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MIMORANDUM FOR: D. G. Eisenhut, Director, Division of Licensing, NRR
FROM: R. ¥. Warnick, Director, Office of Special Cases
SUBJECT: RECOMMENDATION FOR NOTIFICATION OF LICENSING BOARD

Enclosed is a Notice of Violation issued to Consumers Power Company )
imposing a Civil Penalty in the amount of One Rundred Twenty Thousand
Dollars ($120,000). This action was based on the licensee's failure

to implament an adequate quality assurance program as it relates to

the installation of electrical, mechanical and civil components in

the diesel generator building and the action of quality comtrol (QC)
supervisors instructing QC inspectors to suspend inspections if excessive
deficiencies were found during the performance of inspections. Also
enclosed are the Enforcement Notification and the Press Release
pertaining to the issuance of the Notice of Violation.

Region III has reviewed this information and perceives the issues
identified in the enclosures to be material and relevant to the
mamuaua. proceedings. We recommend that the Midlaud Licensing Board
be notified.

If you have any questions or desire further information regarding this
matter please call wme,

R. F. Warnick, Director
Office of Special Cases

Enclosures: As stated

ce w/encl:

A. B, Davis

W. D. Shafer

R. N. Gardner

R. B. Landsman
R. J. Cook

B. L. Burgess

B. L. Jordan, 1E
J. B, Solesek, IE
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February 3, 1983
EN - 83-07

OFFICE OF INSPECTION AND FNFORCEMENT
NOTIFTCATTON OF STCNIFICANTY ERFORCEMENT ACTION

Licensee: Consumers Power Company
Midland Nuclear Power Plant, Units 1 and 2
Docket Mos, 50-329, and 50-33C

Subject: PROPOSED IMPCSITION OF CIVIL PENALTY - $120,000

This is to inform the Commission that a Notice of Viglation and Proposed Imposi-
tion of Civil Penalty in the amount of One Hundred Twenty Thousand Dollars
(§120,000) will be issued on or about February 8, 1983 to Consumers Power
Company. This action is based on the licensee's failure to implement an adequate
quality assurance program as it relates to the installation of electrical,
mechanical and civil components in the diesel generator building and the action
of quality control (NC) supervisors instructing OC inspectors to suspend inspec-
tions if excessive deficiencies were found during the performance of inspections.
Consequently, not all ohserved deficiencies were reported and complete inspec-

tions were not performed by all OC inspectors after the repurted deficiencies
were corrected.

It should be noted that the licensee has not been specifically informed of the
enforcement action. The Reginnal Administrator has been authorized by the
Nirector of the 0ffice of Inspaction and Enforcement to sign this action. The
schedule of issuance and notification is:

Mailing of Notice February 8, 1983
Telaphone Notification of Licensee February 8, 1983

A news release has hoen'orepared anc will be issued about the time the licensee
recefves the Notice. The State of Michigan will be notified,

The licensee has thirty days from the date of the Notice in which to respond.
Following NRC evaluation of the response, the civil penalty may be remitted,
mitigated, or imposed by Order.

Contact: G. Klingler, IE 24973 J. Axelrad, 1€ 24909
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UNITED STATES
NUCLEAR RECULATORY COMMISSION

OFFICE OF PUBLIC AFFAIRS, REGION 111
799 Roosevelt Road, Glen Ellyn, lllinois 60137

NEWS ANNOUNCEMENT 83-08
CUNTACT: Jan Strasma 312/932-2674
Russ Marabito 312/932-2667

NRC STAFF PROPOSES $120,000 FINE FOR QUALITY ASSURANCE VIOLATIONS
AT MIDLAND NUCLEAR POWER STATION

The Nuclear Regulatory Commission's Region III Office has proposed
a $120,000 fine against Consumers Power Company for an alleged breakdown
in the quality assurance program at the Midland Nuclear Power Station
construction site in Midland, Michigan.

An NRC inspection of equipment installation in the plant's diesel
generator building between October 12 and November 25, 1982, identified
numerous items of noncompliance with NRC Quality Assurance requirements.

The proposed fine consists of two alleged violations, each carrying
a $60,000 penalty.

The first violation is for multiple examples of plant personnel
failing to follow procedures, drawings and specifications in the installa-
tion of equipment. 1In one instance, an inspection program was not
established to ensure the segregation of electrical cables in accordance
with design requirements. In other cases, changes in drawings or specifi-
cations were made without proper authorization.

The second violation was the result of the NRC's determination that
quality control supervisors instructed quality control (OC) inspectors to
suspend inspections when excessive numbers of deficiencies were observed.

The construction being inspected was then turned back to the
construction staff for rework. The intent of this practice was to improve
construction quality prior to the QC inspections. In some cases, however,
the follow-up QC inspections focused only on the previously identified
deficiencies, instead of conductirg a full reinspection. This practice,
therefore, provided no assurance that unreported deficiencies were later
identified or repaired. Reinspections will be required for those areas
where this QC practice was utilized.

This inspection practice also resulted in incorrect data being fed
into the licensee's Trend Analysis Program, thereby inhibiting the utility's
ability to determine the root causes of deficiencies and to prevent their
recurrence.

In a letter to Consumers announcing the proposed fine, Regional
Administrator James G. Keppler said the violations demonstrate the company's
"failure to exercise adequate oversight and controi' of its principal
contractor (Bechtel Power Corporation), which had the responsibility for
executing the QA program.

Keppler added that the Q/ eakdown, in part, caused Consumers to halt
some safety-related constructiy;. work at the plant last December, and to
take "other significant actions to provide assurance that safety-related
structures and systems are constructed as decigned."

As part of its corrective action, Consumers has proposed a "Constructior
Completion Program," outlining the steps it will take to complete the Mid-
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RIII -2~ February 8, 1983

land plant. It includes a reinspection of safety-related systems, third-
party reviews to monitor project performance, and QA/QC organizational
changes, among other things.

Consumers also will be required by the NRC to determine the extent
to which QC supervisors instructed inspectors to limit their findinfs
of deficiencies and to inform the NRC of what corrective action will be
taken to prevent this from occurring in the future.

The licensee has until March 10, 1983, to either Yay the fine or
to protest it. If the fine is protested and subsequently imposed formally
by the NRC staff, Consumers Power may request a hearing.

fédd

February 8, 1983



UNITED STATES
NUCLEAR REGULATORY COMMISSION
REGION 1
799 ROOSEVELT ROAD
GLEN ELLYN, ILLINOIS 80137

FEB 8 1983

Decket No. 50-329
Docket No. 50-330
EA 83-3

Consumers Power Company
ATIN: Mr. John D. Selby
President
212 West Michigan Avenue

Jackson, MI 49201

Gentlemen:

This letter refers to the special inspection conducted by the Office of Special
Cases, Midland Section, of this coffice on October 12 - November 25, 1982, and
on January 19-21, 1983 of activities at the Midland Nuclear Power Plant, Units

1 and 2, authorized by NRC Construction Permits No. CPPR-81 and No. CPPR-82.

The results of the inspection were discussed with you on November 10 and 23,
1982, on January 21, 1983 at the conclusion of the inspection and on January 18,
1983 in the Region III office during an enforcement conference between you and
others of your staff and me and others of the NRC staff.

The inspection was Primarily a physical inspection of installed equipment to
verify conformance to approved drawings and specifications. The results of the
inspection indicate a breakdown in the implementation of your quality assurance
program as evidenced by numerous examples of noncompliance with nine of the
eighteen different criteria as set forth in 10 CFR 50, Appendix B. The breakdown
was caused by personnel who failed to follow procedures, drawings, and specifi-
cations; by first line Supervisors and field engineers who failed to identify and
corract unacceptable work; by construction management who failed to call for
qu2lity control inspections in a timely manner, allowing a backlog of almost
16,000 inspections to develop; and by quality assurance personnel who failed to
identify the problems and ensure that corrective actions were taken. As a
result, you failed to fulfill your primary responsibility under Criterion 1 of
Appendix B to 10 CFR 50 to assure the execution of a quality assurance program.
In addition, of Péiticular concern to the NRC is the fact that quality control
(QC) supervisors instructed QC inspectors to suspend inspections if excessive
deficiencies were found during the performance of inspections. Consequently,

not all observed deficiencies were reported, and complete inspections were not
performed by all QC inspectors after the reported deficiencies were corrected.

I understand that, Secause of our findings, you have inspected other areas of
the plant and found similar deficiencies. As a result of our findings, your
findings, and your assessment of the overall Project, you halted certain safety-
related work at the Midland site, reduced the work force by approximately 1100
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Consumers Power Company 2

people, committed to building cleanup and system layup, committed to organize
teams of construction and engineering personnel responsible for the completion
of one or more plant systems, and committed to reinspect safety-related systems.
I expect that you will also conduct an inspection to determine the extent to
which QC supervisors at the Midland site have been instructing QC inspectors

to limit findings of deficiencies and the extent to which QC inspectors have
been conducting reinspections based only on reported deficiencies.

To emphasize the need for CPCo management to ensure implementation of an effec-
tive quality assurance program that identifies and corrects construction defici-
encies, we propose to impose civil penalties for the items set forth in the
Notice of Viclation that is enclosed with this letter. The violations in the
Notice have been categorized as Severity Level III violations in accordance with
the General Statement of Policy and Procedure for Enforcement Actions, Appendix
C of 10 CFR 2. The base value for a Severity Level III violation is $40,000.
However, as a result of your past enforcement history involving quality assurance
and the multiple examples of QC deficiencies for the areas inspected, the base
civil penalty for each violation is being increased by fifty percent.

After consultation with the Director of the Office of Inspection and Enforcement,
I have been authorized to issue the enclosed Notice of Violation and Proposed

Imposition of Civil Penalties in the cumulative amount of One Hundred Twenty
Thousand Dollars ($120,000).

You are required to respond to this letter and should follow the instructions in
the Notice when pPreparing your response. In your response you should describe
the results of your inspections to determine the extent to which QC supervisors
instructed QC inspectors to limit findings of deficiencies, the systems affected,
and your corrective actions to ensure that all affected systems are adequately
reinspected. Your reply to this letter and the results of future inspections will
be considered in determining whether further enforcement action is appropriate.

In accordance with Section 2.790 of the NRC's "Rules of Practice," Part 2, Title

10, Code of Federal Regulations, a copy of this letter and the enclosures will
be placed in the NRC Public Document Room.

The responses directed by this letter and the enclosed Notice are not subject
to the clearance procedures of the Office of Management and Budget as required
by the Paperwork Reduction Act of 1980, PL 96-511.

Sincerely,

Regional Administrator

Enclosure:
Notice of Violation and
Proposed Imposition of Civil Penalties



Consumers Power Company

cc w/encl:
DMB/Document Control Desk (RIDS)
Resident Inspector, RIII
The Honorable Charles Bechhoefer, ASLB
The Honorable Jerry Harbour, ASLB
The Honorable Frederick P. Cowan, ASLB
The Honorable Ralph §. Decker, ASLB
William Paton, ELD
Michael Miller
Ronald Callen, Michigan

Public Service Commission
Myron M. Cherry
Barbara Stamiris
Mary Sinclair
Wendell Marshall
Colonel S+teve J. Gadler (r.k.)
RCDeYoung, IE
JHSniezek, IE
JAxelrad, IE
JTaylor, IE
EJordan, IE
CThayer, TE
JLieterman, ELD
VStello, DED/ROGR
Flngram, PA
JCummings, OIA
JFitzgerald, 01
HDenton, NRR
JKeppler, RIII
Enforcement Coordinators

RI, RII, RIII, RIV, RV
MWilliams, NRR
JCrooks, AEOD
GKlingler, IE
IE:ES Files
IE:EA Files
EDO Rdg File
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NOTICE OF VIOLATION

AND

PROPOSED IMPOSITION OF CIVIL PENALTIES

Consumers Power Company Docket Nos. 50-329
Midland Nuclear Power Plant 50-330
Units 1 and 2 Permit Nos. CPPR-81
CPPR-82

EA 83-3

As a result of the inspections conducted at the Midland Nuclear Plant on
October 12 - November 25, 1982 and January 19 - 21, 1983, the violations of
10 CFR 50, Appendix B listed below were identified. These violations demon-
Strate that you failed to exercise adequate oversight and control of your
Principal contractor, to whom you had delegated the work of executing the
quality assurance program. Your failure manifested itself in a breakdown in
the implementation of your quality assurance program and, at least in part,
caused Consumers Power Company to halt some safety-related work and take
other significant actions to provide assurance that safety-related structures
and systems are constructed as designed.

As described in item A, QC supervisors instructed QC inspectors to suspend an
inspection if an excessive number of deficiencies was observed. Consequently,
there was no assurance that a complete inspection was being performed after
the reported deficiencies were corrected and we have found several instances
in whick final QC inspections were based on only the limited deficiencies
reported during the initial inspection. In addition, this failure to report
all identified deficiencies resulted in incorrect data being fed into your
Trend Analysis Program, inhibiting your ability to determine the root cause
of deficiencies and Prevent their recurrence.

As illustrated in the numerous examples set forth in Item B, personnel failed
to follow procedures, drawings, and specifications; first line supervisors

and field engineers failed to identify and correct unacceptable work; construc-
tion management failed to call for quality control inspections in a timely
manner, allowing & backlog of almost 16,000 inspections to develop; and quality

assurance personnel failed to identify the problems and ensure that corrective
actions were taken.

In order to emphasize the need for improvements in your control c¢f your quality

@ssurance program, we propose to impose civil penalties in the cunulative amount
of One Hundred Twenty Thousand Dollars ($120,000).

In accordance with the NRC Enforcement Policy (10 CFR Part 2, Appendix C) 47 FR
9987 (March 9, 1982), and pursuant to Section 234 of the Atomic Energy Act of
1954, as amended ("Act"), 42 U.S.C. 2282, PL 96-295, and 10 CFR 2.205, the
particular viclations and the associated civil panalties are set forth below:

%1«'|35“$P2'M‘



Notice of Violation -2 -

CIVIL PENALTY VIOLATIONS

A.

10 CFR 50, Appendix B, Criterion X requires, in part, "A program for

- inspection of activities affecting quality shall be established and

executed...to verify conformance with the documented instructions,
procedures and drawings for accomplishing the activity."

10 CFR 50, Appendix B, Criterion XV requires, in part, "Measures
shall be established to control materials, parts, or components which
do not conform to requirements in order to prevent their inadvertent
use or installation."

Consumers Power Quality Assurance Program Policy No. 15, Revision 12,
Paragraph 1.0, requires, in part, "Items, services or activities which

are deficient in characteristic, documentation or procedure which renders
the quality unacceptable or indeterminate and which is considered signi-
ficant to safety are identified as nonconformances. Nonconforming iiems...
are identified by marking, tagging, segregating or by documantation.
Nonconforming items are controlled to prevent their inadvertent installa-
tion or use. Nenconforming items and activities are recorded and are
considered for corrective action to prevent recurrence...."

