. UKITED STATES OF AMERICA
NMUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Katter of : :
LOUISIAKA POWER AND LIGHT COMPAKY Docket No. 50-382

(Waterford Steam Electric Station,
Unit 3)

AFFIDAVIT OF MORRIS REICH,
CHARLES A. MILLER, AND CARL J. COSTANTINO

9.3 Please state your names, titles ard by whom you are
erployed.

A.1(a). My neme is Morris Reich. I am employed as Head of the
Structura]l Analysis Division, Department of Nuclear Energy, Brookhaven
heticrzl Laboratory, Upton, NY. A statement of my professional quali-
fications is attached.

A.1(b). My name is Charles A. FKiller. 1 am exployed as Professor
of Civil Engineering and Director of the Materials Testing Laboraiory,
Department of Civil Engineering, The City College of the City Unfversity
of New York, A stetement of my professional quelificetions is attachec.

A.1(c). My name 1s Carl J. Costantino. 1 am employed as Professor
of Civil Engineering and Director of the Sofl Mechanics Laboratory,
Department of Civil Engineering, The City College of the City University
of New York. A statement of my professional qualificetions 1s attached.
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g.2. What is Lhe purpose of this affidavit?
A.2. The purpose of this affidavit is to provide a summary of
our evaluation and conclusfons as to the safety significance of the

concrete cracking that has been observed in the foundatfon base mat at

wWaterford Steam Electric Station, Unit 3.

Q.3. Please describe your involvement with these fssues.

A.3. The Structural Analysis Division of the Department of
Nuclear Energy, Brookhaven National Laboratory (BNL), was requested by
the NRC Staff to review various design issues related to the waterford
founcation base mat and to provide 1ts conclusions as to ths adequacy
and structural integrity of the base mat. BNL's efforts were directed
by Dr. Morris Reich and received technical assistance from Drs. Costan-
tino and Kilier, whose sérvicés were provided under contract to BRL. The
other members of the BNL team were A.J. Philippacopoulos, S. K, Sharma
end P. C. Wang; the professional qualifications of these individuals are
attached to this affidavit as Attachment ],

Our invoivement with these issues commenced in March 1584
anc has continued to the present. During this period, we met and consulted
with members of the NRC Staff on numerous occasions; reviewed several re-
ports prepared by the Applicant’'s consultant, Harstead Engineering Assoc-
fetes, Inc.; et with and obtiined further information from the Applicant
and its architect-engineer, EBASCO; and visuaiiy examined the cracks and
water seepage. On July 18, 1984, we fssued a report which provided a
detailed description of our analyses and conclusfons concerning the

Waterford foundation base mat, entitled *Review of Waterford 11l Baserat
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Aralysis™ ("BANL Report"); on information and belief, this report was pro-
vided to the Atomic Safety and Licensing Appeal Board on July 25, 1984,

On July 31, 1984, following the issuance-of the BNL Report,
we traveled to the Waterford site to meet with the Applicant end its con-
sultant, Muenow Associates, which has been conducting non-destructive
testing of the foundation base mat, and received an explanation of ‘he
preliminary results of the NDT program. Based upon our understanding of
these preliminary results, &3 rcpresented to us by the Applicant and
Muenow Associztes, we have prepar@d an “Addendum” to the BNL Report of
July 18, 1984, which provides further information and confirms the snitial
conclusions presented in the BRL Report. This Addendum, dated August 3,
1984, is attached to this Affidavit as Attachment 2.

Q.4. Does the BNL Report dated July 18, 1984, as supplemented
by the Addendum dated August 3, 1584, provide a true and accurate repre-
sentation of your views concerning the adequacy and structural integrity
of the Waterford foundation base mat?

A.4. Yes.

Q.5. what is your conctusion relative to the adequacy and
structural integrity of the Waterford foundation base mat?

A.5. . Based upon the analysis which we have conducted and the
information provided by the Applicant and EBASCO, 1t 1s our conclusion
that the safety mergins in the design of the mat are adequate, and that
the concrete ¢racks in the base mat, as well as the cracks in certain

vertical walls standing on the base mat, do not present a significant
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issue affecting the safety of .the waterford facility. We have, however,
-reommended thet certain detziled confirmatory calevlations be performed,
although we do not anticipate that these analyses will Jead to any sub-
stantially different results, and we have recommended that a surveillance
Jrogram be initiated to monitor she cracks., Detailed explanations of the
tuses for these conclusions may be found in the BAL Report of July 18,

‘54 and the Addendum of August 3, 1984,
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Head, Structural Analysis Division
Department of Nuclear Energy
_Brookhaven Natioral Laboratory

Over twenty years of extensive managevent exper{-
ence in the utilization and devlopaent of nuclear
energy systems and related technology: Some of the
{texs worked on includes; structural design and safety
evaluations of fission, advanced fission, fusion
reactors, geotherzal and conventional power plants,
coal mine tunnels, underground support systems, com-
plex radar support systems, and bridge and highway
structures; extensive work in the development of
structural finite element techniques, fracture
mechanics techniques, and dynamic response wmethods;
recent work includes development of risk and re-
liability analysis methods for design of engineering
structures and systems.

Member - Editorial Board of Journal of Nuclear
Lugineering and Design, North Holland Publishing
Coumpany .

Consultant = Advisory Coumittee on Reactor
Safeguards (ACRS) of the United States 'iuclear
Regulatory Commission, 1977 - 79.

Board Member of the International As sociation for
Structural Mechanics in Reactor Tecnnologys

sgion Chairman

{ted Speaker Chairman and Invited Speaker - Session = M5,
Structural Systems/Component Reliability, 7th
International Conference on Structural Mechanics
{n Reasctor Technology, Chicago, IL, 1983.

Invited Speaker - Session - M7, Probatilistic Risk
Assessment, 7th International Conference on
Structural Mechanics in Reactor Technology, Chicago,
IL, 1983.

