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The atmosphere ,·aries tremendously in its ability to disperse the 
emissions rrom the tall smoke stacks of" large, coa l-fit-eel power 
generating plants. 

Actual air quality measurements made at such plants haYe 
shown that, most of" the time, contrary to cu rrent air qual ity 
requirements, the plants cou ld burn high-sulfur coal without 
unduly taxing the atmosp here. It would be necessary to burn the 
less ab undant and more expens iYe low-sulfur coal only at those 
times when monitoring instruments indicated the existence or 
clec1-eased wind speed and inYersion conditions that would not 
all ow the atmosp here to disperse the emissions from high-sulfur 
coa l quickly enough for em·ironmental safety. 

This technique for making use of our hi gh-sulf"ur coal has been 
ad ,·ancecl by 1·arious experts a nd agencies as a method of opera
tion fo1- large power plants a long the east coast. Any acid rain that 
might occur as a resu It or the i ncreasecl sulfur cliox icle emissions 
from these plants, it is ma in tained, wou ld be carried offshore by 
Continued on next page 

Sears, Satellite & Company? 
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The nineteenth century saw spectacular innm·ations in transpor
tation. In 1800, the maximum sustainable speed that people or 
materials co uld mo,·e o,·er long distances was LO miles per hour. 
By 1900, large numbers of" people and masses of materials cou ld 
be transported for thousands of miles, at speeds aYeraging 60 
miles per hour, with great security and certainty. Jules \'erne 
captured the end-or-the-century wonder m·e1- what transporta
tion had wrought in Around the World in 80 Days. 

Better transportation permitted major changes in the 
economic and settlement geographies of the industri a l nations. 
In America, separate reg iona l units were knit in to a single na
tional economy by the 1880s. Ra il transportation made it possible 
for firms to organize operat ions m·e r se1·eral states, and e1·entu
all y the entire nation. After the Ci,·il War, people began to mm·e 
easi ly and freely amo ng a ll parts of the nation for social, recrea
tiona l, and economic reasons. The assembly of" large numbers of" 
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Aerial view of Hoover Dam and Lake Mead, Boulder Cmi)'On Project, in 
A rizona-N evada--earthquakes associated with the impoundment of this reser
voir were the first to be docwnented as reservoir-induced. (DOE photo) 

Reservoir-induced Seismicity-Those 
Dam Earthquakes 

CHARLES A. LANGSTON 
Assistant Professor of Geophysics 

Achie,·ing a bette1· understanding of" the occurrence and 
mechanism of" earthquakes is a major problem in the natural 
sciences that requires a tru ly interdisciplinary approach. 

In gene1·a l, the crust-mantle-earthquake system is only 
poorly understood because much of" what we know about the 
earth 's detailed physical properties is confined to the upper 
few kilometers. The phenomena of" earthquakes associated 
with the impoundment of large resen·oirs represents an un
usual and sometimes disconcerting opportunity to i1westigate 
some or the properties or this system. 

On a globa l sca le, the location of" earthquakes is nicely 
exp la ined by the theory of" plate tecton ics. In principle, it is 
widely accepted that the relatiYe natural moYement of" large 
but thin lithospheric plates against each other causes discon
tinuities or fau lts in the displacement field and, if these faults 
mo,·e on time scales of"a few seconds, this moYement can cause 
Continued on page 41 
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the prevailing westerly flow or air ar.d 
e\'entuall y fall in the ocean. The amount 
of acid deposited in the Atlantic would not 
be noticeable, and, by the time the air 
would reach Europe, it would be cleansed. 

Successful application of" this technique 
or switching from low-sulfur to high
sulfur coal in response to changing atmo
spheric conditions, were it to be permitted 
by the Environmental Protection Agency, 
would depend upon the operation at the 
power plant or combined instrumentation 
and models which together are called a 
supplementary contro l system (SCS). The 
SCS is designed to insure that emissions 
from a gi\'en sou1-ce will not cause the qual
ity of the air around that source to de
teriorate below the required standards 
during \'aryi ng meteorological conditions. 

Although national air quality regula
tions presently require that primary emis
sion controls be of a "1-emo\'a l" nature 
(from the fu el or at the stack) rather than 
or a control nature, economic (as to fuel 
type, a\'ailability, and cost) and political 
(such as the use or nuclear power) consid
erations are certain to moti\'ate reconsid
eration of SCS techniques. This will be 
true particularly in coal mining areas 
where relatively large numbers of" coal
fired electrica l power plants are located 
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Figure I. Sadar record of mixing layer depth (suiface to I kilometer) versus time (midnight to 8 a.m.) observed on 
May I 6, I 979! at Penn State's Rock Springs Agricultural Research Center near the University Park Campus. 
The increase in the height of the mixing layer after sunrise can be seen on the righthand portion of the illustration 
with the highest points delineated by the dashed lines. 

and synthetic liquid fuel plants are likely to 
be built. 

As exemplified on a daily basis by our 
changeable weather, the atmosphere as a 
depository into which residual sulfur
dioxide and othe1- waste products must be 
dumped is highly ,·ariable-with regard to 
both space and time. Fortunately, both our 
understanding of the meteorological pro
cesses and atmospheric strucLUre and our 
ability to make measurements of these has 
ad\'anced significantly in the last decade. 
This paper summarizes some of the ad
\'ances rele\'ant to SCS technology to 
which research in the College of° Earth and 
Mineral Sciences at Penn State has made 
significant contributions. 

Definition of the 
Atmospheric Depository 
The length of" the atmospheric "box" into 
which pollutants are deposited downwind 
or a speci fie emission source depends, bas
ica ll y, upon the speed of the wind. Deter
mination of the a\'erage wind speed and 
direction, which is equi\'alent to defining 
the box length and orientation, is gener
ally sufficient to define processes that 
transport the pollutants. The width of the 
box, howe,·e1-, depends upon diffusion 
processes which a1-e related to fluctuations 
in wind speed and direction. Although the 
depth of the box is determined by \'ertical 
diffusion processes, diffusion upward is 
effecti,·ely limited by a shallow, relati\'ely 
stable layer of air that norma ll y caps the 
so-called planeta1-y boundary or "mixing" 
la yer. At altitudes of more than two 
kilometers, the e ffects on the atmosphere 
or the proximate earth's surface may es-

sentiall y be ignored without adversely af
fecting, for example, an aviation weather 
forecast. 

However, the structure or the mixing 
layer and processes occurring within it de
pend not only upon current wea ther con
ditions but also upon the complicated to
pog1-aphy of and the micrometeorological 
processes occurring at the earth's surface. 
It is in the highly variable mixing layer that 
we live and into which most pollutants 
created by man are emitted. 

Depending upon the location and 
weather conditions, in the course of a day, 
the mixing layer, 7; in Figures I and 2 may 
be as shallow as 30 meters or deeper than 2 
kilometers which means that its depth may 
,·ary by a factor of more than 70. l n centra l 
l'ennsyl\'ania (Figure I ), diurnal \'aria
tions of the mixing layer are an order of 
magnitude, typically from 150 to 1500 
meters. 

Although analysis in detail of the ,·aria
tions with time of the mixing layer is the 
subject of ongoing research, its general 
diurnal behavior is well understood. 
Hence, for pollutants emitted close to the 
surface, such as automobile (or wood
burning stm·e) exhausts, local air quality 
conditions in and downwind of an urban 
area can often be satisfactorily e\'aluated 
using a simple "box" model as outlined 
abo\'e. 

Howe\'er, in the case of a large point 
source such as a power plant, adequate 
determination of how the box size \'aries 
with time can not be satisfactorily inferred 
from larger-scale weather maps, from ob
sen ations made only at the earth's sur-



face, or by using econom ica ll y \'i able in
stru men tecl towers. 

Power pla nt stack heights are typica ll y 
800 to 1000 feet (250 to 3 12 meters). But 
since the stack gases are buoyant, warme1-
than the surrounding air, they will ri se to 

the so-ca lled e ffe cti\' e stack he ig ht at 
wh ich the gas and atmospheric tempe1-a
tures are equa l. This means that at night 
po ll utants are e mitted into the at mo
sphere abo\' e the height of the mixing 
layer; sometime during the clay, the mix
ing laye r and the effecti\'e stack height will 
coincide; th en , until about sunset the er
fecti\'e stack height will be less than th e 
depth of the mixing layer (F igure 2). The 
decision by the Em·ironmenta l Protect ion 
Agency to discourage supplementary con
trol system strategies for air pollution con
trol was probably strongly influe nced by 
recogn ition of: ( I) the "megabuck" costs of 
acqu irin g mixing layer meas ure me nts 
usin g con\' entional tower-mounted or a ir
borne (a ircraft or balloon) temperature 
a nd wind sensors, and (2) the lac k of 
ad eq uate diagnostic and prognostic mod
e ls appropr ia te for fast (rea l-tim e) 
analyses of pollu tant tra nsport and diffu
sion in the mixing layer. Both mixing layer 
modeling a nd measureme nt techniques 
have lo ng been the subject of meterologi 
cal research at Penn State. Within the past 
yea r, we have been successful in cle\·e lop
ing a computer-based measurement sys
tem which, it now appears , can soh·e most 
practical mixing la yer diagnosis and pre
diction proble ms . We call this system the 
Computerized Acoustic Sou ncli ng System. 

