
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=18920

Pages
21

Size
8.5 x 11

ISBN
030931125X

The October 1985 Landslide at Barrio Mameyes, 
Ponce, Puerto Rico (1986) 

Silva-Tulla, Francisco; Committee on Natural Disasters; 
Commission on Engineering and Technical Systems; 
National Research Council 

http://www.nap.edu/catalog.php?record_id=18920
http://www.nap.edu/related.php?record_id=18920
http://www.nap.edu/catalog.php?record_id=18920
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


The October 1985 Landslide 
at Barrio Mameyes, 
Ponce, Puerto Rico 

Prepared by: 
Francisco Silva-Tulla, Consulting Engineer, Geotechnics 

,. 
12 Baskm Road, Lexington, Massachusetts 

For: 
Committee on Natural Disasters 
Commission on Engineering and Technical Systems 

National Research Council 

NATIONAL ACADEMY PRESS 
Washington, D.C. 1986 

PROPERTY OF 
NAS-NAE 
LIBRARY 

Or·1t: itt.._tl�. 

National Technical 

1 nformation Servlct. 

Springfield. V.. 
22161 1?B�-114�l7 
Order No...,.�:-�.-..-·--

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


De 
�9 
I/-} 2. 

f--'1 
( :.' 0 

� ...._ "., 

NOTICE: The Committee on Natural Disasters project, under which this 
report was prepared, was approved by the Governing Board of the National 
Research Council, whose members are drawn from the councils of the 
National Academy of Sciences, the National Academy of Engineering, and 
the Institute of Medicine. The members of the committee responsible for 
the report were chosen for their special competences and with regard for 
appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee consisting 
of members of the National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. 

The National Research Council was established by the National Academy of 
Sciences in 1916 to associate the broad community of science and tech
nology with the Academy•s purposes of furthering knowledge and of 
advising the federal government. The Council operates in accordance 
with general policies determined by the Academy under the authority of 
its congressional charter of 1863, which establishes the Academy as a 
private, nonprofit, self-governing membership corporation. The Council 
has become the principal operating agency of both the National Academy 
of Sciences and the National Academy of Engineering in the conduct of 
their services to the government, the public, and the scientific and 
engineering communities. It is administered jointly by both Academies 
and the Institute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were established in 1964 and 1970, respec
tively, under the charter of the National Academy of Sciences. 

This study was supported by the Federal Emergency Management Agency, the 
National Oceanic and Atmospheric Administration, and the National Sci
ence Foundation under NSF Grant No. ECE-8513685 to the National Academy 
of Sciences. Any opinions, findings, and conclusions or recommendations 
expressed in this report are the author•s and do not necessarily reflect 
the views of the sponsoring agencies or the National Research Council. 

A limited number of copies of this report are available from: 

Committee on Natural Disasters 
National Academy of Sciences 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

Also available from: 

National Technical Information Service 
Attention: Document Sales 
5285 Port Royal Road 
Springfield, Virginia 22161 

Report No: CETS-CEE-034 
Price Codes: paper A02, mf AOl 

Printed in the United States of America 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


COMMITTEE ON NATURAL DISASTERS (1985) 

Chairman 

METE A. SOZEN (Earthquake Engineering), University of Illinois, Urbana 

Immediate Past Chairman 

KISHOR C. MEHTA (Wind Engineering), Institute for Disaster Research, 
Texas Tech University, Lubboc k 

Members 

ARTHUR N. L .  CHIU (Wind Engineering), Department of Civil Engineering, 
University of Hawaii at Manoa 

ROBERT G. DEAN (Coastal Engineering), Department of Coastal and 
Oceanographic Engineering , University of Florida, Gainesville 

JOHN A. DRACUP (Hydrology), Civil Engineering Department, University of 
California, Los Angeles 

· JOSEPH GOLDEN (Meteorology), National Weather Servic e ,  National Oc eanic 
and Atmospheric Administration, Silver Spring, Maryland 

