


Cover: Oblique aerial view southward of the Mono Craters in eastern 
California. Mono Lake is in the foreground; Long Valley Caldera and the 
Sierra Nevada are in the distant background. The Mono Craters are an ar­
cuate chain of rhyolite volcanic domes that have formed by eruptions dur­
ing the past 40, (XJ() years. 
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During the past 100 years of service as 
the Nation's earth science agency, the U.S. 
Geological Survey has faced numerous 
changes and challenges. We have taken on 
functions that our founding fathers never 
dreamed of, and we have spun off agencies 
and offices that now perform vital services 
to the public. That they perform these well 
is in no small part due to their initial nurtur­
ing and shaping by the Survey. We have 
faced challenges in the past that range from 
the harsh natural conditions at the South 
Pole and along the North Slope to the harsh 
management realities of necessary budget 
restraints; today, we must learn to do more 
with less. 

Our 103d year probably brought as much 
change and challenge as any other single 
year in our history. Approximately one­
quarter of our staff and operating budget 
was reassigned through the transfer of our 
Conservation Division and support personnel 
in other Divisions to the new Minerals 
Management Service. As part of the Ex­
ecutive Branch of the Federal Government, 
we have been asked to aid the Nation's 
economic recovery by limiting our use of 
people and dollars. 

We continue to be involved in helping to 
understand and provide solutions to pro­
blems that need scientifically sound resolu­
tions: acid rain, underground storage of tox­
ic and nuclear wastes, increased 
dependence on foreign supplies of critical 
minerals and energy resources, and future 
water supplies. Perhaps even more challeng­
ing than the conduct of science is the im­
portant task of making people aware of the 
problems, and providing on a timely basis 
the best information on possible mitigation 
measures. This basic and applied research 
effort must be effective today if there are to 
be scientifically sound solutions tomorrow. 
In essence, we must not only be the best 
possible scientists and managers of the Na­
tion's earth science needs, but we must also 
be the best possible communicators. 

I believe that we have met these 
challenges during the past year and have 
made significant new contributions to the 
Nation's store of scientific and technical 

knowledge. We also have increased our 
scientific productivity in innovative ways. 
We have and will continue to provide the 
best in earth science for the public good. 

The Yearbook provides a more detailed 
summary of the changes, challenges, and 
accomplishments of fiscal year 1982. I am 
pleased to summarize some of those ac­
complishments here. 

The Survey's record of accurate predic­
tions at Mount St. Helens Volcano con­
tinued in 1982 with advance warnings issued 
for each eruption. These warnings of contin­
uing activity provided notice for the safe 
evacuation of people potentially threatened 
by an eruption. Seismic activity at Long 
Valley, California, led the Survey to issue a 
notice of potential volcanic activity hazard 
for that area. The detailed story of this 
geologic hazard is the subject of a major 
essay in this volume. In a broader contribu­
tion, the National Earthquake Information 
Center designed and implemented an effi­
cient new technique for automatically sum­
marizing digital data collected at stations 
worldwide and quantitatively describing the 
physical nature of earthquake sources. This 
technique greatly increases the accuracy of 
earthquake descriptions and facilitates 
recognition of long-term seismic patterns. 

Significant advances in mineral resource 
research during the year include the initia­
tion of a new program to assess the ade­
quacy of U.S. and world resources of non­
fuel minerals for the defense and industrial 
needs of the nation, the completion of 
mineral resource assessments for 44,000 
square miles in nine States under the Con­
terminous U.S. Mineral Appraisal Program, 
and the publication of a highly useful new 
guide for the discovery and evaluation of 
metallic ore deposits. In addition, the sec­
ond flight of the space shuttle Columbia in­
cluded in its scientific payload the Shuttle 
Multispectral Infrared Radiometer, which 
successfully distinguished important mineral 
and rock types in a geologically diverse ter­
rain. The results of this experiment by scien­
tists from the Survey and the California In­
stitute of Technology represent a major ad­
vance in the use of remote sensing for 



mineral exploration. The experiment is 
described further in one of the Yearbook 
articles. 

In 1982, the Survey reevaluated the Na­
tion's undiscovered recoverable oil and gas 
resources in onshore and offshore basins. 
Survey Circular 860 lists these resource 
estimates for 15 regions, which comprise 
137 provinces. Mean values of the estimates 
were 82.6 billion barrels of oil and 593.8 
trillion cubic feet of gas. Survey marine 
geologists produced informative reports on 
the geology of petroleum basins in Alaskan 
and other offshore waters. In addition, our 
scientists made pioneering discoveries con­
cerning the occurrence of polymetallic 
sulfides and metal-rich crusts on the sea 
floor. The sulfides offer a pristine natural 
laboratory for the study of ore-forming proc­
esses. The sea-floor crusts contain man­
ganese, cobalt, and nickel, three strategic 
commodities, and are found at less than 
one-half the depth of the well-known 
manganese nodules. 

The Survey's hydrologic investigations in 
1982 focused on major national problems. 
Many studies were carried out in coopera­
tion with more than 850 Federal, State, and 
local agencies. The Survey continues to in­
vestigate long-term changes in the environ­
ment caused by acid precipitation using data 
from several sources including its Bench­
mark Network. The Benchmark Network, 
established in 1958, is the only long-term 
water-quality network in the Nation. Studies 
provide fundamental information for Federal 
and State agencies involved in efforts to 
understand and mitigate the effects of 
substances from the atmosphere on the Na­
tion's water resources. In an investigation of 
the Potomac tidal river and estuary, Survey 
scientists have increased our understanding 
of chemical, physical, and biological proc­
esses that occur in the river so that future 
development in the river basin can be quan­
titatively evaluated. The isolation of high­
level radioactive waste continues to be a 
subject of major national concern. In 
cooperaticn with the Department of Energy, 
we have established a systematic approach 
to screening regions for repository sites that 
can best isolate such waste from the rest of 
the environment. In 1982, the Regional 
Aquifer Systems Analysis Program produced 
new information on the availability of 
ground-water supplies and variations in 
ground-water quality. Such information is 
critical in planning for irrigation and public 

and industrial water supplies. The program 
in fiscal year 1982 focused primarily on 
hydrologic analyses of fifteen of the Nation's 
most important aquifer systems, including 
the Atlantic and Southeastern Coastal 
Plains, Southeastern Carbonates, Northern 
Great Plains, High Plains, Snake River Plain, 
and the Central Valley of California. 
Management of vital water resources infor­
mation collected by the Survey was im­
proved with the implementation of a new 
decentralized computer network that will 

th8provide field and research offices across 
country with an integrated system for 
analyzing and distributing hydrologic infor-
mation. d 

Increased concern regarding the balance 
use of our lands and resources have placed 
heavy demands on our topographic mapping 
efforts. The Survey has responded with a 
number of innovative mapping products. In 
1982, we made available to the public new 
provisional maps for the 1 :24,000-scale 
series on a much more rapid production 
schedule than is normally achievable. We 
have also successfully developed and pro· 
duced a major new computerized data base 
for regional and national small -scale maps, 
The new digital data base at 1 :2,000,00o 
scale has been produced in response to 8 

need for an information source that can bed 
applied to problems of all kinds and update 
rapidly. Cultural and physiographic data are 
digitized and can be obtained as computer 
tapes from the National Cartographic lnfor· 
mation Center. A new milestone in the maP· 
making process was achieved with the corri· 
pletion of the first computer-generated 
topographic map. Each item of information 
on the map is digitized with photogram­
metric instruments specially equipped to 
record features appearing on aerial 
photographs. The recorded digital informs· 
tion is then processed through a series of 

d't1computer programs which format and e 
the data for producing maps on a high­
speed automatic plotter. The new procesS, 
although still in the experimental stage, o~­
fers the potential for large increases in eff1• 
ciency, speed of production, and flexibilitY f 
of data presentation. In a new application° 
cartographic data, a small-scale digital 
framework has been established for assess· 
ment of natural resources on federally 
owned lands. These data, when merged 
with geologic information and with 
petroleum production data from adjoining 
lands, can be used to develop accurate 
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estimates of petroleum reserves in our research programs continue to effective­
Wilderness areas and on other Federal lands. ly meet the natural resource needs of the 
, As the Federal Government continues to nation. I am confident that our dedicated 
increase its efficiency and economy of staff is fully capable of accomplishing this 
0Peration, we must plan new efforts so that very worthwhile goal. 

Hallett Peak, 
Colorado. 

3 



Oblique aerial view 
southeastward of the south 
moat of the Long Valley 
Caldera (left middle ground) 
and the Sierra Nevada (right 
middle ground). Mammoth 
Mountain and the resort town 
of Mammoth Lakes are in the 
left foreground. Since May 

4 

1980, repeated earthquake ) 
swarms in the area (arr0"' 

between the town of 
Mammoth Lakes and Lake 
Crowley (Left center) have 
increased concern for 
earthquake and volcanic 
hazards in the area. 



Mammoth Lakes Earthquakes and Ground Uplift: 
Precursor to Possible Volcanic Activity? 
By Roy A. Bailey 

Prior to the eruption of Mount St. Helens, 
few Americans were aware or could have 
been persuaded that volcanoes posed a 
serious hazard to life and property in this 
country. And understandably so, for as far 
back as most people can remember, most of 
the volcanoes have been deceptively quiet. 
Even since the tragedy of Mount St. Helens, 
a common misconception seems to be that 
the danger of eruptions in the near future, 
both from Mount St. Helens and other 
Cascade volcanoes, is now past. A careful 
look at the historic record for the Cascade 
Range volcanoes suggests otherwise. 

During the mid-1800's, when Mount St. 
Helens was last active, several other 
Cascade volcanoes were also active. Historic 
accounts indicate that, between 1830 and 
1880, ash or steam eruptions occurred 
repeatedly at Mount Baker, Mount Rainier, 
Mount Hood, and possibly Mount Shasta, 
as well as at Mount St . Helens; and, in 
1851, a cinder cone and lava flow, not 
unlike that of Par1cutin Volcano which 
erupted through a Mexican cornfield in 
1945, erupted in what is now Lassen 
Volcanic National Park. On more than one 
occasion in the mid-1800 period, as many as 
three volcanoes were active during a single 
year. That these eruptions caused little 
public concern is due to the sparse popula­
tion and the undeveloped state of the region 
at that same time. Similar eruptions today 
would probably have considerably greater 
social and economic impact. 

For the past 100 years, the Cascade 
volcanoes have been unusually quiet, but, 
since 1975, seismicity and apparent precur­
sory volcanic activity in the Cascade Range 
have increased significantly enough to sug­
gest that we may be on the threshold of 
another period of more frequent eruptions 
similar to that of the mid-1800's. 

In 1975, Mount Baker suddenly began 
steaming vigorously and still continues, 
although considerably abated. In 1978, 
earthquake swarms accompanied by unusual 
ground rifting occurred in volcanic terrain 

east of Mount Shasta. In 1980, 3 months 
after Mount St. Helens burst to life, earth­
quake swarms shook the slopes of Mount 
Hood. In 1981, swarms were again recorded 
east of Mount Shasta. And, of course, 
Mount St. Helens continues its restless 
course, pumping new lobes of lava onto its 
crater floor every few months. In 1982, addi­
tional signs of restlessness have been 
observed and (or) felt further south in 
California. Unfelt, but instrumentally re­
corded, seismic activity at Lassen Volcanic 
National Park increased significantly during 
early 1982, and a similar increase in seis­
micity has been noted beneath the Coso 
Range volcanoes in the southern Owens 
Valley. However, the most unsettling activity 
of 1982 has been that in the vicinity of 
Mammoth Lakes, California, where ap­
prehensions akin to those that preceded the 
Mount St. Helens outburst have been 
rekindled. 

The Mammoth Lakes Earthquake 
Sequence of 1980 

The activity at Mammoth Lakes began in 
1980, but its implications were not fully 
understood until 2 years later in early 1982. 
On May 25, 1980, coincidently on the same 
day that Mount St. Helens erupted ex­
plosively for the second time, Mammoth 
Lakes, a resort town nestled at the eastern 
foot of the Sierra Nevada, was shaken by an 
historically unprecedented sequence of 
earthquakes. During a 48-hour period, the 
area was jolted by four magnitude 6 earth­
quakes, tens of magnitude 4 and 5 earth­
quakes, and literally hundreds of earthquakes 
of lesser intensity. Avalanches and rockfalls 
cascaded down slopes in the surrounding 
Sierras; the ground over an extensive area 
fissured and buckled; foundations, walls, 
and chimneys cracked; and the contents of 
cupboards and grocery store shelves tum­
bled to floors. Fortunately, most of the 
damage was superficial, and few serious in­
juries were reported. As a consequence of 
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Sketch geologic map of the 
Long Valley Caldera showing 
the location of the south moat 
earthquake epicentral locus 
and its relation to other young 
volcanic centers and major 
faults in the Mammoth Lakes 
area. 
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that earthquake sequence and on the basis 
of knowledge of the historic pattern of 
seismicity in the area, the U.S. Geological 
Survey issued an earthquake hazard watch 
on May 27, 1980, warning of possible con­
tinued severe earthquakes in the area. That 
earthquake hazard watch has remained in 
effect to the present time. 

The town of Mammoth Lakes, which has 
a permanent population of about 4,000 and 
a transient residency of as many as 20,000 
during the height of the winter ski season, 
lies on the active fault zone bounding the 
eastern front of the Sierra Nevada, a region 
long noted for its earthquake activity. The 
nearby Owens Valley was rocked by a 
magnitude 8.2 earthquake in 1872, and 
sporadically, every decade or so the region 
experiences magnitude 5 and 6 earthquakes. 
Geologists generally agree that this earth­
quake activity has been predominantly, if 
not entirely, tectonic in nature- probably 
related to the continuing uplift of the Sierra 
Nevada and possibly to regional extension at 
the western edge of the Basin and Range 
province, which is fundamentally caused by 
interaction between the Pacific and North 
American crustal plates that abut and grind 
together along the San Andreas rift 300 
miles west of Mammoth Lakes. However, 
over the past 2 years, continuing events in 
the Mammoth Lakes area and recent 
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discoveries concerning the nature of the 
unusually prolonged aftershock activity 
following the May 1980 earthquake se­
quence have raised concern that other 
natural forces of a different nature may be 
stirring in the area. This likelihood has 
prompted the Geological SuNey to add a 
notice of potential volcanic hazard to the 
1980 earthquake hazard watch and to mount 
a major monitoring effort in the area. 

Long Valley Magma Chamber, 
Potential Source for Eruptions 

Mammoth Lakes, in addition to being 
along the tectonically active eastern Sierranf 
front, also lies in the southwestern corner 0 

Long Valley Caldera, a large oval volcanic 
depression, 20 miles long and 10 miles wide, 
which formed about 700,000 years ago dur-d 
ing colossal pyroclastic eruptions that sprea 
volcanic ash over most of the Western 
United States. Since that time, lesser erup­
tions have occurred repeatedly within the 
caldera. The last major eruption occurred 
about 100,000 years ago, but smaller erup­
tions have occurred as recently as 50,000 f­
years ago. Although these eruptions are su 
ficiently old as to not cause great concern 
about imminent future eruptions, geo­
physical and seismological studies under­
taken between 1973 and 1974 as part of the 
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Geo1 • p og1cal Survey's Geothermal Research along the 22-mile segment between Tom's 
s:~9rarn indicate that Long Valley Caldera is Place and Crestview had bulged upward as 
~ 1Underlain by a large residual magma much as 10 inches since the previous survey 

~ amber (a subterranean pool of molten in 1975. At first, as with the earthquakes, 
hock). Its existence alone poses a special this ground deformation was thought to be 
s~zard, particularly in a region frequently related to tectonic mountain-building forces, 

;~en by large earthquakes. but further analysis in the summer of 1981 
I 

1, nce the colossal eruptions of 700,000 showed that the center of this bulge coin­
,ears
h ago, the Long Valley magma chamber cided with the center of the known residual 
was been slowly cooling and solidifying in- magma chamber beneath Long Valley 
.ard from its margins; initially 12 miles in Caldera, as well as with the center of andiarn t .fa e_ er and about 3 miles below the sur- older bulge formed as a result of magma 

Sce, it is now about 6 miles in diameter and pressure 650,000 years ago, which was 
is rni_les deep. Although diminished in size, it shortly after the formation of the caldera. 
p still a large molten mass within the crust, This coincidence suggested that recently
0 

,, tentially capable of producing future renewed magma pressure rather than tec­
vo ca . 
c 

1 
nic eruptions. Recent developments ac- tonic forces was the cause of this present 

l~~Panying and following the Mammoth bulge. During summer 1981, Geological 
SlJ es earthquake sequence of May 1980 Survey volcanologists also began to notice 
a 99est that the magma is indeed moving puzzling similarities between seismograms ofr)d
rri that the potential for an eruption from it the aftershock activity near Mammoth Lakes 
eray ?e greater than the rather long past and those of the continuing volcanic activity 

lJPtion intervals might otherwise suggest. at Mount St. Helens. These observations 
suggested that magma movement 
was involved in the ground deformation~r?Und Uplift and Puzzling 
associated with the May 1980 earthquake818rnicity 
sequence and even may have triggered the 

fv1 Inseptember 1980, 3 months after the quakes themselves. To confirm this possi­
suay 1980 earthquake sequence, a releveling bility, the Geological Survey made plans 
Parvey along U.S. Route 395, which during winter 1981 - 82 to reoccupy the 
la~allels the Sierran front east of Mammoth geodimeter and leveling networks in summer 

es, showed that the ground surface 1982; they had been established in 1975 

Northeast-southwest cross 
section through the long 
Valley Caldera showing 
inferred subsurface relations 
of the long Valley magma 
chamber and the tonguelike 
offshoot of magma in the 
south moat ring-fracture zone. 
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1982 extended network 

Ory t il t stations 

Hydrogen gas sensors 

under the Geothermal Research Program. 
These networks were designed to monitor 
possible ground subsidence during an­
ticipated future geothermal development of 
the area, but the immediate purpose for 
their reoccupation would be to verify and 
monitor ground uplift. The advisability of 
conducting a volcanic hazards workshop in 
Mammoth Lakes during summer 1982, 
similar to one held in November 1981 at 
Mount Shasta, was also discussed, and 
preliminary planning was begun. 

Notice of Potential Volcanic 
Hazard Issued 

Meanwhile, seismologists at the University 
of Nevada were independently observing the 
anomalous signatures of the Mammoth 
Lakes earthquakes and amassing an im­
pressive collection of data confirming that 
molten magma did indeed underlie Long 
Valley Caldera and suggesting that it was 
sufficiently mobile not only to be rising en 
masse, but also to be locally injecting the 
cauldron block at shallow levels. Although 
the results of these investigations were first 
presented at a meeting of the Seismological 
Society of America held in March 1982, the 
implications were not fully appreciated until 
presented a second time at a workshop on 

Sketch map of Long Valley 
Caldera showing the location 

-------- 1975 established network 
of geodimeter lines measured 
to detect horizontal changes 
in distance between stat.ions 0 
on and around the resurgent 
dome. 

continental scientific deep drilling organized 
by the Department of Energy and Sandia 
National Laboratory and serendipitously held 
in Mammoth Lakes on May 4 to 7, 1982. At­
tended by about 60 scientists with diverse 
backgrounds, the workshop had little to do 
with hazards; rather, it was focused pri­
marily on understanding the nature of 
magma chambers and their associated 
hydrothermal systems, which have applica­
tions in harnessing geothermal energy and 
exploration for volcanogenic ore deposits. 

At this workshop, the University of 
Nevada Seismological Laboratory revealed 
that (1) during the past 2 years since the 
Mammoth Lakes earthquake swarm of MaY 
1980, earthquakes had become increasingly 
frequent within the south margin of Long 
Valley Caldera, (2) one particular epicentral 
area about 2 miles east of Mammoth Lakes 
was persistently more active than other 
areas, and (3) the depth of shallowest earth· 
quakes in this area had crept closer to the 
surface from about 5 miles in June 1980 to 

about 3 miles in October 1981. In addition, it 
was reported that during winter 1981-82, 
new fumaroles had broken out at Casa 
Diablo, a nearby solfaric area. Furthermore, 
they noted that the earthquakes in this par­
ticular area were accompanied by 
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''spasmodic tremors," a seismic phenomena tongue of magma, was intruding fractures 
cornrnonly associated with active volcanoes beneath the southern edge of the caldera 
; nd considered to be the result of rock frac- and that it could potentially reach the sur­
lJre caused by the pressure of intruding face and produce an eruption within the 

magma or of gas released from it. These foreseeable future. This conclusion was rein­
revel •atIons prompted considerable concern forced by the knowledge that the earth­
aniong Geological Survey volcanologists quakes in the Mammoth Lakes area tended 
~resent, particularly those from the to be seasonal; earthquakes are relatively in­
thascades Volcano Observatory familiar with frequent during the winter months and in­
c e activity at Mount St. Helens. That con­ creased to a maximum during the summers. 
trn Was dramatically heightened on May 7, That the May 7-8 swarm was the first of the 
in e la~t day of the workshop, when depart­ 1982 summer season and one of the strong­
rng scientists were awakened by a swarm of est in the previous 2-year interval lent some 

• fr 0derate earthquakes. A telephone call urgency to beginning additional monitoring 
L

0
; the University of Nevada Seismological activities, as well as to the need to provide 

loa oratory indicated that the quakes were some form of warning of the potential 
cated at the persistently active epicentral hazard to the local inhabitants.ar 

" 
ea·

Just east of Mammoth Lakes and were During the following 2 weeks, a succes­
•1ovv 
svv at a depth of only 2 miles! A second sion of meetings and review sessions were 
,.,_ arrn of earthquakes, including one of held at Geological Survey centers in Menlo,,,a

9 
. 

Ci . nitude 4.2, later that evening pre- Park, California, Vancouver, Washington, 
v~itated a meeting of Geological Survey Denver, Colorado, and Reston, Virginia, dur­
se· canologists and University of Nevada ing which time a formal notice of potential

I 
y-I ~1llologists at the U.S. Forest Service's volcanic hazard, the lowest level of warning

sIt0 C
Sei r enter where careful reviews of issued by the Geological Survey, was 
to 

s
rnograrns and prolonged discussions led prepared and finally released on 

con currence that a small offshoot, or May 27, 1982. 

Sketch map of Long Valley 
Caldera showing the location 
of surveyed level lines used to 
detect changes in ground 
elevation associated with 
uplift of the resurgent dome. 
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View southeastward of the 
south moat of the Long Valley 
Caldera from a hill on the 
resurgent dome overlooking 
the Cass Diablo epicentral area 
(bracketed by arrows) where 
frequent earthquakes have 
occurred since May 1980. The 
steep slope rising to the high 
Sierra Nevada peaks of Mount 
Morgan, Mount Morrison, 
Laurel Mountain, and Bloody 
Mountain (from left to right 
on the skyline) forms the south 
wall of the caldera. U.S. Route 
395 arcs through the left center 
of the photograph. 



RESURGE T DOME 

CASA DIABLO MAMMOTH L 

<ICENTRAL 

View of the southern margin 
of the Long Valley Caldera 
showing the location of 
Mammoth Lakes, the Casa 
Diablo fumarole area, the 
epicentral area of the 1980-82 
seismic activity, and the 
resurgent dome of the caldera. 

Monitoring Activities Expanded 

Even before release of the volcanic 
hazards notice, the Geological Survey began 
intensifying its monitoring activities in the 
Long Valley-Mammoth Lakes area. The 
seismic network deployed by the University 
of Nevada Seismological Laboratory, with 
funding from the Geological Survey, was 
reconfigured to better determine the location 
and depth of earthquakes in the Mammoth 
Lakes epicentral area, and, over the follow­
ing several weeks, additional seismic sta­
tions were added to the network. Ar­
rangements were also made at the 
Geological Survey's Menlo Park Center to 
automate seismic computations so that 
analysis of the data from all the stations 
could be done in real time (that is, at the ac­
tual instant the data were being measured). 

Within days after the shallow May 7-8 
earthquake swarm, a crew from the 
Cascades Volcano Observatory established 
four dry-tilt stations on the flanks of the 
Long Valley resurgent dome and a fifth sta­
tion near the Mammoth Lakes epicentral 
area to supplement the leveling and 
geodimeter trilateration surveys that were to 
be undertaken in June. Later in July, four 
additional tilt stations were added in the 
vicinity of the epicentral area by the Univer­
sity of California, Santa Barbara. In addition, 

hydrogen gas sensors were immediately in­
stalled, one on the resurgent dome and 
another on the southern edge of the 
caldera, to detect changes in hydrogen 
emissions that might foretell of further rise 
of the magma. Data from these continuous­
ly recording sensors are radiotelemetered to 
the Forest Service's Mammoth Lakes Visitor 
Center and thence relayed via GOES satellite 
to the National Oceanic and Atmospheric 
Administration-National Environmental 
Satellite Service's Wallops Island, Virginia, 
receiving station, where it can be retrieved 
by telephone from any Geological Survey 
center in the country. In the near future, 
data from continuously recording borehole 
tiltmeters will be similarly transmitted via 
satellite to Geological Survey centers. 

By early June, a surveying crew from the 
Geological Survey's National Mapping Divi­
sion was in the field beginning the long 
painstaking task of remeasuring the 60 miles 
of level lines established in 1975 and adding 
40 miles of new lines across the resurgent 
dome and elsewhere within the caldera to 
better define the pattern of uplift since 1980, 
Before the end of the summer, they were 
joined by a Los Angeles Department of 
Water and Power surveying crew, which 
greatly speeded the work. At the same time, 
the Geological Survey's Water Resources 
Division Subsidence Research Group began 
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reoccupying the 1975 trilateration 
(geodimeter) network previously occupied in 
1978 and adding additional stations to pro­
vide better coverage of horizontal changes 
accompanying uplift of the resurgent dome. 
In late August, they returned to reoccupy 
the network a second time, aided by 
helicopter support provided by Los Angeles 
Department of Water and Power. 

During the course of the summer, pre­
viously established Geological Survey gravity 
and magnetic surveys were expanded within 
the caldera and elsewhere in the region to 
help substantiate measured elevation 
changes and to detect other possible 
Physical changes accompanying the rise of 
the magma. 

In addition to these Geological Survey 
~onitoring activities, many other organiza­
t~ns, including the California Division of 

ines and Geology, and many university 
teams joined in the monitoring and research 
effort to better understand the causes and 
Possible consequences of the rising and 
quaking landscape. 

~~certainties About the Future 
.feet Scientists and Local

Cttizens Alike 

.8Y the end of summer 1982, a clearer, but
st1 

II incomplete, picture of the activity began 

to emerge. By late August, it was clear that 
uplift of the resurgent dome was continuing 
but at a slower rate than in the previous 2 
years. Lateral spreading of the dome, 
however, seemed to be going on at about 
the same or even somewhat faster rate. At 
the same time, the uplift, which initially ex... 
tended well beyond the margins of the 
caldera, was now confined within the 
caldera. Most puzzling was a sudden decline 
in frequency of earthquakes at the Mam­
moth Lakes epicentral area and the com­
plete cessation of spasmodic tremor. 
However, small earthquakes continue in a 
diffuse zone peripheral to the resurgent 
dome along what is most likely the caldera 
ring fracture. 

Has the tongue of magma beneath the 
epicentral area ceased rising toward the sur­
face, or is it only taking a "breather"? Is the 
decline in seismicity a comforting sign, or is 
it just "the calm before a storm"? Is the 
magma chamber responding to regional tec­
tonic forces, or are independent chemical 
and physical processes going on within 
causing it to rise and generate earthquakes? 
All are critical questions that will be 
answered by continued monitoring. How­
ever, it is a very slow and painstaking pro­
cess. The hope is that the results obtained 
will provide enough insight to give adequate 
warnings, if more serious activity should 
develop. 1 

Meanwhile, the citizens and public of­
ficials of Mammoth Lakes and neighboring 
communities are taking no chances. Spurred 
by the admonition to "Prepare for the 
worst, and hope for the best" voiced at a 
volcanic hazards workshop, which was held 
in Mammoth in late August and was jointly 
organized by the California Office of 
Emergency Services, the California Division 
of Mines and Geology, and the U.S. 
Geological Survey, they are 
going about business as usual in the midst 
of their winter ski season. 

1From January 6 to 9, 1983, an unusually large 
earthquake swarm in the south moat of the Long 
Valley Caldera included three successive shocks of 
magnitude 5.1, 5.6, and 5.0 and was interspersed 
among thousands of quakes of lesser magnitude. This 
swarm indicates that earthquake and potential 
volcanic hazards are a continuing concern in the 
Mammoth Lakes area. 
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Use of the Geohydrologic 
Environment for High-Level 
Radioactive Waste Disposal 
By George Dinwiddie 

Deeply buried repositories in specially con­
structed mines offer several properties 
suitable for disposal of high-level radioactive 
waste. Principal among these properties are 
adequate shielding, isolation from the ac­
cessible environment, absorption and disper­
sion of heat generated by the radioactive 
waste, and protection from intrusion by 
man. The potential for migration of high­
level radioactive wastes from the repository 
demands that attention be given not only to 
selection of a suitable host material for the 
waste-the rock in which the respository is 
to be constructed- but also to selection of 
the geohydrologic environment of the 
repository. Ideally, the geohydrologic en­
vironment best suited for a high-level 
radioactive waste disposal site would have 
all of the natural barriers to waste move­
ment. These barriers include the following: 
• Rock through which water moves very 

slowly (low permeability); 
• Ground-water flow away from the 

biosphere; 
• Slow rates of ground-water movement; 
• Long flow paths to points readily 

accessible to humans; 
• Deep water table; 
• Low rainfall; 
• Strong host rock with few fractures; 
• Small probability of seismic or volcanic 

activity; 
• Slow rate of erosion; 
• Ground-water chemistry favoring low 

radionuclide solubility; and 
• High capacity for adsorption (sorption) or 

ion exchange of waste radionuclides. 
In view of the numerous combinations 

that are possible among the various natural 
barriers, the identification of suitable 
geohydrologic environments dictates that 
site selection for a high-level radioactive 
waste repository be approached using 
systems analysis. The process used by the 
U.S. Geological Survey is described below. 

The Geological Survey's program for 
identifying environments potentially suitable 
for locating acceptable repository sites was 
an outgrowth of a plan developed jointly 
with the U.S. Department of Energy, which 

has the responsibility for selecting, building, 
and operating the repositories. The 
Geological Survey's effort, one of its moSt 

important applied studies, is aimed at . 
assisting in solving the Nation's dilemma in 
selecting high-level radioactive waste 
disposal sites. Although this is a Geological 
Survey study, there is active participation bY 
earth scientists from the particular States 
involved. 

The screening process consisted initially 
of identifying 11 provinces in the conter­
minous United States (see fig. 1) for evalua­
tion. According to the plan, a province i~ 
successively divided into smaller land units 

10
5

which are ranked: first, regions (103
-

square miles); second, areas (102- 103 squar~ 
miles); and, ultimately, potential sites (aboU 
10 square miles). At each stage, the scree~­
ing process involves geologic and hydrol~gic 
description and evaluation of the land units 
with respect to preestablished guidelines for 
radioactive waste isolation. 

Initial screening, province evaluation, is d 
based only on existing data. Field work an 
collection of new data are not part of the 
first phase of study. One of the most impor­
tant criteria in the screening process is the 
occurrence of suitable host rocks. The 
primary factors in selecting a host rock are 
mineability, thermal conductivity, frequencY 
and extent of permeable fractures, 
permeability, thickness, areal extent, dePth 

of burial, homogeneity, sorption capacitY, 
and other geochemical properties. 

The principal candidates presently bein9 
considered are crystalline rocks, such as 
granite and gneiss; salt formations, either 
bedded salt or salt domes; basalt; tuff; 
argillaceous (clayey) formation; and un­
saturated valley-fill sediments. These can­
didate host rocks are distributed widely, 
though unevenly, throughout the conter­
minous United States. 

The other most significant factor con­
sidered in characterizing a province is 
ground-water flow systems. Assuming that

l'ke­
a repository will be located in an area un 1 

ly to be affected by earthquakes, volcanoeS, 
and so forth, and that the risk of exhurna-
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3~ Appalachian highlands- Piedmont 6 ;:;:~::; Western central platform 9 0 Bas in and range 
4:~ Appalachian and interi o r p lateaus 7 _ Rocky Mounta in system 10 ;·-:_./> Columbia plateaus

..,.:,:;:::i Coastal plain 11 :·· :-· Paci fic Mountain system 

tion Of 
e wastes by erosion, catastrophic The Basin and Range province (province 9 
t/e~t (for example, meteorite impact), or in­ in fig. 1) was selected for a prototype study 
a~ion by man is minimal, it is generally to determine the feasibility of the screening 
me nowledged that the single most likely procedure. This province appeared to be 
th:an_s by which radionuclides could reenter suitable for such a study because it offered 

D _biosphere is by way of ground water. a large variety of geologic conditions andef1n· •
th ition of these flow systems is one of because the Geological Survey has been 
Che rnost basic steps in hydrologic studying the geology of the province for

aract • • . enzatIon of a province and bound- many years. arte b ' 
th s etween the various flow systems are A Province Working Group, composed of 
r e_ basis for the division of a province into earth scientists from the Geological Survey 89Ions. 

and the States, was established. The States 
g ihe components most basic to delineating that are formally participating in the prov­

t.round-water flow systems are poten- ince screening program are Arizona, Idaho,I0rnet •ri nc head (the level to which water will Nevada, New Mexico, Texas, and Utah. 
se in • hti a tIg tly cased well that taps a par- Oregon is kept informed of progress, and 

teCular rock unit), geology, geochemistry and California is participating informally. 

d.rnPerature of ground-water recharge and Province screening was based initially on 
ISch 

arge zones, and water quantities of information available from published reports1•.•vate • 
tio r I~flow, storage, and outflow. Poten- and files. It was recognized that availability 
Of rnetnc head is usually the most significant of data would be inconsistent throughout 

thfl ese factors in defining ground-water the province and that lack of information 
s:w Within a system and in delineating might preclude evaluation of some parts of 

de~~e_rn boundaries. Geology is necessary to the province. Coincidentally, it was 
th ning ground-water flow systems because recognized that all available geologic and 
the rocks are the framework within which hydrologic data could not be compiled and 
tee system operates. Geochemistry and assimilated during the first phase of province 

d.rnperature of the ground water are in­ evaluation. 

bef
teat 

or~ of the history of the ground water Basic factors selected for province evalua­
rn ore it reaches the observation point; they tion were the distribution of potential host 

ay also control leaching and chemical rocks, tectonic stability, and ground-water reacrI0ns of waste nuclides. hydrology. Geologic data to be evaluated in­
clude information on the following: 

Figure 1. -Provinces of the 
conterminous United States 
selected for screening. 
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• Distribution of rock types considered to 
be potential host rocks. Surface out­
crops of basalt, granitic rocks, 
argillaceous rocks, tuff, salt, and 
anhydrite were mapped. In addition, 
data on subsurface occurrences of salt 
and anhydrite were compiled; 

• Seismicity; 
• Quaternary volcanism; 
• Quaternary faulting; 
• Heat flow; and 
• Mineral resources. 
Hydrologic data to be evaluated include in­
formation on the following: 
• Ground-water flow; 
• Potentiometric surface; 
• Chemical quality of ground water; 
• Natural ground-water discharge areas; 
• Depth to water table. This information is 

to be used to define the thickness of 
the unsaturated zone, an environment 
in which various rock types might be 
acceptable as host media; and 

• Water use. 
The Basin and Range province has been 

subdivided into regions, and those con­
sidered most suitable will be described and 
evaluated. Initial evaluation of characteristics 
of the Basin and Range indicates that about 
40 percent of the province appears to be 
worthy of further attention. The second 
phase of evaluation will focus more on the 
identification and evaluation of specific 
geohydrologic barriers in the subsurface. 
This effort will result in identification of 
areas where further more intensive study ap­
pears warranted. 

