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INTRODUCTION

The National Strong-Motion Program (NSMP) operated by the United States Geological Survey
provides an important earthquake recording capability vital for Earthquake Hazard Reduction and
pu~lic ea.rtltqua.~e sa.fetY·11le prograIll pr()yi~es tlte rec()r~il1gs oftlte Il1a.U1 ea.rt1lql1a.~e at tlte loca.ti()l1S
of most significance for society. It provides on-scale recordings of damaging shaking near and on
man made structures. No other USGS seismic observation network or program focuses on obtaining
these on....scale measurements of the main earthquake at these locations. These recordings of
damaging shaking at distances less than 20 kilometers on rock and 100 kilometers on soil from the
earthquake source are critical for earthquake resistant design; retrofit, and construction practice,
Scarcity of strong-motion recordings and rapidly escalating costs of future earthquake disasters
define n n' . I • • •

The present status of the NSMP as described by the Program Council of the Geologic Division of the

"The NSMP is at a watershed Its resources have shrunk over the lastfew years. The project has
e e eo ogle IVlSlOn In a lon, 1 e a 0 er

projects in the EHRP; the NSMP has experienced dwindling budgets for operating expenses;
Consequently, the NSMP has been faced with meeting high expectations for products and services
with declining resources. The outlook for the EHRP promises constrained personnel and
financial resources for the foreseeable future. These circumstances and the tenuous current state

the NSMP call a review the role and the NSMP and the
a to redefine and revitalize the NSMP mission and products in light of

current realities and trends.

The Committee on the Future ofthe NSMP is asked to prOVide two items: a vision paper and an
options document. ... "

This report constitutes the requested "Options Document". This report considers three options.
o i n I '"
personnel support. Option II assumes a slight increase in OE support of 150K for FY 99 and beyond.
Option III considers the role that a NSMP must la if the nation's ur ent need to record the main
earthquake at locations of significance for society is to be met. Two parts of Option III are
considered. The fist part of this option, termed Option III A considers the role thai strong-motion
recording in and near man-made structures must play if a near-real time hazard initiative is to be
implemented in the United States; The second part of Option III; termed Option III B; considers the
scope of a NSMP needed to address societies needs to record the main earthquake in locations of
significance for future public earthquake safety,

Preliminary staffing and Operational Expense (OE) levels appropriated for FY-98 for the NSMP are
summanze III a e . spects 0 e program consldere , as core elements are those efforts
associated with the maintenance and operation of the National Strong-Motion Network (NSMN) and

" .
e

program is vital to continued operation of the NSMP.

Total FY-98 OE appropriated for the program is S362K with an additional amount up to $100 K being
appropriated separately. OE reqUired to maintain stations for other agencies is reimbursed by the
appropriate agency. OE for operation of the NSMN is appropriated at about S171K and OE for
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National S M Staff and DE S

Data Acquisition Data Management Data Utilization Totals

1a 1b 1c 1d 1e 2a 2b 3a 3b 3c 3d
NSMN Borehole SMSite Struc.& Near- NSMDC Borehole Gnd. Mot. S. W. SM NEHRP/UB Eqk Eng.

& Portable Charac. SSI realtime & portable Pred. Site Char. Site Factors SR & SSI

Arrays Arrays Data Base

R. Porcella C. Dietel J. Gibbs M. Celebl . Porcella C. StephensG.Glassmoyer D.Boore H.P.lIu R.Borcherdt M.Celebi

OE(kJ 165 20 34 20 proposal 92 3 8 9 6 5 362
Staffing
Acosta, A. 26.1 26.1
Anja', C. 26.1 26.1
Baker, L. 8 3 11
Boore, D. 1 17.1 1 19.1
Borcherdt, R. 4 22.1 26.1
Celebi, M. 8 18.1 26.1
Dietel, C. 13.1 13.1
Fletcher, J. 8 8
Fogleman, K. 17.1 17.1
Foote, L. 26.1 26.1
Fumal, T. 3 3
Gibbs, J. 26.1 26.1
Glassmoyer, G. 4 8 14.1 26.1
Hamilton, J 2 2
Johnson, D. 26.1 26.1
Joyner, W. 2 16.1 1 19.1
Jungblut, W. 26.1 26.1
Liu, H-P. 1 1 15.1 1 18.1
Porcella, R. 26.1 26.1
Salsman, M. 26.1 26.1
Stephens, C. 26.1 26.1
Tam,R. 19.1 19.1
Tinsley, J. 6 6
Westerlund, R. 18.1 8 26.1

Totals 182.7 40.2 43.1 8 16 62.3 8 37.2 19.1 39.2 19.1 474.9
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operation of the NSMDC is about $92K. The remainder of OE is distributed among other projects
being conducted by the NSMP.

Total staffing for the NSMP is about 17 full time staff. Ofthis number 7 staff members are associated
with maintenance of the National Strong-Motion Network (NSMN) with 2 of these positions needing
iJl1Jl1eciiate repla,cell1ellt. Qlle staff ll1ell1l>er is directly ass()Cia,teci \Vith opera,ti()11 ()f tile 1'la,ti()1l3,1
Strong-Motion Data Center (NSMDC). Two additional members are being transferred to the NSMDC
staff. Staffing for these critical aspects of the program have decreased by 6 full time positions since
1994 and about 12 positions since 1977, prior to passage of the ERR Act of 1978 and the transfer of
funding responsibility to the USGS in 1981. Three additional retirements are expected within the

This option assumes that the program will continue to operate at FY-98 appropriation levels. If the

effective 5 percent annual decrease in total funding (salaries and operating expenses), because of the
effects of inflation and escalating staff salaries. This option is considered by the external advisory
c()ll1ll1ittee as equiya,lellt t() a gracillal terll1illatioll of (J5i(;5i operatiollal responsibility for the
NSMP.

• The FY-98 management configuration of the program is considered a positive step towards
getting the NSMP back on track: It provides a small, but coherent critical mass of personnel
to pursue its important role in the EHRP. It brings back together each of the important. .. ...

the program, but assigned to other sections and regions were very disruptive to the

commitment ofNSMP personnel is critical to its continued successful operation.

•
1. The number of operational staff is at an all-time low with additional retirements

expected.

2. The operational budget is decreased to a bare-bone minimum,

3. Considerable funding (>$400 K) is needed to eliminate backlog of strong-motion data

4. Approximately 90 % of present 900 accelerographs are analog. There is a great need.. .

decrease maintenance costs, and eliminate digitization expenses.

for recording the next major earthquake.

advisory committee as equivalent to a gradual termination of USGS operational
responsibility for the NSMP. (The 1978 Earthquake Hazard Reduction Act and subsequent
QMa tl1lllsfers ()f fl.lOciillg aJlci Pers()ooel presently place responsibility for operation of the
NSMP with the USGS.)
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• If USGS support for the NSMP continues to decrease with no or only limited resources
devoted to instrumentation on and near structures, then this decision needs to be clearly
articulated to the EHRP community. A clear decision IS needed In order that the nation's
urgent need to record the next major earthquake in and near man-made structures on a variety
of soil and rock conditions can be addressed by the National Earthquake Engineering
Community: 1be present lack of these data is considered a major obstacle for Earthquake
Hazard Mitigation (Procs. CASMP Workshop, Stepp, 1997). Agencies or groups of agencies
with well-defined responsibility for the acquisition and dissemination of needed strong-
motion measurements to the eng1Oeer1Og community must be identified and supported with
adequate personnel and funding to permit acquisition of the needed data OYer till1e-period$ of
several decades.

OPTION II -- SLIGHTLY INCREASED LEVEL OF SUPPORT ($300K SIR FY 98 OE; $450K
FY 99 AND BEYOND)

Option Description

1nis option assumes mat me program Will continue to operate at 1:' Y -~?S appropnation levelS, out
in FY;;;99 and the subsequent four years it will operate with an OE level increased to $450.1<.: This
option with its specified OE level IS considered the minimal level necessary to continue USGS
operation of the program provided recent retirements are replaced, If staff is not replaced, then
OE must be used for servIce contracts. Committee consensus is that this option reduces to
gradual termination of USGS operational responsibility for the NSMP, unless staff
replacements are in place within the next 1-2 years.

T ...
• 1bis increase in OE represents a welcome 10crease 10 funding that helps offset the annual 5

percent 10crease m total operatmg costs due to the ettects ot mtlatiOn and escalatmg statl
salaries.

