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The Brinkerhoff-Signal Rig 72, under contract to Williams Exploration, 
is drilling the Granite Creek Well, also identified as Came Hill Unit 
1-30, sec. 30, T 39 N., R. 113 W , Teton County in the Bridger- Teton 
National Forest, about 30 miles from jackson Hole, Wyoming_ The well 
was begun on August 3, 1980, and currently is being tested at 19,842 
feet. Thus far, Williams Explorat ion has invested over $15 million on 
th is well. Activit y on this well, as on all others on Federal and Indian 
lands in the overthrust belt of Wyoming, is approved and supervised by 
the District Oil and Cas Supervisor of the Rock Springs, Wyoming, US 
Geological Survey District Office. The Environmental Assessment was 
made jointly by the Geological Survey and the US. Forest Service. 
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Preface 

The U.S. Geological Survey, a bureau of the Department of the Interior, is 
the principal agency of the Federal Government devoted to the pursuit of 
the earth sciences. In addition to its studies of earth science phenomena 
and the Nation's mineral, water, and land resources, the Geological Survey 
also classifies the federally ownecrTallds -wi.th--r~spect to leasable minerals 

and waterpower sites and supervises the exploration and development ac
tivities of private parties conducted under mineral leases and permits on 
Federal and Indian lands. 

Between 1880 and 1932, the Geological Survey submitted a series of an
nual reports describing its activities to the Secretary of the Interior for 
transmittal to the Congress. From 1933 until1964, the Geological Survey' s 
annual report was included as a part of the Annual Report of the Secretary 
of the Interior, after which highlights of the Survey' s activities were reported 
in the Department of the Interior Conservation Yearbook series . In 1975, the 
Geological Survey resumed the practice of reporting its fiscal year's ac
tivities in a separate document. This issue, U.S. Geological Survey Activities, 
Fiscal Year 1981 presents a summary of the work performed between Oc
tober 1, 1980, and September 30, 1981 . 

The results of the U.S. Geological Survey's activities are voluminous, and 
no attempt is made here to report them in any detail. Instead, certain 
selected aspects of the Survey's work are presented which are topical and 
together form a representative sample of the types of activities in which it is 
currently engaged . Those desiring to know more about the Geological 
Survey's activities and the services it offers are referred to the summary 
" Guide to Publications and Information Services" on page 147 and to the 
more detailed Geological Survey Circular 777, A Guide to Obtaining Infor
mation from the USGS 1981 . In addition, the technical results of the Survey's 
research programs are reported annually .n the Professional Paper series . 
Professional Paper 1275, Geological Survey Research 1981 , containing 
abstracts of investigations in the earth sciences, is the latest of these annual 
reports, and supplements the description of program activities contained in 

this volume. 

Dallas L. Peck 
Director, U .S. Geological Survey 

February 1982 
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The Year 
in Review 

Fiscal year 1981 proved to be unusually 
challenging for the U.S. Geological Survey as it 
sought to satisfy the established claims upon its 
capabilities and resources expressed in law, 
custom, and settled policy, and to position itself 
to support the incoming administration's an
nounced policies toward the Nation's land, 
mineral, and water resources, all within the limits 
of available funds and personnel. 

Among the Survey's active concerns at the 
beginning of the year were a number of programs 
deriving from recently enacted laws, Secretarial 
decisions, and other directives concerning the 
assessment and development of minerals on 
Federal and Indian lands, both onshore and off
shore. The 1979 decision to resume leasing on 
federally owned coal lands was one such event. 
Another was the passage of the Outer Continental 
Shelf Lands Act Amendments in 1978. The Sur
face Mining Control and Reclamation Act of 1977 
applied to all coal lands, public and private, and 
created a demand for information that the Survey 
was responsible for providing and, in the case of 
Federal and Indian lands, for applying. The 
mineral assessment of public lands nominated for 
wilderness classification continued under the 
Wilderness Act of 1964. Lastly, the character and 
extent of the Survey's functions in Alaska were 
changing as the oil and gas assessment program 
in the National Petroleum Reserve was phased 
out and new responsibilities were assumed under 
the Alaska National Interest Lands Conservation 
Act of 1980. 

In addition to its responsibilies for resource 
assessment and management, the Survey had, by 
fiscal year 1981, been charged with providing in
formation needed to mitigate the effects of 
geologic hazards. Attention was strongly focused 
on these hazard-related duties by the sensational 
eruption of Mount St. Helens on May 18, 1980, 3 
weeks after the Survey had issued a warning that 
permitted State and Federal authorities to take 
preventative actions that saved many lives. 
Geologic and hydrologic studies conducted dur
ing the past year have provided knowledge that 
has been valuable in assessing the posteruption 
effects of volcanic phenomena and in refining 
prediction techniques. 

Many of the Survey's ongoing commitments 
rapidly began to merge with newer ones as a 
result of the new administration's pledge to, 
among other things, increase private access to 
Federal lands for mineral and energy develop
ment, reduce'the regulatory role of the Federal 
Government, accelerate and expand domestic 

energy and mineral production, and generally 
reduce funding and staffing of Federal activities 
other than those related to national defense and 
certain other specified areas. These new attitudes 
and policies had direct implications for both the 
scientific and the regulatory functions of the 
Survey, and fiscal year 1981 saw the initial stages 
of a reorientation of Survey programs and in
vestigations to support the goals of the new 
Administration. 

The highlights of fiscal year 1981 activities 
summarized below reflect the conjunction of the 
Survey's established functions and responsibilities 
with those acquired as the result of the 1980 
general election. 

Alaskan Transition 

When the final six wells were completed during 
fiscal year 1981, the oil and gas exploration pro
gram on the National Petroleum Reserve in 
Alaska, conducted for the Department of the In
terior by the Geological Survey since the pro
gram's transfer from the Navy Department in 
June 1977, was essentially finished. Over the 7 
years of the program's life, 28 exploratory wells 
were drilled and 13,500 line miles of geophysical 
surveys run on the 37,000-square mile Reserve ly
ing between the Colville River and the Arctic 
Ocean in a systematic effort to assess its 
petroleum potential, and, secondarily, to discover 
commercially producible deposits of oil and gas. 
Although no commercially significant discoveries 
were made, the investigations indicated a 
50-percent probability that 5.2 billion barrels of 
recoverable oil and 9.4 trillion cubic feet of gas 
may be found on the Reserve 

The phasing out of the exploration program 
was succeeded by the first leasing activity on the 
Reserve. In September 1981, the Secretary of the 
Interior selected 53 tracts comprising 1.5 million 
acres from the acreage nominated by the 
petroleum industry to be offered for lease in 
December 1981. This sale is to be followed by 
another of 0.5 million acres in May 1982. 

Elsewhere in Alaska, petroleum exploration ac
tivity focused on the Continental Shelf beneath 
the Beaufort Sea, where 34 wells had been drilled 
on State of Alaska leases at the end of fiscal year 
1981 and where the first gravel island on a 
Federal lease was built by Exxon Corporation dur
ing the fiscal year for use in the 1981-1982 winter 
drilling season. A second lessee, the Shell Oil Cor
poration, announced its intention to construct a 
gravel island on its lease. In view of the active in
terest shown by the petroleum industry in 
Beaufort Sea leases, the new lease schedule 



relea~ed by the Department in )uly 1981 ad

vanct:>d the next Federal lease sale No. 71. by 5 
months to September 1982 . Lease sales 55 and 60, 
ior tracts 1n the Gulf of Alaska and lower Cook 
1 n let . respect 1ve ly , attracted I ittle interest 

The Alaska National Interest Lands Conserva
tion Act . which became law in December 1980. 
gave the Secretary of the Interior a number of 
tasks that require support from the Geolog1cal 
Survey One provision requires that the Secretary 
study all Federal lands north of 68° latitude, ex
cept the National Petroleum Reserve in Alaska, to 

assess their potential oil and gas resources. make 
recommendations for the use and management of 
those resources . review wilderness characteristics, 
and recommend protective measures for fish and 

wildlife 
The Act also charges the Secretary to " assess 

the oil . gas, and other mineral potential of all 
pubic lands in the State of Alaska in order to ex
pand the data base with respect to the mineral 
potent1al of such lands ." In effect, this assign
ment will be carried out by the continuation and 
expans1on of the Survey 's Alaska Mineral 
Resources Assessment Program, which has been 
under way for several years In recognition of this 
need, the Survey was granted an additional $3 
million dunng fi scal year 1981, which permitted a 
substantial increase 1n staffing and the acquisition 
of some additional aeromagnetic data . As a result 
the amount of mapping increased by 50 percent 
over what had been programmed initially; more 
than 70.000 square miles were mapped at 
1 250.000 scale in fiscal year 1981 

The Survey partic1pated in two additional 
specific studies ordered by the Act. The first-the 
Arctic National Wildlife Refuge Coastal Plain 
Resource Assessment- calls for an inventory of 
fish and wildl1fe and an analysis of the impacts of 
oil and gas exploration. development, and produc
tion and authorizes selected exploratory activity 
(not to mclude drilling) on the Wildlife Refuge 
Survey effort during fiscal year 1981 concentrated 
on the preparation of exploration guidelines and 
an environmental impact statement on ex
ploratory activities. Subsequent exploration plans 
will be submitted to the Secretary for approval 

The second study, and one for which the 
Survey was assigned the lead role. called for the 
Secretaries of Interior, Defense, and Energy to 
" initiate and carry out a study of the mission, 
facilities , and administration of the Naval Arctic 
Research Laboratory at Point Barrow, 
Alaska ... This assignment, a subsection of which 
will make recommendations for redirecting the 
United States Arctic research policy, required ex
tensive coordination and discussions between the 
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Survey and other Federal agencies, State and 
local political entities, scientific organizations, 

and individual experts. At the end of the fiscal 

year, the study was in its final stage. 

Mount St. Helens Revisited 

By October 1, 1980, when fiscal year 1981 
began, activity at Mount St. Helens had tapered 
off to occasional nonexplosive eruptions, in 
dramatic contrast to the shattering violence of 
the May 18, 1980, eruption, which devasted an 
area of 230 square miles, killed more than 60 peo
ple, and caused over a billion dollars worth of 
damage In the course of the eruption, Mount St. 
Helens deposited ash hundreds of miles down
wind in Washington, Idaho, and Montana, 
dumped more than 0.7 cubic mile of debris into 
the North Fork of the Toutle River (which, in turn, 
transported enough of it downstream to close the 
Columbia River to navigation at Portland for a 
time), and left the volcano's drainage area with a 
legacy of hydrologic instability that will endure 
for years to come. 

Geological Survey activity at Mount St. Helens 
during fiscal year 1981 was concerned both with 
monitoring current activity and with assessing the 
aftereffects of the catastrophic May 18 eruption. 

The ad hoc organization hastily put together at 
Vancouver, Washington, in response to the burst 
of activity in the spring of 1980, was established 
formally as the Cascades Volcano Observatory; 

the observatory staff represents diverse scientific 
disciplines, appropriate to its task of observing 
activities at Mount St. Helens and other Cascade 
Range volcanoes and assessing and reporting on 
their effects. 

To assist the observatory in its mission, addi
tional stations have been added to geophysical 
and hydrological observation networks in the 
vicinity of Mount St. Helens, and installation of 
monitoring networks at three other Cascade 

volcanoes-Mount Shasta and Lassen Peak in 
California and Mount Baker in Washington-has 
begun 

Four flood-warning gaging stations were added 
during the year to the Survey's 7-station satellite
data relay network in the immediate area of 

Mount St. Helens Additional flood-warning sta
tions without telemetry and other stations 
measuring river systems in the ash-impacted 
areas, maintained as part of the warning and 

information-gathering network, bring the total 
numbers of stations in service to 34. 

The six eruptive episodes that have occurred 
since December 1980 have been characterized by 
the formation of an irregular mound or dome of 



extruded lava on the crater floor. Each eruption 
has added to the size of the dome, which, by the 
end of fiscal year 1981, was some 2,100 feet long, 
1,700 feet wide, and 500 feet high. This series of 
nonexplosive, dome-building eruptions has been 
extremely useful to Survey geologists attempting 
to develop techniques for predicting activity of 
this sort. Survey scientists, have used data from 
seismic, ground-deformation, and volcanic gas 
monitoring to provide reliable forecasts several 
hours or days, or even weeks, in advance of the 
last seven eruptions. The current phase of inter
mittent, largely dome-building activity is expected 
to continue for many more years, although the 
possibility of future moderate-size eruptions can
not be dismissed. The probability of another large 
eruption similar to the one that occured May 18, 
1980, is very low. 

The effort that went into assessing the effects 
of the May 18 eruption during fiscal year 1981 
will form the basis of numerous reports. The 
definitive work, The 1980 Eruptions of Mount St. 
Helens, Washington, which should be available in 
1982 as Professional Paper 1250, treats all aspects 
of the volcano's act ivity both before and after 
the May 18 eruption . This volume is dedicated to 
the memory of David A. Johnston, a Survey 
volcanologist who died in the initial eruption . 

Individual studies of the complex changes in 
the hydrologic regime caused by the eruption 
seek to determine water-related hazards and 
predict their impacts and to improve understand
ing of the processes responsible for these hazards. 
Included are studies of sediment deposition in 
river channels, the susceptibility of debris
avalanche dams to failure, the toxicity of leach
ates, the mechanisms for triggering mudflows, the 
effects of the eruption on glaciers. and the effect 
of ashfalls on the rate of snowmelt and snow ac
cumulation on glaciers. The first eight circulars in 
a series dealing with these effects and others 
have been issued, and another is currently being 
prepared. 

The profound topographical changes around 
Mount St. Helens have made it necessary to 
remap the area affected by the May 18 eruption 
at 1:24,000 scale. During fiscal year 1981, new 
data were compiled for 28 7.5-minute quadrangle 
maps planned for publication in calendar year 
1982. Digital elevation data and 7.5-minute or
thophotoquads covering this area also were made 
available in fiscal year 1981. Additional ortho
photoquads and digital elevation data for an ex
panded area are scheduled for completion early 
in calendar year 1982. 

Streamlining Leasing and 
Regulatory Procedures 

The Reagan administration's commitment to 
eliminating unnecessary and burdensome 
regulatory procedures and reporting requirements, 
together with its announced goal of expanding 
the size of oil and gas lease offerings on the 
Outer Continental Shelf, were factors underlying 
an extended Survey effort in FY 1981 to bring its 
procedures and directives into line with those ob
jectives. 

In issuing his proposed Outer Continental Shelf 
leasing plan in July 1981, Secretary of Interior 
James G. Watt announced his intention to offer 
all or significant portions of entire planning areas 
for lease at a single sale . These offerings, com
prising more than 10 million acres each, are much 
larger than the 500,000 to 1,500,000 acres offered 
in past sales and will dictate profound changes in 
the Survey's preleasing actions, which, in the past, 
have relied on detailed geologic and geophysical 
work for tract selection, input for environmental 
impact statements, assessment of geologic 
hazards, and prelease determination of economic 
values for the tracts offered . 

During fiscal year 1981 , the Survey consulted 
with other bureaus and offices in the Department 
on how best to meet the new requirements posed 
by the large increase in the size of lease offerings 
without jeopardizing the environment. the in
terests of adjacent States, and the public 
resources in question. Although details were still 
lacking at the fiscal year' s end. some general con
clusions had been reached . The Geological 
Survey will prepare geologic maps of entire plan
ning areas prior to sale dates, but postsale 
economic evaluation will concentrate only on the 
relatively small portion of the large offering that 
is bid on at any given sale. Marketplace competi
tion will be used to establish the fair value of the 
tracts , subject to the Survey's monitoring 

Presale evaluation of offshore geologic 
hazards, which previously has relied heavily on 
high-resolution seismic data gathered by the 
Survey on all tracts offered, now will depend on 
an evaluation of regional data . Less reliance will 
be placed on data collected by the Survey, in
stead, the Survey will analyze data gathered and 
supplied by the lessees in support of their ex
ploration plans, with the understanding that 
leases found to contain unacceptable hazards will 
be subject to cancellation . 
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Conversion to these streamlined leasing pro
cedurt:>s will begin when the Secretary' s revised 
leasmg plan 15 approved and will be completed 

somet1me 1n 1983 
The basis for the Survey 's current efforts to 

identify and rework burdensome, counterproduc
tive and unnecessary regulations is Executive 
Ord.er 12291, s1gned by President Reagan in 
February 1981 Much of the Survey's response to 
that order m fiscal year 1981 has been devoted to 
changes that will become effective in succeeding 

years . 
Onshore, the rules governing Federal oil and 

gas leases are being updated to bring them into 
line with current practice . Regulations enforcmg 
the Connally Act of 1935, which forbids interstate 
shipment of oil produced in violation of State 
market demand proration orders-a stipulation 
made pointless when market demand proration 
ended in the early 1970's -were eliminated 
Another similar regulation dealing with the ac
quisition and leasing of water wells also was 

deleted 
Offshore, initial proposal s include exempting 

the mature producing area of the western Gulf of 
Mexico from the requirement that operators sub
mit development and production plans for ap
proval, elim1nating redundancy in environmental 
reporting; and providing for an extension of a 
lease period if inordinate delays have occurred in 
the issuance of permits . 

The Geological Survey is also streamlining 
regulations governing reporting requirements , re
taining only those that are truly necessary and 
ident1fying the least costly alternatives for its 
other rules. When the streamlining process has 
been completed, the application regulatory codes 
will be up to date and free of unnecessary provi
sions . A continuing revi ew will be undertaken to 
insure that they remain so. 

Coal Program 
The 10-year pause in Federal coal leasing that 

began with a moratorium imposed by the Depart
ment of the Interior in 1971 to discourage 
speculative leasing of tracts ended on January 13, 
1981, when the first part of the Green River-Hams 
Fork competitive lease sale was held in Colorado 
and Wyoming The second part of the sale was 
held the following day, and the remaining 
acreage was leased on April 30, 1981 . A second 
sale was held in Alabama on June 25, and a third 
sale in the Uinta region of Utah was held on July 
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30. Altogether, 19 tracts comprising nearly 33,000 
acres were leased for approximately $25 million. 

The resumption of active leasing by the Federal 
Government, together with the administration's 
strong emphasis on increasing coal production on 

both public and private lands, has important im
plications for the Survey's coal program. To meet 
the goals set by the administration for coal usage 
by 1985, the domestic coal industry will need to 
produce nearly double the 800 million tons mined 
in 1980, and the 10 percent share of that total 
contributed by Federal and Indian land leases 

also will have to continue to grow. 

These prospective large increases in coal pro
duction will require additional knowledge about 
the Nation's coal resources (extent and quality, 
bed and overburden thicknesses, chemical proper
ties and other information) if informed decisions 
are 'to be made in both the public and the private 
sectors, about resource development, land-use 
planning, and evaluation of federally and Indian
owned coal In addition, the Survey's specific 
responsibilities for supplying general hydrologic 
information on all surface-mining areas under the 
Surface Mining Control and Reclamation Act of 
1977 will increase with the growth in surface min

ing. 

The Survey's work in coal hydrology, which has 
been expanding since its beginning in fiscal year 
1974, continued to focus on the Eastern (Ap
palachian) and Interior coal provinces during 
fiscal year 1981. By the end of the year, 19 
hydrologic reports had been completed on major 
subbasins in these provinces. These reports and 
the 41 others planned for fiscal years 1982 or 
1983 will summarize all pertinent hydrologic data 
on the Nation's principal coal lands. 

In addition to the Federal coal hydrology pro
gram, continuing work under the Federal-State 
Cooperative Program on 77 projects in 31 States 
was aimed at evaluating site-specific mining 
hydrologic problems such as acid mine drainage, 
subsidence, impacts on local water supplies, ex
cessive sediment in streams and reservoirs, and 
pollution from coal washing and unloading 
facilities. 

The Survey's coal investigations program con
tinued to identify and delineate Federal coal 
resources in the northern Great Plains and Rocky 
Mountain provinces and on low-sulfur beds in the 
central and southern Appalachian province. The 
data generated by these investigations are 
presented mainly in a series of map folios, 
predominatly at 1100,000 scale. At the end of 
fiscal year 1981 , work was in progress on 24 folios 



describing the resources of the western basins 
and 4 devoted to basins in the Eastern States . 
Two folios (Denver East and Recluse in Colorado 
and Wyoming, respectively) were completed. In 
addition, work was completed on four Wilderness 
areas in Pennsylvania, Kentucky, Illinois, and 
Alabama, and fieldwork was completed on one 
RARE II area in New Mexico. Fieldwork also was 
completed on five coal-resource assessment 
studies sponsored by the Bureau of Indian Affairs 
In these coal investigations and others, some 
47,000 feet of test hole were drilled and 
geophysically logged 

Data generated by the Survey's coal investiga
tions in fiscal year 1981 were incorporated into 
the National Coal Resources Data System, as in 
past years . In return, data from the system were 
used in preparing the coal folios. 

Royalty Management 

The complete overhaul and reorganization of 
the Survey 's royalty management system, which 
began in fiscal year 1980 and continued through 
1981, has been one of the most significant 
management-improvement initiatives that the 
Survey has undertaken in recent years. At the 
fiscal year's end, the Survey began its planned 
conversion from the early (1950's) decentralized 
accounting system to an improved interim phase 
which will be replaced, in 1983, by a highly so
phisticated, computer-assisted operation ad
ministered through a headquarters organization 
and five field offices . 

The new system centralizes all minerals royalty 
collection and accounting functions under a 
Deputy Division Chief for Royalty Management at 
the Survey's headquarters in Reston . The field 
organization consists of a national Accounting 
Center and a Review and Analysis office, both 
located in Lakewood, Colorado. Four Review and 
Analysis suboffices are located in Albuquerque, 
New Mexico; Metairie, Louisiana; Tulsa, 
Oklahoma; and Lakewood, Colorado. Under the 
old system, management, accounting, and audit 
functions were performed separately for onshore 
and offshore leases at 14 offices in 11 cities . Con
version to the new system is being implemented 
in phased increments; already, three regional of
fices have ceased collections. All new or restruc
tured components are scheduled to be in place 
and operating by early 1984. 

Several benefits will derive from the unified 
policies and standardized procedures of the new 
royalty management program, including increased 

income for the U.S. Treasury, the Indians, and the 
States; timely availability and processing of 
funds; increased personnel productivity; and a 
substantially reduced reporting burden on private 
industry. From the standpoint of internal control , 

the new system will assure greater security for the 
proprietary information collected, reduce the 
potential for fraud and abuse in royalty reporting, 
and provide better administrative control over ac
tivities and funds . The resulting reduction in 
undercollections, together with prompt payments 
and same-day deposits into interest-bearing ac
counts, is expected to add millions of dollars an
nually to the revenues accruing to the Federal 
Treasury and to other recipients of royalty 
payments . These payments, which were less than 
$425 million in fiscal year 1970, had reached 
$2 .96 billion 10 years later and are expected to 
exceed $4 billion in calendar year 1981 . Thus, as 
energy costs continue to rise, the Survey faces 
the next decade with an efficient royalty manage
ment program for its mandated revenue collec
tion. 

Water Data Telemetry 

The Geological Survey's satellite-data relay net
work , begun in 1972 to expedite the collection of 
hydrologic data from remote locations, continued 
its steady expansion through fiscal year 1981 to 
include 380 collection sites and one ground
receive station . The ground-receive station, ac
tivated in Tacoma, Washington, in February 1981 , 
receives data through geostationary sa tellite from 
numerous data-collection sites in the Pacifi c 
Northwest, including the flood-warning network 
surrounding Mount St. Helens. A sec ond ground
receive station, scheduled for installation in 
Phoenix, Arizona early in 1982, will include sup
port for the 45-station central Arizon a flood
warning network operated by the Survey 

Of the 380 data-collection sites in the network, 
105 are operated under contract by COMSAT 
General, and 140 others are operated by the 
Survey in cooperation with the U.S. Army Corps 
of Engineers . Twenty new sites in the Upper 
Missouri River Basin will be added under an 
agreement with the Corps during fiscal year 1981 . 

This telemetered data-collection network uses 
satellites orbiting 23,000 miles above the Earth 's 
equator to relay data gathered at remote sites to 
processing facilities, brings a real-time reporting 
capability to hundreds of stations; data gathered 
at these stations used to be stored on punched 
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tape and were collected at intervals of 4 to 6 . 
weeks The timely receipt of water data makes rt 

pos sib le not only to sense critical hydrologic 

events such as floods at their outset but also to 
monitor rnstruments daily and to identify sensor 

problems withrn hours rather than weeks . 

Acid Rain 

Several cooperative studies completed during 
fiscal yea r 1981 provided valuable new informa
tion about acid rain . For a number of years, the 
Ceologrcal Survey has been collecting informa
tion on the chemi ca l composition of precipitation 
as part of its Federal-State Cooperative Program, 
most notably in Florida, New York , North 
Carolina, and Penn sy lvania Survey hydrologists in 
Colorado and Wisconsin have been investigating 
the effects of acid precipitation on watersheds 
having lrmited buffering capacities. Data obtained 
from a reconnaissance study of snow chemistry in 
the Northeastern United States are being used to 
describe the occurrence and distribution of 
chemrcal constitutents in winter precipitation 
over the Northeastern United States from 
December 1980 to March 1981 

Hazardous Wastes 
In July 1981 , the Survey replaced the Office of 

Radiohydrology with the Office of Hazardous 
Waste Hydrology to coordinate research and in
vestigations related to the disposal of all types of 
hazardou s waste, both radioactive and toxic
chemical. This organization change recognizes 
the fact that the transport of all types of waste 
through the envrronment is controlled by the 
same geologic , hydrologic , and geochemical con
ditions The change is expected to improve the 
Survey's effectiveness in providing the technrcal 
information needed to alleviate a critical threat 
to public health and safety 

Work continued on the Survey 's high-leve l 
radioactive-waste disposal program, which at
tempts to identify environments suitable as 
drsposa l sites for commercial power-reac tor 
wa stes The geologic and hydrologic 
characteristics of broad physiographic provin ces 
are used as a basis for sc reening successively 
smaller land units where potentially suitable 
repository sites might be located The Basin and 
Range provi nce, ly ing between the Rocky Moun
tains and the Sierra Nevada and Cascade Ranges, 
was selected for a prototype study to determine 
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the feasibility of this method of identifying poten

tial repository sites. A Province Working Group 

composed of earth scientists from the Geological 

Survey and the States of Arizona, California, 

Nevada, Idaho, Oregon. Utah, New Mexico, and 

Texas has been organized to conduct the screen
ing and to recommend areas suitable for more in

tensive study 

Oil and Gas Resource 
Estimates 

The first 5-year review and revision of the 
Survey 's systematic appraisal of undiscovered oil 
and gas resources of the United States, published 
in 1975 as Circular 725, was released in February 
1981. The product of more than 80 specialists in 
the 137 petroleum provinces studied, the review 
disclosed relatively minor changes in the total 
amount of undiscovered oil estimated to exist in 
the United States but noted an encouraging in
crease in the estimate of total gas resources. New 
appraisals of both oil and gas resulted in substan
tial differences in a few provinces, where the ac
quisition of new data permitted more definitive 
estimates. A comparison of the two appraisals 
showing amounts estimated at 95- and 5-percent 
probability and the mean value for total un
discovered recoverable crude oil and natural gas 
is given below. 

Commodit y 1975 1981 

Crude oil, rn billions of barrels 
95 percent (low) so 60 
5 percent (high) 127 105 

Mean 82 83 
Natural gas, in trillion cubic feet 

95 percent (low) 322 475 
5 percent (high) 655 739 

Mean 484 594 

Digital Cartography 

By fiscal year 1981 , digital cartography had 
progressed to the point where this aspect of the 
Survey's national mapping functions began to 
take shape A study conducted by the Office of 
Sc ience and Technology Policy at the direction of 
the Office of Management and Budget verified 
the need for a national digital cartographic data 
base and recommended that the primary respon
sibility for the program within the Federal 

Government rest with the Geological Survey. The 
study determined further that the demand for 
digital cartographic products is such that the 



development of the data base could be financed 

from revenues resulting from the sale of the prod
ucts. 

This recommendation represents a sharp 

departure from the Survey's historic approach to 
product pricing, which previously had recovered 
only the actual cost of reproduction and distribu
tion, not initial preparation, which was financed 

by annual appropriations. Because the change re
quires legislative action, the Secretary of the In
terior forwarded to Congress a proposed " Digital 
Cartography Act of 1981 ," which was introduced 
in the Senate on May 21, 1981, as S-1280. The 
bill as introduced would provide for a gradual 
shift to full financing of all costs of ditigal car
tographic products from sales revenues . 

Development of the digital data base proceed
ed through fiscal year 1981 with plans to incor
porate (1) data on boundaries, public land net, 
streams and water bodies, and transportation 
features on 1 :24,000-scale maps; (2) elevation data 
largely obtained concurrent with the orthophoto
quad program; (3) the planimetric features from 
the 1 :2,000,000-scale sectional maps of the Na
tional Atlas; (4) elevation data obtained from the 
1:250,000 scale maps series; (5) land use and land 
cover data; and (6) geographic names. 

Progress in fiscal year 1981 was encouraging. 
Digital elevation models for 2,500 1 :24,000-scale 

quadrangle maps were added to the data base, 
and boundary and net data for 2,000 quadrangles 
also were added. Elevation data from the 
1 :250,000-scale maps are now available for most 
of the United States. All 21 regional sheets of the 
National Atlas series were digitized, and editing is 
continuing. 

Organization and 
Management Notes 

No significant changes were made in the for
mal organization of the US Geological Survey 
during fiscal year 1981 , which was devoted to 
consolidating and completing the thoroughgoing 
changes initiated during the previous year 

On September 30, 1981, in ceremonies held at 
the National Center in Reston, Virginia , Dallas L. 
Peck was sworn in as the eleventh Director of the 
U .S. Geological Survey, succeeding H . William 
Menard, who resigned the previous January to 
return to Scripps Institute at La jolla, California . 
Peck , who had been the Survey's Chief Geologist 
for 4 years at the time of his appointment has 
spent his entire professional career of 30 years 
with the Survey 
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Perspectives 
Chemical and 
Nuclear Wastes
Different Problems 
with Different 
Solutions? 

By John B. Robertson 

Although public awa reness and concern for 
nuclear wastes have been evident for decades, we 
have only rece ntl y begun to take notice of a 
sleep1ng giant-toxic chemica l waste con· 
taminants We have awakened during the past 2 
yea rs w1th the threats to our ground water from 
tox1c waste sites like the Love Canal , New York, 
and the Valley of the Drums. Kentucky It is c lea r 
that operatmg ou r complex, ene rgy-hungry, in
dustnal soc1ety has some undesirable risks and 
costs not the least of which are hazardous 
wast~s. which mu st be effectively dealt with The 
waste-management issues are complicated not on
ly bv challeng1ng technolog1cal questions but also 
by emotional. political. and ethical concerns . In 
this essay, I will attempt to place the broad ques
tion oi hazardou s waste management in c learer 
tec hn1cal perspective w ith regard to the nuclea r 
and toxic chemical viewpoi nts 

With the nati ona l attention that nuclear power 
proJects have received. it might appear that 
nuclear wastes are a mu ch b1gger environm ental 
threat than other wastes and that the technical 
bamers that mu st be overcome to dispose of the 
nuclear wastes safely are greater than those for 
chem1cal wastes . But are they7 

Since the beginning of nuclear deve lopment in 
the 1940' s, nuclear wastes have been strictly 
regulated by one principal Federal agency-f1rst, 
the Atomic Energy Com mission ; later, the Energy 
Research and Development Administration; and 
currently, the Nuclea r Regulatory Commission . 
(The Department of Energy regulates most 
nuclear wastes generated by activities of the 
Federal Government) 

Authority over toxic chemical waste manage
ment, however, has been incomplete and scat
tered through severa l agencies and regulations 
Recentl y enacted laws suc h as the Resource Con

servation and Recovery Act (1976) and the Com
prehensive Environmen tal Response, Compensa
tion. and L1ability Act of 1980 ("Superfund" ) have 
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helped to consolidate and expand Federal control 

of toxic waste management. In the 1980 U.S. 

Geological Survey Yearbook, Gerald Meyer sum
marized the evolution and complexity of Federal 

waste-management programs and their relation

ship to ground-water contamination problems. 

... it might appear that nuclear wastes are a much big

ger environmental threat than other wastes an.d that the 
technical barriers that must be overcome to d1spose of 
the nuclear wastes safely are greater than those for 

chemical wastes. But are they? 

One fact that becomes clear through all this is 
that nuclear and chemical waste regulations have 

developed almost completely independently of 
each other with differing philosophies, technical 
approaches, and amounts of money and other 
resources applied to the problems. Even within 
the Environmental Protection Agency, for exam
ple, two separate groups address the two issues. 
For some time, the Geological Survey has had in
terests and activities devoted to earth science 
aspects of both chemical and radioactive waste 
disposal Priority within the Geological Survey 
research program, in terms of dollars spent, was 
assigned to efforts dealing with radioactive 
wastes. Since the 1950's, the Survey has expended 
approximately five times more money and effort 
on research on radioactive waste than on toxic 
chemical waste. 

RELATIVE MAGNITUDE OF CHEMICAL 
AND NUCLEAR WASTE PROBLEMS 

To gain some perspective on the relative 
magnitude of chemical and nuclear wastes, some 
comparisons ca n be made on quantities of wastes 
accumulated to date and current generation 
rates, extent of contamination problems resulting 
from the wastes, numbers of disposal sites, and 
sources and characteristics of the wastes. 

Table 1 lists estimates of some of these 
characteristi cs. There are, of course, other impor
tant technical characteristics that also could be 
compared such as relative toxicity, mobility in 
ground water, and others. However, many of 

these become rather complex and are outside the 
expertise of the Geological Survey or beyond the 
scope of this review . Although admittedly 
simplified, the information in table 1 does serve 

to make the point that the volume and complexi
ty of toxic chemical waste and existing con

tamination problems are much larger than those 

of nuclear wastes and could lead to the conclu-



Table 1. -Some characteristics of nuclear wastes compared to those of toxic chemical wastes. Estimated 
volumes and other data in this table are based primarily on information from the documents listed at the 
foot of this table. 

Characteristics Nuclear wastes 
Toxic chemical wastes 

(liquids and solids) 

Estimated volumes 
on hand, 1980. 

70 million cubic yards, uranium mill tailings . 
2 million cubic yards, all other nuclear waste. 

6 billion cubic yards 

Estimated yearly 
volume gener 
ated, 1980. 

1.5 million cubic yards, uranium mill tailings . 
300,000 cubic yards, all other nuclear wastes . 

50 to 500 million cubic 
yards 

42 uranium mill tailings sites 7,000 to 100,000. Number of known 
disposal or star 
age sites. 

20 other major waste sites. Does not include 
nuclear-power reactors (70) where spent fuel is 
temporarily stored. 

Does not include municipal 
landfills and septic tanks 

Estimated area 
underlain by 
ground wa-
ter contaminated 
beyond potable 
use. 

Residential popula
tions affected 
by condemned 
groundwater 
supplies . 

Composition of the 
wastes. 

10 to 30 square miles 

None known 

Fairly well known 

1,000 to 10,000 square 
miles 

More than 2 million 

Extremely variable; largely 
unknown 

Principal sources of 
wastes. 

Relatively few industrial and institutional 
activities; well known and regulated . 

All sectors of public and in
dustria I activities; poorly 
known and controlled . 

Gass. T. E, 1980, To What Extent is Ground Water Con
taminated?.· Water Well Journal. November 1980. p 26-27 

Landa . Edward. 1980. Isolation of Uramum Mill Tailings and 
Their Component Radionuclides from the Biosphere- Some 
Earth-Science Perspectives. U.S Geological Survey C~rc ular 
814. 31 p. 

Pishdadazar. H. and Moghiss i. A. A. 1980. Haz ardous Waste 
Sites in the United States: Nuclear and Chemical Waste 
Management. v. 1. nos . 3 and 4, p 161-309 

sian that the magnitude of toxic chemical wastes 
problems is also considerably larger than that of 

nuclear wastes. 
As a case in point, I am aware of only one well 

used for public drinking water that has been con
demned due to radioactive waste contamination 
(near Argonne, Illinois), even though low-level 
radioactive wastes have been disposed to the sub
surface in a variety of methods and sites since 
the 1940's. That is not to say that more ground 
water has not become contaminated with waste 
radionuclides; there are many instances where it 

US Council on Environmenta l Qualoty, 1981 . Contam1nat1on 
o f Ground Water by Tox 1c Organ1c Chemical s. 85 p 

U.S Department of Energy, 1981. Low-Level Rad1oact1ve Wa>te 
Policy Act Report-Response to Public Law 96-573. DOE !NE 
0015 . 57 p 

--1981 . Spen t Fuel and Rad1oact1 ve Waste lnventortes and 
Pro1ecltons as of December 31. 1980.· DOE .NE-0017 . 279 p 

US Environmental Protec tion Age ncy , 1980. Ground-'-'V ater Pro
tect ion. a Water Qualoty Management Report. 36 p 

has. Generally, these situations are in areas where 
no one is using the water and where its quality is 
well monitored. In contrast. toxic chemical 
contaminants have caused the condemnation of 
wells supplying drinking water to millions of 
residents across the Nation, from large cities to 
rural households. 

Other aspects of table 1 worthy of amplifica
tion are the descriptions of types and sources of 
wastes. Radioactive wastes result from a relative
ly few well-known and documented sources. 
Although the physical forms of those wastes 
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cover a broad spectrum-from sludge to paper 

and rubber gloves to machinery-the ra
d1onucl1des present 1n them are generally fairly 

well known 

... toxic chemical contaminants have caused the con
demnation of wells supplying drinking water to millions 
of residents across the nation, from large cities to rural 

households. 

Tox1c chemical wastes, on the other hand, 
result from almost every mdustrial, institutional, 

and household activity There has been no central 
system of comprehensive documentation of toxic 

waste sources or even d1sposal sites. After so 
much publicity on Love Canal-type situations, I 
am sure that many people believe that these sites 

and the waste from large chemical companies are 

the biggest problem 
The Environmental Protection Agency has con

cluded that the most common toxic contaminants 
found 1n ground water are nitrates, heavy metals, 

and petroleum denvatives. In most areas, the 
most common sources of contamination are from 

common household septic systems Another large 
source of toxic waste contaminants is ordinary 
mun1c1pal waste landfills Although I do not wish 
to dim1nish the concern for large industrial toxic 
waste-d1sposal s1tes, it is important to see them in 
the proper perspective. In addition to about 6,800 
1dent1fled hazardous waste-disposal sites in the 
Un1ted States, there are probably 200,000 
mun1c1pal landfills containing hazardous waste. 
Depleted pesticide, pamt, and solvent containers 
and used motor oil (loaded with toxic metals and 
carcmogen1c organic compounds) often are dis
carded in household trash which then contributes 
to the tox1c contamination potential of our local 

landfills. 

Nearly every community has leaky gasoline 
and oil tanks and pipelines; consequently, nearly 
every community has ground-water contamination 
from these sources. Many small businesses and in
dustries common to most communities (dry clean
ing and machine shops, for example) often are 
the source of toxic contaminants such as tri
chloroethylene in ground water 

The National Water Well Association estimates 
that only about 1 percent of the area underlain 

by usable ground water is contaminated from in
dustrial wastes; unfortunately, however, the areas 
most contam1nated are often areas of greatest 
water demand Although that estimate includes 
effects of septic tanks and municipal landfills, it 
fails to 1nclude ground water contaminants from 
agricultural sources which might easily double 
the figure 
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WHAT IS THE ROLE OF EARTH SCIENCE! 

Over one-half the people in this Nation rely on 

ground water as their source of drinking water. 

Understanding the behavior and fate of con

taminants in this resource is a highly important 

technical concern. Among the most important 

technical aspects of waste disposal are the 

physical, biological, and chemical processes that 

affect contaminants beneath the ground surface. 

The ultimate goal is to minimize the rate at 

which contaminants migrate from disposal or spill 

sites, thus keeping contaminated concentrations 

in ground water and areas of contamination to a 

minimum. Figure 1 schematically depicts the 

manner in which contaminants from a variety of 

sources can enter and migrate in ground-water 

systems. The major processes which control the 

occurrence, concentration, migration rate, and 

fate of contaminants in ground water are de

scribed in table 2 It should be clear from table 2 

that the processes which control contaminants in 

ground water are extremely complex and in

terdependent Also, it is apparent that, in general, 

nearly all the same fundamental processes apply 

to most contaminants, regardless of their source 

or whether they are radioactively or chemically 

toxic. One basic difference between nuclear and 

chemical wastes is important: Nuclear materials 

all have decay rates that can be accurately 

calculated, whereas chemical wastes do not. 

Heavy metal contaminants, such as mercury and 

lead, have no decay rates and some stable 

organic compounds such as polychlorinated 
biphenyls (PCB's) are extremely persistent. 

However, many other toxic organic compounds 
do decompose with time due to chemical and 
biochemical breakdown. 

The Environmental Protection Agency has concluded 
that the most common toxic contaminants found in 
ground water are nitrates, heavy metals, and petroleum 
derivatives. In most areas, the most common sources of 
contamination are household septic systems. 

Other important earth science concerns are 

geologic and hydrologic factors which can affect 

the long-term ability of a disposal or storage site 

to isolate waste produced from the biosphere. 

These factors would include effects of geologic 

faulting, earthquakes, volcanism, and erosion. 

Some radioactive and chemical waste products 

require isolation periods of hundreds of thousands 

of years or longer to perm it the radioactive 

wastes to decay to innocuous levels, or disperse, 

or reduce the chemical wastes to an acceptable 

concentration level or a harmless form. There

fore, very long-range predictions of infrequent or 
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FIGURE 1. -A schematic profile to illustrate some typical processes by which ground-water resources become 

contaminated. 

slow geologic processes are required to assure 
isolation. The technology for making such predic
tions with confidence has not been developed. 
However, much progress has been made in the 
past decade, largely in connection with nuclear 

waste-disposal studies . 
If we had a thorough understanding of all the 

pertinent processes in a wide spectrum of en
vironments for all the major contaminants, we 
would be in a good position to make the in
formed decisions on problems of waste manage
ment that are sorely needed . We are not in that 
position at this time. In fact, we have only barely 
scratched the surface on some of the subjects, 
such as biotransformation reactions in the subsur

face. Although we have sophisticated mathe
matical models which simulate many aspects of 
contaminant movement and reaction in the sub
surface, we have not developed the means to ad

quately measure all the parameters that need to 
go into these models, nor have we demonstrated 
that the models provide the right answers on a 

sufficient number and variety of actu al field con
tamination problems. 

THE CHALLENGES AHEAD: WHERE ARE 
WE GOING AND WHERE SHOULD WE BE 
GOING? 

As the magnitude of ground-water contamina
tion problems and the disparity in the level o f at
tention devoted to radioactive wastes versu s 
chemical wastes became clearer in recent years, 
the Geological Survey moved toward treating 
these problems as one integrated interdisciplinary 
concern . We believe that these complex technical 
issues are amenable to solutions but only through 
a carefully planned and coordinated systematic 
approach . 

The principal scientific questions and 
challenges remaining are: 
• What techniques can most effectively be used 

to control or reduce existing or potential con
tamination problems? 
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Table 2 _Processes controlling the fate of contaminants in ground water 

Physical processes Description of process Effect of process 

-----------------------------
C round-watPr i lm\ 

F iltrdt1on 

Vol ,lt i111 d t 1on ' 

Chemical processes 

Adsorption and IOn
PVh,JngP 

Cround water flows through pores and fractures in 

rocks and soil 

Cround water flows faster in some pores or cracks 

than 1n others, when contaminated water meets 

clpan water, they mix 

L1ghtPr l1quid s, such as gasoline, tend to float on top 

of water: denser liquids tend to smk 

Porous soils and rock s can physically filter out 
contaminant part1 cles suspended 1n ground water. 

Changes the atom1 c structure of the element 

VolatilE' contaminants evaporate from the water table 
mto an unsaturated zone or the atmosphere. 

Heat irom waste affects physica l properties of water 
and chem1cal propert1es of w as tes 

Description of process 

Some diSso lved contaminants tend to adhere to 
mmeral surfaces rather than remain 1n solution 

OX1d,lt10n-rPduct1on Changes the molecular structure and ionic properties 
rP,lt t1on of contaminants 

fhdroh"' 

C omplt>xat1on 

Biological processes 

M1crOb1oc hPm1c a I 

tran' iormat1ons' 

React1on w1th water which changes the molecular and 
10n1c nature of contammants 

DISsolved contaminants 101n with other di sso lved 
compounds to form new products 

Description of process 

Bacteria and other m1crobes in ground water alter or 
decompose organ1c (and a few Inorganic) contam

mants through enzymatiC and respiration reactions . 

Carries dissolved or suspended 

contaminants with it 

Reduces concentrations but 

spreads extent of con

taminants. 

Can concentrate zone of con

taminants at bottom or top 

of aquifer depending on 

density of the waste liquid_ 

Reduces concentration of 
suspended contaminants in 

ground water_ 

Reduces concentration of 
waste elements at pre

dictable rates . 

Reduces concentration of 

volatile contaminants . 

Variable. 

Effect of process 

Reduces concentration and (or) 

migration rate. 

Can change toxicity and chem
ical behavior and mobility 
of contaminants. 

Do. 

Can increase mobility of con
taminants and otherwise 
change chemical behavior. 

Effect of process 

Can reduce concentration of 

some contaminants; also can 
create new toxic products . 

The ... e prol e:-:.e' are much mort> 1mpo rt ant tor tox 1c c hem1cal 
\\ ,h t f> -. thdn f o r r ad,oaLtl\f:' \\ d:.t e 

'Doe s no t apply to tox1c chemical wastes . 

• What earth science guidel1nes are needed to 

properly se lect, design, operate, close , and 

mon1tor future wa ste-storage and waste

disposal sites7 

• What techniques are needed to characterize 

potential storage and disposal sites and to 

demonstrate they will meet reqUired perform

ance criteria7 
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To address some aspects of these questions for 

radioactive waste, the Survey conducted studies 

through the former Office of Radiohydrology . 

Some facets of the toxic chemical waste question 

have been investigated through a separate pro

gram of the Water Resources Division Subsurface 

Waste Disposal Investigations _ In fiscal year 1981, 
to enhance and broaden coordinated efforts to 



encompass both toxic chemical and radioactive 
wastes, the Survey replaced the Office of Radio
hydrology with the Office of Hazardous Waste 

Hydrology and designed a new broadened 

research program beginning in fiscal year 1982 to 
provide better and more timely answers to the 
questions. 

This program includes the following elements: 

High-level radioactive wastes 

• To assist the Department of Energy in 
establishing repository site selection criteria 
and selecting and characterizing potential 
sites and the Nuclear Regulatory Commission 
in developing regulations and in licensing 
repository sites. 

• To conduct our own independent program of 
research on geochemistry of plutonium and 
related isotopes in ground water; flow of 
fluids and radionuclides through porous and 
fractured materials, including improved 
mathematical simulation models; thermo
mechanical properties of rocks; development 
of geophysical techniques to measure 
physical and chemical properties of rock 
masses; and the characterization of long
term geologic processes and events that 
could disrupt potential repository sites. 

• To screen large areas of the nation to identify 
regions having favorable characteristics for 
locating potential waste repository sites. 

Low-level radioactive wastes 

• To conduct fundamental research and field 
investigations into processes controlling 
leaching and migration of radionuclides from 
shallow land-disposal sites. 

• To develop earth science technical guidelines 
for the selection and design of future sites 
and for remedial measures at existing sites 
where site performance does not appear to 

be adequate. 
• To assist other Federal and State agencies in 

developing and implementing effective low

level waste-management programs. 

Toxic chemical wastes 
(These activities are planned to be initiated over 

the next 3 fiscal years in accordance with 
available funding and personnel.) 

• To conduct fundamental research into surface 
chemistry, biochemistry, and other chemical 
factors controlling the mobility and fate of 
organic chemicals and toxic inorganic sub

stances in ground water. 

• To conduct intensive interdisciplinary field 
research of a few selected disposal or con

tamination sites to characterize the most im
portant earth science processes affecting the 
fate of contaminants . 

• To assist other Federal and State agencies in 
developing regulations and standards for 
managing hazardous waste disposal 

• To assess the general extent and magnitude of 
ground-water contamination across the Na
tion. 

• To screen large regions of the Nation for poten
tially favorable disposal sites. 

• To evaluate the feasibility of using field tech
niques to improve the quality of contami
nated ground water . 

Other agencies, such as the Environmental Pro
tection Agency, are conducting related research 
on important aspects of the problem which will 
fit additional pieces into the puzzle Over the 
next decade or two, some exciting and important 
advancements in technology are likely to be 
made if planned programs are implemented prop
erly and carried out. 

The ultimate goal is to minimize the rate at which con
taminants migrate from disposal or spill sites thus keep
ing contaminated concentrations in ground water and 
areas of contamination to a minimum. 

As scientists, we know we will never find all 
the answers to problem s of hazardous wa ste 
management, but every step forward at this stage 
will provide significant benefits to the public Our 
wastes can be managed and related ground-water 
contamination problems can be reduced greatly if 
appropriate attention is addressed, not only to the 
earth science questions, but also to the socio
political concerns . Radioactive wastes and toxic 
chemical wastes must be viewed in proper 
perspective to each other. I am not suggesting 
that we reduce our effort to solve the radioactive 
waste question, but rather that our attention to 
the chemical waste problem be evaluated and in
tegrated into one concern for the disposition of 
hazardous contaminants in our environment This 
requires that scientists, legislators, regulators, and 
the public in general develop a realistic and ob
jective understanding of the relative risks of ex
posure to these materials and the ultimate impor
tance of waste-disposal practices to our l1ves and 
those of future generations 

John Robertson is a pioneer in the application of com
puter simulation techniques to studies in volving 
transport of pollutants in ground water. He has authored 
35 papers on the behavior and fate of organic con

taminants and radionuclides in ground water. 
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Petroleum Exploration in the National 
Petroleum Reserve in Alaska 

by George Gryc 

INTRODUCTION 

The completion of Awuna Test Well No.1 on 

April 20. 1981 , brought to a c lose the Federal 
Government's second exploration program 
(1974-81) in the National Petroleum Reserve in 

Alaska , formerly Naval Petroleum Reserve No. 4. 
Twenty-eight test wells-a total of 283,877 feet of 
borehole-were drilled on 26 " structures ... ' The 

tests were w1dely spa ced over most of the 
Reserve and located m several d1fferent geologic 
se tt1ngs to provide a basis for evaluatmg the 
resource o f the entire Reserve . In addition, 13.455 
11ne-miles of common-depth-point sei smic surveys 
were completed and interpreted for most of the 
Reserve . New engineer1ng, operational. and 
log1<;\1cs techn1ques were devi sed to expedite the 
work and to min1mize its Impact on the environ
mPnt Eac h activity site was cleaned and 
rehabil1tated after drill1ng was completed, and 
long-abandoned drilling and building sites in and 
ad,acent to the Reserve were cleaned up and 
revegeta ted 

Nearly all of the test wells had at least traces, 
or shows. of oil , gas or both A new small gasfield 
(12 billion cub1c feet of producible reserve) wa s 
d1scovered 7 miles east of the South Barrow 
gasf1eld. and a new, potentially large gasfield was 
discovered at Walakpa , 14 miles southwest of 
Barrow. Determining the full extent of this gas ac
cumulation and its potential for commercial 
development will require further drilling an 
analysis Addit1onal propects for gas accumula
tions in the Barrow area have been d~fined 

Except for the East Barrow gasfield, which is 
important to the local economy, no commercial 
deposits of oil or gas were discovered by this 
latest exploration program What, then , has thi s 
program contributed to our national energy needs 
or to the advancement of the knowledge base on 
wh1ch future energy policy and planning decisions 
can be based? 

HISTORICAL PERSPECTIVE 

Any assessment of the Federal programs con
ducted in the National Petroleum Reserve in 
Alaska, including the one JU St completed, must be 

fo r 'Pt:-C •I•r da1a on \\E> II lo cat•on ... _ df'n th,. and d • ~covE> r v rE:> ~ ult s S ~ €' 

< hapter beg•nn1ng on page 128 
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made in the context of the directives, the 
political setting, and the technology available 

when the program began. Nearly 60 years have 
passed since President Warren C . Harding signed 

an Executive Order on February 27, 1923, setting 
aside about 37,000 square miles of Northern 
Alaska as Naval Petroleum Reserve No. 4. The 
Order reads, in part, " Whereas there are large 

seepages of petroleum along the Arctic Coast of 
Alaska, and conditions favorable to the occur

rence of valuable petroleum fields on the Arctic 
Coast and ... Whereas the future supply of oil for 
the Navy is at all times a matter of national con
cern ... [this order does] hereby set apart [the 
designated area] as a Naval Petroleum 
Reserve .. "Thus, by 1923, the possibility that 
there were significant hydrocarbon deposits in 
northern Alaska was already recognized. 

The first recorded description of oil seepages 
was sent to the U.S. Geological Survey by E. de 
K. Leffingwell in 1906 and published by A. H. 
Brooks (1909) Probably long before recorded 
history, the Eskimos harvested tar mats from the 
seepages and combustible oil shales found along 
major streams for fuel. What was undoubtedly oil 
shale was reported and described by W. L. 
Howard of the Stoney Expedition on his 1886 trip 
down the Etivluk River (within the area that was 
to become the National Petroleum Reserve in 
Alaska) (Stoney, 1900). 

Several expedition traversed the Arctic Coast 
and the Brooks Range before 1900, but their ob
Jectives were primarily geographic and con
tributed little to the geologic knowledge of the 
region The first recorded geologic traverse across 
the Brooks Range and the North Slope was made 
by W J Peters and F. C. Schrader in 1901, and 
the results were published in 1904 by the U .S. 
Geological Survey (Schrader, 1904). Schrader 
named and described the Lisburne limestone for
mation of Mississippian age and described in con
siderable detail the Cretaceous rocks and the 
broad anticlinal structures in the foothills of the 
North Slope Both of these rock units and this 
type of structure have proved to be commercially 
productive in the Prudhoe Bay district. 

From 1906 to 1914, Leffingwell mapped the 
Arctic Coast east of Barrow and traversed inland 
in the Canning River region His classic report 
(Leffingwell, 1919) is still an important and useful 
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reference, especially on the subject of per
mafrost. Leffingwell described and named the 
now-famous oil-bearing Sadlerochit sandstone in 
the Prudhoe Bay field . In 1917, " Sandy" Smith ex
amined the oil seepages along the Arctic Coast 
and stimulated the interest of the oil industry In 
1921, several applications for prospecting permits 
were initiated under the old mining laws on 
claims near Cape Simpson and Peard Bay and 
along the Meade, Kukpowruk, and Kokolik Rivers. 
An excellent summary of these early expeditions 
and geologic studies was presented by Smith and 

Mertie (1930). 

Thus, by 1923, the three main requirements for 
hydrocarbon accumulations- source rocks (oil 
shale and other organic sedimentary rocks), reser
voir rocks (limestones and sandstones), and traps 
(anticlinal structures)-were known to be present 
in the area that was to become the National 
Petroleum Reserve in Alaska. After the establish
ment of Naval Petroleum Reserve No. 4, the U.S. 
Navy recognized that, more complete geologic 
and geographic information was necessary for 
wise management and further assessment of the 
petroleum resources . From 1923 through 1926, the 
U .S. Ceoiogical Survey traversed most of the 
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larger nvers crossing the Reserve and mapped the 
geology and geography at reconnaissance sc ales . 

The results of these surveys were published by 
Sm ith and Mertie (1930). who recorded and de
scribed (1) the o il see pages , especially those on 
the S1mpson Penninsula; (2) the widespread occur
rence of oil shales as a possibl e source rock ; and 
(3) the man y anticlinal structures in rocks of 
Cretaceous age, including sandstones that could 
provide traps and reservoirs for petroleum ac
cumulations. Smith and Mertie studied the 
Li sb urne limestone and discussed the possibility 
that these rock s were a source or a reservo ir or 
both. They concluded, howeve r. that the Lisburne 
w as complexly broken and faulted in the area of 
exposure and too deeply buried along the coas t 
to be important as a petrol e:Jm source or a reser
voir. " unless there are great structural disco r

dances ." 
We now know that. despite the reservation s ex

pressed by Smith and Mertie, there are, indeed, 
suc h discordances and that they are perhaps the 
m os t significant factors in the complex geologic 
history of the Prudhoe Bay deposit, the largest 
o ilfield in North America . Smith and Mertie also 
ca utioned would-be prospectors about the area 's 
adve rse geographi c conditions and the resultant 
high cos ts of exp loration The geo logic insight 
and long-range perspective documented by the 
Smith and Mertie (1930) paper is truly remarkable , 
cons1dering the limited knowledge available at 
that time 

Noth1ng more was done to explore the 
petroleum potent1al of the Reserve until 1944, 
when the Pet-4 program was undertaken by the 
Navy as a wartime effort The history of this pro
gram and mu ch of the techni ca l data coll ec ted 
were publ1shed in a ser1es of U.S Geological 
Survey Prof essional Papers (Robinson and Berg
quist. 1956, 1958a, b, c; Patton, 1957; Bowsher 
and Dutro. 1957; Coll1ns and others, 1958; Collins 
and Bergquist. 1958a. b. 1959; Reed, 1958; Patton 
and Matzko. 1959; Spetzman, 1959; Robin son and 
Collins. 1959; Robinson and Yuster, 1959; Chap
man and Sable , 1960; Keller, Morris, and Detter
man, 1961 , Brewer, 1961 , Woolson and other s, 
1962; Detterman, Bickel and Gryc, 1963; Bla ck, 
1964; Bergqui st , 1966; Chapm an, Detterm an and 
Mangus, 1964; Patton and Tailleur , 1%4; Robin
son and Brewer. 1964; Brosge, W hittington, and 
Morris. 1966) A short summary of the exploration 
sta tegy of that program was published by Gyre 
(1970) From 1945 through 1952 , 45 shallow core 
tests and 36 relatively shallow test wells were 
drilled. for a total of 169,250 feet of borehole 
and about 3,357 line-miles of re f lect ion se ismic 
surveys and 391 line-miles of refraction seismic 
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surveys were completed within and immediately 
adjacent to the Reserve. 

The results of the Pet-4 program include the 
discovery of one large oilfield at Umiat (70 
million barrels of producible high-grade crude oil); 
one small gas deposit at Barrow (25 million cubic 
feet of producible gas); one potentially larger gas 
deposit at Gubik; three prospective gasfields at 
Meade, Square Lake, and Wolf Creek; and two 
minor oil accumulations near the seepages at 
Cape Simpson and Fish Creek . Perhaps the Pet-4 
program's greatest contribution was to establish 
firmly, for the first time, the feasibility and prac
ticality of operating a large-scale oil-exploration 
program, inc luding geologic and geophysical 
surveys and studies and test drilling, in the Arctic. 

