecl
to apply the same requirements to subdivisions that
contain parcels of 35 acres or larger. Also, two or more
counlies may form a regional planning commission Lo
implement the requirements of 5.B. 35.

Major provisions of the Colorado subdivision law
that relate Lo peologic hazards are listed below,

1. Every counly musl require thal subdividers
stthmit data. surveys, analyses, and studies of
relevant site characteristics, including topo-
graphy, lakes, slreams, geology, potential
radiation hazards, and soil suitabilily.

2. The Board of County Commissioners must
distribute copies of preliminary subdivision
plans and accompanying information on site
characteristics to appropriate state agencies,

including the Colorado Geological Survey, for
evaluation of geologic factors that have a
significant impact on the proposed use. Siate
comments and recommendations are normally
due in 24 days.

3. No subdivision may be approved until the
required studies and plans have been submitted,
reviewed, and found Lo meel ‘sound planning
and engineering requirements.’

4. No counly may approve a preliminary or final
plat unless hazardous conditions thal require
special precautions have been identified and
proposed uses are compalible with these
conditions.

The Colorado Geological Survey reviews all sub-
mitted information for geologic hazards and has had a
major impact on subdivision plans and approvals. One
weakness noted by CGS personnel is that they often do
not know whether their recommendalions have been
implemented. Enforcement of S.B. 35 requirements is
entirely at the county level, and some of the same
problems exist as noled earlier for local implementation
of the Riley and Subdivision Map Acts in California,
including variability in the quality of documents ap-
proved for subdivisions and the degree to which sub-
dividers are required to modify their plans to make them
more compatible with known geologic conditions.
However, the requirement in Colorado S.B. 35 that
subdivision plans and supporting information be sub-
mitted to state agencies for review allows for much more
state inputl to the subdivision process than in California,
thereby upgrading the overall quality of ihe review
process and providing some standardization.

The most serious weakness of the Colorado sub-
division law is thal it applies only to counties. Incorpo-
raled municipalities are not required Lo adopt sub-
division regulations or follow the procedures set forth in
S.B. 35. The Cily and County of Denver, for example, is
immune from the subdivision law, The decision to
exempt municipalities from the law apparently resulted
from inadequate legislative supporl for state involvement
in municipal-level regulatory processes Lo the degree
called for in 8.B. 35. Although the law has been success-
ful in regulating development in mountain areas where
there are many serious problems associated with steep
slopes, il exempls a major percentage of subdivisions in
the state that could be subject to equally serious prob-
lems (for example, mine-related subsidence, flooding,
and ground-water depletion in the urban environment).
Some proposed subdivision areas have been annexed into
an adjacent municipality to avoid the requirements of
S.B. 35 (W.R. Junge, oral commun., 1982).

A disclosure law was enacted recently (S.B. 13,
1983) that applies to all residential development. The
developer must analyze the hazard potential and disclose
any potential problems Lo prospective homebuyers,
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Because there is no requirement for state review or for
submitling copies of disclosure slatements to the state,
there apparently is little means of review or enforcement
other than the threat of litigation for not disclosing
known hazards. It is too early Lo delermine the effec-
liveness of this new law,

STATE-LEVEL PROJECT REVIEWS

Major construction projects in  Colorado  that
include many critical facilities are reviewed by the
Colorado Geological Survey and other agencies lo
determine the adequacy of siting, design, construction,
and, in some cases, operation to reduce potential dangers
Lo the public from geologic hazards, With the exception
of dams and certain state capital-construction projects,
state-level review is not mandatory. However, basic
information (for example, project type, location, size, or
cost) for all proposed projects that receive state or
federal financial assistance through grants or loans is
routinely provided to the CGS through the Colorado
Clearinghouse. The Clearinghouse was established Lo
implement the provisions of the federal Office of Man-
agement and Budget (OMB) Circular A-95, which
provided all stales with the opportunily Lo review and
comment on federally supporled projects.? The CGS
may request a geologic reporl for any projecl that it
believes is potentially dangerous to the public because of
geologic hazards. Most applicants comply with the
requesl and respond favorably Lo survey recommenda-
tions. If a significant problem is revealed and is not
resolved by the builder, state or federal funds may be
suspended. During 1981, CGS performed about 700
reviews through the Colorado Clearinghouse (W.R.
Junge, oral commun., 1982).

The CGS reviews proposed capilal-construction
projects of other stale agencies through memoranda of
understanding or policy letters. Mosl state conslruction
projects are supervised by the Colorado Division of
Capital Construction, which is required to submitl
reports on soils and geology for review by CGS under a
formal memorandum of understanding. Other agencies
that do not have formal agreements with CGS may
request review of construction projects and are strongly
encouraged to do so by the Governor. Compliance
with CGS recommendations is not mandatory, bul most
agencies respond favorably to the reviews (W.R. Junge,
oral commun., 1982).

A program for review and inspection of dam con-
struction and operation in Colorado exists under Lhe
State Engineer’s Office and is similar to the dam-safety
program in California. For proposed dams over 10 (i
high or with a greater than specified capacity, plans

30MB Circular A-95 was rescinded and replaced by Presidential
Executive order 12372 in July 1982, Although Executive order
12372 changed some procedural elements, the state review
process remains intact,

and specifications supported by a geotechnical report
must be submitted for review, The State Engineer’s
Office employs geolechnical engineers Lo review Lhese
reports and mayv contract with private consulting firms
for all or part of a review. During consltruction, an
independent third party may be required Lo inspect the
dam and report Lo the State Engincer’s Office to ensure
that construction complies with approved plans and
specifications. The State Engineer’s Office is required to
inspect every operational dam under its jurisdiction
annually, Because of staff and funding limitations, this
requirement has been impossible to meel. Colorado
has over 2,200 dams; of these, the State Engineers Office
can only inspect about 400 each year. Consequently,
most dams are inspecled once every 4 Lo b yr, uniess a
potential problem is broughl to the attention of the
State Engineer’s Office. This weakness in Lthe inspection
program may be partially responsible for recent dam
failures in Colorado. Many dams buill before review
procedures and construction standards were established
are nearing the end of their safe, useful life. In July
1982, an earthfill dam al the headwalers of the Big
Thompson River failed and caused several deaths and
substantial damage to the Estes Park area. State inspec-
tion of the dam was overdue and was scheduled for later
in 1982,

Other major projects and critical facilities in Colo-
rado are nol subject to rigorous formal review and strict
approval procedures as are some facilities in California.
However, through the Clearinghouse, CGS can review
and comment on many projects. A major weakness of
this procedure is that only state- and federal-funded
projecls are recorded by the Clearinghouse, Unless
controlled by local laws or unless a local government
requests a review by CGS, privately funded power
facilities and buildings for public occupancy, for ex-
ample, may nol be reviewed for geologic hazards (W.R,
Junge, oral commun., 1982).

MINIMUM QUALIFICATIONS FOR
PROFESSIONAL GEOLOGISTS

Under H.B. 1574 (1973), any geologic report that is
required by law for a slate or local agency or commis-
sion in Colorado must be prepared by a ‘professional
geologist.” There is no formal registration procedure for
geologists in the state, but the law defines a professional
geologislt as “‘a person who is a graduate of any institu-
tion of higher education which is accredited by a region-
al or national accrediting agency, with a minimum of 30
semester (15 quarter) hours of undergraduate or grad-
uate work in a field of geology and whose post-
baccalaureate training has been in the field of geology
with a specific record of an additional 5 yr of geologic
experience Lo include no more than 2 yr of graduate
work.” Beyond these basic qualifications, selection of an
appropriale professional to prepare geologic reports
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is left Lo the discretion of the person or agency who
contraclts the work and to the personal judgment of
professionals who accepl the work. Guidelines issued by
the Colorado Geological Survey (Junge and Shelton,
1978) recommend that professional geologists who
prepare reports [or review by a state or local ageney have
educalion and experience in civil engineering, ground-
waler geology, Quaternary geology, geomorphology, and
interpretation of aerial photographs.

Lack of formal registration for professional geolo-
gists in Colorado avoids the so-called club atmosphere to
which many people in California object, but raises some
question aboul consistency in judgment and evalua-
tion when persons are selecled Lo perform geologic
work, Financial incentives may affecl a geologist’s
judgment in accepting work for which he or she may
be only marginally qualified. However, H.B. 1574 also
eliminates the tendency Lo selecl a person for geologic
work solely based on registration, and forces the con-
tracting party and the consultant to evaluate profes-
sional gualifications based on  the specific project.
Because the requirement for educational and profes-
sional experience is more general, and a shorter ex-
perience period is required than in California (5 yr
instead of 7 vr), built-in biases against some types of
professionals (educators, for example) are reduced.

SATUTORY AUTHORITY FOR THE
COLORADO GEOLOGICAL SURVEY

In the mid-1960s, Colorado was one of only Lhree
states thal did not have a state geological survey, and the
incidence of serious geologic problems associated with
developmentl of ils mountain regions was rapidly in-
creasing. Recognizing the need for state aclion on
geologic issues, many professional geologists worked
through the American Institule of Professional Geolo-
gists and the Association of Engineering Geologisls to
develop a meaningful charter for the Colorado Geologi-
cal Survey (CGS). Legislation was enacted to put the
charter into effect and establish the Survey as a division
in the Department of Natural Resources in February
1969.

Similar to the California Division of Mines and
Geology, the legislation establishing CGS (Colorado Rev,
Stal. 34-1-101 and those that follow) outlines its general
stalutory authorily and responsibilities. Other statutes,
such as H.B. 1041 (land-use-planning law) and S.B. 35
(subdivision law), prescribe specific functions consistent
with the charter. The provisions of Colorado Revised
Statutes 34-1-103 stipulate that “the Colorado Geologi-
cal Survey shall function o provide assistance to and
cooperale with the general public, industiries, and
agencies of state government, including institutions
of higher education, in pursuit of the following objec-
tives, the priorities of which shall be determined by
mutual consent of the slate geologist (chiel of the

division) and the exccutive director of the Department
of Natural Resources.” Some stated objectives relate 1o
geologic hazards: “*(a) to assist, consull with, and advise
existing state and local governmental agencies on geo-
logic problems..., (¢)to conducl studies to develop
geological information..., (g) to evaluale the physical
features of Colorado with reference Lo present and
potential human and animal use.... and (i) lo determine
areas of natural geologic hazards that could affect the
safety of or economie loss to the citizens of Colorado.™
The stalule requires the State Geologist Lo fulfill these
objectives and Lo “work for the maximum beneficial
and mosl efficient use of the geologic processes [or the
protection of and economic benefit to the citizens of
Colorado.”

With this charge. and because Colorado lacked any
requirements Lo consider geologic information in land-
use planning and development, a major task of CGS has
been public education. Many people in Colorado ob-
jected Lo the use of geologic information as an infringe-
ment on their personal and property rights. Landowners
and developers feared thal geologic-hazard information
would decrease property values and that the cost of
geologic studies would oulweigh the benefits. Public
talks, testimony to legislative committees, newspaper
articles, publications, conferences, and workshops were
used Lo show how geologic information can save money,
shorten development time, promote more cefficient
development, and provide a better product for the
consumer (J.W. Rold. 1978). The CGS became involved
in several importanl and controversial issues, such as
proposed developmentl in an area of known mudflows
and avalanche hazards near Marble and a hazard assess-
ment in mountain canyons after the Big Thompson
River flood in 1976,  These issues heighlened public
awareness ol geologic  problems, demonstirated the
importance of using geologic information in develop-
ment decisions, strenglhened the credibility of CGS, and
were major factors in the enaclment of S.B. 356 and
H.B. 1041 (W.P. Rogers, oral commun., 1982),

As in California, Lhe annual legislalive appropriation
for the CGS is not itemized by projecl except for
occasional shorl-term special projects. The State Geolo-
pist and the Executive Direclor of the Department of
Natural Resources mutually determine the task priorities
of the survey, and the State Geologist manages Lhe
budget accordingly. A basic philosophy of CGS is Lo
place a relatively low priorily on research and general
geologic mapping and a high priority on problem-
oriented tasks that benefit the public directly. Thus, the
emphasis is Lo technically assist local governments,
inform the ‘prudent lavman,” and address specific
issues and problems of public concern (W.R. Junge, oral
commun., 1982).

In 1983, the General Assembly reduced funding for
CGS to the salary of one full-time professional. Without
funding from other sources, CGS would no longer be
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able to perform mosl of its statutory functions. How-
ever, new legislation allows CGS to perform work on a
reimbursible basis; this mechanism has allowed CGS Lo
continue many of its functions. Although CGS no
longer performs some routine reviews in conjunction
with Colorado planning and subdivision laws, it con-
tinues to review projects for other slate agencies on
request and addresses specific problems in local areas.
The work is paid for by federal or state agencies, local
governments or, in some cases, private companies. The
work performed by CGS is restricted by ils statutory
authority, which remains unchanged, and Lhe survey
may noi perform consulting work that competes with
the private sector (W.R. Junge, oral commun., 1982).

OTHER STATES

Most approaches to hazard mitigation in other states
are similar to measures adopted by California and
Colorado. Variations exist primarily in emphasis, com-
prehensiveness, and the degree to which authority and
responsibility are delegated Lo local governments. Many
successful state programs use hazard-specific measures
and emphasize problems that most concern the state,
Massachusetts., for example, requires state review of
proposed projects in coaslal areas that could alter land
that is subject to tidal action, coastal erosion, and
flooding. Minnesota has adopted a stalewide building
code thal emphasizes flood-proofing  requirements
(Baker and McPhee, 1975).