T. WIL LIAM LAMBE (Geotechnic al Engineering), Consultant, Longboat Key, 
Florida 

DENNIS S. MILETI (Soc iology), Department of Soc iology, Colorado State 
University, Fort Collins 

JAMES K. MITCHELL (Soc ial Sc ienc es), Department of Geography, Rutgers 
University, New Brunswic k, New Jersey 

JOSEPH PENZIEN (Earthquake Engineering), Department of Civil Engineering, 
University of California, Berkeley 

WILLIAM J. PETAK (Systems Engineering), Institute of Safety and Systems 
Management, University of Southern California, University Park, Los 
Angeles 

LESLIE E. ROBERTSON (Wind Engineering), Robertson, Fowler & Assoc iates, 
New York, New York 

RANDAL L G. UPDIKE (Geologic al Engineering), Alaska Division of Geologic al 
and Geophysic al Surveys, Anchorage, 

iii 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


Staff 

RILEY M. CHUNG, Committee Direc tor 
STEVE OLSON , Consultant Editor 
BARBARA RICE, Consultant Editor 
LAL LY ANNE ANDERSON, Secretary 

Liaison Representatives 

WIL LIAM A. ANDERSON, Program Direc tor, Earthquake Systems Integration, 
Division of Emerging and Critic al Engineering Systems, National 
Sc ience Foundation, Washington, D. C. 

ELEONORA SABADEL L, Program Director, Division of Emerging and Critic al 
Systems, National Sc ience Foundation, Washington, D. C. 

RICHARD J. HEUWINKEL, Senior Policy Analyst, Offic e of Polic y and 
Planning, National Oc eanic and Atmospheric Administration, 
Washington, D. C. 

ARTHUR J. ZEIZEL, Office of Natural and Technological Hazards 
Programs, State and L oc al Programs and Support, Federal Emergenc y 
Management Agenc y, Washington, D. C. 

LAWRENCE W. ZENSINGER (Alternate), Chief, Office of Disaster Assistance 
Programs, State and Local Programs and Support, F ederal Emergenc y 
Management Agency, Washington, D. C. 

iv 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


Introduc tion 

The Mameyes Landslide 

Slide Geometry 

Shear Strength 

Pore Pressures 

Rec o11111endations 

CONTENTS 

Appendix: Tasks for Mameyes Landslide Investigation 

National Researc h Council Reports of Postdisaster 
Studies, 1964-1986 

v 

1 

1 

2 

4 

5 

7 

8 

11 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


ACKNOWLEDGMENTS 

The u.s. A� Corps of Engineers c oordinated ac cess to the landslide 

area, providing off-road vehicle transportation and arranging use of a 

National Guard helic opter. The assistanc e of LTC Stanley G. Phernambucq, 

James w. Erwing, w. F. Marc uson III, Roberto L luch, Jose M. Rosado, and 

Ernestina Miranda was partic ularly helpful. 

vi 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


THE OCTOBER 1985 LANDSLIDE AT 

BARRIO MAMEYES, PONCE, PUERTO RICO 

INTRODUCTION 

During the early hours of the morning on Monday, Oc tober 7, 1985, a 

landslide destroyed a large sec tion of the Mameyes neighborhood in 

Ponce, Puerto Ric o. On Saturday, Oc tober 12, the Committee on Natural 

Disasters requested that the author visit Ponc e to assess the need for 

an in-depth technic al study of the landslide. The author arrived in 

Puerto Rico on Oc tober 1 3  and spent the follo�ng two days in the 

landslide area. 

This report summarizes observations made at Mameyes, outlines tasks 

for an engineering study of the landslide, and strongly rec ommends 

ac tions to assess the safety of other heavily populated slopes in the 

area. 

THE MAMEYES LANDSLIDE 

The landslide oc c urred during an intense storm that developed into Hur

ric ane Isabel after moving away from the Puerto Rico area. Ac cording to 

the San Juan Offic e of the National Weather Service, the storm produc ed 

the heaviest prec ipitation in Puerto Rico sinc e 1899. A record rainfall 
of 18. 20 in. was rec orded between 8 :00 a. m. on Sunday, October 6, and 

8 :00 a. m. on Monday, Oc tober 7, the day the landslide occ urred. In 

addition to the Mameyes landslide, the rainfall caused extensive 

flooding throughout the island. 