• IlliS 10crease 10 Ut runa10g level COUla oe usea tor specltlc taSKS 10 apprOXImately me
following proportions:

1. Keauce analog aata oaCKJog ana Improve strong motIOn aata oase FbDK. per
year),

2. Upgrade analog stations to digital (5 stations per year; - $75.1<.),

3. Acquisition of geotechnical and seismic information required to interpret existing
strong-motion data (2 sites per year; - $25.1<.).

4. Initiate development of improved near-real time telecommunication capability for
strong-motion stations (7-8 stations per year; $25.1<.).

• 'lechmcal support staff tor the NSMP has not been replaced with one exception, smce the
passage of the 1978 Earthquake Hazard Reduction Act and funding responsibility for the

~ ,. T'~~~ ~

~ '..., wa;:, ~u ule u~u~ III 1::101. 1"\.~ a resUn grauual aLU nlUn Or U. SLan
members through retirements has reduced technical program staff levels to a critical level.
r, r +1.~+ t .& +1.~ ' .. .._, . ~~ ~.- . ..., .
of retirees and the addition of newly trained technical staff over the next five years IS
equivalent to termination of USGS efforts to operate the NSMP.
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Recommended Actions

• USGS res onsibilities and societ ex ectations demand immediate action to im rove
capabilities to record the next main damaging earthquake at locations of most significance for
public safety.

• 1'-l'§M:p sta.flirlg aIl~ fuI1~il1g le"els s~()tll~ })e rest()re<f to 1~81 le"els as s()()11 as feasible.
1. NSMP OE levels should be increased to $450K level in FY 98, if possible and

sub1seQluerltly increased at a rate of 10-15% for the next 4

2. Replacements of recently retired staff are critical and urgently requested. Staff
replllceIllents llre tite ~igl1est pri()rity l1eed ()f tite N~M}>· As II IlliIlilllulll' ? repillcelllents
for 12 staff members in the next year or so are deemed essential. Two positions that must
be urgently filled are those to replace D. Johnston and a permanent position for E. Ajal,
w ose -year mporary posi ion expires soon. ive 0 er posi ions mus e re e
are those for at least 2 technicians to replace F. Ellis, lNielson, F.Risavich, and. .,
E.Etheridge and R. Maley, a database manllgement analysis expert to replace P.Mork and
A.Converse and a recent Ph.D. in earth uak n in . n in m .
structures and lifelines to replace E. Safak and G. Brady.

• Staff replacements are essential for continuation of the program and satisfactory progress on

I. Maintenance of NSMN stations with acceptable maintenance intervals of twice a

2. Upgrade of analog to digital stations.

3. Installation and maintenance of strong-motion telecommunication effort as
established for strong-motion components of TriNet.

" .
Database" for rapid retrieval and dissemination of data immediately following a
rna'or earth uake.

5. Expansion of instrumentation partnerships with federal, state, and local agencies, and
owners of hos itals, emer enc -res onse centers, lifelines, and hi h occu anc
buildings to augment USGS resources.

• Given the current level of operational support and staffing for the NSMN we will not be able
to:

1. Maintain the current network at necessary intervals of one year.

2. Maintain expected progress rate on tasks 2-5 in preceding list.

3. Respond to a moderate or major earthquake with timely generation of professional
uali stron motion re orts station m r

proper distribution to critical users as has been done in the past.

• Allocation of OE and re lacement of staff as recommend ill 11
be operated at a stable 1981 level with satisfactory progress on each of the well integrated
tasks of the FY 1998 proposal as outlined below:

Project Objectives: The overall objective of the NSMP is to significantly improve public earthquake
safety through the fulfillment of national responsibility for coordination, acquisition, rapid
dissemination and interpretation of strong-motion recordings of each major damaging earthquake in the
United States, Ensure to the extent of available resources that each damaging earthquake is adequately
recorded at locations throughout densely urbanized areas near tlle source, on the ground and in
structllfes of most significance for unclerstanding and mitigating ca.tastrQphiC IQsses anticipa.tt::cl frQm
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future earthquakes. Conduct the major components of the NSMP concerned with Data Acquisition,
Data Management, and Data Utilization.

Overall Strategy, Study Design, and Planned Major Products: Conduct following components of
NSMP:

1. Data AClluiloitU'n
a) National Strong-Motion Network - R Porcella - maintain and upgrade the National

Strong-Motion Network (NSMN) of 850 accelerographs at 540 stations in 33 states and
PUerto Rico in cooperation with Corps of Engmeers, Department of Veterans AffairS~

General Services Administration. U.S. Department of Energy, Hawaii State Civil Defense,
and 10 other federal, state, and local agencies and universities;

b) Integrated Borehole Arrays and portable strong-motion arrays - C. Dietel and R
Westerlun R Borcherdt - maintain rmanent arra s in San Francisco Parkfield
Mammoth Lakes, East Bay and S. Calif. and portable wide dynamic range instrumentation
for post earthquake response of WR EHZ, conduct analyses as data becomes available;

c ear- ur ace Lithologic an Seismic Site Characterization - J ibbs, W. Joyner --
Compile seismic, geoteclmical and geologic borehole data for critical interpretation of. . .

d) Structure and Soil-Structure Interaction (SSl) arrays -- M. Celebi - Coordinate advise, and
expand federal programs for installation of instrumentation arrays in structures in
cooperation with 15 other agencies as highlighted in new 1998 program prospectus.
Develop and implement special-purpose arrays for soil-structure interaction studies;

e) Near-real time strong-motion measurements for emergency response and warnings - R
Porcella == COnfigure and implement modem telecOmmiliiications for rapid data retrieval
and interpretation for damage assessments in minutes to aid in emergency response efforts

2. Data Management

,
with major activities being: 1) digitize, process, archive and disseminate backlog of 1500
analog strong-motion records, 2) implement modern NSMDC data base for rapid data
retnev an ssemrnatlOn VIa temet, p SItes, -Rom etc., 3 eve op an Imp ement
hardware and software for rapid incorporation of near-real time strong-motion data into. . ~.. .

b) Borehole and Portable Array Data Management - G. Glassmoyer - Manage the playback,
archival and dissemination of large volumes of borehole array and post earthquake digital
recordings, including development of WWW site for access to all past portable array
strong-motion data recorded by USGS;

3. Data Utilization

a) Strong-Motion Prediction - D. Boore, W. Joyner - Develop equations to predict strong
motion as a function of earthquake magnitude, distance, and geologic conditions;

b) Surface-Wave Site Characterization - H-P. Liu Develop and evaluate surface wave
inversion techniques as a cost effective alternative to borehole characterizations of local. .. ..

earthquakes;

d) Earthquake Engineering - M. Celebi -

8



J) Structural Response and SSI research - Conduct studies of structural response and
soil-structure interaction for improvements in NEHRPfUBC building codes as.. . ._-

_IlI.l""O~., ~_~

2) Structural Testing and post earthquake studies - Conduct, evaluate and recommend
appropriate dynamic tests to infer in-situ structurnl response for earthquake safety
evaluations and develop post earthquake loss reconnaissance capabilities.

• Biannual meetings between representatives of the EHRP Program Council and the NSMP are
recommended to improve communication; review progress; evaluate strong-motion recording
needs, and facilitate coordination between regional network operators and the NSMP.

• Establishment of an external advisory committee for the NSMP is a high priority; The
external component of the Committee on the Future of the US NSMP is recommended as the
;~; ..:~1 •. .~... ~.Q • • 4:'~. l:"V 1002

OJ

.II-IT.. IN III A __ "''' NII<-If 'Al\TTIV IN.'''' Ac.... n I ....'-'l;'1 01<' ... 111-1 .... 1.., TO P"-"'IU 'T

REAL-TIME DAMAGE ASSESSMENT USING STRONG-MOTION RECORDING
.... , . .,.' .,
.l"-l;;al-UlIll;; • ~u ~UIUl;; ~ 'V -r .- ~ ~'l:>

motion instrumentation located throughout urbanized areas most likely to be damaged by future
large earthquakes. Instruments must be located on and near critical man-made facilities and in
populated \Jrban areas that have dense com::elltratiol1s of stf\Jct\Jres cietermilleci to have a high
likelihood of being damaged in future strong earthquakes. Such instrumentation must be capable
of providing on-scale measurements of the strong ground shaking and resultant motions of
structures adequate to assess the structural safety and direct emergency actIOns. To adequately
provide the needed information, a very large increase in resources is required. Discussions at
recent workshops imply that strong motion measurement must playa major role in real time
hazard assessment. Points raised here are based on these discussions.