State-level approaches to reduce loss potential from
geologic hazards fall inlo two categories: 1) legislation
and regulations that impose strict state controls on land
use and building methods; and 2) planning legislation
that transfers authority and responsibility for zoning and
regulation of most construction to local governments. In
both cases, programs generally rely heavily on a state
geological survey or a similar agency thal evaluates
hazards on a regional basis, provides public information
and technical assistance, and technically reviews plan-
ning documents and proposed facilities. Planning legisla-
tion has been emphasized over strict controls in recent
years, particularly with inereasing public desire for local
aulonomy. Stricl state-level controls are reserved for
very severe or regional problems that are beyond the
capabilitics of a local government if a disaster occurs
and for critical facilities that affect large numbers of
peopie or the continued operation of which is essential,
Dams and hospitaly are examples of facilities for which
construction is sirictly regulated at the state level in
many states,

Hawaii and Maine are among the few states that
have adopted statewide zoning regulations that specify
the types of activities and construction permitted within
each zone and incorporate hazards considerations into
the zoning process. In Maine, one type of staie zone is a
‘protection zone’ that regulates development on flood
plains and steep slopes. Planning legislation has been
enacted in lieu of stricl statewide controls in Oregon and
Wisconsin. Seven separate laws in Oregon’s ‘land-use

package’ establish requiremenls for local land-use
planning, which must incorporate hazards considera-
tions. The Wisconsin law encourages local flood-plain
zoning bul allows the stale Lo impose ils own zoning
laws if the local government fails Lo do so. In Mississippi.
a slatewide building code has been cnacted that local
governments may modify Lo suil local conditions and
preferences (Baker and MePhee, 1975),

Many siafes have established temporary or per-
manent commissions Lo advise the Governor, state
agencies, Lhe Jegislature, and local governmenls on
land-use matiers or hazards-relaled issues. In 1977, a
lemporary Seismic Advisory Council was established in
Utah to recommend a program of seismic-hazard evalua-
tion and mitigation to the Governor and legislature. The
council disbanded when ils mission was completled in
1980 (Carter, 1983).

Most states have a geological survey that collects
geologic data and provides public information and
technical assistance on hazards to local governments,
developers, and individuals. Local governments use this
information and somelimes perform their own studies Lo
support hazards-related land-use plans and zoning
ordinances that they develop on their own initiative. The
Utah Geological and Mineral Survey has a Hazards Sec-
tion that identifies and maps geologic hazards through-
out the state as required by state code. Similarly, the
[linois Geological Survey identifies hazards and brings
them to the attention of local property owners, cily
governments, or regional planning bodies and advises
other agencies on hazards issues that affect their various
functions.

FEDERAL HAZARD-MITIGATION
PROGRAMS IN ALASKA

Many hazard-miligation and disasler-preparedness
programs thal affect Alaska exist al the federal level,
Federal programs emphasize disaster relief, regional
studies, basic research on causal faclors and processes,
development of prediction capabilities and  warning
svstems, and improvement of design  standards  and
construction technology. Some major programs Lhat
benefit, or could benefil, Alaska are discussed in this
section,

DISASTER RELIEF

The federal Disaster Relief Act of 1974 {Public Law
93-288) provides financial assistance to state and local
governments when the President declares an area a
disaster or emergency. Under the program, the Federal
Emergency Management Agency (FEMA) administers
granils from the President’s Disaster Relief Fund. Other
agencies, such as the Small Business Administration and
Farmer's Home Administration, provide disaster-relief
loans.

Alaska has been a major recipient of financial
assistance from the President’s Disaster Relief Fund.
From 1961 through 1979 (the President’s fund exisled
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before the Disaster Reliel Acl was passed in 1971),
Alaska received about $76 million from the federal
government to assist in recovery from major disasters.
The 1964 carthquake and 1967 Fairbanks flood ac-
counted for 83 percent of Alaska’s tolal FEMA receipls
as of 1979, From 1961 to 1970. Alaska’s per-capita
share ($221.81) was the largest of any stale (Office of
Emergency Preparedness, 1972). However, contributions
from the President’s Disasler Relief Fund generally cover
only a small portion of the total damages. Assistance
from the Disaster Relief Fund for recovery from the
1964 earthquake, for example. only amounted Lo about
16 percent of the total estimated damages. Although the
U.S. Armyv Corps ol Engineers performed much ol the
reconstruction at federal expense, a major share of the
burden for disaster response and recovery was and
remains al the state and local levels.

Although some improvements have been made in
recent vears, a major deficiency with disaster-relief and
insurance programs in general is that eligibility for
benefits is often not contingent on implementation of
risk-reduction measures, For this reason, many programs
have discouraged hazard mitigation by failing lo offer
the proper incentives and rewarding lack of foresight.
Unconditional availability of disaster assistance probably
grew out of the notion thal disasters are "acts of God’
and cannol be prevented or mitigated; therefore, every-
one should be equally eligible for assistance.

The Disaster Relief Act of 1974 established some
conditions of eligibility for federal disaster loans and
grants to encourage hazard mitigation at the state and
local levels. As prereguisites for financial assistance, the
law requires thal postdisaster reconstruction or repair
financed with federal relief funds must conform with
applicable codes and standards, and that hazards from
similar future events in the affected area musl be eva-
luated and appropriate mitigation measures muslt  be
adopted. These requirements apply only to postdisaster
actions and still do not affect eligibilily based on pre-
disaster mitigation.

Some of the most significant advances in promoting
hazard mitigation in conjunction with federal disaster
relief have been in the area of flood hazards. The Na-
tional Flood Insurance Program not only offers a means
to distribute financial losses, but also provides positive
incentives  for flood-hazard reduction. Communities
must meel certain requirements to participate in the
program, and stale governments assist by coordinating
programs within their borders. To qualify for federally
subsidized insurance, the community must adopt pre-
seribed land-use controls and construction standards for
areas potenlially affected by the 100-vr flood. For
example, the lowest floor of a structure must not be
below the level of the 100-yr flood or storm-surge
height unless adequate flood proofing is provided.

A Flood Disaster Act was passed in 1973 to improve
incentives for community participation in the National
Flood Insurance Program. This act increased available
insurance coverages and prohibited federal financing of
projects in flood areas unless the community  partici-
pated in the program. The latter prohibition includes

projects financed by federally insured banks and savings-
and-loan  associations. Community  participation  has
increased dramatically since the Flood Disaster Act was
passed. In Alaska, state-backed mortgage-loan financers
also require flood insurance in the 100-vr-flood area
as a prerequisite Tor loan approval.

REGIONAL STUDIES

Several federal agencies perform research and map
areas that provide usetul information for describing
geologic hazards on a regional scale. Most notable are
programs of the U.S. Geological Survev (USGS) that
produce topographic and geologic maps and evaluate
regional seismic aclivity, These programs assess regional
problems and identify areas that require more detailed
studyv, They are nol generally adequate for site-specific
decisions or local land-use planning because map scales
are small and subject treatment is general. Although
regional geologic quadrangle maps (1:250.000 scale) are
available for most of the continental United States, large
arvas ol Alaska have nol been mapped al Lthis scale. In
addition, geologic hazards are not generally identified on
geologic quadrangle maps. The maps provide approxi-
mate ages and brief descriptions of bedrock unils and
surficial deposits. but must be interpreted Lo infer
potential geologic hazards, Map information must be
supplemented by additional studies and more delailed
data to produce hazards maps that are useful for plan-
ning.

The USGS has primary responsibility for regional
varthquake-hazard studies under the Earthquake Hazards
Reduction Program (EHRP) established by Public Law
95-121 in 1977, This is the largest long-lerm federal
program devoted to earthquake-hazards mitigation in the
United States. The National Oceanic and Atmospherie
Administration (NOAA) manages the Alaska ‘Tsunami
Warning Center in Palmer where 15 seismographs are
monitored in Alaska and around the northern Pacific
Ocean. Other short-term projects are funded by various
federal agencies to evaluate the seismicity and seismie
hazards ol specific areas in relation Lo aectivities Tor
which they have management responsibility. In recent
vears, the Department of Energy has funded regional
seismograph nelworks to determine geothermal-energy
potential and carthquake hazards on the Alaska Penin-
sula. The Bureau of Land Management (BLM), through
NOAA. has provided major funding for seismograph
networks 1o determine earthquake hazards to oil de-
velopment on the Alaska continental shelf, The BLM-
NOAA program provided aboul $1 million annually to
operale seismic networks in Alaska and analyze the data.
However, this and most other hazards-related funds were
phased out by the end of fiseal vear 19824 The De-
partment of Energy has reduced its funding for seismic
studies in Alaska, As a result, many seismograph slations
have been dismantled, and more will be removed if
adequate support is not maintained (Davies. 1983).

'I'l‘hn fiseal vear for the federal government is October 1 through
September 3.
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Although EHRP is a large national program with
broad scope, il sets no goals or policy to establish
long-term, minimum seismograph nelworks nation-
wide or map earthquake hazards al minimum scales in all
arcas of high seismic risk. The USGS share of funding
under Lhe national program has been about $30 million
annually since 1978, Distribution of funds among the
four major elements of the USGS program (fundamental
studies, earthquake prediction, induced seismicity, and
hazards assessment) has remained relatively constant,
with about 50 percent going Lo fundamential studies and
hazards assessment. Under these two programs, the
USGS  operates  limited seismograph  networks and
studies earthquake hazards in selected regions. Limiled
funding for these program elements on a national scale
has forced the USGS Lo concenlrale on heavily popu-
lated areas that have sufficiently high seismic activity Lo
penerate useful data in a reasonably short period, and
that are relatively accessible so that the cost of obtaining
data is nol excessive (R.A. Page, oral commun., 1982).
Alaska has received about 4 percent of the annual USGS
budgetl for the earthquake-hazards-assessmenl portion of
the national program. compared to 31 percent for
California, 17 percent for the southeastern United
States, 16 percent for the northeastern United Stales,
and 13 percent lor the central Mississippi valley (Hamil-
ton, 1978). The only seismic instrumentation in Alaska
supporlted by the EHRP is a small network on Adak
Island that provides data to develop carthquake-pre-
diction capabilities and a network operated by the USGS
in southern and southeastern Alaska. The balance of
Alaska funding goes lo studies of earthquake-relaled
ground instability in the Anchorage area, measurement
of crustal deformation in Lwo areas that are thought lo
have potlential for major earthquakes in the pear future,
and interprelation of seismolectonic processes in south-
ern Alaska from geologic and seismologic data (Hays,
1979; Reed, 1981).

From FY 1980 through FY 1984, USGS objectives
and anticipated funding for its portion of the EHRP
remained unchanged f{rom previous years (Hays, 1979).
Although it has been arpued that EHRP has given only
minor support to Alaska because other agencies (mainly
DOE and BLM-NOAA)} have substantially funded
seismograph nelworks in Alaska, there are apparently no
plans to shift more support Lo Alaska Lo compensate for
the loss of funding from other agencies.

BASIC RESEARCH

A major activity of the USGS is basic research into
processes and factors that affect the distribution, fre-
quency, and severity ol geologic hazards. Although
much of this work is performed by USGS personnel,
some funding is provided Lo universities, stale govern-
ments, and private consultants. The National Science
Foundalion (NSF) also supports basie research related to
geologic hazards. Information from these studies is used

hy Tederal, stale, and local agencies, engineering firms,
architects, and planning consullants Lo improve hazards-
mapping and prediclion capabilities, assess risks. and
develop better approaches Lo hazard mitigation.

About 10 percent of the Earthquake Hazards
Reduction Program is basic research, As parl of ils share
of the program, The USGS evaluates the earthquake
potential of seismically active areas, assesses earthquake
hazards, develops carthquake-prediction capabilities, and
provides data on earlhquake occurrences and strong
ground motion, The NSF supports research on funda-
mental earthquake causes and processes and engineering
approaches to mitigate earlhquake effects (Hamilton,
1978, Schnell and Herd, 1983).

The USGS will probably expand its research on
landslides under a proposed National Landslide Hazard-
reduction Program. The program’s major goals are to
determine the geologic, topographic, and hydrologic
conditions thai contribute to slope failures; determine
factors thal lead to changes in siability: analvze past
failures Lo develop prediction capabilities; and recom-
mend methods (o mitigate landslide damage (U.S.
Geological Survey, 1981). How much of this program
will be performed in Alaska is unknown, bul the re-
search results should apply Lo mapping landslide hazards
and improving risk-reduction methods in the state.

Two other hazards-related programs in the USGS in
Alaska are the Arctic Environmental Studies Program
and the Voleanic Hazards Program. The principal goal of
hoth programs is to develop a better understanding of
geologic processes in Alaska so thal their polential
effects in developing areas can be determined. The
Arctie Environmental Studies Program oblains base-line
geolechnical dala for land-use planning in transportation
corridors and other developing areas. The program also
studies problems thal arise during operation of the
Trans-Alaska Pipeline System to provide a basis for
avoiding or minimizing similar problems to other pro-
posed facilities. The Volcanic Hazards Program studies
voleanic deposits to determine the history and style
of voleanic eruptions, A small part of this program
monitors seismic and geochemical changes thal may
provide clues to fulure activity (Reed, 1981).

PREDICTION AND WARNING

The federal governmeni supporls numerous pro-
grams Lo advance technology for predicling major
events, The weather-prediction program of the National
Weather Service of NOAA is the oldest and most famil-
iar. A major objective of this program is to improve
capabilities of predicling wealher-related catastrophies,
such as floods and hurricanes.

Aboutl half of the USGS share of the Earlthquake
Hazards Reduction Program (25 to 30 percenil of the
tolal national program) is devoted to development of
prediction capabilities. The larpest effort is in California,
although the resulls will apply in many other parts of
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the country (Hamilton. 1978). Prediction technigues
developed in California may have limited application in
Alaska because of differences in the seismotectonic
processes responsible for major earthquakes in the two
stales,

Techniques for predicting volcanic eruptions are
improving, especially with the large quantity of data
provided by the eruptions of Mount St. Helens. Much of
this progress has been made under the USGS Volcanie
Hazards Program, which continues Lo study volcanoes in
the Uniled States and other parts of the world. This
program includes studies of four voleanoes in the Cook
Inlet region (ML. lliamna, Mt. Redoubt, Mt. Spurr, and
Hayes Volcano), Mt. Edgecumbe in southeastern Alaska,
and several volcanoes along the Alaska Peninsula and
Aleutian Islands (T.P. Miller. oral commun., 1985).
Internationally, there has been some success in pre-
dicting voleanic eruptions, and warnings are being issued
based on these predictions. The ability Lo predict an
eruption currently depends on historic information
about a volcano’s eruptive style, internal structure, and
seismic activity, and on the geophysical and geochemical
signals that normally precede an eruption. The principle
is the same for predicting olher types of events: success
depends on the delay between onset of the event at
deplh (as indicated by renewed seismic activity, for
example) and the surface eruption. Volcano research by
the USGS in the Cook Inlet area is not necessarily aimed
at predicling eruptions of Cook Inlet volcanoes, but
provides data to develop predictive models.

