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SUMMARY

This paper presents a case study of institutional coordination at the hori-
zontal and vertical levels in lifelines planning for seismic disasters in San
Bernardino County in Southern California. This is put in a systems framework
for operations planning in earthquake contingencies of different magnitude.

This "soft" approach is done in conjunction with earthquake mitigation strategies
to decrease calculated risk through land-use planning and engineering solutions.,
The object is to increase acceptable, risk through emergency response measures

by planning and effective implementation of operations for earthquake contin-
gencies,

The great earthquake anticipated on the Southern San Andreas Fault presents
an extraordinary threat to San Bernardino County. In addition to potential
destruction of buildings the utilities and transportation systems are also at
risk., These "lifelines'" represent large capital investments which can be re-
placed only at great expense. More importantly, their destruction may cause
loss of life through secondary disasters. Because of many factors, San Bernar-
dino County approached the earthquake threat to their communities in a unique
way. An experimental Project created by State and Federal initiatives (Southern
California Preparedness Project) joined with the county in developing an earth-
quake preparedness plan, which is described in this paper (Ref. 1,2).

The approach used in this unique partnership was particularly comprehensive.
The planning went beyond those public agencies over which the county government
had jurisdiction to include "special districts" and private companies and associ~
ations, Another aspect of this process was planning for contingencies never
before considered. '

The lifelines committee and the transportation committee were formed in
such a fashion as to be representative of the local utilities and transportation
agencies rather than exhaustive., The result is action plans coordinated "verti-
cally" within larger companies like Southern Califormia Gas Company and Sou-
thern California Edison. At the local level the plans are coordinated between
the utilities and transportation agencies. This can be symbolized as integration
in a horizontal dimension. Finally, the plans are coordinated in a temporal
(time) dimension.

Each "actor" faces specific earthquake challenges, vastly different re-
source bases they can call upon and unique roles in the local social and economic
communities. The San Bernardino plan is offered as a model for others to adapt
to their needs.

(I) Consultant on Earthquake Predparedness Planning, 1453 N. Benton Way, Los

Angeles, Ca., 90026. . . ) .
(II)Professor of Systems Management, Department of Civil Engineering, Cali-

fornia State University, Long Beach, Ca. 90840,
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INTRODUCTION

d for effective emergency planning and implemeqtation for utility,
transportation and emergency facilities lifelines %s a.serlous onekand hés to
be done in conjunction with technical aspects of lifeline earthquake gng??eer-
ing for mitigating the disastrous effects of earthqua%es. The area ? tl e~
line earthquake engineering has made swift progress ylth the stért o t‘e
"Pechnical Committee on Lifeline Earthquake Engineering by American Society
of Civil Engineers (ASCE-TCLEE" on July 15, 1974 . (Ref. 3,4). ASCE-TCLEE has
identified the research needs in 1979 (Ref. 5). The subject of.TFa35~
portation and Lifelines as well as Energy Generation and Storage Fac111t1es
was dealt in two sessions at the International Earthq?ake Convention at Los
Angeles in February, 1983 (Ref. 6). Recently, i? April/May, 1983, ?os. Fed-
eral Emergency Management Agency through its Nat}o?al Emergency ?rélnlng Cen-
ter has training courses on ""'Earthquake Hazard Mitigation for Utility Life-
line Systems" covering technical aspects of mitigétlon program§. The need
for complementing this with action oriented planning for l}fellne eathquake
emergencies has been increasing felt by many cities, counties and réglons ?f
U.S.A. San Bernardino County in Southern California took the lead in forming
a unique planning partnership with the Southerg Célifornla FEarthquake Prepared-
ness Project of California Seismic Safety Commission and Federal'Emergency
Management Agency. This paper givesan overview of this process in a systems

framework.