Option Description
Thil:! "nti,," "-' f'"r th.. ". .•. "f' th .. ",.,ti"",'" "' ....rl f'". nn_C!~~I~

-r r r".I"O

measurements of earthquake motions associated with damage to man-made structures in densely
urbanized areas for purposes of structural safetv evaluations and 2uidance for emergency
response and recovery actions. On-scale measurements of strong shaking near-by and on
facilities such as bridges, highway overpasses, hospitals, emergency response centers, fire
stations, and airports as well as near-by and in high-occupancy structures are required. To be
effective a large number of instruments with near";real time parameter retrieval will need to be
installed throughout densely developed urban areas that are at high risk from earthquake

.... .
To facilitate implementation of Option III A, the National Strong Motion Program in conjunction
with ("ACUD r()~M()~ ~nrlnth~T ' : will,

• Develop a plan for implementation of the real-time disaster assessment capability in urban
, •~1. ~• .J .1 .J I .1 " I _I

w • ......, -'0' .... , O>LQ."-" .....U ........... ~ -~..., , .u"'... f:>~

and private sector companies and organizations. Participation will include public and private
sector groups responsible for critical facilities such as hospitals, fire stations, emergency
respollse facilities, allci so <>11; lifelil1es sllch as highWaYS, bridges, electric lltilities, telepl1Ql1e
system, gas distribution systems, water distribution systems, and so on; private owners of

9



high-occupancy and commercially important industrial and business facilities; and elected
officials responsible for mobilizing disaster response.

• Develop a deployment plan for strong motion instrumentation in densely urbanized areas with
high risk of experiencing an earthquake disaster (Los Angeles, San Francisco, Seattle, Salt
Lake City, Memphis, New York, Boston) to permit on-scale measurement of shaking levels
up to 2g and rapid transmittal of strong motion time histories and damage measures for
disaster assessment.

• Determine the cotfifl:l.uruty of users and develop and implement the capability to communicate
assessments of damage to the built environment in real time and near-real time when an

• Develop a database of strong motion information that can be rapidly assessed by practicing
,

measures, and other users concerned with earthquake loss assessment and earthquake safety.

decades.

Implementation

VUI,lUU III A requires a significant investment of resources and the commitment to long-term
performance. Consequently, the deployment of the national system should be accomplished in
stages and phases. It should be implemented in the urban areas of highest risk first, then proceed
to urban areas within the high risk group that have successively lower risk. At each
implementation stage instrumentation will be installed in phases starting with instrumentation of
critical facilities and progressing to instrumentation of free-field sites. Following a staged and
phased approach, complete implementation of real-time damage assessment capability in the
seven urban areas that have the highest earthquake disaster risk will be completed over a period of
fifteen years.

OPTION III B -- I
NATION'S ON-SCALE MEASUREMENT NEEDS OF THE MAIN EARTHQUAKE IN

URBAN AREAS TO BE MET IN THE NEXT 10 YEARS

The significance and urgency of the national need to acquire on-scale measurements of the next
tragic main shock at locations in urban areas, suggests that a coordinated national effort needs to
rapidly evolve. This effort can and should be conducted in concert with the new real-time hazard
assessment effort; However; instrumentation placed for disaster assessment purposes will not
meet all of the needs to thoroughly measure the response of various structures or soil deposits.. . .

must necessarily utilize a much larger set of resources.

,
been or are currently being deployed in Japan by a variety of government and private agencies.. .. ...

installation, infrastructure, and the geotechnical analysis made at most sites, the total expenditure
for these deployments is estimated to be approximately 300-400 MILLION dollars. This rapid,
~r0acl-raJl~ill~ ~epl()YJIlellt \Vas rna.~e as a, response to tl1e tra,ge~y in I«)~e, a.n~ tl1e su~sequel1t
realization the nation seriously underestimated the urgency and importance of a long-term, broad­
based national strong motion network.

10



Likewise, in the last several years Taiwan, approximately 1/12 the size of the state of California,
has installed nearly 1,000 modern strong motion instruments to address serious concerns about
damaging earthquakes. The stations are installed for purposes of earthquake engmeenng, but 10
many cases eqipped with telecommunications that permit real-time and early-warning
applications.

Implications of Present Level of Effort
• Continued EARP support of NSMP at levels recommended in Option II combined with the

efforts of all other strong-motion programs, ensures that the next large and damaging
earthquake in the United States will not be adequately recorded in whatever densely
urbanized area that might be impacted.

• No urhanized area in the United States is instrumented nresentlv so as to document ground
shaking and structural performance during the main shock as needed;

1 Extensive re!!ional and national network "weak-motion" monitorin!! efforts will Drovide
useful information at low-noise locations on rock of foreshocks and aftershocks, but little
information on the main shock at locations near man-made structures at levels above
damage thresholds.

2. If the earthquake impacts California, NSMP and CSMIP instrumentation is likely to
provide a number of useful on-scale recordings of the main event in urban areas. But,
sparse densitY of grol.ind=motiori Stations, scarcitY of instrumentation on critical facilities
and scarcity of instrumentation on important structures implies that much of the
quantitative information needed to improve design and construction procedures will be
missed as it was missed in the Northridge earthquake.

3; Costs to society in terms of design of future structures to poorly documented and
inadequate standards will continue to escalate. More complete justification of need for
. ;co . in '[i"i ....n -

Recommended Actions

• The NSMP should help launch a dramatically accelerated program to acquire the needed on-scale
measurements of the next damaging US earthquake at locations near and on damaged man-made
structures. J he achievement ot thIS Objective will reqUire an 10crease in resources aevotea to

recording strong;;;motion that is more than an order of magnitude greater than that currently being
expended by all programs in the US.

• The NSMP should continue to conduct long;;;term partnerships~ facilitate integration of efforts and
interests of other national and state organizations and develop national and private resources to
meet national needs. It should augment and build on the partnerships and cooperative efforts
already established with the following agencies in the United States: Army Corps of Engineers,
California DeDartment of Water Resources California Division of Mines and Geologv.
Department of Veterans Affairs, General Services Administration, Hawaii State Civil Defense,
Kaiser, Metropolitan Water District of Southern California, Oregon Department of
Transportation, Pacific Gas and Electric, University of Puerto Rico, U.S. Department of Energy,
U.S. Geological Survey, Utah Geological Survey, Washington, City of Aberdeen, Washington,
lacoma rUDlic utilities, wasningron uepL or Natural Kesources, washingron uepanmem: Or

Transportation, Property Owner (Code mandated), Universities, and others.

• The NSMP should serve as an integral and founding member of the national Consortium of
Organizations for Strong-Motion Observation Systems (COSMOS) in order to help launch a
dramatically accelerated earthquake measurement program for public safety.
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• The NSMP should continue to integrate the efforts of both the engineering and seismology
communities and work to develop improved understanding of the different cultures and user
needs. It needs to mtegrate etlorts of several commIttees, mcludmg: CommIttee tor the
Advancement of Strong-Motion Programs, appropriate committees of the National Academies of
Science and Engineering, the Strong-Motion Committee of the Earthquake Engineering Research
Institute, the Seismology Committee of the Structural Engineers Association of California, the
California Strong-Motion Instrumentation Program of California Division of Mines and Geology,
TriNet, the Council for the National Seismic System, and others.
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QUESTIONS AND ISSUES POSED BY EHRP PROGRAM COORDINATOR (R. PAGE)

To:

From:

Borcherdt

Robert Page

Subject: Future ofthe National Strong Motion Program

I look forward to receiving your committee report recommending a future direction for the National
trong otlOn rogram y eptem er want to Impress upon you e Importance

of this report. The Program Council widely perceives this part of our program to be uncertain of its. . .

frustrated and impatient with the situation.

wou I e your comml ee repo 0 a ress s rong-mo Ion acqUlsl Ion an managemen
and dissemination issues--issues at the traditional core of the NSMP--and not the broader issues of
data analysis and research.

