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PREFACE

This volume is the eighth in the series of reports
on the history of the Water Resources Division 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 20, 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 Ferguson

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

Volume VII: from 1966 through 1979, "Integrating the
Disciplines," by James E. Biesecker, James F. Blakey,
Herman R. Feltz, John R. George, and others

Volume VIII may well be the last of the WRD
histories. Reorganization of the USGS has eliminated
the Divisions as organizational units. It is hoped that a
well-educated, well-trained, highly motivated team of
hydrologists and technicians will continue to support
the water users and water managers of our Nation as
we have done for more than 128 years.

About 100 authors wrote the 80-plus chapters in
Volume VIII, but thousands of dedicated employees
contributed to the success of the Division’s programs
from 1979 to 1994. The report was made possible by
the support of Robert Hirsch, Cathy Hill, Alice
Dilandro, Barbara Gunderson, Isabelle Halley des
Fontaines, Linda Fritchie, Bill Carswell, and many
others. The report is a reality because of the editorial
skills and hard work of the Colorado District staff,
especially Mary Kidd, Alene Brogan, Carol Anderson,
John Evans, and Bob Olmstead.
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CHAPTER | - INTRODUCTION AND OVERVIEW

Quoting from Volume VII: The Water Resources Division investigates

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 phys-
ical, chemical, and biological characteris-
tics 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 under-
stand hydrologic systems sufficiently 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 infor-
mation services, and other forms of public
releases.

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

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

the occurrence, quantity, quality, distribution,
and movement 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 pur-
poses; research and development to improve
the scientific basis of investigations and tech-
niques; and reporting the results of these
investigations through publications or other
forms of public release. The Division provides
scientific and technical assistance in appropri-
ate fields to other Federal agencies.

The water-data collection, resource inves-
tigation, and research activities are carried
out in areas where the Federal interest is par-
amount. 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 sta-
tions throughout the Nation, the Survey's
Central Laboratories System, hydrologic
research and analytical studies, and a variety
of supporting services.

Few will read this report in its entirety, but hope-
fully many will read the “Overview” that follows by
Hal Langford and Jack Fischer. The 15-year period
from 1979 to 1994 was challenging and exciting, and
Langford and Fischer provide an excellent summary.

This period is well known as the “Cohen Years,”
and in his brief “Postscript,” Cohen shares his
thoughts.

CHAPTER | - INTRODUCTION AND OVERVIEW
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OVERVIEW AND REFLECTIONS,
WATER RESOURCES DIVISION, 1979-94
The Early Years, 1979 through 1985

By R. Hal Langford

The last 18 years of my 37-year career with the
Geological Survey (Survey) were spent on the senior
staff of the Water Resources Division (WRD) as Chief,
Office of Water Data Coordination (OWDC) from
1968 through 1979 and as Associate Chief Hydrolo-
gist from 1980 through 1985. Philip Cohen had been
named Chief Hydrologist in August of 1979, the year
the Survey celebrated its 100th anniversary. He had
served since December 1978 as Assistant Chief
Hydrologist for Scientific Publications and Data
Management (SP&DM), having served for several
prior years on the Director's staff in the Land Informa-
tion and Analysis Office.

Cohen and I had a very close working relation-
ship over the 6 years we served together supervising
the Division. Although we disagreed on some matters,
we were in accord on most and addressed all concerns
openly and frankly.

In essence, Cohen believed strongly that he had
inherited from predecessor Chief Hydrologists an
organization second to none in the Federal Govern-
ment, and that he should “first, do no harm” (a part of
the Hippocratic oath) in carrying forward the work of
the Division. In this I heartily concurred.

In January 1980 the senior WRD staff consisted
of Phil Cohen, Chief Hydrologist and Hal Langford,
Associate Chief Hydrologist, supported by Les Laird,
Assistant Chief Hydrologist for Research and Tech-
nical Coordination (R&TC), and by Tom Buchanan,
Assistant Chief Hydrologist for Operations. The posi-
tion of Chief, OWDC, was vacant as was that of Assis-
tant Chief Hydrologist for SP&DM. The Regional
Hydrologists, who rounded out the senior staff, were
Jim Biesecker, Northeastern Region; Bob Dingman,
Southeastern Region; Al Clebsch, Central Region; and
Bill Robinson, Western Region.

Other key personnel at Headquarters were
Gerald Meyer, Jack Pickering, and Harry Barnes, who
continued as Chiefs of the Ground Water, Quality of
Water, and Surface Water Branches, respectively. J.R.
(“Digger”) Jones was Chief, Office of International
Hydrology, Francis Sessums the Program Officer, and
Ed Like the Administrative Officer. John Bredehoeft,

the Deputy Assistant Chief Hydrologist for Research,
had recently returned to scientific research.

The senior staff at Headquarters met each
morning to discuss current or impending issues. This
practice was a carryover from previous administra-
tions, and it continued to provide an excellent forum
for open and above-board exchanges of information
and views.

Several changes in the senior WRD staff
occurred during these 6 years as follows:

* Porter Ward replaced Hal Langford as Chief,
OWDC, in 1981; Ed Imhoff replaced Ward on his
retirement in 1985.

* Gordon Bennett replaced Les Laird as Assistant
Chief Hydrologist for R&TC in 1982 (Laird left
Headquarters to become District Chief of the
Washington District).

* Bob Dingman replaced Phil Cohen as Assistant
Chief Hydrologist for SP&DM in 1980. Dingman
was replaced, following his retirement, by Jim
Biesecker in 1982, and he by Jim Daniel in 1984.
Biesecker was named Assistant Director for
Information in 1984.

 Stan Sauer replaced Jim Biesecker as Regional
Hydrologist, Northeastern Region, in 1982.

¢ Jim Cook replaced Bob Dingman as Regional
Hydrologist, Southeastern Region, in 1980.

¢ John Bredehoeft replaced Bill Robinson, following
his retirement in 1980 as Regional Hydrologist of
the Western Region. John Conomos replaced
Bredehoeft in 1985.

Only four members of the senior staff served in
their positions throughout the full 6-year span: Cohen,
Chief; Langford, Associate Chief; Buchanan, Assis-
tant Chief, Operations; and Clebsch, Central Regional
Hydrologist.

Changes in other key personnel at Headquarters
were as follows:

* Roger Wolff replaced John Bredehoeft as Deputy
Assistant Chief Hydrologist for Research in 1980.

e Gordon Bennett in 1980, and later Eugene Patten in
1983, replaced Gerald Meyer as Chief, Ground
Water Branch.

 Jack Pickering moved in 1984 from Chief, Quality
of Water Branch, to the newly created position of

2 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VIIl, 1979-94



Chief, Office of Atmospheric Deposition
Analysis.

Marshall Moss replaced Harry Barnes as Chief,
Surface Water Branch in 1982.

* Della Laura replaced James Jones as Chief, Office
of International Hydrology, in 1980.

* Paul Beauchemin replaced Francis Sessums as
Program Officer in 1983.

* Tom Davis replaced Like as Administrative Officer
in 1982.

The above summary of changes in the senior
staff and other key positions in WRD illustrates the
degree of flux in personnel occupying those positions.
Yet despite this, the management of the Division
moved ahead smoothly, due largely to the emphasis on
management and technical training of Division
personnel over the years and to the organization of the
Division that provided opportunities throughout for
personnel to develop management skills. I can recall a
conversation with Rupert Southard, Chief, National
Mapping Division, soon after I became Associate
Chief. I expressed to him some of my concerns about
the rather large number of changes in key positions
that we in WRD were facing. He responded by saying
“I can't feel sorry for you and Cohen because the
WRD has potential high-level managers stacked up
like ‘cordwood’ in your District offices. No other
Division in the Geological Survey is so blessed.”

Total appropriated funds for water-resources
investigations during the 6-year period ranged from
$115 million in fiscal year (FY) 1981 to $134 million
in FY1986. Compared to total USGS appropriations,
the water-resources program ranged from 29 to 33
percent, essentially one-third of the entire Survey's
program.

Table 1. Sources of funds

[$, in millions; FY, fiscal year]

As shown in table 1, except for a dip in FY 1982,
the total funds for the Division (expressed in constant
dollars) reflect relatively stable to slightly increasing
overall program support. However, reprogramming to
accommodate changing priorities was really the “only
game in town” during those 6 years. The start or
buildup of the water-resources assessment, toxic
substances hydrology, acid rain, nuclear waste
hydrology, scientific and technical publications, and
national water-quality assessment programs came with
the demise or reduction of the supporting services,
environmental affairs, water-resources scientific infor-
mation center, subsurface waste storage, flood hazard
analysis, ground-water recharge, and energy
hydrology programs.

As a backdrop to many of these changes in
program emphasis, one cannot overlook the changes in
administration at departmental and bureau level that
occurred. James Watt was appointed by the newly
elected President, Ronald Reagan, to be Secretary of
the Interior early in 1981, and he named Donald Hodel
(formerly Administrator of the Bonneville Power
Administration) as his Undersecretary. Watt was a
determined Secretary who had very strong opinions
about how the Federal Government's water-related
activities ought to be organized and managed, and he
was determined to learn directly about the various
departmental programs for which he was responsible.
For example, he and Hodel, accompanied by their
wives, scheduled several Saturday morning briefings
in the WRD Headquarters to obtain firsthand knowl-
edge of some of the Division's critical activities. These
briefings were often highly technical, but they always
elicited good questions from Watt and Hodel (and
occasionally from their wives). Never in recent
memory had a Secretary paid so much attention to the
WRD.

Category FY-81 FY-82 FY-83 FY-84 FY-85 FY-86
Water Resources Investigations (appropriated) $115 $109 $116 $129 $133 $134
State part of Federal-State Cooperative Program 45 47 48 53 57 57
Other Federal Agency Program 33 31 38 41 48 57
Total WRD budget (actual dollars) 193 187 202 223 238 248
Total WRD budget (in constant 1982 dollars) 210 189 197 210 215 218
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Soon after becoming Secretary of the Interior,
James Watt took a series of actions that affected the
WRD. First of all he abolished the U.S. Water
Resources Council (WRC), which had been estab-
lished in the 1960’s by the Water Resources Planning
Act, and stated that the USGS could henceforth
conduct the periodic assessment of the Nation's water
resources—formerly the responsibility of WRC. As a
result, the Division's water-resources assessment
program was begun under David Moody's leadership,
and in 1984, work resulted in publication of the first
National Water Summary and initial distribution of
8,000 copies.

Second, in 1982 Secretary Watt transferred the
Water Resources Scientific Information Center
(WRSIC), which had been created in 1966 as a result
of the Water Resources Research Act of 1964 (P.L.
88-379), from the Department's (OWRT) to the WRD
where it would complement the Division's programs
for disseminating water information to others. The
WRD placed responsibility for the WRSIC program
and its staff under the Assistant Chief Hydrologist for
SP&DM, who had responsibility for the Division's
publications, Distributed Information System,
National Water Data Storage and Retrieval System
(WATSTORE), and National Water Data Exchange
(NAWDEX) programs.

Finally, the Water Resources Research Act of
1984 (P.L. 98-242) established in the Department of
the Interior responsibility for the State Water Research
Institutes and National Water Resources Research
Grants Programs. This Act modified and expanded on
the similar Act of 1964 (P.L. 88-379), which had been
assigned to the Department's OWRT, and on a grants
program of the Bureau of Reclamation established in
1978. Responsibility for implementation of the provi-
sions of the Act was given by Secretary Watt to the
USGS. In order to assume the responsibilities called
for by P.L. 98-242, the Division underwent a major
reorganization at Headquarters, creating a new posi-
tion of Assistant Chief Hydrologist for Research and
External Coordination with responsibility for activities
under the new Act, the National Research Program,
and the OWDC. A summary of the program manage-
ment structure for USGS accommodation of the 1984
Act was presented by Langford to the Annual Meeting
of the National Association of Water Institute Direc-
tors on November 8, 1984 (see WRD memorandum
85.18). Marshall Moss, who was instrumental in
developing the Division's plans for responding to P.L.

98-242, was named the first Assistant Chief Hydrolo-
gist for Research and External Coordination.

Another change in administration, this one at
Bureau level, also affected the Division. Bill Menard
had been named Director, replacing Vince McKelvey,
in April 1978. He appointed Joe Cragwall in March
1979 to the position of Associate Director and named
Milt Hackett as Acting Chief Hydrologist. Menard
resigned in January 1981 when the Reagan administra-
tion took office, and in September 1981 Dallas Peck
was sworn in as the eleventh Director of the U.S.
Geological Survey. Formerly, Peck had served as the
Survey's Chief Geologist, and as such, was Chief of its
Geologic Division. When Cohen and Langford were
first in office, Cohen arranged for them to meet
monthly with Peck and his Associate Chief Geologist,
Gordon Eaton, to discuss issues involving the two
Divisions, develop approaches for joint programs, and
address any inter-Division problems. These meetings
were helpful in the opinions of all four.

Cohen had served directly on Menard's staff for
about a year prior to moving to the WRD, so he had
firsthand knowledge of Menard. This familiarity with
Menard and Peck helped in dealings with the
Director's Office, although at times we were frustrated
with some of the programming decisions rendered.
Peck continued to serve as Director during the 6-year
period and was supported by Doyle Frederick as Asso-
ciate Director. Frederick was formerly Associate
Chief, National Mapping Division.

A number of significant events and actions
occurred during the early years. At the outset, the
Department imposed strict travel ceilings on its agen-
cies. The 8-percent reduction hit WRD especially
hard, and on March 12, 1980, the Chief Hydrologist
announced that the National Meeting of the WRD
scheduled for San Diego, Calif., in July was canceled;
the joint meeting of our two Advisory Committees was
canceled; activities at the National Training Center
were suspended; all training at other Federal agencies,
and at public and private facilities, that involved travel
were suspended; all technical and management
reviews were suspended; all WRD committee meet-
ings involving travel were canceled; foreign travel was
reduced and attendance at domestic technical meetings
was limited; the Graduate School program was mark-
edly reduced; and safety inspections involving travel
(except emergencies) were canceled. All of this was
done in the hopes that essential field work could be
carried out. The Division met this challenge and

4 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VIil, 1979-94



weathered it despite the hardships it caused and
showed that WRD had a resilience second to none.

Another event, more challenging, albeit not of
national scope, occurred on May 18, 1980, when
Mount St. Helens erupted near Vancouver, Wash., with
profound impacts on the area, particularly Wash-
ington, Oregon, and Idaho. WRD personnel in the area
responded immediately and conducted field studies to
document the hydrologic significance and impact of
the resultant mudflows, ashfalls, floods, and water-
quality changes. The Division came through famously
and again showed its ability to respond effectively to
catastrophic events. On September 2, 1980, the Chief
Hydrologist transmitted a detailed four-page program
of Hydrologic Investigations and Research that WRD
was conducting in FY1980 and would conduct in
FY1981 in the vicinity of Mount St. Helens. Funding
in FY1981 for volcanoes totaled $4.5 million.

I remember (amusedly) representing WRD at a
meeting called by the Director the day after the erup-
tion to obtain proposals from the Divisions on needed
studies in the Mount St. Helens vicinity. The proposal
for WRD exceeded that presented by the Geologic
Division. This caused such concern that the Director
immediately scheduled a second meeting for the
following day so the Divisions could “refine” their
estimates. As I recall, the WRD's proposal was essen-
tially unchanged for the second meeting, but the
Geologic Division's proposal was considerably
“enhanced” to a funding level above that of WRD.

Since shortly after becoming Chief Hydrologist
in the fall of 1979, Phil Cohen had become aware of
the fact that many of WRD's research personnel and
some of its senior staff were deeply concerned about
the Division's National Research Program (NRP) and
its place in the overall program of the Division. Also,
numerous uncertainties and questions existed
regarding how the NRP was being managed and how it
should be managed in the future. Cohen took it upon
himself personally to interview most of the researchers
privately to obtain their views. He also solicited the
views of senior staff, and, on March 3, 1981,
announced to the entire Division his conclusions about
how the NRP would henceforth be managed to “...
enhance the scientific capabilities of the Geological
Survey.” Included in the changes he promulgated
(WRD memorandum 81.46) were:

e Reducing the number of Research Advisors and
" establishing supporting positions of Deputy
Research Advisors.

» Changing the role of Regional Research Hydrolo-
gists to directly supervise research personnel in
their respective Regions, and to report directly to
the Deputy Assistant Chief Hydrologist for
Research (rather than the Regional Hydrologist).
Cohen expected the Regional Research Hydrolo-
gists to work closely with their counterpart
Regional Hydrologists to assure effective linkage
among the NRP and the other Division programs.
Regional Hydrologists were to continue to
provide administrative support to NRP personnel
in their Regions.

e Enhancing the flow of information and transfer of
technology among the Division programs by
developing formal procedures for strengthening
the linkage between Regional Discipline Special-
ists and Regional Research Hydrologists.

* Implementing the use of the Research Grade Evalu-
ation Guide on a Divisionwide basis.

These changes were met with varying degrees of
enthusiasm by members of the staff who were directly
affected; but in my view, the overall result was good
for the Division as a whole and improved the interac-
tion of the “research” element with the rest of the Divi-
sion's programs.

Following his March 3, 1981, directive, Cohen
issued specific instructions on June 4 (WRD memo-
randum 81.82) for strengthening the Research Advisor
System, and on Julyl (WRD memo 81.81) for imple-
menting the Research Grade Evaluation Guide for
Divisionwide review and classification of research
positions. These three actions substantially altered
how the NRP was managed and how its personnel
were evaluated.

Several other events in 1981 were significant:
the national meeting of WRD, which was canceled
earlier in the year due to travel restrictions, was held in
October in Ocean City, Md.; the Cascades Volcano
Observatory was established in Vancouver, Wash.; the
National Water Resources Assessment Program was
started; the Hydrologic Instrumentation Facility (HIF),
opened in 1980 at Bay St. Louis, Miss., became fully
operational; a new format was established for the
Survey's Water-Supply Paper series—an effort that
Cohen personally undertook to enhance that series;
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and the name and scope of the Division's Office of
Radiohydrology was changed to the Office of
Hazardous Waste Hydrology to coordinate research
and investigations related to all types of wastes—
radioactive and toxic chemical. Jack Robertson was
named its Chief, succeeding George DeBuchananne.

During the early years the WRD broke free from
reliance on mainframe computing and established a
decentralized information system by installing more
than 70 large minicomputers at Headquarters and in
each of its Regional, District, and large project and
Subdistrict Offices. These minicomputers were
connected by leased telephone lines and satellites to
form a true “Distributed Information System” that
revolutionized many of the ways we had formerly
conducted our work and that greatly improved our
computational capability. The minicomputers were
accessed initially by more than 1,500 terminals and
microcomputers. This major shift in WRD's program
was accomplished without special congressional
appropriations by utilizing operational program funds.

One evidence of this greatly improved informa-
tion system was the superb exhibit developed,
installed, and manned by WRD personnel at the Loui-
siana World Exposition in New Orleans, whose theme
was “The World of Rivers: Fresh Water as a Source of
Life.” The exhibit, “Measuring U.S. Water Resources,’
included a display of satellite telemetry that allowed
visitors to obtain a real-time computer-graphics
streamflow display of one representative stream in
each State. It was one of the highlights of the exposi-
tion. The number of sites providing real-time water
data by satellite increased from 350 in 1982 to 1,600 in
1986.

Another breakthrough accomplished during this
early period was the consolidation of the two main
water-quality laboratories in Doraville, Ga., and
Denver, Colo., into a single, highly sophisticated and
automated central laboratory in Denver. This labora-
tory was a state-of-the-art facility, and its development
and management was headed by Bob Averett, who was
named a Special Assistant to the Chief Hydrologist for
this purpose.

WRD involvement in international activities
continued throughout the 6-year period. In 1981 Phil
Cohen was named a member of the Bureau of
UNESCQO's International Hydrology Program (IHP).
As such, he worked with other representatives of
member nations on priorities for undertaking work
under the IHP. Beginning in about 1982, Hal Langford

served as the USGS representative (and leader) of the
U.S. delegation to planning meetings of IHP in Paris.
Representatives of the National Weather Service and
the U.S. Army Corps of Engineers served as members
of the U.S. delegation. Langford also served on the
U.S. delegation to World Meteorological Association
(WMA) meetings in Geneva; the U.S. delegation to
WMA was led by the National Weather Service repre-
sentative, Robert Clark. Langford also served as the
USGS member of the U.S. delegation working with its
Canadian counterpart on the International Joint
Commission program for the Souris and Red River
Basins.

One of the most significant international activi-
ties during the early years was the direct involvement
of WRD in the protocol between the United States and
the People’s Republic of China (originally instigated
by President Nixon). WRD's involvement was in the
field of surface-water hydrology, specifically flood
hydrology. Marshall Moss headed the technical work,
which also involved many other members of the WRD
staff, both at Headquarters and in the field. The initial
work under the protocol consisted of visits by Chinese
hydrologists to the United States and to various units
of WRD at Headquarters and in the field. Reciprocal
visits by WRD hydrologists to China resulted in devel-
oping mutual understanding of the water resources and
water problems of the two countries.

The first visit by WRD hydrologists to China
took place in 1981. The team was led by Cohen and
included Marshall Moss, Don Thomas, Bill Emmett,
and Dick Paulson. These exchange visits culminated
in 1985 in a seminar on flood hydrology held in
Nanjing, People’s Republic of China. The U.S. delega-
tion to this week-long seminar consisted of 22 repre-
sentatives of WRD, other Federal agencies, State
agencies, and universities. The U.S. delegation was led
by Langford with principal technical direction by
Marshall Moss. The seminar consisted of 44 technical
papers presented (in English) by 22 representatives of
each country followed by a week-long field trip to the
Yangtze River Basin, including a trip by boat through
the Three Gorge area of the Yangtze River. These early
exchanges broadened later to include other hydrologic
issues, particularly water-quality concerns.

The activities of the OWDC continued to
develop during the early years with the publication and
distribution of about 10,000 copies of the “National
Handbook of Recommended Methods for Water Data
Acquisition.” This 12-chapter looseleaf manual was
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prepared and kept current by technical working groups
staffed by experts of the WRD and other Federal agen-
cies and reviewed by experts in the non-Federal sector.
A companion major effort by OWDC culminated in
the publication by the USGS of a map of the United
States and of each State depicting codified hydrologic-
unit boundaries. These efforts involved many WRD
personnel throughout the Nation as well as personnel
of other Federal and State agencies and technical soci-
eties.

Other significant events and actions during the
early years were:

* Fully implementing the National Stream Quality
Accounting Network, which built on earlier
network-design efforts of the OWDC.

* Developing a mathematical model that successfully
predicted the rapid retreat of Alaska's Columbia
Glacier.

* Linking of the Division's WATSTORE with the
U.S. Environmental Protection Agency's Storage
and Retrieval System (STORET) and monthly
delivery of water-quality data from WATSTORE
to STORET.

» Establishing a Toxic Substances Hydrology
Program in response to the rising national
concern about contamination of the Nation's
ground water and surface water.

» Conducting research field studies to evaluate the
origin, movement, and fate of toxic selenium in
the San Joaquin Valley in California.

* Publishing more than 300 reports describing scien-
tific findings and results of Regional Aquifer-
System Analysis Program investigations.

» Starting an intensive program to collect and inter-
pret data to help formulate national policy deci-
sions regarding the control or abatement of acid
rain. Served as the lead agency in an interagency
program for monitoring atmospheric deposition.

* Reorganizing the WRD Headquarters staff to
address the new functions and responsibilities
assigned, particularly those stemming from the
Water Resources Research Act of 1984 (P.L.
98-242) and to better distribute responsibilities
among senior Division managers. Jack Fischer
was named the new Assistant Chief Hydrologist
for Program Coordination and Technical Support,

and Marshall Moss the new Assistant Chief
Hydrologist for Research and External Coordina-
tion.

e Designing a National Water-Quality Assessment
(NAWQA) Program—a blueprint for the first
ongoing and comprehensive quality appraisal of
the Nation's water resources.

Special note should be taken of the NAQWA
Program. The genesis of the program occurred in
August 1983 when Cohen asked Gordon Bennett to
take the lead. Bennett appointed an ad hoc committee
consisting of Jacob Rubin, Jim Bennett, Bob Hirsch,
Sam Luoma, and Ike Winograd. Their job was to
review the principles of water-quality data acquisition
and utilization, as applied to WRD programs, and to
develop a set of principles to guide the Division in
designing and utilizing large-scale, perennial
programs of water-quality data acquisition. Ground-
water and surface-water quality was to be taken into
account.

The actual genesis of the effort goes back to the
work of Langbein and Hoyt with the publication in
1955 of their book “Water Facts for the Nation's
Future,” the subsequent issuance in 1964 of Bureau of
the Budget Circular No. A—67, the resulting
national-network design activity of the OWDC, and
the development by WRD of the National Stream
Quality Accounting Network, the earlier Hydrologic
Benchmark Network, and the National Trends
Network (for precipitation). These forerunners of
NAWOQA (together with the Regional Aquifer-System
Analysis Program, the River Quality Assessment
Program, and the National Water Summary activities)
were fundamental underpinnings for successful devel-
opment of the NAWQA Program.

The dialogue between Congressman Sidney
Yates and Phil Cohen at the annual budget hearings
before the House Appropriations Subcommittee
(chaired by Yates) provided added incentive for the
Survey to be able to answer Yates' question: “Well, Mr.
Cohen, what is the status of the Nation's water
quality?”

The early years culminated in a national WRD
conference in November 1985 in San Diego, Calif., at
which the new program thrusts and the new organiza-
tional arrangements were thoroughly explored. Plans
were proposed for future development of the Division
and its programs. Plans for the NAWQA Program
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were highlighted. Shortly thereafter, Bob Averett was
announced as the new Associate Chief Hydrologist.

As I reflect on those early years, I realize just
how fortunate I was to have played a part in shaping
the Division and its diverse programs of research and
investigations of the Nation's water resources. The
experience solidified my belief that the men and
women of the Division are persons of high integrity
and superb technical competence. We were fortunate
to have been led during this period by Phil Cohen,
whose intellect, compassion, and vision were instru-
mental in enhancing the capability of the Division to
address the Nation's needs for understanding its water
resources.

REFLECTIONS ON THE LATER YEARS,
1986-94

By John N. “Jack” Fischer

I was the Assistant Chief Hydrologist for
Program Coordination and Technical Support
(PC&TS) from 1986 until 1988. From 1988 through
the end of the history covered in this volume, I was the
Associate Chief Hydrologist. These are my recollec-
tions of the issues on which we worked and of the
events that occurred during those 8 years.

Upon the retirement of the Associate Chief
Hydrologist, Hal Langford, in 1985, the Chief Hydrol-
ogist, Philip Cohen, selected Bob Averett as his
replacement. Averett was a nationally prominent
aquatic biologist working in Denver within the
National Research Program (NRP). He was an innova-
tive thinker and very highly regarded as a scientist and
teacher. His selection as the Associate Division Chief
was a natural extension of Cohen’s efforts to bring the
scientific expertise and intellectual capabilities of the
NRP to bear more directly on the day-to-day activities
of the Division.

As the Associate Chief, Averett was very
successful in that specific regard. He maintained a
close and supportive relationship with scientists and
scientific programs throughout the Division and
provided scientists, particularly those within the NRP,
with a sense that they had a senior advocate within the
bureaucracy. However, Averett had little patience for
the multitude of nonscientific tasks involved in Divi-
sion management. Budgets, personnel issues, bureau

and department politics, and so forth, bored him to
tears. In 1988, he returned happily to NRP.

I moved over from PC&TS to replace Averett as
Associate Chief Hydrologist. Verne Schneider left his
position as Chief, Office of Surface Water, to become
the Assistant Chief Hydrologist for PC&TS. Bill
Boning, the former Chief of the Texas District, became
the Chief of the Office of Surface Water. The Office of
Ground Water was headed by Gene Patten. Dave
Rickert was the Chief of the Office of Water Quality.
Rickert also had overall responsibility for the newly
named National Water Quality Laboratory in Arvada,
Colo. (The water-quality laboratory in Atlanta was
disestablished in 1986 primarily for economic
reasons.)

Al Clebsch retired as Central Regional Hydrolo-
gist in 1985 but continued to serve the Division in a
number of voluntary advisory positions. Jim Blakey,
the District Chief in Colorado, was his replacement.
On the staff at Headquarters, Tom Buchanan continued
as the Assistant Chief Hydrologist for Operations until
1986 when he retired to take a senior management
position with CH2MHill. Bill Mann, then managing
the water-use data program, was selected to take his
place.

Jim Daniel was the Assistant Chief Hydrologist
for Scientific Information Management. John Moore,
Gene Hampton, and Gary Cobb filled the key assistant
roles under him. Daniel and Cobb had the daunting
task of trying to keep the Division in step with the
disconcertingly fast development of new information
systems. Moore and Hampton had the challenging
responsibility for the quality of Division reports and
their timely publication. Working with the Central
Region reports staff, they initiated a “fast-track”
review system available to Districts that demonstrated
a high level of reliability in report preparation and
review. The Montana District, under the leadership of
Joe Moreland, was the first to qualify for this status.

Marshall Moss remained as the Assistant Chief
Hydrologist for Research and External Coordination
with Roger Wolff managing the National Research
Program. Moss maintained his deep interest in
surface-water programs, personally conducting anal-
yses of the network of surface-water stations with an
eye to improving efficiency. These analyses were
particularly important because we always were
constrained financially and in search of efficiencies in
the operation of the surface-water network.
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David Moody, working on Cohen’s personal
staff, had primary responsibility for the annual produc-
tion of the National Water Summary, an annual series
initiated in 1984. He was fortunate to be supported by
Edith Chase and Dick Paulson. Each volume of the
series included both a national overview of water
issues in the past year and a State-by-State analysis of
a specific aspect of the water resource, such as ground
water, surface water, water quality, and so forth.
Unfortunately, we were never able to provide full
funding for the substantial effort required by the
Districts to support the series. This led to a certain lack
of District enthusiasm for the program. Nevertheless,
District writers always came through, and the publica-
tions were uniformly well received by the Congress
and State governments and over time provided a form
of water encyclopedia for each State.

In 1987, the Division created the position of
Assistant Chief Hydrologist for Water Assessment and
Data Coordination with responsibilities for the annual
National Water Summary series and the Office of
Water Data Coordination (OWDC). Moody was the
natural selection for the new position. Nancy Lopez
was the day-to-day manager of OWDC for much of
the period. Lopez worked tirelessly to coordinate a
multitude of Federal agencies collecting water data.
Although we had many successes, most of the Federal
agencies involved were much larger than the USGS
and some never really signed on to being “coordi-
nated.” We had more success in the non-Federal
community.

In 1986, Ivan James stepped down as Chief of
the Branch of Systems Analysis (BSA) to become the
Massachusetts District Chief. Robert Hirsch was
appointed to replace him. We consciously staffed BSA
with men and women with particularly innovative
minds. The Branch served, essentially, as a WRD
think tank. During this time, the Branch made key
inputs to the design of NAWQA, NASQAN, and the
National Water Summary. It also provided leading-
edge science in the development of methods to deter-
mine trends in floods, water quality, load estimation
and other hydrologic parameters. In 1988, when
Hirsch was detailed to serve as the USGS liaison to the
Department, Dennis Helsel became Branch Chief. He
was replaced by Debra Knopman in 1992.

Knopman had come to the USGS only several
vears before as a Johns Hopkins University graduate
student in hydrology. Prior to that time she had been a
staff member for Senator Daniel Moynihan of New

York. With the change of administrations in January
1993, her background and competence led to her being
named Deputy Assistant Secretary of the Interior for
Water and Science. From that position, she had signifi-
cant input into the affairs of the USGS.

In the early 1980’s, most of our District Chiefs
were GS—14’s. For all intents and purposes, this meant
that District scientists who did not aspire to manage-
ment positions could not reach grades above GS—13.
Assuming that they wished to continue to advance in
the organization, this situation forced them either to
petition to enter the NRP or leave the day-to-day prac-
tice of science and enter the management path. Either
way, this was not a healthy situation for District
science.

To remedy this situation, we extended the
opportunity to District scientists to volunteer to be
evaluated under the Research Grade Evaluation Guide
(RGEG). The RGEG, an evaluation system used by the
NRP, evaluates candidates for promotion through a
series of colleague panels that thoroughly review their
publication record. Its application in the Districts
allowed for promotion of outstanding scientists to
GS-15 and beyond. By the end of the Cohen years, the
change had proved successful in every respect. Over
50 top District scientists had opted for the new evalua-
tion system and, by creating a place for senior scien-
tists in the Districts, our field science was markedly
enhanced.

In the early 1980’s, we began to adapt our data-
retrieval systems to take advantage of satellite commu-
nications to produce “real-time data.” Our first system
utilized downloading equipment at the Goddard Space
Flight Center to receive our field data. Later we
installed our own download stations at five District
offices. The South Carolina District under the leader-
ship of Rod Cherry was one of the earliest and most
aggressive users of the new technology. But by the end
of the Cohen years, much of the surface-water network
of all Districts was producing real-time data for our
State partners and a variety of other users.

Also at this time, we made the decision to move
from a centralized data-storage system (on a main-
frame computer in Reston) to a distributed-informa-
tion system (DIS) housed in District offices. The
driving force was to create a less cumbersome, more
accessible, and less expensive system. Joe Rosenshein,
the Kansas District Chief, was one of the strong
promoters of the concept. We initially provided five
Districts with minicomputers as a test. That trial was
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successful, and we installed a second generation of
more sophisticated computers in almost every District
(a few Districts shared a system). The next generation,
installed in the early 1990’s, were workstations. In
bringing the skills of District personnel to bear on the
fast-evolving data-management scene, we tapped a
new source of initiative and imagination that served
the Division well.

Anna Lenox replaced Della Laura as Chief of
the Office of International Hydrology in 1986. The
long-standing USGS program in Saudi Arabia was
winding down about this time. As this was happening,
we were invited by the government of Abu Dhabi, a
member of the United Arab Emirates, to develop a
program to assess their ground-water resources. This
invitation developed into a substantial and successful
program involving many USGS scientists, some living
in-country and some contributing by detail. The USGS
in-country Chief initially was Joel Kimrey. He was
followed by Don Jorgensen and then Joe Moreland.
These men lead a multinational team composed of, in
addition to the USGS scientists, professionals from
throughout the Middle East. The project provided our
men with a challenging assignment in a fascinating
environment. The resulting reports and data base
provided the emirate with a comprehensive under-
standing of their limited ground-water resources.

Women having entered the scientific workforce
in greater numbers, many began to rise to senior posi-
tions in the Division during the Cohen years. In the
early 1990’s, Wanda Meeks was Chief of the large
Orlando Subdistrict and Kathy Peter, Linda Weiss,
Cindy Barton, and Janice Ward were District Chiefs of
Oklahoma, Nebraska, Michigan, and New Jersey,
respectively. Cathy Hill was the Special Assistant to
the Director, Barbara Ryan was the Bureau Liaison to
the Department, and Anna Lenox was Chief of the
Office of International Hydrology. The diversity
served us well.

Throughout the Cohen years, the overall budget
of the Division continued to grow faster than inflation.
Most of that real growth, however, was due to
increases in the State side of the Federal-State Cooper-
ative Program and from growing programs with other
Federal agencies. Increases in the Division appropria-
tion were very hard to come by. The directorate
managed the Bureau with a determined eye to main-
taining budget equity among the three Divisions.
Therefore, despite the fact that water-quantity and
water-quality issues were growing in number and seri-

ousness throughout the country, and the WRD was
uniquely qualified to play a leading role in support of
their resolution, the Division had to fight hard for
every USGS dollar.

Some believe that the USGS missed a watershed
opportunity during these years. In the view of many of
us, the quantity and quality of freshwater was the
major natural resource issue of the time and of the
future. It seemed probable that the Bureau could have
ridden the Division into a central role in the Nation’s
search for solutions to current and future water-
resource issues. However, in the difficult battle for
Federal dollars, doing this would have meant that
programs of the other two Divisions would have had to
take a back seat. We were unable to convince the
Directorship to take such a major step. By choosing
not to lead aggressively with its largest and strongest
programs, we believed that the Bureau missed an
opportunity that would have markedly increased its
value to the Nation.

This is not to say that we did not win our share
of the budget and program battles. Cohen was an inde-
fatigable and tenacious fighter in the Bureau, within
the Department and, when opportunities arose, in the
halls of Congress. Indeed, the belief in the other Divi-
sions at the time was that the Director gave in too
frequently to Cohen’s entreaties.

The bright side was that, even though Federal
dollars for the Federal-State Cooperative program,
adjusted for inflation, remained about level, the States’
financial contribution to the program increased mark-
edly. The positive side of that story was that we had
more resources to work with in the States. The nega-
tive side was that, in many cases, the Federal-State
partnership was no longer a fifty-fifty arrangement,
making it harder for our District Chiefs in program
negotiations with the States.