In 1958, Public Land Order 82, which had 
withdrawn public lands in Alaska from entry in 
1943, was cancelled, and these lands became 
ava ilable for lease. Private drilling begun in 1963 
outside of the Reserve at first followed up on 
trends and leads provided by the Pet-4 program 
but event ually began looking at new prospects to 
the north and east In 1968, the discovery of 
Prudhoe Bay was announced . This field , about 60 
miles east of the Reserve initially was estimated 
to contain a producible reserve of 9.6 billion bar
rels of crude oil and 26 trillion cubic feet of gas. 
Additional reserves of oil are now being 
developed in the Kuparuk field just west of the 
Prudhoe Bay deposit, and new fields to the east 
and just offshore also have been discovered, 
although no reserve figures have been published. 

EXPLORATION OF THE NATIONAL 
PETROLEUM RESERVE IN ALASKA 

' 1974-81 

Stimulated by the discovery at Prudhoe Bay 
and seizing the opportunity by the Arab oil em
bargo of 1974, the Navy proposed and was 
authorized by Congress to begin another explora
tion program in Naval Petroleum Reserve No. 4. 
The plan, entitl ed " Engineering Plan for Assess
ment and Evaluation of NPR-4," called for explor
ing the Reserve systematically, from the north
eastern corner to the southwestern corner com
pleting geophysi ca l surveys, and establishing 
log1st1cs bases in advance of drilling. Twenty-six 
tes t we ll s and 10,235 line-miles of geophysical 
surveys were to be completed over a 7-year 
period, later reduced to 5 years. At an earlier 
stage in pl anning, it was suggested also that the 
Umiat oilfield be produced and a small topping 
plant be mstalled to provide fuel for the rest of 
the program . This proposa l was dropped from the 
fmal plan 



Between 1974 and 1977, the Navy used private 
oil-exploration contractors to drill seven wells in 

the northeastern corner of the Reserve, following 
the Prudhoe trend and hoping for similar results 
but with no success. The Navy also drilled four 
exploration wells in the Barrow area to increase 
gas reserves for local use and discovered, about 7 
miles east of the South Barrow field, the East Bar
row deposit, which had an estimated producible 
reserve of 12 billion cubic feet of gas . 

In 1975, the Navy signed a 5-year contract with 
Husky NPR Operations, Inc., to manage and 
supervise all aspects of the exploration program . 
Four of the seven test wells in the northeastern 
corner of the Reserve were drilled for the Navy 
under the Husky contract. 

The Naval Petroleum Reserves Production Act 
of April 5, 1976, authorized further development 
of and actual production and sale of crude oil 
from Naval Petroleum Reserves Nos. 1, 2, and 3 
in California and Wyoming, and redesignated 
Naval Petroleum Reserve No. 4 as the National 
Petroleum Reserve in Alaska. Thus, the purpose 
of these Reserves was redirected from meeting 
naval requirements to augmenting domesting sup
plies of crude oil. The Act also mandated conti
nuing the exploration program in the Reserve and 
required studies of other resources and alter
native management systems, all to be completed 
and submitted to Congress by January 1980. 
Although the exploration program was not tied 
directly to the schedules of other studies in the 
Act, its results obviously would have had con
siderable influence on further land-use decisions. 
The Navy's 5-year plan, containing a schedule for 
the exploration program was stated for comple

tion in 1980. 
The Act transferred responsibility for the Na

tional Petroleum Reserve in Alaska to the 
Secretary of the Interior, who in turn assigned to 
the U.S. Geological Survey three responsibilities : 
(1} continuation of the exploration program, (2) 
continuation of operations, maintenance, and pro
duction at the Barrow gasfields, and (3} cleanup 
of debris left over from previous activities in and 
adjacent to the Reserve. The Navy' s 5-year con
tract with Husky NPR Operations, Inc., as well as 
other minor contracts, also was transferred to the 
Geological Survey, in accordance with the Act. 
The Navy had moved the operational base for the 
exploration program from Barrow to Camp Lone
ly, 90 miles east on the Arctic coast. The Barrow 
gasfield had been operated and maintained for 
the preceding several years under an interservice 
agreement with the Office of Naval Research and 

its contractor for the operation of the Naval Arc
tic Research Laboratory at Barrow. This arrange-

ment has been continued by the Survey Until 
Congress directs otherwise, the Department of In
terior will continue to be responsible for supply
ing gas to the Barrow community. 

Thus. when the US Geological Survey took 
over supervision of the exploration program on 
June 1, 1977, several constraints were already in 
place The program was oriented toward future 
land-use decisions- national in scope rather than 
naval-and a timetable was imposed both by the 
reports that the Act required and by the 5-year 
contract transferred from the Navy Further, a 
base of operations and an overall logistics 
capability already had been established. Three 
drill rigs capable of drilling to about 20,000 feet 
and one capable of reaching somewhat shallower 
depths were under subcontract. Another drilling 
rig was contracted for later drilling of shallow 
(2,500 feet} development wells at the Barrow 
gasfields . These subcontracts. along with others 
for services such as transportation, communica
tion. and operation of the Camp Lonely base 
facility, constituted fixed costs. An additional , 
and perhaps the most significant, constraint on 
program planning in the Arctic was the absolute 
necessity to time activities to the seasons . To 
maintain a four- or five-well drilling program, 
each winter' s activities had to be planned and 
coordinated on an extremely tight schedule . 
Logistics planning had to be completed at least 1 
year in advance, and final locations had to be 
determined about 6 months in advance. 
Geophysical surveys were shot the winter before 
drilling was to begin, but interpretations of these 
surveys were not completed until a few week s or 
days before the locations had to be staked . An 
environmental assessment, including archeologic 
clearance, had to be completed before work at 
the site began. An excellent review of this subJect 
and other environmental considerations in the 
Reserve appeared in the "U .S. Geological Survey 
Yearbook, Fiscal Year 1978" (Britton, 1978). 

Within these planning constraints and with the 
1977-78 drilling season more or less already 
established by the Navy as of June 1, 1977, the 
Geological Survey reviewed the plan and various 
exploration strategies in an attempt to meet the 
objectives of the Naval Petroleum Reserves Pro
duction Act. The prime objective was defined as 
an assessment of oil and gas in the entire 
Reserve-an area of 37,000 square miles, or more 
than 23 million acres. An important but second
ary objective was the discovery of commercially 
producible deposits. Thus, all tests were located 
" on structure" to the extent that it could be 
determined from the available data . To meet 
these objectives and to develop an exploration 
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strategy through 1980, the Survey made a " play" 
analysis (A "play " is defined as a group or cluster 

of prospects having similar geological and 
geophysical characteristics) Characteristics con

Sidered included the presence or absence of 
source rocks, reservoir beds, and traps; thermal 
history; the timing of oil generation and migra
tion; and the history of trap formation Originally, 
10 plays were defined, 9 largely on the basis of 
spec1fic stratigraphic units or of closely related 
units . The remaining play was a geologic and 
geographic "belt" that included several forma
tions in a complex structural setting Potential 
source rocks are present throughout the Reserve, 
and traps in the form of closed structures are 
abundant 1n the foothills and in the disturbed belt 
north of the Brooks Range. Closed structures, 
however, are scarce in the northern part of the 
Reserve, and trapping mechanisms, if they are 
present, are controlled by stratigraphy, uncon
formities, pinch-outs, and the like . These factors 
were all cons1dered in the play analysis It was 
proposed finally that the exploration strategy 
should call for at least two exploration test well s 
in each play to provide specific subsurface infor
mation and to discover any deposits that might 
exist within the area of the play; some followup 
test wells also were included in the strategy . It 
was concluded that about 20 to 40 test wells 
would have to be drilled to further refine the play 
approach, to assess which part of the Reserve had 
the greatest potential, and to make a more 
reliable assessment of resources in the entire 
Reserve. At no time, however, was it believed that 
20 or even 40 wells would provide a definitive 
assessment of the hydrocarbon potential of the 
National Petroleum Reserve in Alaska 

HIGHLIGHTS OF DRILLING RESULTS 

In all , 28 exploration well s were drilled during 
the 1974-81 program All of the technical data 
gathered from these test wells have been released 
and can be obtained from the National 
Geophysical and Solar Terrestrial Data Center, 
National Oceanic and Atmospheric Admini stra
tion, 325 Broadway, Boulder, Colorado 80303 . All 
geophysical surveys and data are also available; 
all technical reports submitted by the prime con
tractor and by subcontractors either have been or 
will be released through that offi ce, as well An
nual program sumn;aries for 1977 through 1981 
have been published by the U.S. Geological 
Survey in the Yearbooks. 

A review of drilling results is most meaningful 
if the reviewer has an m-depth knowledge of the 
regional geology . Although such a discussion is 
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beyond the scope of this essay, a few general, 
comments will illustrate what the program has 
contributed to the knowledge base and to the 

understanding of the hydrocarbon potential of the 
National Petroleum Reserve in Alaska. 

Basement rocks (that is, rocks with little or no 

hydrocarbon potential) rise from a depth of about 
10,000 feet at Prudhoe Bay to their shallowest 
point at Barrow, where basement is at a depth of 
only 2,300 feet These basement rocks dip south 
under the Reserve to a depth of a least 25,000 
feet at about the latitude of the Colville River 
and then are exposed at the surface in the Brooks 
Range, where they form a trough of sedimentary 
rocks generally referred to as the Colville trough 
or geosyncline. All of the area underlain by this 
thick section of sedimentary rocks is considered a 
potential province for hydrocarbon accumulation. 
The Reserve covers about half of the province. 

The seven wells drilled by the Navy between 
1974 and 1977 explored the extension of the 
Prudhoe-Barrow trend into the Reserve. Perhaps 
theW. T. Foran Test Well came the closest to 
duplicating the geologic setting of Prudhoe Bay. 
A similar sequence of rocks was penetrated, and 
good porosity and permeability were present in 
the Sadlerochit formation, the main producing 
horizon at Prudhoe Bay . Although the test well 
produced only water, good oil and gas shows 
were present at several horizons. The Geological 
Survey' s prime contractor, Husky, drilled nine 
more tests along the Prudhoe Bay trend, which in· 
eludes several of what are believed to be the 
more favorable plays Furthermore, because the 
sedimentary section above basement is no more 
than 10,000 feet thick and near the coast, 
development of a deposit there would be less ex
pensive than it would be in the deeper and more 
remote parts of the Reserve. The) . W . Dalton 
Test Well , on the Arctic coast, also penetrated 
nearly 800 feet of sandstone and limestone hav
ing good porosity and permeability in the 
Sadlerochit and Lisburne formations, but only 
heavy residual oil was produced on test There 
are good indications that the Dalton and Foran 
test wells represent older accumulations of oil 
that have moved basinward as the Arctic Ocean 
subsided. A Prudhoe Bay-type deposit may be 
present just offshore of the Reserve. 

Several test wells were drilled on the southern 
flank of the Prudhoe-Barrow trend to test the 
onlap edges of potential reservoirs of Early 
Cretaceous and Jurassic age. The Survey test well 
at Walakpa No. 1, 14 miles southeast of Barrow, 
penetrated a 20-foot gas sand at a depth of about 
2,075 feet. A followup well 5 miles to the south 
of Walakpa No 1 penetrated 40 feet of the same 



gas sand. Tests show that each well could pro
duce up to 3 million cubic feet of gas per day. At 
that rate, however, gas hydrates form and shut 
off the flow. If this problem can be solved, it may 
be possible to obtain higher flow rates. Ascertain
ing the full extent of this deposit will require ad
ditional drilling, but a reserve of several hundred 
billion cubic feet of gas may be present in the 
Barrow area. 

Test wells farther south on the downslope of 
the Prudhoe-Barrow trend were drilled to test the 
wedge edge of the Lisburne group of Mississip
pian and Permian age. Although limestones of 
this age were penetrated, none had the porosity 
and permeability required to provide a good 
reservoir in which oil could have accumulated . 

Two wells, lnigok and Tunalik, were drilled in 
the center of the sedimentary trough to test deep 
structures and older formations just above base
ment. The lnigok Test Well encountered hydrogen 
sulfide gas at 17,570 feet and bottomed at 20,102 
feet in rocks of Mississippian age, but only minor 
shows of gas in Cretaceous rocks were noted. The 
Tunalik Test Well, in the extreme northwestern 
corner of the Reserve, encountered high-pressure 
gas at 12,550 and 14,725 feet in sandstone reser
voirs of Early Cretaceous age. The test well bot
tomed in the Lisburne group at 20,335 feet, a new 
depth record for Alaska. 

The shallow detached structures in rock of 
Cretaceous age in the central part of the Reserve 
were not tested in the early stages of this pro
gram because they had been drilled extensively in 
the 1945-53 program. Oil had been discovered 
at Umiat, and gas had been found at Gubik; thus, 
some assessment of this play was available. Other 
potential gas deposits also were encountered, but 
possible flow rates were not tested because gas in 
northern Alaska was of little or no economic in
terest at that time. However, in the latter stages 
of the 1974-81 program, it was deemed impor
tant to test and establish the potential gas 
reserves of these shallow structures and espe
cially to test the entire Cretaceous sequence. 
Thus, the deeper horizons on the Umiat structure 
were tested, a high-pressure gas zone in the 
Cretaceous was penetrated at 5,340 feet. Tests in
dicated a depleting reservoir, however, and, after 
initial tests of up to 6 million cubic feet per day, 
production dropped sharply. At Awuna Test Well 
No. 1, highly fractured sandstone beds were 
drilled at about 8,400 feet in the Fortress Moun
tain formation of Early Cretaceous age. Tests pro
duced strong blows of gas and a water flow of 
more than 2,000 barrels per day. From that point 
to the well's total depth of 11,200 feet, the rocks 
penetrated were predominantly fractured sand-

stones having several zones of high-water flow. 
The Koluktak test well was designed to test the 
potential of gas sandstone reservoirs equivalent 
to those at Gubik and Umiat. However, the test 
was a dry hole, and no further information was 
acquired on potential flow rates or reserves in 

this play. 
The tenth play is defined as the Disturbed Belt, 

an area of complexly folded and broken thrust 
faults along the northern front of the Brooks 
Range. The structure of these rocks is very dif
ficult to map and interpret. A test drilled at 
Lisburne on what appeared to be a closed struc
ture encountered only minor hydrocarbon shows. 
The well penetrated at least five stacked plates 
and possibly seven plates of the Lisburne forma
tion, further documenting the complex geologic 
history of this play 

During Congressional hearings for the fiscal 
year 1981 program, a number of members asked 
that discovery of commercial deposits be made 
the prime objective; accordingly, the focus of the 
program was returned to the shallower prospects 
along the Prudhoe-Barrow trend . This redirection 
resulted in the discovery at Walakpa Test Well 
No. 2 which may prove to be a large gas deposit 
of considerable interest as an energy source, at 
least locally The exploration and development of 
local sources of energy fuels, here and elsewhere 
in the United States, are of considerable 
significance to national fuel requirements 

The Congressional mandate to continue supply
ing gas to the Barrow community also requrred 
drilling additional test and production wells in 
that area. Six wells were drilled, and four were 
completed for production 

A LOOK AHEAD 

Although the exploration program JUSt con
cluded did not find any commercial hydrocarbon 
deposits, it did provide a new and more 
sophisticated knowledge base for further assess
ment and exploration of the Reserve. All 
geological, geophysical, and geochemical data 
collected and analyzed systematically over the 
entire Reserve have been or are being made 
available to the general public . This set of data 
may be unique for so large an area in a single 
petroleum province because it was collected 
systematically in a relatively short time and was 
made readily available to the public 

As the exploration progressed, several ap
praisals of the potential hydrocarbon resources of 
the Reserve were made. The latest appraisal was 
made available by the Department of Interior in a 
press release dated July 17, 1980. The release 
reads, "The new estimates suggest a 95 percent 
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chance of 0 55 billion barrels of oil in place, a 5 

percent chance of 15.8 billion barrels, and a 50 

percent probabil1ty that 5.2 billions barrels of oil 

are conta1ned 1n the Reserve Revised figures for 

gas 1n place show a 95 percent chance of 2.5 

trill1on cub1c feet (teO. a 5 percent chance of 274 

tci, and a 50 percent chance of 94 tcf" All these 

figures were generated by a somewhat com

plicated, computer-based probability analysis that 

used as 1ts geologic base the play concept The 

10 origmal plays were subdivided into 17 separate 

plays, several factors for each were evaluated 

quant1tat1vely by a knowledgeable geologic team. 

Posit1ve information on these factors is limited, 

however, and wide ranges of values had to be 

ass1gned on the basis of geologic Judgements. The 

probability analyses sampled these values 

stat1st1cally Obviously, as new data are collected, 

these values will change; thus, the range of 

values hav1ng assigned probability is the most 

Significant and useful information to result from 

sue h assessments 

In the Department of Interior Appropriation Act 

for fiscal year 1982, Congress agreed to terminate 

Federal exploration and authorized a leasing pro

gram 1n the Reserve to beg1n in 1982. The leasing 

of up to 2 million acres without a new en

VIronmental impact statement was authorized A 

call for lease nominations went out to all in

terested parties, and nearly all of the 23 million 

plus acres were nominated. The Geological 
Survey and the Bureau of Land Management 

selected 5.8 million of those acres for further 

study, 1 5 mill1on acres have now been earmarked 
for lease 1n December 1981, and another 0.5 

mill1on acres will be available for lease in May 

1982 Further lease sales will follow, but no 
schedule has been announced. 

The 1974-81 explorat1on program has shown 

that vast quantities of oil and gas must have been 

generated 1n the Reserve portion of the Colville 

sed1mentary trough The existence of the Prudhoe 

Bay f1eld has proved that at least one giant 

depos1t and several other large deposits did ac

cumulate in the eastern part of the trough 

Substantial deposits of oil and probably of gas 

have been discovered by government exploration 
programs within the Reserve The existence of 
deposits large enough to warrant economic 

development in the Reserve has not been proven 
or disproven The government exploration pro

gram of 1944-53 led the way for modern oil ex
ploration in the Arctic. The 1974-81 program 

has gathered a treasure trove of data from which 

new interpretations of Alaskan geology can be 
derived 
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All of this information is readily available in 

public files and provides a sound base for making 

further land-use decisions and resource assess

ments and for the next stage of exploration by 

private industry. 

As Chief of the Office of the National Petroleum' 

Reserve in A Iaska, George Gryc directed all U.S. 

Geological Survey programs and activities described in 

this essay from july 1977 until his departure in October 

1981 to become Assistant Director for the Western 

Region. He has specialized in Alaskan geology and 

mineralogy since 1943 and is author or coauthor of more 

than 50 papers in his field. 
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• • M1ss1ons, 
Organization, 
and 
Budget 
Missions 

·The US Geological Survey was established by 

an act of Congress on March 3, 11:172, to an~r 
the need for <f'Pell1'1anent government agency at 
the Federal level to conduct, on a continuing, 
systematic, and s-cienti-fic bas~. the investigaton 

of the "geological struct~ . m""ineral res_~u_r~ 
and products of _th_e n.9Ji9_r1_~l dom~n" A number 
of laws ancr;;-~cutive orders since have expanded 
the scope of the Survey's scientific respon
sibilities, both as to function a~aphic ex-

tent --
(Although established primarily as a scientifi ~ 

agency, the Geological Survey had from its begin
ning the responsibility for classifying Federal 
lands as to their mineral and waterpower poten
tial-a function it still discharges, In 1925, it was 
g1ven the further responsibility fot supervising the 
operations of private parties exploring for and 
producing minerals· from Federal and Indian lands 
under leases and permits) This responsibility was 
extended to the Federal portion of the Continen
tal Shelf in 1953~ <. 

-{)The Survey 's most recently added responsibility 
has been the management of the oil and gas ex
ploration program on the National Petroleum 
Reserve in Alaska (NPRA), which was transferred 
from the Department of the Navy to the Depart
ment of the Interior in June 1977 under the Naval 
Petroleum Reserves Production Act of 1976 
(Public Law 94-258l)'This program, carried out 
under contract with a private oil exploration com
pany, had been v1rtually completed by the end of 
the 1981 fiscal year, and preparations were under
way to begin leasing acreage for private oil and 
gas exploration in fiscal year 1982. Other provi
sions of the law assign to the Department of the 
Interior the continuing responsibility for operating 
the South Barrow gasfield as a source of energy 
for the village of Barrow and several Federal in
stallations This responsibility, in turn, was given 
to the Geological Survey 

(In gener~l: __ then , it may be said that the 
Geological Survey is charged with two basic mis
sions: scientific and regulatory The first of these 
is to collect, organize, interpret, and publish infor
mation about e~ergy, mineral, water, and land 
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resources and to develop an understanding of'the: 
structure, processes, and history of the Earth and 
other membersof the sola'2YstemAThe primary 
focus of these efforts is the Unite States and its 

territories, but the reach of the Survey's investiga
tions has extended to the ocean floor and all con
tinents and beyond these to the Moon and the 

planets. The sec~nd ?.f!h~?urvey's missions~is to 
classify ~ede~a'llands as to their mineral and 

waterpower pot_~ntic3:l and to sup~ryi~~J~_e ac
tivities of lessees who explore for and develop 
the mineral resources of Federal and lndianJands, 
including the Outer Continental Shelf.) 

/These two missJons are carried out thr~ugh a 
variety of functions and actJVJtJ~IOcJ~~Ing 
topographic mapping; ge()logic, geophysical, and 
geochemical investi~~tion_s; stream gaging and 
water resource assessments; research on predic· 
tion and mitigation of dam~ge_fro111 natural 
hazards; assistance in applying earth ~~ience in· 
f~rmation to urban development planning; the 
classification and evaluation of Federal lands; the 
enforcement of regulations and procedures to 
assure the safe, orderly, and diligent development 
of energy and mineral resources on Federal and 
Indian lands; and the collection of all rents and 

royalties due from ?_l,JC~ developm~[lt.:_Jb, 

Organization 
The US Geological Survey is a bureau within 

the Department of the Interior headquartered in 
Reston, Virginia Its work is administered through 
four major Program Divisions (National Mapping, 
Geologic, Water Resources, and Conservation) 
and two Offices (the Office of National 
Petroleum Reserve in Alaska and the Office of 
Earth Sciences Applications). These six mission 
units are serviced by three Support Divisions (Ad
ministrative, Computer Center, and Equal Employ· 
ment Opportunity Office). 

Reporting to the Survey's National Center head
quarters at Reston is a field organization of more 
than 200 offices located throughout the United 
States and Puerto Rico whose work is coordinated 
by three Assistant Directors in Regional Offices 
located at Reston, Virginia, Denver, Colorado, 
and Menlo Park, California. Coordination among 
the Divisions at the National Center is ac
complished through five functional Assistant 
Directors acting in the areas of administration, 
program analysis, research, resource programs, 
and engineering geology . 

A chart of the Geological Survey organization 

may be found on pages140and 141 a selective direc· 
tory of the National Center and field offices 
begins on page 142 



Budget 
In fiscal year 1981, the U.S. Geological Survey 

obligated a total of $769.5 million, of which 
$623.1 million came from direct appropriations 
and $146.4 million from reimbursements. As 
shown on the accompanying table, this amount 
was $12.6 million less than the figure for the 
previous year and reflected an increase of $46.7 
million in "Surveys, Investigations, and Research" 
and $3.4 million in reimbursements which were 
substantially offset by a reduction of $62 .8 
million in funds obligated under " Exploration of 
National Petroleum Reserve in Alaska." 

Figure 1 presents a 1 Q-year perspective of the 
Geological Survey's obligations by budget activi
ty. The most noteworthy features of the presenta
tion are the curve of NPRA obligations which rose 
rapidly from 1977 to a peak in 1979 and declined 
almost as rapidly since that year because of the 
planned phasedown of the program and the 
disproportionate rise in funds obl igated to 
regulatory functions as depicted in the twelvefold 
increase in the budget activity "Conservation of 
Lands and Minerals." 

The Survey relies on outside sources to ac
complish an increasing share of its workload, as 
shown in figure 2. Between 1971 and 1981, 
payments to grantees and contractors for work 
performed for the Survey increased twelve fold 
from $12 million to $158.9 million, while their 
share of the total budget (less NPRA) rose from 7 
percent in 1971 to 24 percent 10 years later. V ir
tually all funds obligated under the appropriation 
"Exploration of National Petroleum Reserve in 
Alaska" were for contractual services. 

About the Budget 

The U.S. Geolog ica l Su rvey receives its funds 
f rom two ma in sources, appropr iations made by 
the Congress and reimbursement for work per
formed under agreements with Federal agencies, 
State and loca l governm ents, and other entities 
incl uding l icensees and permitees of the Federa l 
Energy Regulatory Commiss ion, international 
organiza ti ons, and foreign governments. The 
Survey perf orms services under these agreements 
when ea rth science expertise is required by other 
agencies and their needs complement its existing 
programs or work s. Work done for State, county, 
and mun icipal agencies is almost always done on 
a cost-sharing basis, and activities so financed are 
known co ll ective ly as t he Federal-State 
Cooperati ve Program. In fisca l year 1981 , the 
Survey rece ived funds under two appropriations. 
" Exploration of National Petroleum Reserve in 
A laska" (N PRA), w hich financed work done on 

U.S. Geological Survey obligations for fiscal years 
1980 and 1981 , by activity 

[Dollars in millions. Data may differ from those in 
statistical tables because of rounding] 

Fiscal Fiscal 
Activity year year 

1980 1981 

National Mapping, Geography, and 
Surveys----------------------- 82.7 89.1 
Direct programs --------------- 72.8 77.4 
Reimbursable programs --------- 9.9 11.7 ----

Geologic and Mineral Resource 
Surveys and Mapping--------- -- 193.7 
Direct programs --------------- 147.0 
Reimbursable programs - -------- 46.7 

Water Resources Investigations ____ 184.9 

Direct programs ------------- -- 108.7 
Reimbursable programs --------- 76.2 --

Conservation of Lands and Minerals_ 106.4 

Direct programs --------------- 105.9 
Reimbursable programs --------- .5 --

Office of Earth Sciences Applications 23.7 

Direct programs - -------------- 18.9 
Reimbursable programs ------- -- 4.8 

General Administration - - -------- - 3.8 

208.2 
162.7 

45.5 

194.0 
115.5 

78.5 

127.0 
125.7 

1.3 

23.2 
18.9 

4.3 

3.9 

Facilities------------- ----------- 12.3 11.9 
Miscellaneous Services to Other 

Accounts ---------------------
National Petroleum Reserve in 

4.9 

Alaska - - --------- ------------ 169.9 

Total--------------------- 782.1 

Direct programs ----------------- 639.1 
Reimbursable programs ----------- 143.0 

States, counties and 
municipalities ------------- 46.8 

Other Federal agencies ------- 79.3 
Other sources --------------- 16.8 

5.3 

107.0 

769.5 

623.1 
146.4 

48.7 
78.2 
19.6 

the NPRA, and "Surveys, Investigations, and 
Resea rch," which is the traditional source of 
funding for all other Survey activities. 

Most of the funds received by the Survey, both 
appropriations and reimbursements, are 
distributed through budget activities that roughly 
correspond to its mapping, geologic, hydrologic, 
information transfer, and regulatory areas of 
responsibility. Two small budget activities relate 
to the support functions of " General Administra
tion" and " Facilities." 

The sources and distribution of Geological 
Survey funds for fiscal years 1976 through 1981 
are shown in table 1 on page , and special 
analyses of reimbursements received by sou rce 
are presented in tables 2 and 3 immediately 
following. A list of organizations with which ~he 
Survey had agreements for reimbursable work in 
fiscal year 1981 can be found beginning on page 
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National Petroleum Reserve in Alaska 

DIRECT APPROPRIATIONS 

Geologic and Mineral Resource Surveys 
and Mapping 

/ Federal agencies 

... 7 Other sources 

/ State and local services 

REIMBURSE MENTS 

USE OF FUNDS 
Fiscal ye ar 198 1 

Water Resources Investigations 

Conservation of Lands and Minerals 

National Petroleum Reserve in A la ska 

Offi ce o f Earth Sciences Appl ications 

FI GU RE 1 U 5 C I 
- · · eo Oglcal Survey budget, f iscal years 1971 to 1981 . 
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Personnel 
At the end of fiscal year 1981, the U.S. 

Geo logical Survey had 9,436 permanent full-time 
employees on board, an increase of 127 com
pared with f iscal year 1980 . Of the total, 1,468 
were employed at the Reston National Center, 
w1th the remaining 7,968 distributed among the 
three Regions, as shown in figure 3. More than 
one-half of the Survey 's permanent full-tim e staff 
are sc ientists, engineers, and other professionals, 
and approximately one-fourth are technical 
specialists Hydro logists and geologi sts 
predomin ate am ong the professional group, which 
inc ludes more than 30 other disciplines including 
a number from the life and soc ial sciences . 

The 10-year perspective of the Survey 's perma
nent full-time personnel strength given in figure 4 
shows a slow but steady increase between 1973 
and 1978, and a slow irregular trend downward 
since the latter year As the figure also shows, the 
entire increase was identified with the Survey's 
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regulatory functions, which had to do with in
creasingly rigorous regulatory attitudes and the 
expanded scope of energy exploration and 
development on Federal and Indian lands during 

that period . 
In contrast, the Survey's other work has been 

accomplished with a virtually level full-time work 
force since 1973; moderate increases in the 
Geologic Division, the Office of Earth Sciences 
Applications, and the Support Divisions have 

been offset by decreases in the National Mappine 
and Water Resources Divisions. The additional 

workload on these scientifically oriented com
ponents has been supported in part by the rapid 
expansion in the use of grants and contractual 
services noted in the preceding discussion of the 
budget and in part by the extensive use of tem

porary and part-time personnel. 
The number of these other-than-full-time per

manent employees has more than doubled since 
1973, as evidenced in figure 5, 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 that 
has resulted from this practice. The expertise of 
many eminent specialists has become available to 
the Survey in this manner and has given it great 
flexibility in solving problems and meeting surges 
in its workload, especially during the field season. 
The relationship also has been an invaluable 
channel for recruiting young professionals of 
demonstrated ability for permanent full-time posi
tions upon the completion of their studies. 



By Location 

National 
Center 
1,468 

Eastern 
Region 
2,279 

Central Region 
3,673 

By Organization 

Water Resources 
Division 

2,798 

Geologic 
Division 

2,014 

219 

Conservation 
Division 

1,874 

Directors Office and 
...__Administrative Division 

545 
" computer Center Division 182 

National Petroleum 
Reserve in Alaska 18 

By Occupation 

Technical 
2,105 

Wage board 
234 

Engineers, Other-
154 

Hydrologists 
1,384 

Geophysicists 315 
Engineers, Petroleum 

Chemists 235 
214 

FIGURE 3.-Permanent full-time US. Geological Survey employees, fiscal year 1981. 

Professional 
5,135 
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Geologic Division 

Water Resources Division 

National Mapping Division 

FISCAL YEAR 1981 

FIGURE 4. -Permanent full-time U.S. Geological Survey 
employees, fiscal years 1971 to 1981. 

FICUR~ 5 -U.S. Geological Survey end-of-year employ
ment, fiscal years 1971 to 1981. 
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National Mapping, Geography, 
and Surveys 

Mission 
The National Mapping Division of the U S. 

Geological Survey formally began operations in 

April1980, combining the former Topographic Divi
SIOn with most elements of the Publications Divi

Sion and the Survey 's Geography Program The pur

pose of the consolidation was to form a broad
based mapping organization built on the scientific 
di sc iplines of cartography and geography and to in

corporate the related physical resources for map 
printing and distribution . The new Division con
tmues to operate the National Cartographic Infor

mation Center and the Public Inquiries Offices 
maintained by the two predecessor Divisions Fi sca l 
year 1981 is the first full year of operation of the 
new organ1zat1on . 

PRODUCTION CENTERS 

W1th1n the Nat ion al Mapping Division, four 
regional mappmg centers are the principal loca
tions for map produ ction These centers, at Reston, 
Virgmia . Rolla , Missouri, Denver, Colorado, and 

Menlo Park . California. also se rve as points of con
tact and coord1nat1on fo r mapping on a regional 
bas1s, work1ng with other Federal agencies and 
coord1nat1ng JOint mapping activities with the 
States 

A f1fth center. responsib le for the printing and 
d1str1but1on of maps. IS headquartered at Reston, 
V1rgin1a It IS respon sibl e for map storage and 
distribution activities conducted in Arlington, 
Virginia, Denver. Colorado. and Anchorage, 

Alaska, as well as the operation of the Survey 's 
prmting plant at the National Center in Reston 

MAJOR ACTIVITIES 

The National Mapping Div1sion conducts the 
National Mapping Program of the United States, 
wh1ch 1ncludes the following maJor activities 
• Quadrangle mapping and revision, including 

production and revision of 7 5-minute maps 

at 1 24,000 sc ale (inch-pound system units) 
and 1 25,000 scale (metric units) for the con
terminous United States, Hawaii, and 

developing areas in Alaska and maps at 

1:63,000 scale (inch-pound system units) and 
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1:50,000 scale (metric units) for Alaska. 

• Small-scale and special mapping, including 

preparation of maps and map products from 
the intermediate-scale (1 :50,000 and 

11 00,000) series to the sma 11-sca le (1 :250,000) 

series and other smaller scale U.S. base 

maps. 

• Information and data services, which include 

acquisition and dissemination of information 

about the Nation 's maps, charts, and aerial 

and space photographs; geodetic control; 

cartographic and geographic (spatial) data 

and other related information; distribution of 

earth science information to the public; and 

sale of map and map-related products 

through more than 2,500 private retailers. 

• Advanced development and engineering to im

prove the quality of standard products; to 

provide new products, such as digital car

tographic data, that make maps and map

related inform ation more useful to people; to 

reduce cos ts and to increase productivity of 

mappmg activities; to acquire innovative and 

more use ful equipment; and to design and 

develop techniques and systems to speed the 
mapping of important areas of the Nation. 

• Cartographic and geographic research with par

ticular emphasis on spatial data techniques 

for studies employing modern geographic 

analysis with new and improved cartographic 
concepts and techniques 

• Digital mapping to produce base categories of 

cartographic data at standard scales, ac

curacies, and formats suitable for computer
based analysis 

Budget and Personnel 

For fiscal year 1981 , National Mapping Division 
obligations amounted to $891 million, an in

crease of about 8 percent over fiscal year 1980. 
Included are funds from 38 States, which, to

gether with Federal funds, amounted to $6 million 

under joint funding agreements for mapping. 

These JOint funding projects mutually benefit the 
State and national program by ensuring comple

tion of map coverage sooner than would other
wise be possible. 



National Mapping, Geography, and Surveys activity 
obligations for fiscal years 1980 and 1981, by subactivity 

[Dollars in millions. Data may differ from those in 
statistical tables because of rounding] 

Fiscal Fiscal 
year year 

Subactivity 1980 1981 

Primary Quadrangle Mapping 47.4 44.9 
Map Revision and Orthophotoquads 18.3 20.0 
Digital Mapping 2.3 2.0 
Small- and Intermediate-Scale and 

Special Mapping 11 .7 18.8 
Cartographic and Geographic 

Information 3.0 3.4 

Total 82.7 89.1 

Direct programs ......... . ' .... 72.8 77.4 
Reimbursable programs .. . . .. . . .. 9.9 11.7 

States, counties, and 
municipalities 3.1 3.0 

Other Federal agencies 6.2 76 
Other sources 0 .6 1 1 

The National Mapping Program of the 

Geological Survey is carried out through a com

bination of in-house and work-share efforts and 
through contracts. The permanent full-time 

strength of the Division at the end o f fiscal yea r 

1981 was 1,861, encompassing a va riety of profes
sional skills including geography, cartography, 

data processing, engineering, photographic 
technology, and the physical sciences . An addi

tional 263 employees, many o n work-study pro
grams, were on the rolls at the end of the fiscal 

year 

Quadrangle Mapping, 
Revision, and 
Orthophotoquads 

During fiscal year 1981, 1,185 new standard 
topographic maps, covering 68,667 square miles, 

were published . Most of the maps were in the 
7.5-minute 1 :24,000-sca le series (1 63,360-scale 

series in Alaska). There are 16 States with com

plete published topographic map coverage at 
1:24,000 scale, and, overall , 77.2 percent of the 

conterminous United States has been published at 

this scale. These maps also are used to prepare 

intermediate- and small-scale and special maps . 
As national coverage in the 7 5-minute series in

creases, the map revision work load grows. The 

need for revision of individual maps is deter

mined by the amount of change detected when 

published maps are compared to current aerial 

photographs . Maps are reviewed cyclically with 

emphasis on urban areas, coastal areas, airports, 

major transportation corridors, and other areas of 

high national interest During the year, 3,606 

7.5-minute maps were reviewed, and 1,332 revi sed 
maps were published. 

One innovation in the mapping process, the 

preparation of a provisiona l map, was initiated to 
get more new map s to users by shortening the 

production cycle and redu ci ng the initial costs . 

This concept would help meet the Survey's objec
tive of having comp lete m ap coverage of the con
terminous United States by the end of 1988. 

A provisional map would be published in co lors 

as is a standard map and would show about the 
same level of detail Th e major difference is that 
a provisional map would show data compiled in 

the photogrammetric stage of production; that is. 
with hand lettering, with some data unclassified 
by symbo l, and with some extraneous data such 
as c rop lines and road scars unedited User rea c
tion to sample products ha s bee n exce ll ent 

After initial map cove rage is complete. t he pro
visional maps will be updated and will receive 
full cartographic treatment. By that tim e. digi
ti zed m ap data (data that can be stored in and 
manipul ated by computers) should be available to 
simplify and expedite the rev1sion and map
fini shing processes 

Orthophotographs are produced by processing 
aerial photographs to cor rect 1ma ge displacement 
caused by camera tilt and terrain var iati ons Or
thophotographs become orthophotoquads when 
grid and name information are superimposed in a 
sta ndard quadrangle f ormat and have m any ap

plications as m ap subs titutes or as compa nions to 
published line maps . In f is cal year 1981 , 3,222 o r
thopho toquads were prepared Prmted copies are 
available for a limi ted number, with the re
mainder available in nonlithograp hi c form (d1azo 
print) on sale by regional mapping centers . 

Intermediate-Scale 
Mapping 

The US. Geological Survey publishes an 

intermediate-sca le series of maps at scales of 
1:50,000 and 1100,000 to meet a variety of 

customer requirem ents for formats and detail that 
cannot be met with the 1 24,000- and 1 250,000-

sca le se ries. 
Intermediate-sca le maps have prove n to be a 

valuable multiuse product These maps have the 
flexibility of combining layers of map inform at ion 

in a number of ways to produce base maps on 
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which agencies such as the Bureau of Land 
Management can display resource inventories and 
the Survey can use the resulting products, such as 
the coal folios, which are a series of maps show
ing surface features, thickness of coal seams, and 
overburden, ownership, and other data needed for 

decisionmak in g. 
At the end of the fiscal year, intermediate-scale 

map coverage was available for approximately 65 

EXPLANATION 

Othophotoquads available 

D In program 

, ; 

-------~ 

'\ . 

FIGURE 1. -Status of orthophotoquad production. 

, , 

percent of the conterminous United States. The 

long-range plan calls for complete 1:1 00,000-scale 

topographic quadrangle map coverage of the con

terminous United States by the end of the present 

decade. 

Under a joint agreement with the Defense Map

ping Agency, the Geological Survey produced 

15-minute 1 :50,000-scale metric topographic 
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/ 
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maps. The current program goal is completion of 
about 1,700 additional 15-minute maps of high
priority areas prepared in accordance with jointly 
developed specifications and yielding map ma
terials that can be used directly in preparation of 
other intermediate-scale maps. About 400 of 
these maps have been published to date. 

EXPLANATION 

0 15' Mapping 

7.5 Mapping 

- Revision in progress 

~ERTOR~ 

\ 0 

These intermediate maps embody a number of 
innovative features, including multiple feature
separation drawings that can be combined in vari
ous ways to produce special maps with varying 
levels of content. Feature symbols have been 
designed for automated data capture, computer 
storage, and automated plotter output. 

FIGURE 2. -Status of standard topographic mapping and revision_ 
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Small-Scale and 
Special-Purpose Mapping 

The largest scale of complete topographic 
coverage available for the United States is the 
1 :250,000-scale map series. These maps are widely 

EXPLANATION 

D In program 

Published 

\ 0 

used by Federal and State agencies as well as by 
the U.S. Geological Survey for preparing State 
base maps, various geologic maps, and special
purpose maps. During the year, 24 revisions were 
published . 

AlASKA 

FIGURE 3. -Status of the intermediate-scale mapping program. 
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Topographic and 
Bathymetric Mapping 

The joint Geological Survey-National Ocean 
Survey program for producing coastal area maps 
combining topography of the land with 

EXPLANATION 

1 :250,000-scale products 

D Maps in progress (revision) 

a 

FIGURE 4.-Status of 1:250,000-sca/e mapping production. 
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bathymetry of the ocean floor continued to pro
gress during the year. The series includes maps at 
the Survey's three basic scales: 1:24,000, 
1:100,000, and 1:250,000. By the end of the fiscal 
year, 15 maps at those scales had been published 
The maps used by State and Federal agencies are 
a valuable tool for coastal area planning. 

PUERTO RICO 



EXPLANATION 

D Maps an open file 

0 Published maps 

0 Planned land use and cove r ma~ping fisca l year 1981 

1.100,000-scale (heavier outline) and 
1 :250,000-scale quadrang les shown 

FIGURE 5. -Status of land use and land cover mapping production. 

Land Use and 
Land Cover Mapping 

Land use and land cover maps for more than 
300,000 square miles of the United States were 
completed by the end of the fiscal year, bringing 
total coverage to 1.9 million square miles. At cur
rent production rates, coverage will be completed 
for the entire Nation by 1987. To date 14 States 
have entered into joint funding agreements with 

the Survey for land use and land cover map 
products . 

Land use and land cover maps are relatively 
new base map products of the U.S. Geological 
Survey. In 1975, the Survey undertook to publish 
current reliable land use and land cover maps for 
the entire Nation in standard formats compiled 
from high-altitude aerial photographs as primary 
sources. The maps are based on a land use and 
land cover classification system developed by the 
Survey that is becoming the standard for the Na
tion. The maps are at 1:250,000 scale, with 
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Mapping production for fiscal year 1981 (in square miles) 

Stale 

Alabama-------------------
Ala ska---------------------
Arizona--------------------
Arkansas-------------------
California -------------------

Colorado ------------ - -----
Connecticut ----------------
Delaware ------------ - ------
District of Columbia _________ _ 

Florida --------------------

Georgia--------------------
Hawaii --------------------

Idaho ---------------------
Illinois------- --------------
Indiana ---------------------

Iowa -----------------------
Kansas --------------------
Kentu cky ---------- --- -----
Louisiana -------------------
Maine 

Maryland ------------------
Mass achusetts ------ - -------
Michigan -------- - - - -------
Minnesota - ----------------
MisSISsippi ------------------

Missouri -------------------
Montana-------------------
Nebraska ------------------

Neva da --------------------
New Hampshire---- ----------

New Jersey-----------------
Nex Mexico ----------------
New York -------- - ---------
North Ca ro l1na --------------
North Dakota----------------

Ohio ----------------------
Oklahoma -----------------

Oregon --------------------
Pennsylvania ---------------
Rhode Island ----------------

South Carolina--------------
South Dak ota ---------------
Tennessee-- - - ---------------
Texas ______________________ _ 

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

Vermont -------------------
Virginia ---------- - ----------
VVashington _______________ _ _ 

VVest Virginia---------------
VVi sc onsin ------------------

VVyoming -------------------

Guam - ---------------------
Puerto Rico ----------------
Samoa----------------- -- --
Virgin Islands ----------------

1:24,000-scale 
topographic 

1,041 
50 

4,196 
2,547 
1,118 

1,903 

1,714 
3,256 

7,703 
1,335 

1,498 
808 

992 

1,459 
1,898 
1,485 
3,103 

250 

3,478 
868 

2,006 
3,881 

1,084 
1,695 

124 
3,308 

20 
4,061 
1,876 

1,036 

2,097 

1,879 
2,360 

1 :24,000-sca le 
orthophotoquads 

253 

425 
3,930 

5,066 
296 

1,229 

584 

715 

38 

329 
4,296 

2,773 
656 

309 
1,692 
1,620 

221 

85 
2,776 
1,127 

4 

42 
1,127 
4,246 

825 
1,550 
3,696 

962 

1,353 

1 :24,000-scale 
revisions 

1,386 

6,552 

1,450 

4,615 

1,071 
630 
108 

2,622 
11 ,970 

167 
59 

649 
6,336 

174 

1,026 
1,248 

63 

702 
3,111 

112 

54 

2,522 
3,410 

424 
1,869 

456 
121 

1,890 
113 

1,488 

5,566 
7,680 

174 

648 
1,416 
2,273 

2,125 

Intermediate 
scale 

6,583 

839 

11,417 

20,088 
1,294 

23,878 

14,378 
3,655 
3,396 
1,450 

1,792 

85 
9 

7,978 
884 

6,704 

5,532 

9,132 
11 

281 
14,664 

6,840 
2,274 

1,538 
6,744 
3,840 

26,400 

474 
3,344 

15,029 
14,216 



selected areas (that is, those undergoing develop
ment, urban areas, and so forth) at 1:100,000 
scale. 

The land use and land cover maps also are be
ing digitized and placed in a Geographic Informa
tion Retrieval and Analysis System. Digital data 
products include statistical summaries by coun
ties, hydrologic units, and Census county subdivi
sions and for federally owned land. Analysis of 
such data to determine land use trends and pat
terns helps to solve land resource problems. The 
digital formats are essential for efficient use and 
multipurpose applications of the information . 

Digital Cartography 
Digital cartography involves the collection , 

storage, manipulation, analysis, and display of 
spatial data through the use of computers It is 
part of the rapidly growing field of computer
assisted spatial data handling. The increasing use 
of computers for storing and analyzing earth 
science data has sparked the growth in demand 
for digital cartographic data. Maps have tradi
tionally played a key role in earth science 
analysis and as that process becomes automated, 
so, too, must the map information. 

During fiscal year 1981, substantial progress 
was made in delineating the Survey ' s role in 
maintaining a national digital cartographic data 
base and in planning the structure and initial in
puts to that base . 

NEEDS FOR DIGITAL CARTOGRAPHIC 
DATA-ROLE OF THE GEOLOGICAL 
SURVEY 

If spatial or cartographic information is to be 
used for computer analyses and computer-aided 
decisionmaking, then it must be organized into a 
data base that meets consistent and exacting na
tional standards for widespread public use. 
Management of such a data base raised several 
public policy issues that were addressed during 
the year by the Secretary of the Interior and the 
Office of Management and Budget: Is there suffi
cient national need to warrant public investment 
in such a data base? Which, if any, public agency 
ought to undertake the project? Is the technology 
sufficiently understood to allow the program to 

commence? 
These issues were addressed during the year by 

a joint study directed by the Office of Manage
ment and Budget and conducted by the Office of 
Science and Technology Policy. It verified the na

tional need for a digital cartographic data base 
and recommended that lead responsibility for the 

program be centralized within the Federal govern
ment in the Geological Survey. The study deter
mined further that there is sufficient demand for 
digital cartographic products and that the devel
opment of the data base could be financed out 
of revenues resulting from the sale of the prod
ucts. Finally, the study team established that the 
technology was sufficiently developed to allow 
the program to commence. 

The study's recommendation to finance the 
program out of revenues from the sale of prod
ucts rather than through annual appropriations 
will require legislative action . The Secretary of 
the Interior forwarded to Congress a proposed 
Digital Cartography Fund Act of 1981 for legis
lative consideration It was introduced on May 21 
in the Senate asS. 1280. As introduced, proceeds 
from the sale of digital data-base products would 
be collected in a fund established by the Act The 
fund would then be used to finance continued 
operations of the digital cartographic data-base 
program after an in1tial capitalization by the 
Government After several years of operation, no 
further annual appropriations would be an
ticipated 

The Digital Cartography Fund Act of 1981 
would represent a significant policy change ior 
the Survey regarding the development and provi
sion of earth science informat1on to the public It 
would tie a program directly to success in market
ing and selling the information and products that 
result from the program It also would require a 
different approach to product pricing . By direc
tion, prices that the Survey now charge s for Infor
mation and products, from aerial photographs to 
maps and printed reports, are set to cover the 
cost of reproduction and distnbution There IS no 
requirement to recover costs of mit1al prepara
tion, which are financed by annual appro
priations. Digital cartographiC data products 
would have to be pri ced to recover not only the 
cost of reproduction and distribution but also to 
recover all costs associated with developing and 
maintaining the data base itself 

DATA-BASE DEVELOPMENT 

Fiscal year 1981 was marked by continued ef
forts to transfer the Digital Cartography Program 
from a research orientation into progressive 
stages of development and production 

Plans call for the data base to consist init1ally 
of the boundaries, public land net, streams and 
water bodies, and transportation features shown 
on 1 24,000-scale maps; elevation data largely ob
tained concurrently with the orthophotoquad pro
gram; the planimetric features from the 
1 :2,000,000-scale sectional maps of the National 
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Atlas of the United States of America; elevation 
data obtained from the 1 :250,000-scale map ser

ies; land use and land cover data; and geographic 
names. The potential size of the data base is ex

tremely large; with complete coverage of the con
terminous United States at 1 :24,000 scale requir
ing nearly 54,000 maps, the data base would 
eventually contain several trillion bits of spatial 
data. 

In fiscal year 1981, the Survey added 2,500 
digital elevation models to the data base for a 

total of 6,300. Each model covers one 7.5-minute 
quadrangle. Boundary and land net data from 
2,000 quadrangles also were added, bringing the 
current total to 3,600. Elevation data from the 
1 :250,0QO-scale maps currently are available for 
most of the United States, including Alaska. All 
21 sheets of the 1 :2,000,000-scale National Atlas 
series were digitized, and editing is continuing . 

Many of these products in the data base wtli 
soon be available for public sale. The digital files 
derived from the 1 :24,000-sca le series produced as 
part of the initial research effort now are being 
reviewed for accuracy and adherence to speci
fications and standards, necessary documentation 
is being completed, and customer materials are 

being prepared. 

Research and 
Development 

The research program of the National Mapping 
Division centers around geographic and car
tographic research with particular emphasis on 
spatial data analysis, applications of remote sens
ing, and improved cartographic concepts and 
techniques. 

CORRECTING DIGITAL ELEVATION 
MODELS 

Many of the digital elevation models of the 
Earth's terrain are collected by automated map
ping equipment. This equipment uses overlapping 
aerial photographs (a stereopair) to calculate an 
array of point elevations for the area. The equip
ment is accurate over most types of terrain; 

~ FIGURE 6. - The status map above shows 7.5-minute 
quadrangles where digital elevation models have be~n 
completed. A digital elevation model is a digitized flie 
of ground positions normally at 30-meter intervals. The 
status map below shows digital line graph 7.5-minute 
quadrangles where at least one category, such as 
transportation, hydrography, or boundaries, has . be~n 
digitized. A digital line graph is line map informat1on m 
digital form. 

however, over flat areas, water bodies in par
ticular, errors can occur. This could result, for ex
ample, in lakes with " hills" in them. 

To overcome this problem, the boundaries of 
water bodies are digitized and tagged with their 
true surface elevations. These areas then are 
merged with the unedited digital elevation model, 
and the correct elevation data are placed into the 
model. The procedure will handle multiple water 
bodies and islands. 

MAPSAT 
A feasibility study, conducted under contract, 

indicates that an operational mapping satellite 
system is an economic and practical possibility 
This satellite system, called Mapsat, utilizes many 
characteristics of the current Landsat satellite 
missions but features improved resolution and 
stereocoverage. Multicolor image maps at scales 
as large as 1:50,000 with contours are envisioned 
as one product of the system. 

A primary concern in designing Mapsat was to 
have a high-resolution capability but. at the same 
time, to keep data transmission from the satellite 
as low as possible. These factors run counter to 
each other because high resolution requires more 
data transmission . A possible solution to thi s 
problem that would be incorporated in Mapsat 
would have only one of the three proposed spec
tral bands with high resolution By combining the 
bands, it should be possible to achieve a decrease 
in data rate without a corresponding loss in infor
mation. A test combining two lower resolution 
bands with a higher resolution band yields signifi
cant improvement in image quality over the low
resolution image. 

RADAR STUDIES 
The Survey is evaluating side-looking airborne 

radar for use in topographic and geologic map
ping and geologic resource surveys The side
looking airborne radar systems contain a transmit
ter that provides a pulse of radar energy that is 
emitted from an antenna. The energy pulse trav
els to the ground, is reflected, and returns to a 
receiving antenna . This reflected energy then is 
used to make an image on film, analogous to 
photographic film using reflected sunlight to 
make an image. Imaging radar systems such as 
side-looking airborne radar, have a unique ability 
to " see" through clouds and rain and, to some ex
tent, vegetation, such as tree tops, to the ground 
underneath. This combination of characteristics 
has shown promise in mapping geologic struc
tures, topography, wetlands, and vegetation . 

Side-looking airborne radar image mosaics for 
areas in Montana and Idaho were used to 
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evaluate how well four base mapping cate
gories- hydrography, landforms, transportation, 
and culture-can be discerned. Natural features 
such as hydrography and landforms are easiest to 
identify without using the corresponding line map 
as a guide. Transportation features intermittently 
disappear in the imagery, making them difficult 
to trace. Culture, such as urban areas, images as 
white patches, and road patterns within urban 
areas cannot be detected easily. Airports appear 
as bright spots caused by the high reflectivity of 
metallic and concrete objects. Urban patterns and 
airports are not sharply defined because of the 
low resolution of the sensor. 

An inherent problem of side-looking airborne 
radar imagery is shadows caused by lack of radar 
return. This problem can be overcome by combin
ing images taken from different directions to help 
fill the voids. Combinations of images of the 
same area from different "look" directions are 
being evaluated. Side-looking airborne radar im
agery in the vicinity of Ugashik, Alaska, was used 
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for several experimental printings of these com
bined images. 

To better evaluate the ability of radar to 
discern terrain, imagery from three areas in Mon
tana was compared to computer-generated 
shaded-relief imagery developed from digital 
elevation data. In making the shaded-relief image 
of the elevation data, the computer simulated the 
illumination of the Sun to match the illumination 
characteristics of the radar image. The resulting 
display has many of the qualities of a radar ter
rain image and may be superior for geologic inter
pretation. Although the simulated shaded-relief 
imagery does not contain surface features such as 
streams, roads, and towns that appear on radar 

FIGURE 7.- Three-dimensional computer plots of 
the Little Bigelow Mountain area, Maine, 
graphically display the effect of editing the digital 
elevation model. The unedited upper plot shows ._ 
artifacts in the water area, and the edited lower 
plot shows the correction from editing. 



imagery, this may not be a drawback in that this 
additional detail may be distracting when analyz
ing geologic structure. Radar imagery must be 
taken from at least two positions to detect all 
ground structure, with commensurate additional 
cost. However, it is quite simple to simulate 
multiple-look shaded-relief images from digital 
data. This latter simulation is more geometrically 
correct and is not subject to the voids often pres
ent in radar images. 

LAND USE CHANGE 

An experimental1 :250,000-scale land use and 
land cover map of the greater Pittsburgh region 
was prepared from aerial photographs acquired in 
1969 and 1973, just before and after the 1970 
Census. Between 1969 and 1973, land use or land 
cover was converted from one class to another in 
1.21 percent of Allegheny County. An additional 
0.36 percent of the county was in the process of 
changing from one land use or land cover type to 
another. Besides urban expansion, other signifi
cant changes were the result of construction of 

Interstate Highway 1-79 and the resurgence in 
strip mining for coal as a result of the energy 
crisis . 

CROPLAND-PASTURE DELINEATION 

High-altitude color infrared photographs used 
to prepare land · use and land cover maps were 
studied to determine whether they could be used 
to accurately differentiate cropland from pasture 
in three Louisiana parishes. Photointerpretation 
and field verification, resulting in an interpretive 
accuracy level of 74 percent (short of the Survey 
requirement of 85 percent), suggest that pasture
cropland delineation from such photographs 
should not be a standard practice. 

LAND COVER PATTERN ANALYSIS 

Some success was achieved in discriminating 
flooded wetland forest from other surrounding 
forest using imagery from Seasat radar. Analysis 
of this imagery was most effective in the nearly 
level sections of the Atlantic and Gulf coastal 
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FICL RE 8 -A von, Montana, is near the center of these comparison images. The upper portion is imaged by side

loo"ing airborne radar, the lower image is a shaded-relief map simulated by a computer using the digital elevation 
model data base for the area. 
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plains However, in rugged terrain, distortion in

troduced during the conversion of the reflected 
radar energy to an image as well as saturation of 

various parts of the image due to topographic 
roughn ess hinders wetland delineation. 

Experimentation with the satellite-borne radar 
continued in the pursuit of gaining better delinea

tion of snow and ice features. The critical gap 
revealed during the research was the need to 
have simultaneous field-data collection coor

dinated with the radar overflight because the 
boundaries of the snow and ice features are so 
variable during the season of minimum extent. 

Public Services 
Through its National Mapping Division , the U .S . 

Geological Survey maintains a number of offices 
and distribution centers throughout the United 
States to handle inquiries and requests for its 
maps and publications . Among these are its 
Public Inquiries Offices, National Cartographic In 
formation Center, and, currently, a trave ling ex
hibit Survey maps are also sold through a net
work of authorized dealers, and map information 
is available from offices affiliated with the Na
tional Cartographic Information Center and 
operated by agencies of State governments in 28 

States. 

PUBLIC INQUIRIES OFFICES 
U.S. Geological Survey Public Inquiries Offices 

provide a public focal point for obtaining maps, 
reports, and other publications of the Survey, as 
well as providing information on Survey program 
activities and in giving general assistance to the 
public in locating Survey earth science informa

tion. Locations of the 10 offices are given on 
page147, "Guide to Information and 

Publications." 
Each office is a Consigned Sales Agent for the 

Superintendent of Documents and provides over
the-counter and mail-order services for Geological 

Survey book reports of its geographic area and 
selected Surveywide technical publications 
(geology, water resources, and so forth). 

Two exceptions are the Reston, Virginia, and 

Washington, DC. Public Inquiries Offices which 
provide over-the-counter sales of Survey map and 
book publications and Surveywide informational 

referral services for the entire United States . 

NATIONAL CARTOGRAPHIC 
INFORMATION CENTER 

Cartographic and geographic information con

sists of a wide variety of products and services, 

virtually the entire range of items that either go 

into or are produced by the process of compiling 

and publishing maps. It is the role of the National 
Cartographic Information Center to make car
tographic and geographic data available to the 
public The National Cartographic Information 
Center also makes available information about 
cartographic and geographic holdings of other 
public agencies and pri·Jate organizations. 

National Cartographic Information Center of
fices handled more than 200.000 requests for in
formation and as sistance during the year . Key 
centers are operated by the four mapping centers 
and two Federal af filiates at the National Space 
T echn.ology Laboratories, Bay St. Lou is, Miss iss ip
pi, and the Tenne ssee Valley Authority in Chat

tanooga , Tennessee. 