The Penn State Computerized 
Acoustic Sounding System 
The Penn State Computeri 7ecl Acoustic 
Sounding System (CASS) cons ists or a 
unique combination of mixing laye1- diag
nostic and prediction models that are run 
in the minicomputer which a lso controls 
and processes data from an integrated , 
sophisticated Doppler soclar (sonic detec
tion a ncl ra nging) system. 

Since t heir development in the late 
1960s, soclar systems have become widely 
accepted as "semi-quantita tive," 1-e mote 
probes of the lower atmosphere. Nearly a 
tho usand socla r units have been com mer
cia ll y produced and distributed through
out the world. However, the basic com
mercial systems provide quantitative in
formation only on the depth of th e mixing 
laye r. In for mation on th e re lative stability 
of different atmospheric laye rs, which 
contro l vert ica l diffusion rates at various 
heights, may be only "qu alitat ive ly" in
ferred. 

Doppler soclar systems that can a lso de
te rmine wind speed and direction as a 
function of height are now being commer
ciall y marketed. However, unambiguo us 
inte rpretat io n of soclar r eco rds- like 
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Figure 2. Schematic diagram of mixing layer depth 
and typical associated effective plume height and type 
versus time of day. z s is stack height, z es is effective 
stack height, and z ; is the upper boundary of the 
mixing layer. 

those fro m weather radars-currently re
quires a highl y trained o bsen ·er. Fur
thermore, the system outputs, at best, are 
still "intermediate" meteoro logica l \'a ri
a bles whi ch then must be separate ly 
applied to the user's particular a ir pollu
tion measurement or modeling problem. 

In the CASS system, many of th e tasks 
previously req uiring the effort of a profes
sional meteoro log ist ha\'e been pro
grammed into the soclar system computer . 
The challenge in clevelopi ng such a system 
was in finding ways to extract from th e 
received soclar signa ls the information 
necessary for th e \'ar ious a ir-pollution
relatecl, meteorologica l models. 

As indica ted earli er, the transport of 
pollutants is dependent upon the mean 
wind speed. Although extensi\·e computer 
processing of t he Dopp ler-sh ifted 1-e
ce ivecl signals is requ ired, socla1- can now 
be readily used for wind measurements. 
Up to he ights of about 300 meters, the 
maxi mum height of costly instrume nted 
towers, the wind speed a nd direction ca n 
be cletenni necl just as well by soclar as with 
co nventiona l a ne momete rs a nd wind 
vanes. Above tower heights (300 meters to 

l kilometer), wind measurements made by 
soclar a re far superi or to those determined 
by use of the so-ca lled "pibal" balloons 
which must be manually tracked wit11 a 
th eocl o 1 i te. 

However , both the rise of a buoyant 
plume from a power plant to the effecti\·e 
stack height and the plume's \'ertical di ffu
sion depend upon the ra te of change of 
temperature with he ight. This obser\'ation 
ca nnot be directly extracted from the 
soclar signals. The signals d o depe nd , 
however, upon the magnitude of atmo
spheric temperature flu ctuations which 
are in turn dependent upon the vertical 
temperature profile. By using a mixing 
layer model, we ca n relate the soclar sig
nals to the vert ica l temperature profile. 
This is possible because the ambient temp-

erature profile must be dynamically con
sistent with the change in wind speed with 
height, and a lso wi th th e magnitude of the 
turbulent wind and temperature fl uctua
tions with heigh t-both of which are-ob
sen·ab le using the soclar. 

Mixing or boundary layer models which 
can be used fo r diagnosis and p1-ecliction 
of wind , temperature, and turbulence 
profiles as a function of time CO\'er a wide 
range in their degree of complex ity and 
the cost of their application. A research 
mixing layer mod e l used to test and 
e\'alu ate simplified models that a re ap
propriate for a ir pollution app li cations 
can require as much as 350 hours or time 
on a large computer fo r the numerical 
simulatio n of the e\'olution of the bound
ary layer for a single 24-hour period. Ap
plication of such a research model for op
e rat iona l purposes is log ist ica ll y and 
economica ll y out of the question. Fortu
nately, in the last fi\'e yea rs a number or 
sim pli fiecl models ha\'e been cle\'elopecl. 

At Penn State Dr. A. K. Blackaclar, pro
fesso r and head of the Department of 
Meteorology, Dr . Hendrick Tennekes 
now di rector of research at the Royal 
Netherlands Meteorological Institute, and 
others, ha \·e ga ined world-wide recogni
tion for their work in cle\·e lop in g 
simplifi ed models fo r simulat in g the 
growth and daily e\'olution of the mixing 
layer. App li catio n of se \·e ra l of these Penn 
State models in the CASS system was thus 
not simply a matter of geographic con
\'enience but rat he r , and more impor
tantly, the adoption of a sound , widely ac
cepted methodology. 

CASS applied to SCS 
Let us for the moment, limi t the app li ca-
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Figure 3. Block diagram of the Penn State CASS 
system. The sodar system computer includes all the 
functional elements with the exception of the plant 
operating data and the suiface measurements. Both of 
the latter could also be automatically put into the 
system computer. 
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tion of CASS to the following special SCS 
problem: predictions of the time of fumi
gation (coincidence of the mixing layer 
depth and effecti1 e stack height) and the 
downwind surface concentrations of S02 
from a power plant. With these predic
tions in hand, the plant operator will be 
able to determine whether or not it will be 
possible on a gi1·en clay to burn less expen
si1 e, higher-sulfur coal. The p lant 
operator may employ CASS, as shown in 
the block diagram in Figure 3, in the fo l
lowing manner. 

First, with the exception of an init ia l 
temperature sounding, all of the required 
input data (obsen·ations) are normally 
a1·ailable or easily measurable at the power 
plant using conl'entional instruments and 
a soclar system. Fortunately, the local (in a 
geographic sense) characteristics of early 
morning 1·ertical temperature profiles are, 
typically, limited to about 10 percent of the 
e1entual total mixing layer depth. Nor
mally, temperature-sounding data from 
the nearest National Weather Sen·ice 
radiosonde station are adequate for be
ginning computations with the model. 
Lacking radiosonde data, a suitable tem
perature sounding could be inferred from 
local surface obsen·ations and readily 
a1ailable network weather data. This is 
possible only because CASS has a unique 
"feedback" circuit in the inversion-rise, 
mixing layer model calculations which 
updates the sounding e,;1 the basis of th-? 
local soclar measurements . 

The CASS computer determines the ef
fecti1e stack height by running a plume
rise model based on the data as shown in 
Part A of Figure 4. Immediately after the 
effecti1e stack height is computed, an in-
1·ersion rise model (such as one of those 
de1 eloped at Penn State) is run, using the 
data summarized in part B of Figure 4. 
Note that some of the required measure
ments are common to both the i1wersion 
rise and the plume-rise models . By com
bining the results of the two models, the 
operator will obtain an in itia l forecast or 
the time of fumigation which occurs when 
the height of the upward growing mixed 
layer reaches the lel'el or the effecti1e stack 
height. The effect il'e stack height is typi
cally sel'era l hundred meters and, thus, is 
such that fumigation is likely to occur be
tween 9 and 11 :30 a.m. 

After sunrise, with the initial mode l 
predictions completed, the CASS moni
tors the actual inversion height and com
pares it with the earlier pred icted height. 
1 f the mixed layer is observed to be grow
ing at a different rate than was forecast, 
the CASS will modify, for example, the 
upward flux of heat and then rerun (up
date) the inversion-rise model. Th is pro
cess is repeated until the actua l and pre
dicted mixing layers coincide. Using the 
"updated output" of the inl'ersion-rise 
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A) PLUME RISE MODEL 
INPUTS AIR TEMPERATURE 

WIND SPEED AT STACK HEIGHT 
VERTICAL TEMPERATURE PROFILE OR STABLITY CLASS 
STACK TEMPERATURE 
EXIT VELOCITY 

OUTPUT: EFFECTIVE STACK HEIGHT 

B)INVERSION RISE MODEL 
INPUTS: SUNRISE SURFACE TEMPERATURE 

SUNRISE VERTICAL TEMPERATURE PROFILE 
DAY OF YEAR 

J SURFACE ALBEDO AND BOWEN RATIO 
~--- - -"!SOIL CHARACTERISTICS 

: OUTPUT SENSIBLE HEAT FLUX 
'""-'++------TIME DEPENDENT MIXING LAYER DEPTH 

~---~ VERTICAL TEMPERATURE PROFI LE 

CJ GAUSSIAN (MULTIPLE REFLECTION) DIFFUSION MODEL 
INPUTS:VERTICAL WIND PROFILE 

~---------+VERTICAL TEMPERATURE PROFILE 
~----------+MIXING LAYER DEPTH 

POLLUTANT EMISSION RATE 
~----------_..EFFECTIVE STACK HEIGHT 

OOTPUTS : VERTICAL AND HORIZONTAL DIFFUSION PARAMETERS 
DOWNWIND POLLUTANT DI STRIBUTION 

Figure 4. Summary of principal input-output parameters for models used in CASS . Solid lines denote use of 
model-predicted parameters in subsequent models. The dashed line shows the feedback scheme used to correct 
earlier jJTedicted mixing layer depths with observed values. 

model, the operator can expect an el'en 
more accurate estimate, for example, of 
the time of fumigat ion. 

