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GEOLOGIC-HAZARDS MITIGATION IN ALASKA 

A Review of  Federal, State, and Local Policies 

BY 
R.A. Combellickl 

EXECUTIVE SUMMARY 

Earthquakes 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 t o  to  be affected by these and other natural 
phenomena such as landslides, snow avalanches, floods, 
tsunamis, and many localized or  chronic events that may 
be as costly over the long term as major events. Because 
development is rapidly expanding into areas where 
geologic hazards once had little effect, the same events 
may now cause major property damage. 

Technology is available to  identify natural hazards, 
determine their probable severity, and reduce their 
potential effects on people and property. On the basis of 
this review of national and state policies, 1 0  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. Incentives and guidelines to  consider geologic 
hazards in local plans and ordinances. 

5. Hazard mitigation in siting, design, and con- 
slruction 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 
o r  local laws for siting or  designing facilities. 

l ~ l a s k a  Division of Geological and Geophysical Surveys. 7 9 4  
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 that some common attributes are responsible for 
the success and public acceptance of  many hazard- 
mitigation programs. These attributes include central 
policy guidance and coordination; availability of current 
technical information; incentives and guidelines lo 
consider geologic hazards in local ordinances; immuniza- 
tion of local governments from hazards-related liability 
under certain circumstances; availability of  guidelines 
and state assistance t o  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 t o  review for hazard safety; adequate train- 
ing and experience for reviewers; incentives for hazard 
mitigation as part of disaster-relief programs; and the 
ability of programs t o  be self-supporting through special 
revenue programs. 

The 1 0  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 t o  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 t o  
evaluate hazards. 

4.  Amendments t o  the municipal code and other 
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statutes to  promote local-government action in 
hazard mitigation. 

5. State regulation of construction and major 
alterations of critical facilities to  ensure that 
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 t o  implement hazard-mitiga- 
tion measures as a condition for receiving dis- 
aster-relief funds. 

8. Improvement in capabilities of state agencies t o  
participate in reviews and t o  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 o f  miles o f  
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 t o  occur intermittently as in the recent 
geologic past, and with increasing development, the 
probability will increase that 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 independently act on 

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 o f  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 o f  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 t o  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 millioil 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 i n  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. I ) ,  which resulted in damages 
that totalled about $84 million ( ~ 6 ~ 6 ,  1982), the federal 
government provided $7.3 million in direct financial aid 
(Federal Emergency Management Agency, 1982).  

In addition t o  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 a t  the federal level. From January 1978  t o  
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 1 4  
disaster declarations, an average of 2.5 every year. Relief 
funds authorized by the Governor ranged from $14,000 
t o  $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 d o  not reflect 
all expenditures through agencies outside ADES, but  
provide an estimate of the magnitude of state expendi- 
tures used t o  respond t o  natural disasters. 

State expenditures for disaster relief are likely t o  
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  commonly recognized as manifestations of  con- 
tinuing processes that will eventually affect developed 
areas. In 1912, a major volcanic 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 t o  an 
elevation of 1,740 f t  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 a t  Scotch 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 that elevated the 
coastline as much as 4 9  f t  (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 t o  
produce similar destruction in Alaska. For example, a t  
least 4 0  of the more than 8 0  volcanoes in the Aleutian 
Islands and Wrangell Mountains have erupted a t  least 
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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 a t  the head of the bay (arrow). 
The resultant wave stripped vegetation t o  an elevation of 1740 f t  on the hillside opposite the slide 
(August 9, 1958). Photographs by D.J. Miller, U.S. Geological Suwey. 



GEOLOGIC-HAZARDS MITIGATION IN ALASKA 

once during the past 200 yr  (Miller, 1976).  Four giant 
waves have occurred in Lituya Bay since the mid-1800s 
(Miller, 1960);  a t  least six tsunamis over 30 f t  high have 
struck the Alaska coast during the last 1 0 0  y r  (Cox and 
Pararas-Carayannis, 1976), and 1 5  great 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 t o  grow at  
a steady rate (fig. 3). Undoubtedly, human exposure t o  
natural hazards will increase substantially as the popula- 
tion grows and occupies larger areas. More events will be 
declared disasters a t  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 t o  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 t o  75 
percent of the total cost of damages; state and local 
governments are responsible for the remainder. Also, 
federal disaster-relief loans t o  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 Wayne 
faced interest rates of about 1 6  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 
t o  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 t o  the 1964 earthquake and its aftermath. Their 
reviews, summarized below, underscore the desirability 
t o  assess hazard-mitigation measures in Alaska. 

When the 1964 Great Alaska earthquake occurred, 
there was no state-development plan and there were very 

Figure 3. Population growth in Alaska, 1 8 8 0  to 1982.  
Data from Rollins, 1978,  and Alaska Department of 
Labor. 1983. 

few colitrols 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 little had been done t o  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 t o  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 t o  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 t o  
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 ordinalices 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 y r  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 o f  dollars in 
damage t o  homes, businesses, and utilities. 

Soon after the earthquake, several groups began t o  
technically evaluate the affected area. The groups 
included an Engineering Geology Evaluation Group 
established by the Alaska State Housing Authority 
(ASHA); a federal Scientific and Engineering Task Force 
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  offstreet 
parking, parks, and other low-density purposes. A 
strong plea was made t o  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 impacted by the earthquake, despite 
arguments that the project would provide much-needed 
renovation in parts of the Anchorage business district 
and the chance to implement sound redevelopment 
plans. 

Pressures were great to  rebuild Anchorage t o  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 extensively 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 
inland from the slide scarp, its final redevelopment plan 
for Turnagain Heights reflected the strong public re- 
sistance t o  urban renewal and limited the proposed 
project to  the area on the seaward side of the scarp that 
had failed during the earthquake2. 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 t o  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 

'~ubsequent 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 t o  
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 t o  postearthquake 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 t o  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 city council were 
elected t o  carry ou t  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 private 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 t o  respond t o  disasters. This 
improvement in response capability is not matched 
by a complementary program of predisaster measures for 
proper land-use and construction practices t o  reduce the 
likelihood of injury or  property damage. 

In 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 a t  5:36 p.m.), i t  could 
have resulted in 50 times as many deaths and 6 0  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 t o  
prevent o r  minimize adverse effects from natural hazards 
and respond to disasters when they occur. The first step 
in this effort is t o  learn as much as possible about 
natural processes and their potential effects. The second 
step is to  use that information t o  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 Weights 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 t o  
develop the means t o  quickly respond t o  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 t o  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 report, relief funds 
and insurance are considered functions of disaster 
preparedness rather than mitigation because they d o  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 safety 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 o r  requirements 
for taking such measures as a condition of eligibility. 
Disaster response puts disaster-preparedness plans and 
other postdisaster activities into effect t o  restore order 
and facilitate recovery. This report emphasizes hazard 
mitigation and does not discuss disaster preparedness 
and response in detail except where improvements can 
be made t o  promote mitigation. 

The first two steps in the hazard-mitigation process, 
hazard evaluation and risk assessment, are prerequisites 
t o  the third step, risk reduction. Reliable information on  
natural processes and their associated risks is essential t o  
determine appropriate risk-reduction measures. Inade- 
quate information can result not only in inadequate o r  
misguided measures, but  can contribute t o  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 t o  produce five 
kinds of information: 

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

2. Location and extent of potentially 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 t o  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 t o  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 greater their complexity, the less 'mappable' the 
hazards are because of the difficulties in delineating 
areas likely t o  be affected. Often, high cost and limited 
technology preclude accurate delineation of areas of 
high exposure and definitive predictions o r  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 a t  scales 'appropriate 
for land-use planning. For  secondary hazards, map- 
pability is based on the relative ease of delineating areas 
susceptible t o  secondary effects. For  example, areas in 
which the intensity of ground shaking is likely t o  exceed 
given levels are very difficult t o  accurately delineate; 
hence, this primary hazard of earthquakes has low 
mappability. Areas that are likely t o  experience ground 
failure as a result of the given intensity of ground 
motion are easier t o  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 that people can be evacuated and other pre- 
parations can be made. 

T o  a large degree, legal defensibility of hazard- 
related land-use regulations is related t o  mappability. A 
map adopted for regulatory use is subject t o  legal 
scrutiny; thus, the boundaries or contours depicted on it  
and data used t o  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 regulation5 related t o  highly destructive 
hazards, such as floods or  earthquakes, have fared better 
in courts than those that relate t o  less destructive 
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Figure 7. The new Valdez townsite near Mineral Creek, 3.5 mi northwest of the old townsite. Photograph by Steve and 
Delores McCutcheon, summer 1970. 

hazards, such as soil creep or  lightning. On the other 
hand, regulations d o  not fare well if they are so restric- 
tive that they infringe on fundamental liberties o r  d o  not 
clearly relate t o  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 
fo r  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 public- 
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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N A T U R A L  PROCESSES 
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Figure 8. Flow diagram of study objectives in hazard 
mitigation. 

Disaster preparedness must be capable of responding t o  
the 'calculated risk' (the estimated total 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 replacement or 
repair, whether or not people are likely t o  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 o r  power plant in the same location. 
The task of economists, planners, developers, designers, 
and regulators is t o  use the hazards information provided 
by scientists and engineers t o  derive associated 'cal- 
culated risks' and then select appropriate risk-reduction 
and disaster-preparedness measures. A comprehensive 

lncreas~ng mitigation - 
Figure 9. Relationship between risk and hazard mitiga- 

tion. The residual risk (Rr )  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 a t  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 t o  limit 
land use t o  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 t o  add qualifiers t o  
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 t o  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 t o  
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 t o  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 a t  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 

Mappabilitya 
Zone of Zone of 

primary secondary Prediction 
Event Causative processes Primary hazards Secondary hazards hazards hazards capabilityb 

Earthquake Crustal displacement Strong ground shaking Ground failure L-M M-H L 
Volcanic eruption 

Rapid mass 
movement 

Snow avalanche Snow accumulation on  steep 
slopes and subsequent modifi- 
cation by  drifting, melting, 
and precipitation (also a 
secondary effect of 
earthquakes) 

Slide (landslide, Natural o r  artificial slope 
rockslide, rock- oversteepening, overloading 
fall, slump) and/or reduction of 

material strength, usually 
by water saturation (also a 
secondary effect of earth- 
quakes, volcanic eruptions, 
coastal erosion, and river 
erosion) 

Flow (mudflow, Excessive rainfall o r  rapid 
debris flow, snowmelt in areas of 
debris avalanche, steep slopes and loose 
slushflow surficial materials (soil, 
avalanche) vegetation, rock; also a 

secondary effect of 
volcanic eruptions) 

Fault displacement Avalanche 
Subsidence or uplift Tsunami (can also be 

caused by earthquakes 
outside Alaska) 

Seiche 

High dynamic pres- Air blast 
sure 

Burial 

Ground displace- 
ment  (both 
vertical and hori- 
zontal) 

High dynamic pres- 
sure 

Burial 

Ground displace- 
ment  

High dynamic pres- 
sure 

Burial 

Flooding following M 
temporary damming 
of stream by slide 
deposit 

Tsunami or seiche 

Flooding following 
temporary damming 
of stream by flow 
deposit 

a ~ a ~ ~ a b i l i t ~  
H - Probable location of future events can be shown on largescale 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 largescale maps. 

b~rediction capability 
H - Individual events can be predicted with sufficient accuracy and warning time to  evacuate area. 
M - Although individual events cannot 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. 



Table 1 (con.) 

Mappabilitya 
Zone of Zone of 

primary secondary Prediction 

Event Causative processes Primary hazards Secondary hazards hazards hazards capabilityb 

Volcanic eruption Buildup of magma and gas 
under pressure within or 
beneath the earth's crust, 
followed by upward migra 
tion via conduits and fis- 
sures t o  the Earth's sur- 
face 

Flood 

Soil instability 

Cloudburst 
Prolonged rainfall 
Rapid snowmelt 
River ice jam 
Glacial outburst (release of  

subglacial o r  englacial water) 

Lava flow Mudflow (lahar) M M -H 
Pyroclastic flow Debris avalanche 
~ u g e  ardent (glow- Tsunami 
ing avalanche) Acid rain 
Directed blast Lightning 
Ash fall Forest fire 
Volcanic bomb Landslide 
Earthquake 
Noxious gas 

Coastal storm surge 
Also a secondary effect of 

earthquakes, volcanic 
eruptions (tsunami), and 
mass movements 

Chronic o r  localized geologic hazards 

Heave 

Subsidence 

High dynamic pres- Erosion and de- 
sure in area of position 
high-flow velocity Water-supply 

Submergence of large contamination 
areas 

Excessive siltation 

Creep Solifluction or gelifluction 
Frost creep 
Slow downslope movement of 

nonsaturated soils on steep 
slopes 

Frost heave 
Swelling of clay-rich soil 

by  absorption of water 

Soil compaction 
Settling as a result of melting 

of ice-rich permafrost or seasonal 
ground ice 

Shrinking of clay-rich soils during 
drying 

Differential down- - .  
slope movement 
of ground surface 

Differential vertical 
movement of ground 
surface 

Differential vertical 
movement of ground 
surface 

M-H 



Table 1. (con.) 

Mappabilitya 
Zone of Zone of 

primary secondary Prediction 

Event Causative processes Primary hazards Secondary hazards hazards hazards capabilityb 

Coastal erosion Waves of sufficient energy t o  Land removal Landslide caused by H H 
- .  

remove sediment or rock faster slope oversteepening 

than it is replenished 
Tsunami 
Tidal current 
Artificial disruption of longshore 

sediment transport (jetty, 
breakwater, sand mining) 

Storm surge 

River erosion Flow of sufficient velocity Land removal 
and capacity t o  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) 

Landslide caused by H 
slope oversteepening 



GEOLOGIC-HAZARDS MITIGATION IN ALASKA 15 

ordinances, such as minimum floor elevations in flood 
areas, but these are in addition t o  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 t o  d o  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 not 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 
a t  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 result from earthquake-induced 
ground failure. This omission could mislead local au- 
thorities or building designers who follow the code 
rigorously t o  expect the resultant structure t o  be safe 
from earthquakes; in fact, the structure may be built on  
sensitive o r  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 t o  assess. 
The conservative approach is t o  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 laken. 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 l o  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 n o  
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 o r  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 t o  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 built 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, i f  the 
protection fails, damage and injury will be much more 
extensive. 

Protection works have also been used successfully t o  
control slope instability and coastal erosion. Techniques 
for  stabilizing landslides are developing rapidly and 
proving l o  be increasillgly successful. As a result, many 
areas in southern California that were formerly avoided 
because of landslide hazards are n o  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 Lo 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 t o  12,000 ft3/sec, 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 t o  
issue warnings t o  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 t o  warn people downstream once a flood 
begins. Prediction of volcanic eruptions is improving 
rapidly, but  requires constant localized seismological 
monitoring and measurements of ground deformation. 
Warnings are less effective for snow avalanches and 
landslides. Typically, areas susceptible t o  these hazards 
are identified and studied t o  determine when conditions 

not 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 O F  APPROACHES 

No single approach t o  risk reduction is universally 
effective. In most situations, a combination of ap- 
proaches is most effective, and the circumstances will 
dictate which methods should be emphasized. For  
example, in developed areas, substantial changes t o  
zoning ordinances are unreasonable; therefore, protec- 
tion works or  more stringent building codes should be 
emphasized. Old buildings may need t o  be refurbished t o  
meet new standards. The best combination of risk- 

exist that could trigger mass movements; however, i t  is reduction measures depends on  the level of jurisdiction 
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(local, state, o r  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 t o  prohibit o r  
restrict construction of certain types of facilities in 
unstable areas. Facilities that are allowed in these areas 
must be built according t o  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 into smaller lots for resale. In addition t o  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 t o  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 excavations. 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 t o  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 t o  be increased by 25 percent for buildings 
that will be used by a t  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 t o  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 permitting 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 
cannot 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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Statewide County (borough) Ci ty  Subdivision or  zone Specific site 
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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 t o  
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 t o  

provide legislation, clear policy guidelines, and adequate 
information for local governments t o  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 o r  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 d o  not have the financial re- 
sources o r  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 topical information on geologic-hazards 
processes, performing research, and mapping on a 
regional scale. State and federal governments have 
disaster-relief funds t o  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 that are never 
implemented. Of the 27 states with hazard-mitigation 
legislation in effect in 1982, 1 3  (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 t o  
study disaster-prevention matters, land uses, and con- 
struction in the state and to recommend measures t o  
reduce or  prevent harmful consequences of a disaster. 
The Council of State Governments Disaster Act does 
little 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 a t  
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 t o  determine whether they 
could serve as models for similar programs in Alaska. 
Both states have significant geologic hazards that are 
similar t o  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 a t  state and local 
levels. 

CALIFORNIA 

Hazard-mitigation programs in California are largely 
an outgrowth of public reaction t o  natural disasters, 
beginning with legislation that was developed after the 
St. Francis Dam failed in 1 9 2 8  (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 1 9 7 1  
San Fernando earthquake when extensive damage 
occurred and dozens of people were killed a t  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 that 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 erratic process, many successful pro- 
grams that address specific problems were developed. In 
recent years, Californians and their legislators have 
begun t o  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 Gouern- 
ments, 1979;  Hays and Shearer, 1981;  and Nichols and Campbell, 1971. 

Federal government State government Local government 

Policy 

Research 

Technical 
services 

Risk 
reduction 

Long-term national goals and policies Enabling legislation for local govern- County (borough) land-use plans 
Financial assistance for state and local govern- ments 

ments t o  develop policies and programs Statewide goals and policies 
Statewide land-use plans 
Establish interdisciplinary councils 

t o  recommend public policy 
Financial assistance t o  local govern- 

ments 

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 t o  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. Army 
Corps of Engineers) 

Issue predictions and warnings 

Disaster Federal disaster-relief funds and loan programs 
preparedness 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 

Support research on geologic hazards Perform or  require local studies of 
in the state and mapping of hazards specific hazards 
a t  local t o  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, Assemble and evaluate data 
and information t o  local governments relevant t o  local hazards issues 
and public 

Provide technical assistance to  local 
governments 

Develop guidelines for local risk-re- Adopt and enforce zoning and site- 
duction measures development ordinances, building 

Develop model zoning ordinances codes, and subdivision regulations 
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 t o  appropriate response 

State disaster-relief funds 
Disaster-preparedness plans and 

programs 
Public education 
Assistance t o  local governments 

in developing preparedness plans 

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 t o  
geologic-hazard mitigation in California, their develop- 
ment, and some of their strengths and weaknesses arc 
reviewed below. 

STATE PLANNING AND ZONING LAW: 
GENERAL PLAN 

In 1927,  California passed legislation that allows 
local governments to  prepare a general plan t o  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-safety 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 t o  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 t o  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 suggestions on content,  format, 
and procedures (California Office of Planning and 
Research, 1980).  

As new elements were added t o  requirements in the 
general plan, local governments were given deadlines for 
their preparation and adoption. All seismic-safety and 
safety elements were to  be completed by 1976. As of  
January 1977,  8 1  of the 412 cities and 1 9  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 a t  least every 5 yr to 
reflect new conditions and public attitudes. 

Various portions of each general plan must be 
submitted to  appropriate state ag~nc ies  for review. For 
example, a copy of  the adopted seismic-safety element 
and associated technical data must be submitted t o  the 
state Division of Mines and Geology (DMG). With one 
exception (unrelated to  hazards), state agenc i~s  d o  not 
have approval aulhority over general-plan elements. l'he 
purpose of submitting review copies is t o  inform state 
agencies that have responsibilities related l,o certain 
aspects of the general plan and to providc those agencies 
with an opportunity to  suggest 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, to ground 
failures. o r  to  effects of seismically induced waves such 
as tsunamis and seiches." The safety element must 
describe proposed features for community protection 
from those hazards. Flooding must be addressed in other 
elements of the general plan, including the land-use 
element (which identifies areas subject to  flooding) and 
the conservation element (for conservation aspects of 
flood control). State guidelines note that the division of 
the general plan into separate elements "is more a 
product of the incremental nature of the legislative 
process than a conscious design." Thus, local planning 
commissions are encouraged l o  combine the seismic- 
safety and safety 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 t o  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 recogliized 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 t o  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 
t o  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 t o  complete a general 
plan, nor are financial incentives given. However, any 
property owner, resident, state agency, state attorney 
general, o r  any aggrieved party may sue t o  enforce the 
requirement for adoption of a general plan and con- 
sistency of subdivision approvals and zoning. 'l'he courts 
may issue a writ of mandate for compliance with the 
requirement or set aside city o r  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 d o  not  address application 
of the information t o  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 
t o  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 effective as part 
of the California Public Resources Code (secs. 2621 t o  
2630) in March 1973. As of 1980, the act had been 
amended four times. The law requires the State Geolo- 
gist t o  delineate special-studies zones (normally 114 mi 
wide or  less) that encompass all 'potentially and recently 
active' faults that constitute a possible hazard t o  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 t o  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 d o  not exceed two stories and 
alterations that d o  not exceed 50  percent of the struc- 
ture's value. The SMGB defines an active fault as one 
that shows evidence o f  surface displacement within the 
last 11,000 yr  (Holocene time). T o  delineate special- 
studies zones, the State Geologist defined a 'potentially 
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 t o  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 114 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 t o  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 t o  be sufficient 
for this purpose. Along with the permit application, 
the developer o r  builder must submit a report prepared 
by a geologist registered in the Stat.e 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 t o  
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  f t  of an active fault. There- 
fore, t o  be eligible for a permit, a builder o r  developer 
must prove there are no active faults within 5 0  f t  of the 
proposed project. The board has set 5 0  f t  as the mini- 
mum standard, and encourages cities and counties t o  
impose more restrictive 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). 



24 SPECIAL REPORT 35 

Table 3. Summary o f  responsibilities and functions und 

State Geologist 

1. Delineates special-studies zones; compiles and issues 
maps t o  cities, counties, and state agencies. 
a. Preliminary maps for review. 
b. 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 t o  d o  so by law, DMG published 
guidelines for the evaluations and a suggested outline for 
the reports (Hart, 1975).  

Implementing the Special Studies Zones Act a t  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 between SMGB policies and the Special 
Studies Zones Act. For example, the law is not clear 
about what basis is used t o  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 t o  an 
existing facility, or if the requirements apply t o  expan- 
sion of existing uses and changes in occupancy is not 
clear. Policies of SMGB prohibit building any structures 
for human occupancy within 50 f t  of an active fault, 
whereas the Special Studies Zones Act exempts certain 
structures (for example, single-family dwellings) from 
that 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 d o  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- 

er the Alquist-Priolo Special Studies Zones A c t  (Hart,  1980) .  

Cities and Counties 

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

2 .  Xegulate specified 'projects' within special-studies 
zones. 
a.  Determine need for geologic reports 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 property 
located within a special-studies zone must be noti- 
fied of that fact. 

meter surveys, it is generally not possible t o  date the 
displacement o r  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 
setback is increased t o  1 0 0  ft,  the surface trace of a fault 
that has no surface expression can be approxi~nately 
mapped because it incorporates a 5 0 3  margin of error 
beyond the setback required by SMGB. T o  alleviate 
uncertainties in how the law is applied t o  individual 
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, 1977b). 

Requirements 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 geologist prepares the report for the 
developer o r  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 t o  hire one geologist t o  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 t o  require that the reports be 
reviewed by registered geologists. One city geologist 
found that "many geologists preparing reports are 
unaware of recent trends in fault analysis, rely on  
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EXPLANATION 

Potentially active faults 

1 9 5 2  
Faults considered t o  have been active during Quaternary* time; solid line where accurately located, 

- -  long dash where approximately located, short dash where inferred, dotted where concealed; query ( ? )  
----- indicates additional uncertainty. Evidence of historic offset indicated by year of earthquake-as- 
• . . ? *  • sociated event 

Special-studies-zone boundaries 

*Beginning with maps issued January 1, 1977 ,  special-studies zones have been delineated only for those faults con- 
sidered t o  have been active during Holocene time. 

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 19'72. Modified from Hart,  1980, p. 7 .  

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

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 statement,  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 n o  documented cases of 
financial loss due to  the act, one would expect such 
losses t o  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. Its 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 went 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 i t  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 t o  identify turning points n o  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 n o  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 d o  not themselves impose a 
priori restrictions on land use. Therefore, precise geo- 
logic data t o  defend boundaries is not needed. 

FIELD, GARRISON, AND GREEN ACTS: 
SCHOOL BUILDINGS 

California's Field Act (Education Code, secs. 39140 
to 39156 and 81130 t o  81146) is one of the best known 
and documented success stories in geologic-hazard 
mitigation. The Field Act resulted directly from public 
reaction t o  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 7 0  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 t o  
ensure conformance with minimum design standards for 
protection of life and property during an earthquake. 
Alterations o r  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 t o  Field Act stan- 
dards o r  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 t o  ensure compliance 
with approved plans. 

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

5. All parties (designers, contractors, 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 t o  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 t o  0.7 percent of the estimated construction cost 
($250 minimum) t o  defray the state's costs of imple- 
menting the law. 

Other provisions of the Education Code (secs. 
39002 t o  39002.5 and 81033 t o  81033.5) require 
geologic and soils-engineering studies of prospective 
school sites located within a special-studies zone (Al- 
quist-Priolo Act) o r  an area designated geologically 
hazardous in the local general plan. A copy of the report 
must be submitted t o  the Department of Education. The 
site selection is not  approved if the construction effort 
required t o  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 1 9 7 1  (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 t o  comply with the Field 
Act may n o  longer conform t o  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  t o  1950  be in- 
spected by the Office o f  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 t o  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 t o  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 t o  a significant earthquake 
during the 50-yr design life of any school in California, 
the relatively minor additional investment during con- 
struction is likely t o  prevent major earthquake-related 
repairs. With one exception, n o  school built t o  Field Act 
requirements has been damaged by an earthquake t o  the 
extent that major repair was necessary. However, the 
damage rate for schools built before 1933  is 25 to  7 5  
percent. 

Perhaps the only other major drawback of the Field 
and Garrison Acts is that they d o  not apply t o  all 
educational facilities o r  other important public facilities 
(J.F. Meehan, oral commun., 1982). Universities, for 
example, are not 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 demonstrated by public schools con- 
structed under Field Act standards appears t o  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 t o  sufficient scope 
o f  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 act 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 t o  the public after a disaster. Additional re- 
quirements for fire safety and equipment anchorages are 
imposed. According t o  Woodward-Clyde Consultants 
(1980a), practical standards used t o  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 t o  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. T o  cover the cost of administering 
the act, SHPD is authorized t o  collect a filing fee not t o  
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 t o  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 
t o  review hospital operations t o  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 t o  the act (chapter 303, 1982) authorize SHPD t o  
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 (Wood- 
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 
t o  provide uninterrupted medical services strongly 
depends on  lifelines and other external critical 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. I t  is questionable whether a 
hospital could continue to  function for a long period 
after a major earthquake that would probably disrupt 
some or all of  these services, even though the building 
conforms t o  the strictest earthquake-safety standards. 
Although the Veteran's Administration requires its 
hospitals t o  be capable of operating independently of 
external facilities for a t  least 4 days, n o  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  
t o  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 t o  withstand lateral de- 
sign-wind and earthquake forces of 2 t o  3 percent of the 
total vertical design load. Amendments in 1965  and 
1974 changed the lateral-force requirements t o  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 t o  assess the 
earthquake safety of existing buildings and identify 
permissible corrective actions. Structures governed by 
the Field, Garrison, o r  Hospital Seismic Safety Acts and 
all state-owned buildings are specifically excluded from 
the 1979  provisions. The latest amendment in 1980 
authorizes local governments t o  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 t o  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 county 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 earthquake safety and establish reconstruction 
standards. This provision applies only t o  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 t o  initiate programs for  
building rehabilitation. One provision grants local 
governments immunity from liability for earthquake 
damage based on any action taken or  not  taken t o  assess 
o r  upgrade old buildings. The other provision recognizes 
the high cost of rehabilitating old buildings t o  meet 
codes that must be met for  new buildings and allows 
local governments t o  enact their own building standards 
t o  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. its effect in reducing earthquake hazards t o  
buildings in California is difficult t o  assess. The  present 
concern over the earthquake safety of many buildings 
constructed in California before and after 1 9 3 3  suggests 
that  the  Riley Act has no t  been entirely successful. 
Although the ac t  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, interpreta- 
l ion of the building code. and familiarity of tlie building 
official with the type of project involved. Building 
officials i11 California are not required t o  meet any 
s t a ~ ~ d a r d  ~n in i lnum qualifications. According t o  the 
Woodward-Clyde study. many huilding officials assume 
that  building designs. soil reports, and geologic-hazard 
reports are adequate because they are prepared by 
registered professionals who  are familiar with the  code's 
requirements. Funding limitations often prevent lo(-a1 
agencies f rom hiring competent  professionals t o  perform 
reviews and from contracting to  have reviews performed 
externally. 