As mentioned earlier, depth to water (or 
thickness of the unsaturated zone) is one 
factor considered in screening the Basin and 
Range province. Disposal of high-level 
radioactive waste in thick and relatively dry 
unsaturated rock units, principally valley fill 
and volcanic tuff, appears to offer an 
economical and workable alternative to 
burial in deep or saturated geologic forma­
tions. The Basin and Range province has 
some of the thickest accumulations of un­
saturated materials in the United States and 

a favorable arid to semiarid climate. Several 
advantages of burying waste at somewhat 
shallower depths in unsaturated material 
rather than in deep or saturated en­
vironments include the following: 

• Low rate and volume of water movement 
through unsaturated materials under 
present climatic conditions; 

• High absorptive capacity of most valley-fill 
sediments and some tuffs; 

• Inhibition of vertical movement of water 
by properly enginering the emplacement 
of materials used for overpack and 
backfill; 

• Minimal water-related problems during 
construction of the repository after seal­
ing it; and 

• Ease of monitoring or removing of wastes 
from a shallow repository. 

Summary 

The national screening program for identi­
fying potentially suitable disposal sites 
allows for a systematic consideration of the 
effects of waste disposal by focusing geo­
logic and hydrologic expertise on the prob­
lem at the primary stage. This type of 
systematic approach assures not only that 
the most suitable areas will be considered 
but also that potentially suitable areas are 
not likely to be overlooked. Although the 
systematic nature of the screening program 
probably precludes its contributing 
significantly to selection of the site for the 
first repository, the ongoing program and 

1the program methodology should be usefu 
in the selection of subseq:.Jent sites. A 
screening program based on nongeologic 
factors, such as socioeconomic considera~ r 
tions, is also important in choosing areas ; 
further study to select a site for disposal 0 

radioactive waste. Such a program will be y 
managed by the U.S. Department of Energe 
and its contractors for the Basin and Rang 
province. 
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The National Digital Cartographic Data Base 

By Sheila E. Martin 

Digital cartography provides a new com­
puter-based means to support the manage­
ment of the Nation's natural resources. To 
do this effectively requires collecting data 
from a wide variety of sources. With in­
creasing frequency, this information is 
analyzed using computer models. 

Information from U.S. Geological Survey 
topographic maps is fundamental in 
resource studies that require geographic 
control, terrain elevations, boundary por­
trayal, and stream and highway patterns. 
Responding to this need, the Geological 
Survey has developed a considerable pro­
gram involving cartographic and 
geographic information in digitial form. 

Computer technology and recent ad­
vances in computer graphics have 
dramatically changed our concepts of col­
lecting and communicating map information. 
Digital cartography will soon surpass the 
major advances in mapping that resulted 
from developments in printing and 
photography during the late 19th century 
and in aerial photographic surveying and 
photogrammetry in the early 20th century. 
Maps produced by automatic plotters using 
digitial data are equal or superior in accuracy 
and graphic quality to those produced by 
manual techniques. Automated techniques 
can use the same data at varying graphic 
scales and formats and can provide for a 
wide variety of applications. Automation is 
less expensive. 

Although the method of portraying terrain 
information in the form of a topographic 
map will still be used for many decades, the 
format and portrayal of map information are 
changing. Images presented on the cathode 
ray tube, where scale and viewing direction 
can be rapidly changed, have already re­
placed traditional printed maps for many ap­
plications. In applications such as weather 
reporting, where up-to-the-minute data are 
necessary, high-resolution images can be 
obtained instantly through commands to an 
orbiting satellite. 

Background 

Recognizing that traditional cartographic 
methods would someday be replaced by 
automated techniques, the Survey began in 
the early 1970's to conduct research in 
digital cartography and automated map­
making techniques. By 1977, the Survey had 
started to focus on the development of a 
national cartographic and geographic digital 
data base, a major component of the 
present Digital Cartography Program. 

The Survey has digitized considerable 
data from 1 :24,000-scale maps, but, because 
there are over 54,000 different 1 :24,000-scale 
maps of the conterminous United States, it 
was realized that digitizing all these maps 
would exceed the resources available. (In 
addition, many requirements appeared for 
data covering large areas that could not be 
satisfied by existing small-scale data bases.) 
Therefore, the decision was made in 1978 to 
proceed with a national small-scale digital 
cartographic data base. 

The first phases of the project have 
recently been completed. The 21 sectional 
maps of the National Atlas of the United 
States of America, at a scale of 1 :2,000,000 
( 1 inch equals about 32 miles) portray a 
relatively high level of detail for this small 
scale (fig. 1). These maps are now available 
in digital form through the National Car­
tographic Information Center. Applications 
of the data for automated map production 
and computer analysis have begun. 

Earlier Data Bases 

Four earlier small-scale digital cartographic 
data bases have been used extensively. The 
Dahlgren data base was developed in the 
early 1960's. It is a global data base of 
coastlines and international boundaries 
digitized mostly from 1: 12,000,000-scale 
maps using 8,300 coordinate points. The 
coastlines and the State boundaries of the 
United States were obtained from 
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Figure 1. - Index map show­
ing location of 21 areas of 
1 :2, 000, 000-scale digital 
cartographic data available 
on computer tapes for the 
United States. 

1: 1,000,000-scale maps. The data provide a 
general portrayal of the coastlines, coun­
tries, and States. 

Another data base was developed in the 
mid-1960's by the Department of Transpor­
tation as a county boundary file of the 
United States. County and State bound­
aries, together with the coastline, were 
digitized from 1 :5,000,000-scale maps using 
115,000 coordinate points. 

The World Data Bank I was developed by 
the Central Intelligence Agency in 1966. It 
contains world coastlines and international 
boundaries digitized from 1 :12,000,000-scale 
maps using 100,000 coordinate points; the 
United States coastline is described by 
20,000 points. 

A second World Data Bank was com­
pleted in 1977 using source maps which 
ranged from 1 :4,000,000 to 1: 1,000,000 in 
scale . This data base contains country and 
State boundaries, coastlines, islands, lakes, 
rivers, and selected roads and railroads. The 
number of digitized points increased dramat­
ically to 6 million. Source materials for the 
United States were digitized from 
1 :3,000,000-scnle maps using 1.5 million 
points. 

Some of the limitations associated w ith 
these earlier data bases are: 
• The very small scale of the source maps 

used for digitization; 
• The limited range of features digitized; 
• The lack of current information; 
• Data formats designed primarily for 

graphic applications; 

• Limited flexibility for combining these data 
with other thematic data available in 
digital form. 

Experience with these earlier data bases 
has shown that, while they meet their objec­
tives, their content is not sufficient for all 
user applications (fig. 2). 

The U.S. Geological Survey 
Small-Scale Data Base 

The Survey's small-scale digital car­
tographic data base was prepared from an 
updated National Atlas of the United States 
of America. For comparison, World Data d 
Bank I contained about 100,000 points an 
World Data Bank II had about 6 million 
points to describe the entire globe, while the 

7Survey's small-scale data base has some 
million points to describe the United States 
alone. 

The content of the data base includes I) 
political boundaries (State and county leve ' 
Federal lands, transportation networks 
(roads and railroads), hydrographic featur~s 
(streams and water bodies), and populate 
places. These data were entered into the 
computer in a format that records both the 
location of a feature and its relations with 

• tor' similar features on the source map. This 
mat allows graphic applications, such as 
drawing streams and roads for automatic 
map plotting, as well as analytical applica~ g 
tions, such as area calculations and verifY111 

the data for consistency and accuracy. The 
format also permits automatic smoothing to 
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produce maps at scales ranging from 
1 :2,000,000 to 1: 10,000,000. 

The data are available on computer tape 
in two formats. The standard format pro­
vides a useful geographic reference system 
for displaying a wide range of various types 
of data. It also supports producing color 
maps and performing area calculations. The 
second format is a less complex organization 
of data corresponding to the 21 areas of the 
National Atlas source maps. Information on 
boundaries, transportation, and hydrography 
is available for each area (fig. 3). 

An important feature is that these small­
scale data are ranked from the "most signifi­
cant" feature to the "least significant." This 
scheme allows the user to select a minimal 
amount of data and gradually to increase 
this amount to the level of detail needed to 
support the theme and scale of the par­
ticular map. For instance, a user producing 
a map of 1 :5,000,000 scale can exclude all 

rivers and streams less than 30 miles long. 
The data can also be grouped together in 
various ways to produce logical sets of in­
formation; an interstate highway system can 
be represented either by only those road 
segments actually classified as interstate 
roads or as a complete highway system 
made up of interstate roads and other roads 
which act as connectors. 

Political boundary data are organized 
into international boundaries, State bound­
aries, and city and county boundaries. Fed­
erally administered lands, such as national 
forests, national parks, national wildlife 
refuges, and others, are classified by the 
length of their longest dimension. This 
allows the user to select the types of fed­
erally administered lands to be displayed and 
to control the amount of detail for each type 
selected. 

Road and trail data are organized to 
display densities of connected networks, 

[ World Doto Bonk I/ (mid-l0's) 

~ -~~~~:,-~=----;--~. World Doto Bonk / /mid-60's) 

DIMECO (mid-60's) 

Dahlgren (early 60's) 
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Figure 3. -Comparison of the 
kinds of small-scale infor­
mation available on com­
puter tapes for each of the 
21 areas shown in figure 1. 

starting with major limited-access highways 
and continuing through major national and 
State routes to other roads and trails. The 
railroad data are organized by annual ton­
nage, starting with a connected network of 
the primary rail routes. Stream data are 
organized by length, beginning with the 
longest stream drainage for an area . Stream 

segments are also identified as perennial, in­
termittent, or canal. 

Water-body features are organized in a 
way similar to that used for federally ad­
ministered lands. They are classified bY 
length so that the user may select from the 
different types of water bodies to be 
displayed and also control the detail for the 
types of water bodies chosen. 
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Potential Petroleum Reserves 

An assessment of potential petroleum 
reserves in existing or designated wilderness 
areas of the Western United States is being 
a~isted through the use of small-scale 
~

19ital cartographic data. Map data portray-
, ing the boundaries of these wilderness 

areas, underlying geological formations, and 
~reviously delineated resource areas have 
een digitized and correlated by using com­

PlJter techniques. These data, merged with 
~ata on petroleum production on adjoining 
; 11ds, will enable petroleum geologists to 
evelop meaningful estimates of potential 

reserves in the wilderness lands. 

1 ihe promising results from this petro-
SlJn, study show that small-scale digital car­
tographic data provide an important frame-
~Ork for the analysis of natural resources of 
;derally owned lands. Because of this_, the 
theological Survey is giving high priority to 
t e development of a national Digital Car-
0
l 9raphic Data Base covering all Federal 

nd; s. The data formats are designed to pro­
dlde the capability of analyzing a variety of 
ata on other natural resources. 

Partitian Arch, Arches National 
Monument, Utah. 
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Missions, Organization, 
and Bud et 

Missions 

The U.S. Geological Survey was 
established by an act of Congress on March 
3, 1879, to answer the need for a permanent 
government agency at the Federal level to 
conduct, on a continuing, systematic, and 
scientific basis, the investigation of the 
"geological structure, mineral resources and 
products of the national domain." A number 
of laws and executive orders have expanded 
and modified the scope of the Survey's 
responsibilities over its 100-year history. 
Notably, the Survey has been the nurturing 
ground for many Departmental functions 
that have grown in importance and subse­
quently became new bureaus to address 
specific Federal land management respon­
sibilities. The Bureau of Mines, Bureau of 
Reclamation, and, most recently (1982), the 
Minerals Management Service are prominent 
examples of major organizations in the 
Department of Interior that have had their 
origins in the Survey. With these organiza­
tional changes, the Survey has served to 
add a scientific dimension to the perfor­
mance of many major Department responsi­
bilities. The Survey remains the principal 
source of scientific and technical expertise in 
the earth sciences within Interior and, 
beyond that, within the Federal government. 
This Yearbook provides highlights of the 
wide range of earth science research and 
services in the fields of geology, hydrology, 
and cartography. Together they represent 
the continuing pursuit of the long-standing 
scientific missions of the Survey. 

Organization 

The U.S. Geological Survey is head­
quartered in Reston, Virginia. Its activities 
are administered through three major pro­
gram divisions (National Mapping, Geologic, 
and Water Resources). These program 
operations are serviced by two major sup­
port divisions (Administrative and Informa­
tion Systems). The Survey conducts its 
functions through an extensive field 
organization of offices located throughout 

the 50 States and Puerto Rico. At the na­
tional level, the functions of the Survey are 
coordinated through six Assistant Directors 
acting in the area of administration, program 
analysis, research, information systems, in­
tergovernmental affairs, and engineering 
geology. 

Budget 

In fiscal year 1982, the U.S. Geological 
Survey had obligational authority (including 
the Minerals Management Service) of $661,8 

million, of which $510.0 million came from 
direct appropriations and $151.8 million frorn 
reimbursements. The Survey received funds 
under two congressional appropriations, 
"Exploration of National Petroleum Reserve 
in Alaska" ($2.2 million), and "Surveys, In­
vestigations, and Research," which is the 
traditional source of direct funding for all 
other Survey activities ($507.8 million, in­
cluding the Minerals Management Service), 
The Survey also received funds for reim­
bursements for work performed under 
agreements with Federal agencies, State 
and local governments, international 
organizations, and foreign governments. Th

0 

Survey performs services under these 
agreements when earth science expertise is 

Percentage allocation of funds, by Division. 

Administrative 
Division 1% 

>7"' Facilities 3% 
Office of Earth Scie~ 

Application• 

4% 
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Y;;,· Geological Survey obligations for fiscal year
2, by activity 

[Dollars in thousands] 

Fiscal year 
19821 

~/Subactivity/Program Element enacted 

I 
I Surveys, Investigations, and 

Research-National Mapping, 
Geography and Surveys----- - n,ss1

Primary Q d I M • . ua rang e appmg ------ 38,178 
Primary Quadrangle Mapping --­ 34,202 
Modernization of Mapping 

Technology ---------------­ 3,976 
Map Revision and 

Orthophotoquads -------------­ 16,396 
Revision --------------------- 10,146 

. ~rthoquads ------------------ 6,2500S191tal Mapping ___________________ 3,873 
tnall, Intermediate, and Special 

Mapping ---------------------­ 15,388 
Intermediate-Scale Mapping ---­ 6,804 
Land Use and Land Cover 

. Mapping ------------------­ 3,461 
Airborne Profiling of Terrain 

System-------------------­ 2,592 
Small-Scale and Other 

C Special Mapping -----------­ 2,531 
artographic and Geographic 

Information ------------ 3,852 

Gea1 • og,c and Mineral Resource 
G Surveys and Mapping -------­ 163,731 

eologic Hazards Surveys --------- 48,547 
0arthquake Hazards Reduction -­ 32,992 

olcano Hazards -------------­ 9,664
Ground Failure and 

Construction Hazards -------­ 2,785 
L Reactor Hazards Research ------ 3,106
8nd Resource Surveys -----------­ 16,476 
Geologic Framework ----------- 13,320
Geom •C agnet1sm ---------------- 2,139

M· limate Change --------------- 1,0171Aneral Resource Surveys --------­ 39,302
laska M " ISC _mera urveys --------- 8,924 
ontermmous U.S. Mineral 

w~urveys -------------------­ 5,131 
llderness Mineral Surveys ----­ 8,583 

~trategic-Critical Minerals ---- __ 4,542 
evelopment of Assessment 
_Techniques ----------------­ 12,017

Mineral Discovery Loan 
E Program ------------------- 105 
n~rgy Geologic Surveys ----------­ 38,148 

oal Investigations -----------­ 12,901
Onshore Oil and Gas 

Investigations --------------- 7,032
Oil Shal I • •G e nvest1gat1ons -------- 2,304 
U eot~ermal Investigations ------ 8,064

ran1um-Thorium 
Vv lnvest· 1gat·ions --------------- 6,878 

orld Energy Resource 
Assessment ---------------- 9690ffshore G I • Seo og,c urveys --------- 21,2580ffshore Oil and Gas 

E Resources -----------------­ 11,350 
nergy-Related Environmental 
lnve t· •M . s 1gat1ons --------------- 8,448 
anne Geology Investigations -- 1,460 

U.S. Geological Survey obligations for fiscal year 
1982, by activity - Continued 

Fiscal year 
19821 

Activity/ Subactivity/ Program Element enacted 

Water Resources Investigations -­
National Water Data System -

Federal Program --------------­
Data Collection and Analysis ---­
National Water Data Exchange -­
Regional Aquifer Systems 

Analyses ------------------­
Coordination of Water Data 

Activities ----------------- - ­
Core Program Hydrologic 

Research ------------------­
Improved Instrumentation -----­
Subsurface Waste Storage ----­
Flood Hazards Analysis --------­
Water Resources Assessment --­
Supporting Services ----------­
Toxic Wastes- Ground Water 

Contamination -------------­
Acid Rain -------------------­

Federal-State Cooperative 
Program --------------- - -----­

Data Collection and Analysis, 
Areal Appraisals and Special 
Studies -------------------­

Water Use (Cooperative) ------­
Coal Hydrology (Cooperative) ---

Energy Hydrology ----------------­
Coal Hydrology --------------­
Nuclear Energy Hydrology -----­
Oil Shale Hydrology ------------

Earth Sciences Applications -----­
Earth Resources Observation 

Systems --------------------­
Environmental Affairs -----------­
Land Resources Data Applications -

General Administration ---------­
General Administration ----------­
Employee Compensation Payment -

Facilities ------- -----------------
National Center - Standard Level 

Users' Charge ----------------­
National Center - Facilities 

Management ----------------­
TOTAL, Surveys, Investigations, 

and Research ------------------

Exploration of National Petroleum 
Reserve in Alaska --------------

Barrow Area Gas Operation, 
Exploration and Develop-

ment ------------------------
Operation and Maintenance -----
Exploration and Development ---

TOTAL. U.S. Geological Survey ---

108,637 

48,100 
14,833 
1,257 

14,872 

898 

5,996 
1,944 
1,461 

460 
337 

3,599 

958 
1,485 

45,012 

38,541 
3,334 
3,137 

15,525 
7,564 
6,673 
1,288 

14,359 

12,058 
1,457 

844 

3,407 
2,525 

882 

10,098 

8,467 

1,631 

2Jn,919 

2,196 

2,196 

$380,115 

1 Funding shown represents appropriations under 
" Surveys, Investigations, and Research" only and does 
not include other sources of funding such as reim­
bursements from other Federal or State organizations. 

2 Excludes $129,868 for Minerals Management Service . 23 



required by other agencies and their needs 
complement its program objective. Work 
done for State, county and municipal agen­
cies is almost always done on a cost-sharing 
basis. 

Most of the funds rec.eived by the Survey 
in fiscal year 1982, both appropriations and 
reimbursements, are distributed through 
budget activities that roughly correspond to 
its mapping, geologic, hydrologic, informa­
tion transfer, administration, facilities, and 
regulatory areas of responsibility. During 
fiscal year 1982, the "Conservation of Lands 
and Minerals" activity ($129.9 million) in the 
"Surveys, Investigations, and Research" ac­
count functioned under the name "Minerals 
Management Service." In fiscal year 1983, 
portions of Offshore Geology and the sup­
port organizations will be transferred to the 
new Minerals Management Service which 
will have, given Congressional approval, its 
own appropriation account. 

Personnel 

At the end of fiscal year 1982, the U.S. 
Geological Survey had 7,293 permanent full­
time employees on board, a decrease of 
2,145 from fiscal year 1981. Most of this 
decrease was associated with the transfer of 
personnel to the Minerals Management 
Service. More than one-half of the Survey's 
permanent full-time staff are professional 
scientists, and approximately one-fourth are 
technical specialists. Hydrologists and 
geologists predominate among the profes­
sional group, which includes members of 
more than 30 other disciplines, such as 
geophysicists, cartographers, chemists, and 
engineers. 

The Survey's work has been accom­
plished with a virtually level full-time work 
force since 1973; moderate increases in the 
Geologic Division and the support Divisions 
have been offset by decreases in the Na­
tional Mapping and Water Resources Divi­
sions. The additional workload on these 
scientifically oriented components has been 
supported in part by the rapid expansion in 
the use of grants and contractual services 
and, in part, by the extensive use of tem­
porary and part-time personnel. 

The number of these other-than-full-time 
permanent employees has more than 
doubled since 1973 and includes many 
students and faculty members from colleges 
and universities and summer hires from 
various categories. The Survey has profited 
greatly from its association with the 
academic community. The expertise of 
many eminent specialists has become 
available to the Survey in this manner and 
has given it great flexibility in solving prob­
lems and meeting surges in its workload, 
especially during the field season. The rela­
tionship also has been an invaluable channel 
for recruiting young professionals of 
demonstrated ability for permanent full-tirTl~ 
positions upon the completion of their studies, 

24 



By Organization 

Geologic Water Resources 
Division Division 

1,946 2,796 

Director' s Office and 
Administrat ive Div ision 459 

National Petroleum Reserve in Alaska 9 

Systems Div ision 169 

By Location By Occupation 

National 

Central 
Region 
2,346 

TOTAL 7,293 

Technical 
1,725 

Hydrologists 
1,406 

Geophysicists 
224 

Perrn 
anent full-time U.S. Ceo/ogical Survey employ e . 
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Minerals Management Service Formed 
From Conservation Division 

The U.S. Geological Survey has often been referred 
to as the "Mother of Bureaus" because many of its ac­
tivities have led to the formation of new organizations 
when a managerial or developmental function evolved. 
Some of the organizations that have emerged from the 
Geological Survey include the Reclamation Service in 
1901 (now the Bureau of Reclamation), the Bureau of 
Mines in 1910, the Federal Power Commission in 1920, 
and the Grazing Service in 1934 (since combined with 
other functions into the Bureau of Land Management). 

During the last year, the Geological Survey has gone 
through yet another partitioning. On January 19, 1982, 
Secretary Watt announced his decision to establish a 
Minerals Management Service, originally to consist of 
the Geological Survey's Conservation Division. In May 
1982, the decision was made to consolidate all OCS 
lease-related functions within the Minerals Management 
Service. This action involved moving components from 
the Bureau of Land Management and Office of Policy 
Analysis, as well as part of the Geological Survey's 
marine geology program. Subsequently, the decision 
was made to consolidate onshore mineral-leasing func­
tions of the Minerals Management Service and the 
Bureau of Land Management within the Bureau of 
Land Management, and in the case of Indian Lands, 
within the Bureau of Indian Affairs. However, this later 
action did not directly impact the Geological Survey. 
Harold E. Ooley, Jr., was appointed as the first Director 
of the Minerals Management Service. The Minerals 
Management Service reports to the Assistant Secretary 
for Energy and Minerals. The Secretary's decisions 
were made to accomplish several objectives: strengthen 
the royalty-accounting function; streamline lease-related 
activities; and strengthen the scientific capability and 
image of the Geological Survey. The Secretary has 
stated on several occasions his desire for the Geological 
Survey to be his principal scientific advisor. It is his 
belief that these decisions will place us in a better posi­
tion to fulfill this role. 

Formation of the Minerals Management Service had 
a significant impact on the Survey. The total Survey 
budget was reduced by 29 percent ($150 million) and 
total personnel was reduced by 23 percent (2,400 posi­
tions). 

During the process of forming the Minerals Manage­
ment Service, several questions were raised about the 
division of responsibilities. The marine geology question 
has been specifically addressed, and the decision was 
made that the Geological Survey will retain the respon­
sibility for marine geologic research to include, among 
other things, regional geologic studies and hazards 
evaluation and assessment of potential seabed mineral 
resources. 

Formation of the Minerals Management Service 
should permit the Geological Survey to focus more 
clearly on its principal mission as defined in the Organic 
Act of 1879, which is "to classify the public lands, ex­
amine the geologic structure, mineral resources, and 
products of the national domain...." The Geological 
Survey looks forward to fulfilling this traditional role as 
well as to cooperating with the Minerals Management 
Service and the Bureau of Land Management in their 
new undertaking . 

Awards and Honors 

Each year employees of the U.S. Geological Survey 
receive awards that range from modest monetary 
awards to recognition of their achievements by large 
professional societies. The large number of these 
awards attests to the quality of the individuals who are 
the U.S. Geological Survey. This year, the Survey 
wishes to acknowledge those individuals who either 
received high honors from or were elected to high of­
fice in professional societies and those individuals who 
received the Department of the Interior's highest 
award. 

Honors 

Walter B. Langbein, Senior Staff Hydrologist, re­
ceived the 1982 International Prize in Hydrological 
Sciences from the International Association of 
Hydrological Sciences for his long career of scientific 
excellence and accomplishment. 

Francis T. Schaefer, Assistant Northeastern Regiona
1 

Hydrologist, was named the "Engineer of the Year" bY 
the National Society of Professional Engineers. 

Charles W. Spencer, Research Geologist, was given 
the Levorsen Award of the American Association of 
Petroleum Geologists. The award is presented annuall~ 
for the paper that best reflects creative thinking towar 
new ideas in petroleum exploration. 

Richard F. Meyer, Research Geologist, received th8 

Distinguished Service Award from the American 
Association of Petroleum Geologists "for outstanding 
contributions in the field of national and international 
energy resources and for eminent service to this coun· 
try and AAPG." d 

Robert B. Halley, Research Geologist, was appointe 
a Distinguished Lecturer by the American Association 
of Petroleum Geologists. His lecture, which was en­
titled "Evolution of Carbonate Porosity During Burial;; 
Bahamas, Florida, Gulf Coast, Jurassic to Holocene, 
was presented at 10 institutions. 

Honors From Foreign Governments 

George E. Ericksen, Research Geologist, was 
honored for this work in geology and institutional h 
development in Peru at a ceremony in Lima on Marc 
22, 1982, on the 80th anniversary of the Cuerpo do In· 
genieros de Minas, Peru's first national geological/ 
mining institute. 

Presidents of Professional Societies 

Service in professional societies is one of the irnpor· 

tant professional contributions a s~ientist _ca~ rn~1<0 •of 
Societies play a fundamental role in the d1stnbut1on 
new knowledge, in addition to provi?ing a f?~urn. in of 
which new ideas are tested. The active part1c1pation he 
Survey scientists in professional societies attests to t 
scientific vitality of the Bureau. The Bureau is par­
ticularly proud of those individuals who have been 
elected to society presidencies by their professional 
peers. They includes the following: 

Bruce R. Doe Geochemical Society 
of America; 
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Frederick J. Doyle International Society for 
Photogrammetry and 
Remote Sensing; 

Philip E. Greeson American Water Resources 
Association; 

J. Howard McCarthy, Jr. Association of Exploration 
Geochemists; 

Douglas J. Nichols American Association of 
Stratigraphic 
Palynologists; 

Edwin D. Roedder Mineralogical Society of 
America; and 

Donald E. White Society of Economic 
Geologists. 

di P~e~idents (or chairmen) of sections in large inter­
sciplJnary societies include the following: 

G. Brent Dalrymple Volcanology, 

Geochemistry, and 
Petrology Section 
(American Geophysical 
Union); and 

Leonard A. Wood Hydrogeology Division 
(Geological Society of 
America). 

D9
S Partment of the Interior Distinguished

ervice Awards 

ihe h" hInt . 19 est honor given by the Department of the 
fo erior is the Distinguished Service Award. This award 
Qi r careers in challenging and difficult assignments was 
'!even to 13 U.S. Geological Survey employees this 
war. These individuals and the bases for their awards 

ere as follows: 

in ~~ul B._ Barton, Jr., Deputy for Scientific Programs 

Sc. e Office of Mineral Resources, for his imaginative
Ienn-1 1Or" . c research on the mineralogy, chemistry, and 
191 

80 n of hydrothermal ore deposits, the inspiration and 
urce of ideas he has provided his coworkers, and the 

international prestige he has brought to the Geological 
Survey; 

Peter F. Bermel, Assistant Division Chief for Plans 
and Operations (NMD), for his exemplary and 
resourceful leadership, his scientific integrity, and his 
distinguished career as an administrator; 

John D. Bredehoeft, Western Regional Hydrologist, 
in recognition of his major contributions to the develop­
ment of this country's water resources; 

Robert J. Dingman, former Assistant Chief 
Hydrologist for Scientific Publications and Data 
Management, for his exceptional contributions to the 
field of hydrology; 

Frederick J. Doyle, Senior Adviser for Cartography, 
for his exceptional contributions to the National Map­
ping Program; 

Doyle G. Frederick, Associate Director, for his many 
significant contributions in the development and 
management of cartographic and earth sciences pro­
grams of the Geological Survey; 

Wayne E. Hall, Research Geologist, for his many 
contributions as a scientist and as an administrator and 
in recognition of the prestige he has brought to the 
Geological Survey; 

Warren Hamilton, Research Geologist, for his highly 
innovative research on the relationships of fundamental 
geologic processes to tectonics and for the international 
prestige he has brought to the Geological Survey; 

Gerald Meyer, former Ground Water Branch Chief, 
for his exceptional contributions to the development of 
ground-water programs and resources; 

Avery W. Rogers, Western Region Management Of­
ficer, in recognition of his essential support role which 
has contributed so significantly to the accomplishment 
of the Geological Survey's Western Region scientific 
and research programs; 

Hansford T. S hacklette, Research Botanist, in 
recognition of his eminent career as a scientist and of 
his exceptional contributions to the important fields of 
environmental geochemistry and mineral exploration 
geochemistry; 

Norman F. Sohl, Chairman of the Bureau's Geologic 
Names Committee, in recognition of his outstanding ac­
complishments and the excellence of his scientific 
reports; and 

David B. Stewart, Research Geologist, in recognition 
of his outstanding research in experimental studies of 
rock-forming minerals and his contributions to the na­
tional program to manage nuclear wastes. 
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at1ona ap , eography, a 
Surveys 

Mission 
The National Mapping Division conducts 

the United States National Mapping Pro­
gram to make cartographic and geographic 
information available in graphic and digital 
form. A family of general-purpose maps in 
various formats and scales, as well as basic 
cartographic data, is being produced in four 
regional Mapping Centers to meet the ex­
panding mapping needs of the Nation. The 
Division prints Survey map products and 
stores and distributes all Survey map, text, 
and photography products. The Division 
operates the National Cartographic Informa­
tion Centers, the Earth Resources Observa­
tion Systems Data Center, and the Public 
Inquiries Offices. 

Major Activities 
• Primary quadrangle mapping and revision. 

About 1,135 revised and 950 new 
standard topographic maps were 
published. Most were in the 7 .5-minute 
1 :24,000-scale series (fig. 1), Alaska be­
ing the exception where the 
1 :63,360-scale series is the primary 
quadrangle map coverage. Currently, 15 
States have complete published 
topographic map coverage at 1:24,000 
scale, and, overall, 79 percent of the 
conterminous United States is available 
in published form at this scale. 

• Small-scale and special mapping. 
Complete topographic coverage is 
available for the United States in the 
1:250,000 small-scale map series. The 
intermediate-scale ( 1 :50,000 and 
1: 100,000) series (fig. 2) is available for 
more than 70 percent of the conter­
minous United States. More than 70 
topographic/bathymetric maps were 
published for coastal area planning. 
Land use and land cover maps are com­
plete for 2.1 million square miles. 

• Information and data services; acquisition 
and dissemination of information about 
U.S. maps, charts, and aerial and space 
photographs and imagery; geodetic 

control, cartographic and geographic 
digital data, and other related informa­
tion; distribution of earth science infor­
mation to the public; and sale of map 
and map-related products through more 
than 2,500 private retailers. 

• Advanced development and engineering; 
to improve the quality of standard prod· 
ucts; to provide new products, such as 
digital cartographic data, that make 

. f • moremaps and map-related in ormatIon 
useful to users; to reduce costs and to 
increase productivity of mapping ac­
tivities; to acquire innovative and more 
useful equipment; and to design and 
develop techniques and systems to ad· 
vance the mapping of important high­
priority areas of the country. 

• Cartographic and geographic research; 
with particular emphasis on spatial data 
techniques for studies using modern 
geographic analysis with new and im­
proved cartographic concepts and 
techniques. 

• Digital mapping to produce base cate­
gories of cartographic data at common 
standards of content, accuracies, and 
formats suitable for computer-based 
analysis. 

Budget and Personnel 
For fiscal year 1982, National Mapping 

Division available funding amounted to 
about $87 million. Included are funds frorn 
34 States which, together with matching , I' n 
Federal funds, amounted to about $6 mil 10 

for joint funding agreements for mapping. ft 
These joint funding projects mutually ben~ 

1 

the State and national programs by ensuring 
completion of map coverage sooner than 
would otherwise be possible. 

The permanent full-time personnel 
strength of the Division at the end of fisc~I 
year 1982 was 1,840, encompassing a vane· 
ty of professional skills incuding geographY, 
cartography, data processing, engineering, 
physical science, and photographic and 
remote-sensing technology. 

28 



Figure 1. -Status of standard 
topographic mapping and 
revision . 
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Figure 2. -Status of the 
intermediate-scale mapping 
program. 
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Highlights 
In the following sections, highlights from 

some of the major programs are described. 

Provisional Maps 
The provisional map concept was in­

troduced in fiscal year 1981 and im­
plemented in fiscal year 1982 to shorten the 
mapping cycle and to advance the comple­
tion date for the 7 .5-minute series by reduc­
ing the effort spent on map finishing. The 
provisional map edition contains virtually all 
of the data contained in a current standard 
map. It is printed essentially in the same 
form as it is stereocompiled, without going 
through a full map finishing process (fig. 3). 

In about 1989, after national coverage has 
been attained, the provisional maps will be 
converted to standard maps. 

Of the approximately 9,900 7.5-minute 
quadrangles still to be completed in the con­
terminous United States, about 8,200 will be 
produced as provisional edition maps. There 
are about 1,600 7 .5-minute quadrangles 
mapped at 1 :24,000 scale but published at 
1 :62,500 scale to be authorized for updatin9 
and series conversion; about 1,000 of these 
will be published as provisional maps. 

The procedures and techniques for the d 
preparation of provisional maps are expecte 
to result in a 15- to 20-percent decrease in 
overall costs compared to standard map­
ping. The majority of the cost savings occur 
in the final scribing phase (90-percent 
decrease) and the editing phase (70-percent 
decrease). 
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r ihe publication of provisional map edi­
~ons rneans that more 7.5-minute maps will 
lJ e available sooner than they would be 
nd

lJ er the standard mapping process. The 
a:er Will be provided with a map produced 

0 
National Map Accuracy Standards and 

rnne that contains essentially the same infor­
Shation as a standard map. The information 
th 

0
~n will be clear and legible, but some of 

e hnework and descriptive tables will not 

be of the highly refined cartographic quality 
traditionally associated with U.S. Geological 
Survey topographic maps. Provisional map 
coverage will be included on the State sales 
indexes, and the maps will be sold and 
distributed under the same procedures that 
apply to standard maps. After completion of 
7 .5-minute mapping, the provisional maps 
will be updated, fully finished, and reissued 
as standard topographic editions. 

