
'i.4i\;f\l~Essec;?"ch i--.pp!i20 

·~O j\jatic~lal Ne2ds 





INTRODUCTION 

In 1971, the Research Applied to National Needs 
(RANN) Program was created at the National Sci
ence Foux:tdation in an effort to focus U.s. scientific 
and technical resources on selected problems of na
tional importance for the purpose of contributing to 
to their timely, practical solution. The RANN pro
gram has served as a link between the NSF's basic 
research programs a~d the development, demonstra
tion, and operational programs of other Federal agen
cies, State and local governments, and the private 
sector (including universities and industry). 

RANN program objectives, determined by NSF 
management and advisory panels in cooperation with 
the Congress, are based upon specific perceived needs 
of the Nation. Generally, the RANN program has 
sought to increase the effective use of science and tech
nology in dealing with national problems involving the 
public interest; to shorten the lead time between basic 
scientific discoveries and relevant practical applica
tion of these discoveries; to provide early recognition 
and warning of potential national problems; and to 
support applied scientific research, assessment studies 
and related activities directed toward the amelioration 
or avoidance of such problems. 

Research projects funded by RANN have been sub
jected to peer review i:ly the scientific community and 
by representative user groups. Eligibility for support 
depends both on scientific merit and on the projected 
impact of the research results on government and 
the private sector in inducing constructive change in 
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policies and practices. A key to the successful applica
tion of RANN research results is the strong involve
ment of user group input during the planning and 
execution of the research. This involvement helps en
sure that the problems being addressed are real. In 
addition, NSF places considerable emphasis on the 
evaluation, dissemination, and utilization of the re
sults of this research. 

In Fiscal Year 1977, RANN focused its efforts on 
on five major problem areas: Resources, Productivity, 
Environment, Intergovernmental Science and Public 
Technology, and Exploratory Research and Tech
nology Assessment. 

The objectives of the programs in Advanced En
vironmental Research and Technology (AENV) aretQ 
enhance the Nation's capability to mitigate environ
mental hazards, whether natural or man-caused; to 
ensure that this mitigation is achieved at the least 
possible cost; and to facilitate the effective reduction 
of both human suffering and government expenditures 
before, during, and after natural disasters. 

This publication contains brief summaries of the 
projects funded by AENV in Fiscal Year 1977. Read
ers wishing information on areas currently under 
investigation should contact the National Science 
Foundation. Further information on the individual. 
projects listed in this book should be obtained di
rectly from the Principal Investigator. 





CONTENTS 

Page 

Division of Advanced Environmental Research and Technology ................ . 

MANAGING THE NATURAL ENVIRONMENT. .. . . . . .. . . . . . . . . .. 5 

Chemical Threats to Man and Environment . . . . . . . . . . . . . . . . . . . . . . .. 6 

Airborne Contaminants .................................... 7 
Environmental Assay Methodology. . . . . . . . . . . . . . . . . . . . . . . . . .. 15 
Metals and Organometallics ................................ ; 18 
Organic Chemicals of Commerce ........................ , . . .. 20 
Program Development and Utilization . . . . . . . . . . . . . . . . . . . . . . .. 27 

Regional Environmental Management .. . . . . . . . . . . . . . . . . . . . . . . . . .. 29 

Environmental Risk Evaluation. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 
Land Use ................................................ 32 
Regional Environmental Systems Evaluation and Synthesis . . . . . .. 37 
Regional Policy and Decisionmaking ......................... 39 
Residuals Management. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 
Urban Hydrology ......................................... 51 

DISASTERS AND NATURAL HAZARDS ......................... 53 

Earthquake Engineering ............................. .' ......... ' 54 

Design .................................... ' ... ' ............ 55 
Policy .................................................... 73 
Siting .................................. ' .................. 78 

Weather Modification .......................................... 91 

Inadvertent Weather Modification ............................ 92 
Societal Implications of Weather Modification ................. 97 
Weather Modification Technology and Evaluation .............. 100 
Weather Hazard Mitigation ................................. 103 

Societal Response to Natural Hazards ............................ 104 
~.: ,~ 

Appendix 

The Division of Advanced Environmental Research and 
Technology-FY 1977 Awards .................................. 107 

iii 





DIVISION OF 
ADVANCED 

ENVIRONMENTAL 
'RESEARCH AND 

TECHNOLOGY 

In Fiscal Year 1977, RANN's Division of Advanced Environmental Research 
and Technology was organized into two major program elements and five 
subelements: 

MANAGING THE NATURAL ENVIRONMENT 
• Chemical Threats to Man and Environment 

• Regional Environmental Management 

DISASTERS AND NATURAL HAZARDS 

• Earthquake Engineering 

• Societal Response to Natural Hazards 

• Weather Modification 

Researc,h in Managing the Natural Environment was addressed to providing an ' 
improved scientific basis for public decisions about environmental problems. Re
search in Disasters and Natural Hazards was directed to the provision of information 
to facilitate the mitigation of the undesirable effects of such natural hazards as earth
quakes, adverse weather, floods, and so forth. 

This Summary of Awards presents brief descriptions of projects funded by 
AENV durin·g Fiscal Year 1977. The Summary of Awards is organized by program 
and program subelement. For each research project, the problem area is described and 
an attempt to indicate how the research may help to solve the problem is made. An 
alphabetical listing of awards by Principal Investigator is included in Appendix A. 
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DEFINITIONS 

The following definitions are essential to an understanding of Division ac-
tivities: 

• 'Award' refers to financial support given in the form of a grant, contract, or 
other arrangement, depending upon the nature of the research work ~o be com
pleted and the terms of performance. 

• 'Effective Date' refers to the calendar date on which NSF funding of a research 
project becomes active. 

• 'New' refers to an award which has received no prior support from NSF, regard
less of whether the principal investigator has received support on previous occasions. 

• 'Renewal' refers to follow-on support of a project which is currently supported. 

• 'Supplement' refers to the addition of funds to an existing NSF supported project 
without increasing the duration of NSF support. 

• 'Principal Investigator' refers to the chief scientist or administrator who is 
responsible for coordinating the research plan and fiscal expenditures as an NSF
sponsored awardee. 

• 'Institution' refers to any college, university, public or private laboratory', indus
try, or other organization, whether operating for profit or on a nonprofit basis, as 
well as State and local governments and Federal organizations. 

Division-initiated funding actions excluded from this report are: 

• Purchase Orders 

• Funds for Personnel (Intergovernmental Personnel Act) 

• International Travel Awards 

Where awards have received support from other organizations within or outside 
of NSF, only Division support has been indicated. In addition, when indiv"idual 
awards or supplements have been made using funds" only from other agencies or 
divisions, these awards are not included in this report. All award amounts given in 
this document are subject to adjustment by NSF. 

NOTE: The data for this report may differ from that contained in official NSF source documents. such as 
TAB A to the Budget and Part 1I of the Annual Report. which were generated from the NSF's Manage
ment Information System data base. 
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Senior Scientist ........................................... H. Kenneth Gayer 
Senior Engineer ............................................ Michael P. Gaus 
Administrative Assistant ................................ Dorothy F. E. Dooren 
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Program Managers 
Richard A. Carrigan 
Farley Fisher 
Carter Schuth 
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Program Managers 
Edward H. Bryan 
Gordon H. Jacobs 
J. Eleanora Sabadell 
Terry R. Sopher 
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Program Managers 
Frederick Krimgold 
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Richard A. Dirks 
Currie S. Downie 

*AsofDecember, 1977 
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Managing the 
Natural 

Environment 

The program element MANAGING THE NATURAL ENVIRONMENT 
aims to provide an economically and ecologically sound scientific basis for mitigating 
man-caused threats to natural environment in ways that are compatible with other 
social goals. Through its subelements, the program attempts to identify, understand, 
and contribute to the reduction of contamination problems arising from the manu
facture and use of chemical products and the mining and processing of metal ores, 
and supports continued research on land use, urban hydrology, waste water dis in
fection, and sludge management. 

The program subelements in this area are: 

CHEMICAL THREATS TO MAN AND ENVIRONMENT 

REGIONAL ENVIRO~MENT AL MANAGEMENT 
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CHEMICAL THREATS TO MAN 
AND ENVIRONMENT 

The objective of the Chemical Threats to Man and Environment subelement is to 
focus on efforts to identify, understand, and reduce contamination arising from the 
manufacture, use, and disposal of chemical products and the mining and processing of 
metal ores. Many chemical compounds are released deliberately or inadvertently in 
large quantities into the environment at one or more points in their production-use 
cycles. The majority of these materials can be considered to have a potentially hazard
ous human and environmental impact. The benefits of manufactured chemicals and 
the potential benefits of new compounds are so great that strong efforts to find better 
ways of assessing and reducing their hazardous effects are justified. 

The objectives of this subelement are to: 

• Identify and quantify the contaminents resulting from the manufacture, use and 
disposal of organic and inorganic chemicals; 

• Assess the potential for damage to ecosystem communities, populations, and 
ecological species along contaminent flow paths; and 

• Improve existing techniques in analytical chemistry speCifically applicable to 
achieving the above objectives. 

Research support is concentrated in five areas in FY 1977: 

• Airborne Contaminents 
• Environmental Assay Methodology 
• Metals and Organometallics 
• Organic Chemicals of Commerce 
• Program Development and Utilization 
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AIRBORNE CONTAMINENTS 

The purpose of the Airborne Contaminents program is to identify, characterize, 
and quantifycontaminents produced from atmospheric precursors of man-made and 
natural origin. 

Field Studies of Biologically Produced Atmospheric Sulfur Compounds; Alan R. Bandy; Drexel University, 
Philadelphia, Pa. 19010; $87,700 for 12 months beginning May 15, 1977 

Worldwide emissions of volatile sulfur compounds of 
biogenic origin are commonly believed to exceed the 
total flux of sulfur dioxide released to the atmosphere 
as a result of human activities. Unlike anthropogenic 
sources, which emit mostly sulfur dioxide, biogenic 
sources are believed to contribute hydrogen sul
fide, dimethyl sulfide, and minor amounts of other 
sulfur compounds. Like sulfur dioxide, the latter sul
fur carriers seem likely to oxidize in the air to form 
sulfuric acid or some other particulate sulfate. These 
sulfate forms are believed to be hazardous to human 
health. 

This project addresses the question whether the 
biogenic emissions believed to be dominant on the 
global scale are also significant for the production of 

airborne sulfate particulates in regions impacted by 
anthropogenic sources of sulfur dioxide, like coal
or oil-burning plants. The research will be done by 
gas-chromatographic analysis of estuarine and 
oceanic waters and the overlaying air in an urban en
vironment (Norfolk, Virginia) and in a pristine area 
(Wallops Island, Virginia). Samples will be analyzed 
for hydrogen sulfide, sulfur dioxide, methyl mercap
tan, dimethyl sulfide, carbon disulfide, and carbonyl 
sulfide. Meteorological observations will be made as 
aids to the identification of sources. Surface emission 
rates for marsh, shallow bay, and ocean will be es
timated by calculations of the gas flux across a water
air interface using the method of Liss and Slater (Na
ture,247, 181 (1974)). 

Hydrogen Sulfide and Reduced Forms of Sulfur in Air; Robert S. Braman; University of South Florida, Tampa, 
Florida 33620; $68,300 for 12 months beginning July 1, 1977 

Recent research has shown that hydrogen sulfide, if 
present in very low concentrations, can survive pas
sage through overlying aerated water and be evolved 
into the atmosphere where it eventually would be 
oxidized to some form of particulate sulfate. Air
borne sulfate particles are believed to be a prime 
factor for adverse health effects. If, then, biogenic 
sources are important contributors to the ambient 
levels of particulate sulfate in the air of certain re
gions, the relative significance of the anthropogenic 
sources, like power plants, would have to be reeval
uated. The question is especially interesting for ur
banized coastal regions where sea salt in tidal waters 
can account for sulfate intrusion" and where sewage 
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can also be a significant contributor of dissolved 
sulfate that could be reduced to hydrogen sulfide. 

It has not been possible to resolve this question be
cause there has existed no accurate field method for 
measuring the low ambient levels of sulfur compounds 
. in air. The research is aimed at developing convenient 
field methods having sensitivity well below ambient 
levels, so that reliable quantitative measurements 
can be obtained. This is necessary in order to arrive 
at reliable quantitative estimates of the natural bio
genic contributions of hydrogen sulfide and other 
volatile sulfur compounds for comparison with man
made sources of atmospheric sulfur, such as com
bustion sources of sulfur dioxide. The ultimate goal is 



to provide methodology to help assess the relative 
contributions of natural and man-made precursors of 
toxic airborne sulfate particulates. 

Analytical techniques to be evaluateq include ab
sorption of gaseous species in metal-coated beads 
with subsequent high-temperature expUlsion into 
suitable detection systems, and selective retention 
and expulsion of certain sulfur species in gas-chroma
tographic columns. For solid particulate materials, 

experiments will be done by heating in inert gases, by 
acid treatments, by solvent extraction, and by heat 
treatment in the presence of hydrogen gas. 

Included in the research objectives are the develop
ment of parallel methodologies for water, sediments, 
and airborne particulates. These analyses are needed 
to supplement the measurements of gaseous sulfur 
compounds in. the air so as to round out the total 
cycle of airborne sulfur. 

Quantitative Electron Microprobe Analysis of Individual Airborne Particles; Peter R. Buseck; Arizona State 
University, Tempe, Arizona 85281; $206,900 for 24 months beginning January 1,1977 

A large fraction of air pollutants in urban areas con
sists of solids. There is a pressing sociaL need to under
stand the nature of such air pollutants. This requires 
a knowledge not only of their bulk composition, but 
also Of the variety, size, and composition of the in
dividual particles themselves. The study of such in
dividual particle compositions will provide critical 
information regarding the sources of particulate 
pollution, the chemical and physical properties of air
borne particles, and the changes these particles 
undergo in the atmosphere. 

Despite this, most public health agencies and air 
pollution research groups currently analyze par
ticulates only in terms of bulk concentrations. Only in 
a relatively few studies has there been an attempt to 
characterize the chemical type of individual particles. 

The goal of the proposed research is to investigate 
the chemical composition of the individual subOlicron 
particles,· and to relate this composition to sources 
and the chemical and physical transformation pro
cesses these particles undergo. The research program 
is design~ to refine correction procedures developed 
by this research group, coupling scanning electron 
microscope-energy dispersive X-ray analysis with 
electron microprobe analysis; characterize the major 
types of inorganic airborne particles in a desert 
metropolitan area (Phoenix); pinpoint contributions 
from various area emission sources by comparison of 
individual particle analysis from ambient and source 
samples; and investigate the nature and extent of par
ticle coating and agglomeration. 

Global Atmospheric Measurements Experiment on Tropospheric Aerosols and Gases (GAMETAG); Doug/as D. 
Davis; Georgia Institute of Technology, Atlanta, Georgia; $279,100 for 12 months beginning January 15, 
1977 

Using the NCAR (National Center for Atmospheric 
Research) Electra as a sampling platform, a global 
sampling effort will be initiated which will involve the 
measurement of over 50 atmospheric species and 
meteorological parameters on a simultaneous basis. 
Recognizing both the importance of chemically 
coupled atmospheric species and the strong inter
action between chemistry and meteorology, the 
GAMETAG (Global Atmospheric Measurements 
Experiment on Troposphenc Aerosols and Gases) 
program is to be a joint effort among meteorologists, 
cloud physicists, and atmospheric chemists. Project 
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GAMET AG calls for a seven-year project which is to 
be divided into two phases, of two and five years dura
tion. Phase I of the project, the objective ofthis grant, 
will have as its primary objective the elucidation of 
the importance of the hydroxyl free radical to tro
pospheric chemistry. In addition, there are two 
secondary objectives for Phase I: (1) an assessment 
of the global tropospheric budgets for halocarbons, 
ozone, and sulfur, carbon, and nitrogen· species; and 
(2) a minor effort aimed at assessing the levels and 
types of natural tropospheric aerosols. 



At least two major GAMET AG flights per year are 
scheduled. These flights during the first two years of 
the program are expected to span a global latitude 
range of 75°N to 55 oS and a ~ongitude range of 165° to 
30° in the western hemisphere. The general sa:mpling 

plan for GAMET AG will include representative 
transit flights into Polar, Tropical, and Transition 
air masses which have been modified both by con
tinents and oceans and by large scale ascent and 
descent: 

Improved Sensitizing of Laser Absorption Techniques for Atmospheric Pollutant Monitoring; Richard S. Eng; 
Laser Analytics, Inc., 38 Hartwell Avenue, Lexington, Massachusetts 02173; $211,500 for 12 months 
beginning August 15, 1977 

During the past 'several years, systems based on dif
ferential absorption of laser radiation have been 
developed for the detection of molecular pollutants. 
Advanced laser systems of the future are expected to 
have widespread application in atmospheric research, 
modeling, and surveillance, -and will undoubtedly 
yield a new class of highly sensitive, fast-responding 
instruments for monitoring and process-control appli
cations involving gases of considerable interest to both 
government and industry. At the present time, how
ever, detection sensitivity is several orders of mag
niutude poorer than the fundamental limit, and only 
a few strongly-absorbing molecular species in the 
atmosphere can be monitored with adequate 
sensitivity. 

The objective of this research project is to identify 
those factors limiting sensitivity and dev.elop ways to 

overcome them. Semiconductor diode lasers will be 
used extensively since they span the entue infrared 
"fingerprint" region of the spectrum ano have already 
been employed in several pollutant-monitoring sys
tems. The research plan envisions a two-phase pro
gram. Phase I, to be completed during the first year, 
and addressed in the present project, will be concerned 
with stabilization of laser output power, mode selec
tion, control of amplitude variations associated .with 
laser tuning, and the effects of atmospheric turbu
lence. Techniques to minimize the adverse influences 
of these. effects will be developed, based on laboratory 
and field work, with a goal of at least one order of 
magnitude improvement in sensitivity over the present 
state-of-the-art. Phase II will involve testing and eval
uation of an operational long-path monitoring system, 
and comparison with conventional monitors in order 
to verify accuracy and reliability . 

• 
Sources, Transformations, and Chemical Nature of Atmospheric Pollutants; Glen E. Gordon; University. of 

Maryland; $393,300 for 12 months beginning September 1,1977 

This is a continuation of work on the trace elements 
and polycyclic aromatic hydrocarbons in size-graded 
particulates emitted by power plants (coal and oil
fired), municipal refuse and ·sewage;sludge inciner
ators, automotive traffic, airports, and the rural back
ground. 

The objective of this project is to identify sources of 
toxic elements and to trace the origins of ambient 
particulates. A second objective is to elucidate certain 
aspects of homogeneous gas reactions in· polluted air 
and to determine the conditions that control ozone 
formation in powerpfant and industrial plumes. This 
grant extends the study to the combusfion of refuse
derived fuel and to industtial sources represented by 
steelmaking, petroleum refining, cement manufacture, 
and non-ferrous smelting. Trace elements are an
alyzed by neutron activation and atomic absorption. 
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Polycyclic aromatic hydrocarbons are measured in 
the particulate and gas phases. Studies in the meteoro
logical forecasting of stagnation periods will assist in 
evaluating the significance of the source emissions. 
Studies of rainfall pH will attempt to correlate the 
acidity of rain with the chemistry of· power plant 
emissions. 

Aircraft sampling will be continued to elucidate the 
factors controlling the appearance of ozone bulges in 
power plant and industrial plumes by coordinating 
measurements of ozone, hydrocarbons, nitrogen 
oxides, c!1rbon monoxide, humidity, condensation 
nuclei, and temperature. 

Attainment of these objectives will ,help to resolve 
problems faced by regulatory authorities in their 
efforts to control emissions within limits allowing 



acceptable levels of pollutants in ambient air. Many 
things can be done, and many operating parameters 
can be adjusted to control emissions, but practical 
considerations dictate that choices must be made in 
the light of relative benefits to public welfare, avail~ 
ability of resources, economics, and political pres
sures. A.mong the· factors subject to control are the 
siting of power plants and incinerators, fuel composi-

tion, plant design and operating parameters, stack 
height, flue gas cleanup technology, and selective 
operating restrictions during stagnant air episodes. 
The proposed research is designed to yield data neces
sary for evaluating these and other factors as to their 
impact on ambient air quality, and as to the oppor
tunities they may afford to regulatory authorities for 
choosing among control strategies. 

Aerosol Characterization in Real Time; Robert K. Gould, AeroChem Research Laboratories, Inc., P.O. Box 12, 
Princeton, New Jersey 08540; $113,800 for 12 months beginning September 22, 1977 . 

This research project is aimed at developing an 
atmospheric aerosol analysis technique capable of 
operating in either a continuous mode or as an indivi
dual particle analyzer. The instrumentation to be de
signed will provide information on particle mass and 
'.composition. To accomplish these measurements, an 
aerosol beam will be separated from the gaseous con
stituents and rapidly vaporized in a high,-temperature 
cell. A pressure sensor will be used to estimate particle 
mass. Mass spectrometric techniques will be used to 
measure particle composition. The development tech
niques are expected to be capable of measuring several 
aerosol properties. 

One area of expected application is the measure
ment of particle composition (averaged over all par
ticles) without the need for concentration by integra
tion collection techniques. Another area of interest 
concerns the ability to measure concentrations of a 
given compound (or a few compounds) on a particle
by-particle basis. 

The research effort to be pursued will include con
struction and testing of the instrument components 
and an evaluation of the advantages and limitations 
of the developed techniques as they apply to specific 
areas of atmospheric aerosol science. 

Technology Transfer of Zeeman Atomic Absorption Technique for· Environmental Trace Analysis; Tetsuo 
Hadeishi; Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720; $99,700 
for 12 months beginning August I, 1977 

To understand the sources, transport, and fate of 
hazardous chemical elements in the environment 
requires the capability to measure routinely trace 
quantities of them in large numbers of biological and 
environmental materials. A very high proportion of 
all such analyses are now done by atomic absorption 
spectroscopy because of the great sensitivity of this 
method to trace amounts of a number of elements. A 
disadvantage of conventional atomic absorption is the 
necessity to spend considerable time and much care in 
preparing the samples (e.g., leaves, animal tissues, 
etc.) for the final measurement step, introduction into 
the flame atomizer of the apparatus. The Zeeman 
Atomic Absorption Spectrometer (ZAA) avoids the 
prior chemical preparation by volatilizing the sample 
in a furnace directly into the optical path, correction 
for background being made by using Zeeman-shifted 
spectral lines as probes of the background light 
absorption. 
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This award provides for tasks necessary to effect 
the final transfer to users of a technique developed 
under a prior AENV award. Under the earlier 
project, the technique has been developed for mer
cury, lead, cadmium, zinc, arsenic, selenium, copper, 
and silver with the use of electrodeless discharge 
lamps capable of operating in the magnetic field that 
produces the Zeeman splitting of spectral lines. The 
technique is being routinely applied to biological 
samples, oil-shale processing residues, and waters of 
high salt content. 

A recent breakthrough in the design of a mag-~ 
netically confined lamp will be extended to additional 
chemical elements of interest to a variety of users. 
Data will be obtained on sensitivities, lamp lifes, 
and reliability. An operating manual will be prepared. 



Diode Laser Multi-Pollutant Ambient Air Monitoring; Robert T. Ke; Lincoln Laboratory, Massachusetts 
Institute of Technology, Lexington, Massachusetts 02173; $60,000 supplement effective January 25,1977 

The overall objective of this project is to devise and 
test a laser remote measurement system for monitor
ing gaseous pollutants at their concentration levels in 
ambient air. This is to be achieved by absorption spec
troscopic measurements integrated over a path length 
of the order of one kilometer. Diode lasers tuned to 
specific wavelengths of pollutant molecules are used 
as light sources in an instrumented van equipped to 
receive a return signal from a remotely sited retro 
reflector. 

Pollutant gases to be studied are carbon monoxide, 
nitric oxide, ozone,. and ammonia. To the extent pos
sible, other pollutant gases will be investigated to 
evaluate the possibilities of extending the technique to 
many pollutants by using widely tunable lasers. 

The prime user of this research is the U.S. EPA, 
which is jointly funding the project. Potential users in
clude other branches of the Federal government and 
utility and industrial firms. 

Measurement of Sulfur Dioxide Oxidation on Particulate Surfaces; Volker A. M ohnen; State University of New 
York at Albany, Atmospheric Sciences Research Center, E. S. 319, 1400 Washington Avenue, Albany, 
New York 12203; $203,700 for 24 months beginning May 15, 1977 

The objective of this program is to develop and eval
uate procedures for investigating the mechanisms and 
importance of sulfur dioxide oxidation on the surface 
of solid particulate matter of natural and anthropo
genic origin. Sulfate formation on well characterized 
particle and reference surfaces will be studied using 
m{)lecular beams of sulfur dioxide, oxygen and water. 
Auger electron spectroscopy and mass spectrometry 

will be usea to measure the rate of product formation. 
It is anticipated that reaction rates and orders can be 
determined for a variety of surfaces during the course 
of this work. Surfaces to be examined include carbon, 
oxides of vanadium, oxides of iron, and particulate 
matter collected from ambient air, power plant 
stacks, and laboratory flames. 

Remote Measurement of Air Pollutants; Edward R. Murray, SRI International at Stanford University; Menlo 
Park, California 94025; $165,000 for 12 months beginning August I, 1977 

Both in the study o( air pollution problems and in the 
routine measurement of air pollutants for control and 
enforcement purposes, there is a great need for instru
ments that can be placed at one point and measure 
concentrations of gaseous air pollutants for many 
kilometers in each direction and at various altitudes 
up to 2 km. In order to make measurements of that 
type with present-day technology, it would be neces
sary to establish a network of tens or hundreds of 
expensive point monitors around the area in question 
and, to obtain vertical measurements, to fly a plane 
equipped with monitors back and forth over the area. 
These approaches are expensive and difficult as the 
equipment needed at each station is expensive and the 
data from each station must be telemetered to a cen
tral collection station or technicians must be employed 
to circulate about the system to collect data. Further, 
such a system usually requires a great deal of expen
sive maintenance and some data are usually lost be-
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cause of station malfunctions. Clearly there is a need 
for reliable remote sensing methods to replace the 
kinds of area-wide sampling techniques available 
today. 

The objective of this project is the development of 
laser methods for remote measurement of atmos
pheric levels of gases such as sulfur dioxide (S02)' 
nitrogen dioxide (N02)' ozone (03)' ethylene 
(C2H~), and ammonia (NH). These techniques are 
needed for monitoring ambient levels of gases in pol
luted air and for obtaining average concentrations in
tegrated over kilometer (or longer) pathlengths to pro
vide data for testing pollutant dispersion models. The 
work employs the differential absorption l?~er-radar 
(DIAL) technique whereby light transmitted from a 
laser source is back-scattered from atmospheric 
particles or from topographic targets (like a hillside). 
The light beam is tuned to a wavelength strongly 



absorbed by a molecule of interest. From the time 
delay between the sending and receipt of the returned 
back-scattered signal pulses, one can determine gas 
concentrations at various distances along the path. 
The concept has been tested for measurement of S02 
and O2 in the ultraviolet and of N03 in the visible 
spectrum. 

Under the present grant the investigators will 
demonstrate the performance of the system under 

different pollutant-gas levels and variable meteoro
logical conditions. The technique will be extended to 
the infrared to explore the advantages of this spectral 
region for detecting a wider variety of gases and for 
potentially greater detection sensitivity. Special atten
tion will be . given to NH3 and 0 3 in the 
infrared. 

The Role of Primary Particulates in Urban Air Pollution; Tihomir Novakov; Lawrence Berkeley Laboratory, 
University of California, Berkeley, California 94720; $222,500 for 12 months beginning October 1,1977 

The atmosphere is degraded by suspended particu
lates consisting of solid particles and microscopic 
liquid droplets. Some of these particles, like wind
blown dust, fly-ash, and soot, are the primary par
ticulates directly emitted into the atmosphere by 
pollutant sources. Others, the secondary particulates, 
are formed right in the atmosphere by chemical 
reactions of precursors emitted in gaseous forms by 
sources. Still others are primary pollutants that have 
been chemically modified after entering the atmos
phere. Visibility reduction is the most conspicuous 
result of atmospheric pollution. Far more significant 
than visibility reduction, however, are the effects of 
airborne particulates on human health. In particular, 
airborne particulate sulfate of unspecified chemical 
form has been associated with the incidence of respira
tory ailments like emphysema and asthma. 

Strong evidence exists which suggests that signifi
cant quantities of airborne sulfate are carried on the 
surfaces of primary carbon particles (soot), where 
the sulfate is forIfied by the carbon-catalyzed oxida
tion of gaseous sulfur dioxide. Although we do not 
yet have a quantitative assessment of the relative 
importance of the carbon-borne sulfate in ambient 
air, evidence for its significant role is sufficiently 
strong to justify research on primary carbon produc
tion because of the human health implications of air
borne sulfate, quite aside from the adverse effects of 
airborne carbon on visibility. In addition to the effect 
on sulfate formation, there is the further effect of 
carbon on the formation of certain exotic nitrogen 
compounds on carbon surfaces. 

The first objective of this project is to assess the 
contribution of primary carbon (soot) emissions to the 
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degradation of visibility through urban atmospheres. 
The visibility-degrading effect of primary carbon is 
compared with that of the secondary carbonaceous 
particulates formed by the oxidation of hydrocarbons 
in the atmosphere. A second objective is to define the 
roles of primary carbon in mediating the chemistry 
of the gaseous sulfur and nitrogen compounds in pol
luted air. The speed of the carbon-catalyzed oxidation 
of sulfur dioxide will be determined to help assess the 
significance of sulfate production on carbon particle 
surfaces and to gauge the importance of this process 
for the generation of hazardous airborne particulate 
sulfate. A parallel study is devoted to describing the 
surface-chemical forms of nitrogen compounds pro
duced on carbon surfaces by reaction with atmos
pheric ammonia and nitrogen oxides. Polycyclic aro
matic hydrocarbons associated with soot particles 
are investigated to determine their reactivity to nitro
gen dioxide under practical conditions occurring in 
polluted air. This approach is designed to explore 
possibilities of the formation of unsuspected carcino
gens in urban air. 

New methodology is being studied for measuring 
the atmospheric burden of primary carbon by apply
ing the optical attenuation of a laser beam by a filter 
carrying less than. a monolayer of collected airborne 

. particles. Raman spectroscopy is applied to the 
m~asurement of graphitic soot. Techniques for prob
ing the chemistry of surface reactions on carbon in
clude ESCA (electron spectroscopy for chemical 
analysis), infrared spectroscopy, wet chemical anal
ysis,and x-ray fluorescence. 



Study of Chemistry of Atmospheric Particulates; Tihomir Novakov; Lawrence Berkeley Laboratory, University 
of California, Berkeley, California 94720; $132,647 supplement beginning October 1, 1976 

Most research on the particulates of polluted air deals 
with their bulk chemical composition. The surface 
layers of particles, however, often have special chem
ical properties determined by the adsorption of ac
cessory substances. This research seeks to define the 
chemical characteristics of the surfaces of particles 
from ambient air and from pollutant sources to bet
ter understand their genesis, their physiological and 
catalytic properties, and their agglomeration be
havior. A second major objective is to specify the 
molecular, rather than the elemental, composition of 
particulates. Photoelectron spectroscopy, also known 
as ESC A (electron spectroscopy for chemical 
analysis), will be employed. 

An inventory of inorganic molecular species in 
various types of ambient and source-enriched par
ticulates will be completed. Factors affecting the 
occurrence of molecular forms of sulfur, nitrogen, 
and other elements in particulates from combustion 
sources will be determined. The effects of catalytic 
surfaces of carbon and other particulates on the re
actions of gaseous species will be defined, and the 
quantitative significance of non-photochemical forma
tion of sulfates and nitrates on carbon particles will be 
assessed. 

Chemical Transformations in Photochemical Smog and Their Application to Air Pollution Control Strategies; 
James N. Pitts; Statewide Air Pollution Control Center, University of California, Riverside, California 
92502; $352,000 for 12 months beginning February 2, 1977 

This project is jointly funded by the Advanced En
vironmental Research and Technology and the Ad
vanced Energy Research and Technology divisions 
of NSF, and allows for the continuation of research 
begun in 1975 on the development of a model of the 
chemistry of photochemical smog. The specific objec
tives of this project are to: 1) prepare an experimen
tally validated model for chemical transformations 
into photochemical smog; and 2) elucidate the forma
tion and role of particulates in photochemical air pol
lution. Principal goals for this third year of the study 
are the extension, refinement, and. validation of the 
chemical process model. The basis for model valida
tion is the experimental program on chemical reac
tions in synthetic gas mixtures and ambient air to 
generate concentration-time profiles for the reactants, 
the transient intermediate species, and the products, 
so as to describe how the raw pollutants from sources 
transform chemically to the final smog misture. Ex
periments will be done in the SAPRC 200-cubic foot 
smog reaction chamber, believed to be the most ad
vanced facility in the nation. 

The primary goal of the first 18 months has been 
accomplished. This goal was the formulation of a 
sophisticated computer model of photooxidation 
systems involving two representative hydrocarbons, 
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propane and n-butane. Progress has begun on the 
formulation of practical mechanism for an aromatic 
(toluene) photo oxidation system, for which little ki
netic and mechanistic data is available. This has been 
achieved in a closely coupled program between mod
eling and smog chamber groups. The second major 
objective is to accomplish the detailed characteriza
tion of particulate pollutants in both ambient and 
simulated atmospheres, with emphasis on hydrocar
bon aerosol precursors, trace nitrogenous compounds, 
and gas-to-aerosol conversion processes. Exploratory 
studies will be done on indoor-outdoor aerosol 
relationships. 

Utilization of this research is a continuing process. 
The project team is repeatedly called on to prepare 
briefings or testimonial appearances before Federal 
and State legislative and administrative authorities. 
In addition, the State Air Pollution Research Center 
(SAPRC) maintains a vigorous program of informa
tion dissemination through several channels. The 
SAPRC publishes a periodical, California Air En
vironment, which is distributed to over 3000 individ
uals and organizatIOns. Arucles touch on criteria tor 
air quality standards, research findings, health effects, 
and related matters. 



The Role of Solar Ultraviolet Radiation in the Formation of Hydroxyl Radicals in the Trosposphere; F. Bach 
Sellers; Panametrics, Inc., 221 Crescent Street, Waltham, Massachusetts 02154; $41,900 for 12 months 
beginning March 1, 1977 

The reaction of the hydroxyl radical with various trace 
gases has been hypothesized as fundamental to a com
plete understanding of tropospheric chemistry. For 
example, the atmospheric concentrations, lifetimes 
and distributions of methane, carbon monoxide and 
sulfur dioxide are believed to be largely controlled by 
the hydroxyl radical. The dominant source of the hy
droxyl radical in the troposphere is photolysis of 
ozone by solar ultraviolet radiation to produce atomic 
oxygen, which then reacts with water to produce the 
radical. Because ultraviolet flux is highly variable in 
the troposphere, it is of fundamental importance that 
it be measured simultaneously with the various im
portant constituents. 

This program is designed to provide accurate air
borne ultraviolet flux measurements in the 280-400 nm 

wavelength region. The flux measurements will be 
made from the National Center for Atmospheric 
Research aircraft simultaneously with the chemical 
and meteorological measurements of the NSF sup
ported program entitled "Global Atmospheric 
Measurements on Tropospheric Aerosols and Gases" 
(GAMETAG). Present planning on project 
GAMET AG calls for a seven-year program that is to 
be divided into two phases of two and five years dura
tion. Panametrics will be supported for only the first 
phase of this program, with decisions the second phase 
being largely dependent on the success of Phase I. 
This first phase of the larger project will have as its 
primary objective the elucidation of the importance 
of the hydroxyl free radical to tropospheric chemistry 
in both clean and perturbed atmospheres. 

Application of Computer Graphics to Air Quality Data Analysis; Alvin H. Vanderpol; Meteorology Research Inc., 
464 West Woodbury Road, Altadena, California 91001; $159,200 for 24 months beginning September 1, 
1977 

This research proposal is aimed at developing statis
tical procedures which will enable researchers to probe 
large air quality data bases in a cost-effective manner. 
The research will lead to techniques by which scien
tists, unfamiliar with statistical procedures, can ask 
specific - questions of large data bases of varying 
quality and expect to obtain useful information or 
insight. 

These procedures will be developed and tested using 
two existing European data bases which have not yet 
been analyzed in detail. These two data sets, from the 
European Air Chemistry Network (EACN) and the 
Long Range Transport of Air Pollutants (LRTAP) 
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study, will be probed to determine whether they will 
yield useful information on the relationship of SO 2 

emissions, .air mass transport, and sulfate concentra
tions in Europe. The results of these studies will be 
directly applicable to several ongoing or planned U.S. 
regional scale studies of sulfur transport and 
conversion. 

The procedures to be developed will utilize power
ful but little known existing statistical techniques 
which are especiallx suited for analysis of "real" data 
bases. These techniques are relative\y insensitive to the 
occasional stray data points common in air pollution 
data. 



ENVIRONMENTAL ASSAY METHODOLOGY 

The objective of the Environmental Assay Methodology program is to develop 
advanced instrumentation and analytical methodology for the collection, identifica
tion, and quantification of specific compounds in environmental media. 

A Water Pollution Monitoring Laser Optical System; Silverio P. Almeida; Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia 24061; $10,300 for 2 months beginning August 1, 1977 

Knowledge of the concentration and types of diatoms 
in water has been shown to be a reliable and accurate 
measure of the biological condition of a given body of 
water. 

This project is a continuation of an award designed 
to develop a laser optical system for monitoring water 
pollution. Presently, this is performed by identifying 
and counting manually the various diatoms in water 
samples observed with a microscope, but this tech
nique is subjective, expensive, and too slow for detec
tion of rapidly changing conditions. The proposed 
laser optical system is designed to scan automatically 
and count the types and numbers of various diatoms 
in a given sample. 

Coherent spatial filtering techniques are employed. 
Diatoms in water samples are compared under laser 
light in a microscope with previously obtained pat-

terns of diatoms of various types and the match be
tween the sample and pattern is checked by computer 
under various orientations. The computer then stores 
the counts of various diatom species. 

The basic hardware and computer programs have 
already been developed. The present year will be a 
critical one for extensive testing and refinement of the 
system. 

This supplementary award provides for the acquisi
tion of additional varieties of diatom species and the 
preparation of specimens for their inclusion in the 
collection of optical spatial filters used in the laser 
holography system. Work will also be continued on an 
advanced optical system for bypassing the intermedi
ate preparation of a photographic image of the dia
toms, on the computer simulation of diatoms, and on 
a white-light illumination system. 

Effects of Pollutants on Gills of Fresh Water Fishes; PaulO. Fromm; Michigan State University, Department of 
Physiology, East Lansing, Michigan 48824; $27,600, 12 months beginning July 1, 1977 

Gills represent that tissue or organ of fishes which is 
maximally exposed to water- borne pollutants. Con
tinuous ventilatory activity insures that the concen
tration of any toxicant present in the aquatic environ
ment is maintained at the respiratory surface. It is 
reasonable to believe that a study of the action of pol
lutants on fish gills will provide valuable information 
relative to the impacts of man's activities on the aqua
tic environment. 

The primary objective of this project is to develop 
the isolated perfused gill preparation as a model to 
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study the effect of selected pollutants on fish. The 
overall project will consist of three main divisions: (a) 
experimental investigation of the permeability prop
erties (flux of water across) isolated perfused gills and 
the effect of pollutants on same; (b) a study of the salt 
transport capabilities in gills exposed to pollutants and 
(c) biotransformation of pollutants by gills during 
transit of materials from the ventilate to the blood 
vascular space. 



Immunological Studies of Cadmium and Zinc Binding Proteins; Justin S. Garvey; Department of Biology, Syra
cuse, New York 13210; $109,100 for 24 months beginning July I, 1977 

A number of metals are known to cause deleterious 
human health effects at moderate and high doses. For 
example, lead from paint and mercury used as seed 
coatings have been the causitive factors in many 
human illnesses and deaths. These well-known cases 
have raised suspicion that all heavy metals and re
lated metalloids may have adverse human health 
effects. Cadmium has been shown to be a renal toxin, 
and arsenic and selnium have long been known to be 
acutely toxic. However, little is known about the long 
term low-level toxicity of the heavy metals. Studies 
have been and are being conducted in laboratory ani
mals to determine this, but it is difficult to extrapolate 
the results to humans. Regulatory agencies charged 
with the responsibility of protecting human health and 
the environment depend on epidemiological studies as 
well as animal test results when setting allowable 
limits, standards, and tolerances for the heavy metals. 
However, epidemiological studies are extremely ex
pensive and are further complicated by a lack of quan
titation of exposure levels by the involved individuals. 
Epidemiological studies would be less expensive and 
more reliable if better diagnostic techniques for expo-

sure were available. The research sponsored by this 
grant seeks to accomplish this goal for cadmium and 
zinc exposure. 

Metallothioneins are metal binding proteins which 
are synthesized by an organism in response to expo
sure to certain divalent metals, i.e., cadmium, mer
cury, zinc and silver. The production of metallothio
nein is an indication of exposure to heavy metals. 
Identification of the specific metallothionein can be 
used to determine the exact metal of exposure. Quan
tification of the protein produced can be used to esti
mate the dose. A radio immunological technique is 
being developed to measure exposure to thespe
cific antisera against the metallothioneins. These 
antibodies are then used as immunological reagents 
to study the subtle differences in the proteins as well 
as to visualize the metallothioneins in the cells and 
tissues of the experimental animals. Extracts from 
blood plasma, urine and selected tissues are being used 
to investigate the feasibility of a radioimmunoassay 
for quantitating exposure to the metals. 

