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PREFACE

This volume is the seventh in the series of reports
on the history of the water-resources activities of the
U.S. Geological Survey. The first four volumes were
written by Robert Follansbee, and each is entitled “A
History of the Water Resources Branch of the United
States Geological Survey.” The periods of Follansbee’s
reports are as follows:

Volume I: from 1866 through June 30, 1919

Volume II: from July 1, 1919, through June 30, 1928

Volume III: from July 1, 1928, through June 30, 1939
Volume IV: from July 1, 1939, through June 30, 1947

Later volumes are entitled “A History of the Water
Resources Division, U.S. Geological Survey.”

Volume V: from July 1, 1947, through April 30, 1957,
by George E. Ferguson

Volume VI: from May 1, 1957, through June 30, 1966,
by Hugh H. Hudson and Joseph S. Cragwall, Jr., and
others

During his address to the 1975 District Chiefs’
meeting, Chief Hydrologist Joseph S. Cragwall, Jr.,
stated: “When we met again in 1970 in Gatlinburg
[Tenn.] at the District Chief’s meeting, we were already
in an improved operational mode to better serve the
multidisciplinary hydrological needs of the environ-

mental age which, incidentally, had descended upon us
with great suddenness and as a much broader and
forceful national environmental-quality policy than
was signaled from the earlier national effort on water-
pollution control and abatement. You will recall that
Chief Hydrologist Hendricks stressed at Gatlinburg the
need to expand Division horizons to include greater
diversity in program content, to broaden our investiga-
tions into heretofore neglected segments of the water-
impacted physical environment, and to extrapolate our
hydrologic interpretations for greater usefulness to the
decisionmaking institutions and processes. But in all of
this he stressed the need for us to stoutly maintain our
third-party, objective, fact-finding role. He saw the
Division as an interpreter of the environment—not
as its protector.”

All career employees of WRD made a significant
contribution to the success of the Division program.
Space available in this document, unfortunately, does
not permit us to recognize all individuals.

This volume is based, in part, on a draft History
of the Water Resources Division, 1966-79, prepared by
GLH, Incorporated, Falls Church, Virginia.

Major assistance was provided by Alberto
Condes, Bruce Gilbert, and Judy Claussen, WRD
employees. Bob Beall and John Kammerer, WRD
retirees, also provided exemplary support.
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A HISTORY OF THE WATER RESOURCES DIVISION,
U.S. GEOLOGICAL SURVEY: VOLUME VIi, 1966-79

By James E. Biesecker, James F. Blakey, Herman R. Feltz, John R. George, and others

CHAPTER | - INTRODUCTION AND OVERVIEW-—INTEGRATING THE DISCIPLINES

The mission of the Water Resources Division
(WRD) of the U.S. Geological Survey (USGS) is to
provide the hydrologic information and understanding
needed for the optimum use and management of the
Nation's water resources for the overall benefit of the
people of the United States. This is accomplished, in
large part, through cooperation with other Federal,
State, and local agencies, by:

1. Collecting, on a systematic basis, data needed for
the continuing determination and evaluation of
the quantity, quality, and use of the Nation's
water resources.

2. Conducting analytical and interpretive water-
resource appraisals describing the occurrence,
the availability, and the physical, chemical, and
biological characteristics of surface water and
ground water.

3. Conducting supportive basic and problem-oriented
research in hydraulics, hydrology, and related
fields of science to improve the scientific basis
for investigations and measurement techniques
and to understand hydrologic systems suffi-
ciently well to quantitatively predict their
response to stress, either natural or manmade.

4. Disseminating the water data and the results of
these investigations and research through reports,
maps, computerized information services, and
other forms of public releases, .

5. Coordinating the activities of Federal agencies in
the acquisition of water data for streams, lakes,
reservoirs, estuaries, and ground water.

6. Providing scientific and technical assistance in
hydrologic fields to other Federal, State, and
local agencies.

The Water Resources Division investigates the
occurrence, quantity, quality, distribution, and move-
ment of surface and underground water that constitute

the Nation's water resources. Its activities include the
systematic collection, analysis, and interpretation of
data relating to the evaluation of national water
resources and investigation of water demand for
industrial, domestic, and agricultural purposes;
research and development to improve the scientific
basis of investigations and techniques; and reporting
the results of these investigations through publications
or other forms of public release. The Division provides
scientific and technical assistance in appropriate fields
to other Federal agencies.

The water-data collection, resource investiga-
tion, and research activities are carried out in areas
where the Federal interest is paramount. These include
bodies of water in the public domain, river basins, and
aquifers that cross State boundaries and other areas of
interstate or international concern. Activities include
operation of surface- and ground-water quantity and
quality measurement stations throughout the Nation,
the Survey's Central Laboratories System, hydrologic
research and analytical studies, and a variety of
supporting services.

Chapter II discusses the program conducted by
WRD personnel during this period. Program growth
was very significant, and new areas of investigation
included:

National stream quality accounting (NASQAN)
Water-data coordination activities

Mapping of flood-prone areas

Hydrologic studies in areas rich in energy resources
Water use

Regional aquifer-system analysis (RASA)

Chapter III discusses the organization.

Chapter IV is a discussion of hydrology and
professional development.

Appendix—Significant legislation and list of
pertinent WRD memorandums.
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REFLECTIONS ON THE WATER RESOURCES
DIVISION, 1966-79

By O. Milton Hackett

I was on the senior staff of the Water Resources
Division for 19 years, under four Chief Hydrologists:
Luna Leopold, Roy Hendricks, Joe Cragwall—and for
a few months, Phil Cohen. From December 1968 until
I retired in January 1980, I served as Associate Chief
Hydrologist. My service in that position spanned much
of Roy Hendricks' administration and all of Joe Crag-
wall's—the period that is the subject of this history.
Here are my recollections of some of the highlights of
those years.

At the onset of this period, the Water Resources
Division was in the process of accommodating to
numerous significant changes underway as a conse-
quence of actions by Luna Leopold, Hendricks' prede-
cessor as Chief Hydrologist, and his Associate Chief
(Ray Nace through most of 1962, and Roy Hendricks
thereafter). Principal among these changes was, after
some experimentation, a major reorganization of the
Division, which centralized Division-level control
over virtually all activities and wiped out the old
Branch lines of authority. The reorganization was
revolutionary—by way of illustration, akin, at a small
scale, to the unifying of the armed forces, which has
not been accomplished even yet. Less dramatic, but
also significant, was an emphasis on the Division's
role as the Nation's leader in scientific hydrology at
the expense, or so it appeared in the eyes of some, of
downgrading the Division's traditional role as the
collector of the Nation's basic water data. These
changes had much merit but were accompanied by
some immediate and trying side effects. Within the
field force, morale was depressed by the fears accom-
panying reorganization, which broke old patterns of
allegiance and threatened established career paths.
Externally, leaders of some cooperating State agen-
cies, many of which depended on the Water Resources
Division for the data needed for water-resources
management, were alarmed at the thought of a de-
empbhasis of the basic-data program. Some of the
Federal agencies, dependent on the Survey's basic data
in support of their missions or having their own inter-
ests in hydrology, similarly were alarmed and also
were disturbed at the perceived move by the Water
Resources Division to dominate the field of hydrology.

This last concern had been exacerbated by Bureau of
the Budget's Circular A—67, issued in 1964, which
appeared to give the Geological Survey control over
Federal water-data activities.

More or less concurrently in the mid-1960's,
several legislative and executive actions at the Federal
level also impacted the Hendricks-Cragwall years.
Responsibility for water-resources research was
assigned, under the Water Resources Research Act of
1964, to a newly created Office of Water Resources
Research (OWRR) in the Department of the Interior,
and responsibility for water-resources planning, under
the Water Resources Planning Act of 1965, was
assigned to a newly created Water Resources Council
(WRC). The research assignment not only dashed
Leopold's dream of an Institute of Hydrology in the
Water Resources Division but also meant that the
Division's research program must henceforth be justi-
fied by demonstrating support of the basic-data
mission or other specifically authorized programs. The
Water Resources Council was given the responsibility
for a periodic assessment of the Nation's water-
resources situation—a responsibility that might well
have been lodged with the Geological Survey. (Inter-
estingly, some time after the period covered by this
history, OWRR and WRC were disestablished, and
some of their duties were reassigned to the Water
Resources Division.) Another action of concern to
WRD was the creation of the Federal Water Pollution
Control Administration (FWPCA), under the Water
Quality Act of 1965, and its placement in the Depart-
ment of the Interior. This heated up an old turf battle
that had existed between the Public Health Service and
the Geological Survey over the responsibility for
collecting water-quality data. Later, the FWPCA
would itself be incorporated into a new independent
super agency, the U.S. Environmental Protection
Agency (USEPA), created by Executive Order in
1970.

But even more than the specific actions noted
above, the rapidly changing tenor of the times was to
influence the direction of WRD programs during the
Hendricks-Cragwall years. The Nation was entering
the space age, the computer age, the information age,
and the environmental age. Environmental concerns
were to greatly increase the audience and broaden the
demands for water data—water-quality data in partic-
ular. Computer and space age technologies were to
make possible the delivery of information, some
processed in new and more usable forms, and within a

2 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VII, 1966-79



much-reduced timeframe, to meet the expanded needs
of both old and new clientele. Computer technology
also was to make possible the modeling of hydrologic
systems and processes at a stage of sophistication
possible hitherto only in dreams. During this period,
the goal of much of the research program was to bring
the new technologies to bear on improving the Divi-
sion's ability to carry out its mission. Support for this
goal somewhat mitigated the negative consequence of
areversal in the national mood, which in the earlier
“sputnik” years had been so receptive to the building
of research programs.

William T. (Bill) Pecora became Director of the
U.S. Geological Survey in 1965. He was a knowledge-
able, aggressive, and dynamic leader—a perfect leader
for rapidly changing times.

In early 1966, when Luna Leopold, the incum-
bent Chief Hydrologist, returned to his research posi-
tion, Pecora chose E.L. (Roy) Hendricks, then
Associate Chief Hydrologist and already instrumental
in conducting much of the Division's business, as the
new Chief Hydrologist, and Frank Clarke, then leader
of the research program, as his Associate Chief. They
immediately went to work toward rebuilding the
morale in the Division and dealing with the concerns
of client State and Federal agencies. Reorganization
was pressed to completion.

At the Headquarters level, most key personnel
remained in place. Elwood Leeson was Assistant
Chief for Administration and Technical Services, later
retitled Operations. In early 1967, George Whetstone
became the first Assistant Chief for Reports and Data
Processing, later retitled Scientific Publications and
Data Management (SP&DM). Also in 1967, Roy
Oltman was recalled from OWRR to serve as Assis-
tant Chief for Research and Technical Coordination
(R&TC)—Joe Upson continued as his Deputy for
Research, Melvin Williams, Ken Love, and C.L.
McGuinness continued as the Branch Chiefs. Frank
Barrick was Administrative Officer, and Ruth Malone
was Secretary to the Chief Hydrologist. O. Milton
(Milt) Hackett was Chief of the Office of Water Data
Coordination. George C. Taylor was Chief of the
Office of International Activities. A group of Division
Staff Scientists included Walter Langbein, Ray Nace,
and others.

Also at Headquarters, several new positions and
staff units were created to meet the needs stemming
from the changes in the national scene described
earlier. Harold Thomas, widely respected as a

visionary in the field of hydrology, was brought into
Headquarters to spearhead a new planning effort. Bob
Baltzer, from the research group, was assigned tempo-
rarily to appraise the Division's potential use of the
computer. Charles (Chuck) Robinove—to be followed
in later years by Morris Deutsch and Daniel G.
Anderson—working under the Assistant Chief
Hydrologist, R&TC, headed an Office of Remote
Sensing, created to represent the Division in a new
program, led at the Director's level, for data acquisi-
tion by remote sensing: the Earth Resources Observa-
tion System (EROS). "Systems analysis" was just
being touted as the powerful new methodology for
program development and evaluation, and with the
encouragement of senior staff scientist, Walter Lang-
bein, a Systems Laboratory Group was established
under the leadership of Nick Matalas.

At the field level, the four Regional Hydrolo-
gists, responsible for field operations and research
within their areas of jurisdiction, were: George
Ferguson, at Arlington, Atlantic Coast (later,
Northeastern) Region; Warren Hastings, at Menlo
Park, Pacific Coast Region; Harry Wilson, at St.
Louis, Midcontinent Region; and Keith Jackson, who
soon was replaced by Thad McLaughlin, at Denver,
Rocky Mountain Region. Research activities and tech-
nical support were centered for the most part at the
Regional centers in Arlington, Denver, and Menlo
Park. Newly established field units included a national
training center at Denver under the direction of Ivan
Johnson and a remote sensing unit at Phoenix under
the direction of Herb Skibitzke. This unit, a brainchild
of Skibitzke's, was to conduct research and provide
field support for the acquisition of hydrologic data
from aircraft. A hydrologic (analog) modeling unit,
established earlier in Phoenix at the initiative of Bob
Bennett and Skibitzke, remained at Phoenix under the
direction of Gene Patten. Later, this unit would be
relocated to the Northeastern Region. Other principal
field units included Mark Meier's snow and ice project
and William (Bill) Campbell's sea-ice project, both in
Tacoma, Washington.

These early years saw a new peak in the
Nation's interest in water resources. This was marked
by the International Hydrological Decade (IHD),
which had been launched in 1965, and by the Interna-
tional Conference on Water for Peace. The Division
was involved heavily in both. The IHD was a brain-
child of WRD scientists Ray Nace and Walter Lang-
bein, and they continued to influence its activities
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throughout the decade. Leo Heindl, from the Division
staff, was loaned to the National Academy of Sciences
to serve as executive secretary to the National
Committee for the IHD, and José DaCosta, also from
the Division, served with UNESCO in Paris on the
international staff for the IHD. The International
Conference for Water for Peace, held in Washington in
May 1967, was sponsored and heavily promoted by
the administration of President Lyndon Johnson. It
attracted a large national and international audience,
including official representatives from most of the
nations of the world. Along with other Federal agen-
cies, the Water Resources Division provided staff
support for planning and carrying out this event.

These early years also were formative for the
implementation of the Bureau of the Budget's
(BOB) Circular A—67, which assigned to the Depart-
ment of the Interior the task of coordinating Federal
water-data activities and related tasks—to design a
National Water Data Network and to establish a
catalog of information on water-data activities. For
these tasks, an Office of Water Data Coordination
(OWDC) had been created in the Water Resources
Division in January 1965. The staffing of the OWDC,
under Hackett, was completed and two advisory
committees established: one for the Federal sector and
another for the non-Federal sector. Subsequently, the
Director himself became deeply involved with the
deliberations of the Advisory Committee for Public
Use, the so-called "non-Federal advisory committee,”
which greatly influenced program direction of the
Water Resources Division in subsequent years.

George C. Taylor continued to lead the Divi-
sion's international activities.

In December 1967, Frank Clarke was reas-
signed to the position of Assistant Director for Engi-
neering, replacing Bob Lyddan, a long-time ally and
supporter of WRD, who returned to his parent Divi-
sion, the Topographic Division, as Chief Topographic
Engineer. Later, when Bill Pecora left the Directorship
to become Under Secretary of the Department of the
Interior, Clarke accompanied him to become his
Deputy Under Secretary. In both positions, Clarke
continued to give the Division invaluable support,
especially on matters relating to coordination with
FWPCA and its successor, the USEPA, and with the
National Oceanic and Atmospheric Administration
(NOAA). He also was active in looking at a proposed
merger of USGS and NOAA. :

Milt Hackett succeeded Clarke as Associate
Chief Hydrologist in January 1968, and other changes
in key personnel also took place in 1968. Hal Langford
succeeded Hackett as Chief, OWDC. Harold Thomas
returned to his field position in Menlo Park, and Harry
Wilson replaced him as Planning Officer. Elwood
Leeson transferred to St. Louis to take Wilson's former
job as Regional Hydrologist for the Midcontinent
Region. Joseph S. (Joe) Cragwall was recalled from
the planning staff of the Department to take Leeson's
former position as Assistant Chief for Administration
and Technical Services (later Assistant Chief for Oper-
ations). Walton Durum replaced Ken Love (retired) as
Chief, Quality of Water Branch. Sometime earlier
(1967), Rolland Carter had replaced Melvin Williams
(retired) as Chief, Surface Water Branch. Robert
Schneider was Chief of the Office of Radiohydrology,
under the Assistant Chief, R&TC.

At about this same time, an administrative study
showed that the grade structure of senior Headquarters
staff had failed to keep up with the new responsibili-
ties attending the reorganization. This, in turn, was
squeezing the grade structure of the rest of the Divi-
sion. Subsequently, during the next few years and with
the aid of Ed Grant, the Survey's Assistant Director for
Administration, and the Department's personnel staff,
most of these grade inequities were corrected. Begin-
ning with the position of Chief, OWDC, the key posi-
tions at grade 15 were all regraded to 16, including the
positions of the Assistant Chiefs, the Deputy for
Research, and the Branch Chiefs. Concurrently, to
emphasize the technical nature of their positions, the
Assistant Chiefs were retitled Assistant Chief Hydrol-
ogists. Regrading as appropriate elsewhere in the Divi-
sion was to follow.

Real program growth during the remaining
Hendricks years was slow but steady. The cost of the
Vietnam war was being reflected in the economy, and
most new initiatives by the Division got little or no
support in the Federal budget. These initiatives
included proposals for funding in such topical areas as
urban hydrology, coastal hydrology, estuaries, remote-
sensing methods, data for small watersheds, ground-
water recharge, lake studies, hydrologic environmental
impact, water use, and subsurface storage of wastes.
Funding in real dollars for the Federal-State Coopera-
tive (Coop) Program increased gradually, but funding
for the core research program and the support from
other Federal agencies (OFA) kept about abreast of
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inflation. Funding for the International Hydrological
Decade, minimal at best, was dropped.

Reprogramming and some new funding, mostly
occasioned by legislative interest in local or regional
problems, enabled a few new initiatives to be under-
taken and some, first undertaken earlier in the
Hendricks years, to be continued. Notable among
these were a series of regional ground-water appraisals
and a flood-plain mapping program. Some work in
most of the topical areas mentioned above was carried
out in the Federal-State Coop Program or with OFA
support. Of special note was a sizable interdivision
(WRD and Geologic Division) effort for the Atomic
Energy Commission concerning the Nevada Test Site,
which was carried out for WRD from Regional Head-
quarters at Denver under Bill Hale, and later Sam
West. Proposals for estuarine and coastal studies,
prepared under the direction of Joseph E. Upson, got
no funding in the budget; but some studies, as for
Tampa Bay, Fla., and Port Royal, S.C., were carried
out in the Coop Program. Federally funded field
projects of note included a study of artificial recharge
focusing on the high plains of Texas, led by Richmond
Brown; a ground-water investigation of the Delmarva
peninsula, led by Elliott Cushing; and studies of struc-
ture and stratigraphy as controls on ground-water
occurrence and movement in the Atlantic coastal
plain, led by Phil Brown, and in the gulf basin, led by
Paul Jones.

The demand for Division support of Depart-
mental and Survey-level initiatives was growing.
These included environmental impact studies, such as
those required for the proposed Arctic pipeline and for
the Florida Everglades; energy studies, including the
potential for geothermal energy—studies coordinated
for WRD by Alfred Clebsch at Menlo Park; and
studies of waste disposal—nuclear wastes in partic-
ular. These required a draw on staff from both field
and research programs, a draw that was viewed by the
research staff in particular as a mixed blessing. On the
one hand, it provided much-needed financial support
and provided exposure to real-world problems. On the
other hand, it diverted research staff from their prin-
cipal objectives. Overall, however, it provided an
opportunity for the Division to demonstrate its rele-
vance to the some of the emerging problems facing the
Nation.

The period of tight budgets and personnel ceil-
ings occasioned by the Vietnam war was to last
through the Hendricks-Cragwall years and beyond. In

the Water Resources Division, the problem of
managing for growth gave way to the problem of
managing to do more with less. In the ensuing years,
this would be accomplished by a sharpening of priori-
ties and modifications of programs accordingly and by
turning to the tools of the computer age. Use of the
digital computer to store, process, and analyze data
was to become commonplace, and use of the computer
printout for data and information output, vis-a-vis the
traditional book publication, was to provide econo-
mies in time and money. Also, the digital computer
was to provide a greatly improved tool for the
modeling of hydrologic systems.

There were a few adjustments in organization.
The headquarters of the Midcontinent Region (to be
retitled the Southeastern Region) was moved from
St. Louis to Atlanta to conform with Department of the
Interior's plans for creating Regional centers at
Department level, and this move was accompanied by
some reconfiguration of Regional boundaries. District
water-quality laboratories were abolished and central
laboratories established in Atlanta, with Don Leifeste
as Chief, and in Denver, with Russ McAvoy as Chief.
Later, in 1975, Art Beetem moved from Denver to
Quality of Water Branch Headquarters to coordinate
the laboratory activities. The abolishing of the field
laboratories was the source of some pain among the
water-quality contingent, as the field laboratories
traditionally had been the focus for the Division's
water-quality activities. A new field center for
research and instrumentation development, the Gulf
Coast Hydroscience Center, with Stanley Sauer as
Chief, was established at the National Space Tech-
nology Laboratories near Bay St. Louis, Miss.

Of interest historically is the genesis of the Gulf
Coast Hydroscience Center. At the close of the decade
of the 1960's, the Water Resources Division was
seeking a home for its streamflow instrumentation
testing facility, then lodged with the Bureau of Stan-
dards, which was about to relocate. Coincidentally,
Director Pecora was seeking a home in Sioux Falls,
S. Dak., for his pet project, the Earth Resources Obser-
vation System (EROS), and NASA was seeking
tenants for its testing facility near Bay St. Louis, Miss.,
because of cutbacks there. With the support of Senator
Stennis of Mississippi, a quid pro quo arrangement
was worked out—Pecora got his EROS center at
Sioux Falls, S. Dak., and NASA and Senator Stennis
got a WRD research center and instrumentation testing
and development center at Bay St. Louis. In WRD, the
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catalyst and principal supporter of the move was
Rolland Carter, Chief of the Surface Water Branch.
The move was not popular among members of the
research staff who had to relocate—they regarded the
Bay St. Louis area as somewhat of a tropical Siberia.

Also in the works at this time was planning for
the new U.S. Geological Survey center at Reston, Va.
Representing WRD on a bureau-level team for this
effort was Frank Trainer.

A national meeting of the Water Resources
Division, held at Gatlinburg, Tenn., in the spring of
1970, marked approximately the midpoint of
Hendricks' tenure as Chief Hydrologist.

In the middle of May 1971, Bill Pecora moved
to the staff of the Department of the Interior as Under
Secretary. While the search for a new Director was
underway, William (Rad) Radlinski, the Associate
Director, served as Acting Director, Hendricks served
as Acting Associate Director, and Hackett served as
Acting Chief Hydrologist. These assignments lasted
until early December when Vincent McKelvey,
formerly the Chief Geologist, became the new
Director of the U.S. Geological Survey. Hendricks was
retained as Chief Hydrologist by McKelvey. As would
be expected, it took some time to build up the mutual
confidence and rapport that had existed with Pecora.
Nevertheless, after a short period of adjustment, the
relationship was on a sound basis.

The new Director had a great interest in shaping
Geological Survey efforts to address real-world prob-
lems and also in promoting multidisciplinary
approaches to these problems. For this, he created an
umbrella management staff at the Director's level,
under the acronym LIA (Office of Land Information
and Analysis), which drew together units performing
multidisciplinary activities and formed some new
ones. These units included the environmental review
staff, geography, EROS, and Resources and Land
Information (RALI) program—a new program aimed
at identifying and translating the Survey's resource
information for land-use planners and managers. All
required personnel from the operating Divisions.
Hendricks' response was to send some of the Divi-
sion's best and brightest to help staff the new units,
even at some expense to the Division's own opera-
tions. Among the RALI activities of note in which
WRD was heavily involved were a set of urban-area
pilot studies. These included studies of areas at Pitts-
burgh, San Francisco Bay, the Front Range in Colo-
rado, the Connecticut Valley, Puget Sound, and

Phoenix-Tucson. The Division also provided
personnel for marine and coastal studies at Woods
Hole, Mass.

Interest in the subsurface storage of wastes was
increasing. An early consequence of this interest was a
symposium on underground waste management and
environmental applications—with WRD playing a
lead role—jointly sponsored with the American Asso-
ciation of Petroleum Geologists and held in Houston
in December 1971. McKelvey himself was highly
interested in promoting the concept of subsurface
space as a resource in itself (not only for the storage of
liquids and gases but also for storage of wastes and
waste heat), and WRD subsequently explored these
uses.

By this time, the personnel ceiling was begin-
ning to restrict program growth, particularly in work
for other Federal agencies. Among the early victims
was the Division's program with the Agency for Inter-
national Development, whose staffing requirement
could no longer be fully met. Otherwise on the interna-
tional scene, interest in the International Hydrological
Decade had begun to fade, but competition for leader-
ship of hydrologic activities at the international level
between UNESCO and WMO (World Meteorological
Organization) was intensifying. In this power struggle,
UNESCO, because of its close association with the
Water Resources Division in IHD activities, looked to
the Water Resources Division for support, while
WMO looked to the Weather Service of NOAA for
support. Hendricks, who had served as hydrologic
advisor to Robert White of NOAA, the principal U.S.
Representative to WMO, and as principal U.S. dele-
gate to UNESCO on the THD, took no side, in spite of
pressures by Nace and other advisors within and
outside WRD. He wisely foresaw that substantive
financial support of hydrologic activities in either
agency was unlikely, making the power struggle rela-
tively meaningless. Besides, the operational hydrology
programs of WMO needed WRD's involvement and
technical expertise as much as did the IHD.

Hendricks' last year as Chief Hydrologist, 1973,
was tumultuous. Earlier directives to reduce Federal
employment had led to pressures to reduce staff, and
s0 as to avoid reductions in force, retirements of senior
people in the retirement zone were solicited, with a
consequent surge at about this time in the exit of senior
staff. The energy crisis burst upon the Nation, and new
pressures for enérgy-related programs were a short
step behind. Significant among new activities
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launched in the last part of Hendricks' tenure was a
pilot assessment of the Willamette River Basin, and
one of his last initiatives—in June—was to direct the
Systems Analysis Group to study the feasibility of
using satellite relay stations in the National Water Data
Network. In September, the Geological Survey moved
its headquarters to its new building in Reston, Va., and
Joe Cragwall moved to the Director's Office as Assis-
tant Director for programs. In December 1973, Roy
Hendricks retired.