Prediction capability will be a principal objectlive of
the proposed National Landslide Hazard-reduction
Program, which will expand existing USGS landslide-
research activilies. Timing, geologic setting, mechanisms.
rates, and extent of past slope failures will be studied Lo
determine how these factors can be used to predict
future failures,

The success of warning svstems depends on Limely
and accurate prediclions of events or recognition of
condilions that indicate a high probability that a haz-
ardous evenl will occur, Because predicting an event's
onsel and location is not vel possible for many hazards.,
warning svstems often depend on prediction of the time
and place of impact after an event begins. For example,
flooding can often be predicted only after a cloudburst
has begun, and warnings must be issued and acled on
during the limited time available as the flood develops.
Similarly, the federal governmeni has developed warning
systems for hurricanes and tornados that are based not
on predictions of occurrence, but on estimates of the
time and place of impact once the storm has started,

Tsunami-warning systems are highly successful and
effective, at least for tsunamis that originale at a dis-
tance, because many hours may pass after the Lsunami i
generaled and before the waves reach a distant shoreline,
In Alaska, the major difficulty in issuing tsunamij warn-
ings is inadequate communications with many small,

-

remote communities in vulnerable coastal areas, The
Alaska Tsunami Warning Cenler, operated by the Na-
tional Weather Service in Palmer, issues warnings for the
enlire northern Pacific Ocean. The Alaska Division of
Emergency Services assisls by improving communica-
tions capabilities and supplementing public-education
programs to instruct coastal residents on how Lo respond
Lo warnings and how Lo recognize the signs of a local
Lsumami.

Snow-avalanche  warning  svstems  use weather
forecasts and observations of snowpack conditions Lo
determine the danger of avalanche activity rather than Lo
predict or warn of individual events. The Alaska Ava-
lanche and Fire Weather Forecast Svstem (AAFWES)
wis esltablished by the lederal government and the State
of Alaska and began operation in 1980. The U.S. Forest
serviee (USEKS) is lead ageney for the program, and the
Alaska Department of Public Safely was designated to
represent the state and coordinate program participa-
tion by other state agencies, Objectives of the AAFWFS
are Lo aid fire-suppression agencies in their management
of resources and five-related aclivities: provide mountain-
weather and snow-stability forecasts to evaluate hazard
levels; maintain an atlas of avalanche oceurrences and
paths: identify hazard zones to develop Zoning regula-
tions; and conduct a public-awareness program aboul
avalanche dangers and accident prevention.,

The Afire-weather-service  function ol AAFWES
helps the National Weather Service prepare daily and
spot fireweathor forecasts from April 15 to Seplember
15 of cach vear. From September 15 (o April 150 the
AAFWFS provides mountain-weather and snow-stability
forecasts that allow users to evaluate hazards and make
scheduling  decisions.  Responsibilities  for  other ava-
lanche-related activities are delegated by state legislation
{Alaska Stat. 18.76.010) to the Department ol Public
Safetyv. which in turn has delegated some of the tasks to
olther state agencies. Federal participation in the pro-
gram consists of monetary contributions from the BLM
and USFS and support through the services of federal
personnel,

The USGS has developed a system for notifying
state and local governments, other federal agencies, and
the public of potential or imminent dangers from
geologic hazards. A notice is formalized as a Geologic
Hazard Warning when a situation poses a risk greater
than normal and warrants considerations of a timely
response Lo ensure public safely (U.S. Geological Survey,
19814). A Geologic Hazard Warning is accompanied by
copies of scientific papers or reporls that provide the
basis of the notification, descriptions of the known
geologic and hvdrologic conditions, and an offer to
provide appropriate technical assistanee to affected state
and local governments. Whenever possible, warnings are
accompanied by estimates of the time, place. and
magnitude of the expected event and deseriptions of
possible geologic or hydrologic events.
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The original Federal Register announcement of the
hazard-notification  svstem (U.S. Geological Survey,
1977) points out that the svstem does not have a
nationwide capabilily Lo issue notifications of hazardous
conditions wherever and whenever they may exist. It
also does not relieve state governments of the responsi-
hility to keep apprised of potential hazards. States may
request an evaluation of a potential hazard by the USGS
for possible issuance of a notice, wateh, or warning. The
notice  also  clearly  divides {he responsibility among
federal. state. and local governments:

“The U.S. Geological Survey recognizes that
providing earth-science information, in ac-
cordance wilh its expertise, is only the first of
the inputs needed by state and local govern-
ments and the public in mitigating the effecls
of pgeologic hazards. The actual adoption of
the most effective mitigation measures by local
authorities will result from a cooperative effort
by agencies at all governmental levels and by
non-governmental organizalions and the public.
Decisions for adoption of such mitigation
measures should be based upon a broad range
of earth-science, engineering, and socio-eco-
nomic information;” and “...recommendations
or orders to Ltake defensive aclions are issued by
officials of state and local governments, where
the police and public safety authority rests in
our governmental system.”

CONSTRUCTION TECHNOLOGY

Most major advances in construetion technology
and design standards continue Lo come from private
industry. In a few areas, such as seismic design. the
federal  government conducls  programs Lo develop
standards for its own facilities and promole improve-
ments in state and local huilding codes, The U5, Army
Corps of Engineers, Bureau of Reclamation, and the
National Bureau of Standards are responsible for most of
this work within the federal government. In addition,
NSF supports research in seismic engineering as parl
of EHRP. Most research addresses methods to determine
design evenls, analyze the response of soil and struc-
lures. determine the polential for failure of slopes,
embankments, and foundations, and develop Lechnology
for earthguake-resistant construction (Schnell and Herd,
1983).

STATE AND LOCAL GEOLOGIC-
HAZARD PROGRAMS IN ALASKA

The most significant progress in dealing with geo-
logic hazards in Alaska has been in disaster preparedness.
Enactment of a comprehensive disaster act in 1978
established the Alaska Division of Emergency Services
and began a program thal has significantly improved
disaster preparedness al state and local levels. Although

the Alaska Disaster Act addresses bazard mitigation,
progress in this area has been limited. Local planning for
flood hazards is improving, primarily in response to
federal eligibility requirements for flood insurance and
through assistance provided by the Alaska Depariment
of Community and Repional Affairs.

Limited progress has been made to develop land-use-
planning and construetion standards at slate and local
levels as a means of reducing losses from other geologic
hazards in  Alaska, particularly for hazards Lhal are
potentiallv catastrophic. However, slate funding for
engineering-geology  and  seismic-monitoring programs
beginning in FY 1984 indicates some interest in such
programs.

DISASTER PREPAREDNESS, WARNING
SYSTEMS, AND PROTECTION WORKS

In 1977, the Alaska Legislature and Governor
adopted the Alaska Disaster Act (Alaska Stat. 26.23),
based on the Example State Disaster Act by the Council
of State Governments (1972). This law expanded the
former State Disaster Office into a new Division of
Emergency Services (DES) in the Department of Military
Affairs and pgave it broad responsibilities in disaster
preparedness. These responsibilities include (from Alaska
Stat. 26.23.040) such actions as preparing a comprehen-
sive stale emergency plan, assisting local governments in
designing their emergency plans, distributing emergency
food and supplies, establishing public-information
programs, and arranging for public and private facilities
during emerpgencies. In preparing the stale emergency
plan, DES is responsible for recommending land-use and
building regulations Lo reduce the impact of disasters.

The Alaska Disaster Act also provides for commu-
nity disaster loans, grants Lo disaster viclims, temporary
housing, and removal of debris, The Governor is required
Lo consider steps for disaster prevention, and appropriate
state departments are required Lo identify areas vulner-
able to disasters and study ways to reduce the dangers.
However, disaster preparedness is emphasized, and
funclions that relale to hazard mitigation are primarily
advisory,

A state emergency plan prepared by DES in accord-
ance with the Alaska Disaster Act was adoptled in 1978
and spells oul disaster-response and planning functions
of local, state, and federal government agencies that
concern floods. forest fires, earthquakes, Lsunamis,
voleanic eruptions, and ‘utilities emergencies.” Although
most assigned respongibilities address disasler prepared-
ness and response, some relate Lo predisaster mitiga-
tion. For example, one responsibility assigned lo local
governments thal concerns carthquakes is “land-use
planning and seismic building codes to minimize the
adverse effects of carthquakes on the communily.”
However, because the emergency plan is not incorpo-
rated in state regulations, it lacks the force of law to
require local povernments Lo carry out this responsi-
bility. The plan goes into effect when the Governor
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declares a disaster, which is too late to implement
predisaster mitigation. In effect, the emergency plan is
an advisory document and. although valuable as an
action plan during a sltate emergency, does nol mandate
predisaster hazard mitigalion by other state agencies or
local governments.

Warning  systems and  related communications
facilities are hazard-mitigation functions for which DES
has major responsibility and has made substantial
contributions in recent vears. The DES coordinates with
the federal Tsunami Warning Center in Palmer to issuc
timely warnings bv providing and maintaining communi-
calions facilities throughout the state, The capability Lo
communicate (sunami warnings to remote coastal areas
is improving as the communications system is upgraded
and expanded. In conjunction with ils involvement in
the Tsunami Warning System. DES conduets publice-
education programs in coastal villages to instruet re-
sidents on how to respond to warnings and how Lo
recognize and respond lo indications of local Lsunamis
for which warnings are not possible (ID. Thomason, oral
commun,, 1982).

The abilitv of DES to fulfill its statutory responsi-
bilities is limited by its funding. Funding for dav-to-day
operations has been barely sufficient to maintain a small
staff at its headquarters office in Palmer and al a few
field locations around the state. Only when a disaster is
declared by the Governor does DES acquire and ad-
minister substantial funds for disaster-response opera-
tions. One responsibility  that has sulfered because
ol limited funding is assistance to local governments
for preparing emergency plans (D, Thomason, oral
commun,, 1982).

The State of Alaska has major statutory responsi-
bility for the Alaska Avalanche Warning System, which
is part of the Alaska Avalanche and Fire Weather Fore-
cast System (AAFWFS). Various stale agencies partici-
pate in the avalanche-warning system or contribute in-
formation according Lo personnel and budgetary capa-
bilities. Because of funding limitalions. the proposed
organization has never been fully staffed {(Johnson,
1982). The program director and an avalanche specialist
musl contribute their time subject Lo the priorities of
other duties. Two meteorologist positions are provided
by the Alaska Railroad (a prime user of the warning
system}), and wealher and snowpack information along
the Seward Highway is generally provided by the Seward
Highway Avalanche Project (SHAP), which is operated
by the Alaska Department of Transportation and Public
Facilities. The University of Alaska Arctic Environ-
mental Information and Data Centler operates the Alaska
Avalanche Forecast Cenler, which maintains a slatewide
data base of weather., snow-stabilityv. and avalanche
occurrence data, including a special data base for SHAP
(Fredston and Sweel, 1985). The Alaska Division of
Geological and Geophysical Surveys has prepared
avalanche atlases more or less independently of the joint
program. Funding limitations eliminated the position to
provide informalion and avalanche forecasts for the
Juneau area (Johnson, 1982),
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For these reasons, the Alaska Avalanche Warning
Svstem is only partially meeting ils statutory responsi-
bilities. Users and participants cile inadequale funding,
absence of strueture or direction, inexperienced staff
members, lack of guidance from knowledgable avalanche
specialists. and poor integration with user needs as
reasons for the program’s poor performance (Johnson,
1982). The USFS recommended that the entire program
be taken over by the State of Alaska under the manage-
ment of a single state agency,

Alaska statutes have some provisions for protection
works through stale participation in ood-control
projects (Alaska Stat. 35.07.010). Under this law, slate
government assumes 90 percent of the nonfederal costs
of federally approved flood-control projects that include
planning, land acquisition. construction, and mainte-
nance, If the project is to protect facilities under state
responsibility (for example, highwavs. roads. parks, or
fish and game facilities), the stale assumes all nonfederal
osts,

In 1977, H.B. 425 was introduced in the Alaska
Legislature to establish an erosion-control fund in the
Department  of Community  and  Regional  Affairs,
but was nol passed. The fund would have heen used to
support granis to municipalities of up to $25,000 to
cover BO percent of the total cost of an erosion-control
project to protect public property. In the absence of an
ongoing erosion-control fund as proposed in 1977, some
communities have oblained state financial assistance for
erosion control by special appropriation. Application for
the funds is made Lo the Legislature in the same manner
as for other capital-improvement projeets.

ALASKA PLANNING LAW
AND LOCAL LAND-USE
REGULATION

The Alaska Constitution establishes two levels of
local povernment, cities and boroughs, that are classified
according to such faclors as populalion, geography,
economy, and transportation., Organized boroughs are
designated as first, second, or third class, and cilies are
designated as first or second class. First-class boroughs
and cities have the most powers of self government. An
organized borough and all cities within it may unite to
form a unified municipality with all powers of first-class
cities and boroughs. Currently, there are 11 organized
boroughs in Alaska that comprise 25 percent of the
state’s tolal area and contain 95 percent of its popula-
tion. The remaining 75 percenl of the stale’s area
is designated the unorganized borough. Of the 11
organized boroughs, three are unified municipalities
(Anchorage, Juneau, and Sitka), one is first class (Fair-
banks North Star Borough), six are second class, and one
is third class (Haines).

Requirements and powers for planning and zoning
are delegated by the legislature (Alaska Stat. 29.33) Lo
cities and boroughs based on their class. First- and
second-class boroughs must provide planning and zoning
on an an areawide basis, but may delegate pianning and
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zoning powers to cities in their jurisdictions. Planning
and zoning are optional for third-class boroughs, In the
unorganized borough, first-class cities must, and second-
class cities may, provide planning and zoning. The
Alaska Land Act (Alaska Stat. 38.05) requires the state
Department of Natural Resources to provide planning
and zoning in the unorganized borough ouiside cities
that provide their own and in third-class boroughs if
planning and zoning are not provided by the borough.
The stale owns and classifies some land within organized
boroughs, but is required by stale law (Alaska Stal.
35.30.020) to comply with local planning and zoning
ordinances to the same extenl as other landowners.

To fulfill the planning and zoning requirement, first-
and second-class boroughs must have a planning commis-
sion of at least five members. The commission musl
prepare a comprehensive plan for systematic develop-
ment in the borough, zoning ordinances to implement
the plan, and a subdivision ordinance (Alaska Stat.
29.33.080), State law provides very generalized guide-
lines for these plans:

“The comprehensive plan is a compilation of
policy statements, goals, standards, and maps
for guiding the physical, social, and economic
development, both private and public, of the
borough, and may include, but is not limited
to, the following: statement of policies, goals,
standards, 4 land use plan, a communily facili-
lies plan, a transportation plan, and recommen-
dations for plan implementation™ (Alaska

Stat. 29.33.085).