Division Chairzman - 5th International Conference on
Structural Mechanics in Reactor Technology, Berlin,
GCerwany, 1979.

Chairsan Session = (H3) Structural Analysis of Pre~
Stressed Concrete Reactor Vessels 11, 4th Interna~-
tional Conference on Structural Mechanics in Reactor
Technology, San Francisco, CA, August, 1977.
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pivision/Session Chairman Co-Chairman = Structural Dynamics 11, International
and/or Invited Speaker (Cont'd) Meeting on Fast Reactor safety and Related Physics,

American Nuclear Society and European Society,

Chicago, IL, October 1976. .
Invited Speaker = Structural Problems of Fusiom Power,
Session NP, 4th International Confe-ence on Structural
Mechanics in Reactor Technology, San Francisco, CA,
August 1977.

Invited Speaker - Safety Considerations of PCRV's
American Nuclear Society Meeting, San Francisco, CA,
November 1975.

Edited; Special Issue on Fusion, Vol. 58, (1980),
Kuclear Engineering and Design, North Holland
Publishing Company, Amsterdam, Netherlands.

Edited; Structural Apalysis Needs for Magnetic Fusion
Epergy Superconducting Magnets, published by ERDA,
CONF~760984-1976.

Education: City College of New York, B.S.M.E., June 1961

—

City College of New York, M.S.M.E., June 1963

Polytechnic Institute of Brooklyn, Mechanical
Engineering, June 1972

Polytechnic Institute of Brooklyn, Mechanical
Engineering, Ph.D., Summer 1974

Dr. Reich joined Brookhaven National Laboratory in 1962 as a wember of the
Mechanical Engineering Diviegion. His early assignments {ncluded project work at the
newly designed High Flux Beam Reactor (HFBR). later, he was appointed Chief Mechanical
Engineer of the Pulsed Fast Rector Project.

Since forzing the Structural Analysis Croup (about seven years ago), he has
participated and directed a host of activities for the Nuclear Regulatory Cozmission
(NRC), the Department of Energy (DOE =~ formerly ERDA), the Federal Highway Adminstra~
tion, the U.S. Bureau of Mines, the Office of Saline Water and the Department of
Defense. As Head of the Structural Analysis Croup, he supervises Sepior Eogipeers and
scientists in the development of complex structural analysis and protabilstic we thods
and their application to evaluations of structural cozponents and systems used ip
vater-cooled resctors (LWR's and BW¥R's), Liquid Metal Fast Breeder Reactors (LMFBR'S),
High Temperature Cas-Cooled Reactors (HTGR'S), and Controlled Thermomuclear Reactors
(CTR's). His sctivities {hvolving evalustions of static, dynamic, elastic, elastic~
plastic szall and large deforcations, as well as large strains, liner and ductile .
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fracture wechanice, creep, fatigue, creep-fatigue i{nteraction, linear and nonlinear
seismic response, soil structure interaction, and combined structural-probabi Mstic
analysis, etc. for reactor vessels, steanm generators, piping systems, core and core
components, prestressed concrete reactor vessels (PCRV's), containment structures,
fusion magnet structures and systems, blanket, and other general power plant components,
sare well documented in lterature.

Similarly, he has participated and directed research for the Bureau of Mines,
dealing with the design and evaluation of coal mine underground support systems, and
development methods and the structural response evaluation of anistropic layered media;
has worked on various scheses for new types of desalinization plants for the Office of
Saline Water; has participated in structural evalustions and desigos involving new
highway bridge-decks airport runvays, and geuneral bridge designs utiliziag prestressed
and/or post-tensioned polymer concrete for the Federal Highway Administration; developed
and designed equipment for geothermal pover plant use for Deparment of Energy; evaluated
various sophisticated equipment for Department of Defense.

As Division Head, he is in charge of developing the division's research programs
and in obtaining the funding for all proposed work. He gaintains a close llaison with
various research funding organizations as well as professional organizations involved
vith structural, mechanical and nuclear engineering research.
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Journal Publicetions

1. “Analysis of Bridge Decks Using Poly-Impregnat ed Concrete”, M. Reich and
B. Yoplik, Pub. SP. 40, American Concrete Inst. (ACI) 1973.

2. “Finite-Element Analysis of Structural Response of Superconducting
Magnets for a Fusion Reactor™, M. Reich, T.Y. Chang, S. Prachuktam and
J. Powell, Paper M 2/9, proceedings of the 3rd International Conference
on Structural Mechanics in Reactor Technology, London, England, Sept.
1975.

p I “petermination of Burst Pressures for Cracked Steam Generator Tubes”,
M. Reich and T.Y. Chang, ASME Paper 77 PVP-31, proceedings of the ASME
Energy Tech. Conf., Houston, TX, Sept. 1977.

4. “Inelastic Analysis of Finite Length and Depth Cracked Tubes”, M. Reich,
S. Prachuktam and D. Cardner, Paper F 7/4, proceedings of the 4th Intl.
Conf. on Structural Mechanics in Reactor Technology, San Francisco,

CA, Aug. 1977.

S. “Three-Dimensional Nonlinear Failure Analysis for PCRV's and Containment
Structures™, M. Reich and J.J. Conoor, Paper B 2/1, proceedings of the
4th International Conf. on Structural Mechanics in Reactor Technology,
San Francisco, CA, Aug. 1977.

6. “gffect of Clearance and Distribution of Mass on the Dynamic Response of
ap BHTCR Core”, M. Reich and B. Koplik, Paper K 7/3, proceedings of at the
Lth lpternational Conf. on Structural Mechanics iop Reactor Technology,
€an Francisco, CA, Aug. 1977.

r “structural Aspects of Superconductivity Fusion Magnets™, M. Reich,
J. Lehoer and J. Powell, Paper 1.55, proceedings of the World Electro-
techunical Congress, Moscowv, USSR, June 1977.

8. "Cyclic Behavior of Seized Steam Generator Tubes™, M. Reich and S.
prachuktam, ASME/CSME Vessel and Piping Conference, Montreal, Canadas,
June 1978.