Cytogenetic Effects of Mutagens and Mitotic Poisons of Mammalian Cells; T. C. Hsu; University of Texas, M.D. 
Anderson Hospital and Tumor Institute, Houston, Texas 77030; $73,400 for 12 months beginning January 
15, 1977 

Cancer authorities estimate that a large percentage of 
cancer is caused by environmental factors. An un
known and possibly large factor is exposure to manu
factured organic compounds or their degradation pro
ducts in the environment-pesticides, plastics, food 
additives, etc. Undoubtedly, some chemicals pose un
reasonable hazards in their manufacture, processing, 
transportation, and use. On the other hand, there are 
chemicals with lifesaving abilities and others which 
add significantly to productivity and the quality" of 
life. But which chemicals are the hazardous ones? 
There is an urgent need for quick, inexpensive and 
reliable tests for screening chemicals for adverse 
health effects. Conventional tests in laboratory ani
mals are accepted as applicable to the human experi
ence, but there are not adequate resources, trained 
personnel, or time to exhaustively test the thirty thou
sand or more commercial chemicals in use in the 
United States annually. New, rapid techniques are 
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needed for screening chemicals for their potential to 
cause mutations so that those with the highest poten
tial can be extensively tested and the risk assessed in 
order that intelligent regulatory decisions can be made 
concerning the use of such chemicals. Several test 
systems using bacteria are in wide use but the sim
plicity of the bacterial mechanisms are obscuring pos
sible effects to humans. 

It is the purpose of this project to use mammalian 
cells as test systems. A protocol is being developed 
for the rapid screening of chemicals for their ability to 
cause chromosome breaks or otherwise interfere with 
mitosis in mammalian cells both in cell culture and in 
vitro. In addition, attempts are being made to refine a 
technique for visualizing premature condensed chro
mosomes so that background abnormality rates for 
genetic diseases can be estimated. An investigation 



will also be initiated to assess the feasibility of using 
male, mammalian meiosis as a test system for envi
ronmental mutagens. And finally, investigation will 
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be made using selected chemicals which cause "domi
nant lethals" in the Chinese hamster to ascertain the 
mechanism ofthis process. 



METALS AND ORGANOMETALLICS 

The purpose of the Metals and Organometallics program is to research the effects 
of organometallic compounds on human health and on ecosystem structure and 
function. 

Source~ of Lead in Children; Paul B. Hammong; University of Cincinnati, Cincinnati, Ohio 45267; beginning 
August 1, 1977; $5,800 for 3 months 

This award seeks to develop techniques for assessing 
the sources of excessive lead exposure in young chil
dren via the route of oral ingestion of non-food ma
terials. 

For any potential source of lead, it is not enough to 
know its lead concentration in order to assess prop
erly its degree of hazard. It is equally important to 
know the amount which children might consume or in
hale. With regard to inhalation, the limits are reason
ably well-known. Inhalation of air is a continuous, 
obligatory process which is proportional to the meta
bolic demands of the individual. This appropriate air 
sampling studies combined with the usual measure of 
internal exposure, reflected as concentrations of lead 
in blood (PbB), have provided a reasonable estimate 
of air lead hazard. But the patterns of oral intake of 
non-food items (pica) by children are imprecisely 
known. Until they are known it will remain virtually 
impossible to assess the hazard of these substances. 
The objective of this investigation is to establish how 
frequently children eat excessive amounts of lead, and 
to define the environmental milieu in which this ac
tivity occurs. 

It is assumed that children who eat excessive 
amounts of lead are to be found among those with 
elevated PbB's. It is further assumed that elevated 
fecal lead excretion will occur subsequent to elevated 
lead ingestion. Although the absorption of lead is no 
doubt variable and is known to be as high as 50 per
cent in young children, even this outside figure pro
vides for enough residual fecal lead to allow at least 
gross estimates of oral lead intake to be made. 

The procedures which have been undertaken and 
are leading to the accomplishment of this objective 
are enumerated as rollows: (I) identification-and en
rollment of subjects into the project cohort; (2) pro
curement of stool samples; (3) investigation of home 
environment; and (4) analytical procedures for sample 
analysis including origin of the sample lead content by 
source. Funds provided by this award are being used 
to complete analyses of lead in the environmental and 
fecal samples taken during studies of body burden 
clearance rates for children who have been relocated 
into low lead hazard areas. 

An Interdisciplinary Study of Environmental Pollution By Lead and Other Metals; Gary L. Rolfe; University of 
Illinois at Urbana-Champaign, Institute for Environmental Studies, Urbana, Illinois 61801; $7,700 for 
6 months beginning May 1, 1977 

The general objectives cif this project were to deter
mine and evaluate the effects of lead on productivity 
of both agricultural crops and urban vegetation re
sulting from the continued use of leaded gasoline, and 
to determine the distribution in urban systems of par
ticulates with possible associated health hazards to 
which humans are subjected. 
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The original goal of the project was to establish 
inputs, distribution, pools, and sinks of lead in a typi
cal midwestern agricultural ecosystem with a small ur
ban component as a basis for evaluating the problem 
resulting from automobile lead emissions. These 
studies were completed and formed the basis for two 
final research objectives: determination of the current 



or potential effects on productivity of both agricul
tural crops and urban vegetation impacted by the use 
of lead in gasoline; and determination of the urban 
distribution of lead and characterization of lead-con
taining particulates in urban systems to which humans 
are subjected. 

Risk/benefit methodology was· applied to the 
above-mentioned problem areas in order to weigh the 
nsks to plant groWth and yield and to human hea1th 
in urban systems versus the energy and economic 
benefits of the continued use oflead in gasoline. 

Information resulting from the project has been 
disseminated by project research reports, publications 
in the scientific literature, presentations at scientific 

meetings, and personal interaction with project inves
tigators and scientists and/or decisionmakers at other 
universities or research groups. Increased emphasis is 
to be placed on data utilization. Communication has 
been developed with State and Federal environmental 
and housing authorities that will allow for direct utili
zation of much of the data generated by the project. 
Contacts in the agricultural area are being encouraged 
to promote utilization of the lead effects on crop yield 
data. 

This supplemental effort is concerned with testing 
and evaluating a computer-based model which is de
signed to predict how lead-induced stresses in agricul
turally important plants may affect crop yield. 

The Environmental Flow of Cadmium and Other Trace Metals; Kenneth J. Yost; Institute of Environmental 
Health, Purdue University, West Lafayette, Indiana 47907; $216,500 for 12 months beginning January 1, 
1977 

This award provides support for a continuation of 
work under a previous NSF grant. 

The overall objective of this project is to provide 
technical data and information which will contribute 
to the national formulation of emission/effluent stan
dards that will adequately project the environment 
while minimizing the economic impact of these stan
dards on the metals industries. Specifically, this project 
is concerned with the environmental problems that are 
attributable to the steelmaking, zinc smelting and 
metal finishing industries responsible for major re
leases of cadmium, zinc and other heavy metals from 
their plant emission/effluent systems. 

During this period of support detailed analyses of 
emissions from steelmaking activities, principally the 
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coke oven and basic oxygen furnace operations, will 
be carried out. For the electroplating industry, re
search will center on the improvement of waste treat
ment systems to control metal. discharge in plant 
effluents. The environmental impact of heavy metals 
released by these industries will be assessed by deter
mining the response of terrestrial ecosystems I within 
the zone of elevated exposure. The source emission 
data and the environmental response data are being 
integrated into computer-based models which will 
yield scenarios of environmental impacts for various 
heavy metal dispersive use patterns. This information 
is intended to form the basis· for the establishment of 
regulations relating metal emissions to acceptable 
ambient standards of quality. 



ORGANIC CHEMICALS OF COMMERCE 

The objective of the Organic Chemicals of Commerce program is to develop meth
odologies for hazard prediction with regard to organic chemicals. In addition, the 
program seeks to determine the transport, effects, and fates of critical organic com
pounds which pose threats to human populations and environments in high exposure 
areas; investigate the effects on human health of persistent, low level exposure to 
critical organic compounds in areas of high release; and assess the economic, legal, 
and socio·political implications of hazardous levels of specific organic compounds in 
the environment. 

Effects of Chemical and Physical Properties of Organic Compounds on their Biodegradation; Martin Alexander; 
Cornell University, Department of Agronomy, Ithaca, New York 14853; $140,000 for 12 months beginning 
February 1, 1977 

The objectives of this research program are to develop 
data that would facilitate the prediction of the be
havior, fates, and effects of organic chemicals in the 
environment. This would allow the chemical industry 
and regulatory agencies to predict which chemicals 
from among the tens of tho,llsands of commercial 
chemicals should receive priority attention for inves
tigation and testing. 

The specific goals of this research project are to es
tablish principles regarding biodegradation. It focuses 
on the biodegradation of individual organic com
pounds and mixtures of chemicals of environmental 
importance. Individual organic compounds are being 
studied in order to determine why readily degradable 
molecules become resistant when particular substitu
ents are added to the molecules, to establish why some 
biodegradable substances are not metaboliz¢ readily 
in certain environments, and to assess the significance 
of co metabolism (the failure of microbes to degrl!de 
molecules, the products of which do not support 
growth) to the biodegradation of chemical pollutants. 
Since municipal and industrial wastes are often 
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blended prior to treatment, it is important to estab
lish principles of biodegradation regarding biodegra
dation for complex mixtures. Thus the project seeks 
to determine the effect of utilizable nutrients and 
structural analogs of potential pollutants on their rate 
of biodegradation in mixtures and the role of comet
abolism in biological decomposition of mixtures of 
chemicals entering natural ecosystems. Chemicals for 
study include halogenated alkanes and benzenes, 
chlorinated benzoates and various substituted benzoic 
acids. 

Results of this project will be of value to several 
users. First, organic chemical manufacturers are 
increasingly under pressure to develop new com
pounds that are less toxic and less persistent, and the 
expected results of this study will be instrumental in 
the design of new environmentally compatible organic 
chemicals. The development of hazard prediction ca
pabilities based on the structure and properties of the 
chemicals is an expressed need of local and Federal 
regulatory agencies. 



Chemodynamic Studies on Bench Mark Industrial Chemicals; Cary C. T. Chiou; Oregon State University, 
Environmental Health Sciences Center; Corvallis; Oregon 97331; $4,000 supplement beginning March lO, 
1977 

During the past three decades there has been an enor
mous increase in the amount and number of chemicals 
used by modern society. This situation is a result of the 
productivity of the synthetic chemists in responding to 
man's desire for a higher standard ofliving. Thus, we 
have a continuing increase in the production and use 
of drugs, food additives, pesticides, and industrial 
chemicals. The proliferation of chemical usage has 
elicited concern over the long-range effect of those 
materials on man and his environment. Many of these 
chemicals have become widespread environmental 
contaminants and are known to have detrimental 
health effects. 

In order systematically to identify presently used or 
new compounds that are likely to cause widespread 

environmental problems, one needs to have better 
knowledge of the environmental behavior and tox
icological properties of several classes of synthetic 
organic compounds. In this project, several physical 
and chemical properties of a number of model com
pounds representing several classes of industrial 
chemicals will be measured in order to provide data 
needed to correlate the environmental behavior of 
compounds with their chemical and physical proper
ties. This type of correlation is needed in order to de
velop reliable predictive models of the environmental 
behavior of as yet untested compounds. 

Identification of Mutagenic Organic Compounds in Environmental Samples; Barry Commoner; Washington Uni
versity, Center for the Biology of Natural Systems, St. Louis, Missouri 63130; $199,900 for 12 months 
beginning July I, 1977 

In recent years man has become environmentally ex
posed to a wide and increasing variety of chemicals, 
some of which are mutagens. Man's genes constitute 
his most. percious heritage, and deterioration in gene 
quality can result in a corresponding decrease in the 
qual1ty of life. Clinically recognizable genetic dIseases 
currently affect about six percent of the population 
during their lifetime, and this figure is believed to be 
a substantial underestimate due to difficulti~ in recog
nizing many genetic diseases. The concern for mut
agens is compounded by the fact that many of them 
are also known to be carcinogenic. 

These concerns have led scientists to develop and 
apply fast, inexpensive test systems capable of detect
ing environmental mutagens. Once the tests are de
veloped, they can be used to analyze suspect environ
mental samples for mutagens. Organic chemicals re
presenting a wide variety of functional groups and 
structures must also be tested so that structure/ 
biological activity relationships can be determined. 
These relationships must be known ifthe behavior and 
effects of organics are to be predict~. 
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This project has several objectives related to the 
probl<ams discussed above. First, investigators are 
working on improvements of the Salmonella test, 
which is a much more rapid screening tests for 
mutagenic chemicals than the traditional slow and ex
pensive animal tests. Second, they are applying this 
test to a large number of chemicals already known to 
be carcinogenic or non-carcinogenic to determine its 
reliability. Third, they are examining environmental 
samples for the presence of chemicals that give posi
tive results, indicating the presence of mutagens. Once 
positive mutagenic tests are obtained, the specific mu
tagenic chemical can be identified using various 
chemical and physical techniques. 

The investigators are also determining the path
ways of organic carcinogens from their origins in 
water and air to man to estimate the total human ex
posureto carcinogens. 



N-Nitroso Derivatives of Pesticides and Other Chemical Formulations; David H. Fine; Thermo Electron Corp., 
Waltham, Mass. 02154; $301,500 for 12 months beginning December 13. 1976 

Nitrosation is a chemical reaction in which a nitrogen
to-nitrogen bond is formed between an amine nitrogen 
and the nitrogen of nitrite ion. The resulting chemical 
is called a N-nitrosamine. Although no epidemiologi
cal evidence links N-nitrosamine exposure to cancer 
in humans, many nitrosamines that have been tested 
in animals have been shown to be carcinogenic. There 
are N-nitrosamines that have been shown to induce 
cancers after a single exposure. Considerable regula
tory concern has been exercised over N-nitrosamines 
in human food, i.e., smoked and cured meats. N-nitro
samine contamination of chemical formulations, as 
found by the research funded by this grant, has been 
shown to be several million times greater than in 
foods. 

The possibility of nitrosation of pesticides in the 
environment was first shown by researchers at the 
Environmental Protection Agency's laboratory at 
Athens, Georgia, in 1975. They showed that atrazine, 
one of the most widely used corn herbicides, could be 
nitrosated at environmentally attainable conditions of 
temperature and acidity. This finding is particularly 
significant in that atrazine is usually applied to 
agricultural soils which also receive heavy treatments 
of nitrate fertilizers and/or liquid ammonia. In addi
tion, levels of atrazine in the range of several parts per 
million- have been found in some drinking waters in 
the U.S. Atrazine is not the only pesticide that could 
theoretically be nitro sated in the environment. It is 
but one of a widely used class of triazine herbicides. If 
amines (including the triazines and other pesticides) 
can be nitrosated in the environment, there may be a 
serious human health risk which has been previously 
ignored. 

The objectives of the study are to complete the in
vestigation of the nitrosation of pesticides in the en
vironment (particularly in soils) as originally pro
posed, and to estimate the extent.to which N-nitrosa
mines occur as contaminants in consumer products 
and in materials to which industrial workers are ex
posed. The need for a survey of nitrosamine contam
ination emerged in the study of the nitrosation of 
pesticides under the original grant when the investi
gators analyzed the pesticide formulations for pos
sible contaminants in order to assess background 
nitrosamine levels. The startling results of this survey 
led them to investigate other consumer and industrial 
products for contamination. Much congressional, 
public and government interest accompanied these 
results when they were made available by NSF to con
cerned government agencies, manufacturers of the 
products, a congressional hearing, and the press. This 
will include a survey of a variety of consumer and in
dustrial goods for N-nitrosamine contamination. Con
firmation of the results will be by mass spectroscopy 
and comparison with authentic samples of the niiros
amines. The magnitude of human exp_osure to nitros-
amlnes is needed in order to assess the role of these 
chemicals in the causation of human cancer. The sur
vey to be conducted under this grant will provide in
formation on the most likely sources of human ex
posure. This information will assist a number of reg
ulatory agencies, e.g., the Environmental Protection 
Agency, Consumer Product Safety Commission, 
National Institute of Occupational Safety and Health, 
Food and Drug Administration, in quantitating the 
risk associated with exposure to these compounds. 

Fates of Industrial Synthetic Organic Chemicals: A Case Study; Ronald A. Hites; Massachusetts Institute of 
Technology, Cambridge, Massachusetts 01239; $197,400 for 12 months beginning July 1, 1977 

The environmental hazard caused by various synthetic 
industrial organic compounds is now well known. 
Pesticides, polychlorinated biphenyls,. chloro-ftuoro
methanes, tetrachloro-dibenzodiozane, and phthalate 
esters are only a few examples of industrial organic 
compounds which have been found to hav.e deleterious 
environmental effects. One of the, most effective 
points at which controls of these compounds could 

22 

be initiated is the industrial site where they are either~ 
produced or used. Before regulations can be estab
lished, it is necessary to know the identities and quan
tities of the organic compounds in the wastewater 
from such industrial sites and to know what happens 
to these chemicals once they have entered the 
environment. 



The purpose of this project, which is in its second 
year, is to identify and quantify the organic com
pounds in the efHuent waters from several organic 
chemical manufacturing sites. During the first year, 
efHuents from seven sites were studied, primarily by 
gas-chromatography jmass-spectrometry methods. 
During the present grant, more detailed studies of the 
efHuents from two of those plants will be made, in
cluding measurements or organic chemicals in water 
sediments, and organisms, at various distances down
stream, in order to determine fates of the chemicals 
after release. A survey will also be made of organic 
chemicals in the Delaware River, as some of the 
largest chemical plants ih the country deposit wastes 
in the River. People in areas adjacent to the River 

have unusually high rates of cancer which may be 
related to their exposure to organic carcinogens. 

Immediate user groups of this study are the EPA 
and the companies cooperating in the research. Dis
semination of the results to a wider user community 
will take place with the assistance of MIT's Industrial 
Liaison Program HLP), a program designed to bring 
MIT technical advances to the attention of industry. 
ILP will sponsor a day-long seminar to which con
cerned user groups will be invited and at which results 
and conclusions will be presented. Another interested 
concern is the Delaware Basin Commission in Tren
ton, New Jersey, which is responsible for the long
term clean-up ofthe Delaware River system. 

Characterization of Aquatic Organics and Complexe~; Walter J. Maier; University of Minnesota, Minneapolis, 
Minn. 55455;$206,700 for 12 months beginning June 15, 1977 

Many organic compounds are capable of forming 
complexes with transition metals and other elements. 
The complexes may have different properties from 
the uncomplexed metal with respect to movement 
through soil and water and across membranes. In 
some cases the complex could increase the rate of 
absorption of the metal; in others, it might inhibit ab
sorption. Some of the metals subject to complexa
tion are considered toxic (e.g. mercury, cadmium); 
others e.g., iron, manganese, chromium, copper are 
essential micronutrients which can be toxic if present 
in excess. Industrially synthesized compounds of con
cern in this regard would be the high-volume chelating 
agents such as nitrilotriacetic· acid and ethylenedi
aminetetraacetic acid anrl others which can exhibit 
binding potential. What are the relative effects of 
these materials as compared to known natural com
plexing agents such as the humic and fluvic acids? 

Intensive utilization of land and water resources 
coupled with the proliferation of new chemicals has 
resulted in an accumulation of organic and inorganic 
constituents in nearly all natural waters. A significant 
fraction of these constituents are detrimental to pub-

lic health and aquatic ecosystems. However, the 
available information about aquatic organics is in
adequate for the formulation of sound control pol
icies, remedial action, and effective but economical 
monitoring programs. 

The objective of this project is to characterize 
aquatic organics in the Upper Mississippi River as 
related to identity, chemical-physical properties, 
source-related behavior, transport, and metal 
interactions. Water samples are· being obtained from 
the river and major inflows consisting of precipita
tion, subsurface seepage, surface runoff and 
municipal-industrial efHuents. Initially, aquatic 
organics are sepatrated by molecular size and ele
mental composition, and subsequently fractionated 
into hydrophobic and hydrophilic classes from which 
acidic, neutral, and basic compounds are separated 
and concentrated. Techniques such as high pressure 
liquid chromatography, gas chromatography-mass 
spectrometry, and chemical ionization mass spec
trometry are being used to intensively characterize 
and identify organic components in these fractionated 
samples. 

Chemical Oxidation Processes in Aquatic Environments; Theodore Mill; Stanford Research Institute, 333 Ravens
wood Avenue, Menlo Park, California 94025; $7,970 Supplement, Effective November 26,1976 

About 20,000 organic chemicals are manufactured in 
this country every year in quantities of over a million 
pounds each. Nearly 500 new organic compounds 
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enter commercial channels each year. A significant 
fraction of these chemicals is lost to the environment 
during their manufacture, transportation, and use, 



or in the disposing of products made from them. Or
ganic chemicals in wide variety are thus distributed in 
soil, water, and air in concentrations that may in
crease to dangerous levels if the compounds are 
not readily degraded by chemicals or biological 
processes. 

Environmental protection agencies must fre
quently make decisions regarding these large num
bers of chemicals based on incomplete information, 
for it is unreasonable to expect that detailed research 
on the environmental behavior of so many substances 
will be undertaken. Moreover, regulatory agencies 
tend to concentrate their research efforts on specific 
substances already . perceived as potential environ
mental threats. There is needed, therefore, a broad 

base of scientific knowledge that would allow extra
polation from the data on a few representative 
chemicals to the entire universe of organic com
pounds. This project then IS concentrated on the 
generalities of chemical processes governing the de
gradation of organic chemicals, and on the properties 
of natural aquatic systems that influence oxidative de
gradation. The research is confined to non-biological 
oxidation processes. The roles of photochemical, 
catalytic, and free radical processes will be 
investigated. 

A secondary goal is to develop improved experi
mental procedures for testing the degradability of 
organic compounds under simulated natural con
ditions. 

Exploratory Study of Exposure of Migrant Workers to Pesticides and Pesticide Residues; Clarence B. Owens; 
Florida Agricultural and Mechanical University, Tallahassee, Florida 32307; $67,600 supplement 

This award provides supplemental funds to a previous 
AENV grant. Among agricultural workers, migrant 
field workers are most at risk of exposure to a com
bination of adverse elements which may effect their 
health and their productivity. These elements include 
not only potential exposure to a greater variety and 
higher dosage of pesticides but socio-environmental 
factors related to housing, health, and nutrition. 
During the past five years, several states along the At
lantic Coast migrant stream have' reported incidents 
of pesticide-related illness among migrant farm 
workers. The causative factors are not known but ap
parently there are· a number of variables that can 
singly or synergistically interact with other variables 
to cause illness. The principal factors associated with 
conditions relating to the health of workers should be 
isolated if meaningful safety standards are to be 
initiated for migrant workers. These analyses should 
also provide insight on the potential human health risk 
to those populations exposed to much lower levels of 
pesticides. 

The project, which is jointly supported by the N a
tional Science Foundation and the U.S. Environ-

mental Protection Agency, is a field investigation of 
migrant worker exposure to pesticide and pesticide 
residues. The major objective is to ensure agricultural 
worker health and safety in the area of pesticide ex
posure. The project team has traveled with migrant 
crews harvesting agricultural crops on the Atlantic 
Coast from Florida to the southern New England 
states over an eleven month harvest cycle. During 
this time data on such factors as health, education, 
housing conditions, incidence of ill-health and pesti
cide related illness, and amounts and types of pesticide 
usage have been collected. 

This award will provide assistance necessary to 
complete the analysis of collected data and the prepa
ration of special reports describing the results and 
conclusions of this work for a variety of user groups 
concerned with production agriculture and human 
health. 

The University of Houston, the University of 
Texas, and the University of Iowa are participating 
in this project through contractual arrangements with 
Florida Agricultural and Mechanical University. 

Socio-Behavioral Responses to Chemical Hazards; Enrico L. Quarantelli; Ohio State University, Disaster 
Research Center, 127-129 West 10th Avenue, Columbus, Ohio 43201; $188,600·for 12 months beginning 
June 1, 1977 

Chemical disast~rs represent a serious threat to popu
lations in the United States today. Tens of thousands 
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of different chemicals are produced in this country 
each year and new chemicals are being developed at 



a rapid rate. This creates the potential for major 
problems in the storage, transport. use and disposal 
of such products. It is also likely that chemical disas
ters will increase in both frequency and magnitude in 
the future. 

In spite of the increasing threat to chemical disaster, 
little social science research has been conducted on 
this hazard. This study focuses on the socioeconomic 
and political factors related to the adjustment of 
communities to chemical disasters. The research will 
involve three principal tasks: extensive exploration 
of organization and community preparations for sud
den chemical disasters in vulnerable localities; in
depth study of the emergency time responses and 
problems in catastrophic events, major accidents, 

acute hazardous episodes and severe chronic events of 
a chemical nature; and longitudinal examination of 
selected cases of recovery from episodic and recurrent 
chemical disasters. As the study moves from one 
phase to another findings will be reviewed with poten
tial users. The study should result in the identification 
of policy options for mitigating the impact of chemical 
disasters and the identification of the implications of 
similarities and differences between natural and chem
ical disasters for planning, policy, operations and 
research on chemical disasters. Policy implications 
of the study will be disseminated to potential 
user groups throughout the course ofthe three-phased 
project, and will not await the completion of the 
study. 

An Investigation Into the Chemistry of the UV-Ozone Water Purification Process; Erick Leitis; Westgate 
Research Corp., Los Angeles, Calif. 90025; $94,800 for 12 months beginning May 15,1977 

Empirical research has demonstrated a synergistic 
effect in the simultaneous action of ultraviolet (UV) 
light and ozone in decomposing organic materials in 
very limited classes of organic wastes. The detailed 
chemical and photochemical mechanisms accounting 
for this synergism are not known. The success of the 
process in dealing with a few organic chemicals by 
trial--and-error methods suggests that it could be 
widely applied to the decontamination of industrial 
process waste streams and to the purification of drink
ing water. 

For wide application, however, cost would be 
more of a factor than was the case in the specialized 
applications for which the process has been developed. 
This is why it is necessary to understand the detailed 
chemical mechanisms through which UV light and 
ozone exert their effects. To make the most economic 
application of the process to any given combination of 
organic chemicals, it will be necessary to know the 
sequence of chemical and photochemical processes by 
which the synergism is achieved. An understanding 
of the reaction pathways and of their relationships to 
one another, along with data on the detailed kinetics 

and the effects of operating parameters, will provide 
the requisite guidance for the engineering design of 
the most effective and most cost-effective systems. 
Such knowledge will allow one to estimate for which 
waste-disposal and water-purification problems the 
UV -ozone process is likely to be practical. 

The objective of this research is to determine what 
these mechanisms are for representative organic 
mole'iules, and what factors control their action. The 
ultimate purpose of the research is to gain an under
standing of the mechanistic details sufficient to en
able the design of applications of the process to a 
variety of chemicals in waste streams or in drinking 
water. Experiments on model organic chemicals in 
water solution will involve exposure to UV light 
during, before, and after ozonation; treatment with 
reagents that generate OH radicals or single O2 for 
diagnosing reaction mechanisms; and reaction 
product analysis by resin preconcentration or solvent 
extraction followed by gas- or liquid-chromatography 
and mass spectroscopy. Various process parameters 
will be varied, e.g., UV and ozone dosage, . and 
acidity / alkalinity (pH). 

Cancer Mortality in an Urban-Industrial Environment: A Planning Study; Kenneth J. Yost; Purdue Univerisity, 
Institute of Environmental Health, Pharmacy Building, West Lafayette, Indiana 47907; $38,800 for 12 
months beginning May 1, 1977 

The purpose of the study is to assess whether quan
titative relationships exist between gradients of ex
posure to airborne carcinogens typical of an urban-
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industrial environment and cancers of multiple sites 
in humans. 



This project is investigating the incidence and 
prevalence of cai'l'cer in human populations located in • 
the heavily industrialized, urbanized area surrounding 
the southern rim of Lake Michigan in an effort to 
determine whether cancer mortality gradients at the 
census tract level can be shown to be related to the 
exposure gradients of airborne carcinogens. The 
study area, which contains petrochemical plants as well 
as possibly the largest steel producing complex in the 
world, has been shown to have both high ambient air 
levels of known and suspected carcinogenic com
pounds, and a significantly higher tha.n average ~or
tality rate from cancer of the respuatory, gemto-
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urinary, and gastrointestinal tract systems in humans. 

The fundamental hypothesis being tested is that air
borne carcinogens are causative factors in the inci
dence of cancer of the skin and respiratory, genito
urinary, and gastrointestinal tract systems. The testing 
of this hypothesis will be accomplished by deter
mining the history of multiple-site cancer mortalities 
in the study area census tracts. The resulting mortality 
rates will be combined with existing data on indices 
of air pollution, such as total suspended particulates, 
to determine whether or not a presumptive relation
ship between these factors can be established. 



PROGRAM DEVELOPMENT AND UTILIZATION 

The objective of Program Development and Utilization for the Chemical Threats to 
Man and Environment subelement is to assist in the development of and assessment 
of program initiatives and priorities; to promote the cohesiveness of the overall 
program effort by supporting interproject communication; and to assist in the 
effective utilization of research results and program findings. 

Eleventh Annual Conference on Trace Contaminants in Environmental Health; Delbert D. Hemphill; University 
of Missouri-Columbia, Columbia, Missouri 65201; $15,100 for 12 months beginning June I, 1977 

The Eleventh Annual Conference on Trace Con
taminants in Environmental Health is a continuation 
of a series of scientific meetings held under the aus
pices of the University-wide Environmental Health 
Program of the University of Missouri system. 

The purpose of these Conferences is to explore the 
effects on man and ecosystems of trace amounts of 
organic and inorganic chemical substances. The Con-

ferences examine the occurences ofthest; substances in 
enivironmental media, biota, and foods, and the 
processes by which they are transported through 
environmental pathways or produce their effects on 
living forms and ecosystems. These conferences form 
part of an overall interdisciplinary approach necessary 
to understand the complexity of environmental and 
ecological problems and the methods for their control. 

An Evaluation of Toxicological Information Relevant to Future Testing Requirements for Hazardous Chemical 
Substances and Mixtures; John C. Kolojeski; Clement Associates, Inc. Washington, D.C.; $142,793 for 
three months beginning April 1, 1977 

With the passage of the Toxic Substances Control Act 
(PL 94-469), on January 1, 1977, the problem of pre
market testing for the determination of the hazardous 
nature of new chemical substances and mixtures as 
well as existing materials in current, widespread use 
has become a regulatory issue. The provisions of the 
Act established an eight member Interagency Advis
ory Committee to the Administrator of the U.S En
vironmental Protection Agency. The Committee is to 
advise the Administrator of those chemical substances 
arid mixtures which ought to require further testing 
. relevent to a determination of their associated risk 
of injury to human health or the environment. 

This award is a continuation of an NSF contract 
and is to provide technical assistance to the Inter-
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agency Advisory Committee by: (a) providing ap
propriate information on exposure and health and 
environmental effects for a large number of manu
factured chemical substances and mixtures; (b) con
sulting with the Committee during its review of the 
data provided; (c) providing support to the Committee 
in the selection of those chemicals affecting health and 
environment for which further testing appears to be 
appropriate; and (d) providing support to the for
mulation of the Committee's recommendation to the 
Administrator of the U.S. Environmental Protection 
Agency in accordance with the specifications of the 
Act. 



Information Support Services for Chemical Threats to Man and the Environment Program; Robert H. Ross; Oak 
Ridge National Laboratory, Information Center Complex, P.O. Box X, Oak Ridge, Tennessee 37830; 
$150,000 for 12 months beginning July 1,1977 

The Information Center Complex of Oak Ridge Na
tional Laboratory is providing a variety of informa
tion support services to the NSF-RANN program on 
Chemical Threats to Man and the Environment in
tended for the broad community of users of the infor
mation generated by program research. The services 
include: (1) the preparation of overview documents 
summarizing current literature on halogenated or
ganic compounds; focusing on the organohalides of 
strategic environmental and human health concern; 
(2) the publication and distribution of a bimonthly 
abstract journal and newsletter covering all research 

results published by the Chemical Threats program 
grantees; (3) the annual publication of the Chemical 
Threats Directory of program participants; (4) the 
management of a technical information system file; 
and (5) the operation of an environmental response 
and referral center which provides literature searches, 
bibliographies, summaries of information and replies 
to specific questions requested by the community of 
researchers, governmental agencies, industrial organ
izations and interested individuals concerned with the 
environmental and human health aspects of trace 
contaminants. 

Symposium on Terrestrial Microcosms and Environmental Chemistry; James M. Witt; Oregon State University, 
Department of Agricultural Chemistry, Corvallis, Oregon 97331; $62,500; 12 months beginning June 1, 
1977 

Thousands of chemicals in everyday use protect 
health, increase agncultural proauctlon, prOVIde im
proved shelter and clothing, and, more generally, 
raise levels of comfort and convenience. Yet these 
gains simultaneously have led to outcries against real, 
imagined, and suspected impacts of certain chemicals 
such as pesticides and other toxic substances. Con
cern about increased cancer mortality, loss of wildlife, 
loss of productivity of agricultural and forest lands, 
and loss of aquatic productivity have generated legis
lation and regulatory processes which in turn have 
increased awareness of some of the difficulties we face 
(e.g., loss.via pesticide contamination of the non-target 
salmon of the Great Lakes as a human food resource). 
Simultaneously, world population pressures and 
diminished resource bases have intensified demands 
for maximal agricultural productivity and optimal 
health measures and land use. 

Two approaches to evaluation of environmental 
hazards created by these chemicals have been pro
posed and employed to varying degrees. The first lias 
been termed the "Benchmark" approach. The data 
from specified physical, chemical, and toxicological 
tests for a candidate chemical are compared to 
"benchmark data" for typical chemicals of different 
classes for which environmental behavior is known 
and for which impacts have been assessed in the field. 
Alternatively the· evaluation might take the form of 
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comparison of mathematical models of environ
mental fate a~d effects of candidate and "benchmark" 
chemicals. 

A second approach has employed laboratory model 
ecosystems or "microcosms;" The comparative 
behavior and effects of chemicals in these more com
plex systems in relation to comparable field experience 
may provide predictive insight into problematic 
chemicals in advance of actual use. 

A conference and workshop entitled "Symposium 
on Terrestrial Microcosms and Environmental Chem
istry" will be held at Oregon State University during 
the period of June 13-17, 1977 to address critical ques
tions regarding these approaches with a view toward 
producing a protocol for use by industry and regu
latory agencies and sharpening the research focus 
necessary to achieve that end. 

The objectives are to review the state-of-the-art of 
terrestrial microcosm technology; to develop a pro
visional protocol applying terrestrial microcosms and 
chemical benchmarks to predicting environmental 
hazard of industrial chemicals and pesticides; to deter
mine the research needs for development of improve
ment of that protocol; and to provide a forum for 
wider knowledge and constructive criticism of lab
oratory microcosms and environmental chemistry 
benchmark evaluative processes. 



REGIONAL ENVIRONMENTAL MANAGEMENT 

Research in Regional Environmental Management is designed to enhance 
man's ability to deal effectively with regional environmental problems. Support is 
focused on the identification and analysis of environmental problems of selected re
gions and their component interrelated factors, including economics, growth, re
source availability, social, institutional, and organizational as well as physical factors. 
The research is user-oriented and is designed to produce information of value to the 
planning and management of regions or resources to achieve maximum benefit with 
minimum environmental disruption. A continuing effort to coordinate the activities 
of and exchange information among investigators, Federal, State, and local govern
ment agencies, and industry is maintained .. 

The objectives ofthis subelement are to: 

• Provide an improved economic and ecological basis for environmental decision
making; 

• Investigate methods for predicting land use and other secondary consequences 
of environmental control; 

• Synthesize and test regional environmental management strategies; and 

• Examine the applicability of selected techndlogies to regional environmental 
management strategies. 

Research support is concentrated in six areas in FY 1977: 

• Environmental Risk Evaluation 

• Land Use 

• Regional Environmental Systems Evaluation and Synthesis 

• Regional Policy and Decisionmaking 

• Residuals Management 

• Urban Hydrology 
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ENVIRONMENTAL RISK EVALUATION 

The Environmental Risk Evaluation program constitutes a response to the Nation's need to 
know and understand those natural events and human activities capable of harmful environmental 
consequences. 

Application of the Entropy Law to Evaluations of Pollution Control Alternatives; Richard Greeley, The Mitre 
Corporation, Metrck Division, 1820 Dolley Madison Boulevard, McLean, Virginia 22101; $39,000 for 12 
months beginning July 15, 1977 

This is a new award intended to test a concept for 
quantifying the environmental effect of alternative 
pollution control technologies. Recognition of the 
finite nature of the physical environment generates 
the need to direct greater attention to measures of the 
efficiency and flexibility of environmental activities 
and processes. Entropy measure derived from thermo
dynamics and statistical mechanics can provide in
sight into the degree of -disorder and irreversibility as
sociated with each major real world activity. 

Successful development of these measures will 
. facilitate a fuller, more systematic calculation and 
comparison of the environmental and distributional 

consequences of quite different pollution control sys
tems. These systems have a variety of energy, ma
terial, resource and environmental requirements and 
impacts over time. 

This award will develop and test the use of entropy 
measures and estimates as applied to systems for con
trolling the emission of sulphur oxides. Results will 
be compared to other more conventional methods for 
evaluating alternatives to determine insights and lim
itations. Successful completion of this investigation 
would provide a foundation for subsequent Federal 
studies and could lead to the development of a useful 
new type of environmental analysis. 

Development and Testing of Risk-Benefit-Cost Analysis for Policy Formulation; Ivars Gutmanis; Sterling Hope 
Corporation, P.O. Box 19406, Washington, D.C. 20036; $154,000 for 12 months beginning September 1, 
1977 

This is a new award focusing on the development of 
policy tools to provide a basis for systematic analysis 
and management of high consequence/low probability 
events. Current policy aids such as risk-benefit-cost ' 
analysis have provided primarily technical, aggregate 
data to policy makers and little in the way of sys
tematic information on component impacts and alter
native utility functions and expectations. The result is 
that current analytical aids have been found deficient 
in their relevance to operational policy choices. 

This effort attempts to improve the policy relevance 
of risk-benefit-cost analysis by developing quantita-
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tive and qualitative procedures for addressing the 
impacts of risks, benefits, and costs on relevant popu
lation subgroups associated with alternative policies. 
With the cooperation of the Department of Trans
portation, this improved tool will be tested on the 
cO!lsideration of alternative liquid natural gas pol
icies currently under consideration. Both improve
ment in a policy tool and a significant test· of its use 
are expected as results of this award. 



Identifying, Evaluating and Managing Environmental Risks-Part I; Roger E. Kasperson, Department of Gov
ernment and Geography, Clark University, Worcester, Massachusetts 01610; $265,900; for 17 months 
beginning August 1, 1977 

This award intends to structure, clarify, and improve 
upon the current management of environmental risks. 
The responsibility for recognizing and managing 
natural and technological hazards has grown without 
coordination in a variety of agencies and public 
bodies. There is no coherent, effective policy for as
sessing risks and managing hazards. 

This project is to be closely coordinated with one 
at Decision Research, a branch of Perceptronics, Inc., 
located in Eugene, Oregon. Together these research 
teams plan to: 1) develop one structural taxonomy 
of technological hazards based on physical and bio
logical principles, and one socialjpsychological 
taxonomy based on people's perceptions of hazards; 
2) analyze alternative concepts of "acceptable" 

risk; 3) develop improved methods for communicating 
facts about hazards and risk management; 4) map 
the hazard management process; and 5) integrate 
the above by relating risk acceptance and risk man
agement efforts to the structural and psychological 
characteristics of the hazards. 

By using laboratory, case study, and analytical pro
cedures, the multi-disciplinary teams expect to pro
vide an overview of hazards and hazard management, 
systematic conceptual tools for identifying (and per
haps predicting) hazards, broader bases for judgment 
of what is acceptably safe, identification of blockages 
in hazard management, and improved ways to com
municate difficult hazard concepts. (See also, 
SLOVIC, Paul) 

Identifying, Evaluating and Managing Environmental Risk-Part II; Paul Slovic, Decision Research, A Branch 
of Perceptronics, Inc. 1201 Oak Street, Eugene, Oregon 97401; $208,300 for 17 months beginning 
August 15, 1977 

Guaranteeing public safety through the management 
of natural and technological hazards has become a 
major concern of government. Because this respon
sibility has grown without coordination in a variety of 
agencies and public bodies, we have today no co
herent, effective policy for assigning risks and manag
ing the hazards that face us. A variety of problems 
have arisen as a result. These include laws and 
regulations with inconsistent dictates, laws that are 
too strong to be met or too weak to afford protection, 
agencies with overlapping mandates, conflicts between 
different philosophical approaches to risk manage
ment, and conflicts between the public, industry and 
governrnent. From previous research and reviews of 
problems faced by risk assessors and environmental 
managers under current mandates, four major 
areas have been identified and will be addressed by 
this proposed effort. These areas are: hazard indenti
fication, acceptability of risk, communication of risk 
information, and the societal management of risk. 

This project is to be closely coordinated with one at 
Clark University. Together these research teams plan 
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to develop one structural taxonomy of technological 
hazards based on physical, biological principles, to 
develop one socialjpsycological taxonomy based on 
people's perceptions of hazards, to analyze alterna
tive concepts of "acceptable" risk, to develop im
proved methods for communicating facts about 
hazards and about risk management, to map the 
hazard management process, and to integrate the 
above by relating risk acceptance and risk manag
ment efforts to the structural and psychological char
acteristics of the hazards. By using laboratory, case 
study, and analytic procedures, the multidisciplinary 
teams expect to provide an overview of hazards and 
hazard management, systematic conceptual tools for 
identifying (and perhaps predicting) hazards, broader 
bases for judgements of what is acceptably safe, iden
tification of blockages in hazard management, and 
improved ways to communicate difficult hazard 
concepts. (See also KASPERSON, Roger) 



LAND USE 

The objective of the Land Use program is to provide an improved scientific informa
tion base for maintaining environmental quality and managing regional environ
mental problems through land use decisionmaking. General research initiatives in
clude efforts to determine land use impacts on selected governmental policies and 
on private activities; determine physical, socio-economic, and environmental effects 
of various land uses; determine problems, effects, and effectiveness of particular 
land use policies, decisionmaking processes, and management programs and tech
niques in achieving environmental and socioeconomic goals; and evaluate and 
demonstrate the capability of selected technologies for improving land use planning 
and management. 