The planning commission must review Lhe plan al
least once every 2 yr and make recommendaltions to the
borough assembly, which must “‘regulate and restrict Lhe
use of land and improvements by districts” in accord-
ance with the plan,

The Alaska Division of Municipal and Regional
Assistance (DMRA) in the Department of Communily
and Regional Affairs provides financial and technical
assistance to local governments on request Lo parlially
offsel budgetary and personnel! limitations they face in
preparing the required comprehensive plans. The DMRA
coordinales the National Flood Insurance Program in
Alaska and has been instrumental in having many
communities comply with the program by helping them
prepare flood-plain regulations. Other hazards are nol
systematically addressed by DMRA in its planning-
assistance program (C.L. Miller, oral commun., 1982).

State financial assistance for planning is available to
first- and second-class boroughs and first-class cities in
the unorganized borough through grants and revenue
sharing. The DMRA provides special-purpose grants
on a funds-available basis and administers annual reve-
nue-sharing funds to help pay for general municipal
services. Boroughs that provide land-use planning receive
$2 per capita annually from this fund.

Alaska’s present land-use laws and the federal
Alaska National Interest Lands Conservation Act of

1980 were influenced by recommendations of a Joint
Federal-State Land Use Planning Commission that was
established by the legislature in 1972 and was replaced
bv the Alaska Land Use Council in 1980. Most recom-
mendations were relaled to resource development,
preservation of lands in state and federal management
systems. and land exchanges and disposals to satisfy
terms of the Statehood Act and Alaska Native Claims
Settlement Act. Few specific recommendations regard-
ing veolopic hazards resulted from the Commission’s
work. However, one recommendation for state-land
policy outllined “primary public interests in retaining
state lands in public ownership,” which included *‘to
restrict development in hazardous areas™ (Joint Federal-
State Land Use Planning Commission, 1979),

GEOLOGIC HAZARDS IN LOCAL
PLANNING AND ZONING

Alaska law neither requires nor encourages con-
sideration of geologic hazards or any other specific issue
in local comprehensive plans or ordinances, except
through the Alaska Coastal Management Program
(p. 52). Because federal law requires adoption of
land-use controls by communities in flood-hazard areas
as a prerequisite Lo participate in the National Flood
Insurance Program, most affected cities and boroughs in
Alaska address flood hazards in their planning and
zoning. Although local governments have authority to
address other hazards, few do, Most local governments
thal have addressed geologic hazards have taken a broad
approach and group hazards with other considerations.
such as habital preservation for crealing generalized
open-space districts. Some comprehensive plans idenlify
specific local hazards and provide guidelines to develop
or preserve affected areas,

The Municipality of Anchorage has adopted a com-
prehensive Flood-plain Regulation (ch, 21.60, Anchor-
age Municipal Code). as have 17 other cities and bor-
oughs, to comply with the eligibility requirements
of the National Flood Insurance Program. In addi-
tion, the municipality has adopted a Residential Al-
pine/Slope District in its Zoning District Regulation (sec.
21.40.115, Anchorage Municipal Code) Lo collectively
consider a number of environmental factors, one of
which is geologic hazards. Permitied uses are restricted
to single-family dwellings, accessory structures, and
certain conditional uses subjecl to approval by ihe
planning department. Minimum lot sizes and dimen-
sions are determined according to the slope of the lot.
Although the statement of intenl of the Residential
Alpine/Slope district declares that ‘‘creative site design
and site engineering are essential” to ensure proper
development, the district regulations do not establish
design and engineering standards or procedures Lo
implement this requirement. In early 1985, the munici-
pality initiated a natural-hazard risk assessment of
the Anchorage area to provide a possible basis for
strengthening hazard-mitigation policy in the zoning-
district regulation,
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Zoning regulations in the Fairbanks North Star
Borough (FNSB) (sec. 18.44.010, FNSB Code of Ordi-
nances) include two zones that make minor references Lo
hazards. The General Agriculture zone, inlended primari-
ly to preserve and develop agricultural uses, “may also
be applied Lo lands containing soils which are not able to
supporl intensive structural development...” In this ap-
plication, the zone is generally used in areas of ice-
rich permafrost or steep slopes. Uses are restricted
primarily to one- and two-family residences, parks,
schools, churches, facilities with few employvees, live-
stock, and agriculture (not all-inclusive). An Outdoor
Recreation zone was created Lo encourage open-space
uses and specifically mentions providing floodwayvs along
the Chena River. Most development is prohibited in the
Outdoor Recreation zone, unless directly related to
recreation. The FNSB has also adoptled comprehensive
Flood Plain Building Regulations (ch. 15.04, FNSB
Code of Ordinances) to comply with eligibility require-
menils of the National Flood Insurance Program. In
1984, the FNSB bepgan a comprehensive revision of
its zoning ordinance. The new ordinance will conlain a
flood-plain ‘overlay zone’; no other substantial changes
concerning geologic hazards are planned.

Land-use controls that are recommended in a
comprehensive plan are notl effective unless zoning
ordinances are adopted to implement them. Further, a
zoning ordinance for mitigaling hazards is not effective
unless hazardous areas are identified, maintained with a
conservative approach to variances and conditional uses,
and enforced. Although some local governments in
Alaska have addressed geologic hazards in their com-
prehensive plans and, to a lesser extent, in zoning
ordinances, implementation has been limited. Some
factors that hamper implementing local hazard ordi-
nances in Alaska are general public resistance Lo land-use
controls; lack of technical background and concern
about geologic hazards on borough planning commis-
sions, assemblies, and staffs; lack ol public information
on potential hazards and associaled risks: low awareness
of potential legal liabilities of local governments with
regard to injuries or propertyv damage caused by nalural
hazards; and lack of sufficient enforcement personnel.

The Anchorage Coastal Management Plan and
Comprehensive Developmeni Plan, both of which are
referenced by title 21 (Land Use Regulation), describe
extensive areas of known or suspected hazardous lands
and recommend policies and controls for their proper
management. Adoption of the proposed measures and
their application to the identified hazardous areas have
been limited, particularly in areas of high development.
Technical reports and planning documentis available
before the 1964 earthquake identified many hazardous
areas that were affected by major earthquake-induced
ground failures in 1964; yvet most hazardous areas are
still zoned for residences or businesses. With Lhe excep-
tion of Earthquake Park, all other areas along the

shoreline in the Turnagain Heighls area west of Fish
Creek that failed during the 1964 earthquake and areas
next to the headwall scarp are still zoned R-1 (single-
family residential). In 1977, a memorandum and pro-
posed ordinance were submitted on request to the
Municipal Assembly by the municipal Depariment of
Law. The memorandum and ordinance recognhized the
potential hazards Lo public safety and welfare in ihe
Turnagain Heights slide area and the potential liabilities
to the municipality if another earthquake occurred.
The proposed ordinance placed a 1-yr moratorium on
further development in the slide area to allow analysis of
data and preparation of plans for future development;
the ordinance was not approved by the Assembly
{L.L. Selkregg, oral commun., 1982).

In 1982, the Anchorage Assembly passed an ordi-
nance that formally recognizes the Anchorage Geo-
technical Advisory Commission as an advisory body
to the municipality. This group of professional geo-
technical engineers and geologists existed for several
vears as an ad hoc organization that provided informal
recommendations and information to the municipality.
Now the Commission is occasionally requested lo
provide formal input to the Assembly on matters relaled
to zoning ordinances and building codes. Formal re-
cognition of the Commission indicates the Assembly’s
increased awareness of the need Lo consider geologic-
hazard issues,

In the Fairbanks North Star Borough, land-use
controls receive strong public opposition, particularly in
areas outside the City of Fairbanks. Another basic
problem -is the limited awareness among planning per-
sonnel and elected officials of potential geologic prob-
lems and associated legal liabilities (S.B. Hardy, oral
commun., 1983). To improve geologic-hazards miliga-
tion in local planning requires improved public informa-
tion on hazards in a form appropriate for land-use
planning and the availability of technical expertise to Lthe
borough planning staff. An additional problem is Lhe
limited capability of the borough to enforce zoning laws,
One borough employee is responsible for all zoning
inspections outside the cities of Fairbanks and North
Pole where development is scaitered over an area rough-
Iv the size of New Jersey. With about 1,000 homes
constructed in 1982, adequale zoning enforcement has
become nearly impossible,

STATE LAND-USE PLANNING
AND CLASSIFICATION

The Alaska Division of Land and Water Management
in the Department of Natural Resources is responsible
for land-use planning and classification in the unor-
ganized borough outside first-class cities. State-owned
land within organized boroughs is also classified by the
state, but is subject to additional restriclions under
borough ordinances. State land may be conveyed to
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private parties, native corporations, cities, or boroughs
after it has been classified. After state disposal. land-use
restrictions generally conform {o the original classifica-
tion. but may be modified by the covenant of sale and
may cxpire after a specified period.

State land-planning and classification regulations
| Title 11, Alaska Administrative Code, ch. 55, sees, 10
to 80 (1TAAC 55.010-55.280)] do not address land-use
management of hazardous areas. Several existing classifi-
cations could be applied because they restrict or prohibit
high-density or residential uses, but only one land class
(Greenbell Land) specifically applies Lo hazardous areas
({Tood plains).

ALASKA COASTAL MANAGEMENT
PROGRAM

A separate planning process thal affecls develop-
ment in coastal areas was established by the Alaska
Coastal Management Act of 1977 (Alaska Stal. 16.10).
This law initiated statewide and district coastal planning
to address development and conservation of coastal
resources and coordinated planning in coastal areas,
policies for resolving use conflicts, and public participa-
tion with local, state. and federal agencies in coastal-
zone management, Funding assistance is provided by the
federal Coastal Zone Management program., When
the state Coastal Zone Management plan was compleled
in 1979, Alaska became eligible to receive increased
federal funding to administer the program and provide
assistance Lo local governments in preparing  district
plans. Many local districts have completed their coaslal-
management plans and more are being prepared. The
Department of Community and Regional Affairs over-
sees and assists in preparing distriet coastal plans: the
Office of Coaslal Management administers the overall
stdle program.

After state and district coastal-management pro-
grams were adopled, the Alaska Coastal Management
Act requires affected municipalities and stale agencies to
administer land and water uses in conformance with
Lheir plans. At the local level, zoning regulalions must be
adopted, and permits and variances that are consislent
with the plan must be approved. At the state level, uses
or activities under state jurisdiction that are consistent
with state and local management plans and with other
state laws and regulations that govern the aclivity must
be approved. Under the federal Coastal Zone Manage-
menl Program, stale and local governments may review
federal activities for compliance with approved coastal
plans.

State regulations developed under the Alaska
Coastal Management Actl establish minimum standards
that must be met by staie and district programs (6 AAC
80) and guidelines to prepare plans (6 AAC 85). Among
issues thal musl be addressed are ‘geophysical-hazard
areas’ in the coaslal zone:

6 AAC B0.0560. Geophysical Hazard Areas.
{a) Districts and state agencies shall identify
known geophysical hazard areas and areas of
high development potential in which there is a
substantial possibility that geophysical hazards
may occur, (b) Development in areas identified
under (a) of this section may not be approved
by the appropriate state or local authority until
siting. design, and construction measures for
minimizing properly damage and protecling
against loss of life have been provided.

The state coastal-management plan does not deline-
ale peophvsical-hazard areas. This is recognized as an
ongoing task of state agencies, primarily the Division ol
Geological and  Geophysical  Surveys, thal requires
continual data evaluation and mapping Lo idenlify
geophysical hazards in ‘areas of high development
potential.” District coastal-management plans delineate
geophysical-hazard areas and recommend measures for
their management, bul as the state plan recognizes, it
will be impossible for districts to thoroughly assess each
hazard area and devise detailed standards for any con-
ceivable use.”™  The stale plan obligales developers Lo
conducl studies needed Lo delermine appropriate siting,
design, and construction standards. Districls and state
agencies are expected Lo have enough general data to
know when Lo require such studies from developers. In
practice. however. dala are often insufficient in an area.
Although  geophysical-hazard  areas are continually
being identified for the state and district programs, no
requirements exist to periodically update coastal-
managemenl plans.

SUBDIVISION LAW

In Alaska, subdivision platting responsibilities and
powers are delegated Lo cities and boroughs in the same
manner as planning and zoning. The borough planning
commission, or a separale borough platting board, has
Jurisdiction over the form and size of subdivisions,
dimensions of lots, and arrangement of utilities, trans
portalion, and other public facilities. The platting board
must publish a subdivision ordinance with rules and
regulations to implement this power. State stalutes
require thal the platting board approve a plat before
work can begin on a subdivision, unless a waiver is
granted under special circumstances. The plat must
show survey points, boundaries, calculations and angles
used in the survey, and other information that may be
required by ordinance (Alaska Stal. 29.33.160 Lo
29.33.180). If the subdivision will have a central well,
water samples must be submitted Lo the state Depart-
ment ol Environmental Conservation for analysis, bul
there are no state requirements to collect geologic or
soils data for review. Excepl for stale residential-land
disposals and other areas under state jurisdiction, all
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reviews, permils, and additional platting standards are
the responsibility of local government.

The Municipality of Anchorage and the Fairbanks
North Star Borough have incorporated limiled hazards
considerations in their subdivision regulalions. Anchor-
age subdivision regulations contain provisions for sub-
division design that implement the requirements of the
R-10 (Residential Alpine/Slope) Distriel in the zoning
regulations: “*Subdivision design in the R-10 District
shall take into consideration known areas susceptible to
landslide, mud and earth flow. talus development, soil
crecp. solifluction or rock glaciation. avalanche chultes,
runouts or wind blast. Each lot or tract zoned R-10 shall
include a building site which is not within such a known
susceptible area”™ (sec. 21,80.120, Anchorage Municipal
Code). Properly implemented, this regulation requires
developers to provide suitable building sites on each lot
in a hazardous area, However, because the requirement
applies only Lo the R-10 district, known hazards in
subdivisions thal are not zoned R-10 are nol addressed,
such as the Turnagain Heights slide area. which is zoned
R-1.

