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Jd.-1. Please state your nane and present occupation.
A.l. My nave is William J. Hall. My position is that of Professor of
Civil Engineering at the University of I1linois at Urbana-Champaign, and I

a1 also an independent consulting engineer.

J.2. Please sumnarize your educational background and relevant work

experience.

A.2. B.S. in Civil Engineeriny, University of Kansas, Lawrence 1943
M.5. and Ph.D. in Civil Enginearing, University of I1linois at Urbana-
Chanpaign, 1951 and 1954, respectively.

As the University of I1linois [ have been involved in teaching and
research in structural enginesring and structural dynamics for over 30 years.
In recent years I have been principal investigator on several large research
programs concerning earthquake enginearing sponsored by the National Science
Fcundation. In addition, my consulting activities in structural and seismic

engineering have included, among many assignments, the following: (a) nuclear
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power plants since 1954, (o) trans-Alaska Pipeline since 1970, (c) Canadian
sector of the Alaska-Canada gas line since 1980, and (d) the uranium hexa-
fluoride gas centrifuge enrichnent plant since 1973. | was a nenber of the

Applied Technology Council projects ATC-3 and ATC-6 dealing with the develop-

ment of seisiic design criteria for buildings (1974-1977) and bridges (1973-

1931), and have consulted on wilitary systen design in the area of structural
dynanics since 1953. A surwiary of my educational and professional backgrourd

is attached and is made a part of this testimony.

§.3. Please describe the scope of your participation in the review of
the General Electric Test Reactor for this proceeding.

A.3. At the time of the initial Show Cause review, the Staff contracted
with N, M. Newnark Consulting Engineering Services to recommend the proper
seisnic design criteria to be used for the GETR and to provide a reconmen-
dation, based on a review and evaluation of analyses submitted by General
tlectric, as to the seismic adequacy of the GETR facility to meet the appro-
priate criteria. During this review period, I carried major responsibility
for reviewing the GETR seismic issues. My recommendations and evaluations

have provided the basis for certain portions of the Staff's SFRs.

d.4. Please summarize the results of your review.

A.4. After discussion with a number of persons and a review of reports,
documents, and letters from NRC, the U.S. eological Survey, and the TERA
Corporation, studies for Diablo Canyon, and recognizing the lack of corre-
lation of danage to structures and equipment in relation to peak acceleration,

in the light of our judgment and experience Dr. Newnark and I recommended the
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use of the criteria described below for the seismic evaluation of the GETR
site and participated in the review of safety-related structures and equip-
ment at the site,

On the basis of considerations of the type noted, we recommended that
the most reasonable value of acceleration to use for anchoring the spectra
for effects arising from the Calaveras fault would correspond to 0.6 g
(consistent with a magnitude in the range of 7.0 to 7.5), but for design
or review conservatism we suggested a value of 0.75 g. This value reflects
the fact that there is some degree of uncertainty in estimating such motions
and that the hazard specified by the USGS corresponded to a magnitude 7.5
earthquake, We noted that we did not expect fault motion of significance
to be transferred to the site from activity on the Calaveras fault,

In a similar manner, in the case of the Verona Fault, we stated that,
from the information available, an acceleration value of about 0.40 g
(consistent with a magnitude in the range of 5.0 to 6.0) was the most
reasonable value for anchoring the response spectra, but for conservatism
we recomended use of a value of 0.6 g. The margin between the most likely
value and the recommended value here is larger to account for a greater
degree of unce~t.inty as to the nature of the seismic motion and for the
fact that the USGS specified the hazard to be that associated vith a
magnitude 6.5 earthquake. Also we noted that the motion was to be taken
as acting simultaneously with a fault motion of not more than 1 meter,
interpreted to be the resultant (net) motion in any arbitrary direction,

With regard to effective acceleration, the instruments that are used for

free-field ground motion measurements are strong motion accelerographs for
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the most part, Acceleration, 2s a measure of oround motion, can be inter-
preted as an iten of engineering interest in the sense of force, through
Newton's second law, namely tha* pertaining to mass and acceleration, Of
equal interest to the earthquake engineer are the velocities and displacerents
arising from the excitation which can be obtained on a time basis through
integration of the acceleration record. Reliable instruments do not exist at
present for recording velocity and displacement as a function of time in the
frequency ranges that are associated with earthquake excitation,