Elected local officials play a large role in deter- 
mining the degree of building-code enforcement by 
establishing budgets and setting work priorities. One 
survey of local building departments showed that  d O  
percent of the respondents believed that  their elected 
local offic-ials are sympathetic t o  weaker enforcement  of 
building regulations, and 7 0  percent felt tha t  local- 
government management has little o r  n o  concern abou t  
earthquake risk (Olson and Scott .  1980 :  International 
Conference of Ruilding Officials, 1 9 8 0 ) .  'l'he survey 
concludes that  roughly half of the local building de- 
partments in California operate with little suppor t  f rom 
elected officials and management.  Judging from these 
surveys, the  att i tudes of many local elected officials in 
California apparently d o  no t  reflect public concerns for 
seismic safety.  T w o  recent surveys in California showed 
strong public suppor t  for  stringent. seismic-safety mea- 
sures. I n  one survey (Turner  and others,  1971)). 65 
percent of  the respondents strongly favored public 
expenditures to  enforce building codes for seismic 
safety. 'l'he second survey (Turner  and others,  1980)  
showed that  7 5  t o  80 per(-ent of the  respondents favored 
laws t o  strengthen o r  vacate hazardous buildings. 

DAM SAFETY ACT 

Design, c.onslruction, alteration. operation, and 
removal of nearly all nonfederal dams in California 
(concrete and earth-fill) are under the authority of tlie 
Dam Safety Act (California Water Code, secs. 6 0 0 0  t o  
6501) .  'I'he only exempt ions  are dams smaller than the  
jurisdictional size specified by the  act. based on height 
and storage capacity. The 1)atn Safety Act is another  
example of  response t o  public reaction that  followed a 

niajor disaster. 111 1928. the S t .  FrancGs Dam in southern 
Chlifornia failed and caused extensive property damage 
and abou t  ,120 deaths.  The new law pu t  all nonferleral 
dams undr r  state supervision if they were built o r  
proposed t o  be built across a natural watercourse. Sta te  
irivolvetnent in(.lt~des extensive reviews of  desigti and 
c.onstruc.tion rletnents t o  ensure safety.  After the 1 9 6 3  
failure of  the Raldwin Hills Darn in 1,os Angeies, whic*li 
was 1101 built across a natural watercourse and therefore 
was exempt  from state supervision, the  ac t  was amended 
to  include offstream dams. 

'I'he Division of Safety of Dams (DSU)  in Cali- 
fornia's 1)epartment o f  Water Resources (DWR) ad-  
ministers the Dam Safety Act and is required t o  au tho-  
rize and supervise all aspects of darn constrrrction, 
alteration. operation, and remo\lal. Not  only does DSI) 
perform thesr  functions for st.ate-jurisdictional dams; it 
also reviews federal hydroelectric and flood-control 
dams under t h ~  Memoranda of Understanding with the  
Federal Energy Regulatory Commission and the 1J.S. 
Artily Corps of Engineers. 

For  state-jurisdictio~ial dams, the  Dam Safely Act 
and associated regulations require state-of-the-art  design 
and c:onstruction standards. Before construction can 
begin, an application must be filed with DWR,  accom- 
panied by detailed design plans, specifications, and the 
results and supportillg data from regional and site- 
spec-ific geologic. and engineering studies. The DSI) 
c~onducts  extetisive geologic and engineering reviews and 
sometimes retains outside c*onsultants t o  assist with the  
review of major c*ritical projects. As part  of the review 
process. I)SD may conduct  site inspections and observe 
field studies. 

Dam construction or  alt.eration may begin after 
DSI) formally approves the design plans and supporting 
data. T o  ensure that  approved plans are followed and 
unforeseen problems are recognized and resolved. DSD 
frequently inspects sites during construction and reviews 
the required ownrr-performed inspections and tests. 
Af ter  the dam is built, a use permit is required before 
the resenroir can he filled. Aft.er filling, the  dam and 
reservoir ;Ire inspec-led and evaluated a t  least annually 
during operation. The  use permit can he revoked a t  
any t ime if DSD finds a condition that  indicates tlie dam 
o r  reservoir is unsafe and consti tutes a danger t o  life and 
propertv.  F r r s  that  are collec~ted with the  initial applica- 
tion (before  the design review begins) and annually 
during the operational phase providr $200,000 t o  
$300,000 t o  the state general fund eac-11 year t o  partially 
offset costs of the dam-safety program. 

'I'he 1)WR is also responsible for site selection, 
design. construction. operation, and maintenance of 
Sta te  Water Project facilities. A Consulting Hoard for 
Earthquake Analysis was established to assist IIWR in 
seismic design and participate with DSD in design 
reviews. I'he DSD annually inspects and evaluates state 
dams and nonstate-owned jurisdictional dams; the 
consulting board conducts  an  extensive review every 3 t o  
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5 yr. As part  of the safety program for  state-owned 
dams, DWR also installs and operates strong-motion 
instruments t o  moni tor  earthquake effects. One o r  more 
instruments is installed o n  o r  near each dam a t  sites 
recommended by the design engineers fo r  maximizing 
structural response. 'l'hese data are combined with data 
f rom instruments no t  owned by the state t o  d e t e r m i n ~  
possible damage t o  existing dams and provide seismic- 
design information for  future dams. The  instrumentation 
program is conducted by the Earthquake Engineering 
Section of DSD and is funded entirely through state 
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 standards for 
dams, although design standards are no t  fixed. This 
approach promotes improvements in design techniques 
as technical knowledge improves. Each selected design 
musl  meet established tninimum performance standards 
that  are more conservative than for  most o the r  types  o f  
struclures.  F o r  example.  the design must ensure that  no 
major amoun t  of  water is released from a reservoir as a 
result of the maximum credible earthquake or  the 
1 ,000-yr  flood. The  Dam Safety Act makes the  owner  
and operator  of a dam o r  reservoir legally responsible for  
the  dam's safety and specifically protects the state f rom 
liability for damages that  result from failure after 
approval, enforcement of orders, regulation, o r  measures 
taken t o  prevent failure (W.W. Peak, oral commun.,  
1982) .  

As with the  Field and Hospital Acts, success of  the 
amended Dam Safety Act in reducing geologic and 
seismic hazards t o  dams and reservoirs is largely attri-  
buted t o  its strict, centralized review procedure. The 
approach t o  dam reviews, however, is much different 
because of the  size and uniqueness of dam projecls. I n  
contrast  t o  schools and hospitals, for which definite 
design codes must 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 (Scot t ,  1981) .  Thus.  DWK uses 
experienced staff as well as private firms contracted for  
external reviews. Geologists and engineers in DWR must 
meet  minimum qualifications and participale in con-  
t inuous technical training, including extensive educa- 
tional programs in earthquake engineering. Many review 
tasks of  the  depar tment  are performed by reputable 
private consulting firms with the  best expertise in 
their  fields. The  review processes of DWR are considered 
t o  be objective, independenl,  and thorough (Woodward- 
Clyde Consultants,  1980b) .  

Although dams and reservoirs are subject t o  strict  
hazards-safety regulations under the  Dam Safety Act,  
o ther  elements of  the  water-supply system are almost 
totally unregulated with regard to.geologic hazards. Most 

water-distribution facilities. including aqueducts,  pump-  
ing stations, t rea tment  fac,ilities. and local distribution 
networks. are built and operated by municipalities and 
are generally self regulating. The remainder. serving 20 
t o  2 5  percent of California's population, are owned by 
private companies regulated by the Public 1Ttilities 
Commission. However. there are n o  general policies 
regarding protection of these facilities from natural 
hazards ( Woodward-Clyde Consultants. 1 9 8 0 a ) .  Hecause 
aqueducts and water-distribution lines frequently must 
be placed across active faults o r  within sediments sub- 
ject t o  failure during earthquakes,  they are highly 
susceptible t o  damage. Possible serious effects of dam-  
age, as demonstrated during past earthquakes. include 
loss of adequate water supply for  fighting fires, con -  
tamination from damaged sewage facilities, and disrup- 
tion of water supply t o  mediral facilities for  treating 
disaster victims. Exrep t  for the Dam Safety Act. there 
are n o  state policies regarding protecttion of  water-supply 
facilities f rom natural hazards (W.W. Peak. oral cotn- 
mun..  1982) .  

The  dani-safety program in California has no t  only 
been a model for o ther  states, but  has also had a tnajor 
impact on federal dam-safety programs. Because of its 
major recent influence in the federal Auburn Dam and  
Warm Springs Dam projects, California helped detnon- 
strate the inadequacy of the review process for  many 
federal dam projects and was instrumental in causing 
improvements a t  the federal level (W.M1. Peak, oral 
commun. ,  1982) .  

Jus t  as the hazards-mitigation policies of  the  Field 
and Hospital Acts could be expanded t o  improve the 
safety of o the r  buildings for  public occupancy for  which 
similar policies d o  no t  exist, the  Dam Safety Act could 
be applied to  o ther  crilical facilities in California and 
elsewhere. Presently. California does  no t  have a formal 
review process fo r  o ther  critical facilities. although the  
Seismic Safety COmmission has strongly encouraged 
such review. The SSC defines a critical facility as "any 
structure houstng or  serving large numbers of people. o r  
otherwise posing unusually high hazards t o  public health 
and safely in the event of damage o r  tnalfunction" 
(Scott .  1981) .  I n  addition t o  dams. sc:hools. and hospi- 
tals. the  definition includes nuclear reactors. liquified- 
natural-gas terminals, petroleum-storage fa(-ilities, fire 
and police stations. disaster centers, communication and 
transportation facilities, utility lifelines. electric generat- 
ing plants, prisons, coliseums, and large office buildings. 

STRONG-MOTION INSTRUMENTATION 
PROGRAM 

Technology for design of earthquake-resistal~t 
buildings is derived largely from information abou t  the  
forces and deformation induced in structures by ground 
motion during earthquakes.  Reliable informalion of this 
type  can be obtained only by measuring mot ion in 



3 2 SPECIAL REPORT 3 5  

buildings and o n  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  1 9 6 4  
Great Alaska Earthquake produced limited information 
useful for seismic design because there were n o  strong- 
mot ion instruments in the  area t o  record ground mot ion 
and building response. 

In addition t o  providing data essential for  improving 
earthquake-resistant design, quantitative measurements 
of ground mot ion are important  t o  develop a better 
understanding of earthquake processes, improve predic- 
tion capabilities, aid regional planning, and assess applic- 
ability of  data  t o  o ther  areas. 

Because strong-motion data are important  for  
improving earthquake-resistant design, a requirement 
was added t o  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 adopted the  provi- 
sion. However, problems and inadequacies soon became 
apparent.  There generally were n o  provisions for con-  
t inued instrument maintenance, many areas were ne- 
glected because instruments were concentrated in areas 
of high-rise buildings, and instrument locations pre- 
scribed by the  code frequently proved inadequate.  For  
example,  during the  1 9 7 1  San Fernando earthquake, all 
deaths occurred in buildings with fewer than six stories, 
and instruments located a t  sites in buildings as pre- 
scribed by the code (one  a t  ground level, one  on  a 
middle floor, and  one  a t  the  top )  o f t ~ n  produced un-  
usable data because the  effects of structural details and  
resonant properties of t he  buildings were no t  considered. 
The ground-level instrument produced n o  building- 
response data.  and  the  instrument on  the  middle floor 
of ten  was located a t  a nodal point where response was 
minimal. The highest instrument of ten  produced the  
only usable data,  but  recorded only the  horizontal 
components  of mot ion (California Division of Mines and  
Geology, 1976) .  

The  California Legislature recognized the  need 
for  statewide planning, coordination, and standardixa- 
tion t o  obtain quantitative ground-motion information 
from earthquakes.  The Strong-motion Instrumentation 
Program (SMIP) (Public Resources Code, secs. 2700  t o  
2708)  was signed in to  law in October 1 9 7 1 ,  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 monitoring the  
SMIP with advice from the  Seismic Safety Commission. 
Under the  program, DMG purchases, installs, and  main- 
tains instruments throughout  the  state and  processes the  
resulting data.  Funds  t o  operate SMIP come  from an 
application fee levied o n  all building permits in the  state.  
The fee, collected by cities and counties,  is 0 .007 
percent ($0.07 per $1,000) of t he  proposed facility's 
total value as determined by the  local building official. 

Local governments deposit t he  collected fees in the  
Strong-Motion Instrumentation Special Fund  of  the  
Sta te  Treasury t o  be used exclusively for  the  program. A 
city o r  county  may be exempted f rom collecting the  fees 
if it has adopted an  ordinance that  requires accelero- 
graph installation and has a t  least one  building under  its 
jurisdiction that  was instrumented in accordance with 
the  ordinance before January 20, 1972 .  Fees are no t  
collected from projects that  d o  no t  require a city o r  
county  permit.  Thus ,  state and federal construction 
projects and  those requiring only state o r  federal permits 
are exempt  f rom 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 
t o  year.  The program is adjusted t o  respond t o  revenue 
fluctuations; for example,  the  number  of instruments 
purchased and installed each year is increased o r  de- 
creased. The overall financial health of t he  program has 
been excellent despite downturns  in the  construction 
industry because fees have generated more  revenue than 
originally anticipated. Although annual revenue was 
initially projected a t  $250,000, it grew rapidly t o  well 
over $400,000 in the  first few years and  is now abou t  
$1 million per y r  (California Division of  Mines and  Geol- 
ogy, 1 9 7 6 ;  T.M. Woot ton,  oral commun. ,  1 9 8 2 ) .  Al- 
though additional funds  were needed for  unanticipated 
data processing and instrument maintenance, t he  pur- 
chase and installation of instruments were accelerated. 
The program's goal is t o  install 1 8 6 4  accelerographs by 
the  year 2035 ,  a t  which t ime the  building-permit fee will 
be reduced t o  a level sufficient t o  maintain a monitoring 
program. Instruments will be distributed equally among 
free-field sites (away f rom man-made structures),  build- 
ings, structures o the r  than  buildings, a n d  utility systems 
(T.M. Wootton, oral commun. ,  1982) .  

The SMIP uses structural information available for  a 
building and  its location relative t o  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 by anticipating the  building response. Most 
installations have a 13-channel capability that  can record 
up  t o  fou r  strategically placed instruments tha t  measure 
three directional components .  

Data generated in the SMIP are being used t o  
improve building designs and update  codes. F o r  ex- 
ample,  one  instrumented building that  was constructed 
in compliance with existing codes failed during the  1 9 7 9  
Imperial Valley earthquake. Because the  accelerographs 
recorded the  earthquake mot ion and failure of the  
building, they provided invaluable data t o  analyze the  
building's structural response a n d  determine design flaws 
responsible for failure (T.M. Woot ton,  oral commun. ,  
1982) .  

Many local programs do  no t  comply with the  
standards o f  t he  state program because o f  the  exempt ion 
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granted t o  cities and c-ountries that  had adopted pre- 
1 9 7 2  ordinances that  required installation o f  accelero- 
graphs. Those that  had adopted a program were using 
unreliable building locations prescribed by the  IJniform 
Ruilding Code. IJnfortunately,  the exemption applies t o  
most major cities. T o  partially alleviate this problem, the 
legislature enacted an amendment  in 1 9 7 5  that  allowed, 
b u t  did no t  require. an exempted city or  county  l o  
apply t o  rescind its exempt ion.  

Another  possible weakness with the SMIP is that  
many major o r  critical facilities that  require state o r  
federal rather than local permits are exempt  f rom the 
program. This situation does no t  necessarily mean that  
state- and federal-regulated critical facilities are not  
being adequately instrumented, bu t  i t  may mean that  
some are no t  financially supporting a program from 
which they benefit greatly. A few of  these facilities, such 
as dams in the Sla te  Water Project, are instrumented 
under  separate programs with their own sources of funds 
and are contributing t o  the strong-motion data  base in 
California. The  earlier Advisory Board t o  the  SMIP (now 
replaced by the  Seismic Safely Commission as advisory 
body t o  the program) solicited the input  of  the  Cali- 
fornia Water and Power Earthquake Engineering Forum 
and the Public Utilities Commission t o  determine 
appropriate accelerograph installations for  many critical 
facilities and lifelines systems. The  SMIP has since 
included many of these structures in its installation 
program (T.M. Woolton..  oral commun. ,  1982) .  

A third potential weakness is the possible lack of 
sufficient funds t o  process and interpret  strong-motion 
records f rom 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 t w o  ways t o  deal with this problem. First, the 
program has a cont inuous  reserve of controllable funds  
l o  purchase and install new instruments;  these funds  
could be diverted, if needed, af ter  a major earthquake. 
Second, af ter  planned installations are completed and 
the  program enters its operational phase, revenues will 
exceed expenses and thus  allow a contingency reserve t o  
accumulate.  Once an adequate reserve is attained, fees 
could be reduced t o  a level necessary for program 
maintenance (California Division of Mines and Geology, 
1976) .  

OTHER PROGRAMS IN CALIFORNIA 

In 1975 ,  a Surface Mining and Reclamation Act 
(SMARA) was enacted in California t o  prevent adverse 
environmental impacts of  surface mining, restore mined 
areas t o  a condition compatible wilh o the r  uses, balance 
mining interests against o the r  land uses, and eliminate 
residual hazards t o  public safety.  The  SMARA requires 
the  S ta t e  Mining and Geology Board t o  develop policies 
and  guidelines for  reclamation of  mined land, which 
then must be implemented by lead agencies (generally 
local governments).  The  Sta te  Geologist is required by 

SM.ARA t o  classify areas based on their  mineral poten-  
tial (areas that  contain little o r  n o  mineral deposits, areas 
that  contain significant mineral deposits, and areas that  
contain mineral deposits of unknown significance). This 
information is used by SMGB t o  establish policies 
and land-use priorities for mineral-resource areas. Local 
governments are required t o  balance land use between 
development and resource extraction and to  issue 
surface-mining permits consistent with SMGH policies. 

A reclamation plan must be submitted t o  the  local 
agency before a permit can be issued. Potential geologic 
hazards that  result from surface-mining and reclamation 
practices represent one of several issues that  must be 
addressed by the plan. Proposed approaches t o  soil- 
erosion control.  flood control ,  disposal of  mine waste, 
slope gradients, backfilling, erosion. and drainage must 
be described in the plan and must be consistent with 
SMGH policies before a permit is issued. The  plan is 
reviewed only by the  local agency. A copy of the  plan 
must be submitted t o  the  California Division of Mines 
and Geology, bu t  1)MG does  not  have approval author-  
i ty.  T h e  SMGR encourages lo(-al agencies t o  integrate the 
requirements o f  SMARA wilh o the r  required planning 
and review procedures, such as the general plan (Cali- 
fornia Division of  Mines and Geology, 1 9 7 9 ) .  

A n o t h ~ r  statute that  requires local-government 
action in land use and development is the California 
Environmental Quality Act of  1 9 7 0  (CEQA) .  This 
law requires local agencies t o  review, for  environmental 
effects. all public and private projects over which they 
have discretionary author i ty .  Sta te  guidelines for im- 
plementation specifically include geologic and seismic 
hazards as environmental effects and direct local ageri- 
cies t o  examine such hazards in their assessments. Any 
issue in the assessment that  may have a significant effect.  
including exposing people o r  structures t o  major geo- 
logic hazards, must be addressed in an environmental-  
impact report .  F o r  many new rritical facilities that  d o  
n o t  carry their own review requirements (as  for dams 
and hospitals), CEQA is the chief means t o  ensure that  
geologic: and seismic hazards are considered in siting and 
design (Mintier and Stromberg, 1982) .  

The  Subdivision Map Act ( 1 9 0 7 )  is the oldest 
land-use law in California. Among o the r  provisions that  
establish procedures for  filing and approval of parcel 
maps, this law requires studies to  evaluate possible 
expansive soils and flood hazards in tract  developments 
of five o r  more lots,  unless waived by the  local building 
official. These studies can provide the developer and 
local building official with information necessary t o  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 Act,  the  Sub-  
division Map Act relies on  diligence, adequate funding, 
and competence of local officials t o  be successful. 
Expansive soil is one  of the most  costly geologic prob- 
lems nationwide but.  ironically, one  of  the  easiest and 
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che:~pest t o  correct.  The benefit-cost ratio of  measures 
to  reducsr losses from expansive soils can he as high as 
20:1 (Alfors and others.  1 9 7 3 ) .  'I'his hazard can be dealt 
with adequately a t  tlie local level, such as through the  
Subdivision Map Act.  

In 1981 ,  an Earthquake Educ:ltioli A r t  signed in1.o 
law in California provided $250,000 to  develop public.- 
education progratns abou t  ~ a r t h q u a k e  prepartdness and 
response. 'The Seislnic. Safety Commissioli was required 
t o  develop these programs within 2 yr.  then test thc  
programs in communities and schools in several counties. 
In 1984 .  a law was passed tliat authorizes the, statewide 
implementation of t.he new curric-~llum. Another  1 9 8 1  
law requires all California sc.hools tliat have an enroll- 
ment  of 50 o r  more students to  develop earthquake 
dicaster plans and conduct  regular drills. 

In  1981 ,  a Mobile Home Safety Act was passed tliat 
requires state certification of anchoring devices for  
mobile homes. Manufacturers o f  the devices must submit  
results of physical tests of their products for  review by 
the Department of FIousing and (:ommunitv Develop- 
ment. arid demonstrate that  they nieet minilnum 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 state agency, although for inany programs tlie 
rnforccament power is largely delrgalrd to  local govern- 
ments. Agencies tliat have wide-ranging responsibilities 
for geologic-hazards mitigation are the  Division of Mines 
and Geology (DM(;), the State Mining and Geology 
Hoard (SMGH), and the Seismic Safety Commission 
(SSC). In broad terms. SSC is an  advisory body and 
SMGH a policy-setting body. 'l'lie TIM(; collects, ana- 
lyzes, and disseminates information o n  the state's 
geology acscording t o  SMGH policies and ( fo r  earthquake 
issues) the advice of the SSC. Many o the r  agencies arc 
involved in hazard-mitigation programs bu t  have nar- 
rower responsibilities. 'I'lle roles of these agencirs, such 
as tlie Office of Planning and Research, Office of tlir 
S t a t r  Architect ,  and Division of Safety o f  Dams, are 
described in preceding sections o n  s ta tu tory  programs. 

Division of Mines and Geology 

Sectiolis 607  and 2201 t o  2205  of the Publics 
Resources Code establislied tllr Division of Mines and 
Geology under  the direction of tlie State (;tologist 
and outlined its author i ty .  With regard t o  hazards. "the 
Statc (;eologist may ... ( .onduct,  with city and county  
governments o r  federal agencies, large-sc-ale geological 
investigations t o  identify and provide timely delineation 
o f  geological hazards in and adjacent t o  metropolitan 
areas ..." (sec. 2205h) .  Within this authority.  IIMG 
routinely studies geologic hazards throughout the 

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

Other statutes require DMG t o  perform specific. 
additional functions.  For  example,  tlie Strong-motion 
Instrumentation Program was established by separate 
legislation tliat requires DMG t o  organize and  moni tor  
the  program. The Alquist-Priolo Special Studies Zones 
Act requires DMG t o  delineate special-studies zones that  
encompass potentially active faults. Mineral-resource 
zones must be delineated by DM(; (under  the  Surface 
Mining and Kec*lamation Act)  t o  set priorities and  
policies for balancing local land use and developing 
reclamation plans. Sta te  planning law requires local 
agencies t o  submit c*opies of their approved general plans 
t o  DM(; for review. 

Most funding for DMG activities comes from yearly 
appropriations bv tlie legislature through the  general 
fund.  The funds designated for tlie Strong-tnotion 
Instrumentation Program are directly offset by local- 
government deposits t o  the  SMIP Special Fund  from 
permit fees. Otherwise. appropriations to  DM(; are no t  
itemized by project ~ x c e p t  for occasional special pro- 
jects ('T.E. Gay,  oral commun. .  1982) The S ta t r  Geo- 
logist manages the budget t o  conduct  programs under 
authority granted t o  DMG and according t o  policies and  
priorities set by SMGB. 'I'he Urban Geology Master Plan 
for California (Alfors and others,  1 9 7 3 )  was prepared 
using funds from tlie Department of Housing and 
Urban Development. 

Sta te  Mining and Geology Board 

'I'lie Sta te  Mining and Geology Board has existed in 
some form as an  advisory body fo r  state geologic issues 
since the 1880s.  I t  evolved in to  an informal policy board 
for  the  Ilivision of Mines and Geology until 1975 ,  when 
the legislature gave the board specific policy-setting 
duties in the Surface Mining and Rec:lamation Act. 
Complemenlary legislation in 1 9 7 5  (secs. 660 t o  6 7 8  of 
the Public* Resources Code)  formally established SMGH 
as a policy-making body for DM(; and set its overall 
statutory author i ty .  

'I'lie SMGK c.onsists of nine members who  rrpresent 
the public. i n t ~ r e s t ;  they are appointed by the  Governor 
and are n o t  employed by the  state.  Minimum qualific-a- 
lions of  metnbers are set by s ta tu te  and are intended t o  
represent a broad range of technical and planning fields 
that  inc*lude geology, mining engineering, soils engineer- 
ing, seismology, mineral resources, ecology, landscape 
a r c h i t e c t u r ~ ,  and local government.  A chairman is 
appointed by the  (;overnor from among the  members,  
and a paid executive officer and staff are appointed by 
the board. Hoard members hold staggered 4-yr terms and 
receive $100 compensation for each day the member  is 
engaged in official board duties ( u p  t o  $4,000 per y r ) .  

I n  addition to  developing surface-mining and 
reclamation policy, SMGB "shall also represent the 



state's inl.erest in t he  development o f  grologic.al informa- 
t ion necessary t o  tlie understanding and  utilization o f  
tlie sta1.c '~ trrrairi and seismologic~al and geologic-al 
iriformation pertaining t o  ear thquake iuid o the r  geo- 
logical h a ~ a r d s .  (;enera1 policies fo r  tlie Division shall be 
dr termined b). the  Hoard." The  SM(;H nominates a 
candidate for  Sta te  (;rologisl, who  is appointed  by the  
director of the 1)rpart.mrnt of C:onsrrvation and ad-  
ministers t he  board's policies as rhief o f  t h r  Division of 
Mines and Geology. 

I n  effect. SM(;B assumes much of the  load usually 
borne by state legislatures and  administration in sett ing 
polic*ies and priorities fo r  the  a(-tivilirs o f  a sla1.e peo- 
logical survey (D.W.  Spraguc~. oral romrnun. ,  79821. 
'The advantag(, is d i r rc t  public- inf luenc*~ on survey 
a ~ t i v i t i e s  by independent  public representatives. 'The 
possible disadvantages are the  additional 'layer of 
bureaucracy.' a working relationship tha t  may ham- 
string the  survey, arid difficulties identifying whic.11 
policy issues are appropr ia t r  for  hoard action as opposed 
t o  those tha t  can be effectively resolved within the  
survey. 'I'here is also a potential problem regarding 
divisior~ of responsibiliLie.s in eartliquake-hazard issues 
between SMGB and tlie Seismic* Safety Commissioti. 
Although SSC has irn advisory role atid SMGH has a 
policy-setting role. t he  difference is often n o t  dist inct;  
whr the r  t w o  separate hodics are justified where subject  
areas overlap is questionable. O n  issues related t o  seismic* 
hazards, however, ShIGII and SSC appear  t.o coopera te  
on  an informal basis l o  minimize duplication.  In a t  least 
one  ins tar~ce ,  legislation has formally established SSC as 
a policy-setting hody fo r  a DM(; function.  I n  1 9 7 5 .  the  
legislature abolished a separate board formerly estab- 
lished for  the  Strong-motion Instrumentation Program 
and  transferred advisory and policy author i ty  l o  SSC. 
T h e  SMGH n o  longer issues policy for  I)MG management 
of tlie strong-motion program. 