Figure 3. -Portion of a 
standard 1:24, 000-scale 
topographic map (above) 
compared with a portion of 
a provisional edition map at 
the same scale (below). 
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Orthophotoquad 
Program 

Orthophotoquads are one-color distortion­
free photographic products produced in 
standard quadrangle format with selected 
place names added. Basic marginal informa­
tion such as the Universal Transverse Mer­
cator grid, scale, quadrangle name, and 
survey date are shown. Standard ortho­
photoquads do not show contour lines, but 
they may be added for special purposes. Or­
thophotoquads are used primarily as interim 
map products for unmapped areas or as 
supplements to line maps. Produced mainly 
at 1 :24,000 scale in the conterminous United 
States and at 1 :63,360 scale in Alaska, they 
have proven valuable to engineers, sur­
veyors, foresters, and scientists. 

Orthophotoquads are available for about 
44 percent of the 48 States. 

The National High­
Altitude Photography 
Program 

The aerial photograph was one of the first 
remote sensing products available for 
studies of the surface of the Earth. Since 
early in this century, millions of aerial 
photographs have been taken to provide 
geographical and other information for a 
wide range of uses such as military in­
telligence, mapping, environmental studies, 
inventory and development of resources, 
planning, and education. Improvements in 

aircraft and remote sensing technology have 
made it economically possible to acquire 
black-and-white and infrared-color photo­
graphs from 40,000 feet above the terrain 
being photographed. 

In 1978, the Geological Survey began 
coordinating a National High-Altitude 
Photography Program specifically designed 
to maximize the annual coverage contracted 
with Federal funds and thus to better satisfy 
Federal and State needs. 

By 1982, contracted coverage totaled 
about 1,767,000 square miles, or approx­
imately 59 percent of the conterminous 
United States (fig. 4). Complete coverage is 
anticipated by 1986, when a 6-year cyclic re­
photography program will begin. 

Photographs from the program consist of 
9- by 9-inch black-and-white panchromatic 
and color-infrared film exposed at 40,000 
feet above mean ground level. The black­
and-white film is exposed in a precision 
aerial camera that produces photographs at 
the scale of 1 :80,000 (1 inch to about 1.25 
miles); each black-and-white exposure 
covers nearly 130 square miles of terrain. 
The color-infrared film is exposed in a 
second aerial camera that produces 
photographs at the scale of 1:58,000 (1 inch 
equals about nine-tenths of a mile) and 
covers nearly 68 square miles of terrain. 

The need for information about the Earth 
and its environment will continue to grow as 
competition for resources accelerates in the 
decades ahead. The National High-Altitud~ 
Photography Program is providing the basic 
information needed to evaluate and under­
stand the land and its temporal changes. 
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in Maps have traditionally played a key role 

S 
_earth science analysis. Because earth 

cIenrists and other map users are auto-
rtlating th • I .for . e1r ana ysIs processes, the map in-
formation must also be automated. There­
an e, th~ U.S. Geological Survey is building 
to d maintaining a national digital car-
rri graphic data base to make its published-i dat~ also available in digital form. 
in he Primary effort is devoted to the build­
ca~ of a_ data base containing the basic data 
to egones shown on 7.5-minute published 
is Pographic quadrangle maps (fig. 5). Work 

auth •onzed on the basis of needs ex-Press d
for e by users. The data, available in two 
elems'. are the digital line graphs and digital 
gr/at!on models. The digital line graphs are 
'th Ph'.c data digitized from published maps. 
eie:ad~gital elevation models are digitized 
"al tions collected at regularly spaced inter­

s throughout a quadrangle. Other data 

being collected include the planimetric 
features from the 1 :2,000,000-scale sectional 
maps of the National Atlas of the United 
States of America and selected 1 :500,000-
scale State base maps, elevation data from 
the 1 :250,000-scale map series, land use and 
land cover data, and geographic names. 

Digital elevation data from the 1:250,000-
scale maps are available for the United 
States. All 21 sheets of the 1 :2,000,000-
scale National Atlas series have been digi­
tized and are available to users. 

In fiscal year 1982, the U.S. Geological 
Survey added 1,176 digital elevation models 
to the data base for a total of about 8,000. 
Each model describes one 7 .5-minute quad­
rangle area. 

Currently, there are five categories of 
digital line graphs: public land net, bound­
aries, drainage, transportation systems, and 
other culture. Any one or all of these 
categories may be digitized from an existing 
7 .5-minute quadrangle map. Based on user 
requests through fiscal year 1982, nearly all 
digital line graph production has been that 

Figure 4. -Status of National 
High-Altitude Photography 
coverage. 
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of public land net and boundaries. During 
fiscal year 1982, 5,250 digital line graphs 
were added to the data base bringing the 
total to over 14,800. Toward the end of 
fiscal year 1982, production of drainage and 
transportation digital line graphs increased. 
Those categories are expected to reach a 
much higher production level during fiscal 
year 1983. Also, during fiscal year 1982, the 
U.S. Geological Survey initiated a project to 
integrate the digital technology with revision 
processes so that the digital line graphs will 
be the primary base for revision mapping by 
the end of the decade. 

Information Services 

The Geological Survey disseminates much 
of the Nation's earth science information 
through its Public Inquiries Offices, National 
Cartographic Information Centers, and Earth 
Resources Observation Systems Data 
Center. This information comes in many 
forms from maps and booklets to scientific 
and technical reports to machine-readable 
data tapes. 

The value of any product cannot be ac­
curately determined until the public knows 
its availability and application to their par­
ticular needs and has used it. Market 
research techniques are being used to iden­
tify the many different user publics. A prime 
example is the market study of the digital 
spatial data industry, which was created 
from the merging of the cartographic and 
computer sciences. This market study will 
help to answer questions about the best 
way to disseminate this new type of infor­
mation: Who are the users? what are their 
needs? how can the Survey best serve 
them? Many of the potential users are other 
Federal and State agencies. 

State map indexes portray available 
7 .5-minute topographic map coverage. The 
current single-sheet index shows only a few 
selected map series. A new booklet format 
will show the entire range of available map 
series from the standard topographic 
quadrangle to the ecological inventories of 
the coastlines, cooperative Federal products, 
and special maps prepared for particular 
needs. Other indexes reflecting Survey 
special-product availability also help to ex­
pand the availability of Survey cartographic 
products to the public. 

Research, 
Investigations, 
and Development 

Raster-Formatted Digital Data 

Applications research and software and 
techniques development are being con­
ducted to address raster-formatted digital 
data. Raster-formatted data result from 
scanning a map area (similar to a television 
raster) as opposed to vector-formatted data 
which result from tracing individual lines on 
a map. These efforts center on the capa­
bilities of the Scitex RESPONSE 250 map 
scanning, editing, and plotting system. 
Among 1982 achievements with the SciteX 
system were: 
• Map Reproduction. - Reproduction of a 

1931 edition of a Survey map demon­
strated the application of the Scitex for 
map reproduction. The only available t 

thacopy of the map was a paper copy 
showed its age through fold marks, age 
stains, and other signs of use. The 
original color separates were hand 
engraved on copper plates that are no 
longer usable for reprint purposes. The 
paper copy was scanned, and, using 
the editing functions of the Scitex eleC· 
tronic design console, the age stains, 
fold lines, and other blemishes _were d 
erased from the digital copy. Lines an 
symbols were retouched and repaired, 
and the map was rescaled to more 
modern dimensions. The laser printer 
was then used to generate reproduc­
tion-quality color separates for printin9· 
The entire process reduced to a few 
hours a task that previously would have 
required months of manual labor. 

• Shaded-Relief Graphics. - Digital eleva-
h• s

tion data are used to produce grap ic 
representing topographic relief, based 

ndon slope aspect and Sun elevation a 
azimuth. The elevation data are coded 
to represent colors or shades of gray 
and the laser plotter is used to produce 
a film transparency that can be com-. t 
bined with other map separates to pnn 
a shaded-relief map of the terrain. Be­
fore these procedures were developed, 
shaded-relief graphics could only be 
prepared manually by personnel havin9 
special artistic skills. 
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Figure 5. -Digital car­
tographic mapping. A, 
Status of digital line graph 
production. B, Status of 
digital elevation model pro­
duction. 
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• Open-Window Graphics. - Thematic maps 
often contain thousands of areas. 
Manually etching and peeling an open­
window color separate for just one 
classification is a labor-intensive and 
time-consuming task. Because a large 
quantity of the data exist in a digital 
data base, they can be retrieved and 
entered into the Scitex. The open­
window graphics produced by the laser 
plotter can then be combined with 
other map separates to produce a par­
ticular map. 

• Production of Digital Line Graph Data. -
Another important application of the 
Scitex is the production of digital line 
graph data. Map separates of contours 
are scanned and entered into the 
system for editing and conversion from 
a raster to a vector format. This is con­
siderably more economical than 
previous methods that required manual 
tracing of the contours. 

Satellite Surveying System 

To take advantage of rapid development 
in Earth satellite technology, the Survey 
teamed with the Defense Mapping Agency 
and the National Geodetic Survey for 
development of geodetic applications of the 
NAVSTAR Global Positioning System . It is a 
worldwide satellite navigation and position­
ing system under development by the De­
partment of Defense. The system is sched­
uled to replace the TRANSIT satellite naviga­
tion system, now maintained by the U.S. 
Navy, by 1986 or 1988. Use of the Global 
Positioning System satellite promises to pro­
vide the capability of attaining geodetic posi-

tional data with much less effort and in less 
time than is required for current landbased 
techniques. 

The results of this activity have led to a 
contract awarded to the University of Texas, 
Applied Research Laboratory, to develop an 
Advanced Geodetic Receiver which will 
track four satellites simultaneously and will 
be capable of achieving accuracies to less 
than 3 feet. 

Mapping of Irrigated Cropland 
with Landsat Digital Data 

Landsat digital data can be used to in­
directly estimate water withdrawal from ir­
rigated cropland acreage. The High Plains 
aquifer, covering parts of eight States, sup~ 
plies water for one-quarter of the Nation's ir­
rigated agriculture. That supply of water is 
being depleted rapidly with little natural 
recharge. A computerized hydrologic model 
which will assist in evaluating effects of 
future ground-water pumpage is being con­
structed by staff members of the Survev's 
High Plains Regional Aquifer Systems 
Analysis Project. 

The key parameter is water pumpage, 
which is estimated from knowing the 
amount of land that is irrigated and hoW 
much water is used to irrigate an average 
acre. Landsat digital data were used to rnaP 
irrigated cropland. 

Land Cover of the Arctic National 
Wildlife Refuge Coastal Area 

A land cover map of the Arctic National 
Wildlife Refuge coastal plain in northern 
Alaska was produced for an environmental 
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irnpact statement regarding proposed oil and 
!~s exploration that was being prepared 

_
1th Geological Survey support by the U.S. 

Fish and Wildlife Service. Three Landsat 
:cenes were selected for analysis using 
~owledge of sites mapped in the field along 

With computer clustering techniques to 
0stablish spectral classes for the land 
cla 'f• •f ss, 1catIon. Results were validated with 
ield reconnaissance notes and a description 

of vegetation associated with each category 
Was compiled. 

This unique thematic map depicts 12 land 
cover classes on a topographic base. Area 
tabulations of each class by public land 
survey township are also included, a distinct 
a~vantage of computer classification tech­
niques. 

:utomated Names Processing 
esearch 

The processing of geographic names 
constitutes a significant portion of the map­
l'l1ak·ing process. Now that geographic 
~arnes are available in digital form in the 

eographic Names Information System and 
output d • .evIces are available that auto-
matically generate high-quality type in the 
correct ..posItIon, the process of placing geo-graph·lh Ic names on maps can be automated. 
P e names are selected and positioned on a 
.1roof copy of the map manuscript. The type 
s thrn en generated and placed on the final 
~nuscript automatically. 

,. he members of one research team are in­
vesrI9ating the use of the computer-
controlled digital data editing system to 
~~are map lettering plates where the type 
i 0th the map border and the map interior 
s rapidly and accurately positioned using a 

video screen. In most instances, the type 
style and size are automatically selected for 
the operator, thus eliminating many errors 
that occur in conventional type placement. 

National Gazetteer Series 

The Survey has reinstated the gazetteer 
program and is publishing the National 
Gazetteer of the United States of America 
on a State-by-State basis, with New Jersey 
as the first completed State. All volumes of 
the gazetteer will be published as parts of 
the Survey's Professional Paper 1200. Each 
entry will contain the official name of the 
geographic feature (spelling and form), the 
feature class (kind of place and feature 
named), the official status of the name, the 
county in which the feature is located, the 
geographic coordinates (with sources and 
mouths of rivers, streams, canyons, and 
valleys identified), the elevation of place or 
feature, and the name of the Survey 
topographic map or the number of the Na­
tional Ocean Survey chart on which the 
feature is found. 

Aerial Profiling of Terrain System 

The Aerial Profiling of Terrain System, 
under development since 1974, is a precision 
airborne surveying system capable of 
measuring elevation profiles across various 
types of terrain from a relatively light aircraft 
at flight heights up to 3,000 feet above the 
ground. A laser profiler measures the 
distance from the aircraft to the terrain, and 
an inertial measuring unit and a laser tracker 
provide the aircraft position by measuring 
the distance to ground-based reflectors. 
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Mission and Outlook 
During fiscal year 1982, the Geologic Divi­

sion conducted programs to assess energy 
and mineral resources onshore and offshore, 
to identify and investigate geologic hazards, 
and to evaluate the Nation's geologic frame­
work, the geologic processes that have 
shaped it, and their relationship to long-term 
climatic changes. The mission of the Divi­
sion was essentially unchanged from that of 
previous years, with the exception of the 
departmental decision on January 19, 1982, 
to transfer all direct suppport functions of 
the Outer Continental Shelf Leasing Pro­
gram to the newly created Minerals Manage­
ment Service. Although the Department's 
action to strengthen the Outer Continental 
Shelf Leasing Program resulted in a loss to 
the Geologic Division of mission responsibili­
ties, the action simultaneously clarified and 
strengthened the Division's responsibilities in 
basic earth science research. 

Fiscal year 1982 was a year of change as 
well as accomplishment in the Geologic Divi­
sion with several implications for the future. 
In addition to its traditional basic research 
and factfinding role, the Division will be in­
creasingly called upon to emphasize its data 
dissemination and public information ac­
tivities in support of such diverse mission 
objectives as land use planning, energy and 
mineral development, and geologic hazard 
mitigation. These increased responsibilities 
will require closer collaboration with agen­
cies at the Federal, State, and local levels. 

The articles in this section of the Year­
book describe some of the most significant 
accomplishments of the Geologic Division 
during fiscal year 1982. We believe that 
these articles, while representing only a 
select few of the activities of the Division, 
show how geologic research simultaneously 
opens new avenues in geoscience and pro­
vides the basic information to serve missions 
central to the national welfare. 

Major Programs 
The Geologic Division budget is presented 

to Congress under five major program 

e 0 rce 

headings. A discussion of accomplishments 
under these subactivities during this last 
fiscal year follows: 

Geologic Hazards Surveys 

In addition to the work described in the 
articles regarding the Los Angeles, Califor­
nia, urban areas earthquake hazards assess­
ment and the studies of subsidence near 
Houston, Texas, the Geologic Division con· 
tinued to monitor and assess the potential 
for the imminent renewal of volcanic activitY 
at Mount St. Helens, Washington, and 
Mammoth Lakes-Long Valley, California. 
Because of the threat to human life and the 

major economic impacts that would be 
associated with an earthquake, volcanic 
eruption, or major landslide, the Geologic 
Division recognizes its Hazards Program 
responsibilities as among the most challen9· 
ing that it must address in the next several 
years. The Division will continue to em­
phasize increasing its capability to identify 
and understand geologic hazards while also 
providing products that will enable Federal, 
State, and local governments to make in· 
formed land use, zoning, and engineering 
design decisions that will enhance the Na· 
tion's capability to avoid and mitigate these 
potential hazards. 

Land Resource Surveys 

During fiscal year 1982, the Geologic 
Framework Program continued to provide_ 
new insights into the fundamental geologic 
structure of the United States. The publica· 
tion of numerous maps and reports resulting 
from these studies translate directly into d 
new understanding of geologic hazards an 
the Nation's energy and mineral resources, 
A following article on the evolution of the 
Pacific Coast is illustrative of the nature of 
the research provided by the Geologic 
Framework Program. In addition, observa~ 
tions from the 11 geomagnetic observatories 
produced data that supported the prepara· 
tion of topographic, nautical, and aero­
nautical maps and charts. The Geologic 
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Division will continue to place considerable 
ernphasis on the maintenance of this basic 
research capability because of its impor­
tance, not only to the Division's other pro­
Qrarns, but also to a large and growing user 
cornrnunity. 

Mineral Resource Surveys 

. In addition to the completion and publica­
tion of the results of the mineral resource 
appraisal of the Rolla Missouri quadrangle
Wh' ' ' ' 
th Ich are described in a following article, 

e Geologic Division completed similar 
~ 

0:k in 11 other 2-degree quadrangles in the 
~ited States; maps and reports dealing 

~Ith the results of these appraisals are either 
in Press or in final compilation. Field in­
vestigations are underway in five additional 
quadrangles. The Division produced its first 
;nnual report under the Alaska National ln-
erest Lands Conservation Act of 1980, ap­

Proached completion of mineral resource 
~ssessrnents of Forest Service wilderness 
:nds, and accelerated assessments of 

1
ureau of Land Management wilderness 

;nds. The Division completed a compen­
ai'urn of 48 mineral occurrence models while 
Shso continuing work on the use of space 

ttl~ technology, described below, and
0 
rt er innovative approaches to mineral 
esource exploration. 
rti·Future long-term directions for the 

'.l'lerals programs include placing high • 
i'riority on the identification of unconven­
~~na1 sources of strategic and critical 

I
P ~erals while continuing the systematic ap­
t~aisal of the Nation's mineral resources 
Pr~ugh the Alaska Mineral Resource Ap­
s:aisal Program and Conterminous United 
s· ates Mineral Appraisal Program. The Divi­
s~: Will als_o be challen~ed to address the 
\tv· rt- to mid-term requirements of the 

II~ derness Programs of the Bureau of Land 
anagernent and the Forest Service. 

tnergy Resource Surveys 

SioDuring fiscal year 1982, the Geologic Divi­
Pr ~ su~cessfully completed a prototype 
rti 

0
Ject 1n using digital cartographic tech-

ques to produce both quantitative and 

qualitative assessments of the oil and gas 
potential of land units within oil and gas 
basins. The Division also moved closer to 
completion of a major study of the occur­
rence of uranium in the San Juan Basin, 
New Mexico, which contains the largest 
known uranium reserves and resources in 
the United States. 

The Division completed an additional 10 
coal folios at 1: 100,000 scale in support of 
the Bureau of Land Management's land use 
planning requirements. Of the 110 quad­
rangles identified for the preparation of the 
folios, 14 are now completed, and an addi­
tional 22 will be completed in the near future 
based on efforts underway during fiscal year 
1982. 

Following the oil embargo of 1973 and the 
ensuing energy crisis, the Geologic Division 
recognized a rapidly evolving responsibility 
to provide a central repository for the vast 
amounts of data that were collected, not 
only by the Survey, but also by other 
Federal agencies, regarding the Nation's 
coal, oil and gas, oil shale, and uranium 
resources. To meet this responsibility, the 
Geologic Division began in 1974 to design 
and implement the National Coal Resources 
Data System, a computer-based capability 
to store and provide both quantity and quali­
ty analyses of the Nation's coal resources. 
During fiscal year 1982, an additional 30,000 
drillholes were entered into the system 
bringing the total to 80,000, leaving an 
estimated 320,000 to be entered. This 
system, which is now operational, is 
available to support land use planning at the 
Federal, State, and local levels and has, in 
fact, been built with substantial participation 
by the coal-bearing States. Work will con­
tinue to complete data entry in the data 
system while other efforts are already under­
way to similarly address other energy com­
modities. 

Offshore Geologic Surveys 

During fiscal year 1982, all functions in 
direct support of the Department of the In­
terior's Outer Continental Shelf Leasing Pro­
gram were transferred from the Geologic 
Division to the newly created Minerals 
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Management Service. The Division con­
tinued its efforts in indirect support of the 
Outer Continental Shelf Leasing Program by 
providing resource appraisals of offshore 
basins where future Outer Continental Shelf 
lease sales may be held. These offshore 
resource appraisals were incorporated in 
revised estimates of the undiscovered 
recoverable petroleum resources in the 
United States, which was published in fiscal 
year 1982 as U.S. Geological Survey Circular 
860. Compared to the 1975 assessment, Cir­
cular 860 confirms the same amount of oil 
remaining to be discovered but reflects a 
22-percent increase in the amount of gas. 
The Secretarial Order clarified the Geologic 
Division's research mission to perform work 
similar to that which is described in the arti­
cle entitled "Oceans and Oil." This type of 
basic research will provide the Nation with 
the capability to discover and assess new 

Devil's Tower, Wyoming. 

areas of petroleum potential as conventional 
sources are depleted. 

The refocusing of the Geologic Division's 
offshore mission provided impetus for new 
activities in areas of polymetallic sulfides in 
the Juan de Fuca and Gorda Ridges, which 
contain commercial amounts of zinc, sulfur, 
iron, copper, lead, cadmium, and silver; in 
the newly identified cobalt-rich manganese 
crusts off the coast of Hawaii and the Trust 
Territories; and in the planning for surveys 
offshore Antarctica in anticipation of the 
treaty renegotiation, which may occur in 
1991. 

Highlights 
In the following sections, highlights from 

some of the major programs are described. 
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The Evolution of the Pacific Coast of 
North America 

New geological, geophysical, and paleon­
tological data obtained during the past 10 
years or so have dramatically changed our 
ideas concerning the geologic history of 
western North America. It has long been 
known that the stable central shield region 
of the continent is very old-some rocks are 
known to have formed at least 3.8 billion 
years ago. These ancient rocks do not ex­
tend continuously westward to the Pacific 
Coast, however, but end along a line run­
ning northward from about central Nevada. 
On the basis of the new data, we now 
believe this line, which can be defined both 
on geologic and geochemical bases, marks 
the edge of the North American Continent 
about 250 million years ago. Since that time, 
the western edge of the continent has 
grown through the addition of new material. 
We now recognize that a belt averaging 
over 370 miles in width and extending from 
Mexico north to Alaska- nearly 25 percent 
of the total land area- represents new crust 
that has been added to the continent 
through a process that involved collision 
between the continent itself and separate 
oceanic blocks. 

This growth of new continental crust has 
been piecemeal, resulting in new crust that 
is highly variable in composition and 
character. Much effort has been expended 
lately in an attempt to identify these 
separate accreted blocks, now called ter­
ranes, and to determine the following: 

• Where they originated; 
• How much and by which path they 

moved; 
• When they collided with North America; 

and 
• What mechanical processes, such as fold­

ing, faulting, and compositional 
changes in buried rocks caused by in 
depth fluctuation of temperature, 
stress, and chemical environment, were 
involved in the collision process. 

Nearly 200 terranes have now been iden­
tified in western North America, but suffi­
cient information to permit answering all the 
above questions for all these terranes is not 
yet available. Despite this, we do know that 
some terranes have traveled a very long 
distance and can be realistically described as 
exotic elements because they are displaced 
from their place of origin. A good example 
of a far-traveled terrane is Wrangellia (see 
fig. 1 ) , which extends from southern Alaska 
to eastern Oregon. Combined geologic and 
paleontologic data suggest that Wrangellia 
originated far to the south of its present 
position, perhaps near to the equator. This 
hypothesis has been substantiated by 
geophysical studies, such as paleomag­
netism, that show that some rocks in 
Wrangellia did indeed form at low latitudes, 
near the equator, and probably in the 
Southern Hemisphere. Thus, Wrangellia has 
moved northward relative to North America 
by nearly 60 degrees of latitude, the 
equivalent of about 3,600 miles, or one-sixth 
of the circumference of the Earth. This ter­
rane was added to the continental margin of 
North America about 100 million years ago, 
and, since then, its distribution has been 
further affected by younger lateral move­
ment along faults that have dispersed 
fragments of Wrangellia along the Pacific 
Coast. 

Geologic and geophysical research carried 
out by scientists of the U.S. Geological 
Survey has been critical to the development 
of this new concept of continental growth 
by accretion of exotic terranes. Because this 
new concept touches almost all areas of the 
earth sciences from paleontology to 
seismology, it has tended to draw together 
specialists from disciplines that hitherto had 
little in common into closely coordinated 
research teams. Only in this way can ques­
tions about the accretionary process be 
answered. And these answers are important. 
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For example, the crustal properties of 
separate terranes is closely related to 
metallic mineral resources. Some mineral 
deposits were clearly formed before the host 
terrane arrived in North America; some 
deposits were formed in suture zones where 
terranes collided; others formed after accre­
tion to North America, but their very ex­
istence is genetically related to previously 
accreted rocks. Thus, understanding the 
distribution, character, and history of each 
terrane will provide critical data for mineral 
resource evaluations and the design of ex­
ploration strategies that will enable us to 
develop these resources. 

Figure 1.-This map shows 
the original configuration of 
the western boundary of 
the North American Conti­
nent (patterned area); the 
blue area indicates approx­
imate location of 
Wrangellia; and the white 
area shows other accreted 
terrains. 
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Oceans and Oil 
The traditional emphasis in the exploration 

I for ·101th has been on reservoir rocks; that is, 
Hi rocks from which the oil is pumped. 
d Wever, as the larger reservoirs are 
epleted and we have begun to search for 

:aller and smaller reservoirs, it has become 
Portant to understand the distribution of 

:~-ca!led "source rocks," the rocks in which 
e 011 originates before it migrates to and 

Pools· h .h In t e reservoirs. Exploration for oil 
as also moved into "frontier" areas· that is areas th , ,

Pl at have not been previously ex-
Gored. Oil and gas research within the U.S. 
eological Survey is designed to develop

01 
Odets and techniques that will guide in­

dLJstry ta O these new petroleum resources in 
e manner that gives maximum value for 
ach exploration dollar. 

U.~ne of th~ techniques being used at the 
LJ • Geological Survey for promoting the 
vr\derstanding of source-rock distribution in-
?Ves modeling and producing maps of an­clent 

ocean currents. The work aimed at
Produ • 
the Ctn~ the oc~an models and predicting

IOcat1ons of 011 source rocks is excitingbecau • .fro se tt combines knowledge derived 
, ; a la~g~ number of scientific endeavors. 

Or' _ost 011 Is composed of material 
""ig~nating from the bodies of single-celled 
,,,anne I . 
0 

Pants that were deposited on the 
p~ean floor. Vast numbers of these tiny 
a~nts are needed to create significant 
fa ounts of oil. Some environments are 
thVorabte for the preservation of any plants 
Vir:tnfall to the sea bottom. In other en-
that rnents, the plants are so numerous 
are ' even though large numbers decay or 
and ~aten, many are buried in the sedim~nts, 
Oil ~ey eventually create large amounts of 
n, • It is to these environments that ocean 
:eling studies are directed. 

Cr e know that certain ocean currents 
tineate the conditions favorable for the con­
'hlied and rapid growth of marine plants. 
~o ese currents, which are called upwelling 
oc nes , occupy less than 1 percent of the 

ean s rfstr u ace. The currents are driven by
Ong •Wind Wtnds that are part of very large scale 

co Patterns, the components of which 
noVer areas as large as the Pacific Ocean 
ter~h of _the equator. The overall global pat­
on of circulation seen today is dependent 
andthe Present positions of the continents 

seas. We know that, in the geologic 

past, the continents were not in their pres­
ent positions; for example, 200 million 
years ago, world geography was very dif­
ferent from that of today. This is why past 
circulation patterns must be modeled 
theoretically; simply superimposing modern 
circulation on past geography does not pro­
duce a valid model. 

Once we know the worldwide patterns of 
ancient winds, we can predict the probable 
locations of ancient upwelling zones. The 
potential for source areas for oil can then be 
assessed. For example, U.S. Geological 
Survey geologists predicted that, from the 
viewpoint of ocean models, the source rock 
potential for Baltimore Canyon (located 
about 90 miles offshore from Atlantic City, 
New Jersey) was not favorable and that the 
potential for Georges Bank (located about 
100 miles offshore from Nantucket Island, 
Massachusetts) was good. Since that time, 
dry holes have been drilled in Baltimore 
Canyon, and oil has been found on Georges 
Bank. Like any exploration technique, the 
ocean modeling studies do not guarantee oil 
discoveries, but, even in the early stages of 
their development, they have proved a 
valuable tool. 
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Conodonts Aid Oil and Gas Investigations in the 
Western United States 

Conodonts are the microscopic (generally 
0.004 to 0.039 inch in size) phosphatic hard 
parts of an extinct group of marine animals 
that are common to abundant in Cambrian 
through Triassic rocks (rocks deposited from 
570 to 205 million years before present) . 
Conodonts evolved and spread rapidly 
throughout most of their geologic range, 
and species distributions show a relation to 
paleogeography, particularly to seawater 
temperature and chemistry. Conodonts con­
tain trace amounts of organic matter that 
undergo visible color changes from pale 
yellow to brown to black with increasing 
temperature as a result of a carbon-fixing 
process in the range of 60° to 300°C.; 
above 400°C., conodonts change from black 
to gray to opaque white and finally to crys­
tal clear as a result of carbon loss, release of 
water of crystallization, and recrystallization. 
Thus, conodonts are useful chronologic, 
ecologic, and geothermal indicators. 

Conodont research in the U.S. Geological 
Survey has led to the use of conodonts for 
determining several stratigraphic, structural, 
and organic-metamorphic aspects of oil and 
gas in the Western United States. The color 
changes in conodonts are used to create 
color-alteration maps that identify areas 
where past temperature conditions were 
favorable for generating and preserving oil 
and gas. In addition, conodont-based color­
alteration maps for areas of proven oil and 
gas potential, such as the Western over­
thrust belt in Wyoming, can be used as 
comparative tools when evaluating similar 
color-alteration patterns found in other 
regions. 

Figure 2A shows the main area of the 
U.S. Geological Survey conodont research 
in the Western United States. In Arizona, 
preliminary age-based conodont color­
alteration (thermal assessment) maps were 
compiled. Figure 28 shows generalized areas 
of oil and gas potential in Paleozoic rocks 
( rocks deposited from 570 to 240 million 
years before present) that were derived from 
these maps; however, many local thermal 
highs related to extensive post-Paleozoic ig­
neous activity are present in southeastern 

Arizona that complicate the simple pattern 
shown. A preliminary conodont-alteration 
map for southwestern Montana (fig. 2C) 
shows a marked change in thermal maturity 
across the Medicine Lodge thrust indicating 
that this thrust may involve relatively large 
movement that placed more thermally 
mature (more deeply buried) western rocks 
above and adjacent to less thermally mature 
eastern rocks. This pattern is similar to that 
of the Absaroka thrust in the overthrust belt 
in Wyoming and suggests that both thrusts 
possibly formed at the same time and in­
volve transport of similar magnitude. This 
similarity allows tenative correlation of these 
structures across the Snake River Plain in 
Idaho. 

Conodont-based stratigraphic studies in 
southwestern Montana show that deposition 
of the Quadrant Sandstone within the thru5t 

belt was initiated well before similar sand­
stone deposition on the craton to the east. 
(approximately 10 million years earlier). Th15 

age difference, together with subtle changes 
in sedimentary facies, implies a late Paleo­
zoic structural basin. The Quadrant Sand­
stone is a potential reservoir rock, and its 
distribution and depositional history, amon9 
other things, affect potential oil and gas 
preservation and migration. 

The maps for assessing thermal maturity 
(conodont color-alteration index maps) in 
Ordovician through Triassic rocks in Nevada 
and Utah and adjacent parts of Idaho and 
California (Geological Survey Miscellaneousd 
Investigation Map 1-1249) are being update 
and expanded to include hundreds of new 
localities in these States and in parts of 
Arizona, Colorado, Idaho, Montana, NeW 
Mexico, and Wyoming and to serve as oil 
and gas exploration guides. In addition, an 
outcrop map of the Phosphoria Formation (a 
major potential Paleozoic petroleum source 
rock) throughout the overthrust belt in 
Wyoming and Idaho and the thrust belt in 
southwestern Montana has been compiled 
using conodont-based thermal-maturity 
assessments for preliminary oil and gas 
assessment. 
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Figure 2. -Conodont 
research in the Western 
United States. A, Area of 
the Western United States 
being studied for conodont­
based thermal assessment 
of Paleozoic- Triassic rocks; 
also shown are the loca­
tions of Band C. B, Map 
of Arizona showing gen­
eralized areas of relative 
oil and gas potential as as­
sessed by conodont color 
alteration in Paleozoic 
rocks. C, Map of south­
western Montana showing 
Medicine Lodge thrust and 
eastern margin of the thrust 
belt; most Paleozoic and 
Triassic rocks east of the 
Medicine Lodge thrust are 
within the thermal window 
for oil and gas preservation. 
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Assessing the Nation's Hidden 
Mineral Resources 

A dependable supply of strategic and 
critical minerals is basic to the economic 
vitality of our industrial society and to our 
national security. The United States is 
faced, however, with a continuing depletion 
of domestic mineral reserves and a greater 
dependence on importing a large number of 
mineral commodities from foreign sources. It 
is crucial that the Nation be able to respond 
effectively to adverse changes in interna­
tional mineral supplies. An essential step in 
strengthening this response is the systematic 
mineral resource appraisal of the conter­
minous United States. Such action goes 
hand-in-hand with diplomatic, economic, 
and other measures needed to ensure a 
steady supply of minerals necessary to our 
national well being. 

To properly assess the Nation's mineral 
resources, the U.S. Geological Survey in­
itated the Conterminous United States 
Mineral Resource Assessment Program in 
1977 as a companion program to the Alaska 
Mineral Resource Assessment Program, 
which was begun in 1974. This program is 
unique because it is the first Federal pro­
gram structured to conduct systematic 
regional studies of the mineral resource 
potential of the conterminous United States. 
More than 66,000 square miles in 12 States 
have been appraised since the beginning of 
the program. During the next several 
decades, the program is scheduled to com­
plete a mineral assessment of almost 1 
million square miles, more than one-fourth 
the area of the entire United States, and will 
concentrate on areas that have a favorable 
potential for the occurrence of strategic and 
critical minerals. 

A parallel thrust of the program is the 
development and application of new con-

Current status of the Conterminous United States 
Mineral Assessment Program Investigations 

Quadrangle State(s) Status 

Ajo ______________ Arizona ____ Reports and maps 
in preparation. 

Butte ____________ Montana ___ Do. 
Challis ___________ Idaho ______ Field work in 

progress. 
Charlotte ________ _ North Caro- Reports and maps 

lina; South in press. 
Carolina. 