An Air Quality Model of Agricultural Field Burning in Oregon's Willamette Valley; E. Wendell Hewson; Depart- . 
ment of Atmospheric Sciences, Oregon State University, Corvallis, Oregon 97331; $70,600 for nine months 
beginning November, 1976 

The Livermore Regional Air Quality (LIRAQ) 
model, developed for the greater San Francisco Bay 
area, is being tested for applicability to the air pol
lution problems associated with agricultural field 
burning in the Willamette Valley of Oregon. 

The model is being used to help select postulated 
time and area strategies for burning grass seed fields 

such that the resulting air pollution can be,minimized. 
The potential advantage of the model is its ability to 
calculate smoke concentrations throughout the Valley 
that will result from burning at specific sites and times 
for a variety of selected meteorological conditions. 

An Air Quality Model of Agricultural Field Burning in Oregon's Willamette Valley; Charles D. Craig; Air 
Resources Center, Oregon State University, Corvallis, Oregon 97331; $110,400, 12 months beginning 
July 27,1977 

The grass seed industry in Oregon's Willamette Val
ley currently produces 70 percent of the Nation's an
nual grass seed. Current practices use field burning 
after harvesting as the primary mechanism of field 
sanitation and pest and disease control. Field burning 
is both effective and economical; however, the r-esult
ant air pollution problems have generated public con
cern and resentment about the practice. While this 
particular problem is very localized in nature, burning 
for sanitation and waste disposal purposes is con
ducted in several areas of the country as a cost
effective agricultural and forestry practice. The devel
opment of effective strategies to minimize the air 
pollution potentials. associated with these practices 
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would be important to several areas of the country 
and to the agricultural and forestry concerns currently 
using field and slash burning as a means of product 
production and protection. 

This research project is concerned with the evalua
tion of smoke management strategies to minimize air 
pollution resulting from such field burning as experi
enced in the Willamette Valley. To accomplish this 
objective, the Oregon State University research team 
is applying the Livermore Regional Air Quality 
(LIRAQ) model to evaluate the degree of air pollu
tion potential to be expected under di'fferent burning 
procedures and meteorological conditions. 



This grant provides for completion of work related 
to the generation of data required for model use in the 
Willamette Valley. During the summer burning 
season, meteorological data is being collected and 
coded for use with the LIRAQ model. Subsequently, 

various burning strategies are being evaluated through 
the use of the· LIRAQ model. Qualitative evaluation 
of the model credibility is possible through the assess
ment of pollution data collected during the burning 
season. 

Land Use Dilemmas and Public Policy: An Assessment of Research Needs; Michael F. Brewer; Academy for Con
temporary Problems, 2030 M Street, N.W., Washington, D.C. 20036; $24,900 for 4 months beginning 
February, 1977 

Over the last decade nationwide concern and debate 
developed over the issue of how land is used, its rela
tionship to overall quality of life, and whether and 
how land use should be controlled and managed. In 
the last five years in particular there have been num
erous new policies, laws and decisionmaking processes 
adopted at all levels of government in response to per
ceived land use problems. During this period there 
has also been an extensive investment by both the 
public and private sectors in applied research related 
to land use problems and solutions. Most of this pub
lic policy and research activity has been based on per
ceptions of the late 60's and early 70's of what con
stituted causes and solutions of land use problems. 
Given the passage of time and the significant level of 
research and policy action during that time period, 
there appears to be a significant national need for a 
review of the status of land use issues and an assess
ment of future research needs. 

The purpose of this award is to review the status of 
land use issues and to determine the likely need for 

land use research over the next decade. Specific re
search questions include the following: 1) what is the 
current state of land use issues, of public policy and 
planning practice, and of our knowledge concerning 
causes and solutions of land use problems; 2) what are 
likely to be the most important land use issues facing 
the Nation in the next decade; 3) what important 
knowledge gaps exist related to these issues; 4) what 
is the role of research in meeting any national need 
identified; and 5) how can such research best be 
accomplished. 

The project objective is to be accomplished through 
a process designed to obtain broad involvement of in
dividuals and organizations representing the research 
community, public policy officials, practicing pro
fessionals, and private sector decisionmakers. This 
award is for a four month first phase effort to develop 
the de~ign and detailed plan for. conducting the pro
posed analysis. 

Local Land Use Development Management Through Capital Improvements Programming; James E. Hoben; U.s. 
Department of Housing and Urban Development, Washington, D.C. 20410; $80,000 for 12 months, 
beginning September 21, 1977 

This award amends an existing interagency agree
ment between the U.S. Department of Housing and 
Urban Development (HUD) and the National Science 
Foundation (NSF). The original agreement provided 
for joint-HUD-NSF support of a research project to 
be initiated by HUD through a contract awarded in a 
competitive process. The contract was awarded to the 
American Society of Planning Officials with the re
search objective of assessing the theory and current 
local government practices concerning coordination 
of capital investments with land use and development 
management policies. 
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To date, the contract has completed the following: 
a) a review and analysis of existing literature; b) a 
reconnaissance of local governments; and c) prepara
tion of a report for local government, presenting the 
results of the literature review and reconnaissance. 
The purpose of the amendment is to provide for eight 
case studies of local government practices and for an 
assessment of how Federal aid programs affect local 
government capital investment decisions. 



Analysis of the Adoption and Implementation of Community Land Use Regulations for Flood Plains; Janice R. 
Hutton and Dennis S. Mileti; Woodward-Clyde Consultants, Environmental Systems Division, 3 Embar
cadero Center, San Francisco, California 94111; $208,300 for 12 months beginning August 15, 1977 

It has been estimated that flooding in the United 
States causes an annual average loss valued at approx
imately two billion dollars, with an estimated 22,000 
communities subject to flood hazard. In recent years, 
many public officials and citizens have come to believe 
that regulation of land use in flood plains was the one 
technique that had the greatest potential for reducing 
both average flood loss and long run catastrophe 
potential. Despite the flood hazard and the insurance 
incentives, some communities have failed to adopt 
and implement land use controls for flood plains. To 
date there has been insufficient study to provide policy 
officials with a meaningful explanation as to why some 
communities initiate land use controls and others do 

not. Such information is vital to determining whether 
land use controls are a viable means of mitigating the 
Nation's flood hazard. 

The objective of this research is to determine what 
factors affect the adoption and impleinentation of 
community land use regulations for flood plains. This 
objective will be achieved through a two phase project. 
This award provides funds for phase one which in
volves 1) the development of a conceptual framework 
and methods for analyzing a community's decision to 
adopt and implement flood plain controls, and 2) pre
liminary tests and refinement of the framework and 
measurement methods. 

Part A, Collaborative Research on an Analysis ofthe Implementation of State Land Use Policy; Daniel A. Maz
manian, Department of Government, Pomona College, Claremont, California 91711; $83,900 for 18 
months beginning July 1, 1977 

In the last decade numerous State laws have been 
enacted to regulate certain land uses considered to be 
of more than local significance. Frequently, the enact
ment and implementation of such laws have been 
quite controversial, with intense debate over whether 
they were necessary and what their positive and neg
ative effects would be. Increasingly, it has been recog
nized that many factors can affect the implementation 
of a law and whether it has the effects intended in its 
enactment. To date, there has been insufficient sys
tematic study of existing land use regulatory laws. 

The purpose of this project is to develop an im
proved understanding of the factors that affect im-

p1ementation of land use regulatory laws, so that 
policy officials are better able to analyze and predict 
the implementation problems and requirements re
lated to alternative land use policies and laws. The 
research involves three major tasks: 1) development of 
a conceptual framework; 2) testing of the conceptual 
framework through a case study of the implementa
tion of the 1972 California Coastal Zone Conserva
tion Act; and 3) evaluation of the framework for 
application to other laws. The project will be con
ducted as collaborative research in conjunction with 
the University of California at Davis. 

Collaborative Research on Assessment of Man's Activities in the Lake Powell Region-Studies on Physical Lim
nology, Geochemistry, and Sedimentation; Robert C. Reynolds, Jr.; Dartmouth College, Department of 
Earth Sciences, Hanover, New Hampshire; $4,600 for 6 months beginning June 1,1977 

The Lake Powell Project has studied the scientific and 
social effects of the lake and its surrounding regions 
since 1971. Field activities and data gathering termi
nated during the 1976 season, and the principal inves
tigators are writing integrated reports in which the re
sults of the studies are applied to ,spec~fic topics or 
problems, and conclusions are drawn, concerning the 
functioning of the broader lake system and probable 
future changes. 
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During the period of active field work, Lake Powell 
was in a filling mode; that is, lake level was rising at 
varying rates. Models developed during the study were 
aimed at ascertaining the probable condition ,of the 
lake under steady-state conditions at design level 
(3700 feet). However, due to drought conditions, it 
seems apparent that the lake must be drawn down 
excessively in order to meet energy demands and 
downstream obligations for water delivery. 



The volume will be low during the summer, and 
this could change established patterns of circulation 
and oxygenation. The spring run-off will be low, per
haps 25% of normal. The spring run-off is important 
in nutrient supply, thermal control, and for the intro
duction of polyphenols that limit calcite precipitation. 
The excessive drawdown by the end of the summer 
will allow the emergence of bank storage waters, the 
possibility of important slump and rockfalls, and the 
growth of the tamarisk stranded above the previous 
summer's high water line. In short, the apparent 
steady-state functioning of the system will be altered 
quantitatively and perhaps qualitatively. This situa
tion presents a unique opportunity to test the validity 
of existing models, and to gain insight into the prob-

able functioning of the lake system should drought 
conditions persist or intensify in the southwest. The 
most important period for examination of the lake 
encompasses the spring run-off and the season in 
which the lake has maximum use by visitors. 

A careful study will be made of temperature, con
ductivity, dissolved oxygen, polyphenol content, and 
pH. Echo sounding data will be obtained from which 
newly deposited sedimentary piles will be detected and 
map'ped. Biological activity in the lake will be moni
tored by measurements of net primary productivity, 
chlorophyll, and phosphorous levels. The spread and 
growth of tamarisk at key points ai<mg the shoreline 
will be measured and mapped. 

Part B: Collaborative Research on an Analysis ofthe Implementation of State Land Use Policy; Paul A. Sabatier, 
University of California, Davis, Division of Environmental Studies, Davis, Calif. 95616; $59,600 for 18 
months beginning July 1, 1977 

In the last decade, numerous State laws have been 
enacted to regulate certain land uses considered to be 
of more than local significance. Frequently, the en
actment and implementation of such laws have been 
quite controversial, with intense debate over whether 
they were necessary and what their positive and nega
tive effects would be. Increasingly, it has been recog
nized that many factors can affect the implementation 
of a law and whether it has the effects intended in its 
enactment; 

The purpose of this project is to develop an im
proved understanding of the factors that affect imple
mentation of land use regulatory laws, so that policy 
officials are better able to analyze and predict the im
plementation problems and requirements related to 

alternative land use policies and laws. The research 
will involve three major tasks: development of a con
ceptual framework; testing of the conceptual frame
work through a case study of the implementation of 
the 1972 California Coastal Zone Conservation Act; 
and eva~uatioq. of the framework for application to 
other laws. The project is being conducted as collabor
ative research with separate grants to Pomona College 
and University of California-Davis. Successful com
pletion of the research will contribute to development 
of a systematic body of knowledge that will enable 
policy officials to estimate the implementation prob
lems and requirements related to alternative public 
policies. 

An Assessment of Conflicts Between Federal Resource Lands and Adjacent Non-Federal Lands; William E. 
Shands; Conservation Foundation, 1717 Massachusetts Avenue, N. W., Washington, D. C. 20036; $43,400 
for 6 months beginning August 1, 1977 

There currently are approximately 738 million acres 
of "public lands" owned by the Federal Government 
and located throughout the 50 States in both urban 
and rural settings. Approximately 450 million acres 
are administered by the Bureau of Land Management 
(BLM), 187 million acres are national forests, 32 
million acres are national wildlife refuges, and 31 
million acres are national parks. The forests, parks, 
wildlife refuges and some of the BLM lands are con-
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sidered of national significance primarily for their 
recreational and renewable resource values. It has 
long been recognized that the establishment, manage
ment and use of these Federal lands can have signifi
cant impacts on adjacent non-Federal lands. Simi
larly, there has been concern that the nationally sig
nificant values of the Federal lands may be adver~ely 
impacted by adjacent non-Federal land use. To date, 
there has been insufficient systematic study of these 



issues and concerns from a nationwide perspective. 

The purpose of the proposed research is to provide 
an overview on the nature, scope and magnitude of 
conflicts between certain Federal resource lands and 
adjacent non-Federal lands, as well as to provide an 
overview of potential mechanisms for conflict reso
lution. 

The specific Federal lands as the subject of the pro
ject will be those considered to have high recreational 
and renewable resource values; i.e., national parks, 
national forests, national wildlife refuges and certain 
lands adininistered by the Bureau of Land Manage
ment. The issue assessment will be designed to include 
the perspectives of Federal, State and local govern-

ment, as well as non-governmental interests. Specific 
research objectives include identification of current 
adjacent lands problems, trends and policy issues; 
identification· and assessment of current Federal ef
forts which seek to prevent or resolve conflicts; iden
tification and assessment of potential solutions to con
flicts, including institutional, legal, training and tech
nical assistance; and identification of priority needs 
for research, information and education. 

This project is funded with assistance from the 
Bureau of Outdoor Recreation, Bureau of Land 
Management, Council on Environmental Quality, 
National Park Service, U.S. Fish & Wildlife Service, 
and the U.S. Forest Service. 

Assessment of Enforcement and Compliance in State Land Use Regulation; Nelson M. Rosenbaum; Urban Insti
tute, Washington, D. C. 20036; $243,600 for 24 months effective August IS, 1977 

Over the past decade, State governments have begun 
to assume a major role in regulating land use of cer
tain "critical environmental areas" such as wetlands, 
shore1ands and coastal zones. To date, 12 States have 
adopted wetland regulatory programs, and 15 States 
have adopted shoreland or coastal regulatory pro
grams. It has been increasingly recognized that after 
enactment these laws may face numerous implemen
tation problems which influence their effectiveness. 
The effectiveness of enforcement programs to ensure 
compliance with the regulatory laws is of major con
cern. Yet, enforcement and compliance with State 
land use regulatory laws have not been subjected to 
systematic investigation. 

The purpose of the proposed research is to provide 
an improved understanding of the enforcement and 
compliance problems related to State regulation of 
wetlands and shorelands. This project has three spe
cific objectives: to analyze the. nature and strength of 
existing State wetland and shoreland enforcement 
programs; to estimate the effect of enforcement pro
grams on compliance with regulatory standards and 
requirements; and to assess means of organizing State 
wetland and shore1and· enforcement programs. Pro
ject objectives will be achieved through a survey and 
analysis of States' enforcement programs and through 
conduct of case studies. 

Assessment of Programs for Public Participation in State Land .Use Decision-Making; Nelson M. Rosenbaum; 
Urban Institute, Land Use Center, Washington, D. C. 20037; $9,150 for 5 months beginning January 1, 
1977 

The purpose of this award. was to provide funds for 
disseminating the results of research under a prior 
NSF grant. The objective of the original grant was to 
develop a conceptual framework for the design and 
evaluation of programs for public participation in 
land use decision-making and to conduct a compara-
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tive evaluation of the relative effectiveness of public 
participation programs in six states. The research re
sults will be presented in formats appropriate for utili
zation by four different groups: (1) administrative offi
cials in State, regional and county government, (2) 
legislators, (3) citizen groups, and (4) researchers. 



\. 

REGIONAL ENVIRONMENTAL SYSTEMS EVALUATION AND SYNTHESIS 

The objective of the Regional Environmental Systems Evaluation and Synthesis 
program is to conduct research into the overall utility of major environmental/eco
nomic modeling efforts in general, and prior RANN-sponsored efforts in particular. 

Evaluation and Testing of NSF-RANN Sponsored Land Use Modeling Projects with Ohio as a Test Case; Oscar 
Fisch; Department of City and Regional Planning, Ohio State University, Columbus, Ohio 43212; 
$174,900 for 15 months beginning August 15, 1977 

This award is to be substantively coordinated with the 
core RANN modeling assessment project being con
ducted by Brian Mar of the University of Washington. 
The related Mar project has proceeded in its assess
ment of 18 RANN projects. It has been found that few 
projects have participated in final stage efforts to test 
the utility of transferring computer model tools to new 
settings. Since utilization is an essential RANN ob
jective, this effort seeks to provide opportunities for 
extending uses of products and in addition will enable 
Mar project personnel to monitor and document 
attempted transfer processes. 

The first step in this utilization project is to refine 
first estimates of user needs and potentially useful 

RANN models in a series of workshops. Personnel 
from three regional planning commissions and the 
Ohio State team will screen these. and move toward 
the selection of four models or components with the 
potential for replacing less adequate tools. Previously 
developed Ohio models will be used as bases for com
parison in this process. These models will be adapted 
for Ohio utilizing existing data and comparative test
ing by the regional users. 

Final reports will document the screening and trans
fer process and assess the prospects for extending the 
use of the selected RANN tools within Ohio and else
where. 

Environmental Communications to Water-Oriented Communities; John E. Gannon; University of Michigan, Ann 
Arbor, Michigan 48109; $35,800 for 15 months beginning October 1, 1977 

This project addresses the problem and need of the 
Research Applied to National Needs (RANN) pro
gram to communicate the results of the research which 
it supports to various user groups, including the gen
eral public. . 

The goal of the project is to communicate to en
vironmental decisionmakers in Northern Michigan 
and other rei event regions information resulting from 
a RANN supported project concerning the environ
mental impact of human activity in Northern Michi
gan's Inland Water Route Region. 
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The project will package and communicate, for 
policymakers in the public and private sectors, the re
sults of RANN Grant NQ. GI-34898, (Ecological and 
Sociological Determinants of Land Use Decisions)~ 
through workshops, media dissemination and the 
mailing of written materials concerning environmen
tal problems and options in the lake region of North
ern Michigan. 



Assessment of Selected RANN Regional Environmental Systems Mode~ing Projects: Transfer and Comparabil
ity Testing; Brian W. Mar; Department of Civil Engineering, University of Washington, Seattle, Washing
ton 98105; $53,500 for 2 months beginning June, 1977 

This award is a supplement to a previously awarded 
NSF grant. The primary purposes of the previous 
award were to assemble, analyze, and synthesize the 
major developments of selected computer modeling 
oriented projects sponsored by NSF's Research Ap
plied to National Needs program (RANN). Empha
sis was to be placed on an assessment of transfer and 
utilization strategies and experiences. 

At present, several significant long-term RANN 
projects lack analyzable transfer testing experience as 

well as objective reviews of their utility. This award is 
expected to correct these deficiencies and produce the 
minimal data base needed to evaluate the transfer and 
utility aspects of these projects. It is doing so by sup
porting, monitoring, and evaluating three utilization 
workshops during the spring and summer of 1977. The 
three were selected on the basis of need and opportun
ity. 
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REGIONAL POLICY AND DECISIONMAKING 

The Regional Policy and Decisionmaking Program conducts research to determine 
the effects and effectiveness of a variety of growth management policies, laws, and 
programs vis-a-sis solution of environmental ·problems or protection of environmen
tal values. In addition, factors affecting the implementation of relevant policies and 
laws as well as the measurement of performance aFe analyzed. 

Analysis of Positive and Negative Aspects of Time Extensions in Environmental Decision Making; Gunter 
Schramm; University of Michigan, School of Natural Resources, Ann Arbor, Michigan 48109; $106,400 
for 11 months beginning July 1, 1977 

In the last decade, there has been growing concern 
about the time span involved in making important 
decisions on environmental quality and natural re
source development. One concern is that time "de
lays" may result in negative effects, such as increased 
cost or shortage of services and resources or continued 
exposure of society to hazards of pollution. On the 
other hand, it is argued that time delays can result in 
gains to society, such as more thorough consideration 
of alternatives, recognition of changed values, and 
improved concensus on decisions. 

The purpose of the proposed research is to develop 
an improved capability of analyzing the positive and 
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negative values of time in environmental and resource 
decisions. This purpose will be achieved through a 
two-staged project Stage I will have several specific 
objectives: to develop an analytical method for mea
suring the magnitude and distribution of social, eco
nomic, and environmental gains and losses associ
ated with time "delays"; and to assess the feasibility 
of empirical testing of the analytic methods. Assum
ing successful completion of Stage I, the Stage II 
objective would be to test the analytic methods in 
order to provide decisionmakers' with an improved 
method for determining the positive and negative as
pects of time extensions. 



RESIDUALS MANAGEMENT 

The objective of the Residuals Management Program is to synthesize residuals 
management strategies for minimizing environmental risk. Coupled with the need 
for solutions to problems of residuals management are recovery of potential re
sources from waste constituents and investigation of the possible reuse of waste 
waters. 

Mechanism of Virus Inactivation in Soils Injected with Municipal Wastewater and Treatment Plant Sludges; 
P. C. Cheo; The California Arboretum Foundation; The Los Angeles Arboretum, 301 N. Baldwin Avenue, 
Arcadia, California 91006; $39,000 for 12 months beginning May, J977 

Intensive application of sludge to land has recently 
emerged as an attractive alternative despite serious 
questions of its effects on soil including the fate of 
viruses that may survive for sufficiently long periods 
of time to present risk to human and plant life that 
contacts infected soil or its products. Assessment of 
environmental risk and its management is an impor
tant consideration in determination of the acceptabil
ity of soil application of these sludges. This in turn 
will require determination ofthe rate and the mechan
ism of inactivation of pathogenic viruses. Knowledge 
of the latter can be applied to improve the efficiency of 
physical and chemical methods for virus inactivation 
and provide an insight into the degree of risk and po
tential for change when sludges are applied to agricul
tural soils. 

The objective of this research is to investigate the 
mechanism(s) of an it-viral activity in soil and assess 

its significance and applicability to current trends to~ 
ward utilization of land for management of municipal 
wastewater treatment plant sludges. Preliminary lab
oratory experiments with the tobacco mosaic virus . 
have indicated that bacteria normally found in soil 
may be responsible for inactivation of plant viruses. 
Experiments are being performed to characterize the 
anti-viral factors in soils of different composition and 
type and to correlate the viricidal effect with other 
physical and chemical properties of the soil. Field-plot 
experiments are being conducted to determine the in
activation capacity of soil toward the tobacco mosaic 
virus. The research is being conducted in cooperation 
with the Los Angeles County Sanitation District as 
part of a program to determine effects of application 
of municipal wastewater treatment plant effluents and 
sludges on ornamental trees, shrubs, and ground 
cover. 

Conversion of Municipal Wastewater Treatment Plant Residual Sludges into Earthworm Castings for Use as Top
soil; Jack E. Collier; Collier Worm Ranch, 2_022 Cabrillo Court, Santa Clara, California 95051; $9,700 for 
12 months beginning July 15, 1977 

The objective of this research is to determine the feas
ibility of utilizing earthworms to accelerate the stabil
ization of municipal wastewater treatment plant 
sludges. In cooperation with the San Jose Water 
Pollution Control Plan, tests plots have been estab
lished to culture earthworms in the plant's residual 
sludges. Experiments are being directed toward deter-
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mination of optimum worm density, rate ofreproduc
tion, intake and retention of heavy metals and com
parative plant growth in worm castings. Heavy metal 
concertrations being determined in earthworms and 
castings include silver, cadmium, copper, nickel, lead, 
and zinc. This project is being coordinated with re
search by Dr. Roy Hartenstein at the University of 



New York who is studying the effects on the soil eco
system of applying sludge to land. The coordinated 
research is also aimed at investigating utilization of 

soil invertebrates in stabilization, decontamination 
and detoxification of sludges. 

Synthesis of a Municipal Wastewater Sludge Management System; Charles Finance; Media Four Productions, 
6519 Fountain Avenue, Hollywood, California 90028; $49,700 

This is an award to provide supplemental support 
for the production of a 27-minute film on municipal 
sludge management. The film describes current sludge 
processing and management concepts that are the sub
ject of research at the Massachusetts Institute of 
Technology, Universities of New Hampshire, Dela
ware and Texas-San Antonio, Colorado State Univer
sity and the State University of New York-Syracuse. 
The film will be utilized in the synthesis and communi-

cation of a management concept for sludges that is 
based upon disinfection with high energy electrons and 
pipeline transport to a management site where it will 
be injected into the upper six inches of topsoil. Mon
itoring procedures for the process and site are pre
sented in the context of the need to provide informa
tion that can be used to assess the environmental im
pact of this sludge management concept. 

Utilization of Waste Heat from Power Plants in Aquaculture; Carlos R. Guerra; Public Service Electric and Gas 
Company, Research and Development Department, 80 Park Place, Newark, New Jersey 07101; $527,100 
for 24 months beginning September 30, 1977 

This is an award for the continuation phases of it 
planned three year experiment which is to determine 
the technical and economic feasibility of utilizing 
heat remaining in condenser cooling water at power 
generating stations for culturing edible animals. An 
aquaculture facility at the Public Service Electric and 
Gas Company (PSE&G) at the Mercer County elec
trical power generating site is being used in research 
being conducted by PSE&G, Trenton State College 
and Rutgers University personnel. The aquatic species 
being evaluated are freshwater shrimp and rainbow 
trout. 

The American eel and striped bass are also being 
evaluated as alternative secondary species to the fresh-

water shrimp. Long Island Oyster Farms, Inc. is 
assisting in an evaluation of the feasibility of the pro
gram and the New Jersey Department of Agriculture's 
Division of Rural Resources is studying the adapta
tion of agricultural facilities to the production of 
fingerling trout. The research is responding to the 
need to evaluate approaches to the management of 
cooli~ water that will utilize the residual heat con
structively rather than discharging the heat in a way 
that could adversely affect regional environmental 
quality. 

Utilization of Waste Hea! from Power Plants in Aquaculture; Carlos R. Guerra; Public Service Electric and Gas 
Company, Newark, New Jersey 07101; $ 198,232"supplement beginning September 1,1976 

, "", 

The objective of this award is to initiate a proof-of
concept scale evaluation of utilizing thermal dis
charges from cooling of condensers at power generat
ing stations to culture edible aquatic animals. An 
aquaculture facility utilizing Delaware River water, 
heated in the condensers of the Public Service Electric 
and Gas Company's Mercer Generating Station at 
Trenton, New Jersey is being used for the sequential 
culture of freshwater shrimp from May through Octo-
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ber and rainbow trout from November through April. 
Wastes from the processing of other foods are being 
investigated for their potential in reducing aquacul
ture-feed costs. The objective of this research is to con
firm the technical feasibility of the concept and its 
commercial feasibility concentrating upon process re
liability, reproducibility and product acceptability. 
Subcontracts for portions of the research plan have 
been awarded to Trenton State College (Dr. A. Eble) 



and Rutgers University (Dr. A. Farmanfarmaian). 
Nutritional factors being studied at physical factors 
influencing intestinal absorption of food and potential 
pollutants such as coal, chlorine and heavy metals. 
The Trenton State College effort is concentrated on 
improvement in management procedures including 
field application of nutritional data, intensification of 

culture techniques and brood stock management. Un
der subcontract, Long Island Oyster Farms, Inc. is 
assisting in evaluation of commercial feasibility and 
the New Jersey Department of Agriculture's Division 
of Rural Resources is studying adaptation of agricul~ 
tural facilities to production offingerIing trout. 

Control of Heavy Metal Content of Municipal Wastewater Sludges; C. Frederick Gurnham; Gurnham and Asso
ciates; Inc. 223 West Jackson Boulevard, Chicago, Illinois 60606; $110,900 for 18 months beginning 
May 15, 1977 

The objective of this research is to determine the fea
sibility of controlling the amounts of heavy metals in 
municipal wastewater treatment sludges by regula
tions directed toward restricting or eliminating their 
entry into the collection system. Emphasis in this 
study is -on non-industrial sources of metals. Two es
sentially residential communities served by the Metro
plitan Sanitary District of Greater Chicago are being 
studied to characterize the kinds and amounts of 
metals contained in their wastewaters and treatment 
plant sludges. One of t,he communities is served by a 
combined and the other by a separate sanitary waste-

water collection system. For those metals determined 
to be of significance with regard to quality of the 
sludges, actual sources are being determined and com
pared to calculated amounts based upon review of 
known discharges to the collection systems. 

Results will be utilized to make recommendations 
for reducing the amounts of significant metals to ac
ceptable levels by regulations directed at the sources. 
An experiment is planned during this study to evaluate 
the effectiveness of the procedures that are expected 
to result from this research. 

Utilization of _ Soil Invertebrates in Stabilization, Decontamination and Detoxification of Residual Sludges from 
Treatment of Wastewater; Roy Hartenstein; College of Environmental Science and Forestry, State Univer
sity of New York, Syracuse, New York 13210; $111,700 for 12 months beginning March, 1977 

This is a continuation of research initiated under a 
previous grant. The objective is to determine the role 
of soil invertebrates in the stabilization of municipal 
wastewater treatment plant sludges that are managed 
by placement on agricultural land. Organisms being 
evaluated include several species of earthworms and 
nematodes. Representative sludges are being studied 
to identify response of the test organisms, a factor 
which may limit the rates of application of sludges on 
soil. The metabolism of soil organisms is being studied 
in laboratory and field plots by measurements of car
bon dioxide, methane, hydrogen sulfide, dimethylsul
fide, oxygen and nitrogen. Sludges are being charac
terizedby presence, amount and kind of carbohy-

drates, ash, humus content and carbon to nitrogen 
ratio. 

The study of transfer and dilution of heavy metals 
in soil by actions of earthworms includes tracing the 
fate of cadmium, chromium, copper, lead, zinc and 
mercury. The roles of earthworms as potential inacti
vators of viruses and as vectors of microorganism 
transfer through soils with emphasis on nitrogen fixa
tion, denitrification, oxidation and reduction of sul
fides are also being investigated, 

The results of this research are expected to provide 
a basis for more efficient utilization of land applica
tion as a management concept for municipal sludges. 

Effect of Infrared Radiation on Compaction of Municipal Wastewater Sludges; Stephen C. Havlicek and Robert 
S. lngo/s, Engineering Experiment Station, Georgia Institute of Technology, Atlanta, Georgia 30332; 
$21,900 for 12 months beginning June, 1977 

The objective of this research is to determine the op
timum conditions under which infrared radiation re-
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suIts in the compaction of activated sludge, identify 
the active factor(s) responsible for compaction, char-



acterize associated effects such as disinfection/sterili
zation and evaluate the effect on other physical prop
erties of the sludges. A small bench-scale apparatus at 
the Macon, Georgia municipal wastewater treatment 
plant is being used to conduct these investigations 
which include the identification of the most effective 
and efficient wavelength of infrared radiation and best 
means for acheivement of effective exposure to the 
source. 

The physical properties of sludges being used to 
characterize their change in quality after exposure to 
infrared radiation include the sludge volume index, 
comparative resistance to filtration, compressibility 
and viscosity. Studies also include determination of 
the effects of pH, temperature, detention time, mixing 
and the presence and amounts of dissolved oxygen and 

. ;norganic substances on the compaction phenomenon. 

Application of Sequencing Batch Reactors for Treatment of Municipal and Industrial Wastewater; Robert L. 
Irvine; Department of Civil Engineering, University of Notre Dame, Notre Dame, Indiana 46556; $76,800 
for 12 months beginning June 17,1977 

This is a renewal of research currently in progress 
which has the objective of the investigation of con- . 
trolled, unsteady-state processes for treatment of do
mestic and industrial wastewaters to attain a higher 
degree of reliability and consistency of performance 
than is practically possible using conventional contitin
uous, steady-state methods. Emphasis is being placed 
on the potential use of sequencing batch reactors in 
biological wastewater treatment processes which, in 
continuous steady-state systems, respond unreliably 
and inconsistently to variations in wastewater charac
teristics. 

The expected advantages of the controlled periodic 
method of operating treatment plants include benefi~s 
resulting from equalization of strength, quiescent 
sedimentation and modular construction. An added 

advantage is the ability to retain total control over fi
nal discharge until the quality of the effluent has been 
determined, compared with standards, and subjected 
to further treatment if quality is found not to meet 
discharge criteria. Laboratory-scale studies using 
synthetic wastes and combining equalization, organic 
carbon removal and quiescent sedimentation in the 
same fill and draw system, are being utilized to verify 
design procedures which will be tested using municipal 
wastewater as received at the University of Notre 
Dame pilot plant. Cost comparisons with conven
tional continuous-flow concepts are being made .. 

A workshop/conference is plaRned for June of 1978 
to review the draft of a design manual for sequencing 
batch reactors based upon results of this research. 

Agricultural Value of Irradiated Municipal Wastewater Treatment Plant Sludges; Mary Beth Kirkham; Depart
ment of Agronomy, Oklahoma State University, Stillwater, Oklahoma 74074; $87,800 for 24 months be
ginning April, 1977 

The objective of this research is to determine the 
change in availability of plant nutrients contained in 
municipal wastewater treatment plant sludges irradi
ated with high energy electrons. The effects of sludge 
application rate and soil type are being evaluated in 
greenhouse studies and field-plot tests. The amounts 
of plant nutrients and heavy metals are being deter
mined in sludges, soils, and plants grown on soils that 
have had sludges applied to them. Field-plot tests are 
being conducted in cooperation with Dr. William J. 
Manning at the Waltham Suburban Experiment Sta
tion, University of Massachusetts. 

Sludges that have been disinfected by treatment 
with high energy electrons are being obtained from the 
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Metropolitan District Commission's Deer Island 
Wastewater Treatment facility in Boston. Plants being 
used in' greenhouse studies include cucumber, potato, 
sweet corn, tomato, several edible-root crops, leafy 
vegetables, alfalfa and wheat. Initial field-plot experi
ments will be limited to corn. Analyses are being per
formed on roots, stems, leaves, and grain to determine 
differences in nutrient and metal uptake rates and con
centration. Results are expected to be utilized in de
termining the feasibility of using irradiated sludges to 
fertilize agricultural land, 



Feasibility of Eliminating Discharges of Pollutants from Cooling Towers; Jack V. Matson; Department of Civil 
Engineering, University of Houston, Houston, Texas 77004; $53,200 for 24 months beginning May 18, 
1977 

Discharges from recirculating water in cooling sys
tems using wet cooling towers for dissipation of heat 
to the local air comprise a relatively large fraction of 
the industrial wastewater discharges to natural waters. 
These discharges may contain chemical substances 
added to the recirculating water for slime and corro
sion control. They also contain concentrated constit
uents of the original and make-up waters. Of the tech
nical approaches presently available, only lime-soften
ing has the apparent potential of eliminating all dis
charges of pollutants to natural waters by 1985, a tar
get date for this control program. 

The objective of this research is to determine the 
feasibility of using the lime-softening process to re- . 
move excess dissolved substances from water circula
ting in a cooling system. This permits reuse of the 

treated water as a coolant and eliminates the need for 
the discharge of pollutants to surface or ground wa
ters. The specific technical factors that are being in
vestigated include the effects of original source water 
quality and the size of the recirculating system on the 
performance of the process. The effect of loss of solids 
lost to local air and their impact on air quality is being 
evaluated as is the processing of residual sludges for 
safe handling and disposal. Recarbonization and min
eral addition are being compared to determine the 
better method for adjustment of the hydrogen ion con
centration to reduce the rate of corrosion. The eco
nomic feasibility of the process is being assessed for 
comparison with technologically equivalent alterna
tives to management of cooling water. 

Disinfection of Enteric Viruses by Use of Energized Electrons; Theodore G. Metcalf,- Department of Microbi
ology, University of New Hampshire, Durham, New Hampshire 02824; $35,000 for 12 months beginning 
July 1, 1977 

The presence of viruses in municipal wastewater, their 
separation and then concentration in treatment plant 
sludges where they remain viable presents a potential 
contamination problem to the land or water into 
which these sludges may be placed. The objective of 
this research is to determine the effectiveness of high
energy electron radiation as a method for the inactiva
tion of enteric virus pathogens that are contained in 
municipal wastewater treatment plant sludges. The 
results obtained in prior studies at the Metropolitan 
District Commission's Deer Island Wastewater Treat
ment Plant in Boston are being verified and.compared 
with results obtained during simulation of routine op
eration of the electron beam unit under normal plant 
operating condiitions. 

This project is coordinated with research directed 
by John G. Trump at the Massachusetts Institute of 
Technology. Virus-inactivation studies are being con
ducted on digested and undigested sludges from pri
mary treatment of wastewaters. The observed capa
bility of ferric-iron and aluminum ions to improve the 
effectiveness and efficiency of the radiation dose de
livered is also being characterized. Virus-inactivation 
studies are being conducted on digested and undi
gested sludges from primary treatment of waste
waters. The capability of ferric-iron and aluminum 
ions to improve the effectiveness and efficiency of the 
radiation dose delivered is also being characterized. 

Utilization of Cypress Wetlands for Management of Municipal Wastewater Treatment Plant Effluents; Howard 
T. Odum, University of Florida, Center for Wetlands, Gainesville, Florida 32611; $91,500 for 24 months 
beginning June 1, 1977 

The objective of this project is to complete studies of 
the response of cypress wetlands to their use for con
servation of the nutrient and water content of effluents 
from municipal wastewater treatment plants. This is a 
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continuation of research previously initiated with the 
joint support of the National Science and Rockefeller 
Foundations and coordinated with research under di
rection of Dr. Flora Mae Wellings, Florida Depart-



ment of Health, who is assessing the fate of viruses. 
Results of this research over a period of three years 
indicate that cypress dome-wetlands have the capa
bility of conserving water by returning treated waste
water to subsurface formations after removing its 
content of nutrients, heavy metals and remaining bac
teria and viruses. This continuation research is being 
directed toward final observations to determine the 

growth response of trees and understory vegetation to 
the application of wastewater. The research is being 
coordinated with an NSF Grant to Boyle Engineering, 
Inc., for an engineering assessment of the feasibility 
of using cypress wetlands to achieve the objectives of 
advanced treatment for municipal wastewater. A joint 
workshop is scheduled to be held during 1978. 

Water Quality and Health Significance of Bacterial Indicators of Pollution; Wes/ey o. Pipes; Department of Bio
logical Sciences, Drexel University, Philadelphia, Pennsylvania 19104; $32,500 for 12 months beginning 
June 1, 1977 

Analysis of indicator organisms is substituted in rou
tine assessment of water quality because of the rela
tive difficulty and cost of determining the presence and 
number of pathogenic organisms in water. While the 
data in general have presumptive significance, at
tempts to translate the presumption of risk into a 
more quantitative assessment of relative risk have the 
potential of establishing a better basis for making de
cisions on such matters as management of wastewater 
and sludges, quality of bathing and drinking water, 
efficacy of treatment and location of treatment facil
ities for water and wastewater treatment. 

The objective of this project is to conduct a work
shop that will critically review the current state of 
knowledge regarding the significance of bacterial in
dicators related to their use in the assessment of water 
quality and relative risk associated with its use. The 

workshop is to be preceded by preparation of draft 
reports on recovery and identification of indicator 
organisms, statistical analysis and interpretaiion of 
numberical data, water quality significance of indica
tor organisms and public health significance of their 
presence and count. The workshop includes represen
tation from local, regional, State and Federal agencies 
with responsibilities for establishing criteria for waste
water treatment plant effluents, siting of treatment 
facilities, recreational and other contact uses for re
ceiving waters and management of wastewater treat
ment plant sludges. 

The final report is plann~ to identify research 
needs and their prioritization to improve the basis for 
assessment of risk to public health that is associated 
with the presence of indicator organisms and their ab
solute and relative numbers in water. 

Potential Health Risk Associated with Injection of Residual Domestic Wastewater Sludges into Soils; Bernard P. 
Sagik; The University of Texas at San Antonio, College of Science and Mathematics, San Antonio, Texas 
78285; $89,300 for 12 months beginning August 1, 1977 

The intensive application of municipal wastewater 
treatment plant sludges to soil is considered to be an 
attractive disposal alternative, despite questions of 
long term sludge effects on soils, potential adverse ef
fects on health, and technical limitations of the appli
cation process. While sludge application appears to 
have advantages of economy, technical superiority 
and more acceptable esthetic and environmental im
pact, pathogenic organisms removed from wastewater. 
are concentrated in residual sludges. 

The objective of this project is to assess potential 
risks to human health from the application of sludges 
from municipal wastewater treatment plants to land. 
Virological criteria for the selection of appropriate 
land application sites to minimize risk are being de
veloped as are recommended procedures for monitor-
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ing of the sludge management sites. Soil properties 
which affect virus survival and transport that are being 
studied include pH, cation exchange capacity, types, 
of cations present, soil texture and structure. The re
lease characteristics of viruses from soils to which 
sludges have been applied are being studied, as they 
may be affected by total precipitation, its intensity, 
frequency and duration. A conference on assessment 
of potential risks relating to the use of land for man
agement of municipal wastewater treatment plant 
sludges will be conducted in December of 1977. A 
workshop during the planned second year of this re
search will review a draft of recommended criteria for 
selection and monitoring of sludge injection sites to 
minimize health risk associated with potential virus 
contamination of soils. 



Characterization of Contaminants in Oil Shale Residuals and the Poten'tial for their Management to Meet Environ
mental Quality Standards; Josef J. Schmidt-Collerus; Denver Research Institute, University Park, Denver, 
Colorado 80210; $20,000 for 4 months beginning September 2, 1977 

Advancements in technology havecontriubted to 
making large scale production of fuel from oil shale 
more feasible and the need for new sources of energy 
has focused attention on obtaining oil from oil shales. 
Whether retorted externally or in situ, processing re
sults in large quantities of spent carbonaceous ash 
residuals which will contain residual volatile organic 
matter and polycondensed organic material (POM) 
with a potential for polluting air and water on a scale 
commensurate with the scale of processing, adversely 

influence the compaction of the residual ash and pro
vide a source of organic contaminants and inorganic 
salts potentially capable of contaminating surface and 
ground water. This research is directed toward pro
viding information needed for management of residual 
spent shale to minimize environmental impact. This 
award is in accord with an interagency agreement with 
the U.S. Energy Research and Development Admini
stration, No. EE··77-28-3233. 