NATIONAL MAPPING DIVISION 
TRAVELING EXHIBIT 

A National Mapping Division Traveling Exhibit 
has been developed and is being circulated to 
major universi ties and colleges throughout the 
United States . The exhibit describes map products 
and their uses and the services of the Nat ional 
Mapping Division 

An estimated 20,000 people have seen the ex
hibit to date at Pennsylvania State University, 
University of Illinois-C hampaig n, Unive rsity of 
Minnesota , Eastern Michigan University, Rhode 
Island College, and Frostburg State Co ll ege in 

Maryland 
The exhibit is scheduled to appear at North 

Caro lina State University, Eastern Illinoi s Universi
ty, Western Ca rolina University, University of 
New Mexico, Tufts University, University of 
Michigan. University of Kentucky, Detroit Publi c 
Library, Southern Connect icut State College. and 

Dartmouth University 

PRIVATE RETAILERS 
Currently over 2,500 authorized m ap dealers. a 

20-percent increase over fis ca l year 1980, sell 
Survey maps nationwide, which accounts for one
third of agency map sales A spec ial effort was 
undertaken to es tablish dealerships in areas 
where studies proved sales would be successful 
Map dealerships for spec ial Survey maps were 
established to sell the Colonial National 
Historical Park map and the Colorado and Penn
sylvania county maps. Customer m ai l-order re
quests were filled by the Distribution Branches, 
with referral lists to dealers for future orders 

Image Products
Supplements to Maps 

The U.S. Geological Survey has recognized a 
national need for image products as valuable 
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mapping tools, map supplements, mapping alter
natives, and popular sales items. As a result, it is 
responding to these needs through three programs 
that provide such products, namely its National 
H igh-Aititude Photography, orthophotography, 
and satellite imagery programs. 

,National H igh-Aititude 
.Photography Program 

High-altitude photography has been recognized 
as a prominent national need within numerous 
Federal and State agencies for the last decade. 
Until recently, these Federal agencies have been 
obtaining this photography independently and 
with minimal coordination. Since 1978, to better 
coordinate these Federal and State needs and pro
vide more users with high-altitude photography 
on a timely basis, the Survey took the lead in 
developing a national high-altitude photography 
data base, which has been designed to meet 
many of the users' major interests and objectives. 

The national high-altitude photography data 
base consists of both black-and-white pan
chromatic and color infrared 9-inch X 9-inch 
photographs taken from 40,000 feet above mean 
ground level. The black-and-white photographs 
are taken by an aerial camera with a focal length 
of 6 inches, resulting in a photograph scale of 
1:80,000. The color infrared photographs are 
taken by a second camera with a focal length of 
8.2-5 inches, resulting in a photograph scale of 
1:58,000. 

In 1980, the first year of operation, 11 Federal 
agencies pooled their funds and coordinated their 
priorities to obtain about 600,000 square miles of 
high-altitude coverage. 

At the end of the second year of a planned 
6-year program for one-time national coverage, 
high-quality high-altitude aerial photographs were 
available for approximately 25 percent of the 
conterminous United States . About 500,000 
square miles are entered into the program each 
year. 

The data-base design incorporated findings of a 
Soil Conservation Service study to identify the im
age needs and coverage requirements for the 
Department of Agriculture. In addition to the 
Geological Survey and the Soil Conservation Serv
ice, the principal Federal users and contributors 
to this program are the Forest Service and the 

Economics, Statistics, and Cooperatives Service of 

<1111 FIGURE 9.- The Mokapu quadrangle, Hawaii, ortho
photoquad features Kailua and Mokapu Point at a 
scale of 1:24,000. The area is also covered by a 
topographic map at the same scale. 

the Department of Agriculture, the Defense Map
ping Agency, and the Bureau of Land Manage
ment, the Bureau of Mines, the Bureau of Indian 
Affairs, the Office of Surface Mining, the Fish and 
Wildlife Service, and the National Park Service of 
the Department of the Interior. Photography ob
tained under this program is available for pur
chase by all government agencies and by the 
public. 

The benefits of the National High-Altitude 
Photography Program include a nationwide aerial 
photographic data base planned for 1985, 
elimination of duplicate coverage, reduced costs, 
and the availability of systematic national 
coverage. Within the Geological Survey, this data 
base will make it possible to increase the produc
tion of digital elevation models, map revisions, 
and orthophotoquads and, at the same time, pro
vide a product that will be useful to support 
natural resources investigations such as geologic 
interpretations, land use and land cover inter
pretation, and hydrographic studies. 

Orthophotography Program 
Orthophotographic products have become in

creasingly popular as interim mapping aids and 
map supplements to published line maps. There 
are three major map products of orthophotog
raphy: orthophotographs, orthophotoquads, and 
orthophotomaps. 

Orthophotographs are aerial photographs that 
have been rectified to eliminate distortions due to 
camera tilt and to image displacement caused by 
photographing areas of varying relief on a flat 
film surface. 

Orthophotoquads are monocolor orthopho-
tographs produced in standard quadrangle format 
with an minimum of cartographic enhancement 
such as the addition of a few place names. Basic 
marginal information such as the Universal 
Transverse Mercator grid, scale, quadrangle 
name, and survey date are shown. Standard 
orthohotoquads do not show contour lines. 
However, a few experimental products showing 
contour lines have been well received by users . 
Orthophotoquads are used primarily as map 
substitutes for unmapped areas; supplements to 
line maps in planning, inventory, and manage
ment; image bases for land use mapping and for 
photoinspection and photorevision of published 
maps; and image-base guides for delineating 
planimetric features for line maps. 

Orthophotoquads are produced mainly at 
1:24,000 scale and have proven valuable to 
engineers, surveyors, foresters, and scientists. 
They are available for virtually all areas of the 
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United States, except Alaska , that are unmapped 
at 1 24.000 scale About 3,200 orthophotoquads (6 

percent oi the area of the United States) are pro

duced annually 
Orthophotomaps are full-color topographic 

maps published over a photoimage base. Informa
tion such as roads, boundaries . water features , 
and contours are overprinted on the image base . 
Orthophotomaps particularly are well- suited to 
certain areas of the country where standard line 
maps cannot portray adequately the terrain, such 

as marshlands , swamplands , and deserts . Or
thophotomaps contain some valuable information 
not found on convent1onal maps . such as more 
detailed dramage patterns, vegetation patterns, 
cult1vated areas . urban area buildings and struc
tures, and f1eld lines . All features are shown to 

sc ale 

Satellite Imagery Program 
Another activity of the National Mapping Divi

Sion is to explore and evaluate the present and 
future applications of remote sensing for its con
tnbutlons and benef1ts to mapping. Specifically, 
three Significant projects utilizing Landsat data in 
mapping were undertaken in 1981 . 

A satellite image map of Cape Cod and vicinity 
was compiled at 1100,000 scale using return 
beam vidicon imagery . Four return beam vidicom 
images were mosai cked and fitted to a central 
base . The black-and-white 1mage map will be 
used in preparing a geologic map of Cape Cod 
and in preparing an intermediate-scale 
planimetric map 

Image map s at 1 500,000 scale were completed 
of the Berry Island s, The Bahamas. Landsat 
multispectral scanner images of the Berry Islands 
were digitally enhanced by the EROS Data 
Center, Sioux Falls , South Dakota, and 
photographically enhanced by the Eastern Map
pmg Center, Reston, Virginia , to emphasize under
water detail The resulting product, Berry Islands, 
The Bahamas . is being distributed by the Defense 
Mapping Agency and the Survey 

Utilizing Landsat 3 return beam vidicom im
ages, a 1 :250.000-scale quadrangle image map of 
lkpikpuk River, Alaska, was prepared as a pro
totype for conservation and mineral development 
studies of the area . 

Geographic Names 
Information System 

The Geographic Names Information System, an 
automated data system containing primary infor
mation for places, features, and areas in the 
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United States identified by a proper name, was 

completed in 1981 and is now fully operational. 

There are approximately 2 million names con
tained in the Geographic Names Information 

System taken mainly from U.S. Geological Survey 

topographic maps. 

The project began in 1976 as an effort to 

establish uniformity in the use of names and their 
application throughout the Federal Government. 
The U .S. Geological Survey worked in conjunc

tion with the U.S . Board on Geographic Names, 
which maintains a close working relationship with 

State and local governments and with the public. 
In addition to establishing uniformity in the use 
of names, the Geographic Names Information 
System serves as an index of names found on 
Federal , State, and private maps . It eliminates 
duplication and the need for other agencies to 
organize similar data files, provides a means of 
integrating data from other systems for multi
disciplinary use, standardizes data elements and 
coded representation , and meets Federal and 
public information requirements as established by 
law. 

For each entry the Geographic Names Informa
tion System provides the official name; feature 
class , location of the named feature (State, coun
ty), geographic coordinates (including source if a 
linear feature , such as a river), variant names, 
Survey map sheet code, and elevation (where ap
plicable) With this basic information, the 
Geographic Names Information System can be 
used as a quick reference tool, or it can be used 
as a base for more specialized data. 

Because information from this System can be 
retrieved and manipulated to meet user needs, 
users may incorporate information into their data 
base for further application to their own needs. 
For example, the coordinates of populated places 
are often incorporated into demographic data 
bases for use in location analyses. 

The Geographic Names Information System 
lists data for various kinds of features identified 
by a name. The data include all named natural 
features and most man-related features, such as 
places, civil divisions, dams and reservoirs, Na
tional and State Parks, and airports . Named 
streets, roads, and highways will be added later. 

Edited alphabetical finding lists are currently 
available for 28 States and the District of Colum
bia in spiral-bound book form, microfiche, or 
magnetic tape. Unedited files are available on 
magnetic tape and as computer printouts for the 
entire United States and its territories. 

The preparation of a National Gazetteer of the 
United States is now underway. The National 



Gazetteer, a product of the Geographic Names 1 n
formation System, is to be published in the u.s. 
Geological Survey's Professional Paper series . 

Completion of the National Gazetteer, which will 
be on a State-by-State basis, will take approx
imately 5 years. 

THE WAY IT WAS: GEOGRAPHIC NAMES 

There IS a story that ome, Alaska, got 1ts 

name V\hen a map editor, eeing a prom1nent 

cape marked on a draft, \Hate the query 
' arne?" beside it, and the cartographer who 
prepared the final copy converted the query 1nto 

' orne", wh1ch al o became the name of the set
tlement establ1shed there Whether th1s story be 

true or apocr).phal, the question of what to name 
a feature on a map or how to wnte the name of a 
well-known place (Benng or Behrmg Seal V\oods 
Hole or Wood 's Holl?) can be a vexmg one 

Before the 19th century, those Amen cans who 
could read and write spelled as they pleased 
With the publication of d1ctlonanes and the nse 
of mass literacy in the 19th century, un1form or

thography became 1mportant Schools, news
papers, and magaz1nes all demanded the one best 
way of spellmg every word that appeared in print 
How else could the immigrant from abroad learn 

the language of the new land and the nat1ve, 
newly taught to read, follow the events of the 

day in the newspaper? 
When Thomas C Mendenhall left the preSI

dency of Rose Polytechnic Institute in 1889 to 
become Superintendent of the Coast and 
Geodetic Survey, he found that the Federal 
Government had no policy for deciding which 
names to put on its maps and charts. Each agen
cy made up its own So Mendenhall cal led to

gether representatives from all the bureaus in 
Washington that needed dec1sions about names 
This voluntary group was so successful in resolv

ing disputes that President Benjamin Harrison 
ISSued an Executive order m 1890 that made 1t of
ficial as the U.S. Board on Geograph1c Names 
The Board functioned outs1de any one Depart
ment until the 1930's, when 1t was placed m the 

Interior Department 

Until the Second World War, 90 percent of the 

Board's dec1sions on what to call a place or 
geographic feature or on how to spell 1ts name 

were domest1c W1th the spread of Amencan 
forces all over the world m the 1940's, fore1gn 
names came to dommate the Board 's work, and 
this dommat1on continued mto the postwar penod 
as the United States took respons1bil1ty for 
preserving world peace By 1947, when the Board 
rece1ved an organ1c act from Congress, 1t had a 
staff of nearly 100 people 

The increas1ng need for fore1gn names for 
mil1tary, mtell1gence, and diplomatiC purposes 
pressed hard on the Board , which never had more 
than half a dozen people working on domestic 
names So, 1n 1958, the Secretary of the Interior 
moved the domest1c names people to the Geo
logical Survey, wh1ch had had 1ts representative 
on the Board from the beginning and was a pnn
cipa l user of its deCISions Soon thereafter the 
fore1gn names people moved to what later 
became the Defense Mapping Agency. 

The staff of the Domestic ames Committee of 
the Board is now part of the at1onal Mappmg 
Division of the Survey As in the 1890's, only half 
a dozen people carry out the research that goes 
into the mynad of dec1S1ons wh1ch must be made 
Compute rs help them keep up w1th and even ex

pand their activ1t1es 
Dec1sions once made have to be promulgated 

In the 1890's the pages of the NatiOnal 
Geographic Magazine earned the details of what 
the Board on Geographic Names had dec1ded 
Nowadays, domest1c names are published 1n the 
Decision List which is b1nd1ng on Federal agenc1es 
and generally is accepted by other publishers of 
maps and gazeteers In an age when un1form1ty 
of spellmg is essential 1f documents are to be 
read by machine, the Board on Geographic 

ames keeps the United States ahead of most 
other countr1es 1n mamta1n1ng a standard set of 
place names. The Board IS probably the oldest 
organ1zat1on m the Un1ted States that controls 
language It contmues to med1ate between the 
marvelous Inventiveness of the Amencan people 

with their language and the need of our com
puters to keep everythmg stra1ght 
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Geologic and Mineral Resource 
Surveys and Mapping 

Mission 

The Geologic Division conducts programs to 
as ses s energy and mineral resources , to identify 
and to pred1ct geologic hazards, and to in
vestigate the effects of c limate . The as.sessments 
re su lting from these programs are essential to 
planning for the wise use and management of the 
Nation 's land and mineral and water resources 
and to mitigating the disastrous effects of 
geolog1c hazards . 

In the last several years, the US Geological 
Survey ' s re sponsibility in assessing the Nation's 
resources ha s increa sed markedly, especially in 
the areas of energy-oil and gas, coa l, geother
mal, and uranium . Large areas designated by Con
gress for mc lusion as Wilderness Areas have re
quired m1neral assessments, and additional areas 
are likely to be designated in the future . Resea rch 
and investigative efforts have moved into frontier 
areas such as identifying and assessing mineral 
re sources on the ocean floor and the energy 
resource potential of offshore areas in the arctic 
environment. In addition, a major program for 
earthquake hazard mitigation and prediction is 
now underwa y Geologic ha za rds related to 
nuclea r rea ctor siting are being investigated 

In support of these mission programs, extensive 
ba sic research is done continually on geologic 
processes and events . Basic research continues to 
be a strong part of the Division 's programs and 
provides the capabil ity needed to respond to 
emerging national problems The Geologic Div i
sion budget is presented to Congress under five 
subactivities that fulfill the above program s A 
brief description of these suba c t1v ities follows : 
• Geologic Hazards Surveys are conducted to 

acquire data useful in predicting and 
delineating hazards from earthquakes and 
volcanoes and to identify engineering prob
lems related to nuc lear rea ctor siting, ground 
failure, and con struction hazards . 

• Land Resource Surveys are conducted to ac
quire basic information on the Nation 's 
geologic framework and the processes that 
have shaped it, to develop an understanding 
of climate change and its effects on land 
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and water resources, and to measure changes 
in the strength and direction of the Earth's 

magnetic field . 
• Mineral Resource Surveys provide an assess

ment of the distribution, quantity, and quali

ty of the mineral resources of the United 
States . During fiscal year 1981, these surveys 
were concentrated in Alaska, Wilderness 
Areas, and other public and Indian lands. 
Multidisciplinary studies of mineralized areas 
in Idaho, Missouri, Michigan, and Wisconsin 
were completed , and similar studies are in 
progress in 11 other States . Research also is 
conducted on the fundamental geologic 
processes that result in mineral formation . 

• Energ y Geologic Surveys provide assessments 
of the distribution, quantity, and quality of 
the Nation's coal, oil and gas, oil shale, 
uranium, and thorium, and geothermal 
resources. Assess ments of these resources are 
continually updated so that information is 
kept cu rrent. 

• Offshore Geologic Surveys investigate the con
tinental margins of the United States and its 
territories to assess the potential mineral and 
energy resources and to identify environmen
tal hazards that must be considered when 
siting offshore drilling platforms and pipe
lines. 

The following articles describe some of the 
research and assessments done by the Geologic 
Division in fiscal year 1981 . Although they reflect 
only a small portion of the current programs, 
these articles represent typical ongoing activities 
of the Division. 

Budget and Personnel 
In fiscal year 1981, obligations of the Geologic 

and Mineral Resource Surveys and Mapping ac
tivity totalled $208 .2 million. This amount includ
ed $45 5 million in reimbursable programs. About 
$600,000 in reimbursements came from nine 
States under cooperative work programs. 

At the end of the fiscal year, the Geologic Divi
sion has 2,014 permanent fu 11-time employees and 
966 employees and 966 employees in other 
categories 
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Geologic and Mineral Resource Surveys and Map

ping Actl\itv obligations for fiscal years 1980 and 

1981 b1 subac tivit v and program 
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Suba t ti\Jty and Program* 

-· ------ -
Geologic Hazards Surveys 

Earthquak e Ha za rd s Reduction 
Earthquak e Haz ards Reduction 
Volcano Hazards 
Ground Failure and Construction 

Hazards 
Reactor Ha za rd s 

Land Resource Surveys 

Ceolog1c Framework 
Ceomagnet1sm 
Cl1mate Change 

Mineral Resource Surveys 

Alaska 
Conterm1nous St ates 
vVilderne ss Mmeral Surveys 
Re~ource Inform ation and Analys1s 
Development of Assessment Techni-

qLH'S 

M1neral DIS cove ry Loa n Program 

Energy Geologic Surveys 

Coal Resource Inves tigations 
Onshore Oil and Ca s lnves tigatrons 
Orl Shale Investigations 
Uran1um-Thonum Invest igations 
Geothermal Investigations 
World Energy As sess ment 

Offshore Geologic Surveys ......... . 

Otfshore Oil and Cas Resources 
Energy-Rel ated Eviron mental ln

vestrgatrons 
Marrne Geology Inves tigations 

Other Programs . 

Otf1ce of International Geology 
Astrogeologic Studies 
Spec1al Projects and Military 

Ceo logy 

Total 

D~rect Programs 
Reimbursable Program s 

States. counties and Municipalities 
Other Federal Agencies 
Other Sources 

*Program data estim ated 
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17.1 17.9 ----
13 1 13.9 
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1.0 1 0 ---------
9.9 43.0 ----
51 8.2 
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40.3 41 .8 ----
12.4 12.9 
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1.4 ---------
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1 .7 1.8 
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4.8 4.8 

2.6 2.3 == 
193.7 ~ 

147.0 1627 
46.7 45 .5 ---
0.6 0.6 

34.8 31 .7 
11 .3 13.2 

Earthquakes and Risk 
California 

• •n 

Seventy-five years ago on April18, 1906, north

ern California was struck by the most devastating 
earthquake in Unites States history. This great 

earthquake, magnitude 8 ~ on the Richter Scale, 
ruptured the northernmost 270 miles of the 
700-mile-long San Andreas fault. The ground 
along the fault moved an average of more than 

12 feet north of San Francisco and about 6 feet 
to the south . Buildings were damaged in a 
50-mile-wide region extending for over 350 miles 
parallel to the fault break. 

San Francisco suffered disasterous losses, 
primarily from the fire caused by the earthquake. 
The fire consumed much of the city and left 

250.000 people homeless Over 700 lives were lost 
as a result of the earthquake. and property 
damage exceeded $500 million in 1906 dollars. 
Similar damage in dollar values for the 1970's 
would result in losses greater than $2 billion. 

In the years since the great 1906 earthquake, 
earth scientists have learned much about the 
causes of such periodic upheavals of the Earth's 
surface Most major earthquakes occur at the 
boundaries of the sever a I large tectonic plates in
to which the Earth 's crust and the first few miles 
of the underlying mantle are divided. These 
plates are in constant motion, overriding, plung
ing beneath . or simply slipping past one another, 
as in the case of the North American and Pacific 
plates which meet in California along the 
celebrated San Andreas fault zone and move at 
an average of 1 5 to 2 inches per year. Measure
ments taken over an extended period of time in
dicate that thi s movement is irregular and 
episodic; segments of the adjoining plates may re
main immobile and locked together for years. on
ly to break free in a great lurch that may result in 
an offset of several feet over a few seconds as 
the two plates resume their slide-slip movement. 

A recent report, An Assessment of the Conse
quences and Preparations for a Catastrophic 

California Earthquake: Findings and Actions Taken, 

prepared by the Federal Management Agency 
With major assistance from the U .S. Geological 
Survey, concluded that the probability of a 
catastrophic earthquake occurring in California 
during the next three decades exceeds one 

chance in two. Dollar losses in such an event like
ly would total tens of billions of dollars and 
fatalities could be in the thousands. . 



THE SEISMIC GAP THEORY 

34° 

Analysis of the seismic activity of the major 
plate boundaries around the world has led to the 
recognition that ruptures along major plate 
boundaries tend to occur sequentially, affecting 
limited segments and often leaving intervening 
portions undisturbed as seismic gaps. With time, 
however, large earthquakes tend to occur in these 
seismic gaps before repeated movement occurs 
on more recently ruptured segments. The loca
tions and magnitudes of more than six major 
earthquakes have been forecast successfully by 
this theory since the mid-1960's . 

Application of seismic gap theory to the S~:~n 
Andreas fault leads to the identification of four 
distinct fault segments: two that have ruptured in 
great earthquakes and two for which there is no 
historic record of any major earthquakes . These 
fault segments are shown in figure 1. From north 
to south, these segments are as follows: A, the 
northern 270 miles of the fault that ruptured in 
1906; 8, the central100-mile-long segment that 
adjoins the 1906 break to the south; C. the 
220-mile-long south-central segment that last rup-
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FIGURE 1. -Seven earthquakes of magnitude 6 or 
greater have occurred in or near California in the 
past 2 years, compared with only four in the 
previous 20 years. The extent of faulting in historic 
magnitude 8 earthquakes on San Andreas fault 
shown by heavy lines. 

tured in a magnitude 8.3 earthquake in 1857; and 
D, the southernmost 120 miles of the fault that 
terminates in the birthplace of the fault in the Im
perial Valley. Estimates of the mean slip rate on 
each segment of the fault, when combined with 
detailed studies of ancient earthquakes preserved 
in the geologic record, give rather compatible 
estimates of long-term recurrence. When com
bined with the historic record of seismicity and 
measurements of crustal strain. they give us some 
estimate of today's short-term risk 

Probability of earthquakes on segment A 

The recurrence of a magnitude 8 earthquake on 
the northern A segment (fig. 1) of the fault ap
pears to be unlikely within the next several 
decades. Mean recurrence time, which is deter
mined by dividing the fault displacement ex
pected in a great earthquake by the long-term slip 
rate of the fault, implies an average return time 
of roughly 150 years for a 1906-sized event Con
temporary strain data also suggest that approx
imately another 50 to 100 years will elapse before 
the crust returns to its pre-1906 strain state, 
assuming that the current strain rate is main
tained throughout the interval Information pin
pointing the time and size of previous major 
events is critically needed and would permit a 
significant refinement of these estimates . 

If the sequence of events leading to the next 
great earthquake on the northern sectors of the 
San Andreas fault follows the same general pat
tern observed before 1906, then other lines of 
evidence would similarly suggest that a great 
earthquake is not imminent In particular, the oc
currence rate of earthquakes of magnitude 5 or 
greater was significantly higher during the 50-year 
period before 1906 than it has been since (fig 2) 
In fact, no earthquakes as large as magnitude 5 
occurred in the entire San Andreas system to the 
north of San Jose in the first 50 years following 
the 1906 earthquake (fig 3) Since about 1956. 
magnitude 5 earthquakes have begun to reappear 
within this northern coastal belt of faults , 
although the present level of activity appears to 
be well below the 19th century level Repetition 
of the same general pattern of seismicity in ad
vance of the next earthquake would imply that 
several decades characterized by increased fre
quency of damaging earthquakes should be ex
pected . Similar long-term variations in the earth
quake rate have been identified elsewhere in the 
world, notably in the focal regions of great earth
quakes in Japan and in Kamchatka . USSR. 

A significant aspect of this seismic cycle 
model, as applied to northern coastal California. 
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FI L L'IH 2 -Seismicit y of the San Francisco Ba y 

reg ion from 7 855 to 7 980. Note the conspicuo us 

decline in number of earthquakes following 7906. 

1s th at 1t forecasts that the re gion will experience 

m agn1tude 6 to 7 earthquakes at a frequency 
co mparabl e to that of the 19th century , or about 

one per dec ade. for several dec ad es to perhaps a 
ce nturv be fore the next grea t earthquak e of 

magn1tude 8 or greater occurs. Such a serie s of 
magn1tudes 6 to 7 ea rthquak es locall y may pose 

as ' er1ou s a ha za rd as a great earthquake on the 
Sa n Andrea s fault 

Probability of earthquakes on segment B 
In co ntrast to the low but rising probability of a 
maJ Or ea rthqu ake on segment A of the San An
dre as f ault. the central sement 8 (fig . 1) of the 
f ault appears to ha ve very low potential for pro

ducing a major earthquak e in the near future . 
Among the segments of the San Andreas fault , 
the cen tral segment IS uniquely characterized by 
the occ urrenc e of numerous small-magnitude (less 
than 5) earthquak es Th1s segment is presently 
moving in rigid bl ock motion , principally by 

asei sm ic slip (fault creep) No detectabl e strain 
ha s accumulated in the cru st adjacent to the 
fault s1nce at least the mid-1880 's Either thi s se g
ment of the fault has maintained itself in a 

criti cal equ ilibrium. on the verge of rupturing in a 
large earthquake for over a ce ntury, or fault 

creep effectively accomodates the plate motion . 
Most sc ientists who have studied thi s segment 
favor the latter viewpoint 

Probability of earthquakes on segment C 

The short-term risk of a major earthquake on 
either the south-centra I segment C (fig 1) or 
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southern segment 0 (fig. 1) of the San Andreas 

fault is considered to be significantly greater than 

it is to the north . Estimates place the annual 

probability of such an event between roughly 2 

and 5 percent per year Several independent lines 

of evidence contribute to this assessment. 

The mean recurrence time for major earth

quakes on a portion of the 1857 break has been 

determined from the record of ancient earth

quakes preserved in a marsh at Pallett Creek, 

near Palmdale, California . The mean frequency of 

fault offsets is one event every 140 years . At this 

site, the 124-year interval since the last event in 

1857 is approaching the mean time interval be
tween events. 

Analysi s of long-term earthquake rate varia

tions also suggests that the risk of a major earth

quake is high Observed changes in earthquake 
frequency follow the same cyclic pattern de-
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scribed above for the northern San Andreas fault 
system In the broad region surrounding the 1857 
earthquake. seismicity has apparently increased 
to a level comparable to that observed along the 
northern segment preceding the 1906 earthquake 
since the early part of the 20th century (fig . 3) 

Thus. the pattern observed along the south
central segment (C. fig 1) appears to be more ad
vanced in its development by about 50 years than 
is the northern segment (A , fig 1) This high level 
of se1smic1ty also can be expected to continue up 
to the repeat of an 1857-sized event Each of 
these lines of evidence suggests that a major 
earthquake may occur sooner along the south
central segment of the fault than along the north
ern segment However. these time estimates can 
only be given in decades, not months or years 

Frequent surveys of geodetic networks 
represents one very promising approach to the 
problem of detecting short-term anomalous 
crustal movements preceding damaging earth
quakes Data collected since 1973 from five of 
seven observation networks in southern California 
suggest that a regional 1ncrease in strain may 
have occurred in 1978-79. This short-term varia
tion in the longer term strain accumulation pat
tern was most pronounced in the Palmdale net
work . where the strain field adjusted to bring the 
fault s1gn1ficantly closer to failure. Although there 
was no apparent correlation between this regional 
Stram episode and detailed seismicity patterns 
recorded within the networks. the change coin
Cid es with a statewide Increase in magnitude 6 
and greater earthquake activity The significance 
of th1s coincidence is unknown at present 

Probability of earthquakes on segment D 

The ea rthquake potential of the southernmost 
fault segment (0, fig 1) is less well defined 
beca use no major earthquakes are known from 
e1ther the historic record or detailed geologic 
studies However. the risk here should be con
Sidered to be high This segment of the fault. like 
the other two segments that have ruptured caus
ing earthquakes. is locked at the surface, has 
elastic strain accumulating across it. and pro
duces very small earthquakes It is embedded 
within the most seismically active area in Califor
nia , one that has produced magnitude 6 and 

greater earthquakes at a nearly constant rate dur
ing the historic period Thus. the features believed 
to be symptomatic of high potential for maJor 
earthquakes elsewhere on the San Andreas fault 
appear to be present here . 
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The Earthquake Hazard Production 
Program 

The U .S. Geological Survey is attempting to 

refine the estimates of short-term risk given in the 
preceding paragraphs through the Earthquake 
Hazard Reduction Program, a program of 
monitoring and research that includes several 
scientific disciplines. Instrumental and survey net
works that include over 400 telemetered seismo
graphic stations and 25 geodetic networks con
taining hundreds of survey lines, for example, 
now cover the San Andreas fault system in its en
tirety . Because of its scale and fundamental em
phasis . this network is most likely to succeed in 
developing the ability to predict the occurrence 
of the largest earthquakes in the San Andreas 
system- the magnitude 7 to 8 events that form 
the major hazard to human life and property. The 
instrumented region also includes between 5 and 
10 sites where repeated moderate earthquakes 
have occurred and thus provides a number of op
portunities to study the processes accompanying 
these small but more frequent earthquakes. 

The Reactor Hazards 
Research Program 

RESEARCH RELATED TO THE SAFE 
SITING OF NUCLEAR REACTORS 

The surge of nuclear powerplant construction 
that began in the mid-1960's brought into focus 
the need for a better understanding of faulting, 
seismic shaking, volcanism. and ground failure so 
that the hazards from these sources be minimized 

through plant location or design . In 1973, the 
Nuclear Regulatory Commission adopted more 
comprehensive regulations for seismic and 
geologic siting criteria pertaining to nuclear 
powerplants . In practice, as these criteria were 
applied to specific areas, it soon became evident 
that basic geologic data in many areas were insuf
ficient TheUS . Geological Survey, having 
assisted in the development of the criteria and 
having by then assisted the Nuclear Regulatory 
Commission (then the Atomic Energy Commission) 
in the review of many applications for reactor 
sites, became aware of the need for a research 
program specifically developed to broaden the 
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Location of nuclear powerplants (planned, under construction, or completed) in the conterminous United States . 

base of geologic knowledge and data as applied 
to nuclear powerplant siting In the Southeastern 
United States, the 1886 Charleston, South 
Carolina, earthquake and its application to 
engineering design was not well understood. 
Similarly, in the northwest, information about the 
1872 earthquake in Washington was inadequate. 

The Reactor Hazards Research Program was 

established in 1975 to conduct the basic research 
for these as well as many other areas of limited 

knowledge. 

Through the ensuing years, a diversified 
research effort of over 40 projects has evolved 
covering regional tectonics, applied geophysics, 

seismology, age-dating methods, and geologic 

processes; brief descriptions of the objec tives of 
these efforts are given below Priority for areas of 
research has been determined, in part. by those 
areas of major power needs-the Pacific coastal 
states and the eastern and midcontinent industrial 
and population centers (see map). 

Regional Tectonics 

Research projects in regional tectonic s are 
directed towards a more comprehensive 
understanding of the deformation of the Earth 's 
crust over the past 65 million years and its rela
tion to present-day seismicity In the Western 
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United States, research has demonstrated the rela
tion between earthquakes and faults. Because of 
the particular geologic setting, movement along 
certain faults can be observed following large 
earthquakes. In the Eastern United States such an 
obvious relationship is not evident. There have 
been large earthquakes, but the evidence as seen 
at the ground surface by movement along faults, 
to date has not been observed . The reasons for 
this basic difference between eastern and western 
earthquakes are not clear . To probe more deeply 
into the origin or cause of eastern seismicity, 
research proJects have been developed that pro
vide for the investigation of major geologic struc
tures such as basins and arches within the Atlan
ti c Coastal Plain and a major structural boundary 
in New England . A common objective of these ef
forts is to develop fault histories to ascertain 
rates of deformation and fault behavior through 
time under varying stress fields . Recent acquisi
tion of data from deep seismic reflection surveys 
in the Charleston, South Carolina, area and in 
Virginia along a transect extending from the Blue 
Ridge Mountains to the Chesapeake Bay and 
along a shorter segment across the Culpeper 
Basin is leading to the recognition of additional 
structural elements that need to be assessed with 
respect to the potentia I to generate earthquakes 
of significance to engineering design of nuclear 
powerplants in the east. 

Applied Geophysics 

In addition to the interpretation of seismic 
reflection data mentioned above, other geo
physical studies include deep magnetic soundings 
in New England and in the Pudget Lowland of 
Washington, an aeromagnetic survey of the 
Foothills fault zone, California , a detailed gravity 
survey in support of subsidence research in 
Arizona and Texas, and seismic reflection surveys 
of the Great Lakes . All such studies assist in ex
tending our knowledge of surface geologic struc
ture to the subsurface, thus adding the third 
dimension, depth, to our understanding of 
regional structures and how they relate to siting 
nuclear facilities . 

Seismology 

Research in seismology has included support 
for seismic networks at Charleston, South 
Carolina, and the Mojave Desert area, California, 
and studies in ground motion as applied to 
engineering design . In addition, a continuing ef
fort is made to update the U.S. earthquake 
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catalog. An integral part of this research is the 

review and reanalysis of major earthquakes that[ 

occurred before modern instruments were 

available to refine existing data about their inten
sity and the locations of their epicenters. 

The South Carolina seismic network has been 
in operation continuously since 197 4. Although no 
large earthquakes similar to the 1886 event near 
Charleston have occurred, numerous smaller 
events have been recorded. Analyses of these 

events are being made in conjunction with ongo
ing geologic mapping and geophysical studies in 
an effort to understand and evaluate the seismic 
risk of the area. 

Age-Dating Methods 

In regions where faults may be close to nuclear 
powerplant sites, the geologic siting criteria set 
forth by the Nuclear Regulatory Commission re
quires an interpretation of the age of last move
ment of the fault, particularly where movement 
may have occurred during the past 35,000 years. 
To establish the age of fault movement reliable 
methods of age dating are required . 

The Reactor Hazards Research Program in
cludes research in various techniques and is 
developing new methods of determining geologic 
age dates . Ages younger than 35,000 years before 
present can be determined using the carbon-14 
dating method provided, of course, that material 
suitable for sampling are available. For ages from 
35,000 years before present to 1,000,000 years 
before present, other methods are required. Cur
rent research applicable to this age span includes 
fission track, thermoluminesence, soil chronology, 
paleontology, volcanic ash stratigraphy tech
niques, and paleomagnetic stratigraphy. All re
searchers utilizing these various age-dating 
methods are collaborating and integrating their 
respective studies with those of field mapping 
projects . For example, field geologists mapping in 
Charleston, South Carolina, and the Cape Fear 
Arch, North Carolina, areas are collecting 
stratigraphic reference samples for paleontology, 
amino acid, soil chronology, U series, carbon-14, 
and paleomagnetic dating In the Western United 
States soil and volcanic ash (including ash from 
the May 1980 eruption of Mount St. Helens) are 
being collected for soil and volcanic ash 
chronology, carbon-14, paleomagnetic, and 
paleontologic dating. The overall results being ob
tained from this research are as follows: (1) multi
ple methods of age dating are providing a means 
of cross-correlating and verification of ages of 
faulting and fault movement, (2) methods are be
mg refined and both precision and confidence 



levels increased, and (3) risk assessment or other 
studies relying upon recurrence intervals of tec
tonic or volcanic events are being accomplished 
with greater reliability. 

Geologic Processes 

Research in geologic processes has been 
directed towards subsidence caused by fluid 
withdrawal and hazards resulting from volcanic 
eruptions and landsliding. 

Research on land subsidence caused by 
withdrawal of the underlying fluids includes in
stances where there has been ground failure 
associated with both the production of large 
volumes of ground water and solution mining. In 
the Phoenix, Arizona, region, large fissures have 
developed and the ground surface over a large 
area has subsided as a result of many years of 
ground-water extraction. The degree of ground 
failure, either as differential subsidence or fissur
ing, is of significance to large structures which 
must remain functional, such as nuclear reactor 
containment vessels. 

In the Houston, Texas, area, subsidence 
research has been coupled with study of another 
process-aeseismic or " growth" faulting. The 
Houston Basin has subsided many feet as a result 
of the extraction of large volumes of fluids; this 
subsidence has been expressed at the ground sur
face as a steplike southeastward ground move
ment along preexisting faults . The total disloca
tion has taken place over a period of several 
decades primarily as a process of slow creep and 
without detectable seismicity. The faults, 
therefore, are considered as posing no seismic 
threat to engineered structures. Differential move
ment across the faults, however, does pose a 
threat to buildings . In several greater Houston 
housing areas, streets have sagged several feet 
across the scarp, and some homes have been 
deformed. At the San Jacinto Monument, a small 
landscaped pool and the access road are sub
siding. An area with a similar potential for dif
ferential subsidence would not be recommended 
for use as a nuclear powerplant site. Siting con
straints are being determined through these field 
analyses and will be used as guides for location 
of plants in more favorable areas. 

landsliding is another aspect of ground failure 
hazard important in nuclear plant site evaluation. 
Even such an event as disruption of the cooling
water supply caused by the temporary damming 
of a river by a massive landslide must be con
sidered . Similar slides have developed in the past 
and were triggered either by an earthquake or by 

local slope conditions. The mechanics of land
slide processes must be understood; the research 
of the Reactor Hazards Research Program in this 
field will help in establishing a more complete 
understanding of these processes and the 
variability of critical parameters . 

The hazards posed by volcanic activity have 
been a component of the Reactor Hazards 
Research Program since its inception. The hazard 
analyses considered, among other factors, poten
tial ash fall accumulations at various distances 
from volcanoes of the Cascade Range in the 
Pacific Northwest. Some of the early resu Its were 
used in formulating guidelines for reactors at the 
following locations: Trojan and Pebble Springs, 
Oregon, and Skagit, Satsop, and Hanford, 
Washington. The 1980 eruptions of Mount St. 
Helens provided a unique opportunity to docu
ment and further refine concepts of the various 
hazards . Two effects of the May 18, 1980, erup
tion that are of particular interest are the ap
parent anomalous thickness of ash that ac
cumulated at Ritzville , Washington. and the total 
effect of the ash load in the ensuing flood down 
the Toutle and Cowlitz Rivers and ultimately into 
the Columbia River . Enough ash load was 
deposited in the bed of the Columbia River 
upstream (south) from the confluence of the 
Cowlitz River that the navigational channel had 
to be dredged before the large ships from 
Portland could traverse the passage . The surge of 
relatively high-density flood debris apparently 
was strong enough to flow several miles 
southward against the normal northward flow of 
the Columbia River, a situation not considered 
probable until the eruption and flood proved 
otherwise. These kinds of effects are now being 
carefully analyzed and the results will be incor
porated in the overall volcanic hazard assess
ment. 

SUMMARY 

The Reactor Hazards Research Program was 
established in 1975 with the principal goal of pr<r 
viding a more adequate base of geologic and 
seismologic knowledge that would aid in the 
siting of nuclear powerplants . To date, numerous 
maps and texts dealing with tectonic structures, 
new techniques of age dating, and analyses of 
ground motion have been published. These 
publications and regular presentations of the 
results of investigations and research at national 
or regional meetings of geologic or seismological 
professional societies serve as the means of mak
ing the data available to ther public . 
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Planetary Exploration: The 
Geology of Saturn's 
Satellites 

A team of U .. Geological Survey geologi ts 
and cartographers, working with the Voyager I m
aging Science Team at the Jet Propulstion 
Laboratory in Pa adena. alifornia, p layed a ma
jor role in planning and execut ing the ational 

tmospheric and pac Administration's Voyager 
spacecraft mi ions to a turn and Jupiter. The 
emphasis of the mi ion was on the geology and 
cartography of the moons of the giant planet. 

During 1980 and 1981 , the prima ry focus was 
the Saturnian system . The Voyage r 1 spacec raf t 
arrived at Saturn in ea rly ovember 1980 and im
aged at high resolution the moon Mimas, Dione, 
and Rhea with distant v iews of Tethys, Encelad u , 
Iapetus, and Hyperion . Voyager 2' sequence wa 
planned to comp lement Voyager 1 ' s investiga
tions and yielded high-resolution images of Tethys 
and Enceladus and far better views of Iapetus 
and Hypenon than did Voyager 1. In addition, 
Voyager 2 provided the first photographic infor
mation on Phoebe. Saturn 's most distant moon. 
Voyager 1 discovered three sma ll " shepherd" 
moons; two orbiting along and evidently confin
ing the complex braided F ring and a third or
biting at the edge of the A r ing, the outermost of 
the main sections of aturn' rings . Although 
Voyager 1 passed v ry lo e to aturn 's largest 
moon, Titan. a den e cloudy atmosphe re 
prevented imaging of the su rface . Hence, most of 
the information we have about Titan come f rom 
other nonimaging experiments that measured the 
temperature, pressure. and composition of Titan' 
atmosphere. Results from those instruments in
dicate Titan may b the most exotic wor ld in the 
olar system . The Voyager missions discov red 

that Ti an has a den e cold nitrogen atmosphere 
in which methane may behave much like wate r 
does in the Earth ' a mospheric system The 
temperature and pressure conditions are close to 
those required for methane snow, methane rain , 
and even methane rivers . The surface temper
ature is near -360° F. In addition, complex 
photochemica l reactions occur as solar radiation 
trike Titan's upper atmosphere, thus creating a 

wide range of hydrocarbon molecules . It has n 
been speculated tha Titan now may resemble 
chemically t he early pr bio ic conditions of Ear h. 
The t rue nature o Titan's surface and its geologi 
history and proce se will remain a my tery until 
Tita n's atmo phere and urface are investigated 
with some fo rm of landing vehicle and (or) its sur-
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face i tud ied using an imaging radar system 
im ilar to that planned for a Venus mission in the 

nea r f u ture. 
Satu rn ' 17 known moons can be divided into 

two genera l c lasses . The first class includes eight 
new or minor sa tellites discovered since the 
mid-1960's . These include the three " shepherd" 
moons mentioned above which orbit along the 
edge of the A and F rings, two coorbital sate llites 
that sha re an orbit between the rings and the or
bit of Mim as, and three Trojan sate ll ites that oc
cupy stab le pos itions ahead of or behind two of 
the large r sate llites . These bodies are found at the 
c lassica l Lag range points 60° ahead of and 
behind Tethys and 60° ahead of D ione. These ob
jects show irregular shapes, suggesting an origin 
by f ragmentat ion . Very likely they are remnants 
of larger bodies and not produced by direct ac
cret ion. Thei r exis tence indi cates an early period 
of t remendous co lli sions within the Saturnian 
sys tem capa bl e of des troy ing moons in the size 
ra nge of a few hundred miles in diameter. 

The second c ia s of moons includes the nine 
c lassica l moons w hich have been known since the 
19th ce ntury. These inc lude. in order out from 
Saturn : M im as and En ce ladus, which are 250 and 
300 m iles in d ia meter. respec tively; Tethys and 
D ione, whi ch have nea rl y ident ical diameters of 
about 700 m iles; Rhea, whic h is 950 miles in 
diameter. about one-half of the size of the Earth's 
Moon; c loudy Titan. w hic h is the size of Mercury 
or Ganymede (one of Jupiter' s moons); Hyperion, 
w hic h i an objec t of ve ry irregular shape much 
I ike the new or min or sa te llites but about the size 
of M im as and Ence ladu s; Iapetus, which is at a 
m uch greate r dis tance f rom Saturn and has a 
diameter nea rl y identical to that of Rhea; and 
Phoebe, whi ch is a very dark and distant moon 
seen fo r the fi rst t ime by Voyager 2. 

A ll of the inner moons of Saturn are rotating 
sy nchronously and revolv ing in orbit. Hence, one 
hem isp here faces Sa turn , as our moon's " front
side" faces the Ea rth . The " leading hemisphere" 
always faces fo rwa rd as the body moves in its or
bit. Voyage r 1 globa l v iews of Dione and Rhea 
show them to have genera ll y bland leading 
hem isphere , lacking albedo (reflectivity) va ria
tions, but to have t rai ling hemispheres displaying 
comp lex inte rwove n pa tterns of bright swaths set 
against a da rk backg ro und. These patterns occur 
in a small c ircul ar region o n each body centered 
in the t rail ing hem i phere. Bec ause the moons are 

Surface of Saturn ' moon Enceladus viewed from 
Voyager 2 on A ugu t 25, 1981 . The small satellite, 
only 300 miles in dia meter, is seen from a height 
of 69,500 miles. 
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1n synchronous rotation. as is the Moon about the 

Earth. they keep the same face towards Saturn 
and the same faces leading and trailing in orbital 

mot1on E M. Shoemaker of the U.S Geological 

Survey has estimated that the cratering rates, pro

duced primarily by 1mpact of cometary nucleii, 
differ from the leading hemispheres to the trailing 
hemispheres of these moons by factors of about 

10 to 1 Based on this model, it is I ikely, then, 
that the trailing hemispheres have received far 
fewer impacts and have been "impact gardened" 
to an order of magnitude less than the leading 
hemispheres. It is probable, therefore, that the 

patterns have surv1ved only in the trailing 
hem1sphere and, at one time, laced the entire 
globes of Dione and Rhea. Detailed inspection of 
h1gh-resolution images along the extensions of 
these bnght markings suggest that they are 
formed on fractures. It is probable that fluids 
escaping along these fractures produced frost 
depos1ts on the surface. Images of Dione show 
that, 1n its trailing hemisphere, the bright swaths 
cross over the top of the impact craters, in
dlcatmg that the loss of internal fluids along the 
fracture system had to occur well after cessation 
of heavy bombardment This was the first 
evidence for some endogenic or internal activity 
of these small moons 

Pnor to the Voyager encounters with the 
Saturn1an system, it was known that Iapetus was 
a very b1zarre world 1n that the leading 
hemisphere was extremely dark and that the trail
ing hemisphere was very bright The dark side has 
an albedo of only a few percent, about that of 
carbon black or soot The albedo of the trailing 
hemisphere, however, is similar to the rest of 

Saturn's icy moons with a reflectivity of about SO 
percent, or about that of dirty snow. One of the 
models suggested that the leading hemisphere of 
Iapetus m1ght be dark because dark material was 
fall1ng in from space and being deposited 

preferentially on the leading hemisphere The pur
ported source of this material was postulated to 
be Phoebe Ground-based telescopic observations 
of Phoebe suggested that it had colors like car
bonaceous chondrites and dark asteroids and 
therefore, also might have a very dark surfac~ 

Although Voyager 1 confirmed that Phoebe is 
extremely dark, Earth-based telescopic data, 
wh1ch was confirmed by Voyager observations · _ 
d d h ' In ICate t at the color of Phoebe's surface and 
Iapetus's dark leading hemisphere are very dif
terent. The Voyager images of Iapetus showed 
that the boundary between the leading and trail
ing hemispheres was probably too complex to be 
produced Simply by infalling material. Voyager 1 
Images showed a ring of dark material about 125 
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miles in diameter extending from the dark 

hemisphere into the bright hemisphere. The 

features resembles a moat produced when large. 

craters with central prominences were flooded 011, 

the Moon. Voyager 2 images showed that not 

only is the boundary between the leading and 

trailing hemispheres angular, but part of that 
boundary extends deep into the trailing 

hemisphere. Additionally, Voyager 2 images 

showed floors of craters covered by the dark 

material which are located in the center of the 

trailing hemisphere. The evidence now indicates 
that some internal process is responsible for the 

extrusion of dark materials onto the surface of 

Iapetus which form the dark regions, flooding 

crater floors, and large basins. The conclusions 
now are tentative and highly speculative and will 

have to await a future mission to this strange 
moon for detailed understanding of its geologic 

evolution. 

Mimas, Enceladus, and Hyperion are the 

smallest of the classical Saturnian satellites and 
have diameters between about 150 and 200 miles. 
By mass, they each are about ten-millionths the 

mass of the Earth. Prior to the encounters of 
Voyagers 1 and 2, the suspicion was that these 

bodies were far too small to have any substantial 
internal geologic activity. The Voyager images 
showed these three small objects to have 

geologic histories that range in diversity over the 
spectrum of planets we have so far seen in the 
solar system. 

Mimas, an approximately spherical body, is 
likely an object of cold accretion. An enourmous 
impact crater found on its leading hemispher is 
nearly one-half the diameter of the small satellite. 

Most likely Mimas was subjected to even larger 
impacts early in its history Under such an im
pact, the body would be blasted apart. Because 

the fragments would have low relative velocities 
(typically only a few hundred feet per second, 

comparable to Mimas' escape velocity) compared 
to Mimas' orbital spread of 15 miles per second, 
the material would continue orbiting in a tight 
wreath and slowly reaccrete, thus reforming the 

moon Evidently little other geologic activity, ex
cept recratering of the surface early in its history, 
has gone on. Hyperion, in contrast, resembles the 

new or minor satellites. It is a very irregularly 
shaped moon, evidently a piece of a larger object 
that, like Mimas, was intensely battered, but, in 

this case one large fragment evidently survived. 
Enceladus, in great contrast to Mimas and 

Hyperion, was the real surprise of the Voyager 2 

encounter Scientists were suspicious that it might 
be unusual in that it has an extremely high 

albedo reflecting nearly 100 percent of the light it 



recieves from the Sun. Additionally, Enceladus' 
orbit coincides with the peak intensity of the E 
ring, a diffuse ring of material well outside the 
main ring system . Normally, satellites clean out 
or sweep out material along their orbits; the 
evidence indicated that Enceladus is a source 
rather than a sink of material. Finally, C. Yoder of 
the jet Propulsion laboratory realized that there 
is an orbital resonance between Dione and 
Enceladus similar to that by which Europa heats 
lo, the volcanically active moon of Jupiter. Dione 
causes Enceladus to move through Saturn's 
gravitational field in such a way that the surface 
is flexed. Voyager 2 images of Enceladus show 
that, in fact, it does have an extremely complex 
geologic history . Terrains vary in their crater 
populations from cases where craters are nearly 
shoulder to shoulder to those where craters are 
absent, at least to the limit of resolution of the 
Voyager images. A wide array of other terrains 
that are intermediate in crater density between 
these two extreme crater densities also can be 
identified. Complex "ropy" ridges are found on 
the margins of some of the crater-free plains . 
Evidently Enceladus has undergone geologic ac
tivity, perhaps episodically, throughout its history . 
Preliminary estimates by A . Cook and R. Terrile of 
the Voyager Imaging Science Team suggested 
that tidal energy may well be inadequate to heat 
a body composed of pure-water ice . One possible 
explanation is that the interiors of the icy moons 
may contain more volatile species. Methane and 
ammonia are likely candidates and are known to 
be abundant in the atmosphere of Titan . Either 
one of these materials, if present in substantial 
quantities within the moons, would lower their 
melting points by perhaps 180° F. to ranges not 
far above their surface temperatures. Under such 
conditions, tidal heating, perhaps assisted by 
some early radiogenic heating, could easily keep 
such a tiny icy world geologically active. 

World Energy Resources
The Need to Know Their 
Quantity and Location 

For more than 100 years the U.S. Geological 
Survey has had the responsibility for assessing 
mineral resources to provide a basis for informed 
decisions and policies in both the public and 

private sector of the United States. The need for 
reliable data on the extent, location, and quality 

of these mineral resources has continued to grow 
with the broadening of our concerns and com
merce. The United States requires mineral sup
plies from countries around the world, as do all 
technically advanced societies . Not only is a wide 
variety of minerals in demand. but, the energy 
minerals, very large quantities are needed. 

Fortunately, the United States is very well en
dowed with mineral wealth and especailly with 
the energy minerals. We are. and have been 
throughout the period of the Industrial Revolu
tion. one of the world 's principal producers of 
petroleum , coal, and more recently uranium Our 
capacity to produce and discover remains high, 
but so does our demand . For instance, the de
mand for petroleum over the past decade has 
been about three times the rate of domestic 
reserves additions . The Nation presently is em
barked on a major exploratory effort to discover 
and produ ce more petroleum At the same time. 
we are taking steps to divert petroleum demand 
to other energy sources. such as coal . and to 
reduce consumption However. it is c lear that 
continued cooperation, on as broad a ba se as 
possible. with other supplier nations is essential to 
our economic well being and hence national 
security 

In decades past. a stable price and supply 
rendered petroleum readily available to all na
tions with su ch reliability that nat ional security 
was not affec ted . Now. however. extraordinary 
prices. political upheavals in the Middle Ea st. 
changing economic prin c iples in supplier coun
tries. and domestic resource depletion require 
that we broaden our base of knowledge about the 
distribution and potential future availability of 
energy minerals throughout the world This 
knowledge is essential to formulating interna
tional relations and to maintaining our national 
security . 

From the perspective of the US Government. 
there is no need for direct assistance for explora
tion activities conducted by the private sector at 
this time; however. the U.S. Government does 
need a broad knowledge of the worldwide 
regional resource availability as an aid to the con
duct of international relations A case in point is 
the sudden emergence of Mexico as a major pro
ducer of petroleum In retrospect, the signs of 
that emergence clearly were evident 10 years ago. 
But in the absence of a program capable of 
recognizing the clues and analyzing their 
significance. the U S. Government had no base of 
geologic resource understanding over a period of 
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several years to enable it to respond politically 
and diplomatically to the changing resource 

rea lit1es 

The principal focus of the US Geological 
Survey 's World Energy Resources Program is on 
petroleum, but a modest effort to build a base for 
the worldwide investigation of other energy 
mineral resources has been initiated The intent 
of the program is to provide an understanding of 
world energy mineral resources for the purposes 
of policy planning and analysis, including 
domestic resource assessment, that will be useful 
to the President, Congress, and other Federal 
agencies such as the Departments of State, 
Energy, and Commerce . The initial program ob
jective has been to develop a geologic synthesis 
of the major petroleum producing regions of the 
world and, in cooperation with petroleum 
engineers in other agencies, to assess the present 
and future producibility of those resources . 
Secondly, we have initiated studies in frontier 
areas of the world that offer great promise for 
future production or are significant areas of inter
national concern (Antarctica, for example). And 
finally, resource studies have begun in areas of 
modest resource potential but ones that show 
geologic promise of at least supplying some 
measure of local energy mineral needs. The pro
gram is coordinated with and depends critically 
on research activities in the domestic energy 
resource area . Relations with other Survey inter
national programs also are maintained for best 
use of available manpower and data sources . 

The principal products of the program will be 
Survey Circulars reporting on our assessment of 
resource potential in a given country or basin, 
coupled with a brief discussion of the geology 
leading to the assessment Separate publications 
will include a more detailed presentation of the 
resource geology which will provide a baseline of 
information for ongoing analysis To gain full ad
vantage of the resource investigations, the assess
ment must be continuing, and, for each area 
studied, the program will maintain a surveillance 
of exploration activity as a check on the assess
ment process At the completion of the first year 
of operation, assessments have been completed 
and are available as Open-File Reports for the 
following countries or parts of countries: Arabian
Iranian Basin (subdivided by country); West 
Siberia , Volga Urals, and Middle Caspian Basin, 
U.SS R; Venezuela; Indonesia; Malaysia-Brunei; 
world offshore basins; southeast Mexico, Belize, 
and northern Guatemala; Trinidad; and northeast 
Mexico. 
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Hard Minerals From the 
Deep Sea: The Role of 
Spreading Ridges 

For more than three decades the sedimentary 
rocks of the world' s continental shelves have 

been a prolific source of oil and gas. In recent 
years, due both to advances in marine mineral 
recovery technology and the increasing cost of 
locating and producing onshore supplies, there 
has been a marked growth of interest in the sea 
floor as a prospective source of nonfuel minerals 
as well . These hard minerals, such as zinc, cop
per, and silver and so called because they are 
formed and concentrated in hard crystalline rocks 
as distinguished from the softer sedimentary 
deposits that are the source and habitat of oil, 
gas, and coal, are presently the focus of extensive 
commerical and scientific investigation. 

Of particular interest to scientists has been the 
evidence of mineral formation along the great 
45 ,000-mile-long system of oceanic spreading
center-ridges that circles the world and is the site 
where new crust is being continously formed by 
the upwelling of molten rock from the underlying 
mantle (fig . 1 ). As the new crust is formed, it 
moves away from the spreading center on both 
sides of the ridge at varying rates up to 6.3 inches 
per year. Recent investigations have disclosed the 
occurrence of mineral-rich submarine hot springs 
that are a source of potentially valuable minerals 
along the spreading-center-ridge system. Some 
areas of the Western United States and Alaska 
contain sections of oceanic crust that have been 
transported via plate tectonic movement and in
corporated into the continental crust. Studying 
the current mineralization processes on oceanic 
spreading ridges will thus enhance our ability to 
identify these onshore areas and target them for 
mineral explorations . 

In 1979, a detainled photographic and 
geophysical survey of the Pacific sea floor off 
Mexico discovered a number of hot springs form
ing concentrations of zinc, copper, and silver, in 
ore-grade sulfide-mineral deposits on very young 
glassy volcanic rocks The initial work, which 
used unmanned vehicles, was immediately fol
lowed by manned submersible investigation of 
selected submarine springs, and mineral deposits 
and hot water samples were recovered. The 
hydrothermal waters were much hotter 
(700°-750°F .) than previously observed or 
suspected. Since the initial discovery, this 
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FIGURE 1 . -Map showing the major spreading centers of the world's oceans (double lines), subduction zones 
(toothed lines), and the larger tectonic plates. 

hydrothermal site at 21° north latitude on the 
East Pacific Rise has become the focus of in
vestigations of the formation of metallic mineral 
deposits on the deep-sea floor. Since 1974, 
Geological Survey scientists have been involved 
in mapping the geology, crustal generation, and 
hydrothermal processes of the sea floor at this 
site. 

Submarine hydrothermal activity on the deep
sea floor is known from other sites along the 
world-encircling oceanic spreading-center-ridge 
system. Lower temperature hydrothermal vents 
have been observed during submersible work 
along the Galapagos Rift System in the equatorial 
Pacific. Sulfide minerals have been dredged from 
Guaymas Basin in the Gulf of California, and hot 
water vents similar to those at 21° north latitude 
off Mexico have been photographed in the South 
Pacific on the East Pacific Rise west of Chile (fig. 
2). All these occurrences are on oceanic 
spreading-center ridges where the rate of separa
tion of the plates is greater than 2 inches per 
year. One-half the length of the spreading-ridge 
system has separation rates that exceed 2 inches 
per year. All detailed geophysical, photographic, 
or submersible studies of small segments of ridge 
crest having separation rates exceeding 2 inches 
per year have found active hydrothermal systems 
or mineral deposits left by these submarine 

springs. Thus, it is likely that many more areas of 
actively forming mineral deposits will be found 
on the deep-ocean floor. The similarity of bottom
dwelling animals at these widely separated 
hydrothermal sites is additional support for 
suspecting that hydrothermal systems will be 
found along most of the world's spreading ridge 
system. 