8. “failure Analysis of Steam Generator Tubes ip Dented and Wastage
Configuration™, M. Reich, S. Prachuktas and 7.¥. Chang, Journal of
Pressure Vessel Technology Traus. ASME, Vol. 100, No. 4, 1978.

10. “Cozpilation of References, Data Sources and Apalysis Methods for LMFBR
Primary Piping System Components, M. Reich and E.P. Esztergar, Nuclear
Lngineering and Design, Vol. 50, No. 2, Oct. 1978.

11. “Applicatdon of Fracture Mechanics Methods inp Safety Analysis of Piping
Cuozponents in Subcreep and Creep Regions™, M. Reich, E.P. Esztergar,
E.C. Ellison, R. Erdogan, T.F.C. Spence and C. Vells, Nuclear
Engineering and Desigo, Vol. 51, No. 2, Jan. 1979.



12.

Journal Publications (Cont'd)

.

“Concepts for Benchmark Problem Devilopoment for Fracture Mechanics
Application in Safety Evaluation of Nuclear Piping in Sub-Creep
Service™, M. Reich and E.P. Esztergar, Nuclear Engineering and Design,
Vol. 51, No. 2, Jaruary 1979. .

“Nonlinear Response to Multiple Decaying Sine Waves™, B. Koplik, M.
Reich and J. Curreri, Paper M10/7, proceedings of the 5th International
Conference on Structural Mechanics in Reactor Technology, Berlim, August

1979.

"Existing and Future Structural Analysis Techniques and Their Application
to Superconducting Magnets™, M. Reich, K2/1-1, proceedings of the 5th

International Conference on Structural Mechanics in Reactor Technology,
Berlin, August 1979.

“Generic Structural Mechanics Aspects of Fusion Magnet Systems”, M. Reich
and J.R. Powell, Nuclear Engineering and Design, Vol. 58, No. 2, 1980.

linear Dypamic Response of a Multi-Mass Systex with Caps”™, M. Relch,
oplik, proceedings of the 47th Shock and Vibration Symposium,
ue, N.M., October 1976.

{ty Assessment of Nuclear Structural Systems™, M. Reich, and H.
r M/5/1, proceedings of the 7th International Conference on

Mechanics ip Reactor Technology Chicago, IL, August 1983.

De

“The Brookhaven High Flux Beam Reactor Fast Chopper Facility™, R.E.
Chrien and M. Reich, Nuclear Instruments and Methods, Vol. 53, No. 1,
pp. 93-107, 1967.

“Assessment of Nonlipear Structural Finite Element Program: NONSAP for
Inelastic Analysis™, T.Y. Chang, S. Prachuktam and M. Reich, ASME paper
77-PVP-10, ASME Energy Conference, Houston, Texas, September 1977.

“Three-Dimensional Inelastic Evaluation of Controlled Magnetic Fusion
Energy Reactor Magnet®, J. Lehner, M. Reich and J. Povell, Paper L5/4,

proceedings of the 4th International Conference on Structural Mechanics
{u Reactor Techvology, San Francisco, CA, August 1977.

"Nonlivear Analysis of a Superconducting Magoet of a Fusiorn Reactor™,

T.Y. Cheng, M. Suzuki and M. Reich, Paper L5/3, proceedings of the 4t}
I1nternational Conf erence on Structural Mechanics in Reactor Techoology,
San Francisco, CA, August 1971.

“Safety and” Rellability Aspects of Superconducting Magnets for Thermo~
nuclear Pover Reactors”™, J. Powell, S.Y. Hsieh and M. Reich, Paper 1.54,
proceedings of the World ‘Electrotechnical Congress, Moscov, USSR, June

1977,




Jowrnll_Publications (Cont'd)

23. "Failure Analysis of Tubes with Wastages™, S. Prachuktam, M. Reich and
J. Ragan, ASME Paper 79-PVP-113, proceedings of the Fressure Vesse! and
Piping Conference, San Francisco, CA, June 1979.

-

24 "A Finite Element Model for Elastic and Slip Responses of Fusion
Magnets™, T.Y. Chang and M. Reich, Journal of Pressure Vessel Technology,

Vol. 102, May 1980.

25. "A Three Dimensional Test Program for Nonlinear Behavior of an HTGR
Core™, J. Curreri, M. Reich, b. Koplik, P. Bezler and M. Subudhi, Paper
K12/1, proceedings of the 5th International Conference on Structural
Mechanics in Reactor Technology, Berlim, August 1979.

26. "A Review of Structural Mechanics Aspects of Fusion Blankets™, J.R.
Powell and M. Reich, Nuclear Engineering and Design, Vol. 58, No. 2,
1980.

27. “Finite Element Based Random Vibration Analysis of Nuclear Structures
Under Sefsmic Loading™, T. Kako, M. Shinozuka, H. Hwang, and M. Reich,
Paper K 7/2, proceedings of the 7th International Conference on
Structural Mechanics in Reactor Technology, Chicago, IL, August 1983.

28. “"Development of a Reliability Analysis Method for Category 1 Structures”,
M. Shinozuka, T. Kako, H. Hwang and M. Reich, Paper M5/3, proceedings of
the 7th International Conference on St ructural Mechanics in Reactor Tech-
nology, Chicago, IL, August 1980. 1

29, "Estizmation of Structural Reliability Under Cozbined Loads™, M.
Shinozuka, T. Kako, H. Hwang, P. Brown and M. Reich, Paper M 2/3, pro-
ceedings of the 7th Internatiopal Conference on Structural Mechanics in

Reactor Techoology, Chicago, IL, 1983.

30. “Computer Technology in Fusion Reactor Research”, T.Y Chang, H. Suzuki
and M. Reich, ASME Publication, PVP-PB-031, 1978.