Land Management of Subsurface-Injected Wastewater Liquid Residuals; James L. Smith; Colorado State Uni
versity, Department of Agricultural Engineering, Fort Collins, Colorado 80521; $15,400 for 5 months be
ginning April 1, 1977 

The objective of this supplement is to continue the 
supplement evaluation of the feasibility of direct in
jection of municipal wastewater treatment plant resid
ual sludges into soils. The supplemental award will 
facilitate the preparation of a design for an integrated 
sludge management system combining injection into 
soil and disinfection using high energy electrons for a 
specific site. The conceptual design will be utilized to 
further develop a systematic approach for evaluation 
of potential injection sites that will lead to their ac-

ceptable operation. Environmental criteria, site-spe
cific information, personnel qualifications and recom
mended monitoring procedures for the integrated con
cept will provide a base for more comprehensive en
vironmental impact analysis of using injection as an 
alternative to other procedures for managing liquid 
residuals and will provide local governments and 
their consultants with information to assist them in 
designing subsurface injection sites. 

Use of Wetlands for Management of Pond-Stabilized Domestic Wastewater; Jeffrey C. Sutherland; Williams and 
Works, Inc. 611 Cascade West Parkway S.E., Grand Rapids, Michigan 49506; $6,400 for 4 months begin
ning April 1, 1977 

The objective of this project is to assess the feasibility 
of utilizing freshwater wetlands in combination with 
pond-stabilization to achieve regional wastewater 
management objectives. This engineering/feasibility 
study is being coordinated with research underway at 
the University of Michigan, the objective of which is 
to complete a field-verification of wetland ecosystem 
models constructed during a three-year study of peat 
wetlands in the Houghton Lake Wildlife Research 
Area, Roscommon Township in Michigan. 

This supplemental award provides for fhe coordina
tion of this research with analogous NSF supported 
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studies being conducted by the Boyle Engineering 
Company of Orlando, Florida in cooperation with the 
University of Florida. The objective of the Florida 
studies is to determine the feasibility of using cypress 
dome wetlands for management of wastewater treat
dome wetlands for management of wastewater treat
ment plant effluents for conservation of nutrients and
reuse of water. The coordination activities will assist 
in the development of plans for a cooperative confer
ence during 1978 to discuss findings, their applications 
and further research needs. 



High Energy Electron Irradiation of Wastewater Liquid Residuals; John G. Trump; Department of Electrical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139; $70,000 supple
ment, beginning May 1, 1977 

This is an award in accord with interagency agreement 
with the U.S. Environmental Protection Agency, No. 
EPA-IAG-D7-01036. 

The technical and economic feasibility ot disinfect
ing liquid municipal wastewater residuals with high 
energy electrons is being evaluated at the Deer Island 
Wastewater Treatment Plant of the Metropolitan 
District Commission (Boston). The radiation source 
is a high voltage 50 kilowatt electron accelerator ar
ranged in a shielded enclosure to deliver doses control
lable from 100,000 to one million rads. Bacterial and 
viral disinfection, parasitic deinfestation, improve-

ment in sludge dewatering characteristics and effects 
on complex organic substances including polychlori
nated biphenyls (PCB) and organic pesticides are be
ing studied using taw and digested primary sludges, 
influent wastewater and treatment effluent. Biochem
ical and physical performance information will pro
vide the basis for determining the disinfection dosage 
and the associated energy use and costs. Modes of 
utili.zation in existing and new wastewater treatment 
systems and engineering data essential for design, 
operation and maintenance are being determined. 

High Energy Electron Irradiation of Municipal Wastewater Liquid Residuals; John G. Trump; Massachusetts 
Institute of Technology; Department of Electrial Engineering, Cambridge, Massachusetts 02139; $285,000 
for 12 months beginning September I, 1977 

The technical and economic feasibilities of disinfect
ing liquid municipal wastewater residuals with high 
energy electrons are. being evaluated at the Deer Is
land Wastewater Treatment Plant of the Metropolitan 
District Commission (Boston). The radiation source is 
a 50 kilowatt, 850,000 volt electron accelerator , cap
able of delivering radiation doses from 100,000 to one 
million rads as the material flows through in a wide, 
thin stream. Studies include effects of radiation on 
bacterial and viral disinfection, parasitic ··deinfesta
tion, sludge dewatering characteristics, decomposition 
of polychlorinated biphenyls and organic pesticides 
contained in digested and undigested sludges, influent 
wastewater and final effluent. Modes of utilization in 
existing and new wastewater treatment systems and 
engineering data essential for design, operation of re-

search in which the influence of dose, dose rate, oxy
gen availability and the presence of competing and 
synergistic materials were evaluated utilizing a 3 MeV 
electron accelerator located at the MIT High Voltage 
Research Laboratory. During the prior award period, 
preliminary tests were conducted with the Deer Island 
unit as a guide to the current research plan which is 
emphasizing disinrection of un~igested sludge. Re
sults have continued to indicate that a dosage of 400, 
000 rads will be adequate for sludge disinfection. This 
research is coordinated with an award to the Univer
sity of New Hampshire (T. G. Metcalf) and includes 
participation by MIT Departments of Chemical En
gineering(E. W. Merrill) and Food Science-Nutrition 
(A. J. Sinskey). 

Ferrate Ion Disinfection of Municipal Wastewater; Thomas D. Waite; Department of Civil Engineering, North
western University, Evanston, Illinois 60201; $108,200 for 19 months beginning March I, 1977 

The search for new methods to disinfect water and 
wastewaters as alternatives to the use of chlorine is an 
important national need since the discovery that chlo
rine treatment may produce chlorinated organic sub
stances that are potentially toxic and carcinogenic. 
Ferrates are potentially a replacement for chlorine. 
Like chlorine, ferrates appear to be strong oxidants . 
and good disinfectants. Unlike chlorine, ferrates are 
unstable and decompose to insoluble ferric hydroxide 
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and oxygen on standing in water. This leads to the in~ 
teresting possibility that the ferrate decomposition 
product (ferric hydroxide) can perform an additional 
useful function by coagulating suspended colloidal 
matter and thus clarifying the. water during the deten
tion period. 

The objective of this research is to investigate the 
feasibility of using sources of ferrate ions for disinfec-



tion of municipal wastewater. Work is underway to 
establish the disinfection properties of the ferrate ion 
in the presence of soluble and suspended organic sub-
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stances within a range of temperatures that is charac
teristic of those encountered in treatment of water and 
wastewater. 



URBAN HYDROLOGY 

The Urban Hydrology program is aimed at developing a framework to increase the 
information base of the processes of interaction between the land and water systems, 
in order that this material may be utilized to improve water resources planning and 
management. Objectives include: (1) assessment of the influence of a variety ofland 
uses on quality and quantity in the aquatic system; (2) evaluate the integrated im
pacts ofland, air, and water pollution; (3) measure and predict erosion and sedimen
tation in natural environments and areas disturbed by urbanization process; (4) pre
dict and measure costs and benefits of alternative policies and management schemes 
for water resources planning in urban areas; and (5) measure and predict societal 
attitudes and perception of alternative water resources management schemes. 

Consumer Response to Urban Drought in Central California; William H. Bruvold; School of Public Health, Uni
versity of California, Berkeley, California 94720; $37,500 for 12 months beginning June 1, 1977 

The two major objectives of this research are 1) to 
assess consumer attitudes toward, and evaluation of, 
residential water conservation programs adopted by 
selected water districts in nine Bay Area counties of 
California and 2) to compare effectiveness of various 
water conservation programs mounted by selected 
Bay Area water districts after accounting for differ
ences in residential water restrictions and consumer 
beliefs between districts. Thse and other objectives of 
the research will be accomplished by use of scientific 
sampling procedures to select 100 respondents per 

district, personal interviews with respondents guided 
by a polished schedule, and employment of experi
enced field interviewers to conduct the survey re-
search. . 

The project is working in conjuction with the pro
ject awarded to Teknekron, under the leadership of 
Mark Hoffman. The Bruvold award is working on the 
consumer response to urban drought; its alternatives 
and consequences 

Hydrometeorological Studies Addressing Urban Water Resources Needs; Stanley A. Changnon, Jr.; Illinois 
State Water Survey, Box 232, Urbana, Illinois 61801; $236,700 for 12 months beginning April 19, 1977 

The growth of our cities has resulted in regional water 
resource problems created by these largely unplanned 
developments. The enormous sprawl of some Ameri
can cities has frequently encompassed not only natu
ral drainage basins but often has· resulted in the need 
for the development of complicated engineering works 
necessary to serve the needs of the city that altered 
drastically the natural drainage paths and water bal
ance. The design and operations pf these sophisticated 
and complex urban water systems have become major 
engineering, management, and environmental prob
lems. 
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The 1972 Amendment to the Water Pollution Con· 
trol Act has placed strong emphasis on urban water 
runoff as a source of pollution and stresses the need 
for the acquisition of better and more practical urban 
storm water management schemes. The main concern 
in the optimization of the design and operation of ur
ban sewer systems and other hydraulic structures is 
the collecting and analyzing of precipitation data. 

The objectives of this project, in keeping with this 
concern, are to: 1) develop an operational rain predic
tion-monitoring system using a combination of radar 



and rainguage data for design of hydrological sys
tems; 2) develop a real-time rain analysis method
ology to enhance the operational effectiveness of the 
waterworks; 3) assess the effects of a large lake 
coupled with a highly urbanized and industrialized 

area on the regional weather; and 4) establish methods 
for the transference of the results of this research pro
ject to other cities. Chicago is to be used as the model 
city. 

Water Pollution and the Urban Economy; Alan S. Cohen; Argonne National Laboratory, 9700 Cass Avenue, 
Argonne, Illinois 60439; $143,000 for 12 months beginning February, 1977 

This project is designed to develop a set of economic 
models to predict the effects of environmental actions 
and to apply the models to policy options for the Chi
cago region. In this project, major attention is being 
given to water pollution control programs. 

This project continues the joint research of a group 
of investigators of the University of Chicago and a 
group from the Argonne National Laboratory, both 
of which are being supported by other Foundation 
grants. They are working on the development of a 
set of physical, spatial, economical and administra
tive response models. The benefits and cost of alterna
tive water pollution control policies as well as incen-

tive-type control strategies are being evaluated with 
these models. The hydrological-water quality data on 
an urban basin system, located in the Chicago area 
together with meteorological data and land use IDfoi-
mation is being used, after calibration and validation 
of the models to analyze three types of policies: 1) 
user charges and other tax measures; 2) consolidation 
of wastewater treatment; and 3) land use controls (re
lated to nonpoint sources of pollution). 

New approaches in the development of methods for 
assessing benefits of water pollution abatement and in 
incentive analysis are being presented. 

The Impacts of Nutrient Loading and Atomospheric Contaminants on the Water Quality of Lake Tahoe, Califor
nia-Nevada; Charles Goldman; Institute of Ecology, University of California, Davis, California 95616; 
$85,700 for 12 months beginning June 1, 1977 

Land disturbances, localized increases in anthropo
genic atomospheric pollutants, and changes in the 
quality of the water receiving increased amounts of 
pollutants are produced by the development of water
sheds through various land-use policies. Nutrient en
richment from surrounding watersheds, caused by 
these changes, could possible produce the eutrophica
tion of lakes. Inputs from watersheds are directly re
sponsible for this process as well as indirect sources 
such as air-borne particulate matter, solutes in rain 
and snow, groundwater runoff, and surface runoff. 

Lake Tahoe is in danger of becoming eutrophied by 
these processes due to the extensive urbanization of 
this area and its relationship to the lake's watershed. 
Hence, Lake Tahoe provides excellent conditions for 
the research being done in this project:. The principal 
objective of this research is to determine and measure 
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the impact of air-borne contaminants from dry and 
wet precipitation on the surface and into Lake Tahoe. 

Results from this project will provide, together with 
data already gathered through extensive research, a 
better understanding of the linkage between atmos
pheric, terrestrial, and aquatic systems. The possibil~ 
ity of obtaining a mass balance of chemicals like ni
trogen,sulfur and other nutrients provides the means 
to test water quality and management models for 
lakes under development. New methodologies are to.. 
be deve1op'ed to measure the impact of imported nu
trients into the lake as well as the utilization of the 
periphyton community as a bioindicator of locillized 
nutrient loading impact on water quality of the lit
toral zone. These techniques will be applicable to the 
analysis. of other lakes and will help in the establish
ment of water quality control policies. 



An Analysis of Urban Drought: A Case Study of the San Francisco Bay Area; Mark Hoffman; Teknekron, Inc., 
2118 Milvia Street, Berkeley, California 94704; $341,200 for 12 mont~s beginning July I, 1977 

Drought is a natural hazard that is usually aggravated 
by man's activities. The onset of drought is very slow 
as is the recovery of the system. The interrelated 
short-and long-term consequences are still not well 
understood, nor have been well measured. Now the 
Western United States is facing such an eV~Ilt, 
especially in the northern section of California. The 
management of drought in the urban environment is 
dependent on political, economical, legal, technologi
cal and social constraints and the impacts of adopted 
short-and long-range policies can be far-reaching. 

The objective of this project is to provide guidelines 
and recommendations to help the formulation and 
adoption of more efficient, equitable, and effective 
strategies for drought-management in the urban sys
tem by local and state decisionmakers. The objective 
will be achieved by: a) a historical analysis of the ori
gin and evolution of California's complex water sys
tem; b) a detailed description of how water resources 
are managed in the Bay Area; c) a hydrological analy-

sis of the drought's severity, including an examination 
not only of measurable phenomena but of drought
prediction techniques and. decisionmaking in the face 
of uncertainty;. d) an analysis of how state and local 
water authorities have responded_ to the drought; e) 
an impact analysi~ of consumers' responses to the 
drought and to drought policies; and f) an analysis of 
the results of the five preceding tasks. 

The results from this research will be highly trans
ferable to other urban areas. Since no other major 
study on the subject has been conducted at the same 
time of the drought occurrence, nor with the same ap
proaches, it will also be of great interest to suppliers, 
agencies and users to gain information in the midst of 
the event. 

Portions of this project pertaining to the study of 
consumer response are being carried out under a sep
arate grant by W. H. Bruvold of the Univerisity of 
California at Berkeley. 

Water Pollution and the Urban Economy; George S. Tolley; University of Chicago, Department of Economics, 
Chicago, Illinois 60637; $155,000 for 12 months beginning February I, 1977 

This research's objective is the development of 
methods to assess the benefits and costs of alternative 
water pollution control polices. It also provides 
techniques to conduct policy studies that will aid en
vironmental decisionmakers and planners.· The pre
sent project continues the joint research of a group of 
investigators of the University of Chicago and a group 
from Argonne National Laboratory supported by 
NSF grants on the development of a set of physical, 
spatial, economical and administrative response 
models. The benefits and costs of alternative water 
pollution control policies as well as incentive-type 

control strategies are evaluated with these models. 
. The hydrological-water quality data on an urban 
basin system located in the Chicago area, together 
with meteorological data and la~d use inforimition is 
used after calibration and validation of the models 
to analyze three types of policies: user charges and 
other tax measures, consolidation of wastewater treat
ment, and land-use controls (related to non point 
sources of pollution). New approaches in the develop
ment of methods for assessing benefits of water pollu
tion abatement and incentive analysis are presented. 

Conference on Drought Research Needs-December 5-9,1977; Vujica M. Yevjevich; Colorado State University, 
Fort Collins, Colorado 80521 $47,000 for 12 months beginning June 15, 1977 

From the beginning of history, drought has had 
severe and sometimes catastrophic effects on vital ac
tivities of man. 

The effects of drought are felt through various im
pacts on agriculture, urban water supply, industrial 
supplies, pollution control, navigation, power produc
tion, recreation, and other activities. Pressure for· 
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higher standards of living and an increasing world 
population continuously requires more food, materi
als, energy, industrial output and services. The inevi
table result is an increasing demand for the available 
water resources, and water shortages of drought pro
portions have enormous impacts on the economies of 
both developed and developing regions. Droughts and 



floods are the extremes of hydrologic phenomena. 

Flood damages to society are much more, visible 
and sudden than drought damages but in modern 
times, this situation has been somewhat changed due 
to the pressure on limited water resources. 

At present drought is a critical problem for water 
resources conservation, development, and pollution 
control programs in many regions of the United 
States. Understanding the drought phenomenon and 
finding the best set of drought control and/or allevia
tion measures for each water user and each region are 
challenging and urgently needed tasks. 

The objective of this project is to organize and hold 
a multidisciplinary and interdisciplinary conference 
aimed at carrying out an improved assessment and 
formulation of research needs in the area of drought. 
Specific objectives of the conference are: to define 
areas of most needed drought research subjects, espe
cially from the point of view of general policy for 
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drought control; to outline in specific terms the topics 
needed to be investigated for each ofthe broader sub
jects chosen; to outline detailed subjects of urban 
drought problems, especially those concerned with 
domestic and industrial needs, public services and in 
general the non-agriculturill sectors; to identify those 
drought problems which are interrelated and the in
teractions between the urban and agricultu!e sectors 
during drought conditions; to outline a scheme for fu
ture, long-term research on droughts (5-10 years); to 
define areas of investigation needed in drought con
trol technologies and policies and their impacts on 
both the individual and combined water users; and to 
outline feasible alternatives of coordinating drought 
research efforts with organizations and individuals in 
the U.S. and worldwide. 

A conference report will be produced from. the 
meeting and will be given the widest possible distribu
tion. 



DISASTERS 
AND 

NATURAL 
HAZARDS 

The program eiement DISASTERS AND NATURAL HAZARDS seeks 
methods and techniques that can provide the most cost-effective protection for man 
and his works from loss of life, injury, property damage, social dislocation, and eco
nomic and ecological disruption caused by natural hazards and disasters. 

The program subelements in this area are: 

EARTHQUAKE ENGINEERING 

WEATHER MODIFICATION 

SOCIETAL RESPONSE TO NATURAL HAZARDS 
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EARTHQUAKE ENGINEERING 

Earthquakes are potentially the most devastating of natural disasters. In the Fed
eral government, the NSF jRANN has lead responsibility for earthquake engineering 
and associated problems, and the U.S. Geological Survey has lead responsibility for 
earthquake prediction, control, and hazard identification. RANN's Earthquake 
Engineering subelement supports a broad basic and applied research program ad
dressing all aspects of engineering, geotechnical geology, social and behavioral sci
ences, and other disciplines aimed at developing methods and procedures for the mit
igation of earthquake disasters. RANN and USGS programs are coordinated 
through several mechanisms, including the USGS Advisory Committee, the RANN 
Interagency Coordination Panel, the Interagency Discussion Group on Disaster Mit
igation, and several committees of the National Academy of Sciences. 

The research supported by this subelement is designed to answer the following 
questions: How vulnerable are various structures to damage or failure through seismic 
activity? How can design, planning, and public policy reduce this vulnerability? How 
can technical information best find its way through the maze of building codes, regu
lations, and established architectural and engineering practices to actual decision
makers? 

The objectives of this subelement are to: 

• Develop economically feasible design and construction methods for building 
earthquake resistant structures; 

• Develop procedures for integrating information on seismic risk with ongoing land 
use processes; 

• Develop an improved understanding of the social and economic consequences 
of individual and community decisions on earthquake related issues; and 

• Develop and present information in useable forms to. potentially affected com 
munities seeking to reduce their vulnerability to earthquakes. 

Research is concentrated in three areas in FY 1977: 

• Design 

• Policy 

• Siting 
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DESIGN 

The objective of the Design program of Earthquake Engineering is to bring together 
information from the basic physical and natural sciences and to consider function, 
economic constraints, and performance requirements for the life of a structure with 
regard to the structure's performance under earthquake conditions. This involves 
formulation of loadings, studies of the behavior of materials and elements under 
dynamic loading, formulation and development of conceptual and mathematical 
representations for structural systems, and validation of design procedures through 
observation and tests on real structures. 

Building Configuration and Seismic Design: Christopher Arnold; Building Systems Development, Inc., San Fran
cisco, California 94111, $199,400 for 18 months, beginning July 15, 1977 

Increasing concern for seismic safety and recent dras
tic increases in building costs focus attention on the 
need to ensure that structural costs are held to a mini
mum consistent with meeting the intent of the building 
design. Building configuration-size, shape, number 
of floors-is at present usually a response to a number . 
of specific issues, such as site size and shape, planning 
and building codes, user requirements and cost. Struc
tural design is generally a secondary concern in the 
determination of basic configuration. As provision for 
seismic resistance becomes an increaSing component 
of structural costs, it becomes imperative that struc
tural engineers not be confronted by building configu
rations that are prohibitively costly to make seismi
cally resistant. To date, little work has been done on 
systematically relating architectural configuration 
issues to seismic design. As a result, the seismic design 
implications of building shape are not well understood 
by architects. At the same time, requirements of func
tional planning that may cause the architect to choose 
building configurations that are not structurally opti
mal are not well understood by engineers. 

The general objective to which this research is direc
ted is that of determining the extent to which seismic 

. design and building configuration are related withIn a 
context of construction cost, design difficulty, safety 
and building use. This study is aimed at providing a 
systematic body of knowledge, and a useful meth
odology, that will help close the gap between the archi
tects' and engineers' understanding of each others' 
role. The project uses joint architect/engineer teams. 
Architectural investigations will concentrate on analy
zing the planning and configurations of buildings in a 
generic way to a range of common occupancies (hous
ing, educational, office, health, etc.). Relationships 
between building use, planning, and overall configura
tion will be established. 

Structural analysis will focus on defining architec
tural characteristics important from a structural view
point. Architectural configurations will be examined 
for their cost and appropriateness as seismic design 
solutions for a set of assumed soil conditions, various 
ground motions, and intensities. The project's final 
product will be a set of guidelines for architects, engi
neers, and others involved in the building process. The· 
report will form the basis for sound and economical 
seismic design. 

Seismic Resistance of Precast Concrete Panel Buildings; James M. Becker, Massachusetts Institute of Technol
ogy, Cambridge, Massachusetts 02139; $252,000 supplement beginning 12/20/76 

This project continues at an advanced stage the pre
liminary work completed under an initial project. The 
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original project included a survey of the current prac
tices in the seismic design of large scale precast con-



crete panel buildings, an examination of the problems 
of analytical modeling, and preliminary parametric 
studies using response spectrum model analysis. 

The modeling approach developed in the previous 
study indicated the need for more realistic representa
tions of the overall range of structural behavior of 
precast concrete panel buildings. Such representations 
to be developed in this project include the study of 
nonlinear, inelastic response of both connection areas 

and panels and consideration of the overall response 
(three dimensional aspects) of the entire structural 
system under study. 

Interim reports will be issued describing the various 
modeling effort and the parametric studies. A final 
comprehensive report will be issued at the completion 
of the study indicating final research results and 
recommendations. 

Stability of Structures Under Static and Dynamic Loading-International Colloquim May 17-19, 1977; Lynn S. 
Beedle; Lehigh University, Fritz Engineering Laboratory, Bethlehem, Pennsylvania 18015; $17,000 for 12 
months beginning February 15, 1977 . 

The structural problems of buildings; bridgl<s, and 
their components are international in scope. Since ex
tensive research activity is currently underway in 
many countries, it is important that professionals 
from around the world meet to discuss these problems. 
This grant will provide support for an International 
Colloquium on the Stability of Structures Under 
Static and Dynamic Loading to be held in Washing
ton, D.C. during the period May 17-19, 1977. 

The objective of this colloquim is to bring together 
experts and researchers in the area of static and dy
namic stability of structures to discuss their latest re
search results and relate them to improved methods of 
design for building bridges and other structures sub
jected to dynamic earthquake and wind loadings. 
Through the colloquium, the basis for formulating sta
bility design criteria can be exposed for discussion, 
discrepancies can be pointed out, potential structural 
problems can be recognized, and experience in the use 
of design rules may be shared. Effective approaches 
for bringing currently used design rules and proce-
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dures into better agreement will be considered, further 
needed research will be identified, and information 
will be assembled for use in the formulation of new 
design specifications. 

Close cooperation between the design and research 
communities of Europe, Japan and the U.S. will help 
improve present design methods. This International 
Colloquim provides unique and highly expedient 
means of achieving this goal. The colloquim has the 
professional endorsement of the European Conven
tion· for Constructional Steelworks, International 
Association for Bridge and Structural Engineering, 
Col~mns Research Committee of Japan, as well as 
the U.S. Structural Stability Research Council, which 
is responsible for organization of the colloquium. 

Papers presented at the conference, together with 
discussions will be published in a book of proceedings. 
These proceedings will be widely distributed to 
researchers and practitioners. 

Seismic Resistance of Fossil-Fuel Power Plants; John L. Bogdanoff; Purdue University, Lafayette, Indiana 
47907 $127,300 supplement 

This project will concentrate upon the determina
tion ofthe dynamic behavior oflarge fossil-fuel steam 
power generating plants when subjected to earthquake 
forces. The results of this research may be used to 
establish design guidelines and procedures to ensure 
the earthquake resistance of the principal components 
of power plants. These guidelines and procedures form 
the basis for the. development of seismic code provi
sions and recommendations for the design and con-
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struction of fossil-fuel steam power generating plants. 
At present there are no generally accepted design pro
cedures similar to those for the design of buildings 
available to the industry and professional engineers 
engaged in the design of power plants. 

This project will continue to investigate, analyti
cally and experimentally, the behavior ofthe principal 
components of power plants: furnace-boiler, steam 
and feedwater piping systems, coal handling equip-



ment and conveyor systems, cooling towers, and 
stacks. Results of this research will be used to recom
mend improvement in design for the earthquake re
sistance of old and new plants, recommend a policy on 

spare parts to be availabl~ in the event of a disaster, 
recommend design quidelines and procedures, develop 
simplified computer codes, imd· recommend design 
provisions. 

Safety Evaluation of Buildings Exposed to Earthquakes and Other Catastrophic Environmental Hazards; Boris 
Bresler; University of California, Department of Civil Engineering. Berkeley, California, 94720; $98,000 
for 12 months beginning March 15, 1977 

This project will study the problem of attempting to 
predict the potential damage which could occur to an 
existing structure when it is subjected to a catastrophic 
event such as an earthquake, severe windstorm, etc. 
Methods and criteria for assessing potential damage
ability in existing structures with respect to abating 
these potential hazards and to minimizing losses and 
the cost of rehabilitation will be developed. 

In consideringdamageability, three general types 
of damage will be distinguished: 

• Local damage-limited to one or several typical 
elements; 

• Global damage-overall damage in a particular 
event related to the total building; and 

• Cumulative damage-overall damage resulting 
from a series of events such as a strong earth-

quake followed by fire or by a series of after
shocks or some other combination of normal and 
castastrophic events. 

Damageability of structural and nonstructural ele
ments will be considered in conjunction with the 
strength and ductility of structures. Methods for 
assessing damageability and for developing damage
ability indices will be worked out. Based on the devel
opment of damageability indices using results from 
case studies, an attempt will be made to synthesize re
damageability of structures by relativeiy simple means 
suitable for routine application. Such information 
will not only be useful in assessing the degree of haz
ard for existing structures, but will also be useful in 
guiding preventive rehabilitation programs and in 
improving the seismic design of new buildings. 

Earthquake Response of Dams Including Hydrodynamic and Foundation Reactions; Anil K. Chopra; University 
of California, Berkeley, Berkeley, California 94720; $70,400 for 12 months beginning November 1, 1977 

The basic purpose of this research investigation is to 
develop reliable and effective techniques for earth
quake analysis of dams including effects of hydrody
namic and foundation interaction, and a fundamental 
understanding of the effects of interaction and their 
significance in the response. of dams to earthquake 
ground motion. Dams of three types: concrete gravity, 
concrete arch, and earth are included. 

Procedures for including hydrodynamic and foun
dation interaction effects in analysis of response of 
dams to earthquake ground motion will be formu-

lated. Computer programs will be developed to imple
ment . these procedures for numerical evaluation of 
earthquake responses. A systematic series of analyses 
will be performed to establish the significance of in
teraction effects in the earthquake response of dams. 

The developments and results expected from the 
proposed investigation will enable better evaluation 
of the response of dams to earthquake ground mo
tion, thus improving our capability to assess the safety 
of existing dams and of designs proposed for dams to 
be constructed~ 

Energy Absorption Characteristics of Structural Systems SUbjected to Earthquake Excitation; Ray W. Clough, 
University of California; Berkeley, California 94720; $103,000 for 0 months beginning December 8, 1976 

The program of activities includes testing of structural 
components such as reinforced concrete beams and 
beam columns, reinforced concrete beam and column 
assemblies, and reinforced concrete frames with span-
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drel walls. The moderate size earthquake simulator 
will be used to verify, extend and modify analytic 
understanding of the earthquake response of steel 
rigid and braced frames, reinforced concrete bare 



frame reinforced concrete frames with shear or in
filled walls and' masopry structures. The results of 
these experimental activities will be correlated with 
theory and compared with results of a separate field 
test program. Concurrent analytic research will be 
directed toward developing computational procedures 

with which engineers can predict the inelastic response 
of real structures under strong earthquakes, the 
amount of damage likely to be inflicted, and the possi
bility of coinplete collapse, with sufficient accuracy , 
and economy for practical purposes. 

Structural Loads Analysis and Specification; C. Allin Cornell, Massachusetts Institute of Technology, Cam
bridge, Massachusetts, 02139; $275,600 for 0 months beginning January 5, 1977 

The purpose of this award is to support the continu
ing research to develop a practical, unified approach 
to the analy~!~ ,and specification of structural loadings, 
including extreme value loads (e.g., earthquake) and 
continuous loads (e.g., live load, wind). The study 
will have three purposes: (1) to develop a relatively 
simple, unified set of probabilistic models which repre
sent the random characteristics ofloads; (2) to develop 
and study alternative codifiable treatments of loading 
and load combination specifications and (3) to carry 
out the supplementary basic research that these de
vdopments require. 'The way in which various loads 
can be combined to achieve a design load condition 
will be investigated. The effectiveness of alternative 

deterministic code formats, e.g., a community load 
factor, split factors, partial factors, etc., applied to 
characteristic values or application versus success in 
meeting particular stated objectives, e.g., equal risk 
exceeding the design values: New concepts in load 
models will be reported and clarification of principles 
and applicability will be provided. The feasibility of 
new loading specification formats based more directly 
on these probabilistic models will also be investi
gated. With a common load model, it may be possible 
to develop some relatively simple unified scheme of 
formulas or charts ot provide more accurate assess
ments of the risk of a given combination of values or 
the design combination for a given risk. 

Implementation Planning for Seismic Design Provisions for Buildings; Charles Culver; N ational.Bureau of Stan
dards, Gaithersburg, Maryland 20234; $63,700 for 6 months beginning July 15, 1977 

In 19]4, lhe National Science Foundation and the 
National Bureau of Standards as part of the Coopera
tive Federal Program on Building Practices for disas
ter Mitigation undertook a project with the Applied 
Technology Council of California to develop nation
ally applicable comprehensive seismic design provi
sions reflect the current state of the art in earthquake 
engineering in a form adaptable for implementation 
by standards organizations, model code groups, Fed
eral agencies, and other regulatory groups. Approxi
mately 90 professionals throughout the United States 
representing the design professions, the university re
search community, and regulatory groups including 
the model codes and State and local building officials 
participated in developing the provisions. 

This project will develop a plan to implement the 
nationally applicable Comprehensive Seismic Design 
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Provisions as tentatively proposed. The objective of 
the project is to facilitate adoption of provisions by 
regulatory and standards groups, and acceptance and 
use of the technical criteria by practicing profes
sionals throughout the United States. Considerations 
involved in planning the program and the types of 
participants are discussed. A procedure involving 
participation by the appropriate organiztions will be 
developed in order to engage the assistance and coop
eration of all the organizations involved with con
struction of buildings. A coordinated effort is required 
to facilitate this implementation and maximize the 
potential benefits associated with use of the design.. 
provisions. The project includes the development of a 
framework or plan for the effort to implement the de
sign provisions. 



Prediction of Earthquake Resistance of Structures; Rudolph F. Drenick; Polytechnic Institute of New York, 333 
Jay Street, Brooklyn, New York 11201; $75,600 for 12 months beginning November 15, 1976 

This project continues the research on the develop
ment of a "minimax" method for reliable structural 
design. When a structure is designed for earthquake 
resistance, the first major problem is to select an ap
propriate time history of ground acceleration as the 
design load. One way is to select the worst possible 
excitation from a class of admissible functions for the 
specific structure under consideration. The theory of 
worst or "critical" excitation and methods of analysis 
for elastic structures have been developed in the pre
vious studies. The objective of this project is to con
vert the critical excitation method into a fully imple
mented design tool. 

A linear method has been fully developed, and a· 
non-linear method has been partially developed. Both 
methods have been applied to a limited number of 
test designs in previous studies. Studies will be con-

ducted to develop design charts, computational aids, 
and computer programs in farms which the practicing 
engineer can use to design structures based on the 
critical response theory established. 

This project is directed. at the full implementation 
of the developed methods for elastic structures, and 
will complete the development of the theory, method, 
and design methods for inelastic procedures. Research 
tasks to be carried out include selection of basis exci
tations, development of critical response spectra, in
corporation of critical excitation method into selected 
dynamic analysis program, establishment of proced
ures for the choice of representative design variables, 
and analysis of inelastic structures. Results will be 
provided to researchers and design engineers for prac
tical application. 

Structural Connections in Industrial Installations Subject to Earthquake; George C. Driscoll, Lehigh University, 
Fritz Engineering Laboratory, Bethlehem, Pennsylvania 18015; $90,500 for 18 months beginning January 
IS, 1977 

This project will study problems of structural connec
tions of equipment located in industrial facilities 
which could be SUbjected to earthquakes. Such con-. 
nections may occur within the equipment or may at
tach the equipment to the structure Or fouridation. A 
study will be performed to identify the types of func
tions of connections, will group them into general 
classes, and will examine current codes and specifica
tions for the design and construction of such connec
tions. Methods for assessing loadings on connections 

will be summarized and recommendations will be of
fered with respect to the best methods currently avail
able which could be used at a practical economic 
level. Typical connections currently available will be 
examined to initially assess their potential perfor
mance under earthquake loading. A report will be pre
pared summarizing the results of the study, and should 
be ofvalue in assessing the present adequacy of equip
ment connections for earthquake loadings. 

Summer Institute for Architectural Design for Earthquake Disaster Mitigation; John P. Eberhard, AlA Research 
Corporation, 1735 New York Avenue, Washington, D.C. 29006; $77,400 for 6 months beginning April 15, 
1977 

"Architects & Earthquakes: A Primer" was devel
oped by the AIA/RC under a grant from the Na
tional Science Foundation to provide architects with a 
better understanding of earthquakes and to emphasize 
the importance and effect of their design decisions for 
seismic conditions. In order to efficiently and directly 
disseminate the Primer and other important research 
information to the architectural profession, AIA/RC 
will organize, administer and conduct a one-week 
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summer institute. The Institute will be held for ap
proximately fifty architectural faculty, who in turn 
will relay this gained knowledge to the profession in 
their locale, to academic curricula, and to students. 

The objective of the institute will be to develop an 
awareness and .actual application of useful knowledge 
in the design of buildings to resist seismic forces. This 
effort will ultimately result in building designs which 



reflect safety features to mitigate the effects of earth
quakes by reducing loss of life and property damage. 

The one-week summer institute curriculum will 
cover four broad areas: seismology/soils, structural 

. engineering, environmental systems, and nonstruc
tural building design. Curricula will be designed using 
the latest research information to teach causes of 
earthquakes, effects upon soils and structures, and re
sultant effects upon nonstructural building elements. 
Participants will learn how architectural design con
siderations and decisions affect the seismic perfor
mance of buildings. 

An expert in each field of activity will serve as fac
ulty for the institute and will be responsible for prep
aration of the course materials (written and visqal) 
. and presentation of the current practices for his area 
of expertise. 

It is planned that the staff and facilities at the 
Berkeley Earthquake Engineering Research Center 
and St,anford University John A. Blume Center be 
utilized for demonstration purposes. 

Formulation and Expression of Seismic Design Provisions; Steven J. Fenves, Carnegie-Mellon University, Pitts
burgh, Pennsylvania 15213; $29,000 for 0 months beginning January 31,1977 

The National Bureau of Standards and the Applied 
Technology Council (ATC) are currently conducted 
an NSF-funded projeCt on the development of com
prehensive seismic design provisions. A preliminary 
draft of the design provisions has been released to a 
wide range of professional, business and industrial 
groups. The draft represents the work of a muitidis
ciplinary team to resolve the major technical issues 
involved and to express the technical content of the 
provisions on a consistent basis. The objective of this 

project is to assist the A TC project to the maximum 
extent possible in the preparation of the final docu
ment, to provide documentation of the logic of the 
final text by publication of the formal representation 
of the provisions embodied in the A TC's final report. 
A systematic study of the ATC draft will be under
taken to insure that the basic consistency of provisions 
are truly reflected in the final document. This docu
mentation will provide a reference for those who 
adopt and update the Design Provisions. 

Full Scale Tests on Eleven Story Building in the Pruitt-Igoe Housing Project of St. Louis; Theodore V. Galam
bos; Washington University, St. Louis, Missouri 63130; $151,500 supplement 

The imminent demolition of thirty or more eleven
story apartment buildings of relatively contemporary 
construction provides a unique opportunity to sub
ject buildings to dynamic excitation simulating earth
quake loading from which much. data can be gained 
for deriving realistic design criteria for earthquake 
resistive structures. The purpose of this project is to 
study and test existing full-scale reinforced conc~ete 
multi-story frame structures under realistic loading 
conditions. This is being done in order to provide 
researchers and design engineers with data for im
proving the design and construction of earthquake
resistant buildings. Knowledge of the performance of 
such buildings is usually gained from theoretical and 
analytical studies, from laboratory tests of the mater
ials, components and scaled models, and from field re
connaissance study of damaged structures after a 
major earthquake event. 
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The principal objective of this study is to perform 
fu]]-scale tests on complete structura]]y sound contem
porary structures with the intent of exploring the ac
tual limit states of performance. The research plan 
includes three operations: 1) a determination of in situ 
dimensional and material properties; 2) the perfor
mance of sma]] amplitude shaking tests to obtain elas
tic dynamic properties; 3) the performance of large
amplitude dynamic tests to determine how dynamic 
properties change with amplitude in the non-linear 
range, with and without walls in place. 

The expertise of several organizations is to be util
ized on one or more buildings in the Housing Project. 
Because the buildings are slated for demolition in the 
near future, and are of relatively contemporary rein
forced-concrete frame construction, their availability 



for testing presents a unique opportunity to expand 
the understanding of the behavior qf full-scale struc- . 

tures under dynamic loading conditions relative to 
lateral forces experienced during an earthquake event. 

Earthquake Resistant Design of Braced Steel Frame Structures; Subhash C. Goel; University of Michigan, Ann 
Arbor, Michigan 48109; $141,200 for 12 months beginning August 1, 1977 

Braced multistory steel frame structures have gained 
popularity among engineers in recent years because 
they are stiffer and more economical than un braced 
frames. Bracing members are considered to be effec
tive earthquake-resistant elements because they pro
vide necessary stiffness to prevent non-structural 
damage due to moderate shaking, and are a source of 
energy dissipation during severe earthquake motions. 
The need for an understanding of the cyclic inelastic 
response of braced frame structures is not limited to 
earthquake resistance, but also to tornado winds and 
sea storms. The hysteresis behavior of bracing mem
bers is quite complex because it is influenced by 
buckling and yielding. Thus the computation of realis
tic inelastic dynamic response is more difficult for 
braced frames than for unbraced frames. 

This project will perform an analytical study of 
braced frame systems subjected to earthquakes. Prac
tical structural configurations will be investigated to 
determine their advantages and disadvantages utiliz-

ing an improved understanding of bracing behavior. 
Based upon these and past studies, design recommen
dations will be formulated and analytical procedures 
for the design of earthquake resistant braced frame 
structures will be developed. 

An analytical and experimental study of the hys
teresis behavior of steel members subjected to com
bined cyclic bending and axial forces will be con
ducted .. The results will help define the conditions 
under which the bending action is a primary effect and 
axial force is a secondary effect. The case when buck
ling dominates the member behavior and bending 
is secondary will also be investigated, as well as the 
intermediate range of conditions under which the 
member behavior may be significantly influenced by 
both types of action. The experimental program will 
be conducted to verify the theoretical results and to 
develop an understanding of the mechanisms and 
limits of failure for these types of members. 

Computer Program Documentation for Technology Transfer; Phillip L. Gould; Washington University, St. Louis, 
Missouri 63130; $10,790 for 6 month~ beginning October 1,1976 

A comprehensive investigation of hyperbolic cooling 
tower shells has been conducted for the past few years 
at Washington University under NSF sponsorship. 
Efficient and powerful computer programs for the 
high-precision finite element analysis of rotational 
shells were developed and implemented. A major part 
of this work deals with the development of a program 
called SHORED for the dynamic response to cooling 
towers under earthquake and wind loadings. The 
program, which is developed for the analysis of arbit
rarily loaded (static and dynamic) thin shells of revo
lution, is extremely efficient and powerful. 

This award is to provide documentation of the 
program to effect the transfer of technology to poten
tial users. High-quality theoretical and users' manuals 
for the SHORED computer program will be devel
oped, as well as a complete list of available programs. 
The manuals will be prepared utilizing the technical 
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papers and reports prepared in conjunction with the 
work on the NSF research grant supported by the En
gineering Division. The capabilities will be generalized 
somewhat to include such items as layered shells and' 
discontinuous meridians which are of interest to a 
number of potential users. The finished program will 
be tested using problems documented in the literature. 
The complete documentation will be included in the 
computer library of the National Information Service 
of Earthquake Engineering for wide distribution. The 
potential users include practicing engineers, designers, 
arid profes~ionals in private industry and government 
agencies) 

It is expected that the documented program will 
be utilized primarily for the seismic analysis of rota
tional shells, particularly hyperbolic cooling towers, an 
important component in power plant complexes. 



Conference on the Repair and Rehabilitation of Buildings; Robert D. Hanson; University of Michigan, Ann 
Arbor, M~~higan 48109; $22,900 for 12 months beginning February 1, 1977 

There is a need to collect and synthesize the available 
information on techniques and procedures to repair, 
strengthen and rehabilitate older buildings, those 
damaged by natural or man-made causes, and those 
which have been constructed in the past before seismic 
considerations were required. 

Although existing information is available, ·it is 
distributed throughout the literature and research 

publications. It is important to analyze and dissem
inate the information to the public and to the total 
construction industry. 