Resource Potential and Application to 
Contential Deposits 

The submersible studies of the Galapagos Rift 
and the East Pacific Rise off Mexico provide the 
most comprehensive picture of hard mineral 
deposits formed at spreading centers . The sulfide 
deposits form small shallow mounds occasionally 
topped by one or more conical sulfide spires or 
chimneys The mounds rest on fine-grained 
marine sediment (generally siliceous ooze) or 
directly on pillow lavas of the sea floor Mounds 
observed on the East Pacific Rise site are 50 to 
100 feet across and 6 feet high The sulfide 
chimneys are 3 to 15 feet high 

The mounds and chimneys mark the location 
of hydrothermal vents that discharge metal-rich 
fluid at temperatures up to 700°F onto the sea 
floor. The chimneys are constructed from sulfide 
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minerals precipitated as the hydrothermal fluid 
cools during mixing with seawater; the mounds 
result from direct precipitation from the ac
cumulation of particulate matter expelled through 
the chimney and from the erosion and collapse of 
chimney debris . Some vents are currently active 
and vigorously discharging large volumes of 
cloudy black (sulfide- rich) or white (sulfate- or 
silica-rich) fluid . Other vents are inactive and 
rapidly disintegrating. Many active vent systems 
are inhabited by exotic communities of worms, 
crabs, and other organisms evidently supported 
by abundant sulfur-reducing bacteria in the hot
spring environment. 

The mounds and chimneys are composed large
ly of sulfide minerals, especially zinc, copper, 
and iron . Parts of the vent deposits contain con
siderable amounts of anhydrite, barite, amor
phous silica, and talc, and some mounds are 
largely composed of these minerals . Native 
elements commonly present include gold, silver, 
and sulfur. Sediment and basalt surfaces near the 
mounds are coated with deposits of iron and 
manganese oxide deep-sea sediments on the 
flanks of oceanic ridges and in nearby basins aiso 
are enriched hydrothermally in metals such as 
iron, manganese, nickel, copper, lead, zinc, 
arsenic, and mercury. 

Analogs of the massive sulfide deposits of the 
East Pacific Rise are found in ophiolite sequences 
on land. Onshore ophiolites are layered se
quences of volcanic rocks up to 6 miles thick that 
have lithological, structural, and geophysical 
characteristics similar to the crust beneath 
present-day ocean basins . Thus, ophiolites are 
thought to be fragments of ancient oceanic crust 
that formed at an oceanic spreading center and 
subsequently were transported away from the axis 
of spreading, uplifted, and placed onto the 
margins of continental land masses . 

Sulfide deposits in ophiolite belts of the eastern 
Mediterranean region, particularly in Cyprus and 
Oman, have been important production centers 
for copper, iron, gold, and silver since 2500 B.C. 
Other large deposits of this type occur in Turkey, 
the Phillippines, Canada, the United States, and in 
several other countries. Ophiolitic terranes in the 
United States with massive sulfide deposits are 
found in California, Nevada southwestern Oregon, 
and Alaska. The massive sulfide deposits in 
ophiolites typically comprise 50,000 to 20 million 
tons of ore containing 0 .5 to 10 percent copper, 
0 .5 to 3 percent zinc, and a few ounces of gold 
and silver per ton . In addition, several deposits 
may have important reserves of cobalt. 

Like their counterparts on the East Pacific Rise 
and other modern oceanic spreading centers, the 

massive sulfide deposits in ophiolites are 
associated originally with pillow lavas (so called 
because of their pillowlike shape) erupted on the 
sea floor . The deposits contain two types of 
mineralization: massive (discrete orebodies) and 
stockwork (vein-type) (fig. 3). Compact massive 
sulfide occurs in lenses or dish-shaped bodies in
terlayered with pillow lava or pillow lava 
fragments . The massive sulfide body is typically 
underlain by hydrothermally altered pillow lava 
and a network of interconnected veins or 
stockwork that extend downward in rootlike 
fashion into the ophiolite. The stockwork veins 
represent the channelways followed by ore
bearing hydrothermal fluids as they migrated up
ward toward the sea floor . The mineralogy of the 
massive sulfide in ophiolites is dominated by iron 
sulfide minerals with lesser amounts of copper 
and zinc minerals . Quartz is the principal ac
cessory mineral in the massive ore. 

FORMATION PROCESSES OF 
SUBMARINE MASSIVE 
SULFIDE DEPOSITS 

The massive sulfides of the m idocean ridges 
are hydrothermal deposits, that is, the heavy 
metals and sulfur were carried in dissolved form 
in deep-seated hot-water fluids and deposited 
when these fluids discharged as geysers on the 
sea floor Chemical mea surements of the hot 
water sampl ed along the East Pacific Rise site in
dicate the fluid was originally seawater that had 
undergone various chemical changes as a result 
of heating and chemical interaction with volcanic 
rocks beneath the sea floor 

The great oceanic spreading centers are on e of 
the largest geologic features on Earth and ac
count for the bulk of the Earth' s volcani c activity 
During the process of sea floor spreading, great 
amounts of heat are brought up from the mantle 
of the earth to the sea floor along these zones. 
Although of great linear extent, the actual zone 
of active lava production is narrow, usually only 
1 mile or less in width . Such a geometry and the 
fact that the spreading center crests are generally 
more than 6000 feet below sea level gives rise to 
cooling of the spreading centers by convecting 
seawater. Su ch convection transports about 60 
percent of the total heat introduced by sea-floor 
volcanism. The volcanic rock s on the sea floor 
are highly permeable to seawater, which is taken 
into the sea floor and absorbs heat from the top 
of the magma chamber along the spreading ridge 
axis . The intense pressures at these depths per
mits seawater to remain in the liquid state at ap
proximately 800°F Although boiling cannot occur 
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FICURr 3 -Example of massive and stockwork 

sulfide mineralization found in ophiolites. The slab 

of massive sulfide shown above exhibits a crude 

layering and consists mainly of iron compounds 

(light-gray areas) and five minerals (dark-gray spots 

and layers). The sample shown below exhibits 

basalt cut by stockwork veins. The veins are com
posed of iron compounds (bright edges), quartz 

(white areas), and copper minerals (gray areas). The 

massive sulfide and veins represent sea-floor and 

subsea-floor deposition of metals respectively 

at these great pressures, the sea water with its 
dissolved minerals, is considerably expanded at 
the elevated temperatures Its buoyancy becomes 
so high that it rises and is discharged onto the sea 
floor in a manner analogous to coffee in a per
colator Discharge of the ascending fluid is con-
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fined to a few localized and narrow channeh that 
give rise to the isolated and rapidly discharging 

geysers observed on the sea floor. 
The concentrations of heavy metals in normal 

seawater are extremely low, so low, in fact, that 
simply measuring them accurately has been one 
of the most difficult problems in marine 

chemistry during the past 30 years. Seawater at 
room temperature is slightly alkaline and, thus, 

has I ittle or no tendency to react with and to 
dissolve metal I ic elements in the sea-floor rock. 

Experiments conducted by Geological Survey 
scientists, however, have revealed that seawater 
changes from alkaline to acidic at temperatures 
above 575°F, when in contact with volcanic 
rocks. The acidity, in turn, acts on the rock to 
leach it of its heavy metals. The metals will re
main dissolved as long as the acidity is main
tained, and concentrations of the metals from the 
experiments are of the same magnitude as those 
found in the sea floor discharges. 

Experiments further revealed that if flow rates 
are sufficiently slow, then acidity would be 
neutralized via reaction with successive amounts 
of unaltered volcanic rocks, and the metals 
would be then lost from solution. Thus, for a sea
floor deposit to form by such a process, the flow 
rates must be high and must involve large 
volumes of water compared to the amount of 
rock altered. 

On the sea floor, a dramatic reaction takes 
place where the hot acidic metal bearing fluid 
discharges into cold (35°F.) oxygenated alkaline 
seawater at the sea floor Mixing one with the 
other produces a drastic and nearly instantaneous 
change in the chemical and physical conditions 
of the fluid, and a black plume is produced (fig. 
4) The plume consists of iron, copper, and zinc 
sulfide minerals that have precipitated on mixing. 

JUAN DE FUCA RIDGE 

The Survey is initiating a program to better 
understand the mineral-forming processes at these 
spreading-center hydrothermal systems. The pro
gram will emphasize comparison of modern sub
marine hydrothermal deposits with ore deposits in 
ophiolite sequences exposed in the Western 
United States and Alaska. The study is designed 
to improve the ability to locate and define one
land sulfide mineral deposits in ophiolite se
quences. The Juan de Fuca Ridge, 250 nautical 
miles west of the Oregon coast, will be the focal 
point of the Survey study of modern spreading
center mineralization. The Juan de Fuca Ridge 
has a separation rate of 2.5 inches per year, and 



evidence of hydrothermal activity is already 
known. A series of cruises designed to locate, 
photograph, and sample fluids and mineral 
deposits along the Ridge crest was started in 
1980. 

The most recent of these cruises to the Juan de 
Fuca Ridge recovered samples from a hydrother
mal vent area. The samples had typical values of 
about 55 percent zinc, 3,200 parts per million 
copper, 2,500 parts per million lead, and 300 parts 
per million silver. Deep-sea fauna observed in 
bottom photographs at the vent areas appear to 
differ in composition from the communities 
observed at the Galapagas and East Pacific Rise 
sites. Continued investigations of the Juan de 
Fuca deposits will enable the Survey to in
vestigate the connection between presently form
ing and ancient ore deposits . 

Offshore Hard Mineral 
Resources within U.S. 
jurisdiction 

The sea floor surrounding the United States, in
cluding Alaska, Hawaii, and the island territories, 
is the depository for vast quantities of hard 
mineral resources . These resources attracted 
growing interest from industry in the 1960's until 
moratoria on their leasing and exploitation on the 
Federal Outer Continental Shelf were emplaced, 
which has limited exploration and evaluation by 
government and industry. In early 1981, however, 
policy statements by the incoming Administration 
indicated the intention to include offshore hard 

FIGURE 4 . -Active hydrothermal vent and sulfide-mineral deposits at the East Pacific Rise crest near 21° north 
latitude showing a black sediment-laden plume rising from the throat of a chimney about 18 inches in height. 
Behind the plume is the upper three-fourths of the chimney that was knocked over by the submersible Alvin. 
The chimney is flanked by the more typical porous sulfide mounds 6 to 9 feet in height. Note the abundance 

of deep-sea fish and crabs on the mineral deposits . 
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. d h d · e a/ resources on the continental shelf of the United States 
Table 1 -Resource esttmates- Selecte ar mtn r 

----------------~==~==~~~ Phosphorite Manganese Heavy Precious , Rock salt 
Sheli Sand and 
area gravel 

(thousand (bdlton 
square miles) cub1c yards) 

---- -- --- - ----- --
Atlantic Coast 150 1,085 

Gulf Coast 128 352 

Pacific Coast 52 38 

Alaska 840 

Hawaii 7 25 

Total 1,177 1,500+ 

1 Largt:· ' 1\1mo r 

Shell and 
carbonate 

(billion 
cubic yards) 

72 
125 

3 

3 

203 

mineral s mining among multiple uses of Federal 

lands The first major expression of this new 
poli cy was the release of an Offshore Hard 
Minerals Task Force report by the Department of 

the Interior (May 1981) US Geological Survey 

staff compilations from the report provide 
preliminary data on selected offshore resources 

(table 1); some of these include minerals currently 
imported by the United States (fig . 1 ). 

FERROMANAGANESE NODULES AND 
MET ALLIFEROlJS DEPOSITS 

Manganese nodules in the Blake Plateau. off 
South Carolina and Florida were considered 
subeconomic up to 1978. despite the fact that 

they make up the largest potential U .S. resource 
of managanese. In the late 1960's, the nodules 
were the site of pilot studies by the Deep Sea 
Ventures Company, which recovered nodules 
from water approximately 3,000 feet deep using 
airlift techniques (f1g 2 ). 

Renewed interest in the nodules located within 
the presumed U.S exclusive economic zone has 
been spurred by industry requests for lea ses Re

cent analytical studies by the Geological Survey 
have also shown that the Blake nodules have the 
highest platmum concentrations (nearly 0.5 part 
per million) of any oceanic nodules studies to 
date. 

In the Pacific area. Geological Survey scientists 
edited a cooperative monograph on the prime 
Pacific nodules sites and have pointed out the 

economic potential of hydrothermal polymetallic 
ore deposits located along the juan de Fuca 

Ridge. Additional interest centers on cobalt-rich 

nodules and crusts in seamount areas within the 

FIGURE 1.-Percentage of imported (1979) mineral 
requirements of the United States. Arrows indicate 
minerals potentially available for sea floor and 
subsea-floor deposits within U.S. jurisdiction. 
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(million nodules 
tons) (million 

tons) 

mineral coral (billion 
sand (pounds) tons) 

(million 
yards) 

3,640 275 1,700 6,600 

12,100 

129 2,700 

155,000 

3,769 275 4,400 155,000 18,700 
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probable U.S. exclusive economic zone around 
the Hawaiian Islands and other island and coastal 
areas. 

SAND AND GRAVEL 

Aggregate materials for building and other con
struction are in short supply, or in potential short 
supply, in several coastal urban areas. In the New 
York Bight area, onshore reserves of sand and 
gravel will be depleted within the next 5 to 10 
years. A critical situation may develop once ex
isting deposits are depleted because net costs of 
construction aggregate are closely tied to 
transportation distance. However, economic 
models showed that offshore supply could 
replace onshore sources and recover capital costs 
in less than 5 years. Sand resources on the Atlan-

tic Continental Shelf of the United States were 
estimated to be adequate to supply coastal Atlan
tic States for several thousand years at current 
annual consumption rates of 150 million to 200 
million tons per year (fig. 3 ). 

Other areas where offshore sands and gravels 
could fill near-term needs include areas off 
Portland, Oregon, southern California, southern 
Florida, Hawaii, and the Virgin Islands. Off north
ern Alaska, material is needed in the construction 
of artificial islands to serve as oil exploration and 
development platforms 1 to 3 years after conclu
sion of lease sales in the Beaufort Sea . 

PHOSPHORITE 
New economic studies indicate that 

phosphorite deposits offshore South Carolina to 
Georgia may be economically competitive with 

FIGURE 2. -First nodule recovery by airlift from Blake Plateau deposits at a depth of 3,000 feet. (Photograph courtesy 
Deep Sea Ventures Company. 
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FIGURE 3. -Distribution of potential sand reso~ 
Atlantic Continental Shelf. 

onshore phosphorite development. Discovery of 
new phosphorite-rich sediments in Onslow Bay, 
off North Carolilna, were announced in February 
1981. Both deposits appear to be offshore exten
sions of the Middle Tertiary phosphorite belt to 
which the established Florida deposits and the 
Lee Creek Mine in eastern North Carolina belong. 
Offshore southern California, phosphorite 
deposits also have economic potential if in
novative mining methods can be developed. 

PLACER METALS: GOLD, 
PLATINUM, TIN, CHROME, AND 
TITANIUM 

Gold and heavy mineral placer deposits occur 
rather extensively in relict beaches, buried river 
channels . and reworked Pleistocene gravels 
bordering northern California, Oregon, and Alaska 
(fig. 4). The greatest potential for these metals is 
in the Alaska Outer Continental Shelf where 17 
broad target areas were defined earlier, including 
Norton Sound (gold), Goodnews Bay (platinum), 
and western Seward Peninsula (gold and tin). In 
the coastal regions of the G u If of Alaska, 
Geological Survey investigators have postulated 
significant undiscovered recoverable gold 
resources. Virtually nothing is known about placer 
distribution and potential beyond the nearshore 
zone . 

Sand deposits containing about 30 million tons 
of chromite concentrates have been identified on 
the southern Oregon shelf as products of weather
ing of basaltic and ultrabasic rocks in the Oregon
Washington area. On the Atlantic Continental 
Shelf . titanium minerals are typical of the 
weathered products of granitic rock. but 
knowledge of areal variability and grade, 
especially with depth, is very limited. 

OTHER RESOURCES 

Huge quantities of rock salt, estimated to be 19 
trillion tons and possibly containing significant 
potassium and bromine, are within easy drilling 
depth (6,000-7,000 feet) along the shelf and slope 
of the Gulf of Mexico. Newly discovered diapirs 
off the Atlantic coast from Georgia to New jersey 
may also contain salt. Other bulk nonmetallic 
deposits of interest include precious coral 
(Hawaii); limestone and shell deposits in the 
Atlanti c, Gulf. and Pacific continental margins; 
and bulk materials like special clays and 
sediment-mineral combinations suitable for 
ceramic raw materials. 
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I nterna tiona I Highlights 

US. Geological Survey operations in other 
countries fit. in general, into three categories: 
technical assistance and participant training, 
scientific cooperation and research, and represen
tation at international scientific commissions, 
congresses, and unions Specific cooperative ac
tivities are selected in large part because they 
support U .S foreign policy and provide an oppor
tunity to augment objective s of the Survey's pro
grams. The Survey 's overseas inve st igations in
clude studie s that bear direct ly and significantly 
on its re search on natural haza rd prediction and 
mitigation, me asurement of the world 's known 
and potential energy re sources. exploration and 
development of scarce minerals, and remote sens

mg. 

PEOPLES' REPUBliC OF CHINA 

The Survey began to evolve a cooperat ive 
resea rch program with its counterpart in the 
Peoples Republic of China (China) when Director 
H William Menard, as a member of a US 
Government delegation of senior science ad
ministrators, v isited BeiJing in June 1978. and a 
Science and Technological Cooperation Agree
ment was signed on January 31. 1979 

Three reqUirements must be met in the Survey 
activit1es planned to be undertaken in coopera
tion with Ch1na 
• The work done must show a clear benefit to 

the United States. 
• The work done must strengthen our ability to 

achieve the obJectives of our domestic pro
grams and not represen t a diversion of 
re sources for them . 

• The exc hange s must be financed from funds 
currently available . 

Three types of ac ti vities are being undertaken 
with China (1) JOint proJects to be accompl ished 
under the umbrella Science and Technology 
Agreement between the United States and China 
(2) coordination and review of di sc iplinary areas 
for mutually beneficial cooperative research pro
grams. and (3) exc hange of visiting scholars (ca r
ried out under the umbrella Science and 
Technology Agreement) between th e United 
States and PRC 

Earthquake studies 

Earthquake studies are the most thoroughly 
developed part of the research program with 
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China. The participating scientists from both 

countries are experts in seismological instrumen
tation and field operations, seismological data 

analysis and interpretation, and other investiga
tions relevant to earthquake prediction . Benefits 
to the United States from these cooperative earth
quake studies are two. First, field operations in 
China allow the Survey to observe at first hand 
the effects of large damaging earthquakes and to 
acquire a large body of information that will aug
ment observations of earthquake damage in the 
United States. The second advantage offered by 
cooperation with the Chinese is access to a large 
and successful earthquake prediction program. 
China has a very active earthquake prediction 

program because of the high number of damaging 
earthquakes, and the consequent great losses of 
life and property that occur in that country. The 
most notable of several predicted earthquakes in 
China was the Haicheng event of 1975; that 
prediction caused officials to order the city 
evacuated, saving many thousands of lives . 
Because of the widespread and frequent earth
quake damage in China , the Chinese have 
devoted a large amount of manpower and much 
effort to gathering and examining data for earth
quake premonitors. The Chinese have compiled a 
very complete 2,000-year history of seismicity in 
China, and these hi storical records plus the cur
rent data base are unmatc hed in the World. The 
Survey will have access to this information, and 
the Chinese prediction program allows the Survey 
to evaluate China's methods, analysis techniques, 
and prediction successes and failures. The results 
of this effort are directly applicable to predicting 
earthquakes in the United States . A brief descrip· 
ti on of the major components of the earthquake 
program follows: 

PREMONITORY PHENOMENA AND 
TECHNIQUES FOR EARTHQUAKE PREDICTION 

The Survey makes field observations of earth· 
quake precursors and analyzes the observations. 
The work is concentrated on areas near Beijing 
and in Western Yunnan Province. Current ac· 
tivities are as follows: 

• Beijing seismic network support.- Several 
Chinese scientists are to be trained in the 
United States in the operation of the network 
system and in the use of special routines and 
techniques used by the Survey. 

• Magnetic precursors.-Measurement of pre
cursory charges in the geomagnetic field in 
seismic areas near Beijing and in western 
Yunnan Province began with Survey field 



work in the fall of 1980. Recording 
magnetometers will be shipped to China, and 
a Survey delegation will return to Yunnan in 
late 1981 to resurvey the magnetic network 
and discuss Chinese measurements made 
over the past year. 

• Deformation observations -Survey observa
tions of crustal deformation near active 
faults began in 1981. A laser distance meter 
will be used in China for increased 
surveillance of motion on active faults 

• Seismic observations.-A Survey delegation dis
cussed the installation of additional 
seismometers in the existing Chinese network 
in Yunnan Province in 1980. Agreement was 
reached on the type of instrument and six 
systems have been ordered. 

• Analysis of strain data. -Chinese and US 
university scientists, the latter supported by 
the Survey and the National Academy of 
Science, analyzed strain data from Chinese 
observatories. Analysis techniques were 
developed to permit removal of background 
"noise" from strain records, and strain events 
apparently precursory to the disastrous 
Tangshan earthquake were identified 

• Haicheng earthquake analysis.- The Survey is 
supporting a cooperative effort with Chinese 
scientists to analyze foreshocks and after
shocks of the Haicheng earthquake of 1975 . 
This event was predicted, and Haicheng 
evacuated, due to unusual foreshock activity. 
Analysis of these events and following after
shocks suggested that different faults were 
involved in the foreshock sequence than in 
the main shock and aftershocks. 

INTRAPLATE ACTIVE FAULTS AND 
EARTHQUAKES 

The Geological Survey is examing the T anlu 
and Red River faults relative to earthquake recur
rence on active faults. 

Aerial and satellite photographs of the Tanlu 
fault are being examined by both parties in an ef
fort to find sites along the fault that are suitable 
for detailed study. Such sites are not readily ap
parent because cultural activities have obliterated 
much of the surface expression of the fault 

Basic Research in Earth Sciences 

Basic Research activities are just now being ful
ly negotiated. The negotiators have generally 
agreed on the title and scope of 20 mutually 
beneficial projects which, during the next few 

years, could involve exchanges of approximately 
78 scientists for 125 person months. These initial 
exchanges will focus on such topics as explora
tion and analysis of uranium deposits, coal, and 
petroleum basins; relation of volcanism to the 
origin of metallic deposits; the general nature and 
occurrence of petroleum in carbonate rocks; 
geologic and tectonic framework of the Circum
Pacific region, and karst phenomena. Generally, 
the broader the geographic area of study of geo
science phenomena, the greater the understand
ing that scientists can gain of their genesis, 
classification, and economic appraisal of such 
phenomena For U.S geoscientists, China provides 
unique opportunities to study examples of many 
of these phenomena 

INDONESIA 

The present program of the US Geologi cal 
Survey with Indonesia , sponsored by the Agency 
for International Development, is an example of 
technical assistance in action . The general obj ec
tives are to assist the geoscience Directorates of 
the Government of Indonesia in making geologic 
hazard studies, particularly of volcanoes and 
landslides (see figure), and in publication of 
geologic maps and reports ; in establishing data 
banks; in regional environmental studies. in
cluding land use; and in utilizing remote sensmg 
techniques Training is provided for Indonesian 
counterparts to increase the capacity of the In
donesian directorates to gather, assess, and report 
on geologic conditions and mater1al s th at directly 
affect productivity, health, and safety, as well as 
to survey, monitor, and report on geologically 
hazardous areas . This work is important 1n a 
country that has many active volcanoes , many of 
which endanger maJor population centers Glow
ing avalanches of high-density gas, mudflows. and 
landslides are only some of the possible hazard s 
Since the program started, 21 Survey specialists 
have undertaken assignments in Indonesia, in
cluding 4 volcanologists, 5 seismologist s, 1 data 
storage and retrieval expert, 1 computer 
specialist, 5 geologists (land use and landslide 
specialists), 1 soils scientists (from the Soil Con
servation Service) and 1 hydrologi st 

SAUDI ARABIA 
The Technical Assistance Agreement between 

the U.S Geological Survey and the Saudi Arabian 
Ministry of Petroleum and Mineral Resources has 
been extended for 2 years , u nti I 1983 The present 
program, which began in 1963, is assisting the 
Ministry to establish and (or) expand capabilities 
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Damage to village elementary school caused by landslide movement, southern Cianjur Regency, Java, Indonesia. 

of 1ts earth science organization. the Directorate 
General of Mineral Resources. and is the Survey ' s 
largest and longest continuing technical 
assistance program . 

Studies which are a part of the program have 
led to the discovery of a deposit containing 
significant amounts of tungsten and tin at Baid al 
]1malah in Saudi Arabia The deposit is similar to 
well known tungsten-tin deposits in other parts of 
the world Analysis of wadi sediment samples 
shows that the ore minerals have not been widely 
dispersed from the mineralized area by surficial 
processes, and. therefore, similar deposits might 
escape detection in low-sample-density geo-
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chemical surveys . The ore minerals are believed 
to be genetically related to a lead-zinc-silver 
deposit 1 mile to the east. which was the scene of 
mining activity in ancient times. The ancients 
presumably were interested in the silver, which is 
not present in anomalous amounts at the 
tungsten deposit 

The deposit is significant in that it indicates 
that the Arabian Sheild had evolved by the late 
Proterozoic era (650 million-700 million years 

ago) to a stage suitable for formation of special
ized granites Mapping and sampling are in pro
gress to determine the shape, extent, grade, and 
structure of the deposit and surrounding rocks. 



The Way It Was: 
Earthquake Hazard 
Reduction 

At 5:12 on the morning of April 18, 1906, G. K. 
Gilbert of the United States Geologi cal Survey 
woke up with a start, After a f ew seconds, he 
realized that the Earth was shaking underneath 
him. He quickly got out of bed in the redwood
framed building where he was staying in 
Berkeley, California, and began to takes notes. " A 
vigorous earthquake was in progress," he later 
wrote, and he did not want to miss a thing. As 
soon as he could, Gilbert lef t Berkely for San 
Francisco, there to inspect f or him self the 
damage done by one of the worl d's most 
devasting earthquakes and the fire that followed 

it. 

Three days after the earthquake, Governor 
George C. Pardee appointed a commiss ion to in
vestigate. Of its eight members, half were with 
the Geological Survey . There were no State funds 
for the scientists; all the public money went to 
relieve the homeless and destitute . So the 
Carnegie Institution. of Washi ngton, whose 
Secretary was the Survey's Director, C. D. 
Walcott, paid for the research. Three of the 
Survey's full-tim e staf f and two contributors to its 
publication s helped the comm issioners with their 
f ieldwork . 

In 1908 and 1910 came the commiss ion s' mam
moth final report. The fi rst volume o f 450 pages 
gave an account of what happened. In the second 
volume, Professor Harry F. Reid of Johns Hopk ins, 
the Survey's specia l expert on ea rthquake records, 
developed his elastic-rebound theory to expl ain 
earthquakes. Reid's idea that strain builds up a 
fault until a sudden movement releases energy in
to the elastic waves of an earthquake has stood 
the test of time: The Report of the In ves tigation 
Commission was reprinted in 1969. 

There was a second report on the Sa n Fran
cisco disaster, published by the Geologica l 
Survey. Richard L. Humphrey, w ho direc ted the 
Su rvey' s structu ral materia ls laborator ies and 
se rved as secreta ry of the National Advisory 
Board on Fuels and Structu ral Materi als, went to 
San Francisco to study how different mate ria ls 
and methods of making them in to buildings had 
stood up to the earthquake and fi re. H is report, 
together with those of an office r of the Army 
Engineers and the dean of the Coll ege of Civi l 
Eng ineers at Berkeley, came out as Bull eti n 324 
(1907). Gilbert introduced the vo lume with an ac
cou nt of the earthquake itse lf. Resea rch by the 
Survey thus helped begin w hat is known as earth
quake engineering. 
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Water Resources 
Investigations 

Mission and Organization 

TheUS 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 information for plann ers and 
managers . Dem ands 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 determining such 
prior1t1es depend s on access to accurate hydro
logic informat 1on and impartial expertise The in
creasing pressu res asSOCia ted with developing 
energy resources in environmentally sound ways 
are enlarging demands for hydro logic data Water 
is an 1ntegral element in all energy and environ
mental problem s 

Programs 
Water Resource s Di v ision programs fall into 

four categories the Fede ral Program, the Federal
State Cooperative Program, Assistance to Other 
Federal Agencies, and the Non-Federal Reimburs
able Program 

THE FEDERAL PROGRAM 

The data collection, resource investigation, and 
research act1vitl es of this program are carried out 
in areas where the Fede ral interest is param ount 
These include bodies of water in the publi c do
main , river ba sin s and aq u1fers that cross State 
boundaries, and other area s of international or 
mter-State concern . Activities include operation 
of surface- and ground-water quantity and quality 
measurement stat ion s throughout the country, the 
Survey 's Central Laboratories System, hydrol og ic 
research and analytical stud1es, and a variety of 
supporting servi ces . 

THE FEDERAL-STATE COOPERA liVE 
PROGRAM 

The Cooperative Program is ba sed on the con
cept that Federal , State, and local governments 
have a mutual interest in eva luating, planning, 
develop1ng, and managing the Nation's water 
resources The immense size of the task of ap
pralsmg the Nati on's water resources precludes 
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accomplishment by Federal efforts only. Similar. 
ly, State and local agencies working indepen
dently cannot relate to the sizable regional 

aspects of the hydrologic system. Cooperation 
through this Program, under which the Survey 

matches funds provided by State agencies, pro
vides an economical and comprehensive system 
for assessing water resources. Many water prob
lems begin at the local level. Recognizing this, 
the Survey has cooperative agreements with all 

States under which each party funds one-half the 
cost of financing studies of water resources. 

Most projects under the Cooperative Program 
respond to a recognized problem or define a 
potential one. In addition to data collection, pro
grams may focus on water use and availability, 
the impact of man's activities on the hydrologic 
environment, and energy-related water demands 
which may strain available water supplies. In 
emergency situations, such as drought or flood, 
events are monitored, and the data accumulated 
under the Cooperative Program prove invaluable. 

ASSISTANCE TO OTHER FEDERAL 
AGENCIES 

With funds transferred from other Federal agen
cies, the Geological Survey performs work related 
to the specific needs of each agency. Examples of 
work done in cooperation with several of these 
agencies are as follows : 

Department of Agriculture 

Hydrologic studies on small watersheds, sedi
ment studies, stream discharge and quality. 

Department of Defense-Corps of Engineers 
Tidal flows in estuaries, subsidence studies, 
streamflow data, ground-water studies, 
sedimentation and water-quality studies . 

Department of Energy 

Hydrologic and water-supply exploration 
studies at nuclear-explosion sites and at both 
operating and potential nuclear-waste sites, 
research in field of radiohydrology related to 
interaction between radioactive materials and 
various geohydrologic environments, both 

above and below ground; hydrologic modeling. 

Department of Housing and Urban Development 
Flood-plain delineation, flood profiles, flood
frequency studies related to flood-insurance 
programs 

Department of the Interior: 
Bureau of Indian Affairs 

Hydrologic data collection, water resources ap
praisal studies, water-supply investigations on 
reservations . 
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Bureau of Land Management 
Collection of hydrologic data, water-supply 
studies on public lands, effects of coal mining 
on hydrology 

Bureau of Mines 
Collection of hydrologic data, hydrologic 
studies of abandoned coal mines . 

Bureau of Reclamation 
Collection of hydrologic data, ground-water 
resources, reservoir, and land-subsidence 
studies. 

Fish and Wildlife Service 
Collection of hydrologic data, ground-water 
recharge, water supply for fish hatcheries, in
stream flow evaluations, relation of ground 

water to lakes. 

National Park Service 
Collection of hydrologic data, water-resources 
appraisals of National Parks and Monuments, 
flood-hazard, forest-geomorphology, and 

ground-water studies. 

NON-FEDERAL REIMBURSABLE 
PROGRAM 

Non-Federal reimbursable funds are unmatched 
funds received by the Geological Survey from 
State and local agencies in situations where there 
is both Federal and State interest in investigation 
of water resources but where matching Federal 
funds are either unavailable or are not otherwise 
applicable 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 acquisition ac
tivities of all Federal agencies; activities include 
those that produce information on streams, lakes, 
reservoirs, estuaries, and ground water. This coor
dination effort minimizes duplication of data col
lection among Federal agencies and strengthens 
the data base and its accessibility 
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Budget and Personnel 

At the end of fiscal year 1981, the Water 

Resources Division employed 2,790 full-time per

sonnel This number included scientists and 

engineers representing all fields of hydrology and 

related scie nces, technical spec ialists, and ad

ministrative, secretarial, and c lerical employees 

An additional1,874 permanent part-time and in

termittent employees assisted in the work of the 

Division . 
The $194.0 million obligated in 1981 for water 

res ources investigation activities cam e from the 

following sou rces: 

1 Direct Congressional appropriations . 

2 Con gress ional , State, and local appropriations 

for 50-50 funding in th e Federal-State 

Cooperative Program 

3. Fund s transferred from other Federal agen cies. 

4 Fund s transferred from State and local agen
cies . 

Water Resources Investigations activity obligations 
for fiscal years 1980 and 1981, by subactivity 

[Dollars in millions. Data may differ from those in 
statistical tables because of rounding] 

Fiscal Fiscal 

Subactivity and Program* 

National Water Data System-

year 
1980 

Federal Program ---------------~ 
Data Collection and Analysis____ 38.6 
National Water Data Exchange___ 1.2 
Regional Aquifer Systems 

Analysis -------------------- 15.5 
Coordination of National Water 

Data Activities ------------ - - .9 
Core Program Hydrologic 

Research ------------------- 5.7 
Improved Instrumentation __ _____ 2.0 
Ground-Water Recharge ______ __ 1.3 
Subsurface Waste Storage_______ 1.4 
Flood Hazards Analysis_________ .4 
National Assessment of Water 

Supply and Demand----------
Supporting Services ------------ 3.5 

National Water Data System
Federal-State Cooperative Pro-

year 
1981 

~ 
39.0 
13 

15.8 

.9 

6.0 
2.0 
1.4 
1.5 
.5 

.4 
3.6 

gram ------------------------ - 80.4 87.9 
Data Collection and Analysis, 

Areal Appraisals, and Special 
Studies --------------------- 72.8 74.8 

Water Use (Cooperat ive) ___ _____ 6.4 6.8 
Coa l Hydrology (Cooperative)____ 4.8 6.3 

Energy Hydrology ---------------- 30.4 33.7 
Coal Hydrology- ------- --- ----- 19.7 19.6 
Nuclear Energy Hydrology_______ 9.3 10.6 
Oil Sha le Hydrology - - -------- - - 1.4 3.4 

Total- ------ --- --- -------- 184.9 194.0 
Direct programs ----------------- 108.7 115.5 
Reimbursable programs ___________ 76.2 78.5 

States, counties, and munici-
palities-- - ---------------- -- 43.1 45.1 

Other Feder a I agencies _________ 31.3 31.3 
O ther sources - ------- - ------ -- 1.8 2.1 
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One Year Later: How 
the Mount St. Helens 
Eruption Transformed 
Water Resources 

Immediately after the eruption of Mount St. 
Helens, s1gnif1cant hydrologic changes in the en
vironment were evident to all observers The 
magnitude of the changes are becoming apparent 
following a year 's scientific investigations con
ducted by US Geological Survey hydrologists 
which reveal impressive data related to changes 
in water quality, drainage basin structure, 
mudflows, glacier activity, and other significant 
aspects of the water system in the affected area . 

CONTAMINATION OF WATER 

During the eruption, a tremendous amount of 
vegetation was destroyed or transported to some 
point of burial or submergence The Mount St. 
Helens' forests had been exceptionally lush 
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before the eruption . Burning of the forest plant 
and soil organic material created a large number 
of organic compounds that contaminated lakes, 
rivers and much of the airfall material. Some of 
these , compounds were found on bottom material 
deposited in the lower Cowlitz River valley. Much 
of this vaporized organic material condensed and 
attached to ash particles and was transported 
many miles in the ash plume. Some organic ma
terial not immediately burned up was buried in 
the hot debris deposits, was dropped into Spirit 
Lake, or was transported downstream in the mud
flows. The hot wet environment has resulted in 
the continued formation of additional organic 
compounds similar to those formed during the ini
tial blast Many of the contaminants have formed 
into products similar to those in effluents from 

paper and pulp mills . 

One of the most significant changes in water 
quality in lakes has been large increases in the 
concentration of dissolved organic carbon; for ex
ample, the organic carbon content of Spirit Lake 
water increased from 1 to 40 milligrams per liter. 



Approximately 50 percent of the dissolved or
ganic materials are high-molecular-weight colored 
organic acids similar to those from more typical 
aquatic environments, except for higher content 
of organic sulfur. 

Lakes in the area have been sampled for nu
trients (nitrogen and phosphorus), selected metals, 
organic carbon, and other selected constitutents . 
Samples of minute plant and animal life were col
lected and identified to species level where possi
ble. Preliminary results of these studies indicate 
that the impact of the eruption on lake-water 
quality ranges from severe at Spirit Lake, located 
5 miles from the volcano. to little or no impact 
for Deadman's Lake, located approximately 13 
miles from the volcano. 

Studies of the toxicity of the May 18, 1980, 
volcanic ash leachate to common blue-green 
algal species have shown that leachate from 
volcanic ash collected near Richland, 
Washington, was toxic and caused cellular abnor
malities but that leachate from ash collected fur
ther east. Moses Lake and Liberty Lake. 
Washington, was not toxic. The toxicity is 
associated with the composition of organic 
material leached. 

Alteration of the unweathered debris deposits 
will proceed by chemical weathering and hydro
thermal processes, and the resulting products will 
alter the chemistry of the water . Detailed analysis 
of the chemical changes observed in the water 
draining the debris deposits will be needed in 
conjuction with an analysis of mineral alteration 
products to obtain insight into the weathering 
processes in volcanic deposits of this type. 

MUDFLOWS 
One of the major hydrologic hazards 

associated with volcanoes is flowing slurries of 
rock debris and water- variously termed lahars. 
mudflows, or debris flows. A major part of the 
destruction from the May 18 eruption and of the 
cost of cleanup was caused by mudflows. It has 
been known that a major eruption is not a prere
quisite for mudflows on volcanoes. On the flanks 
of Mount Shasta in summer 1977, sudden releases 
of glacier melt water triggered massive mudflows 
in four different drainage areas. And on Decem
ber 25, 1980, heavy rains initiated a catastrophic 
mudflow on the east side of Mount Hood. 

Despite the magnitude of the hazards posed by 
mudflows, relatively little is known about the ex
act physical processes that set the dense viscid 
slurries in motion. Also the flow mechanics of 
mudflows are not understood well enough to 
allow the use of mathematical models to predict 
their size and how far and fast they will move. 

Two studies, focusing particularly on Pine 
Creek and Muddy River, are underway at Mount 
St. Helens that address these questions . The first 
study is concerned with the triggering of 
mudflows on Mount St. Helens, both the flow of 
May 18 and the smaller flows that are still 
periodically occurring Several critical questions 
are being asked: (1) Where exactly does the water 
come from? , (2) Where is the rock debris pi cked 
up?, and (3) How are the two mixed together into 
a slurry? To answer these questions. direct obser
vations are being made on the mobilization of 
small mudflows in the crater and on Shoestring 
Glacier, which frequently experien ces small out
burst floods In addition. still and movie 
photographs and videotapes of the eruption are 
presently being analyzed and should provide 
much useful information. Hypotheses will be 
tested by calcul ations based on known time-mass
energy relations at the time of the erupti on. Com
position and stratigraphy of mudfl ow deposits 
also should shed some light on mechanisms of 
initiation . 

The second study is aimed at documenting the 
flow charac teristic s and identifying the physic al 
param eters of the large May 18 mudflows and the 
smaller ongoing events . The following approaches 
are involved (1) calculation s based on physical 
evidence of past mudflow dynamics. particularly 
the use of superelevation of flow at bends to 
determine flow velocity, (2) determin ation of 
particle-size distribution and origmal-water con
tent of samples of mudfl ow deposits and 
laboratory test ing of strength and VIS COS ity o f 
reconstituted slurries. and (3) d1rect measurement 
of velocity (and veloCity distnbution). channel 
width. depth and sl ope, variation 1n slurry com
position and water content, and hydrograph shape 
in moving mudflows on an In st rumented channel 
reach. supplemented by movie photographs of 
events. To date. samples have been co llec ted. 
superelevation of mudlines are being surveyed, 
and instrumentation is being installed along the 
channel below the Shoestring Glacier for the 
monitoring of active flows. Active mudflows in 
other localities. should they occur. also will be 
used to collect data on mudflow charactemtics 

GLACIER ICE AND SNOW 

Mount St. Helens, the " Mount FuJi of the 
United States, " had a thick cover of glacier ice 
and snow in the early morning of May 18. 1980 
The cataclysmic eruption removed 70 percent of 
this frozen water (170 million cubic yards) Some 
of it melted very quickly, and the water 
lubricated the mudflows; some of it was hurled 
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through the air, pelting survivors; and some of it 
was buried in the debris pile where occasional ice 

blocks persist Contact of this ice and its melt 
water with hot ash caused numerous steam explo

sions which continued for a month or so. An ice 
block may have caused a delayed explosion in 

May 1981 . 
The long narrow Shoestring Glacier was 

beheaded by the eruption . Scientists from the 
Geolog1cal Survey and the California Institute of 
Technology had been studying this glacier before 
the eruption and now could gain new insights 
about the flow of a glacier by observing how the 
flow changes in a "grand experiment " Although 
most of the glaciers were either beheaded or 
removed completely during the eruption, small 
glaciers on the south side of the mountain were 
buried under as much as 6 feet of ash . As a 
result. these glaciers are now much thicker than 
normal, the 1979-80 snowpack still I ies preserved 
under the ash cove r. Studies of the glaciers on 
Mount St. Helens will lead to new ways to predict 
the effects of eruptions on glaciers on other 
Ca scade Range volcanoes and. therefore, the 
hazards to man downstream 

The ash discharged by the eruptions had an ef
fect on snowmelt over a wide area. Studies by 
Geological Survey glaciologists showed that a 
small amount of ash, less than 1 inch, enhances 
the rate of melt of snow. A coating only about 
0.13 inch thick causes the melt rate to double 
Thick er coa tings of ash tend to suppress melt 
These results are useful in predicting runoff for 
the efficient operation of hydroelectric power or 
irrigation water re servoir s in areas dusted by 
volcanic ash 

SEDIMENT, DEBRIS, AND FLOODING 

Sediments deposited in the lower Cowlitz River 
valley during the flooding of May 19, 1980, 
severe ly increased the flooding potential The 
US Army Corps of Engineers began dredging 
operations in the lower Cowlitz and Toutle Rivers 
in July 1980 to increase the amount of flow these 
st reams could transmit without flooding Person
nel of the Geological Survey constructed a digital 
computer model of the lower Cowlitz and Toutle 
Rivers to document the progressive changes in 
flood hazard along these ri ve rs using flood pro
files and inundation maps During the year, the 
model was updated at about 6-week intervals 
following field surveys of channel geometry that 
were made to determine the changes in the chan
nel ca used by the combination of dredging and 
sediment inflow The flood profiles and inunda
tion maps were available on a continuing basis to 
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those agencies responsible for emergency 

response to flooding. The field surveys of channel 
geometry indicated that the May 19 mudflow on 
the lower Cowlitz deposited approximately 47 
million cubic yards of sediment in the Cowlitz 
River and on its flood plain. Nearly all of that 
sediment in the main channel of the river was 

removed by dredging during summer and autumn 
1980. The field surveys also indicated that an ad
ditional14 million cubic yards of sediment was 
deposited in the Cowlitz channel by May 1981. 
This material was derived from the Toutle River 
during the 1980-81 winter flows. 

The debris avalanche material that filled ap
proximately 17 miles of the North Fork Toutle 
River valley blocked inflow from tributaries along 
this reach. Large lakes have formed in Coldwater 
Canyon Creek and in South Fork Castle Creek. 
The outlet to Spirit Lake was blocked by the 
debris avalanche, and this lake continues to in
crease in size . Projections made by the 
Geological Survey scientists indicated that Cold
water and South Fork Coldwater Creek Lakes 
would fill and overtop their debris dams by late 
1981 or early 1982. In response to these projec
tions, the Corps of Engineers constructed a 
spillway at Coldwater Lake to prevent overtop
ping In the near future, construction of a 
spillway at South Fork Castle Creek Lake will 
begin 

Investigations are underway at Coldwater and 
South Fork Castle Creek Lakes to determine the 
extent of water in the debris dams blocking them 
and its direction and rate of movement. Results 
will help determine the susceptibility of these 
dams to failure A study also is underway to 
determine whether Spirit Lake will eventually fill 
and overtop its debris dam. One of the new gag
ing station sites installed this past year is located 
in the North Fork Toutle River just below Cold
water Lake . This station, along with lake-stage 
gages at each lake, will provide an almost instan
taneous warning if any of the lakes should break 
out and also will provide a warning of flooding 
from a volcanic flow or snow. 

The Drought of 
1980-81 

The periodic occurrence of serious droughts in 
the United States represents a major water 
resources problem not easily resolved by man's 
intervention . It is obvious that the ever-increasing 
demand for water for food and fiber, energy con
version, industry, and domestic use will magnify 



AUGUST 1980 

STREAMFLOW 
,----------., 

L____ 

In normal range 

Above normal 
(within the highest 25 percent 

of record for this month) 

D 
Below normal 

(within the lowest 25 percent 
of record for this month) 
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the effects of future droughts on the Nation's 
well being. Construction of reservoirs to mitigate 
the effects of droughts becomes progressively less 
feasible because of rising costs of land and con
struction, environmental constraints, and the lack 
of suitable dam sites. 

The drought of 1980-81 may be described as 
typical. It was unpredictable and, like most 

droughts, had adverse effects on large segments 
of the popuiation and the economy This discus
sion of the 1980-81 drought serves to high! ight 
drought problems that have general applicability 

What are droughts? When, precisely, did the 
1980-81 drought begin and end? What caused the 
drought and what were its impacts? And, finally, 
what can we do about droughts? 
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WHAT ARE DROUGHTS? 

Droughts mean different things to different 
people-farmers need water for crops, and city 
managers, for water supply; m fact. everyone 
needs water for some essential purpose. In 
general, a drought implies a deficiency of 
precipitation or water supply over a significant 
period of time. The magnitude or length of defi
c iency sufficient to classify an event as a drought 
is different for different water users and for dif
ferent "experts " on droughts 

A variety of methods have been proposed for 
assessing droughts One common technique ac
cumulates data which represent annual or 
seasonal deviation from normal precipitation. 
Wayne C Palmer of the US Department of Com
merce recommended a comprehensive index com
puted from the magnitude of precipitation defi
cie ncy and climatic conditions to reflect a 
general state of dryness Hydrologists index 
droughts through assessment of the percentage of 
normal strea mflow and the status of ground-water 
leve ls. Agri culturists developed a "Crop Moisture 
Index," and there are others Whichever index is 
used. the 1980-81 event definitely qualifies as a 
drought 

WHEN DID THE 1980-81 DROUGHT 
BEGIN AND END? AND HOW DID IT 
DEVELOP? 

Pmpointing the onset of a drought is difficult 
Given the lack of agreement about what con
stitutes a drought, it is imposs 1ble to be ce rtain 
when a dry period becomes Significant and 
qualifies as a drought Even when a drought is in 
progress, we cannot be certa1n whether a storm or 
seri es of storms ends the drought or provides only 
a temporary respite 

The 1980-81 drought probab ly began in May
June 1980. At that time, stream gages in the 
northern Great Plains and in areas along the 
Pacif1c Coast indicated flow rates in the below
normal range, defined as flows within the lowest 
25 percent of experience for that month. The 
Palmer Droug ht Index also began to indicate con
ditions of severe drought at that time 

Ext reme heat m the summer of 1980, particular
ly in Texas and the southern Great Plain s, rapidly 
dep leted mo1sture supplies and combined with a 
persistent absence of normal precipitation across 
much of the Nation to rapidl y expand the area of 
def1c1ent st reamflow During July and August, the 
drought area Included large parts of the midconti
nent. parts of the Pacific Coast. and portions of 
the Southeast 
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The winter of 1980-81 was unusually dry 
Precipitation over much of the conterminou.s 
United States was light, and ground-water 

aquifers and surface reservoirs did not refill t& 
normal levels. Warm temperatures over the 

western mountains, combined with light precipita
tion, prevented an accumulation of normal 
snowpacks. Record low measurements were 
recorded for the Cascades of Oregon and the 
Rockies of Montana, and spring and summer 
runoff from snowpacks was forecast to be less 
than 70 percent of normal for virtually all the 
West. 

The areal extent of the drought reached a max
imum in March 1981 when about two-thirds of 
the conterminous United States recorded 

streamflows in the below-normal range. Figure 1, 
taken from the Geological Survey Water
Resources Review shows the geographical extent 
of the area of deficient streamflow. Figure 2, 
taken from the Weekly Weather and Crop 

Bulletin, published by the National Weather Serv
ice and Department of Agriculture, shows the 
Palmer Index on March 28, 1981. Figures 1 and 2 
generally depict the same geographic area af
fected by drought conditions. 

A slow, but relatively steady, reduction m the 
extent of the drought began in April 1981. Heavy 
rains in a band from Texas to Ohio changed local 
concerns from water shortage to floods and to 
crop fields too wet to plant. Nevertheless, during 
June 1981, below-normal stream flows still occur
red in a wide band from California to Kansas and 
as far as North Dakota and in another area cover
ing South Carolina, Georgia , Alabama, and 
Florida . 

Was the drought over, or were we in a period 
of only temporary relief? It was difficult or im
possible to tell by autumn. Weather conditions 
over the forthcoming months would determine 
whether the drought would continue or end. 
Long-range climatological forecasting is not yet 
developed to an extent that much confidence can 
be placed in any forecasts of the continuance or 
end of a drought. 

The following facts may provide some measure 
of the extent and intensity of the 1980-81 
drought: 

• Combined flow for the Nation's " Big Five" 
rivers-Mississippi, Columbia, St. Lawrence, 
Ohio, and Missouri-averaged below normal 
for 6 consecutive months through May 1981 . 
The Big Five rivers account for al 1nost one
half of the stream runoff in the conterminous 
United States, and their flow records provide 
a quick useful check on the Nation's water 
resources. 
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(within the lowest 25 percent 
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FIGURE 1. -Status of streamflow conditions in the United States during March 1981. (From U.S. Geological Survey 
Water Resources Review.) 

• Record low ground-water levels occurred in 
parts of at least 20 States during January 
1981 

• Monthly and (or) daily mean flows were 
the lowest of record for January 1981 in 
parts of 16 States (mostly in southeastern and 
northeastern parts of the United States). 

IMPACTS OF DROUGHT 

By mid-September 1980, it was evident that 
water supplies in much of the Northeast were 
seriously deficient. Drought declarations were 
issued by the Governors of Pennsylvania, New 
jersey, and New York. New York City initiated a 
_vigorous water-conservation campaign. The 
Delaware River Master proposed significant 
reductions in diversions by New York City from its 

Delaware River reservoirs and in the quantity of 
water required to be released to maintain 
downstream flows 

Communities in northeastern New lersey, 
eastern Pennsylvania, and parts of Connecticut 
were particularly hard pressed Some, such as 
Greenwich, Connecticut and Hackensack, jersey 
City, and Newark, New jersey, were reported to 
have less than 30 days' supply remaining at one 
time. An emergency pipeline was built to deliver 
25 million gallons of water per day from Lake 
Hopatcong to the Rockaway River where it could 
be utilized by the northeastern New Jersey 
distribution systems 

In northern New jersey, arrangements were 
made to divert 20 million gallons per day from 
the New York City system through a pipeline to 
be constructed on the George Washington Br~dge 
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~ Moist conditions 

c::=J Normal conditions 

c:::J Moderate drought conditions 

c:J Severe drought conditions 

- Extreme drought conditions 

Cautionary note : In froze n areas. som e mo isture may 
be above gro und as snow or ice and may evaporate 
or run off rather than soak in . 

Based on preliminary tel egraphic rep o rts NOAA/USDA JO INT AGRI CULTU RAL WEATHER FAC ILITY 

FICU RE 2 -Palmer Index for the Un ited States for March 28, 1981. {From Weekly Weather and Crop Bulletin 
published b y National Weather Service and Department of Agriculture.) 

The w ater would be delivered to the Hacken sa ck 
W ater Com pa ny for di stribution in that area . 

In O c tober, the salt front in the Delaware 
Estuary intruded upstream to mile 96.5, a po int 
ju st 1 5 miles downstream from the Camden, New 
jersey, well field posing a possibility of con
tamination to that source of supply . By 
November 15, however, the salt front had 
retreated about 8 miles, relieving the threat of 
contamination to the Camden water supply 

Starting in earl y February 1981 , ra infall and 
snowm elt produced some runoff that served to 
improve wa ter supplies generall y, and, by the 
middle of May, it was possibl e to res cind the 
restricti ons on New York City diversions. The con
servation campaign in New York City had served 
to redu ce consumption by more than 100 million 
gallons per day 

Another populous area , Norfo lk- Virginia Beach, 
Virginia , al so adopted mandatory restriction s dur
ing fall1980, and plan s were made to develop 
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emergency ground-water supplies to augment 
dwindling surface-water sources . 

In Florida, sinkholes suddenly appeared as 
ground-water levels declined. Forest fires became 
a serious hazard in many parts of the Nation, 
especially in the Western States and in southern 
Florida . The Nation's corn crop was down 10 per
cent, and the peanut crop failed disastrously. The 
Mississippi River had record low water levels-so 
serious that barge traffic was stalled. 

Although public appeals to conserve water are 
effective, saving water causes financial losses to 
water suppliers. In many cases, rates must be 
raised, ironically penalizing those who conserve. 

Responses to Drought 
Communities historically have reacted to water 

shortages by asking users to conserve water, by 
seeking new or temporary water supplies, and by 
regulating water use. Fundamental to the design 
and implementation of such responses is a better 



understanding of water-use patterns and of the 
hydrology of drought, the availability of auxiliary 
water resources during drought, and an improved 
ability to predict drought occurrence and severity. 
At present, drought and drought-related phe
nomena are among the least understood aspects 
of hydrology, imposing severe limitations on plan
ning and management measures. 

Principal Federal participants in drought 
evaluation include the National Weather Service, 
the U.S. Geological Survey, and the Soil Conser
vation Service. The National Weather Service 
monitors and assembles data on climatic vari
ables related to droughts . Similarly, the 
Geological Survey observes and publishes infor
mation on the quantity and q~ality of surface-and 
ground-water resources, and the Soil Conservation 
Service has responsibility for coordinating and 
managing information on soil moisture and 
western mountain snowpacks. 

Monthly information on ground-water levels 
and streamflow conditions is published by the 
Geological Survey in a publication entitled Water 
Resources Review. During periods of drought, the 
Geological Survey expands data-collection activi
ty on streamflow, reservoir, and ground-water 
levels to provide State and local agencies and 
private organizations additional information to 
make water management decisions . During the 
1980-81 drought. the Geological Survey re
sponded to numerous requests for information on 
supplemental water sources, water-quality 
changes, ground-water levels, and location of 
saltwater fronts . 

EMERGENCY RESPONSE 
Response of Federal agencies to ongoing 

droughts is intended to supplement the efforts 
and capabilities of State and local governments . 
The Federal Emergency Management Agency co
ordinates Federal assistance and technical 
guidance in areas experiencing a drought and has 
compiled a list of Federal agency programs, 
authorities, functions, and activities that may 
assist States with water-shortage problems. 

River-Quality Assessments 
in the Federal-State 
Cooperative Program 

The need for water-quality information nation
wide is rapidly increasing. Despite considerable 
progress in solving complex water problems, 
stresses affecting the quality of the Nation's 
waters are multiplying. Any deterioration in the 

quality of water available for domestic, munici
pal, industrial, or agricultural uses obivously has 
an adverse affect on human health and the Na
tion's economy. 

In the 1970's, public awareness and concern 
about water quality resulted in the passage of a 
variety of Federal and State laws which provided 
a legal framework for protection and improve
ment of water quality . Nevertheless. the scientific 
and technical information base required for deci
sionmaking is still inadequate Challenging prob
lems remain to be solved . 

Many leading water-quality specialists believe 
there is a need for a scientific approach to river
quality management which emphasizes an under
standing of the cause-and-effect relations in
volved, distinct from a legalistic approach When 
such relations are defined and verified, a power
ful predictive tool is developed which can be 
used by planners and managers to evaluate alter
native courses of action . 

In this discussion , " river quality" refers to the 
physical , chemical , and biological characteristics 
of water with regard to its suitability for specific 
uses. A river may be of good quality for one use 
and bad for another, depending on its char
acteristics and the selected quality criteria . D. A. 
Rickert and W . G. Hines, 1975, ' stated, " The 
charac teristics and criteria for Judging quality are 
based on scientific knowledge and popular per
ceptions Popular perceptions, in turn, depend on 
environmental, economic, and demographic con
ditions. As these conditions change, perceived 
purposes and suitabilities of rivers change, and 
the water resource decisionmaker is often left 
without adequate scientific information to 
evaluate alternatives ." 

To fill thi s information void , river-quality 
assessments are designed to determine the quality 
of rivers from the standpoint of the river system 
stress and response in time and space and as a 
function of streamflow River-qua I ity assessments 
define major environmental and cultural controls 
of those characteristics of a river system that 
decisionmakers perceive as being most important 
to resource planning and management. 

GEOLOGICAL SURVEY'S RIVER-QUALITY 
ASSESSMENT PROGRAM 

Historically, many agencies have collected 
water-quality data and prepared river-quality 
reports. In 1964, in an attempt to eliminate 
duplication of effort and to develop uniform data 
standards, the Bureau of the Budget designated 

'A Practical Framework for River-Quality Asses sment. 

US Geological Survey Circular 715-A; 1975. 
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the Department of the Interior as the lead agency 
in coordinating Federal ac tivities related to water
data acquisition Responsibility for this function 

was assigned by the Department to the U.S. 
Geological Survey The Survey established ad-. 
v isory committees to ass ist it in dlschargmg thi s 

responsibility . 
In 1971. the Survey 's Advisory Committee on 

Water Data for Publi c Use recommended that the 
Geological Survey conduct a river-quality assess
ment As a result. in 1973, a prototype assessment 
was begun in the Willamette River Basi n, Oregon. 