Title 17 subdivision regulations in the Fairbanks
North Star Borough code take a more generalized
approach to hazards: “In those areas where the planning
commission has been presented wilth evidence to the
effect that the preliminary layout, if approved and
developed, would tend to result in a hazard Lo persons or
property. or if evidence has been presented which tends
Lo indicate that damage Lo properties lving bevond the
boundaries of the proposed subdivision may occur, the
planning commission may impose more  restrictive
standards than those alreadv established in other sec-
tions of these regulations™ (sec. 17.20.020). Property
impairment caused by disturbance of unstable soils 1s
cited as one lype of damage to which this regulation
applies, In practice, this section of the borough sub-
division regulations is seldom, il ever, used to apply
maore restrictive development standards. A more com-
mon practice is Lo change the zoning designalion to one
with a larger minimum lot size so that cach lot contains
a variety of siting alternatives (S.B. Hardy. oral com-
mun., 1983).

SITING, DESIGN, AND
CONSTRUCTION

The State of Alaska and some borough governments
make limited use of building codes and other standards
for site selection. design, and construction of public and
private facililies. Some slandards require consideration
of geologic factors and use of appropriate construction
technologies Lo minimize the danger from any hazardous
condition. Specific requirements of building standards
and the way they are implemented depend largely on the
tvpe of facilily and whether its construction is under
local or state jurisdiction. Standards are less strict Tor
small private structures than for large public facililies,

and Lhe review and permitting process is different
it the code is enforeed by the state rather than the
borough government. Review procedures for siting and
design  plans and  for inspecting the project during
construction  are  critical  to  suecessfully  implement
building codes and standards.

STATE AND LOCAL BUILDING CODES

The Slate of Alaska does not require local govern-
ments Lo adopt a building code, although il does give
them the authority (Alaska Stat. 28.10.213). As parl of
the fire-prevention regulations in the state public-safely
code, the state has adopted many sections of the 1CBO
Uniform Building Code (UBC) *‘to regulate all occu-
pancies and buildings™ (13 AAC 50.020). This regulation
applies to all commercial, industrial, business, institu-
tional, and public facilities in the state, and to residential
buildings of four or more units. A municipalilty may be
exempted from code requirements if the municipal
government has enacted satisfactory ordinances for
review and approval of building plans and specifications,
Sections of the UBC adopted by the state public-safety
code include earthquake regulations (sec. 2312), but do
nol include sections that deal wilh soils, foundations,
and slopes (UBC, chs. 29 and 70).

Building plans and specificalions must be submitted
to the state fire marshal for review, unless review respon-
sibility has been transferred Lo the Jocal government,
The fire marshal's review concentrates on design aspects
that affect fire safety. Consequently, plans and specifica-
lions are not reviewed for earthquake safety, Other than
this chapter in the public-safety code, there is no state-
wide building code,

Some boroughs and cilies in Alaska have adopted
the UBC by ordinance. usually with amendments, to
regulate construction in their jurisdictions. In most
cases, UBC sections that deal with potential geologic
problems are adopted in their enlireties with minor
changes, including section 2312 (Earlhquake Regula-
lions), chapter 29 (Excavations, Foundations, and
Retaining Walls). and associated appendixes.

In the Municipality of Anchorage, the UBC applies
to all construction in the area formerly known as the
Citv of Anchorage (Borough Service Area 30); the
remainder of the borough is exempl from the UBC.
Section 2312(1) of the UBC was reinstated in 1983, with
amendments; il requires installation of accelerographs in
cerlain large buildings to record ground motion during
strong earthquakes. The municipal building department
reviews building designs and soils-investigation reports
for compliance with minimum requirements of the UBC.
As long as the proposed design meets minimum require-
ments of the UBC, the building department has no local
authorily to decline a permit, even if il believes there is a
potential hazard that is not adequately addressed by Lhe
UBC (R. Walts, oral commun,, 1982). For example,
although the UBC requires that a building be designed lo
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resist stresses produced by lateral forces during an
earthquake, it does not require that the building sile be
analyzed to delermine the potential for earthquake-
induced ground failure. Consequently, a building could
be designed to withstand earthquake shaking, but fail as
a result of permanent differential movements of the
ground on which it is built,

The City and Borough of Juneau has adopted the
hazard-relaled sections of the UBC and. in some areas,
has strengthened the requirements. For example, an
additional faclor thal increases the design load according
to building height must be included in the equation for
determining design lateral-shear forces during earth-
quakes (sec. 19.06.010, City and Borough of Juncau
Code of Regulations). For tall buildings, the resulting
design load could be as much as 2.2 limes that deter-
mined from the original equation in the UBC. Another
change is an addition to chapter 29 of the UBC (Excava-
tions, Foundations, and Retaining Walls) thal partially
compensates for the lack of adequate site-investigalion
requirements and gives the building official more power
to ensure site safety. The addition requires that a quali-
fied engineer submit an engineering reporl and recom-
mendations for any proposed construction on soils that
may have inadequate bearing capacity. The building
official may incorporate the recommendations into the
permit approval and any other requirements deemed
necessary to ensure the stability and safety of the
proposed structure.

Construction in the Fairbanks North Star Borough
is not regulated by a building code. The Cily of Fair-
banks, however, has adopted the UBC with no sub-
stantisl amendments relating to potential geologic
problems.

Local goverments differ in their approaches Lo
adopting and implementing hazard-related building
codes in Alaska. Their approaches reflect various back-
grounds and attitudes of local elected officials and
building departments rather than variations in severity of
geologic problems in different areas of the slate. For
example, a UBC requirement to install earthquake
accelerometers in large buildings in Anchorage was
temporarily deleted when builders objected Lo the cost,
but was later readopted (L.L. Selkregg, oral commun.,
1983).

Adoption of a statewide building code or a state
requirement for local adoption of codes is probably notl
the best solution to improve the role of building codes in
reducing losses from geologic hazards in Alaska. The
greatest need is to improve awareness by elected officials
and the public of potential hazards and reasonable ways
to reduce risks. The Anchorage Geotechnical Advisory
Commission occasionally presents recommendations to
the Municipal Assembly and meets with members of the
planning department to discuss its recommendations and
help resolve specific problems. If similar advisory ser-
vices were available 1o local governments on a statewide
basis, local implementation of hazard-related building
codes would probably improve.

Another need is Lo improve the capabilily of local
building departments to implement codes through ade-
quate review of building plans and specifications for
compliance with Lhe geologic- and seismic-engineering
requirements. In addition to sufficient funding Lo main-
tain adequate slaffs, local governments would need to
hire or contract reviewers and building inspectors who
have had training or experience in earthquake and
geologic engineering,

CRITICAL FACILITIES

The only critical facilities whose construction is
regulated by the Slate of Alaska with specific regard to
geologic hazards are dams and health facilities. Until
1981, construction of school buildings was subject to
state review and approval of engineering reports, plans,
and specifications under the Health and Social Services
code (7 AAC 22.100). However, this regulation was not
enforced, at least during the last several vears of ils exis-
tence (R. Goldberg, oral commun., 1982). In January
1981, the Governor transferred many inspection and
enforcement funetions, including regulalion of school
facilities, to the Department of Environmental Conserva-
tion (Executive order 51). The new regulations de-
veloped by DEC eliminated all state review and approval
of engineering  reports and  construction plans for
schools,

Construction of health facilities remains under the
jurisdiction of the Department of Health and Social
Services. Plans and specifications must be submitted for
review, approval, and licensing by the department and
must conform Lo codes and standards prescribed in the
Health and Social Services code (7 AAC 09.050). In
addition to the Uniform Building Code, the regulations
require compliance with local building codes and special
earthquake provisions and require submission of sile sur-
veys and soil investigalions when notified by the de-
parlment (7 AAC 09.060 and 7 AAC 09.090 - 09.110).
The earthquake provisions require a seismic-investigalion
report Lo accompany the site survey and soil-investiga-
tion reports on new health-facility construction projects
in UBC seismic zone 111 (which includes zones 111 and 1V
in later editions of the UBC). Plans and specifications for
structural renovations of health facililies are also re-
quired to conform with the lateral-force provisions of
the UBC. Nonstructural items such as book stacks and
equipment must be properly secured Lo preveni or
minimize undesired movement.

Plans and specifications for health facilities, along
with supporting information, are reviewed by architects
in the Division of State Health Planning and Develop-
ment. Requirements and procedures are similar to those
in California under the Hospital Seismic Safety Act.
However, one requiremenl of California law that is not
included in the Alaska regulations is that geologic and
structural-design data be reviewed by professionals who
are qualified in those fields. Although the difference
may appear Lo be minor, the credibility of the review
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process is delermined to a large degree by the technical
expertise of the reviewers and has the grealest impacl on
the effectiveness of hazard-mitigation programs. In
California, this is most apparent with regard to schools
(Field Acl) and health facilities (Hospital Seismic Safety
Act; Woodward-Clyde Consullants, 1980a). Whether
lack of this requirement in Alaska affecls the adequacy
of health-facility reviews for potential geologic hazards
was nol determined. Although the Division of Stale
Health Planning and Development does not employ
geologists or geotechnical engineers, this aspect of the
review can be coniracted to private firms (R. Goldberg,
oral commun., 1982).

Dam construction is repulated under the Natural
Resources code (11 AAC 93) that contains requirements
to consider peologic and hydrologic factors in dam
safety. Requirements for information thal must be
submitted to the Department of Nalural Resources
(DNR) for review depend on the size of the proposed
dam. For dams that are higher than 20 fi or have a
storage capacity of 100 acre-ft or more (classified as
large dams), an evaluation of earthquake effects (if it is
in UBC zone III or 1V), a seepage analysis, hydrologic
data, geologic and foundation information, and pro-
cedures used to develop design criteria and construction
specifications (11 AAC 93.170) are required. The same
procedures and supporting information are recom-
mended, bul not required, for medium-size dams. Dams
under 10 ft high or thal have a storage capacity less than
50 acre-ft (classified as smail dams) do not need DNR
review or approval bevond granting the stale water-
appropriation permit.

Permit applications for dam construction are re-
viewed by engineers in the Division of Land and Water
Management (DLWM) for compliance with applicable
dam-safety and construction regulalions. The DLWM
does not employ engineering geologists or seismologists
to review geologic or earthquake information but can
contraclt private consulting firms (5.F. Mack, oral
commun., 1982).

The present dam-safety and construction regulation
is only 6 yr old and has had little opportunity to be
tested. No reviews for large dams have been conducted
since the regulation went into effect in December 1979.
Most large dams, which are generally hydroelectric, are
regulated by the Federal Energy Regulatory Commission
(FERC), which has ils own requirements and review
procedures for siting, design, construction, and opera-
tion,

The major difference belween the dam-safety pro-
gram in Alaska and its counterpart in California is that
Alaska regulations do not specify minimum performance
or design standards to miligate geologic hazards Lo dams.
The absence of these standards may coniribute to un-
certainty about what criteria will be used for granting or
denying permits, especially when complex geologic,
seismologic, and engineering problems are involved.
Because of the complexity and uniqueness of each dam
installation. design standards must remain flexible lo

accommodate and promote improvements in design
technology. However. dams could be required to meet
certain minimum performance standards without com-
promising design flexibility. An approach that has been
successful in California is Lo require minimum perform-
ance under certain adverse circumstances, For example,
California law allows no major release of water from a
dam as a resull of a maximum-credible earthquake or
1.000-yr flood (p. 31). Performance standards for other
natural events could also be included.

PUBLIC FACILITIES AND STATE-FUNDED
CAPITAL-IMPROVEMENT PROJECTS

Design and construction of most state facilities are
the responsibility of the Department of Transportation
and Public Facilities (DOT/PF). Although DOT/PF
usually oblains engineering-geology data during a pro-
ject, there are no specified building codes or design
standards sel by state law to minimize potential effects
from geologic hazards and no requirement to idenlify
hazards before a project begins. State law does require
state agencies to comply with local ordinances Lo the
same extent as other landowners (Alaska Stal, 35.10.025
and 35.30,020); thus many state facilities are subject to
local building codes.

The only state capital projects that are routinely
reviewed by the Division of Geological and Geophysical
Survevs (DGGS) are those that receive federal funding
and are thus circulated through the state Clearinghouse
(see following section). In other states, interagency
agreements often establish review procedures among
several agencies for proposed state capital-construction
projects. The stale geological survey is generally one
party to the agreement and is given responsibility to
review potential geologic hazards. Such a procedure has
not vet heen established in Alaska between DGGS and
other agencies like DOT/PF and the Alaska Power
Authority that are responsible for capital-construction
projects. The DGGS is occasionally asked Lo participate
in reviews on a project-specific basis where major con-
cerns develop regarding the geology of proposed con-
struction sites, but does not budget specifically for this
service,

Local conslruction projects financed with state
capital funds are also not subject to state siting and
design standards, except under the Alaska Coastal
Management Program. When a local government receives
state funds for capital-improvement projects, stale
regulations do not stipulate thal geologic hazards be
evaluated or that siting and design meel minimum
requirements for hazards safety.

PROJECT REVIEWS BY STATE AGENCIES

State agencies may review and comment on many
proposed actions by state and federal agencies and pro-
jects thatl are regulated, licensed, or funded under state
and federal laws. A brief description and location map of



56 SPECIAL REPORT 35

the proposed projecl or action is distributed to appro-
priate agencies, and reviewers can usually requesl addi-
tional pertinent information. The DGGS reviews many
of these proposals to identify potential geologic hazards
and conflicts with known mineral or construction-
malterial resources.

Project reviews by DGGS fall into five categories:
1) federally funded or licensed projects for which
descriptions are circulated by the state Clearinghouse
under Presidential Executive order 12372 (see foolnote
on p.42}); 2) projects in the coastal zone that require a
federal permit (usually from the Corps of Engineers) and
must complv with the Alaska Coastal Management Pro-
gram; 3) disposals and exchanges of state.land parcels
under the Alaska Land Act;d) state selections of federal
land under the Alaska Statehood Act; and 5) projects
under the jurisdiction of other state agencies thatl
request reviews by DNR on a largely informal basis, Of
these five categories, only projects regulated by the
Alaska Coastal Management Program must be reviewed
against a state hazard-related development standard (see
p. 52 ). Because hazard-related developmenl standards
do not exist for other projects, the use of geologic-
hazards information is left to the discretion of the
approving authority.

Two additional problems faced by DGGS in re-
viewing for geologic hazards are the limited geologic
information for many areas of the stale and limiled
number of personnel. Reliable large-scale geologic maps
exisl for most areas of other states, but are available for
only about 7 percent of Alaska (fig. 17).