For the first 3 months of 1974, Hackett served as
Acting Chief Hydrologist. The new Chief, Joe Crag-
wall, took over in April, returning from the Director's
staff. He was broadly experienced, having served the
Division in the field in the old Surface Water Branch,
as Chief of one of the pilot Districts (Tennessee)
selected for testing reorganization along Division
lines, and as Assistant Chief Hydrologist for Opera-
tions. Also, he had served in the Department's Office
of Program Analysis.

The transition went smoothly. The key staff on
board with Hendricks were retained. These included at
Headquarters: Hackett, Associate Chief Hydrologist;
E.A. (Ted) Moulder, Assistant Chief Hydrologist for
Research and Technical Coordination, with John
Bredehoeft as his Deputy for Research, and Harry
Barnes, Gerald Meyer, and Ranard J. (Jack) Pickering
as the Branch Chiefs; Walter Hofmann, Assistant
Chief Hydrologist for Operations; George Whetstone,
Assistant Chief Hydrologist for Scientific Publications
and Data Management; and Hal Langford, Chief,
Office of Water Data Coordination. Ruth Malone,
Personal Assistant to the Chief Hydrologist, remained
in that position, and George Taylor continued as Chief,
Office of International Activities. Charles Herbert was
Administrative Officer, and Francis Sessums was
Program Officer. In the field, the Regional Hydrolo-
gists were Joe Callahan, Northeastern Region, at
Reston; Rolland Carter, Southeastern Region, at
Atlanta; Alfred (Al) Clebsch, Central Region, at
Denver; and Elwood Leeson, Western Region, at
Menlo Park.

As in the later Hendricks years, the dominant
management problem was how to do more with less
(relatively). Especially bothersome was the continuing
cap on permanent positions. This led to an increased
use of part-time employees. Also, it led Cragwall to
promote the increased use of direct expenditures in the
Coop Program and to consider "reverse flow" in this
program (use of Federal matching funds for work by

the cooperating agency), and it led him to promote
experiments with grants and contracts at field level.
Irksome to management during this time was the
policy of the Office of Personnel Management
(OPM) and the Department to require extensive
recruiting outside the agencies for vacancies in senior
positions. This, plus the requirement for cumbersome
promotion boards, including members from outside
the Division, greatly lengthened the process of filling
vacancies. For example, after the tragic, sudden death
of Walter Hofmann, Assistant Chief Hydrologist for
Operations, in June 1975, his position remained vacant
until May 1976, when he was succeeded by Tom
Buchanan.

In the early Cragwall years, program growth
was mostly related to the energy crisis. New funds
supported new programs in coal hydrology and oil-
shale hydrology based in Colorado, Utah, and
Wyoming. Notable among new field projects was a
major study of the Madison Formation, in the northern
Great Plains, as a source of water supply for energy-
related development. This project was under the direc-
tion of Elliott Cushing, from Denver.

By now, the trend in public concern for the envi-
ronment was becoming increasingly evident, and the
shift of the WRD program from primary concern with
water quantity to water quality, which began in the
Hendricks years, gained momentum. The interest of
the non-Federal Advisory Committee, created as a
consequence of BOB Circular A-67, greatly stimu-
lated this shift. Following in the path of the Willamette
River study, other pilot quality-assessment studies
were undertaken, notably for the Chattahoochee,
Yampa, Apalachicola, Schuylkill, and Potomac
Rivers. These would blaze the trail for a national
program of river-basin studies in the post-Cragwall
years. Funding was also forthcoming for the buildup
of NASQAN—the quality-of-water segment of the
National Water Data Network. Also, the shift to the
central laboratories was completed.

The beginning of 1974 saw the end of the Inter-
national Hydrological Decade. The Decade, always
underfinanced, did not fulfill the expectations of its
founders, but nevertheless it awakened a common
interest in hydrology among the participant nations.
As a consequence, they, in concert with UNESCO,
established a continuing International Hydrological
Program (IHP). For the United States, the State
Department, in December 1974, designated the U.S.
Geological Survey as leader. Subsequently, the Survey
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established a U.S. International Committee for the
IHP, with the Chief Hydrologist as Chairman. Leo
Heindl returned from the National Academy of
Sciences (NAS) to the Water Resources Division to
serve as Executive Secretary and occupied this posi-
tion until his death in 1978, after which James
(Digger) Jones took over temporarily. Although the
THP proved useful as a sounding board for interna-
tional activities, the Geological Survey was unable to
secure the funding for a really viable program during
the rest of the time of this history. As in the past, WRD
continued to be active in hydrological affairs of both
WMO and UNESCO.

In December 1974, George Taylor retired, to be
succeeded as Chief, Office of International Activities,
by James Jones. Taylor had compiled an impressive
record, and it could be said, as of the British empire,
that during his years the sun never set on WRD activi-
ties. Jones faced the growing problem of the personnel
ceilings, which would increasingly constrain the inter-
national program for the rest of the Cragwall period.

By 1975, the cataloging of national water data
and activities, carried out by OWDC pursuant to the
provisions of BOB Circular A—67, had matured suffi-
ciently to merit recognition as a specific Division
activity. Accordingly, the National Water Data
Exchange (NAWDEX) was launched as a unit under
the Assistant Chief Hydrologist for Scientific Publica-
tions and Data Management (SP&DM). Already
developed and also under the Assistant Chief Hydrolo-
gist, SP&DM, was the National Water Data Storage
and Retrieval System (WATSTORE). These activities
would help fulfill the promise of the computer age in
making data and information on water resources avail-
able within a short timeframe anywhere in the Nation.

The third national conference of WRD since
reorganization was held at Albuquerque, N. Mex., in
October 1975. The conference was enormously
successful. Highlighted were a review of progress
since the last national conference, at Gatlinburg in
1970, and a set of recommendations that were to serve
as guidelines for action during the rest of the Cragwall
period.

Initiatives during the next few years included
renewed attempts to gain support for a water-use data
program and steps toward the development of a real-
time data system. Support for a federally funded
water-use data program was not forthcoming, but
funding for a start was made available within the
Federal-State Coop Program. After some study and

experimentation by way of a Satellite Data Relay
Project, transmission of data by satellite was deemed
feasible and work was begun to create an operating
system.

In 1977, the several activities related to instru-
mentation were reorganized. These were placed in a
newly established Hydrologic Instrumentation Facility
(HIF) at the Gulf Coast Hydroscience Center under
the direction of Russ Wagner. Responsibility for coor-
dinating the programs of the HIF and the Satellite Data
Relay Project were assigned to Richard (Dick)
Paulson, under the Assistant Chief Hydrologist for
Operations. Also, in the summer of 1977, Herb
Skibitzke retired. This terminated his remote-sensing
project for which, regretfully, through the life of the
project, the Division had been unable to raise adequate
funding.

In the late-middle 1970's, most of the Nation
was in the grip of a severe and extended drought. This
stimulated an interest by the Congress in the develop-
ment of ground-water resources. In response, and
using the study of the Madison Formation as a proto-
type, the Chief Hydrologist proposed a new program
of regional aquifer-system analysis (RASA), to be
carried out over a period of several years. For fiscal
year 1978, 5 million dollars was appropriated to begin
this program. Responsibility was centered in the
Ground Water Branch, with Gordon Bennett as
program coordinator. The promise of this program was
shown in the next decade as the RASA studies were
completed.

The late 1970's also saw renewed interest in
nuclear-waste studies, and a bureau-level program was
initiated for this purpose, with WRD as the lead Divi-
sion. George DeBuchananne, under the Chief Hydrol-
ogist for R&TC, headed a rejuvenated Office of
Radiohydrology to coordinate this program.

Vince McKelvey stepped down as Director of
the USGS at the end of 1977. He was replaced in early
1978 by William T. (Bill) Menard, from Scripps
Oceanographic Institute in California. Menard was
only the second Director chosen from outside Survey
ranks (the other was William Wrather). Menard was a
bright, innovative man, with impeccable credentials as
a scientist and some firm notions as to the role of the
Survey and changes to be made. But as an outsider, he
faced an unusually difficult task. Many of the Survey
employees viewed the replacement of the popular
McKelvey by an outsider as a first step toward politi-
cization of the position of Director, and their lack of
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enthusiasm, especially in the Geologic Division,
hampered Bill Menard throughout his tenure.

March 1979 was a memorable month. On
March 2-3, the Centennial of the United States
Geological Survey was celebrated at the National
Center in Reston, Va. March 9 marked the retirement
of W.A. (Rad) Radlinski as Associate Director, and
effective March 12, Joe Cragwall was appointed as
Associate Director. Milt Hackett again served as
Acting Chief Hydrologist until Philip Cohen was
appointed as the new Chief Hydrologist in
August 1979.

Key personnel at Headquarters at the end of
Cragwall's term as Chief Hydrologist were O.M.
Hackett, Associate Chief Hydrologist; Leslie B. Laird,
Assistant Chief Hydrologist for Research and Tech-
nical Coordination, with John Bredehoeft as Deputy
for Research, and Gerald Meyer, Jack Pickering, and
Harry Barnes as the Branch Chiefs; Thomas
Buchanan, Assistant Chief Hydrologist for Opera-
tions; Philip Cohen, Assistant Chief Hydrologist for
Scientific Publications and Data Management; and
Hal Langford, Chief, Office of Water Data Coordina-
tion. Francis Sessums was Program Officer. Charles
Herbert was Administrative Officer. Helen St. John
was Personal Assistant to the Chief Hydrologist.
James Jones was Chief, Office of International .
Hydrology (formerly Office of International Activi-
ties). In the field, the Regional Hydrologists were:
James E. Biesecker, Northeastern Region; Robert J.
Dingman, Southeastern Region; Alfred Clebsch,
Central Region; and W.H. Robinson, Western Region.

Both Hendricks and Cragwall had enjoyed the
support of a seasoned group of senior advisors. These
included, at various times: Walter Langbein, Luna
Leopold, Thomas Maddock, Jr., Harold Thomas,
Arthur Piper, Ray Nace, C.V. Theis, Carl Kindsvater,
V.T. Stringfield, George Davis, Nick Matalas, and
Isabel Picken. Special assistants for a time on Roy
Hendricks' staff, dealing mostly with personnel
matters, were James W. Geurin and Delmar W. Berry.

Organization—the key units and their
missions—was remarkably stable during the
Hendricks-Cragwall period, but roles of some units
had to be bent to cope with the many proliferating and
unforeseen urgencies of the day. For example, the
increasing demand for staff attention to Division,
Bureau, and Department projects and questions
diverted the Branches from needed attention to their
primary mission—oversight of the technical progress

and health of the Division in its three subdisciplines.
And in the Hendricks years, the concern of the Divi-
sion for the quality of its reports absorbed much of the
effort of Joe Upson, Deputy for Research, leaving him
little time for leadership of research, his primary
mission.

Throughout the period, the field and research
efforts supported each other. Federal-State coopera-
tion, supplemented by support from other Federal
agencies, was the backbone for the Division's overall
effort. The Coop Program provided most of the Divi-
sion's output of data and information, provided early
warning of emerging national problems, and served as
a testing ground for new techniques and technology.
The Research program kept the Division at the cutting
edge of scientific hydrology and provided the field
operations with the latest in techniques and tech-
nology.

The Cragwall-Hendricks period, spanning 13-
plus years, is memorable in many ways. Hendricks
successfully restored the morale of the Division and its
credibility in the eyes of cooperating State agencies
and other Federal agencies, and he kept it abreast of
the rapidly changing times. Building on the Leopold-
Hendricks legacy, Cragwall brought the Division
through what might be considered its golden days. Old
hurts from the reorganization of the 1960's were gone
or forgotten, and multidisciplinary efforts could be
directed as needed. The Division advanced far toward
turning the corner in regard to using the tools of the
computer and space ages, and it successfully tuned its
program to meet the needs of a new day and a
changing and enlarged audience. Coordination of
Federal water-data activities under OMB (formerly
BOB) Circular A—67 was well in hand except for
occasional problems between the Survey and the
USEPA. The stage was set in good form for the next
act.

A brief overview of the careers of the two Chief
Hydrologists during the period of this history is
presented.

E.L. "ROY" HENDRICKS

Roy Hendricks was born October 8, 1909, in
St. Augustine, Fla. He was a child of some adversity,
which likely imparted to him a notable strength of
character. Both parents, who were deaf, died while he
was young; and he was raised by his grandparents on a
farm in northern Florida. After receiving a B.S. degree
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in Civil Engineering from the University of Florida in
1931, Hendricks worked for a few months for the
Florida road department and then taught high school
mathematics until 1935 when he was employed by the
Water Resources Division. Thus, he began a 38-year
career with the U.S. Geological Survey.

Roy's first assignment with WRD was to the
Ocala Field Office of the Surface Water Branch, where
he gained experience in basic surface-water techniques
and completed an analysis of the flow characteristics
of the Kissimmee River Basin. Field projects in
Georgia and Louisiana followed. In 1942, Hendricks
did hydrologic research in southwest Georgia in coop-
eration with the U.S. Public Health Service and Emory
University. This study was an attempt to relate the
hydrology of lime-sink ponds to the incidence of
malaria. Hendricks was among the first to use statis-
tical analyses extensively in processing hydrologic
data. Because this was before widespread use of
computers, the analyses were painstakingly performed
by Hendricks and his staff on personal calculators. In
1948, Hendricks was assigned to Baton Rouge, La.,
and was responsible for a study of the water available
in the low-gradient streams for irrigation of rice in
southwest Louisiana. He demonstrated proficiency as
a hydrologist and water-problem solver. In 1952 he
transferred to the Division's Technical Coordination
Branch, stationed in Atlanta, to assist in fostering
interbranch coordination. There, he sharpened his
skills as a communicator and coordinator.

Hendricks transferred to WRD Headquarters in
1956. He served first as Chief of the Research Section
for the newly formed General Hydrology Branch.
Rapid promotion followed: Chief, Surface Water
Branch, 1960; Associate Chief Hydrologist, 1963; and
Chief Hydrologist, 1966. During this entire period, he
coordinated multidisciplinary research efforts. He
maintained his direct personal connection to research
through his annual participation in the Mount Rainier
glacier project, which studied the relationship between
climatic change and glacier movement. As a key
player on the WRD staff, Roy participated in reorgani-
zation of the Division, which was begun under Luna
Leopold in the early sixties. As Chief Hydrologist, he
inherited the task of completing the reorganization and
the onerous task of reconstruction that necessarily
followed. These tasks he accomplished with skill and
sensitivity.

The world was changing rapidly, and Hendricks
led the Division into the age of new technologies and

shifting national concerns. He promoted the applica-
tion of computer and space-age technologies to
acquire, deliver, and improve the usefulness and time-
liness of hydrologic information, and he pressed the
reorientation of the field program to better meet the
growing concern over water quality. Significant
program initiatives undertaken included flood-plain
mapping, regional ground-water studies, ground-water
recharge, pilot studies of estuarine and coastal
hydrology, and use of remote sensing. Organizational
changes included the centralization of water-quality
laboratories and the establishment of the Gulf Coast
Hydroscience Center near Bay St. Louis, Miss.

Central to Hendricks’ administration was his
view that field and research efforts support each other,
with the Federal-State Cooperative Program, supple-
mented with support from other Federal agencies, as
the backbone of the Division's program. Hendricks
was a gifted speaker and, in his position as Chief
Hydrologist, ably represented the Survey at various
national and international meetings.

Roy Hendricks retired from full-time service
with WRD in 1973. He served as the first elected Pres-
ident of the WRD Retirees in 1976—77. Some years
later, he and his wife, Idena, moved to a beach home at
Caswell Beach, N.C. For many years he and Idena had
been active lay leaders in their local Baptist churches
as biblical scholars and teachers, and they remained
active in their church at Caswell Beach. He also
pursued his environmental interests—among them a
Turtle Watch program that he organized and directed.
On February 3, 1998, after lingering illness, Roy
Hendricks died at his home at age 89. He successfully
led the Water Resources Division through a difficult
time of organizational change.

JOSEPH S. CRAGWALL, JR.

The second Chief Hydrologist during this period
was Joseph S. Cragwall, Jr. His dynamic leadership
came at a critical time—the Geological Survey was
facing the challenge of meeting the Nation’s need for
earth-science information relating to the energy crisis
of the early 1970’s and to the rapidly growing aware-
ness of environmental problems caused by a variety of
man’s developmental activities, which required new
kinds of data and increasingly sophisticated interpreta-
tions. The integration of the three disciplines in the
Division was well underway but still demanded
considerable attention.
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To many who worked for him, and also those for
whom he worked, Joe Cragwall was the epitome of a
Chief Hydrologist. He possessed a unique combina-
tion of outstanding leadership and management skills.
Joe was widely respected and admired by WRD
personnel. Because he had served as a District Chief
himself, field personnel knew Joe had an intimate and
firsthand knowledge of the problems encountered in
dealing with cooperating State agencies and other
Federal agencies. Joe’s understanding and love of
WRD is expressed in the following quote: “My most
satisfying memories of the period were of the opportu-
nities to work and associate with people in the U.S.
Geological Survey, at Headquarters and in the field,
and with the outside community of water and earth
science professionals. My visits to the WRD Districts
and many other field offices during the period
convinced me more than ever that we all worked for
the best organization in the public service, and that we,
and those who served ahead of us, made it that way.
Those who follow will keep it so.”

Physically impressive—tall, ramrod straight—
articulate in a Virginia gentlemanly way, he had a thor-
ough knowledge of WRD’s work. A colleague who
had the chance to observe him firsthand as the WRD
representative to the Clinch River Study Steering
Committee stated that “Joe Cragwall was so thor-
oughly knowledgeable about WRD that his commit-
ments to the Steering Committee were gospel to both
the committee and to the WRD team members he
represented.” This statement demonstrates one of Joe’s
leadership traits that was tremendously important to
the Division—the very positive effect his sincere,
strong, and articulate style had on the outstanding
morale of the Division during his leadership.

He was also admired and respected by those
folks in Headquarters who had the opportunity to work
with him on a day-to-day basis while he was Chief
Hydrologist. In addition to having the ideal field
assignments necessary to develop an understanding of
WRD, its people and programs, Joe had assignments
in the Survey and Department of the Interior (DOI)
that equipped him with a broad-based knowledge of
the forces that influenced the Division at all levels.

Joe possessed an uncanny ability to make
people want to work very hard while simultaneously
enjoying themselves. He was also able to instill
professional pride in personnel throughout the entire
Division. He and his loving wife, Jane, paid particular
attention to the family feeling that existed in the Divi-
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sion during his time as Chief Hydrologist by hosting
many parties, large and small, in such a gracious way
as to convey a feeling that WRD was one big, happy
family.

Joseph S. Cragwall, Jr., was born and raised in
Virginia and still has a keen understanding and love
for his home State. He received a B.S.C.E. degree in
1940 from the University of Virginia where he was a
member of the Engineering Honorary Fraternity, Tau
Beta Pi. He began his WRD career in the Marion, Va.,
office as a Hydraulic Engineer and streamgager and
learned the skills of a surface-water hydrologist.
During his early career he served in the Virginia, Loui-
siana, and Tennessee Districts and in the Floods
Section of the Surface Water Branch. Joe met the girl
he would marry, Jane Elizabeth Anderson, in high
school. Joe and Jane were married in 1941 and they
had a wonderful marriage and partnership for 50 years,
until Jane’s death in 1991. They have one daughter,
Linda Cragwall Kubistek who, with her family,
currently resides near Joe in Charlottesville.

Joe Cragwall served in Tennessee as District
Engineer from 1958 to 1962 and District Chief from
1963 to 1966. Joe was so highly regarded as a manager
of technical water-resources programs that the
Tennessee District was selected as one of the three
pilot Districts to test the integrated Division concept.
His skillful leadership of Tennessee was a key factor in
the successful test of the reorganized Division. In
1966, Cragwall was assigned to the Deputy Undersec-
retary’s Office in the Department of the Interior (DOI)
as the Staff Assistant for Planning, Programming and
Budgeting of Water and Energy Programs. This
Departmental assignment served him well in future
years because it gave him a firsthand knowledge of
DOI operations.

He was appointed Assistant Chief Hydrologist,
Administration and Technical Services in 1968—this
position was renamed Assistant Chief Hydrologist for
Operations in 1971. Blessed with a keen mind and an
intellectual’s understanding of water-resources
programming, he was also admired for his personnel
management skills. He was the first USGS representa-
tive to attend the Federal Executive Institute (FEI), in
1969. Joe was a strong proponent of the FEI manage-
ment training and encouraged WRD senior staff to
attend this program. As Assistant Chief Hydrologist he
was actively involved in building a management infor-
mation system for the Division and working on coor-
dination issues between Headquarters and the field. He

1



served as Assistant Chief for 5 years and then in 1973
was appointed the Assistant Director for Programs,
reporting to the Director.

In 1974, he was selected as Chief Hydrologist.
Cragwall served in this position for 5 years. In the
early Cragwall years, program growth was mostly
related to the energy crisis. The infamous oil crisis of
1974 got everyone’s attention when the price of gaso-
line tripled in a few months and all too often meant
waiting in line for quite some time to “fill up.” WRD
was called upon to assist in most energy-source areas:
coal hydrology studies, all facets of radiohydrology in
support of nuclear-energy development and disposal
of nuclear waste, water resources required for, and the
environmental impact of, developing oil shale
resources in Colorado, and supplying water-resources
information for the design and construction of the
Trans-Alaska pipeline were all hydrologic activities
critical to the Nation. Notable among other field
projects was a major study of the Madison Formation,
in the northern Great Plains, as a source of water
supply for energy-related development. During the
later years of Cragwall’s administration, the trend in
public concern for the environment was becoming
increasingly evident, and the WRD program in water
quality gained momentum. A series of water-quality
assessment studies, with the first being in the
Willamette River Basin, blazed the way for a vigorous
and increasing WRD effort in the field of water
quality.

Cragwall stated that during his tenure as Chief
Hydrologist, two notable programs were initiated—the
National Water-Use Data Program and the Regional
Aquifer-System Analysis (RASA) Program. In the
mid-1970’s, most of the Nation was in the grip of a
severe and extended drought. This stimulated
Congressional interest in the development of ground-
water resources. While in the Program Office at DOI,
Joe pressed for USGS funding to prepare a series of
river-basin, ground-water summaries. In 1977, during
an extensive and record-breaking drought, WRD
submitted a well-prepared proposal that, with Depart-
mental support in the budget justification process,
resulted in a multi-year, multi-million-dollar program
of regional aquifer-system analysis (RASA). The
National Water-Use program provided the first nation-
wide quantification of the weakest link—the demand
side—of the hydrologic equation. WRD had assem-

bled available water-use data at 5-year intervals since
1950, but the information was somewhat limited in
scope. The Water Resources Council pressed for the
design of a continuing data-collection system struc-
tured to the river-basin framework. It fell to WRD to
build upon its existing program, with increased
Federal-State cooperative funding to build a system-
atic water-use program. '

In addition to his duties of leading WRD, Joe
was very active in professional activities outside of the
organization; for example, he served as the Hydrologic
Advisor to the U.S. Permanent Representative to the
World Meteorological Organization from 1974 to
1980, was Chairman of the U.S. National Committee
on Scientific Hydrology from 1975 to 1979, and was
Chairman of the Water Policy Task Force of the
National Society of Professional Engineers from 1982
to 1983. To all of these he brought a superb under-
standing of water resources and keen management
skills.

In 1979, until his retirement in February 1980,
Cragwall was the Associate Director of the Survey.
After retirement, Cragwall remained active in the field
of hydrology in work with the State of Virginia and
was the co-author of Volume VI of the WRD History.
As a gubematorial appointee, he served on the
Virginia State Water Control Board from 1982 to
1986. Throughout his career he was active in the
American Society of Civil Engineers, the National
Society of Professional Engineers, the American
Water Resources Association, and many other profes-
sional organizations. He received the Department of
the Interior’s highest award, the Distinguished Service
Award, in 1973. Joe also has been listed in American
Men and Women in Science, Who’s Who in Engi-
neering, and Who’s Who in America. After retirement,
Joe and Jane moved to Charlottesville, Va., where he is
still very active in his retirement community and is
close to his beloved University of Virginia. Jane also
remained very active in community matters until her
death. Joe maintains interest in his life-long avocations
of woodworking, golf, and gardening, and he still is an
active golfer at age 81, as this edition of WRD History
goes to press.
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CHAPTER Il -~ THE PROGRAM OF THE WATER RESOURCES DIVISION

INTRODUCTION

This chapter is a discussion of the program
changes that occurred from 1966 through 1979.
During the period, existing programs grew and 12 new
programs or program functions were added to the
Division. In his presentation on the State of Water
Resources Division in Albuquerque in 1975, Joe Crag-
wall identified Office of Water Data Coordination,
National Stream Quality Accounting Network,
National Water Data Exchange, and Flood Mapping as
major additions between 1970 and 1975. The program
funds increased by 74 percent.

Growth from 1975 to 1979 was equally signifi-
cant, increasing by about 60 percent with new
programs in the Coop Program, water use, energy, and
Regional Aquifer-System Analysis. The individual
programs are discussed below.

Program planning, formulation, and manage-
ment at all levels of the Division during this period
were based on program elements of water records,
analytical and interpretive studies, and research.
Sources of program funding were the traditional
budget elements of the Federal program, the Federal-
State Cooperative Program, and funding provided by

other Federal agencies. Table 1 shows the funding for
Fiscal Years (FY)1966-79. Division leadership
emphasized program management, and responsibility
for achieving WRD goals and objectives was dele-
gated to Regional and District managers. Many new
initiatives were underway during the period.