Each year we were greatly aided in the Federal
budget process by the determined advocacy of outside
organizations, three in particular. The American
Society of Civil Engineers could always be counted on
to explain to the Department and to the Congress the
importance of our surface-water networks and the
basic-data program, in general. They were very effec-
tive friends. The Interstate Conference on Water
Policy also was a loyal advocate, stressing the useful-
ness of data from the Federal-State Cooperative
program in their deliberations. And the Western State
Engineers, heavy users of our basic data, could always
be counted on for support.
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Overall, between the years 1979 and 1994 the
Division budget grew from $174 million to over $400
million. This was a remarkable increase even consid-
ering the effects of inflation. It was a measure of the
growing number of water issues in the country and a
nationwide recognition of the extraordinary ability of
our District staffs to bring energy and relevant exper-
tise to bear on their resolution.

A measure of the increasing importance of water
issues during this time was that our programs with
other Federal agencies also increased. Programs with
the Department of Energy grew tenfold. Principal
among those was our multi-Division scientific study at
the prospective high-level radioactive waste repository
at Yucca Mountain in Nevada. The scientific aspects of
these studies were highly complex, and the studies
themselves were complicated by the highly emotional
social and political issues surrounding radioactive
waste.

The fact that a site such as Yucca Mountain was
even considered as a potential repository was due, in
large part, to a 1981 article in Science by Ike Wino-
grad entitled “Radioactive waste disposal in thick
unsaturated zones.” Winograd’s report was followed in
1983 by Gene Roseboom’s oft-cited USGS Circular
903, explicitly advocating Yucca Mountain as a poten-
tial repository for high-level radioactive waste.

Our part of the Yucca Mountain Program, and
later the entire USGS effort at the site, was very ably
led by William Dudley and later by Larry Hayes.
Having held District Chief positions in Wyoming and
Tennessee, respectively, neither man was a stranger to
pressure. But the politically charged atmosphere of the
Yucca Mountain project was another world. The
USGS owes them a great debt.

Our work with the Department of Defense also
escalated. In 1986, we were invited to give a training
program in ground-water hydrology to senior U.S. Air
Force environmental officials at Brooks Air Force
Base. Jack Fischer, Gordon Bennett, Scott Keys, and
Warren Wood made the presentation; and from that
beginning, the Department of Defense Environmental
Contamination Program took root. The program
expanded to include water-quality work at over 30
military bases across the country and included all
branches of the military and the U.S. Coast Guard as
well. John Powell was the orchestrator of much of this
growth.

Although we maintained a steady eye on water
quantity issues, much of our focus in the second half

of the Cohen years was water quality. The major
Federal water-quality program was the National
Water-Quality Assessment (NAWQA) Program. The
program was conceived during a series of 1983-84
conversations between Cohen, Jake Rubin, and John
Bredehoeft. Coincidentally, in 1984, Sidney Yates, the
chairman of our House Appropriations Subcommittee,
began to probe about just how much we knew about
the Nation’s water quality. Mr. Yates asked a question
along the lines of, “Well, Mr. Cohen, is our water
quality getting better or worse?” It seemed like a fair
question to ask, but although we had begun to explore
how we might put ourselves in a position to answer it,
we were not ready at the time. Nonetheless, with that
instigation, Cohen asked Rubin, Sam Luoma, Bob
Hirsch, Jim Bennett and Ike Winograd to develop the
outlines of a program that might produce answers to
the question.

The creation, selling, and implementation of the
NAWQA Program were the major accomplishments of
the Division in the latter Cohen years. We had to over-
come strong, sometimes fierce, opposition from
entrenched forces at every juncture. First off, there was
significant resistance within the Division itself. WRD
managers of programs outside the water-quality realm
realized correctly that a program of the proposed
magnitude of NAWQA would absorb any potential
budget increases in the Division for years to come. In
fact, that did happen. The budgets of several excellent
Division programs, such as the Regional Aquifer-
System Analysis and the Nuclear Hydrology Program,
fell victim to the directed requirement that the Divi-
sion absorb some of the increases necessary to build
the new program.

Next, the other Divisions were distinctly luke-
warm for the same reasons; that is, if the NAWQA
proposal succeeded, major budget initiatives within
their programs would have to be subjugated. This fact
made the selling of the program within the Bureau a
long and painful task. We had a more receptive audi-
ence for our proposals in the Department and in the
Congress.

Outside the Bureau, the U.S. Environmental
Protection Agency (USEPA) was a determined oppo-
nent of the program. At the time, the USEPA was
trying to launch its own national assessment, one that,
unlike our concept, was based in large part on statis-
tical sampling. They correctly viewed our plan as
being in direct competition with theirs. The USEPA
also appeared to fear that national water-quality
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information gathered by an agency other than their
own would have the potential to develop findings that
could surprise them. In any case, they openly and
aggressively opposed the program.

In the midst of the battle, both the USEPA and
the USGS made multiple presentations of their
proposed program to the National Academy of
Sciences, seeking the invaluable backing of that presti-
gious body. Bob Gilliom, Bill Wilber, Dave Rickert,
Sam Luoma, Stu McKenzie, Marty Gurtz, Gail
Mallard, and Pat Leahy were key members of our
presentation team. They did a marvelous job. Their
work was fundamental to gaining the endorsement of
the Academy, an endorsement that was instrumental in
gaining Department and Congressional backing.
(USEPA’s statistical plan was roundly rejected by the
Academy.)

As NAWQA unfolded, we were fortunate in that
we were successful in seeking out some of our very
best scientists to work on the initial study areas. These
and other major contributors to the success of the
program are identified in another section of this
history. Suffice it to say here that through the imagina-
tion, dedication, and hard work of these people, the
program has made, and continues to make, an enor-
mous contribution to the USGS and to the Nation.

Beginning in the early 1980’s, we were drawn

into an interesting issue involving selenium contami- -

nation of wildfowl at Kesterson Reservoir in the
Central Valley of California. By the late 1980’s, this
was a program of great importance in the Department.
Although not its original purpose, Kesterson Reservoir
had become a sink for agricultural drainage water
when delays were encountered in building the primary
irrigation drain for the valley, the San Luis Drain. As it
turned out, the irrigation return flows picked up
extremely high concentrations of selenium as they
drained through the fields. Fish populations in the
reservoir, including largemouth bass, declined precipi-
tously when the flows began to enter. Then deformities
began to occur in the local bird population. In seeking
resolutions to the problems, the USGS became a prime
source of geologic and hydrologic information for the
Bureau of Reclamation (BOR), the U.S. Fish and
Wildlife Service, and the State of California. We had a
bit of a head start on the issue because an NRP scien-
tist, Ivan Barnes, had done some excellent work on the
presence of selenium in surface soils and shallow
ground water in the valley. Within the department

team, the primary WRD scientist on the scene was
Bob Gilliom. The overall coordinator in California
was Marc Sylvester with Bill Wilber holding the
strings in Reston.

As time went on, the studies of water quality in
BOR reservoirs expanded to include 20 or more of the
Bureau irrigation projects in the West. As the
complexity of the program increased, Dick Engberg
came in from his position as Iowa District Chief to
head it up. He eventually was named overall chief of
the department’s multiagency task force, which he
headed from a position on the staff of the Assistant
Secretary for Water and Science.

The Toxic Substances Hydrology program was
designed, in part, to provide study sites nationwide
within which the fate and transport of different
contaminants could be assessed. Early contaminants
included creosote (near Pensacola, Fla.), crude oil
(near Bemidji, Minn.), and sewage (on Cape Cod,
Mass.). The program was conceived and developed in
its early stages almost solely by one man, Steve
Ragone. He had to overcome significant initial skepti-
cism in the Division, but by the late 1980’s, the
program began to bear fruit. In addition to providing a
significant scientific benefit, the program provided a
wonderful opportunity for collaboration among
District and NRP scientists.

A second element of the program focused on the
fate of agricultural chemicals in the environment.
Study sites were selected throughout the country to
examine specific crops and specific geographic envi-
ronments. This element of the program was conducted
in cooperation with local State and university scien-
tists, providing a valuable opportunity to share exper-
tise and develop local professional partnerships. When
Ragone was named as Assistant Director for Research,
Gail Mallard became manager of the Toxic Substances
program.

Another major water-quality achievement
during this period was Robert Meade’s study of the
Mississippi River. Meade, a senior member of the
NRP, had previously completed highly regarded
studies on the Amazon and Orinoco Rivers in Brazil
and Venezuela, respectively, and on the Powder River
in southeastern Montana. To study the Mississippi, he
formed a broad team of NRP, District, university, and
local scientists and, over the course of several years,
cruised the entire length of the river several times,
collecting a wide array of water samples and other

12 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VIil, 1979-94



supporting data along the way. The study provided
insights into the long-term effects of both point and
nonpoint-source discharges on the quality of river
water, in the process laying the foundation for more
effective management of those discharges. The work is
well documented in USGS Circular 1133.

Acid precipitation occupied a prominent place
in the national environmental debates of the late
1980’s and 1990’s. The USGS played a significant role
in developing precipitation data from a nationwide
network of stations hosted by a variety of Federal and
State organizations. In addition, we supported a
number of research projects directed toward under-
standing the impact of the precipitation on the environ-
ment. The NRP’s Owen Bricker was a central
contributor to this latter effort. The overall program
was managed for the USGS by Jack Pickering. Paul
Kapinos was his senior assistant.

The issue of possible global changes in the envi-
ronment came to the fore during this period. The Divi-
sion established an office to coordinate our efforts in
that area. Harry Lins was the leader of the program.
The NRP’s Chris Milley and Eric Sunquist were two
prominent USGS scientists working to understand
some of the issues surrounding the observable
changes. Milley’s interest was in modeling global
climate, while Sunquist focused on the intricacies of
the carbon cycle. Each of the three became a promi-
nent contributor to the national debates.

As our work in water quality expanded, we
worked hard to improve our sometimes rocky relation-
ships with the USEPA. Moody was given the lead in
this effort, and he did a wonderful job. Together with
USEPA’s Elizabeth Fellows and over the course of
several years, he established a level of trust and confi-
dence between the agencies that we had been unable to
achieve in previous decades. Communications
between the agencies were improved, allowing the
exchange of program plans and, in some cases, joint
program planning. Staff scientists were exchanged to
facilitate program planning and understanding and, on
occasion, USEPA even provided support in our budget
debates. Although the unease that naturally exists
between Federal agencies with responsibility in the
same resource still existed at some level, Moody’s
efforts were enormously successful to the great benefit
of both agencies and the Nation.

In 1990, Stan Sauer commissioned a study to
examine the stability of the smaller Districts. The
study found that smaller Districts were having prob-

lems keeping up with the fast-evolving technology in
water science. In general, they were having trouble
finding resources to purchase new, more complex
instruments and to hire the skilled scientists necessary
to operate them.

To encourage and coordinate support for the
smaller Districts from neighboring Districts, we exper-
imented with the concept of creating “Area Hydrolo-
gists” on the regional staffs, 15 positions in total. Their
role was to identify technical shortfalls in the multiple
Districts for which they were responsible and bring
resources to bear to remedy those shortfalls from
others of their Districts. The concept was expensive,
however, and popular neither in the field nor in the
States, the latter perceiving that their tax dollars might
be used to resolve problems in neighboring States. The
positions were disestablished after just 3 years, with
existing region staff members being tasked to carry out
the coordination role of the former Area Hydrologists.

By the early 1990’s, Federal programs had
markedly increased in number and in importance. The
most prominent of those, NAWQA, was beginning to
produce the first national pictures of water quality
allowing Cohen, for the first time, to be able to reply
knowledgeably to the questions of Mr. Yates. That
said, the Federal-State Cooperative program continued
to be the backbone of everything we did. It was the
rock on which our Districts rested, and the Districts
remained the heart of the Division. NRP continued to
attract and husband wonderful scientists whose
national and international achievements kept the Divi-
sion on the leading edge of our field.

Throughout the 1990’s, the international
program made significant contributions in providing
water-resource advice and assistance to the U.S. State
Department during the Middle East peace talks
between Israel, Jordan, and the Palestinian people.
Over several years, Fischer, Schneider, Jerry Stephens,
Bill Shampine, Jeff Miller, and others worked on a
team coordinated by Lenox. Miller eventually was
assigned to live in the region to provide direct USGS
liaison with the hydrologic programs of each of the
parties.

With the change of administration in January
1993, Director Peck retired and was replaced by
Gordon Eaton. In the early 1980’s, Eaton had been
Associate Chief of the Geologic Division. In the
interim, he had held a number of senior positions in
academia. Eaton entered announcing his view of the
need for sweeping change in the USGS, specifically
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designed to draw the Divisions closer together. As the
Cohen years ended, he was going busily about imple-
menting his particular vision.

Stan Sauer, the Northeastern Regional Hydrolo-
gist, retired in 1993. He was replaced by Bill Carswell,
the Nevada District Chief. In the same year, Bill Alley
was named Chief of the Office of Ground Water upon
Gene Patten’s retirement.

In 1994, senior staff members under Cohen
included Fischer as the Associate Chief with
Conomos, Carswell, Blakey, and Cook leading the
Western, Northeastern, Central, and Southeastern
Regions, respectively. The assistant chiefs were Hirsch
(R&EC), Mann (Operations), Daniel (SIM), Moody
(WA&DC), and Schneider (PC&TS). Wolff was
heading the Office of Hydrologic Research and Leahy
headed NAWQA. The three discipline Office Chiefs
were Alley in ground water, Boning in surface water,
and Rickert in water quality.

The Cohen years resulted in unprecedented
growth in the Division both in the size of the budget
and in numbers of personnel. This was important in
itself, but more important, the growth created a foun-
dation for a growing confidence and strengthened a
feeling of individual self worth throughout the Divi-
sion. We believed in what we were doing and believed
that we were doing it well. For the vast majority of
Division employees, it was fun to come to work.

This sense of well-being across the Division was
due in large part to Cohen himself. That Cohen would
be the driving force behind such buoyancy was some-
what incongruous because he is a shy man. He does
not like large gatherings nor is he particularly comfort-
able meeting one-on-one with persons with whom he
is not familiar. He could be brusque. But his outward
demeanor masked a deep and fundamental concern for
the welfare of every person in the Division, especially
that of those in any kind of personal or professional
difficulty.

Although this core aspect of his personality was
seldom apparent, it somehow permeated the Division
from top to bottom. There was a feeling from Head-
quarters, through the Regions, and into the Districts
that every individual was important. Decision by deci-
sion, small gesture by small gesture, personnel selec-
tion by personnel selection, a sense emerged
throughout the Division that people cared about one
another. A sense of family and mutual support, initi-
ated and encouraged by the former Chief Hydrologist,
Joe Cragwall, was carefully nurtured and enhanced.
The end result was a national team of hard-working
men and women who were proud to be a part of the
USGS and of WRD. It was a very good time.
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CHAPTER Il — THE WRD ORGANIZATION AND PROGRAMS

WRD ORGANIZATIONAL STRUCTURE,
1979-94

By James F. Blakey

Unlike the 1966 to 1979 period of Volume VII
when the major reorganization was completed from
GW, SW, and QW Branches to Water Resources Divi-
sion at District level and District laboratories were
closed and the central Laboratory system was created,
organizational changes were minor during the
1979-94 period. At Headquarters, two Assistant Chief
Hydrologists and a Deputy Assistant Chief Hydrolo-
gist were established: Assistant Chief Hydrologist for
Research and External Coordination, and the Assistant
Chief Hydrologist for Water Assessment and Data
Coordination, and Deputy Assistant Chief Hydrologist
for NAWQA. In the early 1990’s, Area Offices were
established and staffed by Area Hydrologists. These
positions were to be an organizational layer between
the Regional Hydrologist and the District Chief with
each Area Hydrologist having supervision over three
to five District Chiefs. These positions were short-
lived and gone by the mid-1990’s.

Figure 1 shows the Organizational Chart for
WRD for 1980, and figure 2 the Organizational Chart
for 1994.

OFFICE OF THE CHIEF HYDROLOGIST

By James F. Blakey

When Philip Cohen became Chief Hydrologist
in the fall of 1979, Hal Langford was the Associate
Chief Hydrologist and Francis Sessums was Program
Officer. Division Staff Scientists on the Chief Hydrol-
ogist’s staff were as follows:

Hackett, O. Milton

Hastings, Warren W.

Hendricks, Ernest

Schneider, Willliam J.

Taylor, George C., Jr.

Durum, Walton H.
Langbein, Walter B.
Stringfield, Victor T.
Kindsvater, Carl E.
Moody, David W.

All were retirees available for special assign-
ments except for Schneider and Moody. Cohen
selected Linda Meadows as his secretary. She had been

Secretary for the Associate Chief. Bill Schaefer, Assis-
tant Regional Hydrologist of the Northeastern Region,
also served as the Delaware River Master, and this
position reported to the Chief Hydrologist.

In 1979, the Office of International Hydrology
(OIH) reported directly to the Chief Hydrologist.
Scientists in OIH were as follows:

Jones, James R.
Laura, Della
Giusti, Ennio V.
Beall, Robert M.
Bradford, Gary M.

Price, Lynne M.
Tibbitts, Gordon C., Jr.
Moore, Donald O.
Shampine, William J.
Williams, James F. 111

In 1981 David Rickert and Bill Wilber joined
the staff, and Jerry Meyer joined the retirees as a Staff
Scientist. Francis Sessums retired in 1983 and was
replaced by Paul Beauchemin.

Hal Langford retired in 1985 and was replaced
in 1986 by Bob Averett. After less than 2 years as the
Associate Chief, Averett requested to return to
research and returned to the National Research
Program in Denver, and later Boulder. In 1988, Jack
Fischer became the Associate Chief Hydrologist and
served through the end of this period.

Linda Meadows moved “upstairs” to the
Director’s Office, and Gayle Cross became Secretary
to the Chief Hydrologist in 1986. Joanne Taylor
replaced Cross in 1991 and served through the end of
this period.

Phil Cohen retired in December 1994.

OPERATIONS

By William B. Mann

The important issues during this period were to
(1) continue a strong and relevant Federal-State Coop-
erative (Coop) program, (2) continue stressing the
importance of having a strong Federal Data program,
(3) develop and test state-of-the-art hydrologic instru-
mentation, (4) redesign the computerized financial
management and project management systems, and (5)
assist the Division in providing a corps of highly qual-
ified personnel to fill senior vacancies in the Division.
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ORGANIZATION OF THE WATER RESOURCES DIVISION, 1980

Office of International Hydrology
Chief: J. R. Jones

CHIEF HYDROLOGIST: Philip Cohen
Associate Chief Hydrologist: R. H. Langford

Program Officer

F. B. Sessums

|

Assistant Chief Hydrologist

For Operations
T. J. Buchanan

Assistant Chief Hydrologist
For Scientific Publications
and Data Management

Assistant Chief Hydrologist
For Research and Technical
Coordination

Office of Water Data Coordination
Chief: Vacant

1 for Research
Vacant

Deputy Assistant Chief Hydrologist

Branch of Ground Water
Chief: G. Meyer

*National facility administered by
the Region shown

Figure 1. Organizational chart for 1980.

W. W. Dudley, Jr.

*National Water Quality Laboratory
Atlanta, Georgia

*National Water Quality Laboratory
Denver, Colorado

*Gulf Coast Hydroscience Center
Bay St. Louis, Mississippi

*USGS National Training Center
Denver, Colorado

Vacant L. B. Laird
¢ 2 | Branch of Quality of Water
Chief: R. J. Pickering
Administrative Officer
Elwood H. Like A Branch of Surface Water
Chief: H. H. Barnes, Jr.
NORTHEASTERN REGION |_ — — SOUTHEASTERN REGION CENTRAL REGION — —I WESTERN REGION
Regional Hydrologist | Regional Hydrologist Regional Hydrologist | Regional Hydrologist
J. E. Biesecker | R. J. Dingman A. Clebsch, Jr. | W. H. Robinson.
l T I ' 1
|
DISTRICT CHIEFS | DISTRICT CHIEFS DISTRICT CHIEFS : DISTRICT CHIEFS
Connecticut....... D. McCartney I Alabama.. W. J. Powell Arkansas . R.T. Sniegocki | Alaska.. .. H. Hulsing
Hinois..... L. G. Toler I Florida.. . C. S. Conover Colorado. .. J. F. Blakey ' Arizona. .. R. D. MacNish
Indiana.... D. K. Stewart | Georgia.... J. R. George lowa.......cocnreennns D. K. Leifeste | California.......... R. M. Bloyd, Jr.
Maryland.... . F. W. White, Jr. | Kentucky............ P. A. Emery Kansas.............. J. S. Rosenshein I Hawaii B. L. Jones
Michigan.. . T.R. Cummings ' Mississippi.. .. L. E. Carroon Louisiana . A.N. Cameron | Idaho.... .. E. F. Hubbard, Jr
Minnesota.......... D. R. Albin | North Carolina... R. C. Heath Missouri.. D. L. Coffin Nevada. .. F. T. Hidaka
New England..... Vacant Puerto Rico........ C. B. Bentley Montana.. . G. M. Pike I Oregon.... .. S. F. Kapustka
New Jersey........ D. E. Vaupel | South Carolina... R. N. Cherry Nebraska... W. M. Kastner | Washington....... C. R. Collier
New York........... L. A. Martens | Tennessee......... S. P. Sauer New Mexico....... J. F. Daniel |
i .. Vacant | North Dakota..... L. G. Moore |
Pennsylvania..... D. E. Click l Oklahoma.......... J. H. Irwin |
Virginia............. W. E. Forrest | South Dakota.... R. E. Fidler
West Virginia..... D. H. Appel . 1. D. Yost |
Wisconsin......... W. B. Mann Il I . T. Arnow |
| |
[ |
[ |
L i
|
| |
| I




ORGANIZATION OF THE WATER RESOURCES DIVISION, 1994

CHIEF

HYDROLOGIST
Philip Cohen

ASSOCIATE
CHIEF HYDROLOGIST
John N. Fischer

PROGRAM OFFICER

— 1 | | ]
[T ASSISTANT ASSISTANT ASSISTANT ASSISTANT
CHIEFHYDROLOGIST CHIEF HYDROLOGISY CHIEF HYDROLOGIST CHIEF HYDROLOGIST CHIEF HYDROLOGIST
RHCEERATIONS FOREHOGHAK FOR RESEARCH FOR SCIENTIFIC FOR WATER
Wikisro.B: Marinly/ COORDINATION'AND AND EXTERNAL INFORMATION ASSESSMENT AND
TECHNIGAL SUPPORT COORDINATION MANAGEMENT DATA COORDINATION
Yeme Schosider Robert M. Hirsch James F. Daniel David W. Moody
DEPTY ASSISTANT CHIEF
HYDROLOGIST FOR NAWQA
P. Patrick Leahy
L I | I [ '
OFFICE OF OFFICE OF || OFFICE OF OFFICE OF OFFICE OF OFFICE OF OFFICE OF
ATMOSPHERIC GROUND SURFACE WATER EXTERNAL HYDROLOGIC WATER DATA
DEPOSITION WATER WATER QUALITY RESEARCH RESEARCH COORDINATION
ANALYSIS \William Alley | |Charles Boning | |David A. Rickert Roger G. Wolff Nancy Lopez
Ranard J. Pickering
BRANCH OF BRANCH OF BRANCHOF | [ BRANCH OF BRANCHES OF BRANCH OF BRANCH OF
ADMINISTRATIVE NUCLEAR ANALYTICAL QUALITY REGIONAL COMPUTER NATIONAL
MANAGEMENT WASTE SERVICES ASSURANCE RESEARCH TECHNOLOGY WATER
SYSTEMS HYDROLOGY TS T BRANGH OF SUMMARY
BRANCH OF SYSTEMS EASTERN SCIENTIFIC
ADMINISTRATIVE ANALYSIS REGION PUBLICATIONS
SERVICES Mary Jo
BRANCH OF CENTRAL BRANCH OF
BRANGH OF WATER USE WATER
HUMAN RESOURCES REGION INFORMATION
e INFORMATION John B. Weeks
| MANAGEMENT SUPPORT o2 TRANSFER
BRANCH OF YUCCA WESTERN
INSTRUMENTATION MOUNTAIN REGION
PROJECT Frederick H. Nichols
BRANCH OF BRANCH
OPERATIONAL SUPPORT
BRANCH OF
PLANNING SUPPORT
*HYDROLOGIC
INSTRUMENTATION
FACILITY I | l I
OFFICE OF REGIONAL HYDROLOGIST|  |OFFICE OF REGIONAL HYDROLOGIST|  |OFFICE OF REGIONAL HYDROLOGIST|  |OFFICE OF REGIONAL HYDROLOGIST
NORTHEASTERN REGION SOUTHEASTERN REGION CENTRAL REGION WESTERN REGION
William Carswell James L. Cook James F. Blakey T. J. Conomos
AREA OFFICES AREA OFFICES AREA OFFICES AREA OFFICES
MID-ATLANTIC PROGRAMS LOWER MISSISSIPPI MID-WEST PROGRAMS CALIFORNIA-PACIFIC AREA
Herbert J. Freiberger PROGRAMS James E. Kircher PROGRAM:
NEW ENGLAND PROGRAMS Wanda Maths ROCKY MOUNTAIN dohn M. Kok
Ivan C. James FLORIDA-CARIBBEAN PROGRAMS PACIFIC NORTHWEST
PROGRAMS C. Jerry Pascale PROGRAMS
WESTERN GREAT LAKES : ! :
PROGRAMS Irwin H. Kantrowitz NORTH CENTRAL Marvin O. Fretwell
Daniel P. Bauer SOUTHEAST PROGRAMS PROGRAMS GREAT BASIN PROGRAMS
MID-EAST PROGRAMS Michael W. Gaydos William J. Herb Vacant
Donald C. Vaupel SOUTH WEST PROGRAMS [
OHIO VALLEY PROGRAMS DISTRICT OFFICES Charien N Borchelt DISTRICT OFFICES
Vacant ALABAMA ALASKA
Hillary H. Jeficoat DISTRICT OFFICES Philip J. Carpenter
DISTRICT OFFIGES ARKANSAS COLORADO ARIZONA
CONNECTICUT E. Eugene Gann David J. Lystrom Robert D. MacNish
Chester E. Thomas, Jr. CARIBBEAN _ IOWA _CALIFORN!A
LLNOIS Allen L. Zack Nick B. Melcher Michael V. Shulters
Stephen F. Blanchard FLORIDA KANSAS HAWAII
INDIANA John Vecchioli Richard A. Herbert William Meyer
Jo Ann Macy GEORGIA MINNESOTA IDAHO
KENTUCKY Timothy W. Hale George Garklavs Jerry L. Hughes
Alfred L. Knight LOUISIANA MONTANA NEVADA
MAINE Edward H. Martin Joe A. Moreland Jon O. Nowlin
Derrill J. Cowing MISSISSIPPI NEBRASKA OREGON
MARYLAND-DELAWARE-D.C. Gerald L. Ryan Linda S. Weiss Dennis D. Lynch
James G. Peters MISSOURI NEW MEXICO UTAH
MASSACHUSETTS. Marvin G. Sherrill Russell K. Livingston Harvey L. Case
RHODE ISLAND NORTH CAROLINA NORTH DAKOTA WASHINGTON
Michael C. Yurewicz James F. Turner, Jr. William F. Horak Carl R. Goodwin
MICHIGAN SOUTH CAROLINA OKLAHOMA
Cynthia Barton Glenn G. Patterson Kathy D. Peter
NEW HAMPSHIRE-VERMONT] TENNESSEE SOUTH DAKOTA
Brian R. Mrazik Harold C. Mattraw, Jr. Kenneth Lindskov
NEW JERSEY TEXAS
Janice R. Ward Richard O. Hawkinson
NEW YORK WYOMING
L. Grady Moore Barney D. Lewis
OHIO
Steven M. Hindall
PENNSYLVANIA
David E. Click
VIRGINIA
Gary S. Anderson
WEST VIRGINIA
David P. Brown
WISCONSIN

Warren A. Gebert

*National facility administered by the office shown

Figure 2. Organizational chart for 1994.
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The Federal-State Coop program was constantly
the target for program cuts during this period. Through
the diligent efforts of leadership in the Division and
Bureau, the funding increased slightly. Quality of
water programs increased in numbers during the late
1980’s and early 1990’s in response to the beginning
of the National Water-Quality Assessment (NAWQA)
Program, a nationwide program.

The Federal Data program was not as successful
as the Federal-State Coop program in maintaining a
budget that kept pace with inflation, much less experi-
enced any increases. During most of this period, espe-
cially during the later years, it was necessary to
decrease the number of Federal Data program stations
in the data-collection network. Each of the Regional
Hydrologists, at the request of Headquarters, found it
necessary to prioritize the Federal Data program
stations in their Regions. The available funds then
were distributed on the basis of the priorities.

The procurement of new computers for the Divi-
sion in the 198486 period put the Division into a new
technology age. This change in the application of

WRD FUNDING, BY FISCAL YEAR

[FY, fiscal year; OFA, other Federal agencies])

computers to financial and project management
necessitated the redesign of the financial management
system and the project management system. The
redesign was successfully completed, but refinements
are ongoing. The system was completed with major
input from several District Offices. This reduced

the need for additional personnel in Headquarters.
The integrated system, called the Administrative
Information System, included financial management,
project planning and management, and preparation
of financial reports, including retrieval of historical
financial and project information.

Division personnel during this period increased
from about 2,800 to almost 5,000. This placed an
increased workload on the Regional Personnel Offices
and the Division Manpower Office. The two offices
handled the increased workload without hiring addi-
tional personnel.

Individuals that filled the major positions in
Operation are listed:

Federal

FY Federal OFA State matching Total
1979 $61,030,329 $37,620,790 $39,803,844 $38,139,387 $176,594,349
1980 70,440,880 38,797,042 42,285,464 40,069,056 191,592,442
1981 72,528,762 39,806,851 44,822,889 42,033,860 199,192,362
1982 64,978,069 36,836,279 45,586,590 44,142,820 191,543,758
1983 70,520,352 38,365,404 45,504,361 43,373,174 197,763,291
1984 77,033,931 39,708,912 52,106,023 47,760,198 216,609.064
1985 81,247,725 43,543,508 70,153,260 47,935,331 242,879,824
1986 61,464,590 51,510,510 55,515,097 48,132,205 216,622,402
1987 85,207,558 50,663,127 59,963,168 55,142,000 250,975,853
1988 89,320,040 64,189,010 65,949,864 59,614,000 279,072,914
1989 868,332,944 72,623,744 67,081,154 58,865,007 284,902,849
1990 92,385,100 69,191,941 69,958,044 58,893,705 290,428,790
1991 109,352,371 73,650,035 82,342,612 65,707,000 331,052,018
1992 118,175,638 95,666,646 83,644,041 62,813,500 360,299,825
1993 137,575,462 109,995,443 85,986,611 62,995,360 396,554,876
1994 131,304,951 125,487,448 88,949,265 63,488,059 409,229,723
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Full-time permanent WRD employees
[Source: WRD data book; *, not available]

Date i

1979 e

June 1980 2,817
June 1981 2,762
October 1982 2,794
October 1983 2,819
September 1984 3,266
October 1985 3,536
September 1986 3,561
October 1987 3,621
October 1988 3,815
September 1989 3,853
1991 through 1993 *

1994 <5,000

Assistant Chief Hydrologist for Operations

Thomas J. Buchanan, 1979-86
William B. Mann, IV, 1986-94

Deputy Assistant Chief Hydrologist
Bruce K. Gilbert, 1979-94

Administrative Officer

Charles S. Herbert, 1979-80
Elwood H. Like, 1980-82
Henry T. Davis, 1982-88
Molly C. Schoenauer, 1988-90
JoAnn Schnepf, 1990-94

Operations Section’

Alberto Condes de la Torre, 1979-94

Manpower Section %*

Raymond O. Abrams, 1979-824
Jerry C. Stephens, 1982-86

Norman E. Schmidt, Jr., 1986-94

Instrumentation Group*

Richard Paulson, 1979-86
William G. Shope, Jr., 1986-94

Administrative Data Systems Group®

Isabelle Halley des Fontaines, 1985-94

Planning Section®

George E. Williams, 1979-83
Catherine L. Hill, 1993-94

Water Resources Research Institute Group ’

Frank T. Carlson, 1984—

'Renamed Branch of Operational Support, 1988
’Renamed Branch of Manpower, 1988

3Renamed Branch of Human Resources Management,

1993
“Renamed Branch of Instrumentation, 1988

*Renamed Branch of Administrative Management

Systems, 1988
SRenamed Branch of Planning Support, 1988

"Transferred unit to Assistant Chief Hydrologist,

Research and External Coordination, 1986

Office of the Assistant Chief Hydrologist for

Operations, 1994

Mann IV, William B.
Gilbert, Bruce K.

DiLandro, Alice C.

Branch of Instrumentation
Shope, William G., Jr.
Dreyer, S. Ernest, Jr.

Field, Michael L.

Branch of Planning Support
Hill, Catherine L.
Meadows, Linda E.

West, Carlyn V.

General Services Section
Roen, C. Jeanne

Brenner, Toni

Bower, William K.
Cornwell, Amy C.
Financial Operations/Reporting Section
Sabatini, Alice A.

Young, Elizabeth A.

Biggar, Janice M.
McDonald, Connie F.
Cecchetti, Richard W.
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Branch of Water-Use Information

By Wayne Solley

The U.S. Geological Survey began compiling
estimates of water use 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 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 manager of the Water-Use
Program was Frederick Ruggles (1978).

After Ruggles retired, Bill Mann transferred to
Headquarters (1981) to manage the program. Efforts
continued to establish a cooperative water-use
program in every District Office. The goal was to have
water-use information available on an annual basis.
Every 5 years the data were compiled and a summary
water-use report published for the United States. The
Districts and States were encouraged to publish
companion reports for their State. An effort was under-
taken early in the period to design a computerized
water-use data system for use as a site-specific State
data base as well as provide for an aggregated national
data base. The design was completed and the data base
made available for storing State water-use data and
aggregating the data in the national data base. This
helped provide more consistent water-use data at the
State and national levels. Efforts continued to improve
the accuracy of the data by using similar definitions,
sources of data, and data-collection techniques
throughout the Nation. Under the leadership of Solley
and a team of regional Water-Use Program coordina-
tors, the program matured during the mid-1980’s and
1990’s to the point where the USGS is now recognized
as the Federal water-use agency.

Branch of Instrumentation
By William G. Shope

Hydrologic field instrumentation development,
deployment, and support during the years Philip
Cohen was Chief Hydrologist were characterized by
the management reviews, restructuring, and redirec-
tion of the Instrumentation Program; the strengthening
of Field Office representation and influence in deter-
mining Water Resources Division (WRD) field instru-
mentation and equipment priorities; the evaluation and
transition to the use of electronic-based instrumenta-
tion for the collection of hydrologic data; increased
cooperation with Water Survey of Canada; and the
improvement and expansion of real-time data collec-
tion.

Management reviews, reorganization, and
redirection of the Instrumentation Program

¢ The Director’s Office Review of the Hydrologic
Instrumentation Facility (HIF) conducted in fiscal
year 1987 by an interdivisional team led by Grady
Moore resulted in several significant changes
involving management and operations.

* Budget, personnel, and technical oversight for the
HIF were consolidated under the Office of the
Assistant Chief Hydrologist for Operations.

* The focus for instrumentation development was
placed on use of private industry.

* The instrument and equipment testing and evalua-
tion mission of the HIF was expanded and given
the highest priority.

¢ Following an agreement between the Assistant
Chief Hydrologist for Operations, Bill Mann, and
the Chief of the Office of Surface Water (OSW),
Bill Boning, management responsibility for the
Federal Interagency Sediment Project (FISP) was
transferred to OSW in 1993. The FISP was later
moved from the University of Minnesota facilities
at St. Anthony Falls, Minn., to the U.S. Army
Corps of Engineers Waterways Experiment
Station at Vicksburg, Miss.

e The use and support of the new electronic instru-
mentation was closely scrutinized by a 1989-90
Inspector General audit, a fiscal and functional
review of the HIF conducted by an ad hoc
committee chaired by David Click, and a 1991
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survey conducted by a District Chiefs’ work
group.

The strengthening of Field Office representation
and influence in determining WRD field
instrumentation and equipment priorities

» The Chief Hydrologist formed a senior manage-
ment advisory committee for instrumentation
(Instrumentation Management Advisory
Committee).

* The Instrumentation Committee (ICOM) was re
organized and given a new charge to include
satellite data relay. The Data Relay Committees
completed their work and were dissolved.