Seismic Safety Commission 

'I'he Srislnic Safety Commission (SSC).  established 
by the  California 1,egislaturr in 197.1, was an outgrowth 
of t.wo advisory groups tha t  were activc in eart l iquake- 
related issues. 'I'lie legislature's Jo in t  Commit tee  o n  
Seismic Safely ( 1 9 6 9 - 7 1 )  and the  (;overtlor's Ear th-  
quake Council ( 1 9 7  1 - I , $ )  recommended format ion of a 
permanerlt organization with broad powers in ear th-  
quake-hazard reducktion. 'l'he SSC was established by 
sections 8 8 9 0  lo 8 8 9 9 . 5  o f  the ( iovernment  Code as  all 
advisory body t o  coordinate the  various ear thquake-  
related programs of state.  federal, and local agencies. 
Amendments  t o  the  Seismic Safely Commission Act  in 
1 9 7 6  abolished the  St rong-mot ion Instrumentation 
Board atid (;eological I-laxards Teclinical Advisory 
Commit tee  and transferred their  functions t o  SSC. I n  
1984 ,  t he  legislature removed tlir sunset  (,lause o n  SSC's 
enabling legislation. effectively making SSC a permanent  
commission.  

All bu t  t.wo of the  1 7  lnelnhers of SSC are ap-  
pointed f rom t.he public b y  t.he (;overnor t o  represent 

t l ir  fields o f  se~smology.  geology. soils engineering, 
structural engineering. architecture,  fire protec*tion. 
public. utilities. rneclianic-al engineering, city and  cot1nt.y 
government,  insurarlc-e. social service, and emergency 
service. Orle melnbrr  is appointed  from the  S t a t c  Senate  
and one  f rom t h r  Sta te  Assembly. Members have slag- 
gered ,?-yr terms and  receivc only travel expenses and per 
diem f o r  tlicir work.  'I'hr SSC appoints  a paid executive 
director w h o  hires technical and clerical staff. Tota l  
funds  expended hy SSC iri FY 1980-81 were $396,569,  
of which $31 .OOn was for  direct  suppor t  of SSC and t h e  
remainder for  c*ontrac-ts and staff suppor t  t o  ( ,onduct  
s p ~ c i a l  projects and  prepare reports (California Seismic 
Safe ty  Commission. 1981  ) .  

Responsibilities and powers of SSC: arc* diverse. bu t  
are basically restricted t o  rarthquake-hazard-rrduc.tior1 
issues. Its st.atutory mandates  are t o  set goals and  prior- 
ities i l l  t.he public arid private sectors;  recommend 
progr im c-liangrs t o  state and local agencies and the  
private sector l o  rcducr ear thquake liazards; review 
postearthquake re(-onstrtrction prac-tires; gather,  analyze,  
and dissrminate information: en(-ourage research; 
sponsor  training for  enforc-enient and 1echnic:al per- 
sonnel;  help coordinate seismic-safety activities of all 
I ~ \ ~ e l s  of government;  advise t he  Sta te  Mining and 
C;rology Hoard o n  seislnir-safety aspects o f  the  Special 
Studies Zones Act ;  cmd advise the  S t a t e  Geologist o n  the  
St rong-mot ion lnsbrumentation Program. 'I'o carry 
o u t  its func.tions. SS(' reviews proposals. drafts legisla- 
t ion ,  conducts  public hearings, and  enters  i n to  contrac ts  
fo r  special studies as a basis fo r  issuing its reconnmend;i- 
lions. Much o f  SSC's work is performed by o r  under  
supervision of sperially appointed  task committees.  
Figure 16 sun~ lna r i z r s  the  functions o f  SSC and  illus- 
trates its relationships t o  the  Division of Mines and 
Geology, the  Sta te  Mining and (ieology Hoard. and 
o the r  agencies. 

In practice, SSC helps coordinate abou t  30 seismic- 
safely programs tha t  involve 32 state agencies. 'I'otal 
program expenditures during the  past few years range 
f rom abou t  $1 3 .7  million in FY 1980-81 to $18.1 
million in IJY 1978-71). In addit ion l o  its ongoing 
advisory and coordinatirig funr t ions ,  SSC reviewed 
numerous  programs, such as the  Hospital Seismic Safe ty  
Act. Field and Garrison i lc ts ,  and  sc?ismic-safety-eletnenl 
requirement (General  Plan) and ,  as a result, recom- 
mended changes and drafted legislative amendmen t s  t o  
increase their  effrctiveness. T h e  SSC was instrumental  in 
initiating state review o f  t he  federal Auburn Dam and  
Warm Springs 1)am projects and  establishing memoranda 
o f  understanding with federal agencies for  future dam 
revieurs (California Seismic Safety (:ommission. 1 9 8 1 ) .  

After damaging ear thquakes  in California, members  
o f  SSC o r  its s taf f  generally visit the  si te t o  observe the  
damage, evaluate disaster response, and  issue recom- 
mendat ions  fo r  policy o r  program changes fo r  particular 
problems tnade apparent  by the  events. because of high 
public concern over tlir Livermore Valley ear thquake of 
January  1 9 8 0  and its possible implications fo r  seismic 
safety of plul.onium facilities a t  t he  1,awrence Livermore 
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Figure 16. Functional relationships between the  Seismic Safe ty  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 
Commit tee  t o  develop a model local ordinance for 
hazards mitigation of older buildings and recommended 
that  seismic safety of state-owned buildings be evalu- 
ated.  'I'he Southern  California Earthquake Preparedness 
Program (SCEPP) is a significant cooperative 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 t o  
produce an operational prediction and warning system, 
establish earthquake-hazard-reduction plans, develop 
public-awareness programs, assess earthquake vulner- 
ability, and conduct  tests l o  improve plans and systems. 
The  SSC has overall management responsibility for 
SCEPP and has appointed a policy advisory board t o  
provide project direction. In 1984 ,  the legislature 
authorized funding t o  extend SCEPP and initiate a 
similar program in the  San Francisco Bay area (R.A.  
Andrews, oral commun. ,  1 9 8 4 ) .  

A formal coordinating and advisory body for  
nonearthquake-related hazards does  no t  exist in Califor- 
nia. T h e  SSC has reviewed some s ta tu tory  programs 

and their implementation problems, bu t  has focused 
primarily o n  ~a r thquake - re l a t ed  issues. Legislation that  
established SCEPP in 1 9 8 0  also broadened the authority 
of  SSC to  all natural hazards, bu t  the demands of 
earthquake-hazards work have prevented the commission 
from devoting significant ef for t  t o  o ther  hazards. The 
Sta te  Mining and Geology Board provides policy and 
advice t o  the  Division of Mines atid Geology on  other  
hazards. hu t  not  t o  o ther  state agencies and  only in a 
limited fashion t o  local governments (D.W. Sprague, oral 
commun. .  1982) .  

STATE BOARD O F  REGISTRATION F O R  
GEOLOGISTS AND GEOPHYSICISTS 

A Sta te  Hoard of Registration for  Geologists and 
Geophysicists is responsible for  examining and regis- 
tering applic.ants who perform professional geological o r  
geophysical work in California. Originally established for  
registration of geologists only ,  the board was created 
through legislation in 1 9 6 8  (secs. 7 8 0 0  to  7807 ,  Califor- 
nia Business and Professions Code)  because of  consider- 
able problenls that  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 adopting ordinances that  required geologic 
reports in proposed subdivision areas where a geologic 
hazard was known o r  presumed t o  exist. ' h e  prolifera- 
t ion of such ordinances occurred after Los Angeles 
County  lost a $6 million lawsuit tha t  resulted from 
movement of the  Portuguese Bend landslide. The move- 
ment  was initiated by construction of it county  road 
(Campbell, 1976) .  The  new ordinances created an 
immediate and considerable demand for geologists. 
Unfortunately,  many unqualified people took  advantage 
of  the  demand,  which resulted in serious inadequacies 
and wide variation in report  quality.  

T o  protect homeowners and subdividers w h o  were 
responsible for meeting report  requiremenls,  cities and 
counties established qualifying boards t o  determine w h o  
were qualified geologists and stipulated that  only reports 
prepared by approved professionals would be acceptable. 
With separate boards in ~ a c h  jurisdiction, each with its 
own qualifying criteria, geologists were forced t o  take 
numerous examinations and pay fees t o  several boards t o  
practice in different areas of the state.  Eventually, 
geologists demanded aclion f rom the  stale.  

In 1968 ,  legislation created the  Hoard of Registra- 
t ion for Geologists and set minimum qualification 
requirements. 'The board developed ils o w n  regulations 
l o  establish procedures and fees. In 1972 ,  the  law was 
amended t o  include geophysicists, with similar require- 
ments  regarding background and experience. All geologi- 
cal o r  geophysical reports required under state and 
local laws must now be prepared by o r  under the  super- 
vision of a slate-registered geologist o r  geopt~ysicist .  
Optional certification in a specialty (such as engineering 
geology) is also provided under the s ta tu te .  

Basic requirements for registration as a geologist are 
graduation with a major in geology o r  completion of a t  
least 30 semester units in geologic science, of  which a t  
least 24 units are upper  division o r  graduale courses; a 
minimum of 7 y r  of professional geologic work that  
includes a t  least 3 y r  under the supervision of a regis- 
tered geologist o r  5 y r  "in responsible charge of pro- 
fessional geological work"; and successful performance 
on  a written examinalion. Credit is given for  experience 
through u n d e r g r a d ~ ~ a l e  training ( '2-yr  credit for each 
year o f  training u p  t o  2 yr) ,  graduate training (year for  
year) ,  and teaching (year  for year if teaching load is a t  
leas1 six units per semester).  Credit  for training and 
teaching may n o t  exceed 4 y r  toward the 7-yr  require- 
ment .  Minimum qualifications for registration as a 
geophysicist are equivalent t o  those for  a geologist. 

'I'he primary objectives of state-level professional 
regislration of geologists and geophysicists are t o  protect  
the public f rom unqualified persons and provide com-  
parable professional standards throughout  the  state ( a  
benefit fo r  the public and professionals). Some pro- 
fessionals also believe it has helped t o  eslablish com-  
parable pay scales for  engineering geologists and  regis- 
tered engineers. 

'I'he registration program in California has been 
subject t o  t w o  major criticisms. First, registration does 
no t  necessarily protect t h r  public from unqualified 
persons. Someone who  o n r e  meets the  qualifications for 
registration may not  have the  oppor tuni ty  t o  keep up  
with rapid advances in knowledge and  techniques in 
certain areas o r  maintain his o r  her original proficiency 
in tha t  area. As an  example.  a city geologist in California 
found that  "many I registered] geologists preparing 
reports are unaware of recent trends in fault  analysis, 
rely on  inappropriate methods  of investigation, and  
restrict themselves t o o  tightly t o  a site, referring only t o  
published regional data rather than using field-checked 
a i r -photo  interpretation" (California Seismic Safety 
Commission, 1977b) .  Inadequate repor t  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 o f  Mines and  (;eology 
reviewed geologic and seismic reports of  a hospital site, 
only 31 of the  initial 7 1  reports were accepted (Am-  
imoto,  1974) .  The percentage of unacceptable reports 
has decreased markedly since the  Division published 
study guidelines and the professional communi ty  be- 
came familiar with the  requirements. However, many 
reports must still be revised. Apparently,  the key lo 

erlsi~re acceptable geologic reports is a clear statetnent 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 c,riticism is that  the law dis- 
criminates against academic personnel, who in man)! 
cases may be better qualified t o  perform c-ertain types  
o f  work than many private c:onsultants because they are 
more  ap t  t o  keep up  with new developmrnts (l 'roxel. 
1982). 'I'he law does no t  count  research as qualifying 
~ x p e r i e n c e ,  and many professors are not  allowed by 
their employers t o  perform services that might be 
considered consulling. Hecause n o  more  than 4-yr r redi t  
can be granled for teaching and a professor can rarely 
arcumulate more than 3 -mo  c:onsulting experience each 
year, a t  least 1 6  y r  are tleeded to  acquire t h ~  necessary 
experienc.e. 

COLORADO 

Although there is less natural-hazards legislation in 
Colorado than in California, the Colorado state govern- 
men t  and many local jurisdications a m  very active in 
hazard mitigation. Most activity is attr ibutable t o  state 
land-use-plannitig laws. a subdivision law, and a state 
geological survey that  is very active in hazard issues. 
Hazards are a major focus  of state planning and sub- 
division laws that  were developed in the early 1970s.  
During the 1960s,  population growth ilt Colorado was 
tremendous, and new subdivisions were virtually un-  
regulated. Development expanded from relatively safe, 
flat areas in to  narrow, flood-prone valleys and o n t o  
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steep mountain slopes. Serious property damage f rom 
geologic proc,esses in mountain subdivisions c-ontributed 
to  t h r  overall problems of rapid development and 
short.-lived land-sale schemes. These practices produced 
many unhappy customers and generiited demands for 
stric*ter regulation of land use and development.  I)estrl~c,- 
tivr floods o n  the  Sout.11 Platte lliver in 1 9 6 5  and 1 9 6 9  
reinforced t h r  demand t o  considrr geologic processes in 
land-usr decisions. 

IJegislative ac.t~on o n  land-use problems and geologic 
liazards began in 1 9 6 9  when t.hcb Colorado (;eologi(.al 
Survey ( C G S )  was established. I n  1972,  a Land llse 
Commission was rstablished and giv6.n broad advisory, 
c,oordination, and review respo~~sibil i t ies.  A stringent 
subdivision law I Senatr  bill (S.H.) 351 that  requires 
evaluation of geologic. factors was enacted in 1972 .  
Finally, t w o  important  statutes regulating local land use 
were passed in 1971 :  House bill (H.13.) 10:14, a Lo(-al 
Government 1,atid IJse (:ontrol lcnabling i l c t  tha t  
aulhorizes citirs and counties to  consider geologic 
liazards in any land-use decisions; and H.H. I 0 4  1 ,  a n  act  
that conc,erns "areas and ac.tivilies of  state interest" and 
empowers loc:al governments t o  designate geologic- 
hazard areas and requires thal these areas he adminis- 
terpd in ac*cordanc,e with state guidelines. Except  for 
dam review and inspeclion. (:olorado dor s  not  have 
s t a t u t o ~  programs for  stat(, review and permitting of 
o ther  spec-ial facilities as California has for schools and 
hospitals. Instead. the Colorado Land IJse (:ommission 
has authority t o  review almost all development activities 
and issur (,rase-and-desisl orders o n  behalf of t h r  Gover- 
nor for any development believed t o  pose a serious 
public hazard. ' rhc  (.ommission coordinates technical 
reviews among other  state agencies, including the  ( X S ,  
as part of its review funcation. 

(inlike (:alifortiia. there is no state building code i l l  

Colorado, nor is there a stat.e requirement for  loc*al 
adoption of  building codes. 1,oc:al governments liave the 
authority t o  establish codes. and many have adopted the 
ICRO liniform Huilding Codr .  The extent  t o  wIiic*li these 
jurisdic*tions adop t  and implement provisions of the 
IJniform Huilding Code that  relale to  seismic and geo- 
logic. 1iaz;irds in Colorado was not  studied. 

CO1,ORADO LAN[)-USE-PLANNING LAWS 

Colorado (,itips and (nounties did not  acquire broad 
authority t o  plan and regulate land use unl.il 197.1, ~vlien 
the (kne ra l  Assembly passed t h r  I,oc,al (;ovc.rnnienl 
1,and I!se Control Enabling A( , l  1 f I . H .  1034 ,  (:olorado 
Revised Sta tutes  (Rev.  S ta t . )  2 9 - 2 0 ] .  'I'lie a r t  also 
mentioned certain c-onsiderations, including geologic 
hazards, t ha l  could be irsed as a basis for land-use 
dec*isions. However. the  ac t  did no t  prescribe conditions,  
requiremetits. procedures. or  schedules for adopting 
lo(-al land-use plans; its only intent, was t o  grant land-uw 
regulatory authority t o  local governments. 

In a (tompanion bill passed tlie same year ( H . H .  
10.11, Colorado Rev. Sta t ,  24-65.1-101,  and those that  
follow), local governments were given the authority t o  
identify and designate 'matters of  state interest' (activ- 
ilies o r  areas having state significance). A major calegory 
o f  'areas o f  state interest' is natural-hazard areas, which 
could include geologic hazards, flood liazards, and 
wildfire hazards. 1,egal definitions were given for most of 
the  nine spec*ific geologic hazards: avalanches, landslides, 
rock falls. ~nudf lows .  unstable o r  potenti;illy unstable 
slopes. seismic effects.  radioactivity, ground subsidence, 
and expansive soil and rock. However. local designations 
are no t  reslric-ted to  these nine Ilazards. 

House bill 1041  required the state 1)epartment of  
Local Affairs t o  conduct  a statewide program t o  desig- 
nate natural-hazard areas o r  o ther  matters of state 
interest by June  1976 .  The  General Assembly appro-  
priated enough money for  the  depar tment  t o  grant 
$25.000 l o  earh  participating county .  'ro qualify fo r  the  
grant, the  county  had t o  designate flood-, wildfire-, and 
geologic-hazard areas. as well as o ther  matters of state 
interest. I n  addition, the Colorado Land lJse Commis- 
sion is authorized to  formally request local govern- 
ments 1.0 designate matlers considered by the  commis- 
sion t o  be o f  state interest. If the local government fails 
l o  ac t ,  tlie (.ommission may seek cour t  action. Although 
local designation of malters of  state interest is optional 
under tlie law, the state has considerable power to see 
that it is done. J-Iowever, this power is limited because 
tlie rou r t s  make the final decision, presumably based o n  
their ~ u d g m e n t  of whether an activity o r  area is impor-  
tant  enough t o  the public welfare to  warrant state 
involvement (P .  Sclimuc-k. oral commuti. ,  1982) .  

Before a mat ter  o f  state interest is designated, a 
loc,al gove rnn~rn t  must hold public hearings and submit  
the proposed designation t o  the Land IJse Commission 
for  review. Geologic-hazard designations are reviewed by 
the Colorado Geological Survey. Neither the  CGS nor 
the commission liave approval authority over local 
designations, but  hot11 may issue rec*ommendatiotis for  
revision, which tlie local government can either accept o r  
reject. Once the  designation is adop ted ,  the local gov- 
ernment  must develop guidelines and regulations for  its 
administration c.onsistent with slate criteria. (;rnerally, 
gu ide l in~s  for geologic-hazard areas are contained in 
local zoning ordinances. I n  H.B. 1 0 4 1 ,  state criteria for  
geologic-hazard areas specify that  "all developmc~nts 
shall be rligineered and administered in a manner  that  
will minimize significant hazards t o  public health and 
safety o r  t o  properly due t o  a geologic. hazard." Addi- 
tionally, H.H. 1041 requires CGS t o  develop model 
geologic-hazard-col~trol regulations to  serve as ('om- 
pulsory guidelines for local governments. 'l'he resulting 
publication (Rogers and others. 1971)  provides defini- 
tions, desc-riptions, (.riteria for  recognition, (:onsequences 
of improper use. and mitigation procedures for  each 
hazard, plus identification procedures, recommended 
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professional qualific.ations for geologists and engineers 
who  prepare reports, and suggestions 1.0 loc,al govern- 
ments for administering geologic-hazard areas. The 
appendix of  I.he report  c*ontains ii modr l  geologic*-1i;izard- 
control regulation that  demonstrates application of 
suggested procedurrs.  'l'hr ( X S  is also required by 
H.13. 104  1 t o  provide technical assistiince to  local 
governments concerned with designat.ion and develop- 
men t  of guidelines for geologic-hazard areas (W.P. 
Rogers, oral commun. ,  7982) .  

After a mat ter  of  state interest, such as a geologic- 
hazard area, has been designated by a local government 
o r  af ter  the Land Use (:ommission has formally re- 
quested that  a local government issue a designation. n o  
development is allowed in the  area until local guidelines 
and regulations for its adtninistration 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 local geologic-hazard-area regulation 
developed by the  Colorado Land Use Commission and 
the  CGS (Colorado Land Use Commission. 1976)  
specifies acceptable ha~ard-mit igat ion techniques fo r  
issuing a permit in a designated geologic-hazard area. For  
example,  in designated avalanche areas, structures that  
suppor t  snow in the  starting zone, avalanche deflection, 
o r  protection in the runou t  zone are considered accept- 
able mitigation techniques, b u t  artificial release of 
avalanches with explosives o r  artillery is not.  Similarly, 
the model regulation lists earthquake-resistant design 
according t o  tlie ICRO Uniform Building Code as an  
acceptable mitigation technique in designated seismic 
areas. Mitigation measures are no t  required t o  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 private recreational uses such as parks, golf courses, 
and nature preserves. 

Results froin detailed technical studies of the  hazard 
and documentat ion of proposed mitigation techniques 
are required by the  model regulation as a basis for  review 
of  the  pertnit application. These studies must be per- 
formed by a qualified professional geologist o r  registered 
professional engineer. Although geologists are no t  
registered in Colorado, a separate bill. H.B. 1574 (1973) ,  
sets the minimum qualifications for geologists who  
prepare reports o r  maps required by law (see p.  4 2 ) .  
According t o  the  model regulations, the  local govern- 
men t  must solicit and consider recommendations from 
CGS on the  permit application; however, compliance 
with the  recommendations is n o t  mandatory.  

Table 4 summarizes functions of local and state 
agencies in implementing H.H. 1 0 4 1  with regard t o  
geologic-hazard areas. House bills 1034 and 1 0 4 1  con-  
st i tute the Colorado equivalent of  the  General Plan Law 

in California. 1)esignation of  geologic-hazard areas and 
development of guidelines for their administration are 
analogous t o  the 'seismic safety'  and 'safety' elements in 
the General Plan. respectively. The  major difference is 
that  local master plans (as they are ralled in Colorado) 
are no t  required in California. nor  are designations of 
geologic-hazard areas. As of  September 1 9 8 1 ,  26  of  6 3  
co t~n t i e s  had adopted a master plan (Colorado Land Use 
Commission, 1981) .  Information o n  how many of  these 
counties had designated geologic-hazard areas was no t  
available. 

Colorado planning law has some of the same weak- 
nesses as tlie General Plan and Spec-ial Studies Zones 
laws in California. House hill 1041 does not  provide 
s ta t r  government with a d i r rc t  means to  enfor(,(> tlir 
r rq~r i r emen t  that  local govrrnments administer matters 
o f  state interrst  in a(-cordancae with statr  and local 
guidelines. suc.11 as standardized review procedures (1'. 
S(.litnuck, oral comtnun..  1982) .  Although the (:olorado 
Geological Survey reviews designations of geologic- 
h a ~ a r d  areas and geologic. reports preparcld for per- 
mit applications, its recommendations are no t  (*om- 
p u l s o n  and approval is not  rrquired. Other  than the  
'courtesy rc~vicw' of designations ;uid guidelines that  
local govrrnments arc, required t o  solirit from the state,  
there is n o  otlier review rrquir fmenl  such as t h r  Califor- 
nia requirement in tlir Special Studic,s Zonrs  Act that  
the local permitting authority must obtain an indeprn-  
dent  review of geologic rsports by a registered geologist. 
'l'hr CGS often identifies and resolves potential problems 
in  their  rrvisws. btrt only to  t h r  extent  that  a local 
government o r  developer is willing t o  acc-ept t h ( ~  rec.otn- 
mendations (W.P .  Rogsrs. oral cwmtnun.. 1982) .  

Colorado H.B. 101 1 and other  similar hills that  
introduc,r special permit requirements can hr  ;in un-  
necessary burden to  drvelopers and builders brcausr 
of additional applications. required supporting materials. 
and delays. Often different pcrmits duplicate require- 
mrn t s  for supporting matsrials. The  Colorado 1,and IJse 
(:ommission has issurd a permit-application form that  
loc:al governments a r r  required t o  use for drvc.lopment in 
arras o f  state interrst  (Colorado Land Use Commission. 
1976) .  Even though a local government may havr 
taken measures t o  incorporatc~ the requirements of H.H. 
1041  into its existing master plan and zoning proccJ- 
dures, a t  least two  permit applications must be fi l td:  
one  fo r  the local zoning permit and o n r  for t h r  desig- 
nated area under H.H. 1041 .  This problem could be 
rl iminated by allowing local governments to inc:orporate 
the requirements of  state laws in to  their  own permitting 
procedures (P. Schmuc-k. oral c:ommun., 1982) .  

One difficult>- of administering geologic:-hazard 
areas a t  the  local level is reconciling hazard-area designa- 
tions with o ther  zoning ordinances. Hazards represent 
only one o f  many zoning considerations. Jefferson 
County ,  one o f  the most populated counties in Colo- 
rado, solved the problem by creating a separate Geologic 
Hazard Overlay District (G-21) zoning designation 
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Table 4 .  Functiotls o f  local atld stalc agcncies regarding geologic-hazard areas urzder Colorado Housc bill 1041 (1 974) 

LOCAL GOVERNMENT 

1. Designates geologic-hazard areas, among other  'mat ters  of atate interest, '  in accordance with guidelines f rom the  
(:olorado Geological Survey and Lend Use Commission. 

2 .  Holds hearings and solicits state recommendations on  permit applications for development in geologic-hazard areas. 

3. Grants o r  denies permits for development in geologic-hazard areas in accordance with established guidelines. 

I .  Receives recommendations and technical assistance from the  Colorado Geological Survey and Land Use Commis- 
hion t o  designate and administer geologic-hazard areas. 

5. Sends recommendations o n  geologic-hazard areas t o  o ther  local governments and the  Land Use Commission 

6. O n  request of the  Land Use Commission, acts o n  designations of specific geologic-hazard areas. 

COLORADO DEPARTMENT OF LOCAL AFFAIRS 

1. Conducts statewide program t o  identify geologic-hazard areas and other  matters of state interest (before  J u n e  30, 
1976) .  

2. Oversees and coordinates state technical assistance t o  local governments 

3. Provides financial assistance as authorized hy law. 

COLORADO LAND USE COMMISSION 

1.  Issues formal requests for local governments t o  take action in specific geologic-hazard areas. 

2. Provides assistance, guidelines, model land-use regulations, and forms l o  be  used for local designations of geologic 
hazard areas, permit applications, and permits. 

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

4.  Sul)mits recommendations to  local governments for modifying proposed designations of geologic-hazard areas. 

5. Issues writ ten notices t o  coun ty  boards of commissioners on  any activity believed t o  const i tu te  a serious hazard t o  
the public safety,  followed by writ ten cease-and-desist orders on  behalf o f  the  Governor if the  county  fails t o  take 
action. 

COLORADO GEOLOGICAL SURVEY 

1. Develops guidelines and model local regulations t o  designate and administer geologic-hazard areas 

2. Sends  recommendations t o  local governments and the  Land Use Comnlission t o  designate geologic-hazard areas 
based on  current  information. 

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

(J. McCalpin, oral commun. ,  1982). As its title implies, 
the  (;-H district is superimposed on  o the r  zone districts 
and its regulations supplement those of  the  underlying 
district. The  G-II zoning resolution states that  "when the 
regulations of  this district conflict with any provision of 
the  underlying zone district, the provisions of  the 
Geologic Hazard Overlay District shall control;  other- 
wise, the provisiolis of any underlying district shall 
remain in full force and effect." A G-H district may be 
designated for any of six different types  of hazards. 
Guidelines fo r  district administration basically follow 
the  model geologic-hazard-area regulation issued by the  
state Land Use Commission that specifies the types of 

geologic and hazard-mitigation information required 
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 
been effective in encouraging consideration of geologic 
hazards in local planning and incorporation of positive 
hazard-reducing land-use requirements in zoning ordi-  
nances. Virtually all heavily populated counties have 
designated and are administering geologic-hazard areas. 
One exception, surprisingly, is the  City and County  of 
Denver, which has elected n o t  t o  participate in the 
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program. Many smaller communities are actively partici- 
pating. The town of Vail has incorporated avalanche- 
hazard areas in to  its zoning ordinances, which has had 
a substantial impact on  development.  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. o r  use such areas for  recrea- 
t ion, o r  use avalanche-resistant designs, have generally 
received suppor t  from the public; bu t  those who  are 
indifferent t o  avalanche hazards of ten  elicit critical and 
antagonistic public rrsponse that  can jeopardize their 
ability to obtain financing (Ives and Krebs. 1978) .  