31. “Thermal and Structural Design Aspects of Heat Temperature Blankets for
Fusion SYN Fuel Production”, J.R. Powell, J.A. Fillo and M. Reich, Paper
N 2/4, proceedings of the 6th lnternational Conference on Structural
Mechanics 1o Reactor Techoology, Paris, France, August 19Bl.

“fvalustion of Concurrent Peak Responses”, P.C. Wang, J. Curreri, and M.
Reich, Paper M 2/4, proceedings of the 7th International Conference oD
Structural Mechanics in Reactor Technology, Chicago, 1L, August 19E3.
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Sclected NRC and DOE Reports

y “Integrity of LMFBR Primary Piping: A Preliminary Evaluation™, Part I:
J.G.Y. Chow, Part 11, M. Reich, September 1974, Report No. BNL/FRS-74-2.

2. “Elastic and Inelastic Methods of Piping Systems Analysis: A Primary
Review™, M. Reich and E. Esztergar, February 1975, Report No. BNL-19768.

3. “Proceedings of the Workshop on Structural Anl]yiis Needs for Magnetic
Fusion Energy Superconducting Magnets - A Technical Assessment”™, M.
Reich, J. Lehner, J. Powell and P. Bezler, Eds., held at BNL, September

1976, Report No. CONF-760984.

4. “Piping Benchmark Problems, Dynamic Analysis Uniform Support Motion
Response Spectrum Method™, P. Bezler, M. Hartzzman and M. Reich, August
1980, Report No. NUREG/CR-1677.

5. “Seismic Review Table”, M. Subudhi, M. Reich, B. Koplik and J. Lane,
April 1980, Report No. NUREG/CR-1429.

6. “Probability Based Load Criteria for Design of Nuclear Structures: A
Critical Review of the State of the Art™, M. Reich, H. Bwang, Eds.,
Ma jor Contributors, M. Shinozuka, B. Ellingwood, Contributors, P.C.
Wang, C. Meyer, Y.K. Wen, S. Kao, M.L. Shooman and A.J. Philippacopoulos,
February 1981, Report No. NUREG/CR-1979.

7. "Dynamic Combinations for Mark ]I Containment Structurel',‘A.J.
Philippacopoulos and M. Reich, February 1981, Report No. NUREG/CR-2039.

8. “Evaluation of Concurrent Peak Response™, P.C. Wang, J. Curreri, M.
Shooman, Y.K. Wang, A.J. Philippacoponlos, M. Reich and M. Subudhi, May

1982, Report No. NUREG/CR-2685.

9. “Review of Load Cozbinations for NSSS and BOP Piping and Equipment of
Mark 111 Plants™, A.J. Philippacopoulos, M. Reich and P.C. VWang, May
l982, Repoft No . NL’REG/CR"26860

10. “Independent Seismic Evaluation of the Diablo Canyon Unit 1 Contaimment
Anpulug Structure and Selected Piping Systems™, A.J. Philippacopoulos,
M. Reich, P. Bezler, C. Miller, Y.K. Wang, M. Subudhi, S. Shteyngart and
P. Brown, June 1982, Report No. NUREGC/CR-2834.

11. “Failure Evaluation of a Reinforced Concrete Mark 111 Containment Struc~-
ture Under Unifore Pressure”, S. Sharsa, M. Reich, T.Y. Chang and S.
Shteyogart, September 1982, Report No. NUREG/CR-1967.

12. “"Reliability Assessment of Reinforced Concrete Containment Structures”,
M. Hwang, P. Browo and M. Reich, February 1983, Report No. NUREG/CR-3227.



13.

14.

15.

16.

17.

18.

Select od NRC and DOE Reporte (Cont'd)

“Probabilstic Models for Hn‘t erials Used in & Reinforced Concrete Con~
taiment”™, H. Bwang, §. Kao and M. Reich, Sept enber 1982, Report No.

NUREG/CR=3041.

“seismic and Dynamic Quanficuion of Safety Related Electrical and
Mechanical Equipment in Operating Nuclear Power Plants”, J. Curreri,
Cc. Costantino, M. Reich and A.J. Philippacopoulos, April 1983, Report

No. NUREG/CR-3266.

"Revi e of Current Analysis Methodology for Reinforced Concrete Struc~
tural Evaluations”, S. Sharma, M. Reich and T.Y. Chang, April 1983,

“Probabilistic Models for Operational and Accidental Loads on Seismic
Cat egory 1 §tructures”, H. Hwang, P.C. Wang and M. Reich, April 1983,

will be published as a NUREG Report.

“Analysis of Mult i-Dimensional Thermoelastic byn.nic R
Fuel Elements”, Pulsed Fast Research Reacior Project, M. Feich and

B. Koplik, November 1968, Report No. BNL-13311.

“Revi e of Methods and Criteria for Dynamic Cozbination in Piping
Systems , M. Reich, P.C. Wang, J. Curreri, S. Hou, end H. Goradia,

March, 1980, Report No. NUREG/CR-132U.

espcnse of Reactor



Vita
CHARLES A. MILLEK
-

Frodecsor of Civil Engineering and
Director, Materials Testing Labor atory

Lepartnent of Civil Engineering
The City Col)ege cof the )
City University of New York

EYFERTENCE:

.

b.

Teaching:

The City College of the 1968-1972 pest. Frof.
City University of New York 1972-1980 Assoc.Frof.
1980-Fresent Fr ofessor
Il1lincis Institute 1966-1968 Adj.RAsst.
of Techriclogy Frof.
Fecearch?

1957-1948: 117 Fesearch Institute, Chicago, Il1linois

From Assistant Research Engineer to Assistant Director
of Mechanice FResearch Pivision.

- Fiecal and technical responsibility for 26 engineers
conducting research for government and industry in all
areas of structural mechanics and design.

- Frincipal investigator on projects in the $o0llowing
arecs: deeign study for superhard miesile 1aunch
faci1litys design studies on Titan and Minuteman ground'
facilities; design of civil defense shelters; load test
on cylindrical concrete shell roof structures design of
prestressed concrete rail cars; creep effects in
concrete structural components.