Contrary to the above, during the inspection conducted between October 12 -
November 25, 1982 and January 19-21, 1983, NRC inspectors determined that
quality control inspectors were not documenting as nonconformances all of
the deficiencies which they observed during their inspectionms. Inspect-
ions were suspended by the QC inspector if too many nonconformances were
observed. In-process inspection notices (IPINs) associated with suspended
inspections, identified as nonconformances only & portion of the observed
deficiencies. Supervisory QC personnel stated that they directed QC in-
spectors to limit the number of nonconformances documented during an in-
spection. This directive was verified by discussions with QC inspectors.
Several QC inspectors interviewed, confirmed that inspections were closed
after reviewing only the deficiencies documented on the TPIN. As a result,
measures were not established to prevent the continued installation and
use of these nonconforming items. In addition, corrective actions were
not implemented to prevent recurrence of these nonconformances.

This is & Severity Level IIl violation (Supplement II)
(Civil Penalty - $60,000)

10 CFR 50, Appendix B, Criterion II requires holders of construction per-
mits for nuclear power plants to document, by written policies, procedures,
or instructions, a quality assurance progras which complies with the re-
quirements of Appendix B for all activities affecting the quality of
safety-related structures, systems, and components and to implement that
program in accordance with those documents.
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Contrary to the above, Consumers Power Company and its contractor did not
adequately implement a quality assurance program to comply with the require-
ments of Appendix B as evidenced by the following examples:

X

10 CFR 50, Appendix B, Criterion V requires, in part, "Activities
affecting quality shall be prescribed by documented instructions,
procedures, or drawings of a type appropriate to the circumstances
and shall be accomplished in accordance with these instructions,
procecures, or drawings."

Consumers Power Quality Assurance Program Policy No. 5, Revision 12,
Paragraph 1.0 states, in part, "Instructions for controlling and
performing activities affecting quality of equipment or activities
such as...construction, installation...are documented in instruc=
tions, procedures...and other forms of documents."

Contrary to the above, the following instances of failure to
accomplish activities affecting quality in accordance with instruce
tions, procedures, specifications, or drawing requirements were
identified:

a. Installation of diesel generator engine control panels 1C111,
1C112, 2C111, and 2C112 was not in accordance with the require-
ments delineated on foundation Drawing 7220-M18-25C in that
the foundation bolt washers required by the suvbject drawing
were not installed.

b. Unscheduled pull box associated with conduits 2BN0O06, 2BN007,
and 2BDA002 was not sized in accordance with the requirements
delineated on Sheet 42 of Drawing E-42 in that the 12" x 12" x 6"
as-built dimensions of the subject pull box did not conform to
the 133" x 12" x 6" dimension requirements delineated on Sheet
42 of Drawing E-42.

¢. The 1'-10" wall to support dimension required by raceway support
Drawing E-796(Q), Sheet 2 of 2, Revision 5, for hanger No. 86
was not correctly translated into the as-built installation of
the subject hanger in that the as-built wall te support dimension
was 2'-14" in lieu of the required 1'-10".

d. The 6'-6" wall to support dimension required by raceway support
Drawing E-796(Q) Sheet 1 of 2, Revision 11 for hanger No. 14
was not correctly translated into the as-built installation of
the subject hanger in that the as-built wall to support dimen-
sion was 5'-5" in lieu of the required 6'-6",
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e. The inspectors identified high strength steel plate placed
in the laydown area which was not marked with the material
type and grade as required by Field Instruction FI1G-9.600,
Revision 1.

f. The inspectors identified various stock steel shapes in the
"Q" aree with yellow-colored paint on the ends (indicating
the meterial was non "Q") and various steel stock shapes in
the non "Q" area without painted ends (indicating "Q" material),
contrary to the requirements of Field Instruction FI1G-9.600,
Revision 1.

8. The slots in the muffler support plates were not machined but
were determined to be irregular and flame cut, leaving rough
slot edges not in conformance with design Drawing M18-425(5)-1.

h.  Jacking plates were not installed beneath the center support
plates of Bay 1 diesel generator muffler as required bv Drawing
M18-250-6.

i. Procedure FID-2.100, "Outstanding FCR/FCN Retirement," Revision
2 was inadequate in that the design drawings were not changed
when an FCR/FCN had been retired and no further reference to
the FCR existed on the revised drawing. As a result, the
retired FCR C-2103 relating to HVAC structural steel was lost
and could not be traced to the design drawing to ensure a
complete quality record.

j. Field Sketch CY-1035 which illustrated the bottom gusset plates
for HVAC fan supports was not identified as "Q", nor was there
a reference to the affected drawing on the sketch as required
by Procedure FPD-5.000, "Preparation of Field Sketches."

k. Procedure FPD-5.000, "Preparation of Field Sketches," Revision
1 did not require design drawings to reference appropriate
field sketches to ensure a complete quality record.

1. The eight bracing tog gusset plates identified on Drawing C-1004,
Revision 10, as 5/16" thick were measured by the inspecters to
be 1/4" thick in all four diesel generator bays. This change
was neither reviewed nor preperly authorized.

@m. The as-built gusset plate connections in Bay 1 were not built
as identified on Detail 3 of Drawing C-1004. The angle braces
were welded together as opposed to having separate welds for
each brace. This change was neither reviewed nor properly
authorized.
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n. None of the sixteen §" bracing angles identified on Drawing
C-1004 were constructed utilizing 3" material. This change
was neither reviewed nor properly authorized.

©. Drawing C-1004, Detail 2, required the Wi0 beam-to-beam connec-
tion to be welded. In Bay No. 3, a bolted connectior was con-
structed in lieu of the required welded connection, without
review nor proper authorization.

P.- The column cover plate identified on FCR-C4401 was not con-
structed in Bay No. 3 as required. The plate was slotted
instead of solid as required. Thuis change was neither re-
viewed nor properly authorized.

9. A section (approximately 18 x 10 x 4 inches deep) of the
primary containment wall in Contaiament Purge Room 702 was
removed (by chipping) without obtaining approval as required
by FIG-1-111, Revision 4, Concrete Drilling Permit.

b 10 CFR 50, Appendix B, Criterion III requires, in part, "Measures
shall be established to assure that applicable regulatory require-
ments and the design basis are correctly translated into specifica~
tions, drawings, procedures, and instructions. Measures shall also
be established for the selection and review for suitability of
application of materials, parts, equipment, and processes that are
essential to the safety-related functions of the Structures, systems,
and components. Design changes, including field changes, shall be
subject to design control measures commensurate with those applied
to the original design and be approved by the organization that
performed the original design unless the applicant designates
another responsible organization."

Consumers Power Company Quality Assurance Program Policy No. 3,
Revision 12, Paragraphs 3.3 and 3.5 state, in part, "Each group
Or organiza.ion performing detailed design translates the applic~
4able regulatory requirements, design bases, codes, standards, and
design criteria into design documents, such as...drawings....
Changes to the design require the same review and approval as the

oeriginal design by the 8roup or organization delegated lead design
responsibility."

Contrary to the above:

8. Measures were not established for the selection and review for
suitability of application of "Q" materials associated with the
diesel generator exhaust muffler in that design drawings and
specifications did not indicate the material identity of the
installed muffler saddle supports and plates.
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b. Design Drawing C-147 required bolted bracing connections for
the diesel generator building HVAC bracing gusset plates.
Field Sketch CY-1035 was used to change the design to welded
connections in lieu of the specified bolted connections. This
design change was neither properly reviewed nor approved.

¢. Design Drawings C-1004 and C-147 did not specify the sizes of
the diesel generator building HVAC fan gusset plates. A "combo"
shop work order request was used to design the gusset plates
without appropriate review and approval.

d. The licensee failed to analyze the four diesel generator
building monorails as seismic Category I as described in
their commitment to Regulatory Guide 1.29, in Appendix 3A
of the FSAR.

e. The licensee designed and constructed thirty-two diesel gener-
ator building exhsust system hangers without ensuring that
the applicable requirements for "Q" components were included
in the design documents.

£.  The licensee purchased armor stone for a "Q" portion of the
perimeter dike without translating the applicable regulatory
requirements into appropriate specifications and design
documents.

3. 10 CFR 50, Appendix B, Criterion VII requires, in part, "Measures
shall be established to assure that purchased...equipment...conforms
to the procurement documents. These measures shall include provisions,
as appropriate, for...inspection at the contractor or subcontractor
source, and examination of products upon delivery."

Consumers Power Quality Assurance Program Policy No. 7, Revision 12,
Paragraphs 1.0 and 3.4, state, in part, "The Midland Project Cffice
and the Midland Project Quality Assurance Department verify that
procurement requirements are met. This is accomplished through...
source evaluation and inspection...receipt inspections are made to
verify that the items...conform to procuremant requirements not
verified by source surveillance or inspection...."

Contrary to the above, source inspections at the panel supplier
facility and receipt inspections at the Midland site failed to
ensure conformance of the internal wiring within diesel generator
engine control panels 1C111, 1C112, 2C111, and 2C112 to Procurement
Specification 7220-G-5, Revision 1. Paragraph 6.0 of Specification
7220-G-5 states, "All electrical wiring...within the board enclosure
shall conform to the highest industrial standards of design and
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workmanship." An NRC inspection on October 15, 1982 identifieu the
following examples of defective terminations of internal wiring
within the subject panels.

a. The output lead on the Relay Tach device had numerous broken
strands at the termination lug.

b. The K1 lead on the Relay Tach device had two broken strands
resulting in a potential short circuit between the K1 lead and
an adjacent conductor.

e. The 1- lead on the CB-1 device did not have all strands inserted
into the compression lug.

4. 10 CFR 50, Appendix B, Criterion X requires, in part, "A program for
inspection of activities affecting quality shall be established and
executed...to verify conformance with the documented...drawings for
accomplishing the activity."

Consumers Power Company Quality Assurance Program Policy No. 10,
Revision 12, Section 1.0 states, in part, "Inspection and surveillance
are performed to assure that activities affecting quality comply with
documented...design documents...inspection aud surveillance are
performed according to written instructions."

Contrary to the above:

4. An inspection program was not established to ensure segregation
of cables installed in horizontal trays which used metal dividers
to segregate control and instrumentation cables in accordance
with design requirements.

b.  Quality Contrel (QC) inspections failed to ensure that activi-
ties affecting quality conformed to design documents in that
QC inspections performed on July 1, 1981 and documented on
QCIR C210-172 failed to detect and identify nonconformances
B.1.(1) through (o) of this Notice of Violation. These noncon-
formances were associated with installation of the diesel
generator building HVAC fan support steel.

5. 10 CFR 50, Appendix B, Criterion XIII requires, in part, "Measures
shall be established to control the...cleaning and preservation of
material and equipment in accordance with work and inspection in-
structions to prevent damage or deterioration. When necessary for

particular products, special protective environments...shall be
specified.”
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Consumers Power Company Quality Assurance Program Policy No. 13,
Revision 12, Paragraph 3.3, states, in part, "Suppliers provide
plans...maintain and control items upon arrival at the site.”

Contrary to the above, the licensee did not implement a maintenance
program to prevent five of sixteen installed diesel generator slide
bearing muffler plates from accumulating dirt and dust as required
by the vendor's manual.

6. 10 CFR 50, Appendix B, Criterion IX requires, in part, "Measures
shall be established to assure that special processes, including
welding, heat-treating, and nondestructive testing, are controlled...."

Consumers Power Company Quality Assurance Program Policy No. 9,
Revision 12, Paragraph 1.0 states, in part, "Where the required
level of quality cannot be measured by inspection only of the
item...accomplish these processes under cont-nlled conditions in
accordance with applicable codes, standards and specifications
using qualified procedures, equipment and personnel." Paragraph
3.3 states, in part, "...Personnel performing special processes
maintain records to verify that the required activities were
accomplished in accordance with qualified procedures by qualified
personnel."

Contrary to the above, during welding of the diesel generator
building exhaust piping hanger support steel, the licensee did
not verify preheat of existing safety-related structural steel

to a temperature of 70°F as required by site specifications and
the AWS 1974 Code.

7 10 CFR 50, Appendix B, Criterion VI requir:s in part, that "Mea-
sures shall be established to control the issuance of documents,
such as instructions, procedures, and drawings including changes
thereto, which prescribe all activities affecting quality...."

The Consumers Power Tompany Quality Assurance Program Policy No. 6,
Revision 12, Paragraph 1.0 states, in part, "Measures are included
to assure that documents, including changes,...are distributed
according to a controlled distribution to the user functions."

Contrary to the above, measures were not established to control the
distribution of changes (red lines) to hanger isometric drawings in
that changes to Drawing 1-652-2-25(Q) were not controlled utilizing
the Site Document Control Center.
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8. 10 CFR 50, Appendix B, Criterion XV requires in part, "Measures
shall be established to control materials, parts, or components
which do not conform to requirements in order to prevent their
inadvertent usa2 or installation."

Consumers Power Quality Assurance Program Policy No. 15, Revision

12, Paragraph 1.0, states, in part, "Items, services or activities
which are deficient in characteristic, documentation or procedure
which renders the quality unacceptable or indeterminate and which is
considered significant to safety are identified as nonconformances.
Nonconforming items...are identified by marking, tagging, segregating
or by documentation. Nonconforming items are controlled to prevent
their inadvertent installation or use. Nonconforming items and acti-
vities are recorded and are corsidered for corrective action to
prevent recurrence...."

Contrary to the above:

a. Measures were not established or implemented to determine if
materials ultimately restricted (per Nonconformance Report
No. 3266) from installation or use in ASME Class I systems
were actually installed or used in Class I systems.

b. As of November 10, 1982, two nonconforming conditions identi-
fied by the NRC on October 12, 1982, and confirmed by the
licensee on October 19 and 25, respectively, had not been
documented on a nonconformance report, a quality assurance

report, or other appropriate report. The two nonconforming
conditions were:

(1) The diesel generator exhaust hangers were not classified,

designed, or built as "Q" as committed to in the FSAR.
(See item 2.c.) v

(2) The design of the diesel generator monorail was not
analyzed to seismic Category I design requirements as
committed to in the FSAR. (See item 2.4.)

This is a Severity Level III violation (Supplement 1I1).
(Civil Penalty - $60,000)

Pursuant to the provisions of 10 CFR 2.201, Consumers Power Company is hereby
required to submit tc the Director, Office of Inspection and Enforcement,

U. §. Nuclear Regulatory Commission, Washington, DC 20555 and a copy to the
Regional Administrator, U.S. Nuclear Regulatory Commission, Region III, 799
Roosevelt Road, Glen Ellyn, Illinois 60137, within 30 days of the date of
this Notice a written statement or explanation, including for each alleged
violation: (1) admission or denial of the alleged violation; (2) the reasons




Notice of Vicolation =10~

for the violation, if admitted; (3) the corrective steps which have been
taken and the results achieved; (4) the corrective steps which will be taken
to avoid further violations; and (5) the date when full compliance will be
achieved. Consideration may be given to extending the response time for
good cause shown. Under the authority of Section 182 of the Act, 42 U.S.C.
2232, this response shall be submitted under ocath or affirmation.