Circi.lil'l.stances have changed since 1initially requested a Visiowoptions report ill. my memo or 3
October 1996 to Walter Mooney (copy appended). Namely, the Program Council has evaluated the
FY-98 project proposals and made recommendations on funding, and there is a reasonable likelihood
that in FY-99 we may receive a major increase in funding to upgrade seismic networks to provide
real-time hazards information. Accordingly, I am no longer asking you to develop a series of three
program options but rather two five-year options: one that assumes a constant level of SIR OE of
about $300K er ear and one that assumes $300K of SIR OE in FY-98 and $450K er ear in FY-
99 and beyond. (See next paragraph for explanation of the $300K figure.) In regard to developing
an option for an expanded program should the FY-99 Real-Time Hazards Warnings Initiative be
success as at s be mclude as an integral part of the initiative implementation plan that
Harley Benz is spearheading. Thus, I am not asking that you develop a separate option for this

You may expect to receive about $300K total OE in FY 98 for subtasks la, lb, ld, 2a and 2b of the
Data Acquisition and Data Management tasks in your project proposal. In addition, you may expect
to receive about $34K for Site Characterization (subtaSk lc), but for the purposes of this exercise I
choose to view this subtask as being outside the traditional core activities of the NSMP. The Council
recommended no funding for subtask Ie; Near-Real-Time Strong-Motion Measurements; because it
does not appear to be coordinated with associated efforts in southern and central California.)

strong motIOn

?

Is the current strong motion network suitably deployed to address these problems?

Ifnot, what changes should be made?

Should recordings ofstrong shaking close to the fault in earthquakes larger than M 7.5 or 8.0
be a high priority ofthe pro!{ram? Ifso, what is the stratef!.Y to obtain such records?
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What are the priorities for documenting nonlinear soil response, soil-structure interaction, and
basin efficts? Should such problems' be addressed within the context of current NSA1P
resources. so, ow a were.

What are the priorities in the context ofthe modest.funding currently available to the program?
Which these can be addressed in with other agencies and private

What should be the lJCllctnce ofJgc~ between ffee-jielcl instmmerzts Clncl instrllmerzts in
structures?

Does the USGS recover the.full costs ofmaintaining strong-motion recorders for other Federal
agencies? lfnot, is continued operation ofthese instruments in the long-term interests ofthe

ro ram?

What is the proper geographical balance ofeffort in the program in terms of impact on loss
. ?

In view of the vigor of the California Strong Motion Program, what should be the role and
. . .

motion instruments in California to those that comprise localized arrays designed to address
specific issues? Should all other USGS instruments be turned over to CSA1P to operate? I
unclerstclflcl the USGS instmments 14n~14C1llJ14ilcJing in CCllifomip while the Stpte instmments
typical buildings. Does this relegate us to a role of secondary importance in terms of
contributing to the reduction oflosses? .

What fraction of the program effort should be expended in California? In other western

Can the operational costs ofmaintaining the network be reduced?

What is the long-term plan and timetable for processing old records? How many are ofsuch
slgm cance t t t ey s ou e processe .

What is the strategy for integrating the strong motion network into the National Seismic
with other Networks Seismic .}y;~te,m).

INDIVIDUAL RESPONSES TO NSMP QUESTIONS AND ISSUES

Response of R. Borcherdt

y eprogram.

On-scale measurement of the main shock on and near structures throughout stricken urban
areas for purposes of improving public earthquake safety. Present resources within the
program are not adequate.

2. Where are the best locations in which to pursue these problems?

Densely urbanized areas within 100 km on soil and 20 km on rock of the rupture zone.

3. Is the current strong motion network suitably dep{oyed tiJ address these problems?

but much too "....... ""'.
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4. Ifnot, what changes should be made?

An".",.. _f"",1r1 . in i,,·' t", 1nppt .. npprI" tn .."",..",..rI th". n".vt
-.1

main shock at locations of significance for public safety.

5. Should recordings ofstrong shaking close to the fault in earthquakes larger than M 7.5 or 8.0
be a high priority ofthe program? Ifso. what is the strategy to obtain such records?

Yes. Deploy instrumentation with a spatial density proportional to probability for ground
motion exceedance at a specified level as derived from national seismic hazard maps (Figure
2a in Borcherdt and others, 1997; See Figure 4a here and Table 1 in Vision Document).

6. Whcit are the prioritiesfor doCUmenting nonlinear sol! response, soi{.·siFUciUre Interaction, and
basin effects? Should such problems be addressed within the context of current NSMP

n,~. • n

. lJ ;)-U, nuw unu wnere.

Solution of these problems and other critical research problems based on strong-motion data
are essential for reduction of earthquake losses. They should form a critical component of the
NSMP and addressed as funding and staff resources permit.

7. What are the priorities in the context ofthe modestfunding currently available to the program?
Which of these problems can be addressed in partnership with other agencies and private
entities?

Highest priorities are staffing and funding levels sufficient to permit continued operation of
the network with yearly maintenance intervals, upgrade of analog instrumentation to digital ,
and conduct of an effiCient and effectIve NatIOnal Strong-Motion Data Center.

8. What should be the balance of focus between free-field instruments and instruments in
structures?

_._ • • aw. au _. __••_ _ ....~

the resultant response of man-made structures for purposes of building a safer earthquake
resistant environment. A llround motion measurement Drollram can not be effectivelv
conducted independent of a measurement program for structures. An integrated program to
measure ground motions and the resultant response of structures is essential for an effective
program to meet societies needs for measurement of the next tragic earthquake throughout the.

9. Does the USGS recover the full costs ofmaintaining strong-motion recorders for other Federal
agencies? Ifnot, is continued operation ofthese instruments in the long-term interests ofthe
program?

Full cost is difficult to answer, but costs recovered have been the savior of the program. The
conduct of these long term partnerships with some 15 different agencies is an important and
necessary role of the national program. Continued long-term operation of these cooperative
efforts is essential for a successful national program. It is the integration of strong-motion
Gam acquIsitIOn ettorts that provlGes a measurement capabilIty whose usetulnesses to society
is greater than that that could be provided by any program separately.

10. What is the proper geographical balance ofeffort in the program in terms of impact on loss
reduction?

The pr()per ge()gra.pl1ical baJ::mce is a.s Sl1()\Vl1 in Figure 1 and tabulated in Table 1 (Vision
Document) as determined from exceedance rates for O.lg and population exposure to levels
exceeding O.lg. The largest proportion of instrumentation should be located in area with the
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highest population exposure to potentially damaging levels of motion. In the cotenninous US
the areas with the largest population exposure are the San Francisco Bay region and the Los
Angeles region.

11. In view of the Vigor ofthe California Strong Motion Program. what should be the role and. . r, ,,. ...
" 'Y' <JO' ..,.Iff In "

The USGS earthquake measurement program in California conducted under the EHRP should
provide recordings of the next main shock at locations of significance for public safety. It
should continue to emphasize special structures, Federal buildings and lifelines, sophisticated
borehole arrays and SSI experiments, and extensive ground motion arrays that are
complementary to the State program. A major increase in instrumentation is needed to ensure
that the next major chock in California is adequately recorded at the proper locations.

12. Should the USGS restrict its support ofstrong motion instruments in California to those that
comprise localized arrays designed to address specific issues?

No. The USGS has responsibilty to integrate strong-motion montoring efforts of Federal
alZencies and contribute to the EHRP throulZh its earthauake monitorinlZ efforts. No other

.... effort in the USGS r
,

on-scale measurements of the main shock at
urban locations of significance for public safety.

13. Should all other USGS instruments be turned over to CSMP to operate?

No. The state program does not have sufficient resources to to assume responsibility for the
stations and can not assume responsibility for some types of stations; The urgent need to
adequately record the next major earthquake requires a level of resources much greater than
currently available in both programs combined.

14. I understand the USGS instruments unusual building in California while the State instruments
• " •• ,. 1"\ ,L . , ./.J' J. . l'

'Jl' 0'
~VW~ <U

~ -~
.v .. 'V'w VJ 'J ....1'.... .....vv '"'11''' VJ

contributing to the reduction oflosses?
,. ~ ft .
l~U. ' Ul OUUI programs are uecueu.

15. What fraction of the program effort should be expended in California? In other western
states? In Alaska? In eastern states?

The analyses summarized in Table 1 and Figure 1 of the Vision Document suggests that

.~.I:

72 % in r,' ,. about 3% in Al".,h and 1% in New York.

16. Can the operational costs ofmaintaining the network be reduced?

Conversion of analog stations to digital stations could reduce maintenance visits to oilly those
times that instrumentaion was known to be inoperable.

17. What should be the policy with respect to instrumentation? Should analog instruments be
replaced by new digital instruments? Or, should new digital instruments be used to augment
rexpana or aenslJY) me eXlsnng nelWorK~

A combination is most appropriate. Analog stations for which a high data return is expected
in areas with a high population exposure should be converted to digital first. Instrumentation
plans should be developed based on detailed GIS inventories as shown in Figures 2 and 3 of
the Vision document.