- Farticipant on studies in the following areas:
responee oOf shell structures; devel opment of computer
programs to araly=ze static and dynamic recponse of
etructuresistabilaty of shell structures.

156E-Fresent: Department of Civil Engineering. CCNY
- Enperimental and aralytical studies of creep eéfects

in concrete structures.
- Yect program to evaluate constituitive relationship

jor rocl and rocl /mortar material used in bridge
abytmcnt.
- "Evaluation of Jatigue properties in concrete

cpecimens ceubjected to biarial stress ctates.
- Developnent of computer codes to eveluate the

Fege 1



rospense of structures to seismic induced loadings.

-~ Bludy of the effect of various reduction methods used
in performing dynanic aralycis of large structural
cyetoems., E

Consulting:

195°-1954 Engineer with M.W.Hellogg
- Deeign of concrete and ceteel structures used in

petrochemical plants

1968-1670 Consultant to Ammann and Whitney
- Design of structures veed on the Nike weapon system.
Frincipal activities were in the design of shear wall

comporents,

1965-197% Stressteel Corp.
- Developed computer programs to automate the design of

precstressed concrete beams.
- Design of prestrecsed concrete nuclear power plant
conthnmcnt vessels.

1975-Fresent Transnuclear Inc.
- Design and preparation of liscensing documents for
coentainers used to ship radioactive waste material.

1970-Fresent Seiemic Consultant for Nuclear FRegulatory
Commiesion

- Ferform etudies relating to soil /structure
interaction effects in nuclear power plant structures
sub ected to earthquale loadings.

- Audit safety reports prepared by utilities seeking to
liscense & plant. ) '

- Farticipate in liscensing hearings on behalf of the
NRC stadf. ’

EDUCATION

ECE 1953 Manhattan College
i15CE 1960 11l1inois Institute of Technology
FRD 1966 Il1lanoa s Institute of

Technol ogy,
thesis dealt with creep

gfsects
in concrete structures.

FEGISTRATION

fcg:utcrrd Frofecssional Engineer, New Yorl State

LOCIETY MEMLERSHIF

v Fege 2




trorican Society o4 Civil Engineers
Amcr ican Concrete Inctitute
Frectreceed Concrete institute
Cigma Y3
Chi Epsilon
Tau bketa F2

s

FURLICATIONS

"Dyriamic arnalyeis of Two Hinged arches”, ™ €& Thesis,
11linois Institute of Technology, January 1960.

"Responee of Electronic Equipment To Nuclear -
Elast",with J.A.Granath, Froc. 29th Symposiun ON Shock,

Vibration and peeociated Environments, 1961.

"Influence Coe##icients for Two-Hinged Arches”, with
§.A.Guralnick, Froc. ASCE, Journzl of the structural

Divieion, August 1962.

"Dyriams c Fesponse of Slab Structures Exhibiting Coulomb .
Friction to Combined Air and Shock Loadirg", with
E.Sevin and R.R.Fobinson, Froc. Symposium on the Use of
Computers in Civil Engineering, Septenmber 19462.

“an lnvestigation of the Eehavior of rReinforced
Concrete Eeams Subjected to repeated Cycles of
Loading”, FhD theeis, 11linois institue of Technelogys

Jarnuary 196&.

"The Fesponse of Flain Concrete to FRepeated Loads",
with S.A.Buralnick, Froc. RILEM lntornatianal Symposium
on the Effects of Fepeated Loading ON Materials and
Structures.Slptombor 1966.

“The Dynamic Aralysis of Non-Orthogonal Grid Systems”,
with R.E.kramm, Froc. International Conference ON Space
Structures, September 1946.

"rReinforced Concrete Feams subjected to repeated
Loads",With §.A.Guralnick, froc. ASCE, Journal of the
Structural Divicion, October 1967.

"Creep pefornations of Thick Frestresced R:ng:".Nuclcar
Ercineering and Design 7)., 196E.

v“Creep Of Feinforced Concrete peans" ,Froc. ASCE Joint
Epecialily Conference on ODptimization and HNon-Linear
fFreulems, ppril 1968.

vCreep Effects in Continuous Feindorced Concrete
Beams".Proc.lA&SE Symposium  ©N pecign ©Of Concrete

Fege o



Siructures Jor Creep, Shrinl-age, ano Ve
Cl.anges, Scplember 1980. .

"Crewpg Dedlectaion of FKeinforced Concrete Reams®,with
. A4.Guralnich, Fqu.GSCE. Journal of the Structural
Pivision, Decemtuers 1970,

"Structure-Foundation Interaction of & Nuclear Fower
Flant with & Seiemic Disturbance"”, with
C.J.Costantino,Nuclear Engineering and Design, December
1970. 2

-

'redistribution of Internal Forces in Concrete Feams as
s Fesult of Creep”, AC1 annual meeting,March 1971.

vEejemic Analysis of Liquid Sodium Storage Tanks", with
C.J.CostantinD, Froc.S5th World Conference on Farthquake
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"Rocling Effects in & Nuclear Fower Flant Subjected to
a Seismic Disturbance”, with C.J.Costantino, Froc.Sth
World Conference oN Earthquale Engineering, June 1973.

“Influence of Spi'l=-Structure Interaction Farameters ©ON
Floor FesponeEe Spectra”, with c.J.Costantino, Proc.2nd
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"Meeh Size Criteria for Soil amplification Studies",
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Mechanics in Reactor Technology Conference, September
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"Facility Design Constraints for Combined Seismic and
Ther mal Loading”, with C.J.Costantino, Froc.ord
Structural Mechanmics in Reactor Technology Conference,
September 1975.

"Seismic Analysis",with C.J.Costantino, Shock and
Vibration Computer Frograms, Feviews and Summaries,
edited by W ¥ £ Filley, The erochk ard Vibration
Information Center,u.s.bepartmcnt of Defense, 1975. .