The problems of public policy formulation and implementation for miti-
gation and preparedness measures for natural hazards have been pointed by
Petak and Atkisson (Ref. 9). Research conducted by Olson and Nilson of the
Center for Public Affairs at Arizona State University indicates that political
conflict increases rapidly by a factor as we go from Type 1 to Type 2, and
again from Type 2 to Type 3, Type 3 to Type 4 in terms of the "Policy" typo-
logy of earthquake politics.

Type 1: Financial incentives for Rehabilitation of existing structures/

new structures for increased seismic safety...Reward, Prospective
Type

Type 2: Disaster Relief Programs...Reward, Retroactive Type of Policy

Type 3: Proposing, Adopting and Implementing major code changes to in-

crease seismic safety...Penalty, Prospective Type

Type 4: Existing Hazardous Structures Problem with no incentives and

with requirement that existing lifeline structures which met

the code standards (when they were built) to new codes for in-

creasing seismic safety...Penalty, Retroactive Type of Policy
Emergency Management and Preparedness Agencies have a broad approach to re-
duce the threat of extended business interruption from the impact of a disas-
trous earthquake, in developing preparedness and response plans. In order
that these plans are effective these must be coordinated between the utility
companies and the local governmental agencies because of the regional nature.
It is unfortunate that in the past the utility industry has often isolated
itself from the disaster contingency planning efforts (against earthquake, floods,
floods, major fire, tornadoes, etc.) on the part of the local governmental
emergency planners. The need for autonomous control during relatively mode-
rate disasters such as fire, explosion, toxic spill, civil disorders is under-
standable.because of the potential availability of the assistance from mutual

The nee
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?1d partners fo§ support of local agency emergency forces. However, when there

1s a catastrophic earthquake, all regional resources will be committed and after
a.careful analysis, a priority system needs to be developed a priori for respon-—
ding to earthquake damages. The case study of San Bernardino County presented

in thls paper Shows the model llfellnes a roach to earth
PP quake preparedHESS and

CONCEPT OF OPERATIONS FOR
FOUR EARTHQUAKE CONTINGENCIES
FOR LIFELINE FACILITIES

The phases of Seismic Emergency Management as shown in Fig.l shows
the complementariness of technical and emergency response measures. Miti-
gation, Preparedness, Response and Recovery are considered to be the four
areas of emergency management., The following response and recovery func-
tions are appropriate to a large, damaging earthquake or a prediction of
such an earthquake. (See Fig. 2),

1. Long-Term Earthquake Prediction Response Function (LT-PRF)

2. Short-Term (Earthquake) Prediction Response Function (ST-PRF)
3. Emergency Response Functions (ERF)

4. Short-Term Recovery Function (ST-RF)

5. Reconstruction and Long-Term Disaster Recovery (LT-DR)

Fig. 3 and 4 show detail the first two functions for lifelines seismic
disaster preparedness plan. These actvities are anticipated to encompass

a full range of hazard mitigation, preparedness and response to be carried
out by governmental (federal, state, county, local), utility agencies, pri-
vate and neighborhood organizations and by households. In preparing the
final draft report in August 1983 (Ref. 2) in the Southern California
Earthquake Preparedness Project (SCEPP) in August in terms of County Pro-
totype Planning;

a the long-term prediction response element deals with actions to be
taken a few years to a few decades before the earthquake occurs.

b (11 functions have been identified by SCEPP out of which the
earthquake preparedness function is one) short-term prediction
response actions to be taken a few days to a few weeks before the
earthquake occurs. (12 functions including transportation funec~
tion have been identified.)

c the emergency response element deals with actions to be taken
during the first 72 hours (in reality it could be more especially
with lifeline ruptures /failures/ secondary disasters) to a few
weeks after the earthquake occurs. (About 16 functions including
Utilitities/Lifeline Repairs, Transportation have been identified.)

d. the short-term recovery element involving the actions to be taken within
one—~two months after the earthquake occurs. (8 functions have been
identified by SCEPP, including re-establishment of utilities.)