Presumably, a p lant operator wi ll be in
terested not only in the time of· fumiga 
tion, signal ing the onset of an e1·ent that 
may last only 30 minutes, but also the 
downwind spatial distribut ion of poll ut
ants . Of part icu lar importance is the 
max imum S02 concentrat ion that wi ll 
occur and its location . After fumigatio n 
has occurred, the surface S02 concentra
tions vary inl'ersely with the he ight of the 
mixed layer. Hence, the surface concen
trations wi ll genera ll y decrease as the clay 
proceeds. It is the p lume-d ispersion 
model which prol'ides the estimated con
centrations by combini ng outputs from 
the plume-rise model, the inl'ers ion-rise 
model, and the other data presen ted in 

Figure 5. Reproduction of CASS color television dis
play of the vertical cross section of pollutant concen
tration isopleths. The vertical axis is 0 to 500 meters 
and the horizontal axis is 0 to 20 kilometers. The 
source of pollution is at the left while the wind is 
blowingf rom left to right. The top of the mixed layer is 
clearly evident in the abrupt change near the top of the 
display. 

Pan C of Figure 4. Fi gure 5 is an example 
in black and whi te of th e color te le1ision 
d isplay or poll u.tant concentration isop
leths on the outp ut of the CASS computer 
system. 

As soo n as the operato1- has the "up
dated o utp ut" from t he imers ion rise 
model, he uses the CASS computer to 
forecas t concentrations for the rema inder 
of the clay. The estimated concentra ti ons 
thus allow hi m to p lan hi s control strategy; 
fo r example, he ca n pred ict the feas ibi lity 
of switch ing to another coa l without ex
ceed ing a ir quali ty standards in the 1ici ni ty 
of the p la n t. Repeated runs of the model 
wou ld most likely be used to el'aluate a1·er
age surface concentratio ns 01·er selected 
interva ls such as 1-, 3-, or 24 -hour periods. 

Using CASS, it is thu s possible, by about 
two ho urs after sunrise, to hal'e su ffi cient 
informatio n al'ai lable to plan an entire 
day's fue l- burn ing strategy. 

At the present t ime, techniques such as 
CASS are read il y app licable to power 
p lant or ind ustr ial sites tha t are known to 
be h igh ly se nsitive to loca l meteoro logica l 
cond itions. Looki ng to the future, such 
tech n iques are also well su ited for urban 
a n d, per h aps, even r eg iona l-sca le 
analyses. By substitut ing time-depende nt 
"box" models for the single-plu me models 
described h ere, pred ict io n s of atm o 
spheri c pollu tant co nce nt rat ion s down
wind of many geograp hi ca ll y d istr ibu ted 
sou rces a re possible. Th us in crit ica l situa 
t ions suc h as major a ir stag n at ion 
ep isodes, it wou ld be possible to ma ke ob
jecti ve evalua ti ons regard ing the im pact of 
specific poll utan t sou rces on th e atmo
sp here at any time. 

Acknowledgments 
Sodar development and appli cations research at Penn 
State has been su pported by both th e U.S. Department 



of Energy and Environmental Protection Agency. T he 
assislance of Robert Peters , research assistant, in all 
aspects of the system d evelo pment e ffort is gratefully 
acknowledged. 

The Authors 
Dr. Dennis W. Thomson completed his B.S. in physics 
in 1963, and his M.S. and Ph .D. in ph ysics in 1964 and 
1968, respectively, at the Un iversity of Wisconsi n 
(U W). 

Prior to joining the Penn State faculty as an ass istant 
professor in 1970, he spent one year as a post-doctora l 
fellow at the Uni versity of Hamburg, West German y, 
and one year as a membe r o f th e UW faculty. In 
1977-78, while on sabba tica l leave, he wo rked at the 
Ri so National Laboratory near Roskilde, Denmark. He 
was promoted to professor in 1978. H is resea rch in
terests include indirect, principally acoustic, atmo
sphetic measurements techniques, and the analysis and 
app li cation of airborne and sur face micrometeorolog
ical obser\'ations. He regularly serves on national ad
\·isory panels and committees concerned with e n
vironme ntal, industrial, and defense atmos phe ri c 
measurements problems . 

Mark J. Logan received his B.S. in me teorology 
from Penn State in 1978 and is currently working 
towa rd an M.S. in this field. Hi s research interests 
include planeta ry boundary la yer studies with particu
la r e mph asis on applications of remote se nsin g 
techniques. 

Seismicity-
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ea rthquakes . In detail, howner , p late 
boundaries are complex beasts that ca n be 
immedi ate ly appreciated by examin ing 
any good geologic map. 

Fault zones that have been the locus of 
past earthquakes or are belie,·ed to be 
"capable" of producing large d estruct ive 
earthquakes are seen to be a heterogene
ous mixture , im·oh·ing the juxtaposition of 
various geologic units of differing mate
rial properties and all sizes and shapes. A 
fault such as the San Andreas of Cal ifornia 
is not the ideali zed line one sees on a map 
but a general linear zone of complex en 
echelon and discontinuous strucLUres. 

Supe rimposed on this view of complex 
fa ult geometry are the unknowns of tec
tonic stress and the non li nea r behavior of 
geologic materials near failure. Although 
direct stress me as ureme nts ha ve been 
cl one in recent years, they have bee n con
fin ed to the upper few ki lo meters and are 
not re levant to typica l crusta l earthqua ke 
d epths. Laboratory measurements of the 
constitutive properties of geologic mate-

rials near failure have been and are ac
tively being performed, but application o f 
this data to the fi e ld situa tion is ham pered 
by the complexity of the geologic system 
and th e differing stress a nd displace me nt 
boundary conditio ns between the experi
ment machine and the earth. Th e net re
su lt of a ll this complexity is th at, along 
plate boundaries, the spatial and tempo1-al 
occu n-ences of most earthqu akes are de
scribed we ll by statistical means rather 
tha n by some d e te rministic theory. 

The natural "disorder" does offer tan
talizing clues to the mechanism of earth
qu a kes in th e occas ional instances in which 
man inadverte ntl y perturbs the system. 
The results of th ese perturbation s go 
unde r the head ing of "induced seismicity" 
or its antithesis, "induced aseismicity." 

Apparent changes in th e seismici ty o f a 
region clue to a change of th e stress fi eld or 
near-surface geometry have been noted 
from some mining activities, la rge under
ground nuclear explosions, fluid-inj ectio n 
experiments associated with oil wells or 
waste disposal, a nd impounclme nt of la rge 
water manageme nt rese rvoirs. Of these, 
perh aps reservoir-induced se ismicity is 
the most dramatic. The acco mpan ying 
table lists seven 1-eservoirs which have ap
parently had major ea rthqu akes as
sociated with th eir impounclmen t. Shak
ing from the ma in ea rthqua ke associated 
with the Koyna, India, reservo ir , for 
example, killed over 200 peop le and se
verely damaged th e dam structure. In ad
dition to these individua l la rge e\·en ts, 
th ere have been numerous associated 
foreshocks and aftershocks that have a lso 
caused damage to loca l structures. 

Other majo1- reserv oirs have had small 
earthquakes associ ated with th e ir im
poundment and some, like Tarbela Rese r
voir in Pakista n, have apparentl y ca used a 
decrease in the regional background seis
micity. By far, most major reservoirs (with 
clam heights over 100 mete rs) have had no 
apparent effect on loca l se ismicity. Only a 
small fraction (about 8 percent) ha,·e had 
apparent seismi city cha nges associated 
with impoundment, and onl y about 2 pe r
cent have had significant ea rthqua kes. Be
ca use of the low incidence of reservoir
inclucecl seismicity, it is plausible to dismiss 

RESERVOIRS THAT HAVE PRESUMABLY INDUCED SIGNIFICANT EARTHQUAKES 

Dam Reservoir Year of 
Height Volume Year of Largest 

Dam Location (meters) (x1 Q&ml) lmpoundment Earthquake Magnitude 

Koyna India 103 2708 1964 1967 6.5 
Kremasta Greece 165 4750 1965 1966 6.3 
Hsinfengkiang China 105 10500 1959 1962 6.1 
Orovi lle U.S.A. 236 4295 1968 1975 5.9 
Kariba Rhodesia 128 160368 1959 1963 5.8 
Hoover U.S.A. 221 36703 1936 1939 5.0 
Marathon Greece 63 41 1930 1938 5.0 
(from O. W. Simpson, '"Seismicity Changes Associated with Reservoir Loading,'" Engineering Geology 10 (1976): 123-150.) 

This LANDSAT satellite image of a portion of the 
west coast of India shows the Koyna reservoir (right 
center) which was the site of an induced earthquake of 
magnitude 6.5. Each side of the image is about 110 
kilometers in length. The reservoir sits near the top of a 
fault-controlled topographic escmpment and experi
ences large seasonal fluctuations in water level. 

such occurrences as statistica l flu ctuations. 
Howe\'e r, some of the better documented 
cases, such as those at Koyna or Kari ba, 
leave little doubt of the causal relationship 
between impounclment and se ism icity, 
suggesting that there are geologic or hy
clrologic pecu li a riti es at those sites not 
normally found at other locations. 