Within the same time as provided for the response required above under 10
CFR 2.201, Consumers Power Company may pay the civil penalties in the cumu-
lative amount of $120,000 or may protest imposition of the civil penalties,
in wuole or in part, by a written answer. Should Consumers Power Company
fail to answer within the time specified, the Director, Office of Inspection
and Enforcement will issue an order imposing the civil penalties proposed
above. Should Consumers Power Company elect to file an answer in accordance
with 10 CFR 2.205 protesting the civil penalties, such answer may: (1) deny
the violations listed in this Notice, in whole or in part; (2) demonstrate
extenuating circumstances; (3) show error in this Notice; or (4) show other
reasons why the penalties should not be imposed. In addition to protesting
the civil penalties, in whole or in part, such answer may request remission
or mitigation of the penalties. In requesting mitigation of the proposed
penalties, the five factors contained in Section IV(B) of 10 CFR Part 2,
Appendix C should be addressed. Any written answer in accordance with 10
CFR 2.205 should be set forth separately from the statement or explanation
in reply pursuant to 10 CFR 2.201, but may incorporate statements or explana-
tions by specific reference (e.g., citing page and paragraph numbers) to
avoid repetition. Consumers Power Company's attention is directed to the
other provisions of 10 CFR 2.205, regarding the procedures for imposing a
civil penalty.

Upon failure to pay any civil penalties due, which have been subsequently
determined in accordance with the applicable provisions of 10 CFR 2.205,
this matter may be referred to the Attorney General, and the penalties,
unless compromised, remitted, or mitigated, may be collected by civil action
pursuant to Section 234c of the Act, 42 U.S.C. 2282.

FOR THE NUCLEAR REGULATORY COMMISSION

Regional Administrator

Dated at Glen Ellyn, Illinois
this g%day February of 1983
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MEMORANDUM FOR: Chairman Palladino PERP [P0
Commissioner Gilinsky DEPEOS SL0
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Commissioner Asselstine L [FILE -
FROM: Darrell G. £isenhut, Director
Division of Licensing .
Office of luclear Reactor Regulation
SUBJECT: INFORMATION ITEM - USGS OPEN FILE REPORT ON "PROBABILISTIC

ESTIMATES OF MAXIMUM ACCELERATION AND VELOCITY IN ROCK
IN THE U.S." (Board Notification No. 82-123)

Diablo Canyon Nuclear Power Plant, Units 1/2
San Onofre Nuclear Generating Station, Units 2/3

we have recently received a reprint of an Open File Report 82-1033 entitled
"Probabilistic Estimates of Maximum Acceleration and Velocity in Rock in
the Contiguous United States" by S. T. Algermissen et al. of the U. §.
Geological Survey (USGS) (enclosed). Open file reports are vehicles for
providing rapid dissemination information and, as such, do not represent
official positions of USGS. However, the NRC staff believes that this
regort may be of interest to the Indian Point Bcard since it has some
relevant information to seismological aspects of the Indian Point
Probabilistic Assessment (PRA) study. The report is being sent to the
other boards for infcrmation.

The report consists of several sections. An introduction describing new
information used since the publication of similar studies in 1976, followed
by a discussion of the theory used in developing the probabilistic ground
motion maps. Following the theory section, they discuss the earthquake
model, magnitude distribution of earthquakes, the different seismic source
zones in the contiguous U.S.A. and the different attenuation models used

in the analysis. The last section provides a conciusion on what has been
learned so far and what will be needed in the future.

The main contribution of this report is the six maps of horizontal velocity
and acceleration in rock with 90 percent probabilities of not being exceeded
in 10, 50 and 250 years for all parts of the contiguous United States
including the Indian Point area. These probabilities are equivalent to
annual probabilities of 1.1 x 10’2, 2.1 x 10°3, and 4.2 x 10-4, respectively.

Contact:
Suzanne Black, WRR
xt. 29788

Dot o —8404256-08

s 24 B8

‘



With respect to the Indian Point proceeding, these maps are based upon a
different choice of source zones, seismicity and ground motion models than
those used in the Indian Point PRA study. The acceleration estimates from
these maps are found to be at the upper bound or beyond the range of
acceleration presented in Indian Point PRA study. This study further
emphasizes that there is a wide range of opinion with respect to seismic
hazard at Indian Point.

With respect to the other bcards, this review of seismic hazard levels

in the U.S. is being provided as general background informatiocn. The
acceleration levels in this study are arrived at in a different (that is,
sclely probabilistic) mannsr than those developed for individual nuclear
power plant sites, We will be examining this study more fully in the NRC-
funded Lawrznce Livermore National Laboratory project entitled, "Seismic
Hazard Characterization of the Eastern U.S." We will inform the appropriate
boards regarding any significant changes in the staff's position as a result
of the evaluation.

\ < i '//’
<Liion Yeaik

/oabe i 6t edsmmnnh 1trector

Division of Licensing

Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: See next page
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ABSTRACT

Maziasum horizontal accelerations and velocities caused Dy earthquakes are
zapped for exposure times of 10, 50 and 250 years at the 90-percent
probability level of nonexceedance for the contiguous United States. In many
areas these new maps (iffer significantly from the 1976 probabilistic
acceleration map by Algermissen and Perkins because of che increase in detail,
resulting from greater emphasis on the geologic basis for seismic source
zones. This new emphasis is nossible ﬁocaunc of extensive data recently
acquired on Holocene and Quateinary faulting in the western United States and
new ianterpretations of geolegic structures controlling the seismicity pattern
in the central and eastern United States.

Earthquakes are modeled in source zones as fault ruptures (for large
shocks), as a combination of fault ruptures and point sources, and as p;tn:
sources (for small shocks). The importance of fault modeling techniques is
demonstrated by examples in :ho Mississippi Valley. The effect of parameter
variabilicy, particularly in the central and eastern United States is
discussed. The seisamic source zones used in the development of the maps are
more clearly defined and are generally smaller then the seismic source zones
used in the Algermissen and Perkins (1976) probabilistic acceleration map. As
a result, many areas of high seismic hazard are more clearly defined on these
maps than ia the 1976 map, although in large areas of the country well defined
geologic control for the seismic source zones is still lacking. The six
probabilistic ground motion maps presented are multi-purpose maps useful in
building code applications, land use planning, insurance analysis and disaster
mitigation planning. As fault slip and related geological data become
available, the further refinement of probabilistic ground motion maps through
the use of time dependent models for earthquake occurrence will become

feasible.



INTRODUCTION

The use of probabilistic ground motion maps to represent seismic hazard
has evolved from experience with a number of other map representations and
from a recognition of their drawbacks. Historical seismicity maps are factual-
and can serve to warn that earthquakes occur more widely than people usually
recognize. However, their focus is on epicenters, and hence the maps lack two
vital characteriscics: (1) focus on hazardous ground motion, and (2)
generalization to .ikely future areas of seismicity. Historic maxisum
iatensity maps provide the focus on ground motion, but also lack
generalization. Algermissen's 1969 generalization of historic azaxioum
intensity achieved widespread acceptance as a hazard map, and slightly altered
versions of it still remain in two important building codes. Shortly after
the publication of this map, it was recognized th;c such a map overstates the
hazard in those regions where earthquakes occur with greatly reduced frequesmcy *
coupax:d to the active areas of the country. The Algermissen and Perkins
(1976) map introduced probability into the ground-motion description--the map
depicted ground motions having the same probability of exceedance everywhere
in the U.S. (annual exce:edance probability of 1/500). Thus, the 1976 map
responded to some criticism of earlier maps, but was perceived to have three
new shortcomings: (1) lack of sufficient geological information in the
generalization of the seismic history, (2) a fecus on only one level of
probability, and (3) description of seismic hazard in terms of only one
ground-motion parameter, acceleration. The maps presented here are designed

principally to answer these three shortcomings, and to improve our

understanding of earthquake hazard in the United States.



Sirce the introduction of a probabilistic acceleration hazard map of the
contiguous United Stactes in 1976 (Algermissen and Perkins, 1972, 1976),
advances in the understanding of many of the parameters in probabilistic
hazard mapping have been significant. New information has become available to
the extent that a revision of the 1976 probabilistic map provides important
advances in the mapping of ground motion in the United States. Extensive
mapping of Holocene and Quatermary faults, interpretations of the size of
earthquakes represented by such faults, and recurrence estimates of large
earthquakes based on such faults, have become available, particularly in
California, Nevada and Utah. New geological ar4 seismological research
programs in the Mississippi Valley, New England, and the Charleston, South
Carolina, area largely init}atcd since the publ{ ation of the 1976
probabilistic ground mction map have provid;d important new data and
seismotectonic concepts.

Earthquake catalogs have substantially improved during the past five
years through review and revision of regional and national earthquake
catalogs. Examples of i{mproved catalogs that we have made use of are the Utah
Catalog Ly Arabasz and others (1979), the new catalog of the midwest by Nuteli
and Herrmann (1978) and the USGS state seismicity maps and catalogs that have
now been published for 27 states by Stover and others (1979-1981).

Considerable advances have also been made {n the :cchﬁtquc used in the
computation of probabilistic hazard maps. The computer programs used in
hazard analysis have been completely rewritten since 1976 {Bondcr, 1982,
Bender and Perkins, 1982) and a nuamber of support programs for the assembly of
various kinds of data, analys s of completeness of seismological data and

plotting routines have been completed. Despite improvements in the data base




and computational techniques since 1976, a number of the parameters in hazard

analyeis remain troublesome. These will be discussed as appropriate later in
the text.

The decision was made to develop maps of acceleration and velocity for
three exposure times: 10, 50 and 250 years. These maps provide significantly
more information for the evaluation of ground motion for engineering purposes
in the United States than can be obtained from the single, 50-year cxposuri
time, acceleration map published in 1976. The velocity maps provide a useful
additional measure of ground motion. The three exposure time maps indicate,
for any point, the nature of the change in ground motion for various exposure
times of interest. The additional maps together with the refinement of the
pltll,tltl used in the development of the maps should provide appreciably ‘
improved ground motion ;stinaco- for building codes and for the design of

structures in gemeral.

CONCEPT OF HAZARD MAPPING

The concept of hazard mapping used here is to assume that earthquakes are
exponentially distributed with regard to magnitude and randomly distributed
with regard to time. The exponential magnitude distribution is an assumptiom
based on empirical observation. The distribution of earthquakes in time is
assumed to ba Poissonian. The assumption of a Poisson process for earthquakes
in time is consistent with historical earthquake occurrence insofar as it
affects the probabilistic hazard calculation. Large lhocko.cloocly
approximate a Poisson process, while small shocks may depart significantly
from a Poisson process. The ground motions associated with small earthquakes

ara of only marginal {aterest in engineering applications and consequently the




Poisson assumption serves as a useful and simple model (Cornell, 1963).
Spatially, the seismicity is modeled by grouping it into discrete areas termed
seismic source zones. The most general requirements for a seismic source zone
is as follows: (1) it have seismicity, and (2) it be a reasonable
seismotectonic or seismogenic structure or zone. If a seismogenic structure
or zone cannot be identified, the seismic source zone i{s based om historical
geismicity. A seismotectonic structure or zoue is taken here to mean a
specific geologic feature ov group of features that are known to be associated
with the occurrence of earthquakes. A seismogenic structure or zone is
defined as a geologic feature or group of features throughout which the style
of deformation and tectonic setting are similiar and a relationship between
this deformation and historic earthquake activity can So inferred.

The concept of probabilistic hazard mapping outlined above will be

discussed in detail in the sections that follow.

THEORY

Development of probabilistic ground motion maps using the concepts
outlined above involves three principal steps: (1) delineation of seismic
source areas; (2) analysis of the statistical characteristics of hisctorical
earthquakes in each seismic source area; and (3) calculation and mapping of
the extreme cumulative probabilicy Faax, ¢t (a) of ground motion, a, for some
time, t. These steps are shown schematically in figure 1. The general
techniqua used here is essentially the same as tha® presented by Cornell
(1968) with integrations replaced by discrete suamations for flexibility in

the representation of attenuation functions and source ar2as.
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Figure 1 « Clements of the probabilistic hazard calculations.

(A) Typical source areas and grid of points at .uhich the hazard
is to be computed. -
(B) Statistical analysis of seismicity data and typical attenuation

. curves.
(C) Cumulative conditional probability distribution of acceleration.
(D) The extreme probability F (a) for various accelerations and

exposure times (T). -
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Three idealized seismic source areas are shown in figure lA. The
earthquake within each source zone can be modeled as: (1) point sources in
areas (used to represent earthquakes for which the fault rupture length is
small compared with the map scale being used); (2) finite rupture lengths; or
(3) as a mixed source, for example point sources for small earthquakes and
fault (two dimensional) sources for larger earthquakes. These source areas
are delineated on the basis of historical seismicity together with an
evaluation of available geological evidence related to earthquake activity by
methods to be detailed later.

After the zones are delineated, rclationlﬁipl of the form:
log N = a~-bM (0
are deterained for each source zone, where N is the number of earthquakes in a

given magnitude range per unit time and a and b are constants to be

determined. M is taken as M_ for shocks greater than or equal to 6.75 and is

taken to be M, toi shocks less than 6.75. If the seismicity of individual

sourc® zounes in a regiom is low, the b value (s;opc) in equation | is
determ.ned by considering the seismicity in an ensemble of source zones.
Research (Bender, 1982) has shown that for zones in which the total number of
aarthquakes is less than about 40, significant errors in the computed b-values
occur. The a-value for each source zone is determined by fitting a line with
slope b through the seismicity data for each zone. Guncral%y a minimum chi
square regression was used for curve fitting although in the western portion
of California a we ghted least squares technique was used (Thenhaus and

others, 1980). The two techniques yield ¢quivalent results with earthquake



sample sizes of about 40 or more. The distribution of earthquakes in each
source zone is then characterized by the parameters of equatiom 1, up to some
maximum sagnitude which is assigned for each zone.