These recommended actions represent an adjunct to the more usual emer—

gency procedures of utilities and transportation functioms. In fact, these
companies and agencies are well prepared for moderate localized disasters
and need only recognize in their institutional structure the regional catas-
trophic nature of the event.
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CASE-STUDY OF SEISMIC DISASTER PLANNING APPROACH
FOR LIFELINES IN SAN BERNARDINO COUNTY

Duke, in 1981, suggested in his paper on an earthquake hazard plan for
lifelines...'"Still to be established are the responsibilities to be carried
by existing and new institutions. The elucidation of these questions and the
acceptance of suggested appropriate responsibilities for these institutions
should lead to a set of guidelines with which to implement earthquake hazard
reduction for lifelines" (Ref. 7). The geological and geographical aspects
of an earthquake planning scenario for a magnitude 8.3 earthquake in Southern
California formed the technical basis for the model institutional coordination
by Southern California Earthquake Preparedness Project, County and local agen—
cies,various utility companies (Ref. 8). As suggested by Duke (Ref. 7) the
combination of a professional solution and a governmental solution to the life,
lines earthquake disaster system problem was tried through committee structure
with both horizontal and vertical integration. The principal actors in this
model planning process are: (Ref. 1l). [The final objective was to develop pro-
totype plans which serves as a prototype for SCEPP (Ref. 1,2».

A. Primary Emergency Action County Departments including 8 agencies such

as:
Emergency Services Department of General Services Administration
(GSA)
Communications Department
Public Information Office
Sherriff's Department
Transportation Department
Forestry and Fire Warden, EPWA
Flood Control District (in case of rupture of dams, waterways,
canals)
B. Support Emergency Action Departments including 50 departments/offices
such as:

Air Pollution Control District
Administrative Office
Airports Division, EPWA
Community Development, Office of
Economic Development
Solid Waste Management, EPWA
Risk Management Division, GSA
Public Social Services

C. Non-County Utility Agencies
AT & SF Railroad
CALTRANS (District 8)
Southern California Edison Co.
Southern California Gas Co.
General Telephone Co.
Omnitrans
Yucaipa Valley County Water District with many privately owned/
governmental ground/surface water units.

D. Voluntary Organizations including neighborhood watch programs, small

businesses.

Public Utility networks and emergency facilities are lifelines which can
be considered in a network form. In general, each public utility is a network
within which there are sources, major transmission lines, storage, and a dis-
tribution or collection system. Each may have a terminus outside the city and
an extensive matrix of contact or distribution points inside. Detailing for

581



seismic structural safety is important. TFor example, consider the problem of
liquefaction of soils during earthquake, flexible couplings for water life-
lines are useful. For lifeline/utility industry we need to consider: The
design and operating agency, regulating authority, enforced codes/standards,
professional or industry organizations, Special Vulnerability and Urgent In-
vestigation Needs for Earthquake concernms. Various reliability levels for
lifelines within different earthquake intensity levels (moderate intensity
ground motion to high intensity ground motion with possibility of surface
faulting) needs to be designated for different functions in terms of ope-
rations, life safety/endangerment for different storage, treatment facilities,
distribution or for fire fighting (for example: In a Water Supply System),
The following process of planning was used with SCEPP in conjunction with
County local and utilities:

UTILITIES EARTHQUAKE EMERGENCY PLANNING FOR SAN BERNARDINO COUNTY

A, Preplanning Phase: Subcommittee Formation and Literature search.

Task 1. Identify Membership and form subcommittees for the County Pro-
totype Plan Task Force created by State and Federal initiatives
joining with the county in developing an earthquake preparedness
plan. The lifelines committee and the transportation committees'
were formed. '

2. Survey of Existing Materials including Seismic Safety Element of
San Bernardino County Disaster Plans and those disaster plans of
Southern California Edison Co., Southern California Gas Co., Gen-
eral Telephone. This was tied with Transportation Subcommittee
and Hazardous Structures (including Bridges) Subcommittee as well
as with those of Water District.