MAJOR COMPONENTS

THE FEDERAL-STATE COOPERATIVE
PROGRAM

Reliable supplies of suitable quality water are
necessary to the health and well-being of America’s
people, cities, and businesses. Numerous Federal,
State, regional, and local agencies share keen interests
in appraising the Nation’s water resources and seeking
solutions to water-related problems. Because of their
varying missions and areas of responsibility, these
many agencies hold diverse perceptions of
approaches, needs, and priorities. The U.S. Geological
Survey’s (USGS) Federal-State Cooperative (Coop)
Program accommodates this diversity through joint
planning and funding (50:50 matching) of systematic

Table 1. Appropriated, Coop, and OFA funding for the Water Resources Division (dollars in millions)

Appropriated funds Reimbursable funds
F;zz:l Federal Fedcg::;ﬁtate Subtotal Stat(';z::z :soop (i"'f:'ll-j:‘es Total
program Program appropriation unmatched) miscellaneous
non-Federal)
1966 10.8 11.8 22.7 12.5 7.9 43.0
1967 11.7 13.0 24.7 13.9 8.9 47.4
1968 11.9 14.6 26.5 15.5 9.0 51.0
1969 12.5 15.2 277 16.2 9.6 53.5
1970 14.2 17.3 315 17.3 10.8 59.6
1971 15.6 19.2 348 19.5 12.0 66.3
1972 17.7 20.0 377 213 12.6 71.6
1973 193 21.2 40.5 22.7 15.2 78.4
1974 20.5 253 45.8 25.8 17.1 88.7
1975 26.8 27.0 53.8 28.6 19.5 101.9
1976 30.3 26.9 572 29.7 25.6 112.5
1977 345 34.0 68.5 34.8 28.2 131.5
1978 45.8 35.0 80.8 36.5 31.1 148.4
1979 60.5 383 98.8 40.1 314 170.3
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studies of water quantity, quality, and use on a national
basis. The Coop Program has contributed to water-
resources knowledge for 80 years. Program priorities
are developed in response to mutual Federal, regional,
State, and local requirements. Thus, the USGS and
cooperating agencies work together in a continuing
process that leads to adjustments in the program each
year.

The Federal-State Coop Program, a partnership
between the USGS and State and local agencies,
provides information that forms the foundation for
many of the Nation’s water-resources management
and planning activities. In addition, the information
may function as an early warning of emerging water
problems. The fundamental characteristic of the
program is that local and State agencies provide at
least one-half the funds, but the USGS does most of
the work.

From its earliest days, the Coop Program
fostered the development of procedures for streamflow
gaging, concepts of surface-water and ground-water
flow, and analytical techniques for investigations of
water quality. More than 700 cooperating agencies
have participated in the program. These cooperators
include State, county, and municipal agencies, as well
as interstate compact organizations, conservation
districts, water-supply districts, sanitary districts,
drainage districts, flood-control districts, and similar
organizations.

A comprehensive and forward-looking program
of hydrologic data collection and investigations is
needed to provide the information necessary for the
wise development and use of the Nation’s water
resources. The jointly planned and funded Cooperative
Program provides assurance that the information
needed to meet national and local needs will be
produced and shared. Because rivers and aquifers
cross jurisdictional lines, studies and data collected in
one county or one State have great value in adjacent
counties or States. The USGS can respond to major
floods with personnel from all over the Nation. This
versatile response capability would not be possible if
State agencies had to act alone in flood emergencies.
Having the USGS do the work results in consistent
application of techniques of data collection and
archiving, with the information stored in common data
bases, readily available to all. The knowledge gained
in the studies is published and added to the growing
body of information about the hydrology of a region or
area.

The benefits of the Coop Program are demon-
strated by the extent to which other agencies apply the
information produced. For example, the National
Weather Service uses streamflow and water-level
information from some 3,000 USGS-operated gaging
stations for their flood-forecasting systems.

In 1979, the USGS operated about 17,000
streamflow-gaging stations and 12,000 surface-water-
quality sites, measured water levels in 30,000 wells,
and collected and analyzed samples for water quality.
The Federal-State Coop Program funded 50 percent of
the streamflow-gaging stations and ground-water sites
and 30 percent of the surface-water-quality sites.

Since the early 1970°s, there has been an
increase in the number of investigations that have
emphasized water-quality issues such as aquifer
contamination, river quality, storm-runoff quality, and
the effects of acid rain, mining, and agricultural chem-
icals and practices on the hydrologic system.

ARTIFICIAL RECHARGE

To reduce evaporation, it is possible to store
water underground instead of in surface reservoirs.
This method, “artificial recharge,” had been under-
taken with varying degrees of success. In 1968, the
feasibility of recharging declining ground-water
supplies of the Southern High Plains of Texas and
New Mexico was investigated. In this area, ground-
water levels had been dropping for many years. To
support the economy of the 35,000-square-mile area,
about 2.5 trillion gallons of water had to be imported
each year. Because surface-reservoir sites were inade-
quate to store so much water between growing seasons
and evaporation losses from surface reservoirs were so
high, it was desirable to store as much as one-half of
this imported water underground. If successful and
economical methods were found to inject this amount
of water in the ground, it meant that underground
storage could be an important technique for water
development and management.

A report was completed on the various mensura-
tion techniques of the parameters related to design of
pits for artificial recharge on Long Island, N.Y. This
included recharge of ground water using highly treated
sewage in spreading basins. Instrumentation was
emplaced in a manhole in the center of the basin to
study the long-term water quality and clogging effects
of such recharge. This instrumentation facilitated a
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study of the movement of viruses into the aquifer
during recharge.

In FY1972, WRD began an inventory and eval-
uation of the nature and magnitude of the effects of
current disposal practices on ground water. Regional
appraisals of the waste-injection aspects were made of
the deep limestone aquifer in the Florida Peninsula,
the buried Triassic rocks in the Atlantic Coastal Plain,
the sandstone in the Wilcox Group in the Gulf Coastal
Plain, and the Paleozoic rocks used for injection in the
Ohio River Basin. Documented examples of the move-
ment of pollutants in freshwater aquifers in Barstow,
Calif., Denver, Colo., and Long Island, N.Y., were
analyzed to determine the rate that pollutants were
dispersed or otherwise diluted in moving through the
subsurface. Studies were begun on the chemical reac-
tions of organic substances in ground water, the
capacity of geologic membranes to absorb and filter
minerals from waste solutions, and techniques to
measure the existing stress in a potential injection
horizon to enable the prediction of whether the pres-
sure increase will initiate earthquakes. A national
symposium on waste-management technology was co-
sponsored in which industrial representatives, well
designers, ground-water consultants, and Federal and
State officials met to exchange knowledge on the
current state of the art in subsurface waste disposal.

COAL HYDROLOGY

Coal hydrology studies involved the concurrent
determination of available water supplies and baseline
water-quality data reflecting pre-mining or current
mining and reclamation conditions. The information
was used to assess future impacts caused by additional
mining and by new conversion industries. WRD
studies, aimed at answering basic questions about
water availability and related effects of coal mining,
ranged from collection of basic data on water quantity
and quality through laboratory investigations of gases
and organisms in water to analyses of regional aquifer
systems, such as the Madison aquifer. The coal
hydrology program consisted of three elements—
mining-water supply and quality; coal slurry-line
demands and impacts; and water-supply impacts of
waste management in conversion processes. In
FY 1975, WRD concentrated on defining the hydrol-
ogy of areas underlain by coal.

Passage of the Surface Mining Control and
Reclamation Act of 1977 (SMCRA) set national
policy regarding the control of the surface effects of
coal mining on the environment. The potential for
adverse effects on water resources and the need to
assess and mitigate these potential impacts received
considerable attention in the act. One section,

Section 507(b)(11), required the "appropriate Federal
or State agency" to "provide hydrologic information
on the general area" to the mining permit applicant.
The Congress authorized new funds to WRD to begin
acquiring the necessary information.

To meet this responsibility, WRD first analyzed
the existing water-data networks in coal regions of the
Nation by using the requirements of SMCRA to assess
network adequacy. The following general areas of
deficiency were identified: (1) the lack of data on
smaller drainage areas, (2) the need for additional
water-quality information, and (3) the need for sedi-
ment data.

In 1978, WRD-funded activities ranged from
collecting hydrologic data from contractors to the
regional analysis of the Madison aquifer. WRD
funding represented only slightly more than one-half
the financial outlay for coal and other energy-related
studies. WRD activities in coal hydrology were funded
by the USEPA, the Bureau of Land Management
(BLM), and 31 States in the Federal-State Cooperative
Program in addition to direct appropriations. The
WRD program attempted to obtain answers through
coordinated efforts of Federal, State, and local agen-
cies. Efforts centered on Western coal and oil-shale
areas with other investigations in progress in the
Appalachians, the Midwest, and the West.

In FY 1979, WRD began to conduct additional
water-quality and sediment data collection at existing
continuous-record surface-water stations. These
stations provided background data on natural vari-
ability and the effects of changes other than mining on
the stream system. New trend and reference sites were
selected, and gages were installed as dictated by
changing needs and analysis of the data collected.

FLOOD-PRONE AREA MAPPING

In the early 1970’s, WRD produced a variety of
products related to flood-plain mapping. The Federal
Insurance Administration (FIA) of Housing and Urban
Development (HUD) by legislation was requested to
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identify all flood-prone areas in the United States. The
FIA asked the USGS to delineate flood boundaries on
topographic quadrangles. The initial number was all
33,000 quadrangles, but the FIA agreed, after meet-
ings with the Secretary of the Interior and the Director
of the USGS, to delineate only the important flood
plains identified by WRD.

With strong endorsement from the Department
and the Bureau, the Division began a program, with
George Edelen as the Headquarters contact, to provide
flood-prone area maps to HUD and to several States.
Flood plains were outlined on more than 4,000 quad-

rangle maps in the first 2 years. The Topographic Divi- |

sion and other Federal agencies provided some
support as the effort grew and the pressure increased to
complete the job.

The flood-prone area maps were well received
by individuals, private organizations, and Federal,
State, and local government agencies. The maps
proved to be particularly useful in planning evacua-
tions of areas likely to be flooded. By the end of
FY 1979, 13,048 maps and 895 pamphlets had been
published. Each WRD District participated in the
process. About 250 maps, prepared by the Soil
Conservation Service, were printed and distributed by
the USGS. Updated frequency curves and physical and
climatic characteristics of the contributing drainage
areas were defined for 12,000 gaged sites. These data
were used to define relations for estimating flood
magnitude and frequency at any ungaged, natural
flood site where estimates were needed for planning,
designing, or regulating.

GEOTHERMAL INVESTIGATIONS

In 1977, WRD had 19 ongoing research projects
and several supporting activities as part of the
Survey’s Geothermal Energy Investigations Program.
These projects supplemented the studies of the
Geologic Division, and as Cragwall explained, the
Geologic Division served as the Survey’s lead in this
area. Some financial support was provided by the
Energy Research and Development Administration.
The projects covered the following studies of mass
and energy transport in geothermal systems; numerical
modeling studies; land subsidence research in
geothermal areas; geochemical studies; and areal and
regional hydrologic studies.

Significant accomplishments and findings
included:

* Testing of a high-temperature acoustic televiewer to
a depth of 3,050 meters and a temperature of 200
degrees Celsius in a borehole and of a high-
temperature acoustic velocity probe in a labora-
tory; developing this equipment was important to
improve understanding of fractured rock
geothermal reservoirs.

* Determination of rock-water chemical interactions
for selected constituents in about 100 springs and
geysers in liquid-dominated geothermal systems
in the Western United States. The findings indi-
cated that hot spring waters generally are in equi-
librium with the solids which they contact.

Modification of a numerical model that described

" the movement of steam in a vapor-dominated
geothermal system to include the effects of heat
conduction in the overburden, the weight of the
steam column, and the effects of condensation
when production was terminated.

* Detailed chemical analyses of about 100 formation
water samples from 15 oil and gas fields in
coastal Texas and Louisiana that showed that the
salinity of water in the geopressured zone ranged
from about 20,000 to more than 150,000 mg/L
dissolved solids; samples from many gas wells
yielded low salinities that were not representative
of the true salinity of formation water because
they were diluted by the condensed water vapor
produced with natural gas; and the concentrations
of hydrogen sulfide, silica, and mercury were low
in geopressured waters and the concentrations of
toxic components (boron, ammonia) were moder-
ately high.

NATIONAL STREAM QUALITY
ACCOUNTING NETWORK (NASQAN)

In the late 1960°s and early 1970’s, a number of
incidents alerted the American public to the declining
quality of many of the Nation’s large rivers. The Cuya-
hoga River, flowing into Lake Erie at Cleveland, Ohio,
actually caught fire as a result of pollution from petro-
leum products floating on its surface. The "Nation’s
River," the Potomac, was closed to swimming and
fishing as a result of gross pollution in its waters as
they flowed through Washington, D.C., the Nation’s
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capital. In the West, the storied Colorado River was
essentially "used up" before it could escape into
Mexico, making it questionable whether the United
States could meet either quantity or quality require-
ments of its treaty obligations concerning the river
water passed on to its neighbor. In fact, the United
States was eventually forced to build and operate an
expensive desalination plant at Yuma, Ariz., in order
to meet those obligations. Rachel Carson had recently
alerted the Nation to new environmental concerns
about pesticides through her book "Silent Spring."
There was a broad awareness of the need to monitor
environmental conditions nationwide, especially the
condition of our large rivers.

The Federal Bureau of the Budget recognized
this need in writing Circular A—67, which called on the
USGS not only to coordinate water-data collection
throughout the Nation, but to design and operate a
"National Water-Data Network." As part of this effort
to define a national network, the Office of Water Data
Coordination, using both its own staff and detailees
from USGS Field Offices, designed a National Stream
Quality Accounting Network (NASQAN) to monitor
streamflow and water quality on large rivers
throughout the Nation. Design of the network used the
recently defined hydrologic accounting units and
called for measurement, on a continuing basis, of a
wide variety (55) of physical, chemical, and biological
water-quality characteristics. The primary objectives
of the network were:

1. To account for the quantity and quality of water
moving within and from the United States,

To depict areal variability,
To detect changes in stream quality, and

To lay the groundwork for future assessments of
changes in stream quality.

e

Where possible, existing measurement sites for
streamflow or water quality were incorporated into the
network, and data collected by other Federal, State,
and local agencies were used where they conformed to
the operational design. Station locations were picked
to monitor the quantity and quality of water as it left
each accounting unit. Samples were collected on a
consistent schedule nationwide, and all samples
collected by USGS personnel were analyzed in the
Survey’s Central Laboratories System using specified
methods.

Rivers integrate the landscape through which
they flow. Water quality measured at any one point in

a river reflects a complex combination of natural
processes and human activities that occur upstream.
By measuring the amount of chemicals and sediment
that flows past stations on the Nation’s largest rivers,
NASQAN provides the data needed to:

 Characterize large subbasins of these rivers,

» Determine regional source areas for these materials,
and

« Assess the effects of human influences on observed
concentrations and amounts of these materials.

Because these large rivers typically coincide
with State and international boundaries, monitoring
these rivers primarily is a Federal responsibility.
NASQAN stations are sampled frequently enough to
characterize variations in chemical and sediment
concentrations that occur during a year, particularly
the variation that occurs between low and high flows,
during different seasons of a year, and during different
hydrologic regimes—such as periods when snowmelt
dominates river discharge.

NASQAN was different from other water-
quality monitoring studies in several important ways:

* The network was designed around a system of
subdivided river basins, so the collected water
data could be related to conditions within a
known area upstream and compared with that
from adjacent or nearby areas.

+ Stations were operated uniformly; therefore, results
obtained could be compared directly because the
same methods were used to collect and analyze
the samples from all stations in the network.

+ Stations were committed to long-term objectives, so
the length of record at all stations, the frequency
of sampling, and the sampling locations would
remain uniform for a long time. The uniformity
allowed for valid comparisons among stations
and provided an opportunity to look for long-term
changes. ‘

The need for a network that could be used to
detect changes in stream quality had been well docu-
mented by prominent hydrologists and by the Presi-
dent’s Council on Environmental Quality. A vast
amount of data was available for tens of thousands of
locations throughout the Nation, but what was lacking
was national consistency—measurement of the same
water-quality characteristics at the same frequency at
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the same places over an extended period of time. The
implementation and operation of NASQAN was
intended to produce a set of systematically collected
baseline water-quality data that would be available for
nationwide studies involving transport of and changes
in chemical and biological characteristics of surface
waters. Although NASQAN was intended to provide
data needed to assess regional trends in order to eval-
uate the effectiveness of programs to control water
quality, it was realized that the broad-scale informa-
tion collected was not likely to be detailed enough to
assess the effectiveness of pollution-control measures
on a local basis. For this, finer scale studies would be
required. Nevertheless, in 1973, NASQAN was desig-
nated by the Council on Environmental Quality as the
Nation’s primary network for uniform water-quality
assessment.

A river-quality accounting network to provide
broad-scale accounting data was a primary component
of a Departmental "thrust" document on river-quality
monitoring that was prepared in March 1972. Other
components included periodic synoptic assessments of
water quality in each hydrologic accounting unit using
NASQAN stations to bridge the time gap between
assessments, expansion of agency research in topics
related to river-quality monitoring, and an inter-
Bureau analytical quality control program for
measurement of physical, chemical, biological, and
esthetic characteristics of river quality. Although only
NASQAN was implemented as recommended, the
document provided support for the Survey’s
successful River Quality Assessment Program and can
be viewed as a step toward larger scale assessment
such as those in the National Water-Quality Assess-
ment (NAWQA) Program of the 1980’s and 1990’s.
The Chairman of the committee that prepared the
thrust document was Ranard (Jack) Pickering, who in
April 1972 was named Chief of the Quality of Water
Branch, the organizational unit given the responsi-
bility for making NASQAN a reality.

NATIONAL WATER DATA EXCHANGE
(NAWDEX)

As the Nation’s resources developed, water
played an increasingly important role—both as a
resource to be developed and as a resource to be
protected. The proper development and protection of
our water resources, however, depends on adequate

data on the quantity and quality of our water. Vast
amounts of data have been collected by hundreds of
agencies, and much more information is being
collected.

Before the advent of the World Wide Web, and
associated easy access to data obtained by agencies,
finding and obtaining water-resources information was
difficult. Even though an enormous amount of infor-
mation was being collected, the potential user faced a
bewildering problem in trying to determine if the
specific information needed had been collected or
where it might be available. To help solve these prob-
lems of matching user needs to available data,
NAWDEX—the NAtional Water Data EXchange—
was established.

NAWDEX consisted of a national confederation
of water-oriented organizations working together to
improve access to water data. Its primary objective
was to assist users of water data in the identification,
location, and acquisition of needed data. The USGS
accepted the lead responsibility for implementing
NAWDEX, and work began on this effort in January
1973. The program was formally established and made
operational in January 1976. Melvin D. "Doug"
Edwards was the first Chief of NAWDEX.

The Program Office was located administra-
tively with the Water Resources Division of the USGS
and provided data-exchange policy and guidelines to
all participants in the NAWDEX Program. The office
maintained close working relationships with the
USGS Office of Water Data Coordination in updating
the "Catalog of Information on Water Data" and in
obtaining advice and counsel from the (Federal) Inter-
agency Advisory Committee on Water Data and the
(non-Federal) Advisory Committee on Water Data for
Public Use. The Program Office also established
working relationships with U.S. organizations that
maintained water-related data banks and with foreign
organizations that maintained water-data information
systems.

Membership in NAWDEX was voluntary and
open to any water-oriented organization that wished to
participate. Membership included organizations from
the Federal, State, interstate, local governmental, aca-
demic, and private sectors of the water-data commu-
nity. No dues or fees were associated with becoming a
member. Members were required, however, to sign a
memorandum of understanding with the Program
Office defining a member’s general commitment to
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take an active role in NAWDEX activities, to provide
information on its data holdings for indexing purposes,
and to provide data from its holdings upon request.
NAWDEX was operational through the end of this
reporting period.

NUCLEAR HYDROLOGY

One of the most serious issues related to the
development of the nuclear industry has been disposal
of radioactive wastes. The wastes are classified as high
level if they result from the reprocessing of reactor
levels and low level if they are from any other source.
Many nuclear wastes may remain a threat to the envi-
ronment for some time.

In 1977, WRD, in cooperation with the Energy
Research and Development Administration, began an
effort to characterize several potential regions for the
disposal of high-level waste. Studies were initiated in
areas of bedded salt in New Mexico, Utah, New York,
and Michigan; at salt domes in Louisiana and Texas;
and in shales in Colorado, Nevada, and North and
South Dakota. Also, WRD initiated a study of specific
sites in granitic rocks of southern Nevada in 1977.

Simultaneously, WRD began to investigate
existing low-level waste-disposal sites to determine
the amount and direction of movement of radio-
nuclides under actual field conditions. The radio-
nuclides moved by ground-water transport, erosional
processes, or as gaseous emissions. Geologic materials
collected at field sites were evaluated to assess their
effectiveness in retaining radionuclides by sorption
and ion exchange. Studies at the low-level waste sites
were designed to gather information and develop
geohydrologic criteria for more suitable location of
future burial sites. Ground-water tracer studies were in
progress in the Amargosa Desert of Nevada to develop
a method to determine local ground-water movement.
Results of the studies would be used to develop hydro-
geologic criteria for locating future low-level radioac-
tive-waste burial sites and to design the hydrologic
monitoring systems for such sites.

Theoretical and laboratory studies were
underway to:
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* Detect and identify radionuclides by borehole
geophysical techniques

+ Use digital modeling techniques to predict ground-
water flow and quality

+ Evaluate geochemical kinetics of radionuclides

* Predict the movement of radionuclides in the unsat-
urated zone

¢ Predict the behavior of transuranic elements in the
geologic environment

* Predict the transfer of heat in aquifers

* Improve the use of tracers in studying ground-water
movement.

OIL-SHALE HYDROLOGY

The largest known oil resource in the world is in
the oil-shale deposits of the Green River Formation in
Colorado, Wyoming, and Utah. The known deposits
include about 600 billion barrels of oil in deposits at
least 10 feet thick and averaging more than 15 gallons
per ton. These deposits represent a potential energy
resource that could supply the Nation’s oil demand for
many decades. The potential of oil shale to alleviate
the Nation’s dependence on foreign oil supplies has
stimulated industrial and governmental interest in
developing oil-shale technology. In 1971, the Depart-
ment of the Interior announced plans to permit devel-
opment of a small part of the oil-shale resources on
public lands in Colorado, Wyoming, and Utah.

The oil-shale hydrology program was initiated
to provide data on the surface- and ground-water
hydrology needed to predict the amount and quality of
ground water present in the oil shale and how it affects
underground mining, surface mining, and in-situ oil-
extraction processes; to predict the effects on ground
and surface water of the disposal of spent shale; and to
provide baseline data to evaluate the long-term
impacts of oil-shale development on water quantity
and quality. The program measured and modeled, as
appropriate, the parameters of different water-bearing
formations (aquifers), the connection between aqui-
fers, the occurrence of fresh and saline ground water,
and the relation between different ground-water zones
and surface water.

The WRD began a study of a 25,000-square-
mile area in Colorado, Utah, and Wyoming, which
included four Federal prototype leases and several
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developments on private lands. Basic hydrogeologic
data on aquifer properties and the relation of surface
water to ground water were obtained by core drilling
and aquifer testing and were used to develop predic-
tive models of the hydrologic system to simulate the
effects of mining. Hydrologic issues associated with
these techniques included locating adequate water
supplies for personnel, dewatering during develop-
ment and production, disposing of what may be highly
saline water pumped for dewatering, and assessing the
long-term effects of the retorted shale on the region’s
water supply after development.

In 1974, the WRD prepared a report, in coopera-
tion with the Colorado Department of Natural
Resources, which concluded that development of oil-
shale deposits in the 900-square-mile Piceance basin
in northwestern Colorado will have significant effects
on the hydrology of the region. A digital computer
simulated the possible effects on the hydrologic
system of precipitation changes that were due to the
introduction of atmospheric pollutants from oil-shale
development or cloud seeding and mine dewatering.
The model results showed that for the hypothetical
dewatering method simulated, one proposed mine
could produce enough water to meet the demands of
oil-shale processing and disposal over a 30-year
period and a second hypothetical mine would not
produce enough water. In 1975, new projects included
a study of organic wastes percolating from spent oil-
shale and coal-mine wastes and a study of the function
of microbes in decreasing or increasing the solubility
of minerals in oil shale and coal-mine wastes.

By FY 1979, WRD oil-shale studies continued
to focus on Colorado because two active Federal
prototype oil-shale leases were in northwestern Colo-
rado. Both sites were evaluated by using modified in-
situ techniques, which involved driving a shaft
through the zone to be developed, mining about 15 to
25 percent of the shale, fracturing the surrounding
shale to refill the area mined, and through combustion
controlled from the surface, retorting the shale in
place. One major unknown being studied was the
potential for collapse into the retorted depositions
some time after development. The part the ground-
water system played was to be evaluated.

REGIONAL AQUIFER-SYSTEM ANALYSIS
(RASA)

The drought of 1976-77 in the United States
caught the attention of the U.S. Congress. When
conferring with officials of the Department of the Inte-
rior, current information on river flows revealed the
status of the Nation’s rivers. No comparable system
was available for describing the stress of droughts on
the Nation’s ground water. Accordingly, the USGS
was asked, in a proposal, to develop a program for
evaluating and describing the nature and use of the
Nation’s ground-water systems.

To supply such information for water-resources
management, the U.S. Geological Survey in 1977
instituted the Regional Aquifer-System Analysis
(RASA) Program to study the Nation’s ground-water
systems on a regional scale. A regional aquifer system,
as the term is used here, is of two general types: aqui-
fers that are of regional extent, such as aquifer systems
in the Northern Great Plains, and small aquifers that
share so many characteristics that they can be studied
together, such as aquifer systems in the Southwestern
Alluvial Basins or glacial valley aquifers in the North-
east.

Purpose and Approaches of the RASA Program

» The objective of each study was to define the
regional hydrology and to establish a frame-
work—geologic, hydraulic, and geochemical—
for detailed local investigations.

* While each investigation was designed to fit the
particular problems of the study area, every
project used computer models, or simulations, to
analyze the hydrologic systems and to provide
predictive capabilities with logic systems and to
provide predictive capabilities with which the
effects of future development could be estimated
and evaluated.

* Information also was to be assembled on the quality
of water throughout each aquifer system by
bringing together all existing information and by
collecting such field data as were required to fill
the gaps.
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RESEARCH

In the mid-1960°s, the step-by-step reorganiza-
tion of the Water Resources Division brought about
important changes in the administrative support of
those people engaged in the Division’s federally
funded research program. In the late 1950’s, that
program had begun under the aegis of a Research
Section in each of the three principal operating
Branches, namely, Ground Water, Quality of Water,
and Surface Water. By 1966, those Research Sections
had been abolished, the position of Regional Research
Hydrologist had been established on the staff of each
Regional Hydrologist, and all research personnel now
were assigned to the particular Regional Office that
had jurisdiction over the area in which they were head-
quartered. Thus, the Regional Research Hydrologist
became the mentor for all WRD researchers in his
region.