"Ereil=Structure Interaction Farareterse fron Finite
Elenert Arelysie”, with C.J.Costanting and L.Lufrano,
tiuclear Engineering &nd Design, Auguet 1976.

"Loceting F:ipe cupporte for Conbined Thermal and
Ceienic Loading”, with H.1.Fink, ASME paper 77-PVF=62,
froc. ASME Erorguy Technology Conterence, June 1977.

e

Low Cycle Fat:gue Chharacter:stics of Corcrete”, with
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“Dyramic Feduction of Structural Modele",Proc. ASCE,
Journal of the Structural Division, October 1980.
“Errore Resulting from Dynamic Reduction",Froc. First
Internatiornal Conference on Computers in Civil
Engineering, May 1981.

“Ar Acsesement of Soil-Structure JInteraction Effects
EFiced on Simple Models”, with &.J.Fhilippacopoul 08,
Proc. Seventh SMIRT, August 1987. '

"High Seil/Strucutre Interaction Combined with Low
Structural Damping", with C.J.Costantino, and
A.J.FPhilippacopoulos, Froc.Seventh SMIRT, August 1983.

"Errors Fesul ting from Reduction Methods",with
4.J.Fhilippacopoulos, Proc. Seventh SMIRT, August 19837.

“Anel yeie Method for the Design of Transport Faclaging
Shock Absorbing Covers",with D.J.Ngc' an, and
C.Fernandez, Froc. Seventh Transportation of
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vE:periments on Circular Cylinders with Flezible FRoof Flates
Euried in Sand" with A, Longinow, Fro-eedings, Symposium on
So: 1-Structure Interaction, Uaiv. of Arizona, Sept. 1964
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Thesie, lllinoig Institule of Technology, June 19&6




“Finite Eluoment Approach to Stress Wave Froblems”, Journal
Cnygineering Mechanicse Division, ASCE, April 19&7
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"Reeponee of Cruszhable Foam Encased Euried Cylinders” with E.
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a Seismic Disturbance” with C.A. Miller, Nuclear Engineering
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Miller, Fifth World Conference on Earthguale Engineering,
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Response Spectra” with C.A. Miller, -nd International
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g pancroft Street Born: 7-24-48
. Setauket, WY 11733 Married; two children
Excellent health: 5'10", 150 1bs.

516-751-6955 (Home) Naturalized U.S. Citizen
516-282-2095 (Office)

EDUCATION

1977 University of 111inois, Urbana, IL
Ph.D., Theoretical & Applied Mechanics. GPA: 5.0 of 5.0

1971 University of Missouri, Rolla, MO
M.S., Engineering Mechanics. GPA: 4.0 of 4.0

1969 University of Roorkee, India
B.S., Mechanical Engineering. Graduated in First Division.

PROFESSIONAL EXPERIENCE

Brookhaven National Laboratory, Upton, NY 11973
Mechanical tngineer (1982-Present)
Assoc. Mechanical Engineer (1980-1982)

’ Responsible for the development of analytical methods and computer codes
for nonlinear finite element analysis of structures with specialization
in the following areas: (1) elastic-plastic analysis of composite struc-

tures, (2) failure response of reinforced concrete structures, (3) heat
transfer and thermal stresses in structural systems at elevated tempera-
tures, and (4) fracture mechanics applications 10 ductile crack growth.

+ betermined load-deformation responses and failure loads for several rein-
forced and prestressed concrete contaimment structures under severe acci-
dent loads. Obtained results that predicted cracking of the concrete,

large scale yielding of the rebars and tendons, and various concrete-re-
bar interaction effects including tension stiffening and shear transfer.

B performed finite elenent analyses for heat transfer, thermal stress and
fatigue 11 fe to establish best designs for various water-cooled copper
mask assemblies sub_ected to intense synchrotron radiation beams.

’ Evaluated elastic-plastic crack growth in steam gnerator tubes based
on J-integral concept, and intergrannular stress corrosion crack growth
in stainfess steel pipes pased on stress intensity fectors. Studied the
effect of various parameters (crack configuration, applied and residual
stresses, base metal sensitization, and envionmental chemistry) on the

crack growth rates.
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¢ hssessed ihe seismic qualification and safety of various mechanical
and structural components of nuclear power plants under postulated
earthquake loads.

The General Tire & Rubber Company, Akron, OH

Group Leader (1979-1980)
Senior Research Engineer (1977-1979)
L Initiated @ comprehensive research program to study the mechanics of

tires and other automotive products made of rubbers and rubber-cord
composites. Developed a nonlinear finite element computer code with
several special features (incompressible element, contact algorithm,
composite material model, out-of -plane shear element, deformation-
dependent pressure loads) that allowed modeling of the large-deforma-
tion ¢nalysis problems encountered in the tire industry. The code
has been used extensively by many engireers in this company as 2 de -
sign and analysis tool to expedite the product design process.

& Conducted finite element studies on rubber-cord composites to deter-
mine interply shear strains and stresses, out-of-plane rotation under
uniaxial load' ng, and edge effects. Verified the theoretical results
by experiments with specially design fixtures.

] Investigated heat transfer in a cast tire subjected to thermal load-
ings for curing, cooling, and frictional heat build-up.

’ Analyzed the nonlinear mechanics problem of contact between a rubber
disk and a flat surface. Numerical results for the contact area and
contact forces were substantiated by experimental measurements.

2 Studied the effects of deformation-dependent pressure loads on in-
flated profiles and cord forces in bias-ply and radial tires.

Construction Engineering Research Lab., Champaign, ILL
Principal Investigator (1974-1977)

] Evaluated dynamic responses of several structures and structural
sub-systems under earthguake loaas using various general purpose
computer programs, namely, SAP 1V, NASTRAN, MARC and NONSAP,

. Incorporated an improved plasticity hardening rule in NONSAP pro-
gram for detemmining energy dissipation due to cyclic plastic de-
formation.