18. What is the long-term plan and timetable for processing old records? How many are ofsuch
significance that they should be processed?
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In general, the strategy is to digitize all analog records with peak amplitudes sufficient to be
of use in defming empirical attenuation curves, which are the basis of codes for earthquake
resistant design and construction. In general, recordings with peak amp 1tu es greater an
about 0.05-0.08g are useful for such purposes.

19. What is the the motion network into the National Seismic
System? Interface ofNSMP with other Networks (National Seismic ,)VS'lenl).

The national seismic system as presently configured is comprised of regional and national
seismic networks. These networks record "weak-motion" infonnation at quiet locations
rell1()te fr()111 Iloisy ur~an. enyiroI1ll1eIlts yia. c()IltiIluous telemetry primarily for the Earth
Science community. The NSMP records strong-motion infonnation from the main shock at
noisy locations near man-made structures in urban environments with on-site recorders
primari y or e ea qu e-engineering communi y. ese i erences ne r
in order to ensure that the earthquake measurement needs of society are met. The interface.. . .

the TriNet effort.

Response of M. <;elebi

Before any discussions are made, the mana.gement and the USGS community should reach a
consensus on general principles for the NSMP. A list of suggested general principles can be as

• USGS-NSMP is and should be a nationally active unit within the earthquake hazards Team
of USGS.

• Ob'ective should be that we should ro'ect for instrumentation throu hout the
contenninous US, Alaska, Hawaii and Puerto Rico to record all events ofM>5.

• S S-N MP h uld aim make the most relevant data available in usable fonnat within
30 days following an event.

•

• USGS-NSMP network should be upgraded to digital equipment capable of recording near

• USGS-NSMP complement ground stations with structural systems instrumented.

• Structural instrumentation should be achieved on an a.greed; programmatic basis; Special
instrumentation schemes should be fully discussed among interested parties within and

• USGS-NSMP should vigorously pursue instrumentation of federal buildings. A recent OFR

• USGS-NSMP operations unit should coordinate all USGS strong-motion deployment,

house communication and data management that follows.

• Processing and dissemination of strong-motion data should be done by USGS-NSMP Data

• USGS-NSMP should promote cooperative efforts.
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• Work to more closely integrate waveform data with regional and national data centers.

Now answers to some of the ouestions'

What are the most critical problems to be addressed by the program?

1 First and foremost, the most critical problems to be addressed by the program are,

National Activitv and Coordination: USGS-NSMP is and should be a nationally active and
coordinated unit within the Earthquake Hazards Program of USGS. The foundation ofNSMP
should be based on a nationally coordinated effort based on priorities related to enhancing
public safetY; scientific and engineering needs; and fiscal responsibilitY: Currently~ there is no
coordinated effort. Regional activities, although plausible in many ways, is detrimental to the

. .~ ,., "'....... .. . .
V~ .. • _. •

committee should be formed to coordinate the activities. USGS-NSMP operations unit
e;,hnlllrt . all lJ~G~ ~tronp'- . ,. . data r . I activities
Regionalization of such activities is detrimental to in-house communication and data
management that follows. Today, both USGS community and those outside praises the
CDMG effort. The reason why CDMG effort has the visibility that it has are two: (a)
constant and dependable budget, and (b) coordination by its Sacramento center only:
(e.g. there is no San Francisco County, Los Angeles County or Sonoma County - CDMG
office deployment or data dissemination)~

Distinctive Objective: The main objective of the NSMP should be to obtain on-scale ground
motion and structural response data throughout the conterminous US, Alaska, Hawaii and
Puerto Rico from all events that are M>5. The areas that are capable of generating M>5
earthquakes are well known; Strong motion deployments should be achieved with this in
mind. Currently, some of the activities are very broad based more on an individual scientists
. th.,n thp ""h'"1 nppr! J:"nr!" th.,t .,rp ",...,r,..p <lorp hpin ... "npnt thp 'Xl'>' .,n· ..•. t

-<;;> -r-"
desires rather than to meet the overall goal and objective. Solution: (a) Establish clear
i!uidelines on deDlovment activities and how funds can be SDent and (b) Ori!anize
frequent and detailed action item meetings between management, NSMP and USGS
scientists and engineers.

Data Management and Dissemination: USGS-NSMP should aim to make the most relevant
data available in usable format within a timely schedule (e.g. within30 days following an
event). Solution: Establish (as is being done) a dynamic data center management within
the NSMP that will respond to the needs of engineering and scientific community. This
is one reason why regional activities are detrimental because data from USGS should not be
released from differeflt locations and/or regions. They shoUld be released by USGS"'NSMP
Data Center after quality processing is achieved.

Solve the everlasting data backlog problem: USGS-NSMP should reduce the backlog of
undigitized analog film records to zero by 1999. There has been positive movements towards
mis in me lasl year.

Old Equipment should be upgraded: USGS-NSMP network should be upgraded to digital
equipment capable of recording near real-time and/or real-time by 2002. Two incentives are:
(a) rapid dissemination of data will enhance public safety and property, and (b) future
digitization costs will be eliminated.

2. Second, the most critical problem is the Requisite Budget: Without a rational budget,
USGS-NSMP will always be an orphan. The budget for a viable, visible, effective and
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coordinated program should be proportionate. Without going into the old stories related to
NSF transfer of the Program to USGS etc, the simple question to ask is: ''What is the CDMG­
CSMIP Program annual budget for State of California only?" A national program should
have deservedly relevant budget. Therefore, we should try to optimize the available funds by
eliminating uncoordinated and unrnonitored regional efforts. In addition we ought to raise
external funding by cooperative efforts (e.g. TRI-NET etc). For structural instrumentation, the
recent initiative prepared to instrument federally ownedlleased structures is a step (detailed
later).

Where are the best locations in which to pursue these problems?

Internal USGS Consensus: The USGS Earthquake Hazard Program Council, Management
and NSMP should come to tenns with accepting a nationally coordinated rather than regional
program. The national program should be equipped with rational budget to pursue the
objectives of the NSMP by concentrating efforts in (a) urban areas of all States that has the
highest seismic risk (FrankellLeyendecker maps or Seismic Areas 3 and 4 in the VEC Maps),
(b) near faults that are capable of generating M>7 earthquakes. These efforts should be both

. for ground motion recording and structural response recording.

Is the current strong motion network suitably deployed to address these problems?

NO

If not, what changes should be made?

Should recordings of strong shaking close to the fault in earthquakeslarger than M 7.5 or 8.0
be a high priority of the program? If so, what isthe strategy to obtain such records?

Yes. It should be high priority. Deploy special purpose arrays after identifying the faults.

If funds for acquiring the hardware are available, USGS-NSMP should do this and it will
provide visibility and credibility to the program.

What are the priorities for documenting nonlinear soil response, soil-structure interaction, and
basin effects? Should such problems be addressed within the context of current NSMP
resources? If so, how and where?

1. Soil-structure Interaction planning and implementation is well underway: Soil-structure
interaction experiment has been proposed by the earthquake engineering personnel in 1987.
Since then, based on recommendations of the regional funding groups, a workshop amongst
nationally well know experts was held in 1992 to develop the parameters for such an
experiment (USGS OFR 92-295). One of the relevant issues is the measurements below and
around the periphery of the foundation of the building - thus requiring deployment on a
building yet to be constructed. Currently, we are in the mode to select a project at a suitable
site condition. Currently, approximately 80 % of the requisite hardware has been purchased
(through funding of proposals during each of the years since 1992 and also through funding
received from add-on Northridge funds).

What are the priorities in the context of the modest funding currently

available to the program? Which of these problems can be addressed in

partnership with other agencies and private entities?

Structural Instrumentation: This component of the NSMP has never had a direct budget to
date. Significant part of the expenditures has been through creative financing and cooperative
efforts with VA and now GSA. We are currently making efforts to broaden the cooperative
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programs with an initiative to instrument federally owned/leased buildings(USGS OFR 97­
452). Because instrumenting a structure is an expensive effort, an agreed upon program is
necessary. Special instrumentation schemes should be fully discussed among interested
parties within and outside USGS (as was done in the case of SSI experiment).
Unfortunately, sometimes, "grab the money and do your thing" sickness has been adopted by
some; We need to prevent such attempts in the future so as to optimize the scarce funds.

What should be the balance of focus between free-field instruments and instruments in
.[

Structural instrumentation in urban areas is a must. Ground motion instrumentation and
structural .' should be complementary. Whenever physically feasible, all
instrumented structures should have associated free-field deployments.