S1nce then. six other federally funded . 
assessments. which encompa ssed a wide vanety 
of river-quality problems, have been conducted 

by the Survey 
The ba sins studied during the federally funded 

pilot program were ca refull y se lected from 80 
basins which had been nominated for 1nvest1ga
tion by fi eld offices of the Geo logica l Survey; by 
other Federa l. State. and loca l agencie s; and by 
the Advisory Com m1ttee on Water Data for Publi c 
Use . The basi ns were located in all sections of 
the country As a result , considerable interest was 
arou sed in the assessment program as a tool to 
aid 1n water resou rc es planning and management 

RIVER-QUALITY ASSESSMENTS IN 
THE FEDERAL-STATE COOPERATIVE 
PROGRAM 

The federally funded prog ram resulted in 
development and demonstrat ion o f method
ologies for condu ct ing other r1ver-qual ity 
assessments . Currently, there are 27 prOJects in 
the Federal-State Cooperative Program that sa tisfy 
the criteria of river-qu ality assessments . This Pro
gram provides a logica l means of providing 
grassroots identification of probl ems. a st rong 
meld of Federal and State interests. and an oppor
tunity to further develop tec hniques th at have 
high potential for tran sfe r to other loca tions 
Typ1 ca l of the Program assess ments under way 
are (1) Pequ ea Creek m Penn sy lva nia , w hich is 
concerned with defining the discharge o f su s
pended sediment. nitrogen. phosphoru s. and 
triazine herbicides from sel ec ted land use areas, 
(2) the water-quality assessment and steady-state 
dissolved oxygen model of the White River in 
Arkansas. w hich defines dissolved oxygen 
dynamics in a stream with numerous large pools. 
and (3) the Hudson River assessment. a descrip
tion of which follows 

THE HUDSON RIVER ASSESSMENT 

In the late 1960's and early 1970's, nearly four 
decades after the introduction of polychlorinated 
biphenyls (PCB's) into commercial use, sc ientists 
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began to be aware of widespread PCB dispersion 
in the environment and the resultant possibility of 
hazard to health. The discharge of PCB's into the 
Hudson River from about 1950 to 1977 had re
sulted in serious degradation of the river as a 
source of food and drinking water. 

In 1976, the Geological Survey, as part of its 
Federal-State Cooperative Program and in coop
eration with the New York State Department of 
Environmental Conservation and the Board of 
Water Commissioners of the Town of Waterford, 
began a study of PCB's in the Hudson River to 
determine concentration and transport rate of 
PCB's in the river and to provide a basis for 

dec iding what actions should be taken to reduce 
the level of contamination. 

History of the Problem 

PCB's are actually a group of closely related 
compounds, the molecular structure of which is 
illustrated in figure 1. Between 1 and 10 chlorine 
atoms ca n be attached in any of the 10 substitu
tion sites (X) on the biphenyl portion , creating 
over 200 possible compounds . Commercial mix
tures contain a number of these compounds 
whose chlorine content is dependent on the par
ticular manufacturing process used by the pro
ducer At the time of the Hudson River assess
ment. the only important U.S. producer was Mon
santo Chemical Company which marketed PCB's 
under the trademark of Arochlors until produc
tion was discontinued in 1977 . 

Although PCB's had a variety of uses, their ma
jor use was in electrical capacitors and 
transformers, where their resistance to degrada
tion at high temperatures made them particularly 
valuable as insulators and coolants. The General 
Elec tri c Company purchased PCB's for use in 
manufacturing of electrical equipment at plants 
in Fort Edward and Hudson Falls. Records in
di ca te that between 1966 and 1974 these two 
pl ants accounted for 15 percent of all domestic 
purchases of PCB' s. 

Discharge of PCB's from two outfalls on the 
Hudson River dates back to about 1950, although 
records of the actual volume discharged are 
available only for the past 10 years. These 
records show that the quantity averaged 35 
pounds per day in the early 1970's. Discharge was 
terminated in 1977. Wastes accumulated in a 
river pool retained by the Old Fort Edward Dam, 
a 150-year-old stone-and-wood structure used for 
generation of hydroelectric power. In October 
1973, when the dam was removed, massive quan
tit ies of PCB-Iaden sediment that had collected 
behind the dam were washed downstream. It is 
estimated that about 650,000 pounds of PCB's are 
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FIGURE 1.-Structure of polychlorinated biphenyls. 

now present in Hudson River sediments. Concen
trations of PCB's in the sediment generally 
decrease downstream from more than 1,000 parts 
per million at Fort Edward to less than 10 parts 
per million in the harbor at New York City These 
sediments are believed to be the source of PCB's 
in the Hudson River water. 

Upper Hudson River 
The Hudson River above the head of the tidal 

estuary at Troy is marked by a series of low-level 
dams used for navigation and power generation. 
The 45-mile reach from Troy north to Fort Edward 
contains eight dams. Samples of river water are 
being collected by the Geological Survey within 
this reach at Rogers Island (near Fort Edward), 
Schuylerville, Stillwater, and Waterford . Locations 
are shown on figure 2. In addition, background 
samples are being collected from a bridge at 
Glens Falls upstream from the contaminated 
reach. PCB' s have not been found at the 
background station. 

Figure 3 shows the relationship between con
centration of PCB's and water discharge ex
pressed as a U-shaped curve. The increase at very 
high discharge is due to resuspension of con
taminated sediments in the river water. These 
high discharges typically occur only during a few 
days of spring snowmelt, but, during this time, as 
much as one-third of the total annual PCB 
transport may occur. Figure 3 indicates that the 
relation between concentration and discharge 
during these floods differ from year to year. This 
variation is partly a reflection of the alternating 
covering and reexposure of PCB-Iaden sediments 
on the river bottom; but the major cause is the 
variation in source of flood flow, which may be 
either far upstream, passing over the more con
taminated reaches, or further downstream, pass
ing over the less contaminated reaches. Similar 
results also have been found at Stillwater and 

Waterford. 
The increase in PCB concentration at low dis-

charge is due to a relatively constant source of 

PCB's seeping from bottom sediment into the 
overlying water column. In contrast to the periods 
of very high discharge when PCB's are attached 
to suspended sediment, the balance of the time 
they are found mainly in the dissolved phase. 
Average flux (excluding floods) is calculated to be 
2 pounds per day at Rogers Island and 10 pounds 
per day at Schuylerville, Stillwater, and Water
ford, with quantities decreasing by about one-half 
since 1980. The fact that nearly identical fluxes 
are observed at the three downstream sites in
dicates that the most highly contaminated 
sediments are still upstream from Schuylerville 

Hudson River Estuary 

The 150-mile tidal reach of the Hudson from 
Troy to the Battery in New York City has suffered 
the major economic impact of contamination 
Commercial fishing for nearly all species has 
been banned and sport fishing has been curtailed 
substantially The New York State Department of 
Environmental Conservation estimates economic 
losses may be as high as $25 million annually 

Water samples have been collected from late 
spring to early fall in the upper two-thirds of the 
estuary since 1978. Average PCB concentration 
decreases from 0.25 part per billion near the head 
of the estuary to 0.1 part per billion 100 miles 
downstream; average concentration during the 
same period at Waterford is 0.4 part per billion 
The difference between concentrations at Water
ford and the head of the estuary is due to dilu
tion by the Mohawk River which contains no 
PCB's and enters the Hudson just below Water
ford . Further decrease in concentration at 
downstream sites in the estuary is due to dilution 
by tributaries and perhaps in part to losses by 
volatilization . 

Drinking Water 
Numerous private households, institutions, and 

communities use the Hudson River as a source of 
drinking water. Waterford and Poughkeepsie (80 
miles south of Troy) are the major users of public 
supplies. The standard for finished drinking water 
has been set by the New York State Department 
of Health at 0.1 part per billion. 

Most monitoring has been done at Waterford 
rather than Poughkeepsie because PCB concentra
tion is known to be higher there than in the 
estuary Concentrations in raw and treated water 
have been measured Results show that the con
centration in treated water rarely exceeds the 
drinking water standard. 

During high discharge, removal is achieved 
readily simply as a byproduct of the settling proc
esses that remove suspended sediment from the 
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FIGURE 2 -Map of Upper Hudson River Basin showing major tributaries and location of sampling sites. 

raw water. During the rest of the year, when a 
significant fraction of the PCB's is present in the 
dissolved phase, removal is achieved by the com
bination of settling, coagulation, and charcoal 
filtration processes used for water purification 

Cleanup Plan 
If PCB transport rates were to remain constant 

in the future . it would take nearly a century to 
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move the total accumulation of PCB's from the 
upper river. Even though covering of old con
taminated sediments with new uncontaminated 
sediments and natural degradation of PCB's could 
shorten the interval, the length of time necessary 
for the river to clean itself by natural processes is 

still very long For this reason, the U.S. En
vironmental Protection Agency and the New York 
State Department of Environmental Conservation 
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FIGURE 3. -Results obtained for Hudson River at 
Schuylerville illustrating U-shaped relation between con
centration of polychlorinated biphenyls and river 
discharge. Dashed line represents "average " conditions 
during spring snowmelt flood period; solid line is de
rived from regression relation between concentration 
and inverse discharge during remainder of year. 

have decided to spend $26.7 million to remove 
contaminated sediments by dredging. 

Dredging for removal is planned to begin in 
1982 or 1983 and will be completed in 1 year. 
Dredging will remove sediments from about 30 
"hot spots" above Schuylerville where concentra
tion of PCB's exceeds SO parts per million. The 
sediments will be stored in a clay encapsulation 
site on 250 acres a few miles south of Fort Ed
ward. Removal of these hot spots will decrease 
total PCB' s in sediments of the upper river by 
nearly one-half and should, therefore, result in a 
comparable decrease in concentrations and loads 
transported by the river. Water sampling on the 
upper Hudson is scheduled to continue through 
1986 to compare " before and after" dredging 

concentrations. 

Acid Rain- What We 
Know and Don't 
Know 

The phenomenon of " acid rain, " or precipita
tion with low pH values was observed in Europe 
as early as 1966 and later was noted in the North
eastern United States in 1974. The term pH is 
used to describe the free hydrogen ion concentra
tion and acidity of water. A pH of 7 is called 
neutral; pH 's above 7 are called basic or alkaline; 
pH' s below 7 are called acidic. The pH of water 
in equilibruim with atmospheric carbon dioxide 
(CO,) is 5.6, a value considered to be the normal 
condition for precipitation in the absence of 
strong acid-forming materials. The term acid rain 
applies to preciptiation with a pH of less than 5.6. 

It is by no means certain that precipitation is in 
equilibrium with C0 2 all the time. Variations in 
the pH of precipitation above and below 5.6 may 
be due in part to departures from equilibrium 
Oversaturation with CO, will lower the pH below 
5.6, and undersaturation will raise it Both condi
tions may be caused by particular combinations 
of temperature, barometric pressure, and tur
bulence in the atmosphere during rainfall, as well 
as by changes in the concentrations of C0 2 in the 
air from place to place 

Despite the present uncertainties as to the ex
tent and importance of the effects on pH from 
variations in CO,, which have only partial relation 
to manmade air-pollution sources, scientists have 
tentatively ascribed the causes for pH 's of less 
than 5.6 to strong acid-forming gases as opposed 
to the weak acid-forming gas CO , 

The occurrence of rainfall with a pH of below 
5.6 in North America (fig 1) is centered in the 
northeast corridor of the United States and 
through Ontario, Quebec, and the Maritime Prov
inces of Canada The occurrence of pH values 
higher than 5.6 in Montana, North Dakota, Alber
ta, and Saskatchewan may be caused by dust in 
the rain which neutralizes the normal acidity 

Acid rain is thought to be caused by acid
forming nitrogen and sulfur oxides emitted from 
automobiles, coal- and oil-fired powerplants, and 
many industrial plants (fig . 2). Emissions of 
nitrogen and sulfur oxides are strongly localized 
in the upper Midwest, Northeast, Gulf Coast, and 
Pacific Coast States and in southern Quebec and 
Ontario and parts of Alberta . These gases pass in
to the atmosphere where they are carried by 
prevailing winds and precipitated in rain and 
snow. These and other acid-forming materials also 
are produced by many natural processes such as 
volcanic eruptions and the decomposition of 
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FIGURE 1 . - Occurrence of rain fa ll in North America with a pH of below 5 .6 . 
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FiGURE 2 . -Schematic of sources and transport of acid-forming gases. 

organic material. Scientists now are attempting to 
determine the mechanisms that form such 
naturally produced acid-forming materials and 
the extent of their occurrence to better assess the 
extent and severity of man's influence. 

Arctic, tropical, and Pacific airstreams tend to 
converge over the upper Midwest and North
eastern States and the Maritime Provinces of 
Canada, causing the prevailing pattern of weather 
fronts and normally high precipitation in this 
region year-round (fig. 3) In the process, airborne 
acid-forming materials emitted from the industrial 
and population centers of this country and 
Canada are swept into this area to be combined 
with precipitation to create the acid rain 
phenomenon. This pattern of airmass movements 
together with the location of manmade sources 
explains, in part, the localization of the effect 
over the northeast corridor and Maritime Prov
inces and the relative absence of the effect west 
of the Rocky Mountains. However, acid rain has 
been observed in the Sierra Nevada and Cascade 
Ranges of the West and the Rockies as well. 

There the effect is thought to be due to emissions 
from very loca lized population and indu strial 
centers, such as Los Angeles, San Fran c1sco. and 
Denver . 

Recent studies suggest that the acidity of 
precipitation ha s been increasing since the 
mid-1950's and has caused the acidification of 
several lakes in this cou ntry and Canada . The 
phenomenon apparently has been with us for at 
least the last 25 years but may have worsened 
during that period Studies suggest a steady 
decrease in pH of precipitation in those most 
severely impacted areas of the Northeast from 
about 4.5 in 1955 to about 4.1 in 1975 and the 
present day (fig. 4) Many scientists are skepti ca l 
of the methods used to make this interpretation, 
and further studies and monitoring are being con
ducted to verify the trend . 

Among the studies conducted recently to 
detect effects from and trends in the occurrence 
of acid rain was a statistical analysis of stream
quality data collected over the past decade at the 
U.S. Geological Survey's remote Hydrologic 
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FI GU RE 3. -Schematic representation of the surface 
flow across North America, illustrating the wedge 
of Pacific air east of the Cordillera and the 
downstream entrainment and mixing of airstreams. 
Based on july resultant surface winds . (From 
Bryson and Hare, 1974.) 

Bench-Mark Program stations . Analyses of the 
data show that there have been widespread in
creases in sulfate concentrations . The extent of 
the upward trends supports the theory that at
mospheric sources (as opposed to land distur
bance, wh•ch would be more localized) is the 
primary cause. The major source of sulfate would 
be sulfur oxides from combustion of fossil fuels . 

Concentration s of nitrate showed uptrends also, 
primarily at stations east of the Mississippi River. 
The major source of nitrate may be nitrogen ox
ides from internal combustion engines . 

Despite the u ptrends in sulfate, however, there 
is no clear pattern of falling pH or alkalinity 
levels at the Hydrologic Bench-Mark Program sta
tions . In fact pH levels are increasing at many 
stations in the West and in the Gulf Coast States 
No explanation for this apparent contradiction is 
offered, but the existence of this contradiction 
suggests that further study of the effects of acid 
rain on stream quality is needed . 

Another study recently completed by the 
Survey using data collected over the 13-year 
period from 1965 to 1978 at nine precipitation 
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monitoring stations in New York State suggests a 
mixed pattern of trends in the acidity of precipita· 
tion. The pH decreased (increased acidity) by 
about 0.2 pH units in the western part of the 

State but increased by about the same amount in 
the eastern part during the period of the study. 
The concentrations of sulfate (the ion produced 

by the strong acid-forming sulfur oxide gases) 
decreased by 0.25 percent per year, but the con
centrations of nitrate (the ion produced by the 
strong acid-forming nitrogen oxide gases) in

creased by 4 to 13 percent per year. This suggests 
a steady shift of predominate sources of acidity 
from sulfur oxides emitted from fossil-fueled in
dustries and powerplants to nitrogen oxides pro
duced by internal combustion engines, mostly in 
automobiles. Other evidence suggested that the 
acidity was being partially neutralized to a 
variable degree from place to place and time to 
time, possibly by air-borne particulate material. 
Neutralization produced an increase of about OJ 
pH units in nonurba'n areas and 0.7 pH units in ur
ban areas. 

A statistical analysis of chemical data from 
several streams in New York yielded little 
evidence of temporal trends resulting from acid 
precipitation except in the Adirondack Mountains 
where the soils lack significant capacity to 
neutralize the acidity. 

Studies indicate that acids can be neutralized 
by passage through deep well-developed chem
ically reactive soils. Where those soils are absent, 
the acids pass unaltered into streams and lakes. 
Areas where deep soils are absent are found 
throughout New England and the Canadian Shield 
of Ontario, Quebec, and the Maritime Provinces, 
and it is here that effects from acid rain are most 
prominent In the Adirondack Mountains, the pH 
of selected lakes has decreased since the 1930's 
(fig. 5) The median pH value of 138 lakes 
decreased from 6.75 between 1930 and 1934 to 
6.51 in 1979; but, more importantly, the percen
tage of lakes with a pH of below 6 more than 
tripled from 6.5 to 19.6 percent during this period. 
Moreover, a comparison of lakes in a different 
group between 1930 and 1975 showed that the 
occurrence of lakes with a pH of less than 5 also 
increased dramatically. 

A loss of fish was illustrated dramatically in a 
comparison of fish populations between the 
1930's and 1975 in 40 Adirondack lakes located at 
high altitudes (fig 6). The link between reduced 
pH and loss of fish has not been established com
pletely, but at least two mechanisms are thought 
to be at work. First. fish eggs and fry are more 
sensitive to low pH than are adults. Simultaneous 
occurrences of spawning and a sharply reduced 



1955-56 1965-66 

FIGURE 4 . -lsopleths of the weighted annual average pH of precipitation in the Eastern United States in 1955-56, 
1965-66, 1972-73, and 1975-76. (U.S. Department of Energy, 1981; modified from Likens and others, 1979) 
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pH during snowmelt runoff , at which time the 
acid material s accumulated in the snowpack tend 
to concentrate into a smaller volume of water, 
cause high mortality of eggs. Second, higher con
centrations of dissolved aluminum accompany re
duced pH . Aluminum oxides are known to coat 
fish gills and cause loss of respiratory capacity, 
increasing stress on the population 

In addition, many scientists think the food sup
ply of the fish may be under stress at reduced 
pH Many microscopic organisms which convert 
land-derived organic material to edible forms can
not survive at pH values less than 5. Because 
most streams and lakes at higher elevations re
quire land-derived organic matter as the primary 
food source for higher organisms, the disruption 
of the organisms that reduce the leaves and 
debris from the land to edible form could be par
ticularly disastrous to aquatic life. To date, there 
is only slight evidence for foodchain disruption as 
a major effect. but studies in this area have been 
underway only a short time and may yield defini
tive information in the near future 

The economic damages from acid rain have not 
been studied thoroughly enough to place dollar 
amounts on specific instances, but several actual 
or potential effects have been identified. 

• The loss of native fish populations due to 
cidification of lakes in the United States and 
Canada means a loss of recreational value in 
the affected areas and a consequent loss of 
tourism . 

• Any disruption of normal foodchain relations, as 
is now being speculated as the cause or loss 
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FIGURE 6 -Frequency distribution of pH and fish 
population status for 40 high-elevation lakes 
surveyed in the 1930's and again in 1975 
(Schofield, 1976). 

of some fish populations, could extend to 
terrestrial ecosystems as well. Such disrup
tion could cause losses of valuable plant and 
animal species. 

• Forest productivity may be reduced directly 
from damage to leaves and indirectly from 
increased susceptibility to diseases. Moreover 
increased acidity tends to leach important 
nutrients such as potassium and calcium 
from the soil, leading ultimately to reduced 
fertility 

• Acid precipitation or the interaction of acid
forming gases with dew is causing damage to 
manmade artifacts such as statues, monu
ments, and historic structures here and 
throughout Europe. Corrosion of metals and 
erosion of concrete and stone may be ac
celerated, thus threatening damage to 
buildings, bridges, highways, and homes. 



• Heavy metals which could be toxic to human be
ings may be leached from soils and rocks by 
acid precipitation. Although heavy metal 
concentrations in water supplies are general
ly well below safe drinking water levels, tox
ic concentrations of some, such as lead, have 
been found in water standing in pipes for on
ly a few hours. 

In contrast, some economic benefits could be 
realized. Nitrogen and sulfur, which are the 
primary sources of the acidity in precipitation are 
plant nutrients. Studies have shown that the 
nitrogen in precipitation is a major component of 
the annual nitrogen budget of forested water
sheds in many parts of the United States. Some 
soils, particularly in tropic latitides, are deficient 
in sulfur. Acid rain could stimulate productivity in 
such areas. 

It is apparent that resolution of the many 
unanswered questions about acid precipitation is 
a major challenge not only to hydrologists but to 
plant pathologists, soil scientists, bacteriologists, 
and other specialists. Planners and managers can
not act in an informed manner to alleviate the 

THE WAY IT WAS: HYDROLOGY 
AND FDR 

In 1927, Franklin D. Roosevelt, a New York 
lawyer active in Democratic politics, asked the 
U.S. Geological Survey to study the mineral 
springs around Warm Springs, Georgia. An attack 
of polio in 1921 had left Roosevelt crippled . He 
believed that sw imming in the naturally warm 
water from the springs was helping him and other 
v ictims of the disease regain the use of their 
stricken limbs. 

With the scientific skepticism for which the 
Survey is famous, the Acting Director repli ed that 
mineral springs were valuable chiefly for their 
location. Because people came to them for treat
ment, resorts were buil t up around them , but the 
spring water really did not differ from that which 
flowed through city water pipes. 

Roosevelt was outraged . Like anyone who was 
healthy until struck down, he dreamed of regain
ing the use of his damaged legs. He had turned 
the faded resort of Warm Springs into a health 
spa run by a newly fo rm ed foundation. The 
Survey' s co ldly scientific response to his request 
would not help him build a hospital to treat those 

who suffered as he had. 
After Roosevelt became President in 1933, the 

Survey began a study, cooperatively with Georgia, 
of the Pine Mountain area around Warm Springs. 
The Survey sent D. F. Hewett to work with G. W . 
Crickmay of the Georgia Geological Survey. 

potential damage from acid rain on the environ
ment until a better understanding of the acid-rain 
phenomenon has been gained. 
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Shortly after they began what became 3 years 
of fi eldwork, Hewett met Roosevelt' s visiting ex
pert on warm springs' therapy, Dr. Paul Haertl, 
managing director of the famous spa at Bad Kiss
ingen in Germany. " Have you examined the 
shape of the bubbles?" Haertl asked Hewett. 
Hewett could hardly believe what he heard as Dr. 
Haertl carefully explained that only square bub
bl es, such as those in the water at Bad Kissingen, 
had a therapeutic effect. Hewett, who knew as 
any other scientist would that all bubbles are 
round, was flabbergasted by Haertl , whom he 
compared toP. T. Barnum. But he dutifully ex
amined the bubbles at Warm Springs and showed 

them to be round . 
Hewett and Crickmay published their results in 

Water-Supply Paper 819 (1937). Their research 
confirmed the Survey's initial skepticism : there 
was nothing special about the water from Warm 
Springs. Water that fell as rain on Pine Mountain 
descended along a bed of quartzite, then 
ascended along the fault zone that marked the 
north edge of Pine Mountain . When it came out 
at Warm Springs, it had a temperature of 88° F. 

Otherwise, it was the same as the water from the 
region' s other springs. 

Though Pre~ident Roosevelt was not happy 
with the Survey's report, he did turn in another 
direction to find the cure for polio. In 1938, he 
established the National Foundation for Infantile 
Paralysis (now the March of Dimes) to sponsor 
scientific research. This research led in the 1950' s 
to the discovery of vaccines against polio. 
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Conservation of Lands and 
Minerals 
Mission 

The Conservation Division performs several 
functions con cern ing the leasing, classification, 

and use of mineral and water resources on 
Federal and Indian lands, including the Federally 
owned Outer Continental Shelf . These functions 
ha ve been delegated to the U.S Geological 
Survey by the Secretary of the Interior and are 
accomplished through three major fun c tions: 
• Evaluation of res ources. which includes the 

c lass ification of Federal lands to identif y 
areas containing potentially valu able 
lea sable minerals and areas valuable for 
waterpower and water-storage purposes . Also 
included in thi s mission is the evaluat ion of 
mineral resources on tracts of Federal lands 
that are exchanged, so ld , or made available 
fo r development and production through a 
competitive leasing program. 

• Superv1sion of operation s associated with the 
expl oration, development, and production of 
minerals from leased Federal and Indian 
lands and Outer Continental Shelf lands 

• Collection o f rental s and royalties fo r minerals 
from Fed eral and Indian land s. 

The sc ope and complexity of these respon
sibilities have grown continuou sly over the pa st 
few decades as exploration, development, produc
ti on, and revenues-particularly from activiti es 
related to the energy minerals-have increased 
and as the Nation 's growing consc iousness of its 
environm ental responibilities matured into 
specific policies f or protec ting its land, air, and 
water resource s. Within a complex framework of 
law, regulation, and policy, it is the functi on of 
the Geological Survey to assure that operations 
undertaken under Fed eral and Indian mineral 
leases support the objectives of sound and order
ly resource development, saf e and environmental
ly acc eptabl e procedures, and the receipt of fair 
value for the resources produ ced 

As the Federal Governm ent's principal agent in 
the management of energy and mineral resources 
developm ent on Federal and Indian lands, the 
Geological Survey, th rough its Conservation Divi
sion, is confronted with the dual challenge of 
meeting the increased workload associated with 
rapidl y accelerating industry exploration and 
development activity, while minimizing the cost 
to the public of the services provided In addi-
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tion, the Survey must strike an appropriate 
balance between minimizing the constraints to in
dustry activities while providing the public with 
assurance that its economic and environmental 

interests are protected. 

Budget and 
Personnel 

In fiscal year 1981, $125.7 million in ap
propriated funding was required to support the 
Division's programs . More than one-half of the 
total was dedicated to the administration of leas
ing activities on the Outer Continental Shelf, 
which accounted for $68 .9 million. The principal 
responsibilities addressed included activities 
necessitated by the Outer Continental Shelf Lands 
Act Amendments of 1978, while simultaneously 
accelerating the Outer Continental Shelf leasing 
program. Several initiatives to streamline the 
Outer Continental Shelf leasing process resulted 
in substantially lower expenditures in fiscal year 
1981 than might otherwise have been required. 

Management of onshore leasing activities on 
Federal and Indian lands required $43 .8 million, 
of which all but $1 .3 million was from directly ap
propriated funds. Major new initiatives included 
initiation of activities leading to the first com
petitive lease sale in the National Petroleum 
Reserve in Alaska, commitment of additional 
funding to the management of industry oil and 
gas evaluation and development activity on 
Federal and Indian lands, the response to the 
passage of the Alaska Native Interest Lands Con
servation Act, the implementation of additional 
efforis leading to increased oil shale leasing, and 
the initiation of efforts to increase nonenergy 
mineral leasing The additional costs of these in
itiatives were partially offset by reductions in the 
nonenergy minerals and coal resource evaluation 
programs and termination of the program ini
tiated in fiscal year 1979 to inventory the reserves 
of coal that are already under lease on Federal 
lands . 

The most significant new initiative for the Con
servation Division in fiscal year 1981 was the 
multiyear effort to design and install an Improved 



Co~servation of Lands and Minerals activity 
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Royalty Management System. By virtue of the 

significant increase in funding provided by Con

gress through a supplemental budget, work 
started in fiscal year 1981 to install a new Audit 
and Financial System; action leading to the in

stallation of a Production Accounting and 
Auditing System also was begun . The conversion 
of existing accounting offices to the new system 
will begin early in fiscal year 1982 and will con

tinue through mid-1984. 
Significant redirection of personnel occurred 

during the 1981 fiscal year as emphasis changed 
from resource evaluation toward streamlining, im
proved royalty management, and acceleration of 
leasing programs . Actual end-of-year employment 
for the Division was 1,874 in the fulltime category 
and 282 in the other-than-permanent categories. 

Royalty Management 
Program 

The Geological Survey has been the collection 
agent for royalties and rents due from Federal 
and Indian land mineral leases since 1925. By 
1954, a total of $538 million in mineral royalties 
had been received From 1955 through 1980, 
revenues amounted to more than $15 billion of 
which $3 billion was collected in calendar year 
1980 alone The latter sum included royalties , 
rents, and windfall profit taxes from producing 
geothermal , mining, and oil and gas operations . 
By the end of calendar year 1981 , annual 
revenues will have increased to almost $4 billion, 
and , by 1990, collections are expected to run as 
high as $20 billion 

These figures give some idea of the increase in 
sheer volume of accountable money. In addition, 
the entire collection-audit-reporting-verification 
process has been made much more complex in re
cent years by frequent changes in lease owner
ship, increases in multicompany joint develop
ment of leases, variable royalty schedules , and 
windfall profit tax legislation that requires 
royalties to be computed on the basis of complex 
price indexing and tier categories Both the 
General Accounting Office and the Survey con
sidered that the resulting difficulties mandated 
replacement of the existing largely manual pro
cedures with a computerized and completely new 
system for speedily accomplishing the tasks of 
royalty management, along with other im
provements in organization and procedures 

These changes now are well underway. By the 
end of fisc a I year 1981, the Conservation Divis ion 
had begun final testing and installation of the In-
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terim Operating System of its Royalty Manag~ 
ment Program. The new system centralizes all 

minerals royalty collecting and accounting func
tions under a Deputy Division Chief for Royalty 
Management .Eventually, automated data pro
cessing will replace a major share of the manual 
tasks associated with the accounting process. 

Operational now, this Interim Operating System 

phases in use of a new reporting format by payors 
(lessees) during a 19-month period. In turn, an ad
vanced Auditing and Financial System, which will 
convert accounts from the Interim Operating 
System, is scheduled to be fully operational by 

January 1983. Before that, in the summer of 1982, 
payors will begin reporting production in more 
sophisticated formats preparatory to installation 
of the Production Auditing and Accounting 
System. This system, a final major component of 
the royalty program, will be operational in early 

1984. 

The Survey expects to derive several benefits 
from the new royalty management program, in
cluding standardized policies and operating pro
cedures, increased income, timely availability and 
processing of funds , dramatic increases in person
nel productivity, and a substantially reduced 
regulatory burden on private industry. From the 
control standpoint, the new system will assure 
greater security for information collected, will 
reduce the potentia I for fraud and abuse in royal
ty reporting, and will provide a better level of ad

ministrative control over activities and funds. 

The former royalty accounting system was 
based on a decentralized accounting scheme and 
placed the responsibility for account management 
and auditing in 14 separate offices in 11 cities. 
Originally, this was done to best maintain 
accounting files along with production and other 
lease management information. Each Survey of
fice operated with independent procedures 
suitable to the region and used largely manual ac
counting methods which were partially supported 
by automated systems . But, with the current 
responsibility to process 300,000 reports involving 
more than 2 million entries annually, paperwork 
delays had increased greatly, and check proc
essing had slowed. The Government was frustrat
ed by its inability to ensure timely payment 
because of inadequate reporting requirements 
and an enormous records management load. 

Under the new system, seven collection and 
audit field offices have been or are being elimi
nated, and an enlarged and consolidated account
ing center has been established at Lakewood, Col
orado. It is expected that 350 employees will staff 
this center, four review and analysis audit offices, 



and headquarters. All components of the new 
system will be operational by 1984. 

As finally reorganized, the four review and 
analysis offices will conduct followup audits of 
payor accounts. Meanwhile, all10 offices outside 
Lakewood will be involved in staged conversions 
to the various new automated accounting proc
esses already established. The Interim Operating 
System further updates and expedites procedures 
so that eventually the thousands of monthly pro
duction reports and royalty payments can go 
directly to a centralized location . By the end of 
calendar year 1982, it is estimated that approx
imately 56,000 reports will generate 6 million line 
entries to account for the Nation's royalty 
revenues . 

Other Survey and Division offices are providing 
integrated support of the Royalty Management 
Program, including better onsite lease inspec tion 
and improved security for all proprietary data; 
also in process are long-range planning and 
assessment and various automatic data processing 
and management information support services for 
the program. Chief among the information sup
port services is the coordinated installation of a 
new computer-assisted microform record s 
management system. This advanced record
handling system will photograph and process 
working papers and official documents on 35 mm 
microfilm rolls as well as on microfiche. As re
quired both by law and sound business practice, 
the Survey' s royalty program must store, retrieve, 
and secure thousands of such records safely and 
efficiently each day. Accumulated royalty ac
counting records now involve millions of pieces 
of paper. 

The microform records management system 
component will be able to routinely file, index, 
cross reference, and store most of the records 
that must be accessible for fast accurate reading 
and copying for both ongoing business and legal 
and historical reasons . Some few transitory or ex
ceptionally cumbersome records will remain per
manently in their original form, and a mandatory 
destruction schedule will be authorized for other 

records . 
If the predicted rise in royalty collections to 

$20 billion in 1990 is correct, the Royalty 
Management Program will ensure that the 
Geological Survey is prepared to cope properly 
with the rapid increase of the royalty manage
ment workload. The resulting reduction in under
collections, together with prompt payments and 
same-day deposits into interest-bearing accounts, 
are expected to add millions of dollars annually 
to the revenues accruing to recipients of royalty 

payments. 

Oil and Gas From 
Onshore Federal and 
Indian Lands 

The number of leases on Federal and Indian 
lands, the total wells on those leases, and the 
royalties collected from oil production continued 
to increase through fiscal year 1981 even though 
the volume of oil produced has been declining 
since 1969. Although onshore gas production has 
continued to increase gradually, royalties stem
ming from gas well operations have risen sharply 
since 1975 because of higher market prices. 
Private companies are attempting to offset the 
decline in oil production by increasing explora
tion activities in frontier areas, particularly the 
western overthrust belt in Utah, Wyoming, Idaho. 
and Montana . They are also conducting research 
aimed at increasing the amount of oil and gas 
recovered from older dec lining reservoirs. Produc
tion from onshore Federal and Indian lands pro
vided roughly 5 percent of the oil and gas pro
duced in th e United States during fis cal year 
1981 . 

The U.S Geological Survey conducts geological 
investigations, environm ental analyses, and other 
studies related to the many aspect s of exploration 
and development. safety of operations , collection 
and processing of royalties , and protection of the 
environment as they pertain to Federal and Indian 
mineral lease operations . During fiscal year 1981 , 
the Geological Survey approved about 6,400 ap
plications for drilling permits to provide expl ora
tion and development well s on Federal leases. 
More than 6,000 environmental analyses or 
reviews of the potential impacts of oil and gas 
development operations on Federal lands also 
were prepared In the same period, about 4,000 
new well s were started on Federal leases. Approx
imately 2,200 of those wells were completed for 
the production of oil and gas or for the injection 
or disposal of various fluid s 

Other sources of oil and gas, such as the 
"tight" gas sands and tar sands that occur in New 
Mexico, Colorado, Utah, and Montana, have 
become more attra ctive prospects now that pres
ent market prices have made drilling and produc
tion from these deposits economically feasible 
Exploration and development in newer more 
remote regions provide new challenges . Terrain . 
especially in wilderness areas. often is rugged; 
cold winters with deep snows can hamper drilling 

and supply operations, and the distance from ex
isting pipelines limits delivery of new supplies to 
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the marketplace. Some producible wells com
pleted in these remote areas will likely be shut-in 

until pipelines or local processing facilities are 

built to serve them . 
The development and use of enhanced 

recovery processes have been instrumental in the 
restoration or increase of production from many 
oil fields originally developed through natural 
production methods . Such procedures include 
repressuring of oil reservoirs with gas or water, 
flooding with chemical solvents, or stimulating 
with heat to support continued production after 
other recovery measures become uneconomical. 
In addition, well-completion techniques and for
mation stimulation processes constantly are being 
improved and will continue to add to the supplies 

of oil and gas produced. 

Mineral Resource 
Classification 

Mineral land classification is one of the main 
mi ssions of the Geological Survey as stated in 
Survey's Organic Act Geological, geophysical. 
and engineering data are compiled to classify 
lands that are prospectively valuable for the oc
currence of leasable minerals and to outline the 
boundaries of area s that contain leasable 
minerals that are presently or potentially 
economi cally producible. 

OIL SHALE 

During fiscal year 1981 . the Geological Survey 
classified 2.7 million acres of land in western Col
orado as prospectively valuable for oil shale. This 
action provides the Secretary of the Interior with 
the information needed to remove these lands 
from withdrawn status, thus making them avail
able for leasing and mineral entry . In addition. 
two oil shale leasing areas were established- the 
Roan Plateau Oil Shale Leasing Area comprising 
315 ,000 acres located in Rio Blanco and Garfield 
Counties and the White River Oil Shale Leasing 
Area containing 341,000 acres in Rio Blanco 
County The White River area. which contains the 
thickest and richest oil shale deposits in Piceance 
Creek Basin and rich deposits of dawsonite 
(sodium aluminum carbonite) and nahcolite 
(sodium bicarbonate), has multiple mineral 
development potential. Similar classification ac
tions are expected to follow in Wyoming, Utah, 
Montana, and Nevada. In cooperation with ap
propriate State agencies, the Survey is conducting 
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oil shale exploration drilling programs in Montana 

and Nevada. 

PHOSPHATE 

Increasing demand for phosphate, necessary to 
support the Nation's agricultural needs through 
the production of fertilizer, has caused increased 
industry interest in the public phosphate-bearing 
lands, especially those in Idaho. A cooperative 
program between the State of Idaho and the 

Survey is investigating the phosphate potential of 
large areas in southeastern Idaho. Twelve 
quadrangle maps were published in fiscal year 
1981. These maps, plus five additional ones 
scheduled for publication in early fiscal year 
1982, will complete the series. These maps iden
tify the most geologically promising lands for 
phosphate development in Idaho. 

SODIUM AND POTASSIUM 

The concerns of the Geological Survey with 
regard to sodium and potassium minerals have 
been directed to examining and, if need be, to 
revising the existing classification standards for 
these minerals. To identify new sodium-bearing 
lands, the Survey has established 35,875 acres in 
California as Known Sodium Leasing Areas. These 
minerals play a key role in glass, ceramic, and 
chemical manufacturing processes. 

TAR SANDS 

America's tar sands are estimated to contain 
more than 30 billion barrels of oil equivalent. 
Although this resource is found in 22 States, 90 
percent of the Nation's tar sands are located in 
Utah. In response to the Secretary of the 
Interior's decision to initiate a tar sand leasing 
program, the Conservation Division took the first 
step towards leasing by establishing the following 
11 Designated Tar Sand Areas in Utah: P. R. 
Spring, 27 4,000 acres; Tar Sand Triangle, 157,000 
acres; Asphalt Ridge-Whitrocks and Vicinity, 
41,000 acres; Sunnyside and Vicinity 157,000 
acres; Circle Cliffs East and West Flanks, 91,000 
acres; Hill Creek, 107,000 acres; San Rafael Swell, 
130,000 acres; Raven Ridge-Rim Rock and Vicini
ty, 16,000 acres; Argyle Canyon-Willow Creek, 
22,000 acres; Pariette, 22,000 acres; and White 
Canyon, 10,000 acres. Thirty-three individual 
deposits containing a total of more than 1 million 
acres with an estimated potential of 24 billion to 
29 billion barrels of oil were classified in the 11 
Designated Tar Sand Areas by the end of the 
fiscal year. 



Leasable Solid Minerals 
Other Than Coal 

During fiscal year 1981, there were 887 Federal 
and Indian mineral leases comprising 861,000 
acres, plus 429 prospecting permits covering near
ly 9 million acres under Geological Survey super
vision for 33 solid minerals other than coal. More 
than 90 percent of the acreage and 83 percent of 
the leases involve the following mineral com
modities: (1) uranium, 203 leases comprising near
ly 300,000 acres in New Mexico, Wyoming, Wash
ington, and Arizona, (2) potash, 166 leases com
prising 235,000 acres in New M exico, Utah, 
Nevada, California, and Colorado, (3) phosphate, 
279 leases comprising 114,000 acres in Idaho, 
Montana, Wyoming, Utah, California, and Florida, 
and (4) sodium, 85 leases comprising 126,000 
acres in Wyoming, California, Nevada, Colorado, 
and Arizona . Other leases, listed in descending 
order of acreage, are lead-zinc-copper in Missouri; 
oil shale in Colorado and Utah; copper in 
Arizona, Oklahoma, and Washington ; nickel in 
Minnesota; sand and gravel in Arizona, Nevada, 
and California; gilsonite in Utah; gold in Arizona 
and Washington; fluorspar in Illinois; silica sand 
in Arizona, Nevada, Oklahoma, California, and 
Washington; feldspar in Georgia; limestone in 
Idaho and Virginia; barite in Missouri and Arkan
sas; asphalt in Oklahoma; chat in Oklahoma; 
tungsten in Nevada; bentonite in Wyoming; 
quartz in North Carolina and California; iron ore 
in Alaska; taconite in Minnesota; w avellite and 
quartz crystals in Arkansas; granite in Oklahoma; 
clay in Missouri and Montana; mercury in Califor
nia; garnet in Idaho; and gypsum in New Mexico. 

Combined production of 18 mineral com
modities contributed $912 million to the country's 
gross national product and brought $49 million in 
royalty revenue to the Federal Government in 
fiscal year 1981 . About 90 percent of the Nation 's 
potash, with a production value of $300 million, 
was produced from 51 leases in New Mexico, 
California, Nevada, and Utah during the year. Ap
proximately 30 percent of total domestic sodium 
compounds production, mostly soda ash, came 
from 30 leases in Wyoming, California, Nevada, 
and New Mexico. Production is valued at $267 
million. About 70 percent of the Nation's lead 
was produced from 28 leases in Missouri and was 
valued at $151 million. Nearly 10 percent of the 
country's uranium was mined from 14 leases on 
Indian lands in New Mexico and Washington . Ad
ditionally, sizable quantities of phosphate, zinc, 

and copper were produced from leased proper
ties. Other mineral commodities produced from 

Federal and Indian lands included sand and 
gravel, fluorspar, silica sand, feldspar, oil shale, 
iron ore, barite, gypsum, chat, quartz crystals, and 
clay . In addition to the leasable minerals, about 
20 percent of the Nation' s lithium is recovered 
from brines as a byproduct from sodium leases in 
Nevada 

Oil Shale 
The Prototype Oil Shale Leasing Program, was 

established in fiscal year 1971 to encourage in
dustry to develop commercial oil shale mining 
and processing technology in an environmentally 
responsible fashion . Four 5,120-acre tracts, two 
each in Utah and Colorado, containing an oil 
equivalent of 15 billion barrels of 25-gallon-per
ton oil shale, were leased in 1974 for a total 
bonus to the U .S. Government of $449 million . 
Processing and environmental data derived from 
the prototype program will be used as a basis for 
Departmental decisions on further leasing of 
Federal oil shale resources . 

Prototype program leases are managed by the 
Conservation Divi sion 's Oil Shale Office in Grand 
junction, Colorado. The Oil Shale Offi ce has 
managed the 20,000 acres of Federal oil shale 
tracts through comprehensive exploration and 
baseline environmental data collection , to onsite 
mining and testing of oil shale retorting 
technology under the approved detailed develop
ment plans Thi s has required constant analysi s 
and development-pl an modification based on 
data from nearly 900 field sampling points and on 
advances in oil shale processing and environmen
tal management technologies 

Since 1974, the lessees have expended more 
than $500 million for lease acquisition and tract 
development. By the early 1990's, operations on 
the current four lease tracts are expected to 
reach a combined production rate of 300,000 bar
rels per day and ultimately may recover more 
than 5 billion barrels over the life of the proper
ties . This will yield royaltie s to the U S. Govern
ment and States of Colorado and Utah estimated 
at $3 billion to $5 billion over the initial 20 to 30 
years of operation . These tracts will host some of 
the largest mining and proces sing operation s ever 
achieved in the United States . 

On Colorado Tract C-a, in late June of 1981, 
the Rio Blanco Oil Shale Company ignited its 
modified in-situ retort No. 1, a 60-foot X 60-foot 
X 400-foot column of rubblized oil shale 
developed from a 1 ,000-foot-deep mine using 
multiple surface boreholes (fig. 1) 

Over its expected operating life of 4 months, 
this test retort should yield from 15,000 to 25 ,000 
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barrels of oil Planning is also underway for field 
testing of a Lurgi surface retort that may produce 
up to 2,000 barrels per day of oil from oil shale 
removed from the modified in-situ mine and a 
36-acre open pit The lessee is awaiting action on 
Congressional legislation that would permit off
tract disposal of overburden and processed shale. 
This would enable open-pit development of the 
entire tract as envisioned at the time of leasing. 

On Colorado Tract C-b, the Cathedral Bluffs 
Shale Oil Company completed sinking of a serv
ice shaft 34 feet in diameter to a depth of 1.750 
feet and is installing permanent hoisting equip
ment and other shaft utilities. Commercial ore 
handling facilities are being installed in the nearly 
completed 29-foot-diameter production shaft 
From these, and a smaller ventilation-escape shaft 
15 feet in diameter (fig 2). a mulitple level mine 

will be extended across the tract. Shale oil~ 

be derived through rubblization and ignition of\ii 
290-foot interval of oil shale in a modified irt-sit11 

retort chamber. Shale excavated from the mine 

would be surface retorted according to 

development-plan modifications submitted for Oil 

Shale Office review in September 1981. 

joint development by the White River Shale 

Project of two Utah tracts (U-a and U-b) is ex

pected to commence in early 1982 following Oil 

Shale Office approval of the detailed develop

ment plan submitted in September 1981. So far, 

development has been enjoined by court action 

stemming from a contested State-land selection 
and by conflicting prior mining claims. These 
issues should be resolved by the time develop
ment plans are approved. Development will 

FrcuRE 1. -Aerial photograph of Tract C-a Mine Development Area, mine headframe, and Modular Develo,r 
ment Phase modified in-situ retort off-gas, water treatment, and oil-collection facilities. 
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FIGURE 2. -Aerial photograph of the Mine Support Area on Tract C-b with concrete headframes over the 29-foo t
diameter production shaft and 34-foot-diameter service shaft, each nearly 2,000 feet deep. The taller production 
shaft headframe is 313 feet high and will be equipped to hoist more than 60,000 tons per day. Ventilation-escape 
shaft is at far left. 

utilize Superior Oil Company and Union Oil Com
pany surface retort facilities fed with shale mined 
from room-and-pillar operations beneath both tracts . 

Streamlining 
of Operating 
Regulations 

One of the basic policies of President Reagan's 
administration is the reform of the Federal 
regulatory process, including elimination of ex
cessive and outdated regulations. On February 17, 

1981 , President Reagan signed Executive Order 
12291 , thereby beginning the process of identify
ing unnecessary regulations and streamlining 
other requirements relating to mineral resources 
management. 

As the major regulatory arm of the U.S 
Geological Survey, the Conservation Division in
herited the bulk of the requirements for 
streamlining these rules and regulations . Shortly 
after Executive Order 12291 was signed, all units 
of the Division began intensive reviews of their 
regulations and preparation of li sts of rules that 

could be eliminated. 
The most significant onshore streamlining ac

tions were those revising and updating of the 
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Coal Mining Operating Regulations and the On
shore Oil and Gas Operating Regulations . In addi

tion, the rules governing the formation of unit 
agreements involving Federal oil and gas leases 
are being updated to bring them into line with 
current practices. Regulations implementing the 
Connally Act of 1935 and those dealing with ac
quisition and leasing of water wells have not 
been utilized for many years and are being 
eliminated as part of the streamlining effort 

Initial priorities of the Outer Continental Shelf 
regul atory streamlining effort include the follow

ing changes to: 

• Exempt the areas of the western Gulf of Mex
ico where considerable exploration and pro
duction already has occurred from the re
quirement that Outer Continental Shelf 
operators submit development and produc
tion plans 

• Provide for reimbursement to lessees and 
permittees for certain costs of reproducing 
geological and geophysical data. 

• Eliminate redundancy in environmental re
porting 

• E lim in ate the requirement for segregating the 
portion of a lea se that has been unitized 
from the portion of the lease outside the 
unit 

• Delete the requirement to immediatel y notify 
the Directo r of th e Survey of the repeated 
analysis or interpretation of geological or 
geophysical data 

• Change the dead I ine for completion of deep 
stratigraphic test wells and submission of the 
resulting information from approximately 8 
to 2 months prior to the date of a sc heduled 
Outer Continental Shelf lease sale. 

• Provide for the granting of a suspension of 
operations and extension of the lea se period 
as a result of inordinate delays in the is
suance of postsale permits and consents 
f rom various environmental entities . 

The Geological Survey is endeavoring to 
streamline regulations governing reporting re
quirements, retaining only those truly necessary 
ones, and identifying the least costly alternative 
for each of its other rul es When the streamlining 
effort is completed in early 1982, the applicable 
regulatory codes will be current and free of un
necessa ry provisions The Geological Survey will 
continue to review its regulation s and rul es to 
eliminate excessive, burdensome, and counter
productive requirements; to eliminate redtape and 
redundancy; and to minimize cost to industry and 
the Government As a result of streamlining, 
lessees and operators who develop various 

108 

mineral resources and Federal and Indian leases 
can be assured that only necessary requirements 
control their operations. 

Outer Continental 
Shelf Oil and Gas 

The Geological Survey conducted a variety of 
activities in support of the Department's Outer 
Continental Shelf oil and gas leasing program. 
These activities included tract selection analyses 
and recommendations for four future lease sales 
and resource evaluations on 1,227 tracts involving 
seven sales. In the course of these activities, over 
100,000 line miles of high-resolution and com
mon-depth geophysical data were acquired and 
analyzed. 

The Survey's Outer Continental Shelf regulatory 
workload also increased with the expansion of ex
ploratory and production activities by lessees on 
approximately 2,400 Outer Continental Shelf 
leases in effect at the end of fiscal year 1981 , an 
increase of 5 percent over the preceding fiscal 
year. These leases produced 8.5 percent of the 
Nation's oil and 23.75 percent of the gas in fiscal 
year 1981 . A total of approximately 1,112 new ex
ploratory and development wells were started, 
and approximately 8,400 inspections were con
ducted on both a scheduled basis and " random" 
unannounced basis. Gross royalties of $3.1 billion 
and net royalties of $2.6 billion are projected to 
be collected from Outer Continental Shelf pro
duction. 

Exploration activities included a first for the 
Outer Continental Shelf areas of Alaska-the con
struction of a gravel-island drilling site approx
imately 15 miles northeast of Prudhoe Bay on 
Beaufort Sea Lease Y -0191 . Exxon Corporation, 
the designated opera tor for the project, began its 
24-hour-per-day construction effort on March 1, 
1981. This demanding work sc hedule enabled 
construction activities to be completed before the 
spr ing breakup hindered transportation on the ice 
haul road between the construction site and the 
shore. 

The gravel island was laid down on the sea 
floor in about 18 feet of water, using nearly 
350,000 cubic yards of gravel hauled from a State 
of Alaska open pit located 15 miles from the site. 
On a good day, trucks could log up to 13,000 
truck-miles and could haul as many as 400 loads. 
Large ice blocks, dubbed "Alaskan ice cubes" by 
onsite personnel , were sawed out of the ice and 
removed from the site. Each block measured ap
proximately 5 feet X 5 feet X 8 feet and 

weighed 2 to 6 tons. Gravel was poured into the 
resulting holes until the entire area of the pad 



was gravel filled . The completed pad surface rises 
about 13.5 feet above the mean higher high water 
level and measures about 500 feet in diameter. 

Despite several arctic storms that halted work 
the island was completed on April 9, 1981. A ' 
5-foot berm built around the perimeter of the pad 
surface increased the height of the island to 18.5 
feet above the water line. A stockpile of 35,000 
cubic yards of gravel will provide for sandbag
ging, for reinforcing operations, and for filling any 
slump areas. Several kinds of instruments have 
been installed in the island to monitor tem
perature, displacement, and settlement. Survey 
personnel have provided onsite monitoring 
throughout construction operations and will con
tinue to monitor the island during the exploration 
phase. 

During fiscal year 1981, two lease sales, cover
ing areas in the eastern Gulf of Alaska, were held. 
On October 21, 1980, Federal Lease Sale 55 was 
held and resulted in the leasing of 37 federally 
managed tracts covering 213,120 acres . Reoffer
ing Sale 1, which offered 175 tracts passed over 
in Sale 55, which included two tracts on which 
bids were rejected, was held June 30, 1981 . Only 
five tracts received bids. The disappointing sale 
reflects a general lack of interest in reoffered 
tracts . 

On December 18, 1979, in Providence, Rhode 
Island, 116 tracts over the Georges Bank were of
fered for lease under Lease Sale No. 42, the first 
in the North Atlantic leasing area . As a result of 
that sale, 63 leases were issued covering 358,671 
acres, receiving a total high bonus bid of more 
than $816 million. Litigation against the sale was 
settled out of court in December 1980. 

The Survey established a District Office in 
Hyannis. Massachusetts, in early 1980 to oversee 
operations conducted in the Georges Bank area . 
Exploration plans were filed by Exxon Corporation 
and Shell Oil Company on December 2, 1980, on 
Blocks 133 and 410, respectively. The Exxon plan 
was approved on January 15,1981, and the Shell 
plan, after revision, on March 11, 1981. An Ap
plication for Permit to Drill was filed by Exxon on 
January 12, 1981 , and by Shell on May 11 , 1981. 
After receipt of concurrence by all affected 
States. both applications were approved on June 
29,1981. 

On July 24, 1981, Exxon began drilling the first 
well in the North Atlantic area on Block 133 us
ing the semisubmersible drilling rig "Alaskan 
Star." The well was permitted to a depth of 
15,300 feet. On that same date, Shell began the 
second well in the area on Block 410 using the 
semisubmersible drilling rig "Saratoga." 

The manual procedure to generate these maps 
for Outer Continental Shelf lease sales is a very 
cumbersome and repetitive process, requiring 
many hours of preparation by Geological Survey 

scientists . Current plans are to increase the size 
and frequency of Outer Continental Shelf sales 
which will require the production of many more 
maps To speed up the process involved in gen
erating these maps, computerized graphic systems 
have been developed to assist the scientist by 
providing the needed base maps and by greatly 
reducing the numerous manual processing opera
tions leading to the final interpretive map prod
ucts . 

Seismic and geologic data are stored in com
puter-readable form on tapes and disks The abili
ty of the computer to generate maps quickly and 
accurately and to modify and retrieve data easily 
provides the scientists with an important tool to 
speed up the map-making process . 

Currently, the maps are generated by com
puters located in Reston, Virginia, and Menlo 
Park , California . To develop interactive mapping 
capabilities, efforts are now under way to install 
complete stand-alone mapping systems on mini
computers in the Outer Continental Shelf region 
where the lease-sale activities actually occur. 
These mapping systems will result in even faster 
generation of computerized maps and will lead to 
more efficient implementation of Survey pro
grams. 

Automation of 
Geophysical Mapping 

The Geological Survey conducts a variety of 
activities in support of the Department of the In
terior ' s Outer Continental Shelf oil and gas leas
ing program, including geohazards analysis and 
resource evaluations for Outer Continental Shelf 
lease tracts . In the course of these activities. the 
Survey acquires and analyzes available geo-
phy sica! and geological data and information 
collected by industry and government. 

The process used to analyze these data first re
quires the drafting of base maps to show geo-
phy sical line locations and geological sample 
and well locations . When these base maps have 
been completed, the geophysical and geological 
data and information are analyzed by geoscien
tists in a time-consuming manual process that 
generates subsurface maps of specific geological 
horizons; that is. the geology at particular depths 
Preliminary maps display seismic energy penetra-
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tion time to a specific geological horizon. After 
detailing analysis of seismic velocity and well-log 
velocity data, other maps, including depth maps, 
are produced. 

THE WAY IT WAS: LAND 
CLASSIFICATION 

In its organic act of 1879, the U.S. Geological 
Survey was charged by Congress with " the clas.s
ification of the public lands." Anxious not to 
tread on the toes of the General Land Office, 
which disposed of the public domain according to 
the laws passed by Congress, Clarence King con
fined the Survey's classification to the informa
tion put on maps. And so it remained for 25 
yea rs. 

In 1904, the Survey built a laboratory for the 
testing of different kinds of coal at the Louisi.ana 
Purchase Exposition in St. Louis. As reliable data 
on the quality and usefulness of the different 
American coa ls came from the Survey's labor
atory, the Federal Government, the largest holder 
of coa l lands in the Nation, became interested. 
Here was the chanc€! to determine how much 
these lands and the coal they contained were 
worth. With the public domain passing rapidly in
to private hands and the outright sale of coa l 
lands laggi ng, the question arose whether coal 
was being obtained fraudently. Survey geologists 
set.to work to locate the public lands that con
tained coal and to determine its quality and 
value. 

The work of classification grew rapidly under 
the impetus of the conservation movement cham
pioned by President Theodore Rooseve lt. In 1908, 
the Survey estab lished the Land Classification 
Board under A. C. Veatch, who was succeeded by 
Walter C. Mendenhall, later Director of the 
Survey. In 1912, the Land Classification Board 
became a Branch, the equivalent of a present-day 
Division, joining the Geologic, Water Resources, 
and Topographic Branches as a full-fledged 
operating arm of the Survey. 

Under Mendenhall, the Land Classification 
Board was split into two divisions (equivalent to 
present-day branches). The Division of Mineral 
Classification had four sections: coal, oil, 
phosphate, and metals. The Division of Hydro

graphic Classification had two: water-power and 
irrigation. Later, a third division classified grazing 
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land for entry under the Enlarged and Stockrais
ing Homestead Acts. 

As the Federal Government's capacity in
creased to manage the ·public lands scientifi cally, 
civil servants such as Director George Otis Smith 
became more vocal in their opposition to the 
traditional policy of selling or giving away public 
lands. Sm ith also felt that the placer mining law 
then governing mineral entry did not properl y 

regulate those minerals that were not metals, 
such as coal, oil, and phosphate. He persuaded 
successive Secretaries of the Interior to withdraw 
from entry those lands that contained valuabl e 
minerals until Congress changed the laws. He 
wanted to see the Federal Government keep title 
to the land and lease the rights to extract the 
minerals. 

From 1908, when the first withdrawal of oil 
lands in California took place, until 1920, Con
gress wrestled unsuccessfully with the question of 
leasing public lands for mineral s. Finally •. the 66th 
Congress passed a Mineral Leasing Act, and the 
Bureau of Mines began supervising the leases 
granted by the General Land Office according to 
the Geological Survey's classification. All three 
agencies were part of the Interior Department. 

Secretary of Commerce Herbert Hoover, the 
strongman of the Harding-Cool idge cabinet, got 
the Bureau of Mines transferred from Interior to 
Commerce in 1925.1 Though he might transfer the 
agency, he could not transfer its function of 
supervising mineral leasing on the public dom ai n. 
The Department of the Interior had learned, from 
its loss of control of the national forests to 
Agriculture in 1905, not to permit another Depart
ment to take away the management of land. So 
mineral leasing came to the Geological Survey, 
joining the other d ivisions of the Land Classifi ca
tion Board to become the Conservation Branch. It 
continues as one of the Survey's four operating 
divisions. 