Most physical theories proposed to ex
p la in 1-ese r\'oi r-i nd ucecl se ismi ci ty ha\'e 
t h e reservoir act as a triggering 
mechanism o nl y. Pressures at the bottom 
of a 100-meter-high reservoir are on ly 
about IO bars and , at earthquake hypo
ce ntral depths of I 0 kilometers in the 
crust, load- induced stresses are on ly on 
the orde r of 0.1 bar. Water pore pressure 
changes in the crustal rocks may be as 
great as I 0 bars, depencli ng on what model 
geometry is considered, and cou ld act to 

weaken rocks by also about IO bars. Al
th o ugh the stre ngth o f crusta l rock is 
p ro bab ly lesse ned due to ep isodes o f 
cracking and che mi ca l action o,·er long 
periods of time, these sma ll indu ced 
stresses are still much sma ller than are 
needed to ca use fractu re . Thus , it is be
li e,·ed that earthquakes associated with re
servoirs are simpl y triggered tectonic 
e,·ents which probably would ha \'e hap
pened anyway, gi\'e n e nough time. 

From the litera ture, it is apparent that 
the seismological study of these unusual 
earthqua kes is still in a rudimentary stage. 
A majo1- part of the o n-going research in 
which I am im·o h·ed concerns the charac
terization of th e se ismic sources of major 
induced eve nts . Recent acl ,·ances in syn
thesizing the gro und motion from 
dislocation-source models in realistic 
crustal structure has allowed more infor
mation to be extracted from se ismic wa\'e 
forms. Greater resolution o f source 
depths , fa ult orientations, and the sli p his-
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tory across these faults is being obtained 
than was possible with previous standard 
and oversimplified seismological tech
niques. This information is useful, at the 
very least, for performing comparisons of 
the seismic sources from several reservoirs 
to determine any possible similarities. 
Work is also being done to characterize the 
tectonics and geology of the various reg
ions using LANDSAT (satellite) imagery. 
This is a crucial aspect of the study due to 
the location of some reservoirs in largely 
unmapped areas. 

In summary, the phenomenon and 
study of reservoir-induced seismici ty is re
cent and, by its nature, very complex, 
comprising just a small subset of the gen
eral problem of the earthquake mecha
nism. The causal relationship between the 
natural earthquake-crust system and 
large-scale cultural activities offers tan
talizing new clues into the physical proces
ses of rock fracture and may eventually 
lead to control and prediction of destruc
tive earthquakes. 

The Author 
Dr. Charles A. Langston joined the faculty of the De
partment of Geosciences in 1977 after receiving his 
Ph .D. in geophysics from the California Institute of 
Technology in 1976, and serving as a research as
sociate there for a year. His current research interests 
are in the subjects of earthquake source mechanism 
and crustal and upper mantle structure. 

Sears, Satellite-
continued from first page 

workers and large quantities of materials 
in huge industrial complexes produced 
the beginnings of the twentieth century 
industrial and commercial metropolis in 
places such as Pittsburgh, Detroit, and 
Chicago. 

Building the facilities that made better 
transportation possible was an expensi\'e 
undertaking; annual investments in rail
road transportation alone amounted to I 
to 2 percent of the Gross National Product 
between 1870 and 1900. 

Today, Americans are building another 
expensive technology that could affect our 
li\'eS almost as much as railroads affected 
the nation in the latter part of the last 
centu ry. In 1980, the U.S. telephone in
dustry will spend almost $21 billion on 
new plant and equipment. Other com
munications enterprises will im est an ad
ditional $ I billion for communications 
facilities. If the pattern established O\'er 
the last decade remains unchanged , the 
$22 billion spent by the communications 
industries will constitute 12 percent of all 
private sector investment in new plant and 
equipment during 1980, and almost I per
cent of the 1980 Gross National Product. 
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The American economy is putting its 
money where its mouth (and eyes) is. 

This heavy commitment to communica
tions technology is proceeding much more 
unobtrusively than the last century's in
vestments in rail transportation. Although 
proportionally smaller than the rail in
vestments, this century's investments are 
of the same order of magnitude, and we 
can reasonably expect them to yield pro
found opportunities for changes in social, 
economic, and geographical patterns to
ward the end of the century. 

E~erging Technologies 
Americans are not strangers to most of the 
elements of future communications sys
tems. Telephone service has been widely 
available for decades. Most of us are more 
familiar with television than we ought to 
be . Computers, calculators, and copying 
machines are more recent innovations, but 
most of us have had considerable experi
ence in using them. What will change most 
during the remainder of this century is 
how and where we use these familiar ele
ments . Voice, video, text communications, 
computing, and computerized access to 
stored aural, visual, and text information 
are being permuted. One term proposed 
for the integrated, comprehensive com
munications service of the future is com
punications. A French communications 
studies group has proposed another, in
formatique. Whichever-informatique rolls 
off m y tongue easier than compuni
cations-by the end of the century, inte
grated information utilities will provide 
ubiquitous, instantaneous access to much 
of the world's information at costs within 
reach of middle-class families. 

One of the prerequisites to infor
matique is a highly sophisticated means of 
routing messages and information nows 
from any origin to any destination. Com
binations of computer technology and 
new transmission techniques will do the 
job. Electronic (computerized) switching 
systems have been installed to serve many 
communities. Electronic switching systems 
are now being installed in the toll network 
as well. Computer-controlled switching 
makes several sophisticated services pos
sible, such as call waiting, customer
arranged conference calls, and call follow
ing. 

Conversion from electromechanical to 
electronic switching is especially appro
priate in light of new transmission 
methods. Voice and video signals were 
traditionally transmitted as variable inten
sity electrical currents. Techniques are 
now available to sample sounds and \·isual 
images and transmit the sampled \'alues 
(\·oice volume and pitch, l'isual hue and 
brightness) as a binary code. If the sound 
or image is sampled often, the coded sam
ples can be used to reconstruct sounds and 

images at destinations. Binary or digital 
transmission is inherently better at squeez
ing information through a conducter of a 
given size. For that reason, all aural and 
control system communications in the 
Boeing 74 7 aircraft are transmitted in di
gital form . By using smaller conducters 
more efficiently, Boeing was able to re
duce the aircraft's weight by several 
thousand pounds. Computerized switch
ing of digital signals will be the major rout
ing and transmission technique used in the 
next several decades. 

A second prerequisite for achieving in
formatique is new transmission media 
through which to transmit digital signals. 
The most promising medium for accom
modating future communications needs is 
laser transmission through optical glass 
fibers . The Bell System recently proposed 
to build an optical fiber link between 
Washington, D.C., and Boston, Mas
sachusetts. When the cable is completed in 
1983, it will carry 80,000 simultaneous 
telephone calls or the equivalent in data or 
visual communications. Existing micro
wave and coaxial cable links can carry max
ima of about 18,000 and 32,000 simul
taneous conversations, respectively. In 
addition to their bulk carrying capacity, 
small-strand optical fibers can be used to 
bring signals into individual homes and 
offices. 

Historically, each important transmis
sion innovation was hailed as offering al
most unlimited capacity. Historically , each 
was shortly found to be inadequate for the 
demand it had itself created by sharply 
lowering transmission costs. It would be 
shortsighted to predict that transmission 
capacity constraints hal'e been overcome. 
At the same time, the current and prospec
tive development of microwa\·e, coaxial 
cable, and fiber optics should provide 
adequate capacity at reasonable costs. 

Satellites are the third key to making 
most kinds of information a\·ailable in 
most places. Satellites can be installed 
quickly and cheaply, although they cannot 
match the larger capacity of optical trans
mission. The Washington-Boston optical 
cable, for example , will cost $79 million 
and take three years to build. A satellite 
can be built and placed in orbit in a matter 
of months for about $25 million. Space 
shuttle operations will sharply reduce the 
cost of putting satellites in orbit and reco\'
ering or repairing satellites that malfunc
tion. 

Satellites offer the additional possibility 
of direct broadcast to communications 
users. Satellites ha\·e heretofore been used 
as links between large earth stations. Sig
nals have been transmitted between origin 
and earth station and earth station and 
destination by conl'entional terrestrial 
media. Direct linkages between satellites 
and indi\'idual home and office earth sta-



tions offer exciting possibiliti es for i nnova
tive comm unications services. 

Satellite transmission will re,·olutioni1e 
commun icat ions pricing policies inas
much as the cost of using satellites is inde
pendent of terrest1-ial distance. Tradition
ally, communications costs ha,·e been quite 
sensitive to terrest1-ial distance because of 
the expense of terrestrial facilities. If a 
satellite is used, the cost of sending a mes
sage across the street is the same as send
ing it across the continent. 

Another geographical change that is in 
the works is freeing voice (and perhaps 
eventua ll y, ,·isual ) communications from 
fixed-location terminals. Mobile tele
phones are rare and expensi ,·e because of 
radio frequency scarcities and high labor 
costs involved in establishing mobile radio 
inte rconn ect ions. Telephone engineers 
have now devised techniques that reuse 
limited portions of the frequency spec
trum over and over again in sma ll geo
graphical cells. Electronically controll ed 
switching systems can find specified re
ceivers, establish radio connections, and 
then automatically shift ongoing con\'ersa
tions from one radio frequency to another 
as mobile units tra\'el from one cell to 
another. Experts in the field are confident 
that it will be possible, by the end of the 
century, to travel anywhere in the nation 
by any transportation medium without 
ever hav ing to be out of telephone contact. 

A combined set of services is now com
ing into the commercial market and pro
viding a good indication of what will be 
com monplace in another decade or so. 