Does the USGS recover the full costs of maintaining strong-motion recorders for other
Federal agencies? If not, is continued operation of these instruments in the long-term
interests of the program?

RON PORi-ELLA'!': ~HOP

In view of the vigor of the California Strong Motion Program; what should be the role and
objectives of the USGS program in California? Should the USGS restrict its support of
strong motion instruments in California to those that comprise localized arrays designed to
address specific issues?

Should all other USGS instruments be turned over to CSMP to operate? I understand the
USGS instruments unusual building in California while the State instruments typical
buildings. Does this relegate us to a role of secondary importance in terms of contributing to
the reduction of losses?
.. .• .1. "'Tr. ....... TTn".... '" •.

J"I'-' • .lUI;) VVVUIU U" ai, Ul<1L V.:J'U.:J U~ UVL \,,<1II;<U .lUI LUI;<. ~ allU I;)

therefore getting rid of it. Instead, let us try to cure the problems.

Lan me operatiOnal COStS or mamrammg me netWOrK De reaucea !

Ron Porcella's shop.

What should be the policy with respect to instrumentation? Should analog instruments be
replaced by new digital instruments? Or, should new digital instruments be used to augment
F. • 1 '" n

• jJ _ [

All ano]og iristn.unerit should be phased out. The sooner, the befter. It is ultimately cost
saving to replace all analog instruments with digital ones since it will sabve a lot of digitizing
.i:r. £...l.

BENEFITS:

Attenuation curves
A ~.. • £'_ /". • .' rn '"

V.l .lV.l VJ _ UI. UVUI

free-field station associated with Pacific Park Plaza Building in Emeryville was used to
evaluate the amount ofrelative displacement between Verba Buena Islan [rock] and east basy
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Seismic Code base shear coefficients have been revised as a result of data retrieved from
earthquakes since 1933. With more data retrieved in subsequent years, the larger peak
acceleratIons expenenced resulted 10 10creased deSign base shear coefficients.

Site Coefficients in UBC were introduced in 1976 and revised later due to the site
~ observed ., 1. .

Empirical "building period formulas" have been incorporated into the building codes and
revisions have followed as a result of analyses of structural response data acquired from
instrumented buildings.

In the 1991 UBC revision, the requirement for the restraints of flexible diaphragms were
increased by 50 % because of the excessive deformations observed from recorded responses
of instrumented buildim!s with diaohralZms.

Several studies of records from instrumented structures identify the significance of (a) drift
."...1'1' "f" IV' /h\ . .,.. "f' c;: c;:y ." ...1'1 (I' \ 1,., • i ...

.... , , .. J oJ

development of site specific design response spectra, (e) deficiencies in identifying resonating
site freauencies.

. Joyner

1. What are the most critical .prcl'ble:ms to be addressed the. .... I?

In order ofpriority they are:

a; Defining the ground motion at distances of 0-5 km from an earthquake of moment
magnitude greater than 7.0 for various site conditions.

b. Determining the relationship between ground motion and damage for various structural
systems.

c. Determining the nature and amount of nonlinear soil response from ground motion
measurements, to avoid reliance on questionable inferences from laboratory measurements.

d. Obtain measurements of strong ground motion in regions of moderate to low seismicity
where few measurements now exist such as eastern North America.

2; What are the best locations to pursue these problems?

For (a) the best locations are within 5 km of faults with a significant probability of a moment
magnitude 7.0 or greater earthquake in the next 50 years. A list of such faults could readily
be obtained for a specified probability level from the fault data used by Art Frankel in making
the National Ground Motion Maps; The list would include such faults as the Imperial, San
Jacinto, Elsinore(?), San Andreas, Garlock(?), Hayward, Rogers Creek-Healdsburg, and
Maacama(?). The best locations for Dfoblem (b) are those with both a hil.!h density of
structures and a high probability of significant levels of ground motion. Roger Borcherdt has
made maps showing the best locations based on population data combined with probabilistic
ground-motion data from the National Maps. The best locations for (c) are sites with a
variety of material types within areas of high probability for significant ground motion.
1 nese localions can De rouna rrom a superposition or geologic maps ana prooaOlllStiC grouna­
motion maps. The best locations for (d) are sites within the regions of interest with relatively
high probabilities of significant ground motion. Such locations can be found from

, ., ..
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3. Is the current strong-motion network suitably deployed to address these problems? If not,
what changes should be made?

The current network has changed very little in the last 20 years, a simple consequence of the
fact that the Program has been starved for funding and manpower and that it is almost as
expensive to move a station as to install a new one. Under the circumstances the current
network addresses the problems remarkably well. Changes are needed, however. The
highest priority is to examine the existing network within 5 km of faults likely to produce
magnitude 7+ earthquakes, and, in cooperation with the California Strong Motion
Instrumentation Program, add stations where necessary to assure a sufficient number of
records from sites representing a variety of site conditions. The second priority is to add
stations for determining the relationship between ground motion and building damage. Along
with these priorities it is necessary to move forward to replace existing analog instruments
with digital ones to help reduce the operational costs of the network.

4. Should recordings of strong shaking close to the fault in earthquakes larger than m 7.5 or
8.0 be a high priority of the program? If so, what is the strategy to obtain such records?

Absolutely, they should be the highest priority. The strategy is outlined in the answers to
questions 2 and 3.

5. What are the priorities for documenting nonlinear soil response, soil-structure interaction,
and basin effects? Should such problems be addressed within the context of current NSMP

resources? If so, how and where?

The priorities among the three items are, in my view, in the order listed. Within current
NSMP resources nonlinear soil response is addressed by the existing network, as long as
resouces are available after earthquakes to document site conditions at sites where strong­
motion records have been obtained. A soil-structure-interaction experiment has already been
planned and is being implemented. Much can be done on basin effects using existing records
and future records from stations now existing.

6. What are the priorities in the context of the modest funding currently available to the
program? Which of these problems can be addressed in partnership with other agencies?

In my view, the top priorities in the context of current funding are the same as in the context
of greater funding. They are listed in the answer to question 1. Items (a) through (c) should
be pursued in close cooperation with the California Strong Motion Instrumentation Program.
Items (b) and (d) can be pursued in cooperation with FEMA and other Federal agencies
through the instrumentation of Federal buildings and other facilities, and item (b) might be
pursued in cooperation with private building owners.

7. What should be the balance of focus between free-field instruments and instruments in
structures?

In .my view, both are needed to provide the basis for the earthquake-resistant design of
structures. For the Geological Survey the first priority should be free-field ground motion.

8. Does the USGS recover the full costs of maintaining strong-motion recorders for other
Federal agencies? If not, is continued operation of these instruments in the long-term
interests of the program?

I will let Ron Porcella answer the first question. If the answer is no, then perhaps we should
renegotiate our maintenance agreements. Discontinuing our cooperative arrangements with
other agencies, however, is a step we should not take without careful consideration. If the
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USGS won't assist other Federal agencies with their earth-science-related problems, it forfeits
some of its reason for existence. Some of the instruments in cooperative programs,
furthermore, contnbute to pnontles (b) and (d) 10 the answerto question 1.

9. What is the proper geographical balance of effort in the program in terms of impact on loss
reduction?

The strategies described in the answers to questions 2 and 3 will automatically determine the
geographical balance. Unavoidably it will mean a heavy emphasis on California. The place
to measure strong ground motion is where it occurs.

10, In view of the vigor of the California Strong Motion Program, what should be the role and
objectives of the USGS program in California? Should the USGS restrict its support of
stronQ: motion instruments in California to those that comorise localized arravs desiI!ned to
address specific issues? Should all other USGS instruments be turned over to CSMP to
operate? I understand the USGS instruments unusual buildings in California while the State
instruments typical buildings. Does this relegate us to a role of secondary importance in
terms of contributing to the reduction of losses?

Close :,r: between the NSMP and CSMIP is Ul1l-'...,II..:LUL to the the
J vu of both agencies. A beginning of such cooperation is taking place with the

TRINET and "TRINET NORTH" projects. In my view, the USGS should be content to let
CSMIP play the primary role in California. Without regret~ actually. There is more to be
done than the resources of both programs can manage. Any station that CSMIP installs frees
the USGS to devote an instrument to a different problem; If; however; the USGS believes
that the CSMIP instrumentation is not adequate to solve an important problem, it should be
free to augment that instrumentation. I do not believe that CSMIP could (or would if it could)
take over maintenance of all the USGS instruments in California. The USGS is in a better
position to use instrumentation of Federal buildin~s as a strate~v for increasin~ the number of
instruments that could help with the problem of relating ground motion to building damage. I
believe that the agreement that CSMIP instruments typical buildings and the. USGS
instruments unusual ouua1Ogs IS a very senSIDle arrangement, wltn me aavantage to the
USGS that our results are of more interest to our prime constituency, the structural engineers.