Implicit in the mentor role was the need to serve
as a focal point or clearinghouse for all administrative
support actions including research project planning,
budget development and approval, monitoring expen-
diture rates throughout the fiscal year, reccommenda-
tions for pay raises and promotions, and
recommendations for awards.

Beginning in FY 1975, the concept of a cadre of
Research Advisors was introduced. In each research
discipline, a Research Advisor was designated to
become, in effect, the new mentor for the research
project leaders active nationwide in that discipline.
Justification for this administrative step was strongly
rooted in the urge to enhance and maximize the pros-
pects for the most expeditious technical advancement
of the research.

Throughout most of this historical period, the
Division Headquarters included the Office of the
Assistant Division Chief for Technical Coordination
and Research. Although the Regional Research
Hydrologist was organizationally a part of the
Regional Hydrologist’s staff, he nevertheless worked
closely with the cited Division Office in the overall
planning and implementation of the Division’s
national program of research.

Synoptic statements on significant advances in
the research work were published annually in the
USGS Professional Paper series. Each such paper bore

-the title "Geological Survey Research 19 ." Research
project leaders’ names were included in the index at
the back of each paper, thereby affording a ready key

to locating the summary of progress on any given
project. ‘

Major categories of research included:

Geochemistry

Ground-Water Physics
Sediment

Surface-Water Physics
Ecology

Surface-Water Hydrology
Geohydrology
Socioeconomics

Aeration Capacity of Streams
Hydrobiologic Investigations

Hendricks and Cragwall continued the policy
established by Luna Leopold whereby 10 percent of
the funds for certain program areas (for example,
ground water, estuaries, coastal zone management,
urban hydrology, coal hydrology, and lakes and reser-
voirs) would be set aside for research efforts. Program
monies in effect were tied to research activities.

WRD Memorandum 75.15, August 15, 1974,
discussed the WRD Research Program. Research in
WRD primarily was applied research. The purpose of
the research program was to develop methods and
techniques to facilitate and improve operational activi-
ties. The strength of the WRD program was its nation-
wide scope and the variety of real problems con-
fronted. Some of the field programs provided ideal
opportunities to test new research. By 1976, the
research program was funded at a level of approxi-
mately $13 million.

Researchers were expected to spend up to one-
third of their time consulting with Districts in their
area of expertise and/or instructing in the Division’s
training program. Bredehoeft, as Deputy Associate
Chief Hydrologist for Research, and Cragwall, as
Chief Hydrologist, both worked to improve communi-
cations between the researchers and other hydrolo-
gists. They promoted the concept of each researcher
spending a portion of his or her time in the field each
year.

Research was considered vital to the WRD
program. It was supported to provide advances to the
science of hydrology; new and improved methodolo-
gies; and the expertise for help, consultation, and
training to the operating program.

Public Law 88-379, July 17, 1964, the Water
Resources Research Act, empowered the Secretary of
the Interior to dispense certain sums to designated land
grant colleges and other educational institutions,
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private foundations, firms, individuals, and Federal,
State, and local government agencies for the purpose
of conducting water-research projects. The Office of
Water Resources Research was set up to administer the
Act within the Office of the Secretary, and each State
was provided a fixed annual sum in order to set up and
maintain a water-resources research institute at a land
grant college.

At the time the Office of Water Resources
Research was established, many felt that it should be
managed by WRD in association with WRD’s
research program rather than through the Office of the
Secretary in the Department of the Interior. Others felt,
however, that this activity would change the nature of
the mission of WRD even though it would have added
additional research capability to the Division.
Hendricks had mixed feelings on the subject. Some
persons were concerned that, because of the funds
associated with the endeavor, it would tend to become
a highly visible and political activity and would not be
in consort with the WRD position as one of inter-
preting the environment.

WRD adopted a policy to attempt to guide the
research institutes away from the water-resource eval-
uations of the type which were recognized as the
particular province of the USGS, from projects in
which no substantial research benefits were to be
gained, and from other types of work which the
Survey and other existing agencies already had
underway.

RIVER QUALITY ASSESSMENTS

The American public identified the enhance-
ment and protection of river quality as an important
national goal. As a consequence, considerable invest-
ment was made to improve the quality of the Nation’s
rivers. It was important that alternative plans for river-
quality management be scientifically assessed in terms
of the ability to produce environmental benefits.

In 1971, the Non-Federal Advisory Committee
on Water Data for Public Use formally recommended
that the USGS conduct an interdisciplinary river-
quality study. The recommended objectives were (1)
to define a practical framework for conducting
comprehensive river-quality assessments; (2) to deter-
mine the kinds and amounts of data required to
adequately assess various types of river-quality prob-
lems; (3) to develop and document methods for

assessing planning alternatives in terms of potential
impacts on river quality; and (4) to apply the frame-
work, data, and methods to assess the critical river-

quality problems of a major river basin.

The USGS responded to the Committee’s
recommendation in January of 1973 by starting a
prototype river-quality assessment study in the
Willamette River Basin in Oregon. Specific topical
subjects included practical approaches to mathemat-
ical modeling, analysis of river hydrology, analysis of
earth resources, river-quality relations, and develop-
ment of data-collection programs for assessing
specific problems.

URBAN HYDROLOGY

Prior to 1968, the principal involvement of the
Survey in the field of urban hydrology was related to
the flood potential of urban storm runoff. Efforts
pursued were almost entirely within District programs.
With impetus from the Federal Water Pollution
Control Act (Public Law 92-500, Section 208) of
1972, significant concern was directed to the problem
of water-quality degradation resulting from urban
runoff.

The rapidly increasing population in the
Nation’s urban areas impacted the water resources.
Many cities were experiencing water-quality problems
and urban flooding. The WRD began an urban
hydrology program in FY 19609 to identify and evaluate
the hydrologic parameters that were significant in the
urban environment and to design a corresponding data
network for collecting information in various urban
areas. The WRD collected rainfall, runoff, and water-
quality data at 20 key metropolitan areas throughout
the United States.

WATER DATA COORDINATION (OWDC)

In response to the mandate presented in Bureau
of Budget Circular A—67, the Office of Water Data
Coordination, led by Milt Hackett and Hal Langford,
moved ahead with development of several new
program efforts. During this period, many WRD
personnel were involved in the following actions to
enhance coordination of water data:
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Development of the first Catalog of Information on
Water Data

Permanent establishment of two advisory commit-
tees—the Advisory Committee on Water Data for
Public Use and the Interagency Advisory
Committee on Water Data

Preparation, jointly with the Water Resources
Council, of the first river basin hydrologic unit
maps for the entire United States

Formal agreement between the U.S. Geological
Survey and the Federal Water Pollution Control
Administration that divided responsibility for
Federal water-quality monitoring and provided a
philosophic basis for future coordination

Activation of National Stream Quality Accounting
Network (NASQAN), National Water-Use Data
Program, National Water-Data Exchange
(NAWDEX), and River Quality Assessment
Program '

Publication of "Index to Catalog of Information on
Water Data"

Annual preparation of Regional and Federal Plans
for Activities in each of the 21 Federal
Regions

Publication of the multiagency "National Handbook
of Recommended Methods for Water Data Acqui-
sition"

Implementation of WATSTORE, which made avail-
able to the public more than 150 million
streamflow, water-quality, and ground-water
measurements collected from more than
100,000 sites across the United States
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WATER USE

The U.S. Geological Survey began compiling
estimates of water use every 5 years in 1950. These
estimates were derived from many sources and had a
wide range of accuracy. Therefore, they fell short of
providing a national data base that was both current
and reliable. In 1977, the Congress of the United
States recognized the need for uniform information on
water use and directed the U.S. Geological Survey to
establish a National Water-Use Information Program
to complement the Survey’s data on the availability
and quality of the Nation’s water resources.

The National Water-Use Information Program
was designed as a cooperative program between the
States and the Federal Government. The goals of the
program were: to collect and compile water-use data;
to develop and refine computerized water-use data
systems at both the State and national levels; to devise
new methods and techniques to improve the collection
and analysis of water-use information; and to dissemi-
nate this information to those involved in establishing
water-resources policy and to those managing the
resources. The first Program Manager for Water Use
was Frederick Ruggles.
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CHAPTER lll - THE WRD ORGANIZATION

By James Biesecker

From 1964 to 1966, significant organizational
changes in WRD were implemented. It took approxi-
mately a decade to implement these changes fully at
all levels of the organization; therefore, the period
1966 to 1979 was both a stressful and an exciting one
for WRD personnel. The reorganization placed greater
emphasis on hydrology as a new disciplinary science,
combining the previously separate scientific disci-
plines into an integrated Division-wide program. The
Division mandated conversion of qualified personnel
from other disciplines to the Hydrologist series.

WRD ORGANIZATIONAL STRUCTURE—
1967-71

A chart of the reorganized Water Resources
Division as of April 1967 is shown in figure 1.
Regional boundaries and offices in WRD are shown in
figure 2. The Headquarters Office of the Division in
Washington, D.C., was composed of the Office of the
Chief Hydrologist, the Office of Water Data Coordina-
tion, Staff Advisors, and the Offices of the Assistant
Chief Hydrologists for Administration and Technical
Services, Reports and Data Processing, and Research
and Technical Coordination. The composition and
functions of these Offices were:

» The Office of the Chief Hydrologist was composed
of the Chief Hydrologist and Associate Chief
Hydrologist. These officials were responsible for
exercising the authority delegated by the Director
for the execution of programs, planning and eval-
uation of programs, and the scheduling and
production of reports and publications.

» The Office of Water Data Coordination was respon-
sible for performing the coordination functions
assigned to the Department of the Interior by
Bureau of the Budget Circular Number A—67,
dated August 28, 1964. This included the coordi-
nation of national network and special water-data
acquisition activities and the maintenance of a

central catalog of water information for use by
Federal agencies and other interested parties.

» Staff Advisors assisted the Chief Hydrologist in
setting the overall policy direction of the Divi-
sion's programs and the management policy
related to these programs. Specific functional
assignments included national program goals and
program emphasis to reach the goals, operations
research and systems design, personnel policy,
and administrative matters. The group, which
included Division Staff Scientists, had the capa-
bility to deal with many technical problems
concerning programs and the management of
these programs.

» The Office of Assistant Chief Hydrologist for
Administration and Technical Services assisted
the Division Chief's Office in the establishment of
policy on budgetary, accounting, personnel,
program status, and technical service activities.
This office provided administrative and technical
services to operational offices in support of their
individual programs and Division objectives. The
Assistant Chief served as line officer for Division
field operations. The following sections made up
this Office:

—~The Manpower Section assisted in the planning,
organizing, and administering of programs to
carry out the Division's policy regarding
recruiting, training, career development, and
processing of promotions, transfers, and reas-
signments regarding professional and technical
personnel.

—The Administrative Section provided central-
ized services for the Division in budget and
finance, personnel actions, property and
procurement, records management, and other
fields of administrative services.

—The Fiscal Management Unit provided central-
ized document services for the Division,
Regional, and Field Offices in budget, finance,
planning, and allocation of funds.
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—The General Services Unit provided centralized Division's activities and day-to-day operation of

services for the Division, Regional, and Field these activities.

Offices for personnel action processing and

records, space utilization, property records, —The Automatic Data Development Unit devel-
issuance of procurement documents, central oped practical techniques and computer

files, storage and disposal of records, distribu- programs to carry out new ADP systems and
tion of mail, and so forth. necessary changes and improvements in present

ADP systems and furnished consultant services

—The Planning Section maintained records of ultdl _
on ADP methodology to other Division units.

program information, including project descrip-

tions, program summaries, work plans, and —The Automatic Data Processing Unit provided
project status reports; developed detailed ADP services, training, and consultation for all
program analyses and reports on program elements of the Division, maintained the Divi-
content and financing, cost reduction, and sion's "Data Storage and Retrieval System," and
manpower conservation; prepared research provided technical guidance to field ADP
project notices for transmittal to the Science centers.

Information Exchange; prepared annual budget » The Reports Section developed the reports to meet
justification materials; monitored Congres- the objectives of the Division's overall program,
sional legislative activities related to water; and including the development of policy and stan-
maintained liaison with other Federal agencies dards for preparation, review, processing, and
for program planning. publication of reports.

The Operations Section provided Regional,
Field, and Project Offices with information,
assistance, and guidance on operational matters
related to program execution that required
liaison or coordination with Washington Head-
quarters, other units in the Survey, and other
Federal agencies. This included reviewing spec-
ifications and contracts for well drilling and
field equipment; providing information and
advice on safety matters; and reviewing opera-
tional programs to recommend measures to
improve effectiveness.

* The Office of Assistant Chief Hydrologist for
Reports and Data Processing assisted the Division
Chief's Office and served as Division line officer
in the development of programs relating to the
production of reports; the processing of data; and
the storage, retrieval, and dissemination of water
information. The following organizations were

—The Data Reports Unit reviewed, processed,
and prepared for publication basic (standard-
ized) hydrologic data, including noninterpretive
analyses and various summaries of data. This
unit coordinated and scheduled annual surface-
water supply, ground-water level, and water-
quality reports; prepared basic-data reports such
as water-level reports and statistics on monthly,
seasonal, and annual pumpage; and prepared
regional maps showing water in storage,
ground-water quality, and physical characteris-
tics of aquifer systems. The unit provided guid-
ance to Field Units on the preparation of basic-
data reports and processing of records.

—The Special Reports Unit prepared or coordi-
nated the preparation of reports, such as the
monthly Water Resources Review, Water
Resources Bulletin, water-use circulars, annual
bibliography of hydrology, annual series on

part of this Office: : : ) )
selected techniques in water-resource investiga-
* The Office of Water Information provided water tions, information leaflets, reports on specific
information on request to units of the Survey, the hydrologic events, and special series reports
Department of the Interior, other Federal agen- such as annual summaries of hydrologic events,
cies, and the general public. flood frequency reports, flood-inundation maps,
and so forth.
* The Automatic Data Section was the focal point for —The Publications Unit processed and main-
all automatic data processing (ADP) activities tained control over reports submitted for the
within the Division, including the development of Director's approval, advised WRD personnel on
practical applications of ADP techniques to the preparation standards for illustrations and
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reports, and recommended methods to increase
the usefulness of reports and efficiency and
speed of processing. The unit prepared and
maintained Publication Guides and developed
standards for preparation and printing of illus-
trations, including handling of base-map mate-
rials.

* The Office of Assistant Chief Hydrologist for

Research and Technical Coordination assisted the
Division Chief's Office in the development of
national programs of research and water investi-
gations and provided technical guidance to the
Division's operating programs. This Assistant
Chief was responsible for research in hydraulics,
hydrology, instrumentation, and in the chemical
and physical properties of water and served as
Division line officer in the development of
competence in all technical disciplines. The
Deputy Assistant Chief for Research assessed the
Division's program in light of needs for research
in water-resource subjects, evaluated proposed
research projects and programs, and recom-
mended appropriate research efforts; assisted in
devising methods for publicizing research find-
ings and for assuring prompt availability of
research products to field operations; and
promoted seminars to effect proper exchange of
information and dissemination of research find-
ings. The following units were under this Assis-
tant Chief:

—The Office of Radiohydrology provided tech-
nical guidance and coordination of hydrologic
investigations related to occurrence of natural
and artificial radioactive materials in the envi-
ronment; promoted hydrologic research; and
provided specialized consulting service on
hydrologic and geologic aspects of the use,
development, and control of nuclear energy
facilities for the Survey and other agencies.

—The Office of Remote Sensing encouraged and
promoted hydrologic applications of remote
sensing methods, provided consultation on
current and proposed projects with regard to the
use of remote sensing methods, and provided
liaison with the hydrologic community
regarding remote sensing methods.

—~The Branch of Ground Water provided Head-
quarters leadership in development of ground-
water technology, maintained a system of tech-

nical standards and quality control to assure the
technical excellence of field programs and
personnel with respect to ground water, trans-
lated research findings to field needs, conceived
and developed techniques of application of the
ground-water discipline, designed and spon-
sored special training in basic and sophisticated
elements of ground-water hydrology and prac-
tice, and served as consultant to the Chief
Hydrologist on matters pertaining to ground
water.

—The Branch of Quality of Water provided Head-
quarters leadership in the development of tech-
nology dealing with chemical, physical, and
biological properties of water, with dissolved
and suspended matter, and with interrelations of
these water-quality properties and characteris-
tics with hydrologic, geologic, geochemical,
biological, and ecological environments; main-
tained a system of technical standards and
quality control to assure technical excellence of
programs and personnel regarding quality of
water; translated research findings to field
needs; designed and sponsored special training
in basic and sophisticated elements of quality of
water disciplines; and served as consultant to
the Chief Hydrologist on matters pertaining to
water quality.

—The Branch of Surface Water provided Head-
quarters leadership in the development of
surface-water technology, maintained a system
of technical standards and quality control to
ensure technical excellence of programs and
personnel with respect to surface water, trans-
lated research findings to field needs, designed
and sponsored special training in basic and
sophisticated elements of the surface-water
discipline, and served as consultant to the Chief
Hydrologist on matters pertaining to the
surface-water field.

INTEGRATING THE DISCIPLINES

The organizational structure implemented
during 196466 has remained largely unchanged since
that time. Much of the background of this reorganiza-
tion is contained in the WRD histories, Volumes V and
VI. An overview of the early efforts is presented in
this section.
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Task forces and staff committees in WRD
worked to plan the reorganization and its implementa-
tion. The formal proposal to reorganize the Division
was submitted in September 1964 to the Director of
the Survey. Approval was received in December 1964.
Many changes were to be made, but they would be
implemented slowly. On December 21, 1964, an Inte-
rior press release by Secretary Morris Udall
announced the reorganization plan for the Division
and presented the rationale for it as follows:

The immense growth of this country had
strained the Nation’s water resources to the point
that a community or industry seeking new or
enlarged sources of water must consider a
number of sources and the quantity and quality of
the water from each source. This change brought
increasing inquiries to the Geological Survey’s
many field offices for answers to questions
involving surface water, ground water, and water
quality—engineering, geologic, and chemical
information—all related to one another, and yet all
traditionally separate. The reorganization of the
Survey's Water Resources Division was designed
to provide more effective and complete answers
by blending previously fragmented individual skills
of engineers, geologists, and chemists.

All Branch activities and offices at the District
level were integrated into single Division-level
Districts. This major change followed the pilot efforts
that began in 1964 in Nevada, Tennessee, and Puerto
Rico. On February 15, 1965, the title of “District
Chief” was adopted for the person in charge of all
WRD activities in each State, and the title of “Area
Hydrologist” was selected for the former position of
“Division Hydrologist.”

On April 1, 1965, E.L. Hendricks, then Asso-
ciate Chief Hydrologist, provided Division, Branch,
and other key officials with an initial draft of the func-
tional statement for the Branches. In July 1965,
Hendricks and F.E. Clarke, then Chief, General
Hydrology Branch, analyzed and recommended super-
visory patterns of research and Area staff positions to
assign the majority of research personnel to an Area
Hydrologist. By January 1, 1966, 27 of the 47 Districts
were consolidated into Division Districts under the
leadership of the District Chiefs. The remaining
Districts were integrated during 1966 and 1967.

Although the reorganization was in progress at
Area and District levels, it was not until Hendricks
became Chief Hydrologist in June 1966 that it was

implemented at WRD Headquarters. Developing new
organization structures, defining roles, and reassigning
personnel were done in a careful, iterative process.
There was extensive study of alternate proposals
involving different opinions about the roles of the
Branches and concern about maintenance of scientific,
technical disciplines, competence, and oversight in an
emerging and growing multidiscipline program
context. Branch officers particularly were concerned
about their ability to maintain technical leadership and
quality control with no line authority over project
management.

Harry D. Wilson, Area Hydrologist, played a
major role in the process while detailed to Headquar-
ters during 1965 and 1966. He served as a moderator,
facilitator, and consultant to Division and Branch
officers in the Headquarters organization and drafted a
Headquarters reorganization plan. A three-pronged
staff arrangement, each headed by an Assistant Chief
Hydrologist, was proposed: one for reports and data
processing, one for administration and technical
services, and one for research and technical coordina-
tion. The research and technical coordination unit
included the reconstituted Ground Water, Quality of
Water, and Surface Water Branches. These proposals
were presented in an internal report to Hendricks, the
Acting Chief Hydrologist in May 1966.

Hendricks announced the WRD Headquarters
organization changes by WRD Memorandum number
67.18 on August 16, 1966. The reorganization
involved an apportionment of the line responsibilities
of the Chief Hydrologist’s office among three Assis-
tant Chiefs and a change in designation of the
geographic subdivisions from “Area” to Region.”
Area Hydrologists were to be addressed as Regional
Hydrologists. The Assistant Chief Hydrologists had
responsibility for administrating key units located in
Washington but also served as line officers to the field
by virtue of delegation from the Chief Hydrologist.

The status of Branches in Headquarters was
changed from line to staff, and the operational respon-
sibilities of each Branch in Headquarters were abol-
ished and replaced by an operations unit serving the
entire Division.

In WRD Memorandum 67.101, May 10, 1967,
Hendricks promulgated further guidelines for the new
structure. Section Chiefs and Unit Chiefs were given
authority and responsibility for day-to-day decisions
pertaining to their functions. Former operational
responsibilities of the Branches now were Division
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functions. Technical Branches were to concentrate on
strengthening competence in the organization in
particular disciplines. Functions relating to research,
formerly carried out in the General Hydrology Branch,
were transferred to the Assistant Chief for Research
and Technical Coordination.

The basic concept of the organization was
single-line communication from the Chief Hydrolo-
gist, or delegated members of the staff, to the Regional
Hydrologists. Under this concept, the Regional
Hydrologists were responsible for the administration
of all WRD offices and projects based in the Region.
Responsibility for communication with the Regional
Hydrologists was delegated to the Assistant Chief
Hydrologists, according to the type of work involved.
This single line communication between Headquarters
and the Regions involved all elements of the Divi-
sion’s work—policy statements, directives, and work
requests. Technical information exchange on any
subject remained unrestricted among the individuals
involved.

The purpose of this major reorganization was to
further integrate the scientific disciplines in WRD and
to ensure that the responsibility for performing the
function was delegated to the lowest level possible. At
the District level, there was one point of contact for
WRD initiatives in the State. The structure was
adapted to ensure an integrated approach to the scien-
tific challenges facing the Division.

Reflections on the WRD Reorganization,
Based on Interviews with WRD Leaders

Hendricks noted that in the former structure
there were problems because of the competition
between Branches for funding from State agencies in
the Cooperative Program. This created tension; there
was little, if any, coordination between WRD’s
Ground Water, Surface Water, and Quality of Water
units. The State agencies had to work with three
different organizations in WRD. Hendricks said this
was “unbearable from a management point of view.”
However, the real impetus for the reorganization was
emphasis on the environment. WRD leaders knew that
environmental issues could not be addressed through a
separate discipline approach in WRD. These issues
required an integrated systems approach. Based on the
organizational structure at the time, WRD was not
prepared to deal with any of the upcoming questions

on the environment. To meet the challenges, a
different organizational structure was needed under
one management in which an integrated approach
could be used to address environmental issues.

G.W. Whetstone, Assistant Chief Hydrologist,
SP&DM, said that in many States, there was a severe
imbalance between the WRD Ground Water, Surface
Water, and Quality of Water programs. Quality of
Water programs particularly were limited in scope.
The establishment of Water Resources Councils did
not provide the coordination needed. He added that
WRD was not prepared for environmental challenges
unless it changed its structure in the field; even the
Area Hydrologists did not have the authority to correct
imbalances because they lacked line authority and
could provide only advice and oversight.

Hendricks explained that the pilot programs in
the Tennessee, Puerto Rico, and Utah Districts allowed
staff throughout WRD to become accustomed to the
idea and to see that the integrated structure was
feasible. Whetstone added that many persons were
scared of the change, and the pilot program allowed
them time to adjust to it. The actual implementation
occurred over several years while persons were
selected throughout WRD as District Chiefs.
Hendricks noted the difficulty in personnel selection
and said that if there was an outstanding person
already in a District, it was easy to elevate this indi-
vidual to the Chief position. A problem arose when
there were three persons in a State representing the
three areas, and none of these persons had the skills
considered essential for the job. Then, someone had to
be sent in to the District. Such moves were very trau-
matic. Another problem, as F.T. Schaefer, Assistant
Regional Hydrologist, Northeastern Region,
explained, occurred when there were three outstanding
persons at the Branch level in a District, and only one
of them could be selected for the Chief position. Thad
McLaughlin, Regional Hydrologist, Central Region,
explained that there were many personnel and morale
problems. Some persons were assigned to jobs for
which they were not necessarily the best qualified. The
reorganization led to rivalry among some District
Chiefs. Some Branch Chiefs were transferred to
Regional Offices if they were not selected as a District
Chief. J.T. Callahan, Regional Hydrologist, North-
eastern Region, noted the need to meet with staff
members in the three Branches in the Districts to
explain the concept, to assuage fears and concerns,
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and to minimize the friction among staff in the former
Branches.

However, Hendricks said that he felt they got
through the radical change well and were successful in
the implementation process. McLaughlin stated that
over time, new teams developed as a result of the reor-
ganized structure. By the time of the 1970 District
Chief conference, the reorganization was totally
implemented. Ferguson noted that in other organiza-
tions, such a radical change has taken as long as a
generation to implement, but in WRD, it was accom-
plished more smoothly because of the concept of
teamwork which permeated the organization.

Biesecker stated that the reorganization repre-
sented the greatest institutional change ever for the
Division. He saw this change as a “stroke of genius.”
He said that because the Branches competed for the
same cooperators’ dollars, there was a tendency to
publicly criticize colleagues in the quest for additional
funds. The competition among the Ground Water,
Surface Water, and Quality of Water Branches was not
a healthy one. He personally welcomed the reorgani-
zation as he had seen competition where there should
have been collaboration and integration on hydrologic
problems. He said that today in WRD, personnel do
not even think in terms of separate disciplines.