* The Instrumentation Technical Advisory Subcom-
mittee was formed to provide senior District data
staff the opportunity to provide recommendations
to the ICOM on field instrument and equipment
priorities and needs.

The evaluation and transition to the use of
electronic-based instrumentation for the collection
of hydrologic data

The Branch of Instrumentation and the HIF began
work with industry to identify WRD data-collec-
tion requirements and to encourage commercial
vendors to submit new instruments for testing.

The first Electronic Data Recorders (EDL) with
solid-state computer controls and memories were
developed under contract and were termed Basic
Data Recorders. These new recorders were
deployed as replacements for the Analog-to-
Digital Recorders (ADR) that stored data on
paper tapes.

* The replacement of mercury manometers with new
electronic transducer-based pressure sensors was
initiated.

» Advanced Data Collection Platforms (DCP) were
purchased for recording and transmitting hydro-
logic data in near real time.

* Standards were developed and implemented for
batteries (12-volt) and for control and communi-

cation between electronic data sensors and DCP’s
and EDL’s.

Increased cooperation with Water Survey of
Canada (WSC)

* Periodic management and technical meetings were
initiated to exchange information on programs,
organization, and technical advancements.

¢ Members of WSC were invited to serve on WRD
committees.

 Instrumentation test, evaluation, and performance
data were exchanged by the two agencies.

Improvement and expansion of real-time data
collection

» Computer software was developed by Ernest
Dreyer, Branch of Instrumentation, to convert
data output from EDL’s and DCP’s to standard
format acceptable to the National Water Informa-
tion System (NWIS).

* A contract was awarded for the purchase of Local
(District-based) satellite Ground Receive Stations
(LRGS) for data relay. Fourteen LRGS’s were in
operation by 1994.

e Computer software was developed by Ernest Dreyer
to continuously (under computer control) route
near-real-time data from District LRGS’s to the
NWIS.

* The use of DCP’s at U.S. Geological Survey gaging
stations grew from several hundred in 1979 to
more than 3,000 in 1994.

Responsibility for instrumentation was delegated
to the Assistant Chief Hydrologist and then to the
Branch of Instrumentation.

e The Branch was responsible for:

—Coordination of hydrologic field instrumentation
needs identification, development, evaluation,
testing, repair, and supply;

—HIF oversight;

—Data Relay Project management; and the

—FISP (transferred to OSW in 1993).
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¢ The Instrumentation Coordinator/Branch Chiefs
during the period were:

—Richard Paulson, who served as the Coordinator/
Branch Chief until 1986, and
—William Shope as Acting Branch Chief from
September 1986 through May 1991, when he was
permanently assigned to the position.
* The Facility and Project Chiefs were:

—Russell Wagner, who served as the Chief of the
HIF until 1987, when he was replaced by Vito
Latkovich; and

—John Skinner, who served as the Chief of the FISP.

Scientists and engineers at the HIF were:

Francis Koopman, Sam Rickly, Richard
Billings, Alex Sturrock, Edwin Cordes, James
Ficken, James Rorabaugh, Donald Rapp,
Sam Wilbourn, Gary Loman, James Futrell,
James Jelinski, Edward Ford, Doreen Tai,
Russell Brown, and Alex Sturrock.

Branch of Human Resources

By Norman E. “Skip” Schmidt, Jr.

INTRODUCTION

The Branch of Human Resources Management
Support (BOHRMS), originally named the Manpower
Section and later the Branch of Manpower, was estab-
lished in the 1960’s under the administration of Chief
Hydrologist Luna Leopold. The original focus was on
employee utilization, recruitment, and technical
training; however, soon the Section developed into a
full-service human-resource “think tank” for the Water
Resources Division and liaison for technical manage-
ment throughout the Division to leadership and staff in
the servicing personnel offices of the Bureau. The first
Chief of the Section, Raymond O. Abrams, served the
Division and the Bureau in that capacity into the early
Cohen years.

MISSION

The mission of the Branch included the evalua-
tion of staffing patterns and the need for redistribution
of manpower and the recruitment of personnel, the

analysis of organizational structure and the recommen-
dation of changes to meet mission requirements of the
Division more efficiently, the identification of existing
skills and training needs based on present and future
programs, and the development of specialized training.
Branch staff provided advice to supervisors on
personnel-management responsibilities and regula-
tions and developed and interpreted policy on
recruiting, staffing, position classification, incentive
awards, pay management, disciplinary actions, trou-
bled employee counseling, performance management,
labor/management relations, and equal opportunity.
Staff also managed the Division’s automated
Manpower Career Documentation System and its
Graduate School Training Program and served as focal
point in the Division for issues related to national
security.

ORGANIZATION AND STAFF

The Branch was located organizationally in the
Office of the Assistant Chief Hydrologist for Opera-
tions who reported directly to the Chief Hydrologist.
Staff consisted of the chief, one hydrologist on a 3-
year rotational management-development assignment,
from one to three human-resource management
specialists, a computer professional, and either one or
two clerical/technical assistants. Though there was no
direct organizational link, the Branch maintained and
fostered professional and collegial relationships with
the Staff Hydrologist for Manpower in each of the four
Regions and later with the four Regional Human
Resource Management Specialists, as well as with the
staff of the National Training Center in Denver, Colo.

Section/Branch Management 1978-94:
“The Cohen Years”

Chiefs

1. Raymond O. Abrams (1965)
2. Jerry C. Stephens (1982)
3. Norman E. “Skip” Schmidt, Jr. (1985)

Assistant Chiefs

1. Frank W. Giessner (1979)

2. Norman E. “Skip” Schmidt, Jr. (1980)
3. C. Larry Togans (1985)

4. David C. Voelker (1989)

5. C. Larry Togans (1991
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Summary of Program

The Branch had six major service functions that
constituted its full range of programmatic activities.
These services are described below.

Personnel Service to Headquarters Staff —
Activities similar to those provided by administrative
staff at the District level, including record keeping;
basic classification, staffing, and training support;
orientation for new employees; required reports; and
liaison to servicing personnel office staff. Service was
provided to approximately 200 employees.

Personnel Service to Headquarters Satellite
Offices —Activities similar to those provided by the
Regional human-resource management staffs to
District offices. Headquarters Satellite Offices were
‘Yucca Mountain Projects Branch (about 110
employees); National Water Quality Laboratory (about
170 employees); Branch of Technical Development
and Quality Systems (included the National Training
Center) (about 27 employees); Hydrologic Instrumen-
tation Facility and Office of Surface Water — South
(about 50 employees); and some limited support to the
three Branches of Regional Research (about 320
employees).

Advice and Consultation—Activities included
consultation to District, Regional, and satellite-office
management on potential candidates for vacant posi-
tions, staffing plans, reorganizations, award documen-
tation, and promotion potential of subordinate staff.

Management of Division-Level Programs—
Programs/activities managed included the agenda of
the Human Resources Management Committee
(HRMC); the National Association of Geology
Teachers (NAGT) summer field training program; the
Graduate School Training Program; management/
supervisory/leadership training; executive-level and
complex position classifications; national-security
clearances; and the Manpower Career Documentation
System (later called the Career Documentation Profile,
or “CDP”).

Highest Level Advice and Advocacy—These
activities involved significant subject-matter expertise
and were some of the more important services
provided to the Division’s Senior Staff and field
managers. Activities included studies of organizational
dynamics and the development and modification of
personnel policy.

Guardian of the Division’s Personnel Policies,
Programs, and Actions—Several important aspects

of this service were critical to the success of the Divi-
sion’s human-resource management program: an
“overview” function that afforded institutional
memory to proposed actions, an “analyst” function
that provided predictive contingency planning relating
to the utilization of human resources, and a “legal
conformance” function.

Selected Projects and Activities

The Career Development Plan (CDP), or Career
Documentation Profile as it was later called, was
proposed by the Division's Manpower Committee
(Human Resources Management Committee) in the
late 1970’s as a tool to capture information on unused
or underutilized skills in the organization. Its focus
originally was on female employees since few women
in the Division at that time held positions in the
sciences, professional administrative job series, or
supervision and management. The potential value of
the CDP as a critical tool in the overall management of
the Division's human resources became evident to
senior leadership very quickly, and funds were made
available to expand its content beyond a paper-copy
biographical sketch to a comprehensive automated
profile of employees that included a history of posi-
tions held, an autobiography and bibliography, educa-
tion, awards received, preferred career direction, an
individual development plan, and a supervisory assess-
ment of a standard set of skills unique to the type of
work performed by identified groups of employees.
The automated CDP system was managed and admin-
istered in the Manpower Section initially by Annette T.
Fisher, and later, throughout the Cohen years, by C.
Larry Togans. Togans orchestrated many enhance-
ments to the system over the years, often driven by
changing Federal personnel policy, most notably the
Civil Service Reform Act of 1978.

Individual performance management, linking
pay to the performance of supervisors and managers, a
Senior Executive Service (SES) that replaced the
GS-16, 17, and 18 grade levels, and the recruitment
process were among the issues addressed by Civil
Service reform. It was during this time under the lead-
ership of Jerry Stephens that the Section's organiza-
tional title was changed to the Branch of Manpower.
(The title was changed again several years later to the
Branch of Human Resources Management Support.)
Branch staff members were involved in the design of
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policy and process at the Bureau level, and in the
implementation of these reforms throughout the Divi-
sion. Much of the Bureau-level training on perfor-
mance management and awards and recognition was
developed and presented by Branch staff led by
Schmidt in cooperation with Janis Nash and other
colleagues in the Headquarters personnel office. Over
the years, Awards Program management passed from
Schmidt to Voelker and ultimately to Charleen
Simpson. Responsibility for training in the Awards
Program was shared by Schmidt and Simpson with a
great deal of support in the later years from Connie
Smith, the Human Resources Management Specialist
in the Southeastern Region. The conversion of the
GS-16 and above "supergrade" positions to the SES
fell to Schmidt and Matt Sliwiak, the Division's senior
servicing classifier in the Headquarters personnel
office. Schmidt and Sliwiak provided classification
and position management support to executive leader-
ship on many occasions during the Cohen years as
changing program emphases called for major redesign
of the Division's organizational structure. A similar
classification partnership developed between Sliwiak
and Togans, and later between Sliwiak's replacement,
Ray Gendron, and Barbara Gunderson. The impact of
Civil Service reform on the recruitment process was
significant as well. Branch staff developed the first
"standard" KASOC’s (Knowledge, Abilities, Skills,
and Other Characteristics) and Crediting Plans in the
Bureau, which were used to evaluate candidates for

vacant positions under the revised staffing regulations.

Branch staff members were involved in a
number of other significant classification and position
management activities during this period. Bill Scott, a
hydrologist on rotational assignment to the Branch
from 1982 to 1983, worked closely with Roger Wolff,
Deputy Assistant Chief Hydrologist for Research, to
document revisions to the Division's research peer
panel process as it was expanded to include research
conducted by District personnel. Schmidt developed a
new pay setting and rate increase process for super-
grade scientists (ST) and the new senior leader (SL)
pay category that was adopted by the Department of
the Interior. Togans and Connie Smith designed and
tested a template for automated staffing plan develop-
ment that became a model for future Bureau workforce
planning efforts. Staff spent considerable time
supporting the professionalization of the administra-
tive officer career field in the Division, and rewrote the

Administrative Officer Blue Book that provided guid-
ance on the appropriate grading of administrative
officer positions. Gunderson played a major role in
promoting the Volunteer for Science Program in the
Division, exposing citizens to the work of the Division
and providing management with low-cost or no-cost
science support.

A critical, ongoing function of the Branch was
support to the Division’s Human Resources Manage-
ment Committee (HRMC). HRMC membership
included the Assistant Chief Hydrologists, the
Regional Hydrologists, and later, a representative of
the Technical Discipline Office Chiefs. The Assistant
Chief Hydrologist for Operations chaired the
Committee. The Chief, Branch of Human Resources
Management Support, served as Executive Secretary.
The HRMC provided advice and guidance to the Chief
Hydrologist on all matters related to the management
and career development of Division employees and
developed and recommended policy, guidelines, and
procedures for human-resource management by Divi-
sion line officials. It brought “people” issues to the
attention of senior executives in the Division. These
issues included training needs, recruitment and
staffing strategies, and appropriate recognition such as
promotion potential and awards for Division staff. The
HRMC was a forum to help executive leadership focus
on the development of the talent pool that would
become the next generation of leaders in the Division.
It was also essential to the resolution of management
problems such as the need to move personnel and
work between cost centers when funding crises arose.
Logistics for the six yearly meetings and agenda
setting were the responsibility of the Branch Chief
until the later Cohen years when those functions were
delegated to Gunderson and later to Michelle Fred-
erick, the Division’s senior Human Resources
Management Assistant.

Liaison to the Equal Employment Opportunity
Office was another critical function of the Branch.
During the period, the Branch conducted the Divi-
sion's first barrier analysis and developed its first
Affirmative Employment Plan. Stephens, Scott, and
Schmidt were much involved in the development of
the Bureau's Historically Black Colleges and Universi-
ties Program and the Hispanic Serving Institutions
Program. Giessner, as women's issues liaison,
promoted the development of the Federal Women's
Program in the Division. Branch staff with support
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from the Regional Human Resources Management
Specialists, Lolly Rann (NR), Connie Smith (SR),
Carol Coburn (CR), and Sharon Doung (WR), devel-
oped the first Targeted Recruitment Plans in the
Bureau. Schmidt and Togans worked closely with
Dennis Sulam, Staff Hydrologist in the Northeastern
Region, to redesign and roll out a revised Upward
Mobility Program that provided selected employees
with opportunities for employee development that
would lead to reassignment to other job categories
with greater potential for promotion. During the
Cohen years, the Division was recognized for the
success it had in the development of opportunities for
women and in the increase in the number of women in
the sciences and in supervisory and management posi-
tions.

The Branch remained very much involved in
employee development activities during the Cohen
years including technical training, leadership and
management development, supervisory training,
support to the National Training Center, and develop-
ment of the K-12 Education Initiative. The Graduate
School Program was a major benefit to selected
employees and a critical retention tool that helped the
Division remain an employer of choice in the hydro-
logic sciences. The program, which was managed for
many years by Beverly Pittarelli and later by Barbara
Gunderson, trained many individuals who would
become some of the most visible and respected scien-
tists and science managers in the Division. The K-12
Education Initiative was developed cooperatively with
Richard Herbert and Stephen Vandas, staff hydrolo-
gists in the Central Region, and addressed a major
outreach commitment of the White House at the time.

In Conclusion

From a human-resources management perspec-
tive, at the end of the Cohen years, the Division was
recognized as a leader in the Bureau in innovative and
employee-centered human resource programs. Thanks
to the interest and support of Phil Cohen and his exec-
utive leadership staff, the Division was positioned well
to retain that stature as the torch of leadership was
passed to Chief Hydrologist Bob Hirsch.

RESEARCH AND TECHNICAL
COORDINATION, 1979-85/

PROGRAM COORDINATION AND TECHNICAL
SUPPORT, 1986-94

By John N. “Jack” Fischer

In 1979, the Assistant Chief Hydrologist for
Research and Technical Coordination (R&TC) was
responsible for the National Research Program (NRP),
the discipline offices (ground water, surface water, and
quality of water), the Branch of Systems Analysis, and
the Nuclear Hydrology Program. The Ground Water
Branch managed the Regional Aquifer-System Anal-
ysis program. The National Stream Quality and
Benchmark Networks were overseen by the Branch of
Water Quality. The volcano hazards program was
managed with the Branch of Surface Water. That
program was stimulated greatly by the eruption of
Mount St. Helens in 1980. The R&TC organization
facilitated technical cooperation between researchers
and the discipline offices. Researchers frequently
assisted the discipline offices in reviews of District
program, and it was not uncommon for scientists to
move from NRP into the discipline offices, and vice
versa.

In 1984, this comfortable arrangement was
complicated when Secretary of the Interior James Watt
disestablished the Water Resources Council and trans-
ferred the Water Resources Research Institutes and the
accompanying Water Resource Grant program to the
USGS. Housed within R&TC, the increased program
made the existing organization large and unwieldy.
Therefore, it was decided to create a new organiza-
tional unit titled Research and External Coordination
(R&EC) to house the research programs. We referred
to NRP as the “internal research” program and to the
institutes and the grants as the “external research”
program. Marshall Moss was named the first Assistant
Chief Hydrologist of R&EC. Roger Wolff remained in
charge of the NRP. Frank Carson, who had been asso-
ciated with the institutes and grants programs in the
Department, headed the program in the USGS. When
Wollff retired in 1988, John Schefter was named as his
replacement.

In 1986, the position of Assistant Chief Hydrol-
ogist for Program Coordination and Technical Support
(PC&TS) was established. Its purpose was to manage
the discipline offices and a growing array of national
programs funded wholly by our congressional

CHAPTER Il - THE WRD ORGANIZATION AND PROGRAMS

25



appropriation. We called these programs “Federal
programs.” Gordon Bennett having retired in the
interim, Jack Fischer was named as the first Assistant
Chief Hydrologist for PC&TS. He had been working
for Gene Patten in the Office of Ground Water with
responsibility for developing the ground-water
element of the nascent NAWQA Program. In the same
period, the titles of the discipline offices were changed
from “Branch” to “Office,” in part, at least, to fend off
Bureau and Department raids on our Senior Executive
Service positions.

Senior researchers in the Division were uneasy
about the new organizational arrangement because it
separated the NRP from the Federal programs. Their
disquiet stemmed in part from the concern that, from a
separate organization, researchers would be less able
to provide technical support to those programs. But it
also was based on the fact that, over time, NRP had
come to rely on receiving a substantial and growing
part of its funds from those Federal programs and,
with the two programs housed separately, funds would
be harder to come by.

The funding issue existed because we never
fully succeeded in convincing the Department, OMB,
and the Congress of the importance of hydrologic
research to the successful completion of our mission.
As a result, we always struggled to find adequate
funding for the NRP. Nevertheless, in the early 1980’s
we established an unwritten objective of providing 10
percent of total WRD funding for the NRP.

This objective had unintended consequences
down the road. As the years went by, we were able to
obtain increases in the Federal side of the Federal-
State Cooperative program, and States contributed
substantial amounts of money in addition to their tradi-
tional fifty-fifty match. Funding for our Federal
programs increased and funding from other Federal
Departments such as Energy and Defense also was on
the rise. But we were seldom able to convince the
Congress to provide funds sufficient for our research
program even to keep pace with inflation.

With the overall growth in the Division budget
and with an essentially static research budget, main-
taining the 10-percent objective became a real chal-
lenge. Funds from the Federal-State Cooperative
program were legislatively inaccessible, and other
Federal agencies watched their funds very carefully to
make sure they were used as agreed. Despite our
efforts, those agreements seldom included research
objectives.

As a result, the only funds available to maintain
the 10-percent objective were in the Federal programs.
But with the other areas of the budget growing fast, the
requirement to extract funds from the Federal
programs to maintain the overall 10 percent of Divi-
sion funding for NRP increased rapidly and soon
began to drain those programs of funds to accomplish
the work for which they were legally appropriated. By
1986, over 20 percent of the RASA and over 30
percent of the Nuclear Hydrology Program were being
spent in NRP. Even though the research was relevant
to the programs and excellent in quality, it was not the
use for which the Congress had appropriated the
money. The practice was misleading and dangerous.

By 1986, 30 percent of the funds in the Federal
programs was going to NRP, and the percentage was
growing every year. It was clear that trying to fund
research from the Federal programs was debilitating
the field aspects of those programs and, if continued to
its logical end, would bankrupt them. Ultimately, we
made the decision to relate future transfers of funds
from the Federal programs to NRP to changes in
funding in the Federal program itself. In effect, we
removed the fast-growing budgets of the Federal-State
Cooperative program and of programs funded by other
Federal agencies from the 10-percent calculation.

This decision stabilized funding for the Federal
programs but left funding for NRP in doubt. Fortu-
nately, the National Water-Quality Assessment
Program (NAWQA) came along about that time. From
the outset of that large program, we identified 10
percent of the funds with research objectives. Also, the
Toxic Substances Hydrology Program, conceived and
directed by Steve Ragone and later managed by Gail
Mallard, was emerging as a major Federal program.
That program had a central research component that
allowed us to identify 50 percent of its funds for
research. The growth in these two programs provided
an important shot in the arm for NRP, to some extent
making up for closing the valve a bit on the funding
pipeline from the other Federal programs.

The Branch of Systems Analysis, organization-
ally located within the PC&TS, provided a kind of
think tank for the Division. During this period, the
Branch made important contributions to the design of
NAWQA, to the redesign of NASQAN, and to the
development of analytical techniques for the analysis
of surface-water data. It was headed initially by Nick
Matalas and then by Ivan James, followed by
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Bob Hirsch, Dennis Helsel, Debra Knopman, and Jim
Slack.

Changes and growth in the number of Federal
programs during the 1980’s had a great impact on the
discipline offices and the Division in general. During
that period, the Urban Hydrology, Coal Hydrology,
and Oil Shale programs were diminished and ended.
But NASQAN, Nuclear Hydrology, and RASA
continued strong in the 1990’s, and new programs
such as Acid Precipitation and Global Change seemed
to develop every year. During this period the Nuclear
Hydrology Program was led by George DeBucha-
nanne and later by Jack Robertson, George Dinwiddie,
and Newell Trask. RASA was managed by Ren Jen
Sun, followed by Tom Reilly.

NAWOQA, of course, was our largest Federal
program and required a prodigious effort to design,
build, sell, and manage. That program is discussed at
length in another section of this history, but suffice it
to say that its visibility, importance, and magnitude
had a major impact on the management of the Divi-
sion. To fund the program, we were forced to come up
with a substantial part of funds ourselves. This
requirement led to long debates and painful decisions
to reduce funding in both the RASA and Nuclear
Hydrology programs and to forgo opportunities for
growth in other programs. Moreover, much of our time
and energy was spent in briefings on the program to
internal USGS audiences, to Department officials, to
National Academy of Sciences committee members,
and to congressional staff. Some real heroes emerged
in this process—Bill Wilber from PC&TS and Bob
Gilliom from the California District, just to name two.

Other Federal programs managed from within
PC&TS included the Acid Precipitation program
headed by Jack Pickering and Paul Kapinos; the
Department of Energy-directed studies to assess the
feasibility of siting a nuclear-waste repository at Yucca
Mountain in Nevada; the Department’s Irrigation
Drainage program led for the USGS by Bill Wilber;
Steve Ragone’s and later Gail Mallard’s Toxic
Substances Hydrology program; Global Climate
Change managed by Harry Lins; and the Volcano
Hazards program stimulated by the eruption of Mount
St. Helens in 1980, headed by Ernie Cobb in the Office
of Surface Water. Responsibility for management of
most of these programs fell to the Office of Water
Quality. In addition, that office had the challenging
and time-consuming job of overseeing the operation of

the National Water Quality Laboratory in Arvada,
Colo.

The emergence of these federally funded
programs had a major impact on the management of
PC&TS and the Division. It is not too much an over-
simplification to say that, prior to this time, the Divi-
sion focused on two programs—the Federal-State
Cooperative program and the NRP. Beginning in the
early 1980’s, federally funded programs became a
third and very visible element of our mission. It
complicated the jobs of our District Chiefs who,
always driven to satisfy the needs of their State coop-
erators, now had to manage, sometimes, several other
Federal studies, each with an anxious Headquarters-
based manager—and he or she with a ready telephone.

Even with the imposition of managing the multi-
plying Federal programs, the primary mission of the
discipline offices remained to assure the quality of
Division science. They accomplished this through
technical consultations with District scientists, assisted
greatly by members of NRP, reviews of technical
reports, and through discipline reviews of District
programs.

The focus of the reviews differed historically by
office. The Office of Surface Water dwelt mainly on
maintaining a complete and accurate data base; the
Office of Ground Water focused on the conduct of
field projects; and the Office of Water Quality, the
fastest growing of the three, maintained something of a
balance. We were uncomfortable with the almost
single focus of the surface- and ground-water reviews.
To address the issue, in the early 1990’s, we initiated
joint discipline reviews, partly with an eye to bringing
the philosophies of the two groups closer together. The
idea bore some fruit, although the preference for effec-
tive data management on the one hand and project
management on the other turned out to be rather
endemic to scientists in the respective disciplines.

The Cohen years produced substantial change in
the management of Division programs. The addition
of the institute and grants programs brought us into
closer contact with the university research community
and required a substantial change in the organization
of the Headquarters staff. Then the growth in the
number and size of Federal programs demanded a
large Headquarters role in the management of our field
programs. This change, in turn, required the Regions
and Districts to divert some of their management focus
from the Federal-State Cooperative program to the
new arena. In the end, the Federal programs enriched
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our mix of technical programs, markedly increased our
usefulness to the Nation, and improved the visibility of

the USGS on the national water scene.

Listed below are the names and approximate
tenures of the people who filled major positions with

R&TC, R&EC, and PC&TS from 1979 to 1994.

Assistant Chief Hydrologist—Research and
Technical Coordination

Les Laird, 1978-80
Gordon Bennett, 1981-85

Deputy Assistant Chief Hydrologist—Research

and Technical Coordination

John Bredehoeft, 1979-81
Roger Wolff, 1981-86

Chief, Office of Hydrologic Research
Roger Wolff, 1986-94

Assistant Chief Hydrologist—Research and
External Coordination

Marshall Moss, 198688
Bob Hirsch, 1989-94

Assistant Chief Hydrologist—Program
Coordination and Technical Support

Jack Fischer, 1986-88
Verne Schneider, 1988-94

Chief, Branch (Office) of Ground Water

Gerald Meyer, 1973-80
Gordon Bennett, 1981
Gene Patten, 1982-89
Bill Alley, 1990-94

Chief, Branch (Office) of Surface Water

Harry Barnes, 1979-80

Don Thomas (Acting), 1981
Marshall Moss, 1982-85
Verne Schneider, 198687
Ernie Hubbard (Acting), 1988
Bill Boning, 1989-94

Chief, Branch (Office) of Water Quality

Jack Pickering, 1972-84
David Rickert, 1985-94

Chief, Systems Analysis Group

Ivan James, 1976-84

Bob Hirsch, 1984-87
Dennis Helsel, 1988-90
Deborah Knopman, 1991-92
James Slack, 1993-94

Chief, Office of Radiohydrology

George DeBuchananne, 1971-81
Jack Robertson, 1982-85
George Dinwiddie, 198688
Newell Trask, 1989-94

Chief, Office of National Water Summary and
Long-Range Planning

David Moody, 1986-94

Office of Atmospheric Deposition Analysis

Jack Pickering, 1985-94

Branch of Water Use Information

Bill Mann, 1979-85
Wayne Solley, 1986-94

Chief, National Water-Quality Assessment
Program

Pat Leahy, 1990-94

Branch of Water Institutes Program/Office of
External Research

Frank Carlson, 1986-88
John Schefter, 1989-94

Office of Water Data Coordination

Porter Ward, 1979-85
Ed Imhoff, 1986-87
Nancy Lopez, 1988-94
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OFFICE OF GROUND WATER

By John S. McLean

The principal theme affecting the activities of
the Ground-Water Branch (later, the office of Ground
Water) through the 1980’s and early 1990’s was the
growing public awareness of ground water as an
important and fragile resource. This increased atten-
tion resulted in increases in funding for the USGS for
ground-water studies and the "discovery" of ground
water by many interest groups and government agen-
cies. It also required the Branch to devote more
resources to interagency coordination, multidisci-
plinary studies, and the documentation and support of
ground-water models. During this period the Regional
Aquifer-System Analysis (RASA) program was
started, reached its maximum level of funding and
effort, and was largely completed.

Personnel

In 1979, Gerald Meyer was Chief of a Ground-
Water Branch staffed with experienced, nationally
recognized experts in ground-water hydrology. These
included John Ferris, Leonard Wood, Eugene Patten,
Gordon Bennett, Leonard Konikow, and Charles
Appel. The Branch staff included:

Meyer, Gerald (-82)

Ferris, John G. (-87)

Wood, Leonard A. (-80)
Patten, Eugene P., Jr. (-90)
Bennett, Gordon D. (-82, 1986)
Konikow, Leonard F. (—80)
Appel, Charles A. (-80)
Brown, Charles E. (1980-82)
Sun, Ren Jen (1981-90)
McDonald, Michael G. (1981-84)
Torak, Lynn J. (1981-86)
Davidson, Edward S. (1982-84)
Laney, Robert L. (1981-92)
Reilly, Thomas E. (1982-91)
Ragone, Stephen E. (19857?)
Fischer, John N. (19867?)
Sprinkle, Craig I. (1985-86)
Franke, O. Lehn (1985)
Knopman, Debra S. (1985)
Pollock, David W. (1987-)
Leahy, Phillip P. (1989-91)
Harbaugh, Arlen W. (1990-)

Alley, William M. (1992-)
Hollett, Kenneth J. (1993-)
Brunett, Jillann O. (1993-)

Although a total of 25 hydrologists were
assigned to the Office of Ground Water (OGW) during
this 16-year period, the number on the staff beginning
with 7 in 1979 increased to a maximum of 11 in 1985.
Reductions in the full-time equivalent (FTE) ceiling
caused the number to decrease through the late 1980's
and early 1990's to a minimum of three (with two
additional unfilled vacancies) in 1992, increasing
again to seven in 1995. Only Charles Appel was
present throughout the entire period. Individuals on
rotational assignments filled many positions. These
assignments provided valuable training for the incum-
bents, though they failed to provide the long-term
"institutional memory" needed.

Activities

Much of the activity of this group was focused
on classic ground-water hydrology, with the addition
of intense review and training in the maturing disci-
pline of ground-water modeling.

The emergence of ground-water modeling
during the 1970’s as one of the most "saleable" activi-
ties in the Districts’ programs placed increased
demands on the Branch to provide the necessary
training and oversight. To accomplish this, Michael
McDonald and Lynn Torak were added to the staff in
1981 to supplement the efforts of Patten, Bennett,
Konikow, and Appel.

Programs

The largest and most important program during
this period was the RASA program. Begun in 1978,
this study of the most significant aquifers encom-
passed the source of most of the ground water used in
the Nation. The widespread use of ground-water
models accentuated the existing uncertainties about
the extent and boundaries of aquifer systems. It was
becoming obvious that it was not possible to apply
modern study techniques to extensive aquifer systems,
many of which span several States, within State coop-
erative programs. This deficiency led Gordon Bennett
in 1977 to study the feasibility of a federally funded
program using new modeling and geochemical tech-
niques to study the hydrology the Nation’s aquifers.
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This study led directly to the establishment of the
RASA program to evaluate the hydrology of the
Nation’s most important aquifers, with Gordon
Bennett as the program’s first Chief. The Chiefs of the
RASA program during this period of WRD history
were:

Bennett, Gordon (1977-82)

Sun, Ren Jen (1982-90)

Reilly, Tom (1990-91)

Rosenshein, Joe (acting) (1991-92)
Alley, Bill (1992-93)

Grubb, Hayes (1993-)

The RASA program created more than 1,000
reports and provided a comprehensive analysis of 25
principal aquifers in the United States.

The success of the RASA program called atten-
tion to the deficiencies in our understanding of other
important components of these ground-water systems
and laid the groundwork for more intensive studies of
hydrologic processes in the subsequent Ground Water
Resources Program.

The need to make the results of the RASA
program readily available to a larger, nontechnical
audience gave rise in 1987 to the Ground Water Atlas
of the United States. This document summarized, at a
common scale, the most important information avail-
able for the major aquifers throughout the 50 States,
Puerto Rico, and the U.S. Virgin Islands.

A rising interest in ground water by other agen-
cies during this period caused the OGW to spend more
time in liaison with other Federal and State agencies
who were getting into the game or greatly expanding
their activities. These activities included assisting and
funding (in part) the American Society for Testing and
Materials (ASTM) in developing standards for
drilling, sampling, and testing of wells to assist the
U.S. Environmental Protection Agency (USEPA) in
directing the evaluation of ground-water remediation.
The Office also coordinated with the USEPA in proce-
dures for mapping aquifers and worked closely with
the Bureau of Reclamation in the evaluation of the
High Plains Recharge Demonstration Program.

The USEPA’s wellhead protection program
sparked a burst of activity in the District programs to
apply hydrologic principles when designating well-
head protection areas. The diversity of approaches
(some of doubtful validity) sparked the production of
technical memoranda defining acceptable approaches
to the problem. The application of David Pollock’s

recently developed MODPATH flow-line analysis
program to the problem helped point up the difficulties
inherent in identifying source areas. Studies using
MODPATH, such as those by Dan Morrissey, of
stream/aquifer interaction showed the inadequacy of
oversimplified standard approaches.

Ground-water simulation passed a milestone
with the development of Michael McDonald and Arlen
Harbaugh’s modular ground-water flow model
(MODFLOW). This well-documented, open source
model was to become the national standard for finite-
difference models, against which the results of propri-
etary models were routinely compared, and which
brought national recognition to the USGS as the leader
in this field. It also served as the framework for a
multitude of embellishments, including more efficient
matrix solvers, land-surface subsidence, ground-water
evapotranspiration, and statistical postprocessors. The
modular model was even used to simulate the move-
ment of air through the unsaturated zone. Much of the
activity of the OGW through this period involved
documenting, training, and technical support for this
model and its associated programs. One associated
activity was to develop standards for the documenta-
tion and archiving of models, their data sets, and the
data used in calibrating the model. The application of
Geographic Information System (GIS) data bases to
the problems of ground-water modeling resulted in
enormous bookkeeping problems and the need for
standard methods of archiving not only the model data
sets, but all the supporting (often much larger) data
sets.

Additional models were rapidly being devel-
oped to simulate water movement in the unsaturated
zone and solute transport with and without chemical
reactions, and these also had to be evaluated and
supported by the OGW.

The increasing emphasis on detailed studies of
contaminated sites, or their analogs, led to frequent
use of borehole geophysics to obtain the necessary
level of detail; this, in turn, led in 1993 to F. Peter
Haeni being named as the Borehole Geophysics
Advisor for the OGW.

The traditional field of aquifer-test analysis saw
little change during this period; nevertheless, notable
studies included the application of pressure-testing
techniques to fine-grained materials and widespread
use of slug-test methods at contaminated sites. Inap-
propriate application of aquifer-test methods resulted
in the OGW releasing a memorandum that defined
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procedures for aquifer-test review and approval by the
Regions. Widespread confusion in the naming of aqui-
fers and aquifer systems became obvious during the
attempts to describe regional flow systems in the
RASA program. This led to the development of a
report outlining standards for the naming of aquifers.
The development of standards for general-purpose
geologic maps likewise fell to the Office of Ground
Water.

The addition to the Division of new employees
with more diverse specialties brought about a need for
more training in ground-water fundamentals and led to
the development of a series of publications based on
the introductory ground-water training courses given
at the National Training Center in Lakewood, Colo.

Branch of Nuclear Waste Hydrology

By Newell Trask

The period from the end of World War II to the
1970’s saw a steady growth in U.S. Geological Survey
(USGS) programs connected with the testing of
nuclear weapons and the disposal of the several types
of hazardous waste generated in their production.
From about the mid-1970’s onward, there was a
growing realization of the importance of finding a
safe, permanent disposal method for the radioactive
waste generated in both the weapons program and the
commercial nuclear power industry.

By 1970, a multidiscipline program including
research in the Water Resources and Geologic Divi-
sions and totaling some 10 million dollars was
ongoing. Site-specific field work and laboratory
studies of a general nature were included. George
DeBuchananne headed up the Office of Radio-
hydrology in WRD Headquarters to oversee much of
this work. A key component of the hydrologic work
was studies of existing low-level waste-disposal sites
to determine criteria for the location of new sites that
would be needed as more commercial reactors came
online. The low-level waste work was coordinated by
Jack Robertson.

The year 1979 also saw the publication of USGS
Circular 779, “Geologic disposal of high-level radio-
active wastes—Earth science perspectives,” by John
Bredehoeft, Tony England, David Stewart, Newell
Trask, and Isaac Winograd. This Circular discussed
important gaps in knowledge and needed research
efforts at the national level in order to come to grips

with radioactive waste disposal. The Circular was
widely cited as the Nation sought to implement an
integrated and scientifically defensible policy for
nuclear waste.

Work at the Nevada Test Site involving the
Geologic and Water Resources Divisions expanded in
the late 1970’s and early 1980’s. In 1982, a letter from
the USGS to the U.S. Department of Energy (DOE)
proposed that a site at Yucca Mountain on the south-
west side of the test site, which had been considered as
a place to site a repository below the water table,
instead be evaluated for a repository in the thick,
unsaturated zone present there. The DOE quickly
adopted this strategy.