Actually, extremely high accelerations can occur on a localized basis
with no damage to structures or equipment. Many types of structures as well
as equipnent are designed to resist very high frequency accelerations in the
range of hundreds to thousands of gravities, as for example in the case of

military structures and equipment (submarines, missiles, ground vehicles and

underground structures). If one strikes a building with a structural wrecking

ball, localized damage and high accelerations occur in the region where the
ball strikes the building; generally, such localized loading /or a well
engineered structure does not lead to building collapse or even any type of
gross damage. Accordingly, earthquake excitation with a few high frequency
acceleration peaks, characterized for design and analysis purposes by Reg,
Guide 1,60 spectra, would not be expected to produce significant damage.

The concept of effective acceleration has been defined by Dr, Newmark

in the following manner:

It is that acceleration which is most closely related to
structural response and to damage potential of an earthquake,
It differs from and is less than the peak free-field accel-
eration., It is a function of the size of the loaded area,
the frequency content of the excitation, which in turn depends
on the closeness to the source of the earthquake, and to the
weight, embedment, and stiffness of the structure and its
foundation,
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This definition of effective acceleration describes the term as used by Dr,
Newnark and myself during our review of the GETR.

As employed herein for nuclear plant design and review analysis, the
ten: effective acceleration is associated with the significant part of the
ground motion as characterized by the repetitive motion portions which possess
strong energy content, This portion nf the ground motion obviously is of
primary importance in evaluating the response and behavior of the structure
or equipment elements, and thereby of importance in design and in assessing
damage potential., In this sense, the , in accordance with the definition
given Ly Dv, Newnark, the effective .cceleration normally is rnot that value
connected with the high spikes of instrumentally recorded high freguency
accelerations commonly found to occu- close to the source of seismic energy
release, such as in the case with GETR with respect to the Verona and
Calaveras faults. On the other hand, the effective acceleration would be
expected to be very close to the peak instrumental acceleration for loca-
tions at significant distances from the source, zones where such high
frequency acceleration peaks nomally are not encountered, Accordingly,
for design purposes, the effective acceleration value is used to anchor
the design response spectrum. As indicated, for GETR we would expect an
effective design acceleration value of 0.75 g, consistent with the NRC Staff
position for peak vibratory ground motion of slightly in excess of 1.0 g.

The results of our review, as well as our conclusions regarding the
earthquake ground motion design critiera are contained in Section C and

Appendix A of the Staff's May 23, 1980 SER and Appendix A of .~ Octanber 27,

1980 SER.
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BIOGRAPHICAL DATA

wWillia= J. KHall

Willia= J. Kall, Professc- of Civil Engineering at the University
ef I1lincis, Urtana, Illinois, has been a re~ber of the faculty at the
Lriversity since 1848, During this tire ke has been engszed in research and
instruction in structural engineering, structural dyna~ics and raterials.

ke was born on 13 April 1326 in Berkeley, California. After at-
tencin: the University of (alifornia at Berkeley in 1943 and 1844, he entered
tre U.S. Merchant Marine (adet Corps and served in the Pazific War Zone and at
Kinzs Foirt until Septe~ber 1555, HKe received the degree of Bachelor of Science
in Civil Engineering from the University of Kansas, Lawrence, Kansas, in June
1848, waile a senior stucent he held @ teaching assistantship and worked
s.omers for the Kaw Valley Drainage District and the Fhillips Petrcleum Com-
pany Karsas (ity Refinery. Upon gracduation he received the ASCE Kansas Section
A.arg for the Outstanding Civil Engineering Graduate of 1948,