3. Initiate Planning Process including scope and deadlines for all
plans.

B. Planning Process

Task 4, Goals

5. Objectives

6. Assess Planning Information

7. Formulate a strategy to meet needs.

8. Develop a strategy and write the plan best on the best available
information, concepts/skills, and the value system to meet the
needs so as to maximize objectives, draft the action plans for
utilities.

C. Coordination Process

9. Report on Subcommittee Progress to the project coordinator.

10. Participation of Subcommittee on coordinating task force.

11. Development of Mutual Support - Mutual assistance, information
sharing and other help from and between utilities subcommittees
will be initiated in the coordinating task force.

12, Design and Format of the Plan

Note the integration is horizontal dimension because at the local levels

the plans are coordination between the utilities and transportation agen-

cies., Also, the lifelines committee and the transportation committee were
formed in such a fashion as to be representative of the local utilities
and transportation agencies rather than an exhaustive. These action plans
are coordinated "vertically" within larger companies like S.C. Gas Co.,
and S.C. Edison Co, Integration of division plan with headquarter plans
and with other local utilities or govermmental agencies was also planned.
D. Implementation Process
Task 13. Inclusion of utility plans in county plan.
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Task 14.

Endorsement by Utility:

Each utility plan was submitted to

its board of directors for endorsement as policy.

Task 15.

Implementation and Action:

The plans proposed policies, pro-

grams, actions, demonstration projects and further studies.
Each county agency or utility prepares emergency response plan-action forms
for the 4 contingencies identified in the paper. For each contingency, the
check—%ist includes consideration of People, Structures, Critical Resources,
Communications Systems, Transportation Systems, Utility Systems, Hazardous

Facilities (Ref. 1,2),

Action statements are general and assume more detailed

data, check lists, rosters, references, etc. are maintained separately in
support of the plans through suitable procedures.

By developing phasing which conforms to the five phases preceeding and
following a catastrophic earthquake the plans will achieve integration in the

temporal dimension.

At least approximate uniformity will promote comparison

and c?ordlnatlon in the geographic sense when urgency will require proactive
behavior rather than reactive crisis management.,

STRUCTUPAL 1IAZARD) —_—
[ [nrication
PUBLIC INFORMATION,

SEISMIC SAFETY] S
PLANNIHG

PERG
HASS CARE
i) SEELTER

DISASTER
[ AssISTANCE

| IncENTIvES —
T
1A A% -
8

L__ [orsasier
PAIAGERENT

—— UIVENTORY, CLASSIFY ALL STRUCTURES
ASSESSING RELATIVE PISK OF EACH STRUCTURE
NECESSARY ORDINANCE ENFORCEPENT
LIST OF VULWERABLE STRUCTUKES FOR USE IN
EVACLATIGH
EARTHCUAKE RISK MAPPING

1DENTIFY ALL NOM-STRUCTURAL FIXTURES

WOT-STRUCTORAL E
S PROPOSE SIPATEGY 70 REDUCE THREAT
KRR iTicaTion IDENTIFY HOST COST-EFFECTIVE METHODS

INFOFA SERIQUSKESS OF THREAT
-DIRECT TO SOURCE OF DETALLED MITIGATION
RUMCR CONTROL, AND USE OF RESQURCES

TRAINING FOR SEARCH & RESCLE

EARTHOUAKE PAINTAIN UP 10 DATE INVENTORIES OF SUPPLIES
[ [ PREPAREDHESS SECUPE VALUABLE 1TEXS
IHITIATE EARTHOUAKE PREPAREDIESS ACTIVITIES