Revisions to Regional Boundaries—1971

Throughout the Federal Government, there was
an initiative to standardize regional boundaries across
Government. During June 1971 to September 1972,
WRD management decided to change the WRD
regions to conform to the standard Federal boundaries
and to reach consistency within the Survey. Cragwall
was responsible for this effort in WRD. This decision
led to several major changes. A new regional Head-
quarters was established in Atlanta, Ga., for the South-
eastern Region; the St. Louis Regional Office was
closed, and changes were made in the geographical
jurisdiction of the other three regions: Northeastern,
Central, and Western.

On July 20, 1972, new organizational bound-
aries for the Division were announced with an effec-
tive date of September 3, 1972. These were reflected
in changes to the Department of the Interior Depart-
mental Manual, Part 120, Geological Survey. Four
regions were established: Northeastern, Southeastern,
Central, and Western.

1. Northeastern Region, Arlington, Virginia: States of
Connecticut, Delaware, Illinois, Indiana, Maine,
Maryland, Massachusetts, Michigan, Minnesota,
New Hampshire, New Jersey, New York, Ohio,
Pennsylvania, Rhode Island, Vermont, Virginia,
West Virginia, Wisconsin, and the District of
Columbia.

2. Southeastern Region, Atlanta, Georgia: States of
Alabama, Florida, Georgia, Kentucky, Missis-
sippi, North Carolina, South Carolina, Tennessee,
the Commonwealth of Puerto Rico, and the
Virgin Islands.

3. Central Region, Denver, Colorado: States of
Arkansas, Colorado, Iowa, Kansas, Louisiana,
Missouri, Montana, Nebraska, New Mexico,
North Dakota, Oklahoma, South Dakota, Texas,
Utah, and Wyoming.

4. Western Region, Menlo Park, California: States of
Alaska, Arizona, California, Hawaii, Idaho,
Nevada, Oregon, and Washington, and Guam,
Samoa, and other Pacific Islands.

In a Department of the Interior news release
dated September 25, 1972, Hendricks announced
that: "Our newly structured regions are part of the
Department of the Interior's move to adopt a system
of regional boundaries which coincide with the
10 administrative districts recently developed in Presi-
dent Nixon's Federal Assistance Review Program. The
program is designed to make the Federal Government
more responsive to the needs of State and local
governments, and, as newly organized, each of our
four regions will completely include several of those
administrative districts and have common boundaries
with them. Each of these new regions—Northeastern,
Southeastern, Central, and Western—will have a
Regional Hydrologist who will provide policy guid-
ance and coordination over water resources activities
within the area and provide liaison with all other
Federal, State, and local agencies."

WRD ORGANIZATIONAL STRUCTURE—
1971-79

Reporting to the Chief Hydrologist were three
Assistant Chiefs responsible for Operations, Scientific
Publications and Data Management, and Research and
Technical Coordination. In 1971, the Reports and Data
Processing Unit was renamed the Scientific Publica-
tions and Data Management Unit to emphasize the
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expanding role of computer processing of data. The
Administrative and Technical Services Unit was
renamed Operations, to more clearly define the diverse
functions. Also reporting to the Chief Hydrologist was
the Office of International Hydrology, Office of Water
Data Coordination, and a Program Officer. The four
Regional Offices remained as the Northeastern
Region, Southeastern Region, Central Region, and
Western Region. National Water Quality Laboratories
were located in Atlanta and Denver. The Gulf Coast
Hydroscience Center was located in Bay St. Louis,
Miss., and the National Training Center was located in
Denver. Numerous personnel changes had taken place
during the period at every position. Figure 3 presents
the organizational chart for WRD in 1979. Regional
boundaries and offices in WRD are shown in figure 4.

HEADQUARTERS OPERATIONS

by Thomas J. Buchanan

Listed below are people who filled major posi-

tions in Operations during 1966-79.
Assistant Chief Hydrologist for Operations

Elwood R. Leeson, 196667

Joseph S. Cragwall, Jr. 1968-73

Walter Hofmann, 1974-75

Thomas J. Buchanan, 197679
Deputy Assistant Chief Hydrologist for Operations

Bruce K. Gilbert, 1977-79
Manpower Section, Chief

Raymond O. Abrams, 1966-79
Planning Section, Chief

Warren S. Daniels, 1966-75

George E. Williams, 197679
Operations Section, Chief

Delmar W. Berry, 1967-70

Mearle M. Miller, 1971-73

David E. Click, 1974-77

Alberto Condes de la Torre, 1978-79
Instrumentation Group, Chief

Richard Paulson, 1978-79
From 1966 through 1970 this unit was called Admin-
istration and Technical Services. During this period
the Assistant Chief Hydrologist for Operations had
five major goals. They included enhancement and pro-
tection of the Federal-State Cooperative Program, the
reorientation of the Federal Data Program, the reorga-
nization of the Instrumentation Program, the imple-
mentation of the revised Career-Development

Program nationwide, and improvement in administra-
tive matters such as contracting, financial manage-
ment, and management information systems.

The Federal-State Cooperative Program was
under serious attack by budget analysts in the Depart-
ment and Congressional staffers. There was a major
communication gap in making the budget people
understand the value of the Cooperative Program to
the States. It was realized there was no documentation
on the Cooperative Program except for the annual
budget justifications. Tom Buchanan and Bruce
Gilbert prepared a series of reports and journal articles
documenting the history and successes of the Cooper-
ative Program. Finally reports were available that the
budget analysts could understand, and they began to
see the nationwide value of the program. This resulted
in successful efforts to obtain additional funding for
the Cooperative Program to meet the shortfall of
Federal matching funds—until then, State offerings far
exceeded the availability of Federal matching funds.

The Federal Data Program did not have much
appeal to the budget examiners, and for many years
the program remained level. Inflation was eating into
the program and Dave Click had to work with the
Districts to identify the most critical data-collection
activities that needed to be continued. The level
funding resulted in the discontinuation of many impor-
tant data-collection sites. Finally, in the 1970’s, some
budget increases took the pressure off this program
and the diligent effort and communication associated
with this activity paid off.

At the start of this period, the Instrumentation
Program was spread between the Administrative Divi-
sion and the Water Resources Division. The Adminis-
trative Division did all of the supply, warehousing, and
shipping of instruments to the field. Within WRD, the
office of Research and Technical Coordination
conducted instrumentation research, and the remaining
functions were performed by Operations. WRD made
a big push to bring all instrumentation activities to
WRD. A Memorandum of Agreement was signed with
the Administrative Division that relocated the machine
shop and shipping and receiving activities to WRD.
Ted Moulder and Tom Buchanan agreed, with the
concurrence of Joe Cragwall, that the entire Instru-
mentation activity should be housed in Operations.
Tom and Bruce Gilbert set about to develop a major
addition to one of the buildings WRD occupied at Bay
St. Louis, Miss. The onsite contractor at Bay St. Louis
engaged an architect and a final design was approved.
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Construction of the addition was completed as this
period of history ended, and the move of the instru-
mentation unit to Bay St. Louis was begun.

The career development forms were revised to
provide more detailed information about each
employee to provide the Division with more compre-
hensive human resources information. The new forms
also provided each employee the opportunity in
working with their supervisor to develop a training
plan, which many employees did, and most of those
followed through on the plan. Ray Abrams was given
the responsibility to implement the updating and
completion of a career development plan by all WRD
employees. Ray followed through on this program,
and within a year very complete information was
available.

One of the major problems WRD was facing
was the development of contracts. Most WRD field
offices had very little experience with contracting, and
the contracting officers were having a difficult time
with WRD. Al Condes was brought to Headquarters as
the WRD contracting specialist. He worked directly
with WRD offices and the contracting officers in the
Administrative Division and in short order had the
contracting logjam broken. WRD offices also were
having a difficult time obtaining real-time financial
management data. A plan was developed to define
what information was needed at local levels, and
implementation of the plan during this period made it
easier for WRD project managers to obtain mean-
ingful financial management data.

Research and Technical Coordination,
1966-79

by Leslie B. Laird

Listed below are people who filled major posi-
tions in Research and Technical Coordination
(R&TC) during 1966-79.

Assistant Chief Hydrologist—Research and Technical
Coordination

Roy Oltman, 1966-71

Warren W. Hastings, 1971-73

Edward A. Moulder, 1973-77

Leslie B. Laird, 1978-79
Deputy Assistant Chief—Research and Technical
Coordination

Joseph E. Upson, II, 1966-73

John D. Bredehoeft, 1974-79

Chief, Branch of Ground Water

Joseph T. Callahan, 1966

Charles Lee McGuinness, 196671

Joseph T. Callahan, 1971-72

Gerald Meyer, 1973-79
Chief, Branch of Quality of Water

S. Kenneth Love, 1966-68

Walton H. Durum, 1968-72

Ranard J. Pickering, 1972-79
Chief, Branch of Surface Water

Melvin R. Williams, 1966-68

Rolland W. Carter, 1968-72

Walter Hofmann, 1972~-73

Harry H. Barnes, Jr., 1973--79
Chief, Systems Analysis Group

Nicholas C. Matalas, 1968-76

Ivan C. James, 1976-79
Chief Office of Radiohydrology

Alfred Clebsch, Jr., 1966-67

Robert Schneider, 1968-71

George DeBuchananne, 1971-79

The Systems Analysis Group originally reported

directly to the Chief Hydrologist. This was changed in
1976 and the Group was placed under the Assistant
Chief Hydrologist, Research and Technical Coordina-
tion.

Comments by Les Laird

When I assumed the position of Assistant Chief
Hydrologist, Research and Technical Coordination in
1978, Joe Cragwall, Chief Hydrologist, asked me to
address three things in particular: (1) Improve fiscal
management of the National Research Program
(NRP); (2) improve the working relationships between
the Technical Branches and the Districts; and (3)
improve the relationship between the Branches and the
National Research Program. During 1978-79, the
following were some of the actions instituted to move
toward meeting Cragwall's requests.

A system of budget review for each research
project was put in place. The Regional Research
Hydrologist first reviewed the project budgets. Subse-
quently, the four Regional Research Hydrologists
together with the Assistant Chief Hydrologist, R&TC,
and the Deputy Assistant Chief Hydrologist for
Research met and adjusted budgets (and personnel
ceilings) to meet projected funding for the NRP as
well as projected research goals. Year-end requests for
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support from Division "surplus" funds still were
allowed, but this funding was not necessary to balance
NRP funding as it had been in past years. The
Regional Research Hydrologists were given more
oversight responsibility for individual project
spending. The Research Project Chiefs also responded
to the budget reviews by doing better fiscal planning.

During this period, the Technical Branches were
directed to review technical activities in each District
on a 3-year rotation—that is, one-third of the Districts
every year. District technical reviews had been carried
out in previous years but at varying frequencies.
Quality and Surface Water Branches scheduled them
every 3 to 5 years and the Ground Water Branch from
3 years to never. The 3-year approach used personnel
from the Branch and Regional Offices for reviews and
occasionally from other District Offices. These
reviews were not necessarily a "procedural audit" but
were an opportunity to upgrade the technical quality of
ongoing and proposed studies. Contacts with knowl-
edgeable personnel in the NRP and other Districts
often were recommended.

The NRP-Branch relationships were something
of a "stickler." The Surface Water Branch had an
excellent relationship with surface-water research
personnel—with frequent contacts. The Ground Water
Branch—NRP relationships were so-so, usually
cordial but not too frequent outside of research
personnel located in the Reston Headquarters building.
But Quality of Water Branch people viewed their
brethren in the NRP with "suspicion" and vice versa.
Researchers thought the Branch too conservative and
that it "should be pushing the cutting edge of water-
quality technology," while the Branch thought some of
the researchers were too quick to promote "untested"
concepts and were suspicious of some of their method-
ology. Attempts to promote joint technical sessions
and exchanges of viewpoints failed until the early
1980's when some small successes were achieved in
improving this relationship.

The WRD's NRP continuously developed from
1966 to 1979. A number of people guided this growth,
but one individual, John Bredehoeft, deserves a great
deal of credit for enhancing the scope, depth, and
quality of the program. He pushed for research
projects in geochemistry, climatology, stream biology,
limnology, and numerous other areas—far beyond
what the Division had been addressing in water-
resources investigations in its first 50 years. In 1960,
Tom Nolan, Director of the USGS, stated that the

WRD should not hire any biologists—we should not
be working in that area. Bredehoeft pushed the Divi-
sion and developed an NRP that received national and
international recognition for its scope and quality.

Ground Water Branch
By Gerald Meyer

Branch functions—Though the Ground Water
(GW) Branch continued as a significant technical
component of the Water Resources Division functions
during 1966-79, its line management responsibilities
had declined progressively throughout the early and
mid-1960’s as one consequence of the major Division
reorganization. Pages 60—80 of the preceding volume
(Volume VI) of the WRD History series, covering the
period of 1957-66, document the extensive GW
Branch organization instituted in the post-World War
IT years to pursue the broad line mission of the Branch.
The many Section and other operating units within the
Branch structure in that era—research, operations,
planning, personnel, and training; hydrologic,
geophysics, and modeling laboratories; equipment
center; foreign hydrology unit; reports review and
publications—reflect the breadth of Branch operation
just prior to the period covered in this volume.

The historical enabling line authority under
which the Branch had pursued that broad suite of tech-
nical responsibilities, however, gave way to a Head-
quarters staff role for the Branch in the 1960’s,
coincident with similar organizational revisions of its
two sister technical branches—Surface Water and
Quality of Water. Principal purposes and functions of
the Branch during 1966-79 (and continuing into
succeeding decades as well) were to exercise National
Headquarters leadership in the development of exper-
tise in ground-water hydrology and its applications to
investigations of the Water Resources Division. The
GW Branch provided policy advisory guidance to the
Chief Hydrologist at National Headquarters and tech-
nical information and consultation to Regional and
District staffs throughout the Nation regarding subsur-
face-water resources, including investigation, assess-
ment, development, regulation, geochemistry, and
management aspects. Training oversight and quality
control to assure technical excellence of personnel and
products with respect to the ground-water discipline,
firmly established fundamental responsibilities of the
Ground Water Branch throughout its existence,
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remained so during the period of this volume and
subsequently.

Branch Staff—Responsibility for most Divi-
sion ground-water operations were reallocated to the
Regional Headquarters Offices, with continuing exer-
cise of technical oversight by the Branch. Thus, the
GW staff was reduced accordingly to a comparatively
moderate number of experienced geologists and
supporting personnel sufficient to meet staff-level
responsibilities.

Branch staffing ranged from a low of six
members in 1966 to a maximum of 12 during several
years of the middle to later years of the period.

Personnel—Branch of Ground Water, 1966-79
Callahan, Joseph T. (=78, 1972-73)
Meyer, Gerald (-)

Kohout, Francis A. (1967-75)
McGuinness, Charles Lee (1967-75)
Ferris, John G. (1969-)

Wood, Leonard A. (1969-)
Rollo, James R. (1969-73)
Winograd, Isaac J. (1972-75)
Appel, Charles A. (1973-)
Weeks, Edwin P. (1973-)

Baker, Claud H., Jr. (1974-75)
Maddock, Thomas, III (1976-77)
Patten, Eugene P. (1976-)
Bennett, Gordon D. (1977-)
Sammel, Edward A. (1977-78)
Konikow, Leonard F. (1979~ )

The three Chiefs of the GW Branch during the
13-year period were all highly experienced ground-
water hydrogeologists who graduated from Division
field programs to the National Headquarters staff.
Charles L. McGuinness was appointed to the position
of GW Branch Chief in 1966. McGuinness served
until 1972 when poor health dictated that he relinquish
the post. Joseph T. Callahan was Branch Chief during
1972. Gerald Meyer followed as GW Branch Chief
from 1973 through the remainder of the decade and
into the next one.

Secret weapons of these Branch Chiefs were the
able scientists on the staff who exerted strong influ-
ence on the quality and substance of Branch activities.
They included, for various period of service, Gordon
D. Bennett, John G. Ferris, Francis A. Kohout,
Leonard F. Konikow, Thomas Maddock, III, Eugene P.
Patten, Jr., Edward A. Sammel, Isaac J. Winograd, and
Leonard A Wood. Leopold A. Heindl, though adminis-

tratively attached to the Branch, was on special assign-
ments, in particular, to the National Academy of
Sciences, throughout much of his tenure with the
Branch.

Historically, ground-water personnel throughout
the Division were a close-knit community bound
together by mutual compelling dedication to the
ground-water discipline. That strong scientific alliance
continued into and throughout the period of this
volume, though perhaps diluted somewhat by the
increased empbhasis on interdisciplinary hydrology
inherent in the reorganization. That nationwide scien-
tific bond could be viewed as still another secret
weapon of the Branch, Thus, fortunately, the wisdom
and counsel of several hundred ground-water hydrolo-
gists throughout the Division organization continued
to be readily accessible irrespective of geographic
location or organization lines. The Branch relied espe-
cially on a cadre of outstanding scientists residing
elsewhere in the organization. A short list of these
"Branch mentors," with apologies to many others who
surely warrant citation, includes Robert R. Bennett,
John D. Bredehoeft, Russell H. Brown, Alfred
Clebsch, Hilton H. Cooper, Edward Moulder, O.M.
Hackett, Stanley W. Lohman, Joseph F. Polland,
Robert W. Stallman, and Charles V. Theis.

Projects—Though without line authority, the
Branch nevertheless was endowed with responsibility
for design, staffing, technical oversight, and quality
control of a number of major regional or research
studies initiated at National Headquarters. Principal
among these were:

Summary Appraisals of the Nation's
Ground-Water Resources—In its final report (1973)
the National Water Commission recommended that the
Geological Survey investigate the principal aquifer
systems of the Nation, giving priority to those threat-
ened with declining water supplies and deteriorating
water quality. The Division responded immediately
with a proposal for a 5-year nationwide program of
rapid appraisals designed by GW Branch staff
personnel. Polling its District, Regional, and Head-
quarters resources, the Division completed a series of
Professional Papers entitled "Summary Appraisals of
the Nation's Ground Water Resources" covering 21
regions of the United States and addressing
ground-water supplies, quality, and availability and the
role of the resource in integrated water management
and land-use planning. The program was completed in
1979. '
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Madison Limestone—Water needs and
water-quality concerns associated with expanded coal
production in the Northern Great Plains attracted
attention to the principal untapped source of ground
water in the region, the Madison Limestone. In
support of the national energy program, an intensive
study of the extensive Madison Limestone aquifer
system was designed and initiated by Branch
personnel.

Regional Aquifer-System Analysis (RASA)—
In an April 1977 report appraising Federal
water-resources projects, President Jimmy Carter
recommended major policy reforms in the Nation's
water conservation practices. Spurred by that report
and drought conditions in much of the Nation, a
program of regional aquifer-system analyses was
started. Major aquifer systems of the United States
were identified. A rigorous assimilation of under-
standing of the Nation's ground-water resources was
presented in a usable format.

Lubbock Artificial Recharge Project—The
Division initiated research in the High Plains region in
1968 in response to a request by the Bureau of Recla-
mation to determine the potential for recharge of
imported surface water to the Ogallala aquifer, in order
to arrest declining water levels. Under the leadership
of Richmond F. Brown, the analysis of the amount of
water that could be stored underground was explored.
Similar studies were conducted on Long Island, N.Y.

Computer simulation—Volume VI of this
series documents the origination of analog modeling.
During this period, under the innovative leadership of
John Bredehoeft and George Pincer, digital simulation
of ground-water systems largely replaced analog
modeling. This powerful analytical tool became wide-
spread in many important Division projects.

Quality of Water Branch
by Ranard J. (Jack) Pickering

The period 196679 was one of many changes,
both in the function of the Quality of Water Branch
and in the concept of water itself. Expertise in the
Branch staff expanded to include aquatic biologists
and data-handling experts in addition to the chemists,
geologists, and sediment transport experts already
there. The changes presented challenges to the three
men who served as Branch Chiefs during the period:

S. Kenneth (Ken) Love, a chemist by training,
had field experience in the Colorado River Basin and
in Idaho. He served the last 2 of his 22 years as Branch
Chief from 1966 to 1968.

Walton H. (Walt) Durum, also a chemist by
training but with research experience in the chemical
manufacturing industry (including the Manhattan
Project), obtained his field experience out of the
Lincoln, Nebr., office. He served as Branch Chief from
1968 to 1972.

Ranard J. (Jack) Pickering was trained as a
geochemist and worked in mineral exploration before
joining the Water Resources Division. Field experi-
ence was obtained working on the Clinch River
project and in the Columbus, Ohio, office. He served
as Branch Chief from 1972 through the end of the
period in 1979.

Besides its normal responsibility for the tech-
nical quality of the work done by WRD Field Offices,
carried out through office reviews, consultation, and
training, the Branch coordinated several major
projects out of Headquarters. One of these projects
was creation of the Central Laboratories System.
Rachel Carson’s publication of “Silent Spring” in the
early 1960°s had a profound and lasting effect on the
public’s expectation of what the environment should
be like, including the hydrologic part of it. With the
establishment of the Environmental Protection Agency
in 1970, the concept of “water quality” was greatly
expanded from major constituents affecting potability
and agricultural use to include a host of minor constit-
uents and physical properties that determined the
biological health of the water. Control of analytical
quality and acquisition of expensive new equipment
required a large, multi-laboratory system coordinated
through Headquarters. Such a system was set up by the
Branch, working through the Regional Offices, over a
period of several years beginning in 1970. Eventually,
three large laboratories produced a daily average of
7,000 determinations that were transmitted by
computer to the submitting offices and to data storage.
Branch staff members involved in that effort included
James Biesecker, Donald Leifeste, and Art Beetem.

The burst of new water-quality parameters, as
well as implementation of WRD’s WATSTORE data
storage and retrieval system, required close coordina-
tion with other agencies. The Branch was responsible
for making sure parameter identifiers, definitions, and
reporting units were the same in WATSTORE and in
USEPA’s STORET data system. The Branch staff
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member most involved in that activity was James
Schornick.

Coordination of several nationwide water-
quality data networks was another Branch activity
during this period. One of these was the National
Stream Quality Accounting Network (NASQAN). The
network was designed by the Office of Water Data
Coordination to account for the quantity and quality of
water as it flowed from one hydrologic accounting
unit to the next, and eventually to the sea. NASQAN
was implemented under Branch funding in steps
during the period 1973 through 1979. The full network
eventually included 525 streamflow and water-quality
measurement sites. A series of reports was produced.
Branch staff members participating in this activity
included Timothy Steele, Rich Hawkinson, John
Ficke, and John Briggs. The National Hydrologic
Bench-Mark Network of stations in small, largely pris-
tine basins was coordinated by the Branch also.

Another major program coordinated by the
Branch was the River Quality Assessment Program.
This demonstration program grew out of a recommen-
dation by WRD’s Advisory Committee on Water Data
for Public Use and was designed to demonstrate the
analytical approaches needed for developing water-
quality information that would provide a sound basis
for assessing river-quality problems and evaluating
management alternatives. By the end of 1979, assess-
ments had been made of the Willamette River in
Oregon, the Yampa River Basin in Colorado and
Wyoming, and the upper Chattahoochee River Basin
in Georgia. Assessments were in progress on the
Potomac River Estuary near Washington, D.C., the
Truckee and Carson River Basins in Nevada and Cali-
fornia, the Schuylkill River in Pennsylvania, and the
Apalachicola River in Florida. The staff member most
responsible for this activity was Philip Greeson.

Other professionals serving on the Branch staff
during the period 1966—79 included Raymond Vice,
John Musser, Marvin Yates, James Culbertson, Jerry
Stoner, Donald Goolsby, and Robert Middelburg.

Surface Water Branch
by Don Thomas

Functions of the Surface Water Branch (SWB)
as stated in the 1966 WRD Directory: Provides head-
quarters leadership in development of surface-water

technology. Provides policy-level guidance to the
Chief, WRD, and technical guidance to the Regional
Hydrologists and District supervisors on matters
pertaining to the Nation’s water resources. Maintains a
systematic system of quality control to assure tech-
nical excellence of field programs and personnel with
respect to surface-water technology.

Significant additional work resulted from new
legislation and a decision to review the status of the
streamgaging network. At the beginning of the
1966-79 period, the SWB consisted of three units: the
Office of the Branch Chief, the Hydraulics Section,
and the Hydrologic Section. The SW Branch Chiefs
during the period all had engineering degrees, began
their USGS careers as streamgagers in field offices,
and worked their way upward through the ranks:
Melvin R. Williams from December 1962 to
October 1967 Rolland W. Carter from December 1967
to May 1972 Walter Hofmann from May 1972 to
November 1973 Harry H. Barnes, Jr., from November
1973 through 1979.

In addition to the Branch Chiefs, two other indi-
viduals exerted a considerable influence on the Branch
staff. Manuel A. Benson was Carter’s principal assis-
tant until he retired in 1971. H.C. “Charlie” Riggs
headed the Hydrologic Studies Section.

All SWB staff members participated in the
quality control, technology transfer, and consulting
activities noted in the statement of Branch functions,
and this work probably consumed the majority of staff
time. Significant additional work was required during
1966-79 including analysis of the streamflow-gaging
program and flood activities. Quality-control activities
included review of all Field Office-prepared analytical
reports and reviews of Field Office activities. Tech-
nology transfer had always been a primary function of
the Headquarters staff of SWB, and the growing utili-
zation of computers in hydrology greatly increased the
technology transfer aspect. Numerous reports were
prepared and distributed in the Surface Water Tech-
nique (SWT) series, the Techniques of Water-
Resources Investigations (TWRI) series. and other
types of publications. By 1968, about 270,000 station
years of streamflow records had been collected, a
network of over 8,500 continuous record stations were
in operation, and the number of stations was
continuing to increase. Questions were raised about
how many gaging stations were needed and how they
should be funded. To address these questions, Rolland
Carter and Manuel Benson proposed a network
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evaluation scheme. The scheme suggested that each
gage should provide data for a specific purpose, that
is, for general hydrologic evaluation, for water
management, or for enforcement of legal and compact
requirements. During 1970-75, each District
performed a network review under guidelines
proposed by Carter and Benson. Overall, the network
analysis resulted in a reduction of 265 continuous-
flow record stations and formed a firm basis for
funding and planning future station operations.

House Document 465, detailing much work
needed to be done in defining flood-prone areas, was
adopted in 1966. The responsibility to quickly define
nationwide the approximate areas of potential flooding
was assigned to WRD. The intent of Congress was to
obtain a nationwide “reconnaissance level” of infor-
mation quickly by having a hydrologist assess readily
available information and apply his field experience in
map interpretation. By the end of 1979, 13,048 maps
and 895 pamphlets had been printed and distributed.
The flood-prone area maps were well received by indi-
viduals, private organizations, home financing estab-
lishments and Federal, State, and local agencies.