Also in 1982, the Office of Radiohydrology
expanded to become the Office of Hazardous Waste
Hydrology. Jack Robertson succeeded to the post of
Chief of the Office; Jack Fischer managed the Low-
Level Waste Program; and Steve Ragone coordinated
research on toxic wastes. The toxic waste program was
split off in 1985 and subsequently grew rapidly to
become a major effort on the science of toxic waste
disposal. The remaining programs in the Office of
Radiohydrology were placed in the Branch of Nuclear
Waste Hydrology in 1986 with George Dinwiddie as
Chief and Pete Stevens as Coordinator of low-level
waste research.

In 1987, Congress mandated that the Yucca
Mountain site would be the only site studied for
disposal of high-level nuclear wastes in the United
States. This decision resulted in a rapid rise in funding
for the work on the site. Larry Hayes became Chief of
the Branch of Yucca Mountain Studies, which was
established in Denver at that time. Bill Dudley was the
Chief Scientist on the program and provided interdis-
ciplinary overviews that integrated the many earth
science studies that were undertaken. The extensive
and separately funded work at Yucca Mountain
continued to expand into the 1990’s.

Newell Trask became Chief of the Branch of
Nuclear Waste Hydrology in 1989; emphasis was
placed primarily on field studies and laboratory work
connected with the disposal of low-level waste, both at
commercial sites and as part of the growing efforts to
clean up the legacy of nuclear weapons production at
DOE sites. The USGS work on the unsaturated zone
and its capacity for isolating waste continued at a
healthy pace and was key to evaluating a potential
low-level site in California.
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Department of Defense Environmental
Conservation Program

By John D. Powell

The USGS-Department of Defense Environ-
mental Conservation (DODEC) Program carries out
scientific and technical studies related to environ-
mental contamination issues of concern to Department
of Defense (DOD) agencies. The purpose of the
program is to provide scientific and technical data and
interpretations needed to characterize hazardous waste
sites, provide data to support evaluation of plausible
remedial alternatives, and search for new technologies
to improve cost effectiveness of DOD efforts. These
activities support the DOD Restoration Program,
designed to address issues of contamination resulting
from activities of the past, and the Environmental
Compliance Program, designed to address issues of
contamination resulting from current operations.

The DODEC Program has included activities at
more than 100 military installations in all 50 States,
Puerto Rico, and two foreign countries. Facilities
involved include those of the Air Force, Army, Navy,
Marine Corps, Air National Guard, Army National
Guard, and Defense Logistics Agency. Major issues of
concern have been the characterization of local
geologic frameworks through which ground water
moves, the fate and transport of chlorinated hydro-
carbon solvents (trichloroethene, dichloroethene, vinyl
chloride) in water and soils, the fate and transport of
constituents of fuels (benzene, toluene, xylenes) in
water and soils, the fate and transport of trace metals
(lead) in water and soils, and the documentation of
toxicity to local biota of contaminants present in water
and soils.

USGS researchers have been leaders in the
development of innovative media-sampling techniques
to lower costs of environmental projects and in the
development of innovative geophysical techniques to
refine documentation of local geologic frameworks.
The USGS has also been in the forefront of identifying
and documenting the processes affecting natural atten-
uation and phytoremediation of contaminants in
ground water and soil.

A need for coordination among the DOD
projects was recognized early on among the Project
Chiefs. As a result of this identified need, the first
DODEC meeting was convened by John Powell in
Richmond, Va., in 1987. Attendees were from Hawaii,

Arkansas, Colorado, Oklahoma, and Virginia. Subse-
quent meetings were held at 3-month intervals in
Denver, Colo., and Little Rock, Ark. All projects
involved in these meetings were with the Air Force
through its contracting agency in San Antonio, Tex.

The successes of these projects demonstrated
that the USGS could perform in a timely and compe-
tent manner. Many new projects followed throughout
the country. The number of projects quickly increased
from a few to more than 120. The need for continued
coordination grew, and annual formal meetings
replaced the informal smaller meetings. In 1989, the
first national DODEC meeting was held in New
Orleans, La. For the first time Regional Hydrologists
participated: Jim Blakey from the Central Region and
Jim Cook from Southeastern Region. Two years later
annual meetings commenced, first being held in
Reston, Va., in 1991, the next three in Las Vegas, Nev.,
in 1992, 1993, and 1994, and the fourth in Albu-
querque, N. Mex., in 1995.

The DODEC Hydrology Program was formally
instituted in 1989 when Joe Rosenshein was given the
responsibility of coordinating the program. Until that
time the USGS District Offices were operating sepa-
rately and issues of consistency among cost calcula-
tions and manpower allocations were arising with the
DOD partners. Before Rosenshein’s appointment the
major projects were coordinating among themselves
without help from Headquarters. In 1992, Joe Rosen-
shein tapped John Powell to coordinate the program,
and in 1993 John Powell transferred to Reston. At
about that time the program changed its name from
“Contamination” to “Conservation” at the request of
an Air Force partner who advised that the former term
conjured up too negative an image for the DOD.

The focus of projects early on was on areas of
contamination and meeting the requirements of the
DOD’s RI/FS (Remedial Investigation/ Feasibility
Study) program designed to mimic the USEPA’s
Superfund Program. Through the years the focus has
evolved to one of scientific study, including research,
in support of the DOD’s cleanup efforts by private
contractors. The other divisions/disciplines partici-
pated in larger and larger parts throughout the evolu-
tion of the DODEC Hydrology Program to the extent
that the program is now the DODEC Program, with no
particular emphasis toward exclusively hydrologic
work.
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OFFICE OF SURFACE WATER

By Charles W. Boning and Ernest F. Hubbard

Overview

The Surface Water Branch (SWB) was renamed
the Office of Surface Water (OSW) in 1986. Functions
of the SWB as stated in the 1979 WRD Directory and
of the OSW as stated in the 1993 WRD Directory were
essentially the same and essentially were unchanged
from functions identified in Volume VII of the WRD
History. Functions as stated in 1993 are these:

Provides Division-wide leadership in the devel-
opment of techniques for the collection, analysis, and
interpretation of surface-water data. Provides policy-
level advice to the Chief Hydrologist and technical
advice to the Regional Hydrologist and District super-
visors on matters pertaining to the quantity of the
Nation's water resources. Maintains a system of
quality control to assure the technical excellence of
field programs and personnel with respect to surface
water. Responsible for technology transfer from the
research program to the Division's surface-water data
and investigation activities throughout the Nation.
Farticipates in the establishment of priorities for
surface-water research.

During 1979 to 1994, the Branch of Office was
under the leadership of:

Harry Barnes, Jr. 1979-80
Marshall E. Moss 1982-85
Verne R. Schneider 1986-88
Charles W. Boning 1989-94

All these Chiefs had engineering backgrounds
and were career employees of the Division. Moss rose
to Chief from the District ranks through the Research
and Systems Analysis programs; Schneider's early
vears were principally in the Research Program.
Barnes and Boning began their careers in District
Offices in data-collection and analysis programs and
rose through the ranks of District management to
SWB and OSW Chief. During periods of vacancy of
the SWB or OSW Chief position, management was
capably handled by Jacob Davidian, Donald M.
Thomas, Stanley Sauer, and Ernest Hubbard.

During these years, the Lead Secretary position
was capably filled by Ruth R. “Eileen” Smith,
Deborah M. McLean, and Jane Rose.

Personnel

Personnel assigned to the SWB or OSW during
1979 to 1994, including the individuals identified
above, those in all subordinate offices, and temporary
employees, were:

Harry H. Barnes, Jr. (1979-80), Henry C. Riggs
(1979-93), Donald M. Thomas (1979-82), David J.
Lystrom (1979-81), Ernest D. Cobb (1979-94), Philip
H. Carrigan, Jr. (1979-80, Edward J. Kennedy
(1979-82), Alvin F. Pendleton, Jr. (1979-82), Jacob
Davidian (1979-84), Wilbert O. Thomas, Jr.
(1979-94), Arthur G. Scott (1979-85), George W.
Edelen, Jr. (1979-94), William M. Alley (1979-80),
Joan A. Hofmann (1979), Ruth R. Smith (1979-85),
Toni L. Clark (1979), Betty J. Labin (1979), Marshall
E. Moss (1982-85), Sharon K. Baloch (1980-82),
Deborah M. McLean (1980-88), Stanley P. Sauer
(1980-82), Alan M. Lumb (1981-94), William H.
Kirby (1981-94), Sharon Ricketts (1983-84), Arthur
L. Putnam (1984-86, 1991), Verne R. Schneider
(1984-88), James O. Shearman (1984-92), Patricia
Sweeny (1984-86), Mark Fischer (1984), James F.
MacDonald, Jr. (1984), Frederick A. Kilpatrick
(1985-93), G. Douglas Glysson (1984—89), Kathleen
M. Flynn (1984-94), Nancy W. Owens (1985-89,
1993-94), Harvey E. Jobson (1987-94), Lewis L.
DeLong (1987-94), Janice M. Fulford (1987-94),
Kirk G. Thibodeaux (1990-94), Billie B. Williams
(1987-92), Ernest F. Hubbard (1987-94), Marshall E.
Jennings (1984-89), W. Harry Doyle (1984), Shyam
N. Parsad (1984), Joy A. Lorens (1984-85), Richard
D. Ekey (1984), Victor Parish (1984), Colleen L.
Baker (1985-86), Walter T. Griffin (1986-87), Dale
M. Johnson (1987-88), Carolyn Tuttle (1987-92),
Robert A. Baker (1988), William H. Kaehrle
(1988-94), Barbara J. Wheat (1987), Thomas D.
Ketchum (1987-90), Darrell E. Earwood (1987), C.
Russell Wagner (1987-94), David C. Froelich
(1987-89), Jane Rose (1989-94), David F. Beaudry
(1989-90), David Thompson (1989-92), Barry
Wicktom (1980-90), Mary Carpenter (1990-94),
Charles W. Boning (1989-94), Mark N. Landers
(1990-94), Annette Ledford (1991-94), Merritt
Blalock (1992-93), Robert S. Regan (1992-94),
Michelle Y. Goze (1992-94), Shara Krieger
(1993-94), Gary T. Ulrich (1993), William R. Gilley
(1993), Victoria D. Israel (1993), C. Wayne O’Neal
(1994), Broderick E. Davis (1994), Bernadette L.
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Ward (1994), Tamara Togans (1993), and James C.
Schornick, Jr. (1993-94).

Surface Water Branch/Office of Surface Water
Organization

In 1979 the SWB organizationally consisted of a
single office. Beginning in 1984, however, the SWB
was assigned oversight of the Deterministic Models of
Surface Water Systems project located at the Gulf
Coast Hydroscience Center (GCHC) in Mississippi.
This project terminated in 1988 but was reestablished
as a Deterministic Models Unit in 1992. In 1987, the
Hydraulics Laboratory Facilities Program was
assigned to OSW, in 1988 a Surface Water Technical
Standards program was established, and in 1989 a
Modeling Flow and Transport project was added.
These four programs were still in place at GCHC in
1994.

In 1992, USGS activities in the Federal Inter-
agency Sedimentation Project (FISP) were placed
under the direction of the OSW. Accordingly, the St.
Anthony Falls, Minn., Hydraulic Laboratory, which
operated this project, was assigned to OSW. With
termination of support by the Minnesota Corps of
Engineers, the project was relocated to the U.S. Army
Waterways Experiment Station at Vicksburg, Miss.

Recognizing the need for maintenance and advi-
sory support of the numerous surface-water-related
modeling and analytical software programs in use in
the WRD, the OSW established a Hydrologic Analysis
Support Section in 1991. This Section was still in
place in 1994.

Projects and Program Oversight

During 1979 to 1994, the SWB or OSW had
primary leadership or Division oversight of numerous
projects and programs related to technical studies in
Division offices, training, model development, tech-
nical standardization, and equipment development.

Technical Program Reviews

The SWB/OSW has conducted technical
reviews of surface-water programs in District offices
since the 1960’s. The objective of these reviews is to
ensure that appropriate technical procedures are being
followed in the collection and analysis of surface-

water data and in the surface-water components of
investigative programs. Sediment data have been
included in the surface-water reviews since 1985. Each
District is subjected to a surface-water technical
review every 3 years. Some multidiscipline reviews in
the late 1980’s and early 1990’s were conducted
jointly by two or all three of the discipline offices.
Typically, the review teams were composed of three or
more members, with staff of OSW or a Regional
Surface Water Specialist outside the subject District’s
Region serving as leader of the surface-water review
team. Other members of the team were District
experts, including those from the technician ranks, and
the Regional Surface Water Specialist for the District
being reviewed. Results of the reviews were docu-
mented and reports provided to the Districts.

Review of Technical Reports

The SWB/OSW reviewed each technical report
sent to Headquarters for Director’s approval for publi-
cation that contained significant interpretation of
surface-water physical data. Most of the technical staff
took part in these reviews, which could be from 10 to
15 papers a year each. Often the reviewer was able to
identify and correct technical errors or otherwise
improve a report with only a telephone call to the
author. Reviewers with the reputation for making
substantial contributions to reports are too numerous
to mention but included Henry C. Riggs, Donald M.
Thomas, Ernest D. Cobb, Wilbert O. Thomas, William
H. Kirby, James O. Shearman, and Harvey E. Jobson.

Training

Training to assist in development of surface-
water-related expertise in the Division continued to be
a significant responsibility in SWB/OSW during
1979-94. Personnel of the office coordinated an
average of about 10 classes per year. They held most
classes at the National Training Center in Lakewood,
Colo., although a significant number of classes were
conducted at District Offices in response to specific
need. Most classes targeted Division hydrologists,
although a Senior Technician training class was estab-
lished by OSW in 1992. Courses offered on an annual
basis during much of the 1979-94 period included
Field and Records Techniques, Surface-Water Princi-
ples, Surface-Water Hydraulics — Basic and Advanced,
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Surface-Water Statistical Analysis, Surface-Water
Hydrologic Analysis, Watershed Modeling, Flow and
Transport Modeling, Sediment Data Collection Tech-
niques, and Sediment Records Analysis.

Technical Standards

The OSW participated in development of
national standards for hydrologic data collection. C.
Russell Wagner was active in the American Society for
Testing Materials (ASTM). He was instrumental in
developing a number of ASTM-published standards.

The SWB/OSW also developed standards for
data collection, processing, and interpretation for
internal use within WRD. Many standards were
published in Techniques of Water-Resources Investi-
gations Reports (TWRI) or other manuals. Others
were issued in numbered Technical Memorandums.
The popularity of the TWRI series suggested that
many outside the agency either used or considered
USGS standards in their hydrologic work.

Flood-Frequency and Low-Flow Studies

SWB/OSW continued to play a major role in
coordinating flood-frequency and low-flow studies
and promoting the application of uniform techniques
within WRD. SWB/OSW provided the leadership in
developing and documenting improved methods for
regional regression analysis of flood- and low-flow
characteristics at ungaged watersheds.

Coordination of Floods

Coordination of major floods has long been a
responsibility of SWB/OSW, although direct involve-
ment in field activity has been minimal. During
1979-94, the main activity was allocation of funds to
Districts for study and documentation of floods. OSW
involvement, however, in the Mississippi River floods
of 1993 included coordination and oversight of flow
measurements, channel scour evaluations, and docu-
mentation of the effects of these floods.

Urban Stormwater Runoff and Management
Studies

Urban studies have been conducted by the WRD
since the early 1970’s, with substantial coordination
and technical assistance provided by the SWB/OSW.

Beginning in 1978, the SWB provided coordination
for the National Urban Studies Programs conducted by
District Offices in cooperation with State and local
agencies and WRD activities in the National Urban
Runoff Program (NURP) sponsored by the U.S. Envi-
ronmental Protection Agency (USEPA). Initial
program coordinator was David Lystrom, in 1978. The
objectives of these programs were to collect and
analyze stormwater-runoff data to provide needed
information for city planning, zoning, and design of
stormwater-runoff areas. Information collected
included data on rainfall, discharge, chemical quality
of runoff and atmospheric fallout, basin and storm
characteristics, and environmental management tech-
niques.

By the late 1980’s, the USGS had collected data
at 98 urban stations in 21 metropolitan areas of the
United States. A report by Nancy Driver and David
Lystrom published in 1987 provided summary results
of these studies. Regional-regression models were
developed relating stormwater-runoff and volumes to
basin and climatic characteristics. In these analyses,
the United States was divided into three regions repre-
senting areas with specific ranges of mean annual rain-
fall. Nine regression models with relevant statistics for
chemical oxygen demand and total nitrogen storm-
water-runoff loads and stormwater-runoff volumes for
each of the three regions were developed.

Cascades Volcanoes Observatory (CVO)

CVO, located in Vancouver, Wash., was placed
under the general coordination of OSW in the early
1980’s. Principal coordination was provided by Ernest
D. Cobb. The OSW'’s responsibility for CVO included
allocating funding and providing quality assurance of
the studies under progress at CVO. The OSW also had
technical oversight for the volcanic studies conducted
by Western Region Research at Long Valley in Cali-
fornia. Annual reviews were performed at CVO as
well as at Long Valley.

Sediment Action Committee (SAC)

The Sediment Action Committee was estab-
lished by OSW in 1989 with the following charge:
Serve as a consulting group to WRD on sediment
issues, review WRD's sedimentation activities and
make recommendations to the Chief of OSW, and
serve as a focal point for ad hoc groups to work on
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special problems and to implement needed actions in
WRD. SAC membership included one member from
OSW, as well as various District, Research, and Labo-
ratory personnel with expertise in sediment transport,
one of which served as committee chairman. The SAC
met approximately three times each year until 1992
when frequency was reduced following completion of
many of the original specific objectives.

Accomplishments of the SAC: (1) Established
WRD policy and publication of guidelines on bedload
sampling and data publication, (2) established policy
on certification of sediment laboratories in WRD, (3)
specified a standard filter for sediment data collection,
(4) created a set of reference samples for quality
assuring the sediment laboratories, (5) recommended
national guidelines for the analysis of sediment data,
(6) recommended policy on sample splitters, (7) estab-
lished policy and provided guidance on bias correction
factors for computed sediment loads, (8) tested and
approved the use of the Sedigraph, an automated sedi-
ment-size analysis tool, (9) specified allowable transit
rates for sediment samplers, (10) guided the develop-
ment of software for processing sediment-data
records, (11) published a WRD Bulletin containing
only articles on sediment, (12) guided conversion of
sediment laboratory software, and (13) developed and
coordinated several training courses on sediment-data
collection and analysis.

Instrumentation Committee (ICOM)

The ICOM was formed in 1980 to give guidance
and provide oversight to the Hydrologic Instrumenta-
tion Facility. In 1992, the ICOM was asked to expand
its role to oversight of all WRD field instrumentation,
equipment development, and support. The committee
began this task by preparing a comprehensive instru-
mentation plan for the Division.

Membership on the ICOM included a District
Chief from each Region and representatives from each
Discipline Office. The SWB/OSW representative for
most of this period was Ernest D. Cobb. After Cobb’s
retirement in early 1994, Ernest F. Hubbard became
the OSW representative on ICOM.

Hydraulic and Hydrologic Modeling

By 1979, hydraulic and hydrologic modeling
was well established in the WRD. The SWB/OSW
was involved in development and Division support of a

variety of such models throughout 1979-94. From
1979 to 1984 this involvement was primarily in such
areas as flood-routing programs, floodway analyses,
and stormwater-runoff models. In 1984, with transfer
of a number of scientists from the Research Program
to SWB, modeling responsibilities became more
formalized in the office. The Deterministic Modeling
activities and Modeling Flow and Transport project at
GCHC, included models of constituent transport and
dispersion as well as additional watershed, runoff, and
routing models. Individuals who transferred from
GCHC to the OSW Headquarters office in the 1980’s
and continued work in model development and in the
provision of support to District projects included
Harvey Jobson, Lewis DeLong, James O. Shearman,
and David C. Froelich. Those who continued with
modeling efforts at GCHC or who transferred back to
GCHC included David Thompson, Janice Fulford, and
Lewis DeLong.

Hydrologic Analysis Support Section (HASS)

The HASS began as an internal working group
in 1990 and was established as an individual Section
of OSW in 1991. The original objectives of HASS
were to document and maintain analytical software
and to provide support to Division scientists in the use
and application of surface-water-related hydrologic
models on computers. These objectives were expanded
to include a variety of surface-water, ground-water,
geochemical, and water-quality applications widely
used by Division scientists. In July 1992, the HASS
distributed a tape to the Districts containing 14
surface-water applications and 2 ground-water appli-
cations for use on agency computers. In June of 1994 a
second tape was distributed; this tape included the
original 16 applications and an additional 24 surface-
water, ground-water, geochemical, and water-quality
applications. Principal activities in the HASS were
carried out by Alan Lumb, Chief of the Unit, and
Kathleen Flynn, Nancy Owens (1993-94), Merritt
Blalock (1991-92), R. Steven Regan (1992-94), and
Michele (Goze) Crouse (1992-94). Tamara Togans
(1993) and Jim Schornick (1993-94) also worked in
the HASS.

The HASS contributed to a number of WRD
activities, including establishing guidelines for
programming in Fortran and C, the software documen-
tation process action team (DocPat), establishing the
Computer Policy Advisory Committee (successor
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to the Software Issues Team), and instructing at the
Training Center in Denver. During the listed time
period, HASS developed hspexp, an expert system for
calibration of HSPF. HASS also started the work on
GenScn, for the GENeration and analysis of model
simulation Scenarios.

Hydraulic Laboratory Facility

The Hydraulic Laboratory, located at the Missis-
sippi facility that was named John C. Stennis Space
Center in 1988, was designed by the Survey to test and
calibrate instruments used in water-resources investi-
gations and to obtain experimental data used in
research. The major facilities at the laboratory were a
tow tank and jet tank for the testing and calibration of
instruments that measure water velocity, primarily
Price and other current meters; a tilting flume for
obtaining experimental data on water flow; and an
outdoor flood plain for large-scale simulation of flows.
Personnel at the laboratory tested instruments devel-
oped for or at the Hydrologic Instrumentation Facility.
Calibration of standard hydrologic instruments was a
service to Survey Field Offices and to other Federal
and State agencies.

The SWB had technical input to the Hydraulic
Laboratory from its inception in 1972. The SWB’s
actual management of the laboratory began in 1987,
when Gulf Coast Hydroscience Center’s direct
involvement ended. William J. (Bill) Kaehrle managed
the laboratory for SWB/OSW through 1994. Begin-
ning in late 1990, Bill was assisted by Kirk G.
Thibodeaux, who had previous laboratory experience
as a contractor. Kaehrle and Thibodeaux oversaw
research on the hydraulics of highway structures, drop
inlets, unsteady flow and dam breaks, bridge constric-
tions on wide flood plains, temporary ditch liners for
erosion control, and rough mountainous streams. They
participated in the development and testing of devices
for measurement of flow in storm sewers and of
polymer rotors for current meters. Projects to evaluate
noncontact water-level sensors, many kinds of current
meters, modified Columbus sounding weights, and
pancake weights used for ice measurements in Canada
were conducted. Standard rating tables for Price
pygmy meters and Price AA meters with optical heads
were developed and approved, as were standard
ratings for AA and pygmy meters with polymer rotors.

In 1988 the Meter-Exchange Program began. In
this program, OSW technical reviewers visiting a

District selected one AA meter and one pygmy meter

to be calibrated in the laboratory. The purpose was to

learn if meters used in the field were in good condition
and if the standard rating tables accurately represented
the water velocity.

Cableways

Although the OSW was not responsible for
cableway safety, it did assume responsibility for the
technical side of cableway design and construction.
The weight of equipment taken on cableways was
thought to have increased over the years with more
routine use of power reels, sediment samplers and
bottles, and bedload samplers. Thus, in 1991 C.
Russell Wagner published an Open-File Report,
“Streamgaging Cableways,” which supplanted USGS
Circular 17, “Structures for Cableways,” written by
Charles H. Pierce in 1947. Minor computational errors
in the Open-File Report and plans to republish it as a
TWRI caused the OSW to form a national committee
chaired by Ernest F. Hubbard to complete an engi-
neering analysis of cableway structures. The
committee—Ernest D. Cobb from OSW, George C.
Gravlee from New York, Paul C. Floyd from Missis-
sippi, J. Curtis Weaver from North Carolina, and
Jeffrey C. Vigil from Wyoming—evaluated all phases
of cableway design prior to publication of the TWRI
by the same name in 1995.

Highway drainage studies were carried out in
10 Districts with coordination provided by Frederick
A. Kilpatrick. These studies, funded by the Federal
Highway Administration, were to document the extent
of water that infiltrates beneath highway pavements
and to evaluate different roadway sub-bases and edge
drains in alleviating the problems caused by such
water.

Bridge Scour

In 1988 the Federal Highway Administration
(FHWA) required the State departments of transporta-
tion to begin identifying scour-critical bridges in their
transportation networks. Many departments of trans-
portation, which had a long history of cooperation
with the USGS, asked their local WRD District
Offices to help with the evaluation necessary to iden-
tify these bridges. In these projects, bridges were eval-
uated at one of three levels. Level I consisted of a field
reconnaissance and a qualitative evaluation based on
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observed conditions. Level II involved hydraulic
computations to estimate the velocity that might be
present at bridge piers and abutments. Level III was
the calibration of a numerical model to simulate the
effects of scour at a bridge site. The FHWA and State
departments of transportation also initiated studies to
collect scour data during floods to improve the under-
standing and prediction of scour processes for bridge
foundation design. During the 1990’s the USGS
participated in bridge-scour investigations in most
Districts.

Since 1987 the OSW had been involved in a
project with the FHWA to evaluate scour at bridges
during floods. Principal investigators included David
C. Froelich, William R. Kaehrle, Frederick A.
Kilpatrick, and James O. Shearman. Thus, it was
natural for the OSW to assume responsibility for tech-
nical coordination of the District bridge-scour
projects. OSW named Mark N. Landers as National
Coordinator of the WRD Bridge Scour Program.
When Mark left OSW in 1994 to participate in the
WRD Graduate Training Program, David S. Mueller
assumed the coordination of bridge-scour projects.

Acoustic Doppler Current Profiler (ADCP)

Beginning about 1990, the OSW collaborated
with a private company to test and refine a Broad Band
Acoustic Doppler Current Profiler for use in
measuring flow in large streams. Because the instru-
ment was capable of measuring velocity at incremental
depths, it was well suited to measuring flow in back-
water situations or where the depth-velocity profile
deviated significantly from the theoretical. Principal
coordination of the testing and refinement of this
promising instrument was provided by Mark Landers
and later by Kevin Oberg and David Mueller, District
personnel who reported to OSW on this program. By
1994 ADCP’s were in use in more than 15 Districts,
and numerous other Districts were recognizing the
utility of this instrument.

Interagency Programs and Program
Coordination

Federal Interagency Subcommittees

Personnel of the SWB/OSW were actively
involved in the Federal Interagency Subcommittee on

Hydrology under the auspices of the U.S. Water
Resources Council and later the Interagency Advisory
Committee on Water Data. Working through the
Hydrology Subcommittee and its work groups, SWB/
OSW staff, and particularly Will Thomas, were the
principal scientists who prepared Bulletins 17, 17A,
and 17B, all entitled “Guidelines for Determining
Flood Flow Frequency.” Bulletin 17B, published in
1982, is still the current guideline for Federal agencies
in performing flood-frequency analyses for gaged
watersheds in the United States.

SWB staff were also key members of another
Hydrology Subcommittee work group on Ungaged
Watersheds. Nine methods for estimating flood
discharges for ungaged, unregulated watersheds were
applied to gaged watersheds, assuming these water-
sheds to be ungaged. Flood estimates from these nine
ungaged methods were then compared to gaging
station estimates to define the bias, reproducibility,
and time to apply these methods. The USGS regres-
sion equations were shown to be more unbiased and
reproducible and required less time to apply than
commonly used rainfall-runoff models. The
Hydrology Subcommittee of the U.S. Water Resources
Council published these results in 1981 in a report
entitled “Estimating Peak Flow Frequencies for
Natural Ungaged Watersheds—A Proposed
Nationwide Test.”

SWB/OSW involvement in the Federal Inter-
agency Subcommittee on Sedimentation included
coordination of sediment-data collection and analysis
activities among Federal agencies, the annual publica-
tion of sediment activities in the United States, and
active involvement and sponsorship of a Sedimenta-
tion Conference held every 5 years.

National Oceanographic and Atmospheric
Administration (NOAA)

The OSW/SWB was actively involved with
NOAA, and principally the National Weather Service,
in coordination efforts relative to watershed modeling,
flood forecasting, the USGS stream-gaging network,
telemetry at gages, and in conduct of training for
mutual activities.

World Meteorological Organization (WMO)

The SWB/OSW participated in various activi-
ties of WMO, particularly in the provision of manuals

38 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VIil, 1979-94



for distribution to underdeveloped countries. The
USGS, through SWB/OSW, provided numerous mate-
rials including technical manuals concerning network
design, hydrologic data collection and analysis,
including those related to sediment and precipitation,
and analytical tools such as flow-routing models and
sediment transport and dispersion. The SWB/OSW
was involved in various WMO-sponsored research
studies, in training, and in establishing technical stan-
dards in WMO participating countries.

Canadian Coordination

The SWB/OSW had several avenues of coopera-
tion with Canadian counterparts during the period,
including periodic meetings with the National
Research Council Associate Committee on Hydrology,
St. John River Basin Hydrology Committee, and Water
Resources Branch (which included the Water Survey
of Canada). Meetings with the first two organizations
were generally annual, with the Chief of SWB/OSW
or his representative attending as a representative of
WRD Headquarters. During most of the period Derrill
J. Cowing, District Chief of the Maine District, was
very active in the St. John River Basin Hydrology
Committee, coordinating OSW participation.

In 1979, at an Eastern Snow Conference
meeting, C. Russell Wagner, Chief of the Hydrologic
Instrumentation Facility (HIF), and Richard Terzi of
the Water Survey of Canada (WSC) decided that the
Survey and WSC should stay in contact on equipment
issues. A series of informal contacts and finally a
formal meeting ensued in 1987. The formal meetings
convened every year or two in Burlington, Ontario;
Reston; Stennis Space Center; Ottawa, Ontario;
Denver; Lake Louise, Alberta; San Antonio; and
Quebec City, Quebec. The OSW, HIF, and other
Survey personnel participated in these meetings with
counterparts from the WSC.

From July 1984 to August 1985, Wilbert O.
(Will) Thomas from OSW worked in Ottawa as Chief
of the Hydrology Division, Water Resources Branch of
Environment Canada, in what was planned to be an
exchange program between the two organizations.
Unfortunately, the Canadian slated for a Survey posi-
tion was unable to accept the assignment, effectively
ending the program. Other OSW cooperation with
Canada during the period included participation in

International Joint Commission meetings and work-
groups and technical meetings on the development and
testing of equipment used for the measurement of flow
under ice.

International Standards Organization (ISO)

The United States became involved in ISO
Technical Committee (TC) 113, Measurement of
liquid flow in open channels (later Hydrometric Deter-
minations) in the late 1960’s or early 1970’s. George F.
Smoot, followed shortly thereafter by Harry H.
Barnes, was the first Survey person to participate in
TC 113, although Rolland W. Carter, along with fellow
researcher, Professor Carl E. Kindsvater, had been
appointed as United States representatives to ISO tech-
nical committees as early as 1955. Until about 1980,
the American Society of Civil Engineering sponsored
United States activity in TC 113. When they discon-
tinued sponsorship, the Survey took on this responsi-
bility under the oversight of the American National
Standards Institute (ANSI).

Chairmanship of the U.S. Technical Advisory
Group (leader of the U.S. delegation to TC 113) has
traditionally been the Chief of the SWB/OSW and
included Harry H. Barnes, Marshall E. Moss, Verne R.
Schneider, Charles W. Boning, and Ernest F. Hubbard.
Ernest D. Cobb was Secretary of the U.S. Technical
Advisory Group during much of the period 1979-94.

TC 113 was composed of up to eight subcom-
mittees, each dealing with an aspect of hydrometric
measurements. The Secretariats of TC 113 and all of
its subcommittees were held by India until 1989, when
it was decided that India would retain the Secretariats
for only TC 113 and Subcommittees (SC) 1 and 6. In
1990 the Survey petitioned ANSI to request the Secre-
tariat of SC 5, “Flow measuring instruments and
equipment,” be given to the United States. This
transfer was accomplished, and Ernest D. Cobb, who
had been Secretary of SC 5 since the early 1980’s, also
became Chairman of that subcommittee. In 1994
Ernest F. Hubbard assumed Chairmanship of SC 5.

Technical Committee 113 met in Ottawa,
Canada, in 1979, The Hague, Netherlands, in 1983;
Berne, Switzerland, in 1984; Beijing, China, in 1986;
London, United Kingdom, in 1987; Reston in 1989;
Paris, France, in 1992; and New Delhi, India, in 1994.
From 1979 through 1994 TC 113 published 38 inter-
national standards and technical reports on hydrologic
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data collection, including tracer methods, discharge
measurement by various direct and indirect methods,
and measurement of sediment and bedload. Virtually
all these standards are practically the same as those in
USGS manuals, ensuring that the data and methods of
USGS have international acceptance.

Federal Interagency Sedimentation Project
(FISP)

The FISP was originally based at the Iowa Insti-
tute of Hydraulic Research and later moved to St.
Anthony Falls Hydraulic Laboratory, St. Paul, Minn.
In 1992 the FISP relocated to the Hydraulics Labora-
tory at the Corps of Engineers Waterways Experiment
Station (WES), Vicksburg, Miss., and was placed
under the direction of the OSW.

Research conducted by FISP originally focused
on hydraulic and mechanical aspects of sediment
sampling but expanded to include development of
sample-analysis methods, automatic in-situ analyzers,
and sampling techniques and equipment for sampling
sediment for water quality in streams and rivers. The
equipment and techniques of FISP are used by most
Federal, State, and local governments and by private
organizations collecting sediment samples in the
United States. The World Meteorological Organization
has used FISP-developed samplers as controls for
comparison with suspended-sediment samplers devel-
oped in several foreign countries. In its 50-year-plus
history, FISP has produced more than 80 reports and
papers.

By 1994, or shortly afterwards, the OSW staff at
WES consisted of C. Wayne O’Neal, Chief; Broderick
E. Davis; and Bernadette L. Ward. Corps of Engineers
staff members were Johnny L. McGregor and Joseph
A. Farrar. Their major developmental projects
included what were to become the US RBP-95 battery
pack; the US WBH-96 weighted bottle sampler; caps
and nozzles for the US D-77 sampler; and the inte-
grating samplers US D-95, US DH-95, and US D-96.

Transportation Research Board (TRB)

The SWB/OSW has been cooperating for many
years with the Transportation Research Board,
assisting in TRB research to develop improved design
of highway facilities. Cooperative research projects
supported by the TRB include those related to devel-

opment of flow-routing models, roughness character-
istics for heavily vegetated flood plains and for high-
gradient streams, scour at bridges, highway drainage,
quality of runoff from highways, instrumentation
(particularly as related to scour), and channel
morphology. The SWB/OSW involvement included
participation in publication of research reports, spon-
sorship of technical conferences, and training for
Federal and State highway officials.

Federal Highway Administration

For many years WRD offices across the country
have developed regional regression equations for esti-
mating flood discharges for ungaged watersheds, prin-
cipally in cooperation with the Federal Highway
Administration and various State Departments of
Transportation (DOT’s). In 1993 these regression
equations were compiled and documented in USGS
Water-Resources Investigations Report (WRIR)
94-4002, “Nationwide Summary of U.S. Geological
Survey Regional Regression Equations for Estimating
Magnitude and Frequency of Floods for Ungaged
Sites” (1993). A computer program entitled the
National Flood Frequency (NFF) program for
applying the regional regression equations was
provided in USGS WRIR 94-4002. The NFF program
is widely used by DOT’s in designing bridges and
culverts and by Federal Emergency Management
Agency consultants in estimating flood discharges for
flood-plain management.

OFFICE OF WATER QUALITY

By Herman Feltz, Robert Schoen, Bernard Malo,
Robert Middelburg, John Briggs, and Richard
Engberg, with reviews by Robert Schoen, Bernard
Malo, and Richard Engberg

Personnel

At the beginning of this reporting period, the
Office of Water Quality (OWQ), known as the Branch
of Quality of Water until 1986, was headed by R.J.
“Jack” Pickering. Pickering transferred in late 1984 to
head the Office of Atmospheric Deposition Analysis.
He was succeeded as Chief, OWQ, by David A.
Rickert in early 1985.
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James Culbertson was the Assistant Branch
Chief from the beginning of the period until his retire-
ment in 1982. He was succeeded by Wesley Bradford
(Acting) who was succeeded by Robert Schoen in
1985. Schoen held the position until 1990, and was
succeeded briefly by Hal Mattraw and then by
Timothy Miller in 1991. W. Arthur Beetem was the
Central Laboratories Coordinator until his retirement
in late 1981. He was succeeded by Herman Feltz in
April 1982. Other OWQ professional staff members
with long or reasonably long tenure included William
Alley, Richard Alexander, John Briggs, William
Cogger, Kathleen Fitzgerald, Sarah Gerould, Douglas
Glysson, Philip Greeson, Sidney Johnson, Gail
Mallard, Bernard Malo, Robert Middelburg, David
Morganwalp, Art Ott, Stephen Ragone, James Schor-
nick, Earl Skinner, Richard Smith, William Wilber,
Francesca Wilde, Michael Yurewicz, and John
Zogorski.