The future spatial occurrence of earthquakes in each source zone is
assumed to be uniform throughout each source area. That i{s, if each seismic
source area is divided into n small divisions (such as shown in fig. 1A) and
if the number of earthquakes likely to occur in any magnitude range is N, then
the number of earthquakes likely to occur in this magnitude range in each

small division or block of a source area is

(2)

If seismicity is distributed along a fault of length L, the distribution of
earthquakes is somewhat more complicated. We have used the relationship

between fault rupture length (L) and magnitude (M) suggested by Mark (1977):
log (L) = 1.915 + 0.389 M (3)

where L is the average fault rupture length in meters and M is as already
defined. If there are lbi 2 H.‘ earthquakes in the magnitude incerval M,-M,
that have an average length of rupture (determined from equation 3) of Live
and we are modeling a fault of leagth X, the earthquakes are distributed at
the rate of

(4)
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earthquakes per unit of length along the fault. If one end of a fault is

located at X, and the other end at 12, the earthquake rupture centers are

assumed to occur uniformly

L
ave

L
and X, - === along the fault.

between X + 2 3

Oance t'e distribution of earthquakes likely to occur in each small
division of the source or along a fault is decided upon, the effect at each
site due to the occurrence of earthquakes in each small division of the source
or for each fault can be computed using suitable ground motion attenuacion
curves such as those shown in Figure lB. In practice, the distribution of
ground motion is computed for a number of sites located on an appropriate grid
pattern (fig. lA).

From the distribution of ground motion at each site (part C of fig. 1) it
is possible to determine directly the expected number of times a particular
amplitude of ground motior is likely to occur in a given period of years at a
given site, and, thereby, the maximum amplitude of ground motion in a given
number of years corresponding to any leve’ of probability. The relationship
between return period !7(1), exposure time, T, and probability of exceedance
during that exposure tize, 1=Foax,t (a) is best explained by the following
development.

Firs®, 6 che distribution of the expected number of occurrences of ground
motion at each location is calculated. The peak ground motion, for example,
the peak acceleration corresponding to some extreme pl;obnbt.l.ity. is then
calculated from the distribution of the expected number of occurrences in the

following manner, lLet the peak acceleration be a , then



F(a)=P(A<a [OMgy o) (%)

is the probability that an observed acceleration A is less than or equal to
the value a, given that an earthquake with magnitude M, greater than some
sinimum magnitude of interest, has occurred. The calculation at a given grid
point or along a fault is performed for every acceleration a of interest

using:

expected number of occurrences with A<a and PDH-“

Fa) = otal expected number of occurrences (Dnm)

A typical F(a) is shown in figure IC.
Assume N independent events with accompanyiag s.celerations A;. The
cumulative di ,cribution of the maximum accleration of the set of N
accelerations is given by
Faax(8)*P(The largesc of the N accelerations is less than or equal to al
=Pleach of the N accelerations is less than or equal to a
=P(Aj<a] P(Aj<a] ...PlAj¢a], since the events are independenmt

-

«F(a)¥, 1f the events are identically distributed (6)

10




If N itself is a random variable
Paux(8)F(2)0 P(N=0)+F(a)! B(N=1)+ ...#F(a)d .P(N=)) +...
P (®) = 350 F(a)? BCNeg) %)

If N has a Poisson distribution with mean rate i,

d 3. " b |
= j A e e ah (GFa)) = _ =) AF(a)
'ux(') jzo F(a) —1—1 2 3 E 3 e e

Py (&)= (=Pia) (8)
Now if A = ¢t, where ¢ is mean rate of occurrence of earthquakes M M, .
per year and t is number of years in a period of interest, then:
-<t(l=-F(a)]
4 :(') - e (9)
In the program, a table of accelerations (a) and F(a) is constructed. For a
particular exposure time € = T, 'uz.: (a) is calculaced, and tha value of a

for a given extreme probability, say 'm.t (a) =.90, is found by

interpolation.

It is convenient here to define the term return period as:

R(a) .T:T%-;Y (10) -

11



where R(a) is the average number of events that must occur to get am

acceleration exceeding a. The return period in years is given approximately

by

= R(a)
ly(‘) Expected number of events per year (H?_H.n) (axs

We obtain from (10) and (11):

pc(l-F(a)) .T-(%)— (12)
y
thus,
trom (9) and (12): F___ . (a) = o /Ry () (13)
&
and la (’m.:(.” - - .—.;(r (14)

For an extreme probability of .90 and an exposure time of t=10 years:

10

la (.90) = ‘-W

or l’(d o 94.9 years

Thus, the average return peciod for the accelerations we have mapped is about
95 years. For the same extreme probability (.90), exposure times of 50 and

250 years yield average recturn periods of 474.4 and 2371.9 years.




It may be useful to point out that using equation (13) and setting the

exposure time equal to the aver. e return period I7 (a); that is

L= I,(n).

i

we have B c(l) - e '=0.37. (15)

max,

Thus the acceleration with a return period of Iy(a)-t years has a probability

of

1 = Foax, ¢ (@) =1 = 0.37 = 0.63 or 632
of being exceeded in t years. The point is that accelerations (or any other
parameter) with a particular return period have a 6)-percent probability of
being exceeded during an exposure time equal to that return period. Because
the acceleration with a return period of R years is often incorrectly
associated with zero probability of exceedance in less than R years, it is
preferable to explicitly state the probability of exceedance and exposure time
T associated with a particular ground motion. In addition the earthquakes
which produce the R-year return period ground motion at a site may have
recurrence intervals in the source region of one~third to one-tenth R,
depending on the area of the source zone. Avolding the use of return period
will hopefully avoid the identification of the return pcrtgd of ground motion

with the recurrence interval of eartiiquakes.

13



Frequently, it is convenient to express the maximum ground motiom ia

terms of the annual probability of exceedance. Let rp(a) be the probability

of exceedance of ground motion a in T years; thea

~T/R_(a)

F (‘)'l‘rr(l)-.

sax, T

rr(a)-l-c.r/"(‘)-

For T = one year, (17) becomes

rr(n) - e Ry(a)

when l., (a) is sufficiently large (say, greater then ten years),

e 20 :;%:r

DEVELOPMENT OF THE PROBABILISTIC MODEL
The development of a probab.listic model for, earthquake hazard analysis
requires data and assumptions concerning parameters such as the earthquake
rupture length, the magnitude distribution and the sequence of occurrence in
time of the earthquakes, the geometry of the seismic source zones and the

attenuation of seismic waves. The general concept and theory of the model

have already been discussed.

14



Earthquake Model

The earthquakes vere modeled in a very simple way. The earthquakes are
all assumed to be shallow shocks similar to the California earthquakes used in
the development of the Schnabel and Seed (1973) acceleration curves, with the
exception of the intermediate focal depth shocks in the Puget Sound,
Washington, area. Earthquakes were modeled as (a) point sources, or as (b)

line rupture sources, the length of faulting being obtained from equation (3).

Magnitude Distribution

The magnitude distribution was taken to be exponential and of the form
given by equation 1. The earthquakes in each seismic source zone were
corrected for completeness using the technique suggested by Stepp (1973). As
previously discussed, b-values were determined for groups of seismic source
zones where the historical seismicity was low in individual zones. The a~
values for each zone were then obtained by a minimum chi-square fit through
the earthquake data for each zone, holding the b-value constant. For seismic
source zones with high historical seismicity, b-values were often obtained for
each seismic source zone independently. The seismic source zones used in the
preparation of the maps are shown in Figures 2 and 3. The slope, b, and the
number of intensity V earthquakes per year in each zone are listed in Table
l. Earthquakes with magnitudes less than HL-b.O or intensities less than V
were not considered in the computation of the ground motion. For each seisaic
source zone the saximum magnitude was determined from a consideration of (1)
the largest historical earthquake that had occurred (in zones with high rates
of activities); (2) the tectonic setting of any particular zone; (3) technical

opinions expressed at the workshop in which the source zone was considered;

13
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(4) and ccmbinations of the above sourc:s of information. The magnitudes used
in this paper have been obtained in twc ways: (1) from earthquake catalogs
containing instrumentally determined mi.gnitudee, and (2) by computing the
magnitude obtained from the maximum in:ensity [ using the relationship M =
1.3 + 0.6 I, (Gutenberg and Richter, 942). The sagnitudes used by Gutenberg
and Richter in deriving the above M - [, relationship were principally M, for
shocks with M; of about 6 3/4 or lers and ¥ for larger earthquakes. Since
instrumental magnitudes are not avai.able for many important earthquakes,
extensive use was made of the M - I relationship. Thus, the saxizua
magnitudes used for the seismic sou’ce zones are, in general, expressed as M,
magnitudes. Table | lists pertinert {anformation concerning the magnitude
distribution of earthquakes assume! for each seismic source zone. In the
Nevada seismic ‘one, the maximum cagnitude was reduced to My = 6.0 in zones in
which large historical earthquakes had occurred (zones 022, 032 and 033 fin
Figure 3). The assuwmption is thit in the Nevada seisaic zone large
earthquakes are not likely to resccur in the same zones where they have
already occurred historically, «t least io the time period of interest of the
hazard maps (up to exposure times of 50 years). This assumption is coasistent
with current thinking concerni:g the temporal and spatial distributiom of
large shocks in western Nevada (Wallace, 1977a, 1978c; Ryall, 1977; Ryall and
others, 1966; Van Wormer and Ryall, 1980; Ryall and Van Wormer, 1980).
Historical earthquakes with magnitudes greater than 6.0 in zones 022, 032 and
033 vere distributed into the surrounding zone. For example, the earthquakes
with magnitudes greater than 6.0 in zones 032 and 033 U.t..dilttlbutﬁd inte

zone 031. The larger shocks in zone 022 vere distributed inte 020.

18



Occurrences of Earthquake in Time
The distribdbution of earthquakes in time is assumed to be Poissonian. The

southern California earthquake catalog, after removal of aftershocks, has been
shown to be Poissonian (Gardner and Knopoff, 1974). The important observation
is that the occurrence of large shocks tends to be Poissonian while small
shocks often ave not. However, the ground motions associated with small
shocks are of only marginal interest in engineering applications (Cornell,:

1968).

Seismic Source Zones

The probabilistic ground motion calculations use as iaput a model of the
future seismicity. This model consists of source zones and their associated
rates of activity for earthquakes of various magnitudes up to the maximum
magnitude assumed for each zone. Within each source zone, which may be a
fault or an area, the seismicity is assumed to be uuiformly distributed

spatially. The size of the source zone reflects the following:

(1) The amount and applicability of geological and seismological information
available.

(2) A reasonable generalization from the seisaic history, based both on (1)
and the period of interest for which the resulting probabilistic maps are
to apply.

(3) The scale of mapping. For a national-scale map, some of the detail

available for local or regional mapping would not be useful.
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The seismic source zones used for the national map (Figs. 2 and 3) are
the result of a concerted effort to introduce more seismotectonic informatiom
into the development of source zones (Thenhaus and others, 1982a). Figure &
indicates areas considered in various workshops and other meetings comcerned
with the presentation and discussion of seismotectonic data useful in the
development of seisamic source zones. The initial, new mapping effort was
focused on Alaska and the offshore areas adjacent to the eastern and western
contiguous United States. Liaison was maintained with Survey geologists in
Menlo Park and Alaska during the development of the west coast (Perkins and
others, 1980; Thenhaus and others, 1980) and Alaska maps (Thenhaus and others,
1982). As a result, the seismotectonic basis for the seismic source zones for
the new national map in areas A and B of Figure 4 rely heavily on data
developed and discussions held with a number of U.S. Geological Survey
geologists and geophysicists during the preparation of the offshore hazard
maps.

As the work on the national map proceeded, a more formal series of
meetings evolved and five workshops were conducted to consider five additional
regions: (1) the Great Basin (area C, Figure 4); (2) the northern and central
Rockies (area D, Figure 4); (3) the southern Rockies and the scuthern Great
Basin (area E, Figure 4); (4) the central interior (area G, Figure 4), and (5)
the northeast (area H, Figure 4). The seismotectconics of the southeast United
States were discussed at two U.S. Geological Survey meetings conducted duriag
the preparation of eastern offstore hazard maps. The workshops held for areas

D, B, and G also considered some aspects of the seismotectonics of area ¥

(figure 4).
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The meetings were very useful as a forum for outlining seismotectunire
ideas and for the presentation of new hypotheses for earthquake occurrence in
the various regions. Typically, the workshop participants took one or a
combination of several of the following approaches in outlining the
seismotectonics of a region. The approaches may be characterized (Thenhaus,
1982a) as (1) seismotectonic zoning on individual faults, or the areal extent
of faulting where the faults show late Quaternary or Holocene displacements,
or have a distinct association with the historical seismicity; (2) zoning
primarily on regional structural style; (3) zoaing on the basis of the spatial
distribution of seismicity in the absence of any aspects of (1) and (2) that
could be used. The zones developed by the participants in these meetings or
workshops provided an invaluable source of information for the development of
the zones used to prepare the probabilistic ground motion maps. The zones
that wvere developed at the meetings could not always be used directly as
seismic source zones in the probabilistic model. For example, a number of
zones were outlined by the workshops which had little or no historical
seismicity or geologic data such as fault slip that could be used to establish
a rate of seismic activity for the zone, even though the zone might be
considered by the workshop pagticipants to have earthquake potential. Thus,
many of the zones developed as a result of the seetings had to be altered or
divided in such a manner that it wvas possible to develop rates of urthqum.
occurrence. As previously noted the final seismic source zones are shosm in
Figures 2 and 3. The seismic source zones organized by area are discussed in

the following section to provide more detail concerning the techniques used.
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Coastal and Southern California (Ares A, Figure 4): In coastal and southern
California (Figure 2) faults of regional extent are recognized as seismic
source zones if they can be associated with histor‘c seismicity or if they
show evidence of historic or Holocene surface rupture. Aithough fault
displacements are dated for much of coastal California area (Ziony and others,
1974; Buchanan-Banks and others, 1978; Pampeyau, 1979; Herd and Helley, 1976)
ve made no attempt to zone segments of faults on the basis of age of latest
displacements. Instead, we assume that Holocene or historic rupture on any
segment of a fault or fault zone indicates that the entire fault or fault zone
is active; we also assume that earthquakes are equally likely along the entire
fault length. We recognize major faults in the San Andreas fault system as
independent seismic source zones (Figure 2). Large earthquakes (Mg26.73) are
modeled as ruptures of aﬁproprtccl length on these faults. Small shocks
(My<6.75) are modeled as point sources throughout a zone 10 ka wide on either
side of the fault. The faults are (1) San Andreas fault (zone ¢24); (2)
southern San Andreas (zone cl6); (3) Sanm Jacinto~Ilmperial Valley (zone cl$);
(4) Eleinore (zone cld); (5) Newport-Inglewood-Rose Canyon (zones clJ, cl2,
aond cll); (6) San Clemente (zone c¢3); (7) Agua Blanca (zone cl); (8) Santa
Monica, Cucamonga and associated faults of the southern margin of the Western
Trausverse Ranges (zones 23] and c4l); (9) San Gabriel-Eastern San Fernando
(zone c26); and the far offshore (2l0) and the San Gtog;rio-docgrt (zone

232). Other zones which appear somewhat broader, contain parallel to sub-parallel
arrangesent of primary faults. These are (1) zone c3) containing the Santa Ynez and

Big Pine faults of the northern block of the Western Transverse Ranges; (2) zone clé

23



enclosing the vest margin of the Salinian Block and containing the Rinconada
and Nacimiento Faults; (3) zone c38 coutaining the Hayward and Calavaras
faults of the San Francisco Bay area; and (4) zone c39 containing the Maacama,
Rodgers Creek, and Green Valley faults north of the San Francisco Bay area.