Future office and home communica
tions will focus on a cathode-ray screen 
similar to that found in a conventiona l 
television set. Ancillary computers will 
provide control of the information re
ceived, presented, and ti-ansmitted. Fac
simile machines will provide hard copies 
of information displayed on the screen or 
received directly from near or distant 
storage. A variety of prototype text and 
data services for offices and homes now 
ex ists . Some use scrambled broadcast sig
nals whereas others use wired transmis
sion channels. Examples are Great B1-i
tain's Ceefax, Oracle, and Prestel ; France's 
Antiope and Teletel; Germany's 
Bildschirmzeitung and Bildschirmtext; 
and Canada's Telidon and Vista , in addi
tion to our domestic Info-Text. 

How will these se1-vices be used? A share 
owner in a small town in South Dakota, for 
example, might query a data service in 
Chicago regarding the current price of his 
or her stock on the New York Stock Ex
change. The videotextquery and response 
would use the services of the genera l in
formation utility that provides his or her 
home with telephone, television, comput
ing, and electronic facsimile services. The 
same system could be used to keep house-

hold accounts, pay bills, and keep files on 
topics of i merest to household members. 

Business firms can use the same tech
nology for their specific needs. The 
Johns-Man\'ill e Corporation recently 
began commun icating among its se,·era l 
Un ited States locations using its own earth 
stations and 144 \'Oice and data channe ls it 
leases from RCA on the Satcom I and Sat
com ll satellites. The stations a1-e located 
at the company's De1l\'er headquarters, as 
well as in Chicago, New York, Atlanta, 
Houston, Los Angeles, and San Francisco. 
Services will soon be expanded to the 
equ i\'alent of 600 \'Oice circu its to pro,·icle 
tele\'ision broadcast and conferencing 
capabiliti es. 

Scientific-Atlanta is a firm that manu
factures Homesat earth terminals. Tele
communications In corporated is a 
Den\'er-basecl cable tele\'ision network. 
The two recently signed an agreement for 
Tele-communications to lease Homesat 
stations to residential customers who li\'e 
beyond the sen· ice area of Tele
communications' existing cable tele,·ision 
network . Thus residents of sparsely popu
lated areas where e\'en cable tele\'ision is 
not economically feasible will be able to 
1-eceive tele\'ision and other aura l and ,·is
ual services directly from satellites ,·ia their 
leased three-meter antennae. The use of 
indi vidua l earth stations beyond areas 
served by terrestrial lines is a logica l exten
sion of the technology that currently has 
over 1,600 earth stations in use by CATV 
networks for linkages among their con
ventional terrestrial networks. 

Perhaps the most telling portent of the 
communications future throughout the 
nation appeared in the January 14, 1980, 

issue of Telephony. Sears, Roebuck & Com
pany and the Communications Satellite 
Corporation (COMSAT) are negotiating a 
joint venture for providing direct broadcast 
of noncommercial television and · other 
,·isual sen· ices from satellites to consu m
ers. l f the world 's largest merchandising 
firn1 and the world 's largest satellite com
munications company comb in e forces , 
surely the clay of the electronic cata log is 
not far off. 

Problems 

There are some economic obstacles to 
widespread use of the communications 
technologies and arrangements described 
abO\·e, but they are surmountable. The 
unit costs of switching, transmission, and 
satellite capacity continue to drop. The 
majo1- imped iment to app lying existing 
and forthcoming technologies will be the 
need to make satisfactory institutional ar
rangements among competing interests 
and the need to pre\'ent technological 
abuse . 

Telephone compa ni es, the broadcast 
networks, cab le tele,·isi on operators, 
COMSAT, Western Un ion, and com
munications eq uipment supp li ers ha,·e 
,·arying stakes in ex isting regulatory ar
rangements. At the same time, a ll are play
ing for e\'en higher stakes in the future , as 
are a host of fii-ms trying to establish new 
ser\'ices and cle\'elop new hardware. The 
total electron ic communications market in 
1980 will aggregate about $80 billion. 
E\'eryone in\'Ol\'ecl is jockeying for posi
tion. Regulatory actions, appeals, and law
suits are rife. The current state of regula
tory affairs in electron ic communications 

The role of telecommunications in linking the places and peoples of the world is symbolized by this sculptured 
panorama that graces the front of the main telephone building in Los Angeles. 
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can most charitably be described as con rus
ing. 

The most important regulating age ncy 
is the Federa l Communications Comm is
sion. The one consistent policy th e FCC 
has adopted o,·er the last decade is to pro
mote competition and reduce regulation. 
Throwing the e lectron ic communications 
industry open to comparati,·e ly free com
petition may resol\'e some conrusion and 
make it possible to mo\'e more quickly 
from inno,·ation to app li cation, but recent 
histor y precludes opt imi sm. Dom es tic 
satellite use and ce llular mobile radio were 
de layed in app li cat io n for a d eca de 
beyond the time a t which each became 
technicall y a nd eco nomica ll y feas ible. 
Simila1-regu latory a nd legal wrangli ng will 
ha\'e to be O\'ercome before ex isting and 
future firms combine forces to create in
tegrated in fo rm ation networks. 

On the whole, planne rs and \'isiona ries 
are too optimi stic abo ut the benefits of 
emerging technologies, and too prone to 
ignore negati\'e effects or possible misuse. 
On ly recently ha,·e security and pri\'acy 
begun to recei,·e much attention. In for
mation stored, transm itted, and recei\'ed 
in electronic form is inh erently more sub
ject to manipulation or the ft than hard 
copy information. The electronic ea\'es
dropping capabilities that ha,·e been de
,·e loped for national security purposes a re 
\'irtuall y om ni scient. At the moment, the 
on ly sensible assumption regarding pri
\'acy is that any in fo rmation that ca n be 
brought into the home or workplace elec
tronica ll y can be taken o ut in the same 
form, without the owner's permission or 
awa reness. Experts in cod ing and scram
bling are confident that secure cha nnels 
and unbreakable codes can be de\'ised that 
wi ll preserve pri\'acy and confidenti a li ty. 
If they are wrong, o ne of the prices of 
ad\'anced electronic com munications may 
be greatly reduced pri\'acy. 

Prospects 

Assumi ng these and other obstacles are 
overcome, how will these new means of 
moving and using info rmation affect our 
d aily li ves? 

Industries and facilities based o n hard 
copies and ha rd-copy storage mig ht de
cline. If most of the world 's visua l a nd 
aura l in formation can be accessed digitally 
and e lectron ica ll y from almost any loca
tion , demand for librari es, theatres, filing 
cabinets, and conventional newspapers 
would stagnate. Two-way visual and aud io 
co mmuni cat io ns and electronic fund 
transfer arrangements would reduce re
li ance on traditional media such as postal 
services. Anyone taking an extreme view 
might conclude that d a ily work and daily 
li fe in the future will be radi ca ll y different 
from today. 

The changes that will occur, however, 
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F. H. Beck to Receive '80 McFarland Award 

Dr. Franklin H. Beck, professor of meta l
lurgy at Ohio State Uni\'ersity, will recei\'e 
the 1980 Da\' id Ford McFarland Award or 
the Penn State Chapter of the American 
Society for Metals. 

Dr. Franklin H . Beck 
'43, 1980 McFarland 
Award recipient. 

The award will be presented at the chap
ter's annua l dinner at Centre Hills Coun
try Club, State College, Pa., Saturday, May 
3, at 6:45 p.m. Reservations may be made 
with Dr.John H. Ho ke, 221 Steidle Build-

will be more evolutio nary than revolution
ary. ew technologies rarely replace older 
ways. Despite automob iles and airplanes, 
most of us still spend a lot of time walking. 
Similarly, there will continue to be a mar
ket for books and newspapers in the com
ing era of electroni c com munica tion s. It 
wi ll be a lo ng time before curling up by the 
fire with a video screen is as appealing a 
prospect as curling up with a good book. 
We shou ld exp loit eve ry opportunity to 
make good use of new information ser
vices, but it would be short-sighted to stop 
being concerned about libraries, publish
ing, a nd newspapers on the gro und s that 
they are almost obsolete anyway. We will 
use new se rvices to expand o ur tota l in
formation processing capacity a nd to sub
stitute for some of our curre nt informa
tion processing procedures, but written 
and printed comm unica tions will continu e 
to play important a nd va lued roles fo r the 
purposes for which they remain most suit
able. 

Will electronic commu nica tions i nnova
tions have effects comparable to those o r 
the railroads in the last two decades of th e 
last ce ntury? It's difficult to say. There is 
much that is a lmost magical in what has 
been described here. A nation or a world 
in which informatio n is eq ua ll y available 
rega rdless of location , and in which costs 
of comm unication do not increase with 
distance , is geogra phica l magic. 

Our past use of tra nsportation innova
tions such as the railroads a nd automobiles 
would suggest that a technology that made 
informat ion ubiquitous a nd ab undant 
would promote geographica l dispersal. 
Each succeeding transportation or com
munication innovat ion seems to have 

ing, University Park, Pa. 16802. 
Now in its 32nd yea r, this award recog

ni zes outstanding achi e,·eme nt by a Penn 
State metallurgy alumnus and honors th e 
memory of Dr. McFarland who was pro
resso1-and head or the then Department or 
Metallurgy from I 920 to I 945. 

Dr. Beck recei\'ed his B.S. in metallurgy 
in 194 3. For the next three years, he 
worked for duPont as a metallurgica l en
gineer at various locations including the 
experime ntal station a t Wilmington, Del
aware, and the Manhattan Project at Ri ch
la nd , Washington. In 1946, he began 
graduate studies at Ohi o State, recei\'ing 
his M.S. in 194 7 and hi s Ph .D. in 1949. He 
has re mained at Ohio State as a member of 
the facu lty since 1949, becoming professor 
of metallurgy in 1959. 