Choteau _________ _ Montana ___ Reports and maps 
published. 

Dillon ___________ _ Idaho; Reports and maps 
Montana. in preparation. 

Glen Falls ________ _ New York; Field work in 
Vermont; progress. 
New 
Hampshire. 

Iron River ________ _ Michigan; Reports and maps 
Wisconsin. in press. 

Medford _________ _ Oregon _____ Do. 
Pueblo __________ _ Colorado ___ Reports and maps 

in preparation. 
Richfield _________ _ Utah _______ Do. 
Rolla ____________ _ Missouri ____ Reports and maps 

published. 
Sherbrooke-

Lewiston ______ Vermont; Fieldwork in 
New progress. 
Hampshire; 
Maine. 

Silver City ________ Arizona; Reports and maps 
New in press. 
Mexico. 

Springfield ________ Missouri ____ Fieldwork in 
progress. 

Tonopah _________ Nevada_____ Do. 
Walker Lake ______ California; Reports and maps 

Nevada. in press. 
Wallace __________ Idaho; Do. 

Montana. 
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c~pts in the identification of significant 
rnineral potential in heretofore untested, but 
Possibly mineralized, areas. Traditional ex­
P~o~ation methods used to identify and ap-
Paise mineral occurrences exposed at the 
S~rface are of limited value in those areas of 
~ e conterminous United States where over­
bUrden conceals a significant amount of 
edrock which, in places, may be signifi­

c:_ntly mineralized. It is estimated that two­
I ~ rds to three-quarters of the bedrock in the 
estern United States are concealed· evenIar . ' 
9er Proportions of covered areas occur in

th 
~ er Parts of the conterminous United 
tates. An example is the midcontinent 

re • 
on where, until recent times, the onlyk 9
I 

nown • . mineral deposits were those outcrop-
~~ng at the surface. The potential for 
iscovery of additional very large and 

ehc_onomically significant mineral deposits int is re • •g1on Is excellent. At present, the State 
of M·N . Issouri alone produces 90 percent of the 

~tion's lead, 20 percent of its zinc, and 
rnInor b t • .f. . , u s1grn ,cant, amounts of coppers1v1 , 

er, cobalt, nickel, and cadmium from?st stratabound deposits that are buried 
~orn 800 to 1,200 feet beneath the surface. 
re°''!ever, this productive and promising 

9lon has received less than adequate at­tenr10h n because known exploration methods 
ave ottered little promise for discovery of 

~?ncealed ore deposits existing in this en­
0

/ nment except by inefficient and expen-
ive ''w'1ld t" d ·11· Ir ca n mg. t was for these 

ceasons that the U.S. Geological Survey, in
00G Peration with the Missouri State 

qeological Survey, selected the Rolla 
a Uadrangle as one of the highest priority 
•, reas for the mineral assessment program 
nve f .8 I9at,ons and began work in 1977. 

Future Conterminous United 
States Mineral Assessment 
Program Initiatives 

Rolla and Springfield are 2 of 18 
1 :250,000-scale quadrangles that have been 
included in the Conterminous United States 
Mineral Assessment Program since its incep­
tion in 1977. The table shows the current 
status of these investigations. 

The user base of the program's products 
is broad and diverse. An experimental public 
meeting was held in Salt Lake City, Utah, in 
December 1979 to present the significant 
preliminary results of program investigations 
in the Richfield 2° quadrangle. This meeting 
was so well received that five additional 
meetings have been held, and future 
meetings will be planned as investigations 
are completed. The published information 
on mineral resource potential will be used 
directly by decisionmakers for setting na­
tional mineral policy and by Federal, State, 
and local governments for land use plan­
ning, environmental impact analysis, and 
resource management activities. The basic 
geoscience and resource data on which the 
mineral assessment is based is being used 
by professional scientists in government, in­
dustry, and universities to make informed 
decisions regarding the availability of the 
Nation's mineral resources as compared to 
the Nation's mineral needs. These data are 
also used by the mineral industry in planning 
and developing their mineral exploration pro­
grams and by private organizations for 
evaluating their specific interests relative to 
the protection, conservation, and prudent 
utilization of the Nation's mineral wealth. 
The geologic, geochemical, and geophysical 
data generated by the program become a 
part of the reservoir of basic geoscience in­
formation that will be available to guide 
these critical decisions. 
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Applications of Space Shuttle Technology to 
Mineral Resource Appraisal 

On November 12, 1982, the second flight 
of the Space Shuttle Columbia was launched, 
carrying the first scientific payload in its 
cargo bay. Included in the seven ex­
periments was the Shuttle Multispectral In­
frared Radiometer, which is a nonimaging 
instrument designed and built at the Calfor­
nia Institute of Technology's Jet Propulsion 
Laboratory, Pasadena, California. This ex­
periment is a cooperative project among the 
Jet Propulsion Laboratory, the U.S. 
Geological Survey, and the National Aero­
nautics and Space Administration. 

The radiometer measures the spectrum of 
light reflected from areas on the ground that 
are 300 feet in diameter. The spectral reflec­
tance thus recorded is divided by 
wavelength into 10 channels that are posi­
tioned so that certain minerals are conve­
niently identified. Five of these channels that 
are in the wavelength range of 2.0 to 2.4 
micrometers (far beyond the light wave­
lengths visible to the human eye) have 
proved to be particularly valuable for 
appraising mineral resources using these 
remote methods. 

Approximately 400,000 spectra were ac­
quired by the infrared radiometer in the 1981 
shuttle flights along 17 orbits under cloud­
free conditions over the Eastern and 
Southern United States, Mexico, Southern 
Europe, North Africa, the Mid-East, and 
China, in spite of the reduction of the shut­
tle flight to 2.5 days from a planned 5-day 
flight. Storm systems over the Western 
United States prevented the radiometer from 
collecting data over most of that region, 
although it was a primary target area. 
Planned coverage of Australia, South 
America, and South Africa was precluded 
by unfavorable lighting conditions because 
of a 2-hour launch delay. 

Selection of the 10 wavelength channels 
for the radiometer was based on analyses of 
more than 1,000 laboratory and field 
measurements of the spectral reflectance of 
rocks and soils. These analyses indicated 
that determination by remote methods of 
the mineral content of rocks could be im­
proved substantially beyond that possible 
using Landsat data by making measure­
ments in the 10 wavelength channels shown 
in figure 3. Landsat 1, 2, and 3 recorded 
reflectance in four channels located between 

0.5 and 1.1 micrometers. The wavelength 
region between 2.0 and 2.5 micrometers is 
of particular interest because absorption of 
light by rocks and soils in this region allow 
identification of several minerals; some of 
these are associated with mineralogicallY 
altered rocks in potentially metallized areas. 
Although Landsat 4 measures reflectance in 
a broad channel in the 2.10- to 2.36-microrn· 
eter region, narrower wavelength channels 
are needed for mineral identification. 

The importance of the five radiometer 
channels between 2.0 and 2.5 micrometers 
is illustrated by the two laboratory curves _in 
figure 4 showing subtle, but significant, dif· 
ferences in brightness as the wavelength 
changes. In the curve representing 
calcite, the principal constituent in 
limestone, the brightness decreases to a 
minimum at 2.33 micrometers. The other 
curve (fig. 4) is typical of kaolinite, 
a clay mineral used in the ceramic 
industry and commonly associated with 
some metal deposits. The kaolinite spectrurTl 
is characterized by a brightness minimurn 
centered near 2.20 micrometers and a less 
intense depression at 2.17 micrometers. The 
marked decreases in brightness in the calcite 
and kaolinite spectral curves are related to 
absorption of light by vibrations in the 
molecules. The wavelength position and in· 
tensity of the absorption features depend on 
the composition and molecular structure of 
the mineral and, hence, the analytical value 
of the spectral curves. 

Each radiometer spectrum consists of 
brightness measurements made in the 10 

thchannels for a 300-foot-diameter spot on e 
ground. The measurements were made at a 
rate of 128 individual 10-channel spectra per 
second and recorded on a digital tape 
recorder onboard the spacecraft. Photo­
graphs recorded during the operation of the 
radiometer are used for precisely locating 
the line of 300-foot spots on the ground. 

Analysis of the data was initiated in 
southern Egypt because of the presence of 
excellent exposures of sedimentary rocks d 
and a general lack of vegetation and rugge 
topography, except for a few steep escarp­
ments. Figure 5 shows the radiometric dat~ 
line superimposed on a generalized geologic 
map of the area. Eight spectra, each based 
on reflectance measurements made in the 1

0 
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channels used in the Shut­

I-- tle Multispectral Infrared 
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ance spectra for calcite 
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80 where five Shuttle Multi­
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ter channels (solid line) are 
located. 
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Multispectral Infrared 
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solid line shows the aver­
age spectrum, and the 
dashed line indicates varia­
tion. 
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channels, are keyed to the map using colors 
to indicate the rock type measured in each 
area . The solid dark line is the average of 
several spectra, and the color envelopes 
bounded by dashed lines express the varia­
t ion . The spectrum located in the upper left 
corner is a single spectrum . 

Mineralogical determinations are made by 
comparing the radiometer spectra acquired 
during the shuttle flight with 10-channel 
radiometer spectra made in the laboratory 
prior to the flight for a large number of 
rocks and minerals. Only the most con­
spicuous absorption features are evident in 
the radiometer spectra . Nevertheless, the 
shapes of the radiometer spectra can be 
used for identifying certain important 
minerals. The radiometer spectra , shown in 
dark blue and green in figure 5, have the 
shape that is characteristic of limestone, 
particu larly the marked decrease in reflec­
tance in the 2.35-micrometer channel that is 

1.6 2,0 2.5 0.5 1.0 1.5 2.0 

caused by intense absorption in calcite (fi9• 
th4) . The other radiometer spectra indicate e 

presence of two types of clay minerals, one 
shown as red and the other as orange. The 
spectra shown in red indicate the presence 
of kaolinite in the sandstone. 

The radiometer spectra shown for the 
rock units in figure 5 characterize the par­
ticular units for great distances; the spectra 
change abruptly at lithologic contacts. 
Although the radiometer collected spectra 
along narrow tracks, these results suggest 
that many lithologic units could be ditteren~ 
tiated over large areas on the basis of speci­
fied mineralogical differences in high­
spectral resolution images recorded frorn a 
satellite platform . Realization of this goal 
would permit mapping of mineralogical dif-d 
ferences that require years of laboratory an 
field work using conventiona l methods. 
Such systems are already in the develop­
mental and initial evaluation stages. 
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Faulting Arrested by Control of 
Ground-Water Withdrawal in Houston, Texas 

More than 86 historically active faults with 
an aggregate length of 150 miles have been 
identified within and adjacent to the 
Houston, Texas, metropolitan area (fig. 6). 
Although scarps of these faults grow 
gradually and without causing damaging 
earthquakes, historical fault offset has 
caused millions of dollars in damage to 
houses and other buildings, utilities, and 
highways that were built on or across the 
faults (fig. 7). The historical fault activity 
results from renewed movement along pre­
existing faults and appears to be caused 
principally by withdrawal of ground water 
for municipal, industrial, and agricultural 
uses in the Houston area. Approximately 
one-half of the area's water supply is ob­
tained from local ground water. Monitoring 
by the U.S. Geological Survey of heights of 
fault scarps indicates that many of the 
scarps have recently stopped increasing in 
height. The area where faulting has ceased 
coincides with the area where ground-water 
pumping was cut back in the mid-1970's to 
slow the damage caused by land subsidence 

95°45 ' 95°30 ' 

along Galveston Bay and the Houston Ship 
Channel. Thus, it appears that efforts to halt 
land subsidence in the coastal area have 
provided the additional benefit of arresting 
damaging surface faulting. 

The Houston area is the largest metro­
politan area in the United States dependent 
chiefly on local ground water for its 
municipal and industrial water supply. Not 
surprisingly, water levels in the freshwater­
bearing sediments beneath the area have 
declined significantly since the beginning of 
the 20th century. These declines, in turn, 
have caused the water-bearing sediments to 
compact and the land surface to subside or 
sink over an area of more than 4,700 square 
miles. Maximum historical subsidence in the 
region exceeds 9 feet. The subsidence is 
particularly acute near Galveston Bay and 
along the Houston Ship Channel, where 
more than 31 square miles of low-lying 
coastal land has been permanently inun­
dated. In addition, as the land sinks, the 
area susceptible to tidal flooding by tropical 
storms and hurricanes is increased greatly. 

95°15' 95°00 ' 

29° 
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29° 
15 ' 

EXPLANATION 

Fault 
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subsidence , in feet 
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~ re 6-- Map of surface 
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8ub • 
19/'~ence from 1906 to 
r, '8 tn the Houston, 
exas, metropolitan area. 
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Figure 7.-Photograph of 
house damaged by a fault 
in northwest Houston. 
Fault has deformed garage 
and has required patch in 
road. 

For example, C. W. Kreitler of the Texas 
Bureau of Economic Geology estimated that 
Hurricane Carla, which struck the area in 
1961 , would have flooded at least 21 percent 
more land, a total of 146 square miles, if it 
had occurred in 1976. Today, more than 
300,000 people would be affected by a 
similar event in an area where, in 1900, the 
worst natural disaster in United States' 
history occurred when a hurricane made 
landfall near Galveston Bay and killed more 
than 6,000 people. Even without a major 
hurricane, a study by L. L. Jones of Texas 
A & M University revealed property losses 
and flood damage attributable to subsidence 
in the coastal area from 1969 to 1974 were 
$31.7 million per year. 

To reduce or stop future subsidence, 
surface-water supplies have been 
augmented by tapping local rivers. In addi­
t ion, the Harris-Galveston Coastal Sub­
sidence District was organized and em­
powered to regulate ground-water pumping. 
As a result of these efforts, water levels in 
the water-bearing sediments beneath the 
coastal area have partially recovered from 
their former low levels. Despite a slowdown 
in pumping, however, water levels continue 
to decline in the western part of the sub­
sidence area . Changes in water levels since 
1977 in both areas are shown in figure 8. 

The first scarp probably related to ground­
water pumping was recognized in 1936, and 
the number of active faults slowly increased 
as pumping and subsidence continued. The 
Geological Survey began to map the faults 
in late 1974. Most of the 50 or so faults 
known prior to that time had been recog­
nized as a result of damage to manmade 
structures. Many of the faults mapped since 
1974, however, are in undeveloped or 
recently developed areas, where damage has 

not yet occurred and could, in principle, be 
avoided or minimized. Today, more than 160 
faults are known, ranging up to 10 miles in 
length and 3 feet in height. Historical scarp 
growth has been confirmed on at least 86 of 
them, and many others are suspected to be 
active. The fault scarps increase in height at 
rates that range from 0.2 to 1.1 inches per 
year, and the average rate of growth is 0.4 
inch per year. Because the faults grow 
gradually and without earthquakes, they 
generally go unnoticed during construction 
unless special site investigations are con­
ducted. Thus, houses, utilities, and roads 
built on a fault are subjected to cumulative 
structural damage as the slow steady move­
ment continues. 

In 1978, the U.S. Geological Survey 
began to monitor scarp growth of 12 . 
selected faults in the subsidence area. Their 
measurements revealed that all seven of the 

monitored faults in the area of water-level 
recovery (fig. 8) have either completely 
stopped growing or slowed to rates of fess 
than 0.05 inch per year, rates well below 
their average during historical time (fig. 9), 

By contrast, all five faults in the area where 
water levels have continued to drop have 
continued to grow at their former annual 
rates. Although this monitoring program 
covers only 14 percent of the recognized ac­
tive faults in the area, the perfect areal car· 
relation between stable or slow-moving 
faults and the recovery of ground-water 
levels strongly suggests that continuing ef­
forts to halt subsidence will also halt the 
growth of historically active faults. 

The five faults in the area of falling water 
levels show annual patterns of movement 
that further support the link between pumP· 
ing and faulting. Movement on all five faults 
varies seasonally; rates of faulting increase 
as water levels drop rapidly during summer 
pumping and then decrease as water levels _ 
partially recover when pumping declines dur 
ing the winter . As can be seen in figure 9, 
fault movement sometimes stops entirely 
during the winter months. 

The response of the Houston faults to 
water-level changes is similar to the 
response of monitored surface faults in sub­
sidence areas in Arizona and California. In 
all of these areas, faulting ceases during 
periods when pumping declines and water 
levels recover. Although the fault displace· 
ments can never be reversed, it appears tha 

ndman can at least arrest the subsidence a 
faulting that he has initiated. 

1 
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Mapping the Earthquake Hazards of 
the Los Angeles Region 

The highly populated Los Angeles region 
is near one of the world's major active plate 
tectonic boundaries, the San Andreas fault 
zone, and lies astride numerous other faults 
that can generate destructive earthquakes. 
Since 1800, at least 40 earthquakes large 
enough to cause damage have shaken parts 
of the region. It is estimated that a single 
.future earthquake could result in losses 
ranging as high as 21,000 casualities and $62 
billion in property damage. Although large 
earthquakes are inevitable, losses from them 
can be reduced substantially by careful 
engineering design, by wise land use, and 
by emergency preparedness planning. These 
mitigating actions, however, require 
estimates of the likely location and severity 
of hazardous seismic effects. 

The Los Angeles region has been selected 
as a prototype study area for developing 
earthquake hazard assessment techniques. 
Funded by the Earthquake Hazard Reduction 
Program of the U.S. Geological Survey, the 
research is conducted by scientists and 
engineers of the Geological Survey, the 
California Division of Mines and Geology, 
various universities, and private consulting 
firms. 

These studies are providing an im­
proved basis for delineating geographic 
variations in the earthquake hazards; specific 
examples are discussed below. 

Fault Hazards 

The regional tectonic framework reflects 
interaction between two families of active 
faults: northwest-trending faults, such as 
the San Andreas, with chiefly horizontal 
movements, and west-trending faults of the 
Transverse Ranges with chiefly vertical 
movements. 

Geologic evidence of the age and 
geometry of latest surface displacement 
along a fault provides a first clue to its 
future behavior. Nearly 100 fault strands 
with offsets in late Quaternary time (the past 
700,000 years), in Holocene time (the past 
11,000 years), or in historical time have been 
identified in the region. Such faults are likely 
candidates for generation of future destruc­
tive earthquakes and surface-fault rupture 
(fig. 10). Detailed geologic mapping, recent­
ly completed for many of these fault zones, 

provides a guide for future land develop­
ment under the State of California's Alquist• 
Priolo Special Studies Zones Act, which 
regulates construction where the potential 
for surface-fault rupture exists. 

Studies now underway emphasize the f 
determination of geologically recent rates ~ 
offset along these faults as an index of their 
relative activity. The most reliable estimates 
of slip rates, averaged over the past several 
hundred thousand years, are for the San 

ndAndreas fault (0.8-1.2 inches per year) a 
the San Jacinto fault zone (0.3-0.5 inch per 
year). In comparison, estimated offset rates 
for most other faults of the region are less f 
than 0.04 inch per year, except for a belt 0 

Transverse Ranges faults that extend frorn 
ndnear Santa Barbara to San Bernardino a 

have rates of 0.04 to 0.1 inch per year. f 
Because the 200-year historical record 0 

earthquakes in southern California is inade· 
quate for estimating the probable frequencY 
of damaging earthquakes along individual 
faults, a search is underway for geologic . 
evidence of prehistoric large earthquakes 111 

disturbed late Quaternary sedimentary 
deposits preserved along many of the fault5• 

The findings suggest that parts of the san 
Andreas and San Jacinto fault zones havef 
generated major earthquakes in intervals 0 

several decades to a few centuries. In con· 
trast, the repeat times of seismic events 
large enough to disturb the ground surface 
are measured in many hundreds to several 
thousands of years at points along other ac· 

tive faults in the region. 

Earthquake Shaking Hazards 

A technique being developed in the L05 

Angeles region should significantly improve 
the prediction of geographic variation in 
shaking response due to geologic factors, )

1The major elements of this approach are ( f 
systematic geologic mapping and analysis of 

• 0
the late Quaternary sedimentary deposits 
the alluvial basins, (2) regrouping of these he 
deposits into seismically distinct units on t 

basis of their geotechnical properties and ) 
shear-wave-velocity measurements, and (3 

mapping of relative ground response usin9 
amplification factors derived from compar­
ative studies of recorded ground motions, 

1 
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S
. Ground motions from nuclear test explo-
1on •1th s n Nevada measured at about 100 sites 

rn roughout the Los Angeles region show 
f arked variations in amplitude that result 
;

0111 
local geologic factors. For example,1 

ti Vels of shaking on alluvium are three to six 
nmes greater than on granite. The most pro-
ounced d'ff . .rel I erences in site response are cor-
ated With differences in the amount ofpore spa • d' . su . . ce in se 1ments, the thickness of 

b rficial deposits, and the depth to hard 
asernent rocks. 

f Several of the most important geologic 
acto 

rs that control levels of shaking can be9 0 ~UPed to identify distinctive types of sites.1 
fut~se site ~ypes ar~ the basis for mapping 
an re relative shaking response. Figure 11, 
L exarnple of such a map for part of the 
reos Angeles basin, shows expected levels of 
Qrsp?nse to ground shaking, relative to 

30~;1te, tha_t i~ of significance to 6- to 
tory buildings . Because this method 

se8 • . . rn 
lJ 1nformat1on obtained from geologic 
lJraPS, Well borings, and geotechnical meas­
lJr~lllents gathered in the course of ordinary 
ly an development, it is a versatile and easi­
Qr tra~sferable means of predicting geo­
fu?hic variations in shaking response from 

Ure earthquakes. 

Earthquake Ground-Failure 
Hazards 

Liquefaction, the temporary transforma­
tion of saturated granular material from a 
solid to a liquefied state, during seismic 
shaking often results in ground failures that 
can cause significant damage. Liquefaction 
potential is evaluated by preparing two types 
of maps - one showing liquefaction suscep­
tibility and the other expressing the chances 
of critical levels of shaking likely to induce 
liquefaction. 

Sediment known to be susceptible to 
liquefaction constitutes a narrow range of 
depositional and hydrologic environments. 
Generalized maps of liquefaction susceptibili­
ty (fig. 12 is an example for the San Fernan­
do Valley northwest of Los Angeles) are 
prepared by analyzing the physical proper­
ties of the late Quaternary alluvial units, by 
grouping these according to their probable 
content of liquefiable material such as clay­
free sand, and by considering whether these 
units are saturated with ground water at 
depths of less than 50 feet beneath the 
ground surface. 

Alluvial materials most likely to contain 
clay-free sand are those deposited during 

Figure 10. -Faults in the Los 
Angeles region that may 
generate damaging earth­
quakes and associated 
surface-fault rupture. Major 
faults identified are 
SA, San Andreas, and 
SJC, San Jacinto. 
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Figure 11. -Predicted relative 
response to ground shaking 
for part of the Los Angeles 
basin. Numbers indicate the 
expected amplification, 
compared to sites on hard 
granite, for earthquake 
ground motions of signif­
icance to 6- to 30-story 
buildings. 
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Holocene time (the past 11,000 years) and 
especially those deposited during the past 
few hundred years. These can be recognized 
and mapped on the basis of soil-profile 
development, geotechnical properties, and 
9eomorphic expression. 

Maps are being prepared that show con­
tours of repeat times of shaking intensities 
s~rong enough to generate liquefaction in 
highly susceptible sediments (approximately 
VII or greater on the Modified Mercalli Inten­
sity Scale). Preliminary studies, for example, 
suggest that such levels of shaking occur 
about every 45 years within the San Fernan­
do Valley. 

Implications 

Progress is being made in the Los Angeles 
region toward mapping the areal potential 
for damaging earthquake effects. The im­
proved methods of hazard evaluation being 
developed in this pilot area can be applied to 
other earthquake-prone metropolitan areas 
of the Nation. Substantial savings in lives 
and dollars can be anticipated as this infor­
mation is used by planners and engineers to 
avoid or accommodate the effects of future 
earthquakes. 

SANTA SUSANA 
MOUNTAINS 

CJu 

•Burbank 
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MOUNTAINS 

10 MILES 

APPROXIMATE SCALE 

Figure 12. -Susceptibility of 
alluvial sediments of the 
San Fernando Valley to 
earthquake-induced lique­
faction. H = high, M = 

moderate, and L = low 
susceptibility in areas where 
clay-free sand layers are 
present. 
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Water Re urce e t·gatio s 

Location of principal offices 
of the U.S. Geological 
Survey's Water Resources 
Division in the conterminous 
United States. Cities named 
are those where Regional and 
District Offices are located. 
Puerto Rico in included in the 
Southeastern Region, and 
Alaska and Hawaii are includ­
ed in the Western Region. 

Mission and 
Organization 

The U.S. Geological Survey has the major 
responsibility within the Federal Government 
for assessing the Nation's water resources. 
It collects basic data and conducts special 
investigations to provide background infor­
mation for planners and managers. De­
mands for water from a wide variety of 
users increasingly require that planners at 
Federal, State, and local levels establish 
priorities for use. Sound judgment in deter­
mining such priorities depends on access to 
accurate hydrologic information and impar­
tial expertise. The increasing pressures 
associated with developing energy resources 
in environmentally sound ways are enlarging 
demands for hydrologic data. Water is an in­
tegral element in all energy and environmen­
tal problems. 

Programs 
Water Resources Division programs fall 

into four categories: the Federal Program, 
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Alaska-Hawaii 
EXPLANATION nme Zone 0 Regiona l office Fi e ld office 

the Federal-State Cooperative Program, As­
sistance to Other Federal Agencies, and the 
Non-Federal Reimbursable Program. 

The Federal Program 
The data collection, resource investiga­

tion, and reseach activities of this program_ 
are carried out in areas where the Federal in; 
terest is paramount. These include b~dies ~ 
water in the public domain, river basins an 
aquifers that cross State boundaries, and 
other areas of international or interstate 
concern. Activities include operation of 
surface- and ground-water quantity and 
quality measurement stations throughout the 
country, the Survey's Central Laborator_i85 

1System, hydrologic research and analytica 
studies, and a variety of supporting services, 

The Federal-State Cooperative 
Program 

The Cooperative Program is based on the 
concept that Federal, State, and local 
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governments have a mutual interest in 
evaluaf I • .rng, p anrnng, developing and 
man • ' . aging the Nation's water resources. TheIrnrnen • . se size of the task of appraising theNatIon's water resources precludes ac-
~~rtl_Plishment by Federal efforts only. 
• irnilarly, State and local agencies working 
1ndep d . en ently cannot relate to the sizable 
region I a aspects of the hydrologic system. Coope •Wh· ration though this Program, under 
b ich the Survey matches funds provided 
aY8tate agencies, provides an economical 
nd com h • ,., pre ensrve system for assessing

•vater rbe . esources. Many water problems 
th:'; at the local level. ~ecognizing this, 
all S urvey has cooperative agreements with 

tates under which each party funds 
0 
wne-half the cost of financing studies of 

ater resources. 
Most •proJects under the Cooperative Pro-grarn

d f respond to a recognized problem or 
c~u:e _a potential one. In addition to data 
lJ ctron, programs may focus on water 
fis~ _and availability, the impact of man's ac-

VIt1es h h . . 
e on t e ydrologrc environment and 
ner ' 

St . 9Y-related water demands which may 
ra,n a ·1 bs·t va1 a le water supplies. In emergency1uatio are n_s, such as drought or flood, events 

lJ rnon,tored, and the data accumulated 
nderth c .Val e ooperatrve Program prove in-

Uable. 

As·A sistance to Other Federal 
9encies 
Vv· •1th funds transferred from other Federala9en • ,...d cres, the Geological Survey performs a 

•vi e va.
t'le rrety of work related to the specific 

eds of each agency. 

~on-Federal Reimbursable 
rogram 

~ Non-Federal reimbursable funds are un­
sitched funds received by the Geological 
Situ:~Y from State and local agencies in 
St trans where there is both Federal and 

ate inte t • • . . so res rn rnvestIgatIon of water re-
ar ur~es but where matching Federal funds 
ape ~rther unavailable or are not otherwise 

Plrcable to cost sharing. 

Office of Water Data 
Coordination 

A major responsibility was assigned to the 
Survey in 1964 when it was designated the 
lead agency for coordinating water-data ac­
quisition activities of all Federal agencies; 
activities include those that produce infor­
mation on streams, lakes, reservoirs, estu­
aries, and ground water. This coordination 
effort minimizes duplication of data collection 
among Federal agencies and strengthens the 
data base and ts accessibility. 

Budget and Personnel 

At the end of fiscal year 1982, the Water 
Resources Division employed 2,923 full-time 
personnel. This number included scientists 
and engineers representing all fields of 
hydrology and related sciences, technical 
specialists, and administrative, secretarial, 
and clerical employees. An additional 1,445 
permanent part-time and intermittent em­
ployees assisted in the work of the Division. 

The $186.6 million obligated in 1982 for 
water resources investigation activities came 
from the following sources: 
1. Direct Congressional appropriations. 
2. Congressional, State and local appropria­

tions for 50-50 funding in the Federal­
State Cooperative Program. 

3. Funds transferred from other Federal 
agencies. 

4. Funds transferred from State and local 
agencies. 

Highlights 

In the following sections, highlights from 
some of the major programs are described. 
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The Federal-State Cooperative Water 
Resources Program -Some Highlights From 198~, 

The Federal-State Cooperative Program, 
started in 1895, continues to be the largest 
part of the U.S. Geological Survey's water­
resources activity. In fiscal year 1982, this 
working partnership with 750 State, region­
al, and local agencies totaled about $88 
million for hydrologic investigations and data 
collection in every State, Puerto Rico, and 
several of the territories. Details of the work 
and funding, which call for 50-50 matching, 
are arranged at State and local levels by 
representatives of the Survey and the 
cooperating agencies. The work is directed 
by the Survey, principally by Survey staff, 
who are accountable to the cooperating 
partners. 

The process of project selection is a 
mutual effort whereby the Geological Survey 
represents national interests, including the 
needs of other Federal agencies, and the 
cooperators represent State and local in­
terests. Recognition of water problems as 
national issues occurs naturally from 
perspectives pieced together from 

rwidespread Cooperative Program activities. 
The program concentrates on producing 
water information of highest priority to the 
Nation; for example, current concerns 
regarding ground-water contamination, 
flood-plain management, and underground 
waste storage had, as forerunners, a 
multitude of individual cooperative investiga· 
tions across the country. 

In addition to analytical and interpretive 
work, the program provides for more than 
one-half the water resources data collected 
by the Survey. This includes most of th~ 
streamflow information used by the Nat1ona1 

Weather Service in its flood-forecasting 
responsibilities. Thus, the Cooperative pro­
gram is the foundation for much of the 
country's water-resources planning and 
management. It also serves as a headstart 
on developing approaches to individual 
water problems before they become nationa

1 

crises. A few of the accomplishments of 
1982 are highlighted below. 

Acid Mine Discharge in the 
Kansas-Missouri-Oklahoma 
Tri-State Area 

Lead and zinc have been mined in the tristate 
(Kansas-Missouri-Oklahoma) area since the late 
19th century. Peak production was reached in the 
1920's and declined until 1958, when most mining 
operations were discontinued. Initially, mines 
were shallow and above the water table. As min­
ing was extended to greater depths, as much as 
300 feet below the water table, pumping was re­
quired to keep the mines dewatered. The mines 
became interconnected as the ore was removed 
so that, when mining and mine dewatering 
ceased in the mid-1960's, the entire group of 
mines flooded. Water levels rose in the mine 
shafts as water from the surrounding Boone 
aquifer and from surface streams flowed into the 
mines. 

As the result of a cooperative investigation 
with the Oklahoma Geological Survey in the 
mid-1970's, the Geological Survey estimated that 
acid mine water would eventually begin discharg­
ing into Tar Creek. Subsequent monitoring of 
ground-water levels in the area indicated that this 
discharge could be expected to occur in the early 

1980's. Overflow from the mines began in April 
1980. In 1982, because of the extent of the con· 

• . d to betaminatIon, the Tar Creek area was declare 
the Nation's number one hazardous-waste site bY 
the Environmental Protection Agency. 

In addition to discharge into Tar Creek, the 
Survey noted that there was potential for con· 
tamination of the shallow Boone aquifer which 
contains the mines. Furthermore, it might be 
possible for water from the mines to move 
downward to the underlying Roubidoux aquifer, 
the primary source of drinking water for corn· 
munities in the area. . he 

The Geological Survey, in cooperation with t 
Oklahoma Geological Survey, is currently in­
vestigating the Roubidoux aquifer to develop in· 
formation on its hydraulic characteristics, 
geochemistry, and potentiometric surface. Other 
investigations, in cooperation with the Kansas 
Department of Health and Environment and the 

d tO
Oklahoma Water Resources Board, are geare f 
assess further the water quality and the extent 

0 

contamination from lead and zinc mines in the d 
respective States. Additional work will be neede 
to understand fully the hydrologic system in the 
area, including the flow quantity and quality of 
water entering and discharging from the mine5• 
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o·.191tal Ground-Water Simulation, Portland, 
Oregon 

The city of Portland, Oregon, derives its water 
supply from the Bull Run watershed high in the 
Oregon Cascade Mountains. The present system 
serves approximately 750,000 people in the 
greater Portland metropolitan area. Four aquifers 
near the Columbia River are being developed at a 
cost of $25 million to provide a supplemental and 
emergency ground-water supply. 

. !he Water in the highly permeable gravel sur­
ficial aquifer is nitrate-rich and is connected with 
th

e river. In addition, three artesian aquifers have 
b~en the target of an exploratory program and 
Will be tapped by about 20 out of 30 production 
Wells, 11 of which have been completed to date. 
Based on results of geophysical exploration, the 
Geological Survey believes that an ancient stream 
channel of considerable thickness lies buried near 
th 

e eastern part of the Portland well field. If so 
th

e Potential for substantial recharge to the , 
aquifers in this area is promising. 

_The first water delivery, in the amount of 50 
~Illian gallons per day, is scheduled for spring
984• By summer 1985, the well field is expected 

~o be fully developed and capable of producing 
OO million gallons per day from both artesian and 

~round Water in the Greater Atlanta Area, 
eorgia 

f The Piedmont physiographic province extends 
rom Alabama to New Jersey east of the Ap-

Pala h' c 1an Mountains and covers thousands of 
s~uare miles. Because of the anticipated low 
Yields of water to wells, communities and in­
dust • 

ry in the Piedmont have developed surface-
Water sources for supplies. The demand for 
Water, however, is rapidly outstripping the 
av81·1 

able surface water. The need for an alternate 
sou 
t rce of supply for the greater Atlanta area led 
bo a ground-water investigation of the Piedmont 

thty e Geological Survey in cooperation with the 
arth and Water Division of the Georgia Depart­

rn~nt ~f Natural Resources. 
. he investigation indicates that deep wells tap­

Ping the Piedmont crystalline rocks may produce
SUff'I • 

cIent ground water to serve as an alternate 
~ource of supply to cities and industry in the 
d tlanta area. These results, and the criteria 

ine~eloped on the basis of topographic analysis to 
dicate the possible location of horizontal frac-tU~s .