PROFESSIONAL REGISTRATION

The few state and local laws in Alaska Lhat require
consideration of geologic hazards in siting and design
generally require submission of geologic or soils-engi-
neering reports, but are nol specific aboul the pro-
fessional qualifications of those who prepare them,
Other state laws establish a state board of registration Lo
sel minimum qualifications and require engineers Lo
register in Alaska. The state does nol require profes-
sional registration of geologists, but provides oplional
certification for those who desire it. State certification is
automatic if the applicant is certified as a professional
geologist by the American Institute of Professional
Geologists (Alaska Stat. 08.02,011). Certification re-
quirements include a baccalaureate degree in geology or
major subdivision, 5-yr experience (partial credit given
for graduate degrees), and susiained record of high
professional and ethical standards, as altesied to by five
professional geoscientists, at least three of whom are
members of the Instlitute.

Geologic reports currently have a minor role in
siting and design regulations, so lack of a registration
requirement probably has little impact on building
safety in Alaska. If hazard-mitigation programs are
expanded at state and local levels to include require-
ments for geologic reporis, registration or certification

of geologists may become important because more
unqualified persons will be tempied to take advantage of
the increased demand for professional services. However,
Judging from Lhe problems and controversy that have
developed over the registration program for geologists in
California (see p. 36), a similar elaborate registration
program in Alaska may not be feasible, A stipulation
that geologists who prepare reporls required by state and
local laws be cerlified according to the existing pro-
cedure (Alaska Stat. 08.02.011) and that they provide
evidence of training or experience in the type of work
required for the report should be adequate to prolectl
the public from unqualified persons and yel be flexible
enough to avoid undue resirictions. For instance, this
procedure would allow many qualified out-of-state
geologists who currently practice in Alaska to continue
making their services available withoul having to pass a
separate state qualifving examination,

RESEARCH AND TECHNICAL
SERVICES

State-supported research on geologic hazards in
Alaska takes place by two mechanisms. The DGGS is the
primary state agency responsible for preparing maps and
reports for the public on geologic resources and hazards
and for providing technical assistance to local govern-
ments and other state agencies on geology-related
matters. Most funding for DGGS comes from the annual
state operating budget, although a limited amount also
comes from federal agencies, such as the USGS. The
second mechanism is through the University of Alaska.
Until FY 1983, most of the university’s funding for
research, including peologic hazards, came from the
federal government. In FY 1983, when the federal share
of research receipts at the university dropped to 36
percent, the State of Alaska became the university’s
dominant funding source (Universily of Alaska, 1983).
Another funding mechanism, discontinued by the
Legislature in 1984, was the Alaska Council on Science
and Technology (ACST). The ACST was one means by
which researchers al the University of Alaska could
obtain state funding and was also a funding source for
some nonuniversity scienlists and research organizations.

DIVISION OF GEOLOGICAL AND
GEOPHYSICAL SURVEYS

The Alaska Division of Geological and Geophysical
Surveys. as it now exists, was established by the Legisia-
ture in 1972 as a division of the Department of Natural
Resources. State statutes require DGGS to “‘conduct
geological and geophysical surveys to determine the
potential of Alaskan lands for production of metals,
minerals and fuels; the locations and supplies of ground
waters and construction materials; the potential geologic
hazards to buildings, roads, bridges and otlher installa-
tions and structures; and...other surveys and investiga-
tions as will advance knowledge of the geology of
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Alaska™ (Alaska Stat. 41.08.020a). Specifically, the law
requires DGGS to “....collect, record, evaluate, archive,
and distribute data on seismic events and engineering
geology of the state; identify potential seismic hazards
that might affect development in the state; and inform
public officials and indusiry about potential seismic
hazards that might affect development in the state”
(Alaska Stat. 41.08.020b). The Engineering Geology
Section of DGGS has primary responsibility for col-
lecting data and publishing reports on engineering
geology and seismic and geologic hazards. The Water
Resources Investigations Section publishes surface-
waler maps and reports thal include streamflow hydro-
graphs, runoff, and flood-plain maps to evaluate flood
hazards. The Minerals Investigations and Geologic Map-
ping Sections produce mineral-poteniial maps and
general-purpose geologic maps that are also useful for
identifying geologic hazards and locating sources of
construction materials.

An ongoing task of DGGS is to prepare large-scale
maps of surficial geology. These maps are currently
available for only about 7 percent of the state (fig. 17).
Because most construction not only takes place on
recently deposited sediments, but also makes extensive
use of these sediments (primarily sand and gravel),
DGGS prepares surficial-geologic maps with three
objectives: 1) to locate sources of construction ma-
terials; 2) to provide engineering-geologie informalion
for construction and land use; and 3) to advance knowl-
edge of the geologic history of Alaska. Such maps have
been prepared for portions of the lower Matanuska
Valley and Susitna valiey, the Kenai lowlands, and the
Anchorage bowl; maps are being prepared for the
Haines-Skagway area, the Chugach Mountains, and parts
of the North Slope at scales of 1:63,360 and 1:24,000.
Additional maps are planned for other developing areas
and transportation corridors.

The DGGS has begun to prepare special-purpose
reports and maps on engineering-geologic problems of
selected areas that are of particular concern. Recently
published examples include a comprehensive report on
geologic hazards in the Fairbanks area (Peweé, 1982); an
atlas of snow-avalanche paths along the Seward Highway
(March and Robertson, 1983); subsurface-structure maps
of the Bootlegger Cove Formation beneath Anchorage
{Ulery and Updike. 1983); a report on the potential for
earthquake-induced liquefaction in the Fairbanks-
Nenana area (Combellick, 1984); and a report on lique-
faction-susceptibility analyses of sediments in Knik Arm
and upper Turnagain Arm (Updike, 1984). Reporls in
preparation include an engineering assessmeni of the
Turnagain Heights landslide area in Anchorage, an
engineering-geology map of southwest Anchorage, and
an atlas of snow-avalanche paths along the Richardson
Highway.

In FY 19845, the Legislature established a statewide
seismic-hazard program within DGGS. This program was

9 The fiscal vear for the State of Alaska is July 1 to June 30,

primarily initiaied because of a major decline in federal
support for earthquake monitoring in Alaska and be-
cause long-term, continuous monitoring of earthquakes
is essential for seismic-hazard evaluation. The program
supports seismograph networks and building instrumen-
tation to directly monitor earthquakes. compile and
analyze old and new data, and publish quarterly and
annual earthquake bulletins. State funding of these
seismograph networks partially compensates for a
recent dramatic decrease in federally supported net-
works. Only one network, which is operated by the
USGS in south-central and southeastern Alaska, is
supported by the federal government. Seismologic
studies of some areas, particularly in interior regions
away from major seismic regions, must still be based on
limited existing data. For many areas of the staie,
reliable earthquake data either do not exist, or are
available over such a short or discontinuous time period
that they are inadequate for evaluating earthquake
hazards (J.N. Davies, oral commun., 1982).

Occasionally DGGS is asked to participate on re-
view panels or in special studies that involve other state
agencies or local governments to address geologic prob-
lems associated with a major facility or hazard. One
recent example is DGGS’s participation on a geotechni-
cal committee to make recommendations on the Pillar
Mountain landslide near Kodiak that was identified by
the USGS and Alaska Depariment of Transportation and
Public Facilities (DOT/PF) in 1977. The geotechnical
committee was formally established by a resolution
passed by the Kodiak Island Borough and City of
Kodiak in 1978, Another example is DGGS's involve-
ment in site evaluation for the new state office building
in Anchorage in response to a request from the Office of
the Governor. Public institutions, private companies, and
the general public also request information and as-
sistance from DGGS.

UNIVERSITY OF ALASKA

In FY 1983, the University of Alaska received about
53 percent of its total research funding from the State of
Alaska. Approximately 43 percent of the total was from
the state general appropriation to the university and the
remaining 10 percent was from state research contracts
on specific topics (University of Alaska, 1983). During
FY 1982 and the first half of FY 1983, the Geophysical
Institute, which performs most of the university’s
research on geologic and geophysical hazards, received
approximately 36 percent of its total operating funds
from the state. However, state research contracts for
specific topics, including geologic hazards, constituted
only about 7 percent of the institute's budget (Univer-
sity of Alaska Geophysical Institute, 1982), and less
than 2 percent was for research on geologic hazards.

The federal government provided over 60 percent of
the university’s research funding until FY 1982. A major
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parl of the federal funding was for studies of geological
and geophysical hazards associated with oil development
on the outer conlinental shelf. Many of these projects,
particularly those dealing with earthquake hazards, also
provided useful data for coastal and interior areas of the
state. Federal funding for geologic-hazards projects has
been largely terminated, with the exception of limited
support to study sea ice and permafrost.

When federal reductions severely impacted univer-
sity-operated seismograph networks in Alaska, the state
appropriated about $140,000 for the Geophyvsical Insti-
tute to operate one regional network in FY 1983. The
support came from a $20 million ‘impact fund’ created
by President Reagan to provide relief fo programs
affected when federal responsibilities were transferred to
the states. This was a one-time appropriation that
maintained the seismic network through June 1983. In
July 1983, the Geophysical Institute began to receive
partial support for ils seismic nelworks through the
DGGS  seismic-hazard program, funded by special
appropriation in FY 1984. In FY 1985, the seismic-
hazard program was incorporated into the state operat-
ing budget al a reduced level.

ALASKA COUNCIL ON SCIENCE
AND TECHNOLOGY

By September 1982, the Alaska Council on Science
and Technology (ACST) had provided $632,935 for
geologic-hazard studies out of a total of $3,035,641
spent on research activities since the council was formed
by the Legislature in 1979. Snow avalanches, earth-
quakes, volcanoes, permafrost, and coastal-flooding
hazards were studied. The ACST also cvonvened two
workshops Lo assess the stalus of research on hazards in
Alaska and make recommendations for improved federal
and slate policy on supporting hazards studies (Alaska
Council on Science and Technology, 1980a,b). The
Legislature terminated funding for ACST at the end of
FY 1984,

Twao major problems prompled ACST workshops on
hazards: the reductions in federal funding for hazards
studies and the lack of state policy on hazard mitigation.
Stale research funding for ACST was distributed among
many scientific disciplines, and the amount available for
hazards studies was inadequate to compensate for the
major cutbacks in federal funds, The ACST supported
short-lerm projects to address specific topics bul,
without state support, was reluctant to fund projects
like seismograph networks that require long-term com-
mitments to be cost effective. The Working Group on
Alaskan Seismology recognized the advantage of state
participation in federally funded earthquake-hazard-
evaluation programs and recommended immediate state
aclion to fund earthquake studies and develop a com-
prehensive state policy for seismic safely (Alaska Coun-
cil on Science and Technology, 1980b). Some sub-
sequent funding decisions made by ACST and the FY
1983 special appropriation made by the Legislature from
the ‘impact fund’ were based on these recommendations,

but no long-term state policy for hazard mitigation has
been adopted.

CONCLUSIONS

Major geologic events will continue lo occur in
Alaska and, with increased development, affect more
people and propertv. Earthquakes, volcanic eruptions.
landslides, snow avalanches. {loods, and related oceur-
rences, such as tsunamis, seiches, mudflows, and second-
ary ground failures, are inevitable, The extentl of prop-
erty damage and injury associated with an event will
depend not onlv on its location and severity, but also on
how well the potential effects have been anticipated
during planning and development. Although more
continuous or localized processes like thaw settlement,
soil ¢creep, frost heave, and erosion may nol be as disas-
irous, thev may be just as costly over the long term
unless susceptible areas are identified and potential
problems are considered in selecting construction sites
and designing facilities.

Although the State of Alaska has significantly im-
proved ils disaster-response and disaster-reliel cap-
abilities since the 1964 earthquake, there is a need to
consider possible improvements in hazard mitigation
(measures Lo reduce the polential for properly damage
and injury from natural evenls and, consequenily, to
reduce dependence on disaster relief), Technology is
available to delineate natural hazards, determine their
severity, and reduce their potential effects on people and
property. On the basis of this review of national and
slate policies, 10 issues are proposed for considering
possible improvements in hazard-mitigation policy in
Alaska:

1. Policy guidance and coordination of state and
local hazard-mitigation programs.

2. Availability of basic technical information on
hazards for land-use planning and construction,

4. Continuation of federally funded hazards
studies that are being terminated or subslantial-
ly reduced.

4. Incentives and guidelines Lo consider geologic
hazards in local plans and ordinances,

5. Hazard mitligation in siting, design, and con-
struction of critical facilities.

6. Hazard mitigation in siting, design, and con-
struction of many state-funded public facilities.

7. The relationship belween hazard-mitigation and
eligibility for disaster-relief funds,

8. Capability of state agencies to provide adequate
technical services, assistance, and project
reviews on geologic hazards for other agencies
and local governments.

9. Slandards of experience and education for
geologists who prepare reports required by state
or local laws for siting or designing facilities.

10. State capability to issue formal notices of
serious geologic hazards and to coordinate the
response by siate and local agencies.
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Successful  hazard-mitigation programs in other
states can serve as models for new or improved programs
in Alaska. Certain atiributes of federal programs that
have suceeded in promoting hazard mitigation could also
he incorporated in state programs. However, new pro-
grams in Alaska must be tailored Lo the state’s unique
political structure, demography, social atlitudes, and
existing laws. For example, a statewide building code
may not be a reasonable approach to hazard mitigation
in Alaska because many local governments are not
equipped Lo establish rigorous review procedures or
inspection programs for their jurisdictions. Regulation of
all construction in the vast remole areas of the un-
organized borough would be logistically impossible. On
the other hand, regulation of the construction of eritical
facilities and certain state-financed projecis in hazardous
areas is feasible,

Hazard-mitigation programs in California and Colo-
rado were reviewed Lo determine their possible applica-
bility in Alaska. These two states were chosen because of
their extensive, successful programs and because their
geologic environments and problems are similar to those
in Alaska. Many factors conlribute to the success of
hazard-mitigation programs in California and Colorado
and of some federal programs:

1. Strong policy guidance and coordination by a
single state agency or commission.

2. Availability of adequate Lechnical information
to identify and evaluale hazards and determine
design standards.

3. Encouragement of betier awareness and ap-
preciation of hazards among local officials
through incenlives or requirements to consider
hazards in local comprehensive plans and ordi-
nances.

4, Protection of local governments from damage
liability for actions taken in good faith to miti-
gate geologic hazards,

5. Availability of guidelines and criteria to re-
cognize and mitigate hazards al the local level.

6. Centralized and standardized review of design
and construction plans and supporting informa-
tion for certain critical facilities and most
public facilities.