He is recognized internat iona ll y as an 
authority o n corrosion phenomena a nd 
corrosi on-resista nt materials. 

promoted the scatte1-i ng of facilities or the 
linking together of eve r more distant 
facilities. Railroad transportation enabled 
Americans to settle a continent a nd bind it 
into a single nat ion. Streetcars (rail 
technology applied to loca l tra nsporta
tion) enabled people to disperse to sub
urbs and outlying com muniti es. 

What is often overlooked, howeve r , is 
the degree to which previous technologies 
have simultaneously promoted concentra
tion. Ra ilroads made it possible to assem
bl e the huge qu a ntiti es of material s 
needed fo r the operation of great indus
trial units such as the Chicago-Gary steel 
complex. They made it possible to take th e 
finish ed products from such units to na
tional and internatio na l markets. Rail
roads solved the logistica l problems of 
bringing in the foodstuffs and materi als 
needed to suppl y the populati ons of me
tropolises such as Chicago and New York. 
At the same time that streetcars a nd sub
ways were promoting outward expa nsion 
to suburbs, they were fostering unpre
cedented concentrations of business a nd 
commerci al activities at the co res of th e 
citi es they served. The central city sky
scraper complex is as much a monument 
to transportation a nd communi cat io ns 
technology as the suburbs and exurban 
settlements that rin g it. Neither is possible 
without efficient, low-cost transportation, 
and communications. 

Communications technologies will no 
doubt have major impacts on the ways we 
work, play, and live in the future . Geo
graphical rearrangements will be part of 
those cha nges. America ns have histori
cally prefe rred dispe rs ed li ving at low 
densities. An information-based economy 



and informatique offer opportunities for 
dispersal on unprecedented scales. But 
dispersal has historically been limited by 
the inertia of what has al ready been built, 
by time and cost constraints, and by the 
cultural attractions of high-density urban 
and metropolitan centers. Currently, 
energy shortages ha\'e emerged as a new 
constraint on dispersal. lnformatiq ue can 
conser\'e energy by making it possible to 
substitute communications for transporta
tion. But the greater dispersal that might 
accompany such substitutions could use 
more energy than was saYed. Commuting 
costs as ide, low-density settlement is inhe
rently less energy-efficient than high
density li\'ing. 

At the moment, we can be confident that 
technology-induced change will occur, 
and that it will be more e\'olutionary than 
re\·olutionary because of forces of inertia. 
As perhaps at most times when people 
ha\'e attempted to assess the effects of 
technology on geography, we are in a poor 
position to specify with precision the 
changes in the nation's economic and so
cial geography that will accompany new 
technologies. 
(The current events and data reported in this article were 
taken from the January 14, 1980, issue of Telephony and 
the January, 1980, issue of Communications News.) 

The Author 
Dr. Ronald Abler has been with Penn State's Depart
ment of Geography since I 967. He teaches courses in 
cartography and communications geography. His re
search interests are postal and telephonic communica
tions and their social and economic effects, urban 
geography, and cartography. He is the author of 
numerous articles on communications topics and 
editor of A Comparative Atlas of America's Great Cities: 
Twenty Metropolitan Regions. 

Currently, he is engaged in research on the 
economic and social effects of postal and telephone 
services in Sweden and the United States between 1800 
and I 975. The research is being conducted in collab
oration with Dr. Thomas Falk, of the Stockholm 
School of Economics, who was a visiting professor in 
the Department of Geography in 1977-79. 

1979-80 Scholarships in 
College Total $128,099 
A total of $128,099 in scholarships has 
been granted to 180 students in the Col
lege of Earth and Mineral Sciences for the 
current academic year. This is the largest 
scholarship prog1·am of any college at 
Penn State. 

More than IO percent of the E&MS un
derg1·aduates recei\'ed awards ranging in 
\alue from $50 to $2,000 in 1979-80. 

Many of these scholarships are made 
possible by annual gifts from industries, 
foundations, and indiYiduals, while others 
represent the annual income from en
dowment funds. 

"In these times of increasing costs," 
points out Dr. C. L. Hosler, dean o[ the 
college, "more and more students need 

rinancial assistance and we are happy that 
our many donors make it possible for us to 
provide help for them. 

"Howe\'er," he continues, "there are still 
others that we would like to help so I in\'ite 
any indiYidual, organization, or company 
interested in establishing a scholarship to 
contact me." (The Dean's address is 116 
Deike Bldg., Uni\'ersity Park, Pa. 16802; 
(814) 865-6546.) 

The single largest source of scholarships 
this year was the John and Elizabeth 
Holmes Teas Scholarship Fund. Thirty
fou1· students received Teas Scholarships 
totaling $44,002. These were established 
in 1952 by L. P. Teas, a 1916 mining 
graduate, in memory or his parents. He 
died in 1970. 

The second largest source of award 
money this year was the Edwin L. Drake 

------

Four of the 20 high school students who spent several weeks last summer becoming acquainted with the field of 
polymer science in a special course at Penn State are shown here with the course director, Dr. Paul Painter, second 
from right, assistant professor of polymer science. The students, are left to right, Dean Chang and Boris Simkovich 
of State College, Pa.; Rina Banerjee of Little Neck, N.Y.; and Keith Judkins of Brooklyn, N. Y. 

5-Week Summer Course Introduces Talented 
High School Students to Polymer Science 
A fi\'e-week course, "An Introduction to 

Polymer Science," designed to acquaint 
talented high school students with 
polymer science as a scientific discipline, is 
being offered at Penn State , June 16 to 
July 18. 

Director of the course, Dr. Paul Painter, 
assistant professor of polymer science, 
points out that the program is aimed 
primarily at students who ha Ye com1Sleted 
the junior year in high school. Its goal is to 
introduce them to the nature of polymer 
science and the opportunities in this field. 

The first week of the program will be 
de\'oted to formal classroom instruction in 
the foundations of polymer science to
gether with lab periods in which there will 
be demonstrations of and instruction in 
the application of analytical instruments to 
the study of polymers. In the remaining 
weeks, the students will undertake re
search projects irn·oh·ing the synthesis and 
characterization of polymers. 

At the end of the course, Dr. Painter 

says, each student should ha\'e some idea 
o[ whether or not he would like to study 
polymer science on the college leYel. 

The course was first offered last sum
mer with an enrollment of 20 students 
from Pennsylvania, New York, New Jer
sey, and West Virginia. 

Polymer science, Dr. Painter explains, is 
concerned with the study of large 
molecules of the kind that occur naturally 
in skin, wool, silk, and wood, and are pro
duced synthetically to make a \'ariety of 
materials such as polyesters, polystyrene, 
and nylon. Polymers find applications in 
many fields such as adhesiYes, textiles, and 
plastics. Polymer science, he notes, is a 
multidisciplined subject encompassing 
elements of all the traditional sciences 
such as chemistry, physics, mathematics, 
engineering, and the biosciences. 

Further information about the summer 
course may be obtained from Dr. Painter, 
325 Steiclle Building, UniYersity Park, Pa. 
16802 ; (814) 865-5972. 
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Memorial Scholarship Fund fro m which a 
tota l o r $25,200 was awarded to 43 stu
dents. This program was setup in 1952 by 
J oh n l'. Herri ck, publisher, oil producer, 
and philanthropist who di ed in 1961. It 
memorializes th e ma n who drill ed th e 
world's first producing oil well at Titus
ville, Pa., in 1859. 

Other scholarhip sources this year include: Alcoa 
Foundation , AMAX, American Olean Tile Co., 
American Ceramic Society, Amoco Productio n Foun
dation, William Bayer Memorial Scholarship Fu nd, 
Brockway Glass Co., Chevron Oil Co., Consolidation 

Coal Co., Consol-Sh eridan Memorial Scholarship 
Fund, Continental Oil Co., Coope rative Program in 
Metallurgy Scholarships, Drake nfe ld Division of Her
n iles, Inc., Earth & Mineral Sciences Alumni Scholar
ships, Ferro Corp., General Motors Scholarship Pro
gram, Getty Oil Co., Edward C. Ham mo nd , Jr ., 
Memorial Scholarship Fund, H a rbi son-Walk e r 
Charitable Fund, Heyl and Patterson, Oscar Hommel 
Memorial Scholarship, ICM Corp., International Nic
kel Co., Island Creek Coal Co., Lawrence County 
Ceramic Industri es, Maratho n Oi l Co., North Ameri
ca n Coa l Co., Penn Grade Crude Oil Assoc., Penn State 
Metallurgy Alumni Scholarship Fund, Pennsylvania 
Drilling Co., Pennsylva ni a Cera mi c Association, 
Pennzoil, Pittsburgh Plate Glass Industri es, Quaker 
State Oi l & Refini ng Co., Shell Oil Co., Sybron Com
munity Fund, and Union Oil Co. of Cali forn ia. 