The professional staff was supported by many
dedicated and efficient editorial, secretarial, and cler-
ical personnel. Among those with long tenure were
Mary Amos, Rebecca Beaver, Janice Biggar, Nana
Frye, Barbara Guthrie, Carol Harrison, Sandra Loving,
Beverly McCoy, Pat McCusker, Mary McDonald, and
Iris Oos.

Major Activities And Programs

District Water Quality Reviews

Each of the three technical discipline offices
(Water Quality, Ground Water, and Surface Water) had
the responsibility to conduct periodic reviews of activ-
ities in the Districts that involved the discipline of the
respective office. For OWQ, this meant evaluating the
collection and field analysis of water samples at
National Stream Quality Accounting Network
(NASQAN) sites. It also included examination of the
District and Subdistrict laboratory operations, and the
review of each project that had a major water-quality
component. Project reviews tended to be unique as the
water-quality issues in each State often were unique.
Reviews often lasted a week but sometimes were
longer in large Districts.

Reviews were scheduled to include all Districts
every 3 to 4 years. In the late 1980’s, it became
common to schedule OWQ reviews to coincide with a
ground-water or surface-water review if there was a

notable number of projects that incorporated two disci-
plines. This helped the Districts save time in the
review process as well as it helped members of the
review teams to acquire broader scientific insights. In
fact, personnel involved in performing District reviews
probably gained as much new knowledge from the
reviews as did the project chiefs and the field
personnel reviewed.

The Assistant Office Chief made the review
assignments. The review teams consisted of one or two
members of the OWQ staff, one of whom was desig-
nated team leader. The teams usually included a
member of another District office and sometimes
included representatives from the Central Laboratory
system or the National Research Program. The
Regional Water Quality Specialist always took part in
all reviews. The Assistant Office Chief attempted to
match the water-quality skills and interests of the
reviewers with ongoing projects in the Districts.

Each review team met with the District Chief
and staff at the conclusion of a District review to
convey their major findings. A written report
containing details of the review including comments
by each team member was sent to the District Chief
and the Regional Hydrologist in a timely fashion
following the review.

Standing Committees

The OWQ maintained several standing commit-
tees to study specific water-quality areas and to make
recommendations to the Office Chief. Among these
were committees on training, radiochemistry, and sedi-
ment chemistry.

Training: The Training Committee coordinated
the offerings of water-quality-related training courses
at the Water Resources Division (WRD) National
Training Center in Lakewood, Colo. The committee
also provided advice and assistance to regional
training activities. The committee chairperson sched-
uled training courses and arranged for suitable instruc-
tors for the courses. Committee chairpersons through
the period were Wesley Bradford, Robert Schoen, and
John Zogorski.

Radiochemistry: The Radiochemistry
Committee coordinated research activities with the
Geologic Division (GD). A major publication, “Field
Studies of Radon in Rocks, Soils, and Water,” (1991)
included approximately equal numbers of WRD and
GD authors.
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Sediment Chemistry: The Sediment Chemistry
Committee (also known as Task Group) was formed in
the mid-1980’s to study the chemicals preferentially
sorbed to sediments in water, especially heavy metals
and halogenated hydrocarbons like DDT and chlor-
dane. While the physical presence of sediment in
water had experienced declining interest from most
cooperators, the toxic substances sorbed on and trans-
ported by sediment began to engender interest and
concern. Bottom-dwelling scavenging organisms
ingest these sediment particles, which makes the
sorbed materials available to the food web. Commonly
used water analyses of filtered samples did not provide
a measure of the chemicals associated with the sedi-
ments, and new and sometimes controversial tech-
niques to accurately measure these constituents had to
be devised. This was the principal reason for the
formation of the Sediment Chemistry Task Group.

Sampling Techniques

A major effort during the period was training to
ensure that truly representative samples of water, sus-
pended sediment, and bottom material samples were
collected for chemical and biological analyses.
Although the WRD began using Equal Width Incre-
ment (EWI) and Equal Discharge Increment (EDI)
sampling before the reporting period with the adoption
of NASQAN guidelines in 1972, diligent study and
refinement of sampling techniques was continuous dur-
ing the reporting period. Particular attention was
directed to transit rates (the speed with which a sampler
was lowered from the surface of a stream to the
streambed and returned). Isokinetic samples could be
collected to a depth of 17 feet, but equalized pressure
chambers were required in a sampler used below that
depth. Bottom material normally was collected with
impact samplers that enclosed a sample inside a spring-
loaded chamber/bucket upon contact with streambeds
and lakebeds.

There was no question that the OWQ was a
strong leader in acceptable sampling techniques. Jim
Culbertson and Herman Feltz of OWQ along with
Wayne Webb and Arthur Horowitz were prominent
investigators in this work.

Field Equipment

It sometimes seems that the OWQ has studied
and made minor changes in sampling equipment
forever, but in reality few new samplers have ever hit

the water. There are many D—77 brass samplers still in
use. However, there are also a large number of epoxy-
coated samplers in use. These samplers are made of
polyethylene and fitted with replaceable nose cones
and nozzles to avoid some of the problems associated
with freezing conditions.

The need to supply the Central Laboratories
with multiple samples treated with different chemical
fixatives or preservatives led to the development and
testing of churn or cone splitters that could divide
composite water samples into several subsamples. The
splitter made it possible to obtain 10 equal subsamples
which could, if desired, be split further to any
percentage of the main sample. Design, refinement
and testing of the churn splitter was successfully
completed during the reporting period. It became and
continues to be standard WRD equipment.

Leadership in sampler and splitter development
was provided by WRD staff members from within and
outside the OWQ, including Jim Culbertson, David
Lystrom, Robert Middelburg, Steven Larson, Paul
Capel, Kathy Fitzgerald, and Doug Glysson, with
ideas and assistance from many others.

Field Manual

The first truly comprehensive OWQ Field
Manual was prepared during this period and releases
of completed parts began in 1991. All field procedures
in current usage are fully documented, and updates are
easily made by using the looseleaf design of the
manual. Francesca Wilde and Iris Oos spent more than
2 years preparing the manual with assistance and
contributions from Regional and District Water-
Quality Specialists.

Sediment

Identification and quantification of numerous
constituents sorbed on sediment, including toxic heavy
metals and hydrophobic organic compounds, was a
major effort for the OWQ and the Central Laboratories
beginning in the early part of the reporting period. As
the need for analytical precision and sensitivity
increased with the advent of newer and short-lived
pesticides, multiple separation techniques of organic
compounds coupled with positive identification by use
of mass spectrometry became common. Automated
inorganic analyzers were updated and additional capa-
bilities were added.
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The Office of Surface Water (OSW) had long
felt that the analysis of physical characteristics of sedi-
ment should properly fall within its purview, and such
a transfer was accomplished during the period. A
discussion of sampling collection for physical charac-
teristics of sediment can be found in the section
concerning the OSW. The OWQ continued to be
responsible for the collection and analysis of samples
for sediment-sorbed chemical constituents.

Central Laboratories

The Central Laboratory System, a very promi-
nent and complex part of OWQ operations, underwent
numerous changes in leadership and direction during
this period of WRD history. From the beginning of the
period to 1986, the system consisted of laboratories in
Denver, Colo., and Atlanta, Ga. The system was
headed by a coordinator assigned to the OWQ and
each laboratory was headed by a laboratory chief. The
chronology of leadership is shown below:

Central Laboratories Coordinator

W.A. Beetem
1979-September 1981

B.A. Malo - Interim Resource Person
October 1981-April 1982

H.R. Feltz
April 1982-May 1986

Chief, Atlanta Laboratory

D.E. Erdmann
1979-Spring 1985

W.J. Shampine (Acting)
Spring 1985-April 1986

Chief, Denver Laboratory
R.L. McAvoy
1979-82
H.E. Taylor (Acting)
1982-83
S.S. Duncan
1983-87

The organizational and technical personnel in
the National Water Quality Laboratory are given in the
following list.

National Water Quality Laboratory 1994

Office of Chief

Rogerson, Peter F., Chief
Williams, Robert E., Supv Hydr
Fishman, Marvin J., Supv Hydr
Kashuba, A. Thomas, Chemist

Administrative Services

Treseder, Deborah M., Admin Officer

Methods Research and Development Program

Sandstrom, Mark W., Supv Chemist
Burkhardt, Mark R., Chemist
Hoffman, Gerald L., Chemist
Patton, Charles J., Chemist
Furlong, Edward T., Rsrch Chemist
Foreman, William T., Rsrch Chemist
Garbarino, John R., Rsrch Chemist
Leiker, Thomas J., Chemist

Truitt, Earl, Chemist

Gates, Paul M., Chemist

Werner, Stephen L., Chemist
Darnel, Bruce R., Chemist

Roberts, Curtis W., Phy Sci Tech
Vaught, Debbie G., Phy Sci Tech
Kemp, Barbara L., Secretary

Safety Office

Arozarena, Carlos E., Chemist

Galloway, Kathleen L., Chemist
Santillanes, Joseph A., Materials Examiner
Smith, Roger A., Chemist

Nichols, Clarence D., Phy Sci

Laboratory Data Systems

Development Team:
Turner, Sandra R., Comp Syst Anal
Feist, Oliver J., Comp Prog
Lewis, James A., Chemist
Gerlitz, Carol N., Comp Spec
Husband, Richard A., Comp Spec
Price, Ken C., Comp Spec
DeNuzzi, Christine, Comp Asst
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Quality Management Group

Driver, Nancy E., Supv Hydr

Pritt, Jeffrey W., Chemist
Watterson, Carol-Ann, Chemist
Raese, Jon W., Tech Editor

Allen, Bruce M., Comp Eng

Reed, Carmen G., Chemist

Pirkey, Kimberly D., Chemist
Terry, Kailin K., Phy Sci Tech
Pilon, James L., Chemist

Bryant, Kathleen M., Phy Sci Tech

Kellogg, Elizabeth K., Phy Sci Tech

Mullin, Ann H., Chemist
Hatcher, Jeanne L., Phy Sci Tech
Cree, Mark, Phy Sci Tech

Contracts/IRP

Walker, Dorothy, Chemist
Brock, Robert D., Chemist

Technical Support Unit
Pratt, Linda K., Supv Chemist

Inorganic Program

Shockey, Merle W., Supv Chemist
Coup, Jeffrey D., Chemist
Bushly, Thomas J., Comp Eng

Metals Unit

Driscoll, Alfred J., Chemist
Brown, Glenda E., Chemist
McLain, Betty J., Chemist
Struzeski, Tedmund M., Chemist
Litwin, Michael S., Phy Sci Tech
Dobbs, James R., Phy Sci Tech
Jones, Sandra R., Phy Sci Tech
Hobbs, Debbie S., Phy Sci Tech
Gupta, Colleen A., Phy Sci Tech

Low lonic Strength Unit

Vasquez, Juan, Supv Chemist
Milne, Donna L., Chemist
Cast, Mary E., Chemist
White, Angie, Chemist

Harris, Carl M., Phy Sci Tech
Litteral, C. Jeff, Phy Sci Tech

Rustin, Benjamin R., Phy Sci Tech
Bottinelli, Dan A., Phy Sci Tech
McElhinney, Leland L., Phy Sci Tech
Werito, Michael J., Phy Sci Tech

Plasma Unit

Zayhowski, Edward J., Supv Phy Sci Tech

DeGiacomo, Wallace G., Chemist
Hill, Mark R., Phy Sci Tech

Amon, Frederick B., Phy Sci Tech
Austin, Gary M., Phy Sci Tech
Millhollin, Charles C., Phy Sci Tech
Markin, Al R., Phy Sci Tech
Schwab, Eric A., Phy Sci Tech
White, Thomas R., Phy Sci Tech

Automated Wet Methods Unit

Ardourel, Harold D., Supv Chemist
Cottrell, Gary L., Chemist

Niebubhr, Ellen E., Chemist

Klimper, Christopher, Phy Sci Tech
Naughton, Elizabeth K., Phy Sci Tech
Pavelich, Mary P., Phy Sci Tech
Alex, Patricia A., Phy Sci Tech
Losche, Scott A., Phy Sci Tech
Milne, Betty C., Chemist

Automatic Data Processing Unit

Glodt, Stephen R., Supv Comp Spec
Nitta, Wayne, Comp Prog Anal
Bartels, Mary-Frances R., Comp Anal
Crisci, John P., Comp Anal

Moffett, Diane L., Comp Anal

Ford, Hazel L., Lead Comp Oper
Rohr, Joanne G., Data Transcriber

Organic Chemistry Program

Manigold, Douglas B., Supv Hydr
White, William R., Chemist

Organics in Water

Brenton, Ronald W., Chemist
Adamson, Cyrissa G., Chemist
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Madsen, James E., Chemist
Aitken, Pam J., Chemist
Trumbo, James F., Phy Sci

Merten, Leslie M., Chemist

Franz, Richard, Phy Sci Tech
Farrar, Jacqueline V., Phy Sci Tech
Woodworth, Mark T., Phy Sci Tech
Burbank, Terresa L., Phy Sci Tech
Cinotto, Peter J., Phy Sci Tech
McGinley, Myron D., Phy Sci Tech
Stroppel, Max E., Phy Sci Tech
Frahm, Galen W., Phy Sci Tech
Harper, Mars L., Phy Sci Tech
Stewart, Jeffrey T., Phy Sci Tech
Sofia, Anthony M., Phy Sci Aid

FC/Volatiles

Schroeder, Michael P., Chemist
Noriega, Mary C., Chemist
Rose, Donna L., Chemist
Wydoski, Duane S., Chemist
Martin, Robert G., Chemist
Smith, Steven G., Chemist

With the closing of the Atlanta laboratory in
Organic Carbon April 1986 and the transfer of equipment to the Denver
laboratory, the Central Laboratory System was no
longer a system and there was no need for a coordi-
nator. The unit was renamed the Branch of Analytical
Services. The chronology of leadership of the branch
is shown below:

Kammer, James A., Phy Sci Tech

Organics in Sediment

Connor, Brooke F., Supv Chemist
Iverson, Jana L., Chemist
Murtagh, Lucinda, Chemist
Werner, Marilyn G., Chemist
Wiebe, Frank W., Chemist J.L. Seeley

Chief, Branch of Analytical Services

Abney, Sonja R., Chemist
Horodyski, Suranne S., Chemist
Thompson, Tamara S., Chemist

June 1986-Fall 1987
S.S. Duncan (Acting)
Fall 1987—October 1988

Markovchick, Dennis J., Phy Sci Tech R.O. Hawkinson
Alexander, Jamie F., Phy Sci Tech
’ ; October 1988—Fall 1991
Burt, Larry S., Phy Sci Tech ctobet a
PF. Rogerson

Fall 1991-94

Following its creation, the Branch of Analytical
Services continued to upgrade its equipment, shorten
turnaround times and control costs. A renovation of
part of the Denver laboratory allotted a dedicated
space for preparation and analysis of toxic samples in
a clean air system with 100 percent fresh air makeup.
Late in the period, considerable effort was devoted to
the design of a new facility to be built on the Denver
Federal Center subsequent to the reporting period.

During the entire period, a small WRD labora-
tory in Ocala, Fla., furnished blind samples for the
Quality Assurance/Quality Control programs of the
Central Laboratories. The Central Laboratory system
also participated in the U.S. Environmental Protection
Agency quality-assurance program. The Ocala Labo-
ratory, headed during the entire period by Robert Kirk-
land, provided bacteriological growth media to all
WRD District Offices.

Semivolatiles

Zaugg, Steven D., Chemist
Anderson, Forrest S., Chemist
Olson, Mary C., Chemist
Oppenheimer, Scott D., Phy Sci Tech

Liquid Chromatography Unit

Johnson, Sharon M., Chemist
Lindley, Chris E. Chemist
Bumgartner, Allan D., Chemist
Soliven, Paul P., Chemist
Coffey, Laura J., Phy Sci Tech

Prep Unit

Deacon, Jeff R., Hyd Tech
Oasheim, Linda M., Chemist
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National Water-Quality Assessment

Initial planning and implementation of the
National Water-Quality Assessment (NAWQA)
Program began in the OWQ in the mid-1980’s with the
assistance of the Office of Ground Water (OGW).
Dave Rickert and Bill Wilber of the OWQ spearheaded
this early work. As the assessment grew, it became
apparent that it needed to be a separate entity, and
NAWQA became an office of its own. The organiza-
tion, operation, and results of their assessments are
presented in detail in another section of this report.

National Stream Quality Accounting Network
(NASQAN)

The NASQAN was initiated before the reporting
period (in 1973) to address national and regional needs
for comprehensive water-quality monitoring that were
prompted by the enactment of water-pollution control
legislation in the 1960’s and 1970’s. Stations were
located near the outlets of major watersheds to
describe spatial variability in water quality and to
quantify long-term changes in chemical concentrations
and flux. Stations were operated uniformly, and there-
fore, results obtained could be compared directly
because the same methods were used to collect and
analyze the samples from all stations in the network.

During the reporting period, the NASQAN
program was under the direction of the OWQ.
Managers of the program during the period, chrono-
logically, were Art Ott, Jim Schornick, Mike
Yurewicz, Tim Miller, and Kathy Fitzgerald. The
number of stations reached a peak of 513 in 1980 and
remained steady until 1986. In 1986, as part as an
extensive review of the program, all Districts were
visited by review teams that evaluated each station
operated by the District. Based on this review, during
the period 1987-92, the number of stations was
reduced to 400, and budget cuts resulted in decreased
sampling frequency at the remaining stations. Further
budget cuts meant that by 1993, fewer than 300
stations were still in operation and by 1994, the
program could no longer be operated as originally
designed. By the end of the reporting period, the
number of stations was 140.

The data generated by the NASQAN program
were extensively used by many authors in the late
1980’s and early 1990’s for the analysis of water-
quality trends and the estimation of rates of flux from

major watersheds. Data also were used in the investi-
gation of relations of water quality to streamflow,
climate, physiography, and geology, to anthropogenic
pollution sources such as agricultural fertilizers and
livestock wastes, to atmospheric deposition, and to
water discharges from sewage-treatment plants. The
data also served as baseline information for devel-
oping and illustrating many statistical methods for
analyzing water-resources data. Richard Smith and
Richard Alexander of OWQ along with Robert Hirsch
were authors of papers that were based on NASQAN
data.

Toxic Substances Hydrology

The early 1980’s saw the addition of a new fron-
tier in OWQ activities—the initiation of intense
studies of toxic substances in the hydrologic environ-
ment. The toxics program was managed in its early
days by Stephen Ragone (ground water) and Gail
Mallard (surface water). Following the transfer of both
Ragone and Mallard in the early 1990’s, David
Morganwalp took over both aspects of the program.

Outstanding research results from toxics
program investigators during the reporting period have
been widely distributed and well received by the scien-
tific community in national and international meetings
and in the literature. Prominent among the projects
have been the movement of nitrates in ground water
from sewage disposal along the coast of Cape Cod in
Massachusetts; migration and fate of an oil spill in
Minnesota; chicken waste and munitions wastes in
Maryland; and movement and degradation of creosote
wastes in California and Florida. In South Carolina,
there has been extensive study of bacterial degradation
of toxic substances. The program also provided some
financial support for the National Irrigation Water
Quality Program during the reporting period.

National Irrigation Water Quality Program

The National Irrigation Water Quality Program
(NIWQP) of the Department of the Interior (DOI)
began in 1985 in response to concerns about contami-
nation of water, bottom sediment, and biota in
National Wildlife Refuges or migratory bird use areas,
by trace constituents or pesticides carried to these
areas in drainwater from DOI constructed or managed
irrigation projects. OWQ participation in NIWQP
began in March 1985 when a team of scientists from

46 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VI, 1979-94



the USGS and the Bureau of Reclamation (BOR) were
tasked by DOI to develop a plan to sample drainwater
from departmental irrigation projects in 17 Western
States. Bill Wilber and Herman Feltz represented
OWAQ at the first meeting along with Richard Engberg
of the Nebraska District. In September 1985, the DOI
Secretary formed an interbureau Task Group within
DOI to develop a management strategy, to suggest a
sampling protocol, and to generate a list of possible
areas for study. David Rickert, OWQ Chief, was chair-
person of the Task Group, and the USGS was desig-
nated lead agency. By December 1985, a preliminary
Task Group report was presented to Congress, a list of
study areas was developed, and the position of
Program Manager was established in DOI. Jonathan
Deason served in the position from March 1986 to
August 1989 and was succeeded by Richard Engberg,
then Iowa WRD District Chief, who served in the posi-
tion the rest of the reporting period.

The NIWQP conducted more than 30 reconnais-
sance investigations from 1986 to 1992 in 14 Western
States. Study teams were composed of a scientist from
the USGS-WRD, the U.S. Fish and Wildlife Service,
and either the BOR or the Bureau of Indian Affairs,
depending on which agency constructed or managed
the project area under study. The USGS was lead
agency for all studies, and the USGS scientist on each
team was team leader. USGS activities were coordi-
nated by OWQ. Bill Wilber was the first coordinator;
Wilber was followed by Herman Feltz from late 1986
through the end of the reporting period. Each partici-
pating agency had a coordinator, and they served
together with the Program Manager as the governing
body of NIWQP.

Funding for the program was carved from the
budgets of the participating agencies. For the 198694
period, the USGS contributed less than 30 percent of
the total funding of the NIWQP but received over 40
percent of the funds distributed by the Program
Managers to conduct investigations. Investigations in
nine of the original reconnaissance study areas turned
up problems considered serious enough that detailed
process-oriented studies were authorized during
1988-93. Again, the USGS was the lead agency for
these studies. Interestingly, in all areas that advanced
to detailed studies, selenium was the constituent of
greatest concern. Bioaccumulation of selenium
occurred, in some cases, to alarming concentrations.
Almost invariably, the original sources of the selenium
were marine shales that occurred in or near the project

areas. Infiltrating irrigation water mobilized the sele-
nium from the soils derived from the shales. Selenium-
containing drainwater was delivered by receiving
streams to downstream refuges or waterfowl use areas.

Five areas ultimately were advanced to remedial
planning. For these planning efforts, the lead agency
was BOR, the agency that constructed the project
areas. A USGS scientist or manager was a member of
each of the five planning teams.

The NIWQP is an outstanding example of a
successful interagency program. By the end of the
reporting period, over 200 reports had been generated
by the program, and USGS scientists were the prin-
cipal authors of most of them.

NATIONAL WATER-QUALITY ASSESSMENT
PROGRAM

By William G. Wilber

The origins of the U.S. Geological Survey’s
(USGS) National Water-Quality Assessment
(NAWQA) Program can be traced, in part, to the early
1980’s and the persistent questions from Congressman
Sidney Yates (D-Illinois) to Dallas Peck and Philip
Cohen about the status of the Nation’s water quality.
During the Appropriation hearings in March 1985, it
became clear to Congressman Yates that there was no
unified and consistent program for national water-
quality assessment being performed by any Federal
agency. Accordingly, Yates asked Peck and Cohen for:
“...a memorandum on how you get there and how
much money it is going to cost”.

Following the Appropriations Hearings, Cohen
formed an Ad Hoc Committee to develop a set of prin-
ciples which “could guide the Water Resources Divi-
sion in designing and operating a national, perennial
program of acquiring and interpreting data on surface-
and ground-water-quality.” This Committee,
composed of Jacob Rubin (Chair), James P. Bennett,
Robert M. Hirsch, and Samuel N. Luoma, published
their report later in 1985, providing the initial vision
for a National Perennial Data Acquisition and Anal-
ysis Program (NaPDAAP). The principles of the
proposed assessment program differed significantly in
several respects from those upon which traditional
water-quality monitoring networks were based. In
addition to traditional national (or regional) statistical
measures, the committee envisioned that the program
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would (1) attempt to discover and delineate areas,
exceeding a specifically defined minimum size, that
have severe and persistent water-quality problems, and
(2) explain, to the extent possible, the nature of
observed problems in terms of known processes and
mechanisms. A major operational difference between
the proposed program and existing USGS monitoring
networks (NASQAN and Benchmark) was to shift the
bulk of the analyses and interpretations from the Head-
quarters to the Districts. The annual budget and
personnel requirements for NAWQA were estimated
to be about $50 million and about 500 staff at full
scale. Because of the size of the proposed request and
the concern for where these new resources would orig-
inate, the proposed program generated much interest
from the Department of the Interior (DOI), Office of
Management and Budget (OMB) and others who
viewed the budget as a zero-sum game. Other agen-
cies, especially the U.S. Environmental Protection
Agency, were equally concerned about the proposal
because of the potential implications on their activities
as well as those of the States.

Concurrently with the USGS planning efforts,
Ann McLaughlin, Under Secretary of the DOI, estab-
lished the Departmental Working Group on Water
Policy to serve as a senior forum for developing the
Department’s policies on a wide range of water-
management issues. One of the issues to be addressed
by the Working Group was the plan for the NAWQA
Program. The Working Group formed a Task Group
(table 1) to examine the legal, conceptual, organiza-
tional, and financial basis for a NAWQA Program
administered by the DOI through USGS.

Based on its findings, the Task Group identified
three major options for consideration by the Depart-
mental Working Group:

Option 1: A 3-to-5-year pilot program based on the
USGS proposal that would test and modify as neces-
sary the USGS proposal and would include a formal
institutional process to ensure that the water-quality
information produced serves water-quality manage-
ment decision making. It would also make use of
existing water-quality data-collection programs.

Option 2: Intensive effort to develop a uniform data
base for national assessment by encouraging changes
in the data-collection programs conducted by State and
other Federal agencies.

Option 3: No action

The Task Group recommended option 1—to
support the USGS concept and implement a pilot
program with the incorporation of interagency coordi-
nation and policy-analysis efforts that would establish
the linkage between information and decision making.

Pilot Program 1986-90

In December 1985, $2,378,000 was appropri-
ated for fiscal year 1986 for the USGS to develop
detailed plans and take the initial steps in imple-
menting a national water-quality assessment program.
The stated goals of the program were to:

Table 1. U.S. Department of the Interior Task Group on National Water-Quality Assessment, 1984-86

Martin L. Smith (Chairman),
Office of Policy Analysis

David Behler, Office of Policy

Robert Hirsch, Geological
Survey

Darla Knoblock, Territorial &

Analysis International Affairs

Victor Berte, National Park James Kress, Office of Surface
Service Mining Reclamation &

Enforcement

John Blankenship, Fish and Michele Leslie, Office of
Wildlife Service Policy Analysis

Barbara Chappell, Geological Nancy Lopez, Office of the
Survey Assistant Secretary for

Water & Science

James Cook, Bureau of Recla- Dan Muller, Bureau of Land

mation Management

George Farris, Bureau of Frank Osterhoudt, Office of
Indian Affairs Policy Analysis

Jack Fischer, Geological Larry Roberts, Bureau of
Survey Reclamation

William Fitch, Bureau of
Mines

Michalann Harthill,
Minerals Management Service

Wayne Whitlock, Office of the
Solicitor
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1. Provide a nationally consistent description of
current water-quality conditions for a large part
of the Nation’s water resources,

2. Define long-term trends (or lack of trends) in water
quality, and

3. Identify, describe, and explain, as possible, the
major factors that affect observed water-quality
conditions and trends.

Information from the program, obtained on a
continuing basis, was to be made available to water
managers, policy makers, and the public to provide an
improved scientific basis for evaluating the effective-
ness of water-quality management programs and for
predicting the likely effects of contemplated changes
in land- and water-management practices.

Seven pilot projects, representing a diversity of
hydrologic environments and water-quality conditions,
were selected to test and further develop the assess-
ment concepts; four projects focused primarily on
surface water, and three projects focused primarily on
ground water. “Concepts for the National Water-
Quality Assessment Program” (USGS Circular 1021)
was published in 1988 to serve as a forum for sharing
and soliciting ideas on USGS concepts and approaches
to water-quality assessment. The seven project teams
and regional specialists for the pilot NAWQA Program
contributed immeasurably to the concepts of the
Program through the exchange of ideas on the feasi-
bility of various aspects of the design and through their
implementation of the concepts in the pilot projects.
The Pilot Project Chiefs were Stephen F. Blanchard,
Upper Illinois River Basin in [llinois, Indiana, and
Wisconsin; Scott C. Christenson, Central Oklahoma
aquifer in Oklahoma; Stuart W. McKenzie, Yakima
River Basin in Washington; Robert J. Shedlock,
Delmarva Peninsula in Delaware, Maryland, and
Virginia; James L. Smoot and Kevin D. White, the
Kentucky River Basin in Kentucky; John K. Stamer,
the lower Kansas River Basin in Kansas and Nebraska;
and Alan H. Welch, Carson Basin in Nevada and Cali-
fornia. The Regional Specialists were Robert C.
Bubeck, Donald A. Goolsby, John S. McLean, W.
David Nichols, Gary L. Pederson, Lindsay A. Swain,
and Wayne E. Webb. Coordination of the ground-
water and surface-water pilot projects was done within
the Office of Water Quality by William A. Alley and
William G. Wilber, respectively.

An internal Technical Advisory Committee for
the Pilot Program was established to review the pilot
project concepts and plans for full-scale implementa-

tion. This committee consisted of John D. Bredehoeft,
John N. Fischer, Irwin H. Kantrowitz, P. Patrick
Leahy, Samuel N. Luoma, David A. Rickert, Jacob
Rubin, and Verne Schneider. Timothy A. Cohn,
Kenneth J. Lanfear, Eugene P. Patten, and Kenneth L.
Wahl assisted in the development and implementation
of a process to select a preliminary set of study units
for a full-scale program.

During the first 2 years of the pilot program,
numerous discussions were held on the role of biology
in NAWQA. Formal discussions occurred through the
Office of Water Quality’s Task Group on Biology and
Microbiology; through a workshop chaired by Betty
H. Olson, held under the auspices of the Water Science
and Technology Board’s Committee on Water
Resources Research; through presentations at profes-
sional meetings of the North American Benthological
Society and American Water Resources Association;
and through discussions and meetings between the
USGS and representatives from the U.S. Fish and
Wildlife Service, the U.S. Environmental Protection
Agency, Environment Canada, and key universities.
The following USGS scientists played a major role in
helping to define and shape the role of Biology in
NAWQA during the pilot program: Robert C. Averett,
J.K. Crawford, Thomas F. Cuffney, John Elder, Martin
E. Gurtz, Samuel Luoma, Gail Mallard, M.R. Meador,
Diane McKnight, Stephen D. Porter, and Keith Slack.

A local liaison committee was established for
each pilot project consisting of representatives from
Federal, State, and local agencies and private organiza-
tions involved in water and land management within
the area of the project. The charge to each liaison
committee was to assist the USGS by ensuring that the
scientific information collected by the pilot project
was relevant to local and regional interests.

Appropriations for the pilot program through
1990 were:

1986 $2,378, 000
1987 $7,139,000
1988 $7,215,000
1989 $7,135,000
1990 $6,962,000

To advise the USGS on the overall pilot project
program, a National Coordinating Work Group was
established with members representing various
Federal agencies and non-Federal organizations
having an involvement or interest in water-quality
information (table 2).
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Table 2. Members, USGS-NAWQA National Coordinating Work Group

Lee Barclay, U.S. Fish and Wildlife
Service

Carroll Curtis, Council of Environmental
Quality

Norbert Dee, U.S. Environmental Protec-
tion Agency

Lewis Dodgion, Nevada Department of
Conservation and Natural Resources

Judith A. Duncan, Oklahoma State Depart-
ment of Health

Earl E. Eiker, U.S. Army Corps of Engi-
neers

Donald C. Haney, Kentucky Geological
Survey

Ronald Hoffer, U.S. Environmental Protec-
tion Agency

Dick Hofman, Interstate Conference on
Water Policy

U. Gale Hutton, Nebraska Division of
Water Quality

Leon Hyatt, Bureau of Reclamation

Carol Jolly, Washington Department of
Ecology

Gyula Kovach, Kansas Department of
Health and Environment

James N. Krider, Soil Conservation Service

Richard Lanyon, Metropolitan Water
Reclamation District of Greater Chicago

Frederick D. Leutner, U.S. Environmental
Protection Agency

Carl Meyers, U.S. Environmental Protec-
tion Agency

Robert B. Raschke, National Association
of Conservation Districts

Gray R. Reynolds, U.S. Forest Service

Andrew Robertson, National Oceanic and
Atmospheric Administration

Kenneth D. Schmidt, American Water
Resources Association

Russ Susag, Chemical Manufacturers
Association

Hugo F. Thomas, Association of American
State Geologists

Peter Tinsley, Maryland Department of the
Environment

As part of a colloquium series focused on
Emerging Issues in Water Science and Technology, the
National Research Council (NRC) Water Science and
Technology Board hosted a meeting of about 50 indi-
viduals in Reston, Va., to discuss the need for a
national water-quality monitoring and assessment
program and the major concerns should such a
program be developed and implemented. Seven indi-
viduals representing a broad diversity of viewpoints
were selected to make presentations. William C.
Ackermann, University of Illinois at Urbana-Cham-
paign, presented the keynote address. Presentations
followed by Gerald T. Orlob, University of California-
Davis, and Keros Cartwright, Illinois State Geological
Survey, who discussed selected technical consider-
ations in data collection and interpretation involving,
respectively, surface water and ground water. In addi-
tion, several presentations covered the development of
a national water-quality monitoring and assessment
program from the perspectives of the USGS (Jacob
Rubin), the U.S. Environmental Protection Agency
(Lawrence J. Jensen), State government (Victoria J.
Tschinkel), and industry (K.C. Bishop). Each of the
colloquium attendees was then assigned to one of four
separate workshop sessions focused on surface water,
ground water, monitoring implications, and setting
priorities under budget constraints. The findings of
these workshops were summarized and presented by
G. Richard Marzolf, Mary P. Anderson, Walter R.
Lynn, and Gary Weatherford. The presentations and
findings from the colloquium were published by the
Water Science and Technology Board later that year.

Although they were far from unanimous, the partici-
pants at the colloquium concluded that: “a national
water quality monitoring and assessment program, in
some form and at some level of effort, is warranted in
order to improve comprehensiveness and reliability of
information for decisionmaking.”

In 1987, the Water Science and Technology
Board was requested to undertake a 2-year evaluation
of the NAWQA Pilot Program. The NRC responded to
this request in 1988 by appointing the Committee to
Review the USGS National Water-Quality Assessment
Pilot Program (table 3). The Committee’s task was to
consider the program’s usefulness to State, local, and
private entities for making decisions affecting water
resources and its usefulness in advancing the scientific
understanding of water quality. The evaluation also
considered current expenditures for gathering water-
quality information by existing programs as well as
through NAWQA. The Committee reviewed the extent
to which water quality information programs such as
NAWQA can be expected to (1) provide a more
comprehensive water-quality assessment than existing
or alternative programs and (2) support more effective
and efficient management of our Nation’s water
resources.

Prior to the scheduled completion of the pilot
projects and the Committee’s final report in 1990, the
administration was preparing a proposal to the
Congress for a water-quality initiative in FY 1991—
mostly focused on agricultural nonpoint-source water-
quality concerns. As part of this initiative, the OMB
was willing to include implementation of the NAWQA
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Table 3. Members of the National Research Council Committee to Review the USGS National Water-Quality Assessment Pilot

Program (1988-90)

Richard S. Engelbrecht, University of Illi-
nois at Urbana-Champaign, Chairman

Keith C. Bishop, III, Chevron U.S.A., San
Francisco, California

Berkeley

California

Sandra L. Blackstone, University of
Denver College of Law, Colorado

Michael E. Campana, University of

Mexico, Albuquerque Athens

Margaret Conditt, Procter and Gamble,
Cincinnati, Ohio

Robert C. Cooper, University of California,
David L. Freyberg, Stanford University,

James Geraghty, Geraghty & Miller, Inc.

Judy L. Meyer, University of Georgia,

Susan Stafford, Oregon State University,
Corvallis, Oregon

James Heaney, University of Florida,
Gainesville, Ex-Officio

Kenneth Potter, University of Wisconsin-

Madison,

Ex-Officio

Sheila D. David, Senior Staff Officer,
National Research Council Staff

Donald J. O’Connor, HydroQual, Inc.
Mahwah, New Jersey

Program, provided that it received favorable review
from the NRC Committee. Graciously, the NRC
Committee agreed to provide an interim report of their
findings in September 1989. The interim report
concluded that:

“. .. anational-scale, long-term water quality
assessment is in the best interest of the country. Addi-
tionally, we believe that the USGS is well qualified to
implement the proposed NAWQA Program because it
is a nonregulatory agency and because of its ability to
undertake the long-term commitment necessary for
such a program to be successful. . .