A conference will be conducted to assess the current 
practices and determine future research. Published 
proceedings will include technical papers and future 
research needs. 

Seismic Resistance of Concrete Slab to Column and Wall Connections; Neil M. Hawkins; University of Wash
ington 98105; $228,800 for 0 months beginning February 9, 1977 

This grant will continue research which was concerned 
with the strength of reinforced concrete slab-to
column and slab-to-wall connections subjected to 
strong dynamic loads. 

In the next stage of the work reversed cyclic loading 
tests will be conducted on approximately 29 specimens 
representative of connections at exterior columns and 
walls, corner columns and walls, and frames. The 
specimens will be subjected to statically applied, re
versed cyclic loadings having varying ductility 
demands. 

The experimental phase of the project will continue 
to be supported by a vigorous analytical program. 
That program has two parts. The first concerns the 

development of mathematical models capable of 
predicting the experimentally observed results. 

The second part of the analytical program concerns 
the development of appropriate procedures based on 
the experimental data for predicting the theoretical 
seismic response of typical fiat plate structures. 
During 1975 a procedure was developed that predicts 
well the monotonic loading response measured in the 
interior column connection tests and is readily ex
tendable to frames incorporating fiat plates. In this 
continuation, that procedure will be extended to re
versed cyclic loading and dynamic response predic
tion. 

Earthquake Induced Bond Deterioration of Reinforced Concrete; Neil M. Hawkins; University of Washington, 
Seattle, Washington 98105; $52,400 for 12 months beginning March 15, 1977 

This project will be continued on studies of bond de
terioration in reinforced concrete structures subjected 
to earthquake loadings. Immediate objectives will be 
to conduct calibration experiments for collation of 
reinforcing ba( stress-slip relationships with the de
velopment of internal cracking and acoustic emis
sions, and to use these results for a variety of experi
ments simulating practical connection details. In the 
first phase of the study approximately eight specimens 
will be tested to various levels of failure and then ex
amined using a variety of methods, from non-destruc
tive to sawing, to determine the degree of bond deter-
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ioration. Both straight and hooked bars will be 
studied. In the second phase of the project analyt
ical studies will be undertaken and additional tests 
will be conducted with progressively increasing 
reversed-cycle loading using both conventional and 
light-weight concretes. All of these studies have the 
long-range goal of the development of practical tech~. 
niques to assess the degree of bond deterioration in a 
structure surviving an earthquake and the develop
ment of improved design methods and regulations for 
new reinforced concrete structures. 



Effects of Damage from Strong Earthquakes; George W. Housner; California Institute of Technology, Pasadena, 
California 91104; $292,500 for 12 months beginning February 1, 1977 

This research project is the third year of a 3-year pro
gram and addresses the problem of hazards posed to 
structures by potentially destructive earthquakes. An 
annual construction investment in excess of $15 bil
lion is being made in the highly seismic regions of the 
United States, so that during the next 20 years some 
$300 billion worth of new construction will be exposed 
to the possibility of very strong ground shaking, and 
should be designed for optimum safety and economy. 

The objective of this research project is to develop 
useful techniques for the analysis of non-linear struc
tural response to earthquake grouIld shaking, to use 

these techniques to obtain insight into the actual be
havior of structures during earthquakes, and ul
timately to develop practical methods for the control 
of damage to structures vibrated beyond the elastic 
range. To accomplish this objective, the proposed re
search will be undertaken in three areas: theoretical 

. analyses of the vibration of nonlinear structures; anal
ysis of the behavior of real structures and structural 
elements SUbjected to earthquake loads; and the de
velopment of methods for assessing the degree of 
damage that structures will sustain in the event of 
very strong ground shaking. 

Contribution of Floor Systems to Earthquake Resistance of Steel and Concrete Building Frames; Ti Huang, Le
high University, Bethlehem, Pennsylvania 18015; $105,100 for 12 months beginning November 1,1976 

The objective of this research project is to develop 
improved design guidelines for floor systems of multi
story buildings to resist earthquake forces. This study 
will investigate and evaluate the contribution of sev
eral types of floor systems to the earthquake resistance 
of structural frames. The response of floor systems 
under earthquake loading is not properly considered 
in the present design practice for building structures, 
because of the lack of information concerning the 
seismic behavior of various floor systems. The study 
will examine the behavior of floors subjected to pul
sating loads and will develop design guidelines which 

will take the floor system contribution under repeated 
loading into full consideration. 

Both analytical and experimental investigations 
will be included in this project. the study will cover 
several types of floor systems frequently used in steel 
and concrete buildings. Testing of typical floor sys
tem panels will provide information leading to the 
identification of design parameters controlling the 
behavior of floor systems. A computerized paramet
ric study will be used for the generation of data and 
development of design guidelines suitable for incor
poration into design codes. 

Research Initiation-Strengtbening of Reinforced Concrete Columns for Earthquake Resistance; Lawrence F. 
Kahn; Georgia Institute of Technology, Department of Civil Engineering, Atlanta, Georgia 30332; 
$20,000 for 18 months beginning April 1, 1977 

The objective of this investigation is to .determine the 
adequacy of various methods of strengthening and re
pairing reinforced concrete columns for improved 
earthquake resistance. Five full-sized reinforced Con
crete columns will be strengthened and subjected to 
reversed cycle, earthquake type loads. Four strength
ing techniques will be investigated which involve wrap
ping the existing column with steel bars or bands to 
increase the area of shear reinforcement. One column 
will be initially tested without any strengthening sys-
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tem; then it will be repaired using an epoxy injection 
method, strengthened and retested. The test results 
should demonstrate which method is superior for in
creasing the ductility and shear resistance of existing 
columns. This initial research will lead to design 
guidelines for improving the earthquake resistance of 
existing structures and will spotlight additional areas 
of research required in the general area of a seismic 
rehabilitation. 



Prestressed Walls for Damping Earthquake Motions in Buildings; W. O. Keight/ey; Montana State University, 
Bozeman, Montana 59715; $37,300 for 24 months beginning November 1, 1976 

This research is intended to contribute to the reduc
tion of human life and economic losses due to building 
collapse or building damage caused by excessive 
building sway during earthquakes. The research will 
investigate a method for reducing the amplitude of 
building sway. 

Earthquakes, tornadoes, hurricanes and explosions 
. are examples of extreme dynamic loadings which 
could occur on various structures. Under such load
ings it is necessary for the structure to absorb the sud
den input of energy with an acceptable level of damage 
and without developing excessive dynamic motions in 
the structure. This project will investigate the feasibil
ity of using segmented prestressed concrete elements 

in structures to absorb energy from dynamic loads 
through Coulomb friction in addition to inherent vis
cous damping. Mobilization of this additional energy 
absorption mechanism has great promise for limiting 
dynamic motions and reducing damage in structures. 
The energy absorbing elements could serve as interior 
partitions in a structure and be built in as a normal 
part of the construction. Analytical studies will be 
made for a representative wall panel and laboratory 
tests will be carried out to determine needed param
eters and verify analytical predictions. Factors such 

. as residual displacements after energy absorption 
will be studied. 

Seismic Safety Design for Police and Fire Stations; Earle W. Kennett; AlA Research Corporation, Washington, 
D.C. 20006; $196,800 for 13 months beginning January 1, 1977 

The purpose of this project is to explore, define, and 
record seismic design considerations to be used by 
the architectural and public safety professions in the 
architectural design, construction, and operation of 
police and fire stations which are classified as emer
gency public safety facilities in post-earthquake re
coveryactivities. 

The project will analyze police and fire stations to: 
(1) identify specific architectural damage patterns and 

failures which have occurred to police and fire stations 
during past moderate and major earthquake events; 
(2) identify and assess their present and anticipated 
architectural program requirements; (3) identify 
their special architectural and public safety require
ments for seismic safety design; and (4) develop speci
fic prototypical, architectural design alternatives for 
earthquake damage mitigation. 

Structural Response Under Random Wind Loading; Y. K. Lin; University of Illinois, Urbana, Illinois 61801; 
$41,200 for 12 months beginning June 15,1977 

One of the dynamic natural hazards to man-made 
structures is a strong gusty wind environment. 
Large deflections and structural instability can be 
caused by gusty wind under certain unfavorable 
loading conditions. The problem of structural re
sponse to wind loading is complex, and belongs to 
the general category of fluid-solid interaction. The 
problem is nonlinear due to the change of initial wind 
velocity by the presence of the structure, and is ran
dom due to the existence of turbulence in the velocity 
field. 

The conventional treatment of the problem is often 
insufficient. It is based on simple equivalent static 
forces and on deterministic modeling of the complex 
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dynamic loading and response process. More sophis
ticated analysis is required to improve the under
standing of behavior of structures subjected to the 
random aerodynamic forces generated by winds. 
Although the use of the theory of stochastic pro
cesses in dynamic system analyses can be traced back 
much earlier, the concepts of stochastic stability have 
not been applied to wind-loaded structures to date. 
The objective of this project is to establish a mathe
matical theory for structural response to random 
gusty wind in the along-wind and across-wind direc
tions, to apply stochastic stability concepts to solve 
the wind induced structural instability problem, to 
investigate the vortex pattern of wind and its effect, 



and to demonstrate the application of the research 
results in the analysis and design of actual building 
and bridge structures. The research will provide a 

basis for improved design practice for structures 
under wind conditions. 

United States-Republic of China Cooperative Research in Earthquake Engineering Part II; Le-Wu Lu; Lehigh 
University, Bethlehem, Pennsylvania 18015; $25,400 for 12 months beginning April 15, 1977 

This cooperative research program in the field of 
earthquake engineering between the United States and 
the Republic of China, is under the sponsorship of the 
United States-Republic of China Cooperative Sci
ence program, which is administered jointly by the 
National Science Foundation and the National Science 
Council. The cooperative program is devided into two 
parts, Part I, a program between the University of 
California, Berkeley (UCB) and the National Taiwan 
University (NTU) and Part II, a program between 
Lehigh University (LU) and the National Taiwan 
University. The objective of this cooperative program 
is to study these fundamentally import subjects in 
both "siting" and "design" areas and to obtain useful 

technical information which will benefit both countries. 

This project between LU-NTU deals with earth
quake resistance and strengthening of concrete build
ings with foundation settlement and partial structural 
damage. This problem has become a major concern 
to engineers because of the increase in height of 
the new buildings. Both analytical and experimental 
studies will be conducted to investigate the earthquake 
response and the strength, stiffness, and damage 
characteristics of such structures in an effort to de
velop useful information to improve engineering de
sign and practices. 

Seismic Behavior of Multistory Masonry Structures; Hugh D. MeNiven, University of California, Berkeley, 
California 94702; $102,000 for 12 months beginning April I, 1977 

Masonry construction is used extensively in this coun
try and throughout the world for housing and office 
buildings. Due to lack of shear strength and moment 
resistance as compared with steel and reinforced 
concrete structures, masonry structures are more vul
nerable to strong ground shaking during earthquakes. 

To reduce the potential loss of life and property 
damage associated with masonry structures due to 
earthquakes, research will be performed to gain bet
ter understanding of the seismic behavior of masonry 
structures and to develop improved design methods of 
such structures. 

The principal subject of this experimental work is 
. the seismic shear resistance of window piers in multi
story masonry buildings. Both single and double pier 
test program and diagonal splitting tests will be con
ducted to study the stiffness and strength of the piers 

and their parametric variation. Correlation studies of 
test data will be performed, and the behavior of 
typica'I spandrel girders in multistory construction 
will also be investigated. 

The purpose of the analytical research. eff9rt is to 
correlate the experimental results with predictions of 
various mathematical models. Work during the proj
ect period will be aimed toward further refinement of 
modelling techniques to better represent masonry as 
a periodic material, and also toward evaluation of 
effective material properties which may be used in 
the design of masonry structures. 

The results will be directed to the attention of 
building officials, designers, and code bodies for the 
development of more sophisticated techniques of 
seismic design and code specifications. 

Reliability of Existing Buildings in Earthquake Zones-Part II; Hugh D. MeNiven; University of California, 
Berkeley, California 94720; $50,000 for 24 months beginning June 17,1977 

One of the most important· research tasks in Earth
quake Engineering is to develop a capability for pre-

65 

dieting the behavior of structures during an 
earthquake. An equally important task is to develop 



means by which existing buildings in earthquake 
zones can. be appraised in terms of how they might 
respond during an earthquake. 

This project is addressing this latter risk, that is, the 
development of a realistic method to evaluate the 
seismic reliability of existing structures. The method 
consists of (1) constructing mathematical models 
truly representing the linear and nonlinear behavior 
of building structures by performing shaking tests and 
utilizing the System Identification techniques, (2) 
establishing the "limit states" or "failure criteria" 
of structures, and (3) determining the reliability of 
structures by subjecting the structural models to a 
family of earthquake excitations. 

The project requires a joint effort by the University 
of California, Berkeley and Purdue University. Ber-

keley's effort will be in the development of mathemat
ical model by the System Identification approach and 
testing the physical frame models on the shaking 
table. Purdue's effort will be on the formulation of 
reliability criteria and the analysis of test results in 
terms of damage probability and other probabilistic 
response measures. 

The proposed research represents a workable first 
step in gaining insight into the seismic reliability 
problems of existing structures. This research will 
provide the basis for formulating effective and real
istic counter measures to mitigate damage and losses 
associated with non-engineered existing buildings in 
seismic areas. 

Seismic Effects in Liquid Storage Tanks; William A. Nash; University of Massachusetts, Department of Civil 
Engineering, Amherst, Massachusetts 01002; $42,400 for 12 months beginning November 15,1976 

Liquid storage tanks are found throughout urban 
areas. The types of tanJ<s to be studied here are those 
that are placed on the ground with foundation attach
ments. Such tanks are used for storage (such as petrol
eumproducts and water), processing (such as water 
treatment, sewerage handling and chemical proces
sing), and the storage of corrosive and explosive 
materials (such as acids and chlorine). Failures of 
large liquid storage tanks have been observed in sev
eral recent earthquakes: the 1964 Niigata caused the 
failure of an empty petroleum storage tank. The 1964 
Alaskan Earthquake caused the collapse of seven 
oil tanks, one of which released 750,000 gallons of 
aviation fuel. During the 1971 San Fernando a 1.75 
million gallon wash water tank associated with the 
Joseph Jensen Filtration . Plant developed significant 
yeilding although it did not collapse. The tank was 
half full at the time. A number of petroleum storage 
tanks exhibited "elephant foot" damage and might 

have failed if the earthquake had been of longer 
duration. 

This study will be oriented toward developing 
rational design criteria for slab-supported liquid-filled 
containers subject to seismic excitation. The dynamic 
response of a partially filled cylindrical tank excited 
by transverse and/or vertical motion will be inves
tigated. This includes the buckling patterns in the 
upper portion of the container above the liquid and 
the. portion below the free surface. The uplift effect 
of lower extremity of the tank at the juncture with 
the base slab will be investigated. The effect of slosh
ing liquid impinging upon the tank top and the effects 
of tank prestressing will be studied. Experiments will 
also be conducted to supplement the analytical stud
ies. Results will be presented in the form of easily 
used computer programs to permit comprehensive 
design of earthquake-resistant tanks. 

Seismic Behavior of Structural Systems; Analysis and Design of Structures; Joseph Penzien; University of Cal
ifornia, Berkeley, California 94720; $70,000 

One of the major goals of earthquake engineering is to 
predict the inelastic response of structures subjected 
to severe earthquake excitation. Considerable effort 
has been devoted to the development of computer 
programs for performing such analyses. However, 
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early in the development of these programs, it became 
apparent that the ability to perform nonlinear struc
tural analyses greatly exceeded the understanding of 
the seismic behavior mechanism of structural ele
ments and components. Before reliable computer 



predictions can be made, more detailed information 
on the actual damage performance of such com
ponents is needed. 

The goal of this research is to provide a better un
derstanding of seismic performance and modes of 
failure structures through advanced experimental 
and analytical investigations. The results of these 
investigations are to be directed toward the develop
ment of improved seismic analysis and design meth
ods, subsequently, these methods will be applied to 
practical situations. The design methods to be devel
oped will insure a balance between cost and safety. 

Considerable effort is needed in these analytical 
areas to increase the reliability of controlling seismic 

damage according to acceptable criteria. This project, 
which is one of four independent programs on "Seis
mic Behavior of Structural Systems," bv the Univer
sity ot California, Berkeley, undertakes the following 
research tasks: (1) Analytic Studies of Building Re
sponse, (2) Soil-Structure Interaction Effects in 
Building Response, (3) Development of Nonlinear 
Structural Analysis Techniques, (4) Probabilistic 
Studies of Seismic Response, and (5) Analytical Meth-
.od for Design. . 

The broad objectives of this project is to develop 
improved seismic analysis capabilities and to apply 
them in the structural design to achieve increased 
reliability of controlling seismic damage and costs. 

The United States-Japan Cooperative Research Program on Large-Scale Structural Systems; A Planning Study; 
Joseph Penzien; University of California, Berkeley, California 94720: $20,000 for 24 months beginning 
July 15, 1977 

Traditionally, engineers have relied heavily on theory 
and computers to develop concepts for design of struc
tures resistant to 'earthquake forces. Many of these 
concepts have evolved from post-inspections of earth
quake damage and laboratory simulations. As bene
ficial as these concepts are, many factors cannot be 
evaluated by inspection or small scale tests. The re
sults of these small scale tests could be verified by 
full size structural tests to evaluate the time behavior 
in a structural system. A program to extend the tests 
to full size structures to determine the parameters 

which can not be evaluated otherwise would be most 
desirable and beneficial to the engineering profession. 

This project is to develop ail effective research 
program on large-scale tests of structural systems. A 
task committee will be established under the U.S.
Japan Panel on Wind and Seismic Effects, U.s.-Japan 
Natural Resources Program, tq ensure an effective 
research program of maximum benefit to both coun
tries within the constraints of the sponsoring govern
ment agencies. 

Seismic Behavior of Structures: Analysis and Design; Joseph Penzien; University of California, Berkeley, Cali
fornia 94720; $186,600 for 12 months beginning May 15, 1977 

As a direct result of recent experimental and correla
tive analytical studies, new nonlinear hysteretic 
models of structural members and components are 
emerging which must be accommodated by mathe
matical models of complete structural systems. These 
complete models should also include elements which 
realistically represent the influence of soil-structure 
interaction. For many systems the seismic excitation 
traditionally applied in one-dimensional form should 
be prescribed in a meaningful three-dimensional form. 
These additional features of mathematiCal modeling 
will, of course, require modifications and improve
ments in the present method of nonlinear seismic 
analysis. 
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To provide a better understanding of seismic per
formance and modes of structural failure, the im
proved 'seismic analysis capabilities which have re
sulted from experimental and correlative analytical 
studies on structures should be applied to complete 
structural systems such as buildings. Also, methods 
of synthetic design should be developed and ap
plied to ensure a proper balance between total cost 
(including earthquake damage and repair costs) and 
safety. 

Considerable effort is needed in these analytical 
areas to increase the reliability of controlling seismic 
damage according to acceptable criteria. This project 



is to continue the research support under Grant NSF / 
ENV 76-04264 on the following research tasks: 
Analytical studies of Building Response, Soil-Structure 
Interaction Effects in Building Response, Development 
of Nonlinear Structural Analysis Techniques, Prob
abilistic Studies of Seismic Response, and Analytical 
Method for Design. 

The broad objective of this project is to develop 
improved seismic analysis capabilities and to apply 
them in the structural design to achieve increased 
reliability of controlling seismic damage and costs. 

Symposium on Structural Engineering and Mechanics; Karl S. Pister; University of California, Berkeley, Depart
ment of Civil Engineering, Berkeley, California 94720; $20,000 for 12 months beginning May 15, 1977 

This project will consist of a Symposium which will 
bring together a group of distinguished teachers, 
researchers and practicing engineers specializing in 
various areas of structural engineering and stfl,lctural 
mechanics to present critical appraisals of the cur
rent state of knowledge and the needed developments 
in education and research to support professional 
practice related to analysis, design, and construction 
of structures. The objective will be accomplished by· 
a careful selection of speakers who will be invited to 
prepare survey papers in the interrelated areas of 
teaching, research, and professional practice support
ing analysis, design and construction of structures. 
Emphasis will be placed upon those fields related to 

the mitigation of the natural hazards of earthquake, 
wind, and fire. Papers will be organized along the 
following lines: 1. Professional preparation-under
graduate and graduate curricula and research exper
ience, continuing education for the professional. 2. 
Fundamental research in mechanics, materials, struc
tural methods, and numerical analysis. 3. Applied 
research with design orientation. 

The theme of the Symposium will be developed by 
sixteen invited speakers and the lectures will be 
published in the form of a Symposium Proceedings. 
A limited number of papers may also be solicited for 
publication only. 

Seismic Behavior of Structural Systems-Behavior of Structural Components; Egor P. Popov, University of Cali
fornia 94720; $125,000 supplement beginning November 9,1976 

One of the major goals of earthquake engineering is 
to predict the inelastic response of structures subjected 
to severe earthquake excitation. A general approach 
to structural response analysis is to model each of. 
the members or components comprising the complete 
structure and then to mathematically assemble these 
component models in order to simulate the behavior 
of the complete structure. Toward this end experi
mental and analytical studies of the behavior of struc
tural components are needed. The objectives of this 
proposal are to: 1) continue experimental work on rel
atively large-scale components of structural systems; 
2) incorporate the experimental results into the math
ematical modeling development efforts; and 3) corre
late the experimental results with calculated results 
and develop broadened capabilities for analyzing the 
inelastic behavior of structural components under 
seismic conditions. 

Study tasks included in this project are: an evalua
tion of the ducility and load resistance of simple K-
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braced frames/wall systems; assessment of the be
havior of reinforced concrete beams and beam/ 
column components; and the development and appli
cation of computer programs for analyzing the inelas
tic behavior of isolated structural components. 

The results of the experimental work will be used 
as the basis for the construction and verification of 
mathematical modelings of structural components. 
The analytical work and experimental efforts are 
complementary so that the capabilities for analyzing 
the inelastic behavior of structural components can 
be broadened. The research findings of the project will 
lead to a better understanding of structural behavior 
and improved methods of analysis and design of 
earthquake-resistant steel and reinforced concrete 
structures. 



Seismic Behavior of Structural Components; Egor P. Popov; University of California, Berkeley, California 94720; 
$220,000 for 24 months beginning April I, 1977 

This project is to continue research supported under a 
prior NSF grant on seismic behavior of structural 
components. The objectives of this project are to con
duct advanced experimental and analytical studies of 
the behavior of structural components subjected to. 
earthquake excitation. A total of five study tasks are 
included in this project. They are: I) Braced steel 
frames-to evaluate the ductility and load resistance 
of simple K-Braced frames; 2) Reinforced concrete 
walls and infilled frames-to develop practical meth
ods for earthquake design of combined ductile frame 
and infilled frames/wall systems; 3) Reinforced con
crete ductile frame-to obtain additional knowledge on 
the behavior of reinforced concrete beams; 4) Rein
forced beam-column-to finalize appropriate models 
for beam and beam-column components; and 5) cor-

relation computer programs-to develop and apply 
computer programs for analyzing the inelastic be
havior of isolated structural components. 

The results of the experimental work will be used 
as the basis for the construction and verification of 
mathematical modeling of structural components. The 
analytical work and experimental efforts are com
plementary so that the capabilities for analyzing the 
inelastic behavior of structural components can be 
broadened. The research findings of the project will 
lead to a better understanding of structural be
havior and improved methods for analysis and design 
of earthquake-resistant steel and reinforced concrete 
structures. 

Earthquake Resistance of Steel-Concrete Composite Floor Systems; Max L. Porter and Lowell F. Greimann; Iowa 
State University, Ames, Iowa 50010; $199,400 for 30 months beginning October 15, 1976 

The objective of this project is to determine the be" 
havioral and strength characteristics of composite 
steel deck slab diaphragms as related to design con
siderations for lateral loading from earthquakes, wind 
or other dynamic forces. The research emphasizes in
plane shear due to lateral loads resulting from earth
quake loading. Tests are to consider failure mode, 
static strength, cyclic strength (low number of cycles), 
damping, and stiffness characteristics of composite 
floor slabs sujbjected to in-plane shear and in-plane 
shear in conjunction with gravity loads. The effects of 
continuity of the floor slabs are also to be investigated. 
The composite floor slab investigation will consider 
the composite strength of the steel-deck slab without 

stud shear connectors as well as with connectors. To 
determine the effect of stud shear connector strength 
on shear-bond strength, a series of one-way slab ele
ment tests is planned. An evaluation of the significant 
parameters affecting in-plane shear strength of .com
posite,slabs is to be made. 

Achieving the above objectives will provide infor
mation necessary for a more realistic design of build
ings subjected to lateral loads, particularly those 
buildings designed by the staggered truss concept. 
Some of the earthquake design problems concerning 
the response characteristics of composite floor dia
phragms not now known will be investigated. 

Effects of Earthquake Motions on Reinforced Concrete Buildings; Mete A. Sozen and W. C. Schnobrich; Univer
sity of Illinois, Urbana, Illinois 61805; $240,200 supplement beginning February 2,1977 

This grant will support the second phase of an experi
mental study of the mechanisms of energy dissipation 
in slender multi-story reinforced concrete structures 
subjected to strong ground motion, with a view to the 
development of simple but realistic design methods 
or earthquake resistance. 

The immediate objective of the study is to inves
tigate the interaction between wall and frame systems 
in the nonlinear range of response. 
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The scope of the work includes: tests of four small
scale story structures incorporating walls and frames, 
development of an analytical model to simulate the 
measured response-histories, and studies of the data 
jointly with the results of frames and walls acting in
dependently obtained from previous tests, to lead 
toward an improved understanding of energy
dissipation mechanisms in complex reinforced con
crete structural systems. tests will be carried out 
using the University of Illinois Earthquake Simulator. 



Research Initiation-Nonproportional Damping of Interaction Systems Subjected to Earthquake Motions; David 
T. Tang, SUNY at Buffalo, Department of Civil Engineering, Buffalo, New York 14214; $20,000 for 
18 months beginning April 1, 1977 

This research aims at exploring the concept of em
ploying measured damping data in the computation 
of seismic response of interactions systems. The study 
is prompted by the argument that for an interaction 
system, energy dissipation capacity of the structures 
may be modeled more realistically using small damp
ing ratios rather than the arbitrarily high values usu
ally considered in an analysis. 

For a 3-story steel frame structure tested on a 
shaking table, a foundation-structure system can be 
established to simulate a soil-structure interaction 
system with lumped rocking spring and damper im
pedances. Damping ratios for the structure observed 
-during the vibration tests will be used in an exact 

formulation for equations of motion. Through a series 
of dynamic analyses, foundation damping required to 
render good correlation between the computed and 
tested results will be identified. With the damping 
property known for the system, the performance of 
other commonly used damping models will be eval
uated. This will include models based on weighed 
modal dampings, composite dam pings as well as the 
condition where the damping matrix is formulated 
with truncated coupled normal coordinates. The study 
is intended to demonstrate that although it is small. 
typical measured damping capacity could be em
ployed in a more rational formulation of damping 
models for interaction systems. 

Earthquake and Wind Response of Segmentally Constructed Hyperbolic Natural Draft Cooling Towers; Chi C. 
Tung; North Carolina State University, Department of Civil Engineering, Raleigh, North Carolina 27607; 
$84,600 for 18 months beginning March 1, 1977 

Reinforced concrete hyperboloid natural draft cooling 
towers have been used frequently in connection with 
power plant facilities in recent years. The construction 
of large reinforced concrete cooling tower is expen
sive and time consuming. Preliminary investigation 
has shown that a segmental construction technique 
can be successfully applied with consequent savings in 
cost and construction time. The prefabricated seg
ments are assembled on site and prestressed in the 
circumferential and meridional directions. Since the 
prestress effectively prevents flexural cracks in con
crete, the energy absorption capacity of the structure 
is greatly reduced. Furthermore, during construction, 
after the post-tensioning (orces are applied but before 
grouting is performed, the prestress acts to alter the 
stiffness and hence the dynamic behavior of the struc
ture. Under the combined actions of the horizontal 
and vertical components of strong motion earth-

quakes, the safety of the segmentally constructed 
prestressed cooling tower must be carefully 
investigated. 

The investigation will involve the following 
objectives: 

• Review possible procedures for segmental 
construction; 
• Improve-static de~ign and analysis methods; 
.. Carry out experimental investigations of static 
structural behavior; 
• Develop dynamic analysis and design methods 
for segmental prestressed construction; 
• Carry out experimental investigations of dynamic 
structural behavior; and 
• Develop recommendations for design guidelines 
for segmentally constructed cooling towers. 

Evaluation of Seismic Safety of Buildings; Erik H. Vanmarcke, Massachusetts Institute of Technology, Cam-"' 
bridge, Massachusetts 02139; $106,000 for 12 months beginning January 15, 1977 

The objectives of this research are as follows: To 
evaluate and compare the possible ways of represent
ing the predicted ground motion and the associated 
(three) methods of seismic analysis, each utilizing a 
different representation of the ground motion: (1) 
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time-integration analysis, using one or more real or 
artificial eanhquake motions; (2) response spectrum 
approach utilizing modal analysis and an envelope of 
possible ground motion effects on one-degree os
cillators; and (3) random vibration analysis in which 



the entire problem is treated statistically. In all cases 
there are uncertainties both in the specification of 
input and the evaluation of the computed response. 
Within the profession there is disagreement as to 
which of the three approaches is most appropriate 
for design purposes. Although the emphasis will be 
on linear analysis, nonlinear systems will also be con
sidered. The aim is to identify and fill in gaps of know
ledge as needed to accomplish the principal objec-

tive, which is, to establish procedures to determine the 
overall safety provided by seismic design, considering 
the variability in both the prediction of ground motion 
and in structural analysis and design. The study is 
expected to yield valuable practical information on 
the required variation in load factors to provide a con
sistent seismic safety by different procedures, and also 
on the effect of load factors on safety. 

Shear Transfer in Thick-Walled Reinforced Concrete Structures SUbjected to Seismic Loading; Richard N. 
White; Cornell University, Department of Structural Engineering, Ithaca, New York 14850; $81,500 for 
12 months beginning Aprill. 1977 . 

This research study is directed toward improved 
design procedures for thick-walled reinforced concrete 
structures subjected to earthquake loadings. A well~ 
publicized example of this type of structure is the 
secondary containment vessel of a nuclear power 
plant. The horizontal accelerations of an earthquake 
produce large horizontal shearing forces in the ves
sel that must be transmitted across very fine cracks in 
the reinforced concrete. A rational and not unduly 
conservative design method for determining the num
ber, size, and position of steel reinforcing bars in the 
vessel, in· conjunction with the quality and thickness 
of the concrete, requires a complete understanding of 
the very complicated actions induced in the concrete 
and steel during the earthquake loading. 

The project will continue research on the shear 
transfer mechanism in cracked concrete reinforced 

with large reinforcing bars which, was previously 
supported by an NSF grant. The research includes 
laboratory studies, development of analytical models 
and the development of improved design methods for 
reinforced concrete structures. The laboratory studies 
will utilize uniaxially tensioned and biaxially ten
sioned specimens with cyclic shear transfer. Future 
work will involve the incorporation of nonlinear, de
grading shear stiffness characteristics into the dy
namic analysis program. From the analytical model 
and supporting experimental data an engineering 
model of the cyclic shear transfer will be developed to 
provide design methods for the steel reinforcing bars 
in concrete structures carrying combined tension and 
cyclic shear. 

Summer Institute on Multiprotection Design; B. Wobbeking; American Society for Engineering Education, 
1 Dupont Circle, Washington, D.C. 20036; $72,000 for 10 months beginning May IS, 1977 

The objectives of the summer institute program are to 
orient and qualify fifty selected architectural and 
engineering faculty participants to teach college and 
university students, as well as practicing architects 
and engineers, the technical aspects of the analysis 
design methods concerned with protection against 
natural hazards such as earthquakes, fires, winds and 
other environmental effects including noise, energy, 
and nuclear radiation. 

The environmental engineering aspects of protec
tive construction on shelter habitability and the de-
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sign of structures to resist blast pressures, and 
combinations of these effects will be included in the 
course content. 

The final objective is the utilization of research re
sults expressed in the course by the faculty of prac
ticing architects and engineers and disseminated 
through local classes conducted by the attendees of 
the Summer Institute. 



Collaborative Research: Formulation and Expression of Seismic Design Provisions; Richard N. Wright; National 
Bureau of Standards, Gaithersburg, Maryland 20234; $51,000 for 0 months beginning January 17, 1977 

The National Bureau of Standards and the Applied 
Technology Council (A TC) are currently conducting 
an NSF funded project on the development of com
prehensive seismic design provisions. A preliminary 
draft of the design provisions have been released to 
a wide range of professional, business and industriai 
groups. The draft represents the work of a multidis
ciplinary team to resolve the major technical issues 
involved and to express the technical content of the 
provisions on a consistent basis. A systematic study of 

the ATC draft will be undertaken to insure that the 
basic premises of the entire development, suitability 
for adoption, ease of updating, and consistency of pro
visions are truly reflected in the final document. This 
document.ation will provide a reference fOt: those who 
adopt and update the Design Provisions. The study 
will also provide alternate organization of the provi
sions to accommodate specific categories of users 
from various Federal, state and local regulatory agen
cies and model code organizations. 

Reliability of Existing Buildings in Eaerthquake.Zones-Part I; James T. P. Yao; Purdue University, Lafayette, 
Indiana 47907; $50,000 for 24 mos. beginning July 1, 1977; ENV 77-05290 

. One of the most important research tasks in Earth
quake Engineering is to develop a capability for pre
dicting the behavior of structures during an 
earthquake. An equally important task is develop 
means by which existing buildings in earthquake 
zones can be appraised in terms of how they might 
respond during an earthquake. 

This project is addressing this latter task, that is, 
the development of a realistic method to evaluate the 
seismic reliability of existing structures. The methods 
consists of (1) constructing mathematical models truly 
representing the linear and nonlinear behavior of 
building structures by performing shaking tests and 
utilizing the System Identification techniques, (2) 
establishing the "limit states" or "failure criteria" of 
structures, and (3) determining the reliability of 
structures by subjecting the structural models to a 
family of earthquake excitations. 

The project requires a joint effort by the University 
of California, Berkeley and Purdue University. Ber-
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keley's effort will be in the development of mathemat
ical model by the System Identification Approach and 
testing the· physical frame models on the shaking 
table. Purdue's effort will be on the formulation of re
liability criteria and the analysis of test results in 
terms of damage probability and other probabilistic 
response measures. 

The proposed research represents a workable first 
step in gaining insight into the seismic reliability prob
lems of existing structures. This research will provide 
the basis for formulating effective and realistic counter 
measures to mitigate damage and losses associated 
with non-engineered existing buildings in seismic 
areas. 



POLICY 

The objective of the Policy program of the Earthquake Engineering subelement is to 
develop an increased understanding of the role of local, State, and Federal units 
government in earthquake active and risk zones. This requires an understanding of 
the protective measures which can be adopted, including disaster preparedness 
planning, land use planning, insurance, building standards and codes, and relief and 
rehabilitation. In addition, public information and education efforts need to be de
veloped and evaluated so that relevant knowledge can be effectively disseminated to 
the public and to user groups. 

U.S.-Southeast Asia Joint Symposium on Engineering for Natural Hazards Protection to be held in Manila, 
Republic of the Philippines, in September 1977; Alfredo H. Ang; University of Illinois-Urbana, Urbana, 
Illinois 61805 

The National Science Foundation provided support 
through this award for U.S. engineers who partici
pated in a symposium on engineering research related 
to natural hazards. The symposium was jointly spon
sored by NSF and the National Science Development 
Board of the Philippines. Although U.S. and Philip
pine engineers shared organizational responsibilities 
and were the primary participants, other Southeast 
Asian engineers involved in natural hazard engineer
ing research were invited to participate in the meet-

ings. The symposium sessions included a review of 
present technologies which allow structures to wjth
stand earthquakes, severe windstorms and flooding; 
discussion of unsolved problems in this subject area; 
identification of hazards of special concern in South
east Asia; and examination of opportunities for coop
erative research where facilities, expertise and field 
testing conditions could be shared between U.S. and 
Southeast Asian investigators. 

Tall Buildings and Urban Habitat: Impact of the Urban Environment and Planning for Natural Disasters; Lynn 
S. Beedle; Lehigh University, Fritz Engineering Laboratory; Bethlehem, Pennsylvania 18015; $224,200 
for 12 months beginning March 15, 1977 

As the world's exploding population becomes more 
urbanized, the concentration of people living and 
working in tall buildings has increased. Over the past 
five years a growing wealth of information has been 
developed and collected under the auspices of the 
Council on Tall Buildings and Urban Habitat (form
erly the Joint Committee on Tall Buildings). The 
material which has been collected so far is unique in 
its variety of topics and is significant in terms of the 
depth to which existing problems are examined. This 
wealth of material collected through the Council on 
Tall Buildings must be made available to a broad 

group of decisionmakers that includes and goes be
yond those normally involved in building design. 

The purpose of this research program is to develop 
effective utilization/implementation strategies and 
techniques and to apply them; to continue the devel
opment of a systematized data base and information 
center; to initiate studies into methodologies for eval
uation of proposed and existing high-rise construc-

. tion; and to redefine and stimulate critically needed 
research. As part of the implementation effort various 
code, standard and regulation groups will be ap-
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proached through the unique combination of industry, 
government and university members of the Council to 
identify areas of codes, standards and regulations 
which can be improved, to place information and 

data in forms suitable for use by these groups, and 
to provide a feedback loop to persons who are leaders 
in developing new practices and research information. 

National Information Service for Earthquake Engineering; Ray W. Clough; University of California, Earthquake 
Engineering Research Center, Richmond, California 94804; $117,262 supplement beginning January 2, 
1977 

The purpose of this project is to collect and organize 
all the research information currently available on 
earthquake engineering and related areas. This will 
provide an opportunity to collect, and assess infor
mation from many different sources and will at the 
same time create a single source for researchers in the 
field to use to obtain information from a comprehen
sive collection. This collection will be geared to meet 
the needs of both academic researchers and design 
engineers. The computer program distribution service 
how has a total of 26 programs, each fully developed 
and suitable for use in professional engineering offices. 
Many new programs will be added to the library and 
will be made available for distribution as they are 
developed. The Earthquake Engineering Research 
Library will consist of reports (both published and un-

published), site visit records, data collected from 
various seismic regions, an abstracting service, and 
will generate a technical journal directed to the needs 
of earthquake engineers. 

Eight specific utilization activities will be supported: 
(1) development of an Earthquake Engineering Re
search Library, (2) publication of the Abstract Journal 
in Earthquake Engineering, (3) NISEE/application 
and dissemination of computer programs, (4) pub
lication of International Journal, (5) U.S. Japan 
Cooperation, (6) transfer of specializing information 
(7) providing educational opportunities for prac
ticing engineers in the field of earthquake engineering, 
and (8) Publicity. 

Inflationary Changes in Construction Costs Created by Earthquake Damage: Implications for Government Policy; 
Harold C. Cochrane; Colorado State University, Department of Economics, Fort Collins, Colorado 80523; 
$52,500 for 12 months beginning March 1, 1977 

In recent years seismologists, earthquake engineers, 
and social scientists have increasingly turned their 
attention to earthquakes and the Nation's other haz
ards. The potential for inflation following disasters 
has not, however, been systematically investigated by 
the scientific community. ·Thus, estimates of the eco
nomic impact of earthquakes and other hazards may 
be inadequate because, while damage losses are taken 
into account, losses resulting from building inflation 
are not. For example, several simulation studies have 
been conducted on potential damage in future earth
quakes in San Francisco and Los Angeles, Estimates 
of damage from a major earthquake in Los Angeles 
range as high as $25 billion; however, such a disaster 
could also lead to a major discrepancy between avail
able construction resources, including equipment and 
manpower, and what is required to rebuild the city in 
a timely fashion. Serious price dislocations could re
sult from shortages in these resources following a 
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damaging earthquake, thus increasing economic 
losses. 

This study focuses on the potential for inflation fol
lowing moderate and major earthquakes. It will have 
an impact on public policy by determining whether 
the implementation of building codes and land use 
guidelines helps to reduce losses from inflation as well 
as losses from the direct physical impact of earth
quakes. It this proves to be the case, the study will 
provide additional support for the utilization of 
earthquake-proofing techniques and land use man-
agement plans. 

The research is divided into two twelve-month 
phases. In the first phase, an inflation model will be 
tested with I!I.oderate and major disasters that have 
occurred over the past fifteen years in the United 
States. In the second phase, earthquakes of varying 
magnitudes which could occur in the Los Angeles 



area will be simulated, their potential inflationary 
impact in the Los Angeles area determined, and al-

ternative policies which could reduce the anticipated 
price changes will be assessed. 

Building Futures Forum-The Importance of the Built Environment to the Quality of American Life; Robert M. 
Dillion; National Academy of Sciences, Washington, D.C. 20418; $10,000 for 6 months beginning 
June 1, 1977 . 

This grant will provide partial support to prepare a 
postconference proceedings for the Building Research 
Advisory Board 1977 Building Futures Forum on "The 
Importance of the Built Environment to the Quality of 
American Life" was held in Washington, D.C., on 
April 28, 1977. The conference included the following 
major topics: 

• Measuring and understanding the health, 
social, and economic impacts of the existing 

built environment on individuals and institutions, 

• Assessing how people feel about the built envi
ronment by examining where and in what they 
choose to support, and 

• Determining ways in which the built environ
ment might be modified and new facilities built 
to ameliorate any perceived deficiencies and 
satisfy and identified needs and desires. 

National Information Service for Earthquake Engineering-California Institute of Technology; George W. 
Housner; California Institute of Technology, Pasadena, California 91104; $140,842 supplement beginning 
March 2, 1977 

This grant will continue the National Information 
Service for Earthquake Engineering (NISEE) at the 
California Institute of Technology. The NISEE pro
vides a data base for earthquake engineering in the 
United States and has been of particular value to en
gineers in the western part of the country. The Caltech 
Earthquake Engineering Research Library together 
with the Strong Motion Records Data Bank form the 
nucleus of the activity. Copies of reports, recorded 
accelerograms and digitized card decks and magnetic 
tapes are distributed. Earthquake engineering infor
mation is provided to engineering offices, Government 
agencies, and earthquake research organizations. 