Effectiveness o f  t h r  hazard-area-designation pro- 
gram (H.B. 1 0 4 1 )  in preventing damage o r  injury f rom 
natural hazards is difficult t o  assess because of lhe  lack 
of centralized records o n  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 o ther  major catastrophic 
geologic hazards that  affect large areas. such as f requent  
large earthquakes,  which would provide more  visible 
evidence on the effectiveness of hazard-mitigation 
measures. 

SUBDIVISION LAW 

One of the strongest responses by the Colorado 
legislature to  puhlic pressure that  resulted from un-  
controlled development ill the  late 1960s  was passage of 
a stringent subdivision law (S.R. 35. 1 9 7 2 ) .  Because 
many problems of rapid growth in mountainous areas 
are related t o  geologic hazards. S.H. 3 5  requires that  
geologic conditions of an area be evaluated before a 
subdivision is approved by a c.ounty. The  law applies t o  
all division of land in to  single parcels of less than 3 5  
acres within a county  jurisdiction. Apparently the 
reason fo r  having a maximum applicnahle parcel size of 
35 acres was that  larger parcels allow (,nough flexibility 
in land use that  owners can avoid geologic hazards (W.R.  
cJunge. oral commun. .  1982) .  A county  may elect 
t o  apply the  same requirements t o  subdivisions that  
contain parcels of  35 acres o r  larger. Also, t w o  o r  more 
counties may form a regional planning commission t o  
implemenl the  requirements of S.R. 35. 

Major provisions of  the Colorado subdivision law 
that  relate t o  geologic hazards are lisled below. 

1. Every coun ty  must require that  subdividers 
submit  data.  surveys, analyses, and studies of 
relevant site characteristics, including lopo-  
graphy, lakes, streams, geology, potential 
radiation hazards, and soil suitability. 

2. The  Hoard of County  Commissioners must 
distribute copies of preliminary subdivision 
plans and accompanying information on  site 
characteristics t o  appropriatr  d a t e  agencies, 

including the Colorado Geological Survey, for 
evaluation of geologic factors that  have a 
significant impact on  the  proposed use. Sta te  
comment s  and recommendations are no rn~a l ly  
due in 21 days. 

3. No subdivision may be approved until the 
required studies and plans have been submit ted ,  
reviewed. and found t o  meel  'sound planning 
and engineering requirements.' 

4 .  N o  coun ty  may approve a preliminary o r  final 
plal unless hazardous conditions that  require 
special precautions have been identified and 
proposed uses are compatible with these 
conditions. 

'I'he Colorado Geological Survey reviews all sub- 
mitted information for  geologic hazards and has had a 
major impar t  on subdivision plans and approvals. One 
weakness noted by CGS personnel is t ha t  they often d o  
no t  know whether thetr  re(-ommendations have heen 
implemented. Enforcement o f  S.B. 3 5  requirements is 
entirely a t  t h r  county  level. and some of the  same 
problems exist as noted 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 t o  which sub- 
dividers are required t o  modify their  plans t o  make them 
more compatible with known geologic conditions. 
However. the requirement in Colorado S.R. 35 that  
suhdivision plans and supporting information be suh- 
mitted to  state agencies for review allows for much more  
state input  t.o the suhdivision process than in California, 
thereby upgrading the overall quality of the review 
process and providing some standardization 

The most serious weakness of  the Colorado sub- 
division law is that  it applies only t o  counties.  Incorpo-  
rated municipalities are no t  required t o  adopt  sub- 
division regulations o r  follow the procedures set forth in 
S.B. 35. 'I'hr City and County  of Denver, for example.  is 
immune from the suhdivision law. The decision t o  
exempt  ~nunicipali t irs from the  law apparently resulted 
from inadequate legislative suppor t  for state involvement 
in municipal-level regulatory processes to  the degree 
called for in S.H. 35. Although the law has been success- 
ful in regulating development in mountain areas where 
there are many serious problems associaled with steep 
slopes. it exempts  a major percentage of  subdivisions in 
the state that  could be subject t o  equally serious prob- 
lems ( fo r  example,  mine-related subsidence, flooding, 
and ground-water depletion in the  urban rnvironment).  
Some  proposed subdivision areas have been annexed in to  
an adjacent municipality t o  avoid the  requirements of 
S.R. 35 (W.R.  Junge, oral clommun., 1982) .  

A disclosure law was enacted recently (S.R. 13, 
1983)  that  applies t o  all residential development.  The  
developer must analyze the hazard potential and disclose 
any potential problems t o  prospective homebuyers.  
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Hecause there is n o  requirement for state review o r  f o r  
submitting copic~s of disclosurr s ta tements  t o  lhe  stat(,. 
there apparrnt ly  is little means of  review o r  enforcement  
o the r  than the threat of litigation for  no t  disc,losing 
known hazards. I t  is t o o  early t o  determine the effrc- 
tiveness of this n r w  law. 

STATE-LEVEL PROJECT REVIEWS 

Major construction projects in Colorado that  
include Inany critical facilitic~s are revirwed by the  
Colorado (;eological Survey and other  agencies t o  
determine the  adequacy of  sit.ing, design, construction, 
and. in some cases, operation to reduce potential dangers 
t o  the  public from geologic hazards. With the  exception 
o f  dams and  certain state capital-construction projec*ts, 
state-levcl review is no t  mandatory .  Howrver,  hasic, 
information ( for  example.  project type ,  location, size, o r  
cos t )  for all proposed projects that  rc~ct,ivc, state o r  
frderal financial assistance through grants o r  loans is 
routinely provided t o  the CGS through the  Colorado 
Clearinghouse. 'I'hc, Clt~aringhouse was established t o  
implement the provisions of  the  federal 0ffic:e of Man- 
agement and Budget (OMB) Circular A-95, which 
provided all states with the oppor tuni ty  to  review and  
comment  o n  federally supported  project^.:^ 'I'he CGS 
may requrs l  a geologic report  for any project that  it 
believes is potentially dangerous t o  thc  public brcause of  
geologic hazards. Most applicants comply with thc 
request and  respond favorably t o  survey recommenda- 
tions. If a significant proble l~l  is rrvt,alrd and is no t  
rc,solved by the  builder, stat(, or  federal funds may bc, 
suspended. During 1981 .  CGS performed abou t  7 0 0  
re\iews through the Colorado Clearinghouse (W.R.  
Jungc, oral commun. ,  1 9 8 2 ) .  

The CGS reviews proposrd capital-c*onstruction 
projects of  o the r  stair agencies through memoranda of  
understanding o r  policy letters. Most s ta t r  construction 
projects arc, supervised by the Colorado 1)ivision of 
Capital Construction, which is required t o  submit 
reports o n  soils and geology for review by CGS under a 
formal memorandum of understanding. Other  agencirs 
that  d o  not  have formal agreemrnts with CGS may 
request review of construction projects and are strongly 
encouraged t o  d o  so  by the Go\rcrnor.  Compliance 
with CGS recommendations is no t  mandatory ,  but  most 
agencies respond favorably t o  t h r  rrvirws (W.R.  Junge, 
oral commun. .  1 9 8 2 ) .  

A program for  review and inspection of dam con-  
struction and  operation in Colorado exists under t h r  
Sta te  Engineer's Office and  is similar t o  the  dam-safety 
program in California. For  proposed dams over 1 0  ft  
high o r  with a greater than specified capacity,  plans 

'OMB Circular A-I15 was rescinded and replacer1 by Presidential 
Executiv? order  12372  in .July 15182. Although Exrruti\ .c order  
1 2 3 7 2  changed some prorrdural  elements.  the  stet? revicw 
process remains in tact .  

and sprcific,ations suppor ted by a geotec:hnical report  
milst bcx submitted for review. The Stat(, Enginerr's 
Office c~mploys geotec-hnical enginec,rs t o  review thesr 
reports and may c~ontract  with private consulting firms 
for  all o r  part of a review. Iluring construction, an  
independent third party may be requircd t o  inspect the  
dam and report  t o  the  State Engincaer's Office t o  ensure 
that  construction complirs with approved plans and 
specifications. The Sta te  Engineer's Office is roquirc>d t o  
inspect every operational darn ~ ~ n d e r  its jurisdiction 
annually.  Becausc, of staff and funding limitations, this 
requirement has been impossible t o  meet.  Colorado 
has over 2 ,200  danis; o f  these, the Stat(, Engineers Office 
can only inspcct abou t  ,100 each year.  Consequently.  
most dams are inspected once every 4 t o  5 yr ,  unless :I 

potential problem is brought t o  the  attention of the  
Sta te  Engincvr's Office. 'I'his weakness in the  inspection 
program may bc partially responsible for recent dam 
failures in Colorado. Many dams built before review 
proredures and construction standards were established 
arc, nearing the end of  their safe, useful life. In July 
1982 ,  an earthfill dam a t  the headwaters of thc  Rig 
Thompson River failed and caused several deaths and 
substantial damage t o  the Estes Park arca.  State inspec- 
tion of t h r  dam was ovrrdue and was sc:heduled for later 
it1 1982 .  

Other major projec,ts and critical facilitirs in Colo- 
rado are n o t  subject t o  rigorous formal review and strict 
approval procedurr ,~  as are some facilities i l l  California. 
However, through thca Clearinghouse, CGS can review 
and colnmc,l~t o n  Inany projects. A major wcak~less  o f  
this proccdurr is that  only state- and  federal-funded 
projects arc3 recordcld by t h r  C1earinghouse. Unless 
c:ontrolled by 1oc:al laws o r  unless a local government 
rcqucsts ;I review by CGS, privately funded powc,r 
facilities and  buildings for public occupancy, for ex -  
ample., may no t  be revitlwed for grologic hazards (W. l t .  
Junge. oral commun. ,  1 9 8 2 ) .  

MINIMUM QUALIFICATIONS F O R  
PROFESSIONAL GEOLOGISTS 

Undrr  H.B. 157:l ( 1 9 7 3 ) ,  any  geologic r rpo r t  tha t  is 
required by law for a state o r  local agency o r  colnmis- 
sion in Colorado must bc prepared by a 'profrssional 
geologist.' 'I'here is n o  formal registration procedure, for 
geologists in t h r  s ta t r .  but  the  law defines a proft~ssional 
grologist as "a person who  is a graduatc of  any institu- 
tion of higher education which is accrrdited by a region- 
al o r  national accrediting agency, with a minimum of  30 
semester (,I5 quarter) hours of undergraduate o r  grad- 
uate work in a field of geology and whose post- 
baccalaureatr training has been in the  field of geology 
with a specific rccord of an  additional 5 yr  of  geologic 
experience t o  include n o  more  than 2 y r  of  graduate 
work." Beyond these basic qualifications. selection of an  
appropriate professional t o  prepare geologic reports 
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is left t o  the  discretion of the prrson o r  agency who  
contracts the work and  lo the  personal judgmc3nt of 
professionals who  acc,ept the work. Guidelines issued by 
the  Colorado Geological Survey (Junge and Shellon. 
1 9 7 8 )  recommend that professional gcologists who 

prepare reports for review by a state or  local agency have. 
education and experience in civil rngineering. ground- 
water geology, Quaternary geology, geoniorphology, and 
interpretation of aerial photographs.  

Lack of formal registration for professional geolo- 
gists in Colorado avoids t h r  so-called club atlnospliere t o  
which many peoplr in California object,  but  raises some 
question abou t  ronsistency in judgment and evalua- 
tion when persons are selected t o  perform geologic 
work. Financial incentives may affect a geologist's 
judgment in accepting work for which he o r  she may 
be only marginally qualified. Howevrr,  H.B. 1574  also 
eliminates the  tendency t o  select a person for geologic 
work solely based o n  registration. and forc.cs the  con-  
tracting party and the  consult.ant t o  rvaluate profes- 
sional qualifications based oli the  spec,ific project. 
Because the  r rquirement  for rducational and profes- 
sional experience is more general, and a shorter ex-  
perience period is rrquircd than i l l  California ( 5  yr  
instead of 7 yr) .  built-in biases against some types of 
professionals (educators,  for clxatnplc) are reduced. 

SATUTORY AUTHORITY F O R  T H E  
COLORADO GEOLOGICAL SURVEY 

In the  mid-1960s,  Colorado was one  of only three 
states that  did no t  havc a state geological survey, and the  
incidence of  serious geologic problems associated with 
development of its mountain regions was rapidly in- 
creasing. Recognizing the need for sl.ate action o n  
geologic issues, many professional geologists worked 
through the American Insti tute of Professional Geolo- 
gists and  t h r  Association of Engineering (:eologists t o  
develop a meaningful charter for thc  Colorado Grologi- 
cal Survey (CGS).  Legislation was enacted t o  pu t  the  
charter in to  effect and establish thc  Survey as a division 
in t h r  Department of Natural Resources in F ~ b r u a r y  
1 9 6 9 .  

Similar t o  the  California Division of Minrs and 
Geology, t h r  lrgislation establishing CGS (Colorado Rev. 
Sta t .  34-1-101 and  those that  follow) outlines its general 
s ta tu tory  authority and responsibilitirs. Other  statutes,  
such as H.R. 7041 (land-use-planning law) and S.R. 35 
(subdivision law),  prescribe specific functions cwnsistent 
with the  chartc,r. Thc provisions of Colorado Revised 
Sta tutes  34-1-103 stipulate that  "the Colorado Geologi- 
cal Survey shall function t o  provide assistancr t o  and 
cooperate with t h r  general public, industries, and 
agencies of state government, including institutions 
of  higher education, in pursuit of  the following objec- 
tives, the  priorities of which shall b r  determined by 
mutual consent of t l i t  state geologist (chief of the 

division) and tlir rxc~c~utivo dirc,ctor of the  1)c~partmetit 
of Natural Resourc.c,s." Some slated objectives relate t o  
geologic liazards: " (a)  t o  assist, consult  with, and advisc 
existing state and local governmental agencics on gro-  
logic problems .... ( c , )  l o  (%onduct  studies t o  drvcxlop 
geological information .... ( g )  t o  evaluate tlir physical 
featt1rc3s of Colorado with refrrence t o  presc,nt and 
potential human and animal us(, .... and ( i )  l o  determine 
arpas of  natural geologir hazards that  rould  affec.1 l.hr 
safety of o r  economic loss l o  the citizens of Colorado." 
The statute requires the  State Geologist t o  fulfill these 
objec1ivf.s and l o  "work for thc maximum beneficial 
and   no st c,fficicwt use of  thc  geologic proc:c,sses for the  
protection of and  econolnic bpnefit l o  the  citizens of 
Colorado." 

With this chargc. and  brc.ause Colorado lackrd any 
requirenients l o  consider geologic information in land- 

p l a n i n g  and dcvelopnient. a major task of CGS has 
been public, education. Many peoplr in Colorado ob-  
jected t o  the  use of  geologic information as an infringe- 
ment  o n  tlirir prrsonal and property rights. Landowners 
and developers feared that  geologic-hazard information 
would derr rasr  propc,rly values and that  the  cost of 
geologic studic3s would outwrigh the benefits. Public. 
talks, testimoll?: t o  legislativr committees,  ne\vspaprr 
artic-les, publications. conferenres,  and workshops wcw 
used t o  show how geologics information can save money,  
shorten devrloptnent t inir ,  promote more  c,fficient 
devc~lopmrnt,  and provide u better product  for the  
consumer ( J . W .  Rold.  1 9 7 8 ) .  The CGS became involved 
in several important  and c~ontrovrrsial issues. such as 
proposed drvelopment in a n  area of  known mudflows 
and avalanche hazards nrar  Marble and a hazard assess- 
men t  in mountain canyons  after thc  Rig Thompson 
Rivrr flood in  1976 .  l'liesr issues heightened public 
awareness of geologic problems, demonstrated tlir 
importancc~ of using gcologic information in devc3Iop- 
metit drcisions, strc3ngthened the  crtbdibility of  CGS, and 
were major factors in the  rnactnient  of S.B. 35 end 
H.R. 1 0 4 1  (W.P. Rogers, oral commun. .  1 9 8 2 ) .  

As in California, tlir annual legislative appropriation 
for the  CGS is not  itemized by project exc*ept for  
occasional short-term special projects. The Sta te  Geolo- 
gist and thc Executive Director of the Depar tmrnt  of 
Natural Resources mutually dc~termine the  task priorities 
of tlie survey. and  the Sta te  (;eologist manages the 
budget acc:ordingly. A basic philosophy of CGS is l o  
place a relatively low priority on research and  general 
geologic mapping and a high priority on problem- 
oriented tasks that  benefit the  public directly. Thus.  tlie 
emphasis is t o  technically assist local governments, 
inform tlie 'prudent laynian.' and address specific 
issues and problems of public concern (W.R. Junge, oral 
commun. ,  1982) .  

I n  1983 ,  t.he General Assetnbly reduced funding for 
CGS t o  the  salary of one  full-time professional. Without 
funding from other  sources, CGS would n o  longer be 
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able t o  perform most of its statutory func.lions. I low-  
ever, new legislation allows CGS t o  perform work on  a 
reimbursible basis; this mechanism has allowed CGS t o  
continue many of its functions. Although CGS n o  
longcr performs some routine reviews in conjunction 
with Colorado planning and subdivision laws, it con-  
tinues l o  review projects for o ther  state agencies o n  
request a n d  addresses specific problems it1 local areas. 
The work is paid for by federal o r  state agencies, local 
governments or. in some cases, private companies. The  
work performed by C(;S is restricted by its statutory 
authority,  which remains unchanged, and the  survey 
[nay not  perform consulting work that  competes  with 
the private sector (W.R. Jungc, oral commun. ,  1982) .  

O'IHER STATES 

Most approaches t o  hazard mitigation in o the r  stales 
are similar t o  measures adopted by California and 
Colorado. Variations exist primarily in emphasis, corn- 
prehensiveness. and the  degree t o  which author i ty  and 
rrsponsibility are delegated t o  local governmrnts.  Many 
~ucc :~ss fu l  stale programs use hazard-specific tneasures 
and emphasize problems thal  most  concern the  state.  
Massachusrtts. for example,  requirrs stale review of 
proposed projects in conslal ai-eas that  could alter land 
that  is subject t o  tidal action, coastal rrosion. and 
flooding. Minnesota has adopted a t a t c w i d e  building 
code that  emphasizes flood-proofing requirements 
(Baker and McPhce. 1975). 

State-lc~vc~l approachrs  t o  rrduc.c loss potc,ntial Fro111 
grologic hazards fall in to  t w o  categories: 1) legislation 
and rcgulations that  impose strict stale controls on land 
use and building methods;  and 2)  planning legislation 
that  transfers authority and responsibility for zoning and 
regulation of  most  construc*tion l o  local govt,rnments. In 
both casrs, programs generally rely hcavily on a stat(, 
geological survey or  a similar agency that  evaluates 
hazards on a regional basis, provides public information 
and technical assistanc'e. and  tc,chnically reviews plsn- 
ning documents  and proposc,d fac~ilities. Planning Iegisla- 
lion has brc~n emphasized over st.ricl controls in recent 
years. particularly with increasing public desire for loc*al 
au tonomy.  Strict  state-level c*ontrols are reserved for 
v t ,n  seirrre o r  regional problems that a r r  beyond t h r  
capabilities of a local government. if a disaster occurs 
and for  critical facilities that  affect large numbers o f  
people, o r  tlle continued operation of which is essential. 
Dams and  hospitals are examples of  facilities for which 
construction is strictly regulaled a t  the  stale level in 
manv sta1c.s. 

Hawaii and  Maine are among the  few states tha t  
have adopted statewide zoning regulations that  specify 
the  types  of activities and construction permitted within 
each zone and incorporate hazards considerations in to  
the  zoning process. In Maine, one type of state zone is a 
'protection zone'  tha t  regulates development on  flood 
plains and steep slopes. Planning legislation has been 
enacted in lieu o f  strict  statewide controls in Oregon and 
Wisconsin. Seven separate laws it1 Oregon's 'land-use 

package' establish requirements for local land-usc 
planning. which must incorporatr  hazards considera- 
tions. The Wisconsin law encourages local flood-plain 
zoning but  allows the  statt, t o  impose its own zoning 
laws if the  local government fails t o  d o  so. 111 Mississippi. 
a statc3wide building cod(. has been cnactted that  local 
governments may modify t o  suit local conditions and 
preferences (Raker and  hlcPhee, 1 9 7 5 ) .  

Many states have established lenlporary or  pcxr- 
rnanrnt c~ommissions l o  advise, the Govr,rnor. slalr  
agencies, the legislaturc~, and  local governments on 
land-use mattcrs or  hazards-related issues. In 1977 .  a 
temporary Seismic Advisory Council was established in 
Utah t o  rec*omtncnd a program of seismic-hazard evalna- 
tion and mitigation t o  the  Governor and legislature. ?'he 
council disbanded when its mission was cnompleled in 
1 9 8 0  (Cartcr, 1983) .  

Most slates have a geological survc,y that  c*ollects 
geologic data and provides public information and 
technical assistance o n  hazards t o  locsal gover~lments,  
developers, and individuals. Local govrrnments use this 
information and sometimes perform their own  studies l o  
suppor t  hazards-related land-use plans and zoning 
ordinances that  they develop on their own iniliativt,. 'The 
Utah Geological and Mineral Survey has a Hazards Src-  
tion that  identifirs and  maps gclologic hazards throug11- 
o u t  the stattx ;IS rtlquired by state code. Similarly, the, 
Illinois (;rologic>al Survey idrntific.~ hazards and  brings 
them t o  the, att,ention of loc,al property owners,  (.it?.. 
governments. o r  rrgional planning bodirs and advises 
othclr agct~cic,s o n  hazards ishucs 11181 aCfect their vi~rious 
functions. 

FEDERAL HAZARD-MITIGATION 
PROGRAMS IN ALASKA 

Many hazard-mitigation and disaster-preparedness 
programs thal  afft,c.t Alaska t,xist a t  lhe  fedrral Icvrl. 
Federal programs rmphasize disaster relicf, regional 
studies, basic, researc:h o n  causal factors and processes, 
development of prediclion c,apabilitit~s ;uld warning 
syst(,lns. and i n ~ p r o v ~ m c ~ n l  of dcsign stand:~rds and 
const r t~ct ion t r ~ c h n o l o a .  Some, major programs that  
brnc,fil, o r  could benefit. Alaska art3 discussed in this 
section. 

1)ISAS'I'EK. RELIEF 

The federal Disaster Relief Act of 1974  (Public Law 
93-288)  provides financial assistance t o  state and  local 
governments when the  President declares an area a 
disaster o r  emergency. Under the  program, the  Federal 
Emergency Management Agency (FEMA) administers 
grants fro111 the  Prrsidenl's Disaster Relief Fund .  Other 
agencies, such a s  the  Small Business Administration and 
Farmer's  IIome Administration, provide disaster-relief 
loans. 

Alaska has been a major recipient o f  financial 
assistancae from the  President's Disastrr Relirf Fund .  
From 1961  through 1 9 7 9  ( t h e  President's fund existed 



before the Disaster Rclirf Act was passed in 197.1). 
Alaska recrivrd abou t  $76 million from the federal 
governmrril t.o assist in re(-ovvry from major disasters. 
' l ' h ~  1964 (~arthqu;lkc and 1967  Fairbanks flood ac- 
coun1c.d for  8 3  pc,rcent of Alaska's total FEMA rc~ct,ipts 
as of 1979 .  From 1961  t o  1970 .  Alaska's per-capita 
sharr ($221.81)  was the  largrst of any slate (Office, of 
Emergency Prrparrdness,  1 9 7 2 ) .  Howcvrr,  c,ontributions 
from the  President's I>isaster Relief Fund genrrally covc,r 
only a small portion of t.he total damages. Assislancr 
from the  Disaster Rplicf Fund  for recovrry from the  
1964  rar thquakr .  for (,sample. only amounted t o  abou t  
16 percent of t h r  total  cstimalrd damages. Although t11c. 
U.S. Army Corps o f  Engineers pe r fo r t i~ t~d  ~nuc l i  of the 
reconstruction a t  frderal  expense,  a major sharc of Lhr 
burden for disaster rrsponsr and recovrry was and 
remains a t  t h r  state and loc*al levt~ls. 

Althougll somr  improvrlnents Iiavr brvn made in 
rccent yrars,  a major deficiency witli disaster-relief and 
insurancr programs in gcnrral is tha t  c~ligibility for 
benrfits is often no t  coIIting(,tIt on  i~nplemc,ntalion o f  
risk-rrduc,tion measures. For this rrason, many programs 
have discsouraged hazard ~ni t igat ion by failing l o  offer 
t h r  proper inccntivrs and rt,warding lack of foresight. 
Ilnconditional availability of disastcr assistance probably 
grew o u t  of the notion that  disast(~rs are 'acts o f  God '  
and canno t  bc prrvrntcd o r  tnitigalcd; thr,rc,forc,, (,very- 
one should b t  c,qually rligihlt, for assistancc~. 

T h r  Disaster Relief Act of 1974 cstablislied somv 
conditions of eligibility for frderal disaster loans and 
grants t o  rncouragc3 hazard tnitig;ttion a t  the, state and 
local Ievcls. As prrrrquisitcs for financial assistancr, tli[, 
law requires that  postdisaslrr rrc-onslrrlction or  repair 
financed with fc.dvra1 relief funds nlrlst ( ,onform witli 
applic:ablc codes and standards, and that  hazards from 
similar fu turr  rv rn t s  in t h r  ;tffrcted area must he eva- 
luated and appropriatcx ~ni t igat ion tneasurc.5 must b r  
adopted.  'l'hrse rrquirc,~-tlrnts apply only t o  postdisaster 
ac,tions and still d o  n o t  affrc*t eligibility based o n  prr -  
disastrlr ~ni t igat ion.  

Some of t l ~ r  111osl signific;rnl advanc,cs in promoting 
hazard ~ni t igat ion in (,onjunction wit11 fc,dcral disastcv 
relirf havt. bc,t,n in t h r  area of flood hazards. Tho Na- 
tional Flood Insurancr Progr;tm not  only offers a means 
t o  distribute, financial lossc,s, but  also provides positive 
inc,rntivrs for flood-hazard reduction. Comm~cni t i rs  
must m r e t  c.c,rt.ain rrquirt,ments t o  particaipatr in th(> 
program, and state govcrnmc,nts assist by c,oordinating 
programs within their bordcrs. To qualify for federally 
subsidized insurance, t110 c-otnmunity must adop t  prc,- 
scribed land-us(, controls iund construction standards for 
a r t w  potrntially affr~c.trd by thc  100-yr  flood. For 
c,xamplr, tllc lowt,st floor of a struc4ure must n o t  be 
brlow thc lcvcl of t.hc 100-yr  flood or  storm-surgt, 
height unlrss adequate flood proofing is providrd.  

A Flood Disaster Act was passed in 1 9 7 3  t o  improve 
incentives for ron l~ l lun i ty  participation in t h r  National 
Flood Insurancr Program. This act  incrr1;lscd available 
insurancr covt,ragrs and  prohibited federal financing of 
projects in flood areas unlc~ss the c70mmunity partici- 
pated in the program. T h r  latter prohibition inc,ludrs 

projtlcts financ,rd by frder;~ll \ .  insurt~d banks :und savings- 
and-loan assoc-iations. Communi ty  parl.icipation has 
inc.reast,d dram;~tic~ally sin(-(, thc Flood 1)isastrr Act was 
passcxd. In Alaska. state-bi~c,ked ~nortgagc-loan fil1anc.c.r~ 
also requirp flood insur;~nc*c, in thr. 100-yr-flood arra  
as ;I prrrrquisitc, for loan approval. 