1 
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The slope apparently failed around 4:3 0 a. m. and moved in sec

tions. * Acc ording to USGS geologist Russell H. Campbell , there were 

three to four segments of movement over a 1/2- to 1-hour period. 

Acc ording to witness accounts reported by the U. S. Army Corps of 

Engineers, the slope failed in five separate segments. 

Th e Mameyes landslide destroyed or damaged over 200 houses. 

Estimates of lives lost range from 1 3 0 to 500. 

SLIDE GEOMETRY 

Figures 1 th rough 3 show aerial views of the Mameyes landslide. The 

rough ly triangular slide covers an area of about 25 ,000 m2 (the base 

of the triangle equals approximately 19 0 m and th e h eigh t of th e 

triangle equals approximately 2 3 0 m, measured from a 1:1,000 aerial 

photograph display ed at th e disaster operations center). Th e subsoil 

c onsists of weathered Juana Diaz formation, a calc areous sandstone 

overlain by ch alky limestone, with bedding planes striking N 87 W and 

dipping 20 SW. Before th e slide, th e ground surface sloped 20 to 2 5  

degrees in th e general direction of th e bedding planes' dip. Two inter

secting joint sets with a nearly vertical dip and strikes of N 6 3  E and 

N 60 W define th e head of the slide (th e apex of th e triangle). Th e 

scarp at th e h ead of the slide varies in heigh t from 5 to 10 m. A 

relatively intact soil block dominates th e center of the slide area. 

Slide debris surrounds th is soil block, which moved downslope about 3 0  

m. Near th e toe of th e landslide, debris 1 0  to 12 m deep accumulated 

over a reinforced c oncrete box culvert th rough wh ich L a  Colectora Creek 

flows. Th e culvert apparently remained functional after th e landslide. 

Th e local and national press referred to th e Mameyes disaster as a 

mud flow or an avalanc he. However, field inspection indicates th at 

Mameyes experienced a wedge-type landslide explainable by soil and rock 

mechanics principles. Determination of th e slide geometry, pore pres

sures, and strengths acting at failure will require additional investi

gation. 

*U. S. Army Corps of Engineers rescue teams found two electric cloc ks in 

the rubble. One h ad stopped at 3 :00 a. m. and th e other at 4:50 a. m. 
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FIGURE 1 Aerial view of Mameyes landslide. 

F IGURE 2 Toe of landslide. 
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FIGURE 3 Head of Landslide. 

An inspection of the area from a helic opter revealed other slopes 

that are densely built with houses and appear similar to the slope on 

which the Mameyes landslide oc c urred. Figure 4 shows a 140-m-wide 

ac tive landslide detec ted behind the L as Terrazas public housing devel

opment. The landslide exits the slope 15 m above the ground floor ele

vation of a four-story building located less than 12 m from the toe of 

the slope. 

SHEAR STRENGTH 

The high vertic al sc arp at the head of the Mameyes slide suggests that 

the weathered roc k at this loc ation crac ked along joint planes and 

probably c ontributed little resistanc e to the sliding mass. The shear 

strength of the material along the sliding surfac e undoubtedly played an 

important role in c ontrolling the landslide. The slide c ould have 

occ urred along a 11clean11 bedding plane or, more probably, along a c lay 
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FIGURE 4 Active landslide above Las Terrazas housing development. 

layer like the one shown fn Figure 5. This 8-c m-thic k layer c ontained a 

stiff, fissured, plastic clay. Similar clays frequently sustain large 

changes fn effec tive stress upon wetting (pore pressures c hange from 

highly negative to zero or positive) and experienc e strain softening. 

At other locations in the landslide area, boulder-size c lay pockets 

existed and joints and bedding planes c ontained thin c lay deposits. 