.+. .1 _=~~ ..J' ~I. TIC',,",C' • _ .. ~ •
.c .. ",vup'''' i"Vi'" V.Lt....'" '''''''Vi'' ...., , ..'" "'........... • ..

Without instruments in California the people responsible for USGS strong-motion
instruments in the rest of the country would go for years without obtaining any strong-motion
records. I doubt their effectiveness under those circumstances. What are the political
consequences when a major earthquake occurs and CSMIP collects hundreds of strong­
I11()ti()n rec()rds a.I1~ tlle T.JS(}~ collects l1()ne? ~y its poor supP()rt ()f the strong-Illoti()n
program the USGS has already forfeited much of the good will it had in the structural
engineering community. Lets not give up what remains.

11. What fraction of the program effort should be expended in California? In other western
states? In Alaska? In eastern states?

The strategies described in the answers to questions 2 and 3 will provide the answer for the
western states (see the answer to auestion 9). The result will he a _.,... ,.. . fnr

California and perhaps Alaska, though the higher costs of operations in Alaska must be
figured in. The eastern states require some special consideration because of their large
population and the very limited data that have been recorded there. Since it is clear that
ground motion is different in the East, some effort there is essential, but, because of the much
lo\Ver ea.rtI1qua}(e pr()~a.l>ility, the fracti()11 oftlle t()ta.l effort there must be limited.
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12. Can the operational costs of maintaining the network be reduced?

questions are based on the assumption that replacing analog instruments by modem digital
instruments with dial-up will reduce costs.

13; What should be the priority with respect to instrumentation? Should analogue
instruments be replaced by new digital instruments? Or, should new digital instruments be
used to augment (expand or densify) the existing network?

Both (see the answer to question 3). The highest priority should be to augment the existing
networks as needed within 5 km of faults likely to produce magnitude 7+ earthquakes; After
that funding for new instrumentation should be divided between new sites chosen for

now occupied by analog instruments

We need to distinguish between digitizing and processing. Digitizing is by far the greater
. ..

necessary to contract for digitizing much of the backlog; We now have a digital database
listing all records and specifying which are digitized and which are processed. We will
prioritize the list and digitize as many as available funding permits. As soon as the quality of
the digitized records has been assured they will be put on our website uncorrected and will be
available to As soon as the records will also be on
the website. Chris Stephens should answer the question about timescale.

15. How many are of such significance that they should be processed?

Chris Stephens has the data base and I will let him give the definitive answer. There are

sensitive to the cutoff criteria, which are necessarily a bit arbitrary. The key is to digitize and
rocess cc rdin r

16. What is the strategy for integrating the strong motion network into the National Seismic

Data from the strong=motion network will be freely available to anyone and network
personnel are prepared to cooperate with others in the maintenance of instruments and the
collection of data; Stations in the regional networks or the National Network; however; are
not, in general, located at sites likely to produce significant strong-motion data.

Response of A. Frankel

program (not in any order) - Art Frankel

central mission of this program should be to have strong-motion data available on the Internet. . . ....

Critical problems: I) Better understanding and description of site effects, including:
nonlinearity, correlation with geologic unit and Vs, spatial variability, and basin effects. The
goal here is to better predict site effects in urban areas for future large earthquakes;
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2) Better understanding and description of source excitation of strong-ground motion for
large earthquakes (M> 7). 3) Better description of ground motion as function of magnitude
and dIstance tor Central and Eastern U.S. earthquakes (M>',O).

I think there needs to be an emphasis on densifying our strong-motion network m high-risk
urban areas such as Los Angeles region, San Francisco-San Jose-Oakland, Seattle, Portland,
Salt Lake City, and Reno. Such urban sites should also have weak-motion sensors and be
linked into traditional high-gain seismic networks. They should span a variety of site
conditions and distanceS from major faults.

Also more strong-motion instruments should be put in areas of the CEUS with relatively high
hazard, such as New Madrid, Charleston, eastern Tennessee, and the northeast. These would
be situated near the expected sources, not necessarily in urban areas.

In California, I think the USGS should concentrate on dense deployments m high-risk urban
areas. Also, if we have weak-motion sensors m addition to FBA's, we can provide ground
motion info realtime for moderate-sized events, which can improve our public visibility
between the occurrence of large events, educate the public on seismic hazards, and provide

m nr ,:lIon on sne response ana Dasm erreclS. we snouJU also
.~

concentrate on deploying free-field instruments around instrumented structures; to look at
soil-structure interaction and building reponse/damage.

Response of R. Porcella

1. Most critical NSMP problems to be addressed?

a. The number 1 problem to be addressed is the NSMP's lack of national recognition among both
the engineering and seismological communities; a situation brought about by many years of
invisibility-- primarily due to neglect and a lack of financial support by the USGS Earthquake- 'rL "Y4:'ll. A'n -I ,1
~

~ Q~ ~ .. '" A ......H~ ........ v'O AU ~ , A ..... '" "'A '" 'U ... '" ""]"'''

of the seismological community. The main reason, in my opinion, is because of an ignorance of
~ncl 1~('k of for

, in hoth thp . ,.
~nrl.. ~ A J

long-term requirements for successful operation of weak- versus strong-motion recording.
Fundamental differences include instrumentation oarameters recordinQ" site conditions installation
and ll()usillg l()gistics, clata usefulness alld rate ()f rettlrn, and rec()rd pr()cessillg alld dissel11inati()1l
obligations. Nothing of substance will change unless the Geological Survey makes a substantial
effort to address these fundamental differences, and then DEAL WITH THEM in an unbiased
manner consistent with the explicit, long-standing goals and responsibilities of the NEHRP.

b. Many regional networks have already begun to purchase FBA's, which they will deploy as
"strong-motion instrumentation" for early warning and response; but these sensors will, I believe,
after the next maior earthquake. have contributed little or nothinf! to urban hazard mitigation. The
USGS must act quickly if it is to redirect this uncoordinated , inefficient, and ultimately costly and
divisive regional ization of seismic recording efforts in this country. Although I think these
networks must necessarily continue to operate with a high level of autonomy, I would point out that
there does exist significant opportunity for cooperation. For example, there are a number of

qUiet N::iMP (and 'J statIOns Instrumented with real-time digital accelerographs that might
be (and, in a several cases are already being) utilized by regional seismic networks in California.
During the next 5 years at least 100 additional NSMP real-time strong-motion stations could be
made available to regional seismic networks throughout the U;S; (at the current funding level);
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c. TriNet has effectively demonstrated that there is ample opportunity for cooperation between
several diverse networks operating in southern California. The TriNet project recognizes the
equally important roles that weak- and strong-motion networks play in their efforts to bring about
meaningful reduction of earthquake hazard in the southern California region. Many problems
related to these differences have already been solved; TriNet should be used as a model for all
regional and national network upgrade efforts supported by USGS;

()Ilce tllese ~ig~ly ~ivisiye issl.les ~aye ~eell res()IYed' \Ve call Ill()ye ()Il t() s()lviIlg tlle I()gistical
problems of operating ONE NATIONAL STRONG-MOTION PROGRAM. Strong, sound
leadership, both at the Agency and Program levels, is key. The USGS must provide the Program
with a national mandate, with Clear and preCise goals; the Program must assemble reasonable Short=
term objectives for acquiring the data needed to solve the multitude of earthquake engineering and

. ms a i g x nsiv an iverse communi y 0 s rong-mo ion
researchers. Only a NATIONAL program will assure a geographically vigorous effort in the

regions of the U.S. Once these political and logistical issues have been put to rest, we can move. . . .

engineered structures, characterizing strong ground motion in the urban environment; documenting
site response, measuring soil-structure interaction, etc., etc.

3. Is current Network suitably deployedl any changes?

33 states and the Caribbean). The truly ideal network-- needed to solve most of the above-

environment. I recommend, for now, smaller, yet more comprehensive specialized arrays that can
hel solve a wide variet f IT n n in rin . .
should be located in all seismic regions of the country. Obviously, the arrays must be weighted
toward the more seismically (not politically) active regions; but we cannot miss an opportunity to
acquire data from ANY U.S. eartnq:ualce

4. Should close-in recordings of large earthquakes be high priorityI strategy?

Close in recordings have always been an NSMP high priority; strategy has been to establish the
specialized arrays mentioned above.