The findings of the Committee were published
their final report in 1990. The deliberations and
discussion with the Committee during the pilot
program were extremely helpful to the USGS. Among
the many substantive contributions from the
Committee were the suggestions to (1) conduct inte-
grated investigations of both surface and ground water
in each study unit, (2) use modeling to provide a more
quantitative analytical framework for conducting the
assessments, and (3) acknowledge the need for issue-
based national synthesis.

Two publications from the pilot program— “Are
fertilizers and pesticides in the ground water? A case
study of the Delmarva Peninsula, Delaware, Maryland,
and Virginia” by Pixie Hamilton and Robert Shedlock
and “Persistence of the pesticide DDT in the Yakima
River Basin, Washington” by Joseph F. Rinella, Pixie
A. Hamilton, and Stuart W. McKenzie—deserve
special recognition because of their excellence and
because they served as models for future publications
focused on communicating scientific information on
issues of regional and national concern to the general
public. Joan M. Rubin was responsible for graphic
design and layout for these publications.
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Implementation of a Full-Scale NAWQA
Program (1991-95)

In fiscal year 1991, the Congress appropriated
funds for the USGS to begin full implementation of
the NAWQA Program. Management and coordination
of the program occurred through the NAWQA Leader-
ship Team which consisted of P. Patrick Leahy, Chief,
of the NAWQA Program; William G. Wilber, National
Synthesis Coordinator; Jeffrey T. Armbruster, Assis-
tant Regional Hydrologist for NAWQA (ARH/N)
Southeastern Region; Mark A. Ayers, ARH/N, North-
eastern Region, Barbara J. Ryan, ARH/N Central
Region; and Marc A. Sylvester, ARH/N Western
Region. In 1994, Ivan C. James and Michael C.
Yurewicz replaced Ryan and Ayers, respectively. In
1995, Leahy was selected as Chief Geologist. Timothy
L. Miller was selected as Chief of the NAWQA
Program.

Appropriations during this timeframe were as
follows:

1987 $18,219,000
1988 $28,463,000
1989 $38,260,000
1990 $51,822,000

1991 $58,071,000

Sixty study units (major river basins and aqui-
fers) distributed across the United States were selected
for the program. In aggregate, these study units encom-
passed about 60-70 percent of the Nation’s water use
and population served by public supplies and repre-
sented settings that differ widely in the natural and
human factors that affect water quality. One-third of the
study units were to be studied intensively at any one
time. The first group of study units along with the
Project Chiefs of these studies are listed in table 4.
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Table 4. National Water-Quality Assessment Program study units started in 1991, and Project Chiefs

Apalachicola—Chattahoochee—Flint River Basins, David J. Wangsness
Albemarle-Pamlico Drainages, Timothy B. Spruill

Central Columbia Plateau, Alex K. Williamson

Central Nebraska Basin, Thomas L. Huntzinger

Connecticut, Housatonic, and Thames River Basins, Stephen P. Garabedian
Georgia-Florida Coastal Plain Drainages, Edward T. Oaksford

Hudson River Basin, Patrick J. Phillips

Lower Susquehanna River Basin, Kevin J. Breen

Potomac River Basin, James M. Gerhart and Joel D. Blomquist
Red River of the North Basin, Jeffrey D. Stoner

Rio Grande Valley, Sherman R. Ellis

San Joaquin-Tulare River Basins, Neil M. Dubrovsky

South Platte River Basin, Kevin F. Dennehy

Trinity River Basin, Larry F. Land

Upper Snake River Basin, Walton H. Low

White River Basin, Charles G. Crawford

Willamette River Basin, Dennis A. Wentz

Western Lake Michigan Drainages, Charles A. Peters

Nevada Basin and Range, Hugh E. Bevans
Ozark Plateaus, David A. Freiwald

Table 5. National Water-Quality Assessment Program study units started in 1994 and Project Chiefs

Allegheny-Monongahela River Basins, Steven D. McAuley
Central Arizona Basins, Gail E. Cordy

Eastern Iowa Basins, Stephen J. Kalkhoff

Kanawha-New River Basin, James H. Eychaner

Lake Erie-Lake St. Clair Drainages, Donna N. Meyers
Long Island-New Jersey Coastal Drainages, Mark A. Ayers
Lower Illinois River Basin, George E. Groschen
Mississippi Embayment, Barbara A. Kleiss

Puget Sound Drainages, James C. Ebbert

Sacramento River Basin, Joseph L. Domagalski

Santee River Basin and Coastal Drainages, Brian W. Hughes
South Central Texas, Marshall Jennings

Southern Florida Drainages, Benjamin F. McPherson

Upper Colorado River Basin, Nancy E. Driver

Upper Mississippi River Basin, James R. Stark

Upper Tennessee River Basin, Paul S. Hampson

The first cycle of assessment for each group of
study units was focused on characterization of the
broad-scale geographic and seasonal distribution of
water-quality conditions in relation to major point and
nonpoint sources and natural and background condi-
tions. A key objective was to fill gaps in existing data
for each study unit. To the extent possible, design
features, such as chemical constituents measured,
media sampled, and spatial and temporal resolutions
were consistent among the study units. This "occur-
rence and distribution" assessment was the largest and
most important component of the first 3-year intensive
study phase in each study unit and served as the basis
for the design of assessments of long-term trends and
changes and of more detailed case studies of specific
water-quality issues.

The first cycle of assessment for each group of
study units consisted of 2 years of initial planning and
retrospective analysis of existing data, 3 years of inten-
sive data collection and analysis, and 6 years of report
preparation and low-level assessment activity before
the second cycle of intensive data collection and anal-
ysis would begin. The first complete cycle of intensive

investigations of all study units was scheduled for
completion by 2002. "Design of the National Water-
Quality Assessment Program: Occurrence and distri-
bution of water-quality conditions" by Robert J.
Gilliom, William M. Alley, and Martin E. Gurtz
described the goals, environmental framework, and
major design components of the program to be imple-
mented.

In addition to the study unit investigations, two
National Synthesis Projects were started in 1991
focused on Pesticides and Nutrients. The National
Synthesis teams provided technical support to the
study units on key assessment design and protocol
issues. In addition, they were responsible for inter-
preting the results from multiple study units as well as
information from other studies to produce regional and
national assessments for priority water-quality issues.
The Pesticides and Nutrient National Synthesis Teams
were led by Robert J. Gilliom and Dennis R. Helsel,
respectively. In 1994, the National Synthesis Compo-
nent of the Program was expanded to include a team of
scientists focused on Volatile Organic Contaminants.
This team was led by John S. Zogorski.
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In addition to the National Synthesis teams,
technical support for the NAWQA Program was
provided by key Region and Headquarters staffs. Each
Regional Office was staffed with two biologists—one
from the Water Resources Division and one from the
newly formed National Biological Survey (NBS).
WRD and NBS Regional Biologists were Stephen K.
Sorenson and Stephen B. Smith, Northeastern Region;
CIiff R. Hupp and Wade L. Bryant, Southeastern
Region; Stephen D. Porter and Lawrence R. Deweese,
Central Region; and Terry M. Short and Steven L.
Goodbred, Western Region. Thomas A. Muir was the
Headquarters coordinator for NBS. The North Caro-
lina Ecology Group consisted of Martin E. Gurtz,
Thomas F. Cuffney, and Michael R. Meador. Ground-
water technical support was provided by O. Lehn
Franke, Michael T. Koterba, and Wayne W. Lapham.

BRANCH OF SYSTEMS ANALYSIS

By Robert M. Hirsch

This was a highly productive period for the
Systems Analysis Group (later called the Branch of
Systems Analysis) within Headquarters of WRD. The
group was situated within Research and Technical
Coordination (R&TC) and later within Program Coor-
dination and Technical Support (PC&TS). The
mission included development of methods of data
analysis, publishing those methods and training
District staff in the use of those methods, research and
special projects in support of the major programs of
the WRD including analysis of the data collected and
developing plans for new programs, conducting
applied research in hydrology and economics, and
serving as a center of excellence for the USGS in
statistical hydrology.

Water Quality Analysis Methods and Networks:

A dominant theme of Branch work during this
period was the design of water-quality networks and
the uses of the data from these networks. NASQAN
had been initiated in 1972, and by the late 1970’s
considerable data had been collected. It was apparent
within the USGS and outside that, although a major
goal of the network was to detect trends, there was no
agreement on how to proceed with meaningful and
statistically powerful trend analysis. The Systems
Analysis group took on this task by exploring the

common features of the data: they were often highly
skewed, strongly related to streamflow, showed
seasonal cycles, and sometimes included “censored”
values (reported as less than the limit of detection).
Within the group, Robert Hirsch, Dick Smith, and Jim
Slack developed a set of techniques for dealing with
these conditions. The key ingredients of the techniques
were the use of flow adjustment and a robust statistical
procedure invented by the group and called “the
seasonal Kendall test.” These ideas, and some national
analyses, were published in a series of papers starting
in 1982 (by Hirsch, Smith, and Slack) and culminating
with a review paper in 1991 (by Hirsch, Alexander,
and Smith).

Related techniques were developed and applied
to a variety of data sets by others in the group. Harry
Lins, Dick Smith, and Rich Alexander applied them to
stream sulfate data from the Hydrologic Benchmark
Network and made contributions to the study of the
acid rain problem. Smith and Alexander, in an article
in the journal Nature, and as coauthors of a National
Research Council Report on long-term trends in acid
rain, were the first to show that headwater stream
sulfate (like industrial sulfur emissions) had been
declining in the Northeast since the early 1970’s while
increasing elsewhere. Similarly, Hirsch, working with
Terry Schertz of the Texas District, took the first look
at the National Trends Network atmospheric deposi-
tion data, developing and applying statistical tech-
niques appropriate to exploring trends in these data.
Robert Gilliom, Rich Alexander, and Dick Smith
applied related techniques to analysis of the first
national data set of pesticides in streams. These data
were particularly difficult to work with, and these
studies led to important guidance as to what would be
needed in the future to run a meaningful pesticides
network.

All of this work on trends culminated in some
important papers on the state of knowledge of trends in
surface-water quality. These included papers by Smith
and M. Gordon Wolman (of Johns Hopkins Univer-
sity) in Science magazine, and a paper by Smith and
Debra Knopman in Environment magazine. Also, a
chapter of the 1990-91 National Water Summary by
Smith, Alexander, and Kenneth Lanfear presented the
most comprehensive study of national water-quality
conditions and trends up to that time.

Another major goal of USGS water-quality
networks was the estimation of load or transport of
various constituents. In general, such data consisted of
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perhaps a dozen instantaneous samples per year (for
several years) and a continuous record of discharge. A
method was needed that exploited the relation between
flow and concentration, the regular seasonal variations
in this relation, long-term trend (if it existed), and the
vast amount of flow information available. Particularly
important was the need to develop estimates that were
unbiased. This was not a simple matter because of the
use of log-log regressions. The problem was tackled
by a team of Tim Cohn, Ed Gilroy, and Hirsch. They
also added an important result that quantified the error
of these estimates. Cohn collaborated closely for
several years with the Maryland District on the appli-
cation of these methods to the nutrient issues of Ches-
apeake Bay. Like the trend-analysis techniques
mentioned above, these methods have now become
widely accepted inside and outside the USGS.

The problem of “less than” values is a particu-
larly vexing problem in the analysis of water-quality
data. The problem includes the difficulty of estimating
mean values, standard deviations, trends, and loads. A
team of Gilliom, Dennis Helsel, and Cohn developed
some robust methods for dealing with censored data.
This culminated in a paper by Helsel that was featured
as a “cover story” in 1990 in the journal Environ-
mental Science and Technology. The paper was enti-
tled “Less than obvious: Statistical treatment of data
below the detection limit.”

These approaches to describing water quality at
individual stations, while important, begged the ques-
tion: what was the condition of water quality
throughout the entire network of streams of a river
basin, State, or Nation. It was this question that was
addressed by the team of Dick Smith, Rich Alexander,
and Greg Schwarz in their development of the
SPARROW model (Spatially Referenced Regressions
on Watershed Attributes). The first applications of this
technique came in 1993 and continue to be a very
active direction of water-quality studies in the next
decade.

Statistical Methods Related to Other Topics:

Hirsch continued a line of research begun in a
local drought in 1977 to find ways to estimate risks of
water-supply shortages. These stochastic techniques
involving simulation of streamflow, reservoir storage,
and water delivery to users can provide water-system
managers with up-to-date estimates of the probability
that they will fail to deliver water to their customers

over some finite time horizon (typically several
months). These techniques, called “Position Analysis,”
have been applied to a number of systems including
the Potomac and Delaware River Basins. A related
issue in water-supply analysis is the need to “extend”
hydrologic records. Traditional methods of estimating
flow at a stream gage with a short record, based on
flows from a nearby stream gage with a much longer
record, is that the estimates will have too little vari-
ability and hence understate the chances of shortage.
Hirsch developed a method, closely related to regres-
sion, called Maintenance of Variance Extension
(MOVE), which is in common use by hydrologists
within and outside the USGS.

Hirsch and Cohn (together with Professor Jery
Stedinger of Cornell University, who spent a sabbat-
ical year with the group in 1982-83), worked on
methods for estimating flood frequency in light of
historical or paleo data. The issue is how best to use
information about the very large floods from years
before the start of the stream-gage record along with
the stream-gage records themselves.

Helsel worked with District Staffs conducting
the first regional assessments of ground-water quality
under the Toxic Substances Hydrology Program.
Methods were implemented for both the design of
representative regional networks and the analysis of
subsequent data. These studies later became proto-
types for regional ground-water quality studies within
the NAWQA Program.

Finally, John Schefter and Greg Schwarz at
various times carried out econometric research on
water use, water-use forecasting, and demand estima-
tion. They wrote several papers on the science and
economics of water use and provided training and
guidance to the USGS Water Use Information
Program.

A culmination of much of these efforts on statis-
tical methods was the development of a USGS training
course called “Statistical Methods for Environmental
Data Analysis.” It started as a series of informal work-
shops and then was formally initiated as a National
Training Center course in 1986 taught by Hirsch and
Helsel. This course has been the single most widely
attended course in the history of the Training Center.
Through 2001 it has been taught 38 times to a total of
730 students. Instructors have included most of the
members of the Systems Analysis group from this era.
Course coordinators have been Helsel, Gilroy, and
Alexander. The course begins with a correspondence
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course to make sure all students are up to speed on
basic statistical techniques.Then, during the week of
classroom work, the emphasis is on how to determine
which of the many available statistical methods is
most appropriate for the hydrologic data set at hand.
This is done through extensive use of sample problems
with real USGS data sets. The course text and problem
sets were published by Elsevier Publishers as “Statis-
tical Methods in Water Resources” by Helsel and
Hirsch in 1992. These techniques are also presented in
a chapter on “Statistical treatment of hydrologic data”
by Hirsch, Helsel, Cohn, and Gilroy in the “Handbook
of Hydrology” published in 1992.

National Water Summary and the Genesis of the NAWQA
Program:

In the years leading up to 1983 the Systems
Analysis group had done extensive work on the plans
for a potential National Water Resources Assessment
(a function previously carried out by the Water
Resources Council). In 1983, Secretary of the Interior
James Watt, in conjunction with abolishing the WRC,
asked the USGS to prepare a scientific summary of
national water conditions. This volume was prepared
rapidly, with a team of three lead authors and various
supporting editors. The authors, assigned full time for
about 2 months were Hirsch and Gordon Bennett
(Assistant Chief Hydrologist for R&TC) and Robert
Averett (Regional Research Hydrologist in Denver).
Hirsch’s primary responsibility was to prepare the
section of the report on water availability in terms of
surface water. This was closely coupled with Bennett’s
work on ground water. The report was produced
rapidly, and its products are still in use.

During the review of National Water Summary,
Jacob Rubin (NRP, Menlo Park) noted that while the
water-quantity information in the report had a sound
structure and was able to convey a good general
picture of the national situation (thanks to the long-
standing existence of the stream-gaging program and
the recent efforts of the RASA program) the same
could not be said for water quality. Although there was
interesting and important information presented, there
was no coherent national picture that could be
conveyed. This convinced Rubin that the USGS
needed to address itself to creating some kind of
perennial program of water-quality assessment. He
persuaded Philip Cohen of this, and a committee was
asked to lay out a conceptual design. Rubin chaired the

committee. Hirsch (along with Bennett and Sam
Luoma) was on the committee. After the completion
of the committee work, Hirsch continued to carry the
major responsibility in Headquarters for defining the
program and explaining it to officials within the
USGS, Department of the Interior, USEPA, OMB, the
National Academy of Sciences, and then the Congress.
Hirsch moved on to serve as Staff Assistant to the
Assistant Secretary of the Interior James W. Ziglar in
1987 but carried this responsibility with him. The
Systems Analysis group continued to be very involved
in the NAWQA Program in subsequent years,
including reports by Knopman and many other special
assignments of staff. William Alley left the Systems
Analysis group to accept the assignment as ground-
water coordinator of the pilot NAWQA Program.

Hydrology and Climate:

Harry Lins came from the USGS geography
program in 1982 and brought a focus on climate issues
to the Systems Analysis group, and indeed to all of
WRD. Lins authored a section on “Hydrologic condi-
tions and water-related events” that appeared in four
successive issues of the National Water Summary.
This was an important chronicle of the major droughts
and floods of each year that related them to the
synoptic weather patterns of the Nation. Lins authored
several reports that examined the spatial and temporal
patterns of streamflow in the Nation and their connec-
tion to atmospheric circulation. He was a leader in
applying principal components analysis to these large
data sets and went on to teach these techniques in an
advanced WRD multivariate statistics course. In the
early 1980’s Alley did research on the subject of
drought indices and their relation to ground water. His
work showed that drought indices, which have been
designed for agricultural applications, are of rather
limited use in understanding the variations in hydro-
logic conditions.

Hydrologic researchers need a carefully chosen
set of hydrologic records for doing long-term national
analyses of streamflow conditions (trends and correla-
tions with atmospheric variables). To this end, Jim
Slack, working with Jurate Landwehr (NRP, Reston),
assembled the Hydroclimatic Data Network (HCDN),
a set of streamflow records from stream gages that are
not significantly affected by regulation or diversion.
This data set was first published on CD-ROM in 1992.
It has been updated since then and has formed the
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basis of important research within and outside the
USGS.

In 1988, the midcontinent region was in the grip
of a major drought and heat wave. Lins was called on
to explain the situation to the political leadership at the
Department of the Interior and relate it to the “green-
house effect.” He went on to work with Marshall Moss
to describe a conceptual plan for USGS research that
related hydrology to climate variability and change.
This formed the basis of the USGS Global Change
Hydrology Program, and Lins became the first coordi-
nator of that program in 1989.

Ground-Water Issues:

Among the three major technical areas of WRD
work, ground water is the one that received the least
attention by the Systems Analysis group, but there was
some work of note. Debra Knopman, working with
Cliff Voss in the NRP in Reston, developed and
applied new techniques for the design of optimal
sampling strategies in contaminated ground-water
systems. They were able to show that sampling
methods that utilize some level of knowledge about the
underlying physical system can be vastly more cost
effective and informative than systematic sampling
techniques alone. Their methods have been applied by
the Swedish nuclear waste repository program and
elsewhere. Knopman also worked with the Regional
Aquifer-System Analysis (RASA) program to apply
common statistical analyses to well data and thus infer
some general associations between well yields and
hydrogeologic formations in central and eastern Penn-
sylvania. This statistical work led to the recognition of
the need for the Office of Ground Water to establish a
full-time position of Data Coordinator to gain control
of the Survey’s vast data holdings produced from the
10-year-long RASA program. Also, Alley and
Schefter published an economic perspective on indi-
vidual farmers’ pumping decisions for the High Plains
Aquifer, exploring the extent that individual decisions
affect neighboring farms and in what timeframes.

Systems Analysis Group Members:
Where did they end up?

The members of the Systems Analysis group
have collectively and individually had considerable
effect on the WRD and on water science in the Nation.

This list provides some indication of the types of posi-
tions that they have held (through 2001).

Robert Hirsch: Chief Systems Analysis Group
(1980-87); Staff Assistant to the Assistant Secretary
of the Interior; Assistant Chief Hydrologist for
Research and External Coordination; Acting Director
USGS; Chief Hydrologist.

Harry Lins: Coordinator Global Change
Hydrology Program; Coordinator Watershed
Modeling Program; USGS Drought Science Coordi-
nator and staff hydrologist in Office of Surface Water.
(Served on NRC Committee on Risk-Based Analyses
for Flood Damage Reduction.)

William Alley: Coordinator, Ground Water Pilot
Program of NAWQA; NRP Project Chief; Coordinator
of the RASA Program; Chief Office of Ground Water.
(Served on NRC committee on Ground Water Vulnera-
bility Assessment Methods.)

John Schefter: Manager of Water Resources
Research Institutes and Grants Program. Also, 1-year
assignments to each of the following: DOI Office of
Policy Analysis, Congressional Committee Staff, and
USGS Congressional Liaison Office.

Debra Knopman: Chief, Systems Analysis
Group (1991-93); Deputy Assistant Secretary of the
Interior; Director, Center for Innovation and the Envi-
ronment at the Progressive Policy Institute; Associate
Director, RAND Science and Technology; member of
the Nuclear Waste Technical Review Board. (Served
on NRC Commission on Geosciences, Environment,
and Resources.)

Dick Smith: NAWQA National Synthesis Team
for nutrients. (Served in NRC Committee on Total
Maximum Daily Loads.)

Tim Cohn: Staff hydrologist of Office of Surface
Water; AGU Congressional Science Fellow; USGS
theme coordinator for hazards. (Served on NRC
Committee on American River Flood Frequencies.)

Ed Gilroy: Retired

Jim Slack: Mathematician in NRP, Menlo Park;
Chief of the Hydrologic Analysis Support Section; and
mathematician in Office of Surface Water.

Robert Gilliom: Manager of California District
studies of San Joaquin Valley drainage issues; Project
Chief of NAWQA National Synthesis Team for Pesti-
cides.

Rich Alexander: NAWQA National Synthesis
Team for nutrients.

Greg Schwarz: NAWQA National Synthesis
Team for nutrients.
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Dennis Helsel: Chief, Systems Analysis Group
(1987-91); Project Chief of NAWQA National
Synthesis for Nutrients; Project Chief of NAWQA
National Synthesis for Metals; Associate Regional
Geologist, Central Region, USGS.

OFFICE OF ATMOSPHERIC DEPOSITION
ANALYSIS

By Ranard J. Pickering

Beginning in the late 1950's, the WRD
conducted a number of studies of the effects of precip-
itation chemistry on water quality, both in federally
funded research and in the Federal-State cooperative
program. In 1982, because of increasing concern about
the possible environmental effects of “acid rain,” the
level of hydrologic research was significantly
increased and the program broadened to include the
effects of atmospheric deposition on limestone and
marble building stones.

In 1984, the WRD established an Office of
Atmospheric Deposition Analysis to coordinate the
acid-rain research. Ranard J. “Jack” Pickering was
reassigned from Chief, Quality of Water Branch, to
Chief of the new office. Subsequently, Paul Kapinos
became principal assistant to the Chief, and Bernard
Malo was signed on as Chief of Quality Assurance.
Joel Frisch worked part-time at this activity. Much of
the effort of office personnel was put into interagency
activities.

The WRD Federal acid-rain program, at a
funding level of about $3 million annually, was carried
out as part of the National Acid Precipitation Assess-
ment Program (NAPAP) conducted by the Federal
interagency Acid Precipitation Task Force. The Task
Force and its research program was established by the
Acid Precipitation Act of 1980, and later reauthorized
in the Clean Air Act Amendments of 1990.

The purposes of the WRD program were to:

* Monitor the chemical composition of precipitation
(rain and snow) nationwide and describe its vari-
ability geographically and with time;

* determine the susceptibility of lakes and streams to
acidification and to monitor susceptible areas for

long-term changes that may result from acidic
deposition;

* define the chemical and hydrologic processes by
which acidic deposition affects the quality of
surface and ground waters in the United States;
and

 define the chemical and atmospheric processes by
which acidic deposition damages carbonate
building stones.

The USGS, through the Office of Atmospheric
Deposition Analysis:

e Served in NAPAP as lead agency for the Task
Group on Deposition Monitoring and was a
member of the Working Group on Effects on
Materials and Cultural Resources and the Task
Group on Aquatic Effects.

» Coordinated the 150-site National Trends Network
for monitoring precipitation chemistry nation-
wide. The WRD operated about 60 sites in the
network; other sites were operated by a variety of
Federal, State, university, and private organiza-
tions. The core from which the National Trends
Network was built was the already-existing depo-
sition-monitoring network of the National Atmo-
spheric Deposition Program of the State
Agricultural Experiment Stations, in which the
USGS was a participant.

* Monitored 13 sites for long-term changes in water
quality in areas identified by the Aquatic Effects
Task Group as being sensitive to the effects of
acid rain.

» Conducted studies in seven watersheds to define
geochemical and hydrologic processes by which
acidic deposition affects the quality of streams,
lakes, and ground water.

* Conducted studies at three test-sample exposure
sites and in the laboratory to define geochemical
and atmospheric processes by which acidic depo-
sition damages carbonate building stones.

WRD authors, reporting on the results of their
studies, contributed to several of the set of 28 State-of-
Science/State-of-Technology reports that constituted a
large part of the NAPAP final Phase I report to the
President and Congress on the results of its program.

USGS personnel in the Acid Rain Program were
active in efforts by the United States and Canada to
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develop a bilateral agreement on transboundary air
pollution. As Chief of the Office of Atmospheric
Deposition Analysis, Jack Pickering frequently served
as Department of the Interior representative at meet-
ings of technical working groups and attended negoti-
ating committee meetings as an advisor to the
Department of the Interior representative—the Assis-
tant Secretary for Water.

NUCLEAR HYDROLOGY PROGRAM—YUCCA
MOUNTAIN PROJECT BRANCH

By William W. Dudley and Louis G. Ducret

Nuclear Hydrology Program, 1979-1985

By the beginning of 1979, hydrologic studies of
the Nevada Test Site (NTS) by the Nuclear Hydrology
Program (NHP) were dominantly in support of the
U.S. Department of Energy’s (DOE) Nevada Nuclear
Waste Storage Investigations (NNWSI). This was in
contrast to the previous two decades, during which
NHP’s primary role related to the siting, safety, and
engineering support of underground nuclear explo-
sions at NTS. An intensive regional and site-specific
evaluation of NTS in 1977-78 led to the focus of
NNWSI interest by 1979 on the Yucca Mountain area,
which straddled the southwestern border of NTS. The
evaluation was an interdivisional USGS effort, formu-
lated jointly under the leadership of William W.
Dudley, Chief of NHP, and William S. Twenhofel,
Chief of Geologic Division’s (GD) Special Projects
Branch. Dudley served as the principal contact and
Operations Coordinator for the Bureau. Scientists in
several offices of both divisions were actively involved
in the planning and eventual execution of the program.

During 1979, Dudley was reassigned to
Wyoming as District Chief and was succeeded as NHP
Chief by William E. Wilson. Twenhofel assumed lead-
ership of the Survey’s NNWSI program, relying
heavily on Wilson and Gary L. Dixon to oversee the
hydrologic and geologic aspects, respectively. Upon
Twenhofel’s retirement in 1980, Wilson and Dixon
jointly represented the USGS program to DOE, as well
as leading their respective disciplines in planning,
operations, and scientific reporting. Several branches
in GD provided expertise in regional and borehole
geophysics, stratigraphy, structure, tectonics, volca-
nism, and isotope geology. An office of National

Mapping Division supported the tectonics study with
high-precision surveys of quadrilaterals that straddled
several major faults and of a level line along U.S.
Highway 95 across the northern Amargosa Desert.
NHP had an existing, though small, ground-water
staff, and Wilson elicited additional support in paleo-
hydrology (and eventually in unsaturated-zone
hydrology) from research scientists in Northeastern,
Central and Western Regions, as well as from
academia. Nevada District staff expanded their duties
to provide flood-discharge studies, crest-stage moni-
toring, and regional ground-water monitoring.

In order to concentrate the effort of his direct
NHP staff on NNWSI studies, Wilson negotiated the
transfer of the NTS weapons-program work to the
Nevada District. The NHP staff in 1981 included
hydrologists F. Eugene Rush (Assistant Chief), Hans
C. Claassen, Gene C. Doty (in Nevada), Richard K.
Waddell, James E. Weir, Merrick S. Whitfield, and
William Thordarson. Instrumental and field support
was provided by Technicians Leonard E. Wollitz,
Wayne A. Evert, Charles L. Washington, and William
J. Oatfield. Although the NHP projects were princi-
pally field-oriented, Waddell developed the first two-
dimensional ground-water flow model for the NTS
region.

The rapidly expanding site-characterization
program required a much larger hydrologic staff,
which Wilson initially acquired as detailees from other
WRD offices while he recruited permanent staff from
within and outside of WRD. Permanent staff additions
in 1981 and 1982 included Richard K. Blankennagel, a
drilling and testing specialist who previously had
headed NHP; Larry V. Benson, a specialist in
geochemistry and paleohydrology acquired from
Lawrence Berkeley Laboratory; and hydrologists
Robert W. Craig, John B. Czarnecki, James R.
Erickson, David H. Lobmeyer, and James H. Robison,
all of whom conducted and reported on testing of the
saturated zone. Professor Richard Hay and his doctoral
student Robert Pexton studied the origin of clays in the
Amargosa Desert whereas Geoffrey Spaulding,
University of Washington, contracted to define the
paleoclimates of southern Nevada based primarily on
packrat middens. Joe S. Downey transferred from the
Northern Great Plains RASA in 1983 to support satu-
rated-zone and paleohydrology studies.

About 20 exploratory holes penetrated to depths
as much as 6,000 feet beneath the Yucca Mountain
area by 1984. Most of these holes targeted rocks
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beneath the water table, which lies at depths of about
1,000 to 2,500 feet. Selection of drilling locations was
an integrated effort by GD and WRD, as was
providing the scientific direction of drilling and testing
operations conducted by DOE contractors. The GD
personnel had primary responsibility for geophysical
logging, description of lithologic and structural
features of core and cuttings, and picking stratigraphic
contacts. The WRD was responsible for the hydrologic
testing, which in most of these holes consisted of
pumping and injection tests, interval head measure-
ments and hydraulic tests between packers, additional
geophysical logging, borehole flow and temperature
surveys, and hydrochemical and isotopic sampling and
analyses. The growing store of hydrogeologic and
hydraulic information made it possible for Czarnecki
and Waddell to prepare a finite-element flow model for
the vicinity of Yucca Mountain, though still in two
dimensions and lacking solute-transport capability.

Results of the USGS testing program that had
been obtained by about the end of 1981 had already
shown that the deep saturated zone probably was too
permeable to host a nuclear-waste repository. At meet-
ings and in correspondence, Isaac Winograd, of
‘WRD’s Northeastern regional research staff, and
‘Wilson encouraged DOE to invest substantially in
exploratory testing of the great thickness of unsatur-
ated rocks above the water table. Because of the
expected small infiltration flux, the unsaturated envi-
ronment was predicted to offer major benefits for
waste isolation and for excavation and operation of an
underground repository. Confirming this prediction,
however, required another large expansion of NHP to
assemble a team with the talents and creativity to
develop an understanding of the hydrologic conditions
and processes operating in the thick unsaturated zone.
‘Wilson began building this specialized staff during
1983 while the saturated-zone field program was in
full swing and when many years of data compilation,
interpretation, and report writing lay ahead. By the end
of that year, Parviz Montazer had joined NHP from the
Colorado School of Mines, bringing experience in
investigating unsaturated flow in fractured hardrock
mines in Colorado. Dale P. Hammermeister trans-
ferred from California to Las Vegas to help establish
and maintain the field experiments. Wilson and
Montazer collaborated in developing characterization
plans and a conceptual model, specific to Yucca
Mountain’s hydrogeology, that became a basic refer-
ence for NNWSI unsaturated-zone studies.

In 1984, Warren E. Hofstra transferred to NHP
as Assistant Chief for Operations. Dwight T. Hoxie,
Albert Yang, Jack Kume, Phillip E. Harrold, and
Carole Loskot joined the unsaturated-zone staff, along
with technicians Ray Vaughns, Charles Warren, and
Stanley Breshears. The Saturated-Zone Hydrology and
Paleohydrology Section acquired Devin L. Galloway,
Patrick W. McKinley, and Alan C. Riggs.

Earlier, the Nuclear Waste Policy Act of 1982
had specified that, as part of site characterization,
DOE would obtain in-situ data by means of under-
ground testing, with access to be provided by an
exploratory shaft (ES). Los Alamos National Labora-
tory (LANL) was designated by DOE to be the lead
organization for ES design and testing. LANL was
given the responsibility for developing an integrated
test plan (ESTP) that described and coordinated the
experiments to be conducted by all of the NNWSI
technical participants. Sandia National Laboratory
(SNL) was responsible for geomechanical and thermo-
mechanical tests; LANL was responsible for geochem-
ical and nuclide-transport testing; and Lawrence
Livermore National Laboratory (LLNL) was to deter-
mine the thermal, chemical, and stress conditions in
the near-field waste-package environment. The USGS
was responsible for hydrologic testing to characterize
the natural unsaturated-zone conditions. In addition,
USGS was responsible for geologic mapping of the
shaft and lateral excavations that would house all of
the NNWSI experiments, but GD staff who were
assigned to NNWSI had little experience in under-
ground mapping and were generally reluctant to
accept the role of mapping the freshly exposed walls
of the ES. However, the Bureau of Reclamation (BOR)
was experienced in underground mapping as part of
their dam-site investigations and agreed in 1984 to join
with USGS in the ES geologic studies. The BOR also
was experienced in machining equipment needed for
in-situ testing and soon fabricated a sophisticated
surveying platform on which their geologists could be
lowered while mapping and sampling geologic units,
faults, and fractures.

Development of the ESTP began in 1984, and
shaft sinking by a drill-and-blast method was sched-
uled to be initiated in 1986. Early in the planning
process, however, it became evident that an inclined
ramp offered substantial operational and scientific
advantages over a vertical shaft. The redesign was
partly responsible for a delay of several years in begin-
ning the excavation, which provided a needed reprieve
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for the USGS to acquire and train the staff to perform
the complicated, first-of-a-kind experiments far
beneath the surface of Yucca Mountain. DOE also
decided to mine the main drift of the ESF (Exploratory
Studies Facility) by lateral drilling with a rail-mounted
tunnel-boring machine (TBM), and BOR promptly
changed its down-hole mapping platform to a trailing-
car design that was pulled behind the TBM. In order to
preserve the unsaturated environment for both charac-
terization tests and eventual repository performance,
application of fluids was minimal, creating a dusty but
aggressively ventilated underground workplace.

The scientific scope of Gary Dixon’s GD
program also was growing throughout the early 1980’s
as analyses of earthquake monitoring, in-situ stress
measurements, and patterns and ages of volcanism
revealed perplexing questions about the tectonic envi-
ronment of Yucca Mountain. Faced with managing
increasingly broad and complex scientific programs,
both Wilson and Dixon were hard-pressed to respond
to DOE’s expanding programmatic and administrative
requirements. To a large extent, these requirements
emerged from DOE’s recognition that its program to
locate, construct, and operate a nuclear-waste reposi-
tory was a Major System Acquisition (MSA), as
defined in Federal Regulations, and must be licensed
by the U.S. Nuclear Regulatory Commission. With
this designation came very exacting financial
accounting standards, detailed and long-range plan-
ning requirements, and the dictate that NNWSI
develop and comply with rigorous quality-assurance
(QA) controls that mimicked those imposed on the
construction and operation of nuclear powerplants. In
1981, Wilson and Dixon obtained DOE’s assistance in
receiving QA support from LANL, which had an
existing QA section.

DOE’s NNWSI Project Manager, Donald L.
Vieth, asked USGS in 1982 to designate a single point
of contact and responsibility, that is, a Technical
Project Officer (TPO), for its NNWSI efforts in both
GD and WRD. In response, WRD (the lead division
for waste-disposal programs) established the position
of Coordinator for NNWSI under the Assistant Chief
Hydrologist for Research and Technical Coordination,
who selected William Dudley to fill the new position
in late 1982. Wilson’s NHP continued to be under the
Central Region. During 1983, Dudley acquired a
secretary, Phyllis Burnham (now Phyllis Jeffery), who
served an administrative role as well, soliciting and

compiling monthly activities and financial reports
from about a dozen different offices in the two divi-
sions. Craig B. Bentley, who had become interested in
the project while on detail to NHP’s hydraulic testing
effort, also joined the Coordinator’s office in 1983 to
serve as alternate TPO and help in formulating the
Yucca Mountain Site Characterization Plan (SCP).
Finally, in 1983, Joe R. Willmon transferred from the
Central Region office, where he had gained experience
in overseeing the development of quality-control
procedures in water-quality laboratories. He quickly
applied himself to learning QA as it was evolving in
NRC and other NNWSI participant organizations.