From July 1948 through August 1543 he worked as an engineer in the

field ard cperation sections of the Sohio Pipe Line Compiny, a subsidiary of
the Sta~Zard Qi) Co~zany of Onio. He joired the staff of the Civil Engineer-
irg Dezert-ent, University of Illinois in Septe-ber 1943, holding successively

the positicns of Research Assistant (1843-52), Research Associate (15852-54),

AFisistant Frofessor (1554-37), Associate Frofessor (1857-59), and Professor

of Civil Engineering from 1252 to date. He undertook graduate study at the
niversity of 11linois and received the degrees of Master of Science in Civi!
Ergineering in 1551 and Doctor of Philosophy in Civil Engineering in June 1884,

He received the A. Epstein Memorial Award in 1558, the Walter L.
Huber AS{E Research Award in 1563, the Ada=s Memorial Me-sership Award of the
A-erican Welding Society in 1987, and the Halliburton Engineering Education
Leadersnip Amard of 2he University of Illinois College of Engineering for 1950,
He was appointed an Associate Member of the Center for Advanced Study, Graduate
College, University of Il1linois for 1863-64.

On 1 April 1368 he was elected to me-bership in the National Academy
of Engineering and in 15975-80 served as Chairran of the Membership Committee.

At the University of Illinois his duties have involved teaching and
research in structural engincering and structural mechanics; he carried major
departrental responsibility for graduate student and research affairs (1858-

1873) ané serves on mary high-level university policy committees and boards.
Specific areas of forral rescarch have included such topics as fatigue machine
design: effects of blast forces on model submarine hulls; design, construction,
and test operation of protective structures at the AEC hevaca Test Site; static
and dyna=~i¢c response of beams and connections; shear strength of steel beams;
britile fracture behavior of welded steel plates; properties of metals under
static and dyna~ic loadings; seismic hazard evaluation and earthquake engineerin:.



Me is currently principal investigator of a larze research progra= sponsored
by the hational Science Foundation in the area of earthguake engineering with
a==lication to irprove~ents in analysis and design of structures a~¢

equipment.

He is the author or co-author of over 115 formal publications
(books and articles) in the fielcs of structural engineering, structural
rechanics and dynamics, soil dynamics, earthguake engineering, plasticity,
farigue, brittle fracture mechanics, civil defense and education. He is the
co-authar with H. Kihara, W. Soete and A. A. wells of a book entitled
vBrittle Fracture of Welded Plate' published by Prentice-kall in Cctober 18€7.
In azzition he is the author or co-author of over 150 major consulting reports,
rany of putlic record and wide distribution.

Ke serves (or has served) as a consultant to a nu-ter of industrial
organizations and governmental agencies, including for exanple the U.S. Army
Office of the Chief of Engineers, the U.S. Army Waterways Experirent Station,
the U.S. Army Construction Engineering Research Laboratory, thaval Civil Engineer-
ing Laboratory, the U.S. Navy Bureau of Ships, Stanfor¢ Research Institute,
Union Carbice Corporation, Alyeska Pipeline Service (o., Foothills Pipelines
(Yuhon) Ltd., Woodwarc-Clyde Consultants, and Structural Mechanics Associates,
Inc. 0~ his own, and asenassociate with N, M. Newmark, he has carried major
consulting engineering responsibility for projects in such areas as develop-ent
of cesign criteria for harcened protective structures, including missile facili-
ties, physical vulnerability studies, vibration studies of missile test stancs,
resctor containment structural design and analysis, nuclear field test studies,
review of structural criteria and designs for nuclear power plants and eguipent
for seismic loazing for the U.S. Atomic Energy Comission and the huclear
Regulatory Commission, and development of seismic design criteria for the uraniuw
hexafluoride gas centrifuge plant. He has been a principal consultant since
1870 on the trans-Alaska pipeline and since 1630 on the Alaska-Carada cas lire.
Ke is currently @ menber of the M-X hNuclear Hardness and Survivability Audit
Group, an independent panel charged with technical oversight revies of M-X
system developrent.