The source zones of coastal Calilornia are described more fully by
Thenhaus and others (1980); however a few points will be reiterated here.

Some source zone boundaries in the coastal California region are based solaly
on seismicity where historic seismicity shows a persistent nonuniform
distribution in an area of otherwise apparently homogeneous geologic
character. The best example is the Ventura Basin (zone ¢c28) where historic
seismicity has been concentrated in the eastern portion of the Santa Barbara
Channel (Hamilton and others, 1969; Lee and Vedder, 1973). Other areas
showing like geologic character but distinguished by the nonuniform geographic
distribution of seismicity are the San Pedro Basin (zones c20 and c2l), the
Newport-Inglewood~Rose Canyon fault trend (zones cl3 and cl2), the margins of
the Salinian Block (zones ¢34 and cl5) and the region from Sanm Francisco .uy
to Clear Lake (zones c38 and c39).

This procedure of differenciating zones on the basis of distinctive rates
of seismicity wvas not followed for the San Andreas fault north of the
Transverse Ranges (zone 24). There are substantial differences in activicy
rates and style of deformation along segments of the fault, and equally marked
differences in interpretation. On the one hand, Bakun and others (1980) argue
that the central, creeping section of this fault cannot clu‘u high
accelerations or large-magnitude eavents in the future. On the other hand, it
can be argued, on the basis of the similarity of creep behavior to incipient

fracture in metals and rocks, that this region is a likely region for the next
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large earthquake to occur (see for example, Stuart, 1979). Burford and Harsh
(1980) have addressed this question in terms of strain accumulation and have
concluded that between the two hypotheses, a correct choice based on physical
argusents is not possible at this time. Accordingly, we treat the entire San
Andreas fault as one zone, which implies that the creeping seciion is capahle
of generating a large magnitude earthquake. This appears to be prudent in
light of the conflicting physical arguments.

Along the coast of central California, we have defined the San Gregorio-
Hosgri fault zone (zone 32) as a single seismic source zone. Historic
seismicity relocated by Gawthrop (1975) shows an association with the Hosgri
fault zone. Although there is considerable controversy about the possible
connection of the Hosgri and San Gregorio faults, Silver (1978a,b) concludes
that the faults are linked and that together they constitute the longest
subsidiary fault zone of the San Andreas system, More recent work (lLeslie,
1981) shows a probable connection between the Hosgri and San Simeon fault
zones that further supports a probable connection hetweaen the Hosgri and San
Gregorio faults. On the basis of this aodel, wve have extenjed zone 32
northward to include the San Gregorio fault, which has both geomorphic
evidence and stratigraphic offset that indicate Holocene movement (Buchanan~
Banks and others, 1978). This model produces more conservative ground motions

than one in which the faults are distinct.

Pacific Northwest (Area B, Figure 4): The mostly broad, generalized seismic

source zones of the Pacific Northwest ragion shown in Figure 3 are in strong
contrast to the detailed seismic source zones of the coastal California

region. Whereas individual seismogenic faults and gener:l Cenozoic tectonic
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development are well known in coastal California on a regional scale, the
Pacific Northwest lacks a unifying regional tectonic model for Cenozoie
tectonism. If such a model were to become availahble, it could have
significant ramifications for defining future regional seismic source zones in
this region. Results of recent paleomagnetic studies indicate large post~
Eocene rotations of the Cascade-Coast Ranges block of Washington and Oregon
(Simpson and Cox, 1977; Magill and others, 1982). Also post-Miocene rotation
of the Coast Ranges is indicated with perhaps the Cascade Range acting as a
tectonic boundary between the Columbia Plateau area and the Coast Ranges block
(Magill and others, 1982). An important question related to the tectonic
development of the Pacific Northwest is the origin of intermediate depth
seismicity in the Puget Sound area. Two damaging earthquakes in recent tinmes
had focal depths of 40 ka or ;rca:;r with NNW oriented normal focal mechanisms
(Algermissen and Harding, 1965). Riddihough (1977, 1978), Riddihough and
Hyndman (1977), Kulm and Fowler (1974), and Atwater (1970), among others,
provided geophysical, stratigraphic, or tectonic arguments as to why
subduc:ioq could be occurring in the northwest; however, other seismclogical
(Crosson, 1972; Hill, 1978), petrologic (White and McBirney, 1978), and
tectonic evidence (Stacey, 1973) can be used to-argue against subductioa.

In lieu of a unifying regional tectonic model, observations on the
geographical distribution of seismicity as it relates to geological features
are useful. The youngest orogenic provinece in the region is the Cascade Range
which has large volumes of Quaternary volcanic rocks. The range itself,
however, has no clear association with a regional seismicity trend (Perkins
and others, 1980). The diffuse seismicity of the northsrn Basin and Range

province in southeastern Oregon also seems to characterize the southern
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Cascade Range. The basin and range structure of southern Oregon and northern

California merges with the north-south structure of the southern Cascade

Mountains (Hammond, 1979; Magill and others, 1982; Lawrence, 1976). The

Eugene-Denio Zone and Mt. Mcloughlin Zone are regions of northwest-trending
right-lateral shear that extend from the northern Basin and Range province and
offset the Pleistocene~Holocene trend of the southern Cascades by about 10 to
20 km (Lavrence, 1976). The merging of the Quaternary structure of the Basin
and Range province with the southern Cascades and the characteristically
diffuse seismicity across both provinces indicates that perhaps both are
within a simijar seismotectonic regime. The two areas are combined into zone
035.

Perkins and others (1980) have noted that the geographic distribution of
seismicicy {s not continuous across the Northern Cascade Mountains of
Washington. The majority of the earthquake activity is along the extreme
western edge of the province and is probably related to the tectonism of the
Puget Sound ar a. On the eastern flank of the Cascades (zone P004) seismic;ty
clusters around the Lake Chelan area. A distinctly different history of
Cenozoic tectonis development between the northern Cascades and the southern
Cascades across a boundary coincident with the Olympic-Wallowa lineament
(Hammond, 1979), along with a distinctly different geographic pattern of
historical seismicity, serve as bases for distinguishing zone PO04 from 035.

Within the Puget Sound area itself (zones POOL, P002) zone boundaries are
based on seismicity alone as there are no known dominant f{u;:s or known
specific geologic structures that govern the spatial pattern of seismicity.
The Puget Sound zones are within a broad region that encloses the Puget Sound-

¥illamette Depression. A zone encloses the Portland, Oregon, area (zone PO!83)
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and is based on a general northeast trend of seismicity through the area
(Perkins and others, 1980). West of the Puget Sound-Willamette Depression,
zone POl4 includes the western Coast Ranges and adjacent continental shelf
area. On the south, tha Puget Sound-ﬂillaaoét. Depression terminates against
the Klamath Mountains (zone PO08).

Ia northeastern Oregon and southeastern Washington, zone POO5S has a
northwest trend sub-parallel to the Intcr-ountiin Seismic Belt in western
Montana (Smith and Sbar, 1974). Zone POOS represents a regicnal northwesterly
trend of seismicity (Io > V) noted by Perkins and others (1980) and also
appears to be only part of a more regional belt of moderate strain release
that extends to the southeast into the western Snake River Plain of Idaho
(Algermissen, 1969, Fig. 2). There is a stroog northwest trending structural
control of the geologic features in the zone (Newcomb, 1970; Walker, 1977)
most significant of which are features of the Olympic-Wallowa lineament
(Sk-han..l965) and the Vail Zone (Lawrence, 1976). However, the control of
these northwest-trending structural zones oa the tcgiBnal distribution of
seismicity is not well understood. To date the most recent surface
deformation (probably by fault movement) noted on the Columbia Plateau is
Holocene in age and occurs on the flanks of the Toppenish Ridge anticline
(Campbell and Bentley, 1981); a member of the east-west family of anticlines
belonging to the Yakima folds section of the Columbia Plateau (Thormbury,
1965). Also, the largest earthquake to occur in the Columbia Plateau, the
1936 Milton-Freewater earthquake (H' = 5,75), has been relocated from a
location near the Olympic-Wallowa liceament to a location nearer the northeast
trending Hite fault system (Woodward-Clyde Consultants, 1980). Both 'the

Yakima folds section and the Hite fault system appear to have some structural
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relationship, as yet undefined however, to the more regional northwest
structural grain. The east-west trends of the Yakima folds deflect to the
southeast along a broad northwest-southeast zone coincident with the Olympic-
Wallowa lineament. Southeast of the Hite fault system, numerous northwest
trending normal faults bounding the La Grande Graben align with the strikes of
faulta of the extreme western Snake River Plain area. At the intersection
with the Hite fault system, normal faulting is deflected north and then
northwest along the more northwesterly trend of the Olympic-Wallowa lineament
(see Newcomb, 1970). Because of the currently unclear nature of specific
seismozenic featurss, the area (zone P00S5S) has been modeled as a broad zone
that emphasizes only regional trends of geologic structure and seismicity.
Expression of more local structure is at variance with the overall trend 9!
zone POO5, yet local structure either deflects, or is deflected by, the
overall northwest strike of the regional trends indicating genetic
relatiouships as yet undefined in a regional tectonic model.

\

Great Basin (Area C, Figure 4): The Nevada Seismic Zone (zone 031) has been

distinguished from a more ragional zone generally characterized by Holocene
fault displacements (zone 34) (Wallace, 1977a,b; 1978a,b,c). Similarly, the
Southern Nevada Seismic Zone (zone 017) has been separated from a broad area
of the southern Great Basin characterized by late Quaternary fault
displacement (zones C.7, 018 and 0.9). Zones 032 and (33 within the Nevada
seismic zone are based on the aftershock zones of large surface rupturing

-

historic earthquakes.

29



Zones cutlined at the seismic source zone meetings and defined only on
geologic criteria may divide tight clusters of seismicity. This is the case
in the Reno~Carson City-Lake Tahoe area of western Nevada. Boundaries of four
zones drawn at the seismic source zone meetings, based on fault information,
join in this area and segment the northerm part of a regional seismicity trend
that follows the Sierra Nevada-Great Basin boundary zcne (See Thenhaus and
Wentworth, 1982). Distributing this seismicity into the zones defined at the
meeting would have resulted in zones of relatively low seismicity that extend
into northeastern California, western Nevada and the central Sierra Nevadas.
This would have resulted in a lower rate of earthquake occurrence in the
immediate Reno-Carson City-Lake Tahoe area. We have chosen to preserve the
influence of the Sierra Nevada-Great Basin boundary on seismicity in this
area. For this reason we have modified the source zones defined at the
meeting and extended zone 029 along the Sierra Nevada-Great Basin Boundary
Zone north to include the Reno~Carsom City-Lake Tahoe area.

Zonc; 037, 038, 039 and 040 encompass and include the Wasatch fault zone
at the eastern -irgin of the Great Basin. The zones are based on studies of
ages of latest surface displacements along faults in this area as summarized
by Bucknam and others (1980). The zones have been generalized somewhat from
Bucknam and others (1980) to reflect the regioral geographic distribution of
historical seismicity. Except for zone 039, which is characterized by late
Quaternary faulting, zcones conterminous to, and iacluding, the Wasatch fault

(zone 040) are characterized by faults having Holocene age displacements.
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Northern Rocky Mountains (Area D, Figure 4): Seismic source zones of tha

northern Rocky Mountains (Figure 3) were drawn to strongly reflect structural
sub-provinces of that region. This approach provides a reasonable
organization for historic seismicity in the region.

Zone 064 is an area of pre-late Pleistocene Basin and Range-type faulting
and includes the seismically active Flathead Lake area of Northwestern Montana
(Witkind, 1977; Sbar and others, 1972). The zone is bounded on the east b}
the north-northwest~-striking imbricate thrust sheets of the Disturbed Belt of
vestern Montana (zone 065) (Mudge, 1970). Both zone 064 and 065 are bounded
on the south by the west-northwest trending St. Marys fault trend (zone
057). A broad zone of seismicity extending from Helena to the Flathead Lake
area (Stickney, 1978) is coincident with the overall west-northwest structural
trend in this area. South of the St. Marys trend, zone 057 is characterized
by mixed northeast, northwest and east-west trending faults. The
Intermountain Seismic Belt (Smith and Sbar, 1974) follows a broad northerly
trend through this area but historic seismicity appears to concentrate in the
Three Forks Basin area (Qamar and Hawley, 1979).

Zone 055 is an east-west-trending zone that includes the historically
active areas of !lebgen Valley, Madison Valley and Centennial Valley of extreme
southwestern Montana (Smith and S.ar, 1974). Zone 056 i{s the volcano~tectonic
area of Yellowstone National Park.

The highiy seismic areas included in zones 056 and 055 are in strong
contrast to the aseismic nature of the eastern Snake River Plain (zone 054).
Perhaps the warm, thin crust of the eastern Snake River Plain cannot store
enough elastic strain to generate earthquakes. The cooler, thicker western

part of the Plain (included in zone 058) however, has had historic seismic
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activity. An intensity VII was felt at Shcshcae, Idaho, on the wesiern part
of the Plain in 1905 (Greensfelder, 1976). Zone 058 includes an area of Basin
and Range-type extensional tectonics north of the Snake River Plain and on the
western edge of the Idaho Batholith. Except for the Challis geothermal area
(zone 059), which is characterized by swarm activity, the Idaho Batholith
(zone 060) exhibits very little earthquake activity. Southeast of the Snake
River Plain, the Intermountain Seismic Belt crosses the Overthrust Belt of
southeastern Idaho and southwestern Wyoming (zone 052). Long normal faults
with probable Holocene movements (Thenhaus and Wentworth, 1982) are
superimposed on the older Laram.de age thrusts in the Overthrust Belt. An
earthquake focal mechanisa in the Caribou Range of southeastern Idaho
indicates ncrmal faulting generally oa strike with mapped normal faults in
this area (Sbar and others, 1972).