The SWB staff was involved in a significant
number of low-flow and channel geometry studies
during the 1966-79 period. Branch personnel devel-
oped seminars to urge regional regression analysis of
all flood data to provide a flood-estimating technique
for ungaged, small stream sites and to repeat analyses
at about 5-year intervals.

Personnel serving in the SW Branch, in addition
to those described above, are listed below:

James F. Bailey
Conrad D. Bue
Charles W. Boning
Daniel P. Bauer

P. Hadley Carrigan, Jr.
Patrick B. Cawood
Ernest D. Cobb

Ethel W. Coffay
Dannie L. Collins
Jacob Davidian
Harold G. Golden
Ronald L. Hanson
Clayton H. Hardison
William L. Isherwood
Marshall E. Jennings
Gerald J. Knecht (WAE)
Edward J. Kennedy

Frederick A. Kilpatrick
George A. Kirkpatrick
Oscar G. Lara

Raul S. McQuivey
Kyle D. Medina

Larry A. Martens
Marshall E. Moss
Alvin F. Pendleton
William A. Somers
Stanley P. Sauer
Vernon B. Sauer
Verne R. Schneider
Arthur G. Scott

James O. Shearman
Gary D. Tasker
Wilbert O. Thomas
Donald M. Thomas
Medford T. Thomson
James F. Wilson
Kenneth L. Wahl

Three personable ladies served as secretary to
the Branch Chiefs. They were Benita V. Belden, Eva
R. Jennings, and R. Eileen Smith. Additional secre-
tarial/clerical support was provided by Carol S.
Cummin, Toni L. Clark, Elizabeth P. Crawford
(WAE), Barbara J. Guthrie (WAE), Maria Gac (WAE),
Glenn Golden, Belle C. Jacomet, Pamela J. Phillips
Adams, and June Rosson.

Additional support staff included Joan Barnes
Hofmann, a statistical assistant, and the following
WAE engineering aides: Robert N. Lunden, John
Mirabella, John C. Meacham, Philip A. Somers,
Wayne R. Slaughter, and Harold E. Stull.

Systems Analysis Group

In the mid-1960’s, Walter B. Langbein was
instrumental in the formation of the Systems Analysis
Group. Walter, at the time, was a senior scientist in
WRD, editor of Water Resources Research, and a
close advisor to the Chief Hydrologist. Walter saw that
WRD had few capabilities in the tools of systems anal-
ysis and believed that such capabilities were essential
in defining future programs. In 1966, Langbein
convinced the WRD senior staff that a systems anal-
ysis group should be established in the Division. In
1968, Nick Matalas was selected as the first Chief,
Systems Analysis Group. Other personnel in the group
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were David Moody, Ivan James, Ed Close, Carl
Huzzen, Russ Cruff, and Timothy D. Steele.

Early projects of the group were very
successful, and as a result, they were asked to partici-
pate in a number of important interdisciplinary
projects. These included the Outer Continental Shelf
Lease Management Study, a study of the Mine and
Health Safety Act, the Puerto Rico water-resources
planning study, water use in energy production, and
others.

Scientific Publications and Data
Management

by Melvin D. Edwards and James E. Biesecker

Listed below are people who filled major posi-
tions in Scientific Publications and Data Management
SP&DM during 1966—79.

Assistant Chief Hydrologist for Scientific Publications
and Data Management—
George W. Whetstone, 196678
Philip Cohen, 1979
Automatic Data Section—
Charles R. Showen, 1966—79
Automatic Data Processing Unit—
Norman E. Hutchinson, 1967-74
Robert B. Wall, 1975-79
Reports Section—
Solomon M. Lang, 1967-70
Granville A. Billingsley, 1971-79
Current Conditions Group—
George Edelen, 1971-72
Herman D. Brice, 1973-75
Carrol Saboe, 1976-79

National Water Data Exchange (NAWDEX)

Melvin D. Edwards, 1978-79

This Assistant Chief Hydrologist position was
designated Reports and Data Processing from 1966 to
1970. In 1971, recognizing the rapid and continuing
advancement in computer technology and the impor-
tance of scientific publications in maintaining a lead-
ership position in hydrology, the Assistant Chief
Hydrologist for Scientific Publications and Data
Management unit was established. This group signifi-
cantly impacted the very essence of the Water
Resources Division—they developed and managed

software and systems to process and store the hydro-
logic data that are the key to WRD success. SP&DM
also reviewed and processed reports that are the main
product of WRD personnel.

During this period, the Automatic Data Section
began the modernization and improvement of the
WRD's computer processing and software systems.
District personnel sent digital tapes containing gage
heights and water-quality measurements to the Auto-
matic Data Processing Unit, where the tapes were
processed and stored. Pages for the Annual Data
Reports were also printed under the direction of this
unit—a large and important task. Their development
of improved techniques for the mass storage of data on
magnetic tapes and disks was an important first step in
the modernization of these systems. This system
proved very successful, as it allowed stewardship of
the vast hydrologic data of the Division, which are
indeed a national treasure. The Automatic Data Devel-
opment Unit developed the software systems neces-
sary to process, analyze, and report the Division’s
hydrologic data. They also designed and implemented
the conversion programs and data-base management
systems critical for the efficient storage and retrieval
of the large volumes of current and historical data.
These achievements eliminated the bulky and ineffi-
cient storage of data on punch cards and paper tapes
and assisted Division scientists in making more effec-
tive use of its extensive data resources.

The Reports Section was responsible for the
review and approval of all interpretive reports. They
also supervised the printing of the Federal reports
series. This section worked closely with Regional
Reports Specialists to help ensure the quality of WRD
publications. It also developed an automated process
to keep track of the status of the hundreds of reports
being processed at any given time. A significant
achievement during this period was the preparation of
a Publications Guide to assist authors of WRD reports
in presenting their material in a useful format.

Recognizing the increasing demand for current
hydrologic information, George Whetstone, with the
encouragement and support of Joseph S. Cragwall,
established the Current Conditions Group in 1971.
Real-time data were very rare at the time, but these
data were widely distributed by this group; in addition,
summaries of drought and flood conditions also were
prepared. The reports of this group were helpful to
WRD key personnel on many occasions.
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In 1976, the (Federal) Interagency Advisory
Committee on Water Data and the (non-Federal) Advi-
sory Committee on Water Data for Public Use of the
WRD's Office of Water Data Coordination (OWDC)
approved the design of a National Water Data
Exchange (NAWDEX) to improve the sharing of
hydrologic data. SP&DM was chartered to develop the
exchange. Solomon M. Lang developed the specifica-
tions for the new program. Melvin D. Edwards imple-
mented the program and developed a national
organization of partners dedicated to indexing and
sharing hydrologic data collected by various Federal,
State, and private organizations. The program eventu-
ally had participants in every State. This was a remark-
able achievement and an activity that was well ahead
if its time. NAWDEX successfully addressed the
sensitive issue of sharing data in a time when this was
not the normal method of operation among agencies.

Office of Water Data Coordination
by O.M. Hackett, R. Hal Langford, and Ginger Levin

On August 28, 1964, the Bureau of the Budget
(BOB) (now the Office of Management and Budget)
issued Circular A—67 to coordinate certain water-data
acquisition activities of Federal agencies. Included
were such activities as processing, storing, and
disseminating water data, as well as collecting quanti-
tative and qualitative data on the Nation’s streams,
lakes, reservoirs, estuaries, and ground water. The
circular included six principal charges:

1. To exercise leadership in achieving effective coor-
dination of water-data acquisition activities.

2. To undertake continuing and systematic review of
water-data requirements and activities.

3. To prepare and maintain a Federal plan for the effi-
cient utilization of these activities.

4. To maintain a central catalog of information on
water data and on Federal activities being
planned and conducted to acquire water data.

5. To design and operate a national network for
acquiring data on the quality and quantity of
surface and ground water, including the sediment
load of streams.

6. To organize the national network data and the
catalog of information to facilitate maximum use.

Responsibility for implementing Circular A—67
was assigned to the Department of the Interior (DOI),

which in turn delegated the task of implementation to
the Geological Survey. For this purpose, the Office of
Water Data Coordination (OWDC) was created in the
Water Resources Division.

The OWDC was activated in January 1965, with
Milton Hackett, formerly Chief of the Ground Water
Branch, as its first Chief. George Whetstone, formerly
Ohio District Chief, was Assistant Chief, and Helen
Moore, from the Ground Water Branch, was secretary.

The first task of OWDC was staff work to estab-
lish a non-Federal advisory committee—its formal
name, “The Advisory Committee on Water Data for
Public Use.” This Advisory Committee consisted of
representatives invited from the principal national,
regional, and State organizations concerned with water
resources, with representation balanced geographi-
cally and by hydrologic disciplines. Early on, OWDC
also established the Federal Advisory Committee on
Water Data, consisting of the Federal agencies
concerned with water data.

First efforts of the OWDC staff were directed
toward creation of a catalog of information on water
data and data-acquisition activities. In a companion
effort, work was begun on developing maps dividing
the country into hydrologic units. This effort would
provide a base for the Catalog of Information and
served as an aid for coordination and network plan-
ning.

Continuing also was the coordination activity
carried out by the Federal Advisory Committee and
the non-Federal Advisory Committee on Water Data
for Public Use. The annual meeting of these commit-
tees served as forums to describe and discuss data
needs and activities of the agencies represented and to
give them the opportunity to respond to plans of the
Geological Survey.

In 1968, the DOI directed the USGS to assess its
efforts for coordination within the Department and to
develop a plan for a DOI water-data system. Later in
the year, the Federal Water Pollution Control Adminis-
tration (FWPCA, then in DOI) signed an agreement
dividing responsibilities for Federal water-quality
monitoring and related activities between FWPCA and
USGS. The agreement also provided a philosophical
basis for future coordination.

During the subsequent 10 years (1969-79), the
coordination activity, under the leadership of OWDC,
progressed in several broad areas:
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*» Further development of the Catalog of Information
on Water Data.

» Designation of a commonly agreed upon set of
river-basin boundaries and numerical coding of
basins.

* Production of a set of State base maps at a scale of
1:500,000 depicting the basins designated.

* Development of a field-coordination program
utilizing the Catalog of Information and the coded
river-basin maps as a basis for communicating
ongoing and planned data-acquisition activities of
all Federal agencies.

* Design of the National Water Data Exchange
(NAWDEX) to improve access to existing water
data.

+ Further refinement of the National Water Data
Network concepts and subsequent activation of
programs by the Water Resources Division to
meet identified needs for water-resources infor-
mation (for example, the National Stream Quality
Accounting Network [NASQAN], the National
Water-Use Data Program, the National Water
Data Exchange, and the River Quality Assess-
ment program).

+ Development of a program to designate standard
methodologies for collecting water data and
publication of a National Handbook of Recom-
mended Methods for water-data acquisition.

In each of these activities, OWDC utilized the
Federal and non-Federal Advisory Committees in a
variety of ways including:

1. Serving as a sounding board for proposed activities;

2. Serving, through working groups, as a means of
identifying needs and recommending programs
to meet those needs; and

3. Serving as a mechanism for review and endorse-
ment of results of coordination activities.

Development of a Catalog of Information on
Water Data was a logical first step in carrying out the
implementation of Circular A—67. First, it was specifi-
cally called for by the circular. Knowledge of ongoing
and planned data-acquisition activities of the agencies
was essential if those activities were to be coordinated
and if a national network (called for by the circular)

was to be designed. The catalog was to serve as a file
of information about water-data activities; it was not a
compilation of the collected water data. It presented
for the first time a nationwide compilation of water
data—where data were being acquired, and by whom.
The catalog was used in coordinating ongoing and
planned water-data activities, in answering requests
for information on water data and current data-acquisi-
tion activities, and in designing a national water-data
network.

In late 1966, OWDC was able to compile infor-
mation provided by about 30 Federal agencies
including WRD and FWPCA. Approximately 6,000
long-term water-quality stations and 21,000 surface-
water stations were reported. In 1967, the catalog was
expanded to include non-Federal agency data and
information on ground-water data sites. That catalog
reported 24,000 surface-water stations and 13,000
water-quality stations.

The advisory committees were instrumental in
the success of the Catalog and assisted over time in
expansion of areas covered by the Catalog. By 1979,
the Catalog contained information about data collected
at more than 50,000 locations. The information was
supplied by more than 200 Federal, State, and local
agencies and universities in the United States. In addi-
tion, the Canada Department of Fisheries and the
Environment provided information for station activi-
ties along the international boundary.

National Water Data Network

The design concept developed for the National
Water Data Network included not only data acquired
through station-type activities but also data obtained
through areal investigations and synoptic studies of
water systems. The network design encompassed three
levels of information. Level I was a base level of infor-
mation for broad national and regional planning and
assessment. It allowed for the development of unantic-
ipated needs and provided a foundation for more
detailed and precise activities. Level II included data
for water-resources planning needs within a subregion.
Three interrelated elements carried through Levels 1
and II—accounting, surveillance, and areal synthesis.
Level I1I consisted of data for water-resources opera-
tion and management at the local level.

To meet the objective for accounting at Level I,
the United States was divided into about 350 hydro-

CHAPTER Il - THE WRD ORGANIZATION 43



logic units designated as accounting units. The main
focus of the design effort was on two of the Level I
objectives—streamflow and stream quality
accounting. These objectives were met by WRD’s
National Stream Quality Accounting Network
(NASQAN), which provided data for regional and
nationwide overview of the quality of major surface
waters. This information was used to account for the
quantity and quality of water moving within and from
the United States, to detect changes in stream quality
with time, and to develop large-scale knowledge about
streamflow quality throughout the United States.

Implementation of the National Water Data
Network by WRD began in January 1973 with the
initiation of uniform data-collection activities at
stations established near the downstream end of 50 of
the accounting units. By September 1977, funding for
the network permitted expansion of the number of
active stations to at least one in each unit of the Level
Accounting Network. Full implementation of about
525 stations, constituting the entire streamflow and
stream-quality phases of the Level I Accounting
Network, was completed during FY 1978.

State Hydrological Unit Maps

The maps used by OWDC in the development
of the Catalog of Information were inadequate for
coordination because of scale (1:1,000,000) and inac-
curacies. The need for a better set of uniform maps at a
larger scale and with improved accuracy was recog-
nized. Accordingly, OWDC initiated in 1972 a project
to develop such a map series using the existing USGS
State base maps at a scale of 1:500,000. The result of
this nationally coordinated effort, involving the non-
Federal water agencies as well as Federal agencies in
the review process, was a series of 47 four-color maps
designated “State Hydrological Unit Maps,” which
presented information on political boundaries, towns,
drainage, culture, and hydrological boundaries.

Development of Regional and Federal Plans

Another OWDC responsibility was the develop-
ment of the regional and Federal plans for water-data
acquisition by Federal agencies. Beginning in 1971,
Federal agencies were requested to describe their
ongoing data activities and their plans to acquire water

data through the budget year. The agencies also were
asked to describe any unmet data needs.

To carry out the actual task of coordinating
agency activities and developing an annual Federal
plan, OWDC established a continuing field coordina-
tion and planning program which was organized on the
basis of the 21 major water-resources regions of the
United States Water Resources Council. To direct this
activity for OWDC, a position was staffed in each of
the Water Resources Division’s four Regional Offices.
This staff member served as the OWDC field repre-
sentative and as the Division’s Regional Program
Officer, with responsibility for developing plans for
data acquisition and USGS programs that are respon-
sive to anticipated needs for data.

Thirty Federal agencies and regional river-basin
commissions named about 130 field-level officials to
work with the OWDC Regional Representatives in
developing regional plans for each of the 21 regions
each year. This field-coordination and planning
activity provided the basis for the Federal plan. These
reports set forth the ongoing and planned activities and
the unmet needs of participating Federal agencies for
the coming year.

Recommended Methods

In 1970, OWDC organized an interagency
activity to develop recommended methods for
collecting water data. In 1972, OWDC published a
preliminary report titled “Recommended Methods for
Water Data Acquisition.” Also in 1972, the Federal
Advisory Committee on Water Data recommended
that:

1. The recommended methods activity be continued,

2. The scope be expanded to include all phases of the
hydrological cycle; and

3. New and updated methods be widely distributed.

In response to these recommendations, a Coor-
dinating Council for Water Data Acquisition Methods,
consisting of representatives from 18 Federal agen-
cies, and a Working Group on Recommended
Methods, consisting of 10 representatives from the
non-Federal Advisory Committee, were established to
provide guidance in developing a National Handbook.
The coordinating Council, chaired by Ivan Johnson of
OWDC, subsequently established 10 technical
working groups, consisting of about 180 scientists
representing 25 Federal agencies, to prepare the hand-
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book’s chapters on recommended methods for
acquiring data. The handbook chapters were reviewed
by Work Group members and more than 120 non-
Federal specialists. To keep the standard-setting orga-
nizations informed, communications were maintained
with the American National Standards Institute, the
American Water Works Association, the American
Society for Civil Engineers, the American Society for
Testing and Materials, the American Society of
Mechanical Engineers, the Water Pollution Control
Federation, and other technical societies.

In FY 1978, the “National Handbook of Recom-
mended Methods for Water Data Acquisition” was
published. The handbook included field, laboratory,
and office methods to acquire data related to the quan-
tity and quality of water in streams, lakes, reservoirs,
estuaries, underground, and the atmosphere. Methods
also were in the handbook on acquiring data related to
fluvial sediment, soil, water, and drainage-basin char-
acteristics.

National Water Data Exchange (NAWDEX)

In 1968, the OWDC presented a proposal for a
national system for handling water data. This proposal
prescribed guidelines for the coordination of Federal
activities in the acquisition of water data. Under the
auspices of OWDC, a task group of the Federal Inter-
agency Advisory Committee on Water Data was estab-
lished in March 1968 to develop the recommendations
for a national system. In October 1960, the prerequi-
sites and design characteristics for the National Water
Data Exchange (NAWDEX) were endorsed by both
the Federal and the non-Federal Advisory Commit-
tees. The final report of the Federal Interagency Water
Data Handling Work Group, “Design Characteristics
for a National System to Store, Retrieve, and Dissemi-
nate Water Data,” was distributed in September 1971.

NAWDEX was implemented in 1975 with the
opening of two major computer files: (1)
WATSTORE, an index to sites with stored data, and
(2) a Daily Values file, containing water data reported
on a daily basis. WRD also established a national
network of local assistance centers for public access to
NAWDEX. All water-oriented organizations who
were users of the data files were invited to become
members of NAWDEX. As of September 30, 1978,
there were 22 Federal and 98 non-Federal members of
NAWDEX. Member organizations of NAWDEX

varied in size, function, mission, and program orienta-
tion.

The Director of the Survey commissioned the
establishment of a NAWDEX Program office in May
1975, under the Assistant Chief Hydrologist for Scien-
tific Publications and Data Management. On January
26, 1976, Melvin D. Edwards was selected as the
Program Manager for NAWDEX.

By 1979, WATSTORE contained approximately
70 percent of the streamflow and water-stage data and
35 percent of the ground-water and surface-water
quality data. More than 150 million streamflow, water-
quality, and ground-water measurements were
collected at more than 100,000 sites across the United
States and were available in WATSTORE.

River Quality Assessments

In January 1973, the Advisory Committee on
Water Data for Public Use requested that the Survey
initiate a river-quality assessment program. The Advi-
sory Committee felt the Nation needed to understand
how to study river quality—for example, how to study
an estuary. The program was designed to evaluate the
accuracy of existing water-quality data and the validity
of data programs, to determine future water-quality
data needs and to develop appropriate methodologies
to meet these needs.

National Water-Use Data System

The Federal and non-Federal Advisory Commit-
tees also recommended that the Survey establish a
national water-use data system to ascertain on a
continuing basis the degree of use and the status of
development of the Nation’s water resources. Data
collection, storage, and retrieval were handled by State
and local agencies, and the program was financed
through cooperative funding.

During the period 1965-79, the following senior
hydrologists served in management positions within
OWDC:

Chief - OWDC

O. Milton Hackett 1965-68

Russell H. Langford 1968-79
Assistant Chief

George W. Whetstone 1966-67

Russell H. Langford 1967-68
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G. Lawrence Bodhaine 1968-70
A. Ivan Johnson 1971-79
Chief, Information Unit
William W. Doyle 1968-69
Herbert G. Stewart, Jr. 1969-70
Rufus H. Musgrove 1970-73
John E. Wagar 1974
Chief, Program Coordination and Information Unit
John E. Wagar 1975-79
Chief, Program Analysis Unit
Herbert G. Stewart, Jr., 1970-72
Louis W. Cable 1972-75
Chief, Network Planning and Evaluation Unit
Alvin F. Pendleton, Jr. 1968-72
Paul R. Seaber 1972-76
F. Paul Kapinos 1976-79

THE FIELD

The Changing Role of the Regional Offices
by Alfred Clebsch’

In a contribution to the WRD history elsewhere
in this volume, Thad G. McLaughlin® wrote, “The
Water Resources Division has continuously undergone
change—in organization, in objectives, in programs,
and in staff,—but no changes in my memory approach
the magnitude of those made during the period of this
history.” Although these major changes permeated the
entire Division, and the most drastic changes in
management structure took place at the District level,
the Regional Offices were focal points for effecting
the changes in field-level management, program plan-
ning and development, recruiting, training, and
personnel management. Many of these changes were
initiated during the Leopold years (1957-66), but they
were augmented under the leadership of Hendricks
and Cragwall as Chief Hydrologists; other changes
were initiated and implemented under that leadership.

Redefinition of the role and responsibilities of
the Branches from operational and line authority to
staff support and assurance of technical quality (see
WRD Memorandum 67.28,° which conveyed an

'Review of this contribution by James F. Blakey and
Hugh H. Hudson is gratefully acknowledged.

Regional Hydrologist, Rocky Mountain Region and
Central Region, February 1967-June 1972, and Assistant Director,
Central Region, June 1972-December 1975.

Advance Draft of Departmental Manual Chapter
120.7.1), strengthened the line authority of Regional
Hydrologists over District-level operations and
research program management, which had been put
mto effect in December 1964 (see WRD Memo-
randum 65.41). This meant that Branch Area Chiefs
(BAC) in each Regional Office were relegated to staff
positions with advisory and support functions when
their line authority was removed and redelegated to
the Regional Hydrologists. In some cases, these
changes led to reassignments and changes in staff
position, and in other cases, the changes led to retire-
ments by Regional officials, some of them brought
about by the major and sometimes traumatic reorgani-
zation. Filling the vacancies resulted in major changes
in the Regional Office management structure, such as
the reassignment of E.A. Moulder, who had been
BAC, Ground Water (GW) Branch, to Program
Officer in the Western (then Pacific Coast) Region and
subsequently to District Chief of the consolidated
Colorado District, and McLaughlin’s replacement of
S.K. Jackson as Regional Hydrologist, Central (then
Rocky Mountain) Region. Other BAC’s became
Assistant Regional Hydrologists (for example, T.B.
Dover in Denver, formerly BAC, QA, Central Region,
and R. Stanley Lord, formerly BAC, SW, WR, in
Menlo Park).

The changes involving the BAC’s, General
Hydrology (GH) Branch, were somewhat less disrup-
tive than those for the three operational Branches
because the Regional Research Hydrologist position,
which succeeded the BAC, GH, merely became the
immediate supervisor of the research activities at that
Regional center or elsewhere in the Region. But giving
the Regional Hydrologist line authority over the
research activities may have made it somewhat more
difficult to conduct a “national research program.”
One Regional Hydrologist is reported to have referred
to “my researchers” with the implication that they
should not do work outside the Region. The morale of
some of the researchers was adversely affected, at
least temporarily, when for budgetary and manage-

3Water Resources Division memorandums are issued serially
on a fiscal year basis and are used to promulgate policy on such
topics as Organization and Management, Programs and Plans,
Personnel, and others. Where cited, they have been the source of
information, especially on effective dates, for this contribution.
The number to the left of the decimal point indicates the fiscal
year, the other number indicates the sequence of issuance.
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ment reasons the group at Colorado State University
was broken up and part of it reassigned to Denver and
part to Bay St. Louis in Mississippi.

As the reassignment or retirement of Branch
Area Chiefs played out, “discipline specialists” were
selected for the staff positions, with more weight in the
selection process being given to scientific and tech-
nical competence than to management skills. In the
Western Region under W.W. Hastings, the Regional
staff functions were structured as an analog to the
Headquarters staff, and the discipline specialists were
encouraged to develop close working relations with
their counterparts in the Headquarters Branches. Other
Regions followed somewhat the same pattern but not
as strictly as Hastings had defined it.

Regional Hydrologists, as line officers of the
Division, also were members of the Senior Staff,
which consisted also of the Associate Chief and Assis-
tant Division Chiefs, chaired by the Chief Hydrologist.
This group met quarterly as a committee to set policy,
to resolve problems common to the Regions, and to
ensure that the work of the Division was carried out
expeditiously.

Responsibhilities for Reports

The role of the Regions in reports processing
and review was formalized in WRD Memorandum
67.92, which “instituted a plan wherein the Regional
Hydrologists will serve as the major focal point for
receipt, logging, first-order policy review, and trans-
mittal of all reports originating in the field, including
reports from non-District projects (research, and so
forth)”.

In addition to the “discipline specialists,” each
Regional Office was staffed with a “Reports
Specialist” who primarily had responsibility for
carrying out this mandate, which also included
ensuring the adequacy of colleague review (WRD
Memorandum 68.43). Although the incumbents to
these positions were selected on the basis of their
experience and understanding of report preparation,
editorial policies and practices, and so forth, they
worked closely with other staff members and referred
reports with technical problems to the discipline
specialists for their resolution. This process triggered a
feedback mechanism that could, in many cases, lead to
better planning of projects and reports in the future.

Water Data Coordination

Regional Offices of WRD also were influenced,
and to some extent modified, when BOB (later OMB)
Circular A-67 delegated responsibility for Federal
water-data coordination to the WRD’s Office of Water
Data Coordination (OWDC). New positions were
established in each Region with specific responsibili-
ties for data coordination within the Region and some-
what vague responsibility for overall program
coordination. But each Region already had a Program
Officer who was, on behalf of the Regional Hydrolo-
gist, taking the lead on program management and
especially allocation of funds. Furthermore, the
language that established the regional OWDC posi-
tions, and indeed the language of Circular A-67,
implied that OWDC was somewhat independent of
WRD management structure; this led, in some situa-
tions, to conflict within Regional Offices.