5 Used finite element models to study the effect of hysteretic dampers
for isolating structures from earthquake forces.

’ Developed wniaxial cyclic stress-strain relations for reinforced
concrete.
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BLM Applied Mechanics Consultants, Champaign, IL

Completed occasional assignments for this consulting company during
1972-1977. These assignments included: (1) developing a set of finite
element programs for reinferced axisymmetric shells subjected to asym-
metric wind, thermal, and gravity loads, (2) predicting propagation of
edge stress ccncentrations in hyberboloidal copling towers, and (3)
detemmining an equivalent set of boundary conditions for column sup-
ported shells.

Miscellaneous

LIST

Membership in ASME and AAM (American Academy of Mechanics).
txperienced in using CDC, 18M, VAX, PRIME and PDP-11 computer systems.
Attended advanced short courses in nonlinear finite element anaiysis
(MIT), geotechnical engineering (vP1 & SU) and rubber-cord composites
(University of Akron).
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"Analytical Models for Determining Energy Dissipation in Dynamically
Loaded Structures"”, paper presented at the Joirt Meeting of the U.S.-
Japan Panel on Wind and Seismic Effects, Gaithersburg, Maryland,

May 1974.

“lsotropic-Kinematic Hardening Model for Elastic-Plastic Structural
Analysis", Technical Report M-148, U.S. Army Construction Engineering
Research Laboratory, Champaign, 1L, August 1975.

“An Anlytical Model for Uniaxial Cyclic Inelastic Behavior of Rein-
forced Concrete", Technical Report M-180, U.S. Army Construction
Engineering Research Laboratory, Champaign, IL, May 1976.

"Inelastic Behavior of Structural Metals Under Complex Cyclic Loading”,
paper presented at the 18th Annual Structures, Structural Dynamics and
materials (SbM) Conference, S5an Diego, CA, March 1977.

“Finite Element Weighted Residual Methods for Static Analysis of Re-
inforced Axisymmetric Shells", TAM Report No. 414, Depzrtment of
Theoretical and Applied Mechanics, University of I1linois, Urbana-
Champaign. IL, May 1977.

“Finite Element Weighted Residual Methods: Axisymmetric Shells",
Journal of the Engineering Mechanics Division, ASCE, Vol. 104, No. EM4,

hugust 1978.

“Nonlinear Two-Dimensional knalysis of Composite Structures”, Research
“eport, The General Tire & Rubber Company, Axron, OH, August 1978.
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8. “"Thermal Stresses in Reinforced Hyperboloidal Cooling Towers", paper
presented at the Annual ASCE Convention, Chicago, IL, October 1978.

9, “Large Deformation Contact Analysis of Rubber Disks", Research Report,
The General Tire & Rubber Company, Akron, OH, November 1979.

10. “"iffect of Deformation-Dependent Pressure Loads on the Inflation of
Bias-Ply Tires", Research Report, The General Tire & Rubber Company,

Akron, OH, January 1980.

11. "A General Nonlinear Finite Element Program for Two-Dimensional
Analysis of Composite Structures, GENFEP-2D", Research Report, The
General Tire & Rubber Company, Akron, OH, July 1980.

12. “Thermal ard Gravity Stresses in Hyperboloidal Cooling Towers",
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* Addendum to
REVIEW OF WATERFORD 111 BASEMAT ANALYSIS
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Introduction

Recently, ultrasonic methods were used to perform nondestructive tests
on the Waterford 111 basemat with the objective of defining the extent
of cracking in the basemat. These tests were performed by Muenow &
Associates, Inc. On July 31, 1984, BNL personnel visited the Waterford
site with the intent of visually observing the cracks,discussing the
methodology used for the nondestructive tests, and to review the results

obtained by Muenow & Associates to date.

Visual Inspection of Cracks

The major basemat cracks shown in Fig. 2 of the BNL report dated July
18, 1984 entitled, "Review of the Waterford 11] Basemat Analysis", were
inspected. The basemat crack patterns appear to agree with the crack
map of Fig. 2 of the BNL report and no significant extensions or ad-
ditions of these cracks were observed. The observed cracks are closed
at this time and no observable water seepage through the cracks was
noted.

The cracks along the sidewall and shield wall were also inspected.

These cracks were all small and mostly of a type normally associated



A
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with thermal and shrinkage effects. Leachate was noted from many of
these cra%ks. The leachate from the shield wall is most probably
associated with rain water accumulated in the annulus S;tween the steel
containment and shield wall during the construction phase, before
placement of the dome section. Leachate from the sidewalls is most

probably associated with water accumulated during construction.

A1l sidewall and shield wall cracks were restricted to about the Tower
twenty feet of the walls above the basemat and are usually within the
first pour of concrete. They are associated with relative shrinkage and
tnermal effects occuring between the basemat and the sidewalls. The
visual inspection of these cracks supports the conclusion previously
given in the BNL report that they do not present a structural safety

issve.

Results of Ultrasonic Testing Program

At the time of the inspection, the ultrasonic program conducted by
Muenow & Associates had essentially been completed for those basemat
cracks outside of the shield wall. Investigation of basemat cracks
under the RCB was still being conducted, while the investigation of the
side wall cracks had not as yet been undertaken. Mr. R. Muenow present-
ed his interpretation of the results obtained to date as well as a

detailed description of his procedures.
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For the visible basemat cracks, the procedures employed by Muenow &
Associates essentially measure time of arrival of a wave reflected off a
discontin&ity in the concrete. This wave is generated by a small spring
loaded hammer applying an impact to the surface of the basemat. For a
single impact, a transducer located near the hammer is focused in a
restricted (but known) direction, and measures the arrival time.
Knowledge of the arrival time and focusing direction leads to the
determination of the location of the discontinuity. In addition..by
restricting the viewing time of the sensor, only the reflection from the
discontinuity being mapped is recorded. From a series of impacts at
different locations, the extent (both length, depth and orientation) of
the crack can be obtained. It is our opinion that this approach applied
to the visible basemat cracks will give reasonable information as to the

length, depth and orientation of the cracks.