It. , may be of value throughout the Piedmont.
18 

Possible that deep-lying horizontal fractures 
1 

aso exist in crystalline metamorphic rocks in
oth 
th· e~ Parts of the country. If so, the impact of

I 
t' ~ investigation may be even greater than an-
ic,Pated. 

water-table aquifers. The well-field pumping sta­
tion may be available for hydroelectric generation 
by reversing flow to use 100 million gallons per 
day directly from the Bull Run surface-water sup­
ply. Such a multiple use of facilities could prove 
cost-effective and, if successful, might enable the 
recharging of the artesian aquifers by cyclic injec­
tion. 

The Geological Survey's cooperative program 
with the city of Portland calls for development of 
a three-dimensional mathematical model to pro­
ject the effects of various pumping rates on water 
levels in the well field and vicinity. Preliminary 
model runs show that some interconnection be­
tween the Columbia River and the Portland well 
field exists and that, under sustained pumping, 
artesian pressures in the aquifer system would 
drop severely over a wide region. Without 
recharge, such stress could bring on adverse ef­
fects such as dewatering, land subsidence, and 
downward movement of nitrate-rich ground water 
from the gravel aquifer. Projections made by us­
ing the completed computer model could be used 
to indicate the most favorable locations for in­
stallation of large-capacity wells in these aquifers. 
Thus, the city of Portland regards the completion 
of these projections and the final calibration of 
the model as having considerable significance. 

The study area comprised 6,000 square miles 
and covered all or parts of 23 counties. The 
crystalline rocks underlying the Piedmont are 
generally considered to be poorly permeable and 
capable of yielding only small quantities of 
ground water to wells, usually in the range of 2 
to 30 gallons per minute. Such yields are ob­
tained from vertical to near-vertical fractures that 
are most numerous near the land surface, 
diminish rapidly in size and number with depth, 
and are practically nonexistent below depths of 
300 feet. 

During the investigation, however, many wells 
were reported to yield from 50 to nearly 500 
gallons per minute, but these were unusually 
deep, some as much as 700 feet. A number of 
the wells have been producing several hundred 
gallons per minute for 20 years. Investigation of 
selected wells by geophysical downhole logging 
and television cameras revealed horizontal frac­
tures at depth, with some openings seemingly as 
large as 8 inches. It may be that these horizontal 
fractures resulted from the release of stress in the 
crystalline rocks as overlying materials eroded 
away. The areal extent of individual fractures is 
still unknown; however, wells as far as 1,000 feet 
apart are known to tap the same horizontal frac­
ture. There is also evidence that some fractures 
may extend under an intervening ridge, thus 
hyraulically connecting adjacent valleys. 
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Hydrologic Data Collection 

Of the 8,000 continuous-record 
streamflow stations operated by the 
Geological Survey, some 5,100 were sup­
ported by the Cooperative Program in 1982. 
In addition, intermittent records of 
streamflow were collected at 6,700 sites, 
and water-level data were recorded at 680 
lakes and reservoirs. Water-quality informa­
tion was obtained at 6,600 surface-water 
sites and 7,700 ground-water sites. Ground­
water levels, and sometimes pumpage or 
flow, were measured at 21,000 wells and 
springs. 

The information produced by these ac­
tivities and the results of similar work in 
years past are the foundation for analytical 
and interpretive hydrologic appraisals, water 
resources planning and management, and 
problem-oriented research. Activities have 
been discontinued at some sites and started 
at others in response to changing needs and 
priorities. The data are published annually in 
a series of reports, generally on a State-by­
State basis. 

Hydrologic data are often needed prior to 
report publication and sometimes more 
quickly than the 4 to 6 weeks required for 
the many operations involved in collection, 
analysis, and processing. Some of the re­
quirements for real-time data include flood 
warnings, irrigation-water allocations, water­
supply forecasting, reservoir management, 
water-quality monitoring, management of 
navigational waters, and allocation of urban 
water supplies. Telemetry of information 
from remote data-collection sites has been 
accomplished by telephone and microwave 
radio, and now advanced electronic and 
satellite systems are used. The Survey cur­
rently opsrates more than 250 stations from 
which data are relayed by the Geostationary 
Operational Environmental Satellite. This has 
proved to be a reliable and, in some in­
stances, cost-effective tool for real-time data 
acquisition. Any significant expansion of this 
application depends on a more complete 
evaluation of the need for and the economic 
benefits of the system. Rather than collect­
ing data on the basis of standard-time inter­
vals, it may be possible to develop in­
strumentation that will call for data in 

response to preselected changes in river 
stage, water quality, or other hydrologic 
characteristics. 

In addition to operational improvements at 
individual sites, the Survey is reviewing its 
networks of stream-gaging stations to in­
dicate the most cost-effective means of col­
lecting the necessary data within prescribed 
standards of accuracy. The techniques for 
these evaluations, which will be carried out 
on a State-by-State basis, are being 
modified to accommodate legislative, 
judicial, and administrative directives, as well 
as requirements for flood and water-supply 
forecasting, current-purpose water manage­
ment, and input to other hydrologic in­
vestigations and research. As a result, in the 
1980's, some data-collection sites may be 
discontinued, others will need to be 
established, and, at selected stations, the 
parameters measured and the frequency of 
measurement may be altered. 

For 1983, selection of specific activities to 
be included in the Cooperative Program will 
consider as highest priority investigations of 
ground-water contamination, water supply 
and demand, stream quality, and hydrologic 
hazards. These topics were identified as be­
ing of major national concern through con­
sultation with Federal, State, and local 
agencies and reflect the judgement of the 
Geological Survey regarding its role in the 
water resources field. Other issues, such as 
acid precipitation, urban hydrology, and 
assessment of lakes and estuaries, also are 
considered high priority for new work, but 
their importance may differ in various parts 
of the country. The need for additional data­
collection sites, as well as improvements in 
efficiency and cost effectiveness of data 
networks, will likewise be given careful 
scrutiny. 

The advantages of the program's cost­
sharing arrangement are increasingly evident 
as funds become tighter. Clearly, the need 
for water-data and hydrologic investigations 
and research will be great in the 1980's. The 
Cooperative Program is one proven way to 
serve Federal, State, and local interests and 
to assure the availability of resulting infor­
mation nationally to all users. 
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Regional Snow Chemistry Reconnaissance 

Concern about the possible environmental 
effects of acid rain is in the public spotlight. 
Because the problem is not yet fully under­
stood, it is important to move from the 
area of speculation into that of scientific 
research. The U.S. Geological Survey has 
been part of this effort and is conducting 
studies related to acid rain and the at­
mospheric transport and deposition of 
potentially toxic chemical constituents. A re­
cent investigation by the Geological Survey 
involved the areal distribution of chemical 
constituents deposited from the atmosphere 
in the North-Central and Northeastern 
United States, an area severely affected by 
acid rain. To reduce high analytical and col­
lection costs, which are generally associated 
with a more extensive and formal monitoring 
program, bulk precipitation collectors con­
sisting of 6-foot-high, 18-inch-diameter fiber 
tubes fitted with collection bags were in­
stalled at the beginning of December 1980 at 
189 sites from Maine to Minnesota and from 
the Canadian border south to the Ohio River 
valley. Samples were retrieved early in 
March 1981 from all but 10 sites, where the 
samples were lost. 

Contaminants deposited from the at­
mosphere can be divided into two parts: the 
wet component. which includes rain, snow, 
dew, and hail, and the dry component, 
which includes large particles that settle out 
of the atmosphere by gravity, fine to in­
termediate particles that are deposited by 
impact on surfaces, and gases that are ab­
sorbed or adsorbed by surfaces. Bulk 
precipitation, which was selected as the col­
lection ·method in this study, is composed of 
large particles or dustfall and wet deposition 
in an open container. Interpretation of the 
composition of bulk precipitation is difficult 
because substances borne in the wet com­
ponent cannot readily be distinguished from 
those borne in the dustfall. This problem is 
particularly troublesome when the dustfall 
component is large and is derived locally. In 
an attempt to reduce the contribution from 
local dustfall, the samples were collected 
during the winter when frozen ground and 
snow cover minimized the amount of locally 

derived dustfall. The bulk precipitation dur­
ing this period should, therefore, represent 
the regional atmospheric deposition. Con­
siderable effort was also made to avoid 
potential sources of local contamination 
from highways, chimneys, barnyards, and 
vegetation. For the most part, the collectors 
were placed a considerable distance from 
other major sources of contamination such 
as cities, industrial plants and coal- and oil­
fired powerplants. 

Samples were filtered and analyzed for 
the following 29 constituents: arsenic (As), 
barium (Ba), beryllium (Be), total inorganic 
carbon (TIC), cadmium (Cd), calcium (Ca)*, 
chloride (Cl)*, cobalt (Co), copper (Cu), 
flouride (F)*, iron (Fe)*, hydrogen (H)*, 
mercury (Hg), potassium (K), lithium (Li), 

magnesium (Mg), manganese (Mn)*, molyb­
denum (Mo), nitrogen as ammonium 
(NH4)*, nitrate (NO3)*, sodium (Na)*, nickel 
(Ni), lead (Pb)*, selenium (Se), silica (Si), 
strontium (Sr)*, sulfate (SO4)*, vanadium 
(V), and zinc (Zn). The analytical techniques 
and sampling procedures produced results 
that were judged to be reliable to assess the 
regional deposition patterns for 12 of these 
constituents (denoted above by an asterisk). 
For each site, daily mass loadings (mass per 
unit area which is generally expressed as 
milligrams per square meter or micrograms 
per square meter) were calculated from con­
stituent concentration and quantity of pre­
cipitation that fell during the collection 
period at adjacent National Weather Service 
stations. These daily loadings are more 
useful for delineating regional patterns in at­
mospheric deposition than the concentra­
tions because the length of the collection 
period and quantities of precipitation varied 
from site to site. 

Regional patterns displayed for pH on 
figure 1 show that the areas of highest acidi­
ty (pH less than 4.2) were centered in 
western Pennsylvania, western New York, 
and eastern Ohio. For the 3-month collec­
tion period, the area east of Lake Michigan, 
with the exception of a few collection sites, 
received acid precipitation with a pH less 
than 4.8. In Minnesota, on the other hand, 
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pH's were greater than 4.8, and, in western 
Minnesota, they were greater than 7.0. The 
samples that had high pH's also had high 
concentrations of total inorganic carbon and 
calcium and were in the area that received 
the lowest amount of precipitation. These 
high pH's may, therefore, reflect acid 
neutralization by dustfall derived from the 
alkaline soils in the area. Patterns for nitrate, 
lead, and iron loading are similar to those of 
pH and may reflect some interrelationship. 

Many constituents showed local anom­
alies, although it was not the original intent 
of this study to assess them. Local deviation 
from regional patterns is exemplified by 
fluoride deposition (fig. 2). High fluoride de­
position generally occurred downwind from 
urban and industrial centers where the prin-

gzo 9()0 88" szo 8()0 

cipal users of flouride are the iron and steel, 
electronics, and chemical industries. 

Finally, the validity and usefulness of 
these data may be tested by comparing 
them to the distribution of atmospheric 
deposition reported from other networks. 
The deposition pattern of hydrogen ion 
(mass per unit area) from this study agrees 
with that for wet deposition (averaged for 
1978) from the Canadian Network for 
Sampling Precipitation. Furthermore, durin9 
late fall 1979 and winter 1980, the regional 
pattern for wet deposition from the Geo­
logical Survey study is similar to that of the 
National Atmospheric Deposition Prograrn,_ 
excluding Minnesota and western Wisconsin 
where, as mentioned previously, the acidic 
atmospheric deposition may have been 
neutralized by dustfall. 
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Figure 1. - The spatial distri­
bution of pH in bulk 
precipitation in the North­
Central and Eastern United 
States during the 1980-81 
winter. (Modified from fig. 
14A, U.S. Geological 
Survey Circular 874.) 
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Trends in Quality of U.S. Streams: 
An Investigation into the Effects of Acid 
Precipitation at Benchmark Stations 

A search for evidence of effects of acid 
precipitation on stream waters was made by 
the U.S. Geological Survey using data from 
Benchmark Network sites of the Geological 
Survey. (This "network" was established in 
1958 to gather data on streams in basins 
which are little affected by manmade 
changes in the environment. It was deter­
mined that data obtained from these basins 
could be used to document natural changes 
with time and thereby provide a better 
understanding of the hydrologic structure of 
natural basins. In addition, the network 
could provide a comparative base for study­
ing the effects of man on the environment.) 
The data gathered from the 51 streams and 
lakes of the network would not be as likely 
to be affected by population growth, in­
dustrial development, or other human ac­
tivities as would data gathered from less iso­
lated sites; however, they might show the 
effects of acid precipitation or other at­
mospheric fallout. 

Although a number of the stream basins 
had high enough buffering capacity to mask 
the effects of precipitation acidity, evidence 
for small, but geographically, widespread 
changes in sulfate and alkalinity was noted 
(fig. 3). The pattern observed in streams ex­
pected to be sensitive to the effects of 
precipitation on water quality was that of no 
change or small increases in sulfate in the 

western, central, and southeastern parts of 
the country, and no change or small de­
creases in alkalinity in the same regions. . 
This pattern would be consistent with a pic­
ture of slightly increased contributions of 
sulfuric acid to precipitation and a resulting 
slight loss of buffering capacity in the . . ed 
streams. The opposite pattern was exhibit 
in the Northeast-sulfate either did not 
change or decreased slightly, while alkalinitY 
either did not change or increased slightlY: 
This pattern would be consistent with a pic-
ture of slightly decreased contributions of ' 
sulfuric acid to precipitation and a resulting 
slight recovery of buffering capacity in the 
streams in the Northeast. 'd 

Acidification of surface waters due to aci 
precipitation can be expected to occur onlY 
in watersheds that have little buffering 
capacity, either natural or provided by 
human activities. Even in these sensitive 
waters, little change in acidity will be 
observed during the period when the buffer· 
ing capacity of the watershed is being ex­
hausted. When this has occurred, however, 
acidification of the water body will progress 
much more rapidly, even with precipitation f 
acidity remaining the same. Measurement~ 
alkalinity probably is the best way to deteC 
a progressive change in the buffering 
capacity of a body of water. 
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TOTAL ALKALINITY 

65 

• No significant trend 

, 0-4.99 percent per year 

i 5.0-9.99 percent per year

i 10.0 percent per year 

(Direction of triangle indicates direction of change) 

Note: Open triangles refer to stations 
with mean alkalinity greater than 
1.0 milliequivalent per liter. 

f:;9ure 3. - Trends in sulfate 
8nd total alkalinity at 
h_'ldro/ogic benchmark sta­
tions in the United States 
frorn 1963 to 1981. 
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Apalachicola River-Quality Assessment 
The Apalachicola was one of the rivers 

selected for study under the U.S. Geological 
Survey's River-Quality Assessment Program. 
The program was established to define the 
character, interrelationships, and causes of 
existing river-quality conditions and to 

Drainage basin of the Apala­ devise and demonstrate the approaches 
chie,'ola, Chattahoochee, needed for developing technically sound in­
and Flint Rivers in Florida, formation for use by planners to evaluate 
Georgia, and Alabama. alternatives for river-quality management. 

86° 85° 84° 83° 
r-- ------,-------,---------.---------~ 

EXPLANATION ......._r--,. 

Drainage basin of the __J " ,,/ )
Chattahoochee, Fl int, and \ , /
Apalachico la Rivers I { /;'_/ 
Subbasin boundary I / lake Sidney 

/ I Lanier 
/ I 

\ / / 
/ ._,, /34° \J:> G) _.,,,,, ( 

1;\B (;/ Atlanta 
o:>.\ :P 

,,,, 
.,..... 

J;>G) / \ 
~ \ $ /
J:> I / . fl>\ \ 

(~ ~ \ 
0 West Poin t LJe \ \3 ' 

\I 
l 

I 
I

) \
I \

( \ 
l )32° \ I 

( 

I 
/ 

/ 
I/ 

/ 
_ ALA~~~ _ ( / 

/ 
31 0 

FLORIDA / 
/" 
- __ GEORGIA 

FLDR,DA- -
• 
Tallahassee 

30° 

GULF OF MEXICO 
50 MILESApalach1cota/ IBa y 

0 
I 

The quality of water in a river is affected 
by two factors: the unique hydrology of a 
river basin and man's development and use 
of the land and the water resources. In the 
broadest context, the river-quality assess­
ments carried out by the Geological SurveY 
are problem-oriented approaches for obtain­
ing the needed information. 

The Apalachicola River meanders 106 
miles through northwestern Florida to 
Apalachicola Bay on the Gulf of Mexico. It 
is a good example of a multiuse waterway 
system. The area's principal commercial ac­
tivities, barge traffic, timber harvest, land 
development, and commercial fishing in the 
Apalachicola Bay, often require different 
management practices for optimum returns 
in this river basin. 

A flood-plain forest of 175 square miles 
borders the Apalachicola River in Florida. It 
has sustained a viable timber industry sinced 
the early 1800's. The bottom-land hardw00 

forest contains over 40 species of trees in a 
largely undisturbed wetland. This forest was 
an integral part of the broad interdisciplinarY 
scientific investigation conducted as part of 
the Geological Survey's assessment. Statis­
tical surveys of tree abundance and distribU· 
tion were coupled with measurements of 
leaf production to provide estimates of tot~I 
production of organic litter in the flood-plain 
environment. 

Annual flooding overflows the natural 
levees and covers the flood plain. In manY 
areas, the water velocities are sufficient to 
transport the decaying leaf litter into the 
river and ultimately to Apalachicola Bay. 
The nutrients and litter material form the 
basis for one of the most productive 
estuarine systems in North America. d 
Oysters, shrimp, blue crab, and fish depen 
on the seasonal materials transported bY the 
floods coming out of the Apalachicola River 
wetland system. The Apalachicola River- d 
Quality Assessment developed methods an 
techniques to quantify the flood-plain con­
tribution to the 1980-81 annual load of 
nutrients and detritus (organic particulate 
material) to the bay. Results obtained in the 
river were compared with estimates of litter­
fall transported in the flood plain. Such 
estimates were based on new methods de­
veloped during the study. During a 1-year . 
period, approximately 30,000 tons of organic 
carbon entered the river from the flood 
plain. 
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The relation between the river system and Their interest in preserving the natural pro­
the bay contributes directly to the economic ductivity and hydrologic cycles of the 
Welfare of the people surrounding the bay. Apalachicola River and bordering flood plain 

This Landsat image, which is 
a false-color composite ob­
tained on February 11, 
1977, shows the extent of 
the flood plain in the 
Apalachicola River basin, 
Florida. The dark color of 
the flood plain is caused by 
the low reflectance from 
flood waters. The 656-foot­
wide river is barely visible in 
the center of the 2- to 
5-mile-wide flood plain. The 
Apalachicola River flows 
from Lake Seminole (at the 
top), 106 miles south, to 
Apalachicola Bay ( near the 
bottom of the scene). The 
numerous white squares 
near the top of the scene 
are agricultural fields in 
Florida and Alabama. The 
large red area east of the 
river is pine forest 
( Apalachicola National 
Forest). The faint brown 
color on the bird's-foot 
delta at the river mouth is 
marsh. The light blue colors 
near the beaches at the 
bottom of the scene are a 
combination of shallow 
areas and areas with high 
suspended sediments 
caused by ocean currents. 
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Forested Apalachicola flood 
plain. 

has at times been in conflict with the 
economic interests of people upstream in 
Alabama and Georgia, where navigability of 
the river has been a paramount concern. 
Private conservation and development 
groups, as well as county, State, and 
Federal agencies, have become involved. 

The Geological Survey has played a role 
by developing new investigative techniques 
for this type of environment. The Survey 

collects and publishes data on the hydro­
dynamics of the river and ecological func­
tions of the flood plain. Published reports on 
wetland hydrology and tree distribution and 
production and decomposition of forest litter 
fall have been key ingredients for informa­
tion transfer workshops to acquaint all in­
terested parties with the facts about river 
and flood-plain processes and their relation­
ship to the fishing industry in Apalachicola 
Bay. 
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Potomac River Estuary Study 

Estuaries are potentially the most produc­
tive as well as the most fragile and en­
dangered areas of our Nation's coastal en­
vironment. Because they are the meeting 
place of saltwater and freshwater, estuaries 
are complex hydrodynamic, chemical, and 
biological environments. The fact that they 
are sinks for sediments further complicates 
the picture because nutrients, metals, and 
organic pollutants are often associated with 
sediments. These substances may become 
permanently or temporarily stored in the 
bottom sediments promoting eutrophication 
(enrichment of the food supply) and, in the 
case of metals and organics, sometimes 
concentrating in the life forms. Partly 
because of their complexity and partly 
because it is difficult, dangerous, and ex­
pensive to study them, estuarine environ­
ments are poorly understood. In light of in­
creasing awareness of their importance and 
fragility, it becomes more and more im­
perative to make the extra effort to collect 
and interpret the data necessary to under­
stand estuarine resources. It was in this vein 
that, in October 1977, the U.S. Geological 
Survey began its 5-year Interdisciplinary 
Potomac Estuary Study. 

Acceleration of the natural filling proc­
ess by increased sediment loads from 
upstream farms and the Washington, D.C., 
urban area is probably the most visible 

water-quality problem in the tidal Potomac 
River and marginal embayments. This proc­
ess has been so rapid that the Lincoln and 
Jefferson Memorials now stand on what 
was described in 1711 as a harbor suitable 
for great merchant vessels. 

Another persistent water-quality problem 
in the tidal river is the depletion of dis­
solved-oxygen associated with the disposal 
of municipal sewage and storm runoff from 
the Washington, D.C., metropolitan area. 
Following the installation of a water supply 
system for the District of Columbia in 1859, 
the problem of effluents and runoff was first 
apparent when large quantities of domestic 
sewage began entering the river by way of 
the storm sewers. Soon the loading was 
beyond the capacity of the river in the 
waterfront area of the city, and, by 1899, 
the river had become so obnoxious that 
President Benjamin Harrison appointed a 
board of sanitary engineers to find an outfall 
location where dilution was adequate and 
tidal action did not return the sewage to the 
edge of the city. The development of water­
quality problems near the District of Colum­
bia coincided with the growth of population. 
Improvements in water quality paralleled in­
stallation of and improvements in water­
pollution-control technology used in the 
Blue Plains sewage treatment plant, the ma­
jor treatment facility in the metropolitan 

Aese
arch vessel Rockfish. 
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area. Some of the worst observed dissolved­
oxygen conditions occurred in the mid- to 
late 1950's when carbonaceous biochemical 
oxygen demand loadings were at their peak. 
Today, the major problem has shifted from 
that of dissolved-oxygen depletion due to 
carbonaceous biochemical oxygen demand 
to one of eutrophication caused, at least in 
part, by the heavy nutrient loadings from 
the Washington, D.C., area municipal 
sewage treatment plants. 

Because 72 percent of the 3.9 million peo­
ple in the Potomac River basin are concen­
trated in a metropolitan area and because 
the primary business is government, the 
Potomac River, unlike many east coast 
estuaries and tidal rivers, is relatively free 
from the pollution problems associated with 
manufacturing and chemical industries. 
Therefore, the effects of sedimentation and 
eutrophication can be studied in the tidal 
Potomac River and Estuary independent of 
complications from those of other types of 
pollutants. 

The Potomac Estuary Study is one of 
seven pilot River-Quality Assessments and 
the only one to concentrate on estuarine 
problems. Others have concentrated on 
problems in upland streams such as dis­
solved oxygen and excessive nutrient enrich­
ment in the Willamette River-Quality Assess­
ment or those associated with energy 
development and irrigation as in the Yampa 
Study. 

The general objectives of the Potomac 
Study are (1) to conduct research into the 
physical, chemical, and biological mechan­
isms governing life cycles of phytoplankton, 
submerged vegetation, and benthic fauna in 
tidal rivers and estuaries, (2) to develop 
mathematical models necessary to support 
ecological models suitable for predicting the 
influence of phytoplankton on dissolved ox­
ygen and nutrient levels (these models are 

designed to expedite water-quality manage­
ment decisionmaking for the tidal Potomac 
River and Estuary), and (3) to develop, 
refine, and standardize efficient techniques 
for studying water quality of the Potomac 
and other tidal rivers and estuaries. 

Examples of some of the many findings of 
the Potomac Estuary Study are summarized 
in the paragraphs below. 

Low-Flow Dissolved-Oxygen 
Relationships 

Nutrients associated with sediment 
discharged by the Potomac River during 
periods of high flow settle to the bottom. 
They become a major source of dissolved 
and particulate nutrients in the water col-
umn of the freshwater tidal river and 
estuarine transition zone (see fig. 4 for 
definition of these zones) during critical 
periods when river flow is low. During such 
periods, nutrients released through the 
390-million-gallon-per-day discharge trorn 
the regional secondary sewage treatment 
plant cause a dissolved-oxygen sag for ap­
proximately 8 nautical miles in the upstreafll 
part of the tidal river. In the remainder of 
the tidal river and in the transition zone, the 
oxygen regime is dominated by biologic 
reactions fed by nutrients exchanged with 
the bottom. During extreme flood events, . 
some of this material is moved to the transl· 
tion zone. Therefore, the magnitude, fre·• h 
quency, and duration of flood events whiC t• n 
transport most of the annual upland nutne 
loads may be a major determinant of loW· 
flow water quality in the downstream 
reaches of the tidal river and transition zone-

Tributary Loads 

A sampling program was begun in 1979 to 
acquire data on monthly and major-storm 

Percentage of material supplied during 1980 and 1981 water years and trapped in the various zones of 
the tidal Potomac River and Estuary. 

[Negative numbers in parentheses indicate a net outflow of dissolved silica from the transition zone. This is includ~1 
in the material trapped in the estuary and is, therefore, not subtracted from the total percentage . The percenta~el 
material supplied to the Chesapeake Bay is 100 minus the number shown on the line labeled " Tota l percentage 

Percentage trapped 
rushSediments Dissolved silica Total nitrogen

Water year ~ ------
1980 1981 1980 1981 1980 1981 1980 ~ 

Segment: 
Tidal river ____________________ 38 18 16 35 7 2 5 27 

13Transit ion zone _______________ 16 30 (- 7) ( - 9) 3 41 16 
Estuary ______________________ 46 43 19 42 51 4 40 ~ 

Total percentage ________________ 100 91 35 77 61 47 61 80 
Total supply in tons ______________ 2.38 x 108 783,000 127,000 43,000 41 ,700 19,400 2,710 ~ 

1 
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loadings of phosphorus, nitrogen, bio­
chemical oxygen demand, dissolved silica, 
;nd sediment from nonpoint sources. 

arnples of the streamflow leaving four 
Watersheds and from the Occoquan Reser­
voir in Virginia were collected. These data 
W~re correlated with discharge records and 
With reservoir characteristics so that pollu­
t~nt loads could be estimated. Results from 
t e three urban watersheds sampled indicate 
that suspended sediment is less than that 
;eas~red 20 years ago. Data collected from 

e discharge of the reservoir were com­
Pared with available information on the 
~~aunt of pollutants entering the reservoir. 

e results indicate that, during 1979 and
19ao, rnost of the sediment and phosphorus 
Was trapped, but most of the nitrogen 
Passed through to the tidal Potomac River. 

Bottom-Dwelling Life 

d Seasonal and spatial variability of bottom­
t''Nelling animals was investigated at 59 sta­
~o~s located in 7 transects between Piney 
thoint and Wilson Bridge from fall 1977 

rough summer 1979. Analysis of grab 
samples yielded 9 phyla composed of 123 
;Pecies. The tidal river was partitioned into 
our zones: estuarine, transitional, tidal 

freshwater, and environmentally impacted. 
Analysis indicated that salinity is the 
predominant factor influencing infauna! 
distributions throughout most of the tidal 
river. Biological communities that char­
acterize the four zones are primarily deposit­
feeding resilient opportunists. Within the 
estuarine zone reside marine organisms that 
tolerate a wide range of salinities and that 
recolonize this area which is seasonally in­
fluenced by summer anoxic conditions. 
Estuarine endemics dominate the transitional 
zone where seasonal salinity fluctuations 
decrease diversity while supporting in­
creased abundance. Freshwater species 
dominate the remaining reach of the river. 

Nutrient and Sediment Budgets 

During the 1980 and 1981 water years, 
twice-weekly samples of salt, sediment, and 
a variety of nutrients were collected at five 
stations along the 116-mile tidal reach be­
tween Washington, D.C., and the Chesa­
peake Bay. Computed nutrient and sediment 
loads passing each of the stations were used 
in combination with sewage treatment plant 
and local nonpoint source contributions to 
determine materials budgets for the major 
segments of the tidal river and estuary for 

In-situ incubation of bottles 
for primary productivity 
measurements in the tidal 
Potomac River. 
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• 

the 2 water years. Water discharge to the Flow Modeling
tidal river near Washington, D.C., during 

Sampling submersed aquatic 
vegetation and substrate 
with modified oyster tongs. 

1980 averaged 16,280 cubic feet per second, 
43 percent above normal (51-year average is 
11,400 cubic feet per second), while during 
1981 the average discharge was 6,905 cubic 
feet per second, 39 percent below normal. 
The percentages of sediments and nutrients 
trapped in the various zones of the tidal river 
and estuary are shown in the table. For the 
2 water years, 98 percent of supplied sedi­
ment was trapped in the tidal river and 
estuary. Corresponding figures for phos­
phorous, nitrogen, and dissolved silica were 
68 percent, 57 percent and 46 percent. 

The tidal Potomac River from the head-of­
tide in the northwestern quadrant of Wash­
ington, D.C., to Indian Head, Maryland, was 
modeled mathematically using a general 
one-dimensional network-type flow-simu­
lation model. Water-surface elevations and 
discharge can be computed at any desired 
location throughout the network of channels 
using the model. The flow model was 
calibrated using recorded water-surface 
elevations as well as measured discharges 
from throughout the network. The general 
model is a proven viable and economical 
flow-assessment tool that is applicable to a 
wide range of hydrologic conditions and 
varying field situations. Through the use of 
such techniques, water managers and scien­
tists involved in similar comprehensive 
assessments can better understand the inter­
relationship of predominant riverine and 
estuarine processes. 

Shoreline Erosion 

Field studies, comparisons of historical 
maps, and photogrammetric measurements 
were carried out to identify erosion proc­
esses along the shores of the tidal Potornac 
River and Esturary, to measure rates of 
shoreline recession, and to estimate the 
mass of sediment contributed to the systeff1 
by shore erosion. Results indicate that the I 
average recession rate in the estuary ( 1.2 
feet per year) is more than twice as high as 
the average recession rate in the tidal river 
and transition zone (0.5 foot per year). Of 
the total mass of sediment derived frorn 
shore erosion annually (670,000 tons), 35 
percent originates in the tidal river and 
transition zone, and 17 percent and 48 per-
cent are derived from the Maryland shore 
and from the Virginia shore of the estuarY, 
respectively. About 40 percent of the sedi­
ment derived from shore erosion (262,00o 
tons) is in the silt- and clay-sized fraction. 
This is the same size of material as the 
suspended sediment in this area from other 
sources and represents 12 to 13 percent of 
the total mass of suspended sediment con· 
tributed to the tidal Potomac River. 

Submersed Aquatic Vegetation 

From 1978 through 1982, distribution and 
abundance of submersed aquatic vegetation 
in the tidal Potomac River and Estuary were 
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studied with the assistance of the U.S. Fish It is exceedingly difficult to isolate the fac­
and Wildlife Service. Of 16 identified species tors responsible for the decline of sub­
of submersed aquatic plants, 14 were mersed aquatic vegetation in the tidal 
vascular plants, and 2 were species of the Potomac River and Estuary. The most likely 
algae Chara. The majority of the plants are reasons for their almost complete disap­
located in the Potomac River transition zone pearance from the tidal river include exten­
~nd Wicomico River tributary, with a few sive storm damage in the 1930's, increasing 
;solated populations in the tidal river and nutrient enrichment with a shift in the rela­
0wer estuary. Wildcelery, horned pond­ tion or balance between submersed aquatic 
weed, widgeongrass, and redhead-grass plants and phytoplankton, a change in 
Were the most abundant and widespread availability of light, and grazing by predators 
species. The present distribution and abun­ before adequate rhyzome mats or minimum 
dance are very different from those of the bed size is established. The wide variation of 
early 1900's, when flats in the tidal river salinity concentrations in the transition zone 
:~re covered with lush vegetation including may account for the relative abundance of 

ildcelery and pondweeds and the lower vegetation and the diversity of species 
estuary had an abundance of eelgrass. within this reach as compared to other 

reaches. 
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High Plains Regional Aquifer-System Analysis 

In 1978, the High Plains study was ini­
tiated in response to concern about the im­
pact of declining water supplies on agri­
culture. This study is part of the Regional 
Aquifer-System Analysis Program of the 
U.S. Geological Survey, which was im­
plemented to provide hydrologic information 
needed for effective management of the Na­
tion's ground-water resources. 

The High Plains aquifer underlies 174,000 
square miles in parts of Colorado, Kansas, 
Nebraska, New Mexico, Oklahoma, South 
Dakota, Texas, and Wyoming. The region 
has abundant sunshine, moderate precipita­
tion (16-18 inches annually), and high rates 
of evaporation (60-100 inches annually). The 
soils of the High Plains are highly productive 
when adequate water is available. 

About 3.25 billion acre-feet of drainable 
water is stored in the aquifer. Approximately 
66 percent of the water in storage is in 
Nebraska, and 12 percent is in Texas. New 
Mexico, the State with the smallest water 
resource in the High Plains, has only 1.5 
percent of the volume of water in storage. 

The quality of water in the High Plains 
aquifer generally is suitable for irrigation. 
However, the water does not satisfy En­
vironmental Protection Agency drinking­
water standards in many places. Excessive 
concentrations of dissolved solids, fluoride, 
chloride, and sulfate occur in parts of the 
aquifer in all States. 

About 62 percent of the area of the High 
Plains aquifer contains water with 250 to 500 
milligrams per liter dissolved solids; only 3 
percent of the area of the aquifer (mostly in 
Texas) contains water exceeding 1,000 milli­
grams per liter dissolved solids. Generally, 
dissolved-solids concentrations are lowest 
where the aquifer is covered by dune sand 
because recharge is relatively high and the 
sand contains few highly soluble minerals. In 
most area~ where the concentration of dis­
solved solids in the aquifer exceeds 1,000 
milligrams per liter, the chemical composi­
tion of the water is affected by the underly­
ing bedrock. 

Irrigation development began in the 
southern High Plains in the 1930's and 
1940's. In 1949, nearly 4 million acre-feet of 
ground water was pumped to irrigate about 
2 million acres in the High Plains. In 1978, 
an estimated 170,000 wells pumped 23 

million acre-feet of water to irrigate 13 
million acres. 

The rapid increase in pumpage since 1949 
has resulted in extensive water-level declines 
in the High Plains aquifer. Since irrigation 
began, water levels have declined more than 
10 feet in 50,000 square miles of the aquifer 
and more than 50 feet in 12,000 square 
miles of the aquifer. Water-level declines of 
as much as 200 feet have been reported in 
Texas since irrigation pumpage started. The 
volume of water in storage in the aquifer 
has decreased about 5 percent or 166 million 
acre-feet since ground-water development 
began. About 70 percent of the depletion 
has occurred in Texas; about 16 percent of 
the depletion has occurred in Kansas. 