PORE PRESSURES 

Almost c ertainly, high positive pore pressures existed along the failure 

surface at the time of failure. Sources of these positive pore 

pressures inc lude : 

1. Rainfall National Weather Service records indic ate that Ponc e 

rec eived 18. 20 in. of rain between 8 :00 a. m. Sunday and 8:00 a. m. Monday 
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FIGURE 5 Stiff, fissured, plastic c lay layer (8 em thic k). 

and a total of 22. 08 in. for the week ending Friday, Oc tober 11, 1985. 

2. Seepage from Domestic Sewage Ac c ording to persons familiar 

with the neighborhood, dwellings with indoor plumbing disc harged sewage 

to c esspools built beneath the houses. Other houses used outdoor la

trines. Showers and sinks c ommonly drained direc tly onto the surface of 

the ground. 

3. Leaks from Pipes A pressurized 8-in. c ast iron water pipe 

traversed the area near the head of the slide. Rust stains near the 

joints suggest that small leaks existed before the slide. Upon rup

turing, the pipeline emptied a nearby 1-million-gallon water tank into 

the landslide area. Numerous small-diameter galvanized steel pipes 

supplied water to the houses. Many of these pipes showed signs of 

improper installation (e. g. , not buried, susc eptible to traffic damage, 

haphazard c onnections). 
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The numerous disc ontinuities in the weathered roc k mass provided 

the water easy ac c ess to the failure plane. One week after the land

slide, water c ontinued to seep out near the toe of the slide. 

RECOMMENDATIONS 

The author rec ommends that a detailed investigation of the Mameyes 

landslide be made, and very strongly rec ommends that a geotec hnic al 

safety program be undertaken for other densely populated slopes in the 

Ponc e area. 

The investigation of the Mamey es landslide should focus on deter

mining the mechanism of failure, including the failure sequenc e, geo

metry, strength, and pore pressures. Determining the failure sequenc e 

requires prompt systematic collection and analysis of perishable data. 

The appendix lists some of the tasks required for the investigation. 

A study of the Mamey es landslide should provide an understanding of 

the events and conditions leading to the disaster. More important, a 

thorough analysis of th e landslide constitutes the logic al first step 

toward assessing the safety of similar nearby areas. 

The geotechnic al safety program should seek to predic t and prevent 

similar landslides. The program should inc lude establishment of per

formanc e c riteria, a safety assessment of potentially unstable slopes, 

field instrumentation and field surveillance, periodic performanc e 

evaluations, design and c onstruc tion of remedial measures (if needed), 

and development of c ontingency plans. The program should also seek to 

provide the Commonwealth of Puerto Ric o with a sound tec hnical basis to 

regulate development on potentially unstable slopes. 
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APPENDIX : 

TASKS FOR MAMEYES LANDSL IDE INVESTIGATION 

FAILURE SEQUENCE 

1. Compile and analyze ac counts of survivors 

2 .  StudY aerial photographs 

3. Survey and map slide area 

4. Plot movement vec tors 

5. Collect promptly and analyze perishable data 

a. Cloc ks 

b. Breakage patterns for pipes and power lines 

6. Review rec ords of water pumping station (pressure rec ords for 8-in. 
line) 

7. Monitor postfailure movements 

8. Review seismograph records 

GEOMETRY 

1. Determine original topography 

a. Use aerial photographs to delineate surfac e features or 
landslide areas 

b. Inc lude drainage patterns from extreme rainfall and any natural 
c hannels feeding into the landslide area. 