In the Central Rocky Mountains of Wyoming and northern Colorado,
seismicity appears to be primarily associated with the faultad Laramide age
nothnin uplifts (zome J45) whereas the Laramide age basins in the area show
very little seismic activity (Powder River Basin, zone 049; Big Horn Basin,
zone 047; Wind River Basin, zone 048; Green 2iver Basin, zone 051; and the
Washaki Basin, zone 046). Interpretations of a deep crustal seismic
reflaction line from the Green River Basin, across the southern end of the
Wind River Mountains and into the Wind River Basin, indicate low auagle
thrusting aloug a narrow zone extending through the entire crust to depths of
25 to 30 km. (Smathson and others, 1978). Significant deformation of the
basin sedimentary sequence occurs where the thrust overrides the basin,

however the central basin area shows no deformation of comparable scale.
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Southern Rocky Mountains (Area E, Figure 4): In the southern Rocky Mountain

region, areas of Holocane fault displacement bound the Sangre De Cristo Range
of southern Colorado (Figure 3, zone 043) (Kirkham and Rodgers, 1981) and the
southern margin of the Albuquerque Basin on the La Jencia fault (Machette,
1978) (zone 007). Areas of possible Holocene age displacements are located in
the southern Rio Grande Rift (zone 002) and extreme southeastern Arizona (zone
004) just north of the 1877 Sonora earthquake area (zone 004), Sanford and
others (1979; 1981) consider the Rio Grande Rift (zones 042, 007 and 003) to
be the most seismically active area in New Mexico in historic times with the
majority of seismic activity occurring in the Albuquerque Basin (zone 007).
They also note the apparent association of seismicily with the Jemez Lineament
(zone 008). The northeast margin of the San Juan Basin, San .'»n Volcanic
field and Uncompahgre uplift area (zone 041) exhibit a moderate level of
seismicity.

The structural continuity of the southwest margin of the Colorado Plateau
is broken by northeast-trending, Precambrian faults which ncot only have
controlled the northeastern migration of volcanic activity in the San
Francisco Volcanic field, but also apparently influence the regicnal
disctribution of seismicity (zone 014) (Shoemaker and others, 1978).

The central part of the Colorado Plateau (zone 016) exhidits

significantly less earthquake activity than {ts ssismically active margins.

Great Plains and Gulf Coast (Area F, Figure 4): In the northern Sreat Plains

there is an apparent asscciation between a northeast-striking trend of
seisaicity through South Dakota and western Minnesota and the Colorado

Lineament as defined by Warner (1978) (Figure 3, zones 067, 068). In
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Minnesota, seismicity is associated with the Creat Lakes Tectonic Zone (Simms
and others, 1980; Mooney and Morey, 1981). This zoue is generally on strike
with the Colorado Lineament to the southwest. Elsewhere throughout the Creat
Plains, seismicity tends to be associated with basement highs such as the
Sioux Uplift, Souixana Arch, and Cambridge Arch (zone 070), central Kansas
Uplift (zone 073), Nemaha Ridge (zones 075 and north part of zone 076), the
Wichita Uplift (also known as the southern Oklahoma Aulacogen; southern area
of zone 076) and the Seminole Arch (southeast area of zone 076). Intervening
basin areas of the Forest City Basin (western part of zone 069), Salina Basin
(zone 074), Denver Basin (zone 071), and the Williston Basin (zone 097) show a
much lower rate of seismic activity. The Anadarko Basin (zone 072) is
somewhat of an exception having four I, > IV earthquakes.

Large seismic source zones enclose the Gulf Coast area (zomes 078 and
098). The thick cover of Tertiary sediments in this region obscures the

association of seismicity with what perhaps are deeply buried structures.

Central Intarior (Area G, Figure 4): A number of geological and geophysical

investigations have defined reactivated zones of faulting associated with an
ancient crustal rift in the northern Hississlpﬁi Embayment (Hildebrand and
others, 1977; Heyl and and McKeown, 1978; Russ, 1979, 1981; Hamilton and Russ
1981; Zoback and others, 1980) (Figure 3, zonme 087). The great 1811 and 1812
New Madrid earthquake series are located in this zone. Zone 082 extends
southwest from the New Madrid Zone. Regional gravity and magnetic studies
suggest that this area may be a possible continuation of the rift structure.
Another possible interpretation is that the seismicity of zone 082 may be

assoclated with structures of the OQuachita Mountains where they are buried
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beneath Coastal Plain Tertiary sediments.

Zones 086 and 081, adjacent to the main zone of the Reelfoot Rift, are
based on the distribution of seismicity. Zone 086 coatains a pronounced
northeast trend in seismicity that extends along the geologic contact of
Paleozoic strata of the Ozark Dome with Tertiary Coastal Plain sediments.

This seismicity trend has persisted for a long span of historic time (see
figures 1-4 of Herrmann, 1981) but causative structures are unknown. Thnl
trend appears to be distinct from the main zone of faulting within the Rift in
zone 087. Zone 088 is a northwest trending, narrow zone having a relatively
high concentration of seismic activity. Zone 088 bounds the Ozark Dome on the
northeast and is central to the recently defined St. Louis arm of the Reelfoot
Rift (Braile and others, 1982). Zone 089 includes a large porticn of the
Illinois Basin, the Wabash Valley Fault Zone and a possible continuation of
the Reelfoot Rift into Indiana (Braile and others, 1980; 1982). The zone has
been highly seismic historically.

The remaining zones of the central Interior follow the theme evident in
the Great Plainl'togion: seismicity appears to be associated with high
basement features and margins of Paleozoic basins. Zones 084, 090, 094 and
080 follow the trends of the Central Missouri High, Mississippi River Arch-
Wisconsin Arch, Cincinnati Arch and Nashville Dome respectively. lones 092
and (095 are along the gently dipping margins of the Wisconsin Basin (zone 091)
and the Appalachian Basia (east part of zone 093).

Northeasr United States (Area H, Figure 4): The most notable change in the

seismic source zones in this region from the previous source zone map

(Algermisscu and Perkins, 1976) is the segmentation of the diffuse northwest-
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trending zone of seismicity previously associated with the Boston-Ottawa trend
(Diment and others, 1972; Sbar and Sykes, 1973). An area of low seismic
activity (Figure 3, zone 106) about 100 km wide extending northward through
eastern Vermont and western New Hampshire serves to break the Boston-Ottawa
trend into two discrete segments. In eastern Massachusetts (zone 107),
seismicity has concentrated in the Boston area and offshore. This seismic
activity coincides with the eastern Massachusettes thrust province
characterized by northwest-over-southeast thrusting. The zone of thrusting is
near the western margin of the Avalonian Platform, an island arc assemblage .
accreted to the North American continent perhaps in late Precambrian time
(Rast, 1980). Zone 107 includes the thrust province but niso extends into the
Avalonian Platform in eastern Massachusettes to include an area of zoderate
seismicity around Narragansett Basin. It {s interes:ing to note that in
northeastern Massachusetts the strike of the thrust province is normal to the
regional maximum compressive stress axis (Zoback and Zoback, 1980). These
faults may be reactivated in the current stress regime.

Earthquake ictivi:y in southern New Hampshire, previously considered part
of the Boston-Ottawa zoune, is combined with seismicity in eastern Maine (zone
108). The zone follows the Merrimack synclincrium which is a regional
tectonic feacture of northeastern New England inherited from compressional
tectenism of che Acadian Orogeny (Moench, 1973).

Zones 103, 109 and 111l distinguish the seismically active regions of the
S§t. Lawrence River and the western Quebec-northern New York area. The zones
are generally similar te those of Basham and others (1979). Zone 113 encloses

a north-trending zone of seismicity peripherial to the Adirondack Mountains

(zone 112) and along the Hudson River.
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The Clarendon-Linden fault and its possible northeastern extensicn across
Lake Ontario (Hutchinson and others, 1979) comprise zone 115. Small
earthquakes have occurred along the fault; some of these are Jue to solution
mining of salt but others appear to be of tectonic origin (Fletcher and Sykes,
1977). The 1929 intensity VIII Attica earthquake is included in this zone
although it is not entirely clear that the earthquake occurred on the
Clarendon-Linden fault.

Zone 103 was drawn primarily on the distribution of historic seismictity
but includes the Connecticut Valley graben, Newark Basin and Gettysburg
Basin. The Ramapo fault (zone 104) has been shown to be a locus of seismic
activicy in the region (Aggarwal and Sykes, 1978) although other faults
parallel in ctrike to the Ramapo may clso be associated with seismicity (Yang

and Aggarwal, 1981).

Southeast United States (Area I, Figure 4): Seismic source zones in this area
generally follow those of Perkins and others (1979). The regional geologic
bases of zones are (1) the fold belt of the Appalachian Mountains (zone 096);
(2) the thrust faulted Appalachian trend (zone 100); and, (3) a bdroad zone
including the Piedmont and Coastal Plain (zome 099) that extends offshore to
the western margin of the large Jurassic basins of the Continental Shelf (zone
118). Zove 099 can be characterized as a Mesozcic extensional terrain
containing graben and half-graben of Triassic age that were superimposed on an
older compressional terrain during the incipient opening of the Atlantic
Ocean.

Wentworth and Mergner-Keefer (1981) have suggested that perhaps early

Mesozoic normal faults are reactivated in the current stress regime with high

angle reverse movement (as along the Ramapo fault) and are responsible for the
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present day seismicity along the eastern seaboard including the (886, Modified
Mercalli Intensity X, Charleston, South Carolina earthquake. Alternatively,
however, Armbruster and Seeber (1981) suggest that the 1886 Charleston
earthquake was the result of backslip on a low-angle detachment indicated by
COCORP reflectiom profiling (Cook and others, 1979; 1981). Recent
reinterpretation of COCORP profiles in the region suggest, however, that the
decollement zone might have roots beneath the southern Appalachians and
therefore does not extend into the Coastal Plain (Inversom and Smithsen,
1982).

The unresolved question of the origin of the Charleston earthquake has
led us to retain the northwest-trending zones (zone 101 and 102) as used in
the 1976 hazard map (Algermissen 'and Perkins, 1976), although the Charleston
zone (zone 101) has been narrowed to include only the larger size events in
the zone. These northwest-trending zones are consistent with the trend of

historical seismicity in the area.

Attenuation

Acceleration attenuation curves developed by Schnabel and Seed (i973)
were used in the westarn United States (from the Rocky Mountains westward).
The Schnabel and Seed acceleration was also used in a modified form for
acceleration attenuation in the central and eastern part of the country
(Figure 5). The moditication of the Schnabel and Seed curves for the central
and eastern United States is that proposed by Algermissen ayd Perkins
(1976). 1In the Puget Sound area for those e¢arthquakes mcdelled at
intermediate depths, the Schnabel and Seed curves were modified to reflect the

greater depth of focus.
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Figure 5 - Acceleration attenuation curves (Algermissen and Perkins, 1976).
The solid lines are curves used for the eastern‘region (see text for
definition). The dashed lines together with solid lines at close
distances are the attenuation curves used for the western region and
are taken from Schnabel and Seed (13973).
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The attenuation curves used for velocity were developed by D. M. Perkins,
S. T. Harding and S. C. Harmsen (Perkins, 1980) us.ng the same general
techniques and a portion of the ensemble of strong motion records used by
Schnabel and Seed (1973) in their study of acceleration. Velocity attenuation
curves were developed for the western United States (from the Rocky Mountains
westward) and for the central and eastern United States (Figure 6). The
velocity attenuation curves were developed such that they would satisfy three
principal requirements: (1) they should have magrnitude dependent attenuation
shapes; (2) the magnitude dependence should be specified in terms of
magnitudes present in the historical catalogs, M, for earthquakes less than
6.75 and M, for larger magnitudes; and (3) the velocity attenuation curves
should be compatible with the Schnabel and Seed (1973) acceleration
attenuation used for the acceleration hazard maps. That is, the curves should
be derived by a similar technique for a similar set of earthquakes.

A computer program was designed to attenuate observed strong motion
records, taking into account both anelastic attenuation and geometric
attenuaticn of body waves in the manner similar to that of Schnabel and Seed.

For anelastic attenuation, the observed strong motion velocity record was
Fourier-analyzed incto its constituent frequency components. The components
were adjusted to standard distances, R,, using the factor
= (®,~ R)

vQ

where R, is the distance from the fault rupture at which rhe strong motion was
recorded. Q is a regional characteristic of attenuation, as the frequency of
the Fourier component and v is a shear wave velocity. At the standard

distances the adjusted components were inverse transformed to produce an
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are curves used for the eastem u;ion. The dashed lines together with
solid lines (in some instances) at close distances are the attecnuation
curves used for the westemn regionm.



adjusted strong motion record, from which an adjusted peak velocity céCld be
measured. Because the ground motions due to different magnitudes have
diffevent predominant frequencies, this anelastic attenuation is {mplicity
magnitude dependent.

For geometric attenuation, the adjusted peak velocities were further
adjusted by the factor

1
z
ls(xo)/z(ai)l

where

E(r) = 2LW + 2xrW + 2ncl + 4nps

E(r) represents the area of a surface at a distance r from a rectangular
rupture of length L and width W. This surface is a rectangular block whose
edges and corners are circularly rounded with radius r. This surface
represents a surface over which the ground motion energy is distributed. The
energy per unit surface decreases as the distance r increases. Because the
energy in a signal is proportional to the square of the amplitude, the ground
motion amplitude should derease with the square toot of the energy and hence
in inverse proportion to the square root of the surface E(r).

The rupture length L, and to some extent the width W, are a func-iou of
the earthquake magnitude, and hence the scurce siza effect is magnitude-
dependent for distances of the same order as the rupture size. In the far-

field, the size-effect factor reduces to Ro/Ri.
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This dual-factor process yielded a suite of curves that were smoothed to
produce average velocity attenuation curves. Attenuation curves for the
western United States were derived using Q = 250, For the eastern United
States the same source characteristics were used but the Q was changed to
1200.

This process guarantees that the attenuations for eastern and western
United States earthquakes will produce the same rear-field ground motions for
the same epicentral intensities.

Because the inverse transform process yields results that are less and
less like impulsive earthquake records the further the standard distance is
from the recorded distance, beyond 500 km the individual earthquake curves
tended to behave unstably. Therefore, far-field attenuations were constrained
to have the same slopes. This required finding a slope in the far field
consistent with the smoothed behavior of all the curves. [o facilitate this,
far-field curves were recalculated for point sources. The far-field slopes
found were ~1.77 for the western United States attenuation and -1.46 for the
easiern United States attenuation.

The developuent of the velocity at:cnu‘cign curves is briefly described

in Perkins (1980).
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DISCUSSION
A number of factors related to the development and computations of the
new national hazard mape were examined. The factors of most importance to be
discussed here are (1) the influence of several different fault modeling
techniques; (2) various attenuation factors; (3) vaiiability in fault rupture
length-magnitude relationship; and (4) variability in attenuation functions.
Finally, the new maps are reviewed in order to point out significant

differences between the new maps and the Algermissen and Perkins (1976) nap.

Fault Modeling

It is a good deal faster in the hazard mapping program to model the
effects of point sources than linear ruptures. Hence there is an advantage in
modeling earthquakes as point sources when the approxlna:ion does not greatly
distort the effective exceedance rates for the mapped nccclorationn;

Now, for a given acceleration, the rate of exceedance at l; arbicrary
point in the source region is directly governed by the area over which that
acceleration {s exceeded. Given a magnitude and an arbitrary source, the
attenuation functicn gives the distance from the scurce withia which a given
acceleration is exceeded. When an earthquake is zodeled as a point source,
the area over waich that acceleration i{s exceeded is a circle. If that same
earthquake is modeled instead as a rupture source, the area i{s given by two
halves of that point-source circle joined by a rectangular section of width
equal to the diameter of the circle and length equal to the rupture length
Now when the ruptures are small, as with small magnitude earthquakes, or when
the radial distance is large, as with smali accelerations, the area given by a

point source can approximate that given by the rupture source. On the other
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hand, when accelerations are large, as are those which are close to the
source, or when ruptures are large, as for large magnitude earthquakes, the
ares of exceedance may be many times larger for the rupture source than for
the point source, the usual ratio is from 3 to 10 times.