Events external to the reorganization and
management of the Water Resources Division brought
on further change in the role of the Regional Offices.
In 1972, the Nixon administration formalized and
standardized boundaries of Federal-agency regions;
this brought about changes in WRD Regional bound-
aries, changes in the names of the Regions, and
creation of one new Region (Southeastern) and abol-
ishment of one (Mid-Continent). To bring WRD
Regional boundaries into line with the standard
Federal regional boundaries, Arizona became part of
the Western Region, and Iowa, Missouri, Arkansas,
and Louisiana (from the former Mid-Continent
Region) were incorporated into the Central Region,
whereas Minnesota, Wisconsin, Illinois, Indiana, and
Ohio joined the Northeastern Region, and those south
of the Ohio River, east of the Mississippi River and
south of the Virginia-North Carolina line became the
Southeastern Region (WRD Memorandum 72.139).

These changes had the following results: The
Central Region became the largest one in terms of
program dollars and total personnel, and the South-
eastern Region, with headquarters established in
Atlanta, initially had virtually no research component.
The Western Region covered, as it had before, the
largest geographical area, extending across the Pacific
from Alaska in the north to American Samoa in the
south and Guam in the west.
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Other Program Coordination from Regional
Offices

The “energy crisis” of the early 1970’s resulted
in increased funding for USGS resource programs
related both to fossil fuels and geothermal resources.
Although the resources appraisal aspects of these
programs were assigned to the Geologic Division, it
was recognized early on that water was either an
essential ingredient, as in geothermal energy, or that
development of the resource either required water or
could lead to serious water problems.

In the case of geothermal investigations, the
resource lies primarily in the Western United States,
and the Geologic Division assigned program coordina-
tion and planning responsibility to Patrick Muffler in
the Menlo Park Center. Accordingly, and to facilitate
interdivisional communication, the Water Resources
Division assigned responsibility for its program plan-
ning and coordination function to Alfred Clebsch, then
staff hydrologist for ground water on the staff of the
Regional Hydrologist, Western Region (WRD Memo-
randum 73.29).The WRD involvement in geothermal
studies included both field investigations conducted
under District management (primarily in the west) and
research studies carried out under several different
Regional Research Hydrologists. The latter ranged
from theoretical modeling by research personnel in the
Northeastern Region to appraisal of off-shore
geothermal fluids beneath the Gulf of Mexico at the
Bay St. Louis, Miss., facility. This assignment of
nationwide coordination and planning responsibilities
to a Regional staff member marked a major move of
program coordination responsibilities to Regional
Centers. Clebsch was succeeded in 1973 by Lee C.
Dutcher (WRD Memorandum 74.147).

In 1975, the Division received a major increase
in funding for investigation of water problems related
to the development of fossil fuels—another response
to the energy crisis. Although most of the work would
be done in the Central Region, each Region appointed
an Energy Studies Coordinator to oversee the planning
and execution of those projects on behalf of the
respective Regional Hydrologist. They were James
Guerin, Northeastern Region; Malcom Hale, South-
eastern Region; Hugh Hudson, Central Region; and
G.L. Bodhaine, Western Region. Overall coordination
was carried out by George H. Davis on behalf of the
Chief Hydrologist. These individuals were responsible
for making budget estimates, reviewing project

proposals from District Offices, and all the other
duties of a Regional Program Officer—but with a
strong focus on the environmental impacts of resource
development on water as well as the need for water
supplies for development processes. Although the
program nominally included work in coal, oil shale,
nuclear energy, and underground heat storage, as a
practical matter, it concentrated on increased produc-
tion of coal and potential development of oil shale. In
the West, these fuels were present mainly on Federal
lands administered by the Bureau of Land Manage-
ment; this led to close working arrangements with that
agency.

Because of hiring restrictions, it was necessary
to let contracts with commercial firms for data collec-
tion in support of the program. This proved to be
somewhat challenging because the Division had had
virtually no experience in writing specifications and

- other elements of a contract for the collection of

hydrologic data by outside entities. Such contracts
were ended after a few years.

One of the most important, and least-heralded,
new programs in this period of the Division’s history
was the cooperative water-use data program (see
WRD Memorandum 77.43). Previously, the work of
the Division had been concerned almost entirely with
the supply side of the water equation. The water-use
data program deals with the demand side. Its initiation
was important also because it envisioned that the work
would be done, not by USGS personnel, but by State
agency personnel with half their funding from Survey
appropriations earmarked for the purpose. Regional
Offices were affected because of the need to improve
methodology and implement standards for data collec-
tion and to ensure that data collected in one State was
comparable to and consistent with those collected in
other States. In some Regions this could be done
without adding additional staff; in others, an assistant
to the Program Officer took on those responsibilities.

Technical Training

Although responsibility for technical training
was shared among all levels of management, the estab-
lishment of the Commiittee for Technical Training by
the Chief Hydrologist (see WRD memorandum 69.35)
called for the designation of one representative from
each Regional Office to serve on that committee,
along with the three Branch Chiefs. Most Regional
Hydrologists designated the Assistant Regional
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Hydrologist. The committee usually met quarterly or
semiannually to plan training programs that would
enhance the technical competence of individuals
throughout the Division.

In addition to the foregoing responsibilities for
technical training, the Central Region had a unique
role in technical training, due in large part to the vision
and foresight of T.G. McLaughlin and to the energy
and creativity of A.IL. Johnson in setting up and oper-
ating the National Training Center, first as a Water
Resources Division facility (see WRD Memorandum
69.18) and later as the USGS National Training
Center. Initially the center concentrated on formalized
training of new hydrologists, but its role later evolved
to concentrate on teaching new investigational tech-
nologies for hydrologists, technicians, and other scien-
tific disciplines that make up the Division’s scientific
investigational and data-collection work force.

Summary and Conclusion

During the 1966-79 period, the role, capability,
and productivity of the Regional Offices of the WRD
evolved—and changed as a result of administrative
fiat and new societal demands for water information—
for the better. As an intermediate echelon in the
Survey’s management structure, the Regions served as
a fulcrum, on the one hand transmitting leadership
initiatives from Division Headquarters to the field
operations and on the other hand exerting leverage
from the District and other field activities to keep the
Division Headquarters abreast of water problems and
the need for water information throughout the Nation.

NORTHEASTERN REGION

By Joseph Callahan and Herman Feltz

Regional Office

In 1966, as the remaining discipline offices in
some States were being converted to consolidated
activities as District Offices, the Atlantic Coast Area
(which became the Atlantic Coast Region and then the
Northeastern Region in 1972) was under the leader-

. ship of George E. Ferguson. The Atlantic Coast Area
consisted of offices in the States of Connecticut, Dela-
ware, Florida, Georgia, Maine, Maryland, Massachu-
setts, New Hampshire, New Jersey, New York, North

Carolina, Pennsylvania, Rhode Island, South Carolina,
Vermont, Virginia, West Virginia, the District of
Columbia, the Commonwealth of Puerto Rico, and the
Virgin Islands. The office of the Area Hydrologist and
staff was located in a "Field Center" in Arlington, Va.
In 1966, the technical staff consisted of George
Ferguson, Area Hydrologist, Henry C. Barksdale,
Francis T. Shaefer, Walter F. White, Wilbur T. Stuart,
William Back, Dagfin J. Cederstrom, George D.
DeBuchananne, Harry H. Barnes, Jr., James W.
Crooks, and Joel O. Kimrey. Mary Jayne Swanson
served as program analyst, and there were six
members of the clerical staff, some full-time and some
part-time. By 1979, only F.T. "Bill" Schaefer remained
on the staff as constituted in 1966.

In 1967, the Office of the Atlantic Coast Region
was reorganized to more clearly define assignments
and responsibilities. Ferguson continued in his leader-
ship role, assisted by F.T. Schaefer, Henry Barksdale,
John George, Porter E. Ward, Mary Swanson, and a
clerical staff of three persons. Porter Ward was chosen
to be Program Officer as part of the reorganization
effort to meet the needs of the Regional Office. There’
were six staff discipline specialists representing
surface- and ground-water activities. James F. Bailey
became a member of the staff specialists for surface-
water activities. The Research Staff was led by
William "Bill" Back. Some members were housed in
Arlington, and several were scattered throughout the
Atlantic Region.

The Northeastern Region Headquarters Staff
remained fairly constant through 1969 except for the
Research staff, which grew in number and added disci-
plines. Considerable change occurred in 1970 when
W.D.E. Cardwell joined the staff as Reports Specialist
and Bruce K. Gilbert came to assist Porter Ward in
programming. Herman R. Feltz became the Water-
Quality Specialist, and Franklin H. Olmsted became
the Ground-Water Specialist. James W. Geurin joined
the staff to handle special programs. Bruce Gilbert left
the staff in 1971 for assignment in Puerto Rico; other-
wise, the staff remained the same through 1972.
Special Project Offices were established to conduct the
South Atlantic—Gulf Regional Ground Water Study
(D.J. Cederstrom) and the North Atlantic Regional
Drought Study (Medford T. Thompson).

Late in 1972, the Atlantic Coast Region and the
Mid-Continent Region were combined and bisected,
so to speak, to form the Northeastern and Southeastern
Regions. Under the realignment, the Northeastern

CHAPTER Ill - THE WRD ORGANIZATION 49



Region included the States of Connecticut, Delaware,
Illinois, Indiana, Maine, Maryland, Massachusetts,
Michigan, Minnesota, New Hampshire, New Jersey,
New York, Ohio, Pennsylvania, Rhode Island,
Vermont, Virginia, West Virginia, Wisconsin, and the
District of Columbia.

When created, the Northeastern Region
contained about 90 percent of the heavy industries of
the Nation, most of the population, and surface-water
contamination of great variety. For example, some
rivers in Ohio had so much waste oil and chemicals
floating on their surfaces that occasionally they caught
fire. Bootleg trucks hauled industrial wastes out of
Chicago to the dune areas bordering Lake Michigan in
Indiana and drained their lethal loads on sand roads at
night, all of this before the U.S. Environmental Protec-
tion Agency had begun an effective program that later
curtailed the practices. Most of the rivers of the region
were badly contaminated by industrial wastes and
sewage, and the condition of the Great Lakes was so
poor that commercial fishing had been banned in
many areas.

The Northeastern Regional Office remained in
Arlington, Va., but had new leadership in June 1972
when Joseph T. Callahan replaced George Ferguson,
who retired. The staff remained essentially the same.
William C. Griffin transferred to Arlington from his
position as District Chief in West Virginia. Gordon D.
Bennett joined the staff late in 1972 as Ground-Water
Specialist following the transfer of Frank Olmsted to
California. Russell H. Brown became the Regional
Research Hydrologist.

By August 1973, the staff was relocated to the
new Survey quarters in Reston, Va. Roger G. Wolf
succeeded Russ Brown as Regional Research Hydrol-
ogist, and Nancy Bley joined the staff as Administra-
tive Assistant. Otherwise, the staff was the same
through 1976. Bill Schaefer became the Delaware
River Master, a position that demanded much, but
which Bill enjoyed.

In April 1977, James E. Biesecker became
Regional Hydrologist, replacing Joe Callahan upon his
retirement. Biesecker's assignment to the Region
(from his position of District Chief, Colorado)
signaled a change in upper-level management because
he was the youngest person ever to hold the position.
He greatly increased the emphasis on strengthening
technical aspects of projects and providing technical
and administrative assistance to District personnel.

Bennett transferred to the Ground Water Office in
mid-1977 and was replaced by Ren Jen Sun a short
time later. Herbert J. Freiberger joined the staff in
1978, bringing his expertise in hydraulics and experi-
ences with water-quality projects. Roger Wolff
became the Assistant Chief Hydrologist for Research,
leaving the position of Regional Research Hydrologist
open into 1979.

During this period, the Northeastern Regional
staff also provided leadership towards administration
of the Delaware River Compact—a major interstate
water-resources agreement designed by the Supreme
Court. In July 1977, Assistant Regional Hydrologist
and Delaware River Master Francis T. Schaefer
approved a Memorandum of Agreement that had been
negotiated among the signatories to the amended
decree of the United States Supreme Court handed
down June 7, 1954. The agreement, undertaken with
tacit approval of Chief Justice Warren E. Burger,
provided for a temporary increase in releases of water
stored in New York City reservoir in the Delaware
River Basin for the purpose of enhancing environ-
mental quality in the stream reaches downstream from
the reservoirs.

The change in release patterns was managed by
the River Master to ensure that the mandatory
minimum flow, 1,750 ft¥/s, at the U.S. Geological
Survey gaging station at Montague, N.J., would not be
jeopardized and that the authorized diversions by New
York City and New Jersey could be maintained. The
modification of release requirements was a significant
departure from the rigid application of the provisions
of the decree that had been in force since 1954.

The staff were a team of personnel experienced
in their respective fields. Each of the old "Branch"
specializations was represented by a senior person
who was qualified to work with and advise District
personnel and the Regional Hydrologist on technical
and administrative developments and problems. The
system worked well. Regional staff, however, were
required to travel often and extensively to each
District and to Regional meetings. The trade-offs from
the old Branch organization to the reorganized Divi-
sion created a greater overhead in the Regional staffs
and greater costs in administration, and more people
were in travel status to ensure the specializations in the
water-resources world.

Changes in the District make-up between the
Northeastern and Southeastern Regions during the
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period of this history negated the reporting of fiscal
data for all years; however, stability in alignment did
allow reporting for 1973-79, as shown in the
following table.

Fiscal data for Northeastern Region programs, 1973-79
(in millions of dollars)

il Federal-
Year Total Federal Federal
. Coop
agencies

1973 $1.941 $0.072 $0.492 $1.377
1974 2.001 .076 403 1.522
1975 2.496 129 373 1.994
1976 2.856 132 722 2.002
1977 3.022 177 .676 2.169
1978 3.288 232 .688 2.368
1979 3.587 235 531 2.821

The growth was impressive even when
corrected for escalating inflation. The period is signifi-
cant, too, because of technological advances and dedi-
cation to enhancing work at the District level by
employing new investigative techniques. Ground-
water hydrology was changing from the old descrip-
tive studies ("Ground Water Availability in ...," and so
forth) to model-based projects. This was also a time
when the "model business" itself was changing from
analog models built in the Analog Model Centers (first
in Phoenix and then in Reston) to digital models
developed in District Offices by project leaders.

The Regional Office strongly encouraged the
trend toward digital modeling to help understand the
ground-water-flow regime and what was happening to
it during resource development. Not only did younger
personnel take to changes, but older, experienced
hydrologists joined in the surge to new directions, in
some cases providing a way to do quantitative evalua-
tions not possible previously. Bennett developed a
popular "self-guided modeling course" (in the TWRI
series) as an important effort in encouraging and
teaching digital modeling.

This period was witness to the dawn of the
application of the digital computer to the solution of
hydrologic problems, and to store and manipulate
hydrologic data. An IBM 360-370 mainframe
computer had been installed in Reston, to be followed
soon by a second computer as demand by technical
personnel exceeded that of administrative personnel.
Originally, the computer was used mostly for payroll
and other administrative purposes. For paydays, the

computer was used exclusively for the payroll. But as
more computer programs were developed by
personnel in specialties of water chemistry, ground-
water pumping-test analysis, and surface-water anal-
ysis, the second computer was acquired and quickly
was in operation 24 hours a day, 7 days a week. The
time of the computer had arrived.

In 1974, funds became available under a Federal
program to assist an economically depressed Wilkes-
Barre, Pa., area. A contract made possible the
processing of ground-water data for computer storage.
A 1-year test proved the feasibility by processing and
storing data from a few selected States. The program
was extended to more States in 1975, and then to all
States. Water-quality data were processed for streams
and aquifers. At that time also, the decision was made
to disband the analog model unit in Phoenix, Ariz.,
because programs were being written for the digital
computer that simplified the work and outmoded the
analog model for most problems. District personnel
were making digital models of aquifers to solve local
problems of supply and the effect of pumping on the
aquifers. A whole new field had developed that would
have profound effects on the field of hydrology.
Callahan felt strongly that the birth of computer anal-
ysis probably was the greatest advance in ground-
water hydrology since the development of the Theis
equation for the analysis of pumping tests.

The Water-Quality and Surface-Water Special-
ists on the staff were busy within their disciplines, as
was the Ground-Water Specialist. An example is the
reconnaissance of water quality in the Potomac River
Basin with emphasis on the presence of hydrophobic
organic compounds associated with sediment. Poly-
chlorinated biphenyl compounds (PCB's), a commonly
used coolant in electrical transformers, were reported
by District personnel as likely contaminating streams
because of widespread use and spills. A sample collec-
tion program was organized in West Virginia, Virginia,
and Maryland for a week in the dry fall months when
flows would be at a seasonal low. Arrangements were
made for chemical analysis at the Denver Water
Quality Laboratory, and results were obtained within
weeks. PCB's and DDT were present in concentrations
great enough to warn State and local officials by tele-
phone, letters, and reports. Data were reported in tech-
nical meetings within weeks. It would be more than 4
years before Staff were called to appear before a
Congressional Committee investigating why, among
other things, that the presence of the contaminants had -
not been reported to State and local authorities.
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Records were produced to show the USGS had made
the investigation and reported its findings to all the
proper authorities in a timely fashion.

Hurricane Agnes struck in 1972 with wide-
spread fury and demanded intense effort in coordi-
nating activities to measure water discharge and later
to make indirect measurements. There were numerous
small dam failures, particularly in West Virginia, that
required field work and documentation.

The discipline specialists dedicated themselves
to working directly with District personnel to under-
stand their problems and seek remediation. Particular
emphasis was directed to activities in weather
extremes such as floods and frozen streams, lakes, and
rivers.

In the 1960's, the political parties in control in
Washington began an effort that continued through
following administrations to build their own agendas
without affecting the total number of Federal
employees by forcing existing agencies to freeze their
total numbers of full-time employees. In later years, as
politics refined the personnel system, any vacancy
created by retirement or other cause could be filled
only by part-time employees. In time, this caused
serious personnel problems. Part-timers worked along
side full-timers without earning annual leave or sick
leave, nor were they paid for holidays. The inequities
caused morale problems in District and Regional staffs
as time went on. Inter-regional competition for quali-
fied personnel was heightened and caused conflicts
previously unknown in the reorganized Division.

By 1977, the review of Environmental Impact
Statements required the full-time effort of more than
one person of the Regional staff, as well as contribu-
tions of personnel in the Districts. Nearly every state-
ment contained references to the probable impact of
almost every proposed activity on rainfall runoff,
streamflow, ground water, or water quality. In addi-
tion, the interest of the Water Resources Division had
encompassed biological aspects of streams and
wetlands, and biologists became members of the orga-
nization. The effects of the mandate of the USEPA
were felt in every District in the Region. The
personnel problems created by outside pressures had
an adverse effect on Regional and District operations,
but progress continued in the identification and solu-
tion of hydrologic problems, and new people were
brought into the organization to carry on the work.
Biesecker intensified efforts in program development,
broader field activities, and production of timely
reports.

DISTRICTS

ILLINOIS

by Larry G. Toler and G. Wayne Curtis

Personnel and Organization

In 1966, only the Surface Water Branch had a
District Office in Illinois. William D. Mitchell was the
third District Chief in the 46 years Illinois had been a
separate office. Mitchell was also in charge of the
Hydrologic Data Unit. John P. Monis was his assistant
and was also in charge of Operations. Additional staff
of nine professional, eight technical, and three admin-
istrative persons were located at the Headquarters
office at 605 South Neil Street in Champaign. Five
professionals and four technicians were located in a
Subdistrict Office at Oak Park with Davis W. Ellis as
the Engineer-in-Charge. One technician was located in
Peoria. During 1966, Davis Ellis moved to Champaign
to head the Hydrologic Section, and Allen W. Noehre
succeeded him as Engineer-in-Charge at Oak Park.
Also, one technician was moved to a new office in Mt.
Vernon.

In July 1967, the District was reorganized into a
WRD office. John Monis transferred to the Mid-Conti-
nent Regional Office, Theron R. Dosch transferred
into the District as Mitchell's assistant, and J. David
Camp transferred into the Hydrologic Data Unit. The
reorganization established four Subdistrict Offices—
Champaign, with Delbert E. Winget in charge; Oak
Park, with Allen W. Noehre in charge; Peoria, with
Herman C. Wibben in charge (succeeded by Kenneth
W. Fowler in 1969); and Mt. Vernon, with Richard L.
Stahl in charge. In January 1968, the Champaign
office relocated to 605 North Neil Street. The 1970
organizational structure had Theron Dosch as Asso-
ciate District Chief with Davis W. Ellis and Charlie R.
Sieber as Assistant District Chiefs. Davis Ellis trans-
ferred to Ohio in July 1970, and David Camp replaced
him as an Assistant District Chief.

In June 1971, William Mitchell succumbed to a
heart attack, and in August, Ellis returned to Illinois as
District Chief. The organizational structure remained
stable until December 1973, when Ellis also
succumbed to a heart attack. In June 1974, Lawrence
A. Martens transferred from Louisiana to Illinois to
replace Ellis as District Chief.

52 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VII, 196679



The middle to late 1970's was a period of signif-
icant change in the District in response to technical
advances and to the broadening of activities brought
on by reorganization to WRD District Offices. In
December 1974, computer equipment was installed,
and the District began to process and publish records
locally. David Camp left the District in July 1974, and
Don C. Perkins transferred to Illinois in November to
head the Operations activities. Larry G. Toler trans-
ferred to Illinois in April 1975 as the District's first
Water Quality Specialist and, in 1976, was made Chief
of a newly formed Investigations and Appraisals
Section. In September 1976, James B. Foster trans-
ferred into the District to head a project in nuclear
hydrology at the low-level waste site at Sheffield. He
also became the District's first Ground Water
Specialist. Many of the new people hired during this
period were trained in fields not traditional to the
District such as geology, chemistry, biology, mathe-
matics, and hydrology.

In April 1974, Robert D. Livesay transferred to
the Peoria Office to replace Kenneth Fowler, who
retired. Livesay left the District in August 1975, and
the Peoria office was closed. In 1976, a new office was
opened on the Northern Illinois University Campus in
De Kalb. By 1977, all personnel in the Oak Park office
had moved to De Kalb, and the Oak Park office was
closed. Subdistrict Offices were then located at Cham-
paign, De Kalb, and Mt. Vernon with Kent Ogata,
Allen Noehre, and Richard Stahl in charge of the
respective offices. In 1978, the Subdistrict Offices at
Champaign and Mt. Vernon were redesignated as Field
Headquarters.

Don Perkins transferred to Pennsylvania in
November 1976, and, in May 1977, Theron Dosch
transferred to Colorado. Larry Toler was named Assis-
tant District Chief as an additional duty. In September
1978, David Grason transferred to Illinois from
Connecticut and became the District Water Quality
Specialist. Leroy G. Davis transferred to Illinois from
Indiana in July 1977 and became Chief, Operations
Section. In November 1978, Martens transferred to
New York, and in February 1979, Larry Toler was
appointed District Chief in Illinois.

In February 1979, Marvin G. Sherrill transferred
from Wisconsin to be Chief of the Midwest Regional
Aquifer study in Illinois. He was later designated
Chief, Investigations and Appraisal Section. In
February, Leroy Davis transferred to the Office of
Surface Mining in Indiana, and Charlie Sieber

received a temporary appointment as Chief, Opera-
tions Section. Dave Grason transferred to Maryland in
June 1979. In September, Charlie Sieber retired, and
Douglas G. Glysson transferred from California to be
Assistant District Chief and Chief of the Operations
Section.

The District ended the period with 29 profes-
sional personnel, 17 technical personnel, 7 administra-
tive personnel, and 18 part-time technicians.
Employees in the District during the entire period
included Howard Allen, Wayne Curtis, James Dwyer,
Mary Garrelts, Helen Larson, David LaFont, Allen
Noehre, and Richard Stahl. Delbert Winget retired in
October 1979.

Programs

Illinois was one of the last States to be reorga-
nized into a consolidated Water Resources Division
District. Prior to 1966, the Illinois District programs
traditionally had been oriented toward the surface-
water discipline. Hydrologic studies reflected the
organizational specialties, and this trend continued
into the mid-1970's. Wayne Curtis reported on Statis-
tical Summaries of Illinois Streams (1969), and
Charlie Sieber prepared a Proposed Streamflow Data
Program for Illinois (1970). Flood frequencies of Illi-
nois streams were studied from 1966 to 1972 and
reported on by Jack Carns (1973). About 350 flood-
hazard maps were prepared at a scale of 1:24,000
during 1967-79. Beginning in 1973, flood-inundation
maps were prepared for National Flood Insurance
purposes, and historical floods for northeastern Illinois
were documented on 1:24,000 quadrangle maps and
published as 70 hydrologic atlases during 1963-73.

Drainage areas of Illinois streams were reported
by Kent Ogata (1975), and depths and frequencies of
floods were reported by Byron Prugh (1976). Begin-
ning in 1955, numerous stream drainage areas less
than 10 square miles had been instrumented for
obtaining flood-frequency information. In 1977, Curtis
used the small-stream data to prepare separate reports
on the analysis and estimating techniques and to
update earlier flood-frequency estimating formulas.

A study of the dispersion characteristics of Illi-
nois streams was begun in 1975 and was continuing in
1979. Studies of the effects of urbanization on floods
also began in 1975. In 1977, a study of the time of
concentration and travel coefficients for Illinois
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streams was begun, and a measurement program was
started to check ratings of dams on the Illinois River.

The reorganization and the tendency for hydro-
logic curricula to be offered at many universities were
prompted by the need for integrated hydrologic infor-
mation. In the mid- to late 1970's, the District
programs began to be oriented toward broader
coverage of the different hydrologic disciplines. New
personnel and new programs in the Illinois District
began to reflect these broader interests.

In 1971, the District began cooperative studies:
with the Metropolitan Sanitary District of Greater
Chicago (MSDGC) to collect hydrologic information
in Fulton County, where MSDGC was storing lique-
fied sludge transported from their Chicago-area waste-
water-treatment plants and spreading it on reclaimed
strip-mined land to recondition soils. In 1974, the
Bloomington-Normal Sanitary District became a
cooperator in collecting streamflow and water-quality
information in the twin-city area. Also in 1974, the
Illinois Environmental Protection Agency (IEPA)
became a cooperator in monitoring water temperatures
of streams. Their historical water-quality data were
reviewed and published in six volumes in 1978-79.
After a joint review of water-quality data collection by
all governmental agencies in Illinois, the IEPA became
a major cooperator in the collection of water-quality
data. Through the cooperative effort of data collection
and quality control, water-quality data collected by the
U.S. Geological Survey (USGS), IEPA, MSDGC, and
the State Water Survey (SWS) at more than 200
stations were published in USGS annual data reports.