It should be noted that the procedures used are based upon recording and
viewing only the relatively low frequency content of the reflected
waves. Therefore, any discontinuity smaller than 10 to 20 inches cannot
be observed in this study; cracks of this small size are not structural-
1y significant for a 12' thick base mat and need not be evaluated as a
part of the NDT program. (This cutoff frequercy can be controlled by
the operator to pick up smaller discontinuities, if desired).

Thereforey reflections from single reinforcing bars do not interfere
with the crack measurements, However, the layers of closely spaced

rebars in the bottom of the slab result in a measurable reflection.

.-~



Data at these depths are judged to be less reliable, since it would be

difficuli to differentiate between the reflections from the steel layers

and refléctions from the crack.

Based upon Mr. Muenow's presentation, the following characteristics of

the basemat cracks were noted:

(a)

(b)

(c)

(d)

(e)

A11 of the cracks were vertical.

The E-W cracks exterior to the shield wall ran from the shield wall
to the side walls. The depths of these cracks varied in an un-
dulating manner from several feet (2' to 4') to as much as 9 to 10

feet in certain locations.

Based upon preliminary data, Mr. Muenow located three primary E-W
cracks under the RCB. Two of these appear to connect to the E-W
cracks exterior to the shield wall. The specific depth contours of
these cracks were not available at the time of our site visit, but

indications ar: that they may be similar to those in (b) above.

Cracks emanating in a radial direction from the shield wali are not
as deep nor as continuous as the E-W cracks.
A1l of the basemat cracks are tightly closed. This observation is

based upon the measured characteristics of the reflected signal.



Interpretation of NDT Results

2
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As stated in the July 18, 1984 BNL report, the basemat Eracks were most
likely caused by bending moments due to dead loads developed during the
construction phase, which resulted in tensile stresses at the top of the
slab. These moments would enhance previously existing small and unob-
servable cracks due to normal thermal and shrinkage effects, causing
them to grow in width, length and depth. This conclusion was bas;d upon
the ocbservation that some of the computed bending moments (shown in
Table 1) are large encugh to cause flexural cracking at the top of the

slab.

While the depths of some of the cracks measured by Muenow & Associates
seem to be rather large (in fact they are deeper than BNL originally
anticipated, before we completed our analyses), they can nevertheless be
explained with the aid of Table 2 given in the BNL report. This table
gives the strength characteristics of the slab in terms of the top
reinforcement. The ratio of steel to concrete area for the top of the
mat is very small (approximately 0.2%). Because of this reinforcement
ratio the cracking moment for the slab is about 1640 Kips-ft/ft while
the steel yield moment is about 1360 Kips-ft/ft.

The consequences of the above moments in terms of crack behavior when
the top of the mat is in tension can be explained in terms of the load

sharing occurring between the concrete and the top reinforcement steel.



It should_be realized that the steel carries little load until the
corcrete Eracks. Thus, for example, when the concrete at the upper
surface o? the mat reaches the modulus of rupture (i.e., 475 psi) and is
at the verge of cracking, the top reinforcing steel is stressed to only
3600 psi. Once the concrete cracks, however, all of the tensile load
carried by the concrete is transferred to the steel, which because of
the light reinforcement ratio immediately reaches its yield stress of
60,000 psi. Because of equilihrium requirements, some of the applied
moment will be transferred to adjacent sections adding to the lateral
(as well as the depthwise) extension of the -racks. Since such a
failure is rather abrupt, one would expect the cracks to propagate to
deeper depths than would normal’y be the case if the crack developed

more gradually,

Flexural cracks in concrete members normally extend through the tension
zone to a level close to the location of the neutral axis (the neutral
axis defines the region where the bending stress changes from tension to
compression). It should be noted that the neutral axis for the basemat
is located approximately 18 inches above the bottom of the mat for

bending moments which produce tension in the top of the slab. (The

depth of the compression zone is given by d(-pn +'(pn)‘ + 2;\) where p
is the reinforcement ratio, n is the ratic of Young's Modulus of the
stee] to the concrete and d is the distance from the :steel reinforcing
bars to the bottom of the slab). Therefore, one would expect bending

cracks to run rather deeply into the slab.



The crgcking that has been observed does not affect the safety of the
Naterférd facility, for the following reasons. Reinforced concrete
erxurJI members loaded in bending, such as the Waterford base mat,
typically have cracks in the bending tensile stress region; generally,
such cracked sections can safely carry bending moments and the presence
of the cracks does not degrade the strength of the section. This is
true becuase a flexural member resists a bending moment by developing
internal tensile and compressive forces which develop a resisting couple
(moment) equal to the applied moment. The reinforcement provides the
tensile force and is clearly not affected by the cracked concrete. The
compressive force in the concrete is not affected by the crack since a
compressive stress can be transmitted across a crack. Furthermore, the
presence of bending cracks does not affect the shear carrying capacity
of the section (this is in fact the basis of the ACI Code provisions for
shear), since interlocking between sections still occurs, and the cracks

are not associated with diagonal tension failure.

As pointed out in Appendix C of the BNL report, the sidewall soil/water
prescures produce compressive stresses in the slab. In fact, it is the
action of these pressures which has caused the E-W cracks to close. It
is shown in Appendix C that as a result of the side wall pressures, the
stress across the basemat is primarily compressive under static soil
pressure, as well as under north to south and south to north SSE plus
soil pressure loading with rathe~ small tensile stress~s occurring at

the bottom of the mat. Even if the E-W cracks propagated through the



mat, the:crack would have no effect on the ability of the concrete to
carry the applied compressive stresses. In effect, the side wall soil
loads act as prestressing which closes the cracks that developed during

construction.

The BNL report concluced that the basemat was adequate and suggested
that certain confirmatory analyses be performed. For the reasons stated

above, this conclusion is still considered to be valid.