Srveral fcderal agcbnc-ios perfarln rc~srarc.11 and  map  
arras that  provide usrful information for drsc,ribing 
gt,ologic hazards o n  ;I rrgional sc,alr. Most notahlr artx 
programs of the, U.S. C;txological Sr~rvey (USGS) that 
produce topographic and geologic miips a i d  rvaluatr  
regional srismic acti\.ity. 'l'l~(~sc, progr;uns assess rrgional 
problrms and identify :irc,:is tha t  r t~quiro mor r  drtailed 
strldy. 'rhc,y artx no t  gc~nrrally adrqu;~tcl for sitc-specific 
dec,isions o r  local land-us(, planning brcausc, map  scalrs 
arc, small :uid subjr~c,t Irc,;~lment is gc,ntlral. Although 
rc~gional gr,ologic. quadranglv rnaps (1 :250.000 sc.al(,) ;irtx 
irvailablr for most o f  t h r  conlinrntal  I lnitrd Sl;ilc,s, Ii~rgcx 
:rrt,as of i'ilaska l~avcl not  b(~cxn ~n; ipped a t  this sc.alr. 111 
addition. grologic. hazards arc, not  gr,nc,rally idcntificxd o n  
grologic, quadranglt. 11iaps. l ' h r  maps provide approxi- 
malc  agph and  brief drsc,riptions of bedroc*k units and 
surficial drposits. b ~ r t  must br in t r rpre t rd  l o  infer 
potential gc,ologic lrazards. Map information must b r  
supp l rn~c~n tc~d  by additiol1al sludi(,s ;und more  dotailrd 
d:11;1 t o  produc,v hazards maps t11;1t arc, usoful for plan- 
ning. 

'l'hr I JS (+S  has primary responsibility for rcgional 
c~arl1iyuakt~-li:~ziird s1udic.s rlndt'r t he  Eartliquakt. I i a ~ a r d s  
Kcductiotl Progr;tm (EI l I tP )  c,stnblishcd by Puhlic Law 
95-1 2 1 in 1977.  'I'his is the  I;~rgrst long-term fc~dclral 
program dvvoted t o  rarthquake-hazards mitigatioll in tht. 
IJnilrd States.  'l'hc, National Oceanic* and ~ I tmospher i c  
, ldminis t ra l io~i  ( N O A I I )  manages t h r  Alaska 'I'sunami 
Warning C(,ntt>r in Pi~llnrr whrrt, 1 5 st~ismographs arc, 
monitorerl in Al;~sk;t and ;~rouncl t h r  nortliern Pacific* 
Ocran. Other  short-tc~rlii proj(~c*ts are funded hv v;~rious 
fc4rr:ll agrncaics l o  rvaluatrl the, srismic.ity and seismic. 
hazards oI' spc,cific arras it1 r r l t~ t ion t o  aclikitirs for 
whicI1 Ih(,y have. ~nanagc.mc,nt responsibility. In rc,c.c.nt 
yt,;lrs, tlir I l r~par lmrnt  o f  Enrrgy has funded rrgional 
sc~~srnograph nc~tworks t o  d(llerlnin(> gc~oth(~rlilal-cnc~rgy 
polrntial  and c,arthqtc;tk(, hazards o n  the, Alaska Penin- 
sula. 'I'll(% Rurc,au of Land Managenirnt (RI,M), through 
NOAiI. h i1  providrd major funding for sc~ismograph 
nc,tworks l o  dr,tcrminc, rarl l iquake hazards to  oil d r -  
vc~loprnt~nt o n  the, Alaska c.ontinc~ntal slirlf. 'l'hc. HIAM- 
NOIZIZ program providvd abou t  $1 million ;~nnu ;~ l ly  t o  
0prrat .r  st>ismic* n t~ tworks  in illaska and analyze lhv data.  
110wc3ver. this ;end most o1.hc.r haz;~rds-rrlatcd funds w r r r  
pliasrd out, by l I i ( 3  c,nd of fiscal yc,ar 1982.'' 'I'hc, I)o- 
p a r h ~ i e n t  of Enrrgy has rc,drlc*ed its funding for srismic 
studies in Alaska. ,Is :I rc~sult. many st~ismograph stations 
11av(~ been dismi~ntled.  and Inor(, will be r r ~ n o v r d  if 
adrquate  suppor t  is not  m;~inlained (Ilavies. 1 9 8 3 ) .  
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il l though RHRP is a largr national program with 
broad scope, it sets n o  goals o r  poliry t o  establish 
long-term. minimum seismograph networks nation- 
widr o r  map  earthquake hazards a t  minimum scales in all 
arras of high seismic risk. The 1JSGS share of funding 
~ i n d r r  thv national program has h r r n  abou t  $30 million 
annually sincat, 1 9 7 8 .  Distribution of funds  among the 
four major r l e n ~ e n t s  of  the  I!S(;S program (fundamental 
studies, c~arthquake predic:tion, induced seismicity, and 
hazards assrssment) has remained relativtxly constant.  
with ;ibout 50 percent going t o  fundamrntal  studirs and  
hazards assessmrnt. IJnder these two  programs. the  
US(;S opt,rates limited seismograph networks and  
studies ear thquakc hazards in selected regions. Limited 
funding for  thesr program elements o n  a national scalr 
has forced the  USGS t o  (:oncentrate on heavily popu-  
lated areas that  have sufficiently high seismic activity t o  
generate useful data in a reasonably shor t  prriod. and 
that are relatively accessihl(> so t,liat the  cost of  obtaining 
data is not  excessivr (R.A.  Page. oral commun. .  1982) .  
Alaska has rrreived abou t  4 percent of t he  annual IJSGS 
budget for t h r  earthquake-hazards-assessmrnt portion of 
the  national program. compared t o  3 1  percrnt  for 
California. 1 7  percent for  thc southeastern United 
Statcs, 1 6  per(-en1 for thc  northcastern LJnitc,d Sl.ales. 
and 1 3  prrcc,nt for t h r  central hlississippi valley (Hamil- 
ton,  1 9 7 8 ) .  'l'hr only seismic* instrumentation in Alaska 
supporl.ed by the  EHKP is a small network on  Adak 
Island that  provides data t o  develop c,arthquake-pre- 
diction c.apabilities and a network opt.ra1r.d hy the  US(;S 
in southern and southeastern Alaska. 'l'ht, balance o f  
Alaska funding goes to  studies o f  ear thquake-re lakd 
ground instability in the Anchorage area,  measurrment  
of crustal deformation in t w o  areas that a r r  thought  t o  
havr potential for major earthquakes in the  near fu tu r r ,  
and intrrprctation of sc~ismotectonic provesscs in south-  
ern Alaska from geologic and seisrnologic data (Hays. 
1979 ;  Reed, 1981  ). 

From FY 1 9 8 0  through FY 198.1. USGS objectivt .~ 
and anticipated funding for its portion of the  RIIRP 
remaincd unchanged from previous years (Hays.  1 9 7 9 ) .  
Although i t  has b w n  argued that  KHIIP has given only 
minor suppor t  t o  Alaska becausr o ther  agencies (mainly 
DOE and RLM-NOAA) havr substantially fundcd 
st>ismograph networks in Alaska, there a r r  apparently n o  
plans t o  ~ h i f t  lnorr suppor t  t o  Alaska t o  comprnsat( ,  for 
t h r  loss of funding from o t h r r  agenvitx 

BASIC RESEARCH 

A major activity of th(3 1JSGS is hasic. resrarch in to  
processrs and factors that  affect the  distribution. f r r -  
quency. and srverity of gcologic hazards. Although 
much of  this work is performed by US(;S personnel. 
some funding is provided t o  universities, state govern- 
ments,  and private consultants. The National Sciencc~ 
Foundation ( N S F )  also suppor ts  basic research related t o  
geologic hazards. Information from these studies is used 

hy f rder ;~l .  state. and local agrncies, enginvrring firms, 
architrcts,  and planning consultants t o  improvt, hazards- 
mapping and  prediction capabilities, assess risks, and 
develop better approaches t o  hazard mitigation. 

About  . I0 pcrc.ent of the  Earthquake Hazards 
Keduction Program is basic research. As part  of its share 
of the  program, 'l'he IJSGS evaluates the  ear thquakc 
potcntial of scismically active areas, assesses earthquake 
hazards. develops earthquake-prediction capabilities, and 
provides data o n  earthquake occurrrncc,s and strong 
ground mot ion.  'Thc NSF supports research o n  funda- 
mental earthquake causes and  processes and engineering 
approaches t o  mitigate earthquake effec:ts (Hamilton. 
1978 ,  Schnell and Herd, 1 9 8 3 ) .  

'I'hc USGS will probably expand its research on 
landslidrs under  a proposed National Landslide Hazard- 
reduction Program. T h r  program's major goals are t o  
determine t h r  geologic, topographic,  and hydrologic 
conditions that  contribute t o  slope failures; determint, 
factors that  lead t o  changes in  stabil i ty;  analyze past 
failures t o  develop prediction capabilities; and  recom- 
mend methods  to  mitigate landslide damage (U.S. 
Geological Survey, 1 9 8 1 ) .  How much of this program 
will be performed in Alaska is unknown.  hut  tht, re- 
search results should apply t o  mapping landslide hazards 
and improving risk-reduction methods  in the  state.  

T w o  other  hazards-related programs in the  USGS in 
Alaska are the  Arctic Environmental Studies Program 
and t h r  Volcanic Hazards Program. The principal goal of 
both programs is t o  develop a better understanding o f  
geologic procc3sses in Alaska so that  thr i r  potrntial  
rffccts in developing areas can be determined. The 
Arctic Environmental Studies Program obtains base-line 
geotechnical data for land-use planning in transportation 
corridors and  o the r  developing areas. The program also 
st.udies problems that  arise during operation of the  
Trans-Alaska Pipelinr System t o  provide a basis for 
avoiding or  minimizing similar problems t o  other  pro-  
posed facilitirs. Th(, Volcanic Hazards Program studies 
volcanic deposits l o  determino t h r  history and style 
of volcanic eruptions. A small part  of this program 
monitors seismic and geochemical changes that  may 
providc clues to  future activity (Reed,  1 9 8 1 ) .  

PRELIICTION AN11 WARNING 

'l'h(x federal government supports numerous  pro- 
grams to  advance technology for predicting major 
events. The weather-prediction program of the  National 
Weather Service of NOAA is the  oldest and most  famil- 
iar. A major objectivt  of this program is t o  improve 
capabilities of predicting weather-related catastrophies. 
such as floods and hurricanes. 

Abou t  half of  thc USGS share of the  Earthquake 
Hazards Reduction Progran~ (25 t o  30 percent of the  
total national program) is devoted t o  development o f  
prediction capabilities. T h r  largest effort  is in California, 
although the  results will apply in many other  parts of  
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t h r  country  (IIamilton. 1 9 7 8 ) .  Prt~divtion trchniques 
devrloped in California may have, l imilrd application in 
Alziska because, of diff(,rrllces in t h r  st~ismolc~c~tonic 
processc,s responsibl(, for rn~ijor c~ar thqr~akes  in t h t ~  t w o  
s1at.r~.  

Techniques for predicting volcanic eruptions are 
improving, especially with the  large quantity of data 
provided by t h r  eruptions of Mount S t .  Helens. hluch o f  
this progress has been made under the US(;S Volcanic 
IIazards Program, which continues t o  s tudy volcanoes in 
the  United States and other  parts of the world.  This 
program includes studies of four volcanoes in the  Cook 
Inlet region (hlt .  Iliamna, illt. 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 volcanic eruptions.  and warnings are being issued 
based on  these predictions. ' rhe ability to  predict an  
eruption currently depends on historic information 
abou t  a volcano's eruptive style, internal structure,  and  
seismic activity, and  on  the  geophysical and geochemical 
signals that  normally precede an erupt ion.  'The principle 
is the  same for  predicting o the r  types  of  events:  success 
depends  on  the  delay between onset of the  event a t  
depth (as indicated by renewed seismic activity, for 
example) and the  surface eruption. Volcano research by 
the  USGS in the  Cook Inlet area is no t  necessarily aimed 
a t  predicting eruptions of Cook Inlet volcanoes, but  
provides data t o  develop predictive models. 

Prc,dic.tion capability will be a principal ohjeclivr of 
t h r  proposed National Landslidc Hazard-rrduc~tion 
Program, which will vxpand rxisting US(;S landslide- 
rc,search activities. Timing, geologic sctling. mt~rlianisms. 
rates, and exlvnt  of past slopc failures will br  studied l o  
determint, how t h ~ s r  fartors can br  used t o  prrdivt 
fu ture  failur(~s.  

The success of  warning systems depends o n  timely 
and acc i~ ra l c  predictions of (,vents or  recognition of 
conditions that  indic:atc, a high probability that  a haz- 
ardous  (,vent will occ.ur. Hrc-ausc predicting an  (,vent's 
ons r t  and loc*alion is no t  yet  possiblc for Inany hazards, 
warning systems often depend o n  prediction of t h r  l ime 
and placr of impar t  af lcr  a n  r v r n t  begins. For  ex ;~mpl r .  
flooding can oftcn br, predicted only a f t r r  n (*loudburst  
has begun. and warnings ~n t t s t  b r  issuc,d and :ivlrd o n  
during the limited t ime available as t h r  flood develops. 
Similarly. the  frderal government lias developed warning 
systems for  hurric,anes and tornados that  are bawd no t  
o n  predictions of  occ.urrcncr, bu t  o n  estimates of 111t. 
t imr  and place of impac-t once, the. storm lias started.  

Tsunami-warning s y s t ( ~ ~ n s  arc highly successful and 
effective. a t  least for tsunamis that  originatc, a t  a dis- 
tance,  becalrsc~ many hours may pass after the tsunami is 
generated and before tlic, waves reach a distant sl iorrl inr.  
In Alaska, the, major difficulty in issuing tsunami warn- 
ings is inadequate comniunications with many small, 

rc,n~otc, communitic~s in vulnrrablc c-oastal artlas. 'l'hr 
Alaska Tsunami Warning Ccntr r ,  opt>r;rtrd by tlir Na- 
tional W(>athrr Srrvicc, in Palmc~r, issues warnings for tliv 
c.nlirc~ norlht>rn P;icific, Ochran. ' I1I i (~ i\l:~sk;r 1)ivision of 
Emergrnc.!. St,rvic,c>\ assists hy improving c,ommunic-a- 
tions c,apahilities and suppl t~menl ing priblic-rduc,atio~~ 
programs t o  instrucl c3oas1:~l r t~s ldrnts  o n  how t o  rc,spond 
to  warnings and how 10 rcsc,ognizc, thv signs of ;I loc,al 
tsun;rmi. 

Snow-avalanvI1(~ w;irnlng ~ y s l ( ~ r n s  us(, wtxather 
lorc~c~asts and obsc,rvations of snowpark cwnditions l o  
d r t c r ~ n i n c ~  lhc~ dangc,r of  avnl:uic~Iie activity rathcxr than l .0  
prc,dic,l or  warn of individual c,vrnts. 'Thr Alaska Ava- 
I;~nc~lie and Fir(, Wrat.h(~r Forc3cast Sysl.rn1 ( A I I I ~ W F S )  
w21s rstahlislit~d by tlir fcd(,ral govrrnmont and t i i (~  Slat(% 
of i\laska iind hrgan opc>r;ition i l l  1980 .  'Tho 11,s. Forrxst 
St,rvic,c, ( U S F S )  r Ir,t~d :igt3nc.y for the, progr;rm. ;ind lh(> 
ill ask;^ 1)op;irtrnc~nl of Public, Safety was dt~sign:tlcd 1.0 
rcsprc.sent tlici state ;ind c*oordinalr program p;irtic,ipa- 
lion by ott1c.r statt, agcnc,ic~s. Objrvlivc~s of lhc~ AAFlVFS 
arc, t o  aid fir(,-~~cppression ;rgc.nc*it,s in thr i r  rn;un;tgt~me~il. 
of' rcsourc.es and fir(,-rc,lalrd nc31ivilit~s; provldr n i o u n t i ~ i ~ i -  
wratlier and snow-stahilit\. forrc.asls l o  c>valualo hazard 
I(~vc~ls; rn;tinl;~in a n  atlas of t~valanc-lic o c c ~ r r r c ~ n c ~ . ~  and 
paths;  idrntif! hilzar[l Aonrs t o  drvr lop ~ o n i n g  regula- 
tions; and condilcl :I public.-awarrnrss progriuil a b o r ~ l  
;ivalanc.hr dangc,rs and ac,c.idrnl prrvc~ntion. 

'1'11~ f i r r - \ t~o :~ t l i t~ r - s~~rv i c~ t~  fi~nvtioti  of AAFWFS 
li(,lps tlic, National Weathrr Services prpparc, daily and 
spot firt~\vc~i~t h t ~ r  forcc,asts from April 1 5 t o  Srpt .c~mb(~r  
15 o f  (~a(*li  ?.car. From S ( ~ p t t ~ m h t ~ r  15  lo April 15 ,  thv 
I ~ A F W F S  provides mounta in-wrathrr  and snow-sl:~hilil!; 
forrc,asts t h ;~ t  allow usrrs t o  c~vali~at ( 3  hazards tun tl rn;ikv 
sclirduling d(~c,isions. Kcsponsibilitic~s for o ther  av;l- 
Ianvhr-rrlatr(1 ac,tivitirs arct dr l rgal rd  by slalv legislation 
(illnska S la t .  18 .76 .010)  t o  l h r  I ) r p a r t ~ n r n t  of Puhlic 
S i~ fc ty .  whic~li in turn has delrgalcd somc of tht> tasks t o  
ollior state' agrnc~ic~s. F(,drral participation in llir pro- 
gram c,onsists of monetary c,ontribulions from 1111. RIJM 
and USFS and support  through the sc.rvic.(,s of f(1drral 
prrsonnt,l. 

' rhc  US(:S lias drvc,loprd a svstcm for notifying 
slat(, ;ind locbal governments. ot1lc.r fodrr:~l agcnc-ies, and 
t h t  public, of potclntial or  immint>nt dangers from 
geologic h;izards. A noticr is formalixrd ;IS a (;c>ologic3 
1l;rzard Warning whrn a situation posc,s a risk grra l r r  
than normi11 and warrants c.onsidrrations of a timely 
responsr t o  rnsurtx public saf(1ty (U.S.  (;c.ologic-al Survt,y. 
198.1).  .A (;c,ologic. l lazard Warning is acc,ompirnied by 
vopic,s o f  sc,irntific paprrs o r  reports that  providr lli(~ 
basis of thc, notification, desc,riptions of th(> k n o w n  
grologic and hydrologic conditions. and a n  o f fc r  t o  
providt, nppropriatr  tc,cshnical assist.anrc, t o  affcc-trd stale 
and local governmc,nts. Whc~nt~ver possible, warnings arc 
ac.companird by rs t imatrs  of the t ime, place. nod 
magniludt, of  l h r  rxpected event and desc.riptions of 
possiblc gc,ologic or  hydrologic. rvrnts .  
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' r h r  original F(>deral Krgislrr  announcrmcn l  o f  tlic, 
1iaz;irtl-notificatiori systelii (U.S.  (;eological Survey. 
1 9 7 7 )  points o u t  that tli(, system does not  have ;I 

natioiiwidr c*apabilily t o  issue notifications of  hazardous 
conditiolis wherever and wlien(~ver t h r y  may exist,. It 
also docs n o t  relieve state governments of t h r  respoiisi- 
bilily t o  ker'p apprisrd of potential hazards. Sta t rs  may 
rcxqurst an rvaluation of a potrnt i i~ l  hazard by thc IJS(;S 
for  possi ble isstt an(,(' o f  a noticcl, wat(*li, o r  warning. 'Thr 
notic-(, also c*Iearly dividcs tlir rrsponsibility among 
fc,d(,ral, s t a t t~ .  and loc,al go \~ r rnmc~n t s :  

"The U.S. (;eologiral Survey recognizes that  
providing earth-science information, in ac-  
cordance with its expertise, is only the  first of 
the  inputs needed by state and  local govern- 
ments  and  the  puhlic in mitigating the  effects 
of geologic hazards. The actual adopt ion of 
the  most effective mitigation measures by local 
authorit ies will result f rom a rooperative ef for t  
by agencirs a t  all governmental levels and by 
non-governmental organizations 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 t o  take defensive actions are issued by 
officials of state and  local governments, where 
the police and public safety author i ty  rests in 
o u r  governmental system." 

CONS'I'KUCTION 'I'ECHNOLOGY 

Most major a d v a n c e  in ronstruction Lecshnology 
and design standards c.ontinur t o  corn(, from private 
industry. In  :I f r w  areas. sucli as seismic drsign. the, 

frdrral  governnirnt c,onduc,i.s programs l o  develop 
standards for its own  facilitirs and promote  improve- 
ments  in state and local building codes. 'l%r U.S. 12rmy 
Corps of Enginec~rs. Rureau of Rrclamation, and the 
National Hureau o f  Standards iirr rrsponsible for  most of  
this work within tlir fcdrral governnicnt. In  addition, 
NSF suppor ts  research in srismic engineering as part  
of EHKP. Most research addrcssrs rnetliods Lo determine 
d~s ig l i  e\.e111s, analyze the rrsponscx of soil and  struc- 
turrs,  determine th r  potential for f;iilure of slopes, 
rmbankments .  and foundations.  and  develop technology 
For rarlhquake-resistant c~ons1ruc:tion (Schnell and Herd. 
1 9 8 3 ) .  

STATE AND LOCAL GEOLOGIC- 
HAZARD PROGRAMS IN ALASKA 

'l'he most significant progress in dealing with geo- 
logic hazards in Alaska has been in disaster preparedness. 
Enactment  of a co~uprehensive disaster act  in 1 9 7 8  
established the  Alaska Division of Emergency Services 
and began a program that  has significantly improved 
disaster preparedness a t  state and loc:al Ievcls. Although 

tlir Aliiska Disaslrr Act addresses hazard mitigation, 
progress i l l  this ar ra  has been limited. I,oc.al planning for 
flood hazards is improving, primarily in response to 
federal eligibility r rq r~ i r rmen t s  for  flood insurance and  
through assistance provided by the  Alaska Department 
of Communi ty  and  Regional Affairs. 

1,itnitcd progrrss has be tn  made t o  develop land-use- 
planning and construction standards a t  slate and local 
lcvrls as a Inpans o f  reducing losses from other  grologic 
hazards in Alaska, particularly for hazards that  a r r  
potentially c,atastropliic. H o w e v ~ r ,  state funding for 
(3nginerring-geol(>gy and seismic-monitoring programs 
beginning in FY 198.1 indicalrs some interest in such 
programs. 

IIISAS'I'ER PREPAREDNESS, WARNING 
SYS'I'EMS. AND PROTECrrION WORKS 

In 1977 ,  the Alaska Legislature and Governor 
adopted the  Alaska Disaster Act (Alaska Sta t .  26 .23) ,  
based on the  Example Sta te  Disaster Act by the Council 
of Sta te  Governments (1972) .  This law expanded the  
former S ta t r  Disaster Officr into a new Division of 
Emergency Servic(,s ( I IES)  in the  Department o f  Military 
Affairs and gave it broad responsibilities in disaster 
prrparednt,ss. These rrsponsibilities include (from Alaska 
Sta t .  26 .23 .040)  such actions as preparing a comprehen-  
sive state rn1rrgenc.y plan, assisting local governments in 
designing their  rtnergency plans. distributing emergency 
food and supplies, establishing public-information 
programs, and arranging for public and private facilities 
during emrrgrncies.  I n  preparing the  stale emergency 
plan, IIES is rrsponsible for  recommending land-use and 
building regulatio~is t o  reduce the  impact of disasters. 

The Alaska Ilisaster Act also provides for  c o m m u -  
nity disaster loans. grants t o  disaster victims, temporary 
housing, and removal of debris. The Governor is required 
to  consider steps for disaster prevention, and appropriate 
state depar tments  a r r  rvquired t o  identify ar ras  vulner- 
able t o  disastrrs and study ways t o  reduce thcl dangers. 
Howevrr. disaster preparedness is empllasized, and 
functions ttiat rclatr t o  hazard mitigation a r r  primarily 
advisory. 

A stat? emergency plan prrpared by LIES in accsord- 
an re  with the  Alaska Disaster Act was adopted in 1 9 7 8  
and spells o u t  disaster-response and planning functions 
o f  local. stat(,. and fcdrral government agencies that  
concern floods. forest fires, earthquakes,  tsunamis, 
volcanic r rupl ions ,  and 'utilitirs emergencies.' Although 
niosl assigned responsibilities address disaster prepared- 
ness and response, some relate t o  predisaster mitiga- 
tion. For  examplt,, o n r  responsibility assigned t o  local 
governments that  concerns earthquakes is "land-use 
planning and  seismic building codes l o  minimizr the  
adverse rffects of earthquakes on  the  communi ty ."  
Howevcr, because the  emergency plan is n o t  incorpo- 
rated in state regulations, it lacks the  force of law t o  
require loc:al governments t o  carry o u t  this responsi- 
bility. 'The plan goes in to  cffect when the  Governor 
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declares a disaster, which is t oo  late to  implement 
predisaster miligat,ion. In rffrczt. the  emergency plan is 
an  advisory document  and ,  although valuable as an 
action plan during a s ta t r  emrrgency,  does  no t  manda t r  
predisaster hazard mitig;~tion by o t h r r  state agencies or  
local governlnents. 

Warning systems and related communications 
facilities are haza rd - t~~ i t iga t io t~  fun(-lions for whi(*l~ DES 
has major responsibility and has made substantial 
contributions in recent years. The DES coordinates with 
the  federal Tsunami Warning Center in Palmer t o  issur 
timely warnings by providing and maintaining communi-  
cations facilities throughout  the  statc.  The, capability t o  
con~munica te  tsunami warnings t o  rc.tnote coastal areas 
is improving as the  comlnunications system is upgraded 
and expanded.  In (*onjunction with its involvement in 
the  Tsunami Warning System. DES conduc.1~ public- 
education programs in c*oastal \rillages t o  instruct re- 
sidents o n  how t o  r rspond t o  warnings and 11ow l o  
recognize and respond t o  indications of local tsun;imis 
for  which warnings art, no t  possiblt, ( I ) .  Thornason, oral 
comniun.,  1 9 8 2 ) .  

The  ;~bilit!l of IIES t o  fulfill its statutory rrsponsi- 
bilities is limited by its funding. Funding for  day-to-day 
operations has h r ~ n  barely sufficirr1t t o  maintain a small 
slaff a t  its hcadquartc,rs office in P a l t n ~ r  and a t  a few 
firld locations around the  s t a t t .  Only when a disas1c.r is 
declared by the  Governor docs DES acquire and ad-  
minister substantial funds for  disaster-responst, opera- 
tions. One rcsponsibilily that  has suffered hrcause 
of limited funding is assistance t o  local governments 
for preparing emcrgc,ncy plans (I). Thomason,  oral 
commun. .  1 9 8 2 ) .  

7'he S ta t r  of Alaska has major statutory responsi- 
bility for tht, Alaska Avalanche Warning System. which 
is part  of tlir Alaska Avalanche and Fire Weather Fore- 
cast Syst(1m (AAFWFS) .  Various s ta t r  agencies partici- 
pat r  in the  avalanche-warning system o r  contr ibute  in- 
formation according t o  personnel and budgetary capa- 
bilities. Brcause of funding limitations. tht. proposed 
organization has never been fully staffrd (Johnson.  
1 9 8 2 ) .  The program director and  an avalanche specialist 
must contr ibute  their  t ime subject t o  the  priorities of 
o ther  duties. T w o  meteorologist positions are provided 
by the  Alaska Railroad ( a  prime user of the  warning 
sys tem),  and  weather 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 o f  Alaska Arctic Environ- 
mental Information and  Data Center operates the  Alaska 
Avalanche Forecast Centr r .  which maintains a s ta l rwidr  
data base of wrather.  snow-stability. and avalanchr 
occurrence data.  including a special data base for  SHAP 
(Fredston and Sweet.  1985). The Alaska Division of  
Geological and Geophysical Sur\,eys has prepared 
avalanche atlases mor r  o r  less independently of the  joint 
program. Funding limitations eliminated the  position t o  
provide information and avalanchr forecasts for the  
.Juneau arra  (Johnson,  1 9 8 2 ) .  