Mining Engineering Graduate Students 
Needed to Fill Research Assistantships 

An i nterdisci pli nary program lead ing to 
the master of e ngineering d egree in min
eral engineering management is also ad
ministe red in the mining section or the 
Departme nt of Minera l Engineerin g. It 
emphasi zes quantitative methods, princi
ples of economics app li ed to mine ra l in
dustri es, and management. The admin is
trative units that combine their resources 
to offer this program are three depart
me nts in the College of Earth and Mineral 
Sciences-Mineral Engineering (mining 
engineering, mineral processing, and pe
troleum and na tural gas engineering sec
tions), Materials Science and Engineering 
(fuel science, metallurgy, and ceramic sci
e n ce a nd e ngineering), and Min e r a l 
Economics; and the Department of In
dustrial and Ma nagement Systems En
gineering in the College of Engineering. 
Ma ny min e ral-related companies, 
which-faced with a shortage or minera l 
engineers-are hiring graduates of other 
e ng ineerin g majors, find this type of train
ing particularly valuable. 

Many opportun iti es to part icipate in a va
riety of challenging research projects re
lated to the production of coa l and o ther 
vital minerals are curre ntl y ava ilable to 
graduate stude nts in mining engi nee ring 
at Penn State. 

"Ri ght now, we have a number o f posi
tions for gradu a te assistants open on 
funded projects," reports Dr. L. A. Mor
ley, associate professor of and graduate 
program office r for mining e ng ineerin g. 
"Th ese positions," h e continues, "are 
normally filled by graduate students who 
use aspects of their work on th e projects as 
the top ics fo1- their theses." 

Substanti al fin ancia l support is ava ilable 
for these students. Graduate ass istantsh ips 
pay from $2,300 to $6,500 01- more de
pending o n the student's qualifications, 
plus a gra nt-in-aid to cove1- tuition. Also 
some fellowships a re a\'ailable each year. 

Dr. Morley in\'ites anyone interested in 
knowing more about possible enro llme nt 
in the mining engineering gradu ate pro
g ram to write to him a t 119 Mine ra l Sci
ences Building, Uni versity Pa rk, Pennsy l
\'ania 16802, or phone him at (8 14 )863-
1643. 

"We have here at Penn State what we 
believe is the most comprehensi\' e pro
gram of grad ua te work in mining en
gineering anywhere in this country," Dr. 
Morley says. 

T hree graduate degrees a re offered
master of eng ineering, maste r of science, 
nd doctor of philosoph y. 

T he master of engineering is a profes
siona ll y o ri ented degree that requires 30 
course cred its and a scholarly written re
port on a study pertinent to the di scipline. 
Devoting full time to hi s or her studi es, a 
student ca n complete this program within 
three to four IO-week terms. 

The master of science degree req uires 
24 cot1rse cred its a nd six 1-esearch cred its 
plus the presentation of a thesis written 
out of a research project. The typ ica l stu
dent can complete this program in 18 to 24 
months. 
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The Ph.D. program is research
oriented and has an M.S. degree as a pre
requisite. It requires a minimum of 90 
cred i ts-30 of these may be a llowed from 
th e M.S. degree-plus the presentation of 
a th es is on an orig ina l research project. 
The typical student takes 24 months to 
com ple te this program. 

Candidates for the M .S. or Ph .D. may 
e lect the dual-title d egree program in op
e rations research . This provides them a 
solid background in th e tools, techniques, 
and me thodology of ope1-ations research 
whi ch involves th e ana lys is-usually the 
mathematical treatment-of a process, 
problem, or operat io n to determine its 
purpose and effect iv e n ess to gain 
max imum efficiency. 

Not onl y students with d egrees in min
ing e ngineering, but also those who ha\'e 
d egrees in areas re lated to mine ral e n
gineering such as geology or geophysics, 
or in engineering areas such as civil, 
mechanica l, e lectrical, aerospace, chemi
cal, or industrial are encouraged to apply 
for admission to the mining engineering 
graduate progra ms. 

The course programs may be tai lored to 
fit the individual 's needs a nd inte rests 
within the framework of th e general re
quirements. Graduate assistants, in addi-

A major research area in mining engineering at Penn State in which graduate students may become involved is 
mine electrical systems and components. In the mine electrical research laboratory, the cart- like apparatus shown 
here is run back and forth to put wear and tear on the electrical cable that is wound around the vertically mounted 
wheels in the foreground and the horizontally mounted wheel on the rear of the cart. The object is to test the 
durability of splices made in the cable which is the type used to supply power to underground mining machines. 
Working with the cart are, left to right, George Luxbacher and Thomas Rusnak, research assistants, and Abel 
F olarin, a graduate student. 



tion to working on research projects, may 
be asked to assist in teaching by conduct
ing undergraduate laboratories and grad
ing exams, problems, and labo1-atory re
ports. 

Penn State, Dr. Morley points out, is 
among the leading uni,·ersit ies in the U.S. 
conducting mining engineering 1-esearch , 
and it has granted more Ph.D. degrees in 
this area of study than all the rest of the 
institutions combined. Penn State mining 
alumni , he says, fill important faculty posi
tions at most of the universities that teach 
mining engineering, and also hold posi
tions of leadership in many mining com
panies throughout the U.S. 

He li sts the following areas in which one 
or more of the faculty members have ex
pertise: 
-Mine systems, design, and planning, 

both surface and underground. 
-Product ion engineering-mostly com

puter app li cations, including but not 
limited to operations research. 

-Management. 
- Geomechanics-all aspects including 

classical rock mechanics. 
- Ventilation. 
-Mine electrical systems-and electrica l 

engineering applications in mining. 
- Innovative mining machinery and sys-

tems. 
-Methane drainage prior to mining. 
-Environmental aspects of mining. 
-Mine d1-ainage. 

The research facilities available to min
ing engineering graduate students at Penn 
State are among the very finest in the na
tion, Dr. Morley points out. These include 
laboratories for mine electrical research, 
ventilation studies, and sophisticated work 
in rock mechanics. Also, researchers have 
access to an IBM 370/3033 computer, with 
several remote job-entry terminals located 
in the mining section. 

"However, actuall y, our main labora
tories are the mines of the many com
panies that cooperate with us in our re
search efforts," Dr. Morley says, noting 
that these range from Pennsylvania coal 
mines to open-pit copper and molyb
denum mines in the western U.S. 

College News Notes 
Edits Ore Deposits Book 
Dr. H. L. Barnes, professor of geochemistry 
and di rector of the ore deposits research section 
in the College of Earth and Mineral Sciences, is 
the editor of a new book, Geochemistry of Hy
droth ermal Ore Deposits, a comprehensive, 
state-of-the-art review of the processes by which 
ore deposits are formed by the action of hot 
aqueous fluids. 

This is the second edition of the book. Pub
lished by Wiley-lnterscience, it has been en-

tirely rewritten and incorporates the major ad
vances in the understanding of the ore-forming 
processes that have been developed in the de
cade since the first edition was published. The 
first edition was a lso edited by Dr. Barnes. 

Five facu lty members, including Dr. Barnes, 
one former faculty member, and a Penn State 
geosciences alumnus are authors or co-authors 
of seven of the 15 chapters in the book. 

These authors and their chapte1- titles are: 
Dr. Barnes, "Solubilities of Ore Minerals" ; Dr. 
C. Wayne Burnham, professor of geochemistry 
and head of the Department of Geosciences, 
"Magmas and Hydrothermal Fluids"; Dr. A. W. 
Rose , professor of geochemistry, with Dr. 
Donald M. Burt, of Arizona State University, 
"Hydrotherma l Alteration"; Dr. Hiroshi 
Ohmoto, professor of geochemistry, with 
Robert 0. Rye, of the U.S. Geological Survey, 
" Isotopes of Sulfur and Carbon ." 

Dr. L. M. Cath les, associate professor of geo
sciences, with Dr. Denis Norton, of the Un iver
sity of Arizona, ''Thermal Aspects of Ore De
position"; Dr. Hugh P. Taylor, Jr. , a member of 
the Penn State geochemistry facu lty in 1961-62, 
now at the California Institute of Technology, 
"Oxygen and Hydrogen Isotope Relationships 
in Hydrothermal Mineral Deposits"; and Dr. 
Paul B. Barton, Jr. , who received his B.S. in 
geosciences from Penn State in 1952 and is now 
with the U.S. Geological Survey, with Dr. Brian 
J. Skinner, of Yale University, "Sulfide Mineral 
Stabilities." 

Rose Edits Revised Second Edition 
Dr. A. W. Rose , professor of geochemistry at 
the University, is co-author of Geochemistry in 
Mineral Exploration, second edition, just pub
lished by Academic Press, London. 

Co-authors with him are Herbert E. Hawkes, 
a consultant in Tucson, Arizona, and John S. 
Webb, professor of applied geochemistry at the 
Imperial College of Science and Technology in 
London, England. 

Since many advances have occurred in the 
geochemistry of mineral exploration since the 
first edition of the book was published in 1962, 
the original text has been extensively revised 
and updated. 

Like the first edition, the second edition is 
addressed to four principal groups of readers: 
(I) students, as an introductory textbook; (2) 
exploration geochemists as a source book and 
reference to the literature; (3) speciali zed re
search workers ·in a lli ed fields; and (4) 
nonspecialized earth scientists who want a 
source of general information on exploration 
geochemistry. , 

A member of the University facu lty since 
1967, Dr. Rose a lso serves as director of the 
Mineral Conservation Section in the College of 
Earth and Mineral Sciences. He is currently 
serving as vice president of the Association of 
Exploration Geochemists, an international or
ganization. 