This award will enable NISEE to make available a 
unique earthquake engineering library (approximately 
10,000 items) and the most comprehensive strong 
earthquake recordings data file existing in the world 
(approximately 500 accelerograms and digitized o::lta 
of acceleration, velocity and displacement). The li
brary and the data files are houst:d in the same build
ing as the California Technology Earthquake Engi
neering Research Laboratory and are used for re
search by EERL personnel· as well as being made 
readily available to practicing engineers and to other 
research organizations. 

Seismic Safety Preparedness by Local Govemmentsin California; Dean E. Mann; University of California, Santa 
Barbara, Santa Barbara, California 93106; $110,400 for 12 months heginning June 1,1977 

Earthquakes are a major threat in California. Recent 
estimates suggest that earthquake losses in the state 
could reach as high as $20 billion and thousands of 
deaths by the end of the century. Thus, government 
officials in California are faced with the need to Oc

velop seismic safety measures including regulations 
which govern the construction and location of struc
tures, minimize property damage and human loss 
from earthquakes, and also prepare a response to a 
community-wide disaster in the aftermath of a serious 
earthquake. This study focuses on California because 
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it is a seismically active area, and the state has taken 
some steps which offer significant opportunities to un
derstand seismic safety planning. 

In California communities and those in other areas 
of the country, the need for seismic safety must com
pete with other interests. Very real incentives exist for 
local governments to avoid enactment or enforcement 
of stringent earthquake related laws. However, little 
systematic research has addressed this important 
issue. Such research offers the possibility of substan-



tial policy payoff. This project is designed to investi
gate the principal sources of resistance to earthquake 
mitigation planning at the local level. Four commun
ities in California, two with recent earthquake experi
ence and two without, will be examined to ascertain 
sources of resistance to adequate seismic safety plan
ning. In addition to local decision makers, the involve-

ment of the national, state and regional governments 
in local planning will also be examined. This study 
will provide officials at all levels of government and in 
the private sector with an improved understanding of 
social, political and economic incentives for action or 
inaction and alternative strategies for overcoming re
sistance to effective seismic safety planning. 

United States-Republic of China Cooperative Research in Earthquake Engineering Part I; Joseph Penzien; 
University of California, Berkeley, California 94720; $47,500 for 12 months beginning May 18, 1977 

This cooperative research program in the field of 
earthquake engineering between the United States 
and the Republic of China is under the sponsorship 
of the United States-Republic of China Cooperative 
Science Program which is administered jointly by the 
National Science Foundation and the National Re
search Council. The cooperative program is divided 
into two parts, Part I, a program between the Uni
versity of California, Berkeley (UCB) and the· 
National Taiwan University (NTU) and Part II, a 
program between Lehigh University (LU) and the 
National Taiwan University. The objective of this co
operative program is to study these fundamentally im
portant subjects in both "siting" and "design" areas 
and to obtain useful technical information which will 
benefit both countries. 

The UCB-NTU program is separated into two sub
ject areas: (1) "Attenuation, Intensity, and Charac
teristics of Strong Ground Motions," and (2) "Seis
mic Response of Embedded Structures". In the first 
study area available data from both countries will be 
used to study the attenuation laws, the maximum ac
deration and other ground motion characteristics in 
order to find common features, correlations and dis
crepencies. In the second study area a hybrid mathe
matical model consisting of finite element representa
tion for near field of foundation and continuous repre
sentation for far field will be developed to study the 
soil-structure interaction of both rigid and flexible 
structures during earthquakes. 

Research Program on Natural Disaster Recovery Processes: Relief, Rehabilitation and Preparedness; Peter H. 
Rossi; Social and Demographic Research Institute, Department of Sociology, University of Massachusetts, 
Amherst, Massachusetts 01002; $367,550 for 14 months beginning May 15, 1977 

Since its inception, this nation's response to the vic
tims of natural disasters has been relatively generous. 
Disaster mitigation and preparedness programs have 
been revised and increased in number. in the last half 
of this century, for both domestic and foreign disas
ters. A major revision occurred in May, 1974. This 
legislative action was largely based on humanitarian 
considerations and best administrative judgements, 
rather than findings from appropriately designed pro
jects employing modern systematic research methods 
and techniques. 

Cost information on Federal expenditures for both 
domestic and foreign disaster relief is incomplete. At 
state and local government levels in the U.S., as well 
as in the private sector, cost information is also in
complete. The processes of recovery which these pro
grams are supposed to promote have never been em-
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pirically described and evaluated by modern research 
procedures. The mix of U.S. disaster mitigation and 
preparedness programs on all levels has never been 
systematically analyzed or evaluated with alterna
tives proposed. 

This award focuses on the development of sound 
empitical data on the nation's relief, rehabilitation, 
and preparedness programs and the operation of 
these programs in state and local areas most at risk to 
floods, hurricanes and tornadoes. The first part of the 
study, based on an analysis of census tract data for the 
period 1960-70 for all standard metropolitan statis
tical areas in the U.S., will provide a comprehensive 
study of the social and economic impacts of major 
disasters in these cities caused by four types of 
hazards; floods, hurricanes, tornadoes, and' earth-· 
quakes. Data from this work will be used to inform 



and develop the data gathering instruments for the 
second part of the study. The second part is designed 
to: 1) examine at state and community levels variation 
in response to mitigation and preparedness programs; 
2) provide an empirically based descriptive account of 
the decisionmaking process at state and iocallevels as 
it bears on the formulation and implementation of di-

saster policies; and 3) identify barriers to policy or 
program changes and obtain accounts of past and re
cent experiences with various programs. 

Policy related aspects of all project findings are to 
be explored by mission agency representatives and 
scholars from the academic community. 

Community Response to Earthquake Threat in Southern California; Ralph H. Turner; University of California, 
Los Angeles, 405 Hilgard Avenue, Los Angeles. California 90024; $299,100 for 12 months beginning 
November 15, 1976 

The scientific community is on the verge of develop
ing the capability of predicting destructive earth
quakes. In anticipation of this, there is a need to un
derstand how people will respond to predictions so 
that effective public policy can be developed. This re
search attempts to meet this need by focusing on the 
community response to the Mojave Uplift along the 
San Andreas fault and other possible premonitory 
signs of a destructive earthquake. A sample survey 
of 1600-1800 residents of Los Angeles County will be 
conducted, periodiC follow-up telephone interviews, 

direct monitoring of the mass media, and interviews 
with public and private leaders. The research will pro
duce a history of community response to a prediction 
or near -prediction, identify people's reception and 
understanding of reports of earthquake danger, coping 
steps they are willing to take, extent of their altruistic 
concern for others, their disposition to cooperate with 
hazard reduction programs, the process by which 
people decide about these matters, and the patterns of 
changing community response. 

Cost-Benefit Risk Analysis of Research Budgeted for Hazard Mitigation; John H. Wiggins; J. H. Wiggins Com
pany, 1650 South Pacific Coast Highway, Redondo Beach, California 90277; $40,900 for 5 months begin
ning October I, 1977 

The purpose of this project is to prepare a summary 
report on an Assessment of Risk to Structures From 
Natural Hazards, and to disseminate this information 
to the public in such a manner that it can be under
stood thouroughly and its implications digested with 
regard to national, State and local needs. 

The research study examined the possible effects of 
nine natural hazards (earthquakes, expansive soil, 
landslides, river flood, storm surge, tsunami, tornado, 
hurricane, and severe winds) with regard to possible 
economic losses to building structures 'and loss of life 
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from the present to the year 2000 taking into account 
potential damage loss reductions if information de
veloped by research could be used to produce damage 
mitigations. It was concluded that potential annual 
damage to building structures only under 1970 condi
tions and in terms of 1970 dollars exceeds 5 billion 
dollars per year and that substantial reductions in loss, 
could be realized through research. It was also con
cluded that all hazards must be considered collectively 
for optimum mitigation purposes, rather than individ
ually. 



SITING 

The Siting program of Earthquake· Engineering provides research support for the 
elucidation of the physical basis of earthquake energy generation and the transmis
sion and propagation of the generated shock waves through various geologic and 
soil conditions. This includes studies of such mechanisms as settlement, loss of bear
ing capacity, embankment or slope instability, and soil liquifaction. Siting is also 
concerned with the impact of earthquake ground motion on structures and the 
development of criteria and guidelines for the mitigation of earthquake impacts on 
the built environment. 

Simulation of Strong Earthquake Motion with Explosive Line Source Arrays; G. R. Abrahamson; Stanford 
Research Institute, Menlo Park, California 94025; $95,000 for 8 months beginning November 15, 1976 

This project is intended to develop a technique to sim
ulate spatially and temporally the motion which oc
curs in soils during an earthquake. Research will de
velop controllable explosive line sources and conduct 
experiments to determine whether the sources produce 
the effects predicted, and will analyze how close the 
results come to the design earthquake motions being 
simulated. 

An explosive method consisting of a planar array of 
verticlal line sources with the· required control and 
versatility to test in situ structures at strong earth
quake levels will be developed. Key features of the line 
sources are that the frequency content of the earth's 
motion can be controlled by throttling the explosive 
gases from a charge canister within each source, the 
duration of the simulated earhhquake motion can be 
controlled by delayed multiple detonations, either 
within each line source Qf between groups of line 

sources; a minimum amount of explosive is required 
because the array produces plane waves originating 
close to the structure rather than spherically diverging 
waves originating from point sources; and, they are 
resusable. Tests will be performed over a range of 
simulated earthquake motions extending to levels high 
enough to observe not only vibration modes but also 
to explore potential damage mechanisms. Test will be 
conducted in a sand pit to veritfy that the experimen~ 
tally induced motions are as predicted for the particu
lar array. 

The immediate application of the results of this pro
ject is the in situ testing of nuclear reactor models and 
prototypes (or obsolete reactors). The technique will 
also have application to the mcuch broader subject 
of soil-structure interactions in general, including 
those in pipelines, powerlines, dams, bridges, and 
tunnels. 

Seminar on Earthquake Design Criteria, Structural Performance and Strong Motion Records; M. S. Agbabian; 
Earthquake Engineering Research Insitute, Oakland, California, $33,300 for 12 months beginning 
May 15, 1977 . 

Practicing engineers; building officials, and govern
ment project officers whose responsibilities include the 
safe design of structures that range from single story 
residential or industrial buildings to complex facili
ties such as dams, power plants, and bridges, exercise 
their engineering judgement by depending not only on 
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mathematical analyses but also on experience gained 
from investigating facilities that have been exposed to 
actual earthquakes. 

Strong motion records are the data obtained from 
field laboratories. The input is an actual earthquake. 



Processing and interpreting such data is essential for 
engineering decisions that will prevent loss of life and 
minimize damage during future earthquakes. 

Regional seminars will be conducted in the Pacific 
Northwest, the Midwest, and the East Coast. Engi
neers in the entire United States will be able to attend 
and will have the opportunity to understand the state
of-the-art in earthquake criteria and structural per
formance. The seminars will bring together distin
guished lecturers and practicing engineers, with a pro
gram that is utilization-oriented. The seminars will 

also disseminate research results with· emphasis on 
practical applications. 

There will be ten lectures, sequenced to develop the 
methodology for obtaining earthquake criteria and for 
conducting structural performance analyses using the 
interpretation of strong motion records and earth
quake damage as basic resources. Seminar topics will 
include: Regional Geology and Seismicity, Introduc
tion of Dynamics of Structures, Strong Motion 
Instruments, Stations, and Networks, Structural De
sign, Geotechnical and Learning from Earthquakes. 

Underground Lifelines in a Seismic Environment; M. L. Baron; Weidlinger Associates, 110 East 59th Street, New 
York, New York 10022; $42,170 supplement beginning February 16, 1977 

Lifelines supply and distribute essential services and 
functions to communities (energy, communications; 
transportation, water). These systems in seismic areas 
are vital to the health and safety of the communities 
they serve, and also represent nearly one-haf of the 
total investiment in structures. The safeguarding of 
these services is, therefore, clearly in the national in
terest. 

At present, there are only rudimentary provisions 
in a few building codes regulating the planning, design 
and contstruction of underground lifelines. A major 
reason for this is the almost complete abscence of 
scientific and technical knowledge regarding the de
tailed behavior of these structures in seismic environ
ments. The purpose of this project is to improve such 

knowledge, and to apply it through risk and optimali
zation studies to the planning, design and construction 
of lifelines structures. 

The research will concentrate on underground 
water distribution lifelines. Specific tasks include a 
survey of existing underground lifelines; development 
of appropriate seismic input; methodology develop
ment for modeling and analysis;. methodology appli
cation of real systems; and, risk and decision analyses 
of lifeline systems. The results of this research will be 
presented as design aids, guides, and specifications to 
be utilized by legislative and policy-making bodies, 
building code officials, utilities, planners, engineers, 
and the construction industry. 

Partial Support ofthe Committee on Seismology; Joseph W. Berg, National Academy of Sciences, 2101 Consti
tution Avenue, N. W., Washington, D.C. 20418 

This award provides partial support to the Committee 
on Seismology of the National Research Council. The 
activities of the Committee will include the prepara
tion and publication of reports on trends and oppor
tunities in seismology and on predicting earthquakes, 
and the operations of the United States Government 
seismograph network. New initiatives will be. taken to 
conduct an in-depth review of research and funding of 
earthquake prediction efforts in the United States. 

The Committee will also study: the earthquake re
lated problems associated with power plant site selec
tion; problems having significant implications for pub
lic safety and welfare including earthquake prediction 
and control, geothermal energy, earthquake engineer
ing, rock mechanics, geodesy, geological hazards, 
land-use planning, ocean-bottom seismology, state of 
stress in the earth's lithosphere, and off-shore geologi
cal explorations. 

Earthquake Waves in Soil Deposits; Ahmet S. Cakmak and Attila Askar; Princeton University, Princeton, New 
Jersey 08540; $64,500 for 12 months beginning December 15, 1976 

Local soil conditions can significantly influcence 
earthquake ground motions and therefore the inten-
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sity of earthquakes. Conventional methods for the an
alysis of soil behavior, site effects, and soil-structural 



interaction effects under earthquakes treat the soil 
medium as a one dimensional shear beam or series of 
discrete mass-spring-dashpot systems, or as a two
dimensional layered system. However, the geological 
configuration and the material properties of local soil 
deposits are very rarely determined with sufficient ac
curacy. Therefore, the material property and the site 
geometrical uncertainties can introduce significant 
errors in analyses. 

This project is to conduct analytical study on the 
investigation of seimsmic wave propagation in a ran
dom soil medium. The objective is to develop a stoch
astic representation and modeling of soil deposits. 
The stochastic (stochastic means time-dependent and 
random) properties of a medium introduce not simple 
corrections over the predictions based on a determin
istic, homogeneous medium, but rather account for 
physical phenomena that are totally absent in the for
mer. For elastic seismic waves, these are an effective 
damping as characteristic of the scattering of waves, 
changes in the frequency-wave dispersion relation, the 
coupling of shear and volumetric waves, the energy 

transfer between these modes, and changes in the 
mean square values of the various physical quanti
ties. All of the changes cited above due to the presence 
of inhomogeneities effect the energy, displacement, 
velocity and acceleration spectra. For soils, either be
tween the source and site or the bedrock to surface, 
the various inhomogeneities can be modeled as a 
stochastic system. The objectives of this project are to 
study the stochastic representation of soil deposits, to 
develop modeling techniques for treating the soils as 
random media, to analyze the nonlinear waves pro
pagating in layered media, and to provide better and 
more reliable estimates for various ground motion 
parameters which are important factors in design 
practice. 

Propagation charcteristics of waves and the effects 
of stratification will be studied aiming at the predic
tion of acceleration, velocity, displacement, and 
energy spectra of strong motion earthquakes. The 
results will be used to provide reliable and accurate 
assessments of the effects of soil-structure interaction. 

Laboratory and Numerical Simulation of Near-Field Earthquake Ground Motion; Gerald A. Frazier and James 
N. Brune, University of California, San Diego, LaJolla, California 92093; $127,800 for 12 months begin
ning October 1,1976 

This research program is aimed at defining the basic 
character of earthquake ground motion within the 
zone where damage to civil structures is likely to 
occur, using physical and numerical modelling tech
niques. The complex physical processes involved in 
earthquakes are dynamic and vary spatially in a man
ner that is not easily characterized. Engineers and 
seismologists have developed some understanding of 
individual processes that occur during an earthquake, 
but nobody has succeeded in combining the various 
processes to simulate earthquake ground motion on 
the computer. This is not an impossible task, just a 
difficult one. The preliminary results indicate the 
problem, with all its intrinsic. complexities, appears 
solvable. Also, with an improved understanding the 
limited strong motion data can form a basis for extra
polation to anticipated earthquakes. 

The major objective of this project is to continue 
the research on the characterization of earthquake 
ground motion in terms of fault proximity, fault type, 
and intervening earthquake structure by numerical 
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computations and laboratory experiments. Results 
from spontaneous shear ruptures in foam rubber have 
provided new informatioIf on rupture mechanics and 
the focusing of wave energy in the direction of rupture. 
The efficiency of a three~dimensional finite element 
method for modelling crack-induced waves has been 
demonstrated by accurately reproducing analytical 
results for a growing circular crack and by simulating 
surface motions in the laboratory experiments. New 
results obtained using computer methods concerning 
surface contours of maximum particle velocity during 
an earthquake, response spectra asa function of dis
tance and direction from a strike-slip earthquake, and 
seismic amplification curves for a three-dimensional 
sedimentary deposit will be used in this research. This 
project is intended to further calibrate the computer 
methods for modelling actual earthquakes, to simu
late ground motion under a variety of conditions, and 
to produce rules for characterizing ground motion 
which are suited to the needs of design engineers. 



Processing and Analysis of Oroville Earthquake Aftershock Ground Motion Records; Thomas C. Hanks, V.S. 
Geological Survey, Reston, Virginia 22092; $114,000 for 12 months beginning March 1, 1977 

The V.S. Geological Survey and the California Insti
tute of Technology will jointly conduct a two year 
investigation of the remarkable set of strong-motion 
accelerograms and continuously recording seismo
grams taken in the course of the aftershock sequence 
of the Oroville, California earthquake. The Oroville 
aftershock accelerograms constitute a data set without 
precedent in the history of seismology. It is intended 
to exploit this remarkable data set in detail, both with 
conventional studies of peak ground motion charac
teristics, seismic source parameters, and lateral vari
ations of the upper crust in the epicentral region and 
with a special effort to model complete ground motion 
time histories with more powerful waveform synthesis 
techniques. 

The SEB/USGS will process 100 aftershock accel
erograms, analyze data in terms of ground motion 

parameters, body wave spectra, seismic source para
meters, and perform studies on synthesis of ground 
motion time histories. The CIT will process long
period data in terms of velocity and displacement time. 
histories for 40 seismograms, analyze data for the 
elasto-dynamic response of half space to faulting 
motions, and generate synthetic motion histories. The 
ground motion modeling study will be carried out 
jointly by USGS and CIT. Close coordination be
tween USGS and CIT will be maintained to maximize 
the research productivity. The developed model 
should predict ground motion over the frequency band 
of engineering interest and a wide range of magni
tudes. The results will be published in a four volume 
series format and made available to the earthquake 
research community. 

Processing and Analysis of Oroville Earthquake Aftershock Ground Motion Records; Part II; Donald V. HeIm
berger, California Institute of Technology, Pasadena, California 91104; $39,800 for 12 months beginning 
March I, 1977 

This project is a joint program between the Seismo
logical Engineering Branch of the U.S. Geological 
Survey (SEB/USGS) and the California Institute of 
Technology (CIT). The objective of the research is to 
utilize a remarkable set of strong-motion accelero
grams and continuously recorded seismograms taken 
in the aftershock sequence of the Oroville, California 
earthquake of 1975, to develop an improved model to 
predict local ground motion time historieswhich could 
occur due to an earthquake. The SEB/USGS will 
process 100 aftershock accelerograms, analyze date 
in terms of ground motion parameters, body wave 
spectra, seismic source parameters, and perform 
studies on synthesis of ground motion time histories. 

The CIT will process long-period data in terms of 
velocity and displacement time histories for 40 seis
mograms, analyze data for the elasto-dynamic re
sponsct of half space to faulting motions, and generate 
synthetic motion histories. The ground motion model
ing study will be carried out jointly by USGS and 
CIT. Close coordination between USGS and CIT 
will be maintained to maximize the research produc
tivity. The developed model should predict ground 
motion over the frequency band of engineering inter
est and a wide range of magnitudes. The results will be 
published in a four volume series format and made 
available to the earthquake research community. 

Earthquake Ground Motion Modeling for Central United States; RobertB. Herrmann; Saint Louis University, 
St. Louis, Missouri 63103; $79,900 for 2 months beginning March 1, 1977 

The need of proper input for the earthquake resistant 
design of structures built in the central and eastern 
United States is very real and immediate. Earthquake 
resistant design criteria for buildings and other fixed 
civil works located in the central United States have 
not been developed to a level consonant with the as
sociated damage potential due to-the relative infre-
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quency of damaging earthquakes in the region. At 
present the Department of Housing and Urban De
velopment, the Nuclear Regulatory Commission, 
the Army Corps of Engineers, the Veterans Admini
stration and other agencies require seismic input into 
their structural design. As a consequence, input data 
from other source regions, which are known to be un-



representative of actual conditions in the central and 
eastern United States, are being used for lack of any
thing. better. Thus, in some cases, structures may be 
under-designed, at risk to their occupants, and others 
over-designed, with consequent economic waste. 

The present design techniques use either the maxi
mum possible earthquake to affect the site or a statis
tical -estimate of the risk of exceeding a particular 
acceleration; velocity, or intensity level at the site. The 
point to be questioned in the present design technique 
is the applicability of applying the" correlation be
tween intensity and acceleration as obtained from 
western United States data, to the eastern and central 
United States. 

The object of the proposed research is to provide 
improved earthquake ground motion predictions for 

events located in the central United States. The ob
jectives of the research will be met by establishing 
new empirical relations for use in the central United 
States for predicting maximum ground velocity, dis
placement, acceleration and expected duration as a 
function of earthquake magnitude, epicentral distance 
and focal depth and by the synthesis of theoretical 
ground motion time histories for a variety of focal 
mechanisms, source depths, epicentral distances and 
earthquake source spectra shapes. The expected con
sequence of this research will be an improvement in 
the seismological input to the earthquake-resistant 
design problem. At present there is an urgent need for 
such studies in this part of the United States as more 
cities are considering earthquake risk in their building 
codes and as more federally supported and regulated 
structures are being built in the region. 

Third U.S. National Conference on Wind Engineering Research, February 26-March 1, 1978; Bernard M. 
Leadon; University of Florida, Gainesville, Florida 32601; $29,600 for 12 months beginning June 1, 1977 

Wind engineering may be described as the rational 
treatment of interactions between wind in the atom os
ph eric boundary layer and man and his work on 
Earth's surface. A rational treatment of wind effects 
requires a synthesis of knowledge from the traditional 
fields of fluid mechanics, meteorology, mechanics of 
structures, physiology, and psychology. Although 
aerodynamics is of central importance to the evolving 
discipline of wind engineering, applications for the 
most part are non-aeronautic in nature. Atmospheric 
transport of air pollutants; wind effects on buildings, 
structures, and man; and modification of the wind en
vironment by urban developments, topography and 
vegetative cover are important examples of inter
actions with which the wind engineer must work. 
The wind engineer's task is not only to minimize dam
age to life and property caused by adverse wind ef~ 
fects but also maximize human comfort and economy 
of design by utilization of beneficial wind effects. 

During the "last decade concern about wind effects 
has intensified. This award will provide support for the 

Third U.S. Conference on Wind Engineering, to be 
held in Gainesville, Florida. This Conference will 
provide opportunity for the presentation of research 
activities and preliminary research findings; stimulate 
discussion and interaction between research workers 
active in complementary subject areas; develop lines 
of communication and cooperation between research 
engineers and scientists; and identify areas of research 
which require greater effort for development of wind 
engineering to meet national needs. Tentative subject 
areas which speakers will be invited to discuss include 
boundary-layer winds, severe storms, wind effects on 
structures, wind loading on glass, and air-pollution 
control. A report of presentation summaries and 
recommendations for research will be issued. 

Dynamic Response of Three-Dimensional Rigid Foundations; Juan Enrique Luco; University of California, San 
Diego, La Jolla, California 92093; $45,000 for 12 months beginning January 1, 1977 

The dynamic force-displacement relation for embed
ded foundations plays an important role in the study 
of the dynamic response of foundations, and the soil-
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structure inter. action during dynamic loads such as 
wind and earthquakes. Most of the information dur
ing dynamic response of embedded foundations is re-



stricted to the case of external loads and does not 
allow a complete analysis of the soil-structure inter
action problem under earthquake excitation. To do 
so it is necessary to determine the dynamic response 
of the foundation to seismic waves propagating 
through the soil. 

The objective of this study is to establish a complete 
formulation of the soil-structure interaction problem 
for earthquake excitations and to develop practical 
methods of evaluating the interaction effects. 

The dynamic response of a variety of rigid embed
ded foundations to external forces and moments and, 
in particular, the response to obliquely incident plane 
seismic waves will be analyzed in detail. 

The dynamic response of three-dimensional embed
ded foundations to two types of excitation: harmonic 
external forces and moments, and seismic excitation 

represented by non-vertically incident plane waves 
with harmonic time dependence, will be analyzed. 

In the model under consideration, the three-dimen
sional foundation will be assumed to be rigid and em
bedded in a layered visco-elastic half-space represen
tating the soil. Two, different types of boundary condi
tions will be considered: welded contact between the 
foundation and surrounding soil, and lateralsepara
tion between the foundation and the soil. 

Expected results include the evaluation of the effects 
of the bonding at the soil-foundation interface and ef
fects' of the type of seismic excitiation on the founda
tion response. 

The research will lead to a complete formulation of 
the soil structure interaction problem and to simple, 
practical methods for evaluating the interaction ef
fects. 

Soil-Structure Interaction with Arbitrary Seismic Environment; John Lysmer; University of California, Berkeley, 
California 94720; $41,300 for 24 months beginning June 1,1977 

The site response problem and the soil-structure in
teraction problem are fundamental to proper design 
of earthquake-resistant structures. In the past few 
years considerable research activity in these areas has 
taken place. However, most current approaches to 
the site response problem assume that the seismic 
environment in the neighborhood of the structure 
consists of vertically propagating S- or P-waves. 
While there is evidence to suggest that this is a reason
able assumption for design purposes, it is also one of 
the most controversial aspects of current discussions 
of the validity of seismic analyses. Many researchers 
and practitioners. have argued that earthquake 
motions in the ground consist of much more compli
cated motions involving surfaces waves and inclined 
body waves and that these wave patterns must be con
sidered in the analysis. However, at this date, no gen
erally applicable method has been developed which 
includes such wave forms in the subsequent soil-struc
ture interaction. The soil-structure interaction prob
lem has proved to be very complicated and expensIve 
to investigate because of the large extent and unusu
ally complicated geometry of various types of struc
tures and their foundations. Many different methods 
of analysis have been proposed. However, with the 
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exception of a few cases involving simple geometrics 
and S-waves, all published methods for soil-structure 
interaction analyses are limited to the case of a seismic 
environment which consist of propagating S- or P
waves and there is a very real need to investigate other 
types of motion. 

The objective of the proposed research program is 
to develop a method for evaluating the seismic re
sponse of civil engineering structures on layered sites 
with a complicated seismic environment. This· envi
ronment may consist of an arbitrary combination of 
surface waves and inclined S-and/or P-waves. Cur
rently, no method exists for solving this problem and 
research in this area is of great interest to the engi
neering design profession. The objective of this pro
ject is to develop a theory and a finite element code, 
CREAM (Complex Response Earthquake Analysis 
Method), which can evaluate the seismic response of 
structures to an arbitrary seismic environment which 
may consist of surface waves, inclined S-waves, in
clined P-waves, or a combination of these. The pro
gram CREAM will be developed with special atten
tion to its later application by the practicingprofes
sion and will as such be fully documented and verified. 



Post-Earthquake Land Use Planning; George G. Mader; William Spangle and Associates; 3240 Alpine Road, 
Portola Valley, California; $213,200 for 24 months beginning August 15; 1977 

After a damaging earthquake has occurred, economic, 
social, phychological and political pressures coalesce 
to foster rebuilding as rapidly as possible. Often this 
leads to. restoring areas, buildings, and services to 
their pre-earthquake conditions without regard for 
site or structural hazards revealed by the earthquake. 
If properly planned and carried out, reconstruction 
following an earthquake can greatly reduce risk from 
fut1;ue events. In highly developed areas it may pro
vide the only realistic opportunity to significantly re
duce future seismic risk. 

The objective of this project is to determine pro
cedures by which government, particularly local gov
ernment, can respond after an earthquake with a re
building program based on carefully prepared land use 
plans responsive to seismic hazards. An interdisci
plinary team of experts in the fields of geology, struc
tural engineering, and city planning will investigate 
post-earthquake land use planning and reconstruction 
that followed three recent earthquakes (San Fer
nando 1971, Santa Rosa 1969, and Alaska 1964) with 
the objective of identifying impediments to sound 

post-earthquake land use planning. The team will also 
develop a series of recommendations for model post
earthquake planning procedures, programs and regu
lations. For each earthquake event the following tasks 
will be performed. Structural damage and geologic 
phenomena of the earthquake will be identified and a 
range of post-earthquake land use planning options 

. will be postulated. Land use will be reviewed to deter
mine to what extent the foregoing identified land use 
options were recognized. A determination will be 
made of why less than optimum land use decisions 
were made and what would have been necessary to 
encourage or permit better post-earthquake land use 
pattern to include seismic safety as well as other con
siderations. Other earthquakes of potential value to 
the study will be identified and briefly evaluated. Plan
ning responses to other types of disasters will be re
viewed to determine what applications might be made 
to post-earthquake planning and reconstruction. A 
conference will be held to present the recommenda
tions to users and decision makers. 

Seismic Engineering Program;R. B. Matthiesen; U.S. Geological Survey; Menlo Park, California; $840,000 for 
12 months beginning October 1, 1976 

A five year project for continued operation and devel
opment of a national program in strong-motion 
instrumentation and data management was initiated 
in October of 1974 through an interagency agreement 
between the NATIONAL Science Foundation (NSF) 
and the United States Geological Survey (USGS). As 
indicated in the agreement, the objectives of the pro
gram are to develop a national network of strong
motion instrumentation, and maintain this network, 
and to process, manage, and disseminate strong
motion data. 

This award is a continuation of the NSF-supported 
Seismic Engineering Program of Strong-Motion In
strumentation and data management. The objectives 
of the program are to record strong ground motions 
and the response of representative types of structures 
during potentially damaging earthquakes and to dis
seminate this data and information about the sites 
and stn,lctures to external users in earthquake engi-
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neering research and design practice. The program is 
divided into three projects: network design, network 
operations, and data management. The network de
sign project is completing a basic plan for a nation
wide strong-motion instrumentation network; the 
network operations project has brought about a more 
efficient operation of the existing network; whereas 
the data management project is working toward im
proved information retrieval and data processing 
methods while disseminating the available data and 
information about the program. The results obtained 
are presented in Seismic Engineering Program Re
ports that summarize the preliminary data and infor
mation obtained each quarter, in Strong-Motion Data 
Reports that present more detailed data processing 
and analysis and through technical reports and papers 
resented or published in appropriate meetings and 
publications. 



Research Initiation-Behavior of Buried Conduit Structures Subjected to Seismic. Loading; Jack Rosen/arb, 
Drexel University, Department of Civil Engineering, Philadelphia, Pennsylvania .19140; $840,000 for 12 
months beginning October 1, 1976 

In this research a laboratory investigation will be un
dertaken on the seismic behavior of buried conduit
type structures such as pipelines and tunnels. The 
soil-structure interaction response as characterized by 
measured strains and displacements will be deter
mined for dynamically scaled models placed in a soil 
bin which will be attached to a shake table and will be 
programmed to undergo simulated earthquake accel-

eration-time histories. The test program will be de
signed to assess the effects of structure flexibilities as 
influenced by conduit geometry, material, and con
nection restraint conditions. These factors will be 
studied as a function of the surrounding soil type and 
the nature of the seismic loading. 

The Dynamic Response of Anisotropic Clay Soils with Application to Soil-Structure Analysis; Adel S. Saada; 
Case Western Reserve University, University Circle, Cleveland, Ohio 44106; $68,200 for 12 months 
beginning November 15, 1976 

In recent years-a number of studies have been made to 
determine the response of soils to various dynamic 
loadings. Nuclear explosions subject the soil to a sin
gle loading and unloading with a very high peak stress; 
on the other hand, rotating machinery, radar towers, 
vehicular traffic, earthquakes, and conventional ex
plosions involve relatively small vibrations. In the 
design of foundations and underground structures for 
steady state and transient dynamic loads, the repre
sentative values for the critical soil properties are gen
erally difficult to obtain. Among those soil properties 
are the moduli and the damping factors of the various 
layers. For· the same layer those properties can vary 
very widely because of their dependence on such para
meters as the states of strain and stress of the soil, its 
fabric, the amplitudes and frequencies of the dynamic 
loads, the number of cycles, and other factors. 

This project is to study the dynamic response of 
clays under cyclic loading at various inclinations of 
the principal stresses on the axis of rotational symme
try. Experiments involving low frequency cyclic load
ings will be conducted using a special pneumatic ana-

log computer. High frequency experiments and the 
determination of the dynamic moduli and damping 
ratios of the clays will be conducted using a specially 
designed "Long-Tor Drnevich resonant column" de
vice which allows the specimens to vibrate in the tor
sional and longitudinal modes, independently or si
multaneously, inside a triaxial cell. The directional 
behavior of both types of clay under cyclic loading, 
their moduli, and their damping ratios will be studied 

. for a spectrum of water contents, degrees of aniso
tropy, amplitudes, and frequencies ofloading. 

The influence of material properties thus deter
mined will be studied using finite element techniques, 
applied to embankments, earth dams, and other 
structures subjected to earthquakes and various dy
I''lmic loadings. Probabilistic techniques will be 
applied to model the variance of soil-structure re
sponse due to these loadings. The variance of soil 
properties will be estimated from laboratory tests and 
from assumed distributions of soil variability in the 
field. 

Soil Dynamics Delegation to the People's Republic of China; Marshall L. Silver; University of Illinois-Chicago 
Circle, Department of Materials Engineering, Chicago, Illinois 60680 

To learn more about the practice of soil dynamics and 
earthquake· engineering in the People's Republic of 
China, a delegation of 13 scientists from academic in
stitutions, government, and industry visited China for 
three weeks during the summer of 1977. On visits to 
institutions and field sites in Peking, Harbin, Nan 
King, WU-HanjHankow, Kunmi"itg, Kweiling, and 
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Canton, the delegation (1) studied the nature of re
search presently under way, (2) inspected facilities and 
equipment available for research, (3) learned about 
the types of procedures being used to design soil de
posits and soil structures to withstand earthquakes 
(4) studied the type and~imignitude of soil instability 
that has resulted from modern earthquakes, and (5) 



discussed ways of continuing a dialogue and the ex
change of techr.k:al information. The leader of the 

delegation was Dr. Marshall Silver of the University 
of Illinois at Chicago Circle. 

Probability Distribution of Extreme Wind Speeds; Emil Simiu; National Bureau of Standards, Center for Build
ing Technology, Washington, D.C. 20230; $69,800 for 12 months beginning July IS, 1977 

Improved code provisions on the design of structures 
for wind loads are a prerequisite for achieving more 
rational and economical designs. To develop such 
provisions, improvements are necessary in the prac
iiCalapplication of the probabilistic approach to the 
definition of design wind speeds. Probabilistically de
fined design wind speeds are obtained from estimated 
cumulative distribution functions (CDF) of the largest 
yearly wind speeds. The justification for a probabil
istic approach to the definition of design wind speeds 
is that it ensures a certain degree of consistency with 
respect of the effect of the wind loads upon structural 
safety. This is true in the sense that, all other relevant 
factors being equivalent, if appropriate mean recur
rence intervals are used in design, then the probabil
ities of failure of building in different wind climates 
will, on the average, be the same. 

The objectives of this research are to improve the 
capability for using a probablistic approach to specify 

design wind speed by studying the following questions: 

• What type of probability distribution is best 
suited for modeling the probabilistic behavior of 
extr-eme winds? . 
• What is the effect of the magnitude of sampling 
errors in the estimation of the DCF's of the largest 
yearly wind speeds? 
• What errors are associated with the quality of 
data? 
• Can extreme wind climate estimates be made on 
the basis of short-term data? 
• What is the applicability of the approach to ex
traordinary wind climates? 

Because a part of this research will utilize microme
teorological data with the associated task of estimat
ing and reducing micro meteorological adjustment 
errors, this part of the research will be carried out at 
the National Climate Center of NOAA. 

Induced Seismicity at Nurek Reservoir, Tadjikistan, USSR; David W. Simpson; Columbia University, Lamont
Doherty Geological Observatory, Palisades, New York 10027; $81,960 for 12 months beginning Decem
ber IS, 1976 

Earthquakes with magnitudes near 6 have occurred 
near five large reservoirs, resulting in millions of dol
lars of property damage, structural damage to dams, 
the loss of more than 200 lives and injuries to thou
sands of persons. Throughout the world, over 100 
large dams are now under construction or in the plan
ning stage, at least some of which. are likely to cause 
induced activity. The potential for a major disaster is 
obvious, yet scientists are just beginning to understand 
this type of seismic activity. 

The objective of this joint US-USSR project is to 
study the induced seismicity at Nurek Reservoir, 

Tadjikistan, USSR where extensive seismograph 
stations have already been in operation since 1955 and 
where detailed data are available on pre-impounding 
conditions near the reservoir. The changes in the rate 
of seismic activity related to the filling of reservoir and 
other aspects of the seismic regime will be investi
gated. A model which can be used to predict the times 
of greatest potential for increased seismicity will be 
tested and used to generate practical information fot: 
the safety construction and operation of the reservoir. 

Workshop on Research Priorities for Geotechnical Earthquake Engilleering Applications; Kenneth H. Stokoe, 
III; The University of Texas, Austin, Texas 78122; $45,100 for 9 months beginning March 30,1977 

Research projects on geotechnical earthquake engi
neering are now in progress nationally and interna
tionally. Various U.S. and foreign universities and 
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institutions are conducting research which includes 
the many diverse areas of geotechnical engineering, 
including soil dynamics, stability problems related to 



soil structures and soil response to earthquakes, site 
effects, etc. Because of the importance and diversity 
and the need for improved geotechnical design cri
teria, there is a need to identify future research priori
ties and ensure closer coordination between re
searchers and users. 

This project will develop a workshop on geotechni
cal earthquake engineering to achieve the following 
purposes: to establish liaison between the various 
researchers in the field; to assess the present know
ledge and to review the resear«h results to date; to 
evaluate the research accomplishments as applied to 
the development of improved earthquake design cri
teria; and to determine needs and priority for future 
research. 

The proceedings of the workshop will be published 
as a public report and distributed to professional 
community through NTIS and other channels. The 
proceedings will include technical papers on current 
practice, current research, and recommendations for 
future research accompanied by summaries of the 
panel discussions. The results will be used to plan re
search programs which will be a benefiit to the users, 
such as practicing engineers and architects, building 
officials, model code groups, regulatory agencies. This 
project involves the joint efforts of the University of 
Texas and the National Bureau of Standards. A com
panion but separate award has been· made to the 
National Bureau of Standards in support of this work. 

Feasibility Study of Using High Explosives to Simulate an Earthquake; George E. Triandafilidis; The University 
of New Mexico, Albuquerque, New Mexico 87131; $83,600 for 16 months beginning October 15, 1976 

Analytical methods are now and must remain the 
prime basis for the design and analysis of engineering 
structures subjected to the effects of earthquakes. It 
is practically and economically impossible to test 
every structure under every potentially damaging 
environment. However, experimental data are needed 
to verify current design techniques and/or to provide 
the basis for new or improved techniques, fully analy
tical or semi-empirical. Such data must come from 
actual or simulated earthquakes. 

Simulation sources include field shaking machines, 
shake tables, and explosions, either nuclear or high 
explosive. Field shaking machines are limited by low 
levels of input energy and, as a result, low vibration 
levels and limited affected regions. Shake tables are 
very useful because they are able to reproduce ground 
shaking from past or projected earthquakes with a 
high degree of precision. The major limitations of 
shake tables are size (similitude is required to extrapo
late to prototype size structures), some limitaition on 
maximum displacement, and almost a complete in
ability to simulate effects on soil and soil-structure 
systems. This last limitation is very serious. 

The behavior of underground conduits, subways, 
mines, earth dams and retaining structures are only 
a few of the numerous important problems which are 
not satisfactorily resolved by current understanding 
and testing technieques and which cannot be evaluated 
with shake tables. The Russians have been considering 
earthquake simulation with explosions for some time 
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and the need in the United States is strongly empha
sized by the conclusions of a recent National Acad
emy of Engineering-Workshop on the Simulation of 
Earthquake Effects on Structures. The Panels on 
Building Structures and Special" Structures recom
mended study and development of explosive methods 
and the Panel on Soils, Rocks and Foundations, in 
particular, recommended the establishment of a 
national test site where ground ~haking is created by 
explosives. The steering committee of the workshop 
concluded that "a much more detailed study of its 
(explosive simulation) technical and economic feasi
bility is required." 

Although nuclear explosions provide a signifi
cant potential simulation source, high explosives are 
preferable because they offer less environmental, 
safety, and cost problems and greater flexibility in 
both charge size and configuration as well as geologic 
stratigraphic features, becau~e nuclear events in the 
continental United States are restricted to the Nevada 
test site. The possibility of utilizing explosives in com
bination with various· enhancement techniques, such 
as energy focusing, boundary relief, mass emplace
ment, sequential firing and energy coupling-decoup
ling has also not received adequate treatment. 