In the late 1970's, environmental concerns
related to energy sources spawned great interest in
hydrologic studies of energy sources and waste
disposal. In Illinois, these concerns were focused
largely on hydrologic consequences of mining coal
and disposal of low-level nuclear wastes. In 1971, the
U.S. Environmental Protection Agency (USEPA)
funded the collection of water-quality data from
streams in surface-mined areas. In 1974, Federal funds
were provided for describing the hydrology of surface-
mined areas in Illinois. Nuclear low-level waste site
studies began in 1976 with a federally funded study of
a site at Sheffield. An innovative method of study was
to construct a 5-foot horizontal tunnel beneath the
burial pits, 300 feet into the site, in order to monitor
water movement in the unsaturated zone. Another
study was begun in 1978 to evaluate the spread of
radionuclides from the oldest low-level waste site in:

the Nation, located in the Palos Forest Preserve in
northeastern Illinois.

Near the end of the period, in 1978 and 1979,
cooperative studies were begun investigating shallow
ground water in McHenry County, effects of mine
reclamation in Fulton County, and effects of detention
ponds on urban runoff. Also in 1979, a regional
aquifer study in northern Illinois, Wisconsin, and
Indiana was begun as one of several federally funded
regional aquifer studies.

The most significant change in the hydrologic
data program during the period was the increase in the
number of water-quality stations. The following table
indicates trends during the period.

Number and types of stations in the Hydrologic Data
Program

(CSG-PR = Crest Stage Gage, Partial Record; CSG-PROF =Crest Stage
Gage, Profile only; WELLS = Ground-water-level measurement station;
QUAL = Site where samples taken for chemical analysis)

Stream-
flow ©5G- CSG- o0 WELLS QUAL
: PR  PROF
Year (cubic (num-  (num-  (num-
(num-  (num-
feet per ber) ber) ber)
ber) ber)
second)
1966 163 182 330 7 0 2
1975 174 148 251 10 3 41
1979 171 135 42 9 42 204
Cooperators

Several State, local, and Federal agencies
supported the District's water-resources programs
during 1966—-79. At the State level, the Illinois Depart-
ment of Transportation, Division of Water Resources
(formerly the Illinois Department of Public Works and
Buildings, Division of Waterways), was the principal
cooperator with interest in surface-water data collec-
tion and surface-water-oriented investigative studies.
Investigative studies included flood frequencies, depth
frequencies, time of travel, and time of concentration
values. The Illinois Department of Transportation,
Division of Highways (also formerly a Division of the
Department of Public Works and Buildings) supported
the small streams program that began in 1955 and was
completed in 1977. In the mid-1970's, the Illinois
Environmental Protection Agency became a principal
cooperator with interests in the collection and analysis
of water-quality data. The Illinois Institute of Natural
Resources, State Water Survey (formerly a part of the
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Illinois Department of Registration and Education)
contributed to the collection of surface-water data,
chemical analyses of water, and determination of
drainage areas and was the principal State participant
in the Federal/State Water-Use program. Other State
cooperators during the 1970's were the Illinois Insti-
tute for Environmental Quality; the University of Illi-
nois at Urbana-Champaign, Board of Trustees; and the
University of Illinois at Urbana-Champaign, Environ-
mental Studies.

Twelve local agencies cooperated in hydrologic
data collection and investigative studies. The North-
eastern Illinois Planning Commission (formerly the
Northeastern Illinois Metropolitan Area Planning
Commission) cooperated in flood inundation mapping
in northeastern Illinois with funds allocated by Cook,
Du Page, Kane, Lake, McHenry, and Will Counties.
The Metropolitan Sanitary District of Greater Chicago
cooperated in the mine-reclamation studies in Fulton
County. Other cooperators were the Sanitary District
of Bloom Township, Fountain Head Drainage District,
Forest Preserve District of Cook County, City of
Springfield, Bloomington and Normal Sanitary
District, the County Highway Departments for Du
Page, Kane, and Lake Counties, Fulton County, East
Liverpool Drainage and Levee District, and McHenry
Regional Planning Commission.

Seven Federal agencies provided funds or
services to USGS to collect and interpret water data.
Four Districts of the U.S. Department of the Army,
Corps of Engineers—Rock Island, Chicago, St. Louis,
and Louisville—continued their long-standing
support. In 1973, the U.S. Department of Housing and
Urban Development, Flood Insurance Administration,
began funding a flood-insurance study program. The
USEPA provided funds for water-quality stations and
for monitoring water quality in mined areas. Other
Federal agencies supporting data collection or hydro-
logic studies included the Federal Water and Power
Commission, U.S. Department of the Interior (fore-
runner of USEPA); Environmental Science Services
Administration, Weather Bureau of the U.S. Depart-
ment of Commerce; Atomic Energy Commission; and
the U.S. Forest Service, Shawnee National Forest.

Funding

Funding of Illinois District programs during the
period was essentially from the three sources: the
Federal/State Cooperative Program (Coop), direct

Federal programs, and from other Federal agencies
(OFA) in support of their programs. The Cooperative
Program was the principal source of funds throughout
the period, as shown in the following table, although it
decreased in percentage of total program from 78
percent in 1966 to 47 percent in 1979.

Illinois District funding, in thousands of dollars

Year Coop Federal OFA Total
1966 372 -- 79 451
1975 572 55 250 877
1979 1,222 819 568 2,609

For most of the period, the OFA program was
the second largest source of funds except for 1979.
OFA funding was 15 percent of the total program in
1966, rose to 30 percent in 1974 and decreased to 22
percent in 1979. Direct Federal funding supported a
few key gaging stations until the mid-1970's. Begin-
ning in the mid-1970's, the Federal programs related to
energy and the regional aquifer studies caused an
increase in the Federal share to about 31 percent of the
total District program in 1979.

Although the table on station operation shows a
large increase in the number of water-quality stations
and a near constant number of streamflow stations, the
growth in investigative projects was greater than the
data-collection projects in terms of total funding. From
1966 to 1979, the funding for investigative studies
increased from 22 to 58 percent of the total program.

INDIANA
by J.L. Cook

In Indiana, organization as a WRD District
occurred in 1965. The combined Surface Water (SW)
and Ground Water (GW) offices remained at 611
North Pack Avenue, Indianapolis, until 1970, when
they relocated to 1819 N. Meridian. The office
remained at that site through the remainder of the
period.

Organization and Personnel

Malcolm D. Hale served as District Chief until
mid-1970, when he was named Program Officer for
the Mid-Continent Area in St. Louis, Mo. James L.
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Cook, Subdistrict Chief, Garden Grove, Calif., was
selected to replace Hale and reported in February
1971. He served until mid-1977, when he was named
Assistant Regional Hydrologist, Southeastern Region,
Atlanta, Ga. He was succeeded in late 1977 by Dennis
K. Stewart, Assistant District Chief, Oregon, who
served in that position throughout the remainder of the
period.

Claude M. Roberts, who had been District Geol-
ogist (GW) before the Division reorganization, served
as Assistant District Chief until his retirement in 1968.
At that time, the District was reorganized and Archie
A. McCollam was named Assistant District Chief,
Basic Data Operations, and Robert W. Maclay was
named Assistant District Chief, Special Studies.

In 1970, Archie McCollam was named Asso-
ciate District Chief and remained in that position
throughout the remainder of the period. Philip J.
Carpenter transferred from Water Resources Division
Headquarters to replace McCollam as Chief of the
renamed Hydrologic Surveillance Section. Carpenter
transferred to the Washington District in 1974 and was
succeeded by Paul J. Rohne. Rohne subsequently left
the Survey, transferring to the International Boundary
Commission in 1977. He was succeeded by William E.
Harkness, who remained in that position through the
remainder of the period.

In 1970, William G. Weist, New York District,
succeeded Maclay, who had transferred to Texas.
Weist remained as Chief of the Hydrologic Studies
Section until 1974, when he was named a staff hydrol-
ogist. He was succeeded by William Meyer, who
served in that position throughout the remainder of the
period.

In 1972, William J. Shampine transferred from
the Louisiana District to develop a water-quality
program. As the program developed, an Environ-
mental Quality Section was established in 1975, and
Shampine was named Section Chief. He remained
until 1977, when he transferred to Saudi Arabia. He
was succeeded by Steven E. Ragone, who transferred
from the New York District. Ragone remained through
1979.

The Field Headquarters at Fort Wayne was
closed in 1969, and Robert G. Lipscomb, Project
Chief, was transferred to the National Water Quality
Laboratory in Atlanta.

The one-person Field Headquarters at Carlisle
was closed in 1976 upon Leo W. Carrico's retirement.
With the closing of the Carlisle Field Headquarters, all

field operations were centered at the District Office in
Indianapolis.

Mary F. Miller was the District Administrative
Clerk in the Indiana District Office until her transfer to
Nevada in 1968. She was succeeded by Barbara L.
Gallagher, who headed the Administrative Services
Section for the rest of the period.

This was a period of steady growth in the
District's data programs but was also a period of
explosive growth in the hydrologic studies program.
Many hydrologists contributed significantly to this
expansion of the investigative programs.

Cooperating Agencies

The Indiana Department of Natural Resources
(DNR) was the prime State cooperator. All of the
topical and modeling studies in the ground-water
discipline, the interdisciplinary areal studies, the lake
program, the surface-water hydraulic and hydrologic
studies, and most of the stream-gaging and sediment-
data programs were supported by DNR funding.

In 1971, a cooperative program, Floods from
Small Drainage Areas (FFSDA), was begun with the
Indiana State Highway Commission. The program
funded a network of 104 crest-stage gages throughout
the State. The network was designed to provide peak
discharges for small drainage areas so that flood
magnitudes and frequencies could be extended down-
ward to drainages of approximately 1 square mile. The
Indiana State Board of Health contributed to the
overall data program. In the early 1970's, these funds
were reprogrammed and used solely to support
projects in the new environmental section. In the mid-
1970's, the Ohio River Sanitation Commission
(ORSANCO) supported an extensive water-quality
sampling program of the main-stem Ohio River and its
major tributaries from Pittsburgh, Pa, to Cairo, I1L.
Data collection for the entire program was handled by
the Indiana District.

Several utilities, municipal water works, and
cities provided support for stream-gaging stations in
their areas of interest. In addition, the cities of Carmel,
Columbus, Elkhart, Fort Wayne, Indianapolis, Logan-
sport, Muncie, South Bend, and Vincennes provided
funds in support of extensive ground-water studies in
their immediate areas.

Federal support for District operations came
from the Geological Survey, the U.S. Army Corps of
Engineers, the Soil Conservation Service, the Federal
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Emergency Management Agency, the National Park
Service, and the U.S. Environmental Protection
Agency. In addition to matching funds supplied by
State and local agencies, the Geological Survey
provided full support for a small number of selected
streamflow stations and ground-water observation
wells for an in-depth analysis of the stream-gaging
program and startup funding for a water-quality
assessment of the upper White River. In addition, coal
hydrology funding became available in fiscal years
1978-79. These funds were used to augment the
surface-water, ground-water, and water-quality data
programs in the coal-producing regions and to provide
support for interpretive projects on the impact of
mining on the water resources of those areas.

The greatest support from other Federal agen-
cies came from the U.S. Army Corps of Engineers,
which funded a portion of the streamflow and reser-
voir stations. Corps funding came from the Louisville,
Chicago, and Detroit Districts. Soil Conservation
service funding supported water-quality studies on
several small watersheds. The Federal Emergency
Management Agency provided funds through USGS
Headquarters for outlining flood-prone areas on topo-
graphic maps as part of a nationwide Federal program
for managing flood losses. Maps of urban areas with
potential flood problems were excerpted from these
topographic maps and published as pamphlets. In
Indiana, 482 topographic maps and 39 urban-area
pamphlets were completed. One of the pilot studies for
this program was conducted on a tributary of the
White River. The National Park Service provided
funding for a comprehensive analysis of the water
resources of the Indiana Dunes National Lakeshore
with an emphasis on ground water.

Summary of Program

In the earlier years of the program, most of the
District's efforts were devoted to the collection,
processing, and publication of surface-water records.
In the early 1970's, data collection was increased to
accommodate expanded ground-water and water-
quality programs. With reorganization, interdiscipli-
nary studies became common, and in the 1970's, the
District experienced a tremendous growth in ground-
water and water-quality investigative studies to the
point where they constituted most of the District's
funding by the end of the period.

Surface-Water Records

Records of daily river stage and discharge
remained steady throughout this period and numbered
184 sites in 1977. Records of daily water levels were
collected at 78 lake and reservoir stations, with total
volume of water determined for 11 of the sites.

Ground-Water Records

A basic network of observation wells was main-
tained throughout the period. The wells numbered 65
in 1976. Observations varied from continuous at
approximately half of the sites to monthly or quarterly
at the other sites. There were over 400 project wells in
the program in 1976. Specific conductance and pH
were measured at 186 of the wells, while a suite of
inorganic constituents and total organic carbon (TOC)
were measured in samples from 62 wells.

Water-Quality Records

In the late 1960's, specific conductance
measurements were collected at the time of all
discharge measurements at all surface-water stations
in Indiana. This program was phased out and replaced
by an expanded sediment-data collection program at
30 sites and water quality at 37 surface-water stations.
Water-quality stations on the White River at Hazelton,
Wabash River at New Harmony, and Whitewater River
at Brookville were part of the National Stream Quality
Accounting Network (NASQAN).

Other Data Activities

In 1972, P.B. Rohne published Open-File Report
"Low Flow Characteristics of Indiana Streams." In
1974, L.G. Davis published Circular 510, "Floods in
Indiana—Technical Manual for Estimating their
Magnitude and Frequency." In 1975, a preliminary
analysis of the Floods from Small Drainage Areas
Program was published by Davis and Horner as an
Open-File Report. Also in 1975, "The Drainage Areas
of Indiana Streams" by R.E. Hoggatt was published as
a State Report. This important contribution to the
surface-water program required many person-years of
effort and was many years in the making. “Statistical
Summaries of Indiana Streamflow Data” was
published as a Water-Resources Investigations Report
by R.G. Homer in 1976.
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Investigative Reports

The hydrologic studies of specific areas of
Indiana, which had been initiated by F.H. Klaer and
R.W. Stallman with their "Ground Water Resources of
St. Joseph's County, Indiana" in 1948, terminated with
"Water Resources of Delaware County" by R.E.
Hoggatt, J.D. Dunn, and W.J. Steen in 1968. In this
series, there were 35 bulletins published by the State
of Indiana (DNR). This series was replaced by basin-
wide studies of the Wabash, Maumee, Middle Wabash,
and St. Joseph River Basins, published as Hydrologic
Atlases 433, 493, 508, and 537, and of the upper
White River Basin, which was published as Water-
Supply Paper 1999-C.

In the late 1960's, as the need for quantitative
analysis of ground water was recognized, electric-
analog model studies of the Columbus area by F.A.
Watkins and J.E. Hiesel and of the upper Wabash
River by Hiesel were completed and published as
Water-Supply Paper 1981 and Water-Resources Inves-
tigations Report 29-73, respectively. The analog
model gave way to the digital model as the District
entered into the computer age. With the acquisition of
a Data 100 computer in early 1972, Indiana became
the second District (New York was the first) in the
Northeastern Region to be directly wired to the main-
frame computer in Washington, D.C.

Due to a rapidly expanding ground-water
program, a CME 75 drill rig equipped for auguring
was purchased in 1973. The following year, the need
for a rotary mud drill rig became apparent, and a
second CME 75 was obtained. Over the remaining
years of this period, thousands of wells were drilled in
support of the ground-water and water-quality investi-
gative programs of Indiana and for the District offices
in Kentucky, Illinois, Michigan, and Ohio.

In 1972, a comprehensive study of seven land-
fills in the Indianapolis area was begun. This project,
in cooperation with the city of Indianapolis, was one
of the Division's early attempts at defining, both quali-
tatively and quantitatively, plumes emanating from
hazardous waste sites. Shampine began as chief of this
project, and upon his transfer, R.A. Pettyjohn
completed the study.

In the mid-1970's, T.K. Greeman studied frac-
ture traces in Jennings County, examining the relation
of permeability in the limestone aquifer to the distribu-
tion and density of fracture traces and lineations
mappable from aerial photography. This study helped

solve water-supply problems of many small communi-
ties in the karst region of southern Indiana.

In this same period, Shampine studied the
changes in concentrations of selected metals and char-
acteristics of the buffer systems in a stream and lake
adjacent to an area that was being mined. This project,
in cooperation with DNR, preceded by several years
the federally funded Coal Hydrology Program.

L.O. Arihood's water-quality assessment of the
Indiana Dunes National Lakeshore, published as
Water-Resources Investigations Report 14-75, was the
precursor of long and intensive studies of the Indiana
Dunes supported by the National Park Service.
Modeling studies were conducted by Meyer, Shed-
lock, and others.

Time of travel studies had been conducted for
many years; S.E. Eikenberry and L.G. Davis regional-
ized these data and published them as Water-
Resources Investigations Report 76-9. This report was
used extensively by the State Board of Health in
waste-load allocations.

In 1976, R.J. Shedlock began an investigation of
the movement of saline water into the Vincennes well
field. This work was subsequently published as an
Open-File Report.

MARYLAND-DELAWARE-DISTRICT OF
COLUMBIA

by Thomas H. Yorke and Sumner G. Heidel

Organization and Management

The District was consolidated in 1965 from a
Surface Water Branch office in College Park, Md., a
Ground Water Branch office in Baltimore, Md., and a
Water Quality Branch office in Rockville, Md. The
new District office was located in Towson, Md. The
District included Subdistrict Offices in College Park
and Dover, Del., and a Field Office in Cumberland,
Md.

In 1966, the District was under the direction of
John W. Wark as District Chief and William E. Forrest
as the Assistant District Chief. Edmond G. Otton, the
previous District Geologist of the Ground Water
Branch, was the Ground Water Specialist and provided
oversight for ground-water activities. Sumner G.
Heidel,-an expert in sediment and water quality, was
the Water Quality Specialist. He also served as advisor
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to the District Chief for report preparation and publi-
cation. In 1967, John Wark transferred to the Cali-
fornia District, and Walter (Finch) White transferred to
Towson from the Atlantic Coast Regional Office to
become District Chief. In 1973, Bill Forrest trans-
ferred to the New York District, and Ken Taylor and
Irv Kantrowitz became Assistant District Chiefs
shortly thereafter. Mary Lowry was the District Clerk
until 1972. Elizabeth Smith and Mildred Wojcik
assumed those duties through the remainder of the
1970’s.

District Program and Cooperators

The District program grew substantially
between 1966 and 1979. Total funding was $439,000
in 1966; it more than doubled to $910,000 in 1972 and
more than doubled again to $2,000,000 in 1979. The
Federal-State Cooperative Water Resources Investiga-
tion (Coop) Program was the main source of funding
for the District during this period. The Coop Program
represented 85 percent of the District’s total program
in 1966, 76 percent in 1972, and 76 percent in 1979.
The remainder of the District funding was fairly
consistently divided between the USGS Federal
program and other Federal agencies (OFA). In 1966,
the Federal and OFA programs were 5 and 10 percent
of the District funding, respectively. In 1979, they
were 5 and 19 percent, respectively.

The composition of the District program
continued to experience the same change that began in
the early 1960’s. The collection and compilation of
basic streamflow, ground-water levels, and ground-
and surface-water quality data represented 49 percent
of the District program in 1966. These activities
decreased to 31 percent in 1979. The number of daily
streamflow stations operated by the District was 89 in
1966, 104 in 1972, and 100 in 1979. The water-quality
program was supported primarily by the National
Stream Quality Accounting Network (NASQAN)
program.,

As the District program grew in the 1970’s, the
number of cooperators also increased significantly. In
1966, there were 13 State and local cooperators and 2
cooperating Federal agencies. Between 1966 and
1979, there were 21 cooperators and 5 Federal agen-
cies, which are listed below in alphabetical order.

Anne Arundel County
Baltimore County
Charles County

City of Baltimore

City of Salisbury

Delaware Department of Natural Resources
and Environmental Control

Delaware Geological Survey

District of Columbia

Frederick County

Harford County

Howard County

Interstate Commission on the Potomac
River Basin

Maryland Department of Natural Resources

Maryland Geological Survey

Maryland National Capital Park and
Planning Commission

Maryland State Roads Commission

Maryland Water Resources Administration

Montgomery County

Prince Georges County

Town of Ocean City

Washington Suburban Sanitary Commission

Federal Emergency Management Agency

National Park Service

U.S. Army Corps of Engineers

U.S. Environmental Protection Agency

U.S. Soil Conservation Service (now
Natural Resources Conservation Service)

District Office

The investigative staff in the late 1960’s
included Eliot Cushing, Irv Kantrowitz, Pat Walker,
Jim Weigle, Richard Gardner, Pat Holliday, Jolly
Thomas, Wayne Webb, and Larry Nutter. Much of the
investigative work during this period was county
ground-water studies done in cooperation with the
Maryland Geological Survey. Other individuals joined
the investigative staff in the 1970’s. These included
Alan Jackman, Stu McKenzie, and Glenn Kapple in
the early 1970’s, Richard Mandle and Jim Williams in
1974, and Bill Fleck in 1978.

Wayne Solley was Chief of the Hydrologic Data
Section in the Baltimore area in the late 1960’s and
1970°s. His staff included Bernard Helinsky, John
Kamosa, Richard Lucas, John Hornlein, and Jim
Manning. Lillian Maclin and Mike Smigaj joined the
staff between 1974 and 1976.

The District staff also included one-person Field
Offices in Baltimore and Annapolis, manned by Claire
Richardson and Fred Mack, respectively. They
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collected and compiled data from ground-water obser-
vation wells and conducted special ground-water
investigations in the metropolitan areas of Wash-
ington, D.C., Baltimore, and Annapolis.

As indicated above, there was a heavy emphasis
on ground-water investigations throughout the 1960’s
and 1970’s. The District produced reports on the avail-
ability of ground water for many of the counties in
Maryland and Delaware, particularly those near the
more densely populated centers. Ed Otton, Fred Mack,
and Claire Richardson produced much of the work
done in the Baltimore—Washington corridor. Otton and
others also produced atlases of the hydrogeology of
16 quadrangles in Maryland. Numerous studies were
done in the coastal plain between Baltimore and Wash-
ington, D.C., and the Atlantic Ocean. The Magothy
aquifer was studied intensively, and changes in the
potentiometric surface of the aquifer were documented
annually. Larry Nutter concentrated on the aquifers of
the Piedmont and the carbonate valleys of Frederick
and Washington Counties. Another area of emphasis
was the deep aquifers of the Delmarva Peninsula that
provide municipal water supplies for the vacation
communities on the barrier islands along the Delaware
and Maryland coast. Jim Weigle prepared several
reports on the ground-water resources of the coastal
areas of Maryland. The use of digital models increased
substantially in the late 1970’s, and reports were
produced on the simulation of ground-water levels in
the Piney Point and Magothy aquifers in Maryland by
Jim Williams, Fred Mack, and Richard Mandle.

The District also conducted a number of multi-
discipline studies in the 1970’s. These included water-
resources investigations of southern Maryland by Jim
Weigle, Wayne Webb, and Dick Gardner, and the
Delmarva Peninsula by Eliot Cushing, Irv Kantrowitz,
and Ken Taylor, that encompassed the quantity and
quality of both ground water and surface water. The
Delmarva project staff coordinated well drilling and
geophysical logging with the Exxon Corporation to
gather lithologic data useful for defining water
resources and potential oil reserves. Jolly Thomas
conducted water-quality reconnaissance of streams
throughout the State of Maryland. Stu McKenzie
conducted a similar study of streams in Delaware.
Wayne Webb conducted a reconnaissance to determine
the extent of brackish waters contiguous to the Chesa-
peake Bay. Jolly Thomas and Sumner Heidel prepared
areport in the late 1960’s on the chemical and physical
characteristics of municipal water supplies in Mary-

land. The streams affected by mine drainage in
western Maryland were investigated by Pat Holiday
and Stu McKenzie in the early 1970’s.

Much of the surface-water investigative work of
the District Office was done by Pat Walker in the
1960’s and early 1970’s. He produced a report on the
streamflow characteristics of Maryland streams. Other
work was done by Ken Taylor, Dave Carpenter, and
Bob Simmons, as described in the sections on the
College Park, Cumberland, and Dover Field Offices.
Dave Carpenter assumed much of the streamflow-
analysis work of the District in the mid- to late 1970’s.

The Field Offices

College Park Subdistrict Office—The College
Park office was an office in transition between 1966
and 1979. The office evolved from the District Office
for the Branch of Surface Water to the College Park
Subdistrict Office of the Maryland District. The staff
in 1966 included Leslie W. Lenfest as the Engineer-in-
Charge of the Hydrologic Data Section, Bill Davis,
Wayne Solley, Earl Eiker, Dave Carpenter, Charles
Laughlin, Michael McDonald, Tom Yorke, and Bonnie
Pfaff. In 1966 and early 1967, Les Lenfest transferred
to the Office of Hydrology of the National Weather
Service, Earl Eiker transferred to the U.S. Army Corps
of Engineers, Mike McDonald entered the U.S. Navy,
and Wayne Solley transferred to the District Office in
Towson. Ewell (Sonny) Mohler moved from the
District Office and assumed the responsibilities of the
Chief of the Hydrologic Data Section. Myron Lys and
Denis Gillen relocated to College Park from the
Massachusetts District in 1967, and they maintained
much of the hydrologic data network in central and
southern Maryland. Other staff hired during this
period included Mike Cady, Chuck Gubisch, Lee
Lenfest (Les, Jr.), and Dean Spacht. The Hydrologic
Data Section in College Park was responsible for the
compilation of the annual Water Resources Data report
from 1966 to 1976.

The office was located in the Engineering
Building of the University of Maryland throughout the
1960°s. In 1970, the office relocated to a small indus-
trial park adjacent to the College Park airport. The
Goodyear blimp became a regular visitor to the airport
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