Eggler Receives Volcanology Award 
Dr. David H. Eggler, associate professor of pe
trology, has received the 1979 L. R. Wager Prize 
in Volcanology of the International Association 
of Volcanology and Chemistry of the Earth's 
Interior. 

Presentation of the award, which commemo
rates the work of the late Professor L. R. Wager, 

head of the department of geology and 
mineralogy at the University of Oxford in Eng
land, was made last December at the quadren
nial meeting of the International Union of 
Geodesy and Geophysics in Canberra,_ Au
stra li a. 

Th e prize is awarded to scientists under 40 in 
recognition of outstanding contributions to the 
studies of volcanic rocks, particularly those 
made in the e ight-year period preceding the 
meeting at which the award is made. This is only 
the second time it has been presented. The re
cipient is selected by a subcommittee on vol
canology of the Royal Society of Great Britain. 

Dr. Eggler's research has consisted primarily 
of experimental studies connected with the 
eruption of lavas on the surface of the earth and 
also the origin of the magmas from which these 
lavas are derived. 

Cahir Receives A ward 
Dr. John J. Cahir, associate professor of 
meteorology, has received the 1979 Award for 
Outstanding Contributions to Applied 
Meteorology made annua lly by the National 
Weather Association to a member of a univer
sity facu lty. 

The award, which was presented at the As
sociation's annual meeting held recently in 
Denver, Colorado, recognizes Dr. Cahir's re
search in the use of the minicomputer in 
weath e1- forecasting. 

He has been the leader of a team of research
ers that includes Dr. Gregory S. Forbes, assis
tant professor of meteorology, and Walter D. 
Lottes, research assistant in meteorology, both 
at the University; Dr.John M. Norman, former 
University faculty member now professor of 
agronomy at the University of Nebraska; and 
Capt. Timoth y Crum, USAF, who received 
both a B.S. and M.S. in meteorology from Pen n 
State, and is now at Langley AFB, Virginia. 

This group has been developing and testing 
techniques for rapid analysis and forecasting of 
the weather. Systems that will make these ap
proaches possible are currently being deployed 
in weather stations throughout the country. 
Emphasis in the work has been on short-term 
prediction of weather features of intermediate 

E&MS Short Courses 
Folders describing the following continuing education offer
ings of the College of Earth and Mineral Sciences at Penn 
State's University Park Campus may be obtained by writing 
(Name of Program), Keller Bldg. , University Park, PA 
16802; or by phoning 814-865-7557. 
Elements of Coal Preparation, May 12-14. 
Principles and Practices of Mine Ventilation, 
May 12-16. 
Theory and Practice of Coal Petrology, June 
2-4. 
Underground Mining Analysis, June 2-6. 
Production Engineering in Underground Coal 
Mines, June 9-11. 
Elements of Underground Coal Mining, June 
16-18. 
Computer Simulation Model for Under
ground Coal Mine Planning, June 16-18. 
Computer Simulation Model for Surface Min
ing, June 18-20. 
Mining Professional Engineering Exam Re
view, July 7-11. 
Coal Cutting Technology, July 14-16. 
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size such as bands of clouds and showers along 
atmospheric fronts and jet streams. 

The work has been supported by the Systems 
Development Office of the National Weather 
Service which is a pan of the U.S. Department 
of Commerce. 

Receives Most Minerals Fellowships 
Penn State received the largest number of fel
lowships of all the 51 colleges and universities 
that were awarded support for graduate stu
dents for 1979-80 under the Domestic Mining 
and Mineral Fuel Conservation program that is 
authorized under Title IX , Part D of the 
Amended Higher Education Act of 1965. 

The U.S. Officer of Education awarded $4 .5 
million to support a total of 464 graduate stu
dents. Penn State's share was $413,400 for 40 
fellowships, all which were awarded to graduate 
students in the College of Ep.rth and Mineral 
Sciences. Other institutions receiving the 
largest amounts were Colorado Schoo l of 
Mines, $330,200, for 36 fellowships; University 
of California at Berkeley, $203,450 for 30 fel
lowships; University of Arizona, $314,600 for 
29 fellowships; University of Utah, $285,350 
for 29 fellowships; and University of Idaho, 
$209,300 for 27 fellowships. 

Carbon Formation Studies Funded 
A grant of $134,990 from the U.S. Department 
of Energy to support studies of carbon forma
tion rates and mechanisms over a two-year 
period was received recently by Dr. Howard B. 
Palmer, professor of energy science and as
sociate dean of Penn State's Graduate School, 
and Dr.James]. Reuther, assistant professor of 
fuel science . 

Objective of the research is to contribute to 
the solving of the problem of soot formation in 
the hydrocarbon-reforming systems used , or 
proposed for use, in the preparation of gaseous 
fuel for the fuel cells being developed for appli
cation to large-scale power production. The 
work is being done in the Fuels and Combustion 
Laboratory of the Fuel Science Section of the 
Department of Materials Science and Engineer
ing. 

Take Part in Palynology Program 
Dr. Alfred Traverse, professor of palynology, 
and seven College of Earth and Mineral Science 
alumni were among the participants in the 12th 
annual meeting of the American Association of 
Stratigraphic Palynologists in Dallas, Texas, last 
fall. 

Dr. Traverse, who was a co-founder of the 
association, presided over a technical sess ion 
and was co-author of two of the papers pre
sented. 

Coal Research Booklet Available 
Coal Research/Penn State is the title of a hand
some and informative new booklet just issued 
by the University's Office of the Vice President 
for Research. 

About two-thirds of the research described in 
the publication is being done by faculty mem
bers of the College of Earth and Mineral Sci
ences. Requests for copies may be sent to the 
editor, Harlan Berger, 207 Old Main, Univer
sity Park, PA 16802. 
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Members of the committee of undergraduates planning EMEX 80, the biennial open house in the College of Earth 
and Mineral Sciences to be held April 12 and 13, are shown examining a quartz crystal, one of the many minerals 
exhibited in the college's Earth and Mineral Sciences Museum. Left to right are: Julianne Turko, 8th term 
geosciences major, who is EMEX general chairman; Dave Plummer, 5th term meteorology major; Robin Busch 
and Robin Clodgu, both 8th term earth sciences majors; and Mike Weber, 5th term geosciences major. 

College Open House to Be Held April 12-13 
Some of the finest Uni\'e1-sity facilities in 
the country for meterological, mining en
gineering, coal, geological sciences, and 
materials research will be opened to the 
public for EMEX 80, the biennial open 
house in the College of' Earth and Mineral 
Sciences, sponsored by the E&MS Student 
Council with the cooperation and help of 
faculty members. 

se,·eral thousand \'isitors are expected 
to tour laboratories and see a \'ariety of 
exhibits and demonstrations in the col
lege's four buildings - Steidle, Mineral 
Sciences, Deike, and Walker - from l to 5 

The alumni participants, all authors or co
authors of papers, were: Peter K. H. Groth, 
B.S., 1964 and M.S., 1966; Francis T. C. Ting, 
Ph.D., 1967; Frederick J. Rich, Ph.D. , 1979; 
Deborah Delfel, M .S. , 1979; Bruce Cornet, 
Ph.D., 1977; Daniel Habib, Ph.D., 1965; and 
Robert E. Strother, Ph.D., 1972. 

Organizes Strata Control Committee 
Dr. Z. T. Bieniawski, professor of mineral en
gineering, was recently appointed chairman of 
a newly established committee of the Under
ground Technology Research Council (UTRC). 

The committee, which is being organized by 
Dr. Bieniawski, is concerned with strata control 
engineering in both coal and hard rock mining. 
Its members come from all over the U.S., repre
senting industry, consu lting engineering firms, 
government, and universities. 

The UTRC is sponsored jointly by the 
American Society of Civil Engineers (ASCE) 
and the American Institute of Mining, Metal
lurgical , and Petroleum Engineers. 

Dr. Bieniawski was also recently named a 
member of the committee on rock mechanics of 
the geotechn ical division of the ASCE. 

Last fall, he served as one of four invited main 

p.m., Saturday and Sunday, April 12 and 
13. 

Among the highlights of the program 
will be tours of the meteorological obser
\'atory, the mine electrica l research 
laboratory, the mine \'entilation labora
to1-y, seismological facilities, and metal-
1 u rgy and other materials research 
laboratories. Demonstrations will include 
the co llege's scientific glassblower, John 
Daly, at work; gem cutting and polishing; 
compute1-i7ed mapmaking in the Depart
ment of' Geography; and radar and other 
weather data-gathering facilities. 

session cha irmen for the 4th Internationa l 
Congress on Rock Mechanics in Montreux, 
Switzerland. Other session chairmen came 
from Italy, Portugal, and Austria. The con
gress, held every five years , is the main scientific 
event organized by the International Society for 
Rock Mechanics. Dr. Bieniawski is a past vice 
president of the society, and, at this meeting, 
was elected a co-president of its commission on 
testing methods. 

Participates in Symposiums 
Dr. Richard L. Gordon, professor of mineral 
economics, recently participated in two U.S. 
government symposiums and also has been 
elected an editor of two journals. 

He served as a discussant in a Department of 
Energy symposium on coal resources/reserves 
information , and was one of six panelists for a 
Library of Congress briefing on coal problems. 

He has been appointed to the editorial boards 
of "Resources and Energy" and "Energy Jour
nal," the journal of the International Associa
tion of Energy Economists. He is also now a 
member of this organization's executive coun
cil. 