PLAX FOR FUTURE DEVELOPIENT

~—— ELFORCE 20MING ORDIMANCES
——ERALTING BUILDING (OLES

DEVELOP DAMAGE ASSESSTENT PLMS
DRILLIRG CORRECT PETHODS OF PROTECTING

PRESENT UNDERSTANDING OF QUAKE
SCHOOL SAFETY | —— FORMULATLNG STAYDARD OPERATING PROCEDURES
ASSIST I EMERGENCY SHELTER

FEGOTIATE WITH PASS CARE/SHELTER

PANAGE EPERGENCY SHELTER

EVELOP INQUIRY SYSIEM FOR MISSING

IDENTIFYING SUPPQRT FUNCTION
—DESIGATE RELIEF SITES

— REVIENING SOURCE OF FINANCIAL ASSISTANCE
VIEW INSURRSCE
0POSE LEGISLATION FOR IHCREASED
NANCIAL ASSISTANCE
|~ PROVIDE [NFORMATION OH GENERAL LOSS

—— PROVIDE ESTIPATE OF LOST TAX REVENUES

PROVIDE RENARZS FOR IN'EDIATE MITIGATION
Action

PROVIDE TAX INCENTIVES FOR PERFANERT ACTIONS
TOENTIFY AD ELIMINATE LEGAL LIABILITIES

- YAINTAIN INVENTORIES
GATIATE CCATIKGENT PURCHASE AGREEMEATS
ENFOMERING EXISTIAG JOINT PONER AGERCY

l,v—.'-\INMM EPERENCY ORCANIZATIONS

f— patarary £0C

f—~ DEVELOP EES FOR COAKICATION TO PUBLIC
TEMERGENCY BROADCAST SERVICEY

f—— PAINTAIY FULL READYMESS

' FREPARE CONTINGENCY PLANS FOR ALL EARTHCUAKES

FIG. (3) QVERVIEW OF LO%G- TERY EARTHOUAKE PREDICTICY RESPONSE FUNCTION & SUBFUACTIONS

ACTIVATE CPERSENCY TRANSPORTATION
POST ¥ARHING SIGKS
DISPERS Il ENT NAEFE N CESSARY
——REVICKING EXERLERCY 1RASPORIATION
ALVISE IN DETOURS
—— RANAGE TRANSIT

ALERTING ALL PERSONMEL
[——FUI CG=uMICATION ECUIPRENT OX STAND BY
——PAINTAIN BACK LP PONER

i IRAUSPORTATION L——
| A—
| COMAUNTCATION l._____ -

- — RLERTING PLRSONEL
W :li{{)ﬂlil §EH!LISI
"][nﬁinuilna i — G PUBLIC IN WARUING STRUCTURAL

b
RLVIEW PLANS, POST SIGHS
MOBILIZE PLRSONNEL 10 IFAINENT
TiREAT LOCATION
LOGISTITAL ——FREVIEW FUEL SUPPLIES
SUPPORT VIEW AGREEMENTS WITH COATRACTORS
BRING GENCRAL PURPOSE VEHICLES INID
STAND BY CCITION
[EFERCERTY
| HELTLRAIASS [ |

ALERTING STAFF FOR SRELIERS AND MASS (ARE
ISSPECT EOUIPNENT AT IXSICNAIED SIGHIS
ALERTIG PUBLIC ON HAZARD PATERIAL
—y HANDLING
ARD FATERIAL IRED] CESSATION OF PROCESS, WHICH
pANAGERENT THREATENS SAFETY 27D KEALTH GF PUBLIC
PREPARING TO NEUTRALIZE MAZARIOUS
PATERIALS, ASSIST PUBLIC

KECRY PUBLIC RESUT CEN
pr— UPDATE RESOURCE CATALGS
| {resouRce E:m.m PROCURE™ENT PERSOMNEL
ALLOCATION —— ALERT MUTUSL ALD PARTHERS OF IMAINENT
EXRTHOUAKE THREAT

AT
RESPONSE
NCL1O!