To forecast future water-level changes, 
the High Plains Regional Aquifer-System 
Analysis will develop a geohydrologic data 
base and computer model of the aquifer. 
The data base will provide water managers 
with regional information needed for effec­
tive ground-water resource management. 
The computer model will provide managers 
with a tool for evaluating water-manage­
ment alternatives. 

Because of a plentiful supply of ground 
water, irrigation has developed the High 
Plains into one of the Nation's major 
agricultural areas. Of the total United States 
crop production in 1977, the High Plains 
produced 16 percent of the wheat, 13 per­
cent of the corn, 40 percent of the sor­
ghum, and 25 percent of the cotton. The 
total value of crops produced in the High 
Plains in 1977 was about $4.6 billion ($2 
billion from irrigated crops). In addition, the 
High Plains produced about 40 percent of 
the feedlot beef (valued at over $10 billion) 
raised in the United States. 

Over 20 percent of the irrigated land in 
the United States is in the High Plains, and 
about 35 percent of the ground water used 
in the United States is pumped from the 
High Plains aquifer. Pumpage has caused 
areally extensive water-level declines in the 
aquifer. Consequently, many irrigators have 
experienced increased pumping costs and 
decreased well yields. 

Regionally, the High Plains aquifer is a 
water-table aquifer consisting mainly of 
hydraulically connected near-surface sand 
and gravel deposits of Tertiary and Quater-
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nary age. The Tertiary Ogallala Formation, 
w_hich underlies about 80 percent of the 
~gh Plains, is the principal geologic unit in 
t e aquifer. The maximum saturated thick­
ness of the High Plains aquifer is about 
l,OOo feet and averages 200 feet. Ground 
Water generally flows from west to east at 
an average rate of about 1 foot per day and 

discharges naturally to streams and springs 
and by evapotranspiration. Precipitation is 
the principal source of recharge to the 
aquifer. Estimated recharge rates range from 
about 0.03 inch per year in Texas to 6 
inches per year in areas of dune sand in 
Kansas and Nebraska. 
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Office of Earth Scie ces 
Applicat· ons 

Mission 

The Office of Earth Sciences Applications 
of the U.S. Geological Survey was estab­
lished to demonstrate and increase the use 
of earth science information in land use and 
resource planning processes. The public and 
its elected officials, planners, policymakers, 
resource managers, and decisionmakers in­
creasingly must cope with many issues, 
such as zoning, permitting, geologic hazard 
warnings and contingency plans, building­
site selections, and so forth, that entail 
technical information at varying levels of 
complexity and from a diverse range of 
scientific disciplines. Many times, important 
geologic or hydrologic considerations are 
not included in the planning process 
because the information is not available, not 
known to be available, or not compatible to 
the needs of the user. 

The major functions of the Office include 
the following: 
• Enhancing the usefulness of earth science 

information in the planning-decision­
making process. 

• Reviewing environmental impact state­
ments prepared by other Federal agen­
cies. 

• Applying remote-sensing technology and 
data in land resource and environmental 
analyses. 

Return of the Office 
Functions to the 
Divisions 

A decision was made to disband the Of­
fice of Earth Sciences Applications during 
fiscal year 1982 and to place all the func­
tions and personnel in appropriate operating 
Divisions. This decision signified that the in­
novative layman-oriented information and 

technology transfer techniques developed bY 
this special Office since 1975 have become 
more or less routine and accepted functions 
of the Geological Survey and that these 
functions could now be housed in the 
Survey's traditional organization. The Earth 
Resources Observation Systems Office was 
transferred intact to the National Mapping 
Division, the Visual Information Services Of­
fice went intact to the Geological Division's 
Office of Scientific Publications, and most 

of the Environmental Affairs Office was 
transferred to the Water Resources Division, 
except for the Oil Spill Trajectory Analysis 
function and personnel, who were reas­
signed to the newly formed Minerals 
Management Service of the Department of 
the Interior. The personnel of the Earth 
Sciences Assistance Office and the 
Resource Planning Analysis Office were 
divided among the Geologic, Water 
Resources, and National Mapping Divisions 
according to function. 

During fiscal year 1982, however, the 
units of the Office of Earth Sciences Ap­
plications continued to operate. A brief surll' 
mary of their activities and major research 
projects follows. 

Significant Activities 

Environmental Affairs Office 

During 'fiscal year 1982, the Environmental 
Affairs Office served as the primary focal t 
point for coordination of environmental fll~ -
ters within the U.S. Geological Survey an e 
for assurance of overall compliance with th r 
National Environmental Policy Act and othe 
environmental laws. 
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Specific accomplishments during the year 
included a study to streamline the National 
Environmental Policy Act processes within 
the Survey, completion of studies summariz­
ing natural resource and energy develop­
ment policies and regulations for each of 40 
States; completion of oilspill analyses for the 
Gulf of Mexico, Atlantic, and Norton Basin 
Outer Continental Shelf lease areas; and 
participation with approximately nine 
bureaus and agencies by providing Survey 
expertise and assistance in National En­
vironmental Policy Act projects. Significant 
support during the year was provided to the 
Office of Surface Mining in the preparation 
of environmental impact statements and the 
review of mine reclamation plans, to the 
Bureau of Land Management in the prepara­
tion of environmental impact statements for 
various coal leasing projects, and to the 
Minerals Management Service for assistance 
in preparation of the Arctic National Wildlife 
Refuge environmental impact statement. 

Earth Sciences Assistance Office 

During fiscal year 1982, the Earth 
Sciences Assistance Office continued to 
develop, interpret, and demonstrate applica­
tions of earth sciences information in sup­
port of planning and decisionmaking for land 
and related resources. Major emphasis was 
placed on geologic related hazards warnings 
and preparedness activities and interdis­
ciplinary earth sciences applications studies. 

Significant advances were made during 
the year in the development of more positive 
and effective hazards warning and prepared­
ness procedures. The Earth Sciences Assist­
ance Office, with cooperation from a 
number of Federal, State, and local agen­
cies, intiated a program of emergency 
response and planning workshops to assist 
State and local officials to deal with specific 
potential geologic hazards. The first of these 

workshops, held at Shasta, California, in 
November 1981, focused on potential 
hazards from future volcanic eruptions at 
Mount Shasta. Approximately 100 State and 
local officials attended the workshop to 
learn more about the specific nature of 
hazards to life and property that can be ex­
pected in the event of renewed eruptive ac­
tivity at Mount Shasta, one of a number of 
active volcanoes in the Pacific Northwest. 
The specific information provided and the 
emergency planning initiated at workshops 
of this type are expected to stimulate and 
encourage early and effective response to 
imminent geologic threats as they are iden­
tified in the future. 

Two major interdisciplinary projects sup­
ported by this Office and conducted by the 
Water Resources and Geologic Divisons 
were completed successfully in fiscal year 
1982. The Puget Sound Project in Washing­
ton and the Culpeper Basin Project in north­
ern Virginia together produced more than 
120 basic and interpretive geologic and 
hydrologic maps and reports aimed primarily 
at describing the earth science constraints 
and opportunities for land and related re­
source use in the project areas. 

Earth Resources Observation 
Systems Office 

The Earth Resources Observation Systems 
Office, which was established in 1966 by 
order of the Secretary of the Interior and is 
administered for the Department by the 
U.S. Geological Survey, is the focal point 
for most of the Department's Earth 
resource-oriented remote-sensing activities. 
The mission of the Earth Resources Obser­
vation Systems Office is to develop, 
demonstrate, and encourage applications of 
techniques using remotely sensed data to 
the resource and environmental inventory 
and management responsibilities of the 
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This image of northwestern 
Arizona, acquired f ram 
NOAA-6 on April 7, 1982, 
has been processed to 
show greeness of vegeta­
tion in relative shades of 
gray. Brightness indicates 
higher levels of standing 
green vegetation, especially 
near sites A, B, and C. 
Digital Line Graph data 
(roads and State boun­
daries) from the National 
Mapping Division provide a 
geographic reference. 

Department of the Interior. A realinement of From March through April 1982, radiorn­
functions during fiscal year 1982 has 
resulted in the transfer of this Office to the 
National Mapping Division. 

Monitoring Vegetation Over Large 
Geographic Regions for Wildfire 
Management 

A cooperative project with the Geological 
Survey's Earth Resources Observation 
Systems Office, the Bureau of Land Man­
agement, and the National Oceanic and At­
mospheric Administration (NOAA) evaluated 
the use of Advanced Very High Resolution 
Radiometer data for monitoring areas of her­
baceous vegetation . Bureau of Land 
Management fire managers require estimates 
of fire fuel and a means for monitoring 
vegetation growth, maturing, and curing 
(time of greatest fire potential). 

The NOAA-6 and NOAA-7 satellites carry 
radiometer sensors that provide land cover 
information on a daily basis. These satellites 
are in sun-synchronous, near-polar orbits. 
Their images have a ground resolution of 
over 0.6 mile. 

eter images were acquired for northwestern 
Arizona and registered to a digital geo- d 
graphic reference map base containing roa 
patterns and State boundaries. The time in­
tervals showed the spring growth cycle frorri 
dormancy through maturing of the annuals, 
Images were processed for five different 
days and analyzed to determine their 
usefulness in wildfire management deci­
sions. The investigation showed that the 
data can be used to estimate the date when 
the vegetation becomes mature, document 
relative amounts of standing green vegeta­
tion for northwestern Arizona, and folloW 
seasonal growth of annual grasses. 

Land Cover and Terrain Mapping for the 
Kenai and Togiak National Wildlife 
Refuges, Alaska 

A cooperative project between the Earth 
ndResources Observation Systems Office a 

the U.S. Fish and Wildlife Service's Refuges 
Division has developed land cover and ter­
rain digital data bases and maps for the 
Kenai and Togiak National Wildlife Refuges 
and surrounding areas. 
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The principal sources of raw data utilized 
to develop the land cover and terrain infor­
rnation to be incorporated in the com­
Prehensive plans were digital Landsat 
rnultispectral scanner data and digital eleva­
tion model data. Digital terrain information 
Was utilized to improve the overall repre­
sentativeness and accuracy of the final 
classification. The results of this modeling 
activity are habitat maps that permit wildlife 
biologists to assess and inventory areas as 
suitable or critical for particular species. The 
rnethodology demonstrated in this project 
has been adopted as the approach that will 
be used in the development of plans for the 
rernaining 14 National Wildlife Refuges in 
Alaska. 

Digital Mapping of Drainage Basins 
and Drainage Lines 

An Earth Resources Observation Systems 
Office project to describe the physical char­
acteristics and hydrologic conditions of 
drainage basins within the Black Hills of 
South Dakota was initiated during 1982. A 
cornputer technique for mapping drainage 
lines and drainage basins was developed. 
Digital elevation data acquired from the 
Survey's National Mapping Division were 
the only data needed. Drainage basins are 
delineated by the highest elevation values 
~bove a predetermined location. The analyst 
indicates the point designated as the ter­
f'l"linaI location for the basin under considera­
tion. Although the new technique has not 
been fully tested, it has provided a rapid ac­
curate method of producing drainage lines 
and basin maps from digital elevation data.1

hese maps are useful in studying basin 
Parameters for gaged basins and for siting 
new stream gages to measure stream flow. 

Determination of Irrigation Potential of
th 

e Lower Brule and Crow Creek Indian 
~eservations 

ihe Bureau of Indian Affairs assists in the 
f'l"lanagement of large Indian-owned acres
th 

at are used for agricultural cropping and 
9razing. Part of this responsibility is to be 
aware of existing resources, to plan and im­
~lernent programs for their efficient utiliza­
tion, and to monitor changes resulting from 
resource management. 

l=or an Earth Resources Observation 
Systems Office and Bureau of Indian Affairs 
Cooperative project, several types of data
stJ 

ch as soil fertility, landslope, current land 

Map of irrigation potential of 
the Joe Creek quadrangle, 
South Dakota. 

SOUTH DAKOTA 

P i e rr e 

Crow Creek 
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uses, and landownership, were digitized, 
merged, and integrated to determine which 
reservation lands were most suitable for pro­
ducing irrigated crops. Models were 
developed to estimate and map irrigation 
potential. These maps were used by the 
Bureau of Indian Affairs in planning and 
management decision making. 

Side-Looking Airborne Radar Program 

The Survey's Side-Looking Airborne 
Radar, which was initiated in fiscal year 
1980, involves evaluating this technology for 
geologic and cartographic applications. Dur­
ing 1980 and 1981, airborne radar data, in­
cluding multilook and stereographic 
coverage, were acquired for approximately 
60,000 square miles in the Alaska Peninsula 
and in northern Alaska. By the close of 
1981, a summary report of 20 investigations 
("Evaluation of Radar Imagery for Geologic 
and Cartographic Applications," U.S. 
Geological Survey Open-File Report 
81-1358) had been published. 

During fiscal year 1982, data of the Aleu­
tian Arc were acquired. In addition, the 
Survey, in consultation with State Geolo­
gists, selected and has contracted to fly five 
project areas within the contiguous United 
States. Total airborne radar acquisition for 
these six projects will exceed 75,000 square 
miles by the end of calendar year 1982. 
Research to assess the application of the air­
borne radar technology to earth science 
issues is ongoing. 

The data acquired by the Survey as a 
result of this program are available through 
the Earth Resources Observation Systems 
Data Center, Sioux Falls, South Dakota 
57198. 

Thematic Mapper Simulator Data 

The Thematic Mapper, carried on board 
Landsat 4 which was launched July 16, 
1982, is a new remote-sensing system 
designed for better resolution and data 
characteristics than previously available. In 
preparation for applications of these data, 
simulated data to approximate Thematic 
Mapper data were acquired by aircraft and 
evaluated for three areas within the Uinta 
Basin of eastern Utah and northwestern Col­
orado. The areas are composed of broad 
exposures of rocks of Pennsylvanian to Ter­
tiary age and contain a variety of hydrocar­
bons. Initially, Thematic Mapper Simulator 

data were registered to a topographic map 
base to facilitate comparison with geologic 
maps. Several image processing techniques 
were applied to the data to enhance spectral 
differences so that the rock types could be 
identified. 

The area covered by the 1 :250,000-scale 
topographic quadrangle was one region for 
which specially processed false-color com­
posite images were prepared. On two of 
these color composites, 17 of 18 sedimen­
tary formations in this quadrangle were 
distinguishable. The increased spectral and 
spatial resolution of mapper data provides 
improved data from which specialists can 
discriminate the rock types in this hydro­
carbon-rich area. As these results indicate, 
Thematic Mapper data may prove to be ex­
tremely useful for rapid mapping of poten­

ndtially valuable areas containing minerals a 
energy resources. 

Digital Image Mapping 

Spatial data, such as Landsat image data, 
can be combined with other types of data, 
such as cartographic information. Having 
both sets of data in digital form facilitates 
combinations by computer. The Earth 
Resources Observation Systems Office in­
itiated a laboratory project in mid-1981 to 
develop a system that will register digital 
Landsat data to a digital cartographic data 
base and register one Landsat scene to 
another. This system was in the final stage_s 
of testing in early fiscal year 1982. The proJ­
ect includes the production of Landsat 
multispectral scanner false-color image m()()OaP~ 
compatible with and registered to 1 :250, 
scale map quadrangles, such as the Las 
Vegas quadrangle. 

The first step in registering the images 
was to select control points from the 
quadrangle maps and to generate a mapping 
grid. The images were then alined with cor­
responding map portions. 

Once the four images used to produce the 
quadrangle were alined, they were merged 
to produce a digital mosaic. Individual h 
photographic negatives for three wavelengt 
bands were then generated, enlarged to t~e 
correct scale, and composited photographt­
cally to produce a final false-color mosaic, 

The accuracy of the Las Vegas mosaic ap­
proaches established standards. The systen1 
will be useful for producing image mosaics d 
of large areas for geologic interpretation an 
mapping and for other earth science in­
vestigations. 
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~81'llotely Sensed Data Base and Usage 

Dihe Earth Resources Observation Systems 
ata Center, Sioux Falls, South Dakota, 

:ded more than 130,000 satellite images of 
e Earth and more than 100,000 aircraft 

P~otographs of the United States to its ar-
~ _ive this fiscal year. The archive now con­
dains 6.8 million frames. Sales of satellite 
ata exceeded $3.2 million, and sales -of 

;erial Photographs exceeded $1.4 million. 
. eventeen remote-sensing technology train­
ing
f courses were conducted at the center 
Or 356 • • partIcIpants. 

This image mosaic of Las 
Vegas area was produced 
using the digital processing 
system at the Earth 
Resources Observation 
Systems Data Center, 
Sioux Falls, South Dakota. 
The system will be useful 
for producing image 
mosaics of large areas for 
geologic interpretation and 
mapping and for other 
earth science investigations . 
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Organization and Mission 

During fiscal year 1982, the U.S. Geo­
logical Survey made several organizational 
changes that are intended to increase the ef­
fective use of computers and information 
systems throughout the Survey. Among 
these were the restructuring of the Com­
puter Center Division as the Information 
Systems Division, the establishment of an 
Assistant Director for Information Systems, 
and formation of a Bureau-level Information 
Systems Council. 

Information Systems Division 

The Information Systems Division was 
established in fiscal year 1982. Its functions 
incorporate those of the former Computer 
Center Division, including the operation of 
the Survey's general purpose computers and 
the provision of customer services to users 
nationwide. Offices within the new Division 
are Systems Policy and Management, Data 
Administration, ADP Services, Acquisition 
Management and Support, Program Sup­
port Services, and Operational Systems 
Support. 

Assistant Director for Information 
Systems 

The establishment of the Assistant Direc­
tor for Information Systems created a focal 
point for management of Bureau information 
systems activities and placed the respon­
sibility for developing Bureau Automated 
Data Processing policy and program leader­
ship in one position. 

Information Systems Council 

An Information Systems Council, com­
posed of policy-level representatives from 
each Division and from each field region, 
was instituted in fiscal year 1982. The pur­
pose of this Council is to recommend 
policies, to coordinate research and tech­
nology, and to provide guidelines for major 

computer systems and information manage­
ment programs and systems for the 
Geological Survey. 

Earth Science Standards 

The Office of Data Base Administration 
has established a comprehensive program 
for standardizing digital scientific data. In 
fiscal year 1980, a Memorandum of Under­
standing was signed with the National 
Bureau of Standards giving the Survey the 
responsibility for developing and maintainin9 
earth science data standards for the Federal 
Government. To accomplish this, a U.S. 
Geological Survey Data Standards Commi~­
tee was established to develop and maintain 
applicable standards. A Department of the 
Interior Earth Science Data Standards coun· 
cil has also been established, chaired by the 
Survey, to coordinate earth science data 
standards throughout the Department. 
Standards for hydrologic unit codes have 
been published and other standards are in 
process. This program will benefit not onlY 
the Survey and the Federal Government but 
also various scientific, university, and local 
government groups. 

Earth Science Information 
System 

The U.S. Geological Survey is changing 
from an organization that stored its data in 
document form, such as tables, maps, 
charts, or photographs, to one that collect5, 

processes, transmits, stores, and analyzes 
massive amounts of electronic digital data, 
To accomplish this, certain basic require­
ments are needed such as an inventory of 
data bases and a dictionary-directory of data 
elements, as well as a data management 
facility to support standardization and in­
tegration. The Earth Science Information 
System was designed for this purpose. 

Acquisition Support 

During fiscal year 1982, the Information 
Systems Division provided a broad spectruf11 
of technical expertise to help process in e)(· 
cess of 3,200 requests from Survey project 

84 



~anagers for Automated Data Processing 
ardware, software, and services. These 

resource acquisitions have ranged in 
technical complexity from simple off-the­
shelf component "buys" to sophisticated 
Processing networks and have resulted in 
expenditures exceeding $35 million. 
~~Presentative programs supported during 

is Period are earthquake studies, oil and 
~as operations, hydrologic data manipula­
ion,_ automated cartography, digital image 
~anipulation, and map printing and distribu­
tIon. 

Consolidation of Multics 

ihe Information Systems Division imple­
:e.nted in fiscal year 1982 a plan to con­
/ 11date the present Multics (Multiplexed ln-
orrriation and Computing Service) computer

8YsteM rns from the present locations (Denver, 
enlo Park, and Reston) to one central 

1 
ication at Denver. This consolidation will 
ot be fully completed until fiscal year 1984. 

Microcomputer Technology 

rn·One of the most frequent uses of 
thicrocomputers in the Geological Survey is 

e transfer of files from the microcomputer 

to the large Survey mainframe computers 
and minicomputers and vice versa. To assist 
our microcomputer users, the Information 
Systems Division obtained a data com­
munications program in the public domain. 
Because the program was written primarily 
for communications and file transfer be­
tween microcomputers, the program was 
enhanced by tailoring it for use with many 
mainframes and minicomputers and by pro­
viding other useful features. 

Telecommunications 

The Information Systems Division im­
plemented several management plans to 
help control increasing telecommunication 
costs. These activities included nationwide 
packet-switching services to support 
distributed data processing and to replace 
many fragmented services that were utilized 
and digital Private Area Branch Exchanges 
to replace obsolete costly systems. These 
acquisitions are predecessor activities 
leading to the ultimate merger of voice and 
data telecommunications over common 
facilities. 
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U.S. Geological Survey Offices 
Headquarters Offices 
12201 Sunrise Valley Drive, 
National Center, Reston, VA 22092 

As of September 30, 1982 

Office 

Office of the Director 
Director ------------------------------------------------­
Associate Director ---------------------------------------­
Special Assistant (Washington Liaison) and Deputy Ethics 

Counselor---------------------------------------------

Acting Assistant Director for Research ----------------------­
Assistant Director for Engineering Geology ------------------­
Assistant Director for Administration ------------------------­
Assistant Director for Programs -----------------------------

•Assistant Director for Intergovernmental Affairs--------------­
Director's Representative-Central Region--------------------

Director's Representative-Western Region -------------- - --­

Congressional Liaison Officer ------------------------------­
Chief, Public Affairs Office--------------------------------­
Staff Assistant (Special Issues) ----------------------------­
Special Assistant to the Director for Alaska -------------------

Acting Assistant Director for Information Systems------------­

National Mapping Division 

Chief----------------------------------------------------
Associate Chief------------------------------------------­
Assistant Division Chief for Research -----------------------­
Assistant Division Chief for Plans and Operations-------------­
Assistant Division Chief for Information and Data Services------

Geologic Division 

Chief Geologist ------ - -----------------------------------­
Associate Chief Geologist ---------------------------------­
Deputy Chief Geologist, Operations-------------------------­
Deputy Chief Geologist, Program and Budget ------------ - ---­
Office of Scientific Publications, Chief ----- - ----------------­
Office of Regional Geology, Chief--------------------------­
Office of Earthquake Studies, Chief-------------------------­
Office of Energy Resources, Chief --------------------------­
Office of Marine Geology, Chief ----------------------------­
Office of Mineral Resources, Chief--------------------------­
Office of Geochemistry and Geophysics, Chief ---------- -----­
Office of International Geology, Chief------------------------

Water Resources Division 
Chief Hydrologist ----------------------------------------­
Staff Assistant for Special Projects - - -----------------------­
Associate Chief Hydrologist ---------------------------- - --­
Assistant Chief Hydrologist, Scientific Publications, and 

Data Management-------------------------------------­
Assistant Chief Hydrologist, Operations--------- --- - --------­
Assistant Chief Hydrologist, Research and Technical 

Coordination ----------------- ---------------------- - --­
Office of Water Data Coordination, Chief-------------------- ­
Office of International Activities, Chief -----------------------

Name 

Dallas L. Peck 
Doyle G. Frederick 

Jane H. Wallace 

Bruce B. Hanshaw 
James F. Devine 
Edmund J. Grant 
Hillary A. Oden 
John J. Dragonetti 
John D. Mclaurin 

George Gryc 

Talmadge W. Reed 
Donovan B. Kelly 
William G. Wilber 
Max C. Brewer 

R. Michael Gall 

Rupert B. Southard 
Roy R. Mullen 
Lowell E. Starr 
Peter F. Bermel 
Gary W. North 

Robert M. Hamilton 
William C. Prinz 
Penelope M. Hanshaw 
Norman E. Gunderson 
John M. Aaron 
Douglas M. Morton 
John R. Filson 
Terry W. Offield 
Terence N. Edgar 
A. Thomas Ovenshine 
Benjamin A. Morgan Ill 
John A. Reinemund 

Philip Cohen 
Gary D. Cobb 
R. Hal Langford 

James E. Biesecker 
Thomas J. Buchanan 

Gordon D. Bennett 
Porter E. Ward 
Della Laura 

Telephone number 

(703) 860-7411 
(703) 860-7412 

(202) 343-3888 

(703) 860-7488 
(703) 860-7491 
(703) 860-7201 
(703) 860-7435 
(703) 860-7414 
(303) 234-2351 

(415) 323-2917 

(703) 860-6438 
(703) 860-7444 
(703) 860-7413 
(907) 271-4398 or 
(907) 263- 7429 

(703) 860-7108 

(703) 860-6231 
(703) 860-6232 
(703) 860-6291 
(703) 860-6281 
(703) 860-7181 

(703) 860-6531 
(703) 860-6532 
(703) 860-7429 
(703) 860-6544 
(703) 860-6575 
(703) 860-6411 
(703) 860-6471 
(703) 860-6431 
(703) 860-7291 
(703) 860-6561 
(703) 860-6584 
(703) 860-6418 

(703) 860-6921 
(703) 860-6802 
(703) 860-6921 

(703) 860-6877 
(703) 860-6801 

(703) 860-6971 
(703) 860-6931 
(703) 860-6548 

Address 

National Center, STOP 101 
National Center, STOP 102 

Rm. 7343, Interior Bldg., 
Washington, DC 20240 

National Center, STOP 104 
National Center, STOP 106 
National Center, STOP 201 
National Center, STOP 105 
National Center, STOP 109 
Box 25046, STOP 510, Denver 

Federal Center, Denver, 
co 80225 

345 Middlefield Rd., STOP 87 
Menlo Park, CA 94025 

National Center, STOP 112 
National Center, STOP 119 
National Center, STOP 121 
Gould Hall-APU Campus, 

University Drive, 
Anchorage, AK 99504 

National Center, STOP 801 

National Center, STOP 516 
National Center, STOP 516 
National Center, STOP 519 
National Center, STOP 514 
National Center, STOP 508 

National Center, STOP 911 
National Center, STOP 911 
National Center, STOP 911 
National Center, STOP 910 
National Center, STOP 904 
National Center, STOP 908 
National Center, STOP 905 
National Center, STOP 915 
National Center, STOP 915 
National Center, STOP 913 
National Center, STOP 906 
National Center, STOP 917 

National Center, STOP 409 
National Center, STOP 440 
National Center, STOP 408 

National Center, STOP 440 
National Center, STOP 441 

National Center, STOP 414 
National Center, STOP 417 
National Center, STOP 470 

Office of Earth Sciences Applications (as of August 1, 1982) 

Chief----------------------------------------- - ---------- Gene A. Thorley (703) 860- 7471 National Center, STOP 516 

Associate Chief--------------------------------- -------- - ­ John J. Dragonetti (703) 860- 7811 National Center, STOP 109 
Earth Resources Observations Systems Office, Chief--- - ------­ John W. Salisbury (703) 860- 7881 National Center, STOP 590 
Resource Planning Analysis Office, Chief--------------------­ Dennis R. Hood (703) 860-6717 National Center, STOP 590 
Environmental Affairs Office, Chief ------------------ - ------­ James R. Burns (703) 860-7455 National Center, STOP 423 
Earth Sciences Assistance Office, Chief ---------------------­ Jerry C. Stephens (703) 860- 6961 National Center, STOP 406 
Visual Information Services Office, Chief -------------- ------- Theresa M. Sousa (703) 860- 6162 National Center, STOP 790 
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Information Systems Division 

~;~c;;,:-ch;;;::::::::::::::::::::::::::::::::::::::::::: 
Office of Systems Policy and Management ------ - -------------

0/e of ADP Services -----------------------------------­
Office of Data Administration ------------------------------­
Office of Acquisition Management and Support --------------­
Office of Program Support Services -------------------------

ice of Operational Systems Support -----------------------

Administrative Division 
Ch· 

~~~~~-ch~;;=====----------------------------------------
p rn,n,strative Operations Officer ---------------------------

~~~i:~~ g~:~=~ -------------------------------===-====== 
111ance Off' 

~eneral seii~~;Offi;;r-=================================== 
anagement Analysis Officer------------------ - -- - ---------

Selected Field Offices 
National Mapping Division 
Regional Centers 
Eastern ___ _ 
Mid-Continent --------------------------------------------

Rocky Mountain ------------------------------------------

Western -------- -- ---- - - ---- ----- - -- ------ ------- - -------

Pr"
inting and Distribution -----------------------------------

:~blic Inquiries Offices 
aska --------------------------------------------------

California: 

Los Angeles --------------------------------------------

Menlo Park --------------------------------------------

San Francisco ------------------------------------------

Colorado ------------------------------------------------

DiStrict of Columbia -----------------------· ---------------

Virginia --------------------------------------------------

Washington ----------------------------------------------

Distr"b . 
A.lask~ ~~~n Branch Offices ------------------------------

Western -------------------------------------------------

Name 

R. Michael Gall 
Carl E. Diesen 
Carl E. Diesen (Acting ) 
Carl E. Dielsen (Acting) 
Theodore M. Albert 
Virginia L. Thomas 
Rollin F. Nelson 
James S. Bregman 

Edmund J . Grant 
William F. Gossman, Jr. 
George F. Hargrove, Jr. 
Maxine C. Millard 
Paul A . Denett 
Posey B. Howell, Jr. 
Robert E. Rogers 
Ronald E. DeMatteo 

Roy E. Fordham 
Lawrence H. Borgerding 

John D. Mclaurin 

John R. Swinnerton 

Charles D. Kuhler 

Elizabeth C. Behrendt 

Lucy E. Birdsall 

Bruce S. Deam 

Patricia A. Shiffer 

Irene V. Shy 

Bruce A. Hubbard 

John P. Donnelly 

Wendy R. Mabey 

A . Ernestine Jones 

Jean E. Flechel 

Natalie Cornforth 

Dwight F. Canfield 

Telephone number 

(703) 860-7108 
(703) 860-7106 
(703) 860-7106 
(703) 860-7106 
(703) 860-6086 
(703) 860-7103 
(703) 860-7103 
(202) 343-7981 

(703) 860-7201 
(703) 860-7203 
(703) 860-7204 
(703) 860-6127 
(703) 860-7261 
(703) 860- 6181 
(703) 860-7206 
(703) 860-7211 

(703) 860-6352 
(314) 341 -0880 

(303) 234-2351 

(415) 323-8111, 
ext. 2411 

(703) 860- 6761 

(907) 2n-05n 

(213) 688-2850 

(415) 323-8111 , 
ext. 2817 

(415) 556- 5627 

(303) 837-4169 

(202) 343-8073 

(214) 767- 0198 

(801 ) 524- 5652 

(703) 860- 6167 

(509) 456- 2524 

(907) 456-7535 

(303) 234-3832 

Address 

National Center, STOP 801 
National Center, STOP 801 
National Center, STOP 801 
National Center, STOP 801 
National Center, STOP 115 
National Center, STOP 802 
National Center, STOP 802 
Interior Building, Room 1743 

National Center, STOP 201 
National Center, STOP 202 
National Center, STOP 203 
National Center, STOP 215 
National Center, STOP 205 
National Center, STOP 270 
National Center, STOP 207 
National Center, STOP 206 

National Center, STOP 567 
1400 Independence Road, 

Rolla, MO 65401 
Box 25046, STOP 510, 

Denver, Federal Center, 
Denver, CO 80225 

345 Middlefield Road 
Menlo Park, CA 94025 

National Center, STOP 580 

108 Skyline Bldg. , 508 2d 
Ave ., Anchorage, Ak 99501 

7638 Fed. Bldg. , 
300 N. Los Angeles St., 
Los Angeles, CA 90012 

345 Middlefield Rd., 
STOP 33, Bldg. 3, Rm. 122, 
Menlo Park, CA 94025 

504 Customhouse, 
555 Battery St., 
San Francisco, CA 94111 

169 Fed. Bldg. , 
1961 Stout St. 
Denver, CO 80294 

1028 GSA Bldg., 
19th and F. Sts., NW, 
Washington, DC 20244 

1C45 Fed. Bldg ., 
1100 Commerce St., 
Dallas, TX 75242 

8105 Fed. Bldg ., 
125 S. State St., 
Salt Lake City, UT 84138 

1C402 National Center, 
STOP 503, 
12201 Sunrise Valley Dr. 
Reston, VA 22092 

678 U.S. Courthouse 
W . 920 Riverside Ave., 
Spokane, WA 99201 

101 12th Ave., Box 12 
Fairbanks, AK 99701 

Box 25286, STOP 306, 
Denver Federal Center 
Denver, CO 80225 
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Office 

Selected Field Offices-Continued 

Public Inquiries Offices-Continued 

Eastern--------------------------------------------------

Geologic Division 

Regional Offices 

Eastern-------------------------------------------------­
Central --------------------------------------------------

Western-------------------------------------------------

Water Resources Division 

Regional Offices 

Northeastern--------------------------------------------­
Southeastern --------------------------------------------

Central --------------------------------------------------

Western-------------------------------------------------

District Offices 

Alabama 

Alaska --------------------------------------------------

Arizona 

Arkansas 

California ------------------------------------------------

Colorado 

Connecticut----------------------------------------------

Delaware ------------------------------- -----------------
District of Columbia ---------------------------------------
Florida --------------------------------------------- - ----

Georgia -------------------------------------------------

Hawaii 

Idaho 

Illinois---------------------------------------------------

Indiana --------------------------------------------------

Iowa ----------------------------------------------------

Kansas---------------------------- - ---------------------

Name 

George V.DeMeglio 

Avery A. Drake, Jr. 
Richard F. Mast 

G. Brent Dalrymple 

Stanley P. Sauer (Acting) 
James L. Cook 

Alfred Clebsch, Jr. 

John D. Bredehoeft 

Charles A . Pascale 

Philip Emery 

Robert D. Mac-Nish 

Ector E. Gann 

Timothy Durbin 

James F. Blakey 

David McCartney 

Herbert J. Freiberger 
Herbert J. Freiberger 
Irwin H. Kantrowitz 

Jeffrey T. Armbruster 

Benjamin L. Jones 

Ernest F. Hubbard, Jr. 