For th(~sc, reasons. t h ~  Alaska Avalanc:he Warning 
Systcm is only partiall\8 mrcding its s ta tu tory  rc~spor~si-  
bilitirs. lJsrrs and partic,ipants cite inadequate, funding, 
ahsc,nccx of structurt, o r  direction, inrxprrienccd staff 
rnrmbers,  lack of grtidanc.~ from knowledgablc avaltinchc 
spec.ia1ist.s. and poor  int6,gralion with uscr nreds  as 
reasons for tlir program's poor  performancr (Johnson,  
1982) .  The USFS rec ,on~tnrndrd that  the  t,ntirc, program 
he taken over by t h r  Stat( ,  o f  Alaska under the  manage- 
ment  of a single state agency. 

Alaska statutes have some provisions for protection 
works through state participation in flood-control 
projects (Alaska S ta t .  35 .07 .010) .  Under this law. s ta t r  
governmrnt assumes 9 0  percent of  t hc  nonfrdrlral costs 
o f  federally approvcd flood-control projects that  include 
planning. land ac,quisilion. construction, and maintc.. 
nancr .  I f  tlir project is t o  protc,ct fac*ilities under state 
responsibility ( f o r  rxampl r ,  highways. roads. parks. o r  
fish and game facilities). the state assumes all nonfedrral  
c*osts. 

I n  1977 .  H.R.  ,425 was in t rodured in t h r  Alaska 
Lc~gislaturo t o  establish ;in clrosion-control fund in l11(, 

Department of Communi ty  and Regional ilffairs. 
but  was no t  passr,d. The fund would have been used t o  
suppor t  grants t o  municipalitir~s of up  t o  $25,000 t o  
cmvpr 80 percx~nt of  the  total c'ost of an  rrosion-control 
proj r r t  t o  protc~ct public proprr ty .  In the absence of an  
ongoing erosion-control fund as proposed in  1 977 ,  some 
communities have, obtained s ta t r  finanvial assistan(:? for 
erosion cmntrol by spcc-ial appropriation. Application for  
the funds is made to  t h r  1,egislature in t h r  stimp manner  
as for o ther  c,apital-improvcmrnt projrcts.  

ALASKA PLANNING LAW 
A N D  IJOCAL LAND-IJSE 
REGULATION 

The Alaska Constitution establishes t w o  levels of 
local government,  c-ities and boroughs, that  are classified 
according t o  such factors as population, geography, 
economy,  and transportation. Organized boroughs are 
designated as first, second, o r  third class, and  cities are 
designated as first o r  second class. First-class boroughs 
and cities have the  most powers of  self government.  An 
organized borough and  all cities within it may unite l o  
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 total area and contain 95 percent of its popula- 
tion. The remaining 75 percent of the state'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 Xorth 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 Sta t .  29 .33)  t o  
cities and boroughs based o n  their  class. First- and  
second-class boroughs must provide planning and  zoning 
on  an  an areawide basis, bu t  may delegate planning and  
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zoning powers t o  cities in their jurisdictions. Planning 
and zoning are optional for third-class boroughs. I n  the  
unorganized borough, first-class cities must ,  and second- 
class cities may,  provide planning and zoning. The 
Alaska Land Act (Alaska S ta t .  38.05) requires the  state 
Department of  Natural Resources t o  provide planning 
and zoning in the  unorganized borough outside cities 
that  provide their o w n  a n d  in third-class boroughs if 
planning and zoning are no t  provided by the  borough. 
The state owns a n d  classifies some land within organized 
boroughs, but  is required by state law (Alaska Sta t .  
35 .30.020)  t o  comply with local planning and zoning 

ordinances t o  the  same extent  as o ther  landowners.  
T o  fulfill the  planning and  zoning requirement.  first- 

and second-class boroughs lnust have a planning commis- 
sion of a t  least five members.  'rile commission must  
prepare a comprehensive plan for systematic develop- 
ment  in the  borough, zoning ordinances t o  implement 
the plan, and a subdivision ordinance (Alaska Sta t .  
29 .33.080) .  Sta te  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 [nay include, but  is no t  limited 
t o ,  the following: s ta tement  of policies, goals, 
standards,  a land use plan, a communi ty  facili- 
ties plan, a transportation plan, and  recotnmen- 
dations for plan implerne~l ta t ion"  (Alaska 

Sta t .  29 .33.085) .  

The planning commission must review the plan a t  
least once every 2 yr  and make recommendations t o  the  
borough assembly, which must "regulate and restrict the  
use of  land and improvements by districts" in accord- 
ance with the  plan. 

The Alaska Division of Municipal and Regional 
Assistance (DMRA) in the  Llepartment of Communi ty  
and Regional Affairs provides financial and technical 
assistance t o  local governments o n  request t o  partially 
offset budgetary and personnel limitations they face in 
preparing the  required comprehensive plans. The DMHA 
coordinates 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 no t  
systematically addressed by DMRA in its planning- 
assistance program (C.L. Miller, oral commun. ,  1982) .  

Sta te  financial assistance for planning is available t o  
first- and  second-class boroughs and first-class cities in 
the  unorganized borough through grants and  revenue 
sharing. The DMRA provides special-purpose grants 
o n  a funds-available basis a n d  administers annual reve- 
nue-sharing funds  t o  help pay for general municipal 
services. Boroughs tha t  provide land-use planning receive 
$2 per capita annually f rom this fund.  

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

1 9 8 0  were influenced by recommendations of a Joint  
Federal-State Land Use Planning Commission t h a t  was 
established by the  legislature in 1 9 7 2  and was replaced 
by the  Alaska Land Use Council in 1980 .  Most recom- 
mendations were related to  resource development. 
preservation of lands in s ta te  and federal management 
systems. and  land exchanges and  disposals t o  satisfy 
terms of the  Sta tehood Act and Alaska Native Claims 
Settlement Act.  Few specific recommendations repard- 
ing geologic hazards resultrd f rom t h e  Commission's 
work. However, one rec:ommendation for state-land 
policy outlined "primary public interests in retaining 
state lands in public ownersllip," which included "to 
restrict developnlent in hazardous areas" (Joint  Federal- 
Sta te  Land Use Planning Commission, 1979) .  

GEOLOGIC HAZARDS IN LOCAL 
PLANNING AND ZONING 

Alaska law neither requires nor  encourages con-  
sideration of geologic hazards o r  any other  specific issue 
in local con~prehensive  plans o r  ordinances, except 
tlirough the  Alaska Coastal Management Program 
(p .  52) .  Hecausr federal law requires adopt ion of 
land-use controls by communities in flood-hazard areas 
as a prerequisite t o  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 author i ty  t o  
address o ther  Ilazards, few do .  Most local governments 
tha t  have addressed geologic hazards have taken a broad 
approach and  group hazards with o the r  considerations, 
such as habitat  preservation for creating generalized 
open-spacr districts. Some comprehensive plans identifv 
specific local hazards and  provide guidelines t o  develop 
or  preserve affected areas. 

'I'he Municipality of Anchorage has adopted a com-  
prehensive Flood-plain Regulation (ch. 21.60. Anchor- 
age Municipal Code).  as have 1 7  o the r  cities a n d  bor- 
oughs. t o  comply with the eligibility requirements 
of  the  National Flood Insurance Program. In addi- 
tion. the  municipalitv has adopted a Residential Al- 
p i n e / S l o p ~  District in its Zoning District Regulation (sec. 
21.40.115, Anchorage Municipal Code)  t o  collectively 
consider a number  of environmental factors, one  of 
which is geologic hazards. Permitted uses are restricted 
t o  single-family dwellings, accessory structures,  and 
certain conditional uses subject t o  approval by the  
planning depar tment .  Minimum lo t  sizes and  dimen- 
sions are determined according t o  the  slope of the  lo t .  
Although the  s ta tement  of in tent  of t h e  Residential 
AlpinelSlope district declares that  "creative site design 
and  site engineering are essential" t o  ensure proper 
development,  the  district regulations d o  no t  establish 
design and engineering standards o r  procedures t o  
implement this requirement.  In early 1 9 8 5 ,  t he  munici- 
pality initiated a natural-hazard risk assessment of 
the  Anchorage area t o  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 (FNSR)  (sec*. 18.44.010.  FNSH Code of Ordi- 
nances) include t w o  zones tha t  make minor  references t o  
hazards. The General Agriculture zone,  intended primari- 
ly t o  preserve and  develop agricultural uses, "may also 
be applied t o  lands containing soils which are no t  able t o  
suppor t  intensive structural development ..." In this ap -  
plication, t he  zone is generally used in areas of  ice- 
rich permafrost  o r  steep slopes. Uses are restricted 
primarily t o  one-  and two-family residences, parks, 
schools, churches,  facilities with few employees, live- 
stock, and agriculture ( n o t  all-inclusive). An Outdoor  
Recreation zone was created t o  encourage open-space 
uses and specific:ally mentions providing floodways along 
the  Chena River. Most development is prohibited in the  
Outdoor  Recreation zone, unless directly related t o  
recreation. The FNSH has also adopted comprehensive 
Flood Plain Building Regulations ( ch .  15.04.  FNSB 
Code of  Ordinances) t o  comply with eligibility require- 
ments  of t he  National Flood Insurance Program. In 
1984, the  FNSB began a comprehensive revision of 
its zoning ordinance. The new ordinance will contain a 
flood-plain 'overlay zone'; n o  other  substantial changes 
concerning geologic hazards are planned. 

Land-use controls that  are recommended in a 
comprehensive plan are no t  effective unless zoning 
ordinances are adopted t o  implement them.  Further,  a 
zoning ordinance for mitigating hazards is no t  effective 
unless hazardous areas are identified, maintained with a 
conservative approach t o  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 bren limited. Some 
factors that  hamper  implementing local hazard ordi-  
nances in Alaska are general public resistance t o  land-use 
controls;  lack of technical background and  concern 
abou t  geologic hazards on borough planning colnmis- 
sions, assemblies. and  staffs; lack of public information 
o n  potential hazards and  associated risks: low awareness 
o f  potential legal liabilities of local governments with 
regard t o  injuries o r  property damage caused by natural 
hazards;  and  lack of sufficient enforcement personnel. 

The Anchorage Coastal Management Plan and 
Comprehensive Development Plan, both of which are 
referenced by title 21  (Land Use Regulation),  describe 
extensive areas of  known o r  suspected hazardous lands 
and  recommend policies and  controls for  their proper 
management.  Adoption of the  proposed measures and  
their  application t o  the  identified hazardous areas have 
been limited, particularly in areas of high development.  
Technical reports and planning documents  available 
before the  1964  earthquake identified many hazardous 
areas that  were affected by major earthquake-induced 
ground failures in 1 9 6 4 ;  ye t  most hazardous areas are 
still zoned for  residences o r  businesses. With the  excep- 
t ion of Earthquake Park, all o ther  areas along the 

shoreline in the  Turnagain Heights area west of Fish 
Creek that  failed during the  1 9 6 4  earthquake and  areas 
next t o  the  lieadwall scarp are still zoned It-l (single- 
family residential). I n  1977 ,  a memorandum and  pro- 
posed ordinance were submitted on request t o  the  
Municipal Assembly by the  municipal Department of  
1,aw. The memoranduln and  ordinance recognized the  
potential hazards t o  public safety and welfare in the  
'I'urnagain Heights slide area and the  potential liabilities 
t o  the  municipality if another  earthquake occurred. 
The proposed ordinance placed a 1-yr  moratoriutn on  
further development in the  slide area t o  allow analysis of 
data and preparation of plans for future development;  
the ordinancc was not  approved by the Assembly 
( L . L .  Selkregg, oral commun. .  1 9 8 2 ) .  

In 1982. the  Anchorage Assembly passed an ordi-  
nance that  formally recognizes the Anchorage Geo-  
technical Advisory Commission as an  advisory body 
t o  the  n~lrnicipali ty.  This group of professional geo- 
technical engineers and  geologists existed for several 
years as an  ad hoc organization that  provided informal 
recommendations and information t o  the  n~unic ipal i ty .  
Now the  Commission is occasionally requested t o  
provide formal input  t o  the  ilsseinbly on  matters related 
t o  zoning ordinances and building codes. Formal re- 
cognition of the  Commission indicates the  Assembly's 
increased awareness of the  need t o  consider geologic- 
hazard issues. 

In the Fairbanks North Star Borough, land-use 
controls rrceive strong public opposit ion, 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. IIardy, oral 
commun. .  1983). T o  improve geologic-hazards mitiga- 
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 t o  the  
borough planning staff .  An additional problem is the  
limited capability of t he  borough t o  enforce zoning laws. 
One borough employee is responsible for all zoning 
inspections outside the  cities of Fairbanks and North 
Pole where development is sc-altered over an area rough- 
ly the  size o f  New Jersey. With abou t  1 ,000  homes 
constructed in 1982 ,  adequate 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,  bu t  is subject t o  additional restrictions under  
borough ordinances. State land may be conveyed t o  



5 2  SPECIAL REPORT 35 

private parties, native, corporations,  cities. o r  boroughs 
after it has been classified. After state disposal, land-use 
restrictions generally conform t o  t h r  original classifica- 
tion. bu t  may be modified by the  covenant of  salt, and  
may cspire  after a specified period. 

Sta te  land-planning and classification regulations 
I'l'itlo 11. Alaska Administrative Code. ch .  55.  scc:s. 1 0  
t o  8 0  (11AAC 55 .010-55 .280) ]  d o  no t  address land-usr 
management of hazardous areas. Several existing classif'i- 
cations could be applied becausr they rcstrict o r  prohibit  
high-density o r  residential uses, b u l  only one  land class 
(Greenbelt  Land)  specifically applies t o  hazardous areas 
(flood plains). 

ALASKA COASTAL MANAGEMENT 
PROGRAM 

A separate planning process that  affects develop- 
ment  in coastal areas was established by the Alaska 
Coastal Management Act of 1977 (Alaska Sla l .  ,16:10). 
This law initiated statewide and district coastal planning 
t o  address developlnent and  conservation o f  coastal 
resources and coordinated planning in coastal areas. 
policies for resolving use conflicts, and  pitblic participa- 
t ion with local, state. and  federal agencies in coastal- 
zone management.  Funding assistance is provided by t h r  
federal Coastal Zone Management program. When 
the state Coastal Zonr  Management plan was completed 
in 1979. Alaska became eligible t o  recaeivc increasrd 
federal funding t o  administer the program and  provide 
assistnncc. lo local governments in preparing district 
plans. Many local districts have completed their  coastal- 
lnanagement plans and Inore are bring prepared. ' r h ( ~  
D r p a r t n ~ e n t  of Community and Regional Affairs over- 
seer and assists in preparing district coastal plans: tlle 
Office of Coastal Management administers the overall 
stale program. 

After state and district coas ta l -mal~agemel~t  pro- 
grams were adop ted ,  the  Alaska Coastal Management 
Act requires affec:ted municipalities atid stale> agencies t o  
administer land and water uses in conformance with 
their plans. A t  the  local level, zoning regulations must be 
adopted,  and  permits and  variances that  are consistent 
with the  plan must  be approved. At thc  state Ievrl, uses 
o r  activities under slate jurisdiction that  arc consistent 
with state and  local management plans and  with o ther  
state laws and regulations that  govern the  activity mu:il. 
be approved. Under the  federal Coastal Zone Manage- 
ment  Program. state and local governments may review 
federal aclivities for  compliance with approved c,oastal 
plans. 

Sta te  regulations developed under the  Alaska 
Coastal Management Act establish minimum standards 
that  must be me t  by state and  district programs (6  AAC 
8 0 )  and  guidelines t o  prepare plans (6  AAC 85) .  Among 
issues that  must be addressed are 'geophysical-hazard 
areas' in the  coastal zone: 

6 AAC 80.050.  (;eophysical 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  he approved 
by the  appropriate stat(> o r  local author i ty  until 
siting. design. and construction measures for  
minimizing property d a m a g ~  and protecting 
against loss of  life have been provided. 

'The statc c:oastal-management plan does not  deline- 
a te  geoph>~sical-hazard areas. This is recognized as an  
ongoing task of state agencies. primarily the  Llivision o f  
(:cological and Geophysical Surveys, that  requires 
continual data evaluation and  mapping t o  identify 
geophysical hazards in 'areas of high developnirnt 
potential . '  Distric.t c*oas t a l -n~anage t~~e t~ t  plans dc,lineate 
gt>ophysi(-al-hazard areas and  recommend measures for 
thr i r  ~nanagemen t ,  bu t  as the  state plan recognizes. "it 
will be ilnpossible for districts t o  thoroughly assess each 
hazard area and devise detailed standards for  any  con-  
c,rivable usr." The state plan obligates developers t o  
conduct  studies needed t o  determine appropriate siting. 
design, and construction standards. Districts and  state 
agencies arc, expected t o  have enough general data  t o  
know when t o  rrquire such studies from de\2elopers. In 
practice. however, dala are of ten  insufficient in an area. 
Although geophysical-hazard areas arc continually 
being idenlified for the  state and distri(,t programs, n o  
requirements exist to periodically update coastal- 
n~anagenient  plans. 

SUBDIVISION LAW 

In Alaska, subdivision platting responsibilities and  
powers are delegated t o  cities and boroughs in the  s a n e  
manner  as planning and  zoning. 'l'he borough planning 
commission, or  a separate borough platting board. has 
jurisdiction o\.er the form and size of subdivisions, 
dimensions of  lots,  a n d  arrangetnent of  utilities, trans- 
portalion, and o the r  public facilities. Tllr  platting board 
must publish a subdivision ordinance with rules and 
regulations t o  ilnplement this power.  Sta te  statutes 
require that  the platting board approve a plat before 
work can begin on  a subdivision, unless a w a i v ~ r  is 
granted under  special circunistances. The plat must 
show survey points, boundaries, calculations and angles 
used in the  survey, and  other  i t~forrnation tllat may bc, 
required by ordinance (Alaska Sta t .  29.33.160 t o  
29.33.180) .  I f  the  subdivision will have a central well. 
water samples must be submitted t o  the  state Depart- 
ment  of Environmental Conservation for analysis. b u l  
there are n o  state requiretnents t o  collec*t geologic, o r  
soils data for review. Except for state residential-land 
disposals and other  areas under state jurisdiction, all 



reviews, permits, ant1 ;idditional platting standards ;ire, 

the  responsibility of locA governmcwt. 
The Municipality of A1ic4ioragc' and the Fairbanks 

North Star  R o r o ~ ~ g l i  h;ive in(-orporatc~d limitrd h;izards 
c*onsidrrations in thr i r  subdivision rrgulations. Anc,hor- 
age subdivision rc,gl~lations (,onlain provisions for sub- 
division design that  imp lcn~en t  t h r  requirements of t h r  
R-10 (Residential i l l p inc~~Slope )  District in tlic zoning 
regulations: "Subdivision drsign in the, R-10 Dislric,l 
shall takr  in to  colisidcration known areas suscc~ptiblr t o  
landslidr, mud  and  rartli flow. talus devrlopnirnt,  soil 
c rerp ,  soljfluc~tion or  rock g1aci;rtion. ;rvalanclie c*li~rtc~s. 
runouts  or  wind blast. Each lo t  o r  1rac.t zoned K-10 shall 
in(-lude a huilding sitr  which is no t  wit11in s~c11 a known 
susceptible arra" (src*. 21.80.120.  Anrhoragc Municipal 
Code) .  Properly iniplrmc~ntcd. this regulation rrquires 
developers t o  providr srritablr building si1c.s o n  rach lo1 
in a hazardous ar ra .  IIoivrvrr. be(-ause tlir r rquirernt~nl  
applies only to  the  R-10 dis1ric.t. known hazards in 
subdivisions 1h;it arcs not  zonrd  K-1 O art, not  addrc,ssed. 
such as t l i t~ Turnagain 1Ieights slide area. whic.11 is zoned 
R-1.  

'l'itlr 1 7  subdivision rc,gul;rtions in tlir Fairbanks 
North Star  Horolrgh ( ,ode t.akc, a morr  genrralizrd 
approach t o  hazards: "111 tliosc, arllas wlic~rcx the  planning 
commission tias bro11 prrsentrd  will1 rv id rnc .~  t o  tlir 
r f f r c t  tha t  the, preliminary layout.  if approved and 
developrd, would 1.rnd t o  rrsult  in a 1i;rzard t o  persons o r  
property.  o r  if c,vidc,nc'r, lias brcn prrsentrd  whic.11 tcnds  
to  indicate that  datnagr l o  proprr t i rs  lying b ryond  Llie 
boundaric.~ of tlir proposed subdivision may occwr. tlir 
planning comlnission may itnposc morcx rrslric,livc, 
standards than those alrrady establishrd in o t h r r  src,- 
tions of tI1r.w rc,gulations" (sec. 17 .20 .020) .  Proper1.y 
impairment c m s e d  by disllirbanccs of t~nstablcx soils is 
cited as on(, type  of damage t o  wliic41 tliis regulation 
applics. In  practic*cl, this section of tlir borougli sub- 
dilision regltlations is srldoni,  if t w r ,  rrsrd t o  apply 
more rrstriclive devr~lopmrnt  standards. 11 marc, ( -om- 
mon  pr;rcticac is l o  c3h:uigc. the  zoning drsifination to on(' 
with a larger minimum lot  sizr so tlliit c~a('li lot  c.ont;rins 
;t variety of siting altr,rnativrs (S.H. 1l;irdy. oral corn- 
mun..  1 9 8 3 ) .  

SITING, LIESIGN, AN11 
CONSTRIJC1'ION 

'rhe Statc of Alaska iind somcS borough govc~rnments 
makc limited use o f  building cwdrs and o t h r r  standards 
for sit(. selection. drsign, and  construction of public and 
private farili1ic.s. Somr  standards rrquire considcration 
of  grologic, factors and  us(, of appropriatc, conslrltction 
tcc:hnologies t o  mininiizr the, danger from any hazardous 
condition. Sprcific requirements of building standards 
and the  way they a r r  ilnplernentcd depend Iargcly on thc 
type of fac.ility and whether its constrtrction is under 
local o r  state jurisdiction. Standards are lc~ss strict  for 
small privatr structurc~s than for large public. facilities, 

and the, rrvicw ;inti permitting proc,css is dif'frrc,nt 
if tlir cwdr is c,~iforc,c~d b!. the slatc ral11c.r than the> 
boroirgh governmc3nl. R t~ \ - io~v  proccdurcvi for siting and 
dvsign pl;ins and for inspc,c,ting thrx project during 
c,onslruc-tion arc, cvritic*al t o  suc~cessfr~lly ilnplrlnelit 
building caodrs and s1and;rrds. 

STATE A N D  LOCAL BUILDING COIIES 

'I'lie Sta te  of  Alaska does no t  rrquire local govern- 
ments  t o  adop t  a building code, althougli it does give 
them the  a~t l l ior i ty  (Alaska Sta t .  29 .10.213) .  As par t  of  
the fire-prevention regulations in t h r  state public-safety 
code,  the  state has adopted many sections of t he  ICBO 
Uniform Building Code (UBC)  "to regulate all occu- 
pancies and buildings" ( 1 3  AAC 50.020) .  This regulation 
applies to  all commercial, industrial, business, insti tu- 
tional, and pitblic* facilities in the  sl.atr. and t o  residential 
buildings of  four o r  more  units. A municipality may br  
c scmpted  from r o d e  requirements if the municipal 
govrrnmenl lias enacted satisfactory ordinances for 
revirw and approval of  builditig plans and  specifications. 
Sections of tlir UUC adopted by the, state public-safety 
(,ode inrlrlde eartllquake regulations (src.  2312), bu t  d o  
no t  includr srctions that  deal with soils. foundations,  
and slopes (URC. chs. 29 and 70).  

Building plans and specifications must, be submit ted  
to  the  s ta t r  fire marshal for review, unless review respon- 
sibility has bevn transferred t o  the local government.  
'Thr fire marshal's review concentrates o n  design aspects 
thal  affect firr safety.  Consequently,  plans and  specifics- 
lions are n o t  rrviewrd for earlhquake safety.  Other Ltian 
tliis c1iaptc.r in t h r  public-safety code,  there is n o  state- 
wide bt~ilding cod(,. 

Some, boroughs and cities in Alaska have adopted 
the, URC by ordinance. usually with amendments.  t o  
regulate c,onstruction in  their jurisdictions. In most 
cases, UHC s rc l io~ l s  tllat deal with potc,ntial geologic 
probletns are adopted in their enl.ireties witli minor 
changes, inc.luding src.tion 2312  (Earthquake Itegula- 
tions). c,tiaptrr 2 9  (Excavations, Foundations,  and 
Retaining Walls), and associated appendixes.  

In  tlie Municipality of Anchorage, the UBC applies 
t o  all construcalion in the, area formerly known as the 
City o f  Anchorage (Horough Servic.e Area YO); the  
r e m a i ~ d e r  of the  borough is exempt  from the UBC. 
Section 2312(1) of t h r  UHC was reinstated in 1983 ,  with 
amendments :  it requires installation of accelerographs in 
certain large buildings t o  record ground mot ion during 
strong earthquakes.  Tht, municipal building depar tment  
revicws building designs and  soils-investitation reports 
for conipliance with minimum requirements of  the  IJBC. 
As long as the proposrd  design meets minimum require- 
ments  of  tlie UBC, the  building depar tment  has n o  local 
authority t o  decline a permit,  even if it believes there is a 
potential hazard that  is not  adequately addressed by the  
URC (R.  Watts, oral comlnun. ,  1 9 8 2 ) .  For  example,  
although the  UBC requires that  a building be designed t o  
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resist stresses produced by lateral forces during an 
earthquake, it does  no t  require that  the building site be 
analyzed t o  determine thc potential for earthquake- 
induced ground failure. Consequent,ly, a building c:ould 
be designed t o  withstand ear thquakr  shaking. bu t  fail as 
a result of  permanent differential ~novernents  of the  
ground o n  whivh it is built. 

' rhe City and  Borough of Juneau has adopted the  
hazard-related sections of the  UHC and ,  in some  areas, 
has strengthened the  requirements. For  example,  an  
additional factor that  increases the design load according 
t o  building height inus1 be included in the  equation for 
determining design lateral-shear forces during ear th-  
quakes ( s w .  19.06.010,  City and Borough of Juneau 
Code of Regulations). For  tall buildings, t he  resulting 
design load could be as mu(-11 as 2 .2  t imes that  deter- 
mined from the original equation in the  UBC. Another  
change is an  addition t o  chapter 29  of the  UBC (Excava- 
tions. Foundations,  and  Retaining Walls) that  partially 
c:ompensates for the  l a rk  of adequate site-investigation 
requirements and gives the  building official Inore power 
t o  ensure s i t r  safety.  The  addition requires that  a quali- 
fied engineer submit  an enginerring report  and recom- 
mendations for any proposed csonstruction on  soils t ha t  
may have inadequate bearing capacity.  'I'he building 
official may incorporate the  rc~commendations in to  the  
permit approval and any other  requirements deemed 
necessary to  ensure the stability and  safety of the 
proposed s t r u c t ~ r r ~ .  

Construction in the  Fairbanks North Star  Borough 
is not  regulated by a building code. The City of Fair- 
banks, however, has adopted the  1JBC with n o  sub- 
stantial amendments relating t o  potential geologic 
problems. 

Local govern~ents  differ in their approaches t o  
adopting and  implelaenting hazard-related building 
codes in Alaska. Their approaches reflect various back- 
grounds and att i tudes of local elected officials and 
building depar tments  rather than variations in severity of 
geologic problems in different areas of the  state.  For  
example,  a URC requirement to install earthquake 
accelerolneters in large buildings in Anchorage was 
temporarily deleted when builders objected t o  the  cost.  
but  was later readopted (L.L.  Selkrrgg, oral commun. ,  
1983) .  

Adoption of a statewide building code o r  a state 
requirement for local adopt ion of codes is probably not  
the best solution t o  improve the  role of building codes in 
reducing losses from geologic hazards in Alaska. The 
greatest need is t o  improve awareness by elected officials 
and  the  public of potential hazards and reasonable ways 
t o  reduce risks. The Anchorage Geotechni(:al Advisory 
Commission occasionally presents recommendations t o  
the  Municipal Assemblv and  tneets with members of  the  
planning depar tment  t o  discuss its recommendations and 
help resolve specific problems. If similar advisory ser- 
vices werr available t o  local governments o n  a statewidr 
basi.;, local implementation of hazard-related building 
codes would probably improve. 