This project will conduct a computer simulation 
study encompassing the following two objectives: 

• Based upon analytical calculations and existing 
empirical data, to assess the technical feasibility of 



using explosives to simulate the effects of earth
quakes on engineering structures; and 
• Based upon the simulation criteria and cost para-

meters, to assess the economic feasibility of using 
explosives to simulate the effects of large-scale 
earthquakes. 

Automatic Digitization of Accelerograph Records; Mihailo D. Trifunac; University of Southern California, Los 
Angeles, California 90007: $80,000 for 24 months beginning October 1, 1977 

It is essential to gain knowledge of ground motion in 
order to develop and verify the theories on soil ampli
fication, microzonation, and structural design pro 
cesses. It is further essential to develop imprgved in
strumentation for earthquake ground motion data col
lection and processing. 

An automatic digitization system consisting of a 
rotating drum scanner and a complete computer 
interactive system has been built at the University of 
Southern California. This capability will provide an 
accurate, convenient and fast way to digitize accelero
graph film records. Such a system will significantly ex
tend the life of mechanical-optical type accelerograph 

systems and permit continued exploitation of the sim
plicity and reliability of this accelerograph type. 

To implement such a system for the maximum 
usage for both conventional analog instruments and 
the upcoming digital recorders, it is necessary to de
velop a new generation of standard processing meth
ods. The project represents such an effort and will de
velop full' data acquisition and processing capabilities 
to provide the most reliable, accurate and economic 
means for strong-motion studies. In addition the pro
ject will also provide clues for such questions as 
whether the planned instruments for future networks 
should go digital or remain analog. 

Seismic Vulnerability, Behavior and Design of Underground Piping Systems; Leon R. L. Wang; Rensselaer Poly
technic Institute; Troy, New York 12181; $63,800 supplement beginning January 5, 1977 

Damage of water and sewage distribution systems 
during earthquakes can cause severe problems in pub
lic health and fire fighting and result in substantial loss 
of property, human injury and fatality. Most earth
quake engineering research has concerned itself with 
building type structures, nuclear power plants, dams, 
and towers. Only limited informaition is available on 
the seismic resistance of underground distribution 
systems. 

The traditional design procedures for underground 
piping for water/sewer distribution systems, are based 
on a static soil-structure interaction load/strength re
lationship. Sewer pipe is designed to resist external 
loads while water distribution systems are- also sub
ject to internal pressures. 

Existing water/sewer distribution systems, if con
servatively designed for static loads, mayor may not 
be able to resist a small or moderate earthquake. This 
project intends to develop a systematic way of assess
ing the adequacy of existing water/sewer distribution 
systems, determining the vulnerability of the systems 
to earthquake damages and studying the cost-effec
tiveness of new designs to various magnitudes of . 
earthquakes. A total of five analytical tasks on the dy
namic analysis of beam-grid system, vulnerability, 
parameteric, and cost effectiveness studies of water / 
sewer systems will be conducted. These studies 
will lead to new design methodologies and recommen
dations for improving present design details for both 
new and existing systems. 

Earthquake Strong-Motion Instrument Development and Array Design; Francis T. Wu; State University of New 
York, Binghamton, New York 13901; $41,400 for 12 months beginning May 15,1977 

The gathering of strong motion data has been until 
recently performed by the fixed station technique. 
Only in rare cases is there an array suitably located to 
record strong motions systematically around fault. 
Also, until recently the timing on records was not tied 
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to real time; thus it has been difficult to decipher the 
precise nature of recorded wav~s and to generalize the 
obtained results for future earthquakes, since the con
tributions of the source and of the path can not be 
easily separated. 



The technology of seismic recording has advanced 
recently. It is now possible to record data digitally 
using a self-contained portable system; use a "pre
trigger" digital loop to retain the complete strong 
motion data, including the triggering signal; use a 
low-drain accurate crystal clock for coordinated time; 
and use non-linear amplifiers to increase the dynamic 
range ofthe recording system. 

In this project two such new systems to increase the 
efficiency of ground motion data recordings will be 
studied. Optimum design of local and regional instru-

ment arrays will be investigated to minimize total cost 
and maximize return. The objectives of this project 
are threefold: to develop more efficient strong-motion 
instruments with wider dynamic range and versatility, 
to develop criteria for reliable and cost-effective net
work design, and to study the dynamic seismic source 
mechanism by using neat field data. This information 
could be incorporated into theoretical simulation of 
propagating faults, which would be essential in de
tailed seismic risk analysis and microzonation in re
gions with active faults. 

Workshop on Research Priorities for Geotechnical Earthquake Engineering Applications; Felix Y. Yokel; 
National Bureau of Standards, Washington, D.C. $20,800 for 8 months beginning Aprill, 1977 

Various U.S. and foreign universities and institutions 
are conducting research which includes the many di
verse areas of geotechnical engineering. Geotechnical 
earthquake engineering research provides basic data 
on design forces and site engineering provisions funda
mental to the proper design of earthquake-resistant 
structures. In order to improve current conventional 
practice, future research priorities must be identified 
and closer coordination between researchers and user 
needs to be established. 

This project is developing a workshop on geotech
nical earthquake engineering to achieve the following 
purposes: to establish liaison between the various re
searchers in the field; to assess the present knowledge 
and to review the research results to date; to evalu
ate the research accomplishments as applied to the 
development of improved earthquake design criteria 
and to determine needs and priority for future re
search. A two-day workshop will be held at the Uni
versity of Texas at Austin for the purpose of obtaining 
and synthesizing the best professional options con
cerning the topic of research needs in geotechnical 
earthquake engineering applications. The workshop 

will consist of a series of direct group discussions 
among small numbers of specially invited experts who 
have· agreed to come and to share their opinions and 
experience. These experts· will represent all pertinent 
fields related to the workshop theme. The ultimate re
sult of the workshop will be a final public report S\lm
marizing and synthesizing the expressed opinions in 
order to establish research priorities in the earthquake 
geotechnical engineering area. 

The proceedings of the workshop will be published 
as a public report and distributed to professional 
community through NTIS and other channels. The 
proceedings will include the technical papers on cur
rent ;esearch, and recommendations for future re
search accompanied by summaries of the panel dis
cussions. The results will be used to plan research pro
grams which will be a benefit to the users, such as 
practicing engineers and architects, building officials, 
model code groups, regulatory agencies. This project 
involves the joint effort of the University of Texas and 
the National Bureau of Standards. This work is in 
conjunction with the University of Texas at Austin. 

Simple Shear Behavior of Fine Grained Soils Subjected to Earthquake and Other Repeated Loading; Thomas F. 
Zimmie; Rensselaer Polytechnic Institute, Troy, New York 12181; $54,400 for 15 months beginning Octo
ber 15, 1976 

When soils fail under earthquake loading the result 
can be catastrophic. Failures can occur in large earth 
structures such as slopes and earth dams, and also in 
foundations. When soils are under earthquake load
ing, stress is increased due to accelerations which lead 
to a reduction in the soil strength or shearing resis-
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tance. This loss of shear strength under repeated load
ing is called liquefaction, and is usually applied to the 
behavior of coarse-grained nonco1tesive materials. As 
a result, research has been concentrated on the dy
namic response of sands and other noncohesive soils 
rather than fin~ grained siits and clays. The behavior 



of ·fine grain soils under earthquake and similar load
ing is not as clear cut as in the case of the noncohesive 
soils. Soil beha,iot, whether static or dynamic, is 
largely a consequence of pore pressure intensity 
changes resulting from load applicatiori. Because of 
the differences in permeability between sands and 
clays, there is quite a difference in behavior between 
these types of soils. If a sand does not fail because of 
earthquake loading, it will probabily not fail at all, 
since the strength will quickly return to normal as time 
goes on. In the case of clay soils, because of the pore 
pressure changes, the adverse effects ofthe earthquake 
can remain for a long period of time: several months 
or even years. Failure, if not immediate, can occur a 
long time after the earthquake. From a practical 
standpoint, a failure such as this may not appear to 
be connected with the past earthquake. 
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The behavior of fine grained soils during earth
quakes is not yet clearly understood, and further re
search is urgently needed. The objective of this re
search is to understand the behavior of fine grained 
soil under repeated loading. A theoretical model for 
strength change of these soils under loads such as 
earthquakes will be developed. The effects of fre
quency of loading and load repetition on the behavior 
of fine grained soil will be investigated. The experi
mental test results obtained from simple shear tests 
and triaxial tests will be compared and correlated. 

Results of .this research will impact on several ac
tivities having high national priority, including earth
quake engineering, submarine landsliding and con
struction, ocean engineering, and the construction in
dustry. 



WEATHER MODIFICATION 

In 1959 the Foundation initiated a basic research program to develop an understand
ing of the mechanics of weather modificatIon. This program developed a core of 
knowledge about atmospheric physics and convective cloud dynamics to the extent 
that, when RANN was formed in 1971, the area Was considered ready for application. 
RANN has built upon this scientific base, broadening it to include the social sciences, 
and has developed specific program objectives. The purpose of the Weather Modific:a
tion subelement is to establish the concept of weather modification as a tool to help 
fulfill societal needs. The research seeks to study those atmospheric mechanisms 
which can be or are being influenced by man with regard to the modification of natu
ral weather patterns and the impact of this modification on society. 

The objectives of this subelement are to: 

• Develop and test weather modification technologies which mitigate the undesir
able effects of weather, such as damage caused by hail or drought; and 

• Identify problems and opportunities arising from the inadvertent modification of 
weather as the result of human activities. 

Research support is concentrated in four areas in FY 1977: 

• Inadvertent Weather Modification 

• Societal Implications of Weather Modification 

• Weather Modification Technology and Evaluation 

• Weather Hazard Mitigation 
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INADVERTENT WEATHER MODIFICATION 

The objective of the Inadvertent Weather Modification program is to delineate the 
mechanisms whereby and the extent to which an agricultural region modifies its own 
climate and an urban area modifies its surrounding weather and precipitation. 

The majority of the resear.ch on inadvertent weather modification is concentrated in 
the Metropolitan Meteorological Experiment (METROMEX) in St. Louis. The re
search seeks to provide better definition of the causes of, and reasons for, the precipi
tation anomalies observed downwind of the city. 

Inadvertent Weather Modification in the St. Louis Area; August H. Auer, Jr.; Department of Atmospheric 
Sciences, University of Wyoming, Laramie, Wyoming 82071; $65,000 for 9 months beginning July 15, 
1977 

Project METROMEX (Metropolitan Meteorological 
Experiment), the experiment to determine how a 
large urban-industrial area can significantly change 
the weather, has been operating in the St. Louis area 
for the past six years. 1976 was the final year in the 
field collecting data. Although the final METRO
MEX report is due in the near future, the analysis of 
the large amount of data collected will continue for 
sometime. 

The overall goal of the University of Wyoming with 
METROMEX has been to make comparative obser
vations of urban and non-urban environments to de
termine processes responsible for differences in boun
dary layers, wind fields and convective cloud behavior 

as a result of urban-induced changes in heat, mois
ture, and aerosols. 

The following objectives are to be studied to con
tinue the analysis of METROMEX data and maxi
mize the· results to be obtained from the data col
lected. First, ascertain the role of anthropogenically 
altered land use on weather. Second, derive heat, 
moisture, and turbulent _ fluxes within the boundary 
layer of urban and rural environments in the St. Louis 
area. Third, develop power-law relationships for 
modeling wind speed and direction changes with 
height for airflow across an urban area and its sub
urbs. Finally, investigate solar radiation effects on the 
urban atmosphere. 

The Effects of Urban-Industrial Emissions on Downwind Weather Patterns; Roscoe R. Braham, Jr.; Department 
of Geophysical Science, University of Chicago, Chicago, Illinois 60637; $146,000 for 6 months beginning 
April 1, 1977 

The University of Chicago Cloud Physics Group 
made a valuable contribution to aerosol, cloud and 
precipitation studies in Project METROMEX which 
has been completed recently. METROMEX was a 
five year field study on the effect of a large metropoli
tan area (St. Louis) on summer rainfall and other 
weather conditions. Limited measurements by the 
University of Chicago Group and others indicate that 
a metropolitan complex also alters condensation and 
ice nuclei and cloud microstructure in the winter. 
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These urban weather effects may produce low-inten
sity modulation of weather over large regions extend
ing far downwind, sometimes more than 100 km. 
from urban sources. 

This is a three-year study of anthropogenic modifi
cation of atmospheric parameters in a regional setting 
during winter weather conditions. The field phase is 
based near Muskegon, Michigan, and centers around 
measurements made from ground-based cloud physics 



equipment and from an NCAR airplane. Emphasis 
is upon the study of clouds and cloud sensitive nuclei 
within downwind plumes from Milwaukee and/or 
Chicago contrasted with similar measurements out
side these plumes. 

A secondary effort involves the continuation of nu
merical modling of urban cumulus clouds and of ur-

ban boundary layer dynamics. The modeling work 
integrates previous measurements of summer cloud 
modification in the St. Louis area and also provides 
a basis for developing model simulations of the pre
sent field observations. 

Causes and Impacts of Urban Influences on Precipitation; Stanley A. Changnon; Illinois State Water Survey, 
University of Illinois, Urbana, Illinois 61801; $237,000 for 18 months beginning July 1, 1977 

Past research of urban effects on summer weather in 
the St. Louis area has enumerated abnormal features 
in thermal, moisture, airflow, precipitation, and severe 
weather patterns. Initial hypotheses explaining the 
causes of these abnormalities have been presented in 
interim Metromex reports. 

The primary foucus of this research is to solidify 
and build on the Metromex findings of urban effects 
on inadvertent weather modification. The work in
cludes an expanded analysis and integration of the St. 
Louis case studies, further studies on impacts and uti
lization, and the analysis of a large available date base 
in Chicago for comparisons to the St. Louis results. 
These results provide validation data for simulation 
models currently being developed for urban area 
weather. The Chicago /St. Louis comparisons to
gether with the simulation models will be the basis for 
the next major step in studying inadvertent weather 

modification in urban areas. The expanded impact 
and utilization efforts are important in establishing a 
basis for future policy issues dealing with inadvertent 
weather modification. 

This research focuses on four major efforts: 1) 
intensive studies of selected cases of St. Louis data to 
further sharpen hypotheses explaining the abnormali
ties defined to date; 2) analysis of the extensive 
weather data base available for the Chicago region 
and comparing and integrating the results of the St. 
Louis and Chicago studies to sharpen urban weather 
hypotheses and test the transferrability of concepts 
derived for St. Louis; 3) economic and institutional 
response studies of the impacts of the precipitation 
abnormalities and the precipitation-related pollutants 
in the region of urban modified weather; and 4) dis
semination of key results to local, regional, and 
national group~ affected by altered weather. 

Workshop on Extended Area Effects of Weather Modification; Robert D. Elliott; North American Weather 
Consultants, 600 Norman Firestone Road, Goleta, California 93017; $30,800 for 6 months beginning 
July 15, 1977 

There is increasing evidence that the effects of inten
tional weather modification programs may extend 
over much broader geographic areas than for which 
the operations are planned. Extensive post hoc analy
ses of downwind data from previous weather modifi
cation experiments throughout the world have shown 
that precipitation increases of 15 percent to more than 
100 percent may occur in areas up to several hundred 
kilometers downwind of intended target areas in win
ter projects. The results of summer projects are less 
clear and both increases and decreases in precipitation 
are implied. 

These results have important national relevance 
both with respect to augmenting water supplies and 
for evaluating the socio-economic-political impacts of 
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weather modification. Precipitation enhancement 
from cloud seeding projects may be much more effec- . 
tive than was previously expected. Effects over large 
areas may in turn influence broader-scale atmos
pheric processes and systems. Conflicts may arise be
tween groups since more heterogeneous interests are 
affected. Adverse interactions may occur among on
going weather modification programs. 

A workshop is being held to define the importance 
of extended spatial and temporal effects of weather 
modification and to prepare guidelines and priorities 
for future research. Specific objectives of the work
shop are to: 1) synthesize and evaluate the evidence 
for extended area effects, for both intentional and in
advertent weather modification; 2) assess the societal 



implications of extended area effects; and 3) develop 
hypotheses and establish priorities for future research 

aimed at scientific understanding and socioeconomic 
implications. 

A Field Experiment Design to Determine the Extended Area of Effect from Wintertime Cloud Seeding; Lewis O. 
Grant; Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado 80521; 
$399,700 for 15 months beginning June 1, 1977 

One of the most serious public issues in weather modi
fication concerns the downwind effects of attempts to 
modify precipitation in a given region. This has led to 
recently publicized inter-state conflicts between Idaho 
and Washington over rights to atmospheric moisture. 
The Colorado State University team has recently 
completed a four-year study of data from downwind 
areas of a large number of previous weather modifica
tion projects. Results have shown precipitation 
changes from 15 to 100 percent in areas up to several 
hundred miles downstream of intended cloud seeding 
target areas. From these data, past experiments at 
Climax,Colorado, and recently completed physical 
studies, a preliminary experimental design was de
veloped for an extended area field experiment in Col
orado. 

This study is developing a field experiment design 
for determining the effect of wintertime cloud seeding 

for extended areas downwind of primary targets in the 
Rocky Mountains. A preliminary design is being re
fined by computer model simulations of airflow, cloud 
and precipitation processes and by field measurements 
which clarify the physical hypotheses to be tested in 
the experiment. Tracer and modeling studies are being 
used to optimize the siting of seeding generators and 
precipitation measurement networks. The discrimi
native capabilities of radar and aircraft instruments 
are being tested for their use in physical studies. 

Due to the important societal implications of the 
extended area effects, societal concerns are being in
cluded in the overall experimental design. A societal 
task group is participating in the design study to de
velop a plan for the societal studies needed to comple
ment the physical science experiment, including inte
grated studies involving economics, sociology, political 
science, law, and the environmental sciences. 

Third Workshop on Inadvertent Weather Modification; George D. Robinson; The Center for the Environment 
and Man, Inc., 265 Windsor Street, Hartford, Connecticut 06120; $42,000 for 6 months beginning April, 
1977 

Inadvertent changes in weather resulting from man's 
activities in industrialization, urbanization, commerce 
and agriculture have become a growing environmental 
concern. Metromex and several other inadvertent 
weather effect studies are presently nearing comple
tion. 

This workshop can provide a timely synthesis of 
these recent research advances and provide an impor
tant basis for the planning of future projects in inad
vertent weather modification. 

The purpose of this workshop is fourfold: 

1) Assess the current knowledge of inadvertent 
weather effects; 
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2) Determine the unsolved problems, both gen
eral and specific to various regions of the United 
States; 

3) Assess methods and resources required to 
attack these problems; and 

4) Establish research priorities based on scien
tific understanding and socio-economic impli
cation. 

The product of this workshop will be an assessment 
and planning document useful to the development of 
research programs in advertent weather modification 
at the National Science Foundation and other Fed-
eral agencies. 



Statistics and Origin of Haze in the Central United States; George D. Robinson; The Center for the Environment 
and Man, Inc., 275 Windsor Street, Hartford, Connecticut 06120; $49,600 for 12 months beginning July 1, 
1977 

The increasing role of fossil fuel in federal energy 
policy raises the concern of serious regional and larger 
scale impacts on the environment through alterations 
in the weather and climate. The increasing incidence 
of haze and its apparent industrial origin makes it one 
of the most important concerns in inadvertent weather 
modification. There are preliminary indications that 
plant growth and crop yield may be affected. Haze of 
industrial origin in the central United States can de
plete solar radiation reaching the ground by five to ten 
percent and reduce surface air and ground tempera
tures by one or two degrees Celsius. 

This research is investigating the frequency, inten
sity, nature and origin of atmospheric haze in an area 
in the midwest, and the reduction of avilable solar 
energy at the earth's surface by this haze. Joint statis
tics of visual range, stability of the lower atmosphere, 

and cloud type and amount are being studied. This 
allows the estimation of the attenuation coefficient 
and scale height of the haze, and computation of the 
depletion of solar radiation. Validating evidence is 
being sought in the records of recent air quality pro
grams in the St. Louis area. 

In addition to the statistical studies, a simple air 
quality model, previously developed by the investiga
tors, is being used to investigate the origin of the haze 
and the proportion of sulfate to other particles. Vali
dation of the model is sought in the air quality records 
of the Environmental Protection Agency. 

The results will provide an important step in under
standing the characteristics and impacts of industrial 
haze and will provide a basis for further research on 
these problems. 

Development of an Acouslic Sounder Network for Air Pollution and Land Use Application'; Phillip B. Russell; 
Department of Atmospheric Physics, Stanford Research Institute, Menlo Park, California 94025; $11,800 
for 6 months beginning June 15, 1977 

Two of the most important atmospheric parameters 
in determining the transport and dispersion of air 
pollution are winds and the "mixing depth" (the depth 
of the mixed layer of the atmosphere through which 
surface-generated pollutants can freely mix). The infl
ence of mixing depth in determining ambient pollution 
concetration is especially strong in urban areas of the 
West Coast where the characteristic marine inversion 
restricts the mixing depth to lower altitudes. Pro
nounced topographic and demographic variations in 
certain urban regions also cause the inversion height 
and wind to vary considerably on small scales in space 
and in time. As a result, climatological data on mixing 

depth and winds must be provid~d on rather fine spa
tial and temporal scales in order to be useful to plan
ning in such areas. 

This project is evaluating the application of a net
work of acoustic sounders for reliable, unattende.d and 
continuous observations of mixing depth over the San 
Francisco Bay Area. This project is developing analy
sis and interpretation techniques for deriving mixing 
depths and other information; evaluating the utility of 
the acoustic sounder for measuring mixing depths; and 
disseminating data and methodology to appropriate 
land use' planning agencies and air pollution monitors. 

Study of Urban Boundary Layer Processes Using a Three Dimensional Hydrodynamical Model; Fred M. 
Vukovich; Research Triangle Institute, Research Triangle Park, North Carolina 27709; $28,000 for 
12 months beginning September 1, 1977 

The application of theroretical models to the obser
vations made by the Metropolitan Meteorological 
Experiment (METROMEX) field project is an im
portant step in understanding the processes which 
produce urban effects on weather and are necessary to 

test the transferability of METROMEX results to 
other areas. This recently completed field study of 
urban weather has collected an extensive set of urban 

. weather data, including unique measurements in the 
urban boundary layer. The primary objective of this 
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project is to study the boundary layer processes in the 
city of St. Louis using observed data to examine and 
to improve the ability of a three-dimensional primi
tive equation model to characterize those processes. 
The observational data include surface and upper air 
measurements of temperature and wind collected by 
aircraft and Doppler radar systems as well as standard-
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techniques. In a few cases, airborne turbulent observa
tions are also available. 

Results of this study will yield a better understand
ing of dynamic processes in the urban boundary layer 
and will improve parameterizations of planetary 
boundary layer processes. 



SOCIETAL IMPLICATIONS OF WEATHER MODIFICATION 

The thrust of the Societal Implications of Weather Modification program is to evalu
ate societal reaction to weather modification, to determine societal expectations, and 
to identify the needs for the scientific base necessary to bring about successful applica
tion of weather modification. Research in the subelement extends across the disci-

_ plines of political, social, legal, economic, ecological, and physical sciences in an effort 
to investigate the impact of weather modification technology on man. 

The Legal Implications of Inadvertent Weather Modification: METROMEX and the Law; Ray J. Davis; School 
of Law, University of Arizona, Tucson, Arizona 85721; $30,000 for 15 months beginning February 15, 
1977 

Urban produced weather changes over and downwind 
of the city of St. Louis have been identified in the re
search results of Project METROMEX. Marked in
creases in cloudiness, summer rainfall, and hail have 
been found in a 1500 square mile area east of St. 
Louis. The more intense and polluted urban rains 
lead to 15 percent more runoff, a 100 percent increase 
in local flooding, and more stream and groundwater 
pollution. 

Project METROMEX identified these weather 
changes. However, there is also a need to define the 
social, legal, and economic impacts of these weather 
abnormalities. This research is to determine the legal 
implications of inadvertent weather modification and 
provide an additional perspective to Project METRO
MEX. Although there have been previous studies of 

intended weather modification law and air quality 
control law, there has been no prior examination of 
the legal ramifications of unintentional weather 
changes. This research may be helpful in the planning 
of future research in inadvertent weather modifica
tion. The facts, issues, and laws are being examined to 
ascertain what constraints there are on making public 
policy as it relates to inadvertent weather modifica
tion, and what options are available to deal with those 
constraints. 

A series of working papers on key areas of concern 
is being prepared which will be compiled and then re
viewed by METROMEX scientists, city and state 
regulatory officials in the St. Louis area, Federal 
agency administrators, and member of the legal pro
fession in the development of a final research product. 

A Comparative Analysis of Public Response to Weather Modification; Barbara C. Farhar; Human Ecology 
Research Services, Inc., 855 Broadway, Boulder, Colorado 80302; $56,600 for 9 months, beginning 
March 9, 1977 

Public acceptance of weather modification activities 
is a critical aspect of both research and operational 
programs. Past organized opposition has been effec
tive in terminating ongoing projects and in enacting 
highly restrictive state legislation for the regulation of 
weather modification projects. Public acceptance of 
a program may, at least in part, depend upon timely 
management decisions. Past research has established 
basic hypotheses associated with acceptance and re
jection of weather modification in the United States. 
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This research builds on the results of seven years of 
sociological study of public response to an decision 
processes involved in weather modification. Data have 
been collected by both individual surveys and commu
nity leyel information monitoring. Emphasis is being 
given to an extensive four year sampling program in 
South Dakota, although citizen interview surveys have 
been conducted in six states and community activities 
have been monitored in twenty-four states. Analyses 
could yield both descriptivcr. information on social re-



sponse to weatber modification in South Dakota and 
testing of hypotheses concerning acceptance and re
jection processes. Successful validation of the hypo
theses together with response patterns could provide 
the framework for the development of a casual model 

of the acceptance/rejection process. Management 
recommendations are to be derived from an evalua
tion of those factors which are influenced by policy 
choice. 

METROMEX: Social Impacts of Inadvertent Weather Modification: A Comparative Study; Barbara C. Farhar; 
Human Ecology Research Services, Inc., 855 Broadway, Boulder, Colorado 80302; $60,300 for 13 months, 
beginning February 10, 1977 

Urban-caused weather changes downwind ofSt. Louis 
have been identified in Project METROMEX, a six
year field program currently being completed. In 
addition to defining and explaining the urban-indus
trial causes of abnormalities in summer precipitation 
and other weather parameters, the program also seeks 
to define the socio-economic impacts of these weather 
abnormalities. 

This study examines the social impact of the 
weather abnormality, including such questions as the 
level of awareness of area residents about the abnor
mality, adjustments made to changed weather pat
terns, and the behavior' of relevant organizations with 
regard to the identified weather effects. A com para-

tive case study design is to be used, comparing a com
munity (or township) in the area affected most heavily 
by the weather abnormality with a match community 
upwind. Samples of residents and potentially affected 
organizations are to be interviewed in each commun
ity. Both statistical and descriptive data analysis are 
to be carried out on the focused interviews and unob
trusive data collected from various documents and re
ports. 

Adjustments to the weather abnormality are to be 
measured and alternate public policy options are to 
be identified. These results will be applicable to the 
planning of future research on inadvertent weather 
modification. 

Management of Nucleating Agents Used in Weather Modification: Development of Microbial Threshold Toxicity 
Criteria; Donald A. Klein; Colorado State University, Fort Collins, Colorado 80251;$12,400 for 6 months 
beginning January 5, 1977 

The purpose of this project is to provide information 
on the potential long-term effects on microbiological 
ecosystems of nucleating agents used in weather modi
fication, particularly by silver iodide nucleants. The 
study concentrates on soil and aquatic microbial eco
systems, as these have been found to be the most criti
cal areas for accumulation of such agents; and on the 
location of ecologically important mineralization pro
cesses which may be sensitive to the presence of these 
materials. 

Specific research objectives are to: J) provide user
compatible information on the potential long-term 
effects of weather modification seeding agents on the 
impacted ecosystems, and to better understand the . 
specific ways in which soil and aquatic microbial eco
systems will respond when silver iodide or other nu
cleating agents might be imposed on these systems; 
2) determine the level of accumulated' seeding agents 
which can occur in a given ecosystem to establish 

. threshold toxicity levels with maximum resolution! 
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and to make this information available to potential 
users; and 3) develop an ecological assessment capa
bility for weather modfication agents. 

The research plan is to include continued analysis 
of field treatment plots in grass, spruce, and aspen 
communities to improve the resolution of previous re
sults; further analysis of generator site silver gradi
ents; and laboratory studies of aerobic and anaerobic 
aquatic systems. 

This supplemental funding supports a workshop 
during November 1976 at Vail, Colorado, jointly 
sponsored by the Bureau of Reclamation, Department 
of Interior and the National Science Foundation. A 
group of experts is being assembled to assess possible 
ecological impacts of nucleating agents used in 
weather modification. Utilization of the results of 
this meeting is expected to be in the following areas: 
J) the preparation of environmental impact state
ments by the Federal agencies and other weather 



modifiers, and 2) the formulation ofresearch require
ments and preliminary plans to investigate important 

facets of the program still needing study. 

Management of Nucleating Agents Used in Weather Modification: Development of Microbial Threshold Toxicity 
Criteria; Donald A. Klein; Department of Microbiology, Colorado State University, Fort Collins, Colo
rado 80523; $28,000 for 9 months, beginning February 10, 1977 

A major environmental issue in cloud seeding is the 
impact of seeding agents on the surrounding ecosys
tem. The primary use of heavy metal compounds, par
ticularly silver iodide, underlies this concern. Previous 
studies have been sporadic and generally directed to
ward high impact, short-term effects. This award re
presents an ongoing effort to substantiate longer
term cloud seeding effects through a combination of 
laboratory, test plot, and operational generator site 
studies. 

Project activities are concentrating on soil and 
aquatic microbial ecosystems, since these trophic 
levels have been found to be the most critical for accu
mulation of such agents. It is also concentrating on 
the location of ecologically important mineralization 
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processes which may be sensitive to the presence of 
these materials. 

The methods being used include continued analysis 
of field treatment plots in grass, spruce, and aspen 
communities to improve the resolution of previous re
sults; further analysis of generator site silver gradi
ents; and laboratory studies of aerobic and anaerobic 
aquatic systems. Laboratory analyses of potential new 
agents, including silver iodide-titanium oxide mixtures 
and silver iodide-ammonium iodide mixtures are also 
being carried out. 



WEATHER MODIFICATION TECHNOLOGY AND EVALUATION 

The objective of the Weather Modification Technology and Evaluation program is to 
develop specific supporting weather modification technologies with emphasis on pre
cipitation augmentation. 

Assessing Midwest Cloud Characteristics for Weather Modification; Bernice Ackerman; Illinois State Water 
Survey, University of Illinois, Urbana, Illinois 61801; $98,000 for 12 months beginning July 15,1977 

As droughts in the Midwest have become more fre
quent and the realization has grown that the relatively 
favorable climate for agriculture may become pro
gressively worse in the future, the pressures for 
weather modification have increased over the past few 
years. There are however, major uncertainties sur
rounding the capacity to modify conventive clouds, 
the dominant rain producers during the critical pro
duction periods for crops. 

This research is to compile and analyze sample 
statistics of variables which are important in cloud 
development and precipitation processes, and their 
modification as a function of mesoscale and macro
scale atmospheric conditions. It is determining the re
lationships and synthesizing the results of the analysis 
of the interior cloud variables and other cloud para
meters, environmental conditions and observed rain-

fall. It is also investigating in the Midwest the capa
bility to predict results from the one-dimensional 
models used for cloud seeding operations. 

The research involves the analysis of in situ cloud 
observations from aircraft in combination with radar, 
rainfall, special radiosonde and other supporting 
measurements. Particular emphasis is placed on bulk 
cloud condensate and its partition between cloud and 
precipitation water. Multiple soundings are to be used 
to determine the effects of space-time separation be
tween cloud and sounding location on the validity of 
model predictions of maximum cloud growth. 

Utilization activities include widespread dissemina
tion of the results to the user community, such as 
various governmental agencies, commercial cloud 
seeders, farm groups, and others. 

Laboratory Studies of Organic Ice Nuclei for Cloud Seeding; Norihiko Fukuta; University of Utah, Salt Lake 
City, Utah 84112; $48,600 for 12 months beginning October 1, 1977 

The objective of this research is to characterize the nu
cleation and decay properties of two organic nucleants 
being developed as a substitute for silver iodide for use 
in cloud seeding. Metaldehyde and 1.5 dihydroxy
naphthalene exhibit excellent seeding properties and 
have advantages over silver iodide such as: 1) low cost 
and long term availability, 2) minimizing the down
wind effect, and 3) eliminating the potential ecological 
effects of the heavy metal silver. 
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The research includes two laboratory studies: 1) 
the evaporation and/or decay of organic smoke parti
cles, the basis for the decreased downwind effects of 
cloud seeding, and 2) the "vapor activation" ice nu
cleation by metaldehyde, and the behavior of the re
sutlant double plate and vaned ice crystals which may 
provide the opportunity for fast and efficient nuclea
tion because of the unusually rapid ice crystal growth. 



Testing and Calibration Program for Cloud Seeding Materials, Seeding Generators, and Nucleus Observ~ng 
Instruments; Dennis M: Garvey and Lewis O. Grant; Department of Atmospheric Sciences, Colorado 
State University, Fort Collins, Colorado 80521; $78,500 for 15 months, beginning July 1, 1976 

The objective of this grant is to provide a standard 
facility for comparing the output from ice nucleation 
materials, cloud seeding generators, and ice-nucleus 
measuring instrumentation. This facility supports 
weather modification activities worldwide, but espe
cially the weather modification community in the 
United States. 

The Cloud Simulation and Aerosol Laboratory is 
maintained by the Colorado State University as 
a testing and comparison facility to support weather 
modification and cloud physics research. Major utili
zation of the facility is by Federal agencies and the 
commercial cloud seeding community. For example, 

most of the tesing and calibration now underway is in 
support of Project Stornifury (hurricane modification) 
Oceanographic and Atmospheric Administration in 
support of Project Stormfury (hurrican modification) 
and the Florida Area Cumulus Experiment for pre
cipitation augmentation. The Department of the In
terior, Bureau of Reclamation High Plains Experi
ment will conduct a major testing and calibration pro
gram in the near future. The facility has and will con
tinue to provide support for the several National 
Science Foundation research efforts in this area. The 
commercial cloud seeding industry also tests and com
pares its 'seeding generators at the facility. 

The Generation and Use of Cirrus Clouds as a Tool for Weather Modification; William A. Gray; Department of 
Atmospheric Sciences, Colorado State University, Fort Collins, Colorado 80521; $70,000 for 18 months 
beginning July 15, 1977 

The objective of this research is to explore the feasi
bility of artificicially generating cirrus clouds, to nu
merically model and observe the influence of cirrus 
on mesoscale weather, and to study the amount and 
diurnal variation of natural cirrus clouds to determine 
whether mesoscale weather modification by artifi
cially produced cirrus clouds in feasible. 

The effort consists of an observational research pro
gram utilizing infrared data from satellites, data from 
the Global Atmospheric Research Program Atlantic 
Tropical Experiment and from the Northwest Pacific, 
and cirrus cloud versus surface temperature data over 

the United States. The second portion of the study 
consists of numerical modeling of the effects of cirrus 
clouds on the troposphere and mesoscale weather 
using two and three dimension models currently in 
operation. Possible means of producing cirrus clouds 
include seeding saturated layers of the upper atmos
phere,' jet aircraft condensation trails positioned so 
as to spread throughout cold moist layers of the upper 
atmosphere, or injecting carbon black into the atmos
phere with the heating resulting from solar energy 
absorption producing the cirrus cloud. 

Operational Cloud Seeding Evaluation Techniques; Paul Schickedanz; Atmospheric Science Section, Illinois 
State Water Survey, University of Illinois, Urbana, Illinois 61801; $1l6,OOO for J 8 months beginning 
July 1, 1977 

One of the continuing problems in weather modifica
tion is the evaluation of operational cloud seeding 
programs, those modification efforts carried out on a 
day-to-day basis without benefit of randomization or 
other statistical design features to facilitate evalu
ation. In fact, most of the weather modification activ
ities carried out around the world are operational ef
forts, and most of the data available for evaluating 
weather modification are nonrandomized. Thus, if 
it were possible to develop statistical tools for evalua-

101 

ting operational weather modification results, the 
amount of data available for such work would be 
considerably expanded from the present data base of 
statistically randomized experiments. 

Another problem in the evaluation area is the un
predictability and large natural variabiiity of precipl-· 
tation. How can the effect of weather modification 
activities be determined if what would have happened 
in absence of modification efforts cannot be specified? 



1Ihe objectives of this research are to develop and 
test evaluation '.:.echniques for operational weather 
modification programs. The award is 1) developing 
statistical-physical methods for evaluation of opera
tional seeding programs; 2) evaluating an adequate 
number of operational programs to test the tech-

niques; 3) planning efforts for future activities regard
ingihe evaluation o{operational weather modification 
programs, and 4) insuring the transfer of research 
findings and results to the user community, such as 
various governmental agencies, commercial cloud 
seeders. farm groups and others. 

Evaluation and Design of Weather Modification -Experiments; Joanne Simpson; Department of Environmental 
Sciences, University of Virginia, Charlottesville, Virginia 22903; $149,900 for 21 months; beginning 
December 17, 1976 

There are a number of weather modification cloud 
seeding experiments being conducted around the 
country, each attempting to evaluate the results of the 
seeding treatment applied. This research involves the 
statistical evaluation of data to determine the effect on 
precipitation of dynamic seeding of cumulus clouds 
over southern Florida, and the transfer of this tech
nology to other geographic areas. The data used is 
from the National Oceanographic and Atmospheric 
Administration Florida Area Cumulus Experiment 
(FACE). 

Cumulus clouds and ,cloud systems produce about 
three-fourths of the world's rainfall. The FACE data 
includes (and at other levels using radiosondes and 
radar measurements) including temperature, pressure, 
humidity, naturally occurring nuclei, precipitation, 
radar echo intensity and motion, wind direction and 

speed, and cloud parameters such as height of the base 
and tops, motion and coverage. 

Evaluation will be accomplished using the com
bined tools of model simulation, classical and Baye
sian statistics, and physical theory and observations. 
Various major hail experiments are also being as
sessed, not only for evaluation techniques used, but 
for seeding procedures, operational techniques, etc. 
with the results to be provided to the National Hail 
Research Experiment (NHRE) at an early date to as
sis~ in the redesign of the NHRE. Ice nuclei data from 
both NHRE and FACE are being analyzed, and new 
silver iodide data is being collected and analyzed. The 
improved statistical methods being developed will be 
utilized in the design and evaluation of major weather 
modification experiments for hail suppression and 
precipitation augmentation. 

Hail Suppression Seeding Technology: An Assessment Based on Silver Content in Rain and Hail; Joseph A. 
Warburton; Desert Research Institute, University of Nevada, Reno, Nevada 89507; $55,900 for 12 months 
beginning March, 1977 

One ofthe most important questions in weather modi
fication is related to the effectiveness of the seeding 
technique. Does the silver .iodide released actually get 
to the right location in the clouds in sufficient concen
tration at the proper time to glaciate the mositure and 
influence the precipitation? In large thunderstorms 
which may produce hail, the precise time and location 
of the silver iodide in the cloud may be extremely im
portant in the formation of hail embryos.In 1973, the 
most recent year for which complete information has 
been analyzed, hail damage in the United States to 
crops was $680,000,000 with additional property dam
age bringing the total to over three quarters of a bil
lion dollars. 

The overall objective of this research is to analyze 
the National Hail Research Experiment data already 
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collected to establish the role played by the silver iod
ide nuclei, the effectiveness of the seeding techniques 
utilized, and determine where the seeding material 
went. 

The objective is being achieved by means of a de
tailed analysis of the silver content of the precipita
tion, both rain and hail, collected in hail suppression 
experiments, the radar data, the aircraft seeding data, 
and the radiosonde data. These analyses are corre-
lated with the storm analyses accomplished by other 
participants to determine the trajectories and history 
of the seeding material injected into the storms. 



WEATHER HAZARD MITIGATION 

The objective of the Weather Hazard Mitigation program is to reduce the undesir
able aspects of selected weather hazards. The major effort is in the study of hail 
research. The NSF sponsored National Hail Research Experiment (NHRE) is 
attempting to determine the potential for suppressing hail damage by cloud seeding, 
and extent to which hail suppression might be. accomplished economically on an 
operational basis. 

National Hail Research Experiment; Donald Veal; National Center for Atmospheric Research, Boulder, 
Colorado 80302; $2,006,000 for 12 months beginning October 1, 1976 

In the United States the annual loss due to hail, storms 
is over three quarters of a billion dollars. While eco
nomic incentive to reduce damaging hail has long' 
existed, it was not until the early 1970's that a definite 
experiment on hail suppression was undertaken. The 
National Hail Research Experiment (NHRE) is de
signed to determine whether hail suppression by 
cloud seeding on the high plains of the United States 
can be feasible, desirable, and cost effective. 

The research objectives of NHRE are: 1) implemen
tation of a statistical experiment aimed at proving or 
disproving the efficacy of suppression of hail by the in
troduction of artificial seeding material such as silver 
iodide into the storm systems; 2) a broad-based, highly 
focused and integrated research program aimed at 
understanding the mechanisms of both natural hail 
development and the effects of seeding on hail growth; 
3) the study of economic, social, environmental, and 
legal impacts to assess costs of a hypothetical hail 
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factors relevant to the ultimate implementation of 
an operational hail suppression program. 

A large field research program (not a randomized 
seeding experiment) was carried out in northeast 
Colorado during the summer of 1976. Planned obser
vations of storms by a network of Doppler radars and 
several aircraft including the armored T -28 aircraft 
carrying greatly improved insturuments, together 
with a variety of more convential measurements, re
present a major advance in the ability of NHRE to 
test hypotheses regarding storm· processes and modi
fication by direct observations. Analysis of the data 
collected will continue. Following sufficient progress 
in the development of hailfall covariates and classifi
cation variables, and better information about seeding 
location, amount, effectiveness, and timing, an im
proved randomized seeding experiment will be de
signed. 