Dixon requested a transfer to the Office of
Regional Geology’s geologic mapping program in
Western Region in late 1983, and Elmer H. Baltz was
named GD Coordinator. As a Geologist in the Albu-
querque Area Office, Baltz had geologic and hydro-
logic experience at the Nevada Test Site. In addition,
he had worked as a USGS advisor to NRC in evalu-
ating sites for nuclear powerplants. He had witnessed
the difficulties of forcing earth-science investigations
into the ill-fitting mold of a QA program designed for
nuclear powerplant construction and operation. He
foresaw that difficult times lay ahead for the NNWSI
site-characterization program. Baltz retired in
early1985, and Robert B. Raup was appointed GD
Coordinator for NNWSI. Though himself lacking line
authority over the many GD branches, Raup main-
tained the cooperative joining of the Divisions,
persuading frequently reluctant scientists to endure the
seemingly excessive planning, reporting, and quality-
assurance requirements.

Recognizing that USGS had neither the appro-
priate staff nor the inclination to develop in-house
capabilities to respond to all of DOE’s requirements,
Dudley sought and obtained in 1984 a management-
support contract with the Denver office of Science
Applications International Corporation (SAIC). With
SAIC’s help, the USGS made significant progress in
preparing its chapters of the Yucca Mountain Site
Characterization Plan and numerous subsidiary, more
detailed Scientific Investigation Plans (SIP’s), as well
as preparing budget requests and expenditure reports
on schedule. SAIC support also made it possible in
1985 to terminate the QA assistance from LANL,
providing local, responsive, and knowledgeable
support to QA Manager Joe Willmon. Later, SAIC
established a large records-management section in

60 A HISTORY OF THE WATER RESOURCES DIVISION, U.S. GEOLOGICAL SURVEY: VOLUME VIIl, 1979-94



order to meet another DOE directive to maintain
detailed documentation of all technical information
pertaining to the site.

Branch of NNWSI

During 1985, the NNWSI Coordinator’s office
was converted to the Branch of NNWSI, with Dudley
as Branch Chief and incorporating the Nuclear
Hydrology Program. For the hydrologic investigations,
this established the line of authority that DOE had
requested of USGS 3 years earlier, but the geologic
investigations were bound to NNWSI only by common
scientific interests, commitment to a national priority,
and budgetary expediency. WRD assigned Richard V.
‘Watkins from the Director’s office into the new posi-
tion of Associate Branch Chief. While Dudley concen-
trated on developing and reporting the geologic and
hydrologic scientific programs with DOE, maintaining
close coordination with Raup and Wilson, Watkins
addressed branch staffing needs and the associated
space problems.

A DOE quality-assurance audit of USGS in
March 1986 identified a large number of procedural
QA deficiencies that, if left uncorrected, could have
caused many USGS investigative results to be inad-
missible in a licensing action. After consulting with
(QA Manager Joe Willmon, Dudley issued a stop-work
order against most of the USGS studies that produced
site-characterization information. Exempted were such
activities as planning, prototype testing, training
(particularly in QA topics), analysis of natural-state
samples, and collection of other data that otherwise
would be permanently lost, such as earthquake seismic
monitoring. Vieth quickly imposed a DOE stop-work
order over Dudley’s, assuring that DOE would gain
control of the eventual lifting of the order. Subse-
quently, similar deficiencies were found during audits
of the National Laboratories, of DOE’s engineering,
construction, and drilling contractors, as well as of
DOE’s NNWSI Project Office, bringing the entire site
investigation to a halt for about 2 years. (The USGS
was released from the DOE-imposed order in
December 1987 and was the first of the major NNWSI
participants to regain control of its quality program
and be authorized to resume scientific work.)

In November 1986, Larry R. Hayes entered on
duty as NNWSI Branch Chief in Denver, replacing
Dudley, who was reassigned as Special Assistant for
NNWSI in the Office of the Assistant Chief Hydrolo-

gist for Program Coordination and Technical Support.
In that position, Dudley continued in full-time support
to the branch, serving as USGS representative on
several DOE/NNWSI committees, helping to resolve
controversial issues regarding geologic mapping, the
origin of calcite-silica veins, in-situ stress measure-
ments, and heat-flow studies, the last leading to a long-
term collaboration with John H. Sass of GD’s Branch
of Tectonophysics in relating subsurface temperatures
to ground-water flow patterns.

By the end of 1986, the branch had acquired a
Financial Administration Specialist, Joseph P. Piro; an
Administrative Services Section composed of Admin-
istrative Officer C. Deborah Keen, Budget Analyst
Edward D. Villanueva, and four support positions, two
of them authorized but still vacant; a Planning and
Evaluation Section, headed by Alonzo H. Handy,
which oversaw the SAIC contract activities; and a
Regulatory Support Section consisting of William H.
Langer, Joe E. Reed, Gary N. Ryals, and F. Eugene
Rush. Joe Willmon was authorized three professional
positions in the new Quality Assurance Section, one of
them filled by Joseph W. Reid, and a secretary, Alex-
andra Anderson. Finally, in order to improve day-to-
day communications between DOE and USGS, WRD
established an NNWSI Operations Office in Las
Vegas, reporting to the Branch Chief in Denver.

The Nuclear Hydrology Program staff also
increased strikingly in 1986. Daniel C. Gillies joined
in the combined capacities of Associate Chief and
Chief of the Saturated-Zone Hydrology and Paleohy-
drology Section. K. Wilford Causseaux transferred as
Assistant Chief for QA and Data Management, and
Barney L. Lewis joined the NHP staff in Las Vegas.
The Unsaturated-Zone Section added Alan L. Flint,
Joseph P. Rousseau, Charles A. Peters, and Ray A.
Vaughns, as well as gaining authorization for four
professional positions. The Saturated-Zone project
recruited Hydrologist Richard R. Luckey and Hydro-
chemist William C. Steinkampf to help characterize
the site hydrology. Kent C. Glover and Arthur L.
Geldon were added to conduct tracer tests at the three-
well experimental site that had been completed in satu-
rated fractured rocks near the site. Finally, Edwin D.
Gutentag joined the Paleohydrology Project.

In 1987, Montazer resigned and Barney Lewis
transferred to Denver to become Chief of the Unsatur-
ated-Zone Section, which also added Robert C. Trautz
to its staff. Charles L. Washington was converted from
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Hydrologic Technician to Computer Program Analyst,
foreshadowing the eventual establishment of central-
ized computer support in NHP and the Branch of
NNWSIL

Revision of the USGS Quality Assurance
Program Plan following the stop-work order included
removing the branch Quality Assurance Section to the
Office of the Assistant Director for Engineering
Geology in order to ensure its independence from the
Branch of NNWSI. In 1987, Thomas H. Chaney was
named Deputy QA Manager, and Hydrologists Martha
H. Mustard, Joseph W. Reid, and Susan Shipley were
added to the Denver staff. John R. Evans of GD’s
Branch of Tectonophysics was designated to act as
Willmon’s representative in Menlo Park, California.

The Szymanski Controversy, 1985—

Beginning in 1985, a DOE staff member, Jerry
S. Szymanski, developed an elaborate theory on the
origin of caliche-like layers and fracture-filling veins
that are ubiquitous at and near the surface in the Yucca
Mountain area. Indeed such deposits of calcium
carbonate and silica have long been recognized as
common products of soil development in desert
regions. Szymanski, however, purported that they were
formed from hot, mineral-laden fluids that were
expulsed from great, subcrustal depths by cyclic
tectonic processes, happening every few-thousand to
several-thousand years. Thus, it was certain, he
claimed, that a repository at Yucca Mountain would be
forcefully invaded by these corrosive fluids which,
upon nearing surface, would flash to steam. Nuclear
waste would be mechanically dispersed by the explo-
sion and be dissolved by the corrosive fluids still in the
repository. Szymanski developed a small cadre of
supporters from several organizations. Because his
principal duty had been reviewing NNWSI earth-
science reports and processing them for DOE
approval, publication of site-characterization findings
came to a standstill. Szymanski’s supervisor reas-
signed him to the full-time task of documenting his
theory and the evidence to support it in a written report
that the project could review.

Szymanski’s first report was completed in 1987,
and a team of more than 20 scientists was assembled
from USGS, LANL, LLNL, and SNL to review parts
of the document. Dudley, George Barr of SNL, and
Christopher Fridrich of DOE were assigned to
compile the comments into a composite NNWSI

review document. Earth-science topics that were
addressed by Szymanski included regional and local
geology and hydrology, tectonics, rock mechanics,
hydromechanics, soil science, geomorphology,
geochemistry, mineralogy, and isotopic dating. The
review was completed in 1988 and identified critical
misrepresentations of data and logical flaws in the
theory and the supposedly supporting data. Far from
accepting the results of this review, Szymanski
demanded and received reviews by two additional
panels, one that he selected and one that was selected
by the NNWSI Project Manager, composed of scien-
tists who were independent of DOE and the NNWSI
participants. Both panels reached unanimous but
opposite conclusions. In a voluminous document,
Szymanski’s panel reported that not only was he
correct, but that his assertions greatly understated the
risk of proceeding with the repository project. The
independent panel reached conclusions that were
similar to those of the earlier NNWSI review team—
that Szymanski’s thesis and arguments were not cred-
ible. Finally, DOE asked the National Academy of
Sciences to form a special review committee, which
included several nationally renowned scientists,
including former WRD researcher, John D. Brede-
hoeft. Once again, the NAS panel found no merit in
Szymanski’s theory.

Yucca Mountain Project Branch, 1988-90

DOE redesignated its NNWSI Project as the
Yucca Mountain Project in 1988, and the WRD office
became the Yucca Mountain Project Branch (YMPB).
Robert Craig transferred to the YMPB Nevada Opera-
tions office, and Craig Bentley retired.

In March of 1988, Hayes obtained GD’s concur-
rence for him to name John S. Stuckless, Branch of
Isotope Geology, as Project Chief, Paleohydrology and
Future Ground Water, in NHP, though Stuckless would
remain in GD. This unusual appointment principally
reflected the critical scientific and coordination roles
that Stuckless was playing in the interagency confron-
tations with Szymanski and his followers.

Wilson transferred in 1988 to the YMPB staff as
Science Advisor, being replaced as NHP Chief by
Donald G. Jorgensen. Bruce T. Brady joined NHP
in a position dedicated to reports improvement.
Hydrologic Technician James Gemmell joined NHP’s
fractured-rock hydrology project, which was initiating
hydraulic and tracer tests. In the UZ section,
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Michael P. Chornack, an experienced geologist with
Fenix and Scisson, Inc., at NTS joined the USGS to
oversee surface-based drilling and testing. The UZ
section also acquired Gary D. LeCain, Falah Thamir,
Carole L. Loskot, and Edward M. Kwicklis in Denver
and William J. Davies in Nevada. Janine S. Ferarese

joined the UZ hydrochemistry laboratory.

In 1989, the YMBP acquired Raye E. Ritchey
(later Raye Arnold), a Program Analyst who had
several years of experience with the demanding
program planning and reporting requirements that
DOE was increasingly placing on Yucca Mountain
Project participants. QA Manager Joe Willmon retired,
and the Office of Quality Assurance was administra-
tively transferred back to the Branch under the leader-
ship of David H. Appel. Wayne Rodman and Susan
Shipley joined the QA Office. Elisabeth M. Ervin and
Gary L. Patterson were recruited by the SZ Section,
and Alan L. Flint and Carol J. Boughton joined the UZ
Section. The Nevada Operations section acquired
Charles S. Savard to monitor ephemeral streamflow
losses and resulting recharge to the saturated zone.

Following Donald Jorgensen’s reassignment to
the Office of International Hydrology, David Appel
was named Chief of the former Nuclear Hydrology
Program, which was renamed Hydrologic Investiga-
tions Program (HIP) in 1990. He was succeeded as QA
Manager by Thomas H. Chaney. Al Handy retired, and
Daniel J. Gockel and Alice E. Lykins were added to
the QA staff. Joseph L. Henderson joined the Branch
as Administrative Officer. Under the Management
Operations Section, the Computer Operations Unit
was established, led by Neil Stuthmann and consisting
also of Barbara Kerans, Charles Washington, Marti
Vaught, and Charles Freestone. In 1991, William
Sockriter, William Oatfield, and Douglas Burkhardt
were added to the unit.

Also in 1990, Emily M. Taylor joined the Paleo-
hydrology Section of HIP to study the Quaternary
deposits and soils that were the center of the
Szymanski controversy, and Claudia C. Faunt was
acquired to compile the regional hydrogeologic data.
Amjad (MJ) Umari was appointed Project Chief of the
fractured-rock SZ tracer tests. Kenneth A. Richards,
supporting Alan Flint’s UZ Matrix Properties Project,
became the first full-time hydrologist dedicated to
laboratory measurements of unsaturated-rock proper-
ties in Mercury, Nev.

Dudley was reassigned to YMPB in 1990 as
Science Advisor, shortly before the retirement of
William Wilson. At that time, the State of Nevada had
determined that the Yucca Mountain Project was no
longer exploratory in nature, having been designated
as the only site of interest by the Nuclear Waste Policy
Act of 1987. Therefore, DOE would be required to
obtain a water-use permit from the State Engineer
before site-characterization activities could continue.
DOE requested that YMPB accept the role of testi-
fying in support of its application. Dudley, Luckey,
Claassen, and Czarnecki testified, respectively, in the
areas of regional hydrogeology and ground-water
flow, ground-water characteristics of the site, hydro-
chemical characteristics, and results of modeling the
effects of pumping water for repository development.
State Engineer Michael Turnipseed granted DOE’s
application at that time but reversed his decision a
decade later, on the basis of a State law prohibiting
nuclear-waste disposal in Nevada.

An agreement was reached in 1991 between Ben
Morgan, Chief Geologist, GD, and Philip Cohen,
Chief Hydrologist, WRD, in which 10 permanent, full-
time professional employees were voluntarily reas-
signed to WRD/YMPB with an option to return to GD
when they had completed their YMP work. This group
formed the core of the new Geologic Studies Program
within YMPB and was quickly supplemented with
others who were hired or accepted transfers without
the repatriation guarantee. Membership in the group
was as follows:

Geologic Studies Program
John S. Stuckless, Chief

Isotope and Geochemistry Section
Zell E. Peterman, Chief

Brian D. Marshall
Kiyoto Futa

James B. Paces
Shannon A. Mahan
Duane Craft

Paleoclimate Section

Richard Forester
Joseph Whelan
Kelly Conrad
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Rock Characteristics Section
Richard W. Spengler, Chief
W. Clay Hunter

Tectonics Section

John W. Whitney, Chief
Christopher J. Fridrich
Chris M. Menges
Jeffrey A. Coe

F. William Simonds

Additional expertise in geologic mapping, rock
characteristics, and tectonics was obtained by
increasing the scopes of the agreement with BOR and
the contract with SAIC. In addition, several branches
of GD entered into Memoranda of Agreement (MOA)
with Hayes that specified funding, reporting and deliv-
erables, and QA matters such as training and audits.
These MOA’s were principally used for discrete tasks
such as geophysical surveys.

Yucca Mountain Project Branch, 1991-94

Louis G. Ducret transferred to YMPB in Denver
in mid-1991 as Associate Branch Chief and Chief,
Planning and Support Section. Two new positions
were established in the Branch office; Robert E. Lewis
was named Reports Improvement Officer, and Patrick
McKinley was named Data Management Coordinator,
overseeing a large staff of contract personnel. Anthony
Buono transferred from Las Vegas to California, and
Robert Craig took charge of the Nevada Operations
Program. Dwight Hoxie transferred to Las Vegas,
where he served as the Branch scientific representative
on several committees and task forces. Increased field
activity in the UZ section led to the appointment in
1992 of Debra Edwards as ESF Coordinator and of
Daniel J. Soeder as Field Test Coordinator.

In 1991, the HIP Saturated-Zone Section,
headed by Richard Luckey, acquired Patrick Tucci to
synthesize the large store of hydrologic information
generated during site characterization. He was assisted
by Grady M. O’Brien, initially a student who was
converted to Hydrologist in 1992. Frank A. D’ Agnese
joined the Section while completing his Ph.D. thesis at
the Colorado School of Mines; this thesis documented
the first regional, 3-dimensional model of the Death
Valley ground-water system in Nevada and California.
Diana Perfect joined the SZ Section in 1992 to
compile and evaluate hydrochemical data for the

region. Also in 1992, John D. Earle and Jon Darnell
were added to Umari’s Fractured Rock Hydrology
project to aid in conducting tracer studies in coopera-
tion with LANL, which was responsible for solute-
transport aspects.

The position of Chief, Unsaturated-Zone
Section, was vacated in late 1990 by the reassignment
of Barney Lewis to the Wyoming District, and Michael
P. Chornack was subsequently selected for the position
in 1991. Larry O. Anna was hired in 1991 to charac-
terize and model the fracture systems in the unsatur-
ated zone. Gary R. Severson was acquired to conduct
the ESF percolation experiments, and Joseph J. Hevesi
joined the surface-based UZ Infiltration project.
During 1991-93, while still Western Region, Rufus T.
Getzen assisted Rousseau’s surface-based percolation
studies in installing and operating downhole equip-
ment to measure moisture characteristics in vertical
boreholes. Anita L. Sims and Jerry N. Walker assisted
in the field instrumentation and data processing in the
UZ laboratory and offices in Mercury. In Denver,
Murray E. Beasley and Gordon W. Rattray joined Al
Yang’s UZ hydrochemistry project, recovering and
analyzing moisture from borehole and ESF samples.

During 1992-94, Stuckless added Bruce Parks
to the Geologic Studies Program as Assistant Chief
and Chief of the Paleoclimate Section. Quaternary
geologist Scott Lundstrom and PST Richard J.
Moscati also joined the staff. David C. Buesch was
hired in Las Vegas to assist Spengler in the strati-
graphic characterization of Yucca Mountain. Dennis
O’Leary transferred into the GSP Tectonics Section to
develop the regional tectonic-framework model,
assisted by earthquake specialist Silvio Pezzopane.

With the inclusion of the Geologic Studies staff,
HIP was renamed Earth Science Investigations
Program (ESIP) in 1993. In late 1994, Stuckless trans-
ferred to the Branch office as Science Advisor, and
Michael Chornack was selected to be GSP Chief.

Funding increased from about 8 million in the
early 1980’s to about 25 million in 1994.

TOXIC SUBSTANCES HYDROLOGY
PROGRAM

By Stephen Ragone

The Toxic Substances Hydrology Program
began in 1982 as the Toxic Waste—-Ground Water
Contamination Program. The program assumed its
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current name in 1985 when a surface-water compo-
nent—Hazardous Substances—Surface Water and Sedi-
ment—was added. The program was initiated in
response to a growing concern about the hazards
resulting from the infiltration of chemical and biolog-
ical wastes into the Nation’s ground water and ulti-
mately into water supplies. Places like Love Canal in
New York focused public attention in the late 1970’s
on the extensive social, political, and economic impact
that can result from even a relatively small area of
ground-water contamination. Preliminary estimates by
the U.S. Environmental Protection Agency (USEPA)
during this time indicated that millions of legal and
illegal waste dumps, pipeline leaks, industrial plants,
and chemical spills discharged billions of gallons of
pollutants into the environment every year. Passage of
the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA)
marked the beginning of what was to become an esti-
mated $750 billion effort to correct current contamina-
tion problems and prevent future ones.

The argument that earth-science information
was needed to support regulatory efforts to improve
waste-disposal practices and help mitigate existing and
future surface- and ground-water contamination prob-
lems resonated with Congress. Program funding
increased from about $1 million in 1982 to about
$4 million in 1983 and to more than $8 million in
1984. Funding peaked at nearly $15 million in 1992. It
remained at about $14 million through 1994,

The program had three major components:
process-oriented research and methods development,
focused interdisciplinary field investigations at
contamination sites, and regional water-quality investi-
gations. It was believed that the first component would
provide the quick results needed to demonstrate the
importance of the program and ensure continued
funding. Based on familiarity with the National
Research Program (NRP), it was clear that much of
NRP’s ongoing research was relevant to programmatic
goals and could be put to immediate use. Thus, one-
half of the program’s original funding was given to the
NRP in order to expand relevant ongoing research and
start new research endeavors. Additional funds also
were reserved for NRP scientists to work on focused
interdisciplinary field investigations, the second
component of the program. The intention of providing
funding for both “basic” and “applied” research was to
allow researchers, should they wish, to tailor their
efforts to meet programmatic needs.

The focused field investigations provided the
opportunity for interdisciplinary research. It was envi-
sioned that scientists in District Offices, the NRP,
other USGS Divisions, other Federal agencies, and
universities, and from a variety of scientific disci-
plines, would work together on joint projects to deter-
mine the fate of ground-water contaminants. An early
model for such an endeavor was the Bay Park, New
York, Deep-Well Injection project that provided the
opportunity for cooperative research between District
scientists and NRP researchers. Achieving truly inter-
disciplinary research required a rather hard-nosed
approach: project funding would be contingent on the
acceptance of an integrated-research plan that
contained hypotheses to account for the entire mass of
the contaminant in question. As no project funding
target was identified, those proposing the projects
were forced to take a risk: propose a comprehensive
but costly integrated research project with the risk of
being out of the funding ballpark or propose a limited
and less expensive project with the risk of not meeting
the challenge to account for the entire mass of the
contaminant. To the credit of District staff and NRP
researchers, a concerted search began to find sites
where conditions provided the opportunity for inter-
disciplinary research. Competition developed among
candidate sites as teams of researchers formed to
identify the scope of effort and put together research
hypotheses and plans.

Three field sites were identified: Cape Cod,
Mass.; Bemidji, Minn.; and Pensacola, Fla. Each had a
relatively simple hydrogeologic setting and a well-
defined contaminant plume. The Cape Cod project
involved the study of the infiltration of sewage-treat-
ment effluent and chlorinated hydrocarbons. The
Bemidji project provided the opportunity to study
crude-oil infiltration that resulted from a pipeline
break. The Pensacola project studied the effects of
creosote and pentachloro-phenol infiltration from
water-disposal ponds on ground water and surface
water.

Success of the field studies fell on the shoulders
of several key people. Roger Wolff never failed to
support the program through the tough early days
(years!) as it strove for achievement and acceptance.
Mary Jo Baedecker proved to be a strong proponent of
the program from its inception. She led projects at the
Pensacola and Bemidji sites and was instrumental in
bringing university expertise to bear at the sites. Jim
McNeal gave fully of himself to involve Geologic
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Division researchers. The District Offices were techni-
cally very well represented by the likes of Bernie
Franks of the Pensacola project, Mark Hult of the
Bemidji project, and Denis LeBlanc and Steve Garabe-
dian of the Cape Cod project. These scientists were
challenged not only with the responsibility to do their
own research and provide all logistical support at the
site but also to serve as site spokesmen. They were
required to report on the overall research strategy for
the site that integrated the individual research
endeavors into a comprehensive whole.

A major concern at the outset of the Toxic
Substances Hydrology Program was how to ensure
that the program maintained its scientific momentum
in subsequent years. National meetings were held peri-
odically, usually every 12 to 18 months, to help in this
regard. The meetings would prove to be instrumental
in building collegial relationships and programmatic
visibility. The first meeting was held in Tucson in
1984. As was mentioned earlier, it was expected that
early programmatic results would come out of the first
component of the program—the component concerned
with process-oriented research and methods develop-
ment. This proved to be the case as there were no
formal presentations about the three field sites at the
Tucson meetings. However, the meeting served to
galvanize the program. The healthy competition that
was observed among sites at the outset of the program
continued at the meetings.

Also, the meetings served to “sell” the program
to the broader scientific, regulatory, and funding
community. The open-file publications that contained
the papers of the meeting were “fast-tracked,” often to
the consternation of the report-review specialists, and
distributed quickly and widely. Philip Cohen, the
Chief Hydrologist during this period, was skeptical
when told that the first meeting’s report would be
completed just months after the meeting. When the
approved report was delivered to his desk as promised,
Cohen looked at it, then promptly ran it up to the
Director. Project funding increased substantially in the
first years of the program, not only as a result of good
science but also because of good salesmanship.

The second in the series of meetings, at Cape
Cod in 1985, proved to be an unqualified success. It
was at this meeting that site investigations came to the
fore. Reports from speaker after speaker unraveled
technical mysteries about the often-unexpected distri-
bution of the contaminant plume and the physical,
chemical, and biological processes that affected it.

Reports were also given on several new sites and
methods-development activities as the program sought
opportunities to study different classes of anthropo-
genic contaminants.

It was our intention not only to have high-
quality national meetings but to make them fun. Meet-
ings were held near research sites so the District
Offices could arrange field trips and informative
demonstrations at the sites. Maxine Dinwiddie, the
staff assistant, was the key person who selected the
hotels, created wonderful theme dinners, and enlisted
free entertainment that was enjoyed at meetings.

Another way to ensure scientific momentum
was to fund the projects on a year-to-year basis. This
understandably made fiscal planning more difficult for
the District Chiefs and Regional Hydrologists who
received program funds. There were loud and angry
vocal complaints about this and about the unequal
distribution of program funds from Region to Region.
Cohen also was concerned about the unequal distribu-
tion of program funds. However, he never second-
guessed the Program Coordinator’s approach and
deserves much credit for allowing the program to
apply new scientific and managerial paradigms.

It was the intention of the program to fund the
study of more complex contaminant plumes—having
multiple phases, for instance—at sites having more
complex hydrogeologic characteristics. It was
expected that the new sites would be phased in and
eventually replace the original sites as the research
endeavors at the original sites were completed. Allan
Shapiro and Paul Hsieh spearheaded studies of frac-
tured-flow transport at Mirror Lake in New Hamp-
shire. Art Baehr was a key researcher in the study of
hydrocarbon fate and transport in both the saturated
and unsaturated zones at the Galloway research site in
New Jersey. This work led to the development of prac-
tical ways to design vapor-extraction remediation
systems.

The program was broadened to include the study
of surface-water contamination sites in 1985. Gail
Mallard ably coordinated these efforts before and after
the merger with the ground-water projects. Sam
Luoma played a key role in the research on San Fran-
cisco Bay. Briant Kimball contributed to the
successful study of acidic mine drainage at Saint
Kevin Gulch in Colorado.

The third component of the program—regional
water-quality investigations—responded to the
concern about the effects on ground water of nonpoint
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sources of pollution from agricultural practices, urban
sprawl, and industrial operations. In 1989, the program
initiated an ambitious effort to study the fate of agri-
cultural chemicals in the 11-State area that constituted
the Nation’s corn- and soybean-growing region.
Designated the Midwest Herbicide Initiative, the
objective was to account for the distribution and fate of
nutrients and herbicides—particularly nitrates and
atrazine—in surface and ground waters, precipitation,
soils, and reservoirs. The Initiative, which was
cofunded by USEPA and the Department of Agricul-
ture, included regional reconnaissance studies of the
temporal and spatial distribution of agricultural chemi-
cals and basic research. Basic research was conducted
at “Management System Evaluation Areas” that were
representative of the hydrologically, pedalogic, and
climatic regions in the Midwest. Mike Burkart took on
the responsibilities for the management of field activi-
ties out of the Iowa District Office. Don Goolsby, then
the Regional Water Quality Specialist in the Central
Region, was instrumental in the application of new
methods and research.

Progress in determining the presence of anthro-
pogenic chemicals in ground water that originated
from nonpoint sources was hampered by the cost and
difficulty of measuring low concentrations of chemi-
cals, especially pesticides and other organic chemicals.
The methods-development projects that were funded
by the Toxic Substances Hydrology Program led to
more sensitive and less expensive analytical screening
tools. Mike Thurman contributed to the efforts to
measure low concentrations of atrazine in ground
water and surface water by using enzyme techniques
and relating the concentrations to climate and agricul-
tural practices. Jack Gibbs and Tom Imbrigiotta of the
New Jersey District contributed to the development of
more sensitive and cheaper sampling and analytical
methods for organic chemicals. Herman Feltz helped
to get the methods adopted for use by the Central
Laboratory.

A major achievement of the program came out
of the collaboration between Dennis Helsel and
District scientists to develop and test nonparametric
statistical methods to correlate the occurrence of
anthropogenic chemicals in ground water with land
uses and other measures of human activity. Doug Cain
of the Colorado District and Dave Eckhardt of the
New York District played a key part in this regard. The
methods would become the statistical method of
choice for the subsequent National Water-Quality
Assessment Program.

The Toxic Substances Hydrology Program
received very high marks over the years from
colleagues at other Federal agencies, from the univer-
sity community with whom we worked, and from the
National Research Council. Cohen called the program
the “Tool Building” for the Division. The program hit
a responsive chord with Federal regulators and the
environmental community as the results of the
research program were distributed through technical
publications and meetings. This writer had innumer-
able opportunities to speak at technical and profes-
sional meetings. Joe Cragwall, a former Chief
Hydrologist, and Bob Dingman, a former Regional
Hydrologist for the Southeastern Region, were in the
audience at one meeting. I was a bit awestruck by their
presence as these men were my heroes when I first
joined the USGS. Before starting my formal remarks I
acknowledged their presence and jokingly wondered
out loud why I wasn’t at the meeting to listen to them
rather than having them listen to me. Bob responded
without hesitation, “Because it’s your turn.” The fact is
the 1980-90 period was the USGS’ turn as “thrust
programs” such as the Toxics Substances Hydrology
Program flourished as the Nation sought technically
sound answers to a myriad of complex environmental
problems.

OFFICE OF HYDROLOGIC RESEARCH

By Roger G. Wolff and John B. Weeks

BACKGROUND

As summarized in Volume VII of the history of
WRD, a centralized research activity, ultimately
named the National Research Program (NRP), evolved
to where it represented about 10 percent of the Federal
funding for programs with FTE (staffing) allocations
at about the same level. Initially, the NRP was admin-
istratively under the Regional Hydrologists. Technical
oversight and funding were provided by the Assistant
Chief Hydrologist for Research and Technical Coordi-
nation (ACHR&TC). The Deputy ACHR&TC had the
primary responsibility for managing the NRP.
Personnel and programs in NRP were supervised by
Regional Research Hydrologists who reported to the
Regional Hydrologists on administrative matters and
to the Deputy ACHR&TC on technical program.

During his tenure as Chief Hydrologist, Phil
Cohen reorganized the NRP, implemented Research
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Grade Evaluation (RGE) throughout the Division, and
established a Research Committee. These changes
were made to provide the best environment possible
for the conduct and review of WRD research and to
enhance the stature of research not only within the
Division and Bureau, but nationally and internation-
ally.

NRP MANAGEMENT AND ORGANIZATIONAL
CHANGES

The NRP was administratively supervised by the
Regional Hydrologists, but decision making regarding
programs, funding, and staffing was the responsibility
of the Deputy ACHR&TC. This dual line of authority
for the NRP did not function efficiently and, more
importantly, it inhibited the development of a nation-
ally coordinated program necessary to foster world-
class research, a consideration vital to WRD, the
Nation’s premier water fact-finding organization. This
dilemma was recognized and described by the Chief
Hydrologist in WRD Memorandum 81.46:

Since shortly after becoming Chief Hydrologist in the
fall of 1979, | have been increasingly aware of the fact that
many research personnel and senior members of the Water
Resources Division are deeply concerned about several
issues related to the Division’s National Research
Program—the program of research under the purview of the
office of the Deputy Assistant Chief Hydrologist for
Research. First and foremost, concern is expressed about
the role of the National Research Program in the Water
Resources Division. Second, numerous uncertainties and
questions exist regarding how the Program is being
managed and how it should be managed in the future.

Through WRD Memorandum 81.46, the Chief
Hydrologist changed the line of supervision of the
Regional Research Hydrologists from under the
Regional Hydrologists. The Regional Research
Hydrologists were placed directly under the Deputy
ACHR&TC, with the strong admonition that they
closely coordinate with the Regional Hydrologists and
District Chiefs.

The reorganization of the NRP created a clear
supervisory line of authority between the Deputy
ACHR&TC and the Regional Research Hydrologist
(the title was later changed to Chief, Branch of
Regional Research). When Phil Cohen became Chief
Hydrologist in 1979, Les Laird was the ACHR&TC.
Roger Wolff replaced John D. Bredehoeft as Deputy

ACHR&TC in the fall of 1979. During the Cohen
years (1979-94), the following 14 people served in the
position of Regional Research Hydrologist and(or)
Chief, Branch of Regional Research:

Northeastern Region (1979-94):

Philip H. Carrigan, Jr. (1979-84)
James P. Bennett (1984-87)
David B. Grove (1987-92)
Mary Jo Baedecker (1992-94)

Southeastern Region (the Branch of Regional
Research was discontinued in the Southeastern
Region in 1986):

Robert A. Baker (1979-86)

Central Region (1979-94):

Lee C. Dutcher (1979-81)
Robert C. Averett (1982-85)

E. Michael Thurman (1985-87)
John B. Weeks (1988-94)

Western Region (1979-94):

Frank W. Trainer (1979-82)

T. John Conomos (1983-85)
Samuel N. Luoma (1986-87)
James P. Bennett (1987-90)
Frederick H. Nichols (1990-94)

To facilitate research throughout the Division,
the Chief Hydrologist, in WRD Memorandum 81.81,
adopted the Research Grade Evaluation Guide
(RGEGQG) as the classification guidance document to be
used to evaluate all research positions in the Division
regardless of their organizational location. Many
managers and scientists expressed concern about
possible inequities that might result from the applica-
tion of the research grade evaluation (RGE) system to
positions in the operational program. However, RGE
significantly enhanced the prospects for advancement
of scientists in research positions. This improved the
Division’s ability to recruit and retain outstanding
young scientists and raised the quality of science
throughout the Division. With the implementation of
RGE throughout WRD, the number of research posi-
tions increased considerably. In 1981, when Phil
Cohen announced the Divisionwide RGE system,
there were fewer than 100 positions classified under
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the RGEG. When Phil Cohen retired in 1994, there
were over 300 positions classified under the RGEG.

The RGE provided the opportunity for
researchers to work and live in areas that suited their
research interests and personal preferences. E.M.
Thurman provides an excellent example of the benefits
of the RGE system. In 1987, after 12 years in the NRP
in Denver, Thurman transferred to the Kansas District
where he was very successful in developing funding
for his widely recognized research on the chemistry
and fate of herbicides and their degradation products
in hydrologic systems. He pioneered the development
of analytical methods for herbicide degradates. His
research in the Kansas District earned him Senior
Scientist (ST) status, a grade significantly higher than
any other scientist in the District, including his super-
visor. This ability to advance while continuing to do
science has resulted in a very productive, exciting rela-
tionship for researchers, WRD, and the USGS.

In WRD Memorandum 81.82, the Chief Hydrol-
ogist took an important step in providing management
and technical oversight for the NRP. The Chief
Hydrologist established a Research Committee that
included the ACHR&TC, the Deputy ACHR&TC, the
Discipline Office Chiefs, the Research Advisors, the
Regional Research Hydrologists, the Regional Hydrol-
ogists, and the Regional Discipline Specialists. The
Committee, chaired by the Deputy ACHR&TC, met
annually to review the activities of the NRP, to coordi-
nate NRP and operational programs, to establish
staffing priorities, and to provide technical direction
for the NRP.

In 1982, Laird transferred to the Western Region
and Gordon Bennett became the ACHR&TC. In 1985,
Bennett retired at about the same time Headquarters
was reorganized to accommodate the Water Resources
Research Institutes, which the Department of the Inte-
rior moved to the USGS. This reorganization resulted
in the division of the office of the ACHR&TC into two
ACH offices, one for Program Coordination and Tech-
nical Support (PC&TS) and one for Research and
External Coordination (R&EC). The NRP was part of
R&EC; the title of the manager of the NRP became
Chief, Office of Hydrologic Research (OHR), and the
ritle Regional Research Hydrologist became Chief,
Branch of Regional Research. Roger Wolff remained
as Chief, OHR, until he retired in 1994 and was
replaced by Mary Jo Baedecker. The first ACHR&EC
was Marshall Moss. In 1989, Moss transferred to
Tucson, Ariz., and Robert Hirsch replaced him.