Another need is l o  improve the  capability of  local 
building depar tments  t o  implement codes through ade- 
quate  review of  building plans and  specifications for 
compliance with the geologic- and  seismic-engineering 
requirelnents. I n  addition t o  sufficient funding t o  main- 
tain adequate staffs, local governments would need t o  
hire o r  contract  reviewers and building inspectors who  
have had training o r  experience in earthquake and 
geologic engineering. 

CRITICAL FAClLITIES 

'Thr only critical facilities whose construction is 
regulated by the  Sta te  of  Alaska with specific regard t o  
geologic hazards arc dams and  health facilities. Until 
1981.  construction of  school buildings was subject t o  
state review and approval of  engineering reports,  plans, 
and  specifications under the  Health and  Social Services 
code ( 7  A A C  22.100).  However, this regulation was n o t  
enforced, a t  least during the last several years o f  its exis- 
tence ( R .  Goldberg, oral c o m m u n . ,  1982) .  In January 
1981 ,  the  Governor transferred Inany inspection and 
enforcrment  functions, including regulation of school 
facilit,ies, t o  the  Department of Environmental Conserva- 
t ion (Executive order 51) .  The new regulations de-  
vrloped by 1)EC eliminated all stale review and approval 
of  cnginec,ring reports and construction plans for 
sct10ols. 

Construction of health facilities remains under the  
jurisdiction of the  Department of Health and Social 
Services. Plans and specifications must  be submit ted  for  
review, approval, and licensing by the  depar tment  and 
must cwnfortn t o  codes and standards prescribed in the  
Health and Social Services code ( 7  AAC 09 .050) .  I n  
addition t o  the  Uniform Building Code, the regulations 
require compliance with local building codes  and special 
earthquake provisions and  require submission of  site sur- 
veys and soil investigations when notified by the  de- 
par tment  ( 7  AAC 09.060 and 7 AAC 09.090 - 09 .110) .  
'I'he earthquake provisions require a seismic-investigation 
report  t o  acc:otnpany the  site survey and  soil-investiga- 
l ion reports on new health-facility construction projects 
in UBC seismic zone 111 (which includes zones 111 and 1V 
in later edit ions of the UHC). Plans and  specifications for  
structural renovations of health facilities are also r r -  
quired to  conform with the  lateral-force provisions o f  
the  URC. Nonstructural i tems such as book stacks and 
equiplnrnt  must be properly secured to  prevent o r  
minimize undesired movement.  

Plans and specifications for  health facilities, along 
with supporting information, are reviewed by architects 
in the  Division of Sta te  Health Planning and Develop- 
ment .  Requirements and  procedures are similar t o  those 
in California under the  Hospital Seismic Safety Act.  
However, one  requirement of California law that  is no t  
included in the  Alaska regulations is that  geologic and 
structural-design data be reviewed by professionals who  
are qualified in thoce fields. Although the difference 
may appear t o  be minor,  the  credibility of the  review 



process is determined t o  a large degree by the  technical 
expertise of  t he  reviewers and has the  greatest impact o n  
the  effectiveness of hazard-mitigation programs. In 
California, this is lnost apparent with regard t o  schools 
(Field Act) and  health facilities (Hospital Seismic Safety 
Act ;  Woodward-Clyde Consulta~-rts, 1980a) .  Whether 
lack of this requirement in Alaska affects the adequacy 
of health-facility reviews for  potential geologic hazards 
was no t  determined. Although the Division of State 
Health Planning and Development does no t  employ 
geologists or  geotechnical engineers, this aspect of the  
review can be contracted t o  private firms ( K .  Goldberg. 
oral commun. ,  1 9 8 2 ) .  

Dam construction is regulated under the  Natural 
Resources code ( 1 1  AAC 9 3 )  that  contains requirements 
t o  consider geologic and hydrologic factors in dam 
safety. Requirements for information that  must be 
submit ted  t o  the  Department of Natural Resources 
(DNR)  for review depend o n  the  size of the  proposed 
dam.  For  datns that  are higher than 20  f t  o r  have a 
storage capacity of  1 0 0  acre-ft o r  more  (classified as 
large dams),  an  evaluation of earthquake effec-ts (if it is 
in UBC zone I11 o r  IV).  a seepage analysis, hydrologic 
data,  geologic and  foundation information, and pro- 
cedures used t o  develop design criteria and  construction 
specifications (11 A A C  93.170)  are required. The same 
procedures and supporting information are recom- 
mended,  bu t  n o t  required, for medium-size datns. Dams 
under  1 0  f t  high o r  that  have a storage capacity less than 
5 0  acre-ft (classified as small dams) d o  not  need DNR 
review o r  approval beyond granting the state 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 regulations. The DLWM 
does no t  employ engineering geologists o r  seismologists 
t o  review geologic o r  earthquake information bu t  can 
contract  private consulting firms (S.F. Mack, oral 
commun. ,  1982) .  

The present dam-safety and  c:onstruction regulation 
is only 6 v r  o ld  and  has had little oppor tuni ty  t o  be 
tested. No reviews for large dams have been conducted 
since the  regulation went  in to  effect in December 1979 .  
Most large dams, which are generally hydroelectric,  are 
regulated by the  Federal Energy Regulatory Commission 
(FERC) ,  which has its own  requirements and  review 
procedures for siting. design, construction, and opera- 
t ion. 

The major difference between the  dam-safety pro- 
gram in Alaska and  its counterpar t  in California is that  
Alaska regulations d o  no t  specify minimum performance 
o r  design standards t o  mitigate geologic hazards t o  dams. 
The absence of these standards may contr ibute  t o  un-  
certainty abou t  what criteria will be used for granting o r  
denying permits, especially when cornplex geologic. 
seismologic, and  engineering problems are involved. 
Because of the  complexity and uniqueness of each dam 
installation. design standards must remain flexible t o  

accommodate  and promote  improvements in design 
technology. However. dams c*ould be required t o  meet  
certain minimum perforn-rance standards wi thout  corn- 
promising design flexibility. An approach that  has been 
successful in California is t.o require minimum perform- 
ance under certain adverse, c*irc.umstances. Fo r  example.  
California law allows n o  major release of water from a 
dam as a result of a maximum-credible earthquake o r  
1 .000-vr  flood (p .  31). Performance standards for o ther  
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 (DO'I 'IPF).  Although DO'r!PF 
ust~ally obtains engineering-geology data during a pro- 
ject, there are n o  specified building codes o r  design 
standards set by state law t o  minimize potential effects 
from geologic hazards and n o  requirement t o  identify 
hazards before a project begins. Sta te  law does require 
state agencies t o  comply with local ordinances t o  the  
same extent  as o ther  landowners (Alaska Sta t .  35 .10.025 
and 35 .30 .020) ;  thus  many state facilities are subject t o  
local bullding codes. 

The only state capital projects that  are routinely 
reviewed by the Division of (:eological and (ieophysical 
Surveys (DGGS) are those that  receive federal funding 
and are thus  circulated through the  state Clearinghouse 
(see followin2 section).  In o ther  states, interagency 
agreements oftcw establish review procedures among 
several agencies for proposed state capital-construction 
projects. The state geologic,al survey is generally one 
party t o  the  agreement and  is given responsibility t o  
review potential geologic hazards. Such a procedure has 
not  ye t  been established in Alaska between IIGGS and 
other  agencies like I)OT/PF and  the  Alaska Power 
Authority that  are responsible for  capital-construction 
projects. The D ( X S  is occ.asionallv asked t o  participate 
in reviews o n  a project-specific basis where major con-  
cerns develop regarding the  geology of proposed con-  
struction sites. bu t  does no t  budget specifically for this 
service. 

Local construction projects financed with state 
capital funds  are also not  subject t o  state siting and 
design standards, except under the Alaska Coastal 
Managenlent Program. When a local government receives 
stale funds for capital-improvement projects. state 
regulations do  no t  stipulate that  geologic hazards be 
evaluated or  that  siting and design meet 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 a n d  pro- 
jects that  are regulated, licensed, or  funded under state 
and  federal laws. A brief description and location map  o f  
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the  proposed project o r  action is distributed l o  appro-  
priate agencies, and  reviewers can usually request addi- 
tional pertinent information. The DGGS reviews many 
of these proposals t o  identify potential geologic hazards 
and conflicts with known mineral o r  construction- 
material resources. 

Project reviews by 1)GGS fall in to  five categories: 
1) federally funded or  licensed projects for which 
descriptions are circulated by the  state Clearinghouse 
under Presidential Executive order  1 2 3 7 2  (see foo tno te  
on  p. 4 2 ) ;  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 rxchanges of state-land parcels 
under the  Alaska Land Act ;  4 )  state selections of federal 
land under the  Alaska Sta tehood Ac t ;  and 5) projects 
under the jurisdiction of o ther  state agencies that  
request reviews bv DNR o n  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 ) .  Hecause hazard-related development standards 
d o  no t  exist for o ther  projects, the  use of  geologic- 
hazards information is left t u  the  discretion of the  
approving author i ty .  

T w o  additional problems faced by DGGS in re- 
viewing for geologic hazards are the  limited geologic 
information for many areas of the  state and  limited 
number  of personnel. Reliable large-scale geologic maps 
exist for  most areas of o the r  states, but  are available for  
only abou t  7 percent of Alaska (fig. 1 7 ) .  

PROFESSIONAL REGISTRATION 

'I'he few state and local laws in Alaska that  require 
consideration of geologic hazards in siting and design 
generally require submission of geologic o r  soils-engi- 
neering reports, but  are no t  specific abou t  the pro- 
fessional qualifications of those who prepare them.  
Other state laws establish a state board of  registration t o  
set minimum qualifications and require engineers t o  
register in Alaska. The state does no t  require profes- 
sional registration of geologists, bu t  provides optional 
certification for those w h o  desire i t .  S ta te  certification is 
automatic if the  applicant is certified as a professiot~al 
geologist by the  American Insti tute of Professional 
Geologists (Alaska Sta t .  08 .02 .011) .  Certification re- 
quirements include a baccalaureate degree in geology o r  
major subdivision, 5-yr experience (partial credit given 
for  graduate degrees), and sustained record of high 
professional and ethical standards, as attested t o  by five 
professional geoscientists, a t  least three of whom are 
members of t he  Insti tute.  

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 a t  state and  local levels t o  include require- 
ments for  geologic reports, registration o r  certification 

of geologists may become itnportant because more  
unqualified persons will be tempted t o  take advantage of  
the  increased demand for professional services. However. 
judging f rom the  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 n o t  be feasible. A stipulation 
that  geologists who  prepare reports required by state and  
local laws be certified according t o  the  existing pro- 
cedure (Alaska Stat .  08 .02.011)  and that  they provide 
evidence of  training o r  experience in the  type  of work 
required for the  repor t  should be adequate to protect  
the public from unqualified persons and  ye t  be flexible 
enough t o  avoid undue restrictions. F o r  instance, this 
procedure would allow many qualified out-of-state 
geologists who  currently practice in Alaska t o  cont inue 
making their services available without having t o  pass a 
separate state qualifying examination. 

RESEARCH AND TECHNICAL 
SERVICES 

State-supported research on  geologic hazards in 
Alaska takes place by t w o  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 t o  local govern- 
ments  and other  state agencies on  geology-related 
matters.  Most funding fo r  DGGS comes f rom the  annual 
state operating budget, although a limited amoun t  also 
comes f rom federal agencies, such as the  USGS. The 
second mechanism is through the  University of Alaska. 
Until F Y  1983 ,  most of the university's funding for 
research, including geologic hazards, came from the 
federal government.  In FY 1983 ,  when the  federal share 
of research receipts a t  the university dropped t o  36 
percent,  the  Sta te  of Alaska became the  university's 
dominant  funding source (University of  Alaska, 1 9 8 3 ) .  
Another funding mechanism, discontinued by the 
Legislature in 1 9 8 4 ,  was the  Alaska Council on  Science 
and Technology (ACST). The  ACST was one  means  by 
which researchers at, the  University of .Alaska could 
obtain state funding and  was also a funding source fo r  
some nonuniversity scientists and  research organizations. 

DIVISION O F  GEOLOGICAL AND 
GEOPHYSICAL SURVEYS 

'I'he Alaska Division of Geological and Geophysical 
Surveys, as it now exists, was established by the  Legisla- 
ture in 1 9 7 2  as a division of  the  Department of Natural 
Resources. Sta te  statutes require DGGS t o  "conduct 
geological and  geophysical surveys t o  determine the  
potential of Alaskan lands for production of metals, 
minerals and  fuels; the  locations and  supplies of ground 
waters and  construction materials; t he  potential geologic 
hazards t o  buildings, roads, bridges a n d  o the r  installa- 
tions and structures;  and  ... other  surveys and investiga- 
tions as will advance knowledge of the geology of 
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Figure 17 .  Areas of Alaska for which surficial-geologic maps  were available in 1 9 8 3  a t  scales useful for detailed land-use planning (1:63,360-scale  maps or  4 

larger). 
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Alaska" (Alaska Sta t .  41 .08.020a) .  Specifically, t he  law 
requires DGGS t o  "....collect, record. evaluate, archive, 
and distribute data on  seismic events and  engineering 
geology of  the  s ta te ;  identify potential seismic hazards 
that  might affect development in the  state;  and inform 
public officials and industry abou t  potential seismic 
hazards that  might affect development in the  state" 
(Alaska Sta t .  41.08.020b).  The Engineering Geology 
Section of DGGS has primary responsibility for col- 
lecmting data and publishing reports on  engineering 
geology and  seismic and geologic hazards. The Water 
Resources Investigations Section publishes surface- 
water maps  and  reports that  include streamflow hydro-  
graphs, runoff,  and  flood-plain maps t o  evaluate flood 
hazards. The Minerals Investigations and  Geologic Map- 
ping Sections produce mineral-potential maps and  
general-purpose geologic maps tha t  are also useful for 
identifying geologic hazards and  locating sources of  
construction materials. 

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

The  DGGS has begun t o  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 (Pdw6, 1 9 8 2 ) ;  an  
atlas of snow-avalanche paths  along the  Seward Highway 
(March and  Robertson, 1 9 8 3 ) ;  subsurface-structure maps  
of the  Bootlegger Cove Format ion beneath Anchorage 
(Ulery and  Updike. 1983) ;  a report  on  the  potential for  
earthquake-induced liquefaction in the  Fairbanks- 
Nenana area (Combellick, 1 9 8 4 ) ;  and  a repor t  o n  lique- 
faction-susceptibility analyses of sediments in Knik Arm 
and upper  Turnagain Arm (Updike, 1984) .  Repor ts  in 
preparation include an  engineering assessment of t he  
Turnagain Heights landslide area in Anchorage, an  
engineering-geology m a p  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 

primarily initiated because of  a major decline in federal 
suppor t  for  earthquake monitoring in Alaska and  be- 
cause long-term, cont inuous  monitoring of earthquakes 
is essential for  seismic-hazard evaluation. The  program 
suppor ts  seismograph networks and  building instrumen- 
tation t o  directly moni tor  earthquakes.  compile and 
analyze old and new data,  and  publish quarterly and 
annual ear thquake bulletins. Sta te  funding of these 
seismograph networks partially compensates for  a 
recent dramatic decrease in federally suppor ted net-  
works. Only one  network,  which is operated by the  
USGS in south-central and  southeastern Alaska, is 
suppor ted by the  federal government. Seismologic 
studies of  some areas, particularly in interior regions 
away f rom major seismic regions, must still be based on  
limited existing data.  For  many areas of  the  state,  
reliable earthquake data either d o  no t  exist, o r  are 
available over such a short  o r  discontinuous t ime period 
that  they are inadequate for evaluating earthquake 
hazards ( J . N .  Davies, oral cotnmun.,  1982) .  

Occasionally DGGS is asked t o  participate 011 re- 
view panels o r  in special studies that  involve other  state 
agencies o r  local governments t o  address geologic prob- 
lems associated with a major facility o r  hazard.  One 
recent example is DGGS's participation on  a geotechni- 
cal commit tee  t o  make recommendations o n  the  Pillar 
Mountain landslide near Kodiak that  was identified by 
the  USGS and  Alaska Department of Transportation and 
Public Facilities (DOTIPF)  in 1977 .  The  geotechnical 
commit tee  was formallv established by a resolution 
passed by the  Kodiak Island Borough and City of  
Kodiak in 1978 .  Another example is DGGS's involve- 
men t  in site evaluation for  the  new state office building 
in Anchorage in response t o  a request from the  Office of  
t he  Governor.  Public institutions, private companies,  and 
the general public also request information and as- 
sistance from DGGS. 

UNIVERSI'rY O F  ALASKA 

In FY 1 9 8 3 ,  the  University of  Alaska received abou t  
5 3  percent of  its total  research funding f rom the  Sta te  of  
Alaska. Approximately 4 3  percent of  the  total  was from 
the  state general appropriation t o  the  university and  the  
remaining 1 0  percent was f rom state research contracts 
on  specific topics (University of Alaska, 1983) .  During 
FY 1 9 8 2  and  the  first half of  F Y  1983 ,  the  Geophysical 
Insti tute,  which performs most  of the university's 
research o n  geologic and  geophysical hazards, received 
approximately 3 6  percent of its total  operating funds 
f rom the  state.  However, state research contracts  for  
specific topics, including geologic hazards, consti tuted 
only abou t  7 percent of  t he  institute's budget (Univer- 
sity of Alaska Geophysical Insti tute,  l 9 8 2 ) ,  and less 
than 2 percent was for  research on  geologic hazards. 

The  federal government provided over 6 0  percent of 
t he  university's research funding until F Y  1982 .  A major 

5 ~ h e  fiscal year for  the State of Alaska is .July I t u  June 30 .  



part of t h r  federal funding was for  studies of geological 
and  geophysical hazards associated with oil development 
on  the  outer  continental  shelf. Many of these projects, 
particularly those dealing with earthquake hazards, also 
provided useful data for  c-oastal and interior areas of the  
state.  Federal funding for geologic-hazards projects has 
been largely terminated, with the exception of limited 
suppor t  t o  s tudy sea ice and permafrost .  

When federal reductions severely impacted univer- 
si ty-operated seismograph networks in Alaska. the  s ta t r  
appropriated abou t  *$l40.000 for the  I;eopl~\rsical Insti- 
t u t e  t o  operatc o n r  regional network in FY 1 9 8 3 .  The 
suppor t  came from a $20 million 'impact fund '  created 
by President Rragan t o  provide relief t o  programs 
affected when federal responsibilities were transferred t o  
the  states. This was a one-time appropriation that  
maintained the seismic network through June  1983 .  In 
.July 1983 ,  the  (ieophysical Institute began t o  receive 
partial support  for  its seismic networks through the  
DGGS seislnic-hazard program, funded by special 
appropriation in FY 1984 .  In FY 1985 .  the  seismic- 
hazard program was incorporated in to  the state operat-  
ing budget a t  a reduced level. 

ALASKA COUNCIL ON SCIENCE 
AND TECHNOLOGY 

Hy September 1982 ,  t h r  Alaska Council o n  Science 
and  'I'echnology (ACSr r )  had provided $632,935 for 
geologic-hazard studies o u t  of a total  of  $3,035,641 
spent  on  research activities since the  vouncil was formed 
by the  Legislature in 1979 .  Snow avalanches. ear th-  
quakes, volcanoes, permafrost ,  and coastal-flooding 
hazards were studied. The ACST also convened t w o  
workshops t o  assess the  status of resrarch on hazards in 
Alaska and  make recommendations for improved federal 
and  state policy on  supporting hazards studies (Alaska 
Council on Science and 'l'echnology. 1980a ,b ) .  'The 
Legislature tprminated funding for ACST a t  the  end  of 
F Y  1984 .  

T w o  major probletns prompted ACST workshops on  
hazards: the reductions in federal funding for hazards 
studies and the  lack o f  state policy on hazard ~ni t igat ion.  
Sta te  research funding for ACST was distributed among 
many scientific disciplines, and the  amoun t  available for 
hazards studies was inadequate t o  co~npensa te  for  the 
major cutbacks in federal funds.  The ACST suppor ted 
short-term projects t o  address specific topics but .  
wi thout  state suppor t ,  was reluctant t o  fund projects 
like seismograph networks that  require long-term com-  
mitments  t o  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 
action t o  fund earthquake studies and develop a coni- 
prehensive state policy for seismic safety (Alaska Coun-  
cil o n  Science and Technology, 1 9 8 0 b ) .  Some  sub- 
sequent  funding decisions made by ACST and the F Y  
1 9 8 3  special appropriation rnade by the Legislature from 
the  ' impact fund '  were based on  these recommendations,  

but  n o  long-term state policy for hazard mitigation has 
been adopted.  

CONCLUSIONS 

Major geologic events will cont inue t o  occur  in 
Alaska and .  with increased development,  affect Inore 
people and property.  Earthquakes,  volcanic eruptions.  
landslides. snow avalanches. floods, and  related occur- 
rencrs. such as tsunamis, sriches, tnudflows. and  second- 
ary ground failures, are inevitable. The extent  of prop-  
erty damage and injury associated with an event will 
depend no t  only o n  its location and  severity, bu t  also on  
how well the potential cffects have been anticipated 
during planning and development.  Although more 
continuous or  localizctd processes like thaw sett lement,  
soil c.reep, frost heave. and erosion mav no t  be as disas- 
trous. they 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  Sta le  of Alaska has significantly im- 
proved its disaster-responsr and  disaster-relief cap- 
abilities since thr. 1964 earthquake, there is a need t o  
consider possiblr itnprovernents in hazard mit,igation 
(nleasurps t o  rrduc.r the  potential for property damage 
and injury f rom natural events and ,  consequently,  t o  
reduce d r p e n d e n c * ~  on  disaster relief). Technology is 
available to  d ~ ~ l i n e a t e  natural hazards, determine their 
severity, and  reduce their potential effects o n  people and 
property.  On the  hasis o f  this review of national and 
statr, policies. 1 0  issues are proposed for considering 
possible improve~nen t s  in hazard-mitigation policy in 
Alaska: 

1 .  Policy guidance and csoordination of state and 
locbal hazard-mitigation programs. 

2. Availability of basic teclinicval information o n  
hazards for land-use planning and  construction. 

3. Continuation o f  federally funded hazards 
studies that  are being terminated o r  substantial- 
ly reduced. 

, 4 .  Incentives and  fiuidelines t o  consider geologic 
hazards in local plans and ordinances. 

5. Hazard ~ni t igat ion in siting, design, and con-  
struction of  critical fachilities. 

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

7. 'I'he relationship between hazard-mitigation and  
rligibility for disaster-relief funds.  

8. Capability o f  state agencies t o  provide adequate 
technical services. assistance, and  project 
reviews on  geologic hazards for o the r  agencies 
and  local governments. 

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

1 0 .  Sta te  capability to  issue formal notices of 
serious geologic hazards and  t o  coordinate the  
response by state a n d  local agencies. 
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Successful hazard-mitigation programs in o ther  
states can serve as models for new o r  improved programs 
in Alaska. Certain attributes 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 to the  state's unique 
politiral structure,  demography, soc:ial att i tudes,  and  
existing laws. For  example.  a statewide building code 
may no t  be a reasonable approach t o  hazard mitigation 
in Alaska because many local governments are n o t  
equipped to  establish rigorous review procedures o r  
inspection programs for  their jurisdictions. I-legulation o f  
all construction in the  vast remote areas of the un- 
organized borough would be 1ogistic:ally impossible. On 
the other  hand. regulation of  the construction of critical 
facilities and  certain state-finanred projects in hazardous 
areas is feasible. 

Hazard-mitigation programs in California and Colo- 
rado were reviewed t o  deterniine their possible applica- 
bility in Alaska. These t w o  states were chosen because of 
their extensive, successful programs and because their 
geologic environments and  problems are similar t o  those 
in Alaska. Many factors contr ibute  t o  the  success of 
hazard-mitigation programs in California and Colorado 
and of  some federal programs: 

1. Strong policy guidance and c:oordination by a 
single state agency o r  commission. 

2. Availability of adequate technical information 
t o  identify and  evaluate hazards and  determine 
design standards.  

3. Encouragement of better awareness and ap -  
preciation of hazards among local officials 
through incentives o r  requirements t o  consider 
hazards in lo(-al comprehensive plans and  ordi-  
nances. 

4 .  Protection of local governments f rom damage 
liability for actions taken in good faith t o  mili- 
gate geologic hazards. 

5. Availability of  guidelines and  criteria t o  re- 
cognize and  mitigate hazards a t  the  local level. 

6. Centralized and standardized review of  design 
and  construction plans a n d  supporting informa- 
t ion for certain critical facilities and most 
public facilities. 

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

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

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

10. Ability of programs t o  be self supporting 
through special permit o r  license fees (as with 
t h e  California Strong-motion Instrumentation 
Program). 

RECOMMENLIATIONS FROM THE 
WORKSHOP ON EVALUATION OF 
REGIONAL AN11 URBAN EARrI'H- 
QUAKE HAZAKljS AN11 RlSK 1N 
ALASKA 

'The U.S. Geological Survey, in cooperation with 
L)(;(;S and  other  agencies, conducted a workshop 
in Anchorage, September 5-7, 1985, t o  assess the  current 
state of knowledge of earthquake hazards in Alaska and 
advances in mitigation and  preparedness since the  196,l 
Great Alaska Earthquake. Participants included seismo- 
logists, geologists, planners, emergency coordinators,  
policymakers, and educators that  represent all levels of  
government. the  private sector,  and academia. 

Workshop participants 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 t o  
address these issues. 

RECOMMENDA'I'ION 1 - ALASKA 
NATURAL HAZARLIS SAFETY 
COMMISSION 

'I'hat a commission be established by the  Legislature 
t o  provide policy guidance for  the  Governor and  Legisla- 
ture and  help coordinate agency programs in natural 
hazards. Specific duties of  the  proposed commission ( t o  
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 informat ion;  assisting in 
coordinating hazard-mitigation activities a t  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, a n d  emergency services. 
A bill t o  establish the  Alaska Natural Hazards Safety 
Commission was introduced in the Alaska Senate o n  
May 6, 1985 ( app .  A).  

RECOMMENDATION 2 - STATE 
POLICY FOR HAZARD 
MI'I'IGATION 

That  the  Governor and Legislature develop policies 
fo r  hazard mitigation in Alaska that  establish long-term 
commitnlents  and  goals: 

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

R. A commitment  t o  ensure long-term financial 
suppor t  for hazard monitoring, mapping, and  
mitigation, including funding for  local govern- 



ments  t o  drvelop and maintain risk-rcviuction 
programs. 

C. i\ s ta t rmc~nt  of tlic roles and rcsponsibilitics of 
htatc and local governmrnts in hazartl mitiga- 
tion that outlines the hazard issues to  br  
rrlcgatrd t o  cities and  boroughs vs. those of 
sl.atewidr significanc.~ ( fo r  c~sampl r ,  c.ritic*al 
fac,ilitit,s and  regional haz;irds) for whic.11 state 
g o v ~ r n m r ~ i t  ~vill rt,tain respo~isibil i ty.  

I). A tlec*laration of state-agenc.y responsibilitic~s 
and dut i rs  for collrcting and dissc,tninating 
Irchnical information on  hazards: providing 
tec.linic*al. planning. and legal assist.ilnc~c~ t o  loc.al 
govrrnments;  regulating const r r~ct ion of  critical 
fa(-ilities; reviewing drsign plans for s ta t r -  
regulated facilities; administering lo(-al plan- 
ning-assistancr funds: helping preparc loc8al 
disaster-preparc,dness pl;~ns; evaluating hazards 
1.0 state facilities; and managing state hazard- 
~non i to r ing  progranis and h a z a r d - w ; i r n i  sys- 
tems. 

RECOMMEN1)A'I'ION 3 - HAZARD- 
MONI'I'ORIN(; PROGRAM 

Tha t  the  statc rstablish and suppor t  a program that  
ensures availability of basic data needed t o  rvaluatr  
geologic: hazards. Included in thc  proposed program is a 
minimal network of seismic*-monitori~lg devic-es 1.0 com-  
plement those of t h r  federal government.  Support  for 
periodic instrument maintenance, transmission of 
seismic recwds t o  processing facilitirs. and proc.rssing 
and cataloging of data is necessary. Suppor t  for sc~ientists 
t o  respond quickly t o  :I significant event. collrct  data,  
and evaluate, itnmediate 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 cwnducted o n  ;I 

project-specific basis. S t a t r  c*onimitment t o  :I hazard- 
monitoring program will rnstlre that  data arc availablr 
for hazard evaluation when needed. 