1 It was returned to Interior in 1934. 



U.S. Geological Survey coal-testing plant in "Mining Gulch" at the Louisiana Purchase Exposition, St. Louis, 

Missouri, 1904. (Photograph by M. R. Campbell.) 
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Office of 
Earth Sciences 
Applications 

Mission 
The Office of Earth Sciences Applications was 

established to improve the application of earth 
science information in land use and resource 
planning processes . The public and its elected of
ficials, planners, policy makers, and decision
makers, increasingly must cope with many issues, 
such as zoning, permitting, geologic hazard warn
ings and contingency plans, building site selec
tion, and so forth, that entail technical informa
tion 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 Office of Earth Sciences Applications ad
dresses the need for an integration of scientific 
disciplines and communication of earth science 
information to the public It manages cooperative 
projects that assist communities and planners in 
directly applying earth science information as 
well as programs that address techniques and 
methods to improve the utility and dissemination 
of earth science information. The Office is com
posed of earth scientists and specialists from a 
variety of related disciplines such as economics, 
urban planning, geography, and remote sensing. 
The major functions of the Office include: 
• Developing resource planning methods to 

enhance the usefulness of earth science in
formation in the planning-decisionmaking 
process . 

• Overseeing compliance with environmental 
laws, including the preparation and review of 
environmental impact statements within the 
Survey 

• Providing earth science information for land 
resources decisionmaking. 

• Collecting, processing, and distributing remote
ly se nsed data and applying remote-sensing 
technology in support of land resource and 
environmental analyses. 
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• Developing visual products and services de

signed to inform the scientific and nonscien• 
tific communities about applications of earth 
science information. 

The task of achieving these objectives is car
ried on by the following offices: 
Resource Planning Analysis Office (RPAO) 
Environmental Affairs Office (EAO) 
Earth Sciences Assistance Office (ESAO) 
Earth Resources Observation Systems Office 

(EROS) 

Visual Information Services Office (VISO) 

Budget and Personnel 
Obligations for the Office of Earth Sciences 

Applications activities during fiscal year 1981 
totalled $23.2 million, a decrease of $0.5 million, 
or 2 percent, below the amount obligated during 
the preceding year. Reimbursements of $4.3 
million supplied 19 percent of funds used during 
fiscal year 1981. 

The work of the Office of Earth Sciences Ap
plications is accomplished in part through 
research grants and contracts to private parties. 
During fiscal year 1981, $10.2 million, or approx
imately 44 percent, of the Office of Earth Sci
ences Applications activity total was obligated for 
contracts, because contract services were the ma
jor source of operational support at the EROS 
Data Center in Sioux Falls, South Dakota. 

Programs of the Office of Earth Sciences Ap
plications employed 205 full-time permanent per
sonnel in 1981 . There were, in addition, 67 tem
porary or part-time employees. 

Office of Earth Sciences Applications activity 
obligations for fiscal years 1980 and 1981 , 
by subactivity 

[Dollars in millions. Data may differ from those in the 
statistical tables because of rounding] 

Subactivity Fiscal year Fiscal year 
1980 1981 

Earth Resources Observation 
Systems Office 15.3 16.5 

Environmental Affairs Office . 5.9 4.1 
land Resources Data 

Applications Program 
(ESAO and RPAO) 2.6 2.6 

--
Total 23.7 23.2 

-- --Direct programs 18.9 18.9 
Reimbursable programs 4.8 4.3 

Other Federal agencies 2.0 1.2 
Other sources 2.8 3.1 
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The U.S. Geological Survey's 
Response to Natural 
Hazards 

Geologists generally view the Earth differently 

than do most others They study the Earth 's 
history , physical and chemical makeup, and 
behavior. in c luding such proce>ses as mountain 
building and land erosion . They look at it from 
afar using Earth-orbiting satellites and scrutinize 
it s most minute details with electron microscopes. 
Some geologi sts mechanically squeeze slabs of 
rocks to learn more about the behavior of the 
Earth's crust under the forces of great earth
quakes Others map the land surface and the rela
tions among the various geologic formations to 
deduce the Earth ' s past. Geologists then can use 
such insights and lessens of the past to look into 
the future and determine how the Earth ' s natural 
forces will continue to shape our planet and our 
lives . 

Through geologists ' observations, mapping, and 
probing, we now know th at the Earth 's landforms, 
both the spec tacular and the unimpressive, are 
caused by natural proces ses - processes that dom
inated the pl anet's past and will likely control its 
future Som e of these proce sses last JU St for days 
or even m1nutes at a time, while others work im
perceptibly but continuou sly to create su ch ma
JeStiC form s as the Grand Canyon Some natural 
processes, su ch as volcanic eruptions, earth
quakes, flooding, and subsidence, however, are 
ha zardou s; and each year considerable time, 
talent. and money are spent to devise and apply 
ways of redu c ing the damage they cause. 

Many famou s centers of culture and commerce 
and far more numerous uncelebrated towns and 
villages have suffered extensive loss from sudden 
unanticipated natural cata strophes For example, 
in 1531. Li sbon, Portugal, lost 30,000 people dur
ing an earthquake; in 1970, 20,000 residents in 
Peru 's Yungay Valley were buried by a rapidly 
moving landsl1de And , in one of the most famous 
natural cata strophes, the entire town of Pompeii, 
then a flouri shing Greco-Roman city, was buried 
by the ashfall from the A.D . 79 eruption of Mount 
Vesuvius . 

Despite our increasing knowledge about these 
natural events-why they happen, where they are 
likely to happen, and how we may better cope 
with them- the damage they cause has been in
creasing nationally and globally Perhaps this 
mounting toll of damage is due to larger popula
tions and greater accumulation of goods and 
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wealth. Or maybe it is because many of the mo;~' 
hazardous areas happen to be lands promising 

greatest wealth and growth. It also could be that 
some of the ways we use our resources and tech
nology to cope with natural hazards and risk are 
instead causing greater damage. Whatever the 
reason, losses from geologic and hydrologic 

hazards will continue to rise unless greater atten
tion is paid to the commanding processes of 

nature . 

There are several ways the U.S. Geological 
Survey responds to the risks posed by natural 
hazards and geologic catastrophes. As the 
Nation 's primary geologic and hydrologic re
search institution, it has a responsibility to in
vestigate the probability, cause, and patterns of 
earthquakes, volcanic eruptions, subsidence, and 
other damaging and life-threatening phenomena 
and to advise the public and governmental of
ficials of its findings . The Survey has been doing 
this for over a hundred years and, during the past 
decade, has broadened its response to the threat 
and occurrence of natural hazards 

An example of this response is the Survey's par
ticipation in the San Francisco Bay Area Study, in 
which scientists conducted the Nation's most 
comprehensive study of the value of incorporat· 
ing geologic and hydrologic considerations into 
the practical decisions of homeowners, public ad
ministrators, legislators, building contractors, and 
anyone with an interest in reducing his 
vulnerability to natural catastrophes . This study, 
which produced more than 150 maps and reports, 
was supplemented by many days of briefings, 
public testimony, and lectures by scientists to 
government officials, citizen groups, and school 
groups Through such studies and other actions, 
the Survey has been increasing its efforts to in
form the public about the nature of geologic and 
hydrologic risks; equally important, it is prepared 
to demonstrate further the benefits of using earth 
science to help determine how best to live with 
natural hazards. 

In addition to broadening and improving its 
response to the threat of natural hazards, the 
Survey has taken two significant steps to respond 
to the occurrence of a major emergency resulting 
from geologic events . In 1977, it established a 
program for warning the public and its officials of 
geologic catastrophes, and, recently, it initiated a 
major effort to design formal procedures for a 
Survey response to geologic and hydrologic emer
gencies. The Survey's hazard warning program 
has issued 17 official hazard announcements . The 
most visible and urgent one of them was the 1980 
Mount St. Helens warning. 



In late March 1980, University of Washington 
seismologists working with Survey scientists 
detected swarms of small and moderate earth
quakes near and below Mount St. Helens. From 
its National Center in Virginia, the Survey con
tacted and daily briefed interested and responsi
ble Washington State and Federal agencies. Field 
headquarters were established in Vancouver 
Washington, about 45 miles from Mount St. ' 
Helens; with the support of the U.S. Forest Serv
ice, Survey geologists monitored the volcano's ac
tivity and briefed local emergency response of
ficials and news media . After the major volcanic 
eruption was declared a national disaster, the 
Survey sent additional staff support to Vancouver 
to work with the Federal Emergency Management 
Agency's (FEMA) emergency response team. 

Many lessons were learned from the eruption 
of Mount St. Helen s. A large number were scien
tific and will be invaluable in assessing future 
eruptions of Mount St. Helens and other similar 
volcanoes. but the events also highlighted the 
value of a well-prepared response team . With the 
cooperation of local, State of Washington, and 
other Federal agencies, the Geological Survey 
adequately performed its roles of scientific in
vestigation and counsel, but it continues its ef
forts to improve its response to similar events in 
the future. The Survey accordingly is preparing 
formal emergency response plans that detail the 
procedures key scientists and administrators are 
to follow during or in antic ipation of geologically 
related emergencies . These plans will be reviewed 
by FEMA officials to ensure that they comple
ment other established emergency response plans 

Public officials and citizens ca n benefit from a 
~r understanding of the contribution of 

geology to reducing public vulnerability to 
geologic hazards . To better discharge its respon
sibilities and design a sound effective hazard
warning and preparedness program, the Geologi

cal Survey has been consulting with social 
science researchers who have been studying how 
the public and public officials respond to various 
warning systems, messages. and educational pro
grams. Incorporating some of their research 
results into Survey programs is leading to a more 
positive hazard warning and education effort; for 
example, the Survey will cosponsor emergency 
response and planning workshops for State and 
local officials. These workshops will be for 
specific potential geologic hazards. They will not 
only explain the nature of the hazard and discuss\ __ 

ways to reduce public and private risk but will 
also focus on the preparation of State and focal 
government emergency response plans . Such ad-

vance planning promises to encourage early and 
effective response to an imminent geologic 
threat. 

The Survey is seeking to meet the new and 
changing challenges posed by geologic and 
hydrologic hazards. How well it does respond will 
depend on the sc ientific advances it makes and 
how well it can tran slate this knowledge in~o use
ful and credible advice. Above all, it will also 
have to be well prepared and to encourage other 
agencies and the public to be well prepared also 
This will be a future challenge to the US. 
Geological Survey 

Recent ly, the US. Geological Survey recei ved 
the 1981 Outstanding Planning Program award 
from the American Planning Association at their 
national conference in Boston . The award was for 
the San Francisco Bay Region Environment and 
Resources Planning Study designed to collect and 
interpret earth science information for the use of 
planners and decisionmakers in avoiding hazards, 
conserving resources, and red ucing property dam
age. The stud y, begun in 1970, produced over 150 
maps and reports on a wide range of topic s. 
Much of the information derived from thi s study 
is being used by community governments and or
ganizations in the San Francisc o Bay region to 
give the citizens an extra measu re of security 
from future geological haz ards . 

Workshops, Circuit 
Riders, and County 
Agents- Experiments 
Information Delivery 

. 
an 

One of the keys to effective solution of prob
lems involving energy, environment, and land use 
is a better understanding by all concerned parties 
of the issues involved and the physica l facts 
surrounding those issues. In an effort to improve 
the level of knowledge and understanding of 
resource and land use issu es by planners . deci
sionmaking officials, and the general public , the 
U S. Geological Survey is experimenting with a 
variety of approache s to technical inform ation 
delivery In cooperation with numerous Federal, 
State, and loca l agencies, universities, and private 
organizations, the Survey is sponsoring demon
stration proJeCts to test and evaluate three of the 
more promising of these approaches: workshops 
for local officials, circuit-rider geologists . and th e 

use of County Extension Agents . 
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WORKSHOPS 

The objective of the earth sciences application 
workshops project is to increase public awareness 
of the availability of earth sciences information 

and its use in helping to resolve land use plann
ing, resource development. and environmental 
problems Individual workshops address this ob
jective by (1) identifying earth science problems 

and opportunities relevant to land use planning in 
the local area of the workshop, (2) identifying 

local scientific expertise available to address such 
problems, and (3) demonstrating selected local 
applications of earth science data for land use 
and natural resource planning. 

Each workshop is a joint effort involving per
sonnel from various Survey offices, the State 
geological survey, the State association of profes
sional planners, and earth science and planning 
professionals from local academic institutions. 
The workshop attendance consists primarily of 
local land use planners, elected and appointed 
governmental officials, educators, and other pro
fessionals in engineering, earth sciences, and 
planning The workshop itself normally consists of 
a series of lectures by an expert faculty on 
selected local planning problems involving earth 
science considerations . A field trip may follow to 
illustrate these problems first hand and to show 
how they have been handled locally The final 
session of the workshop involves a practical plan
ning exercise using real earth sciences informa
tion for the local area . 

Specific local problems that have been ad
dressed in workshops held to date include karst 
(sinkhole) terrain, slope stability, earthquake 
hazards, expansive soils, land subsidence resulting 
from ground-water withdrawals, flood hazards, 
solid-waste disposal, coastal erosion, and ground
water supplies In addition, more general topics, 
such as land capability analysis and general earth 
science considerations for land use planning, 
have been addressed in most workshops. 

Since the proJect was initiated in March 1980 
workshops have been held in Nashville, Ten- , 
nessee. Seattle, Washington , Atlanta, Georgia, 
Houston, Texas, Orlando, Florida, Columbus, 
Ohio, and Corpus Christi, Texas. Tentative plans 
for the next year include workshops in Minnesota 
Florida, Texas, Maine, Massachusetts, and New ' 
Jersey 

CIRCUIT-RIDER GEOLOGIST 

The circuit-rider geologist demonstration proj
ect was a 2-year experimental effort, in coopera-
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tion with the Division of Geology and Earth Re. 
sources of the Washington State Department of 
Natural Resources, to provide the services of a 
part-time "circuit-rider" geologist to three coun
ties in the Puget Sound lowland. These counties 
(Clallam, Island, and Jefferson) were selected on 
the basis of their proximity to one another and 
their similarities in geology, stage of develop
ment, and kinds of development pressures. The 
counties also were alike in their generally low 
level of application of geology to day-to-day land 
use decisions. A senior staff geologist with the 
Division of Geology and Earth Resources who was 
already relatively familiar with the counties was 
assigned to lead the project. 

The Circuit-Rider Project was designed to try 
to meet the need for geologic assistance in three 
counties with the idea that, if successful. the con
cept will be applied elsewhere. Support for ex
panding the effort could be either from groups of 
interested counties, from joint county-State 
financing, or some combination of these ap
proaches . 

Services provided by the circuit-rider geologist 
fell into one or more of five general categories: 

• Geotechnical education. A general orientation 
on the applications of earth sciences to the 
problems of local communities includes the 
use of geologic data by nongeologists or the 
use of nongeologic data for geologic pur
poses. 

• Geotechnical guidance . This is basically an 
extension of geotechnical education but with 
special emphasis on the applications of 
geology to local problems or questions of 
policy; for example, indepth discussions with 
county staff members on such subjects as 
coastal bluff landslides or longshore sedi
ment transport processes . 

• Site analyses. These provide for early considera
tion of geologic and hydrologic factors in
fluencing the siting of utilities such as sanita
tion, water, and access systems to avoid the 
need for remedial actions later on. 

• Geologic data source. Not only must the circuit 
rider provide needed information to his 
clients, he must cultivate in them the habit 
of coming to him when they need assistance. 

• Consultant relations. The increased use of con
sultants by developers results in county of
ficials having to analyze geotechnical reports 
written by or for the very people they are 
charged with regulating. The circuit rider's 
role here is to alert local government person
nel of problem areas, to aid in assessing the 
nature of the problems, and to assist in the 
review of the consultants' findings. 



COUNTY EXTENSION AGENTS 

In cooperation with the U.S. Department of 
Agriculture's (USDA) Science and Education Ad
ministration, the Survey has projects underway in 
Colorado and Pennsylvania to test methods and 
approaches by which USDA County Extension 
Agents might assist in making earth sciences in
formation available to primarily nonurban popula
tions. Primary objectives are to demonstrate ap
propriate and transferable mechanisms and pro
cedures that would increase the effectiveness of 
the Extension Agent by providing him with im
proved access to earth sciences information and 
expertise, and to document a series of case 
studies (specific onsite examples) as the basis for 
evaluating the need for and the effect of earth 
sciences information transfer in attacking local 
problems. 

Colorado Demonstration Project 

The Colorado project is being condu cted by the 
Colorado State University Cooperative Extension 
Service and addresses the task of providing infor
mation that is not readily assessible in meaningful 
form to those who need it for planning and deci
sionmaking. Three categories of information are 
treated : 

• Resources. A need for authoritative information 
on mineral and water resources, particularly 
data and reports relative to water supplies, 
quality, and flow characteristics , has long ex
isted . 

• Hazards. Assistance to local governments in 
identifying and evaluating geological hazards 
is another area of need. Shrinking and swell
ing soils , subsidence, slope stability, seismic 
risk , flooding, and radioactivity are common 
geologic hazards in Colorado. 

• General. General earth sciences information 
aimed at responding to such questions as 
whether Colorado is subject to volcanic erup
tions, if gold mining will become active in 
the State, how long it will be before oil shale 
is developed, or what is the condition of the 
Ogallala aquifer is a third area of need. 

The approach being used involves the interac
tion of an information-transfer team with an ad
visory panel from the Colorado earth science 
community. The information-transfer team con
sists of a County Extension Agent on sabbatical, a 
graduate student in environmental geology, and 
an environmental geology professor. The advisory 
panel includes representatives of the U.S. 
Geological Survey, the Colorado Geological 
Survey, and other groups of the Colorado earth 

science community as appropriate to the pro
blems involved. 

The team will identify two or three local prob
lems, such as geological hazards, specialized 
mapping, and water-flow characteristics, that re
quire earth science input. With the assistance of 
the advisory panel , the team will then develop for 
each problem a plan and procedure covering, 
among other things, (1) identification of the type 
of information needed by, available to, and 
usable by Extension Agents , (2) procurement of 
the information from the earth science communi
ty and identification of information gaps, (3) 
analysis of the significance of the information to 
the specific problem, (4) transfer of the informa
tion in appropriate form to Extension Agents in 
the field and to the specific individuals or groups 
faced with the problem, (5) testing the usuability 
of the information by Extension Agents, and (6) 
evaluation of the effectiveness of the entire pro
cedure in aiding in the solution of the problem 

Pennsylvania Demonstration Projects 

The Pennsylvania project is being pursued as a 
joint effort with the Cooperative Extension Ser
vice and the College of Earth and Mineral 
Sciences, both of Pennsy lvania State University 
Specific project objecives are (1) to disseminate 
existing earth science information to lay persons 
and professionals for their use in development of 
environmentally sound and economical land use 
plans, (2) to evaluate new and existing earth 
sciences knowledge as it pertains to citi zen s, 
government, and industry , (3) to disseminate infor
mation concerning mineral and water resources 
and geological hazards related to ga s and oil well 
exploration, deep and surface mining, and general 
earth sciences information, and (4) to develop a 
workshop that will serve as a sourc e of informa
tion on local issues for local government officials 
and concerned citizens . 

This project utilizes an Extension Agent serving 
four western Penn sylvania counties (Armstrong, 
Clarion, Indiana, and Jefferson) in the heart of 
western Penns y lvania 's coal area where explora
tion for natural gas also is increasing They are 
confronted with problems such as flooding , 
ground-water supply and quality, subsiden ce, 
slope stability, and environmental pollution Two 
general categories of information are being ad
dressed in this project: 
• Availability and quality of water resources. 

Coal mining reportedly has contributed to 
loss of water in many household wells and to 
pollution of others Recent drilling of gas 
wells reportedly has led to pollution of some 
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water supplies with barium and other con
taminants. Towns in the area are in need of 

additional water supplies to support recent 

growth. 
• Planning of development. Township and 

county officials need to know probable areas 
of future coal development and oil and gas 
drilling to make a variety of planning deci

sions relating to new construction, zoning, 
and so forth . Similarly, areas of geologic 
hazards. such as landslides, coal mine sub
sidence, and floods. should be evaluated for 
this purpose, as should potential problems in 
disposal of waste products from mineral ex

traction . 
The project Extension Agent will respond to re

quests for assistance from citizens and loqal 
government officials by utilizing the technical 
support of appropriate agencies to supply answers 
and assistance . In addition. the Agent will identify 
onsite problems which can be addressed through 
educational workshops for specific groups or the 
general public 

Geological information will be furnished by the 
faculty of the Geosciences Department of Penn
sylvania State University and , as needed. by per
sonnel of the U .S. Geological Survey, the Penn
sylvania Geological Survey . or other organiza
tions . Supplementary assistance also will be 
available through Extension specialists in such 
disciplines as forest resources, agronomy, 
engineering, economics. and landscape architec
ture . 

PRELIMINARY EVALUA liON OF 
RESULTS 

The workshop proJect is evaluated on a contin
uing basis from questionnaires completed by par
ticipants at each workshop ~esponses indicate 
that the workshops have been generally success
ful in providing participants with usable and 
useful earth sciences information and application 
techniques 

A final evaluation of the circuit-rider project 
currently is in progress . In a report at the end of 
the first year of the project. the circuit-rider 
geologist documented a number of activities in
dicative of the value of his services to the coun
ties involved In one instance, a site examination 
indicated that a large concrete or wood retaining 
wall proposed as a part of a housing rehabilita
tion program was not required , saving the land
owner and the community a significant expense. 
In another, foundation conditions at an abutment 
site for a proposed $750,000 bridge were deter
mined to be unstable The river bank at the site 
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was being undercut, and the bank upstream and 
downstream showed evidence of recent and cur

rently active sliding. The project was suspended 
pending further geologic investigatioa$; 

The Colorado and Pennsylvania County Exten
sion Agent projects presently are in their early 

stages. Pennsylvania project personnel report, "A 
major objective of the project, to set up and im

prove channels for getting earth sciences informa· 
tion to people at local government levels, has 

already been accomplished. . Participants. 
were enthusiastic about the positive effects 
already derived from project activity in 

strengthening connections and understanding 
among the geologist, Cooperative Extension peo
ple, and interested parties in the four counties in

volved. " 
Although each experimental approach appears 

to be useful and to provide positive results, no 
one approach provides a universal mechanism for 
getting the job done. Numerous other methods 
for technical information transfer are being used 
operationally or experimentally in the Survey and 
elsewhere in government. In all likelihood, many 
different approaches will continue to be utilized 
to accommodate the extreme variety of concerns 
and capabilities of potential users of earth 
sciences information. 

Spatial Data Research and 
Applications 

Earth scientists and natural resource managers 
face ever-increasing information needs and mul
tiple data sources as they conduct complex 
research projects or face complicated manage
ment decisions. Thanks to current advances in 
computer-aided information handling and data 
processing, geographic data which once appeared 
only on maps now can be converted, or digitized, 
into a computer-readable form and then merged 
with other digitized scientific data to produce 
new forms of information, such as computer
generated images and maps that enable the user 
to draw conclusions in a more timely and effi
cient manner than has been possible. 

Divisions of the U.S. Geological Survey cur
rently are developing new applications of spatial 
data and have established a number of natural re
source spatial data bases which possess the 
unique characteristics of map data in that they 
are stored and manipulated by locational posi
tion . To date, work on these data bases has con
centrated primarily on data capture, verification, 
and file building. 



High-altitude photograph of the San Francisco Bay Region, for which the San Francisco Bay Region En viron

ment and Resources Planning Study was designed. The study, which collected and interpreted earth science in
formation for planners and local decisionmakers, won the 1981 Outstanding Planning Program award from the 
American Planning Association at their nat ional conference. 

During fiscal year 1981, techniques for merging 
and integrating disparate digital data sets, such as 
cartographic, geophysical, geochemical, geologic, 
hydrologic, and multispectral image data, were in
vestigated and applied in diverse geographic en
vironments. Among these projects were develop
ing a digital geologic data base for the Nabesna 

Quadrangle, Alaska, mapping forest fuels in Mon
tana, assessing irrigation potential in Oregon, and 
developing a planning unit data base in Arizona 

GEOLOGICAL DATA BASE IN ALASKA 

To demonstrate the applicability of digital 
processing techniques to mineral resource in
vestigations, a digital geologic data base was 

prepared for use in an EROS Data Center advanced 
course in geologic applications of remote sensing 
techniques The Nabesna Quadrangle Area of 
Alaska was chosen for this demonstration 
because diverse types of geographically related 
data are available for this region , 1t ha s a known 
mineral resourc e potential , and the current 
Survey mission under the Alaska Mineral 
Resou rces Assessment Program (AMRAP) calls for 
acquiring, analyzing, and interpreting data to 
evaluate mineral resource potential 

The Nabesna data base included Land sat multi 
spectral scanner data, Defense Mappmg Agency 
topographic data, and AMRAP data sets which in
clude gravity, geochemical (for copper. lead, 
gold, chromium, and coba lt), geologic , mineral 
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Figure 1. Nabesna Quadrangle, Alaska. Stereoscopic pair {1:250,000 scale) of Landsat image data and 
geochemical copper data, produced by digitally distorting Landsat data as a function of copper anomaly 
values. The magnitude of the copper anomalies is expressed in the third dimension when viewed 

stereoscopically 

occurrence. and land status data. The data base 
was designed to show its usefulness in analyzing, 
merging, and integrating many types of data and 
to provide training course participants with a case 
example of geologic data base planning and 
management. 

A geologic model for evaluating the potential 
for porphyry (disseminated, as opposed to con
centrated, vein type) deposits of copper in the 
Nabesna area was developed from the data base. 
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The product was an image that incorporated all 
of the regional model parameters with the data 
base to identify areas of highest porphyry copper 
potential (fig 1). The resultant areas then were 
tested against known mineral occurrences. 

Field checking of this work took place in 
August 1981, and a report is being written. Plans 
are being developed to expand the data base to 
include adjacent potentially mineralized areas for 
refining the current porphyry copper model. 
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Figure 2. Map of Howard Creek area, Lola Na
tional Forest, Montana, showing areas of greatest 
fire potential in black, determined from a fire 
behavior model that incorporates a fuels-road
network data base with elevation, slope, and 
aspect data. 

FOREST FUELS MAPPING IN MONTANA 

A digital data base combining forest fuels and 
terrain information, which was derived from Land
sat multispectral data and Survey elevation 
model data, was developed for a study site in the 
Lolo National Forest in western Montana. The 
project was designed to serve as input to a 
matliematical fire simulation model developed by 
the U.S. Forest Service, which provides site
specific prediction of wildland fire behavior. Ap
plications of the estimates provided by this model 

1north 

range from realtime site-specific predictions of 
the probable rate of spread of a flaming front to 
broad-scale regional planning efforts 

Management and planning tools were improved 
for the Forest Service by using satellite data in 
combination with topographic data to determine 
the identity, location, and fire vulnerability (deter
mined from a timber stand 's slope and aspect) of 
three species . Merging this combined information 
on a computer with road-network data resulted in 
a data base for the Forest Service fire behav ior 
model. Figure 2 is a map derived from the data 
base showing areas of greatest fire potential. 
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Figure J. The Irrigation Deve lopment Potential for the northern 1 million acres of the Umatilla Basin of 
Oregon was determined using a composite mapping procedure and data representmg land cover, landowner
ship, soil irrigability, percent slope, and potential energy requirements. 

IRRIGATION ANALYSIS IN OREGON 

In cooperation with the U S. Army Corps of 
Engineers. Portia nd Distri ct. Oregon. the Survey 
conducted a project to develop and test tec h
niques using Landsa t with related geographic data 
to evaluate irrigation agriculture in the 
1.6-million-acre Umatilla River Basin in north
central Oregon Landsat data were interpreted 
manuall y to map the growth of irrigation from 
1973 to 1979 and analyzed digitally to identify 
crop types under irrigation in 1979. The crop-type 
data were then used in conjunction with historical 
agricultural data and digital topographic and 
hydrographic data to estimate water and power 
use for the 1979 irrigation season. The final proj
ect task involved production of a composite map 
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of land suitability for irrigation development 
based on land cover (from Landsat), landowner
ship, soil irrigability, slope gradient, and potential 
energy cost data Figure 3 identifies land parcels 
of various degrees of suitability . 

Analysis identified an annual irrigation expan
sion of over 10,000 acres per year. Also, for 1979, 
irrigation water use was estimated at 212,000 
acre-feet for the 125,000 acres of irrigation, and 
irrigation power use at approximately 300 million 
kilowatthours of electricity The water and power 
estimates, along with the composite map of land 
suitability for future irrigation development, pro
vided the Corps of Engineers with a sound basis 
for evaluating expanding irrigation agriculture 
while monitoring its impact on other essential 
uses of Columbia River Basin land and water 
resources. 



LAND RESOURCE DATA BASE IN 
A,RIZONA 

Because the Federal Land Policy and Manage
ment Act of 1976 requires the Bureau of Land 
Management to maintain an inventory of re
sources on pub I ic lands, this agency requires a 
low-cost, quick, and accurate method of inven
torying vegetation on millions of acres of arid 
public land in the southwest United States . 

A Geological Survey project, in cooperation 
with the Bureau of Land Management, was car
ried out to develop a digital data base for the lat
ter's Grandwash Planning Unit in northern Ari
zona . The objec.tive of the project was to 
demonstrate the flexibility of a digital data base 
to produce map ·overlays that could be incor
porated directly into the Bureau 's planning 
process . 

The initial data set developed during the 
analytic phase of the project contained a set of 
tables describing the vegetation and terrain condi
tions throughout the area and a digital data base 
containing Landsat spectral clas ses; elevation, 
slope, and aspect of the terrain in the project 
area; and vegetation information for sample areas 
within the project area. This data base then was 
merged with the digitized Grandwash Planning 
Unit administrative boundary and all roads within 
it. 

Using criteria applied by Land Management 
field personnel , the digital data base was 
manipulated to produce a set of map overlays 
showing the location of areas suitable for 
performing specific management activities . For 
example, to locate potential areas for allocating 
firewood permits, all sites within the Grandwash 
Planning Unit identified as firewood spectral 
class, which were at elevations between 5,000 
and 6,000 feet, having less than 10 percent slope, 
and within 0 .25 miles of a road, were located and 
produced at the same scale as the base map 
These sites appear on figure 4 and indicate poten
tial areas where firewood permits could be allo
cated . Other map overlays produced from this 
data base are being used to plan variou s manage
ment activities including firewood collection, 
wildlife reestablishment (Bighorn Desert Sheep 
and antelope), and range improvement. 

The spatially referenced digital data base pro
vides the Bureau of Land Management with an in
formation source that can be updated and revised 
easily, manipulated to produce planning informa
tion rapidly and economically, and used to pro
duce various scales of map overlays that are 
cartographically accurate and statistically 

reliable. 
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Figure 4. Map of Crandwash Planning Unit. northern 
Arizona, showing potential firewood collection area s in 
bla ck, as determined b y locating all tree stands between 
5,000 and 6,000 feet , having less than 10 percent slope, 
and located within 0.25 miles of a road. 

Water Conservation for 
Municipal Water Supplies 

The problem of maintaining an adequate water 
supply to meet the increasing demand for water 
has been the subjec t of renewed concern as a 
result of drought conditions in many parts of the 
United States this year In fiscal year 1979 the 
US. Geological Survey, in cooperation with the 
New England River Basins Commission (NERBC ), 
began to research the issue of urban water con
servation and established a methodology for 
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designing a water conservation plan. During 1980 

and 1981 , the Survey and NERBC presented the 
methodology for water suppliers in the text 

Before the Well Runs Dry: A Handbook for 
Designing a Water Conservation Plan. The hand

book was designed and distributed through a 
series of workshops for water suppliers and public 

officials held in the New England States. 
The handbook addresses supply and demand 

aspects of water conservation planning. The 
water supplier is advised to consider his supply 

options for maintaining or increasing supply 
through such programs as leak detection and 
repair, evaporation suppression, and watershed 
management. To reduce demand, the water sup
plier is asked to consider regulation, education, 
and pricing for conservation. With each of these 
programs, the water supplier is apprised of the 
political , social , and financial 1mpacts he needs 
to consider when implementing the water conser
vation plan so that the final plan is a comprehen
sive one meeting the water conservation goals of 
the community while assuring the necessary 
operating revenue and community support to 
make it work . 

Interest in the methodology for designing a 
water conservation plan has led to the design of a 
second series of workshops in cooperation with 
the Missouri River Basin Commission . Four 
work shops were held during June and August 
1981 in Nebraska, Missouri, South Dakota , and 
Montana . These water conservation workshops 
addressed the water supply problems of Western 
communities and presented the material from the 
handbook in a group exercise format. 

Decision Information 
Display System 

The Decision Information Display System 
(DIDS) is a computerized map-oriented decision 
support system that displays national statistics in 
shades of color on a map of the area of interest. 
It is operated by the Executive Office of the 
President in cooperation with a Steering Commit
tee of abou 25 Federal agencies, including the 
US Geological Survey The prototype DIDS con
tain s over 15,000 statistical data sets covering the 
full spectrum of domestic (and some foreign) 
areas of interest, such as census, energy, housing, 
employment, production, and income. It is used 
by the White House, Congress, and the cooperat
ing agencies for the analysis and display of 
domestic issues and trends The system will 
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become fully operational in fiscal year 1982. 
The Geological Survey has placed some coal 

data and over 1,000 water-related data sets into 
DIDS, including Survey water-use data covering a 
25-year period and data derived from the Second 
National Water Assessment. In addition, the 
Environmental Protection Agency has placed 

some Survey stream-quality data into DIDS. 
The Survey has supplied DIDS with the base 

map used for the display of world data and is 
redesigning the DIDS color palette. The 
Geological Survey has contributed to develop
ment of the prototype system and is in the proc
ess of acquiring a DIDS remote terminal system, 
which will be linked to the White House com
puter. In fiscal year 1982, the Survey will expand 
its efforts to supply earth science data and to 
provide technological support related to the pro
duction and display of thematic maps by com

puter. 

Landsat 3 RBV Image Shows 
Increase in Oil and Gas 
Fields in Southeast 
New Mexico 

Onshore oil and gas leases on Federal and In
dian lands are supervised by the U.S. Geological 
Survey and involve well approvals, field inspec· 
tions, and the collection of royalties The 
Geological Survey conducts geological investiga
tions, environmental analyses, and other studies 
related to the many aspects of exploration, 
development and protection of these lands. 
Landsat 3 RBV (Return Beam Vidicon) imagery, 
with its synoptic and temporal coverage, provides 
a rapid, cheap, and accurate means of inventory 
and assessment of exploration activity directed 
toward these nonrenewable resources . The in
creased availability of Landsat 3 RBV imagery 
gives scientists and energy resource managers an 
important data base for accurate assessment and 
monitoring of oil and gas exploration and de
velopment. Regional maps of active oil and gas 
fields can be inspected adequately and revised 
using RBV imagery, thus reducing the need for ex· 
pensive aircraft flying programs to only those 
areas where definitive revision is warranted . 

A Landsat 3 RBV image acquired on October 
15, 1978, was analyzed for its usefulness in 
monitoring oil and gas exploration . The resolution 
of 100 feet and the broad waveband enables rela
tively easy discrimination and analysis of surface 



features. The Ogallala Formation is flat-lying and 
forms the Mescalero Ridge (caprock), a broad ter
race that is easily distinguished by tonal dif
ference from the brighter surrounding Mescalero 
Sands and by the fact that it forms a prominent 
escarpment. The Ogallala Formation also appears 
darker than the underlying older rocks, and, con
sequently, any cultural feature, specifically drill
ing activity, which disturbs the surf ace, stands out 
in marked contrast to the darker surface of the 
Ogallala . 

The 1976 Geologic Atlas of Texas, Hobbs sheet, 
was obtained for specific location and number of 
oil and gas wells. The Atlas was compiled from 
maps made in 1954 by the Army Map Service us
ing 1954 aerial photographs which showed a total 
of 1,131 oil and gas wells over an area of approxi
mately 2,250 square miles . These data were over
layed on the Survey topographic map of Hobbs, 
New Mexico, which was compiled in 1954 from 
1954 aerial photographs and revised in 1973 from 
1972 aerial photographs . An additional 208 well s 
were observed, making the total1 ,339 (fig 1) The 
information plotted then was overlayed on the 
Landsat 3 RBV image for tran sfer of the October 
15, 1978, data . 

An additional 3,365 oil and gas wells were 
mapped from the 1978 image and the majority of 
the 1,339 previously mapped wells were con
firmed . Thus, analysis of the RBV image showed 
an increase of about 250 percent over the 1973 
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total (fig. 2). However, many wells are less than 
100 feet apart and may appear as a single site 
when there are actually two or more . Discrimina
tion between oil and gas wells versus service 
wells, stratigraphic tests, core tests, and wells 
drilled for carbon dioxide is virtually impossible 
from an altitude of approximately 600 miles The 
RBV image shows all well data and generally 
does not permit a distinction between type s, 
although spacing of the wells may permit one to 
infer their probable purpose . In spite of these 
limitations, well data obtained from 
1 :250,000-scale R BV images provide substantial 
information for monitoring explorat ion acti v ity. 
Standard products are availabl e at the 1:125,000 
scale which would provide a more accurate data 
base without losing resolution or geometric quali
ty Certainly, however. the RBV data can be used 
to identify areas where change has occurred and 
where lower altitude aircraft photography should 
be taken to provide additional details . 

Landsat 3 RBV data ma y play a significant rol e 
in all pha ses of oil and ga s exploration as well as 
future development The location of support fa
cilities, such as acc ess roads, pump stations, pipe 
lines, waste disposal sites, utilities, and refineries, 
also may be planned more effi c iently based on 
the synoptic coverage and resol v ing capability af
forded by spaceborne sen sors, and the environ
mental impacts of these activities can be 
monitored effectively 

A 

I • 

6 

5 
0 5 

~-~-....---=:::r---r::=;.-------===:J] Statute Miles 
F="""'l _::F":"='i - ::E""""3::--

I f t f U 5 Geological Survey {1 ° x 2°}1 :250,000-scale topographic map of Hobbs, 
FIGURE 1.-fn argement o par o a . . . . 

N M 
· 5 11 · 1 mbols representing number and locatiOn of oil and gas wells (L339 total). 

ew ex1co. ma ClfC es are sy 

oo 

125 



FI CU RE 2 -Enlargement of part of 1978 Landsat 3 RBV image which shows an addition of 3,365 oil and gas wells . 
The high contrast (brightness) of disturbed drilling locations against dark Ogallala, New Mexico, caprock enable an 
accurate statistical count of exploration activ ity. 

Mapping and 

Earth Imagery 

The Earth Resources Obse rvat ion Systems 
(EROS) Data Center, Sioux Falls, South Dakota , 
ac quired over 150,000 sa tellite images of the 
Earth and over 180,000 ai rcraft photographs of 
th e United States thi s year, raising the total ar
c hive to almost 6 .8 milli on frames. Sales of 
satellite data amounted to ove r $2 5 million , a 
4-percent increase ove r la st yea r, and aerial 
photograph sales came to over $1.4 million, a 
56-percent increase Twenty-four remote-sensing 
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technology training courses were conducted for 
451 partie ipants . 

At the EROS Data Center, Landsat digital data 
are converted to photographic images or du
plicated on computer-compatible tapes. Modi
fications were made to the EROS Digital Image 
Processing System to provide increased tle\ lbility 
of data formats available to users and to improve 
data delivery time . 

Black-and-white and color infrared photo
graphic coverage from the National H1 gh Alt1tude 
Photography Program is being cataloged and ar
chived at the EROS Data Center for rt> produ ction 
and dissemination to users . User demand for thi s 
data continues to increase. 



This 324-foot-wide and 100-foot-deep sinkhole in Winter Park, Florida, collapsed on May 8 and 9, 7987. The collapse 
was caused in part by the prevailing drought. Economic loss is estimated to exceed $2 million. The losses include a 
house, several cars, portions of several business establishments, streets, and the city swimming pool. View to the 
south. (Photography by A. S. Navoy.) 
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National Petroleum Reserve 
Alaska 

• 1n 

Mission 

In fiscal year 1981, the U.S. Geological Survey 

completed the operational phase of the 
petroleum exploration program in the National 
Petroleum Reserve in Alaska, which was begun by 
the Department of the Navy in 1974 and trans
ferred to the Depa rtment of the Interior in June 
1977 under the Naval Petroleum Production Act 
of 1976 Under the Act, the Survey was assigned 
to explore and evaluate the petroleum resources 
of the Reserve by drilling and conducting 
geologica I investigations, to build an information 
base to assist Congress in determining the best 
use of land within the Reserve, to continue 
developing and producing natural gas in the Bar
row area for the native village of Barrow and 
other communities and Federal Government in
stallations in the vicinity, and to continue the en
vironmental reh ab ilitation of parts of the Rese rve 
disturbed by previous exploration and construc
ti on activities. 

During f isca I year 1981, six exploration wells 
were completed , including one that had been 
sta rted in the previous year and suspended during 
the summer months of 1980. At the completion of 
drilling, all contractor equipment, including drill
ing rigs, was demobilized from the Reserve, and 
all materials, equipment, and supplies were 
removed from the Reserve, surplused, or trans
ferred to Barrow to be used in operating and 
maintaining the Barrow gasfields, a continuing 
responsibility of the Department One 
geophysical party acquired 590 line-miles of 
se ismic data under a geophysical program de
signed to study the shallow Cretaceous sand
stones at Umiat which are known to contain oil, 
and the deeper Jurassic sands tones penetrated by 
the North lnigok and Walakpa wells. Seismic data 
were collected in those areas of the Rese rve 
where the petroleum industry had expressed in
terest in early leasing The Survey continued to 
ope rate the South Barrow gasfield Construction 
continued on surface facilities at the East Barrow 
gasfield, located approximately 7 miles east of 
the South Barrow field, in preparation for produc
tion from three East Barrow wells during the 
winter of 1981-82. Husky Oil NPR Operations, 
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Inc., continued as the contractor for drilling. 
Geophysical-Services, Inc., was the contractor for 
the collection and processing of field seismic 
data, and Tetra Tech, Inc., provided technical 
services, including interpretation of seismic data. 

Budget and 
Personnel 

Obligations for drilling and related activities 
within the National Petroleum Reserve in Alaska 
in fiscal year 1981 totaled $107.0 million, all 
against the appropriation " Exploration of the Na
tional Petroleum Reserve in Alaska ." Of this total, 
$105 .5 million was devoted to continuing the 
evaluation and assessment of the Reserve, and 
$1.5 million went for operating the South Barrow 
gasfield . The Environmental Restoration Program, 
~hich consisted of the normal cleanup of current 
exploration drilling sites and the rehabilitation of 
areas of the Reserve disturbed during previous 
petroleum exploration and construction activities, 
was continued with funds included in the pro
gram termination costs . 

The Office of the National Petroleum Reserve 
in Alaska ended fiscal year 1981 with 18 perma
nent fu 11-time employees and 4 employees in 
other categories. 

National Petroleum Reserve in Alaska obligations 
for fiscal years 1980 and 1981, by activity 

[Dollars in millions. Data may differ from that in 
statistical tables because of rounding] 

Fiscal year Fiscal year 
Activity 1980 1981 

Evaluation and Assessment of 
National Petroleum Reserve 
in Alaska . . . ........ . .. 138.6 105.5 

Barrow Area Gas Exploration 
and Development ... .. . . . . 28.4 1.5 

Environmental Restoration ... 2.8 
Total . .............. . .... 169.8 107.0 
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Evaluation and Assessment 
of National Petroleum 
Resserve in Alaska 

Barrow Area Gas 
E)(ploration and 

DIRECT APPROPRIATIONS 

Status of Exploratory 
Drilling 

Awuna Test Well No.1, located approximately 
152 miles south-southwest of Barrow in the cen
tral part of the Reserve, was started on March 1, 
1980, to test for potential accumulations of oil 
and gas on one of the highest structural positions 
along the prominent Carbon Creek-Awuna an
ticline, which extends across much of the 
Reserve. The well, designed to test sands of the 
Torok and Fortress Mountain formations of 
Cretaceous age, was suspended for the summer 
on May 8, 1980, at a depth of 5,300 feet before 
the potential reservoir horizons were en
countered. It was reentered on December 5, 1980, 
and drilled to a total depth of 11 ,200 feet The 
Torok consisted mainly of shale and some thin, 
nonporous sands, many of them with gas shows . 
The upper part of the Fortress Mountain forma
tion was more sandy than the Torok, but the 

sands were fine grained and generally exhibited 
poor porosity Gas shows were indicated in many 
of the sands. Very minor amounts of asphaltic 
material were found in the lower part of the well 
Very high pressures and lost ci rculation slowed 
the penetration rate, and drilling was terminated 
well short of the projected total depth 

Walakpa Test Well No. 2, loca ted 4 miles 
south-southwest of Walakpa Test Well No.1, was 
drilled to a total depth of 4,360 feet and was tem
porarily abandoned on February 15, 1981 , follow
ing testing The well was designed to test the 
Jurassi c "Simpson" sand near its updip truncation 
and Lower Cretaceous sand (the "Wa lakpa" sand). 
which tested gas in the Walakpa No. 1 well The 
Lower Cretaceous "Walakpa" sa nd. found 536 
feet lower than it was in the No.1 well, was 
cored from 2,611 to 2,640 feet; fine-grained sand 
having poor to good porosity and a show of 
hydrocarbons was recovered. A drill-stem test of 
the sand recove red gas at the rate of 2.4 milli on 
cubic feet per day The " S1mpson" interval was 
si ltston e, as it was in the Walakpa No. 1 well 

North lnigok Test Well No. 1 was completed as 
a dry ho le on April 4, 1981 The well wa s spudded 
on February 13, 1981, at a loca tion 20 miles 
north-northeast of the lnigok No. 1 well and 
drilled to a total depth of 10.170 feet 1n the 
Triassic Shublik Formation. Gas shows. as logged 
by the well-site geologi st. were en countered only 
in the lowermost Torok form at1on; a singl e show 
was indicated 1n the jurass 1c siltstone Surpmlng
ly, a drill-stem test of the jurass 1c zone produced 
gas at an estimated rate of 30.000 cub1c feet per 
day The gas was quite nch and analyzed 73 per
ce nt methane. 12.8 percent ethane. 7 3 percent 
propane. 3.2 percent butane. and 3.7 percent pen
tanes and hea v1er hydroca rbons Such an analys1s 
ha s important implications for a possible oil
column downdip and for reservo1rs elsewhere in 
the Kingak formation of jurassic age. 

Kuyanak Test Well No. 1 was spudded on 
February 13. 1981 . and completed on March 31. 
1981, to a tot a I depth of 6,690 feet Located 22 
miles southeast of Walakpa No. 2. the Kuyanak 
well was drilled primarily to explore for the 
" Simpson" sandstone within the Jurassic Kingak 
shale This sand had been found in well s having 
good reservoir characteristics to the southeast. 
south, and southwest A secondary objective was 
the Sag River sandstone of Triassic age . Drilling 
was begun in rock of Cretaceous age and ter
m inated in argillite basement A sand correlated 
as the " Walakpa" sand was found at 5,092 feet 
and cored from 5,093 to 5,186 feet There were 
no hydrocarbon shows in the sand. but good 
porosity and permeability were measured The 
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Summary of exploration drilling in the National Petroleum Reserve in Alaska by the Department of the Navy and 
the U.S. Geological Survey from 1975 to 1981 

[Department of the Navy transferred responsibility to U.S. Geological Survey in June 1977] 

Total 
Date Date depth Deepest horizon 

Name Location spudded completed in feet attained Remarks 

Cape Halkett No. 18 miles ESE of Lonely 3-24-77 6-1-75 9,900 Argi II ite basement Dry; plugged and 
(Devonian or older) abandoned. 

East Teshekpuk No. 25 miles S of Lonely 3-12-76 5-11-76 10,664 Granite basement Do. 
South Harrison Bay 

No.1 50 miles SE of Barrow 11-21-76 2-8-77 11,290 Lisburne Group Poor oil shows; 
(Pennsylvanian). plugged and 

abandoned. 
Atigaru Point No. 1 44 miles SE of Lonely 1-12-77 3-18-77 11,535 Argi II ite basement Do. 

(Devonian or older). 
West Fish Creek No 51 miles SE of Lonely 2-14-77 4-27-77 11 ,427 Kayak shale Do. 

(Mississippian). 

South Simpson No 41 miles WSW of 3-9-77 4-30-77 8,795 Argi II ite basement Dry; plugged and 
Lonely (Devonian or older) abandoned. 

W T Foran No.1 23 miles ESE of Lonely 3-7-77 4-24-77 8,864 Argi II ite basement Oil and gas shows; 
(Devonian or older). plugged and 

abandoned. 
Drew Point Test Well 

No 1 14 miles W of Lonely 1-13-78 3-13-78 7,946 Argillite basement Poor oil and gas 
(Devonian or older). shows; plugged and 

abandoned. 
South Meade Test Well 

No 1 45 miles S of Barrow 2-7-78' 1-22-79 9,945 Argillite7 basement Do. 
(Devonian or older). 

Kugrua Test Well 
No.1 67 miles SW of Barrow 2-12-78 5-29-78 12,588 Lisburne Group Dry; plugged and 

(Pennsylvanian). abandoned. 
North Kalikpik Test 

Well No. 1 37 miles SE of Lonely 2-27-78 4-14-78 7,395 Kingak shale (Jurassic) Poor oil and gas 
shows; plugged and 
abandoned. 

lnigok Test Well No 1 60 miles S of Lonely 6-7-78 5-22-79 20,102 Kekiktuk formation? Encountered hydrogen 
(Mississippian) sulfide and sulfur at 

17,570 feet; poor gas 
shows; plugged and 
abandoned. 

Tunalik Test Well 
No.1 22 miles SE of Icy 11-10-78 1-7-80 20,335 Lisburne Group Gas test; plugged and 

Cape (Mississippian) abandoned. 
lkpikpuk Test Well 

No.1 42 miles SW of Lonely 11-28-78 2-28-80 15,481 Kekiktuk formation Shows; plugged and 
1-7-80 (Mississppian). abandoned. 

Peard Test Well No 25 miles NE of 1-26-79 4-13-79 10,225 Argillite basement Poor gas shows; 
Wainwright (Devonian or older) plugged and 

abandoned. 
East Simpson Test Well 

No.1 55 miles SE of Barrow 2-19-79 4-10-79 7,739 Argi II ite basement Oil and gas shows; 
(Devonian or older). plugged and 

W Dalton Test Well 
abandoned. 

No.1 3 miles E of Lonely 5-7-79 8-1-79 9,367 Argillite Basement Oil and gas shows; 
(Devonian or older). some heavy oil re-

covered during test-
ing; plugged and 

Lisburne Test Well 
abandoned. 

No 1 1 mile NW of Umiat 6-11-79 6-2-80 17,000 Lisburne Group Shows of gas; 
(Mississippian). plugged and 

Seabee Test Well 
abandoned. 

No.1 1 mile NW of Umiat 7-1-79 4-15-80 15,611 "Pebble shale" (Late Gas test; plugged and 
]urassic?-Early abandoned. 

Walakpa Test Well 
Cretaceous). 

No.1 15 miles S of Barrow 12-25-79 2-7-80 3,666 Argillite basement Shows of gas; plugged 
(Devonian or older). and abandoned. 

East Simpson Test Well 
No.2 50 miles SE of Barrow 1-29-80 3-15-80 7,505 Argillite basement Poor shows; plugged 

(Devonian or older). and abandoned. 
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'!iummary of e
1

xp!oration drilling in the National Petroleum Reserve in Alaska by the Department of the Navy and 
the U.S. Ceo og1cal Survey from 1975 to 1981-Continued 

(Department of the Navy transferred responsibility to U.S . Geological Survey in June 19?7] 

Total 
Date Date depth Deepest horizon 

Name Location spudded completed in feet attained Remarks 
West Dease Test Well 

No.1 28 miles SE of Barrow 2-19-80 3-26-80 4.170 Argillite basement Do. 

Awuna Test Well No. 152 miles S of Barrow 3-1-80' 4-20-81 
(Devonian or older) 

11 .200 Fortress Mountain Many gas shows. 
formation plugged and 

Walakpa Test Well 
(Cretaceous) abandoned 

No. 2 16 miles S of Barrow 1-3-81 2-15-81 4.360 Argillite basemen t Temporarily aban-
(Devoman or older) doned (gas well-

North lnigok Test Well 
Walakpa sand) 

No. 1 20 miles SE of 2-13-81 4-4-81 10,170 Shublik formation Shows of gas. plugged 
Teshekpuk Lak e. (Tr~assi c) and abandoned 

Kuyanak test Well 
No 1 30 miles SE of Barrow 2-13-81 3-31-81 6,690 Argill1te base ment Mmor gas and oil 

(Devonian or older) shows. plugged and 
abandoned 

Tulageak Test Well 
No. 1 24 miles ESE of 2-26-81 3-23-81 4,015 Arg1llite basement Few poor od shows. 

Barrow. (Devonian or older) plugged and 
abandoned 

Koluktak Test Well 
No.1 75 miles S of Smith 3-24-81 4-19-81 5,882 Torok formation Gas shows and mmor 

Bay. (Cretaceous) oil shows. plugged 
and abandoned 

--------- --- - - - - - - - - - --- --- _ ......... 

' Reentered 12-4-78. 
'Reentered 12-5-80 

" Walakpa" sand thus occurs more than 2,500 feet 
structurally low to the Walakpa No. 2 well and 
possibly indicates a continuous sand having good 
reservoir characteristics below a proven gas co l
umn. An equivalent of the " Simpson" sand occurs 
in the Kuyanak well from 5,378 to 5,656 feet and 
consists mostly of siltstone and minor gas shows 
near the top. The "Simpson" sand play lies to the 
south of this well. Equivalents of the jurassic 
"Barrow" and Triassic Sag River sands of the East 
Barrow field were cored . The equivalent of the 
Sag River sand indicated a minor gas show. 

Tulageak Test Well No. 1, located on the 
Beaufort Sea coast 24 miles east-southeast of 
Barrow, was spudded on February 26, 1981 , and 
completed to a total depth of 4,015 feet on 
March 23, 1981 . The well was drilled to test a 
combination structural-stratigraphic prospect and 
encountered basement at 3,947 feet . Argillite was 
drilled and cored from this point to the total 
4,015-foot depth. Only one hydrocarbon show 

was found. 

Koluktak Test Well No. 1, located 39 miles 
southwest of the lnigok No. 1 well, was spudded 
on March 24, 1981, and completed as a dry hole 
on April 19, 1981, after a total depth of 5,882 feet 
had been reached. The primary objective of the 
well was the Nanushuk Group sands, which had 
good gas and oil shows in several of the older 

wells drilled during the Pet-4 program . Koluktak 
No. 1 drilled a Nanushuk sequence from the sur
face to about 4,200 feet. The upper two-thirds of 
this section was predom inantly sandstone; some 
thin shale, siltstone. limestone. and coa l beds; 
many minor gas shows; and a few oil shows The 
lower third was much more shaley and had only a 
few ga s show s. The top of the Torok was 
estimated at about 4,200 feet, and . from this 
point to total depth. shale and minor amounts of 
sandstone and siltstone were drilled Onl y one 
minor gas show was indicated in th1s interval The 
imminence of spring breakup precluded any 

testing. 

Barrow Area Gas 
Activities 

The Geological Survey continued to operate 
and maintain the South Barrow ga sfie ld , which 
supplies gas to the village of Barrow as well as to 
Federal installations in the Barrow area Construc
tion continued on production facilities at the 
newer East Barrow gasfield. which will double the 
amount of natural gas available to the Barrow 

area. 
No new gas well s were drilled during fiscal 

year 1981 The status of the Barrow gas wells is 

indicated on the accompanying table 
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Summary of drilling in the Barrow area of the National Petroleum Reserve in Alaska by the Department of the Navy and 
the US. Geological Survey from 1964 to 1980 

[Department of the Navy transferred responsibility to US. Geological Survey in June 1977] 
-- -------- ---

Date Date 
Name location spu.dded completed 

- - - ----------- ·---

South Ba rrow No 6 4.75 miles SE of 2-28-64 3-24-64 
Barrow. 

South Ba rrow No 7 5 miles SE of Ba rrow 3-4-68 4-2-68 
South Bar row No 8 5 miles SE of Barrow 4-4-69 5-1-64 
South Bar row No 9 4.25 miles SE of 3-1.9-70 4-1 5-70 

Barrow 
South Ba rrow No 10 4.75 miles SE of 3-7-73 3-24-73 

Ba rrow 
South Ba rrow No 11 5 miles SE of Ba rrow 2-10-7 4 3-5-74 
South Barrow No 12 11 miles SE of Barrow 3-10-74 5-4-74 

lko No 1 16 miles Se of Ba rrow 2-1-75 3-11 -75 

South Barrow No 13 5 miles SE of Ba rrow 12-17-76 1-16-77 

South Ba rrow No 14 12 miles ESE of 1-28-77 3-3-77 
Barrow. 

South Bar row No 16 6 miles E of Ba rrow 1-28-78 2-18-78 

South Barrow No 17 1.l miles ~ SE of 3-2-78 4-1 3-78 
Ba rrow 

South Ba rrow No 19 11 miles ESE of 4-17-78 5-17-78 
Ha rrow 

South Ba rrow No 20 11 miles ESE of 4-7-80 5-10-80 
Harrow 

South Ba rrow No. 1 'i 10 miles ESE of 8-2 3-80 9-18-80 
Barrow 

Sout h Ba rrow No 18 12 miles ESE of 9-22-80 10-14-80 
Barrow 

··--·· -- ---------- - ---- - · 

Environmental 
Rehabilitation on 
NPRA 
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The Geological Survey envi ronmental 
rehab ilitation program at the National Petro leum 
Rese rve in Alaska consists of two parts-the co l
lection and consolidation of litter and debris left 
from ea rlier constru c tion and oil-exploration ac
tivities and the c lea nup and revegetation of cur
rent drilling sites. 

Early oil-exp loration and construction act iv ities 
were ca rried out with little rega rd for environmen
tal protec tion or the effects of drilling operations 
on the tundra environment. Fuel drums, aban-

Total 
depth Deepest horizon 
in feet attained Remarks 

2,363 Barrow sand (Jurassic) Cas well 

2,351 do Do. 
2,359 do Do. 
2,450 do Cas well; 7.8 mmcf/d. 

2,349 do Cas well 

2,350 do Do. 
2,283 Shublik formation Dry; suspended 

(Triassic) 
2,731 Argillite basement Suspended as marginal 

(Devonian or older). gas discove ry 
2,535 do Shows of gas; 

suspended as 
marginal gas well. 

2,257 Sag River sand Completed as a gas 
(Triassic) well; Upper and 

Lower Barrow sand. 
2,400 Argillite basement Dry; plugged and 

(Devonian or o lder) abandoned. 
2,382 do Suspended; edge well ; 

produces water with 
gas 

2,300 do Completed as a gas 
well; Lower Barrow 
sa nd. 