5. Discuss priority for documenting soil response, soil-structure interaction, basin effectsI
within NSMPI howl where?

Of the three, I believe soil-structure interaction should be the highest NSMP priority, as it was
near! 20 ears a 0 when Fri . . .
Because Noel was never replaced, one can only assume this problem is now a low USGS priority.
My second priority would be documenting non-linear soil response, though I believe data from the
cllrrent Ilet\V()r~ call equally ~e l.lsed t() illvestigate all tilree pr()bleIlls. A fe\V Illore specialize()
arrays to augment data for studies of soil-structure interaction and soil response is doable and would
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be appropriate work for NSMP. Some permanent stations might be establ ished/relocated to
optimize basin-effects arrays in cooperation with the regional seismic networks.

6. Can these be addressed in partnership with other agencies?

Top two priorities in (5) and all structure/foundation-related problems might be accomplished in
concert with current reimbursable agencies; including the VA; Corps of Engineers; and Metro;
Water District of southern California. New agreements with GSA, NASA (see Celebi comments),
and others might be tailored to better meet NSMP needs than has been achieved in the past;

7. What is balance between ground sites and structure instrumentation?

There is no formula. New engineering and ground motion problems seem to arise after each
subSeQuent dama11;in11; event; thus, the urgency is highly variable, and therein lies the priorities. Mv
gut observation is that, over the past 25 years, the ground motion vs. structural efforts (in terms of
dollars and people-power spent), are probably running at about 60-40.

8. Does USGS recover full costs from the reimbursable program?

ine are mgruy income, nowever, amoUDIs 10 more Ulan GOUDIe
the Network's total annual OE; And although the network OE barely covers the total network
maintenance costs, the cost to maintain the reimbursable portion of the network is only about one
fourth of the USGS portion (no; of stations); And, I would like to point out, the current digital-
upgrade effort involving exclusively USGS-owned instrumentation IS being funded entirely with
reimbursable income (very highly classified!).

Economics aside, the USGS cannot expect to play a key leadership role in promoting earthquake
hazard mitigation efforts without a willingness-- no; an eagerness-- to fully cooperate and consult
with others, particularly those agencies at all levels of government, academic institutions, and

._A .. +l .+ .. .t. ~L
1:"

, _.~
-~

_.- _._. -~ . " .-c:> <v<u<

serious effort to help solve seismic-engineering-related problems. USGS dollars alone will not
m:dn'! m: a leader in the .. of .

and -
9. What is proper geographical balance in terms of impact on loss reduction?

Anywhere we can reasonably expect to obtain strong-motion data 10 the next 30-50 years is fair
game. There are no political boundaries within the U.S., only seismic boundaries. While urban
sites are politically correct and are obviously needed for most engineering studies, relevant strong
ground motion data can often be collected in various geologic regimes, irregardless of population
centers; site conditions and frequency of strong shaking are key.

10. In view of the CSMIP program, what role should NSMP have in Califl Localized arraysI
Specific issuesl Turn over all other USGS instruments?

The NSMP role in California has been a supplementary one to CSMIP since the late 70's. NSMP
~annot hone to hI'! :I •• • nhlvf'r or for th:lt m:lttf'r I'!Vf'n ·.L ~.
significant role in California; we know this and CSMIP knows it. This IS why NSMP has long
worked with CSMIP to coordinate ooeration of both !!round motion and structure resnonse
instrumentation. We long-ago realized that the combined resources of all strong-motion operators
in California could never approach that which is needed to truly characterize strong-shaking in this
geographically diverse, highly seismic, and most-populated state. There are plenty of ground sites
and buildings for everyone; cooperation has been key, communication remains a must. Since the
late 70's, new NSMP projects in California have generally involved specific problems related to
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strong ground motion, site response, soil-structure interaction, or structural response, including
base isolation.

11. Does instrumenting atypical structures in Calif. relegate NSMP to a secondary role in
terms of its urban loss reduction efforts?

See Mehmet's response: My feeling is that atypical structures are also occupied by people; the
damage to atypical structures, and there are many out there, can be just as spectacular and
devastating as to typical structures; Both types must be instrumented if we are to provide engineers
with design/performance data. .

12: What ffaction of NSMP efforts shoiild be expended in Calif/ western states/ east/
Alaska/etc? Can operational costs be reduced?

See (2) - (3) above. It is somewhat important that the NSMP mirror the regional networks efforts-­
they largely mirror seismic activity levels. More importantly, NSMP must allocate its funds and
effort on the basis of national need. However, the NSMP must make every effort to work
cooperatively with the local seismic network when installing/operating realtime instrumentation
WIthin any gIven region. l'Ive-year pTans Tor specific regIOns (current funding level), have Deen
developed and are available at the NSMP web Site:

1~. ~lu)lll~ ~igita.l il1strlllllelltati()11 replace al1a.l()g/ sllPpl~lIlellt 3.113.I()g?

The current plan is to replace analog stations in the most seismically active regions with new digital
stations; analog instruments are then refurbished (outside contractor), and relocated to new sites in
lower seismicity regions with little or no strong-motion instrumentation. A more poignant question
W011I<1 be "b.oW long can we keep tb.is upgrade effort going witb.out acquiring additional help?"

14. Long-term plan for processing records/ how many should be processed?

Defer to Chris, others. But-- a quality strong-motion program should be measured by the quality of
strong-motion recordings, not by merely the quantity of seismic data...

15. What is the strategy for integrating NSMP into the NSS?
"T<"" IT> • • ~.nn •.•.• • •
• h>lUJ. ...u ..n u,", U'~"'C''''-..u u ..v u .... l'lJJ WlUl Ule ~<llUC I:;;lVCU ~u ....~ .... , Ule

nets, or any others: while each entity must have some control over its territories/functions/data, the
good of the NSS is paramount. The current attitude of CNSS is disheartening. All past prejudice
must be overcome; the success of the NSMP is as critical to the success of the USGS earthquake
program as is any other element, and more so than many. I believe it is imperative that the NSMP
b.aye a full seat on the CNSS. The NSMP, and tb.us the USGS, absolutely must take the reigns of
leadership in order to achieve the trust of the engineering community and the respect of the
seismological community in those matters related to studies of earthquake engineerimr and strom!
ground motion. It is crucial that the USGS be recognized as the national leader of earthquake
hazard mitigation efforts in the United States; it must, in concert with the CNSS, assure continuous
commuOlcatlon and coordination between the NSMP and both the National Seismic Network and all
USGS-supported regional seismic networks across this country.

Again, LEADERSHIP is KEY.
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APPENDIX B

"NSMP WORKING GROUP" RECOMMENDATIONS FOR THE NATIONAL STRONG
MOTION PROGRAM

Members - B. Bolt, Chair, C.B. Crouse, Reporter, N. Abrahamson, C. Rojahn, D. O'Connell, P.

USGS Liaison Members - R Borcherdt, M Celebi, A. McGarr, W. Mooney, J Mori.

1. Enhance the capability for the collection, processing and dissemination of strong-
I I s.

• The USGS should strive toward a goal of disseminating strong motion data within months
i og recor s or ys in e case 0 igi e erne ere recor s er a

major earthquake.

• ecause approximate y ana og
instruments; the USGS should establish an aggressive schedule for replacing these
instruments with digital accelerographs with remote (telemetry) access capability. Priority
for this replacement should be given to urban areas in California where the likelihood of a
moderate to large earthquake is relatively high. The analog instruments should be

• The USGS should acquire proper hardware to process analog accelerograms and not rely

2. Increase instrumentation in regions of moderate to high seismicity outside

be recorded.

• An executive order requiring all new federal buildings to be instrumented with a minimum

where the ground-motion hazard, as mapped by the USGS, exceeds a specified threshold;
Cooperative arrangements with other U.S. government agencies should be sought to assist

3. Convert old analog data to digital or electronic format.

• The USGS has compiled useful data on seismic hazards throughout the U.S. during the
NEHRP program. Examples of these data include maps of liquefaction and landslide

. ", ,
the USGS through surveys following major earthquakes, may be useful in calibrating loss
estimation at orithms. These analo data should be converted to electronic format.

4. Establish an Advisory Board to assist the USGS in the planning and implementation

• Model the concept after the State of California strong motion instrumentation program
(CSMIP) which has several panels of experts that advise the CSMIP.
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