Accordingly, for sources having low seismicity, for which the mapped
accelerations are low, we have used point sources up to magnitude 6.4, For
very active sources, or for sources with large maximum magnitudes, we have
used rupture sources for magnitudes over 5.8.

Rupture lengths were determined using the equation developed by Mark
(1977). This equation depends heavily on California strike-slip fault daca.
A number of investigators (for example, Evernden, 1975) have suggested that
the fault rupture lengths for earthquakes in the midwest and eastern United
States may be substantially shoricr than fault rupture lengths in the west.
We examined the significance of assuming a shorter fault rupture length in the
midwest and east as compared with the west by computing the 10, 25, and 250
year, 90-percent extreme probability accelerations at three cities in the
aidwest (Charleston and St. Louis, Missourl, and Memphis, Tennessee) using (1)
Mark's (1977) equation, and (2) fault rupture lengths of one half the faulr
rupture length in (1). In both cases above, the earthquakes in zone 087
(£igure 3) were modeled as occurring om parallel faults 5 km apart, filling
the zone. The model faults were given strikes parallel to the northwestern
boundary of zone 087 (figure 7). The results are shown in figure 8. The
largest difference (less than 15 percent) in acceleration resulting from the
two fault rupture length models occurs at Charleston, Missouri. Charleston is
on strike and near the northern ¢nd of seismic source zone 087 and could be

assumed to represent a site that would receive the maximum change in ground
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Figure 7 - Map of southeast Missouri and adjacent area showing recent
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seismic :ource zone 087 (see Figure 3). The heavy dashed line represents
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model discussed in the text consists of faults parallel to the northwest
edge of zone 087, spaced 5 km apart across the zone.
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motion between the two models occur for the largest exposure time considered,
250 years. Significant differences between the accelerations occur only at
Charleston, Missouri and Memphis, Tennessee. The accelerations over a fairly
wide range of exposure times is essentially the same at St. louis. The
differences between the accelerations generated by the two models at
Charleston and Memphis are interesting. Note that at Charlestom, Missouri,
the acceleration resulting from the "single fault™ model is larger than the
acceleration generated by the “"multiple fault™ model by about 30 percent.

This result occurs because Charleston, Missouri is located at the north end of
the "single fault” model. The "multiple fault™ model disperses the seismicity
around Charleston resulting in a lower acceleration. Memphis, Tennessee is
near the eastern boundary of seismic source zone 087 such that for the
“"maltiple fault” model, some faults occur very near Memphis causing a higher
acceleration at Memphis than :b‘ “single fault” model. Memphis is about 70 ka
east of the "single fault™ model and consequently the ground motiom at Memphis
is less when the “single fault" model is used.

As already mentioned, we used the “multiple fault”™ model to model the
seismicity in zone 087 for the national maps because there is, ia our opinion,
insufficient eviderce to poatulate that future large earthquakes wichin the
time span of interest in this investigation (10 to 250 years) should de
restricted to a single fault. From the above examples it is clear that the
*sultiple fault™ model i{s not conservative for all sites. These results show
the importance of refinement of seismic source zones through additional

jeologic and geophysical research.
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Attenuation

Attenuation of acceleration and velocity with distance is poorly known
for the central and eastern United States because of the lack of recordings of
strong ground motion and the relatively poor quality of the available Modified
Mercalli isoseismal maps. The larger shocks in the central and eastern United
States occurred, for the most part, in the 19th century before the development
of instrumental s2ismology and before the careful, systematic examination of
earthqake effects. Consequently, differences in attenuation curves for these
areas may be laé;; and it is of interest to examine the effects of these
differences. Figures 10 and 1l show selected acceleration and velocity
attenuation curves recently developed by Nuttli and Herrmanm (1981) for the
midwest and eastern United States. Also shown in Figure 10 and 11, for
comparison, are selected acceleration and velocity attenuation curves used in
this study. The Nuttli and Herrmann (1981) curves have been redrawn with
-lgnltud.: appropriate for comparisom with the attenuation curves used by
us. The national acceleration and velocity maps discussed here were
essentially complete before the Nuttli and Herrmann (1981) curves were
available. It is therefore interescting to compare ground shaking at selected
points using the two sets of attenuation curves. Figures 12 and 13 show
comparisons between accelerations and velocities computed at St. Louis,
Missouri, and Memphies, Tennessee, using the attenuation curves adopted for
this study and using the curves of Nuttli and Herrmanan (1931). The
accelerations computed at St. louis and Memphis using the two different
attenuation curves are considerably different for an cxpoo;;c time of 10

years, particularly ac St., louis. This effect is probably caused by the

contribution of small to moderate earthquakes to the acceleration at St. Louis

51



49

(g)

ACCELERATION

1.0 —
r~'... ~.-.~'-
5 et Wi
“eu ACCELERATION ATTENUATION
b EASTERN UNITED STATES
b..
‘\
.lo - ~‘\
-
-
05 —
o
NUTTLI AND HERRMANN, W
© 1881 ‘.\
.
=== ALGERMISSEN A D .
010 — ND PERKINS, 1076 e
005 : T T
2 10 50 100

DISTANCE (km)

Figure 10 - Comparison of Algermissen and Perkins (1976) and Nuttli and Herrmann (1981)
acceleration attenuation curves for the eastern and central United States.




150 -

100 — g

VELOCITY ATTENUATION
EASTERN UNITED STATES

T

10 - g, 0

(cm/sec)
s
'l

5.0

139
VELOCITY

NUTTLI AND HERRMANN, 3
1081 b

10 - =====«= PERKINS, 1080

2 5 10 50 100 500 1000

DISTANCE (m)

Figure 11 - Comparison of Perkins (1980} and Nuttli and Herrmann (1981) v;loclty
attenvation curves for the central and eastern United States.




1.0

MEMPHIS, TN

ST. LOUIS, MO

=
-

S

ACCELERATION (g)

wwewe=e ALGERMISSEN AND PERKINS, 1976

— NUTTLI AND HERR&'ANN. 1981
01 el At
10 50 100 250

EXPOSURE TIME (YEARS)

Figure 12 - Comparison of 50-year exposure time, 90-6.rc¢nt extreme
probability acceleration at St. Louis, Missouri, and Memphis,
Tennessee, computed using different acceleration attenuations.

54




m/sec)

”~
~d

(:

VELOCITY

100

50

10

(¥ 1
o

1.0

..
E o’ %MEMPHIS, ™

-”“
" { ST. LOUIS, MO
o,

wewm=o PERKINS, 198G

m— N UUTTLI AND HERRMANN, 1981

o .- i ljl‘ll ’ l

10 50 100 250

EXPOSURE TIME (YEARS)

Figure 1] - Comparison of 50-y~ar exposure time, 90-percent extreme
probability, velocity at St. Louis, Missouri, and Memphis, Tennessee,
computed using different velocity attenuation.

55



and the appreciable difference in the attenuation curves for small to moderate
shocks. For longer exposure time (greater relative c~ntribution to the ground
motion from larger shocks) the agreement between the accelerations is somewhat
closer. Velocity values for moderate exposure times (50 and 250 years)
computed using the two different attenuation curves differ by a factor of
about 1.5. For the l0-year exposure time the agreement is somewhat closer.
This result comes from the fact that the two sets of attenuation curves are
quite similar at large distances. At short return periods, a significant part
of the exceedances of the mapped ground motions comes from distant
earthquakes. At long return periods, high accelerations are mapped, these are
governed by the near-field ground motions of rare, high magnitude eveants. In
the near field, the attenuation functions differ strongly.

Another method of estimating uncertainty in the computed ground motions
is to include parameter variability in the probabilistic ground motion
calculation. Variances are not directly available for the Schnabel and Seed
(1973) acceleration curves or tgc Perkins (1980) velocity attenuation
curves. McGuire (1978) has estimated the standard deviation g, for the
Schnabel and Seed curves as 0.50, and the standard deviation oL of the Mark
(1977) fault rupture length relationship as 0.60. For purposes of
illustration, variances of 0.50 are assumed for the acceleration and velocity
curves used in this study. A variance of 0.60 is assumed for the fault
rupture length relationship of Mark (1977). Figure 14 is a map showing the
location of representative profiles of velocity and acceleration computed two
ways: (1) without variability in fault rupture length and ;ttcnuation; and

(2) including variability in fault rupture length and attenuation. The
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profiles are shown in Figures |5, 16, 17 and 18. Examination of the four
representative profiles indicates that accounting parameter variability using
this technique results in ground motion increases of from about 5 to 50

percent.

Review of the National Maps:

The main features of the new maps (Plates 1-6) will be reviewed by region
in the following sections together with a discussion of the differences
between the new set of maps and the Algermissen and Perkins (1976)

acceleration map.

Coastal and Southern California (Region A, Figure 4): The major differences

between the Algermissen and Perkins (1976) map and the new national maps
result from the greater tetail of the seismic source zones used in the new
maps. Considerably more geological information was available for the
development of the new maps (Thenhaus and othc?s, 1980) than was available in
the period 1972-1975 when the Algermissen and Perkins (1976) map was
prepared. This is particularly true in southern California and in the coastal
areas. Comparison of the 1976 mapped ground motion with the new maps shows
that the levels of ground motion along the major features such as the San
Andreas fault are approximately the same for the 1976 and the new national
maps. The levels of ground motion in the coastal area of southern California
are considerably higher on the new national maps than they are on the 1976
map; this results from the more extensive delineation of 14&1vidual faults as
sources zone for the new maps. Additional details of techaique and of the
mapped ground motion in coastal and southern California area are provided by
Thenhaus and others (1980).
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Pacific Northwest: Historically, significant seismic hazard in this region is

associated with the large (for example, M, = 7.1 in 1949) earthquakes that
occur at depths of 50-60 ka in the Puget Sound Depression. In the 1976 map,
these earthquakes make the msajor contribution to the probabilistic ground
motion hazard. Since the preparation of the Algermissen and Perkins (1976)
map, the importance of the December 14, 1872 central Washington earthquake has
become established (Hopper and others, 1982). Also the possiblity of
significant surface faulting has been established. As a result of modeling
these new influences, the new national maps show significantly higher levels
of ground motion in the Puget Sound area than the 1976 acceleration values.
For example, the new 50-year exposure time, 90-percent extreme probability map
shows a maximum acceleration of 0.30 g in the Puget Sound area as compared
with a maximum of 0.15 g on the 1976 zmap.

These increases result from a change in the approach to modeling the
earthquakes in the Puget Sound area. Because of uncertainty regarding the
probability of occurrence of large shallow earthquakes (H. > 6.4, depths of
the order of L5 km) in the Puget Sound area, 25 percent of xhe large
earthquakes were modeled as occurring at sanallow depth and 75 percent were
modeled as occurring at a depth of 50 km in the computation of the new
na”ional maps. Earthquakes smaller than My = 6.4 vere modeled at shallow
depth. In the computation of the 1976 acceleration map all of the large
earthquakes were modeled as occurring at depths of 60 km. A more conservative
position vas taken in the preparation of the new national maps because there
is some evidence that the 1872 shock may have occurred at n;lllov depths and
because of the magnitude of the 1872 shock (Mg ~ 7.0). Furthermore, there is

evidence of Holocene surface faulting in the western Puget Sound area (Cower,
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1978) which may indicate the occurrence of relatively large, shallow
earthquakes in the recent geologic past. Figure 19 shows the range of ground
motions possible in the cen.~al Puget Sound area assuming various percentages
of earthquakes M, > 6.4 occur at shallow depth and modeling all earthquakes
smaller than M, = 6.4 at shallow depth.

A small increase in the level of ground motions in central Washington
resulted from the reevaluation of the 1872 earthquake data. The ground
motions in ceantral Washington remain low, however, because of the generally

low level of historical seismicity per unit area.

Great Basin (Area C, Figure 4): The level of ground motion in western Nevada

is generally somewhat lower, but dispersed over a broader area than is shown
on the 1976 acceleration map. This result occurs for two reasons. First, the
greater geological input available for the new maps, particularly in the
western Nevada - eastern California area resulted in an entirely different
treatment of the source zones for the new maps in this area. Second, the
maximum magnitude in the areas outlined by the aftershock zones of the major
historical earthquakes in western Nevada were limited to M = 6.0, while the
maximum magnitude of the surrounding zones was L 7.3. This approach was
:?kan because it is assumed that, for the exposure times considered, large
shocks are likely to occur ia the Nevada Seismic Zone, but not in the areas
where major earthquakes have occurred historically. This view is consistent
with what is presently known concerning Holocene fault movement in western

Nevada.
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Figure 19 ~ Source zcnes in a portion of the Nevada Seismic Zone.
The location of large earthquakes in 1915, 1932, 1954 and 1959
are also shown,. .
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Specifically, the maximum magnitudes of seismic source zones 022, 032 and
033 wera limited to M- 6.0, because these seismic source zones are areas in
which large earthquakes (and their aftershocks) are known to have occurred
historically (Figure 3). The seismic source zones surrounding zones 022, 032
and 033, namely zones 020 and 031, are considered as more likely loci of
future large shocks (at least for the periods of interest for the hazard
mapping considered here). The maximus magnitudes for zones 020 and 031 vere
set at M_ = 7.3, The historical selsmicity (for M > 5.0) is taken from zones
022, 032 and 033 and used ino the development of magnitude distributions for
earthquakes in zones 020 and C31. The assumption is that large earthquakes
will occur in the future in the Nevada Seismic Zone with about the same
frequency 2s in the recent past, but they will not occur in the areas where
large historical earthquakes have occurred. It is further assumed that they
are more likely in the seismic source zones surrounding the ¢tershock zones
of historical earthquakes (zones 020 and 031).

The modeling process and the resulting distribution of ground motion can
be more clearly seen in Figures 20 and 21 which shows a portion of the Nevada
Seismic Zone already discussed. Figure 20 shows seismic source zones 931. 032
and 033 togecher with the epicenters of large earthquakes that occurred in
1915, 1932, 1954 and 1959. The resulting 250-year exposure time, 90-percent
extreme probability, velocity is shown ia Figure 21. In this type of
modeling, the area between seisamic source zones 032 and 035 becomes a kind of

selismic gap with high expected ground motions in the future.
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Figure 20 - Velocity (cm/sec) with an exposure time of 250 years
and an extreme probability of 90 percent in a portion of the
Nevada Seismic Zone. The location of large earthquakes in
1915, 1932, 1954 and 1959 are also shown.
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Ground motion values along the Wasatch fault are higher on the new
national maps as compared with the 1976 acceleration map. Recent work on the
Wasatch fault that {ndicates recurrence rates of a few hundred years or less
for earthquakes in the magnitude seven range (Swan and others, 1980) has led
18 to model the Wasatch fault as an individual source zone with fault rupture,
rather than as a broad zone of seismicity as in the 1976 map. Modeling the
Wasatch fault as a separate zone together with much ilmproved geologic control
for the seismic source zones surrounding the Wasatch fault has substantially
changed the oticntac%on of the ground motion contours in central Utah on the

nev maps.