7. Appropriate, clearly defined design and per-
formance standards for Cfacilities subject to
review for hazards safety.

8. Adequate training and experience of reviewers
in geology, hydrology, seismology, or engi-
neering, depending on the review task.

9. Inclusion of incentives or requirements for
hazard mitigation as part of disasier-relief pro-
grams,

10. Ability of programs to be self supporting
through special permit or license fees (as with
the California Strong-motion Instrumentation
Program).

RECOMMENDATIONS FROM THE
WORKSHOP ON EVALUATION OF
REGIONAL AND URBAN EARTH-
QUAKE HAZARDS AND RISK IN
ALASKA

The U.S. Geological Survey, in cooperation with
DGGS and other agencies, conducted a workshop
in Anchorage, September 5-7, 1985, to assess the current
state of knowledge of earthquake hazards in Alaska and
advances in mitigation and preparedness since the 196
Greal Alaska Farthquake. Participants included seismo-
logists, geologists, planners, emergency coordinators,
policymakers, and educators that represent all levels of
government, the private sector, and academia.

Workshop parlicipants discussed the 10 issues that
resulted from the analyses of this report for possible
improvements in hazard-mitigation policy (see p. 59).
Nine recommendations were unanimously adopted to
address these issues.

RECOMMENDATION 1 - ALASKA
NATURAL HAZARDS SAFETY
COMMISSION

That a commission be established by the Legislature
to provide policy guidance for the Governor and Legisla-
ture and help coordinate agency programs in natural
hazards. Specific duties of the proposed commission (to
be administered by the Office of the Governor) include
recommending goals, priorities, and policies for hazard
mitigation in the public and private sectors; developing
legislation; disseminating public information; assisting in
coordinating hazard-mitigation activities al all levels of
government; and evaluating and issuing hazard warnings.
Members should represent state, federal, and local gov-
ernments and the private sector in the fields of geolo-
gy, seismology, hydrology, geotechnical engineering,
structural engineering, planning, and emergency services.
A bill Lo establish the Alaska Natural Hazards Safety
Commission was introduced in the Alaska Senate on
May 6, 1985 (app. A).

RECOMMENDATION 2 - STATE
POLICY FOR HAZARD
MITIGATION

That the Governor and Legislature develop policies
for hazard mitigation in Alaska that establish long-term
commitments and goals:

A. Recognition of state responsibility for the
safety of its citizens from major natural hazards
and for taking reasonable measures to reduce
the loss of life, injury, and property damage,

B. A commitment to ensure long-term [inancial
support for hazard monitoring, mapping, and
mitigation, including funding for local govern-
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ments Lo develop and maintain risk-reduction
programs.

C. A statement of the roles and responsibilities of
state and local governments in hazard miliga-
tion thal ouilines the hazard issues lo be
relepated to cities and boroughs vs. those of
statewide significance (for example, critical
facilities and regional hazards) for which state
government will retain responsibility.

D. A declaration of state-agencyv responsibilities
and duties for collecting and disseminating
technical informalion on hazards: providing
technical. planning, and legal assistance Lo local
governments; regulating construction of critical
facilities: reviewing design  plans for  stale-
regulated facilities; administering local plan-
ning-assistance funds: helping prepare local
disaster-preparedness plans; evalualing hazards
Lo state facilities; and managing stale hazard-
monitoring programs and hazard-warning svs-
Lems.

RECOMMENDATION 3 - HAZARD-
MONITORING PROGRAM

That the state establish and support a program that
ensures availability of basic data needed Lo evaluate
geologic hazards. Included in the proposed program is a
minimal network of seismic-monitoring devices to com-
plement those of the federal government. Support for
periodic instrument  maintenance, transmission of
seismic records Lo processing facilities. and processing
and cataloging of data is necessary. Support for scientists
Lo respond quickly to a significant evenl. collect dala,
and evaluate immediate dangers is also necessary.

Although operation of the overall hazard-monitor-
ing program will require a long-term financial commit-
ment, hazard-evaluation studies can be conducted on a
project-specific basis. State commitment Lo a hazard-
monitoring program will ensure thal data are available
for hazard evaluation when needed.

RECOMMENDATION 4 - AMENDMENTS
TO THE MUNICIPAL CODE (ALASKA
STAT. 29) AND OTHER STATUTES

TO PROMOTE LOCAL-GOVERN-

MENT ACTION IN HAZARD
MITIGATION

That amendments authorize or require considera-
tion of geologic hazards in local comprehensive plans,
building codes, and ordinances; provide for stale finan-
cial and planning assistance to help local governments
exercise this authority; reduce liability of local govern-
ments from hazard-relaled damages based on lawful
actions taken to mitigaie hazards; and require that state
agencies provide guidelines and technical assistance.

RECOMMENDATION 5 - STATE
REGULATION OF CONSTRUCTION
AND MAJOR ALTERATION OF
CRITICAL FACILITIES

That critical facilities be reasonahly protected from
threat by natural processes. Because publie health and
safely are state responsibilities, state regulation of con-
struction and major alteration of critical facilities is
necessary. Existing regulations for safety of dams and
health facilities from  geologic hazards should be re-
viewed Lo be consistent with this recommendation. and
new legislation or regulations should be considered Lo
address other important facilities.

Programs to reduce the vulnerability of eritical
facilities to geologic hazards have Tour essential com-
ponents:

A, Reguirements  Tor geologic and  engineering
investigations of the proposed site to evaluate
potential geologic hazards and determine maxi-
mum probable and. in some cases, maximum
credible events,

B. A requirement that siting and design plans for
construction or major alteration consider the
identified hazards in accordance with design or
performance standards established by law for
the type of facility in question and that plans
be prepared by registered architecls or struc-
tural engineers.

C. A requirement for central review and approval
of the plans and reports by a designated state
agency according Lo lacility Lype (for example,
regulation  of  hospital  construction by the
Division of State Health Planning and Develop-
ment, dams by the Division of Land and Water
Management, critical utilities by the Alaska
Publie Ulilities Commission, or airports by the
Department  of  Transportation and  Public
Facilities). The review and permitling agency
should have the authorily to establish inter-
ageney  or external boards of consullants Lo
assist in the review process or require indepen-
dent review by a registered structural engineer
and a certified professional geologist.

D. A regquirementl for verification by sile inspec-
tion that construction complies  with  the
approved plans.

RECOMMENDATION 6 - HAZARD-
MITIGATION REQUIREMENTS
FOR CERTAIN CAPITAL CON-
STRUCTION PROJECTS

That capital-construction projects financed by Lhe
state be subject to minimum standards lo protect life
and property from geologic hazards. These requirements
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should apply to construction projects that are performed
direetly by or under the supervision of state agencies and
local construction projects that are financed wilh stale
capital-improvement  funds.  State  policymakers,  on
the advice of the proposed Natural Hazards Safety Com-
mission (Recommendation 1), should determine which
projects are subject to these requirements. Regulated
projects should include state-funded facilities that pose a
significant risk to public safewy if damaged. Examples
include state-office buildings. state-financed municipal-
office buildings. state-financed indoor-recreation facili-
ties, and state-financed housing complexes. Examples of
state-funded facilities that mav not be subject Lo these
regulations include warehouses, grain-storage facilities.
roads, and parks. Critical facilities constructed with
capital-improvement funds should be subject Lo the
more  stringent  reguirements  and  state-level  review
proposed in Recommendalion 5.

Before a regulated facility is construclted or has
major structural allerations, a geologic and engineering
site analysis 15 necessary Lo identify potential geologic
hazards and determine how safe the site is for the
proposed use. In addition, a review of design and con-
straction plans is necessary Lo verify that they conform
with applicable codes and ordinances and thal identified
hazards have been adequately considered. The stale
ageney or local government that administers the project
should be responsible for implementing the requirements
and reviewing and certifying the reports and plans before
construction.

RECOMMENDATION 7 - CONDITIONAL
AVAILABILITY OF DISASTER-RELIEF
FUNDS TO PROMOTE HAZARD
MITIGATION

That state slatutes that provide community disaster
relicf in the form of grants or loans include positive
incentives or requirements for hazard mitigation. Un-
conditional availability of relief funds for declared dis-
asters may acl as an incentive against mitigation mea-
sures. There are lwo general ways in which these in-
centives or requirements can be applied.

A, Increase state disaster-relief benefits available Lo
local governments thal adopt comprehensive
hazard ordinances,

B. Require that local governmenls incorporate
hazard-mitigation measures in postdisaster re-
construction Lo minimize damage from similar
future evenls as a condition [or receiving
disaster-relief funds.

G A ffiliations in 1982,

RECOMMENDATION 8 - IMPROVED
CAPABILITIES FOR STATE AGENCIES
TO PROVIDE TECHNICAL ASSISTANCE
TO OTHER AGENCIES AND LOCAL
GOVERNMENTS IN HAZARD
MITIGATION AND DISASTER
PREPAREDNESS

That appropriate stale agencies be provided with
sufficient funding and flexibility to respond Lo requests
from olher agencies and local governments for technical
or planning assistance, including performance of routine
reviews and participation in special review boards. Flexi-
bility of project budgels (including the establishment of
contingency funds) is necessary to provide for unantici-
pated needs, Slale agencies thal request the assistance or
participation of other agencies on review boards may
compensate for services through reimbursible services
agreements.

RECOMMENDATION 9 - STATE
HAZARD-NOTIFICATION
SYSTEM

That the state adopt a hazard-notification system to
supplement that of the U5, Geological Survey. Appro-
priate state agencies should recommend issuance of
notices and supply supporting information to the pro-
posed Natural Hazards Safely Commission (Recom-
mendation 1), The Commission should review the
recommendalions, evaluate possible  socioeconomic
consequences, and  advise the Governor, Legislature,
state agencies, and local governments about appropriate
responses, defensive aclions, and funding alternatives,
The state should be prepared to compensate for adverse
socioeconomic impacts of hazard nolifications through
existing disaster-relief programs.
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Introduced: 5/6/85
Referred: State Affairs
and Finance

BY STURGULEWSKI, V. FISCHER,
IN THE SENATE RODEY AND ZHAROFF

SENATE BILL NO. 310
IN THE LEGISLATURE OF THE STATE OF ALASKA
FOURTEENTH LEGISLATURE - FIRST SESSION

A BILL
For an Act entitled: “An Act establishing the Alaska Natural Hazards Safety Commission.”
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:
Section 1. FINDINGS. The legislature finds that

(1) although the state has made significant improvements in disaster preparedness since the great earthquake of
1964, there has been little corresponding improvement in measures to reduce the disaster potential of natural hazards
and, consequently, to reduce dependence on disaster relief;

(2) there is a pressing need to provide a consistent policy framework and a means for continuing coordination
of hazard-related programs and public safety practices at all governmental levels and in the private sector; this need is
not being addressed by any continuing stale government organization;

(3) through concerted efforts coordinated by a Nalural Hazards Safety Commission, the state can make
long-term progress toward mitigating the effects of natural hazards on persons and property, thereby reducing the costs
of responding to and recovering from natural hazards.

Sec. 2. AS 44.19 is amended by adding new sections Lo read:
ARTICLE 15. ALASKA NATURAL HAZARDS SAFETY COMMISSION.

Sec. 44.19.241, COMMISSION ESTABLISHED. The Alaska Natural Hazards Safely Commission is established
in the Office of the Governor.

Sec. 44.19.242. MEMBERSHIP. (a) The commission is composed of 11 members appointed by the governor
for terms of three years, A member holds office until a successor is appointed and confirmed. A vacancy is filled for the
unexpired term. The governor shall appoint to the commission a representative from the University of Alaska, a re-
presentative from local government, a representative from the Department of Nalural Resources, a representative from
the Department of Military and Veterans' Affairs, a representative from an appropriate federal agency and shall appoint
the remaining six members from members of the public who are knowledgeable in the fields of geology, seismology,
hydrology, geotechnical engineering, structural engineering, emergency services, or planning.

(b) The commission shall elect annually from its members a chairman and vice-chairman. A majority of the
commission may vote to replace an officer of the commission.

(c) Eight members constitutes a quorum.

(d) Commission members receive no compensation but are entitled Lo travel and per diem authorized for
boards and commissions under AS 39.20.180.
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Sec. 44.19.243. POWERS AND DUTIES. (a) The commission shall
(1) recommend goals and priorities for hazard mitigation to the public and private sectors;

(2) recommend policies to the governor and the legislature, including needed research, mapping, and
monitoring programs,

(3} offer advice on coordinating disaster preparedness and hazard-mitigation activities of government at all
levels, review the practices for recovery and reconstruction after a natural disaster, and recommend improvements to
mitigate losses from similar future events;

(4) gather, analyze, and disseminate information of general interest on hazard mitigation;

(5) establish and maintain necessary working relationships with other public and private agencies;

(6) review predictions and warnings issued by the federal government, research institutions, and other
organizations and persons and sugges| appropriate responses at the state and local level: and

(7) review proposed hazard notifications and supporting information {rom state agencies, evaluate possible
socioeconomic consequences, recommend that the governor jssue formal hazard notifications when appropriate, and
advise state and local agencies of appropriate responses,

(b) The commission may

(1) advise the governor and the legislature on disaster preparedness and hazard mitigation and on budgets
for those activities, and recommend legislation or policies Lo improve disaster preparedness or hazard mitigation;

(2) conduct public hearings;

(3) appoinl commillees from its membership and appoint external advisory committees of ex-officio
members; and

(4) accept prants, contributions, and appropriations from public agencies, private foundations, and in-
dividuals.

Sec, 44.19.244 DEFINITIONS. In AS 14.19.241 - 14.19.241
(1) “commission’ means the Alaska Natural Hazards Safety Commission;

(2) “‘disasler preparedness” means eslablishing plans and programs for responding to and distributing
funds to alleviate losses from a disaster as defined in AS 26.23.230;

(3) “hazard mitigation™ or “mitigation” mean activities that prevent or alleviate the harmful effecls of
natural hazards Lo persons and property, including idenlification and evaluation of the hazards, assessment of the risks,
and implementation of measures to reduce potential losses before a damaging evenl occurs.