2 .  Determine subsurfac e geometry 

a. StudY existing borings (e. g •• water tank, apartment buildings) 

8 
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b. Make new borings near landslide (c ontinuous sampling to detec t 
thin c lay layers) 

c .  Undertake geologic mapping of weathered rock formation and 
potential failure surfaces 

3. L ocate failure surface 

a. Make exploratory borings in slide area (c ontinuous sampling) 
and make use of inclinometers 

b. Sink explorato� pits at selec ted locations 

o Attempt to measure strike and dip of failure surfac e 

o Sample material on failure surfac e 

PORE PRESSURES 

1. Measure pore pressures in failure plane 

a. Install piezometers in borings used to determine loc ation of 
failure surface 

b. Use shortest c ollection zone possible 

2. Measure pore pressures in areas adjac ent to slide 

a. Measure pore pressures just on top of failure plane 

b. Measure pore pressures at several loc ations along slope c ross 
sec tion (e. g. , head, middle, toe) 

c .  Measure negative pore pressures in c lay layers away from 
developed areas 

d. Install piezometers in borings used to determine soil profile 

SHEAR STRENGTH 

1. Sample materials along failure surface (during field exploration to 
determine loc ation of failure surface) 

2. Sample materials found on failure surface from areas adjacent to 
slide (during field exploration to determine prefailure subsoil 
geometry) 

3. Perform direc t shear tests to determine peak and residual shear 
strength of c lay 
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a. Perform tests at stress levels similar to those existing in the 
field 

b. Determine strain rate required for dissipation of exc ess pore 
pressures during shear 

c. Chec k failure plane in shear box with potential failure plane 
in the field 

d. Measure strength on sample from failure plane if possible 

ANALYSIS 

1. Selec t method of analysis c ompatible with failure mech anism (failure 
sequenc e, failure geometry , strengths, pore pressures) 

2. Estimate pore pressure required for incipient instability of the 
Mamey es landslide 
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NATIONAL RESEARCH COUNCIL REPORTS OF POSTDISASTER STUDIES, 1964-1986 

Copies available from sources given in footnotes a, b, and c .  

EARTHQUAKES 

The Great Alaska Earthquake of 1964:a 

Biology, 0-309- 01604-5/1971, 287 pp. 
Engineering, 0-3 09- 01606-1/1973, 1198 pp. 
Geology, 0-309-01601-0/1971, 834 pp. 
Human Ec ology, 0-309-01607-X/197 0, 51 0 pp. 
Hydrology, 0-3 09- 01603-7/1968, 446 pp. 
Oceanography and Coastal Engineering, 0-3 09- 01605-3/1972, 556 pp. 
Seismology and Geodesy , 0-309- 01602-9/1972, 598 pp. , 
PB 212 981. a,c 
Summary and Rec ommendations, 0-309-01608-8/1973, 291 pp. 

Engineering Report on the Caracas Earthquake of 29 July 1967 (1968) by 
M. A. Sozen, P. c. Jennings, R. B. Matthiesen, G. w. Housner, and N. M. 
Newmark, 233 pp. , PB 180 548. c 

The Western Sic ily Earthquake of 1968 (1969) by J. Eugene Haas and 
Roberts. �re, 70 pp. , PB 188 475. c 

The Gediz, Turkey , Earthquake of 197 0 (1970) by Joseph Penzien and 
Robert D. Hanson, 88 pp. , PB 193 919. b,c 

Destruc tive Earthquakes in Burdur and Bingol, Turkey, May 1971 (1975) by 
W. O. Keightley , 89 pp. , PB 82 224 007 (A 05). b,c 

BNational Ac ademY Press, 21 01 Constitution Avenue, N. W. , Washington, 
D. C. 20418. 

bcommittee on Natural Disasters, National Ac ademY of Sc iences, 2101 
Constitution Avenue, N. W. , Washington, D. C. 20418. 

CNational Tec hnical Information Servic e, 5285 Port Royal Road, 
Springfield, Virginia 22161. 

11 

Copyright © National Academy of Sciences. All rights reserved.