Northern and Central Rocky Mountains (Area D, Figure 4): The general level of

ground motion throughout this area remains approximately the same as the 1976
map with some local exceptions. Considerable additional geological input was
available as a result of the workshop conducted on the seismotectonics of this
area. The resulting broadened seismic source zones and seismic activities in
each of the zones tended t. reduce the expected ground motion in the Helena,

Montana area, a site of several historically damaging shocks and increase the
activity in the Flathead Lakes area (zone 064) a recently seismically active

region (maximum Modified Mercalli intensity VII earthquakes in 1952 and 1969);

(Coffman and von Hake, 1972),

Southern Rocky Mountains and Southern Basin and Range (Area E, Figure 4):

Despite extensive revision of seismic source zones for this area for the new

national maps, the general level and pattern of ground motion remains

approximately the same as for the 1976 map. Exceptions are a decrease (from
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the 1976 ground motion levels) in the ground motion in the vicinity of

Socorro, New Mexico, and on the New Mexico-Arizona border near 33°N.

latitude. The decrease in expected ground motion in the Socorro area results
from a reevaluation of the constants a and b in equation l. The decrease in
expected ground motion on the Arizona-New Mexico border results from extensive

revision of the seismic source zones.

Great Plains and the Gulf Coast (Area F, Figure 4): The general pattern of

expected ground motions is much the same on the new national maps and the 1976
acceleration maps. The expected ground motion associated with the Nemaha
Ridge structure (eastern Kansas-Nebraska border area) is lower on the new maps
primarily because of a revision of the constants a and b in equation 1. The
seismicity is low throughout area F and the value of t.h. constant b in
equation | was obtained by grouping the seismicity in a number of source zones
together to obtain a larger statistical sample (and more statistically
reliable b value). The seismicity associated with the zones in the area was
aot grouped together to obtain a single b value whea the 1976 map was
developed and the b values in this area used in the computation of the 1976

map are probably less stable.

Central Interior (Area G, Figure 4): The expected levels of ground motion

shown on the new national maps are similar to those on the 1976 acceleration
Lap with the exception of the higher expected ground lothlEl in the vicinity
of seismic source zone 087 in the New Madrid, Missouri, region. The extensive
geological and geophysical investigations program that has been undervay in

the southeast Missouri area for the past six years has made it possible to
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improve our delineation of the most important seismic source zone in the
central interior (zone 087). The significance of various earthquake modeling

techniques in zone 087 has already been discussed.

Northeast (Area H, Figure 4): The new national maps do not use the Boston-

Ottawa trend as a source zone as was the case for the 1976 acceleration map.
The Boston-Ottawa zone used in 1976 has been segmented into a number of
smaller zones and considerable additional detail has been added to the zones
in the Boston-New York City area. The net result for the Northeast on a
regional basis is that the expected levels of ground shaking have remained
approximately the same as those derived for the 1976 acceleration map, but the
general orientacions of the contours i{s now northeast-southwest. More
detailed delineacion of structures in the Boston area and northwestern New
York, and the isolation of specific structures such as the Ramapo fault and

the Clarindon-Linden fault, have resulced in about a 30-percent increase in

expected ground motion in these areas.

Southeast (Area I, Figure 4): The levels of ~~ound motion for the new

national maps are comparable to the levels of expected acceleration shown on
the 1976 acceleracion map. The causative fault of the 1886 Charleston, South
Carolina, earthquake has not been identified and consequently we have retained
the philosophy of using historical seismicity to produce a source zone for
this arra. The uniqueness of the “Charleston zone” (zone {01) as a source of
large earthquakes in the southeast United States is an unresolved issue. If,

however, the historical seismicity of zone 101 is distributed throughout all

of the other zones in the southeast United States, the levels of expected
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ground motion wpuld be decresgsed substantially for the “Charleston zone™ but
would not increase appreciably throughout the southeast area. The net result
of this approach is that, for moderate exposure times (10 to 100 years) of
interest for normal commercial comstruction, the expected ground motions
associated with earthquakes would be of only marginal interest. Whether or
not the expected ground motions for long exposure times using this
distribuction of seismicity would be significant remains a largely unresolved
problem. The seismicity of the southeast United States is low and because
specific seismogenic lttuct;roc have not been identififed, we have chosen to
construct the seismic source zones largely on the basis of the spatial

distribution of historical seismicity.

CONCLUSTIONS

The completion of :hc. six national earthquake hazard msps demonstrates
that interdisciplinary efforts with the objective of integrating geological
and geophysical data, and i{nterpretations of data, to produce improved
estimates of expected ground motion are possible. The level of geological
input into the preparation of these new maps is perhaps an order of magnitude
greater than was possible in the preparation of the Algermissen and Perkins
(1976) probabilistic acceleration map.

Where new geological and geophysical data were available, these data
generally had a substantial fmpact on the ground motion maps. However, in
large areas of the United States, particularly in the easc, it has not been
possible to demonstrate clear relationships between specific structures and
earcthquake occurrence. A major problem in the probabilistic mapping of ground
motion, particularly in the central and eastern United States, is the paucity

of data available for the development of suitable attenuation curves.
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Statistical variability in the attenuation curves, and uncertainty as to which
curves best represent attenuation are the major sources of uncertainty in the
mapped ground motions.

The new maps represent an improvement in the application of probabilistic
ground motion to earthquake resistant design for two principal reasons: (!)
the development of both acceleration and velocity maps makes possible the
estimation of a response spectrum at a site and comparison of response spectra
at any aumber of sites under consideration. The response spectrum is the
principal method of represerting ground motion for earthquak® resistant desigo
at the present time. The use of different attenuation relations in the
central-esstern U.S. and in the western U.S. properly takes into account, for
design purpose, the significant high amplitude-long period ground motion in
these parts of the country. (2) The change in earthquake hazard with exposure
time can be estimated at any site ﬁcclunc ground motion estimates for three
exposure times--10, 50, and 250 years are available for cvery site in the
country. It is such easier to select an exposure time (and ground motion)
appropriate to the building usage (and cost amortization schedule where life
loss is not a factor) vhen ground-motion estimates are available for a range
of exposure times. The probabilistic acceleration and velocity maps are
sultiple-use maps that can not only be used in building code applications but
also for regional land use planning, emergency preparedness, insurance
analyses, and preliminary investigations of sites for critical facilities. A
simple application of the data contained in the maps is lhqyn in Figure 22
where the maximum accelerations for various exposure times are compared for
three cities. Plots of this type facilitate rapid analysis of the relative

hazard at any number of locations of interest.
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The present maps are the latest in a series beginning in 1969, Each new
version has been motivated by (l) the need to represent hazard in a more
useful sanner; (2) {mprovements in the model used to represent ground motion
from an earthquake source; and (3) increase in geological information to
permit more detailed source zone descriptions.

The maps have not only met strongly voiced user needs, but have also
challengad the research community to develop information and techniques to
improve the input to maps of this sort. The Algermissen and Perkins (1976)
probabilistic acceleration map was crucial to the development of the Applied
Technology Council's seismic regulations for buildings (1978). Much of the
renewed interest in Holocene and Quaternary geology has been sustained and
Justified by possible use in hazard maps.

Further improvements in this sort of hazard mapping will come f!OI.
advances motivated, in part, by the present map. In some states other than
California, research in Aolocene geology will soon make it possible to produce
regional maps at detail approaching that of the California hazard map
presented in this paper. A California map can today be begun at even greater
detail. Through careful geological investigations of recurrences of zajou
faults it should be possible within the next two years to provide hazard maps
which replace the Poisson assumption with time-dependent distributions for
which the hazard increases with time from the last large event or an event of

interest.
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Table |.~-Seismic parameters for source zones

No. of Modified

Zone Mercalli Maximum Maximum
! No.* Intensity V's by M{agnitude

per year Mee
p001 0.11010 -0.40 7.3
P02 0.43510 -0.40 Ted,
p003 0.12440 -0.54 7.3
p004 0.34840 -0.62 %
p005 0.1239%0 -0.62 7.3
p006 0.02831 -0.62 7.3
. poos 0.01642 -0.42 7.3
009 0.20850 -0.28 7.2
po10 0.45270 -0.28 7.9
P11 0.96370 -0.28 7.9
p012 0.37090 -0.28 7.9
P13 0.69020 -0.28 7.9
pO0 14 0.10940 -0.42 7.3
po1s 0.34480 -0.42 7.3
pO16 0.04926 -0.42 7.3
pol8 0.18810 -0.54 7.3
019 0.04090 -0.54 . 7.3
c001 0.62770 -0.42 7.3
mz 0.13700 -01‘2 7.3
003 0.31960 -0.42 73
004 , 0.31960 -0.42 7.3
c005 0.04843 -0.42 6.1
006 0.15700 -0.42 73
007 0.15700 -0.42 7.3
: 008 0.04740 -0.462 6.1
! @010 0.18190 -0.42 6.1
: c0ll 0.77010 -0.42 Tsd
| D12 0.19950 -0.42 7.3
013 0.35840 -0.42 7.3
Dlé 0.91990 -0.66 7.9
&15 1.69200 -00‘, 7.9
D16 0.22560 -0.51 7.9
: 017 0.02760 -0.48 A
i Q018 1.09200 -0.49 7.3
' c019 0.31980 -0.42 6.7
020 0.19280 -0.42 6.1
&21 0.10"0 ‘0.52 601
! 022 0.02422 -0.42 6.1
‘ 023 0.11650 -0.37 7.9
D24 1.97000 -0.43 8.5
c025 0.0 5085 -0.55 7.3
026 0.09145 -0.55 7.3
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Table l.~-Seismic parameters for source zones--continued

No. of Modified

Zone Mercalli Maximum Maximum
No.* Intensity V's by Magnitude
per year Mo*
027 0.03437 =0.37 7.3
028 0.13010 =0.37 7.3,
c029 0.02350 -0.37 7.3
030 0.03630 -0.42 6.7
031 0.47580 -0.51 6.7
032 0.55190 -0.45 7.9
c033 0.23070 =0.37 7.9
034 0.67120 -0.51 7.9
c035 0.02325 -0.60 7.3
036 0.35220 -0.59 6.7
037 0.81950 -0.51 6.1
038 0.82680 -0.54 7.9
039 0.35810 =-0.45 7.9
040 0.15820 ., -0.42 €.1
c04l 0.08448 -0.37 7.9
001 0.22700 -0.73 7.3
002 0.03600 o -0.73 7.3
003 000“00 -0073 6.1
004 0.22700 -0.54 7.3
005 0.09100 -0.73 7.3
006 0.13500 -0.73 7.3
007 0.41900 -0.73 7.3
oo8 0.21100 =-0.73 6.1
009 - 0.19400 -0.54 6.1
010 0.20800 -0.54 7.3
01l 0.55100 ~0.64 7.3
012 0.34900 ~0.64 7.3
013 0.05500 -0.64 7:3
014 0.4 9000 =0.73 7.3
015 0.01800 =-0.73 6.7
0lé 0.1 ‘600 ’007 3 601
017 0.69300 -0.59 7.3
Ol‘ 0026100 ‘O.S‘ 7.3
019 0.11717 ~0.54 7.3
020 1.84%00 ~0.64 7.3
022 001“00 -0.64 Y 6.1
023 0.15350 =-0.54 7.3
025 0.16800 -0.64 6.1
026 0.47700 -0.64 6.1
027 0.11100 -0.64 5.5
029 1.31900 =-0.64 7.3
030 0.58800 -0.64 7.3
031 1.82685 -0.54 7.3
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Table l.~Seismic parameters for source zones--continued

No. of Modified
Mercalli Maximum
Intensity V's
per year

0.48114
0.08557
0.6 2380
0.20070
0.01800
0.05100
0.80600
0.12000
0.29100
0.24400
0.01800
0.04600
0.11300
0.45600
0.01274
0.00427
0.00329
0.01663
0.17000
0.01706
0.19000
0.03600
0.01800
0.67300
0.17700
0.66200
0.19800
0.19200
0.03600
0.08900
0.03600
0.12900
0.34400
0.15200
0.01800
0.07715
0.0289%4
0.00588
0.03552
0.01176
0.02026
0.02353
0.00270
0.06510

~N oo
. @

SMONNNYNNYNNYND N
. . . @

6
6
6
6.
6.
6.
6.
6
7.

SO
. . . .

-

.

. - .
Pt Bt e e s et e o e o e L e e LD P e LD WO L0 LW e e e e e W W WL W W e e

o000 YNOON
. . . . @ & W & . .




Table l.~-Seismic parameters for source zones--continued

No. of Modified

Zone Mercalll Maximum Maximum
No.* Intensicy V's > Magnitude

per year e
076 0.14742 ~0.46 6.1
077 0.03469 -0.46 6.1
078 0.04389 -0.46 6.1
079 0.03082 -0.46 6.1
080 0.02987 -0.46 6.1
081 0.02044 -0.46 6.1
082 0.03552 -0.46 6.1
083 0.00996 -0.46 6.1
084 0.04117 -0.46 6.1
085 0.03802 -0.46 6.1
08e 0.04626 -0.46 6.1
087 0.29865 -0.46 8.5
088 0.09703 -0.46 6.1
0ae 0.15689 =-0.46 6.1
090 0.06103 =-0.46 6.1
091 0.00644 ~0.46 6.1
092 0.02661 -0.46 6.1
093 0.02680 -0.46 6.1
097 0.01156 -0.46 6.1
099 0.24830 -0.50 7.3
100 0.4 2290 - =0.50 7.3
101 0.18720 -0.50 7.3
102 0.09532 -0.50 7.3
103 0.33150 -0.50 7.3
104 0.05544 -0.50 7.3
106 0.01952 -0.50 6.7
107 0.19100 -0.50 7.3
108 0.29390 =-0.50 6.7
109 0.10650 -0.50 7.9
110 0.30220 ~0.50 7.9
111 0.32430 -0.50 1.9
112 0.01532 -0.50 6.7
113 0.07432 -0,50 6.7
114 0.00754 -0.50 6.7
113 0.05834 -0.50 7.3
116 0.06783 =-0.50 6.7
117 0.013950 -0.50 7.3
118 0.01334 -0.50 7.3

"The zones are shown in Figures 2 & 3
**See text for definition of M
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