REC0MMENL)ATION 4 - AMENDMEN'TS 
TO 'I'HE MUNICIPAL CODE (ALASKA 
STA'I'. 29) A N D  OTHER STATU'I'ES 
TO PROMOTE LOCAL-GOVERN- 
MENT ,4C11'10N IN HAZARD 
MITIGATION 

That amendments  authorize or  require c*onsidrra- 
tion of geologic hazards in local comprehensive plans, 
building codes, and  ordinances; provide for state finan- 
cial and  planning assistance t o  help local governments 
exercise this author i ty ;  reduce liability of local govern- 
ments  from hazard-related damages based on  lawful 
actions taken t o  mitigate hazards; and require that  state 
agencies provide guidelines and  technical assistance. 

RECOMMEN1)A'I'ION 5 - S'L'A'I'E 
RE(;ULiZl'ION OF CONSTRIJC'I'ION 
ANI) MAJOR A1,'I'ERA'I'ION OF 
CRI'TIC:AI, FACILI'TIES 

'I'1i;rt c,ritic,;~l fac~ilil.ic~s bv reasonably prot.rct.rd from 
threat by natural procc,ssr's. He~c~ausc~ p u b l ~ c  hralth and 
safr ty  arc, st;itc> rrsponsibilities, statf, rrgulation o f  c.011- 

strrlctioti and major alteration of c8ritic-al facilities is 
nt,rcJssar>.. Ksisting rrgulations for safrt?; of dams and 
h(~alt1i l'ac~ilitios from geologic hazards sho t~ ld  br  rc- 
vie~\vc~d t o  be c-onsistrnl witli this r r con lmrnda t io~ i ,  and 
nt,w legislation o r  rc~gulirtions should h r  c.onsidrrcld 1.0 
;rddrrss o t h r r  important  facilities. 

Prograliis t o  r rduce th(, vulnrrahility of criti(,al 
fac,ililirs l o  gcwlogic* 1i;rzards havv four t~ss(~17ti;1l corn- 
ponrn1.s: 

:I. Kr~yuirc~tnc~n1.s for geologic* anti c,nginrcring 
invcstigatiotis of the  proposcd silr  t o  ev:~luatc~ 
potrntial  geologic* hazards and drtrrlnint,  ~ n a s i -  
mum probablc~ ;ind. in somr  c>;lscs. masinium 
crrdiblv cvrnth. 

H. rc~quirrmc~nt that  siling and drsign pl;uis for 
(,onst rurl  ion o r  major a l t ~ r a l i o n  caonsidrr tlir 
idrn1ific.d hazards in acc,ordanc-ex witli drsign o r  
prr for tnanc.~  standards rstablishrd by law for 
tlic Iypr  of fricility in question and that  plans 
br prc~parod by rrgistered archi t r r t s  o r  sl.ruc3- 
t.ural cnginrc>rs. 

( .  11 reyuirt~mcnt. for central review and approval 
of  Ihe plans and rc,ports by a designated state 
agency :I(-(*ording t o  facility type  ( fo r  rxample .  
rrgulation of hospital construe-lion by t h r  
Ilivision of Stat(, Health Planning :uid 1)rvrlop- 
mont.  dams by the  Division of Land and Water 
hlan;rgt~mrnt, c-ritical ~lt.ilitie~s by tlir Alaska 
Pt~hl ic  ITtililirs Commissioti, o r  airports by t h r  
Drpar tment  of Transportation and Puhlic 
Faci1itic.s). 'Thv rrvivw and  permitting agency 
should havr tlic authority t o  rstablish intc.r- 
agt'nc'y or  c~xtern;rl boards of consultants t o  
assist in the  rrvirlv process or  rrquirc indepen- 
den t  rcvic>w by a registered structural engineer 
and  a cc>rtifird professional geologist. 

L). A rr~quirenient for verification by site insprc- 
t ion that  construction coniplics with t h r  
approvrd plans. 

RECOMMENIIATION 6 - HAZARD. 
MI'TIGATION REQUIREMEN'I'S 
FOR CERTAIN CAPITAL CON- 
S'TRUC'I'ION PROJEC'I'S 

'That capital-construction projects financrd bv t h r  
state he srlbjec,t t o  minimum standards t o  protect  life 
and property from geologic hazards. These requirements 



should apply Lo c,onstruction projc.c.1~ that  are pc,rformed 
dircctly by o r  undcr  Ilir supervision of stwtc. agc,nc,ic,s :rnd 
lo(-al c.onstruc,lion proj(1c-ts that arcJ finan(-ed with stat(, 
c.apit:il-impro\emc,nt funds.  Stat(, policyt1i;lkers. o n  
t l ~ c  adcic,c of the  proposcd Nal l~ra l  Iiazwrds Saftxty Com- 
mission ( R ( ~ c ~ o m m r n d a t i o ~ i  1 ) .  sl lor~ld dt~tc~rminc~ whic.11 
projoc~ls arc, suhjec*t t o  thrse rc~quircxlnents. Rr'gulatcd 
projrc,ts should incdude stat(,-furidcd fac7ilities that  pose, n 
significant risk l o  prtblic, safely if dalnagrd. Examples 
include state-offic,r huildit~gs. state-financed munic,ipal- 
offic.cl buildings. stat(,-financc,d indoor-rc,c,rcatian k~c*ili- 
ticls. ;uid state-financed housing cwmplrxes. Examplrs of 
s ta te- fundrd f;~c,ilitics tliat may no t  hr  subjec*l l o  tlirsc~ 
regulations incaludr, w;ireIiousc.;. grain-storagr facilities. 
roads. and parks. Critic*aI f:~c.ilitics c~onstruc.ted with 
c*apital-i~nprovc~rnrnt funds should be, subjrct  t o  thc 
moro stringclnt requirr~nc>nts and stat,e,-lrvc,l rc,vicx\v 
proposed in Kcco~nlnend;il ion 5. 

Rrforc~ a r c ~ u l a l r d  facility is c~onstruc.tcd or  has 
major struc,tural alterations, a geologic and rngincc,ring 
site analysis is nc,c3r,ssary t o  identify potenlial geologic 
hazards a n d  det(wnint1 h o w  safv th(3 si1.c. is for the, 

proposcd ilse. In addition. ;I rt,vir\v of design and ( - o n -  
struclion plans is ncct,ssary to verify that  t h ry  conform 
\vith :ipplic,ablc c*odes and ordilianc,rs and  t11;it identified 
1iaz:~rds have bccn adeq l~a t r ly  c,onsiderc,d. 'I ' l i rx s tale 
agcjnc3y or  local governtnc~nt t h ; ~ t  ;idtninistcrs thc~ projevt 
\hould b~ rtsponsihlr  for implementing l h ~  rc~qr~irerncnls 
and rc,ric~\ving kind c,rrt.ifying the r rpor ts  and pl:uns beforc, 
c,onstrl~ction. 

KEC0MMENI)A'I'ION 7 - CONDI'I'IONAI, 
AVrZILARILlTY OF I)ISASrl'ER-RELIE:F 
FUNUS 'I'O PROMO'I'E HAZAIII) 
hlI'l'I~~f\'I'ION 

' I ' l i ;~ t  s tate statutes tli:~t providtx c.oti11nunity disaster 
relief in the form o f  grants or  loans ~nc, ludr  positivrl 
incentivrs o r  requiremenls for hazard ~ni t igat ion.  Iln- 
c*onditional availability of  rc,lief funds for dc~clared d ~ s -  
asters may act  as an inc.rnlivc1 against mitigation mva- 
surcs. 'l'lic~ro are t w o  gcnc,ral ways in whic.11 these in- 
c,c,ntivt~s or  reqr~irc,lnents can be applied. 

A. Inc,rease s ta t r  disastc,r-relief benc~fits available t o  
local gover~irnents that adop t  comprehc,nsivc, 
hazard ordinanc-cs. 

H. Rrqu i r t  tliat locsal governmc~nl.s inc*orporntc, 
hazard-mitigation mrasL1rc.s in postdisas1,er rc,- 
construction to minirnizc, damage, frotm similar 
future events as a c*ondition for rrceiving 
disaster-relief funds.  

KECOMMEN1)ArI'ION 8 - IMPROVED 
CAPABILI'I'IES FOR STATE AGENCIES 
'1'0 PROVIIIE 'J'ECHNJCAI, ASSISTANCE 
'1'0 OrI'HElt AGENCIES AN11 LOCAL 
GOVEItNMENrl'S IN HAZARI) 
MIr~I(~A'I'ION AND DISASTER 
PREPAREIINESS 

'I'hat appropriatr  state iigrnc'irs bc provided \vith 
sufficient funding and flexibility t o  respond t o  r t q u t s t s  
from o t h r r  agenctie.; and  local governments for tc3chnical 
o r  planning assislance, including performance of routint, 
rt,views and  participation in special review boards. F1c.xi- 
hilily o f  project budgets (including the  c~slablisliment of 
c.onlingc,ncy funds)  is nect,ssary l o  providr for  unantici-  
pa1c.d needs. Slat(, agenc~ic~s that. rcqurst  Ill(, assistance, o r  
participation of ot1ic.r agencies o n  revicw boards Inay 
compc~nsat t~  for scrvicrs through rei~nbursihle srrvic:es 
agreements. 

'I'hat t h r  state adop t  a hazard-notificatiot~ sys t rm l o  
suppl(,mc.nl t.hat of t h r  1J.S. (:cological Survey. Appro- 
priatc. statt, agrnc.ic,s should recomlnt,nd issuanc*cx ol' 
notic,cxs arid supply supporting information t o  the  pro- 
posc,d Natural Hazards Safety Commission (Kecom- 
~ n r n d a t i o n  1 ) .  'I'lie Cornlnission should r rv i c~v  the 
rec.ommendations. (,valuate possible soc'ioeconomic 
cwnscql1rncc.s. and  advise the Governor,  Lrgislat.urc,, 
\ late agcwcics. and local governments abou t  appropriatcl 
rc,sponscJs. drfcnsive a(-l ions,  and funding altc~rnati\ 'rs. 
'1'11c. s ta t r  sl io~rld bcl preparcd t o  c*otnpensat.e for  advc~rse 
socioc~conomic. ilnpacts of hazard notifications through 
existing disaster-relief programs. 
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In t roduced:  5 / 6 / 8 5  
Referred: Sta te  Affairs 

and  Finance 

IN 'I'HE SENATE 
HY S'rUR(;ULEWSKI, V. FISCHER, 
RODEY AND Z H A R O F F  

SENATE BILL NO. 3 1 0  
IN THE LE(;ISLATURE O F  T H E  STATE O F  ALASKA 

FOURTEENTH LE(;ISLATURE - FIRST SESSION 

A BILL 

For  an  Act enti t led: "An Act establishing the  Alaska Natural Hazards Safety Con~mission." 

HE I T  ENACTED BY T H E  LEGISLA'I'URE O F  T H E  STATE OF ALASKA: 

Section 1. FINDINGS. The legislature finds tha t  

( 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 t o  reduce the  disaster potential of  natural hazards 
and, consequently,  t o  reduce dependence on  disaster relief; 

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

( 3 )  through concerted efforts coordinated by a Natural IIazards 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 t o  and recovering from natural hazards. 

Sec. 2. AS 44 .19  is amended by adding new sections t o  read: 

ARTICLE 15. ALASKA NATURAL HAZARDS SAFETY COMMISSION 

Sec. 44.19.241.  COMMISSION ESTAHLISHEI). The Alaska Natural Hazards Safety Commission is established 
in the  Office of the  Governor. 

Sec. 43.19.242. 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  t o  the  commission a representative f rom the  University of  Alaska, a re- 
presentative f rom local government,  a representative f rom the  Department of Natural Resources, a representative f rom 
the Department of Military and Veterans' Affairs, a representative from an appropriate federal agency and  shall appoint  
the remaining six members from members of  t he  public who  are knowledgeable in the  fields of geology, seismology, 
hydrology, geotechnical engineering, structural engineering, emergency services, o r  planning. 

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

( c )  Eight members consti tutes a quorum.  

(d)  Commission members receive n o  compensation bu t  are enti t led l o  travel and  per diem authorized for 
boards and  commissions under A S  39.20.180,  



Sec. 44.19.243. POWERS AN11 IIU'I'IES. ( a )  The commission shall 

(1) recommend goals and priorities for hazard mitigation to  the public and  private sectors;  

( 2 )  recommend policies t o  the  governor and  the  legislature, including needed research. niapping, and 
monitoring programs; 

( 3 )  of f r r  advice on  coordinating disaster preparedness and  hazard-mitigation activities of government a t  all 
levels, review t,lie practices for recovery and  reconstruction af ter  a natural disaster. and  recommend improvements t o  
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 o ther  public and  private agencies; 

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

( 7 )  revlew proposed h a ~ a r d  notifications and supporting information from state agencies, evaluate possible 
socioeconomic consequences, recommend that  the governor issue formal h a ~ a r d  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 o r  policies t o  improvc disaster preparedness o r  h a ~ a r d  mitigation; 

(2)  conduct  public hearings; 

( 3 )  appoint  committees from its membership a n d  appoint  external advisory commit tees  of ex-officio 
members;  and  

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

Sec. 44.19.244 DEFINITIONS. In AS 44.19.241 - ,14.19.24 1 

(1) "commission" means the  Alaska Natural Hazards Safety Conimission; 

( 2 )  "disaster preparedness" means establishing plans and programs for responding t o  and distributing 
funds  t o  alleviate losses from a disaster as defined in AS 26.2:1.2:10; 

(3) " h a ~ a r d  mitigation" o r  "mitigation" mean activities tha t  prevent or  allrviate the  harmful effects of 
natural hazards t o  persons and property,  including identification and  evaluation of the  hazards, assessment of t he  risks, 
and implementation of  measurea to reduce potential losses before a damaging event occurs. 

Sec. 3. AS 44.66.010(a)  is amended by adding a new paragraph t o  read: 

(1 3 )  Alaska Natural Hazards Safely Commission (AS ,14.19.241)  June 30,  1 9 8 9  

Sec. 4 .  Notwithstanding 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 t w o  years and  three initial n i en~ber s  shall serve terms of  four  
years. 

Sec.  5. Nothing in this Act is intended t o  transfer t o  the  coniniission the  authorit ies and responsibilities of o the r  
state agencies, boards, councils, or  commissions o r  of local governments. 



APPENDIX B 

acceptable risk - A l(>vel of  risk that  (*;in be ac~c:olnlno- disaster - an (,vent that  canses great harm t o  pc'opl(> o r  
dated wi thout  u n d u ~  hardship and  reprc.sents a realistic property ovrr  a short  period o f  t ime. 
goal for  design requirements for engineerrd structures.  

disaster preparedness - plans, procrdr~ros ,  funds,  facili- 
active fault - a fault  that.  based on  historic-ill. seismologi- ties. and supplies established Lo respond t o  a natural 
cal, or  geological evidence, has a high probability of disaster. distribrltc~ financial losses, and allow for  an  
produring an earthquake. orderly rt,covery. 

avalanche - see debris avalanc,he, s l~~s l i f low avalanche. 
and snow iivalanc~lic. 

building code  - a document  that  specifies minimum 
design and construction requirements for  struc.tures. 

calculated risk - the  rstimated total risk l o  a facility o r  
the public: tha t  corresponds t o  a specific level of mitiga- 
tion. 

chronic hazard - a hazard t.hiit produc-es small, persistent 
o r  episodic changes in t h r  earth's surfacne that  may bc 
minor over short  periods of t ime,  bu t  may cause major 
damage to structures over long periods of l imr .  

disaster recovery - the process of restoring services; 
relocating or  rebuilding homes, businesses, and public 
facilities: and rrf3stablishing normal social and  economic 
activi1it.s. 

disaster relief - provision of  grants and loans t o  assist 
individuals. businesses. and  state and local g o v e r n m ~ n t s  
i l l  recovering from a disaster. 

disaster response - iniplementation of disaster-prepared- 
ness plans and o t l ~ r r  postdisastrr activilics ( for  rxamplc ,  
search and rrsc:uc,. debris removal. security, and provi- 
sion of food.  water,  shelter, and medical a id)  l o  restore 
public safety and facilitate recovery. 

creep - slow, morf or  less c.ontinuous downslopt  move- earthquake - a sudden mot ion or  vibration in the  (.art11 
mcnt  of soil o r  rock under gravitational stresses. caused by an ab rup t  rrlcase of  energy. 

critical facility - a structure that  houses o r  serves many fault - a fracture or  fracturc, zone in the c.arth's crust 
people o r  otherwise poses ilnttsually high hazards l o  along which tlierc~ has hern displacrment. of  the  sides 
p ~ ~ h l i c  health and safety if the sl.ruc.lurt> is damaged or  rrlalivc~ 1.0 one another  and parallel t o  the  fracture. 
malfunctions. 

frost heabing - tlie uneven lifting and  deformation o f  the  
debris avalanche - a very rapid sliding or  flowage o f  ground s ~ ~ r f a c c ~  that results from freezing of ground 
initially coherent soil and rock;  a very rapid dtlbris f low. water and  growth of ground-ice masses. 

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

design criteria, design standards - minimutn standards for  
layout.  materials, slruc*tural properties, and construction 
of  a facility ( for  example.  building codes, design re- 
quirements in flood plains, o r  contract  specifications). 

design event - intensity of a natural event t ha t  is used as 
the basis for a structure's design. 

gelifluction - solifluc.tion in an area underlain froxen 
ground. 

geologic hazard - a natural or  man-made geologic c-ondi- 
Lion that  potenti:ill! endangers life and  propt,rly ( for  
examplr .  la~ids l id t~ ,  earthquake, f lood. volcanic, eruption. 
ground subsidence, erosion, o r  snow avalanche).  

geotechnical - pertaining l o  the application of informa- 
t ion abou t  the, earth's crust  and surfac,e materials t o  
solve rivil-enginerring problems. 

design forces, design loads, design mot ions  - slatic forces hazard - sec natural hazard 
or  mot ions  a t  a site ( fo r  example,  loads, displacemrnts,  
velocities, o r  accelerations) that  art, used as thc  basis for  hazard evaluation - data col1ri:tion iuid analysis l o  
a structure's design. identify and  describe a natural hazard and determine its 

potential severity, thr. area affected, and  probability of 
' ~ o s t  clefinitions modified from Bates and .Jackson. I B R O ;  EEHI  occ~lr rence .  

Cornmiltee on  Seismic Risk, 1 9 8 4 :  and  Woo~lwarri-(:l?rIr Con- 
sultants. 198Ob. 



hazard mitigation - policies and activities undertaken t o  
prevent o r  minimize t h r  l ikt~lihood of  property darnage 
and injuries from n:rtural hazards (in(-ludes hazard 
evaluation. risk assesstnrnt. and hazard reduct ion) .  

hazard reduction - tlir application o f  trclinic*al  inform;^- 

t ion abou t  hazards t o  develop policies and  procedures 
for  land risr. facility dcsign and construction, protection 
works, and warning sys t rms to  rcxducc the likelihood 
of  property darnage or  injury.  

heave - uneven uplift of thc  ground surfacr csaused by 
expansion or  displacrnient, such as from swelling clay. 
seepage pressure, o r  frost action. 

intensity - a qualitativcx or  qlrantilativc~ Ineasllrr of ;In 
event's st,vrxrity a t  :I sprcific, site. 

landslide - the percarptiblr. downward and outward 
sliding of soil. rock, and vegetation under griivitational 
influenre.  

m a g n ~ l u d e  (of an  earthquake) - d Ineawre of the  strength 
o r  total energv relrased b\i an  earthquake 

mappabili ty - the  relativt, rase of' acc.urately locating o r  
delineating a geologic, hazard on  a map  a t  ;I sc:irlc, ap-  
propriate for  land-use planning (usually 7 in.  1 mi or  
greater).  

mass movement - t h r  downslopt~ displac.emrn1 of ;I 

portion of Lht, land surfacr as a unit ,  as in crorp.  land- 
slide, flow. o r  n\~alanclic. 

maximum credible event - t h r  most srvrrc, (,vent of a 
given type ( fo r  euamplr .  f lood, c~i~r t l iquakr ,  o r  landslide) 
that  can be ruprc,trd a t  a site. (,onsidering t h r  known 
natural proctessrs o r  c*onditions in the ar ra .  

maximum probable event - the  most rc,vc,rr (,vent o f  ;I 
given t y p r  ( for  example,  f lood. (.arthquake, o r  landslidr) 
that  can reasonably be e spec t rd  to  oc ru r  within the 
design lifr of a facility: often dt,fined as thc  event t11;rt 
occurs on(:(, rvrry  7 C)O yr .  

mitigat,ion - see hazard mitigation 

mudflow - a rapid downslope flow of predon~inant ly  
finr-grained material genrrally c ,o~nb in rd  with a largr 
amoun t  of  water;  usuall\. flows along an aclivc o r  
abandonrd strrarn course.  

natural hazard - a natural condition that  1n;ry vndangrr 
life and propclrty (inc,l~rdes all geologic. hazards plus 
nongeologic conditions like drought,  tornados,  hail. 
forest fires, and lightning). 

nodal point - ir location in a st.ruc.ture that  vibrates very 
little, rrlalivcl lo othvr locations a t  a given osi*illatiotl 
prriod during ;in (~a r thquakc .  

nude ardente - a rapidly flowing, turbulent.  gaseous 
cloud (solnr t in i rs  inc,nndescc,nt) that is erupted from ;I 

~ o l ( . a n o :  cmntains ash and ollier rsplosivt~ly c~j(~c1rd 
volcanic debris in its lowrr  part .  

performance criteria - minimum standards for the 
operational c.apabilitic>s of a facility during and af ter  an  
rvent of  givrn intensity ( fo r  r sample ,  the  servi r t .~  that. a 
hospital  nus st br  capahlrs of rontinuing after a major 
rar thquake.  o r  thc vo l t~mc~  of watr r  that  ;i darn must h r  
capable of rrtaining during a 1 00-yr  f lood) .  

protection works  - structural improvemrnts made in 
l i a ~ a r d o u s  areas to  limit thrl adversr tlffects of natural 
events (esamples  inc.lude flood-c*ontrol darns and  It~vres, 
rvtaining ~v:rlls. slopr-drainagr svstrms. rrfrrrbisliing of 
old building:, against cartliquirke da11,agr. and mohi l r -  
liornr irnclioring sys tems) .  

pyroclaslic flow - a rapidly riioving. turbulrnt  mixturc of 
mostly fine-grained matrriirl and gas c,jec-trd rsplosivcly 
front :I ioIc~:ino. 

residual risk - th(1 t1ifferrni.r brtwc,rn c,alc*nlatc,d risk and 
arc-eptable risk; r rprrsents  t h r  risk that  can 1 1 ~  reason- 
ably reduc.rd through mitigation. 

risk - tlir probal~ili ty of ;I given I ~ v r l  of social or  rc.o- 
no~iiic. dir~niigr o r  loss rri;ulting from o n e  or  Mort, natural 
hazards basc,d o n  th(> probability of t.hr eve>nt. ocrurring. 
its sc,verity. loc*ation, and thr. prohabi l i t~ .  tha t  peoplr or  
proprr ty  will t ~ r  ird~~t,rsrly ;~ f f t~c* t rd .  

safety factor (engineering) - t.hr r i ~ t i o  of ;I ~n;rl.rrial's 
rnasimrrrn s1rrngl.h ( fo r  cwimple,  soil, rock, c,onc*rclr. o r  
s l r r l )  t o  thr, prohi~blc~ m i ~ x i m u n ~  load t o  hr  applied to  i t .  

seiche - osc,illat.ory niotion of a body of  water in whic,h 
thc period of osc,illation is d(.trrmined by the, d in~rns ions  
of t h r  caontaining basin. Onshore runup of tlir rrsulting 
wavrs lias b w n  known 1.0 escec~d rlevations of 1 , 0 0 0  
f t .  

seismic - pr,rtaining t o  r:~rtliqrrakc~s or  otl1c.r natural o r  
rn:ui-tn:tdc~ vibrations in the, r ;~r t l i .  

siltation - ;~c~c.trlnulation of predominantly fin(,-grained 
sc,diment in a basin o r  b ~ h i n d  ;I natural o r  tnali-mad(, 
struc*turr that  obstructs t.hr flow o f  srdiment-ladrn 
watr r .  

slushflow avalanche - a powerful flow o f  wet snow,  soil. 
rock. and debris that  oc*curs primarily in arctic and 



SPECIAL R E P O R T  35 

subarctic mounta inous  regions during rapid spring 
melting of thc  seasonal snow cover. 

snow avalanche - the rapid falling o r  sliding o f  a large 
mass of snow that  oftc,n inc,orporates c.onsidcrable soil. 
roc,k, and debris. 

solifluction - the slow. visc.ous, downslopt, flo\v of 
tua1t.r-saturated soil. 

subsidence - uneven sinking of the ground surface caused 
by regional tectonic lowering of the crust  o r ,  locally, by 
c:ollapse of underground solution cavities. melting of 

massive ground ice. soil compaction. or  shrinking of 
clay-rich soils o n  drying. 

tsunami - a large gravitational sea wave produced by a 
vol(*anic. eruption or  submarine ear thquakc.  

volcanic b o m b  - a Inass o f  expelled lava that  is rounded 
like a bombshell as it falls. 

warning system - a means o f  notifying the  public of an  
impending catastrophic event so  tha t  preparations can be 
made,  the  area can be evacuated, and disaster-response 
plans can be implemented. 



APPENDIX C 

Acronyms 

AAFWFS 

ACS'I' 
ADES 
ASHA 
RLM 
CEQA 
C(;S 
DEC 

DES 
DGGS 

DLWM 

D M 6  
DMRA 

DNR 
DOTiPF  

DSD 
DWR 

E H R P  

- Alaska A\8alanclir and  Fire Wrather Fore-  
(.as1 S y s l e ~ n  

- Alaska Counc:il o n  Science and  'I'echnology 
- Alaska Division of Emergency Servicrs 
- Alaska Sta te  Housing Authority 

Bureau of Land Management (U.S. )  
- California Environmental  Quality Act 
- Colorado (;eologiral Survey 
- 1)epartment of Environmental Conserva- 

t ion (Alaska) 
- Division of Etnergency Servicrs (Alaska) 
- Division of Geological and  (;eophysical 

Surveys (Alaska) 
- Ilivision of Land a n d  Water Management 

(Alaska) 
- Division o f  Mines and (;tology (California) 
- Ilivision of Municipal and  Kegional 

,\ssistanc:r (Alaska) 
- Depar tment  of Natural Krsources (Alaska) 
- Drpar lmrn t  of Transportation a n d  Public, 

Fac*ilitit,s (Alaska) 
- Division of Safely of Dams (California) 
- Depar tment  of Water Kesourc.es 

(California) 
- Earthquake Hazards Reduction Program 

(U.S. )  

FEhlA - Frdc~ral  E m ~ r g r n c : ~  Managc,tnrnt Agency 
F E R C  - Ft ,d~ra l  E n c ~ r ~ y  Regulatory Commission 
FNSB - Fairbanks North Star  Horougti 
ICHO - 1 n t ~ r n a t i o n ; ~ l  Conf r r rnc r  of Building 

Offic,ials 
NOiliZ - National Ocranic and i l t~nosphrr ic*  

i ldministration (U .S . )  
NSF - National Science Foundat ion  
OMH - Office of Management and  Hudget (1J.S.) 
SCEPP - Sou lh r rn  California Eartl iquakr 

Preparc~dnrss Program 
SHAP - Seward IIighway ~\valanc.h(~ Pro.1ec.t 

(Alaska)  
SI1PI) - 0ffic.v of S ( ; ~ t c w i d ( ~  Hraltli Planning and  

I)c3vrlopmrnt (California) 
SMAli i l  - Surfacr Mining and  Iterlamation :\(.t 

(California) 
SMGH - Stat(, Mining and  (;cology Hoard 

(California) 
SMlP - Slrong-tnotion Inslrrtrnrntatioti Program 

(California) 
SSC - Srismic. Safr ty  Co~nmiss ion (California) 
17 HC - Uniform Huilding Code 
USFS - U.S. Forest Service 
USGS - 1J.S. (;r,ological Survey 
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