The October 1985 Landslide at Barrio Mameyes, Ponce, Puerto Rico
http://www.nap.edu/catalog.php?record_id=18920

http://www.nap.edu/catalog.php?record_id=18920


12 

The San Fernando Earthquake of February 9, 1971 (1971) by a Joint Panel 
on the San Fernando Earthquake, Clarence Allen, Chairman, 31 pp. , PB 82 
224 262 (A 03). b,c 

The Engineering Aspec ts of the QIR Earthquake of April 10, 1972, in 
Southern Iran (1973) by R. Razani and K. L. Lee, 160 pp. , PB 223 599. c 

Engineering Report on the Managua Earthquake of 23 Dec ember 1972 (1975) 
by M. A. Sozen and R. B. Matthiesen, 122 pp. , PB 293 557 (A06). b,c 

The Honomu, Hawaii, Earthquake (1977) by N. Nielson, A. Furumoto, W. 
Lum, and B. Morrill, 95 pp. , PB 293 025 (A05). C 

Engineering Report on the Muradiye-Caldiran, Turkey, Earthquake of 24 
November 1976 (1978) by P. Gulkan, A. Guroinar, M. Celebi, E. Arpat, and 
s. Genc oglu, 67 pp. , PB 82 225 020 (A04). b ,c 

Earthquake in Romania, Marc h 4, 1977, An Engineering Report, National 
Researc h Council and Earthquake Engineering Researc h Institute (1980) by 
Glen V. Berg, Bruc e A. Bolt, Mete A. Sozen, and Christopher Rojahn, 39 
pp. , PB 82 163 114 (A 04). b,c 

El-Asnam, Algeria, Earthquake of October 10, 1980, A Reconnaissance and 
Engineering Report, National Researc h Counc il and Earthquake Engineering 
Research Institute (1983) by Vitelmo Bertero, Haresh Shah, et al. , 195 
pp. , PB 85 11 0 740 (All). b,c 

Earthquake in Campania-Basilic ata, Italy, November 23, 1980, A 
Rec onnaissanc e Report, National Researc h Counc il and Earthquake 
Engineering Researc h Institute (1981) by James L.  Stratta, Luis E. 
Esc alacte, Ellis L.  Krinitzsky, and Ugo Morelli, 100 pp. , PB 82 162 967 
(A 06). ,c 

The Central Greece Earthquakes of February-Marc h 1981, A Reconnaissance 
and Engineering Report, National Researc h Counc il and Earthquake 
Engineering Researc h Institute (1982) by Panayotis G. Carydis, Norman R. 
Tilford, James 0. Jirsa, and Gregg E. Brandow, 160 pp. , PB 83 171 199 
(A 08). b,c 

The Japan Sea Central Region Tsunami of May 26, 1983, A Reconnaissance 
Report (1984) by Li-San Hwang and Joseph Hammac k, 19 pp. , PB 84 194 7 03 
(A 03). b,c 

FLOODS 

Flood of July 1976 in Big Thompson Canyon, Colorado (1978) by D. �imons, 
J. Nelson, E. Reiter, and R. Barkau, 96 pp. , PB 82 223 959 (A05). ,c 
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Storms, Floods, and Debris Flows in Southern California and 
Arizona--1978 and 198 0, Proceedings of a Symposium, September 17-18, 
198 0, National Researc h Council and California Institute of Tec hnology 
(1982) by Norman H. Brooks et al. , 487 pp. , PB 82 224 239 (A21). C 

Storms, Floods, and Debris Flows in Southern California and 
Arizona--1978 and 198 0, Overview and Summary of a Symposium, September 
17-18, 1980, National Researc h Council and California Institute of 
Tec hnology (1982) by Norman H. Brooks, 47 pp. , PB 82 224 221 (A04). b,c 

The Austin, Texas, Flood of May 24-25, 1981 (1982) by Walter L. Moore, 
Earl Cook, Robert S. Gooc h, and Carl F.  Nordin, Jr. , 54 pp. , PB 83 139 
352 (A04). b,c 

Debris Flows, L andslides, and Floods in the San Francisco Bay Region, 
January 1982, Overview and Summary of a Conferenc e Held at Stanford 
University, August 23-26, 1982, National Researc h Counc il and U. S. 
Geologic al Survey (1984) by William M. Brown III, Nicholas Sitar, Thomas 
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