Sec. 3. AS 44.66.010(a) is amended by adding a new paragraph Lo read:
(13) Alaska Natural Hazards Safely Commission (AS 14.19.241) June 30, 1989.
Sec. 4. Nolwithstanding AS 44.19.242 enacted by sec. 2 of this Act, four of the initial members of the Alaska
Natural Hazards Safety Commission shall serve terms of two years and three initial members shall serve terms of four

years,

Sec, 5. Nothing in this Act is intended to transfer to the commission the authorities and responsibilities of other
state agencies. boards, councils, or commissions or of local governments.

wn
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APPENDIX B

Glossary”’

acceptable risk - A level of risk that can be accommo-
dated without undue hardship and represents a realistic
goal for design requirements for engineered structures.

active fault - a faull that, based on historical. seismologi-
cal, or peological evidence, has a high probability of
producing an earthquake.

avalanche - see debris avalanche, slushflow avalanche,
and snow avalanche.

building code - a document that specifies minimum
desigh and construction requirements for structures.

calculated risk - the estimated total risk to a facility or
the public that corresponds to a specific level of mitiga-
Lion.

chronic hazard - a hazard that produces small, persistent
or episodic changes in the earth’s surface thal may be
minor over short periods of time, but may cause major
damage 10 structures over long periods of time.

creep - slow, more or less continuous downslope move-
ment of s0il or rock under gravitational stresses.

critical facility - a structure that houses or serves many
people or otherwise poses unusually high hazards to
public health and safety if the structure is damaged or
malfunetions.

debris avalanche - a very rapid sliding or flowage of
initially coherent soil and rock; a very rapid debris flow.

debris flow - a moderately rapid downslope flowage of
soil, rock, and water that is triggered almost invariably
by unusually heavy rain.

design crileria, design standards - minimum standards for
layout, materials, structural properties, and construction
of a facility (for example, building codes, design re-
quirements in flood plains, or contract specifications).

design event - intensity of a natural event that is used as
the basis for a structure’s design.

design forces, design loads, design motions - static forces
or molions al a site (for example, loads, displacements,
velocities, or accelerations) that are used as the basis for
a structure’s design.

Tr\-wsl. definitions modified from Bates and Jackson, 1980; EERI
Committee on Seismie Risk, 1984; and Woodward-Clyvde Con-
sultants, 19800,

disaster - an event thal causes greal harm Lo people or
property over a short period of time.

disaster preparedness - plans, procedures, funds, facili-
ties, and supplies established (o respond o a natural
disaster, distribute financial losses, and allow for an
orderly recoverv.

disaster recovery the process of restoring services;
relocaling or rebuilding homes, businesses, and public
facililies; and reestablishing normal social and economic
activities,

disaster relief - provision of granis and loans lo assist
individuals, businesses, and state and local governments
in recovering from a disaster.

disaster response - implementation of disaster-prepared-
ness plans and other postdisaster activities (for example,
search and rescue, debris removal, security, and provi-
sion of food, water, sheller, and medical aid) to restore
public safety and facililate recovery.

earthquake - a sudden motion or vibration in the earth
caused by an abrupt release of energy.

fault - a fraclure or fraclure zone in the carth’s crust
along which there has been displacement of the sides
relative to one another and paraliel to the fraclure.

frost heaving - the uneven lifting and deformation of the
ground surface that results from freezing of ground
waler and growth of ground-ice masses.

gelifluction - solifluction in an area underlain by frozen
ground.

geologic hazard - a natural or man-made geologic condi-
tion that potentially endangers life and property (for
example, landslide, earthquake, flood, volcanic eruption,
ground subsidence, erosion, or snow avalanche),

geotechnical - pertaining to the application of informa-
tion aboul the earth’s crust and surface materials Lo
solve civil-engineering problems.

hazard - sec natural hazard,

hazard evaluation data collection and analysis Lo
identify and describe a natural hazard and determine its
polential severity, the area affected, and probability of
occurrence.,
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hazard mitigation - policies and activities undertaken to
prevent or minimize the likelihood of properiy damage
and injuries from natural hazards (includes hazard
evaluation, risk assessment, and hazard reduction).

hazard reduction - the application of technical informa-
tion about hazards Lo develop policies and procedures
for land use, facility design and construction, protection
works, and warning systems Lo reduce the likelihood
of property damage or injury.

heave - uneven uplift of the ground surface caused by
expansion or displacement, such as from swelling clay,
seepage pressure, or frosl action,

intensity - a qualitative or quantitative measure of an
event's severily al a specific site.

landslide - the perceptible, downward and outward
sliding of soil, rock, and vegetation under gravitational
influence.

magnitude (of an earthquake) - a measure of the strength
or total energy released by an earthguake.

mappability - the relative ease of accurately localing or
delineating a geologic hazard on a map at a scale ap-
propriate for land-use planning (usually 1 in. -~ 1 mi or
greater).

mass movement - the downslope displacement of a
portion of the land surface as a unit, as in creep, land-
slide, flow, or avalanche,

maximum credible event - the most severe event of a
given type (for example, flood, earthquake, or landslide)
that can be expected at a site, considering the known
natural processes or conditions in the area.

maximum probable event - the mosi severe event of a
given type (for example, flood, earthquake, or landslide}
that can reasonably he expecled to occur within the
design life of a facility; often defined as the event thal
oceurs once every 100 vr.

mitigation - see hazard mitigation.

mudflow - a rapid downslope flow of predominantly
fine-grained malterial generally combmed with a large
amount of water; usually flows along an active or
abandoned stream course.

natural hazard - a natural condition thal may endanger
life and property (includes all geologic hazards plus
nongeologic conditions like drought, tornados, hail,
forest fires, and lightning).

nodal point - a location in a structure that vibrates very
little relative to other locations at a given oscillation
period during an earthquake.

nuec ardente - a rapidly flowing, turbulent, gaseous
cloud (sometimes incandescent) that is erupted from a
voleano; contains ash and other explosively cjected
voleanic debris in its lower part.

performance criteria - minimum standards for the
operational capabilities of a facility during and after an
event of given intensity (for example, the services thal a
hospital must be capable of continuing after a major
ecarthquake, or the volume of water that a dam must be
capable of retaining during a 100-vr flood),

protection works - structural improvements made in
hazardous areas to limit the adverse effects of natural
events (examples include flood-control dams and levees,
retaining walls, slope-drainage svstems, refurbishing of
old buildings against earthquake damage, and mobile-
home anchoring systems).

pyroclastic flow - a rapidly moving, turbulent mixture of
mostly fine-grained material and gas ejected explosively
from a voleana,

residual risk - the difference beltween caleulated risk and
acceplable risk: represents the risk that can be reason-
ably reduced through mitigation.

risk - the probability of a given level of social or eco-
nomic damage or loss resulting from one or more natural
hazards based on the probability of the event occurring,
its severity, location, and the probability that people or
property will be adversely affected.

safety factor (engineering) - the ratio of a material’s
maximum strength (for example, soil, rock, conerete, or
steel) to the probable maximum load to be applied Lo it.

seiche - oscillatory motion of a bodyv of water in which
the period of oscillation is determined by the dimensions
of the containing hasin, Onshore runup of the resulting
waves has been known Lo exceed clevations of 1,000
ft.

seismic - pertaining Lo earthquakes or other natural or
man-made vibrations in Lthe earth.

siltation - accumulation of predominantly fine-grained
sedimenl in a basin or behind a natural or man-made
structure thal obstructs the flow of sediment-laden
water,

slushflow avalanche - a4 powerful Tow of wel snow, soil,
rock, and debris thal occurs primarily in arctic and
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subarctic  mountainous regions during rapid spring
melting of the seasonal snow cover.

snow avalanche - the rapid falling or sliding of a large
mass of snow thal often incorporates considerable soil.
rock. and debris.

solifluction the slow, viscous, downslope flow of
waler-saturated soil.

subsidence - uneven sinking of the ground surface caused
by regional tectonic lowering of the crust or, locally, by
collapse of underground solution cavities, melting of

massive ground ice, soil compaction, or shrinking of
clay-rich soils on drying.

tsunami - a large gravitational sea wave produced by a
voleanic eruplion or submarine carthquake.

volcanic bomb - a mass of expelled lava that is rounded
like a bombshell as it [alls.

warning system - a means of notifying the public of an
impending catastrophic event so thal preparalions can be
made, Lthe area can be evacuated, and disasler-response
plans can be implemented.



AAFWFS

ACST
ADES
ASHA
BLM
CEQA
CGS
DEC

DES
DGGS

DLWM

DMG
DMRA

DNR
DOT/PF

DSD
DWR

EHRP

APPENDIX C

Acronyms

- Alaska Avalanche and Fire Weather Fore-

casl Svstem

- Alaska Council on Science and Technology
- Alaska Division of Emergency Services

- Alaska State Housing Authorily

- Bureau of Land Management {U.S.)

California Environmental Quality Act

- Colorado Geological Survey

Department of Environmental Conserva-
tion (Alaska)

- Division of Emergency Services (Alaska)
- Division of Geological and Geophysical

Survevs ( Alaska)

- Division of Land and Water Management

(Alaska)

- Division of Mines and Geology (California)
- Division of Municipal and Regional

Assistance (Alaska)

- Department of Natural Resources (Alaska)
- Department of Transportation and Public¢

Facilities { Alaska)

- Division of Safety of Dams (California)
- Department of Water Resources

{California)

- Earthquake Hazards Reduction Program

(U.S.)

FEMA
FERC
FNSB
ICRO
NOAA
NSF
OMB
SCEPP
SHAP
SHPD
SMARA
SMGR
SMIP
SSC
UBC

USFS
USGS
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- Federal Emergency Management Agency
- Federal Energy Regulatory Commission
- Fairbanks North Star Borough

- International Conference of Building

Officials

- National Oceanic and Atmospheric

Administration (U.S.)

- National Science Foundalion
- Office of Management and Budget (U.5.)
- Southern California Earthquake

Preparedness Program

- Seward Highway Avalanche Project

{ Alaska)

- Office of Statewide Health Planning and

Development (California)

- Surface Mining and Reclamation Act

(California)

- state Mining and Geology Board

(California)

- Strong-motion Instrumentation Program

(California)

- Seismic Safety Commission (California)
- Uniform Building Code

- U.S. Forest Service

- U.S. Geological Survey
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Ross (. Schaff. Director and State Geologist
William W. Barnwell, Deputy State Geologist and Southceentral Regional Manager
Richard D. Reger, Northern Regional Manager
Wyatt G. Gilbert, Southeastern Regional Manager

Administrative Services Coal and Peat Investipations
R Jensen, Administrative officer® 05K, Fakins, Gvnlm.‘.istz
A0 Allen, Accounting elerk WG Clough, Geologist
Pl Coonrod, Seeretary K M. Goff, Geological assistant
DL Meddell, Clerk typist Lt Lueek, Geologist
ML Lamey, Admimistrative assistant KT Merritt, Geologist
KL Mavwouod, Clerk tvpist
R .1, Michels, Supplv technician 01l and Gas Resource Investigations
JUNL Newpaarvd, Accounting technician .
AL Rawlinson, Clerk Ly pist b MeGee, ('ut’.ll'll)gst‘e
A.EL Richards, Clerk tvpist 0.1, Bertossa, Geological assistant
S Weir, Clerk Ly pist 0L NMansen, Geophvsieist
MUEL Wright, Clerk ty pist ELF. Harris, Geological assistant
MW, Henning, Geologist
Archavology SoAcdaegues, Cartographer
. WL Kornbrath, Geologist
RUD. Shaw, ;\rcha(‘uluﬂislg 13 1L Krouskop, Geophysicist
LR.G. Burzell, Historian AWML Lvie, Geologist
R.GL Dixon, Archaeologist JF. Mever, Geophysicist
DLE. Gibison, Archaeologist .G Mull, Geolopist
LCLEL elmes, Archacologist MLUFE. Pritchard, Cartographer
JS.L. Klingler, Archaeologist JILNL Smith, Geologist
A0, MeMaban, Archaeologist SOM. Weam, Geophvsicist
LWL Mishler, Historian KUK Wilson, Geological assistant

LR Reger, Archaeologist
Hesource Allocation Services
Computer Services .
DLF. Jones, Geologist?

CNLOWL Urasby, Operations research '.mii'l\-':il2 FLFL Beeia, Natural resouree manager

DL Anctdd, Analvst programmer MLUS. Christy, Geologist

GL. Fineh, Data processing clerk GLAL Dickison, Natural resource manager

CBLS, Hurtig, Analyst programmer UGl Jehnson, Data control specialist

L Jenks, Daty processing manager o 1, Natural resource officer

WL Jurgens, Analvst programmer M Wibbenmeyer, Natural resource manager
Fngineering Geology RHuesource Information

RGO Updike, chlugistz L. Draniels, Publications spt‘cialislz

R.AL Combellick, Geologist KL Clautice, Geologist

JLUNL Davies, Geologist BLAL Harte, Cartographer

.K.l,. Krause, Geologist LGUM. Laidrd, Carlographer

LW, RHeeder, Geologist HOAL Mann, Clerk

LA Wery, Geological assistant J L Ohlund, Clerk tvpist

K8, Prarson, Cartographer
Geologic Mapping AL Reger, Publications technician
i WS Sapp, Clerk typist
SR Hawlinson, Gcnlngistz L Sehell, Cartographer
D.D. Adams, Geological assistant
SLEL Decker, Geologist Wiater Resouree Investigations

ST Dillon, Geologist

DURL Hickmott, Geological assistant
AT, Kline, Geologist

CRLRL Reifenstuhl, Geologist

M.S. Robinson, Geologist

Y. N Solie, Geologist

Minerils Investigations

AG.H. Pessel, Geulng|sl2

MUDL Albanese, Geologist

T K. Bundtzen, Geologist

L E. Burns, Geologist

CKL.B. Faris, Chemist

JUUAL Little, Geological assistant
A3.D. March, Geolongist

LTLF. Smith, Geologist

MUAL Wiltse, Choemist

. student Intern Program,
Section Chief.

W.E. Long, Iydrologist®
R Allely, Hydrologist
Sk Carriek, Nydrologist
L Collazezi, Hydrologist
b Dearborn, Hydrologist
MG Inghram, Hydrologist
JROWL Ireland, Hydrologist
WS.F L Mack, Hyvdrologist
MUAL Maurer, Hydrologist
L Maynard, Hydrologist
MMOAL Moorman, Geologist
oA Munter, Hydrologist
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Geothermal Investigations

R Motvka, Geologist?
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O Nve, Geologist

]ln addition to the permanent staff listed above, DGGS has employed over 100 students in the Department of Natural Resources