Larry G. Toler 

Dennis K. Stewart 

John M. Klein 

Joseph S. Rosenshein 

Telephone number 

(703) 557-2781 

(703) 860-6631 
(303) 234-3625 

(415) 323-8111 

(703) 860-6985 
(404) 221-5174 

(303) 234-3661 

(415) 323-8111, 
ext. 2337 

(205) 752-8104 

(907) 271-4138 

(602) 792-6671 

(501 l 378-6391 

(415) 323-8111, 
ext. 2326 

(303) 234-5092 

(203) 244-2528 

(301) 828-1535 
(301) 828-1535 
(904) 386-7145 

(404) 221-4848 

(808) 546-8331 

(208) 334-1750 

(217) 398-5353 

(317) 269-7101 

(319) 337-4191 

(913) 864-4321 

Address 

1200 S. Eads St., 
Arlington, VA 22202 

National Center, STOP 953 
Box 25046, STOP 911 

Denver Federal Center 
Denver, CO 80225 

345 Middlefield Rd., 
Menlo Park, CA 94025 

National Center, STOP 433 
Richard B. Russell Federal 

Bldg., 75 Spring St., SW, 
Suite 77, Atlanta GA 
30303 

Box 25046, STOP 406, 
Denver Federal Center 
Denver, CO 80225 

345 Middlefield Road, MS66, 
Menlo Park, CA 94025 

P.O. Box V, 202 Oil and Gas 
Board Bldg., 
University of Alabama 
University, AL 35486 

733 W. 4th Ave., Suite 400, 
Anchorage, AK 99501 

Federal Bldg. 
301 W. Congress St., 
Tucson, AZ 85701 

2301 Federal Office Bldg., 
700 W. Capital Ave., 
Little Rock, AR 72201 

855 Oak Grove Ave., 
Menlo Park, CA 94025 

Box 25046, STOP 415, 
Denver Federal Center, 
Denver, CO 80225 

135 High St., Rm. 235 
Hartford, CT 06103 

See Maryland District Office 
See Maryland District Office 
325 John Knox Rd., 

Suite F-240, 
Tallahassee, FL 32303 

6481 Peachtree Industrial 
Blvd., Suite B, 
Doraville, GA 30360 

P.O. Box 50166, Rm. 6110, 
Honolulu, HI 96850 

Box 036, Federal Bldg., 
Rm., 365, 550 W. Fort St., 
Boise, ID 83724 

Champaign County Bank 
Plaza, 102 E. Main St., 
4th Floor, 
Urbana, IL 61301 

1819 N. Meridian St., 
Indianapolis, IN 46202 

P.O. Box 1230, 
400 S. Clinton St., 
Iowa City. IA 52240 

1950 Ave. A, Campus West, 
University of Kansas, 
Lawrence, KS 66045 
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Office Name Telephone number Address 

Selected Field Offices-Continued 

Water Resources Division- Continued 

District Offices - Contined 

Kentucky ------------------------------------------------ Alfred Knight (502) 582-5241 572 Federal Bldg., 
600 Federal Pl., 
Louisville, KY 40202 

Louisiana _________________________________________________ (504) 390-0281 P.O. Box 66492,Darwin Knockenmus 
6554 Florida Blvd., 
Baton Rouge, LA 70896 

Maine - - ------------------------------------------------- Ivan C. James II (617) 223-2822 See Massachusetts District 
Office 

Maryland ------------------------------------------------ Herbert J. Freiberger (301 l 828- 1535 208 Carrol Bldg., 
8600 La Salle Rd., 
Towson, MD 21204 

Massachusetts Ivan C. James II (617) 223-2822 150 Causeway St., 
Suite 1001, 
Boston, MA 02114 

(517) 377-1608 6520 Mercantile Way, M~h~an ------------------------------------------------ T. Ray Cummings 
Suite 5, 
Lansing, Ml 48910 

Minnesota ----------------------------------------------- Donald R. Albin (612) 725- 7841 1033 Post Office Bldg .. 
St. Paul, MN 55101 

Mississippi ----------------------------------------------- Garald G. Parker, Jr. (601 l 960-4600 Suite 710, Federal Bldg., 
100 West Capitol St., 
Jackson, MS 39201 

M~souM ------------------------------------------------- Daniel P. Bauer (314) 341 -0824 1400 Independence Rd., 
STOP 200, 
Rolla, MO 65401 

Montana George M. Pike (406) 449- 5263 Federal Bldg., 
Drawer 10076 
Helena, MT 59626 

Nebraska ------------------------------------------------ William M. Kastner (402) 471 - 5082 406 Federal Bldg ., and 
U.S. Courthouse, 
100 Centennial Mall , North, 
Lincoln, NE 68508 

Nevada -------------------------------------------------- Ernest F. Hubbard, Jr. (208) 334- 1750 See Idaho District Office 

New Ha .
mpsh1re ------------------------------------------ Ivan C. James II (617) 223-2822 See Massachusetts District 

Office 
New Je 

rsey ---------------------------------------------- Donald E. Vaupel (609) 989- 2162 430 Federal Bldg ., 
402 E. State St., 
Trenton, NJ 08608

New M . (505) 766- 2246 P.O. Box 26659, Western 
Bank Bldg ., Rm. 809, 
505 Marquette, NW., 
Albuquerque, NM 87125 

ex1co --------------------------------------------- James F. Daniel 

Newy
ork ------------------------------------------------ Lawrence A. Martins (518) 472-3107 P.O. 1350, 343 U.S. Post 

Office and Courthouse 
Bldg ., Albany NY 12201North Ca . •

rolina -------------------------------------------- James F. Turner (919) 755-4510 P.O. Box 2857, Rm. 436, 
Century Postal Station 
Raleigh, NC 27602

North D
akota -------------------------------------------- Grady Moore (701) 255-4011 , 821 East Interstate Ave., 

ext . 601 Rm. 332, New Fed. Bldg., 
3d St. and Rosser Ave. , 
Bismark, ND 58501 

Ohio ---------------------------------------------------- Steven M. Hindall (614) 469- 5553 975 West Third Ave., 
Columbus, OH 43212 

Oklahoma James H. Irwin (405) 231 -4256 Rm . 621, 215 Dean A. McGee 
St., Oklahoma City, 
OK 73102 

Oregon -------------------------------------------------- Stanley F. Kapustka (503) 231 -2009 P.O. Box 3202, 
ext. 4776 830 NE Holladay St., 

p Portland, OR 97232 
ennsylvania ----- ---------------------------------------- David E. Click (717) 782- 3468 P.O. Box 1107, 4th Floor, 

Federal Bldg ., 228 Walnut 
St., Harrisburg, PA 
17108 

Puerto . 
Rico ---------------------------------------------- Ferdinand Ouinones­ (809) 783-4660 GSA Center, Bldg. 652, 

Marquez Ft . Buchanan, PR 00936 
~hode Island --------------------------------------------- Ivan C. James II (617) 223-2822 See Massachusetts District 

Office 
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Office 

Selected Field Offices-Continued 

Water Resources Division-Continued 

District Offices-Contined 

South Carolina ------------------------------------ -------

South Dakota --- - --------- - -------- - --- - --------- - -------

Tennessee - - -------- - - - ------------------------- - ---- - ---

Texas ---- - ----- - ----------------------------------------

Utah -------- ---------------- ----------- -----------------

Vermont ------------ - --------- -- -- - ----------------------

Virginia - --- -- -- ----- - - - - - - - -- - - - - ---- - - - - -- -- - - -------- - -
Washington ------ - ------- - --- - ---------------------------

West Virg inia -------- - ---- - ---- - --------------------------

Wisconsin - - ---------------------------------------------

Wyoming --------------- - --------------------------------

Office of Earth Sciences Applications 

Earth Resources Observation Systems Data Center 

South Dakota - - ------------------------------------------

National Petroleum Reserve in Alaska 

District Offices 

NPRA Operations Office -- - --------------------------------

Exploration Strategy Office --------- - -----------------------

Administrative Division 

Regional Management Offices 

Eastern--------------- - ---------------------------------­
Central --------------------------------------------------

Western- ------ - -------- - --------------------------------

Name 

Rodney N. Cherry 

Richard E. Fidler 

Arthur Putnam 

Charles W . Boning 

Theodore Arnow 

Ivan C. James II 

Herbert J . Freiberger 
Lesl ie B. La ird 

David H. Appel 

Vernon Norman 

James F. Wilson, J r. 
(Acting) 

Allen H. Watkins 

Max Brewer 

Arthur Bowsher 

Roy Heinbuch 
Jack J . Stassi 

Avery W. Rogers 

Telephone number 

(803) 765- 5966 

(605) 352-8651, 
ext. 258 

(615) 251 - 5424 

(512) 397 - 5766 

(801) 524- 5663 

(617) 223-2822 

(301) 828- 1535 
(206) 593-6510 

(304) 343- 6181, 
ext. 310 

(608) 262-2488 

(307) 778- 2220, 
ext. 2153 

(605) 594-7123 

(907) 276-7422 

(415) 323- 2917 

(703) 860-7691 
(303) 234- 3736 

(415) 323-2211 

Address 

Strom Thurmond Federal 
Bldg., Suite 658, 
1835 Assembly St., 
Columbia, SC 29201 

Rm. 317, Federal Bldg. , 
200 4th St. , SW, 
Huron, SD 57350 

A-413 Federal Bldg. , 
U.S. Courthouse, 
Nashville, TN 37203 

649 Federal Bldg. , 
300 E. 8th St. , 
Austin , TX 78701 

1016 Administration Bldg. , 
1745 W. 17th St., S. , 
Salt Lake City, UT 84104 

See Massachusetts District 
Office 

See Maryland District Office 
1201 Pacific Ave ., Suite 600, 

Tacoma , WA 98402 
3017 Federal Bldg . and 

U.S. Courthouse, 
500 Quarrier St., E., 
Charleston , W VA 25301 

1815 University Ave. , 
Rm . 200, Madison, WI 
53706 

P.O . Box 1125, 
2120 Capital Ave. 
Rm . 5017 Cheyenne, 
WY 82001 

EROS Data Center, 
Sioux Falls, SD 57198 

2525 "C" St. , Suite 400, 
Anchorage, AK 99503 

345 Middlefield Rd . 
Menlo Park, CA 94025 

National Center , STOP 290 
Box 25046, STOP 201 , 

Denver Federal Center 
Denver, CO 80225 

345 Middlefield Rd ., STOP 11, 
Menlo Park, CA 94025 
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Guide to Information and 
Publications 

ihroughout this report, reference has been 
lllade to information services and publications 
of the U.S. Geological Survey. During fiscal 
Year 1982, the Survey produced over 5,965 
new and revised topographic, hydrologic, and 
~:gi~ maps, printed 15,956,262 copies of 
c~ . different maps, distributed 8,389, 106 
$'/'es of maps, and sold 6,602,542 copies for 
f ,S61,709. The number of reports approved 
or Publication by the Geological Survey 

:ecreased -4,594 reports prepared in fiscal 
ear_ 1982 with 64 percent designated for 

PUbhcation in professional journals and 
~o~ographs outside the Survey with the re­
sainder scheduled for publication by the 
r urvey. In addition, 217,542 copies of technical 
;Ports Were distributed of which 50,373 copies 

ere sold for $271 145 and 1 007 open-filere , , ,0/ rts Were released of which 58,288 copies 
ere sold for $417,554. 

l'o buy Survey book publications or to 
~~quest Survey circulars, catalogs, pam­
f lets, and leaflets (limited quantities 
~ee), Write or visit: 

.s. Geological Survey 
8 
~~nch of Distribution 
~ S. Pickett St. 
A.lexandria, VA 22304 

l'o bM· uy maps of areas east of the 
lJ.;sissippi _River, write or visit: 
t • Geological Survey 
astern o· 'b .iioo 1stn ut,on Branch 

A.. S. Eads St. 
rltngton, VA 22202 

l'o bM· uy maps of areas west of the
1Ssissi • R'cat PP1 1ver and to request Survey 

qll alogs, pamphlets, and leaflets (limited 
u.;l'ltities f~ee), write or visit: 
'vv •Geological Survey 

estern o· •b .B •stn utIon Branch 
D~X 25286, Bldg. 41, Federal Center 

nver, CO 80225 

A}0 buy Alaskan maps, residents of 
lJ aska may write or visit: 
A.is. Geological Survey 

10~ska Distribution Section 
~a· b12th Avenue, Box 12 

ir anks, AK 99701 

Of,-0.obtain information on the availability 

0 n·ucrofiche or paper-duplicate copies of 
lJ~;ll-file reports, write: 
() • Geological Survey 
BPen-File Services Section 
D~x 25425, Federal Center 

nver, CO 80225 

tti'to 9et on the mailing list for the 
G

011
thly list of New Publications of the

80/0 •lJ.s 91ca/ Survey (free), write: 
~ . : Geological Survey 
5a~hng List Unit 
l« National Center 
~e o, Sunrise Valley Drive 

st0 n, VA 22092 

To subscribe to the Earthquake Informa­
tion Bulletin, write: 
Superintendent of Documents 
Government Printing Office 
Washington, DC 20402 

To obtain information on programs, 
publications, and services or to obtain 
copies or reports and maps, visit the U.S. 
Geological Survey Public Inquiries Offices 
at the following addresses: 
Alaska: 

108 Skyline Bldg. 
508 2nd Avenue 
Anchorage, AK 99501 

California: 
7638 Federal Bldg. 
300 No. Los Angeles St. 
Los Angeles, CA 90012 

122 Bldg. 3 
345 Middlefield Rd. 
Menlo Park, CA 94025 

504 Customhouse 
555 Battery St. 
San Francisco, CA 94111 

Colorado: 
169 Federal Bldg. 
1961 Stout St. 
Denver, CO 80294 

Texas: 
1C45 Federal Bldg. 
1100 Commerce St. 
Dallas, TX 75242 

Utah: 
8105 Federal Bldg. 
125 S. State St. 
Salt Lake City, UT 84138 

Virginia: 
1C402 National Center 
12201 Sunrise Valley Dr. 
Reston, VA 22092 

Washington: 
678 U.S. Courthouse 
W. 920 Riverside Ave. 
Spokane, WA 99201 

Washington, DC: 
1028 General Services Bldg. 
19th and F Sts., N.W. 
Washington, DC 20244 

To obtain information on cartographic 
data, write or visit the U.S. Geological 
Survey, National Cartographic Information 
Centers (NCIC), in the following States: 
California: 

Western Mapping Center 
National Cartographic Information Center 
345 Middlefield Rd. 
Menlo Park, CA 94025 

Colorado: 
Rocky Mountain Mapping Center 
National Cartographic Information Center 
Box 25046, Stop 501 
Bldg. 25, Federal Center 
Denver, CO 80225 

Mississippi: 
National Space Technology Laboratories 
National Cartographic Information Center 
U.S. Geological Survey 
Bldg. 3101 
NSTL Station, MS 39529 

Missouri: 
Midcontinent Mapping Center 
National Cartographic Information Center 
1400 Independence Rd. 
Rolla, MO 65401 

Virginia: 
National Cartographic Information Center 
507 National Center 
12201 Sunrise Valley Dr. 
Reston, VA 22092 

Eastern Mapping Center 
National Cartographic Information Center 
536 National Center 
12201 Sunrise Vattey Dr. 
Reston, VA 22092 

To obtain information on satellite and 
space photography, write or visit: 
U.S. Geological Survey 
EROS Data Center 
Sioux Falls, SD 57198 

To obtain assistance in locating sources 
of water data, identifying sites at which 
data have been collected, and specific 
data, write: 
U.S. Geological Survey 
National Water Data Exchange 
421 National Center 
12201 Sunrise Valley Dr. 
Reston, VA 22092 

To obtain information on ongoing and 
planned water-data acquisition activities of 
all Federal agencies and many non-Federal 
organizations, write: 
U.S. Geological Survey 
Office of Water Data Coordination 
417 National Center 
12201 Sunrise Valley Dr. 
Reston, VA 22092 

To obtain information on water resources 
in general and about the water resources 
of specific area of the United States, 
write: 
U.S. Geological Survey 
Water Information Group 
420 National Center 
12201 Sunrise Valley Dr. 
R eston, VA 22092 

To obtain information on geology topics 
such as earthquakes, energy and mineral 
resources, the geology of specific areas, 
and geologic maps and mapping, write: 
U.S. Geological Survey 
Geologic Inquiries Group 
907 National Center 
12201 Sunrise Valley Dr. 
Reston, VA 22091 
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Cooperators and Other Financial Contributors 

[Cooperators listed are those whom the U.S. Geological Survey had a written agreement cosigned by Survey officials and the cooperating agency for financial cooperation in 
fiscal year 1982. Parent agencies are listed separately from their subdivisions whenever there are separate cooperative agreements for different projects with a parent agency 
and with a subdivision of it. Agencies with whom the Geological Survey has research contracts and to whom it supplied research funds are not listed. ] 

Cooperating office of the Geological Survey 
c- Conservation District 
a-Office of Earth Sciences Applications 
g- Geological Division 
n-National Mapping Division 
w-Water Resources Division 

State, County, and Local Cooperators 

Alabama: 

Alabama Highway Department (w); Geological Survey of Alabama (e, n, w); Jef­
ferson County Commission (w); Water Improvement Commission (w) 

Alaska: 

Alaska Department of- Environmental Conservation (w), Fish and Game (w), 
Natural Resources, Division of-(n)-Forests, Lands and Water Management (el , 
Geological and Geophysical Surveys (g, w) , Transportation and Public Facilities 
(w); Alaska Power Authority (w) Anchorage, Municipality of- Department of 
Enterprise Activities, Sewer and Water Authority (w), Department of Health and 
Environmental Protection (w), Department of Planning (w); Fairbanks North Star 
Borough (w); Kenai Peninsula Borough (w); Matanuska Susitna Borough (w) 

American Samoa: (See Hawaii) 

Arizona: 

Arizona Bureau of Geology and Mineral Technology (e); Arizona Department 
of-Game and Fish (w), Health Services, Bureau of Water Quality Control (w) , 
Water Resources (w); Flagstaff, City of (w); Gila Valley Irrigation District (w); 
Maricopa County-Flood Control District (w), Municipal Water Conservation 
District No. 1 (w); Metropolitan Water District of Southern California (w); Navajo 
County Parks Commission (w); Pima County, Board of Supervisors (w); Salt River 
Valley Water Users Association (w); San Carlos Irrigation and Drainage District 
(w); Show Low Irrigation Company (w); Tuscon, City of (w); University of 
Arizona, Water Resources Research Center (w) 

Arkansas: 

Arkansas Department of Pollution Control and Ecology (w); Arkansas Soil and 
Water Conservation Commission (w); Arkansas Geological Commission (g, n, w ); 
Arkansas State Highway and Transportation Department (w) 

California: 

Alameda County-Flood Control and Water Conservation District (Hayward) (w) , 
Flood Control and Water Conservation District, Zone 7 (Livermore), (w), Water 
District (w); Antelope Valley-East Kern Water Agency (w); California Institute of 
Technology, Jet Propulsion Laboratory (e) ; California Department of-Boating and 
Waterways, Conservation (g), Fish and Game (Sacramento) (w) , Fish and Game, 
Region 11 (Rancho Cordova) (w), Transportation, District 3 (Marysville) (w), Water 
Resourcei:-Central District (Sacramento) (w), Northern District (Red Bluff) (w), 
San Joaquin District (Fresno) (w ); California Regional Water Quality Control 
Board-Central Coast Region (w), Colorado River Basin Region (w), Lahontan 
Region (w), North Coast Region (w ), San Fransico Bay Region (w), Santa Ana 
Region (w); California Water Resources Control Board (w); Carpinteria County, 
Water District (w); Casitas Municipal Water District (w); Coachella Valley, County 
Water District (w); Contral Costa County-Department of Health Sciences (w), 
Flood Control and Water Conservation District (w); Crestline- Lake Arrowhead 
Water Agency (w); Desert Water Agency (w); East Bay Municipal Utility District 
(w); East Bay Regional Park District (w); East San Bernardino County Water 
District (w); Fresno County, Department of Resources and Development (w); 
Fresno Metropolitan Flood Control District (w); Georgetown Divide Public Utility 
District (w); Goleta County Water District (w); Humboldt Bay, Municipal Water 
District (w); Imperial County, Department of Public Works (w); Imperial Irrigation 
District (w); Indian Planning Consortium-Central California (w); Indian Wells 
Valley Water District (w); Kern County Water Agency (w); Kings River Conserva­
tion District (w); Lake County, Planning Department (w); Los Angeles County, 
Flood Control District (w); Los Angeles Department of Water and Power (w) ; 

Madera County, Flood Control and Water Conservation Agency (w); Madera Irriga­
tion District (w); Marin County, Department of Public Works (w); Marin Municipal 
Water District (w); Mendocino County, Department of Public Health (w); Merced, 
City of (w); Merced Irrigation District (w) ; Modesto, City of, Department of Public 
Works (w); Modoc County, Department of Public Works (w) ; Mojave Water Agen­
cy (w); Montecito County Water District (w); Monterey County Flood Control and 

Water Conservation District (w); Monterey Peninsula, Water Management District 
(w); Napa County Flood Control and Water Conservation District (w); Newport 
Beach, City of (w); Orange County-Environmental Management Agency (w), 

Water District (w); Oroville-Wyandotte Irrigation District (w); Pacheo Pass Water) 
District (w); Paradise Irrigation District (w); Placer County Water Agency (Aubur~ t 
(w); Placer County Water Agency (Foresthill) (w); Rancho California Water Distnc 
(w); Riverside County Flood Control and Water Conservation District (w); )' 
Sacramento Regional County Sanitation District, Department of Public Works (W ' 

San Benito County Water Conservation and Flood Control District (w); San ser­
nadino Valley Municipal Water District (w)· San Diego City of (w); San DieQO 
County, Department of- Planning and La~d Use (w), Public Works (w); San Fran· 
cisco, City and County of, Hatch Hetchy Water and Power (w); San Francisco 
Water Department (w); San Joaquin County Flood Control and Water Conserva· 

80 
tion District (w); San Luis Obispo County, Engineering Department (w); San M~tar· 
County-Department of Planning (w), Department of Public Works (w); Santa n· 

bara, City of, Department of Public Works (w); Santa Barbara County- Flood co 
trol and Water Conservation District (w), Water Agency (w); Santa Clara ValleY, 
Water District (w); Santa Cruz County, Flood Control and Water Conservation 

4District (w); Santa Cruz, City of, County Community Resources Center, zone is· 
(w); Santa Maria Valley Water Conservation District (w); Santa Rosa Band of ~ 
sion Indians (w); Siskiyou County Flood Control and Water Conservation Distnct k 
(w); Sonoma County-Planning Department (w), Water Agency (w); Soquel cree 
County Water District (w); South San Joaquin Irrigation District (w); Taho~ f 
Regional Planning (w); Terra Bella Irrigation District (w); Thousand Oaks, CitY 0 

(w); Tulare County, Flood Control District (w); Turlock Irrigation District (w); 

United Water Conservation District (w); University of California-Berkeley, . 
Agricultural Experiment Station, School of Forestry and Conservation (wl, Davis, .

1
Division of Environmental Studies (w); Ventura County, Public Works AgencY (W ' 

Western Municipal Water District (w); Westlands Water District (w); WoodbridQ_\ 
Irrigation District (w); Yolo County, Flood Control and Water Conservation Distnc 
(w) 

Colorado: 
Adams County, Board of Commissioners (w); Arapahoe, County of (w); Arkan~~al 
River Compact Administration (w); Aspen, City of (w); Aurora, City of (w); Ce_n n 

Yuma Ground Water Management District (w); Chapel Hills Water and Sanitati~er 
District (w); Cherokee Water District (w); Colorado Department of - Health, wa 

5 
Pollution Control Division (w), Highways (w), Local Affairs (n) , Natural Resourcee, 
Geological Survey (w); Colorado Division of Water Resources, Office of the 5tat 
Engineer (w); Colorado River Water Conservation District (w); Colorado Springs, 
City of-Department of Public Utilities (w), Office of the City Manager (w); col· 
orado Water Conservation Board (w); Copper Mountain Water and Sanitation d 
District (w) ; Delta County, Board of County Commissioners (w); Denver, CitY an 
County, Board of Water Commissioners (w); Denver Regional Council of Govern· 
ments (w); Eagle County, Board of Commissioners (w); El Paso County Water ge­
Users Association (w); Englewood, City of (w); Frenchman Ground Water Mana 
ment District (w); Glenwood Springs, City of (w); Grand County Board of 

Commissioners (w); M rKS 
Larimer-Weld Regional Council of Governments (w); Longmont, City of (w); _a

811 
Butte Ground Water Management District (w); Mesa, County of (w); Metropoht 
Denver Sewage Disposal District No. 1 (w) ; Mineral County, Board of CountY 
Commissioners (w); Northern Colorado Water Conservation District (w); North· 
glenn, City of (w); Pitkin County, Board of Commissioners (w); Pleasant VieW 
Water and Sanitation District (w); Pueblo, City of, Board of Water Work~(~); (W); 

Pueblo Civil Defense Agency (w); Purgatoire River Water Conservancy District n· 
Rio Blanco County, Board of County Commissioners (w); Rio Grande Water co 
servation District (w); Sand Hills Ground Water Management District (w); 
Southeastern Colorado Water Conservancy District (w) ; Southwestern Colorad~gre 
Water Conservation District (w); Trinchera Conservancy District (w ); UncornPa 
Valley Water Users' Association (w); Upper Arkansas River Water ConservancYd 
District (w); Upper Yampa Water Conservancy District (w ); Urban Drainage ancon· 
Flood Control District (w); Ute Mountain Ute Tribe (w ); Yellow Jacket Water 
servancy District (w) 
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Connecticut: 

Connecticut Department of Environmental Protection (g, n, w); Enfield, Town of 
(w); Fairfield, Town of, Conservation Commission (w); Manchester, Town of, 
Department of Public Works (w); Meriden, Town of, Department of Public Works 
(w); New Britain, City of-Board of Water Commissioners (w), Improvement Com­
mission (w); New Haven Water Company (w); Northeast Connecticut Regional 
P~anning Agency {w); Norwalk, Town of (w); Simsbury, Town of (w); Torrington, 
City of (w) 

Delaware: 

Department of Natural Resources and Environmental Control (w); Geological 
Survey (n, w); New Castle County, Public Works Department (w) 

DiSt tict of Columbia : 

Department of Environmental Services (w) 

Florida: 

Big Cypress Basin Board (w); Boca Raton, City of (w); Bradenton, City of (w); 
B_revard County, Board of County Commissioners (w); Broward County-En­
v~ronmental Quality Control Board (w), 208 Project (w), Water Management Divi­
sion (w); Cape Coral, City of (w); Clearwater, City of (w); Collier, County of (w); 
Cocoa, City of {w); Coordinating Council on the Restoration of Kissimmee River 
Valley and Taylor Creek-Nubbins Slough Basin {w); Englewood Water District, 
B~~rd of Supervisors (w); Escambia County- Board of County Commissioners (w), 
Utilities Authority (w); Flagler County, Board of County Commissioners (w); 
Florida Department of-Environmental Regulation-Bureau of Water Resources 
~anageme~t (w), Division of Rec~eation and Parks (w), Natural Resour?es (n), 
A ansportat1on (n, w); Florida Institute of Phosphate Research (w); Florida K~ys 

queduct Authority (w); Fort Lauderdale, City of (w); Fort Walton Beach, City of 
~":'); Gainesville, City of (w); Hallandale, City of (w); Hernando, County of (w); 

ighland Beach, Town of (w); Hillsborough County (w); Hollywood, City of (w); 
Jacksonville, Consolidated City of - Department of Public Works (w), Department 
of Health and Environmental Services (w); Jacksonville Electric Authority (w); Juno 
Beach, Town of (w); Jupiter Inlet District (w); Lake County - Board of County 
Commissioners {w), Pollution Control Department (w), Water Authority (w); Lee 
~aunty, Board of County Commissioners (w); Leon County-Courthouse (w), 
_ePartment of Public Works (w); Manatee County, Board of County Commis­

sioners (w); Marion County, Board of County Commissioners (w); Metropolitan 
~ade County- Department of Environmental Resources Management - En­
;onmental Planning Section (w), Water Management Division (w); Miam_i-D_ade 

ater and Sewer Authority (w); Northwest Florida Water Management District 
(w); Old Plantation Water Control District (w); Orange County, Board of County 
~ommissioners {w); Palm Beach County, Board of County Commissioners (w); 
rn:nsacola, City of (w); Perry, City of (w); Pinellas County, Board of County Com­
BISsioners (w); Polk County, Board of County Commissioners {w); Pompano 
Ceach, City of, Water and Sewer Department (w); Quincy, City of (w); Reedy 
Sreek Improvement District (w); Sarasota, City of (w); Sarasota, County of (w); 

_outh Florida Water Management District (w); Southwest Florida Regional Plan­
ning Commission (w); Southwest Florida Water Management District (w); St. 
iohns, County of {w); St. Johns River Water Management District (w); St. 
etersburg, City of (w); Stuart, City of {w); Sumter County, Recreation and Water 

~~nservation and Control Authority (w); Suwannee River Authority (w); Su~a_nnee 
( er Water Management District (w); Tallahassee, City of, Underground Ut1ht1es 
t); Tampa, City of (w); Volusia, County of {w); Walton, County of (w); West 
Coast Regional Waters Supply Authority (w); Winter Haven Lake Region, Boat 

ourse District {w); Winter Park, City of (w) 

Georgia: 

~~ban~, ~ity of, Water, Gas, and Light Commission (w); Bibb County, Board o_f 
. mm1ss1oners (w); Brunswick, City of (w); Chatham County, Board of Comm1s-

8I0 
ners (w); Clayton County, Water Authority (w); Consolidated Government of 

Columbus (w); Covington, City of (w); Georgia Department of - Natural 
;esources - Environmental Protection Division (w), Geological Survey (n, w), 
Vransportation (w); Macon - Bibb County, Water and Sewage Authority (w); 

aldosta, City of (w) 

Gua..... 
'"· (See Hawaii) 

Hawaii· 

American Samoa Government of (w)· Guam Government of (w); Hawaii Depart­
ment of - Health (w), Land and Natur~I Reso~rces-Division of Water and Land 
~Velopment (w), Transportation (n, w); Honolulu, City and County- Board of 
M·ater Supply (w), Department of Public Works (w); Kosrae, State of (w); 

icronesia, Federated States of (w); Northern Mariana Islands, Government of the 
;~); Palau, Republic of (w); Ponape, State of (w); Truk, State of (w); Trust Ter-
I 
ory of the Pacific Islands (w); Yap, State of (w) 

Idaho: 
Big Lost River Irrigation District (w); Butte Soil Conservation District (w); Idaho 
Department of-Fish and Game (w), Health and Welfare, Bureau of Water Quality 
(w), Transportation, Division of Highways (w), Water Resources (w); Idaho Water 
Resources Board (w); Oakley Canal Company (w); Pullman Moscow Water 
Resources Committee (w); Salmon River Canal Company (w); The Shoshone Ban­
nock Tribes, Fort Hall Indian Reservation (w); Water District No. 01- Idaho Falls 
(w); Water District No. 31- DuBois (w); Water District No. 33-Howe (w); Water 
District No. 37-Shoshone (w); Water District No. 37-N-Carey (w); Water District 
No. 65-K-Lake Fork (w) 

Illinois: 
Bloomington and Normal Sanitary District (w), Cook County, Forest Preserve 
District (w); Decatur, City of (w); Illinois Department of (w)-Conservation (n), 
Energy and Natural Resources, State Water Survey Division (w), Tr~ns_portation, 
Division of Water Resources (n, w), Division of Highways (n, w); llhno1s En­
vironmental Protection Agency (w); Illinois State Geological Survey (e, n); 
Metropolitan Sanitary District of Greater Chicago (w); Springfield, City of {w) 

Indiana: 
Carmel, Town of (w); Elkhart, City of, Water Works (w); Indiana State Board of 
Health (w); Indiana Department of-Highways {w), Natural Resources (n, w), In­
diana Geological Survey (e), Indiana University School of Public and Environmental 

Affairs (e) 

Iowa: 
Ames, City of (w); Cedar Rapids, City of (w); Charles City, City of (w); Clear Lake, 
City of (w); Des Moines, City of (w); Des Moines Water Works (w); Fort Dodge, 
City of (w); Harlan, City of (w); Iowa City, City of (w); low~ Department 
of - Transportation - Highway Division (n, w); Iowa Geological Survey (e, n, w); 
Iowa Natural Resources Council (w); Iowa State University-Agricultural Experi­
ment Station (w), Department of Agricultural Engineering (w); Marshalltown, City 
of (w); Ottumwa Water Works (w); Sewage Disposal Plant (w); Sioux City, City of 
(w); University of Iowa- Institute of Hydraulic Research (w), University. P~ysical 
Plant (w); Waterloo, City of (w); West-Central Iowa Rural Water Assoc1at1on (w) 

Kanasa: 
Arkansas River Compact Administration (w); Harvey, County of (w); Hays, City of 
(w); Kansas Department of - Health and Environment (w), Transportation (w); 
Kansas Geological Survey (n, w); Kansas State Board of Agriculture, Division of 
Water Resources (w); Kansas Water Office (w); Kansas-Oklahoma-Arkansas River 
Commission (w); Southwest Kansas GWMD No. 3 (w); Western Kansas GWMD 
No. 1 (w); Wichita, City of, Flood Control Maintenance (w) 

Kentucky: 
Elizabethtown, City of (w); Kentucky Department of-Natural Resources and En­
vironmental Protection, Water Division (w), Transportation, Division of Design (w); 
University of Kentucky, Kentucky Geological Survey (e, n, w) 

Louisiana: 
Baton Rouge City-Parish Government (w); Capital-Area Groundwater Conservation 
Commission (w); Louisiana Department of-Natural Resources- Office of Conser­
vation, Surface Mine Division (w), Office of Environmental Affairs, Water Pollution 
Control Division (w), Transportation and Development-Office of Highways (w), 
Office of Public Works (n, w); Louisiana Geological Survey (g); Rapides Area Plan­
ning Commission (w); Louisiana State Planning Office (n); Sabine River Compact 

Administration (w) 

Maine: 
Androscoggin Valley Regional Planning Commission (w); Cobbossee Watershed 
District (w); Maine Department of-Conservation, Geological Survey (n, w), En­
vironmental Protection (w); Wilton, Town of (w) 

Maryland: 
Anne Arundel County Planning and Zoning Office (w); Baltimore County-Depart­
ment of Permits and Licenses (w), Department of Public Works (w), Office of Plan­
ning and Zoning (w); Calvert County (w); Caroline County (w); Carroll County, 
Board of County Commissioners (w); Howard County, Department of Public 
Works (w); Maryland Department of- Health and Mental Hygiene, Office of En­
vironmental Programs (w), Transportation, State Highway Administration (w); 
Maryland Energy Administration (w); Maryland Geological Survey (e, n, w); 
Maryland Water Resources Administration (w); Montgomery County-Department 
of Environmental Protection, Office of Environmental and Energy Planning (w), 
Division of Pollution Control (w); Poolesville, Town of (w); St. Marys County, 
County Commissioners (w); Upper Potomac River Commission (w) 
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Massachusetts: 
Barnstable County, County Commissioners (w ); Falmouth, Town of (w ); 

Massachusetts Department of Public Works (g, n)- Division of Highways (w ), Divi­
sion of Research and Materials (w ); Massachusetts State Water Resources Com­
mission- Division of Water Pollution Control (w ), Division of Water Resources (w ); 

Metropolitan District Commission, Water Division (w ); University of Massachusetts 
(e) 

Michigan: 