13
—ASSIST FOR EFERGENCY NEEDS AND INCUIRIES
NARKIIG PUBLTC O THEIR SAFETY
-EVMUA”W '—'cg\lfilgi EVACUEES On RETURNING 10 THEIR
———ADVISING PUBLIC ON ANIMAL EVACLATION
~——1SSUING ALVICE Y PREDICTION
———15SUING INFORMATIDN GN AVAILABLE SERVICES
PLACING EERGENCY SERVICE O ALERT
_W—Em;m. REVIEN EACK 1P
L SERVICE SUSPEND NON-CRITICAL ACTIVITIES
B —— OPEN EDC, E5S
wzmgsjﬁ_En VR FESSAGE FOR THREAT
1_peaDines: REQUEST FOR A DISASTER DECLARATION

SUPPORT EMCRGENCY IKFO CENTERS
PUBLIC
INFORFAT 10X
ACCOAODATE OUTSIDE MEWS PEDIA REPORTS
F16, (4) QVERVIEW SHORT-TERM EARTHOUAKE PREDICTION RESPONSE ¢ SUBFUNCTION

583



ACKNOWLEDGEMENT

The support of California State University, Long Beach University
Research Committee in sponsoring a seed research grant dealing with "Seismic
Safety: Technology and Management Measures" to the second author is grate-
fully acknowledged. C.R. Narendra was a research associate on this project
and worked on Systems Framework for Operations in Earthquake Emergency Manage-
ment phase of the research. The authors have benefited from professionals
from various organizations and other researchers which are too many to mention,
In particular, the encouragement and help by William Petak, Richard Olsonm,
Lois O'Sullivan, Fugene Zeller, Gilbert Najera and Jeffrey Sampson for re-
search efforts of Disaster Systems Management Research Group of California
State University, Long Beach is gratefully acknowledged.

REFERENCES AND SELECTED BIBLIOGRAPHY

1. "San Bernardino County Emergency Plan', Earthquake Preparedness Plans,
Appendix G to Amnex B (Earthquake) to Part III (Contingencies) to the County's
Emergency Plan, December 1982 (Prepared by 13 sub-committees of the San Ber-
nardino County Earthquake Preparedness Task Force). (County Departments
Emergency Action Plans Integrated into the Overall County Emergency Plan as
the Earthquake Contingency Component).

2. "County Prototype Planning Guidelines = Part II: Basic Earthquake Plan
Guide" Final Draft, Southern California Earthquake Preparedness Project",
August 1983, Cooperative State/Federal Action-Planning Project, California
Seismic Safety Commission/Federal Emergency Management Agency; 6850 Van Nuys
Blvd. Suite 110, Van Nuys, Ca. 91405,

3. The Current State of Knowledge of Lifeline Earthquake Engineering,
Proceedings of Specialty Conference, ASCE Technical Council on Lifeline
Earthquake Engineering, University of California, Los Angeles, August 30,
31, 1977, 37 papers, 478 pages.

4. Smith, Jr., D.J., Editor. '"Lifeline Earthquake Engineering: The Current
State of Knowledge", 1981, Proc. 2nd Specialty Conference of TCLEE, 1981,
ASCE, N.Y, 10017.

5. American Society of Civil Engineers Committee on Research of TCLEE,
"Research Needs in Lifeline Earthquake Engineering", Journal of Technical
Councils, ASCE, Vol. 105, No. TC2, Dec. 1979, pp. 343-362,

6. Proceedings: Recommendations and Summary of "International Earthquake
Conference'", Feb. 1983, Hal Bernson, City Councilman, City of Los Angeles,Ca.
(Sessions T-3,5).

;é gg?g., C.M., "An Earthquake Hazard Plan for Lifelines", ibid. Ref. 4,

8. Davis, James F. et.al., "Earthquake Plannin io ;
.al. g Scenario for a Magnitude 8.3
Elwiggg the S;n Andreas Fault in Southern California", Special Publica-
, » California Department of Conservation Division of Mines and
Geology, Sacramento, Ca. 95814. ’

9. .Petak, Wil;iam'J. and Atkisson, Arthur A., "Natural Hazards and Public
Policy: Anticipating the Unexpected", Springer-Verlag, New York., 1982,

584