In 1964 he participated in Project HARBOR, a study of the national
civil defense posture, and in 1967 participated in the Little Harbor review.
In 1964 he was selected as one of the five U.S. scientists and engineers to
participate in the first Seninar on Brittle Fracture held in Tokyo, Japan under
avspices of the §. = Japan (ooperative Science Frogra-. In 18€5 he was selected
as ore of 30 scientists and engineers to participate in the Meet Modern Sweden
science tour held under auspices of the Royal Swedish Academy of Science and
Roval Swecish Academy of Enginecering. In 1566 he served as a me~ter of the
Co~merce Technical Advisory Board Panel on High Speed Ground Transportation and
was Chairman of the Panel on Guideways, Suspension, and Aerodynamics. From 1870
to 1973 he was Chairman of the Materials and Fabrication Subconmittee of the Ship
Research Committee, NRC. In 1974-76 he served as Chairran of the NMAE Ad Hoc
Committee on Application of Fracture Mechanics Analysis Technigues to Marine
Systems. In 1875-7¢ he was a member of the Panel on Earthquake Prediction of the
AL Committee on Seismology. From 1875-77 he was 3 me~ter of two committees
(scismic ground motions, and structural cesign provisions) of the ATC-3 project
of the Applied Technology Council, a group working to develop national comprehen-



sive scismic design provisions; currently he is 8 mermber of project AT(-6,
studying the seismic design of bridses. He vas a memter of the Co-~ittee on
Seis~alozv, NAS/NRC in 1576-15979 and was Chairran of the NAS/NAE/NRC Co~mittee

te provice reco-mendations for impreving the siting of critical facilities.
Currently he is a menber of the NIF Advisory Co-mittee on Earthguake Engineering.

He was a renber of the U.S. cdelegation on Earthguake Lngineering and
kazards Reduction that visited the People's Fepublic of China July 24-August 13,
1673 under auspices of the hational Academy of Sciences.

ke is active as officer and re-ber of many profesyional and scientific

rours and socicties: Fellow, Amevican Society of Civil Engineers; Me-ber,
tructural Division Executive Comnittee, 1971-75 (Chairman 1973-724); Chairra-,
tructural Division Research Cormittee, 1560-85; Awards Comrmittee 1575-7%; Me-ber
: past Crairran, Committee on Plasticity, EMD; Member, Committee on Dynanmic

¢s, and (o~~ittee on Nuclear Structures and Heteruals. 1875-7%; Merber,

i::ta on Gzs and Liquid Fuel Pipelines, TCLEE, 197€-; Me-ber, Executive

ittee TCLEE, ASCE, 1880-; Secrctary-Treasurer, Central 1llinois Section,
"-59. Vice Frcsident, Fresident and Director, Central 11linois Section, 1505-€F;
., h=erican Association for the A vance~ent of Science; farthcuake Engincer-
esearch Institute Director, 1979; Anericzn Concrese Institute; A-erican
ty of Mechanical Enosneers. Averucan Welding Society; A-erican Scciety of
¢eering Educators; the Internat.onal 'nstitute of Welding, 1835-74, Expert
f l.. o-~issiors IX and X; Seisrological Society of A-erica;: Arerican Society
or Testing and Materials; Society for Experimental Stress Analysis; Internz:ional
rsscciation for Bridge and Structural Engineering (Reporter, 196Z); Illinois
Society of Frofessional Engineers; National Society of Professiona! Engineers;
Structural Engineers Association of Illincis (Chairman of Seis~olozy Co~=ittee,
1673-77): Honorary society me~berships include Tau Beta Pi, Sigra Tau, Phi Kz:opa
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Fni, Sigwa Xi, and Chi Epsilon. He is an editor for a series of texts in civil
encineering and engineering mechanics for Pre~tice-Hall, Inc.

ke is a Registered Structural Engineer and Professional Encineer ir
the State of 11linois, and is a Registered Professional Engineer (livil) in te
State of (alifornia. He is listed in Who's Wno in America, Who's Who in Engineer~
ing, Wnd's Wm0 in the Midwest, Who's Who in Metals, Personalities of the Wes:
and Miowest, American Men of Science, Engineers of Distinction ang Who's Wno
in Engineering. '

Lniversity Address: 1245 Civil Engineering Building
University of 1llinois at Urbana-Cha~paicn
Urbang, Illinois 61801
Tel: (217) 333-3%2