2,356 do Shows of gas and oil ; 
su spended as mar-
gina! oi l producer. 

2,278 juraSS IC Completed as a gas 
well ; Upper Barrow 
sa nd. 

2,135 do Completed as a gas 
well; Lower Barrow 
sand . 

do ned equipment and supplies, and other kinds of 
exploration and construction litter were left at 
many sites . During fiscal year 1981, the 
Geological Survey collected over 380 tons of 
debris and waste materials from numerous old 
sites on the Reserve, including 8,000 old barrels . 
These m aterials were consolidated and stockpiled 
at several collection points on the Reserve. 

Rehabilitation of current drill sites consists of 
initial recontouring and revegetation of drilling 
sites and a second reseeding the following year. 
During fiscal year 1981 , initial rehabilitation work 
was performed at six sites, and followup 
reseeding and refertilizing were completed at 
other sites as necessary . Both cleanup and 
rehabilitation activities are accomplished by con
tract personnel. 
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Program Support Divisions 

Administrative Division 

GENERAL ADMINISTRATION 
The cost of executive direction and coordina

tion of the U.S Geological Survey programs and 
administrative services provided by the Ad
ministrative Div ision is funded by sources collec
tively referred to as "General Administrative Ex
penses " During fiscal year 1981, these expenses 
totaled $21.1 million and amounted to 3 percent 
of the total budget Thi s funding was derived 
from the following sources the general ad
ministration budget ac tivity, $3 9 million; assess
ment on directly appropriated activities, $11 .9 
million; and assessments on reimbursable pro
grams, $5 .3 million. No assessments were made 
on cooperative funds from State and local 
governments 

ADMINISTRATIVE MANAGEMENT 

The management and service activities of the 
Administrative Divi sion are directed from the 
Survey's National Center in Reston, Virginia and 
from the three Regional Centers at Reston, 
Ea stern, Denver, Colorado, Central, and Menlo 
Park , California, Western, as well as at field of
fices located at Atlanta. Georgia, Rolla , Missouri , 
Flagstaff, Ari zona, and Anchorage, Alaska The 
field offices provide support to Survey installa
tions and personnel in immediate or nearby areas . 
Highlights associ ated with the Division's ex
perience in faciliti es, Automatic Data Processing 
sys tems improvements, and personnel manage
ment are described in the following text 

EROS Solar Energy Hot Water Heating System 

The EROS Data Center (EDC) at Sioux Falls, 
South Dakota, solar energy hot-water heating 
system has been in operation since january 1980. 
Typically, the system provides all the EDC's hot 
water needs on a sunny summer day and half of 
the hot water needs on a sunny winter day. On a 
normal production day, the EDC uses 10,000 

gallons of 120°F hot water . The EDC is purchas
ing considerably less energy with the solar system 
and backup electric boilers than with the original
ly installed oil-fired boilers. In addition to the sav
ings produced by the solar energy system, savings 
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come from the greater efficiency of the electric 
boilers over the fuel oil boilers. 

As the largest operational flat-field solar energy 
system in the North-Central United States, the 

E DC demonstration project has received con
siderable attention. Through presentations at 
energy management seminars, participation in 
solar energy conferences, and working with the 

State energy offices, the EDC system was recom
mended by the South Dakota State Energy Office 
for instrumentation and monitoring under a 3-year 
contract with the Department of Energy. 

The system will be extensively instrumented 
and the data will be fed back to a central com
puter where the energy contribution by the solar 
system will be calculated. Because individual 
loops of the system will be monitored, im
provements can be made where heat loss areas 

are found 
The results, as well as suggested improvements, 

will be documented and made available to the 
EROS Data Center and to the general public. 
These results will be useful when evaluating the 
feasibility and application of future solar energy 
systems in both public and private sectors. 

Automatic Data Processing 

The Administrative Division's concerted effort 
to seek opportunities to streamline administrative 

processes and to improve the delivery of ad
ministrative services resulted in several significant 
accomplishments during fiscal year 1981 . In par
ticular, special emphasis was placed on identify

ing areas where greater utilization of advanced 
technologies could be made to increase the effi
ciency of administrative operations and on under
taking projects aimed at implementing the 
technologies . Highlights of some of the projects 
undertaken in 1981 follow 

ATTACHED RESOURCES COMPUTER SYSTEM 

The Automated Data Processing Network was 
adopted and installed in 1976 to simplify and 
reduce the processing time for the 160,000 pro
curement and property transactions executed by 



the Survey each year. The network was 

significantly modified and improved during fiscal 
year 1981 with the installation of an Attached 
Resources Computer System at the National 
Center. The addition of the Attached Resources 
Computer System increases the amount of proc
essing time available for accomplishing many dif
ferent tasks; for example, data entry, data 
manipulation, and data transmission from field 
offices to the Network System. ARC permits these 
tasks to be completed simultaneously rather than 
in sequential order. The Denver and Menlo Park 
elements of the Network also were upgraded with 
the installation of faster processing minicom
puters. The net effects of the enhancements 
made to the Network include improving the 
processing time for procurement and personal 
property transactions, improving the currency of 
information available to Survey managers, and 
increasing the capacity for developing new 
management information systems for other areas 
of administrative operations. 

MANAGEMENT INFORMATION SYSTEMS 

Utilizing the enhanced Network System, two 
new management information systems have 
recently been implemented The first is a new 
Personnel Data Collection System that was in
stalled at the National Center and in the Eastern 
Region. This system was designed to reduce the 
time and costs of processing personnel actions. 
To date, the system has accounted for a reduc
tion in data entry time of 57 percent, processing 
time reduced from 3 days to 1, contractor 
keypunch costs reduced by 85 percent, data entry 
errors reduced by 67 percent and personnel sup
plemental payroll checks being issued has been 
cut by 50 percent Because of the successfu I in
troduction of this system, it will soon be installed 
in the other five Survey Personnel offices. 

The second system, an automated remote data 
collection process, has been installed to provide 
an easier method of entering information into the 
Automated Regional Locator System. This 
Regional Locator System permits more efficient 
ways to identify employees at their exact work 
sites at the Survey's 392 locations across the Na
tion. 

Commitment Accounting System 

Two major studies have been completed this 
year which will lead to the development of a new 
commitment accounting system and a stream
lined system for processing personnel actions. 
The new commitment accounting system will pro
vide managers with reports showing an estimate 

of funds reserved for requisitions in process and, 
hence, a more realistic insight of funds avail
ability. This system will maintain an up-to-date 
status for fund balances through the electronic 
collection of commitment data and an ongoing 
reconciliation of accounts with the existing 
Bureau accounting system 

Each Division within the Survey will receive 
formal training on the use of the system and will. 
consequently, be better able to reconcile the 
status of its funds 

Alternative Work Schedules 

In March 1981, the Administrative Division 
completed an 18-month evaluation of the 
Survey's experiments with alternative work 
schedules These expenments. which 1nvolved 
about 800 Survey employees in four f1eld off1ce 
installations and one National Center organiza
tion, were made possible by the Federal 
Employees Flexible and Compressed Work 
Schedules Act This law allowed all Federal agen
cies in the Executive Branch to experiment w1th a 
variety of alternative work schedules The law 
also mandated that the Off1ce of Personnel 
Management (OPM) mon1tor the exper1ments to 
determine if alternative work schedules could be 
used successfully by Federal agencies 

The five Survey organizations selected to par
ticipate in the expenments were the Computer 
Center Division, Reston, Virginia. the Rolla F1eld 
Center, Rolla, Missouri, the Denver Central 
Laboratory, Arvada, Colorado, the Flagstaff Field 
Center, Flagstaff, Amona, and the Branch of 
Marine Geology, Redwood C1ty, Cal1fornia The 
Rolla and Flagstaff Field Centers and the Com
puter Center Division tested a form of flexible 
work schedule. The Denver Central Laboratory 
and the Branch of Marine Geology experimented 
with a form of compressed work schedule (4-day 
week) 

Throughout the 18-month data collection 
period, the Survey supplied information about its 
own experiences with alternative work schedules 
to the OPM and also conducted its own evalua
tion. The purpose of the Survey's evaluation was 
to determine what impact the new work 
schedules had on operations, management tasks, 
service to the public, transportation, building 
operations, and employee use of leisure time. 
Analysis of the data collected through employee 
questionnaires, customer service surveys, data 
record forms, and onsite interviews indicated that 
all the experiments were successful, and that the 
alternative work schedules had a positive effect 
on each of the organizations. In each of the ex
perimenting organizations, there was an increase 
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1n productivity, a reduction in the use of annual 
leave and overtime and improved employee 

morale 
Decisions about permanent use of the new 

work schedule alternatives in the Survey will be 

made after consideration of legislation by Con

gress in spring 1982 

Employee Awards 

During Fiscal Year '1981, Geological Survey 

employees distinguished themselves by outstand

ing performance or submission of ideas to im
prove the economy, efficiency, and (or) effec

tiveness of Government operations. Approximate

ly 1,100 employees or groups of employees 
received cash awards totalling $426,000 for their 
contnbutlons An additional 210 were recognized 

with quality step increases for a level of perform
ance menting faster-than-normal pay increases. 

Among the 70 groups of employees who were 

recognized for the1r outstanding collective efforts 
were two wh1ch earned the highest awards ever 

g1ven by the Geological Survey One group of six 
scientists rece1ved $13,000 for their work before, 
during, and after the eruption of Mount St. 

Helens The work of this group in gathering, 

Computer Center Division 
The Computer Center Division operates a 

nationwide system for computer facilities and ter
mmals to prov1de automatic data processing and 

computer-assisted communication services for the 
US Geological Survey Fiscal year 1981 wit

nessed a number of developments in the applica
tion of AutomatiC Data Processing technology 
and information science to the work of the 

Ceolog1cal Survey Among these were small com
puter technology, reorganization of information 
systems, data communications, automatic data 

processing security, teleconferencing and office 
automation, and array processing 

SMALL COMPUTER TECHNOLOGY 
Durmg f1scal year 1981, the Computer Center 

D1vision evaluated the potential application of 
small computer or "microcomputer" technology 

to the various data processing activities of the 
Survey In response to the considerable amount 
of Interest shown by the user community in 

microcomputlng, several steps were taken to 

make this technology more readily available for 
user evaluation 

• A Microcomputer Technology Team was estab
lished to function as the focal point for all 
activities related to small computer 

technology This action, in turn, led to the 

formation of the Survey Microcomputing 
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assembling, and interpreting data and coor

dinating with other concerned agencies helped to 
save many I ives when the major eruption oc

curred on May 18, 1980. In addition to these 

scientists, 102 other employees were recognized 
for extraordinary efforts ranging from logistical 

support to mapping to stream measurement in the 

wake of the eruptions. 

A second group of 11 geologists and engineers 
received $13,000 for their work in gathering and 

evaluating the tonnage of Federally owned coal 

illegally mined in 20 case areas in Alabama. The 

value of this coal totalled $7.465,000. In addition 

to this assessment, the group developed new pro

cedures that can be used as a deterrent to future 
leasable mineral trespass, an achievement of 

great signifi..:ance to the national interest 

Besides the use of cash awards to recognize 

significant achievements, the Survey presented 82 
honorary awards to employees for distinguished, 

meritorious, or superior career achievements. 
Finally, the Survey was especially honored that 

Cynthia Dusei-Bacon, a geologist from Menlo 

Park, was selected as one of 10 Outstanding 

Handicapped Federal Employees in the country in 
1981. 

Users Croup, which serves as an interdivi

sional forum for planning and discussing 
overall microcomputer activity throughout 

the Survey 
• A series of tasks was initiated to evaluate the 

software for microcomputers. Various soft

ware packages are being compared to deter

mine which is the most efficient Where 
possible, the packages are being compared 
with similar ones used on larger "mainframe' 

computers. The results will be documented 
as Software Evaluation Reports and made 

avaiJable to the user community These 

reports will serve as starting points for those 

users who are considering the application of 
microcomputers but need assistance in soft

ware selection. 

• Means were established whereby microcom
puters and associated machinery, such as 

printers and graphics-output devices, could 

be acquired and made available to the 
Survey user community. 

REORGANIZATION OF 
INFORMATION SYSTEMS 

Although microcomputer technology played an 
increasing role in data processing activities during 
fiscal year 1981, the Computer Center Division 



assisted other Divisions in their efforts to 
reorganize two large information systems, the Na
tional Coal Resource Data System (NCRDS) and 
the Improved Royalty Management Program . 
• In the case of the NCRDS, the task was to 

unify 
two sets of similar data previously collected 
and stored in two separate computer 
systems. The NCRDS Project Management 
Task Team was formed to manage the 
system life activities of the two systems, and 
a unified approach to processing, storing and 
disseminating the NCRDS and related data 
was adopted . A single task group was form
ed, and a recommendation was made to pro
cess the data on one computer. 

• In support of the Improved Royalty Manage
ment Program, the Computer Center Division 
assisted in developing feasibility studies for 
proposals and technical evaluations and ob
taining contract support for this large pro

ject 

DATA COMMUNICATIONS 

To assist their work, scientists require data 
processing techniques that allow computerized 
data to be transferred between distant places To 
support this requirement, the Division continued 
to expand and upgrade its data communications 

capabi I ities: 

• The Survey's use of TYMNET, a communica

tions 
network that provides easy access to distant 
computers, was increased approximately 25 
percent over the level of the preceding year . 

• The Advanced Research Projects Agency Net
work (ARPANET) was installed for Survey use 
in June 1981 . This communications network 
provides fast data transfers between Survey 
computer sites as well as access to non
Survey computers . 

• Port Sharing Devices (PSD' s) were installed in 
Reston, Virginia, Denver, Colorado, Menlo 
Park, California, and Flagstaff , Arizona. 
These devices will permit greater use of ex
isting computer resources. 

• In conjunction with the PSD's, plans were initi
ated to install a Survey communications net
work to provide high-speed linkage between 
Reston, Denver, and Menlo Park . 

• Plans for communications connecting the 

Wash-
ington Computer Center to the National 
Center computers were initiated. 

AUTOMATIC DATA 
PROCESSING SECURITY 

In compliance with existing directives, an 
Automatic Data Process ing (ADP) Security Officer 
was selected in February 1981 Thi s individual 's 
functions include oversight and management 
facilities security, security design co mponents in 
information systems, and security of the data 
bases suppo rted by those in fo rmation sys tem s. In 
April 1981 , the first Security Newsletter was 
published to promote the goals of the ADP 
Security Prog ram by providing a ce ntral source of 
information, cu rrent guidelines, and regulations 
dealing with the field of ADP security 

TELECONFERENCING 

The Divi sion co ntinu ed its developm ental work 
in teleconferencing and oftice automation 
sys tem s during fiscal year 1981 A system was in
iti ated to all ow Multics (Multipl exed In formation 
and Computing Service) us ers fr om M enlo Park , 
Denver, and Reston to attend meetings held 
through computers The system enc ourages the 
use of computers for conferenc mg by providing 
an easy method for field offi ces to ac cess a ce n
tral computer An offi ce automation system was 
developed for use on the Multics computers to 
help personnel becom e more eff ec tive in ca rrymg 
ou t day-to-day office functions Invo lving el ec
tronic mail , word processing, teleconferencing, 
online cal enda rs. information storage, and 
retri eva l capabilit ie s 

ARRAY PROCESSING 
A Floating Point Sy stem s AP-1208 arra y proc

essor became operational at the Flagstaff Com
putation Branch during fiscal year 1981 . The array 
processor is connected to a PDP-11 !45 computer 
system that users can ac cess by us1ng a terminal 
and telephone The internal o rgani za ti on of the 
array processor is parti cularly w ell suited for per
forming large numbers of repetitive multipli ca
tions and additions required in digital signal proc

ess ing, matrix arithm et ic, stat istica l analysis, 
geophysical data processing, simulat1on. mode l
ing, and image processing The structure allows 
for other functions to be perform ed on the da ta 
simultaneously with arithmetic operations, wh1ch 

permits much faster exe cution th an on a typi cal 
general purpose computer where operations occur 

sequentially The AP-1208 is w ell supplied with 
software Over 235 mathematical subroutines 

cover a wide variety of arithmeti c opera tion s in
cluding data transfer and control . vec tor and 

matrix operations, and signal processing 
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Equal Employment Opportunity Office 
In 1981, the U .S. Geological Survey developed 

and implemented an effective results-oriented 

Affirmative Action Program .. Underrepresentation 
analysis was conducted for 46 occupations, 44 of 

which were subsequently targeted for affirmative 
recruitment and hiring with 23 geographical or 
functional organizational components. The 
Affirmative Action Program was developed within 

the existing operational structure consistent with 
line and budgetary authority Affirmative Action 
Program goals were established for designated 
divisional organizational components to ensure 
maximum line management involvement and 
accountability This is in marked contrast to 
previous Affirmative Action Programs which were 
developed at the Assistant Regional Director's 
level without regard to divisional lines of authori
ty for goal attainment 

The fiscal year 1981 accomplishments have 
been analyzed from two perspectives: the actual 
" bottom line" change for each occupation as the 
Equal Employment Opportunity Office will 
receive and evaluate the Geological Survey's 
progress and the applicant flow as it relates to 
the goals of the Federal Equal Opportunity 
Recruitment Program 

In summary, the overall accpmplishments are 
encouraging and are reflective of the commit
ment of the Survey to the improvement of its 
equal employment opportunity posture. Quarterly 
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progress reviews with managers and Division 
Chiefs using accomplishment reports data will 

enable effective assessment of progress and will 
facilitate the immediate identification of areas re
quiring correction and attention. 

The commitment of top-level management is 

reflected by the positive achievements in the 
fiscal year 1981 goals. The close coordination and 
cooperation between-the Personnel and Equal 
Employment Opportunity Offices and the ac

cepted shared responsibility for equal employ
ment opportunity progress is perhaps the most 
fundamental strength of the Survey's Affirmative 
Action Program. 

The major objective of the Equal Employment 
Opportunity Program Complaints System for 
fiscal year 1981 was to adequately process in
dividual and class complaints of discrimination 
and address systemic discrimination issues which 
can negatively affect the credibility of the 
Geological Survey' s equal employment opportu
nity effort Complaints of discrimination against 

the Survey have risen from a total of 8 in 1978 to 
30 in 1981. The greatest individual increase has 
been in female complaints of sex discrimination. 
The increase can be attributed, in part, to the 
system's high visibility and is indicative of the 
Survey's commitment to equal employment op
portunity 



Ruins such as these of the Hibernia Bank building in San Francisco after the 1906 earthquake prompted U.S. 
Geological Survey geologist C . K. Gilbert to stress the value of engineering to avoid such catastrophic results in 

the future. 
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Box 25046, STOP 101, Denver Federal 

Center, Denver, CO 80225 
345 Middlefield Road 

Menlo Park, CA 94025 
National Center, STOP 112 
National Center, STOP 119 
N ational Center, STOP 121 
218 E St , Anchorage, AK 99501 

"' National Center, STOP 516 
N at ional Center, STOP 516 
National Center, STOP 519 

Nat1onal Center. STOP 514 

Na tional Center, STOP 508 

Na tional Center, STOP 911 
N ational Center, STOP 911 
N at1onal Center. STOP 911 
Natio nal Center, STOP 910 
National Center, STOP 904 
National Center, STOP 908 
National Center, STOP 905 
National Center, STOP 915 
National Center, STOP 915 
Nat1onal Center, STOP 913 
National Center, STOP 906 
National Center. STOP 91 7 

National Center, STOP 409 
N ational Center, STOP 408 

National Ce nter, STOP 440 
Nat1onal Ce nter, STOP 441 

N ational Center, STOP 414 
National Center, STOP 417 
N at1onal Center, STOP 470 

National Center, STOP 610 
Nationa l Center. STOP 610 

Nat1onal Ce nter, STOP 640 

Nationa l Center, STOP 650 
National Center, STOP 660 
National Center, STOP 630 

National Center, STOP 620 



Office Name 

Office of Earth Sciences Applications 
Chief Gene A. Thorley 
Associate Chief )ames R. Burns (Acting) 
Earth Resources Observations Systems 

Office. Chief )ohn W . Salisbury 
Resource Planning Analysis Office. Chief Dennis R Hood 
Environmental Affairs Office. Chief )ames R. Burns 
Earth Sciences Assistance Office, Chief ) erry C Stephens 
Visual Information Services Office. Chief Theresa M Sousa 

Office of National Petroleum Reserve in Alaska 
Chief 

Technical Officer 
Program Officer 

Computer Center Division 
Chief 
Associate Chief 
Office of Teleprocessing 

Administrative Division 
Chief 
Administrative Operations Officer 
Personnel Officer 
Contracts Officer 
Finance Officer 
General Services Officer 
Management Analysis Officer 

Selected Field Offices 
National Mapping Division 

Regional Centers 

Eastern 
Mid-Continent 

Rocky Mountain 

Western 

Printing and Distr ibu tion 

Public Inquiries Offices 
Alaska 

California: 
los Angeles 

Menlo Park 

San Fransico 

Colorado 

District of Columbia 

Texas 

Utah 

George Gryc 

Valentine Zadnik 
(Vacant) 

Carl E Dre sen 
R. Michael Ga ll 
Ralph N Eicher 

Edmund ) Gra nt 
George F Hargrove. ) r 
Maxine C Millard 
Paul A Den nett (Actong) 
Posey B. Howeii . Jr 
Robert E Rogers 
Wolloam F Grossman. )r. 

Roy E Fordham 
law rence H Borgerdong 

John D Mclauron 

John R Swon nerton 

Charles D Kuh ler 

E Ii zabeth C Behrendt 

lucy E Bordsall 

Bru ce S Deam 

Patro cia A Sh offer 

Irene V Shy 

Bru ce A Hubbard 

John P Donnelly 

Wendy R. Mabey 

• Office of National Petroleum Reserve 1n Ala sk(l IS headquartered 10 A nrhorc1ge. A la,lo..et 

Telephone number 

(703) 860-7471 
(703) 860-7811 

(703) 860-7881 
(703) 860-6717 
(703) 860-7455 
(70 3) 860-6961 
(703) 860-6162 

(907) 276-7422 

(703) 860-6208 
(703) 860-6208 

(703) 860-7106 
(703) 860-7108 
(703) 860- 7119 

(703) 860-7201 
(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) 234-2JS1 

(415) 323-8111 . 
ext 2411 

(703) 860-6761 

[907) 277-0577 

[213) 688-2850 

(415) 323-8111. 
ext 2817 

(41 5) 556-5627 

(303) 837-4169 

(202) 343-807 3 

[214) 767-0198 

(801) 52 4-5652 

Address 

National Center. STOP 703 
Natoonal Center. STOP 703 

National Center. STOP 730 
National Center. STOP 750 
Natoonal Center. STOP 760 
National Center. STOP 720 
National Center. STOP 790 

•2525 " C" St . Suote 400 
Anchorage. AK 99503 

National Center. STOP 151 
Natoonal Center. STOP 151 

National Center. STOP 801 
Na tional Center. STOP 801 
Natoonal Center. STOP 805 

Natoon al Center. STOP 201 
Natoonal Center. STOP 203 
Natoonal Center. STOP 215 
Natoonal Center. STOP 20 5 
Natoonal Center. STOP 270 
Natoonal Center. STOP 207 
Natoonal Center. STOP 206 

Natoonal Cent er. STOP 567 
1400 Independence Road . 

Roll a. MO 65401 
Box 25046. STO P 510. 

Denver. Federal Center. 
Denver. CO 80225 

34) Moddlefoeld Road 
M enlo Park . CA 9402 5 

Natoona l Center. STOP 580 

108 Skylone Bldg . 
508 2d Ave . 
Anchorage. AK 9950 l 

76l8Fed Bldg . 
300 N los Angel es St. 
l os Angeles. CA 90012 

345 Moddlefoeld Rd . 
STOP 33. Bld g 3. Rm 122. 
Menlo Park . CA 94025 

504 Customhouse. 
555 Battery St. 
San Fransoco. CA 94111 

169 ff'd Bldg . 
1961StoutSt. 
Denver. CO 80294 

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

1 C45 Fed Bldg. 
11 00 Commerce St. 
Dalla s. TX 75242 

8105 Fed Bldg. 
125 S State St . 
Salt l ake Cot\'. UT 841Jil 
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Selected Field Offices- Continued 

Office 

Public Inquiries Offices- Conlinued 
V 1rgm1d 

Distribution Branch Offices 
Ala,ka 

L ,J,te rn 

Geological Division 

Regional Offices 

La <>tern 
C: e•ntral 

Water Resources Division 
Regional Offices 

NorthPd ... tt:~ rn 

Sou thea <te rn 

lf'ntral 

District Offices 

Alaham a 

Ar1zon C1 

Arkan-., a ... 

l dl1to rn1 d 

Colorado 

Conn f'C t r( ut 

Delaware 
Dr<trrct o f Columbr a 
Florrda 

Ceorgr a 

Haw a11 

Idaho 
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Name 

A. Ernestine )ones 

Jea n E Flechel 

Nata lie Cor nf orth 

Dwigh t F Ca nfrel d 

George V DeMeglro 

Ave ry A Drake. )r 
Rrc hard F Ma st 

C Brent Dalrymple 

James E BresPc ker 
James L Cook 

A lfred Clebsc h. J r 

Jo hn D Bredehoeit 

Charles A Pasca le 

Philrp Emery 

Robert D Ma c-Nrsh 

Ec tor E Cann 

Trmothy Durbrn 

I ames F Blakey 

Dav rd McCartney 

Herbert J Freiberger 
Herbert I Frerberger 
I H Kantrowrt z 

Jeffrey T Armbruster 

Ben1amrn L )o nes 

Ernest F Hubbard. )r 

Telephone number 

(703) 860-6167 

(509) 456-2524 

(907) 456- 7535 

(303) 234-3832 

(703) 557-2781 

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

(41 5) 323 -8111 

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

(303) 234- 3661 

(415) 323-8111 , 
ext. 2337 

(205) 75 2-8104 

(907) 271-4138 

(602) 792-6671 

(501) 378 -6391 

(415) 323 -8111 , 
ext 2326 

(303) 234-5092 

(203) 244-2528 

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

(404) 221-4858 

(808) 546-8331 

(208) 334-1750 

Address 

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 

1200 S Eads St . 
Arlington. VA 22202 

Natrona I Center, STOP 953 
Box 25046, STOP 911 , 

Denver Federal Center 
Denver. CO 80225 

345 Mrddle freld Rd , 
Menlo Park. CA 94025 

National Center. STOP 433 
Richard B. Russell Federal Bldg, 

75 Spring St., SW, Suite 77 , 
Atlanta , CA 30303 

Box 25046. STOP 406. 
Denver Fede ral Center 
Denver. CO 80225 

345 Middlef reld Road . MS66 , 
Menlo Park . CA 94025 

P 0 Box V. 202 Oil and Cas Board Bldg . 
Unrversity of Alabama , 
University, AL 35486 

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

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

2301 Fed eral Office Bldg., 
700 W Capital Ave , 
Lrttle 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 Drstrrct Offrce 
See Mary land Distric t Office 
325 John Knox Rd , 

Suite F-240, 
TallahaS>ee. FL 32303 

6481 Pea chtree Industrial Blvd , Suite B, 
Dorav ille, CA 30360 

PO Box 50166, Rm . 6110, 
300 Ala Moana Blvd .. 
Honolulu , HI 96850 

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



Selected Field Offices-Continued 

Office 

Water Resources- Continued 
District Offices- Continued 
Illinois 

Ind iana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 
Maryland 

Massachusetts 

Michigan 

Minnesota 

Miss issippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey 

New Mexico 

New York 

North Caro l ina 

North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Name 

Larry G. To ler 

Dennis K. Stewa rt 

Donald K Leifeste 

Joseph S Rosenshein 

Alfred Kn1ght 

Darwm Knockenmu s 

Ivane Jamesl l 
Herbert I Freiberger 

Ivan C. )ames II 

T Ray Cummmgs 

Donald R A lbm 

Ga rald G Parker, Jr 

Telephone number 

(217) 398-5353 

(317) 269-7101 

(319) 337-4191 

(913 ) 864-4321 

(502) 582-5241 

(504) 390 - 0281 

(617) 22 3- 2822 
(301) 828-1535 

(617) 22 3- 2822 

(517) 377 -1608 

(612) 725- 7841 

(601) 960-4600 

Horace G Jeffery (Actmg) (314) 341 - 0824 

George M Pike (406) 449-5263 

William M Kastner (402) 471 - 5082 

Vaca nt (702) 882 - 1388 

Ivan C. I ames II (617) 223-2822 
Donald E. Vaupel (609) 989-2162 

)ames F. Dan1el (505) 766-2246 

Lawre nce A Martms (518) 472-3107 

Elver I McClelland (919) 755-4510 

Grady M oore (701) 255-4011' 
ext 601 

Steven M . Hindall (614) 469-5553 

James H . Irwin (405) 231-4256 

Stanley F. Kapustka (503) 231-2009, 
ext 4776 

David E. Click (717) 782-3468 

Address 

Champaign County Bank Plaza , 
102 E. Ma1n St. 4th Floor, 
Urbana, IL 61301 

181 9 N Mer1dian St , 
Indiana polis, IN 46202 

P 0 Box 1230, 
400 S Clmton St. 
Iowa C1ty, lA 52240 

1950 Ave A, Campus West. 
Un1vers1ty of Kansas. 
Lawrence. KS 66045 

572 Federal Bldg. 
600 Federal PI , 
LOUISv ille, KY 40202 

P 0 Box 66492 , 
65 54 Flond a Blvd, 
Baton Rouge, LA 70896 

See Ma ssac husetts D1stnc t Office 
208 Carrol Bldg ., 

8600 La Salle Rd, 
Towson. MD 21 204 

150 Causeway St , 
Su1te 1001, 
Boston. MA 021 14 

6520 M ercant 1le Way, 
Su1te S, 
Lan smg, Ml 48910 

103 3 Post Off1ce Bldg , 
St Paul. MN 55101 

Su1te 710. Federal Bld g. 
100 Wc>st Cap1to l St . 
Jack son, MS 39201 

1400 ln dependencP Rd, 
STOP200, 
Rollil . MO 65401 

FedPral l:lldg , 
Drawpr 10076, 
Helena. MT 5%26 

406 ~ederal Bldg . dnd US Cou rthousP, 
100 ( pntenn1al Mall . North, 
Lm coln. NE 68508 

Federal Bldg . Rm 229. 
705 N Pial a St, 
Ca rson C1ty , NV 89701 

See M assachu setts OIStnct Off1 ce 
430 Federal l:lldg . 

402 E State St, 
Trenton. N I 08608 

P 0 Box 26659 . Western Bank l:lldg , 
Rm 809, 505 Marquette , NW , 
Albuquerqu e. NM 87125 

P 0 1350, 343 US Post Off1ce and 
Courthouse Bldg , 
Albany, NY 12201 

P 0 Box 2857. Rm 436. 
Century Postal Stat1on 
Ra le1gh, NC 27602 

821 East Interstate Ave. 
Rm 33 2, New Fed . Bldg. 
3d St and Rosser Ave . 
Bismark, NO 58501 

975 West Third Ave, 
Columbus. OH 43212 

Rm . 621, 215 Dean A MeGee St . 
Oklahoma City, OK 73102 

P 0 Box 3202, 
830 NE Holladay St . 
Portl and, OR 97232 

P 0 Box 1107. 4th Fl oor. 
Federal Bldg . 228 Walnut St . 
Harmburg, PA 17108 
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Selected Field Offices-Continued 
Office 

Water Resources Division-Continued 

District Offices-Continued 

Puerto Roco 

Rhode Island 
South Carolona 

South Dakota 

Tenn essee 

Texa s 

Utah 

Verm o nt 
V1rgm1a 

W as hongton 

Conservation Division 

Regional Offices 

Eastern.Atlantoc OC S 

Central 

North Central 

South Central 

Gulf o f M exoco Outer Contonental 
Shelf (OCSJ Operatoons 

Pa c ofoc OCS 

Ala ska. A la ska OCS 

Office of Earth Sciences Applications 

Earth Resources Observetion Systems Data Cent• 

South Dakota 

National Petroleum Reserve in Alaska 

District Offices 

N PRA O peratoons Offo ce 

Exploratoo n Strategy Offoce 

Administrative Division 

Regional Management Offices 

Ea stern 
Central 

W es tern 
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Name 

Ferdinand Quinones
Marquez 

Ivan C /ames II 
Rodney N Cherry 

Richard E. Fodler 

Arthur Putnam 

Charles W Boning 

Theodore Arnow 

Ivan C /ames II 
Wolloam E Forrest 

Charl es R Colloer 

Davod H Appel 

Vernon Norman 

Wolloam W Dudley. /r 

George F Brown 

John B Troppe 

Dwayn e E Hull 

/ames W Sutherland 

Lowell G Hammons 

Reid T Stone (Acting) 

I oseph M I ones 

Allen H Watkons 

Max Brewer 

Arthur Bowsher 

Roy Heonbuch 
I ack I Stassi 

Avery W Rogers 

Telephone number 

(809) 783-4660 

(617) 223-2822 
(803) 765-5966 

(605) 352-8651 . 
ext 258 

(615) 251-5424 

(512) 397-5766 

(801) 524-5663 

(617) 223-2822 
(804) 771-2427 

(206) 593-6510 

(304) 343-6181. 
ext 310 

(608) 262- 2488 

(307) 778-2220. 
ext 2153 

(202) 254- 3137 

(303) 234-28 55 

(303) 265-5550, 
ext 5746 

(505) 766-2841 

(504) 837-4720. 
ext 9381 

(213) 688- 6875 

(907) 271-4304 

(605) 594-612 3 

(907) 276-7422 

(415) 323-2917 

(703) 860-7691 
(303) 234-37 36 

(415) 323-2211 

Address 

GSA Center, Bldg. 652, 
Ft. Buchanan, PR 00936 

See Massachusetts District Office 
Strom Thurmond Federal Bldg., 

Suite 658, 1835 Assembly St., 
Columbia, SC 29201 

Rm . 317 , Federal Bldg , 
200 4th St. SW. 
Huron. SO 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 
200 W Grace St. Rm . 304. 

Ric hmond. VA 23220 
1201 Pacific Ave . Suite 600. 

Tacoma. WA 98402 
3017 Federal Bldg and U.S Courthouse, 

500 Quarrier St. E, 
Charleston, W VA 25 301 

1815 University Ave . Rm . 200, 
Madison , WI 53706 

POBox1125, 
2120 Capitol Ave , Rm 5017, 
Cheyenne. WY 82001 

1725 K St , NW, Suite 204, 
Washongton . DC 20006 

Box 25046. STOP 609. 
Denver Federal Center. Bldg 85, 
Denver, CO 80225 

100 East B St . Rm . 4130, 
Casper. WY 82601 

P 0 Box 26124. 
505 Marquette. NW #815 
Albuquerque, NM 87125 

P 0 Box 7944. 434 Imperial Offoce Bldg., 
3301 N Causeway Blvd .. 
Metairie, LA 70010 

130 Federal Bldg., 1340 West 6th St .. 
Los Angeles. CA 90017 

800 " A" St. Suite 201 , 
Anchorage, AK 99501 

EROS Data Center, 
Sioux Falls. SD 57198 

2525 "(" St . Suite 400, 
Anchorage, AK 99503 

345 Middlefie ld 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 9,4025 , 



Guide to 
Information and 
Publications 

Throughout this report reference has been 
made to information services and publications 
of the U 5 Geological Survey A complete 
listing of these services and publications with 
instructions on how to obtain them is given rn 
Geological Circular 777, A Guide to Obtaining 
Information from the USGS 1981, available 
free upon request from U.S. Geological 
Survey, Distribution Branch, 604 S Pickett St. 
Alexandria, Va 22304. A summary lrstmg of 
services and publications offered appears 

be low 

To buy Survey book publications or to re
quest Survey circulars, catalogs, pamphlets, 

and leaflets (limited quantities free), write or 

visit: 
US Geological Survey 
Distribution Branch Text Products Sectron 

604 S Pickett St. 
Alexandria, VA 22304 

To buy maps of areas east of the Mississippi 

River, write or visit: 
US Geological Survey 
Eas tern Distribution Branch 

1200 S Eads St. 
Arlington, VA 22202 

To buy maps of areas west of the Mississippi 
River and to request Survey catalogs, pamph

lets, and leaflets (limited quantities free), write 

or visit: 

US Geological Survey 
Western Distribution Branch 
Box 25286, Bldg 41, Federal Ce nter 

Denver, CO 80225 

To buy Alaskan maps, residents of Alaska 

may write or visit: 

U S Geological Survey 
Alaska Distribution Section 
101 12th Avenue, Box 12 

Fairbanks, AK 99701 

To obtain information on the availability of 

microfiche or paper-duplicate copies of open

file reports, write: 

U S. Geological Survey 
Open-File Services Section 
Box 25425, Federal Center 

Denver, CO 80225 

To get on the mailing list for the monthly list 
of New Publications of the Geological Survey 

(free), write: 

U.S. Geological Survey 
Computer Operations Office 

582 National Center 
12201 Sunrise Valley Drive 

Reston, VA 22092 

Mississippi: 
National Spa ce Technology Laboratories 
National Cartographic Information Center 
US Geological Survey 
Bldg 3101 
NSTL Station, MS 39529 

Missouri : 
Midcontinent Mapping Center 
National Cartographrc lnform at ron Center 
1400 Independe nce Rd 
Rolla . MO 65401 

Tennes see 
Tennes see Valley Author~ty 
200 Ha ney Bldg 
311 Broa d St 
Chattanooga , TN 37401 

V~rgmra 

Natron a ! Cart og raphr c lniormatron C:Pnte r 
507 Nat ro na! Center 
12201 Sunme Va lley Dr 
Reston . VA 22092 

Eastern Mapprng Cent e r 
Natrona ! CHtographr c lnformatro n CPniPr 
S3b Nat rona ! Ct-ntPr 
12201 Sunme Va llev Dr 
Reston . VA 22092 

To obtain information on satellite and space 
photography, write or visit. 

US Ceo log rcal Survn 
I:ROS Data Center 
Sro ux F a li> . SD )719B 

To obtain assistance in locating sources of 
water data, indentifying sites at which data 

have been collected, and specific data , write: 

US Ceologrcal SurvPy 
Na trona! Water Data hr hange 
421 Natrona! Cente r 
12201 Sun me VaiiE>y Dr 

Reston. VA 22092 

To obtain information on ongoing and plan
ned water-data acquisition activities of all 
Federal agencies and many non-Federal 

organizations, write: 

US Geologrcal Survev 
Offrce of Water Data Coordrn a tron 

41 7 Nat ro na! Center 

12201 Sunrrse Valley Dr 
Reston, VA 22092 

To obtain information on water resources in 

general and about the water resources of 

specific areas of the United Slates, write: 

US Geol ogrca l Survey 
Water Jnf o rma t1on Group 

420 Nat1onal Center 
12201 Sunrise Valley Dr 

Reston, VA 22092 

To obtain information on geology topics 

such as earthquakes, energy and mineral 

resources, the geology of specific area , and 

geologic maps and mapping, write: 

US Geological Survey 

Geologic Inquiries Croup 

907 National Center 

12201 Sunrise Valley Dr 
Reston, VA 22091 
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Cooperators and Other Financial Contributors 
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Federal Cooperators 

Appalachian Regional Commission [e) 

Central Intelligence Agency [g) 

Council on Environmental Quality (e) 

Department of Agriculture: 

~ (o noml{ " . ~tdt l ..,tll.., .tnd Cooptt rdti\P.., SPr\I<.P tn) 

~ore ... t SPn H t• It> . n . '' ) 

( .r.ldu.J t•· s, hool (\\ I 

') <I t 'll< t' .1nd I du< .tl1on Ad nllrll , tr. l tum {t· . \\ 1 

"nd l o n ,t·n,Jtron St•n I t f' {g . n. \\1 

Department of the Air Force: 

·\1\\L I'Rf' "~rtl .liHI A 1r for<t' ll.'"' (\\I 

'\1r ~ort t' ;\( dtlt •m\ (\\I 

llr.llrn~ A1r for< t• ll.r 't' (gl 

Hdf1'd. om A1r ~ un t' H ,h t ' (,l.!l 
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Department of the Army : 

(_ o rp ... 111 ~ ngm~t->r.., (t· . 1-.: n. '' J 

f o rt l~t ·hou (nl 

f-()r t C~H..,on .\ld1t,H\ ~ t· -.t·r\dtron (\\ i 

~(H_k\ :\1uuntdln Ar ... t•n,l l (\\) 

\~ohillt\ ~ quqH11t>flf ~t· ... t'df{ h .1nd Ut'\t>lopmt-·nt lurnm,lnd (gl 

Department of Commerce: 

( Od..,fc-!1 Pl.:11n -. RPg1un.tl At t1on Pl.H1n1ng (_ omm1..,..,1 0 n (~· gl 

~ our (tJrrlt·r .., Rt·glon,ll Ac. t1 on Plc1nn1ng l(Hllrll l"" 'on (t•J 

:'\..1t1ondl Burt·.Ju ot S!dnd.Jrd ... lgl 

.'\,ltlf>n.ll ( h t',Hll< .lnd A lm o,pht-nL A dmml, lr,lti (Hl 

;\."dt lfHl.l l ,\ 1,Hifl t-> f .... ht • ru.~ ... St·r \ H p (\, ) 

Nt~! T o n .tl ( h t·dn S u rVP \- (nJ 

.'\..tt1on.d \\"t·d th t-> r St•r \- H P (g , \ \ J 

Otlt< ,. ot '><'.l (,r.tnl' [t•) 

( Hd \\.t•..,f Rt·gT on,l l A< ! Hln Pldnn1ng l onHlli...,..,Jon It>) 

U;drk ... R.Pglon.ll A< tHHl Plt~nn1ng ( onHlll..,..,lon (t•J 

f'd< lt1< :\orth\\t'"l Kt->glc.m,ll A( !1on Pl.1nnmg (omm'""lon (t•) 

S()udl\\t'"l Bord t·r Rt·gi(Jn,JI A< t1on PI.Jnn1ng (omm'""'on (f') 

Department of Defense Agencies: 

Dt·tt>n'>t ' A<h .-trH t·d Rt·-.t·.trt h Prow{ t-. Agt>n< \ (g} 

Dt>tt•rhf• .\\.1pp1ng A~t' lll, (n) 

Ut-•tl-_.n.., .. t'....u< lt•,u Agt•n< 1,- (gj 

Dt·Jt ·nw lntPIItgPnu• Agt• rH 1 (~J 

D epartment of Energy: 

AlhuqLwrquP Upt·r,lll(>l1' ( HtrtP (g. w) 

Argonnt· >~tlfHJfldiL,·lhCHdtory (<) 

ll.l!t·flt• '"lron,d L,tbr>rdt o rv It) 
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Department of Energy-Continued 

Bonnevi lle Power Administration (w) 

Brookhaven Na tiona l Laboratory {c) 

Chicago Ope rations Office (w) 

Energy Programs Division (e) 

Grand Junction Office (g) 

Idaho Operations Off ice (g. w) 

Lawrence Livermore Laboratory (g) 

Los Alamos Science Laboratory (g. w) 

Morgantown Energy Technology Center (g) 

Nevada Operations Office (g. w) 

Oak Ridge Operations Off1ce (g . w) 

Oiitee of Energy Resea rch (g) 

Oti ot e of Internationa l Affai rs (g) 

Rtchland Operat oons Off tce (c . g, w) 

San hanc<' CO Operatoons (g. w) 

Department of Health, Education, and Welfare (w) 

Department of Housing and Urban Development (w) 

Department of the Interior: 

Alaska State Otf tce. Natural Cas Popel one (g) 

Bureau of Ind ian Affai rs (e. g, n. w) 

Bureau of Land Management (e . g, n. w) 

Bureau o i M ones (e. g. n . w) 

H eootagf' Con ser va too n and Recreatoon Servoce (e) 

N dttonal Park St> rvtce l e. g. n. w) 

Ott"" of tht• St>cretar1 le. g) 

Ottrt t' of Surfa ce Monong Reclamat1on and Enforceme nt 

(P. g, n. w) 

Tran,-AJa <ka Pop e lrne (e ) 

US fo<h and Wrldlri e Se rv rce (e. g. n. w) 

WdtPr and Powt•r Re<ource' Servrcp (g. w) 

Department of the Navy : 

Nava l hplo<~ve O rdanc e Dospo,al Test Center (g) 

Nava l Oceanog raph oc Oif oce (n. w) 

Na>d l WPapons Center. C htna Lake (g . w) 

U S ,\\.trtnt' Corp '. Ca mp Pendleton (w) 

Department of State: 

Agt>nc 1 ot lnt ern a to o nal Deve lopment (g. v.) 

Burc>au ot lnt p rn a tt o ndl Orgdnllatoon Attar" [P) 

lntPrn.Jttona l Bo und a r~ and Water Commossron. US 

.tnd MP\It o (w I 
lntPrn atron.ll Jo rnt Commos"on. US and Canada (w) 

Department of Transportation : 

f Pdt' ra l H oghw,l\ Admon"trat oon (g . w) 

St Lnnt'n( l ' s ... away DevP iopnwnt Corporatoon (w) 

Department of Treasury : 

US Cu,tOm> St> rvrce (n) 

Environmental Protection Agency: (n) 

Corvall~< f:nvrronnwntal Research Ldboratory (w) 

Otttct' oi t.nergy, Mtnprals and Industry (g. w) 

OttrtP oi Montto rong and TPchntcdl Support (w) 

Offoce ot Re<earc h and Development (t) 

Federal Emergency Management Agency (e, g) 

General Services Administration (w) 

Great Lakes Basin Commission (e) 

Missouri River Basin Commission (e, w) 



National Academy ol Sciences Marine Board (c) 

National Aeronautics and Space Administration (e, g, w, n) 

National Science Foundation (e, g, n) 

New England River Basins Commission (e) 

Nuclear Regulatory Commisssion (g, w) 

Tennessee Valley Authority (n, w) 

United States Arms Control and Disarmament Agency (g) 

Water Resources Council (n, w) 

State, County, and Local Cooperators 

Alabama: 

Alaska 

Alabama H1ghway Departm ent (w} 

Geolog1cal Survey of Alabama (c, n. w} 

Jefferson County Comm~<>~on (w} 

Alaska Department of F1 sh dnd Ga me (w) 

Alaska Department of Natural RE> sourcE's (w) 

Division of ForE'sts, Lands. and Wate r ManagemPnt l " 1 

D1vision of Geological and CE'ophys 1cal SurvE'ys (wl 

DIVISIOn of Pol1cy DevE>IopmE'nt and Plannmg 1 w) 

Alaska Department of Transportat iOn and Publ1c Faul1t1c> s (wl 

Alaska Power Author~ty (w} 

C1ty and Borough of I unea u (w) 

City of Cra1g (w) 

Department of Environmenta l Conserva tion (w) 

Fa~rbanks North Star Borough (w) 

Kenai Pen insu la Borough (w) 

Municipality of AnchoragE' (w) 

Matanuska Sus1tna Borough (w) 

Arizona: 

Amona Bureau of Geology and M1neral TPchnology [e) 

Arizona Department of Health Se rv1ces (w) 

Arizona Department of Water Resources (w} 

Amona Came and Fi sh Departm ent (w} 

City of Flagstaff (w} 

C1ty of Safford (w} 

City of Tucson (w} 

Flood Control Di st r~ ct of M<omopa Cou nty (w) 

Gila Valley lmgation Di strict (w) 

Mar1copa County Municipal Water Conservation DIStriCt No 

(w) 

Metropolitan Water District of South('rn Calitorn1a (w) 

Pima County Board of Supervisors (w) 

Salt River Valley Water U se rs' Assoc1at1on (w) 

San Carlos lmgatlon and Dra~nage D1str~ct (w) 

Show Low lmgat1on Company (w) 

UniverSity of Amona (w) 

Arkansas: 

Arkansas Department of Pollution Control and Ecology (w) 

Arkansas Soli and Water Commission (w) 

Arkansas Geological Commission (g, n, w.) 

Arkansas State Highway and Transportation Department (w) 

Calilornia : 

Alameda County Flood Control and Water Conservation 

District, 

Zone 7 (w) 

State, County, and Local Cooperators- Continued 

Calilornia -Continued 

Antelope Valley-East Kern Water Agency (w) 

Cal1forn1a Department of Conservation (g) 

Division of Mines and Geo logy (g) 
Cal1fornia Department o f F1sh and Came. Reg1on 2 (w) 

California Departm ent of Boating and Waterway s (w) 

Cal1forn1a D epa rtmE'nt of Transportation, D11tm t .l (wl 

California Departme nt of Water Resources (n , wl 

California Reg 1ona l W atE'r Qua l1ty Con trol flo,1rd (w) 

Central Coast Reg1on (w) 

Colorado R1ver Ba sin Rt>g1o n (w) 

Lahontan Rt>g1o n (w} 

North Coast Reg1o n (w l 

San FranciSCO fl,lV R<•g1 o n (wl 

Santa Ana Reg 1on (w) 

Cal1forn1a Wate r Resources Co ntro l lloard (w) 

Carp1nter1a County Wdtf'r D11 tm t (wl 

Cas1tas Mun1c1pal Water D" trl( t (wl 

C1ty and County o t Sa n fr ancISCO (w) 

Hetch Hetc hy Water and PowPr (w) 

C1ty ot Los Ange l t>S (w) 

C 1ty of MercE'd (wl 

C1ty of Mod Psto (w) 

Public Works Dt>p.Jrtnwnt (wl 

Cit y of Sdnta flarbdra (w) 

Public Works D eprtrtm ent (wl 

C1ty ot San D1ego (wl 

C1ty ot 1 hous and Oak, lwl 

CoachPIIa Valll'y County Watpr D~Str~c I (wJ 

Contra C:o>ta County fl ood Control and WdtPr 

ConservatiOn DIStrl< t (w) 

County ot Modoc (v.) 

Publ1 c Work s Dt>p<Htnwnt (wl 

County ot San [),pgo (w J 

D epartnwnt ot Publ1c Work , (w) 

Plannmg and Land U se (w) 

County of Sa n Joa qum (w) 

~lood Control and Watt> r Con>Prva t1 on DIStri Ct (\\I 

County ot San ,'v \at"o (w l 

Depdrtnwnt o f Pub l1< Work- (w) 

Plann1ng D epartmE•nt lwJ 

CrPstl1ne-Lake Arrowhead Watc>r AgPn< y (w) 

Desprt Water A gene y (w) 

East Bay Mun1c1p a l U\1l1ty DIStm t (w) 

East Bay Reg1ona l Park D 1str1c t (w) 

FrPsno County, Departmt>nt o f Rt>sourrPS and DP v .. lopnH· nt I \\ I 

Fresno Metropolita n Flood Contro l D11 tr~e t (\\ I 

CPorgt>town D1v 1de Publ1c Utd1ty D11tr~e t (w) 

GoiPta County Watt>r 01str1c t (w) 

Humboldt Bay Mun1up.1l Wa tf' r D11tr1c t K' I 
lmpenal County DepMtm ent of PubiH Work, (w) 

lmper~al lmgat10n D~Stri C t (wl 

lnd1an Plann1ng Comort1um - .CPntral ( dlliOrnla (wl 

lnd1an Wells Valley County Water D11tmt (wl 

Kern County W ater AgE>ncy (w) 

K1ngs R1vE'r Con se rv a ti o n DIS trict (w) 

Lake County Plann1ng Oepa rtmpnt (w) 

Los Angeles County Fl ood Control D11tmt (wl 

Los Angeles Dep artment of Water and Powf' r (wl 
Madera County Flood Contro l and Water Con sprva t1 on Agency 

(w) 

Madera lrngation DIStriCt (wl 
Mann County Department of Publ1c Works (w} 

Mar1n Mun1cipal Water D1strict (w) 
Mendoc~no County Department of Publ1c Health (wl 

Merced IrrigatiOn Di st r~ ct (w) 

Mojave Water Agency (w) 
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State, County, and local Cooperators-Continued 

California -Continued 

Montec1to Water D1str~ct (w) 

MontPrey County ~lood Control and W ater Conservation 

D1qnc! (w) 

M on terey Pen1mula Water Managem ent DistriCt (w) 

Napa Countv Flood Contro l and W ater Conservati on District (w) 

O range Count y Env1ronmentill Management Agency (w) 

O rov ille-Wyandotte lmgat1on DIStriCt (w) 

P.1t heco Pass WatPr D,qmt (w) 

Rancho Cal,io rnl d Wat f' r D 1\t r1ct (w) 

Par,Hhse lrr~ gJt1on DIStm 1 (w) 

Placer Count y Wate r Agency (w) 

R 1v t> r"de County F loud Control and W oter Con se rva t1on 

DISt iiCt (w) 

Sacra mento Reg 1onal County San1t,lt1on D~>t rl c t. D epartment of 

Public W ork s (w) 

San Ben 1!o Cou nty W,J!Pr Conwrvat1o n and Fl ood Control 

DISt rict (w) 

San Bernadmo Valley MuniCipal W ater DISIIIC! (w) 

San Franusco Wa!Pr Department (w) 

S<1 n LuiS ObiSpO County (w) 

E ng1neer1ng D epartnwnt (w) 

Sa nt a Barbara County Fl ood Control and Water Conserva-

!lo n D"t"c t (w) 

Sdnta BMbara Co unty Water Agency (w) 

Santa Clara Vall ey WatPr D~<t iiC t (w) 

Sa nta CruL C 1t y lw) 

County Community Resources Center . ZonP 4 lw) 

Sa nta Cru z Count y lwl 

Fl ood Contro l an d Water Conservati on DIStiiCt (w) 

Sa nt a lv1ar~a Vallt>y Water Conservat1o n DIStrict (wl 

S,lnta Ros,J Uand of •'-1''' 'on lnd1am lw) 

Sl'>k1you Count y Flood Contro l and Water Conservat1on D1>!r1 c t 

lw) 

Sonoma County Plann1ng Departm ent (w) 

Soque l Creek County Water D~'>tiiC! (w) 

South San joaq u1n Count y (w) 

Te rr a BPIIa lmgat1on D"tr1c t (w) 

Tul.He County Flood Contro l DIStrict (wl 

Turlock lmgat1on DIStriCt lw) 

Un 1!Pd Water Comervat1on D1q11c! (w) 

Un1ve"'ty of Ca l1iOrn1a (w) 

DIVIS IOn of E nv1ronmenta l Stud"'' !DaviS) (w) 

Los Al amos Suent1hc Laboratory (c) 

Sc hool of Forest ry and Conservation (Berkeley) (w) 

Unlver;~ty of Ca l1forn1 a [Sa nta Barbara)(c) 

Ventura Count y Publ1c W ork s Agen cy (w) 

WPstern Mun1 c 1pa l Water DISt ri ct (w) 

Woodbr~dge lrr~ gat 1on D,;tr~c 1 (w) 

Yo lo Co unt y Fl ood Control and Wat pr Comervat1 on DIStrict (w) 

Colorado: 

Addms Count y Boa rd of C omm~S>~oners (w) 

Arapahoe County (w) 

Ark ansas R1 ver Compact Admi niStrat iOn (w) 

Central Yum a G round W <ller Managempnt DIStrict (w) 

Chapel Hill ' W a ter dnd Sd n1tat1on D"tr~ct (w) 

ChP rokee W ater D1-r r1c t (w) 

C 1ty and Count y o f Denver [w) 

C1t y of Aspen (w) 

C1ty o f A urora (w ) 

C1ty of Colorad o Spr~ng s (w) 

D epdr!mPnt of Publ1c Util1t1es (w) 

O ffi ce of the C1ty Manager (w) 

C1t y of Glenwood Sprmgs (w) 

C 1t y of Idaho Spr~ngs (w) 
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State, County, and local Cooperators-Continued 

Colorado- Continued 

City of Northglenn (w) 

City of Pueblo (w) 

Colorado Department of Health (w): 

Water Pollution Control Division (w) 

Colorado Department of Highways (w) 

Colorado Department of Local Affairs (n) 

Colorado Divsion of Water Resources (w): 

Office of the State Engineer (w) 

Colorado Division of Wildlife. Department of Natural Re-

sources (w) 

Colorado Geological Survey (w) 

Colorado R ive r Water Conservation Distri c t (w) 

Colorado Water Conservation Board [w) 

Copper Mounta1n Water and Sanitation District (w) 

Denver Regional Council of Governments (w) 

Eagle County Commiss ioners [w) 

E I bert Cou nty Planning Departm ent (w) 

E I Pa so Cou nty (w) 

Water U se rs Assoc iation (w) 

Frenchman Ground Water Management DIStrict (w) 

Lar~mer-Weld Regi ona l Counci l of Governments (w) 

Marks Butte Ground Water Management District (w) 

Metropolltiln Denver Sewage Disposal District No 1 (w) 

Mmeral County Commissioners (w) 

Northern Colorado Water Con se rvation DIStriCt (w) 

P1tkm County Board of County Com miSsioners (w) 

Pueblo Area Counci l of Goverments (w) 

Pueblo Civ il Defense Agency (w) 

Purgatoire R1ver Water Conservancy DIStri c t (w) 

R1o Grande Water Conservation DIStrict (w) 

Sa nd Hill s G round Water Management District (w) 

St Vra m and Left Hand Water Conservancy Distr~ct (w) 

Southea stern Colorado Water Con se rvancy DIStrict [w) 

Southwestern Water Conservation DIStnct (w) 

Trmc hera Conservanc y Distr~ct (w) 

Uncompahgre Va ll ey Water U sers (w) 

Upper Arkansas R1ver Water Con se rvancy DIStrict (w) 

Urban Dramage and Flood Control DIStriCt (w) 

Wh1te R1 ver Soi l Con servation DIStrict (w) 

Connecticut: 

C1ty of New Br~tam (w) 

C 1ty of T ornngton (w) 

Connecticut Departm ent of Environmental Protection [e.g, n. 
w) 

M1dstate Reg1onal Pl annmg Agency (w) 

New H aven Water Co (w) 

Northwest Regional Plannmg Agency [w) 

Town of E nf1eld [w) 

Town of F a ~rfleld (w) 

Town of Manchester (w) 

Town of Meriden (w) 

Town of Norwalk (w) 

Town of Simsbury (w) 

Town of Southbury (w) 

Town of Windsor (w) 

Town of Woodbury (w) 

Un1versity of Connectic ut (w) 

Delaware: 

Delaware Geological Survey [n. w) 

Department of Natural Resources and Enviro nmental Control 
(w) 

New Castle County, Public Work s Department [w) 



State, County, and Local Cooperators-Continued 

District of Columbia: 

Florida: 

Department of Environmental Services (w) 

Big Cypress Basin Board (w) 

Brevard County (w): 

Board of County Commissioners (w) 
Broward County (w) · 

Environmental Quality Control Board (w) 

Water Management Division (w) 

City of Boca Raton (w) 

City of Bradenton (w) 

(tty of Cape Coral (w) 

City of Clearwater (w) 

(tty of Cocoa (w) 

City of Fort lauderdale (w) 

City of Fort Walton Beach (w) 