SOCIETAL RESPONSE TO NATURAL HAZA_RDS 
The broad objective of the Societal Response to Natural Hazards subelement is to 
evaluate recent and ongoing disaster-related programs of mission agencies at the 
Federal, State, and local levels and in the private sector. This subelement is designed 
to support research to understand and evaluate the benefits and costs of different 
combinations of adjustments to natural hazards and disasters: prediction and warn
ing, disaster preparedness, physical protection, land use management, insurance, 
and relief. Research is also aimed at finding commonalities between adjustments to 
different hazards. 

The objectives of this subelement are to: 

• Develop an understanding of the probable economic and social costs of the Nation's natural 
hazards; 

• Survey and assess the several public and private disaster preparedness and response programs; 
and 

• Design, develop, and test alternative approaches to enable society to prepare for, respond to, 
and recover from disasterous events. 

A Longitudinal and Cross Cultural Study of the Post Impact Phases of a Major National Disaster: The Febru
ary 6,1976 Guatemalan Earthquake; Frederick L. Bates; Departm_~nt of Sociology, University of Georgia, 
Athens, Georgia 30602; $144,925 for 12 months beginning June 1, 1977 

For many years the United States and other national 
societies, impelled by humanitarian and other consid
erations, have responded generously to the plight of 
both domestic and foreign disaster victims. U.S. dis
aster policies are based largely on humanitarian val
ues, common sense, and conventional wisdom. The 
United States has a substantial amount of research 
opportunities to study the social impacts of floods, 
tornadoes, and hurricanes, but is lacking in the areas 
of earthquakes because of their sporadic occurence in 
the United States. Hence, there is a need for research 
in other countries on the social impacts of earth
quakes. 

This project is focused on a comprehensive, in
depth longitudinal study of the short-and long-range 
socioeconomic effects of a major disaster on ana
tional society: the February 4, 1976 Guatemalan 
earthquake. This tragic disaster provides a unique 
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research opportunity to study: 1) the impact of an 
earthquake on a nation and its society; 2) the effects 
of the costly U.8. Government and private sector 
disaster relief on the impacted society and its recovery 
processes; 3) the manner in which the U.S. relief was 
coordinated with similar responses from more than 30 
other countries; and 4) the effects of the earthquake 
and the relief efforts on the U.S. sponsored develop
ment programs in Guatemala. 

The findings and rcommendations from this study 
are designed to serve two major functions: 1) to 
prompt and facilitate the reconsideration of past and 
present U.S. Federal and private sector foreign dis
aster programs, especially in Latin America; and 
2) to aid the U.S. in preparing policies and programs 
for the societal impact of its next major earthquake, a 
low probability, high risk national catastrophe. 



Search and Rescue Missions in Natural Disasters and Remote Settings; Thomas E. Drabek; Department of 
Sociology, University of Denver, Denver, Colorado 80208; $261,300 for 24 months beginning Septem
ber 1, 1977 

Searching for and rescuing potential disaster victims 
is a primary activity in post-disaster situations. Many 
search and rescue activities are also carried out in 
wilderness settings. This 24 month study is to provide 
an initial empirical data base on search and rescue 
missions in disaster and remote settings which can be 
related to relevant policy issues. Three objectives are 
to be pursued. First, seven field studies of search and 
rescue missions are to be conducted: five following 
large natural disasters and two within remote areas. 
Interviews are to be a primary source of data in these 

field studies, including some conducted with local 
and state officials and members of informal groups. 
Second, an assessment of search and rescue demand 
and capacity levels is to be made in two different 
states. Third, a major dissemination effort is to be 
made to maximize the utilization of findings by poten
tial user groups, including those at the local, state and 
national levels. Workshops and other presentations 
are to be made and major publications are being pre
pared which will be distributed to user groups. 

Community Response to Natural Hazard Warnings; Robert K. Leik; Department of Sociology, University of 
Minnesota, Minneapolis, Minnesota 55455; $177,500 for 12 months beginning May 15, 1977. 

Based on sustained and adequate research findings, 
man's technological ability to evaluate, predict, and 
monitor some natural hazards, such as hurricanes and 
to some degree earthquakes, has increased signifi
cantly over the last few decades. However, as the na
tion's major disasters continue to demonstrate, there 
has not been a comparable growth in man's ability to 
predict and control the response ofindividuals,fami
lies, organizations, and communities to the disaster 
warning which the above technology enables the mis
sion agencies to disseminate. Support for research on 
the hUman and social components of warning response 
systems has been infrequent and inadequate. 

Prompt and appropriate responses of these compo
nents to disaster warnings are essential if lives are to 
be saved, injuries minimized and property losses re
duced. This three year project provides information 
on how families and organizations in the community 
at risk to hurricanes, tornadoes, floods and earth-

quakes perceive, prepare for, make decisions on, and 
respond to disaster warnings. The project's research 
questions are designed to clarify how warning re
sponses are related to: 1) content and timing of mes
sage; 2) interorganizational -relations; 3) incogruity 
~etVfeen normal and emergency relations; 4) predi
saster planning; 5) individual decisions; and 6) social 
and economic constraints. The pilot phase of the pro
ject involves development and pretesting of interview 
data from households and organizations in four com
munities. Controlled laboratory experiments are an 
integral part of the project. First experiments deter
mine the adequacy and appropriateness of questions 
to be asked infield inteJ"iews. Later experiments are 
to aid in the interpretation of thjs field. Communi
ties, households and organizations are being studied 
prior to each hazard season, and will be studied after 

. a warning/impact has been received. 

State Government Policy Options for the Utilization of Earthquake PredictionTechnology; Hirst Sutton; Council 
of State Governments, 1225 Connecticut Avenue, N.W., Washington, D.C. 20036; $177,500 for 12 months 
beginning January, 1977 

Historically, the catastrophic and dramatic conce
quences of earthquakes have generally made these 
disasters especially newsworthy. However, man's sci
entific understanding of the causes of earthquakes has 
increased significantly during the last twenty years. 
More recently, some scientists have advanced the 

claim that precise and reliable earthquake prediction 
would soon be a reality. National and international 
interest in this important claim has attracted the 
attention of other scientists and public officials who 
are concerned with the SQciai, economic _and legal im
plications of earthquake predictions. 
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Basic earthquake research and the development of 
earthquake prediction technology is largely the re
sponsibility of the U.S. Geological Survey. Planning 
for and responding to earthquakes and earthquake 
prediction is largely a state and leoal matter. There 
are still many unresolved social policy and program 
questions to be quickly attached and resolved if the 
emerging prediction technology is to be a positive 
tool for man and society. 

This award presents a plan for focusing attention on 
the prediction problem at state and local levels. It 
contains a plan for arriving at alternative courses of 
action. The project staff is to perform these tasks by 
convening a general conference of state and other 
public officials for the purpose of informing the con
ferees and exchanging views on such related matters 

as the state of the art of earthquake prediction, and 
responsibilities and procedures for issuing earthquake 
warnings. Prior to the conference, three select com
mittees are to be established: 1) state attorney gen
erals, to address legal questions and possible present 
or future needs for state legislation; 2) state planning 
officials, to give special attention to mitigation oppor
tunities and recovery programs; and 3) state directors 
for disaster preparedness, to examine operational 
issues related to earthquake hazard warning and re
sponse. 

Policy position papers will be drafted and submitted 
for consideration to organizations with related respon
sibilities. Products from this relatively modest project 
will produce programs designed to deal with the first 
credible earthquake prediction before it is issued. 

Disaster Knowledge and Beliefs and Emergency Planning; Dennis E. Wenger; Department of Sociology, Univer
sity of Delaware, Newark, Delaware 19711; $34,300 for 12 months beginning June 1, 1977 

People can be expected to react to disasters partially 
. on the basis of the knowledge and beliefs they possess 
about such events. Thus, it is crucial that residents of 
disaster-endangered communities possess a realistic 
understanding of disaster situations. This is particu
larly true of officials in emergency-relevant organiza
tions who have the responsibility for disaster planning. 
If such persons do not have a realistic perspective on 
the disasters which their communities face, this could 
be reflected in their disaster plans and preparations 
and render them less useful. 

This research is important because it is to make a 
systematic assessment of the knowledge and belief!. 
held by residents and emergency officials in three di
saster prone communities and determine the extent to 
which such understandings do enter the disaster plan
ning process. Additionally, this project is to determine 
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the source of public knowledge about disaster situa
tions; that is, to what extent it comes from interper
sonal contacts, the mass media, or public education 
programs. 

There are at least two major public policy implica
tions of this research. First, by identifying the possible 
types of misinformation held by residents of disaster 
threatened communities, as well as gaps in their know
ledge, this project can increase an understanding of 
the kinds of disaster related information the public 
needs most. Second, by identifying how disaster 
knowledge is acquired by the public, the project can 
increase an understanding of how to disseminate dis
aster related information. The project will result in 
specific recommendations to officials in emergency 
organizations regarding these kinds of policy issues. 



APPENDIX 

The Division of Advanced Environmental Research and Tcchnology-FY 1977 Awards* 

Principal 
FY 1977 

E/iective 
Investigator / Title 

Amount* 
Date/Award Page 

Institution Duration 

MANAGING THE NATURAL ENVIRONM~NT 

CHEMICAL THREATS TO MAN AND ENVIRONMENT 

Airborne Contamlnents 

Alan R. Bandy Field Studies of Biologically Produced Atmospheric Sulfur $87,700 5/15/77 7 
Drexel University Compounds 12 months 

Robert S. Braman Hydrogen Sulfide and Reduced Forms of Sulfur in Air $68,300 7/1/77 7 
University of South Florida 12 months 

Peter R. Buseck Quantitative Electron Microprobe Analysis of Individual Airborne $206,900 1/1/77 8 
Arizona State University Particles 24 months 

Robert L. Byer (See Edward R. Murray) 
Stanford University 

Douglas D. Davis Global Atmospheric Measurements Experiment on Tropospheric $65,000 1/15/77 8 
Georgia Institute of Aerosols and Gases (GAMETAG) 12 months 
Technology 

Richard S. Eng Improved Sensitivity of laser Absorption $211,500 8/15/77 9 
Laser Analytics, Inc. Techniques for Atmospheric Pollutant Monitoring 12 months 

Glen E. Gordon Sources, Transformations, and Chemical $393,300 9/1/77 9 
University of Maryland Nature of Atmospheric Pollutants 12 months 

Robert K. Gould Aerosol Characterization in Real Time $113,800 8/15/77 10 
AeroChem Research 12 months 
Laboratories, Inc. 

Tetsuo Hadeishi Technology Transfer of Zeeman Atomic $99,700 8/1/77 10 
Lawrence Berkeley Absorption Technique for Environmental Trace Analysis 12 months 
Laboratory 

RobertT. Ku Diode Laser Multi-Pollutant Ambient Air Monitoring $60,000 1/25/77 II 
Lincoln Laboratory/MIT 

Volker A. Mohnen Measurement of Sulfur Dioxide Oxidation on Particulate Surfaces $231,100 5/15/77 Il 
State University of New 24 months 
York at Albany 

Edward R. Murray Remote Measurement of Air Pollutants $167,000 8/1/77 II 
Stanford University 12 months 

* Note: all references made to actual award amounts are reflections of AENV -funded research only. No reference is made to any additional 
funds from sources outside the Division unless indicated. (See Definitions) 
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Principal Amount/ Effective 
I nves tigator / Title FYo! Date/ Page 

Institution Award Duration 

Tihomir Novakov The Role of Primary Particulates in Urban Air $222,500 10/1/77 12 
University of California Pollution 12 months 
Lawrence Berkeley 
Laboratory 

Tihomir Novakov Study of Chemistry of Atmospheric Particulates $132,637 10/1/76 13 
Lawrence Berkeley 12 months 
Laboratory 

James N. Pitts Chemical Transformations in Photochemical Smog and Their $350,000 1/1/77 13 
University of California, Application to Air Pollution Control Strategies 12 months 
Riverside 

F. Bach SeJlers The Role of Solar Ultraviolet Radiation in the Formation of $37,200 3/1/77 14 
Panametrics, Inc. Hydroxyl Radicals in the Troposphere 12 months 

Alvin H. Vanderpol Application of Computer Graphics $159,200 9/1/77 14 
Meteorology Research, to Air Quality Data Analysis 24 months 
Inc. 

CHEMICAL THREATS TO MAN AND THE ENVIRONMENT 

Environmental Assay Methodolo9Y 

Silverio P. Ameida A Water PoJlution Monitoring Laser Optical System $10,300 - 8/1/77 IS 
Virginia Polytechnic 2 months 
Institute and State 
University 

PaulO. Fromm Effects of Pollutants on Gills of Fresh Water Fishes $27,600 7/1/77 IS 
Michigan State University 12 months 

Justin S. Garvey Immunological Studies of Cadmium and Zinc $109,100 7/1/77 16 
Syracuse University Binding Proteins 24 months 

T. C. Hsu Cytogenetic Effects of Mutagens and Mitotic Poisons on Mammalian $73,400 1/15/77 16 
University of Texas-M. D. Cells 12 months 
Anderson Hospital and 
Tumor Institute 

Metals and Organometallics 

Paul B. Hammond Sources of Lead in Children $5,800 8/1/77 18 
University of Cincinnati 3 months 

Gary L. Rolfe An Interdisciplinary Study of Environmental Pollution by Lead and $17,700 5/1/77 18 
University of Illinois at Other Metals 6 months 
Urbana-Champaign 

Kenneth J. Yost The Environmental Flow of Cadmium and Other Trace Metals $216,500 1/1/77 19 
Institute of Environmental 12 months 
Health, Purdue University 
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Principal Amountl Effective 
Investigator/ Title FYo! Date/ Page 

Institution Award DUration 

Organic Chemicals of Commerce 

Martin Alexander Effects of Chemical and Physical Properties of Organic Compounds $140,000 2/1/77 20 
Cornell University on their Biodegradation 12 months 

Cary C. T. Chiou Chemodynamic Studies on Bencb Mark $4,000 3/10/77 21 
Oregon State University Industrial Chemicals 12 months 

Barry Commoner Identification of Mutagenic Organic Compounds in Environmental $199,900 7/1/77 21 
Washington University Samples 12 months 

David H. Fine N-Nitroso Derivatives of Pesticides and Other Chemical $301,500 12/13/76 22 
Thermo Electron Corp. Formulations 12 months 

Ronald A. Hites Fates of Industrial Synthetic $197,400 7/1/77 22 
Massachusetts Institute Organic Chemicals: A Case Study 12 months 
of Technology 

Walter J. Maier Characterization of Aquatic Organics and Complexes $206,700 6/15/77 23 
University of Minnesota 12 months 

Theodore Mill Chemical Oxidation Processes in Aquatic Environments $7,990 6/1/76 23 
Stanford Research 24 months 
Institute 

Clarence B. Owens Exploratory Study of Exposure of Migrant Workers to Pesticides and $67,600 6/1/76 24 
Florida Agricultural and Pesticide Residues o months 
Mechanical University 

Enrico L. Quinantelli Socio-Behavioral Responses to Chemical Hazards $188,600 9/1/77 24 
Ohio State University 12 months 

Eriks Leitis An Investigation Into the Chemistry of the UV -Ozone Water $93,600 5/15/77 25 
Westgate Research Corp. Purification Process 12 months 

Kenneth J. Yost Cancer Mortality in an Urban-Industrial Environment: A Planning $38,800 5/1/77 25 
Purdue University Study 12 months 

Program Development and Utilization 

Delbert D. Hemphill Eleventh Annual Conference on Trace Substances in Environmental $15,100 6/1/77 27 
University of Missouri, Health 12 months 
Columbia 

John C. Kolojeski An Evaluation of Toxicological Information Relevant to Future $142,793 4/1/77 27 
Clement Associates, Inc. Testing Requirements for Hazardous Chemical Substances and 3 months 

Mixtures 

Robert H. Ross Information Support Services for Chemical Threats to, Man and the $150,000 7/1/77 28 
Oak Ridge National Environment Program 12 months 
Laboratory 

James M. Witt Symposium on Terrestrial Microcosms $62,500 6/1/77 28 
Oregon State University and Environmental Chemistry 12 months 
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Principal A mount/ Effective 
Investigator/ Title FYo! Date/ Page 

Institution Award Duration 

MANAGING THE NATURAL ENVIRONMENT 

REGIONAL ENVIRONMENTAL MANAGEMENT 

Environmental Risk Evaluation 

Richard Greley Application ofthe Entropy Law to Evaluations of Pollution Control $39,000 7/15/77 30 
The Mitre Corporation Alternatives 12 months 

I vars Gutmanis Development and Testing of Risk-Benefit-Cost Analysis for Policy $154,000 9/1/77 30 
Sterling Hobe Corporation Formulation 12 months 

Roger E. Kasperson Identifying, Evaluating and Managing Environmental Risks-Part I $265,900 8/1/77 31 
Clark University 17 months 

PaulSlovic Identifying, Evaluating and Managing Environmental Risks-Part II $208,300 8/15/77 31 
Decision Research, A 17 months 
Branch of Perceptronics, Inc. 

Land Use 

Michael F. Brewer Land Use Dilemmas and Public Policy: An Assessment of Research $24,900 6/1/77 33 
Academy for Needs 4 months 
Contemporary Problems 

Charles D. Craig An Air Quality Model of Agricultural Field Burning in Oregon's $110,400 7/27/77 32 
Oregon State University WiJlamette Valley 12 months 

E. Wendell Hewson An Air Quality Model of Agricultural Field Burning in Oregon's $70,600 11/1/76 32 
Oregon State University Willamette Valley 9 months 

James E. Roben Local Land Use Development Management Through Capital $80,000 9/21/77 33 
U.S. Department of Improvements Programming 12 months 
Housing and Urban 
Development 

Janice R. Hutton Analysis of the Adoption and Implementation of Community Land $208,300 8/15/77 34 
Woodward-Clyde Consultants Use Regulations for Flood Plains 12 months 

Dennis S. Mileti 
Woodward-Clyde Consultants (See Janice Hutton) $208,300 8/15/77 

12 months 
Daniel A. Mazmanian Collaborative Research on an Analysis of the Implementation of $83,900 7/1/77 34 
Pomona College, CA State Land Use Policy: Part A 18 months 

Robert C. Reynolds, Jr. Collaborative Research on Assessment of Man's Activities in the Lake $4,600 6/1/77 34 
Dartmouth College Powell Region-Studies on Physical Limnology 6 months 

Paul A. Sabatier Collaborative Research on an Analysis of the Implementation of $59,600 7/+/77 35 
University of California, State Land Use Policy: Part B 18 months 
Davis 

William E. Shands An Assessment of Conflicts Between Federal Resource Lands and $43,400 8/1/77 35 
Conservation Foundation Adjacent Non-Federal Lands 6 months 
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Principal A mount/ Effective 
Investigator/ Title FYo! Date/ Page 

Institution Award Duration 

Nelson M. Rosenbaum Assessment of Enforcement and Compliance in State Land Use $243,600 8/15/77 36 
Urban Institute Regulation 24 months 

Nelson M. Rosenbaum Assessment of Programs for Public Participation in State Land Use $9,150 1/1/77 36 
Urban Institute Decision-Making 5 months 

Regional EnvIronmental Systems Evaluation and Synthesis 

Oscar Fisch Evaluation and Testing of NSF-RANN $174,900 8/15/77 37 
Ohio State University Sponsored Land Use Modeling Projects With Ohio as a Test Case IS months 

John E. Gannon Environmental Communications in Water-Oriented Communities $35,800 10/1/77 37 
University of Michigan IS months 

Brian W.Mar Assessment of Selcted RANN Regional Environmental Systems $53,500 4/15/77 38 
University of Washington Modeling Projects: Transfer and Comparability Testing 2 months 

Regional Polley and Declslonmaklng 

Gunter Schramm Analysis of Positive and Negative $106,400 7/1/77 39 
University of Michigan Aspects of Time Extensions in Environmental Decison Making 11 months 

Residuals Management 

P.C.Cheo Mechanism of Virus Inactivation in Soils Injected with Municipal $39,000 5/15/77 40 
The California Arboretum Wastewater and Treatment Plant Sludges 12 months 
Foundation 

Jack E. Collier Conversion of Muncipal WastewaterTreatment Plant Residual $9,700 7/15/77 40 
Collier Worm Ranch Sludges into Earthworm Castings for Use as Topsoil 12 months 

Charles Finance Synthesis of a Municipal Wastewater $49,640 7/18/77 41 
Media Four Productions Sludg~ Management System 4 months 

Carlos R. Guerra Utilization of Waste Heat from Power Plants in Aquaculture $527,100 9/1/77 41 
Public Service Electric 24 months 
and Gas Company 

Carlos R. Guerra Utilization of Waste Heat from Power Plants in Aquaculture $198,232 9/1/76 41 
Public Service Electric 24 months 
and Gas Company 

C. Frederick Gurnham Control of Heavy Metal Content of Municipal Wastewater Sludges $110,900 5/15/77 42 
Gurnham and Associates, 18 months 
Inc. 

Roy Hartenstein Utilization of Soil Invertebrates in Stabilization, Decontamination $111,700 6/1/77 42 
State University of New and Detoxification of Residual Sludges from Treatment of Waste- 12 months 
York, Syracuse water 

Stephen C. Havlicek Effect of Infrared Radiation on Compaction of Municipal $21,900 7/1/77 42 
Georgia Institute of Wastewater Sludges 12 months 
Technology 
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Robert S. Ingols (See Stephen C. Havlicek) 
Georgia Institute of 
Technology 

Robert L. Irvine Application of Sequencing Batch R.l:actors for Treatment of 576,800 7/1/77 43 
University of Notre Dame Municipal and Industrial Wastewater 12 months 

Mary Beth Kirkham Agricultural Value of Irradiated Municipal Wastewater Treatment $87,800 4/15/77 43 
Oklahoma State University Plant Sludges 24 months 

Jack V. Matson Feasibility of Eliminating Discharges of Pollutants from Cooling 553,200 5/15/77 44 
University .of Houston Towers 24 months 

Theodore G. Metcalf Disinfection of Enteric Viruses by Use of Energized Electrons 535,000 7/1/77 44 
University of New 12 months 
Hampshire 

Howard T. Odum Utilization of Cypress Wetlands for Management of Muncipal 591,500 6/1/77 44 
University of Florida Wastewater Treatment Plant Effluents 24 months 

Wesley O. Pipes Water Quality and Health Significance of Bacterial Indicators of 532,500 6/1/77 45 
Drexel University Pollution 12 months 

Bernard P. Sagik Potential Health Risk Associated with Injection of Residual 589,200 8/1/77 45 
The University of Texas Domestic Wastewater Sludges into Soils 12 months 
at San Antonio 

Josef J. Schmidt-Collerus Characterization of Contaminents in Oil Shale Residuals and the 520,000 9/2/17 46 
Denver Research Institute Potential for their Management to Meet Environmental Quality 4 months 

Quality Standards 

James L. Smith Land Management of Subsurface-Injected Wastewater Liquid 515,400 4/1/77 46 
Colorado State University Residuals 5 months 

Jeffrey C. Sutherland Use of Wetlands for Management of Pond-Stabilized Domestic 56,400 4/1/77. 46 
Williams and Works, Inc. Wastewater 4 months 

John G. Trump High Energy Electron Irradiation of Municipal Wastewater Liquid 5285,000 5/1/77 47 
Massachusetts Institute of Residuals 12 months 
Technology 

John G. Trump High Energy Electron Irradiation of Municipal Wastewater Liquid $285,000 9/1/77 47 
Massachusetts Institute of Residuals 12 months 
Technology 

Thomas D. Waite Ferrate Ion Disinfection of Municipal Wastewater $108,200 3/1/77 47 
Northwestern University 19 months 

Urban Hydrology 

William H. Bruvold Consumer Response to Urban Drought 537,500 6/1/77 49 
University of California, in Central California 12 months 
Berkeley 

Stanley A. Changnon, Jr. Hydrometeorological Studies Addressing Urban Water Resources 5236,700 2/1/77 49 
Illinois State Water Survey Needs 12 months 
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Alan S. Cohen Water Pollution and the Urban Economy $145,000 2/1/77 50 
Argonne National 12 months 
Laboratory 

Charles Goldman The Impacts of Nutrient Loading and Atmospheric Contaminants on $85,700 6/1/77 50 
Institute of Ecology, the Water Quality of Lake Tahoe, California-Nevada 12 months 
University of California, 
Davis 

Mark Hoffman A Case Study of the San Francisco Bay Area $341,200 7/1/77 51 
Teknekron, Inc. 12 months 

George S. Tolley Water Pollution and the Urban Economy $155,000 2/1/77 51 
University of Chicago 12 months 

Vujica M. Yevjevich Conference on Drought Research Needs-December 5-9 $49,000 6/15/77 51 
Colorado State University 12 months 

DISASTERS AND NATURAL HAZARDS 

EARTHQUAKE ENGINEERING 

Design 

Christopher Arnold Building Configuration and Seismic Design $199,400 7/15/77 55 
Building Systems 18 months 
Development, Inc. 

James M. Becker Seismic Resistance of Precast Concrete Panel Buildings $252,000 12/20/76 55 
Massachusetts Institute 24 months 
of Technology 

Lynn S. Beedle Stability of Structures Under Static and Dynamic Loading-Inter- $17,000 2/15/77 56 
Lehigh University national Colloquium May 17-19, 1977 12 months 

John L. Bogdanoff Seismic Resistance of Fossil-Fuel $127,300 8/15/76 56 
Purdue University Power Plants 12 months 

Boris Bresler Safety Evaluation of Buildings Exposed to Earthquakes and Other $98,000 3/15(77 57 
University of California Catastrophic Environmental Hazards 12 months 

Anil K. Chopra Earthquake Response of Dams Including Hydrodynamic and $67,600 1l/1/76 57 
University of California Foundation Reactions 12 months 

Ray W. Clough Energy Absorption Characteristics of Structural Systems Subjected $103,000 1/12/77 57 
University of California to Earthquake Excitation o months 

C. Allin Cornell Structural Loads Analysis and Specification $275,600 1/5/77 58 
Massachusetts Institute o months 
of Technology 

Charles Culver Implementation Planning for Seismic Design Provisions for $63,700 7/15/77 58 
National Bureau of Buildings 6 months 
Standards 
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Rudolph F. Drenick Prediction of Earthquake Resistance of Structures $75,600 11/15/76 59 
Polytechnic Institute of 12 months 
New York 

George C. Driscoll Structural Connections in Industrial Installations Subject to $90,500 1/15/77 59 
Lehigh University Earthquake 18 months 

John P. Eberhard Summer Institute for Architectural $77,400 4/15/77 59 
AlA Research Corporation Design for Earthquake Disaster Mitigation 6 months 

Steven J. Fenves Formulation and Expression of Seismic Design Provisions $29,000 1/31/77 60 

Carnegie-Mellon o months 
University 

Theodore V. Galambos Full Scale Tests on Eleven Story Building in the Pruitt-Igoe $151,500 7/1/77 60 
Washington University Housing Project of St. Louis 12 months 

Subhash C. Goel Earthquake Resistant Design of Braced $141,200 8/1/77 61 

University of Michigan Steel Frame Structures 12 months 

Phillip L. Gould Computer Program Documentation for Technology Transfer $10,790 10/1/76 61 
Washington University 6 months 

Robert D. Hanson Conference on the Repair and Rehabilitation of Buildings $22,900 2/1/77 62 
University of Michigan 12 months 

Neil M. Hawkins Seismic Resistance of Concrete Slab to Column and Wall $228,800 3/15/77 62 
Univers~yofWashington Connections 12 months 

Neil M. Hawkins Earthquake Induced Bond Deterioration $52,400 3/15/77 62 
University of Washington of Reinforced Concrete 12 months 

George W. Housner Effects of Damage from Strong Earthquakes $292,500 2/1/77 63 
California Institute of 12 months 
Technology 

TiHuang Contribution of Floor Systems to Earthquake Resistance of Steel and $105,100 11/1/76 63 
Lehigh University Concrete Building Frames 12 months 

Lawrence F. Kahn Research Initiation-Strengthening of Reinforced Concrete Columns $13,000 4/1/77 63 
Georgia Institute of for Earthquake Resistance 18 months 
Technology 

W. O. Keighley Prestressed Walls for Damping Earthquake Motions in Buildings $37,300 11/1/76 64 
Montana State University 24 months 

Earle W. Kennett Seismic Safety Design for Police and Fire Stations $146,800 1/1/77 64 
American Institute of 13 months 
Architects 

Y.K.Lin Structural Response Under Random Wind Loading $41,200 6/15/77 64 
University of Illinois 12 months 
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Le-WuLu United States-Republic of China Cooperative Research in $21,800 4/15/77 65 
Lehigh University Earthquake Engineering Part II 12 months 

Hugh D. McNiven Seismic Behavior of Multistory Masonry Structures $102,000 4/1/77 65 
University of California 24 months 

Hugh D. McNiven Reliability of Existing Buildings in Earthquake Zones-Part II $50,000 6/17/77 65 
University of California 24 months 

William A. Nash Seismic Effects in Liquid Storage Tanks. $42,400 11/15/76 66 
University of Massachusetts 12 months 

Joseph Penzien Seismic Behavior of Structural Systems $70,000 11/1/76 66 
University of California o months 

Joseph Penzien The United States-Japan Cooperative Research Program on Large- $20,000 7/15/77 67 
University of California Scale Structural Systems 24 months 

Joseph Penzien Seismic Behavior of Structures: Analysis and Design $186,000 4/1/77 67 
University of California 24 months 

Karl S. Pister Symposium on Structural Engineering and Mechanics $20,000 5/15/77 68 
University of California, 12 months 
Berkeley 

Egor P. Popov Seismic Behavior of Structural Systems-Behavior of Structural $125,000 11/9/76 68 
University of California, Components 24 months 
Berkeley 

Egor P. Popov Seismic Behavior of Structural Components $220,000 4/1/77 69 
University of California, 24 months 
Berkeley 

Max L. Porter and Earthquake Resistance of Steel-Concrete $199,400 10/15/76 69 
Lowell F. Greimann Composite Floor Systems 30 months 
Iowa State University 

W. C. Schnobrich Effects of Earthquake Motions on Reinforced Concrete Buildings $240,200 2/2/77 69 
University of Illinois 12 months 

Mete A. Sozen (See W. C. Schnobrich) 
University oflllinois 

DavidT. Tang Research Initiation-Nonproportional Damping of Interaction $13,000 4/1/77 70 
SUNY at Buffalo Systems Subjected to Earthquake Motions 18 months 

ChiC. Tung Earthquake and Wind Response of Segmentally Constructed $84,600 3/1/77 70 
North Carolina State Hyperbolic Natural Draft Cooling Towers 18 months 
University 

Erik H. Vanmarcke Evaluation of Seismic Safety of Buildings $106,000 1/15/77 70 
Massachusetts Institute 12 months 
of Technology 
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Richard N. White Shear Transfer in Thick-Walled Reinforced Concrete Structures $81,500 4/1/77 71 
Cornell University Subjected to Seismic Loading 12 months 

Bernard W obbeking Summer Institute on Multiprotection $72,000 5/15/77 71 
American Society for Design 10 months 
Engineering Education 

Richard N. Wright Collaborative Research: Formulation and Expression of Seismic $51,000 1/17/77 72 
National Bureau of Design Provisions o months 

Standards 

James T. P. Yao Reliability of Existing Buildings in Earthquake Zones-Part I $50,000 7/1/77 72 
Purdue University 24 months 

Policy 

Alfredo H. Ang U.S.-Southeast Asia Joint Symposium on 7/1/77 73 
University of Illinois, Engineering for Natural Hazards Protection to be held in Manila, 12 months 
Urbana Republic of the Philippines, in September 1977 

Lynn S. Beedle Tall Buildings and Urban Habitat: Impact of the Urban Environment $224,200 5/15/77 73 
Lehigh University and Planning for Natural Disasters 12 months 

Ray W. Clough National Information Service for Earthquake Engipeering $126,000 1/12/77 74 
University of California 14 months 

Harold C. Cochrane Inflationary Changes in Construction Costs Created by Earthquake $52,500 3/1/77 74 
Colorado State University Damage: Implications for Government Policy 12 months 

Robert M. Dillon Building Futures Forum-The Importance of the Built Environment $10,000 6/1/77 75 
National Academy of to the Quality of American Life 6 months 
Sciences 

George W. Housner National Information Service for Earthquake Engineering- $140,842 3/2/77 75 
California Institute California Institute of Technology 36 months 

of Technology 

Dean E. Mann Seismic Safety Preparedness by Local Governments in California $110,400 6/1/77 75 
University of California, 12 months 
Santa Barbara 

Joseph Penzien United States-Republic of China Cooperative Research in Earth- $41,560 3/15/77 76 
University of California, quake Engineering Part I 12 months 
Berkeley 

Peter H. Rossi Research Program on Natural Disaster Recover Processes: Relief, $367,550 5/15/77 76 
University of Massachusetts Rehabilitation and Preparedness 14 months 

Ralph H. Turner Community Response to Earthquake Threat in Southern California $299,100 11/15/76 77 
University of California, 12 months 
Los Angeles 
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John H. Wiggins Cost-Benefit Risk Analysis of Research Budgeted for Hazard $40,900 10/1/77 77 
J. H. Wiggins Company Mitigation 5 months 

Siting 

G. R. Abrahamson Simulation of Strong Earthquake Motion with Explosive Line Source $95,000 ll/15/76 78 
Stanford Research Arrays 12 months 
Institute 

M. S. Agbabian Seminar on Earthquake Design Criteria, Structural Performance $33,300 5/15/77 78 
Earthquake Engineering and Strong Motion Records 12 months 
Research Institute 

Attila Askar Earthquake Waves in Soil Deposits $64,500 13/15/76 79 
Princeton University 12 months 

M. L. Baron , Underground Lifelines in a Seismic Environment $42,170 2/16/77 79 
Weidlinger Associates 

Joseph W. Berg Partial Support of the Committee $20,000 3/1/77 79 
National Academy of on Seismology 24 months 
Sciences 

James N. Brune (See Gerald A. Frazier) 
University of California, 
San Diego 

Ahmet S. Cakmak (See Attila Askar) 

Gerald A. Frazier Laboratory and Numerical Simulation of Near-Field Earthquake $127,800 10/1/76 80 
University of California, Ground Motion 12 months 
San Diego 

Thomas C. Hanks Processing and Analysis of Oroville Earthquake Aftershock Ground $114,000 3/1/77 81 
U.S. Geological Survey Motion Records i2months 

Donald V. Heimberger Processing and Analysis of Oroville Earthquake Aftershock Ground $39,800 3/1/77 81 
California Institute of Motion Records, Part II 12 months 
Technology 

Robert B. Herrmann Earthquake Ground Motion Modeling for Central United States $79,900 3/1/77 81 
Saint Louis University 2 months 

Bernard M. Leadon Third U.S. National Conference on Wind Engineering Research, $29,600 6/1/77 82 
University of Florida February 26-March I, 1978 12 months 

Juan Enrique Luco Dynamic Response ofThree-Di~ensional Rigid Foundations $45,000 1/1/77 82 
University of California, 12 months 
San Diego 

John Lysmer Soil-Structure Interaction with Arbitrary Seismic Environment $41,300 6/1/77 83 
University of California, 24 months 
Berkeley 

Gq>rge G. Mader Post-Earthquake Land Use Planning $213,200 8/15/77 84 
William Spangle and 24 months 
Associates 
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R. B. Matthiesen Seismic Engineering Program $840,000 10/1/76 84 
U.S. Geological Survey 12 months 

Jack Rosenfarb Research Initiation-Behavior of Buried Conduit Structures $14,000 4/1/77 85 
Drexel University Subjected to Seismic Loading 18 months 

Adel S. Saada The Dynamic Response of Anisotropic Clay Soils with Application $68,200 11/15/76 85 
Case Western Reserve to Soil Structure Analysis 12 months 
University 

Marshall L. Silver Soil Dynamics Delegation to the People's Republic of China $19,200 7/1/77 85 
University of Illinois 6 months 
Chicago Circle 

EmilSimiu Probability Distribution of Extreme Wind Speeds $69,800 7/15/77 86 
National Bureau of 12 months 
Standards 

David W. Simpson Induced Seismicity at Nurek Reservoir, Tadjikistan, USSR $81,900 12/15/76 86 
Columbia University 12 months 

Kenneth H. Stokoe Workshop on Research Priorities for Geotechnical Earthquake $45,100 3/30/77 86 
University of Texas Engineering Applications 9 months 

George E. Triandafilidis Feasibility Study of Using High Explosives to Simulate an $83,600 10/15/76 87 
The University of New Earthquake 16 months 
Mexico 

Mihailo D. Trifunac Automatic Digitization of Accelerograph Records $80,000 10/1/77 88 
University of Southern 24 months 
California 

Leon R. L. Wang Seismic Vulnerability, Behavior and Design of Underground Piping $63,800 10/1/77 88 
Rensselaer Polytechnic Systems 24 months 
Institute 

Francis T. Wu Earthquake Strong-motion Instrument Development and Array $41,400 5/15/77 88 
State University of Design 12 months 
New York, Binghamton 

Felix Y. Yokel Workshop on Research Priorities for Geotechnical Earthquake $20,800 4/1/77 89 
National Bureau of Engineering Applications 8 months 
Standards 

Thomas F. Zimmie Simple Shear Behavior of Fine Grained Soils Subjected to $54,400 10/15/76 89 
Rensselaer Polytechnic Earthquake and Other Repeated Loading 15 months 
Institute 

WEATHER MODIFICATION 

Inadvertent Weather Modification 

August H. Auer, Jr. Inadvertent Weather Modification in the St. Louis Area $65,000 7/15/77 92 
University of Wyoming 9 months 

Roscoe R. Braham, Jr. The Effects of Urban-Industrial Emissions on Downwind Weather $146,000 5/15/77 92 
University of Chicago Patterns 12 months 
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Stanley A. Changnon Causes and Impacts of Urban Influences on Precipitation $237,000 7/1/77 93 
Illinois State Water Survey, 18 months 
University of Illinois 

Robert D. Elliott Workshop on Extended Area Effects of Weather Modification $30,800 7/15/77 93 
North American Weather 6 months 
Consultants 

Lewis O. Grant A Field Experiment Design to Determine the Extended Area of $399,700 6/1/77 94 
Colorado State University Effect from Wintertime cloud Seeding IS months 

George D. Robinson Third Workshop on Inadvertent Weather Modification $42,000 4/1/77 94 
The Center for the 6 months 
Environment and Man, Inc. 

George D. Robinson Statistics and Origin of Haze in the Central United States $49,600 7/1/77 95 
The Center for the 12 months 
Environment and Man, Inc. 

Philip B. Russell Development of an Acoustic Sounder Network for Air Pollution and $11,800 6/15/77 95 
Stanford Research Land Use Application 6 months 
Institute 

Fred M. Vukovich Study of Urban Boundary Layer Processes Using a Three $28,000 9/1/77 95 
Research Triangle Dimensional Hydrodynamical Model 12 months 
Institute 

Societal Implications 

Ray J. Davis The Legal Implications of Inadvertent Weather Modification: $30,000 2/15/77 97 
University of Arizona METROMEX and the Law 15 months 

Barbara C. Farhar A Comparative Analysis of Public Response to Weather $56,600 2/1/77 97 
Human Ecology Research Modification 9 months 
Services, Inc. 

Barbara C. Farhar METROMEX: Social Impacts of Inadvertent Weather $60,300 2/1/77 98 
Human Ecology Research Modification: A Comparative Study 13 months 
Services, Inc. 

Donald A. Klein Management of Nucleating Agents Used in Weather Modification: $12,400 1/5/77 98 
Colorado State University Development of Microbial Threshold Toxicity Criteria 6 months 

Donald A. Klein Management of Nucleating Agents Used in Weather Modification: $28,000 2/10/77 99 
Colorado State University Development of Microbial Threshold Toxicity Criteria 9 months 

Technology and Evaluation 

Bernice Ackerman Assessing Midwest Cloud Characteristics for Weather Modification $98,000 7/15/77 100 
University of Illinois 12 months 

Norihiko Fukuta Laboratory Studies of Organic Ice Nuclei for Seeding $48,600 10/1/77 100 
University of Utah 12 months 

Dennis M. Garvey Testing and Calibration Program for Cloud Seeding Materials, $25,870 7/1/76 101 
Colorado State University Seeding Generators, and Nucleus Observing Instruments IS months 
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Lewis O. Grant (See Dennis M. Garvey) 
Colorado State University 

William A. Gray The Generation and Use of Cirrus Clouds as a Tool for Weather $70,000 7/15/17 101 
Colorado State University Modification 18 months 

Paul Schickedanz Operational Cloud Seeding Evaluation Techniques $116,000 7/1/77 101 
University of Illinois 18 months 

Joanne Simpson Evaluation and Design of Weather Modification Experiments $149,900 12/17/76 102 
University of Virginia 21 months 

Joseph A. Warburton Hail Suppression Seeding Technology: An Assessment Based on $55,900 8/1/77 102 
Desert Research Institute Silver Content in Rain and Hail 12 months 
University of Nevada 

Weather Hazard Mitigation 
Donald Veal 
National Center for National Hail Research Experiment $2,006,000 11/15/76 103 
Atmospheric Research II months 

SOCIETAL RESPONSE TO NATURAL HAZARDS 

Frederick L. Bates A Longitudinal and Cross Cultural Study of the Post Impact Phases $144,925 6/1/77 104 
University of Georgia of a Major National Disaster: The February 6, 1976 Guatemalan 12 months 

Earthquake 

Thomas E. Drabek Search and Rescue Missions in Natural Disaster and Remote Settings $261,300 9/1/77 105 
University of Denver 24 months 

Robert K. Leik Community Response to Natural Hazard Warnings $260,750 5/15/77 105 
Univesity of Minnesota 12 months 

Hirst Sutton State Government Policy Options for the Utilization of Earthquake $177,500 1/77 105 
Council of State Prediction Technology 12 months 
Governments 

Dennis E. Wenger Disaster Knowledge and Beliefs and Emergency Planning $34,300 6/1/77 106 
University of Delaware 12 months 

120 