Hirsch was the ACHR&EC until 1994 when,
upon Phil Cohen's retirement, Hirsch became Chief
Hydrologist. Hirsch’s clarity of thinking with regard to
the role of the NRP in WRD can best be exemplified
by his memorandum entitled "Research & Leadership
Responsibilities," a masterful synthesis of many
previous ideas about establishing and defining the role
of the NRP in WRD. Hirsch defined the expectations
and responsibilities of NRP personnel and the role of
NRP within WRD and the science. This memorandum
is still referred to when questions arise about the
responsibilities of researchers and how beneficial
research benefits the WRD.

To promote collaboration and communication
among the growing number of researchers, Roger
Wolff, the Chief, OHR, initiated a series of interdisci-
plinary research meetings. Each of these meetings
brought together NRP and District researchers from
two research disciplines. Wolff chose meeting places
that encouraged the technical and informal interactions
of the researchers from diverse locations, backgrounds
and interests. These meetings were held between 1989
and 1991 and provided a forum for technology transfer
and development of contacts for future interaction.
These meetings were very successful endeavors that
promoted collaboration and interdisciplinary research
throughout the WRD. These interdisciplinary research
meetings helped to facilitate the scientific collabora-
tion that resulted in some of the Division’s most note-
worthy research projects. It is not possible in these
pages to identify the numerous research projects
involving literally hundreds of WRD scientists and
support staff whose contributions have made the NRP
and WRD a worldwide leader in water science. But, to
highlight some of those contributions, five research
projects are summarized below.

SELECTED RESEARCH HIGHLIGHTS DURING
THE COHEN YEARS

Age Dating of Ground Water

Shallow ground-water supplies are valuable and
renewable resources. Because they are generally
younger (more recently recharged) than deeper
ground-water supplies, they are more susceptible to
contamination. USGS scientists, Niel Plummer and Ed
Busenberg, developed techniques to use chlorofluoro-
carbons (CFC’s) as tools for determining the age of
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ground water up to 50 years. Probably better known to
the public as Freon, CFC’s enter ground water during
the recharge process and thus provide excellent tracers
and dating tools of young ground water. Knowledge
about the age of ground water can be used to define
recharge rates, develop hydrologic models of ground-
water systems, predict contamination potential, and
estimate remediation times for contaminated ground-
water systems. These age-dating techniques are valu-
able tools for water-resources managers in developing
management strategies for shallow ground-water
systems.

Paleoclimate Research at Devils Hole

USGS scientists Ike Winograd, Tyler Coplen,
Jurate Landwehr, Ken Ludwig, and Alan Riggs devel-
oped a 500,000-year global climate change record
based on calcite deposits from Devils Hole, a cave in
south-central Nevada. This record posed several chal-
lenges to the leading theory for the Pleistocene ice
ages, the Milankovitch hypothesis, which attributes
the ice ages to variations in insolation due to changes
in the Earth's orbit. Although the Devils Hole record
does not rule out the possibility that variations in inso-
lation have a role in the ice age cycles, it does suggest
that other factors are important. Other than Devils
Hole, there are only two continuous paleoclimate
records of the last half million years—the oxygen-
isotope records from deep-sea sediments and the
Antarctic ice core; both records are indirectly dated
using models. The Devils Hole calcite samples are
directly dated by radiometric techniques for which
calcite is ideal.

The record from Devils Hole closely resembles
the paleoclimate records from deep-sea sediments and
the Vostok Antarctic ice core, but there are significant
differences in the timing and duration of events.
Understanding the differences in these records is a
primary key to understanding climate and climate
change. As noted in Discovery Magazine (May 1989,
page 75), "If you wanted to find out what causes ice
ages and you had the whole planet to search for clues,
you'd probably never even think of heading for Devils
Hole, Nevada."

Natural Organics

While scientists in other agencies were concen-
trating on studies of manmade pesticides, USGS scien-

tists recognized the need to study humic and fulvic
acids, naturally occurring organic compounds. Little
was known about the chemistry or source of such
compounds in water even though more than 90 percent
of the organic solutes in water are of natural origin.
WRD research by Ron Malcolm, Bob Wershaw, Mike
Thurman, Jerry Leenheer, George Aiken, Diane
McKnight, and others led to the recognition that
dissolved organic compounds complex trace metals,
transport pesticides, and form carcinogens upon chlo-
rination, in addition to being a food source for aquatic
organisms. WRD researchers became world leaders in
this field. They developed many of the techniques used
to isolate and characterize natural organic compounds,
and they helped create and organize the International
Humic Substances Society to promote research on
natural organics.

Mississippi River Study

Although the Mississippi River System drains
water from 31 States and is the source of 23 percent of
the public surface-water supplies for the United States,
there had not been a systematic water-quality study of
the entire length of the Mississippi River prior to the
USGS study. In 1987, the study began by assessing
the water quality of the Mississippi River System
downstream from St. Louis, including assessing the
contributions from the Missouri and Ohio Rivers. In
1991, the study was expanded at the request of
Congress to cover the entire Mississippi River System.
The study incorporated methods for representative
sampling of large rivers that USGS scientists Herb
Stevens, Carl Nordin, and Robert Meade, among
others, had developed originally in studies of the
Columbia, Amazon, and Orinoco Rivers. The USGS
coordinated activities with various State agencies
along the Mississippi River, as well as with the U.S.
Fish and Wildlife Service and the U.S. Army Corps of
Engineers.

The Mississippi River study was conducted
under the leadership of Meade, who designed and
coordinated the study, Jerry Leenheer, who led a
stellar team of organic and inorganic chemists, and
John Moody, who organized and scheduled the data-
collection elements of the investigation. Dozens of
USGS scientists were involved in the data collection
and analysis leading to the water-quality assessment of
the Mississippi. The study demonstrated that sewage
contamination in the river has been decreasing since
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the enactment of the Clean Water Act of 1972. Atra-
zine, a preemergent herbicide used mostly on corn-
fields, and ethylene diamine tetracedic acid (EDTA), a
general indicator of industrial contamination, were
found in relatively high concentrations especially near
St. Louis. PCB’s were found to have persisted in
Mississippi River sediments even though their disposal
into the river had been banned years before the study
began. Results from a cooperative study with the U.S.
Fish and Wildlife Service indicated that PCB’s found
in fish are being remobilized from bottom sediments.

San Francisco Bay

USGS scientists, including John Conomos,
Dave Peterson, Fred Nichols, Sam Luoma, Ralph
Cheng, Jim Cloern, Jan Thompson, and others, have
conducted estuarine research in San Franciso Bay
since 1968. The Asian clam, Potamocorbula
amurensis, was first detected in the bay in October
1986 and probably arrived in ballast water of cargo
ships from China. Within months of its first detection,
it became the most abundant benthic organism in the
northern part of the bay (Suisun Bay) near the mouths
of the Sacramento and San Joaquin Rivers. Its great
abundance and its efficient filtering of food particles
from water changed the ecosystem of the bay, nearly
eliminating phytoplankton from the water of Suisun
Bay and causing a major change in the food web.
Native species that depend on phytoplankton for food
were deprived of food, and their abundance declined.

Since the 1970’s, the USGS has monitored
water quality in sediments and organisms near the
outfall of the Palo Alto Wastewater Treatment Plant. In
the late 1970’s, USGS scientists under the direction of
Sam Luoma demonstrated that there was substantial
contamination in the aquatic biota. Copper and silver
concentrations were affecting the health and survival
of resident invertebrates and, thereby, other aquatic
organisms in the bay, and mammals and birds in a
nearby marsh refuge. Because of these findings,
improvements in treatment-plant operations and
source-control programs have decreased contamina-
tion in sediments and aquatic organisms.

NRP scientists, their discipline, and their duty
station in 1994 are given in the following list:

Office of Hydrologic Research, 1994

Office of Hydrologic Research, Reston
Wolff, Roger G.
Friedman, Linda C.

EASTERN REGION BRANCH, RESTON
Office of the Chief

Baedecker, Mary Jo
Shultz, David J.

GROUND-WATER HYDROLOGY
Transport Modeling in Saturated Zone

Konikow, Leonard F.
Granato, Gregory E.

Subsurface Transport Phenomena
Voss, Clifford 1.

Reaction Transport Phenomena
Sanford, Ward E.

Transport Phenomena in Fractured Rock
Shapiro, Allen M.

Flow in Tight Media
Neuzil, Christopher E.

Heterogeneous Controls on Ground Water
Reilly, Thomas E.

Multivariate Statistics in Geohydrology
Brown, Charles E.

SURFACE-WATER HYDROLOGY
Regression and Data-Network Design
Tasker, Gary D.

Regional Hydrologic Processes
Landwehr, Jurate M.

Numerical Simulation of Surface-Water Hydrodynamic
Processes
Baltzer, Robert A.

Jenter, Harry

Modeling Hydrodynamic Systems
Schaffranek, Raymond W.

Surface-Water Transport
Lee, Jonathan K.

ECOLOGY

Wetland Studies

Carter, Virginia P.

Rybicki, Nancy B.

Vegetation and Hydrogeomorphology
Yanosky, Thomas M.
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Microbial Geochemical Models
Lovley, Derek R.

Phillips, Elizabeth J.

Woodward, Joan C.

Widman, Peggy

GROUND-WATER CHEMISTRY

Geochemical Constituents in Ground Water
Back, William
Wicks, Carol M.

Organic Degradation
Cozzarelli, Isabelle M.
Phinney, Curtis S.
Tran, My-Chau T.

Transport and Fate of Organics
Eganhouse, Robert P.
Bryant, Wendy R.

Ground-Water Dispersion
Wood, Warren W.

Paleoclimatology/Aquifer Geochemistry
Winograd, Isaac J.

Water Quality and Health
Feder, Gerald L.

Kinetic Modeling
Plummer, L. Niel
Busenberg, Eurybiades
Glynn, Pierre D.

Van Hoven, Raymond L.
Williams, Rosalynd A.
Wayland, Julian E.

Mineral/Water Interaction
Jones, Blair F.

Webster, Daniel M.

Libby, Brenda

Isotope Fractionation
Coplen, Tyler B.
Revesz, Kinga M.
Hopple, Jessica A.
Michel, Robert L.

Nitrogen Isotope Laboratory
Bohlke, Johnkarl F.P.
Gwinn, Cynthia J.

Radioisotopes in Ground Water
Kraemer, Thomas

SURFACE-WATER CHEMISTRY

Sediment/Water Exchange of Nutrients
Callender, Edward
Deike, Ruth G.

Geochemical Cycling of Trace Elements and Nutrients
Bricker, Owen P.

Kennedy, Margaret M.
Kuebler, Anne
Shackelford, Philip M.
Anderson, Robert T.

Speciation of Metals
Simon, Nancy S.
Dennen, Kristin O.
Landa, Edward R.

NATIONAL RESEARCH PROGRAM, ER,
WOODS HOLE, MASSACHUSETTS

SURFACE-WATER CHEMISTRY

Carbon Fluxes
Sundquist, Eric T.
Davis, Holly C.

NATIONAL RESEARCH PROGRAM, ER,
PRINCETON, NEW JERSEY

SURFACE-WATER HYDROLOGY

Hydrology in Atmospheric GCM
Milly, Christopher
Dunne, Krista A.

CENTRAL REGION BRANCH, DENVER

Office of the Chief
Weeks, John B.
Peart, Dale B.
Anderson, Barbara J.
Carey, William P.

Geochemical Kinetics Studies
Claassen, Hans C.
Halm, Douglas R.

Simulation of Subsurface-Water Flow
Cooley, Richard L.
Hill, Mary C.

Bedload Transport Research
Emmett, William

Chemistry of Sediment Surfaces
Goldberg, Marvin C.

Ground-Water Transport
Grove, David B.

Paleohydrology and Climate Change
Jarrett, Robert D.

Solute Transport Simulation

Kipp, Kenneth L.
Stollenwerk, Kenneth G.

Hydrological Biogeochemical Interactions
LaBaugh, James Wesley
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Precipitation-Runoff Modeling
Leavesley, George H.

Lichty, Robert W.

McCabe, Gregory J.

Fountain, Andrew G.

Stannard, Linda G.

Hay, Lauren E.

Movement and Storage of Sediment in Rivers
Meade, Robert H., Jr.

Sediment-Transported Pollutants in the Mississippi
River

Meade, Robert H., Jr.
Moody, John A.

Application of Stochastic Processes in Hydrogeology
Naff, Richard

Sediment Impacts from Disturbed Lands
Osterkamp, Waite R.
Miller, Andrew J.

Borehole Geophysics
Paillet, Frederick L.
Morin, Roger

Taylor, Ticie A.

Coupled Flow and Reactions
Parkhurst, David L.

Environmental Interfaces
Striegl, Robert G., Jr.
McConnaughey, Edward

Chemical Modeling
Thorstenson, Donald C.

Statistical Analysis of Errors in Hyhdrologic MOdels
Troutman, Brent M.

Karlinger, Michael R.

Vecchia, Aldo V.

Unsaturated Zone Field Studies
Weeks, Edwin P.

Healy, Richard W.

Anderson, Dean E.

Stannard, David 1.

Tindall, James A.

Channel Morphology
Williams, Garnett P.

Hydrology of Lakes
‘Winter, Thomas C.
Rosenberry, Donald O.
Parkhurst, Renee S.

Sorption and Partition Phenomena
Chiou, Cary T.

Kile, Dan E.

Rutherford, David W.

Comprehensive Organic Analyses
Leenheer, Jerry A.

Barber, Larry B. II

Noyes, Ted L., Jr.

Brown, Gregory K.

Organic Hydrogeochemistry
Malcolm, Ronald L.
Kennedy, Kay R.

Organic Substances in Streams
Rathbun, Ronald E.
Rostad, Colleen E.

Organic Polyelectrolytes
Wershaw, Robert L.
Thorn, Kevin A.

Organic Carbon Migration - Boulder
Aiken, George R.

River Mechanics - Boulder
Andrews, Edmund D.

Ecological Interaction of Lakes and Streams - Boulder

Averett, Robert C.
Campbell, Wesley L.

Arid Regions Climate - Boulder
Benson, Larry
Hostetler, Steven W.

Clay/Water Reaction - Boulder
Eberl, Dennis D.
May, Howard M.

Bacteria/Contaminant Interactions - Boulder
Harvey, Ronald W.
Metge, David W.

Biology of Lakes and Reservoirs - Boulder
Marzolf, G. Richard

Organic/Trace Metal Interaction - Boulder
McKnight, Diane M.
Harnish, Richard A.

Chemical Modeling and Thermodynamic Data - Boulder

Nordstrom, D. Kirk
Ball, James E.
Cunningham, Kirkwood M.

Corrosion by Wet Precipitation - Boulder
Reddy, Michael M.
Schuster, Paul

Flow and Sediment Mechanics - Boulder
Smith, J. Dungan
Wiele, Stephen M.

Microbial Geochemistry of Organic Matter in Water -
Boulder

Smith, Richard L.

Brooks, Myron H.

CHAPTER Il - THE WRD ORGANIZATION AND PROGRAMS

73



Sediment/Water Chemistry in Large Rivers - Boulder
Stallard, Robert F.

Axtmann, Ellen V.

Martin, Deborah A.

Inorganic Constituents in Water - Boulder
Taylor, Howard E.

Peart, Dale B.

Antweiler, Ronald C.

Brinton, Terry I.

WESTERN REGION BRANCH, MENLO PARK

Office of the Chief
Nichols, Frederic H.
Alpine, Andrea E.
Dileo-Stevens, Jeanne S.
Jones, David R.

ECOLOGY

Plankton Dynamics
Cloern, James E.
Powell, Thomas M.
Cole, Brian E.
Canuel, Elizabeth A.
Rudek, Joseph
Wienke, Sally M.

Microbial Ecology, Ground Water
Godsy, Edward M.
Warren, Ean M.

Solute Transport Processes Involving Biota
Kuwabara, James S.
Chang, Cecily C.

Trace Elements
Luoma, Samuel N.
Carter, James L.

Cain, Daniel J.

Fend, Steven V.

Van Geen, Alexander
Brown, Cynthia L.
Hornberger, Michelle 1.
Kennelly, Susan S.

Estuarine Benthic Community Dynamics
Nichols, Frederic H.

Thompson, Janet K.

Parchaso, Francis

Microbial Ecology, Surface Water
Oremland, Ronald S.

Culbertson, Charles W.

Miller, Laurence G.

Blum, Jodi Switzer

Estuarine Biogeochemistry
Peterson, David H.

Schemel, Laurence E.
Smith, Richard E.
Hager, Stephen W.

Limnology
Slack, Keith V.
Tilley, Larry J.

Biota/Solute Transport Interface
Triska, Frank

Jackman, Alan P.

Avanzino, Ronald J.

Duff, John H.

GROUND-WATER CHEMISTRY

Stable IsotopeTracers
Kendall, Carol

White, Lloyd D.
Huebner, Mark

Silva, Steven R.

Partitioning of Solutes Between Solid and Aqueous
Phases

Davis, James A.

Fuller, Christopher C.

Kent, Douglas B.

Anderson, Linda D.

Coston, Jennifer A.

Rea, Brigid A.

Chemistry of Aquatic Organic Matter
Goerlitz, Donald F.

Unsaturated Zone Chemical Processes
James, Ronald V.

Geothermal: Hydrogeochemistry of Fine-Grained
Sediments

Kharaka, Yousif K.

Ambats, Gil

Thordsen, James J.

Geothermal: Hydrogeochemistry of Cascade Range
Mariner, Robert H.

Carothers, William W.

Evans, William C.

Kinetics of Water/Rock Interaction
White, Arthur F.

Bullen, Thomas D.

Presser, Theresa S.

Blum, Alex E.

Peterson, Maria L.

Schulz, Marjorie S.

GROUND-WATER HYDROLOGY
Well-Strain Meters

Bredehoeft, John D.
Riley, Francis S.
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Getzen, Rufus T.
McPherson, Brian J.
Abrams, Robert H.

Temperature Effects in the Unsaturated Zone
Constantz, James E.
Green, Timothy R.

The Fate and Transport of Immiscible Contaminants in
the Subsurface

Essaid, Hedeff 1.
Dillard, Lesslie A.

Ground-Water Monitoring Network Design
Wagner, Brian J.
Hyndman, David W.

Nonisothermal Multiphase Flow
Herkelrath, William N.

O’Neal, Clyde F. II

Murphy, Fred

Hydrology of Fractured Rocks
Hsieh, Paul A.

Goode, Daniel J.

Tiedeman, Claire

Geothermal: Heat and Mass Transport
[ngebritsen, Steven E.
Scholl, Martha A.

Unsaturated-Zone Flow
Nimmo, John R.
Shakofsky, Stephanie M.

Analytical Modeling of Aquifers
Moench, Allen F.

Unsaturated Zone Theory

Rubin, Jacob

Curtis, Gary P.

Geothermal: Modeling Geothermal Systems

Sorey, Michael L.
Colvard, Elizabeth M.

Infiltration and Drainage
Stonestrom, David A.
Akstin, Katherine C.

SURFACE-WATER CHEMISTRY

Chemistry of Hydrosolic Metals and Constituents of
Natural Water

Hem, John D.
L_ind, Carol
Vivit, Davison V.

Solute Transport Processes in Low-Flow Streams
Kennedy, Vance C.

Fate and Transport of Organic Contaminants
Pereira, Wilfred E.
Hostettler, Frances D.

SURFACE-WATER HYDROLOGY

Flow and Geochemical Interactions
Bencala, Kenneth E.
Zellweger, Gary W.

Mathematical Modeling Principles
Bennett, James P.

Fluvial Mechanics

Chen, Cheng-lung

Ling, Chi-Hai

Estuarine Hydrodynamics
Cheng, Ralph T.

Burau, Jon R.

Gartner, Jeffrey W.
McDonald, Ellen T.

Gross, Edward

Research Vessel Polaris Operations
Conomos, T.J.

Richards, Byron J.

Conard, William S.

OFFICE OF EXTERNAL RESEARCH

By John E. Schefter

The Office of External Research was established
in 1984 following the transfer of responsibility for
administration of the provisions of the Water
Resources Research Act to the U.S. Geological
Survey. Principal among these provisions was admin-
istration of the State Water Resources Research Insti-
tutes and a national competitive research grant
program first authorized by the Water Resources
Research Act of 1964.

The Water Resources Research Act of 1964
established a Water Resources Research Institute in
each State and Puerto Rico. Subsequent amendments
to the Act authorized Institutes in the District of
Columbia, the U.S. Virgin Islands, Guam, the Feder-
ated States of Micronesia, the Commonwealth of the
Northern Mariana Islands, and American Samoa. By
1983, there were 54 Institutes, one in each State, the
District of Columbia, Puerto Rico, the U.S. Virgin
Islands, and Guam.

Administration of the Institutes and of the other
provisions of the Act was initially vested in the Office

CHAPTER Il - THE WRD ORGANIZATION AND PROGRAMS

75



of Water Resources Research (OWRR) within the
Department of the Interior. In 1974, the OWRR was
merged with the Department of the Interior's Office of
Saline Water to form the Office of Water Research and
Technology (OWRT).

In the late 1970’s, the House of Representatives
Interior Appropriation Subcommittee recommended
that OWRT be placed under the auspices of the USGS.
No action was taken to effect this transfer. The OWRT
was abolished by Secretarial Order on August 25,
1982, and the responsibility for the administration of
the Institutes was vested with the Office of Water
Policy within the U.S. Department of the Interior.
Administration of the national competitive research
grant program was transferred to the Bureau of Recla-
mation.

The Conference Report accompanying the fiscal
year 1984 Interior and Related Agencies Appropria-
tions Act again recommended that the Institute
Program be placed under the USGS. The Office of
Water Policy was abolished by Secretarial Order on
October 19, 1983, and the Institute Program was trans-
ferred to the USGS at that time. The Institute Program
was temporarily placed within the Water Resources
Division under the Assistant Chief Hydrologist for
Operations.

On October 18, 1983, the Chief Hydrologist
directed Bob Averett to convene a 2-day conference to
consider the implications of the transfer of the Water
Resources Research Act programs to the USGS. The
conference was held at Airlie House in suburban
Washington, D.C., on January 10-12, 1984, and
involved 43 people representing research, operations,
and management personnel from the Districts,
Regions, and Headquarters. The conferees produced a
range of recommendations constrained by the nature
of the reauthorization and continued funding of the
Water Resources Research Act.

At the time the conference was held, reauthori-
zation of the Water Resources Research Act was
before the Congress and its fate was not certain.
Congress passed the Act, the President vetoed it, and
Congress overrode the President's veto. The Water
Resources Research Act of 1984, which became
Public Law 98-242 on March 22, 1984, reauthorized
the State Water Resources Research Institute Program.
It also reauthorized the national competitive grant
program administered by the Bureau of Reclamation.

On August 9, 1984, the Chief Hydrologist estab-
lished two committees to address the organization of

the Water Resources Division given its new responsi-
bilities under the Water Resources Research Act of
1984. A committee consisting of Hal Langford (chair),
Gordon Bennett, Bruce Gilbert, and Bill Mann was
directed to address the organizational structure and
staffing to meet the expanded mission of the Division.
A second committee composed of Marshall Moss
(chair), Tom Buchanan, Roger Wolff, and Bob Hirsch
was directed to consider the planning, documentation,
and activities needed to successfully meet the Survey's
responsibilities under the Act.

The primary organizational consequence of the
deliberations of these committees was the establish-
ment of the Office of the Assistant Chief Hydrologist
for Research and External Coordination. This Office
was given responsibility for administration of the
programs authorized by the Water Resources Research
Act and for administration of the National Research
Program (NRP), which had previously been under the
Assistant Chief Hydrologist for Research and Tech-
nical Coordination. Marshall Moss was selected to
serve as the Assistant Chief Hydrologist for Research
and External Coordination.

On January 24, 1985, the national competitive
research grant program was transferred from the
Bureau of Reclamation to the U.S. Geological Survey.
This action was urged by several in the academic
community and by Senators Stafford, Randolf,
Abdnor, and Moynihan of the Senate Committee on
Environment and Public Works in a joint letter to
Secretary Clark on May 16, 1984. The USGS was
designated as the administrator of the Water Resources
Research Act of 1984 by Secretarial Order on
February 28, 1985.

On that same date, the Chief Hydrologist
provided a status report on the actions taken to absorb
the Water Resources Research Act programs into the
Division. He announced that Frank Carlson was to
serve as Chief of the State Water Institute Program
unit and Robert Madancy as the Chief of the Water
Research Grant Program unit within the Office of
External Research. Other individuals transferred to the
USGS with the Water Resources Research Act
programs included Quentin Florey, Madge Ertel, and
Georgia Thomas, who were initially assigned to the
State Water Institute Program unit, and Frank Coley,
Sid Johnson, Bob Robinson, Melvin Lew, Ewel
Mohler, Allen Ford, Donna Perry, and Virginia Hogan,
who were initially assigned to the Water Research
Grant Program unit.
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One of the first tasks facing the Office of
External Research was an onsite evaluation of all 54
institutes, as required by the Water Resources
Research Act. Five-person teams, consisting of a
JSGS team leader, an Institute Director, a university
faculty member or administrator, a State water agency
representative, and a private citizen, conducted the
evaluations. The composition of the team varied, but
all evaluation teams were accompanied by Madge
Ertel, who usually served as executive secretary to the
team, though she served as team leader on occasion.
The designated team leaders were Jeff Armbruster,
Jim Blakey, Charles Boning, Philip Emery, Ivan
James, Grady Moore, and Garald Parker. All 54 insti-
tutes were evaluated between September 1985 and
June 1987.

As a result of the evaluations, six institutes were
placed on probation and given 1 year to remedy defi-
ciencies in their programs. All were eventually
removed from probation.

John Schefter replaced Frank Carlson as Chief
of the Office of External Research in November 1989.
By that time, the staff of the Office of External
Research had been reduced to Quentin Florey and
Allen Ford, who were assigned to the Institute
Program, and Mel Lew, who was assigned to the Water
Research Grant Program. Pamela Murray served as
secretary to the Office.

The State Water Institute Program did not fare
well in the budget process, especially in the President's
budget requests. The President's fiscal year 1986
budget requested $5.2 million for the Institutes, down
about $1 million from fiscal year 1985, and Congress
appropriated $6.2 million. The President's fiscal year
1987 budget again requested $5.2 million for the Insti-
tutes, and Congress appropriated $5.7 million. In fiscal
year 1988 the President's budget request for the Insti-
tutes was reduced to $4.6 million, and again Congress
appropriated $5.7 million. The President's budgets for
fiscal years 1989 through 1993 requested about $2.8
million for the Institutes, and the Congress appropri-
ated between $5.5 and $5.7 million for the program in
these years. This pattern was temporarily broken in
fiscal year 1994, when the Congress appropriated the
full $5.5 million requested in the President's budget.

The Water Research Grant Program fared even
more poorly in the budget process. The President's
fiscal year 1986 budget requested $2.5 million for the
program, while Congress appropriated $4.8 million.
For fiscal year 1987, the request was reduced to $2.0
million and the appropriation was $4.4 million. The

President's budget requests for fiscal years 1988
through 1982 stood at about $1.8 million, and
Congress appropriated between $4.3 and $4.4 million
each year until fiscal year 1992, when the appropria-
tion dropped to $1.8 million. After fiscal year 1992 the
President's budgets did not request funds for the Water
Research Grant Program and Congress did not provide
an appropriation. The research grant program was
therefore terminated at the end of fiscal year 1992, and
Mel Lew was reassigned to the Assistant Chief
Hydrologist for Operations shortly thereafter.

The Water Resources Research Act of 1984 was
reauthorized again in 1990 by Public Law 101-397.
The Administration opposed the reauthorization but
signed it into law after it was passed by the Congress.

In 1991, the Federated States of Micronesia
(FSM) joined the Institute Program. Though another
territory was represented in the program, the number
of institutes remained at 54 because the FSM joined
Guam in forming a regional institute.

As of 1994, the Office of External Research,
consisting of John Schefter, Allen Ford, and Pamela
Murray, continued to administer the State Water
Resources Institute Program.

OFFICE OF INTERNATIONAL HYDROLOGY
(1979-85) AND INTERNATIONAL WATER
RESOURCES PROGRAM (1985-94)

By Jerry C. Stephens, Anna M. Lenox, and William J.
Shampine

INTRODUCTION

The USGS has been involved in water-resources
activities in foreign countries for more than a century.
A memorandum from Chief Hydrologist Philip Cohen
in 1988 summarized WRD’s international activities as
follows in WRD Memorandum 88.65, dated July 28,
1988:

Since the 1890’s, USGS water scientists have
been assigned from time to time to overseas
activities under special bilateral agreements
with other countries or in support of other U.S.
Federal agencies’ foreign programs. For many
years, USGS scientists have actively partici-
pated in water-related international profes-
sional and technical organizations and
collaborated with counterpart scientists from
other countries in research and related activi-
ties. As a recognized world leader in water-
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resources studies, the USGS also provides
formal training courses and on-the-job train-
ing opportunities for foreign scientists, engi-
neers, and technicians.

Until 1985, responsibility for oversight of
WRD’s international activities was assigned to the
Office of International Hydrology (OIH) and its prede-
cessors, reporting directly to the Chief Hydrologist. A
reorganization of Headquarters functions in 1985 reas-
signed international activities to the new Assistant
Chief Hydrologist for Research and External Coordi-
nation (ACH/REC), Marshall Moss. At that time, OTH
was abolished, its staff reassigned to the office of the
ACH/ REC, and its primary functions assigned to the
newly created International Water Resources Program
(IWRP).

PERSONNEL

Numerous staff changes, brought on by reorga-
nization, reassignments, retirements, and policy and
budget limitations, took place in OIH and IWRP
during 1980-94. James R. Jones, Chief of OIH after
1975, retired in 1980 and was replaced by Della Laura,
who continued in that position until the 1985 reorgani-
zation. Anna Lenox, who joined the OIH staff in 1984,
assumed leadership of the new IWRP in 1985 under
the direction of Marshall Moss and his deputy, Jerry
Stephens. Moss transferred to Arizona in 1987 and
was succeeded by Robert Hirsch as ACH/REC.
Stephens retired in 1990 but continued to assist IWRP
on a part-time basis until 1994. By 1994, IWRP prin-
cipal staff consisted of Anna Lenox and Daisie Oden,
under Hirsch’s direction. District and Research
program offices were called upon as needed to supply
the scientific and technical expertise required to meet
the Division’s international commitments.

BILATERAL PROGRAMS

Saudi Arabia—The Saudi Arabia water-
resources program began in 1976 as a part of the
United States—Saudi Arabia Joint Economic Commis-
sion of Riyadh (JELOR). It was based in Riyadh in the
Ministry of Agriculture and Water. Principal U.S.
agencies were the U.S. Departments of Agriculture
and the Interior.

In 1980, WRD staff on long-term assignments
in Riyadh included Gordon Tibbitts, Jr. (Project
Chief), James Williams (Ground-Water Specialist),

Willard Mills (Surface-Water Specialist), William
Shampine (Water-Quality Specialist), Lester North
(Computer Specialist), and Donald Moore (Water
Atlas Project Chief).

From 1979 to 1986, the following WRD
employees were on long-term assignments with the
Saudi Arabia program:

Tibbitts, Gordon C., Jr. 1979-84
Moore, Donald O. 1979-85
Mills, Willard B. 1981-85

Shampine, William J. 1979-82
North, Lester D. 1981-86
Shaw, Robert A. 1982-86
Adorno, William G. 1982-83
Handy, Alonzo H. 1982-86
Tucker, Roger 1982-86
Williams, James F.  1980-84
Adolphson, Donald G. 1982-84
Westmoreland, Edwin O. 1982-84
Doraiswamy, Paul C. 1982-86
Williams, Henry F.,, Jr. 1982-85

A number of other specialists were involved on
short-term assignments.

By 1985, the JECOR was focusing more on
agriculture, and funding became inadequate to
maintain the WRD work. As a result, the Department
of the Interior withdrew from JECOR and the WRD
Saudi Arabia program was terminated in 1986. Among
specific accomplishments of the 10-year program were
these:

1. Establishment of a computer system for the
Ministry of Agriculture and Water, which
program staff helped to design (including the
building housing it) and implement;

2. Importation of the USGS Ground-Water Site Inven-
tory concept and the water-quality portion of
WATSTORE;

3. Compilation and entry of all available water-quality
data in the Kingdom into the system, and publi-
cation of those data;

4. Installation of 200 crest-stage gages in a new moni-
toring program and institution of well-logging
and water-quality sampling programs; and

5. Publication of the "Water Atlas of Saudi Arabia."

China—In the late 1970’s, United States—Sino
relations experienced a warming trend. President
Carter and Vice Premier Deng signed a basic science
and technology agreement early in 1979 that signified
increased support of the field of science. As a result,
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relations between the United States and China
increased exponentially. As USGS sister agencies
opened their doors to Chinese scientists, the USGS
initiated a Protocol for Scientific and Technical Coop-
eration between the United States and the People’s
Republic of China (PRC) in the Study of Surface
‘Water Hydrology. In October 1981, the Director of the
USGS and the Director of the Department of
Hydrology of the PRC Ministry of Water Resources
signed the initial protocol. This protocol spanned 5
years and was extended in 1986, 1991, and again in
1996. The agreement supported a vast array of scien-
tific and technical activities including the exchange of
hydrologic instrumentation, studies in the fields of
sedimentology and water quality, and a wide array of
projects on hydrologic extremes. The protocol also
supported a flood-forecasting annex between Chinese
and National Weather Service scientists. The Surface-
Water Protocol fostered long-term collaborative
research and the sharing of scientific and technical
data, and the agreement proved to be an effective
mechanism for technology transfer among hydrolo-
gists in the United States and China. Chinese scientists
traveled to the United States and USGS scientists trav-
eled to China. The opened door provided a positive
opportunity for USGS participants and contributed to
bringing Chinese hydrological science into the 20th
century.

United Arab Emirates—In 1986, influenced by
the success of the WRD program in neighboring Saudi
Arabia, the Emirate of Abu Dhabi, United Arab Emir-
ates, requested USGS to undertake a study of the
Emirates’ ground-water resources. Following a 6-
week reconnaissance in 1986 by an interdivisional
USGS team led by Joel Kimrey, and with strong
support form the U.S. Department of State, an agree-
ment was reached in 1987 by the Chairman of the Abu
Dhabi National Drilling Company, the sponsoring
agency of the Emirate government, the U.S. Ambas-
sador to the UAE, and Marshall Moss, on behalf of the
USGS, to initiate the Abu Dhabi Ground-Water
Project.

From 1987 through 1994, WRD staff on long-
term assignment to project headquarters in Al Ain,
UAE, were the following:

Kimrey, Joel (Project Chief) 1987-94
Jorgensen, Donald (Project Chief 1990—>1994
Nassar, Edmund 1987-90

Smith, Patrick 1987-89

Villanueva, Edward 1989-91

Williams, George 1992-94
Signor, Donald 1987-93
Young, Harley 1987-90
Hutchinson, Craig 1992—>1994
Maddy, David 1987-92
Stuthman, Neil 1992—>1994
Smith, Patricia 1987-89
Hayes, Eugene 1992-93
Imes, Jeftrey L. 1990-93
Bright, Daniel J. 1993-94
Gillespie, Joseph 1991-92

Two geologists were assigned to the project by
the Geologic Division from 1987 through 1993, and a
number of WRD District and Research Program
specialists were detailed to the project at various times
for advice and assistance. Oversight of the project by
WRD Headquarters on behalf of ACH/REC was
largely the responsibility of Jerry Stephens from 1987
through 1993 and of Anna Lenox after 1993.

MULTINATIONAL PROGRAMS

Middle East Water Resources Working Group—
At the bilateral Arab-Israeli peace negotiations initi-
ated in Madrid in October 1991, several specific issues
critical to Mideast peace were identified. In Moscow
in January 1992, the negotiating parties formed multi-
lateral working groups to address each of these issues.
Some 40 countries plus the European Union (EU) and
the Palestinians agreed to participate in the working
groups, one of which was focused on Mideast water
resources.

The United States was designated to chair the
Water Resources Working Group (WRWG). In March
1992 the Department of State formed an advisory
group of representatives of U.S. governmental agen-
cies to support and assist their efforts. Jerry Stephens
and Anna Lenox represented the USGS; other agen-
cies represented were NOAA/NWS, U.S. Army Corps
of Engineers, USAID, Department of State, and the
Bureau of Reclamation. One of the topics addressed at
the first WRWG meeting in Vienna in May was water-
data enhancement, for which the USGS was requested
to provide the principal technical support. Stephens
and Kenneth Lanfear were members of the U.S. dele-
gation to Vienna, where Lanfear made a presentation
on real-time data acquisition and mapping, based on
work done in the South Carolina District of WRD.

At the Washington WRWG meeting in
September 1992, Stephens gave a summary briefing
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