City of Gainesville (w) 

City of Hallandale (w) 

City of Hollywood (w) 

Ctty of Pensacola (w) 

City of Perry (w) 

City of Pompano Beach (w): 

W ater and Sewer Department (w) 

City of Quincy (w) 

City of St. Petersburg (w) 

City of Sarasota (w) 

City of Tallahassee (w) 

City of Tampa (w) 

City of Winter Park (w) 

Collier County (w) 

Consolidated City of Jack sonvtlle (w) 

Department of H ea lth and Environmental Servtces (w) 

Department o f Public Works (w) 

Coordinating Council on the Restoratt on o f Ktsstmmee 

River Valley and Taylor Creek-Nubbins Slough Basin (w) 

Englewood Water DistriCt (w) 

Escambta Countv (w) 

Board of County Commisstoners (w) 

County Utilities Department (w) 
Flagler County (w) 

Florida Bureau of Water Res ources Managem ent (w) 

Florida Department of Environmental Regulation (w) 

Florida Department of Natural Resources (n) 

Florida Department of Transportatton (w) 

Florida Division of Rec reation and Parks (w) 

Flonda Keys Aqueduc t Authority (w) 

Hillsborough County (w) 

Jacksonville Electric Authonty (w) 

Jupiter Inlet Distr ict (w) 

lake County (w) 

Board of County Commissioners (w) 

Pollution Control Department (w) 

Water Authority (w) 

lee County (w) 

Board of County Commissioners (w) 

leon County Public Works (w) 

Manatee County Board of County Commissioners (w) 

Marion County Board of County Commissioners (w) 

Metropolitan Dade County (w): 

Department of Environmental Resources Management (w) 

Planning Department (w) 

Public Works Department (w) 

Miami-Dade Water and Sewer Authority (w) 

Northwest Florida Water Managem ent District (w) 

Old Plantation Water Control Distric t (w) 

State, County, and Local Cooperators-Continued 

Florida -Continued 

Orange County Board of County Commissioners (w) 

Palm Beach County Board of County Commiss ione rs (w) 

Pmellas County Board of County Commisstoners (w) 

Polk County Board of County Commissioners (w) 

Reedy Creek Improvement Dt st rict (w) 

St Johns County (w) 
St Johns River Water Management Dtstr~ct (w) 

Sara sota County (w) 
South Florida Water Management Dtstr~ c t (w) 

Southwest Flonda Water Managem ent Dt s tr~ c t (w) 

Sumter County Recreatton and Water Conserv atton and Con-

trol Authont y (w) 

Suwannee Rtver Au thonty (w) 

Suwannee Rtver Water M anagement D "tnc I (wl 

Town of Htghl and Beach (w) 

Town of Juno Beach (w) 

Volu sia County (w) 

Walton County (w) 
West Coa st Reg ton a l Wate r Supply Authontv (w) 

Wmter H ave n l ake Regton (w) 

Georgia : 

Hawaii: 

Idaho: 

Btbb County Boa rd of Com mt ss tone rs (w) 

Chatham County Boa rd of Commtss tone" (w) 

C tty o f Albany (w) 

C ity of Brunswtck (w) 

C tty of Cov tngton (w ) 

C tt y of Valdosta (w) 

C lay ton Co unty Wate r Authonty (w) 

Consoltdated Government of Columbu s (w) 

Department of Natural Resources ln. w ) 

Env~ronment al Protectt on Dtv~;ton (w) 

Geologtc Survey (n, w) 

Department of Tramportatton (w) 

Mac o n-Btbb Count y Water and Sewa gP A utho nt v (w) 

( tty and County of H o no lulu (w) 

Boa rd o f Water Supply (w) 

Departm ent of Pu b ltc Work> (w) 

State Department of Health (w) 

State Departm en t of Land and Natural ResourCE'S (\\) 

Dtv tston of Wa ter and Land Deve lo pmf• nt I" I 

State Dep artm ent of Tran sport a tton ln. w) 

Butt e Soli Con se rvatt o n D11 tn ct (w) 

Idaho Departm t>nt of F11h and Ca mP (w t 

Idaho Departm en t of H ea lth an d Weltarp (wl 

Bureau o f W ater Qualtl\ (wl 
Idaho Depa rtm ent o f Transport a tiOn. Dl\llton o t Hogh""l' (1\J 

Idaho Departm ent of W ate r Resource' (v. J 

Idaho Water D11tnct N o 1 (w ) 

Idaho W ater Resources Board (wl 

Shoshone-Bannoc k Tnbes (w ) 

Illinois: 

Bloomtngton and Normal Sa n1tary D11tnc t (w) 

C1ty o f Sprmgfteld (w) 

Cook County (w) 

Forest Preserve D1stnc t (w) 

Illinoi s Department of Conservat1on (w) 

Illinois Envi ronmental Protect1on Agency (w) 

151 



State, County, and local Cooperators- Continued 

Illinois -Contmut>d 

lll tncll' ln,lt!u!P ot ,'J<Jtura l ~ P, our(E'\ (w) 

St.ttP \\',ttPr StH\t'\ IJI\ '''on (w) 

llltnot' Stolte• Ce•olog<< dl Su r\t'l (P , n) 

o\11 H<·nr\ ( ounl\ RPg tona l Pl.1nn 1ng Comm"""n (w) 

\ktrupoltt.ln S,u11I ,H\ D <'irt( tot Cre.1ter Cht(dgo (w) 

~()ftht>,l,tt>rn lllrn <Jr' Pl,tnnrng ( (lnlrl11"'- 10fl (\\) 

"Lilt· [)t•p,H!Ill t'rll o t 1 r,Jn,p<lfLltl(ln l w ) 

[)1\I.., H •rl <d t {r~ h\\.1\ ' [ n \\ I 

I ) r\ r -.. H 111 11 1 \\ .t lt ·r R.t' ' l lll fl , • .., ( 11 \\1 

Indian,>: 

lo\\ .:t : 

rh {If I <lrl \ \ ,1\ rh· I \\ 1 

( It, ol l rH ir,rn .r pt d r' I \\ 1 

( 

lnd rdnd \f. Jt 1· ~~~~.~rd 1d lk,tl rh I\\ I 

lndl,lll,l [)t•[l .trtrTH·nt <d i'\.,ttlrr.il 1\t''-<lLJrl t'" In \\1 

lndr.1n,, ( ,t' <ll < ~~~~,!I \lrf\ , . , (t·l 

l r1 tlldlld Ut·p.lrfll lt'rll <I! llr )..! h\\ ,t\ ' 1.\\ 1 

lndL! Il.J fll\t·r -. rt\ \1 hrHd 111 flllhlr< .rrHl I rl\rf< llll1lt'r1Lll 

\ t t, t rr-. ' t• l 

I< '' ' n 1 1! < .tr ll l <· l ' '' 1 

"' "' \ fli t'" 1\\ I 

It\ "' ( t·tl. u f.< t~ p l < h I \\ I 
,,, "' ( h.n[, .... t rl \ l \ \ l 

II, 11: l lt·.tr [ .1k I ' I \\ I 

,,, "' [)t •o., \11 11 rlt· ~ I\\ I 

,, , "' I r,rt [ )rldl!t' I\\ I 

I:\ "' H.HI.rn 1\\ 1 

l ,,, 
"' [it\\ .I ( ,,, [\\ :1 

,,, "' \\. 1 r~ f1,1 I I tc 1\\ n 1 '' 1 

II\ t!l \it t lJ\ (II\ : \\ I 

( I I\ ()j \ \ ,! \1- rl f H I I \\ J 

I ), . .., .\ \• n nt · " \\ .t lt · r \\ 1 , r~ ... 1\\ 1 

[ fl\\ d l lt•p.J rll ll t ' lll 11 ! l r.rth(l t~fl. ll 1 11 1l l l1 . \\ / 

tl r~ h \\ .t \ I )n 1" 11111 [ \\ r 

l lr .i.! h \\,1\ f< t•o.,t•,Ht h [ ~tl,Hd (\\ J 

I 1 1\\ .1 (, t·r d<> J..!I < .tf \trr ' ~"\ 11 • n . '' r 
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State, County, and local Cooperators-Continued 

Kentucky: 

Crty of Louisvil le (w) 

Kentu (ky Depdrtm ent o f Commerce (w) 

Dt v l\r on of RP,e arrh and Plannrng (w) 

KPnturky DPpartnwn t for 'J<1ttrr,1l ~esourc ev and 

f nv~ronm Pnt a l Pro tec tion (w) 

Dtv"t on o f Con,Prv,lt ro n (w) 

Drvl\to n ot Water (w ) 

Ke·ntu < kv Dt'pMtnwnt o f Tr,m,portatton (w) 

Drv " ro n of Desrgn (w) 

KP ntu ck~· St,lll' CPologrcdl Survt· v U nrv t>rsrt y of K t'n

tU<k ~ I<'. n. ") 

Wd tt· r Qu<l lt t\ A d v r,orv Hn,ud (w) 

Louisiana: 

Maine: 

ll.1ton ~ou gP C ttv · I'.Ht'h CovPrnnwnt (w) 

( <1p1LII Art>a (,round Co n :-P rvat1on Commr <.,'>IOn (w) 

l oul...,ldn,1 Dt •p d rtnH• nt ot Natura l RPsource..., ( \V) 

()tlr( t' ot l on ...,l~ r v ,ltl on (\v) 

0 111< t' ot l n v ~r nnmPnt ,rl Alt ,llf\ (w) 

Lour -. r.rnd (Jtf t( f' o t Hrgh\\t1)" (\\ } 

Ut •p.trtmt-nt o t I rd n ..., port.uro n d n d lJ Pvt> lopnlPnt 

(\v I 

I '"""·'n" Ott1<" ot Puh l " \oVork' (n. \\) 

IJt>pdr tmt>nl o t I r~~n"[H>rtdt r on and Dt·\·Piopmt-'nl ( \v ) 

)dhlnt· K1u·r ( ompt~c t Adm lnr...,trd!IOn (\\) (...,t>t' lll':'!o 

Te,asl 

I OLII...,I.lrl.I St.ll t• P lttnn rng () ttrc t< (n) 

Andro,cogg rn Va ll ey Reg rona l Planning Com mrss ron (w) 

Cobbo"ee Wate rshed D"trr c t (w) 

,'\\arne Departm ent o t Conse rvatro n (w) 

Ceolog 1ca l Survey (n. w) 

MatnP Departnwnt o f Env tronmental Protectton (w) 

MatnP DepMtnwnt ot H uman Se rvt ces (w) 

Town ot Wtlton (w) 

Maryland: 

Anne Arunde l County (w) 

1:\a ltrm o re County (w) 

Dt>partm ent o i Pt' rmr t s and L ~<enses (w) 

Departme nt o t Pub lrc Work s (w) 

Oftrce of Pl annrng and Zon rn g (w) 

Cal ve rt Count y (w) 

Ca rolmP County (w) 

Carroll County (w) 

Howard County (w) 

Maryland DPpartm ent o f HPalth and Mental Hy gre ne (w) 

Maryland Department of Tra nsportatron (w) 

The State Hrghw ay Adminrst rat<on (w) 

Mary land E nprgy Adm rntstration (w) 

Ma ry land Geolog ica l Su rvey (e. n. w) 

Mary land Water Resources Ad mmrstratron (w) 

Montgom e ry County (w) 

St. Mary's County (w) 

Town of Poolesv ill e (w) 

Upper Potoma c River Commiss<on (w) 

Washington Subu rb an Sa nitary Commivsron (w) 



State, County, and Local Cooperators-Continued 

Massachusetts: 

Barnstable County (w) 

Cape Cod Planning and Eco nomi c Development Com mo ssion (w) 

Department of Public Works (g. n. w): 

Division of Researc h and Mate ri a ls (w) 

Metropoli ta n Di stric t Comm iss ion (w) 

State Water Resources Com mission (w) 

Div ision o f W ater Po llutoon Con trol (w) 

Divis ion of Water Resources (w) 

Town of Falmouth (w) 

Un ivers ity of Ma ssachusetts (e) 

Michigan: 

Branch County (w) 

City of Ann Arbo r (w) 

City of Battle Creek (w) 

Coty of Cl are (w) 

Coty o f Co ldwa ter. Board of Publo c Utilities (w) 

City of Flin t (w) 

Coty of Jackson )w) 

Coty of Kalama zoo. D epartm ent o f Publ oc Ut do t oes (w) 

City of Lansi ng. Board o f W ater and Lo ght (w) 

City of Ma son (w) 

Coty of Po rt age (w) 

City of St Johns (w) 

City of Yp si lanti (w) 

Depa rtment of Ag r~ c ulture (w) 

Soil and Water Conservato o n Do v osoon (w) 

Department of Na tural Resources (e. n. w) 

Bureau o f M anagement Servoces (w) 

Geologica l Survey D iv osoon (e. w) 

Departm ent of Transportati on (w) 

DICkinson Coun ty Board o f Road Commoss ooners (w) 

Ea st-Centra l Mi chogan Planning and Deve lopm ent Reg oon (w) 

Genesee County Drain Commossion (w) 

Huron-Clinton M etropo lotan Author~ty (w) 

Iml ay Coty (w) 

Kent County Airpo rt (w) 

Macomb County (w) 

Oakland County Draon Commissoon (w) 

O tsego County Road Commission (w) 

Universoty o f Michigan (e) 

Van Buren Coun ty Road Commoss oo n (w) 

Minnesota: 

City of St. Loui s Park (w) 

Coon Creek Watershed Dist ri c t (w) 

Elm Creek Conservati on Commos soo n (w) 

Metropolitan Councol of the Tw on C itoes A rt'a (w) 

Metropolot an Wa ste Control Commi sSi on (w) 

Minnesota Department o f Hea lth (w)· 

Divosion of Environm enta l Health (w) 

Minnesota Department of Natura l Resources (w) 

Mmnesota Department of Transpo rtation (w) 

Minnesota GeologiCal Survey (w) 

Minnesota Pollution Co ntrol Agen cy (w) 

Minnesota State Plannmg Agency (re) 

Red Cl ay Protect (w) 

Mississippi: 

City of ja ckson (w) 

Department of N atural Resources (w) 

Bureau of Geology and Energ y Resources (w) 

Bureau of Land and Water Res ources (w) 

Bureau of Pollut ion Control (w) 

State, County, and Local Cooperators-Continued 

Mississippi- Continued 

Harrison County (w) 

Board of Supervisors (w) 

D eve lopment Commo sso on (w) 

jack son County (w) 
Board of Superv osors (w) 

Po rt Authority (w) 
Missi ssi ppi Researc h and Deve lopment Ce nter (n. w) 

Mississ ippi State Highway Depa rtment (w) 

Pat H arris on Waterway Dostro c t (w) 

Pea rl Ro ver Va ll ey Water Suppl y D ~>t r~ c t (w) 

Missouri: 

Cot y of Springfield (w) 
Sanitary Se rvo ces Depa rtment (w) 

Department of Natu ra l Resources (w) 

D ivis ion of Environm enta l Qu aloty, Laborato ry Serv"" ' 

Program . (w) 

Do visoon of Geology and Land Survey (n. w) 

Lotti e Rive r Draon age DISt riC t {w) 

Missou ri Depa rtment of Con serv a to on [w) 

Mossour1 Hoghway and Tra nsportato o n Com mos ,.on (w) 

St Lo uos Cou nty (w) 

Depa rtm ent of Hoghways and Tratfoc (w) 

Montana: 

Department o t Nat ural Re sou rces and Cons ervat oon (w) 

Monta na Bureau o f Mones and Geolo gy (t. w ) 

Montana Departm ent o f He alth an d f:n v iro nm en tal Sc oen u•s [w) 

Monta na D epa rtment of Hoghw ays (w) 

Montana Fos h. Woldlote, and Pa rh {w) 

Montana Sta te U no ver;oty (w) 

Wyomong State Eng on ee r (w) (see also Wyoming ! 

Nebraska: 

Ce ntr al Pl atte Natural Resources Dos tr1ct (w) 

Ka m as-Neb ras ka Bog Blue Ro ve r Com p,H t Aclmonoqr atoon (wl 

Lottie B lue Na tura l Kesourres D~St ro c t (w) 

Low er Loup Natural Resources Do st roc t (w) 

LowPr Repu h loc an Natu ra l RPsourcPs D ost ro ct fw ) 

Nebra ska D epartment o t rnvor onmental Contro l (wJ 

Nebraska DepMtment o t Wa tPr K<esour< es (w ) 

Nebraska Natural ResourcPs Commo s<oon (w ) 

Twon Platte Na tura l R!'sources Dostro c t (w) 

Unoversoty o f Nebraska (w ) 

Conse rva too n and Survey D ov osoon (w) 

W ate r Resources CentE- r (w ) 

Upper Loup Natural Resources Do stroct (w) 

Nevada : 

Ca rson Coty Departmen t o t Publoc Work> (w) 

C lark Coun ty_ Depa rtment oi Comprehensove Plannon g {\\ 1 

Desert Resea rch ln stotu te (w) 

D ouglas County, D epar tment oi Plannong (w) 

Nev ada Bureau of Mones and Geol ogy (g. n. w ) 

Nevad a Department o f Conservatoon and Natural Kesou ru : s (\\) 

Do vos oon of Environmental Prote c toon (w) 

Do v ision o f Water Resources (w) 

Nevada Depa rtment of Tran sportatoon (w) 

Washoe County (w) 

New Hampshire: 

New Ham ps hire Water Resources Board (w) 
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State, County, and Local Cooperators-Continued 

New Jersey : 

Bergen County [w ) 

Camde n Cou nty (w ) 

Board o f Chosen Freeho lders [w) 

D e laware R1 ve r Bas 1n Commi ss•on (w) (see also Pennsylvania) 

,\1o rn s County M un1c1pal U til1t1es Autho r it y [w) 

Nt>w l e"ey D epartme nt o f Agn c ultu re (w). 

Sta tE' So d Conservati on Comm1ttee (w) 

New Je " ev Departm ent o f Env iron me nta l Prote c t io n (w ) 

Bu rea u ot h shenes (w) 

D •v <>•o n of F1 sh. Came, and She ll F•shenes (w) 

D"' ' ' 'on o t Wate r Resources (w) 

•'-'o rth l e " ey D& \l r iC t Wate r Supp ly Com m1 " 1o n [w) 

Pa«a •c Vall ey W ater C:om m •s"on (w] 

Som t> r" ' l County (w) 

Boa rd o f Chosen Freeho lders (w ) 

Town , hip ot Bnd gew ater (w) 

~ n v ~ronm e nt a l Comm.s S< on (w) 

Town, hqJ o t Crant o rd (w) 

W es t W &nd sor Tow nshi p (w] 

t nv ironmPnla l Co mm<>"o n (w ) 

New Me•ico : 

A lbuquerque M elropo l&tan A rro yo Flood Co ntro l Aut ho r&ty (w ] 
C1ty o f A lbu qu erque (w] 

C: o ;t ill a C:re t> k Compact Com m<>\lon (w] 

E l t> p h.; n t Butte lrnga t10n D~< tnc t (w ) 

New Me\lco Burea u of Econo m&c D evO"Io pment (e l 

New MeXIco Bureau o t M 1nes and M 1neral Res ou rces (e, w) 

" " " M eXIc O t n v ~ronmen ta l Improvem ent D•v•" on (w] 
New ,\ 1PXI CO Na tu ral Resourcps Depa rtment (w) 

New M e\l co Sta te H1ghwa y Oepa r tm t> nt (w) 

Pt'co' R&vt>r C:omm""on (w ) 

f' ueb lo lnd&an s o f Z un1 (w ) 

R1o C randP Co mp ac t Comm• » •o n (w) 

New York : 

Cen tra l New Yo rk State Park and RPcrPa tlon Comm15 s1on (w] 
C •tv o t Al bany (w ] 

D epa rtnw n t o f Wa tPr and Wa ter Sup[) l y (w] 
C&ty o i A u bu rn (w] 

C&t y o t New Yo rk (w) 

Departme nt o f Env ~ro nmen ta l Pro tect •o n (w) 
C&ty o f Roc he\l t> r (w l 

D t> par tment o f Pu b l1c W orks (w) 

Coun ty ot Chaut auqua (w) 

DPpart men t o t Plan n& ng and Devel opment (w] 

Coun ty o t Cortl and (w) 

Coun ty o t Ou c he s' (w) 

Cou nt y ot M onroe (w) 

W ater Aut hon ty (w) 

County o f Na"a u (wl 

D t> pa rtmPnt o t Publ&c W o rks (w ] 

Count y of Ononda ga (w) 

D epart ment o t Pu bl iC W orks (w) 

Wat f' r Autho r& t y (w) 

Cou nty o f Oswego Plann&ng Board (w) 

Cou nty o f Putn am (w) 

County o t Ro<.k land (w ) 

Dra &n age Ag t> nc y (w) 

Coun t\ oi Su ff o lk (w) 

D epartment o f Health Sc 1encc• s (w) 

W ate r Autho r~ty (w) 

County o t U lq e r (w] 

Cou nty ot W es tc hes te r (w) 

D epartmPnt o f Pu blic W ork s (w) 
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State, County, and Local Cooperators-Continued 

New York- Conti nu ed 

Hudson River-Black River Regulating District (w) 

Irondequo it Bay Pure Waters Di st ri c t (w) 

Lo ng Island Regio nal Plann ing Boa rd (w) 

New Yo rk State College of Agri culture and Lif e Scien ce s (w) 

New York Sta te De par tment of Edu c ation [w ): 

Museum and Sc ience Serv ice (w) 

New York Sta te D epa rtment o f Env iro nmenta l Conserva tio n [w) 

[see also Pennsylvania) 

Bureau o f Stand ards and Com p li ance (w) 

D 1v 1s io n o f Wa ter [w) 

New York Sta te Energy, Researc h and Deve lopment Autho r ity 

(w) 

New Yo rk Sta te Depa rtment of H ea lth (w) 

D 1vision o f Sa n itary Engineer ing (w) 

New York Sta te Depa r tment o f Transporta t ion (w )· 

Br id ge Pl anning and Rai lroa d s Bu reau [n, w) 

New Yo rk Sta te Geolog ical Survey (e) 

Oswegatc h1e R1 ver-Cranbe rry Re servo &r Com m1 ss 1on [w) 

Power Au tho r& t y of the Sta te of New York (w) 

Sta te Un &ve rs&t y of New York at A l ba ny [e, w) 

State Un1vers1ty of New York at Buffalo [e) 

Susqu ehan na R• ve r Bas 1n Com m &ss ion (w) [see also 
Pennsylvania ) 

Town of Bro okh aven [w) 

Town of C la rkstown [w) 

Tow n o f Wa rw &ck [w) 

U nversity of V &rgmia [w) (see a/so Virginia ) 

D epa rt ment of Env iro nmental Sc 1ence s [w) 

V 1llage of N yack [w) 

North Carolina: 

Agr&cul tura l Researc h Sf>rv iCf> (w) 

C1ty of Bu rlington [w) 

C &t y of Cary (w) 

C ity o f Charl o tte (w) 

C ity of Du rha m [w) 

Departm lo' nt of W ater Rf>sources (w) 

C•ty o f G reensboro [w) 

C •ty of Ra le&gh (w] 

C•ty of Roc ky Mou nt (w] 

State Boa rd o f Tran sportation, D iv iSIOn of Hi ghways (w) 

Sta te Department of Natura l Resources and Comm unity Devel

opment (n, w ) 

North Dakota 

Ohio: 

North Da kota Ceo log& ca l Survf>y (w) 

N o rth D akota Sta te U nive rsit y (e) 

O l &v f>r County Board of Comm is sionlo' rs (w) 

State D epa rtment of H ea lth (w) 

Sta te W atf> r Comm ission (n, w ) 

C•ty of Ca nton (w) 

W at lo' r D epa rtment [w) 

C ity o f Columbus (w ) 

Depar tm ent o f Pu b l1 c Serv &ce (w) 

Division o f Water (w) 

Cuyahoga Coun ty (w) 

Cea uga County (w ) 

M iami Conse rvancy Distri c t (w) 

Northt>a st O hio Areaw1de Coordin atmg Agency [w) 

O hio Depa rtment of Natural Resou rces (w ): 

Div ision o f Geologica l Survey (w. g) 

Di vision o f Rec la m ation [w) 

Division of Water [w) 



State, County, and Local Cooperators-Continued 

Ohio-Continued 

Ohio Department of Transportation (n, w): 
Division of Highways (w) 

Ohio Environmental Protection Agency (w) 

Oklahama: 

Central Master Conservancy District (w) 
Cherokee Indian Tribe (w) 

City of Ada (w) 

City of Altus (w) 

City of Claremore (w) 

C1ty of Edmond (w) 

City of Guthrie (w) 

City of Lawton (w) 

City of Oklahoma City (w) 

City of Sapulpa (w) 

City of Tulsa (w) 

Foss Reservoir Master Conservancy Distnct 

Fort Cobb Reservoir Master Conservancy D1stnct (w) 

Lugert-Aitus Irrigation D1strict (w) 

Oklahoma Conservation Comm1ss1on (w) 

Oklahoma Department of Highways (n) 

Oklahoma Department of Transportation (w) 

Oklahoma Geological Survey (w) 

Oklahoma State Health Department (w) 

Oklahoma Water Resources Board (w) 

Oregon: 

Burnt River Irrigation District (w) 

City of Corvallis (w) 

City of Eugene (w) 

Water and Electnc Board (w) 

City of Lakes1de (w) 

Lakeside Water D1stnct (w) 

City of McMmnville (w) 

Water and Light Department (w) 

C1ty of Medford (w) 

Public Works Department (w) 

City of Portland (w) 

Department of Publ1c Utilities (w) 

Department of Publ1c Works (w) 

City of Reedsport (w) 

City of Salem (w) 

Confederated Tribes of Umatilla lnd1an ReservatiOn (w) 

Confederated Tribes of Warm Springs lnd1an Reservation (w) 

Coos Bay-North Bend Water Board (w) 

Coos County (w) 

Board of CommiSSioners (w) 

Douglas County (w) 

Department of Public Works (w) 

Lane Council of Governments (w) 

Lane County (w) 

Office of the Chief Administrator (w) 

Mid-Willamette Valley Council of Governments (w) 

Multnomah County (w) 

Board of Commissioners (w) 

Oregon Department of Environmental Quality (w) 

Oregon Department of Fish and Wildlife (w) 

Oregon Department of Geology and Minerals (w, n) 

Oregon State Highway Division (w) 

Oregon Water Resources Department (w) 

Rogue Valley Council of Governments (w) 

Wasco County (w): 

Planning Office (w) 

State, County, and Local Cooperators-Continued 

Pennsylvania: 

Allegheny County (w) 
Department of Planning and Development (w) 

Chester County (w): 
Board of Commissioners (w) 

Health Department (w) 

Water Resources Authonty (w) 

City of Bethlehem (w) 

City of Harrisburg (w) 
Department of Public Works (w) 

City of Philadelphia (w) 

Water Department (w) 
Delaware River Basin CommiSSIOn (w) (see also New Jersey) 

Delaware Valley Regional Plannmg CommiSSIOn (w) 

Green County Commissioners (w) 

Letort Reg1onal Authonty (w) 
New York State Department of Environmental Conservat1on lwJ 

(see also New York) 
Pennsylvania Department of Environmental Resources (w) 

Bureau of Surface Mme Reclamation (w) 

Bureau of Topographic and Geologic Survey (n, w) 

Bureau of Water Qual1ty Management (w) 

Office of Resources Management (w) 

Pennsylvania Department of Transportation (w) 

Pennsylvania FISh CommiSSIOn (w) 

Slippery Rock State College (w) 

Susquehanna R1ver Bas1n CommiSSIOn (w) (see also New York) 

Warminster Townsh1p (w) 

Rhode Island: 

C1ty of Prov1dence (w) 

Department of Publ1c Works (w) 

State Department of Environmental ,\1anagenwnt (wl 

DIVISIOn of Land Resources (w) 

DIVISIOn of Water Resources (w) 

State Water Resources Board (w) 

Statew1de Plannmg Program (w) 

Un1vers1ty of Rhode Island Center tor Ocean Managc>nwnt 

Stud1es (e) 

South Carolina: 

C1ty of Lancaster (w) 

C1ty of Myrtle Beach (w) 

C1ty of North Myrtle Beach (w) 

CommiSSioners ot Publ1c Works (w) 

Spartanburg Water Works (w) 

Grand Strand Water and Sewer Authontr (wJ 

State Department ot H1ghways and f'ubl" I ransportat1on lwl 

State Geological Survey (w) 

State Health and rnv1ronmental Control (wl 

State Water Resources CommiSSIOn (wl 

South Dakota: 

Black Hills Conservancy Subd1stnct (w) 

C1ty of S1oux Falls (e, ',Vi 
C1ty of Watertown (w) 
East Dakota Conservancy Subd1stnct (w) 

South Dakota Department ot Transportation (n) 
South Dakota Department of Water and Natural Resourcc>s (w) 

D1vi51on of GeologiCal Survey (w) 

D1vi51on of Water R1ghts (w) 
South Dakota School of M1nes and Technology (w) 
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State, County, and Local Cooperators-Continued 

Tennessee: 

Texas: 

( 111 ot Frc~n'l'n" (w) 

C1t1 ot Lawrenceburg (w) 

111 ot .\\emphiS (w) 

l1ght, Cas and Water DIVISion (w) 

f'uhl1c Worh DIVISIOn (w) 

\\'dtPf lJiVI'>IOn (w) 

lllllOin Countv 13odrcl ot Publ" Utd1t1es (w) 

,\tetropol,tan Covernnwnt ot :---lash"lle c~nd Dc~v1dson County 

(WI 

Departnwnt ot f'uhl" Works (w) 

,\1urtrt-'t"-.horo \Vater and SPwPr Department(\\') 

Slwlbv C ountv (11 1 

Tennt'""t't' Dt'f>drtrnt'nt ot (_-Ofl'>t'fVdtlon (P, \\') 

Dl\ 1..,1on ot CPologv (e, n. \\1 

Dl\1'->lun ot \\'att'r Rp-,ourtP" [\\) 

I enn"""" Dt>pdrtnwnt ot Publ" HP,llth (wl 

D"'""n or WatPr Qudilt\ ( ontrol (>~I 

1 eiHH''>'>t'l' Depdrtmt'nt ot I rdn'>pnrtat1on (v\) 

l)un-•au ot Htgh\\tl\-. (\\) 

Kurt'dU ot P!dnn1ng and PrtJgrdnHnlr\~ (\\) 

( Ht1{ t' ot Rt>'>t'cH( h e~nd PL1nn1ng (\\) 

L'nl\t'f'>lt\ ot 1 enne..,..,t,t' (wJ 

Ath<·ns .\tun I< 1pal \Vc~tt>r Authontv lw 1 

Bt'\,lr-,\~t-'dlnd-AtdtO'>d Countw" \Vdtt•r lmprO\iPnlPnt 01...,tr1{_ t 

~o I lwl 

iliiiOIW ,\tuniC ,p,ll Watt>r Supply D11tm t (wl 

Hrd;u-, R.1vt->r Authnrlt\ lwl 

(II\ ot Ahd<>IW (II I 
( rlv ot ·\I" ,. !11 I 

( II\ ot Arl1ngton (\\ J 

Ill ut Au-,fln (1,\ 1 

Ill ot llrc~dv (1,\) 

(Ill Ill ( IPhunw (\\I 

Ill ut ( lvde· (\\ 1 

( II\ IJ( CCHfHl" ( hr1-,11 (\V) 

(II\ ot lJa II a' 111 I 

( rlv ot fl Pd-,o lv\ J 

(Ill ot Carland fwl 

(II\ ()t (,.liflPII<ilt> (\\I 

(Ill ut Crcdldnl lwJ 

( II\ ot Hf)u-,ton I\\) 

rtv ol i\,H ogdo< ht->-, (\\ 1 

1(\ ot )dn ,\ng<>ln 1111 

II\ ()t )dn Antnn1c> (\\) 

f ng11lt't•r1ng Ut·pc~rtnH•nt 1~,, J 

Puhl1< )Pf\ I< t' Board lwJ 

IYJIH llodrd (\\I 

It\ flt \\'!( h1id ~d]J-, I\\) 

( ol()rdd<> R.1\er ,\1unl< 1pc1l \'VdtPr IJ1-,tr1< t (\\) 

((lUll!\ <>I Udlld-, lw) 

( (JLJflt\ ot ( )rdngt· I\\) 

( ount\ ot \Yood (\v) 

f thvdrd-, Undt·r~ruund \\'dtt•r IJI-,Irl< t (\\) 

f rdnl,l,n ( ounly W.ttt·r D11lnr 11111 

C .re·enlwlt ,\turw l)ldl .md lndusln,li Wal<·r Aulhrmty fw 1 

C.udddlupt·-Hittnt o R11.-t>r Auth(Hit\ (\\) 

Hdrrl-, ( f>Urlt\ ~l()(>d Control IJI..,trl< t 1\\) 

fLHrl-,-(,dl\~'"tun { Od...,tal ')uh-,ld!'rl< t> [)1-,frlt t rvvJ 

Ldvd< a-i\d\lddd R1vt·r Author1tv (w) 

Lmlf·r ( ulorado RI\Pr Authrmtv (wl 

lo\\Pr :-.,,., lws \',liiPv Aulhonlv (w) 

,\tar kf'n/1<' ,\tun" 1pal \.Vater Authrmty (;v) 

'-<urlh ( <'nlrdl 1 "'"' MuniC l]ldl WdtPr Aulhrmtv (w) 
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State, County, and Local Cooperators-Continued 

Texas-Continued 

Utah: 

Northeast Texas Mun1cipal Water District (w) 

Nueces River Authority (w) 

Palo Pinto County Municipal Water District No 1 (w) 

Pecos River Commrssion (w) 

Reeves County Water Improvement Distnct No 1 (w) 

Sabrne River Authority of Texas (w) 

Sabrne Rrver Compact Adm1nrstrat1on (w) (see also Louisiana) 

San Antonio City Water Board (w) 

San Antonia R1ver Authority (w) 

San )acrnto R11er Authority (w) 

Tarrant County (w) 

Texas A & M (e) 

Texas Department of Water Resources (n, w) 

The UniVerSity of Texas at Aust1n (w) 

l1tm County Fresh Water Supply D1strict No 1 (w) 

Tom CrPen Countv Water Control and Development D1stnct 

No 1 (w) 

1 nn1ty R1ver Authon•v rw) 

Upper Cuadalupe R"' · Authonty (w) 

Upper NPr hes Mun1c1pal Water Authonty (w) 

Upper Tnn1ty Base Water Qual1ty Compact (w) 

West C:c·ntral Texas Mun1c1pal Water D1stnct (w) 

W11h1ta County Water Improvement D~Stnct No 2 (w) 

Bear R1ver CommiSSIOn (w) 

Salt Lake County (w) 

Board of County CommiSSioners (w) 

Department of Water Qual1ty and Water Pollut1on Control 

(w) 

State Department ot Natural Resources (w) 

DIVISIOn ot Water Resources (w) 

DIVISIOn ot Water R1ghts (w) 

DIVISIOn ot Wlidl1fe Resources (w) 

Utah Ceolog1cal and ,\11neral Survey (c, g, n, ;v) 

Vermont: 

Agenr 1 ot t nv<ronmental Conservation (n) 

State> Department of Water Resources (w) 

T 0\\ n ot Spnngt1eld (w) 

Virginia: 

C1t1 ot Alexandna (w) 

Depdrtment ot Transportation and Env<ronmental Serv1ces (w) 

C 1tv ot Newport News (w) 

Department ot Publ1c Util1t1es (w) 

( 111 ot Roanoke (w) 

Utli1t1es and Operations (w) 

C 111 ot Staunton (w) 

( ountv ot )ames C1ty (w) 

Southeastern Publ1c Servrce Authonty of V<rgmia (w) 

Un1ver11ty ot V<rg1n1a (w) (see a/so New York) 

Department of Env<ronmental Sc1ences (w) 

\'rrgm1a Department of Conservat1on and Economic Develop· 

ment 
DIVISion of Mmeral Resources (n) 

Vrrg1n1a Department of H1ghways and Transportation (w) 

V<rg1n1a Polytechnic Institute and State Un1vers1ty (e) 

Vrrgm1a State Un11ersity (e) 

Vrrg1nra State Water Control Board (w) 

Washington: 

C1ty of Bellevue. Publ1c Works Department (w) 

City of Everett (w) 



State, County, and Local Cooperators- Continued 

Washington- Continued 

City of Seattle (w) 

Department of Ltghtmg (w) 

Water Department (w) 

City of Tacoma (w) 

Department of Public Utiltttes (w) 

Department of Publtc Works [w) 
Chelan County (w) 

Clallam County Board of CommiSSioners (w) 
Clark County (w) 

Department of Publtc Works [w) 

Publtc Utility DIStnct [w) 

Cowlitz County Publtc Utdtty Dtstmt [w) 

Hoh lndtan Tnbe (w) 

Intercounty Rtver Improvement (w) 

Island County Pldnnmg Department (w) 

Kmg County Depdrtment of Publtc Works [w) 

Lewts County Board of Comm~>stoners [w) 

Makah Tnbdl Counctl [w) 

Muckleshoot lndtan Tnbe (w) 

Muntctpaltty of Metropolttan SeattiP (w) 

Ntsqually lndtan Communtty Counctl [w) 

Pend Oreille County Publtc Utdtty Dtstr~ct No 1 (w) 

Pterce County Board of Comnll"tonPrs (w) 

Qumault lndtan BuSiness Council (w) 

San Juan County Board of CommLsSione" (w) 

Shoalwater Bay Tr~bal Counctl (w) 

Skagtt County (w) 

State of Washmgton (w) 

Department of Ecology (w) 

Department of Natural Resources (g) 

Town of F~rcrest (w) 

Tulaltp Tr~bal Board of D~rectors (w) 

UntverSity of Washtngton, Ftsher~es Research lnstttutP (w) 

Walla Walla County Board of Commtsstone" (w) 

Washmgton Publtc Power Supply Servtce (w) 

Washmgton State Department of Ecology (w) 

Washtngton State Department ot Ftsher~es (w) 

Washmgton State Department of Natural Resources (n) 

Washmgton State Department of Transportation (w) 

Washtngton State Untverstty (w) 

Department of Agr~cultural Engmeer~ng (w) 

Whatcom County Board of CommiSSioner> (w) 

Yaktma Tr~bal Counctl (w) 

West Virginia: 

City of Buckhannon (w) 

Ctty of Morgantown (w) 

Water Commisston (w) 

Upshur County (w) 

West Virgtnia Department of Highways (w) 

West Virgtnta Department of Natural Resources (w) 

Divtsion of Forestry (w) 

DiVISIOn of Water Resources (w) 

West V1rgin1a Geological and Economtcal Survey (n, w) 

Wisconsin: 

Brown County Regional Plannmg (w) 

City of Middletown (w) 

Dane County (w) 

Department of Publtc Works (w) 

Regional Planning Commission (w) 

Madison Metropolitan Sewage Dtstr~ct (w) 

Madison Water Uti/tty (w) 

State, County, and Local Cooperators- Continued 

Wisconsin- Continued 

Sokaogon Chippewa (Mole Lake) Communtty of Wisconsin (w) 

Southeastern Wisconsin Regtonal Planntng Commtsston [w) 

State Department of Natural Resources [g, n, w) 

State Department of Transportation (n, w) 

Br~dge Sectton [w) 

Dtvtsion of Htghways [w) 

Town of Schleswtg [w) 
University of Wisconsin- Extens1on Ceolog1cal and Natural 

History Survey [n, w) 

Village of Oregon [w) 

Wyoming: 

CheyennP Board of Publtc Utdtttes [w) 

Untverstty of Wyomtng [e) 
Wdter Resouru_•s Rese,Hch ln->t1tutP and ln...,t1tute tor Pnl1c V 

Research [P) 

Wyommg Departnwnt ot Agm ulturP [w) 

Wyom1ng Conservdtlon Commrs<>lon (V\') 

Wyomtng Departmpnt of h ononm Planntng dnd Dc•velupnwnt 

[w) 

Wyommg Departmpnt ot fnv1ronnwntal Qualtty lwJ 

Wyommg Came and Ftsh [)ppartment (wl 

Wyomtng Htghway DPpartnwnt (wJ 

Wyomtng Statp f ngtnt'Pr (n, wl (see a/so Montana) 

Other Cooperators and Contributors 

Government of American Samoa (w) 

Government of Guam (w) 

Government of the Northern Mariana Islands (w) 

Government of Peru (g) 

Government of Saudi Arabia (w, g) 

Puerto Rico: 

Puerto Rtco Aqueduct ,md Sewer Author~ty (\\I 

Puerto Rtco Departnwnt ot Agr1c ulturc> (wl 

Puerto Rtco Department ot Health (wl 

Puerto RICo DPpartment ot Natural /{psouru•s (w. g) 

Puerto Rtco Department ot Transportatton and Publtc Works lwJ 

Puerto Rtco Electr~c Powpr Author~ty (wJ 

Puerto Rtco Environmental Qua/tty Board [w) 

Puerto Rtco lndu>tr~al Development Company [wJ 

Puerto Rtco Land Author~ty [w) 

Puerto Rtco Mtneral Resources Development Corporatton (g) 

Puerto Rtco Planntng Board [w) 

Puerto Rtco Sugar Corporatton [w) 

Trust Territory of the Pacific Islands (w) 

United Nations: 

Untted Nattonal Development Program [w) 

Virgin Islands: 

College of the V~rgtn islands (w) 

V~rgtn Islands Department ot Publtc Works (w) 

V~rgtn Islands Plannmg OfttCe [wl 
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Budgetary and Statistical Data 
(Data in these tables may differ slightly from data in the individual division chapters because of rounding; and totals may 
sometimes not add because of rounding] 

TABLE 1.-Geologica/ Survey budget for fiscal years 1976 to 1981, by activity and sources of funds 

]In thousands of dollars] 

Budget act1v1ty 1976 Transition 1977 
quarter 

1978 1979 1980 1981 

Total ------------------------ $353,970 $102,858 $433,403 $698,272 $764,718 $782,136 $783,656 

Direct program ------------------------- 264,434 77,570 319,460 576,393 634,886 639,143 623,057 
Reimbursable program _______________ 89,536 25,288 113,943 121,879 129,832 142,993 146,700 

States, counties, and municipalities _____ 35,006 8,956 39,621 40,784 44,124 46,849 48,700 
Miscellaneous non-Federal sources _____ 7,923 1,991 10,229 12,82J 15,789 16,817 19,605 
Other Federal agencies _______________ 46,607 14,341 64,093 68,270 69,919 79,327 78,395 

Alaska Pipeline Related Investigations ____ 287 85 317 272 

Direct program ----------------------- 287 85 317 272 
Reimbursable program __________ 

Other Federal agencies ______________ 

National Mapping, Geography and Surveys 52,220 13,289 57,073 69,520 74,566 82,683 89,177 

Direct program ----------------------- 43,354 11,548 50,311 61,356 65,584 72,759 77,449 
Reimbursable program _______________ 6,866 1,741 6,762 8,164 8,982 9,924 11,727 

States, counties, and municipalities ___ 3,675 882 3,268 3,320 3,371 3,083 2,985 
Miscellaneous non-Federal sources ___ 501 133 601 499 597 610 1,095 
Other Federal agencies _____________ 2,690 726 2,893 4,345 5,014 6,231 7,648 

Geologic and Mineral Resource Surveys and 
Mapping' ---------------------------- 115,554 32,194 130,269 163,193 178,556 193,652 208,287 
Direct program ----------------------- 92,322 24,829 100,007 123,830 134,846 146,963 162,756 
Reimbursable program ________ 23,232 7,365 30,262 39,363 43,710 46,689 45,531 

States, counties, and municipalities ___ 1,467 383 1,403 956 584 640 758 
Misc_ellaneous non-Federal sources ___ 4,936 1 '120 6,439 8,510 10,914 11,258 13,192 
Other Federal agencies ______________ 16,829 5,862 22,420 29,897 32,212 34,791 31,761 

Water Resources Investigations• _________ 112,480 30,716 131,509 146,014 168,598 184,871 194,016 
Direct program ----------------------- 57,176 15,916 68,555 3 78,487 96,847 108,664 115,458 
Reimbursable program ________________ 55,304 14,800 62,954 67,527 71,751 76,207 78,558 

States, counties, and municipalities ___ 29,735 7,672 34,761 36,457 40,156 43,126 45,138 
Miscellaneous non-Federal sources ___ 940 260 1,331 1,429 1,673 1,778 2,088 
Other Federal Agencies ______________ 24,629 6,868 26,862 29,641 29,922 31,303 31,332 

Conservation of Lands and Minerals _______ 41,677 13,386 67,427 77,409 85,484 106,395 127,001 
Direct program ----------------------- 41,489 13,375 67,239 77,299 85,362 105,928 125,739 
Reimbursable program ________________ 188 6 188 110 122 467 1,262 

Miscellaneous non-Federal sources ___ 1 16 9 12 29 
Other Federal agencies ______________ 187 6 172 101 122 455 1,233 

Office of Earth Science Applications _______ 17,278 8,919 23,476 23,226 23,965 23,734 23,205 
Direct program ----------------------- 14,908 7,795 17,698 18,132 19,959 18,935 18,849 
Reimbursable program ________________ 2,370 6,124 5,778 5,094 4,006 4,799 4,356 

States, counties, and municipalities ___ 130 19 189 51 13 
Miscellaneous non-Federal sources ___ 1,496 469 1,741 2,153 2,333 2,808 3,139 
Other Federal agencies _____________ 744 636 3,848 2,890 1,660 1,991 1,217 

National Petroleum Reserve in Alaska _____ 9,154 202,704 216,886 169,845 107,001 
Direct program ----------------------- 2,079 202,598 216,886 169,845 107,001 
Allocation transfer-------------------- 7,063 106 
Reimbursable program (Federal) ________ 12 

General Administration• _________________ 3,398 1,491 3,760 3,650 3,661 3,776 3,896 
Direct program ----------------------- 3,398 1,491 3,760 3,650 3,661 3,776 3,896 

Facilities _____________________________ 9,500 2,530 9,494 10,769 11,741 12,273 11,909 
Direct program ----------------------- 9,500 2,530 9,494 10,769 11,741 12,273 11,909 

See footnotes at end of table. 
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~ABLE 1.-Geologica/ Survey budget for fiscal years 1976 to 1981, by activity and sources of funds-Con
tmued 

Budget activity 

Miscellaneous services to other accounts 
Reimbursable program -------
Miscellaneous non-Federal sour~es _____ _ 
Other Federal agencies ---------- =-=-= 

1976 

$1,576 
1,576 

49 
1,527 

'Funds exclude the Land Resource Analysis program for fiscal year 1976. 
1 Excludes Employee Compensation Payments subactivity for fiscal years 

1975 IO 1976. 'Funds for the Aorborne Positioning System, appropriated 10 
Water Resources lnvest1gat1ons are included as obligations of Topographic 
Surveys and Mapping ($2,172 thousand). 

Transition 
quarter 

1977 1978 1979 1980 1981 

$253 $924 $1,515 $1,261 $4,907 $5,266 
253 924 1,515 1,261 4,907 5,266 

10 102 225 272 351 62 
243 822 1,290 989 4,556 5,204 
• Funds include Employee Compensation Payments subaclivity of I he Water 

Resources Investigations activity for 1976. 

TABLE 2.-Geo/ogica/ Survey Federal-State Cooperative Program funds for fiscal years 1976 to 1981, by 
State 
lin thousands of dollars] 

State 1978 1979 1980 1981 1976 Transition 1977 ____________________________________________ _2q~ua~rt~e~r _________________________________________ _ 

Total' ---------------------------
Total State share2 

---------------

Alabama ------------------------------
State share --------------------------

Alaska --------------------------------
State share --------------------------

Arizona --------------------------------
State share --------------------------

Arkansas -----------------------------
State share --------------------------

California -------------- _______________ _ 
State share -------------------------

Colorado -----------------------------
State share --------------------------

Connecticut ------------------------ ___ _ 
State share --------------------------

Delaware ------------------------------
State share --------------------------

District of Columbia --------------------
State share --------------------------

Florida --------------------------------
State share --------------------------

Georgia -------------------------------
State share --------------------------

Hawaii --------------------------------
State share --------------------------

Idaho ---------------------------------
State share -------------------------

Illinois 
State sh-are-========================== 

Indiana --------------------------------
State share -------------------------

Iowa 
states"h-a~e-========================== 

Kansas --------------------------------
State share --------------------------

Kentucky -----------------------------
State share --------------------------

Louisiana -----------------------------
State share --------------------------

See footnotes at end of table. 

$69,252 
35,007 
1,124 

550 

782 
407 

1,255 
639 

811 
371 

4,825 
2,473 

2,199 
1,196 

858 
415 

213 
116 

3 
2 

5,763 
2,851 

2,510 
1,243 

896 
501 

852 
417 

848 
459 

1,519 
779 

822 
405 

1,525 
752 

2,828 
1,300 
1,694 

862 

$17,482 
8,956 

171 
87 

202 
101 

335 
177 

190 
94 

1,271 
675 

662 
349 

241 
108 

54 
30 

1 

1,481 
735 

552 
275 

191 
101 

223 
111 

208 
120 

366 
182 

241 
121 
442 
220 
717 
297 
440 
227 

$79,163 
39,622 

1,234 
607 

1,141 
561 

1,393 
700 

1,033 
481 

5,336 
2,714 

3,052 
1,564 

871 
421 

225 
121 

4 
2 

6,428 
3,202 

2,452 
1,209 

897 
460 

952 
465 

1,109 
592 

1,987 
981 

1,004 
494 

1,721 
849 

3,015 
1,433 
2,628 
1,319 

$80,598 
40,784 

1,074 
532 

1,275 
654 

1,552 
783 

1,118 
543 

6,079 
3,091 

3,036 
1,561 

864 
411 

192 
109 

4 
2 

7,219 
3,667 

1,706 
866 

1,000 
518 

1,131 
611 

1,092 
575 

2,006 
1,078 
1,031 

521 
2,237 
1 '113 
2,407 
1,018 
1,856 

929 

$86,962 
44,123 

1,075 
537 

1,421 
753 

1,721 
878 

1,315 
695 

6,003 
3,135 

3,581 
1,784 

1,242 
576 

157 
92 

4 
2 

7,415 
3,819 

1,919 
942 

1,294 
646 

1,024 
480 

1,324 
718 

2,210 
1 '107 
1,060 

531 
2,378 
1 '163 
1,425 

709 
2,027 
1,015 

$91,090 
46,849 

1,134 
569 

1,675 
903 

2,229 
1 '165 
1,224 

639 

5,768 
2,963 

3,244 
1,598 

1,164 
678 

127 
64 

4 
2 

8,118 
4,428 

2,129 
1 ' 174 
1,368 

699 
1,234 

617 

1,299 
717 

1,893 
1,058 
1,102 

646 
2,295 
1,237 
1,242 

665 
2,146 
1 '148 

$94,716 
48,745 

1,304 
641 

1,998 
1 ' 157 

2,030 
1,081 

1,300 
692 

6,035 
3,082 

2,892 
1,531 

1,271 
578 

235 
136 

4 
2 

8,120 
4,227 

2,228 
1 ' 131 

1,693 
806 

1,447 
721 

1,717 
914 

1,774 
941 

1,109 
557 

2,386 
1 ' 179 
1,277 

629 

2,577 
1,427 
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TABLE 2.-Geologica/ Survey Federal-State Cooperative Program funds for fiscal years 1976 to 1981, by 

State-Continued 

State 1976 Tran sit ion 1977 
quarter 

1978 1979 1980 1981 

Maine --------------------------------- $ 313 $ 89 $ 333 $ 382 $ 566 $ 689 $ 761 
State share 181 50 179 191 290 369 389 --------------------------

Maryland ------------------------------ 1,016 243 1,176 1,174 1,393 1,559 1,555 
State share -------------------------- 517 125 602 605 706 805 777 

Massachusetts ------------------------- 1,627 368 1,402 1,593 1,837 1,461 1,972 
State share -------------------------- 779 191 684 801 847 903 1,054 

Michigan ------------------------------ 1,078 252 1,101 1,203 1,497 1,280 1,611 
State share -------------------------- 521 123 541 596 761 700 799 

Minnesota ----------------------------- 1,191 320 1,082 1,759 2,330 1,614 1,467 
State share -------------------------- 625 198 566 949 1,249 938 804 

Mississippi ---------------------------- 646 170 713 754 747 817 878 
State share -------------------------- 316 85 349 407 374 413 432 

Missouri _________ _______ ---- - - --------- 642 207 827 635 713 763 878 
State share ---- -- --------- - -- -------- 316 105 420 316 341 446 489 

Montana ________ ___ ____________ __ ______ 596 146 1,330 676 734 800 915 
State share -------------------------- 301 76 673 338 402 417 463 

Nebraska ------------------------------ 785 187 957 1,048 1,175 1,176 1,199 
State share ---- ---------------------- 396 95 469 522 579 582 589 

Nevada - -------------- ------------ - ---- 922 244 1,063 1,440 1,488 1,151 1,661 
State share --------- ----------------- 367 103 415 456 535 676 724 

New Hampshire ------------------------ 230 63 248 187 150 176 160 
State share -------------------------- 99 28 103 92 68 88 79 

New Jersey ---------------- ------------ 1,090 276 1,269 1,437 1,427 1,404 1,433 
State share -------------------------- 565 143 642 851 800 723 736 

New Mexico------- - - - ------------------ 1,510 338 1,537 1,621 1,841 1,841 1,910 
State share -------------------------- 768 175 778 838 942 939 972 

New York ------------------------------ 2,822 727 3,008 3,363 3,871 4,083 4,689 
State share -------------------------- 1,615 407 1,573 1,893 2,377 2,363 2,747 

North Carolina ------------------------- 1,462 379 1,805 1,713 1,633 1,523 2,025 
State share -------------------------- 724 197 894 858 817 910 1,010 

North Dakota--- - -- - ---------- - --------- 990 246 834 1,023 1,029 1 '101 1,177 
State share -------------------------- 489 125 408 505 498 572 579 

Ohio ---------------------------------- 1,255 336 1,598 1,799 1,962 1,885 2,211 
State share -------------------------- 671 175 838 973 1,075 1,093 1,104 

Oklahoma ----------------------------- 786 196 846 936 1 '131 1,078 1,248 
State share --------------- ----------- 386 98 414 462 577 582 615 

Oregon -------------------------------- 899 287 1,230 1,214 1,391 1,551 1,683 
State share -------------------------- 449 163 639 610 674 817 855 

Pennsylvania __________________ _________ 2,510 554 2,718 2,688 2,847 2,766 2,911 
State share -------------------------- 1,269 284 1,365 1,366 1,301 1,470 1,530 

Rhode Island ------------ -- - ------------ 124 31 145 160 233 260 271 
State share -------------------------- 60 16 72 80 117 130 135 

South Carolina ---------------- --------- 557 142 603 625 832 967 949 
State share -------------------------- 272 71 296 329 363 506 476 

South Dakota -------------------------- 528 146 562 662 766 1,048 1,120 
State share -------------------------- 259 73 275 331 382 546 551 

Tennessee ----------------------------- 1,035 280 1,255 1,383 1,509 1,612 1,704 
State share ----- --------------------- 508 139 615 686 729 804 860 

Texas --------------------------------- 4,351 1,102 4,621 4,525 4,588 4,276 4,396 
State share -------------------------- 2,148 550 2,354 2,244 2,299 2,140 2,214 

Utah - --------------------------------- 1,314 334 1,631 1,451 1,657 1,955 1,972 
State share -------------------------- 745 186 810 726 842 1,094 999 

Vermont ____________ ------------------- 138 28 134 142 166 173 248 
State share -------------------------- 68 14 70 70 81 90 124 

Virginia - - --------------- _______ ________ 737 142 768 778 897 813 886 
State share -------------------------- 378 78 393 397 548 477 441 

VVashington ---------------------------- 2,115 509 3,271 2,537 2,859 2,782 2,977 
State share -------------------------- 1,066 265 1,653 1,243 1,3?8 1,453 1,525 

See footno te s at end of table. 

160 



TABLE 2.-Geological Survey Federal-State Cooperative Program funds tor fiscal years 1976 to 1981 by 
State-Continued 

State 1976 
Trans ition 

quarter 
1977 1978 1979 1980 1981 

West Virginia ------------- $ 716 $ 175 $ 830 $ 688 $ 752 $ 694 $ 837 
State share -------------- 418 105 472 388 402 369 453 --------------------------

Wisconsin 1,874 552 1,703 1,883 1,969 1,953 2,319 
State sha~e----------------------------------------------------- 999 297 935 1,026 1,022 1,074 1 '137 

Wyoming ---------------- 754 167 903 901 819 859 1,061 
State share --------------

397 86 391 381 412 437 545 --------------------------
American Samoa 40 9 60 64 47 50 100 

State share ---======================- 20 4 30 32 23 25 50 

Guam --------------------------------- 68 18 70 85 104 123 143 

State share ------------ 33 9 33 47 56 80 100 --------------
Northern Marianas ---------------------- 18 40 42 50 

State share ---------------------- - --- 9 21 21 25 

Puerto Rico ---------------------------- 1,016 185 843 922 1,083 1,344 1,716 

State share -------------------------- 451 84 396 459 518 691 773 

Trust Territories ------------------------ 170 44 173 180 184 196 166 

State share -------------------------- 84 22 84 90 92 98 83 

Virgin Islands -------------------------- 18 2 32 70 94 78 60 

State share ------------------- ----- 9 1 16 35 43 39 30 

'Includes Federal Funds from direct p rogram. 
'Includes rei mbursable program funds fro m States, coun t ies, and 

municipalities. 

TABLE 3.-Geological Survey reimbursable program funds from other Federal agencies for fiscal years 1976 
to 1981, by agency 

[In lhousands of dollars) 

Agency 1976 Transition 
quarter 

1977 1978 1979 1980 198 1 

Total---------------------------- $46,607 $14,347 $57,017 $68,164 $69,919 $79,326 J_?8,395 
Appalachian Regional Commission ________ ===========================~==~~=~~~~ 
Department of Agriculture---------------
Department of Commerce ----------------

National Oceanic and Atmospheric 
Administration ---------------------

Ozarks Regional Commission __________ _ 
Depa(tment of Defense -----------------
Department of Energy' -------------------

Bonneville Power Administration _______ _ 
Department of Housing and Urban 

Development -------------------------
Department of the Interior---------------

Bureau of Indian Affairs------------ - --
Bureau of Land Management ----------
Bureau of Mines ---------------------
Bureau of Reclamation ------------- --
National Park Service-----------------
Office of the Secretary----------------
Office of Surface Mining --------------
U.S. Fish and Wildlife Service -----------

Department of State --------------------
Department of Transportation ------------
Environmental Protection Agency __ ______ _ 
National Aeronautics and Space 
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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 re
sources. This includes fostering the wisest use of our 
land and water resources, protecting our fish and 
wildlife, preserving the environmental 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 de
velopment 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. Ad
ministration. 
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