Ann Arbor, City of (w); Battle Creek, City of (w ); Branch County (w ); Clare, City 
of (w) ; Coldwater, City of, Board of Public Ut ilities (w ); Dickinson County, Board 
of Road Commissioners (w) ; Elsie, Village of (w ); Flint, City of, Water Supply and 
Pollution Control, Department of Public Works and Utilities (w ); Genesee County 
Drain Commission, Division of Water and Waste Services (w ); Huron-Clinton 
Metropolitan Authority (w) ; Imlay, City of (w ); Kalamazoo, City of, Department of 
Public Utilities (w); Lansing, City of, Board of Water and Light, Water and Stream 
Division (w); Macomb County (w ); Mason, City of (w ); Michigan Department 
of-Agriculture, Soil and Water Conservation Division (w ), Natural 
Resources-Geological Survey Division (e, w ), Office of Budget and Federal Aid 
(w), Transportation (w); Oakland County, Drain Commission (w ); Otsego County, 
Road Commission (w); Portage, City of (w ); St. Johns, City of (w ); Southeast 
Michigan Council of Governments (w ); University of Mich igan (el; Van Buren 
County, Board of Commissioners (w ); Ypsilanti, City of (w ) 

Minnesota: 

Bassett Creek Flood Control Commissioner (w ); Coon Creek Watershed District 
(w) ; Egan, City of (w) ; Elm Creek Conservation Commission (w ); Iron Range 
Resources Rehabilitation Board (w ); Metropolitan Council of the Twin Cit ies Area 
(w); Middle River-Snake River Watershed District (w ); Minnesota Department 
of- Energy, Planning and Development (w ), Health (w ), Natural Resources (w ), 

Transportation (w) ; Minnesota Geological Survey (w ); Minnesota Pollution Control 
Agency (w) ; Minnesota State Planning Agency (e); Minnesota Waste Management 
Board (w); Red Lake Watershed District (w ); St . Louis Park, City of (w ); University 
of Minnesota (w) ; Wesmin Resource, Conservation and Development Association 
(w) 

Mississippi: 

Harrison County- Board of Supervisors (w ), Development Commission (w ); 

Jackson, City of (w); Jackson County-Board of Supervisors (w ), Port Authority 
(w); Mississippi Department of - Highways (w ), Natural Resources - Bureau of 
Geology (w), Bureau of Land and Water Resources (w ), Bureau of Pollution Con­
trol (w) ; Mississippi Research and Development Center (n, w ); Natchez, City of 
(w); Pat Harrison Waterway District (w ); Pearl River Valley Water Supply District 
(w) 

Missouri: 

Little River Drainage District (w ); Missouri Department of - Conservation (w ), 

Natural Resources-Division of Environmental Quality, Lab Services Program (w ), 

Division of Geology and Land Survey (n, w ), Missouri Highway and Transportation 
Commission (w), Springfield, City of (w ), St. Louis County, Department of 
Highways and Transportation (w ) 

Montana: 

Montana Bureau of Mines and Geology (w ); Montana Department of- Fish, 
Wildlife, and Parks (w), Health and Environmental Sciences (w ), Highways (w ), 

Natural Resources and Conservation (w ), State Lands (w ); Montana State Univer­
sity (w); State of Montana (w); Wyoming State Engineer (w ) 

Nebra ska: 

Central Platte Natural Resources District (w ); Kansas-Nebraska Big Blue River 
Compact Administration (w ); Lincoln, City of (w ); Little Blue Natural Resources 
District (w); Lower Republican Natural Resources District (w ); Nebraska Depart­
ment of-Environmental Control (w ), Water Resources (w ); Nebraska Natural 
Resources Commission (w ); Twin Platte Natural Resources District (w ); University 
of Nebraska, Conservation and Survey Division (w ); Upper Loup Natural Resources 
District (w) 

Nevada: 

Carson City, Department of Public Works (w ); Clark County, Department of Com­
prehensive Planning (w) ; Douglas County, Department of Planning (w ); Las Vegas 
Valley Water District (w) ; Nevada Bureau of Mines and Geology (g, n, w ); Nevada 
Department of - Conservation and atural Resources - Division of Environmental 
Protection (w), Division of Water Resources (w l, Human Resources (w ), Transpor­
tation (w) ; Nevada Division of Forestry (w ); Washoe County, Department of Plan­
ning (w) 

New Hampshire 
New Hampshire Water Resources Board (w ) 

New Jersey: 
Bergen , County of (w ); Bridgewater, Township of, Environmental Commission (w); 

Camden County, Board of Chosen Freeholders (w); Cranford, Township of (w); 

Delaware River Basin Commission (w); Morris County, Municipal Utilities AuthoritY 
(w); New Jersey Department of - Agriculture, State Soil Conservation Committee 
(w ), Environmental Protection - Bureau of Fisheries (w), Division of Fish, Game, 
and Wildlife (w), Division of Water Resources (w) ; North Jersey District Water 
Supply Commission (w); Passaic Valley Water Commission (w ); Somerset Count)', 
Board of Chosen Freeholders (w); West Windsor Township, Environmental Com· 
mission (w ) 

New Mexico: . 
Albuquerque, City of (w) ; Albuquerque Metropolitan Arroyo Flood Control Auth~ri­

ty (w ); Costi lla Creek Compact Commission (w) ; New Mexico Bureau of Economic 
Development (w); New Mexico Bureau of Mines and Mineral Resources (w); NeW 
Mexico Environmental Improvement Division (w) ; New Mexico Department of 
Highways (w ); Office of State Engineer (w) ; Pecos River Commission (w) ; Pueblo 
of Zuni (w ); Rio Grande Compact Commission (w); Santa Fe Metropolitan Water 
Board (w ) 

New York: 
Albany, City of, Department of Water and Water Supply (w ); Auburn, City of (w); 

ndBrookhaven, Town of (w); Chautauqua, County of, Department of Planning a 
Development (w ); Cornell University- Department of Natural Resources (w ), 

Department of Utilities (w); Cortland, County of, Planning Department (w); Erie 
County, Division of Environmental Control, Department of Environment and Plan· 
ning (w ); Hudson River- Black River Regulating District (w); Irondequoit Bay puref 
Waters District (w) ; Long Island Regional Planning Board (w ); Monroe, County O 

' 

Water Authority (w) ; Nassau, County of, Department of Public Works (w); NeW 
York City - Department of Environmental Protection , Air Resources-Water 
Resources- Energy (w); New York State Department of - Education (w ), Health• 
Division of Environmental Health (w), Environmental Conservation - Bureau of 
Monitoring and Assessment, Resource Monitoring Section (w ), Bureau of Water 
Research (w ), Division of Air (w), Division of Water (w), Hydrologic Services sec· 
t ion, PCB Project Unit (w), Water Research Bureau (w ), Transportation, Bridge k 
and Construction Bureau (n , w); New York State Geological Survey (e); New Yo;. 
State Power Authority (w) ; Nyack, Village of, Board of Water Commissioners (W' 
Onondaga, County of - Department of Drainage (w) , Environmental Management_ 
Council (w ), Water Authority (w) ; Oswegatchie River- Cranberry Reservoir commi:· 
sion (w ); Oswego, County of, Planning Board (w); Rochester, City of, Departmen 
of Public Works (w ); Rockland, County of, Drainage Agency (w ); Seneca Nation 
of Indians (w ); Suffolk, County of-Department of Health Services (w ), Water 
Authority (w ); Susquehanna River Basin Commission (w ); Ulster, County of, 
County Legislators (w) ; University of the State of New York, Regents Research 
Inc. (e, w ); University of Virginia , Department of Environmental Sciences (w ); 

Westchester, County of - Department of Health (w ), Department of Public works 

(w l 

North Carolina : 
Cary, City of (w ); Charlotte, City of (w) ; Durham, City of, Department of Water 

Resources (w ); Greensboro, City of (w); North Carolina State Departme~t Divi-
of - Natural Resources and Community Development (n, w ), Transportation, 
sion of Highways (w) ; North Carolina Agricultural Research Service (w ); Raleigh, 

City of (w ); Rocky Mount, City of (w) 

North Dakota : 
North Dakota Geological Survey (w); North Dakota State University (e); Oliver 
County, Board of Commissioners (w) ; Public Service Commission (w ); State 
Department of Health (w) ; State Water Commission (n, w ) 

Northern Mariana Islands: (See Hawaii) 

Ohio: bliC 
Canton , City of, Water Department (w) ; Columbus, City of - Department of pu of 
Service (w ), Division of Water (w) ; Cuyahoga, County of (w l; Geauga, County n· 
(w ); Miami Conservancy District (wl; Northeast Ohio Areawide Coordinating A9~g, 
cy (w ); Ohio Department of - Natural Resources - Division of Geological surv~~­
n), Division of Reclamation (w) , Division of Water (w), Transportation (n)- D ". g 
sion of Highways (w) ; Ohio Environmental Protection Agency - Office of Plannin 
Coordinator (w ), Water Quality Planning and Assessment (w ) 

Oklahoma : ·strict 
Ada City of (w )· Altus City of (w); Central Oklahoma Master Conservancy Di )' 

, ' , . . ·ct (W• 
(w ); Claremore, City of (w ); Fort Cob~ R~servo1r Master Conservancy D1St rl -Altus 
Foss Reservoir Master Conservancy District (w) ; Lawton, City of (w ); Lugert 
Irrigation District (wl ; Oklahoma City, City of (w) ; Oklahoma Conservation c~m; 
mission (w ) · Oklahoma Department of Transportation (w ); Oklahoma Geologica eS 

Survey (w l;, Oklahoma State Health Department (w ); Oklahoma Water Resourc 

Board (w ); Sapulpa , City of (w) ; Tulsa, City of (w) 
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Oregon: 

:enton County Emergency Services (w); Burnt River Irrigation District (w) ; Con­
ed_erated Tribes of-Umatilla Indian Reservation (w), Warm Springs Indian Reser­

vation (w); Coos Bay- North Bend Water Board (w); Douglas, County of, Depart­
~ent ~f Public Works (w); Eugene, City of, Water and Electric Board (w); Lane 
( ouncil of Governments (w); Lane, County of, Office of the Chief Administrator 
W); McMinnville, City of, Water and Light Department (w); Oregon Department 

:-Environmental Quality (w), Fish and Wildlife (w), Geology and Minerals (w), 

( a~er Resources (w); Oregon State Highway Division (w); Oregon State University 
7), P~rtland, City of, Department of Finance and Administration (w) ; Salem, City

0 
(w), Wasco County People's Utility District (w) 

Pennsylvania: 

~:oona City Authority (w); Bethlehem, City of (w); Chester, County of, Water 
of sources Authority (w); Delaware River Basin Commission (w); Harrisburg, City 

T ' Department of Public Works (w) ; Letort Regional Authority (w) · Millcreek 
ow h. ' ' 

Ole ns IP of _(w); New _York S~ate ~epartment of Environmental Conservation (w); 
D Y Township (w); Ph1ladelph1a, City of, Water Department (w); Pennsylvania 
Separtment of - Environmental Resources - Office of Resources Management (w), 

( Urface Mine Reclamation Bureau (w ), Topographic and Geologic Survey Bureau 
~• W), Water Quality Management Bureau (w); Susquehanna River Basin Commis­

sion (w); Washington County Planning Commission (w) 

Puerto Rico : 
Puerto R' 
of_ . ico Aqueduct and Sewer Authority (w); Puerto Rico Department 
p b ~gnculture (w), Health (w), Natural Resources (g, w), Transportation and 
/ lie Works (w); Puerto Rico Electric Power Authority (w) ; Puerto Rico En­
pironmental Quality Board (w) ; Puerto Rico Industrial Development Company (w) ; 

Puerto Rico Land Authority (w) ; Puerto Rico Mineral Resources Development Cor­
or f 

( ,a ion (g); Puerto Rico Planning Board (w ); Puerto Rico Sugar Corporation 
w - (See also Virgin Islands) 

Rhode Island: 
Provid . 
rn ence, City of, Department of Public Works (w) ; Rhode Island State Depart-
Vvent of Environmental Management - Division of Water Resources (w); State 

1/ter Resources Board (w); University of Rhode Island (g) ; University of Rhode 
nd 

a Center for Ocean Management Studies (e) 

South Carolina · 
Ch • 
S arleston Commission of Public Works (w ); Georgetown, County of, Water and 

ewer D' t. (
Isl is net w); Grand Strand Water and Sewer Authority (w ); Hilton Head

nd 
, Public Service District No. 1 (w ); Myrtle Beach, City of (w) · North Myrtle8 a 

each c 1·ty f . . . ' 
(w) ' o (w); South Carolina State - Appa lachian Council of Governments 
(w) ' Department of Highways and Public Transportation (w) , Geological Survey 
R ' Health and Environmental Control (w ), Public Service Authority (w), Water 
esource C . . . . .Vv s omm1ssIon (w); Spartanburg Water Works, Comm1ss1oners of Public
Orks (w) 

South Dakota · 
81 • 
Lack Hills Conservancy Subdistrict (w ); East Dakota Conservancy Subdistrict (w) ; 

0°;er James Conservancy Subdistrict (w ); Sioux Falls, City of (e, w ); South 
Ra Ota Department of - Transportation (n, w ), Water and Natural 
De~ources - Geological Survey Division (w ), Water Rights Division (w) , South 

a ota School of Mines and Technology (w ), Watertown, City of (w) 

'ten 
nessee: 

~rank!' .
lJn . in, City of (w); Lawrenceburg, City of (w) ; Lincoln County, Board of Public 
ott'.es (w); Memphis, City of - Light, Gas, and Water Division (w) , Public Works 

S Vision (w) , Water Division (w); Metropolitan Government of Nashville and David­
on Co 

unty, Department of Public Works (w ); Shelby, County of (w); Tennessee8 
(e~~d of Public Utilities (w) ; Tennessee Department of - Conservation 
Vv Geology Division (e, n, w ), Water Resources Division (w), Public Health , 

ater Ouality Control Division (w ), Transportation , Bureau of Highways (w) 

l'e)(aa: 

Abilene c ·t f ( ) • • • · M . . IVv , 1Yo w ; Alice, City of (w ); Arlington, City of (w) ; Athens unicIpa 
Imater Authority (w) ; Austin , City of (w ); Bexar-Medina-Atascosa Counties, Water 

8 Provernent District No. 1 (w ); Bistone Municipa l Water Supply District (w) ; 

0;~dy,_ City of (w) ; Brazos River Authority (w ); Cleburne, City of (w) ; Clyde, City 
A 'W), Coastal Bend Council of Governments (w ); Coastal Industrial Water 
,;,t_hority (w) ; Colorado River Municipal Water District (w); Corpus Christi , City of 
Vv ' Dallas, City of, Public Works Department (w ); Dallas, County of, Public 
Pu:~s Department (w) ; Edwards Underground Water District (w); El Paso, City of, 
of lie Service Board (w ); Franklin, County of, Water District (w) ; Gainesville, City 
Gr (w); Galveston, County of (w) ; Garland, City of (w ); Graham, City of (w ); 

A eenbelt Municipal and Industrial Water Authority (w ); Guadalupe-Blanco River 
th0

Cu rity (w); Harris, County of, Flood Control District (w) ; Harris-Galveston 
oastal Subsidence District (w); Houston, City of (w ); Lavaca-Navidad River 

Authority (w ); Lower Colorado River Authority (w); Lower Neches Valley Authority 
(w) ; Lubbock, City of (w) ; Mackenzie Municipal Water Authority (w) ; 

Nacogdoches, City of (w) ; North Central Texas Municipal Water Authority (w) ; 

Northeast Texas Municipal Water District (w) ; Nueces River Authority (w); Orange, 
County of (w) ; Palo Pinto, County of, Municipal Water District No. 1 (w); Pecos 
River Commission (w); Red Bluff Water Power Control District (w); Reeves, Coun­
ty of, Water Improvement District No. 1 (w); Sabine River Authority of Texas (w) ; 

Sabine River Compact Administration (w) ; San Angelo, City of (w); San Antonio, 
City of - Engineering Department (w) , Public Service Board (w) , Water Board (w) ; 

San Anton io River Authority (w) ; San Jacinto River Authority (w); Tarrant, County 
of, Water Control and Improvement District No. 1 (w); Texas A & M (e); Texas 
Department of Water Resources (w); Titus, County of, Fresh Water Supply District 
No. 1 (w) ; Tom Green, County of, Water Control and Improvement District No. 1 
(w); Trin ity River Authority (w); Upper Guadalupe River Authority (w); Upper 
Neches River Municipal Water Authority (w) ; Upper Trinity Basin Water Quality 
Compact (w) ; Velasco Drainage District (w); West Central Texas Municipal Water 
District (w ); W ichita , County of, Water Improvement District No. 2 (w); Wichita 
Falls, City of (w ); Wood, County of (w) 

Trust Territory of the Pacific Islands: (See Hawaii) 

Utah: 
Bear River Commission (w) ; Salt Lake, County of - Board of County Commis­
sioners (w), Division of Flood Control and Water Quality (w), Utah Department 
of - Natural Resources - Geological and Mineral Survey (g, n, w) , Water Resources 
Division (w) , Water Rights Division (w), Wildlife Resources Division (w) 

Vermont: 
Agency of Environmental Conservation (n) ; Springfield, Town of (w) ; Vermont 
Department of-Water Resources and Environmental Engineering (w) 

Virginia : 
Alexandria , City of, Department of Transportation and Environmental Services (w); 

James City, County of, Department of Public Works (w); Newport News, City of, 
Department of Public Utilities (w) ; Roanoke, City of, Utilities and Operations (w); 

Southeastern Public Service Authority of Virginia (w); Staunton, City of (w); 

University of Virg inia, Department of Environmental Sciences (w); Virginia Depart­
ment of Conservation and Development - Division of Mineral Resources (n); 
Virginia Department of Highways and Transportation (w) ; Virginia Polytechnic In­
stitute and State University (e) ; Virginia State Water Control Board (w) 

Virgin Islands: 
Department of Public Works (w) ; Planning Office (w) ; Virgin Islands, College of 
(w) 

Washington: 
Bellevue, City of, Public Works Department (w) ; Chelan, County of, Public Utility 
District No. 1 (w); Cowlitz, County of, Department of Community Development 
(w); Everett, City of (w ); Fircrest, Town of (w); Hoh Indian Tribe (w); Island, 
County of, Planning Department (w) ; King, County of, Department of Public 
Works (w); Lewis, County of, Board of Commissioners (w); Makah Tribal Council 
(w) ; Municipality of Metropolitan Seattle (w) ; Pend Oreille, County of, Public Utili­
ty District No. 1 (w ); Puyallup Nation (w); Quinault Indian Business Council (w); 

San Juan County Board of County Commissioners (w); Seattle, City of - Depart­
ment of Lighting (w) , Water Department (w) ; Skagit, County of (w); Tacoma, City 
of - Public Utilities Department (w) , Public Works Department (w); Tulalip Tribal 
Board of Directors (w) ; University of Washington (w); Washington Public Power 
Supply System (w) ; Washinton Department of - Ecology (w), Fisheries (w), Natural 
Resources (n) , Transportation (n); Washington State University, Department of 
Agricultural Engineering (w) ; Whatcom, County of, Board of Commissioners (w) 

West Virginia : 
Interstate Commission Potomac River Basin (w) ; Morgantown, City of, Water 
Commission (w); West Virginia Department of - Highways (w), Natural Resources, 
Division of Water Resources (w) ; West Virginia Geological and Economic Survey 
(w) 

Wisconsin : 
Brown County Planning Commission (w) ; Dane, County of - Department of Public 
Works (w) , Regional Planning Commission (w) ; Forest County Potawatomi Com­
munity (w) ; Green Bay Metropolitan Sewerage District (w); Green Lake Sanitary 
District (w) ; Lac du Flambeau Indian Reservation (w) ; Madison Metropolitan 
Sewage District (w ); Madison Water Utility (w); Menominee Indian Tribe of 
Wisconsin (w); Middleton, City of (w) ; Schleswig, Town of, Sanitary District No. 1 
(w); Southeastern W isconsin Regional Planning Commission (w); University of 
Wisconsin - Extension, Geological and Natural History Survey (n, w); University of 
Wisconsin, Milwaukee (w) ; Wisconsin Department of-Natural Resources (g, n, 
w), Transportation - Bridge Section (w) , Division of Highways (w) 
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Wyoming: 
Cheyenne Board of Public Utilities (w); University of Wyoming-Water Resources 
Research Institute and Institute for Policy Research (el; Water Development Com­
mission (wl; Wyoming Department of-Agriculture (wl, Economic Planning and 
Development (wl, Environmental Quality (w l, Highways (wl; Wyoming State 
Engineer (n, w) 

Cooperators and Other Financial 
Contributors 

Federal Cooperators 

Appalachian Regional Commission (el 

Central Intelligence Agency (g) 

Council on Environmental Quality (el 

Department of Agriculture: 
Economics, Statistics, and Cooperatives Service (wl; Forest Service (e, n, wl ; 
Graduate School {w); Science and Education Administration (el; Soil Conservation 
Service (g, n, wl 

Department of the Air Force: 
Air Force Academy (wl; Bolling Air Force Base (gl; Hanscom Air Force Base (gl ; 
Headquarters, AFT AC / AC (gl; Holloman Air Force Base (w ); Homestead Air Force 
Base {w); Los Angeles (wl; Myrtle Beach (wl; Vandenberg Air Force Base (w); 
Wurtsmith Air Force Base (w) 

Department of the Army: 
Armament Research and Development Command (w l; Avionics R and D Activity 
(gl; Coastal Engineering Research Center (gl; Corps of Engineers (e, g, n, w); Fort 
Belvoir (n); Fort Bliss (wl; Fort Carson Military Reservation (w); Mobility Equip­
ment Research and Development Command (gl; Research Office, Triangle Park, 
N.C. (gl; Waterways Experiment Station (g); White Sands Missile Range (wl 

Department of Commerce: 
Coastal Plains Regional Action Planning Commission (gl; Four Corners Regional 
Action Planning Commission (el; National Bureau of Standards (gl; National 
Oceanic and Atmospheric Administration- ational Marine Fisheries Service (w), 

National Ocean Survey (nl, National Weather Service (g, wl, Office of Sea Grants 
(el; Old West Reg ional Action Planning Commission (el; Ozarks Regional Action 
Planning Commission (el; Pacific Northwest Regional Action Planning Commission 
(el; Southwest Border Regional Action Planning Commission (el 

Department of Defense Agencies : 
Defense Advanced Research Projects Agency (gl; Defense Mapping Agency (g, n); 
Defense Nuclear Agency (g); Defense Intelligence Agency (gl 

Department of Energy: 
Albuquerque Operations Office (g, w); Argonne National Laboratory (c); Batelle 
National Laboratory (cl; National Aeronautics and Space Administration (e, g, w, 
nl; National Science Foundation (e, g, w, nl; Nuclear Regulatory Commission (g, 
w); Tennessee Valley Authority (n, wl; United States Arms Control and Disarma­
ment Agency (gl; Veterans Administration (g, wl; Water Resources Council (n, w); 

Bonneville Power Administration (wl; Chicago Operations Office (wl; Energy Pro­
grams Division (el; Idaho Operations Office (wl; Laramie Energy Tech Center (wl; 
Lawrence Livermore Laboratory (g, wl; Los Alamos Science Laboratory (w) ; 
Morgantown Energy Technology Center (wl; Nevada Operations Office (g, wl ; Oak 
Ridge Operations Office (w); Office of Energy Research (g); Procurement Opera­
tions Office (gl; Richland Operations Office (g, w l; San Francisco Operations (g, 
wl; Sandia National Laboratories (gl; Western Area Powth Administration (gl 

Department of Health, and Human Services (w) 

Department of Housing and Urban Development (wl 

Department of the Interior: 
Bureau of Indian Affairs (e, g, n, wl; Bureau of Land Management (e, 9, n, w);. n 
Bureau of Mines (e, g, n, wl; Bureau of Reclamation (g, wl; Heritage Conservatio 
and Recreation Service (e); National Park Service (e, g, n, w) ; Office of the 
Secretary (e, g, wl; Office of Surface Mining Reclamation and Enforcement (e, g, 
n, w) ; Trans-Alaska Pipeline (e) ; U.S. Fish and Wildlife Service (e, g, n, w); Water 

and Power Resources Service (g, w) 

Department of the Navy: 
Kings Bay (w); Naval Facilities Engineer Command Contracts, Trident (w); Nava'. 
Explosive Ordnance Disposal Test Center (g); Naval Oceanographic Office (g, nL 
Naval Weapons Center, China Lake (g, w); Office of Naval Research (g); U.S. 
Marines Corps, Camp Pendleton (w); U.S. Coast Guard (w) 

Department of State: 
Agency of International Development (e, g, w); Bureau of International Organi~a­
tion Affairs (e); International Boundary and Water Commission , U.S. and Mexico 
(wl; International Joint Commission, U.S. and Canada (wl 

Department of Transportation: 
Federal Highway Administration (g, w); St . Lawrence Seaway Development cor· 
poration (w) 

Department of Treasury: 
U.S. Customs Service (n) 

Environmental Protection Agency: (nl 
Corvallis Environmental Research Laboratory (wl; Environmental Monitoring )· 
Systems Laboratory (g); Office of Environmental Engineering and TechnologY (g' 

Office of Monitoring and Technical Support (wl 

Federal Emergency Management Agency (e, g, wl 

Federal Energy Regulating Commission Licensees (wl 

General Services Administration (wl 

Great Lakes Basin Commission (el 

Missouri River Basin Commission (e, w) 

Other Cooperators and Contributors 

Government of Guam (wl 

Government of Peru (gl 

Government of Saudi Arabia (w, gl 

Organization of American States (el 

People's Republic of China (e, gl 

Puerto Rico : 
Puerto Rico Aqueduct and Sewer Authority (wl; Puerto Rico Department of t of 
Agriculture (w )· Puerto Rico Department of Health (wl; Puerto Rico Departrne~

' . d public
Natural Resources (w, gl; Puerto Rico Department of Transportation an tal 
Works (wl; Puerto Rico Electric Power Authority (wl; Puerto Rico Environrne~icO 
Quality Board (wl; Puerto Rico Industrial Development Company (w l; Pue~o (g); 
Land Authority (wl; Puerto Rico Mineral Resources Development Corporation 
Puerto Rico Planning Board (wl; Puerto Rico Sugar Corporation (wl 

Trust Territory of the Pacific Islands (wl 

United Nations: 
United Nation Development Program (wl 

Virgin Islands: . (W); 
College of the Virgin Islands (w); Virgin Islands Department of Public Works 

Virgin Islands Planning Office (w) 
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Budgetary and Statistical Data 

TABLE 1. - Geological Survey budget for fiscal years 1977 to 1982, by activity and sources of funds1 

lln th0usands of dollars] 

Budget activity 1977 1978 1979 1980 1981 1982 
---------------~----------------------------------

----Total ----- - --------------------------- $433,403 $698,272 $764,718 $782,136 $769,757 $661,842 
~ir_ect Program ------------------------------­
e,rnbursable program -------------------------
States co t· d • . 1· .~.. , un Ies an murncIpa ItIes ------------
1v11scellaneo F d Ius non- e era sources ------------ _0th er Federal agencies ---------------------­

Alaska p· .
1pehne Related Investigations --------

319,460 
113,943 
39,621 
10,229 
64,093 

317 

576,393 
121 ,879 
40,784 
12,825 
68,270 

272 

634,886 
129,832 
44,1 24 
15,789 
69,919 

639,143 
142,993 
46,849 
16,817 
79,327 

623,057 
146,700 
48,700 
19,605 
78,395 

509,983 
151,859 
50,418 
24,376 
77,065 

Direct program ----------------------------­ 317 272 
Reimbursable program-----------------------
0th er Federal agencies ----------------------

Nation IM .
D' a appmg. Geography, and Surveys --- 57,073 69,520 74,566 82,683 89,177 88,133 
Rir_ect program ----------------------------- 50,311 61,356 65,584 72,759 77,449 77,687 
eirnbursable program ----------------------- 6,762 8,164 8,982 9,924 11,727 10,446 
St_ates, counties, and municipa lities ---------­ 3,268 3,320 3,371 3,083 2,985 3,000 
Miscellaneous non-Federal sources ---------- 601 499 597 610 1,095 1,1000ther Federal agencies -------------------- 2,893 4,345 5,014 6,231 7,648 6,346

Geolo •Mgic and Mineral Resource Surveys and 
apping --------------------------------

DirectR . program -----------------------------
e,rnbursable program -----------------------

130,269 

100,007 
30,262 

163,193 

123,830 
39,363 

178,566 

134,846 
43 ,710 

193,652 

146,963 
46,689 

208,287 

162,756 
45,531 

212,355 

163,731 
48,624 

States co t · d • • 1· •M' , un Ies, an munIcIpa ItIes ---------- 1,403 956 584 640 758 480 
iscellaneous non-Federal sources ---------­ 6,439 8,510 10,914 11,258 13,192 16,844 

Other Federal agencies -------------------- 22,420 29,897 32,212 34,791 31,761 31,300
Water R . . 

esources lnvest1gat1ons ------- - - -----
DirectR . Program -----------------------------
e,rnbursable program -----------------------

131 ,509 

68,555 
62,954 

146,014 
278,487 
67,527 

168,598 

96,847 
71 ,751 

184,871 
108,664 
76,207 

194,016 
115,458 
78,558 

190,096 

108,637 
81 ,459 

StatesM· , co t · un Ies, and • • 1· •murncIpa It Ies ---------- 34,761 36,457 40,156 43,126 45,138 46,938 
iscellaneous non-Federal sources ----------

0ther Federal agencies --------------------
1,331 

26,862 
1,429 

29,641 
1,673 

29,922 
1,778 

31,303 
2,088 

31 ,332 
2,679 

31,842 
Conservation of Lands and Minerals ----- - ---­

DirectR . program -----------------------------
eirnbursable program -----------------------

67,427 

67,239 
188 

77,409 

77,299 
110 

85,484 

85,362 
122 

106,395 

105,928 
467 

127,001 

125,739 
1,262 

130,468 
129,868 

600 
Miscellaneous non-Federal sources ----------
0ther Federal agencies -------------------­

Otr 
•_ce of Earth Science Applications ----------

Direct •
R . program -----------------------------
e,rnbursable program -----------------------
States co t· d • • 1· •M· , un Ies, an murncIpa ItIes ----------

iscellaneous non-Federal sources ----------
0 

1\J ther Federal agencies --------------------
!ltionat PD· etroleum Reserve in Alaska ------- -

16 9 12 29 210 
172 101 122 455 1,233 390 

23,476 23,226 23,965 23,734 23,205 20,853 
17,698 18,132 19,959 18,935 18,849 14,359 
5,778 5,094 4,006 4,799 4,356 6,494 

189 51 13 
1,741 2,153 2,333 2,808 3,139 3,482 
3,848 2,890 1,600 1,991 1,217 3,012 

9,154 202,704 216,886 169,845 107,001 2,196 
A;~ect Program ----------------------------­ 2,079 202,598 216,886 169,845 107,001 2,196
R?cation transfer ------ --- ----- ---- ---- ---- 7,063 106 

G e,rnbursable program (Federal ) -------------- 12 
enera1 Ad . . .
Direct mmIstratIon --- - ------ - ----------- 3,760 3,650 3,661 3,776 3,896 3,407 

~ Program ----------------------------- 3,760 3,650 3,661 3,776 3,896 3,407 
acifities ----- - -Direct --------------- - ------------- 9,494 10,769 11,741 12,273 11,909 10,098 

~iscei program - ------ ------ ---- --- - --- - --- - ==~9 ,~494~====1=0,=7=69=======1=1=' 7=4=1 ====1=2=,2==73======1=1 ='9=09========1~0~,09~ 8 = 
R. laneous services to other accounts ----- 924 1,515 1,261 4,907 5,266 4,236 
e:bursable program ---------- --- ---------- ---=9=2__:_4 ____1:..:..,5=--1~5-----'1,'-2..:..61----~4-'-,90:-:--7----5=-:.,.:::.266=-=------..:4-!.:,2:::-3~6-
0 iscellaneous non-Federal sources ---------- 102 225 272 351 62 61 
~ Federal agencies -------------------- 822 1,290 989 4,556 5,204 4,175 

11 
i tcludes 1982 appropriation for Minerals Management Service. 

Pil')g tds for the Airborne Positioning System, appropriated to Water Resources Investigations are included as obligations of Topographic Surveys and Map­
$2, 172 thousand) . 
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TABLE 2. - Geological Survey reimbursable program funds from other Federal agencies for fiscal years 1977 to 1982, 
by agency 

[In thousands of dollars] 

Agency 1977 1978 1979 1980 1981 1982 

$76,675 _Total --------------------------------- $57,017 $68,164 $69,919 $79,326 $78,395 

2,675Department of Agriculture --------------------- 2,130 2,727 2,619 3,878 3,567 
Department of Commerce---------------------- 334 183 141 276 

National Oceanic and Atmospheric 
Administration --------------------------- 1,947 1,708 1,464 2,388 823 1,781 

Ozarks Regional Commission --- ------------ 76 
Department of Defense ------------------------ 12,308 15,655 16,760 17,447 18,490 21,459 

Department of Energy ------------------------- 8,573 14,980 15,338 14,406 10,885 10,529 
(75)Bonneville Power Administration -------------- (141) (138) (48) (61) (81) 

Department of Housing and Urban Development -- 6,003 3,789 1,967 302 188 
Department of the Interior---------------------- 12,186 16,528 17,746 22,926 22,553 20,328 

5,001Bureau of Indian Affairs---- --- --------------- 915 2,385 4,345 9,295 3,999 
Bureau of Land Management ---- - ------------ 9,011 10,791 9,712 7,807 13,800 10,551 

Bureau of Mines ---------------------------- 200 108 240 297 ~9 275 

Bureau of Reclamation - --------------------- 1,199 1,871 1,975 2,257 2,231 1,800 

National Park Service------------------------ 542 791 771 818 1,121 1,015 
100Office of the Secretary----------------------- 82 203 154 

1,176Office of Surface Mining --------------------- 135 21 1,563 469 
410U.S. Fish and Wildlife Service ---------------- 178 447 600 686 480 

Department of State -------------------------- 1,075 1,010 1,455 2,449 2,272 3,445 

Department of Transportation ------------------ 313 193 149 291 273 500 
675Environmental Protection Agency --------------- 2,137 3,074 2,873 2,645 1,259 

3,885National Aeronautics and Space Administration --- 2,648 2,763 4,033 2,793 5,065 
National Science Foundation ------------------- 2,712 848 896 1,211 2,001 1,958 

Nuclear Regulatory Commission ---------------- 1,758 1,318 1,583 1,325 1,781 1,544 
290Tennessee Valley Authority--------------------- 297 216 261 243 317 

3,431Miscellaneous Federal agencies ----------------- 1,774 1,882 1,645 2,105 3,717 

Miscellaneous services to other accounts --------- 822 1,290 989 4,556 5,204 4,17~ 
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As the Nation's principal conservation agency, 
the Department of the Interior has responsibility 
for most of our nationally owned public lands and 
natural resources. This includes fostering the 
wisest use of our land and water resources, pro­
tecting our fish and wildlife, preserving the en­
vironmental and cultural values of our national 
parks and historical places, and providing for the 
enjoyment of life through outdoor recreation. The 
Department assesses our energy and mineral 
resources and works to assure that their develop­
ment is in the best interest of all our people. The 
Department also has a major responsibility for 
American Indian reservation communities and for 
people who live in Island Territories under U.S. 
Administration. 
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