








The following amounts from the Missouri River basin
funds were allotted to the Division:

1946 $98,000
1947 $115,450

As the young staff expanded and gained additional
experience, Benedict broadened the program to interpret and
assimilate the growing volume of basic data information.

The combined talents of the geologist, engineer, chemist,
and soil scientist, together with other discipline training
as necessary were used effectively in areal studies and team
reports. Among these more comprehensive, interdiscipline
studies were those for the Powder River basin in Wyoming and
Montana (Hembree and Colby, 1952) and the Wind River basin
in Wyoming (Colby, Hembree and Rainwater, 1956).

Although hydrologic unit studies were not unique to the
Survey program, the Missouri River basin activities allowed
a more thorough field and research effort to relate surface
water resources and their environment than had been possible
ir. most studies elsewhere. Initially, other Federal
agencies in the basin program were slow, even reluctant, to
accept the Survey philosophy of broad, professional study.
The length of time required to complete the field,
laboratory, phases and interpretive report study no doubt
was one factor as other Federal project planners faced very
short deadlines. However, as the preliminary and published
studies became available they were to prove a valuable
source and compendium to project planners. And the Survey
learned to improve the timeliness and distribution of
reports. (

The results of water quality investigations and
research for the Missouri River basin program are found in
mcre than 75 Geclogical Survey publications and 10 technical
journals. One major result of the research was the
development and applicaticn of a turbulence flume to measure
total sediment load in sandbed streams (Total sediment
measured in turbulence flume, by Benedict, Albertson, and
Matejka: Trans. ASCE, 1955). This breakthrough made it
possible to properly design storage reservoirs and diversion
works in the Loup River, Nebr., and elsewhere in the
sandhills country,. -
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Relations between total suspended-sediment discharge
and bedload discharge, and between measured discharge and
unmeasured discharge could be studied. The modified
Einstein method (Colby and Hembree, 1955) and direct
velocity relationships (Colby, 1957) were devised to aid in
determination of the coarse sediment discharge.

Serving with Benedict for most of the Missouri Basin
Program years H. A. Swenson headed the chemical quality
staff section and R. B. Vice, the sedimentation staff
section. Bruce R, Colby was responsible for special
sedimentation reports. He prepared numerous reports on
sediment in streams and provided effective technical
engineering and statistical interpretation to studies and
reports.

As the Survey representative on the Federal
Inter-agency Sedimentation Project at St. Anthony Falls
Hydraulic Laboratory, University of Minnesota, Minneapolis,
Minn., Bryon C. Colby and the project staff carried out the
development, testing, and calibration of sediment-sampling
instruments, the preparation of 14 numbered technical
reports and about 20 lettered reports.

As Project Chief on the Federal, Interagency Project,
Colby's paper on "Scour and Fill in Sand Bed Streams" (PP
462-D) was helpful in developing an understanding of dune
bed movement and hence eliminated the '"probing procedure"
for determining the total cross-sectional area following a
flood runoff event.

Salt Lake City was selected as the site of the first
regional laboratory because the program had increased in the
upper Colorado River basin in Utah, and Colorado, and Idaho,
and to a 1limited extent, the Pacific Northwest. Mr. Howard
established the laboratory at Fort Douglas in a building of
a former Army Post which was acquired by the Public
Buildings Administration. R. T. Kiser was sent from
Altuquerque in January 1947 to set up the laboratory.

Federal program in 1955: The Federal program funds are
used To finance investigations which are of Federal interest
or which are of concern to a group of States or to a major
river-basin area covering several States. Special research
projects, joint projects such as water utilization and
radioactivity studies, and the preparation cf reports are
financed from these funds. The following are principal
studies in progress.
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The deposition of sediment in the Middle Rio Grande
Valley has raised the valley flow to such an extent that the
whole economy of the valley is seriously threatened.
Intensive studies of the sediment transported by the Rio
Grande and its major tributaries has been in progress since
1947 to provide reliable data as a basis for planning
remedial measures. Investigations of sediment discharge of
streams in the Colorado River basin have been under way
since 1925 to provide basic data for the sound planning of
Federal projects in that basin. The data are also needed in
meeting the requirements of the Upper Colorado River
Compact. Sediment-transport studies are conducted in the
Pecos River basin to meet the requirements of the Pecos
River Compact Commission. The sediment index station
program has been developed through the Federal Inter-Agency
River Basin committee (now the Federal Inter-Agency
Committee on Water Resources) involving the collection of
sediment discharge records over long periods at more than
200 sampling sites scattered throughout the United States in
order to provide nationwide information on sediment
production. This network is very limited in scope at the
present time, with only 6 stations supported under this
program in 1955. Sediment studies in Alaska are justified
by the large amounts of high-abrasive sediment from
glacier-fed streams which influence the design of dams and
power plants, and the development of water supplies. The
program includes the periodic collection of sediment samples
from many streams in the territory and the operation of 7
continuing sediment-load stations.

Sediment studies with restricted scope and duration are
conducted under areal investigations. The programs include
a reconnaissance sediment study in the New York-New England
area to determine the concentration level in streams, and a
sediment-transport investigation on the Mississippi River at
St. Louis, Mo., in collaboration with the Corps of
Engineers, to provide comprehensive data on the sediment
load of this important stream.

Sedimentation research projects were undertaken in 1955
under the Federal program. The development and testing of
methods and equipment used in measurement of sediment loads
in streams were continued at the St. Anthony Falls
laboratory in collaboration with the Corps of Engineers and
the University of Minnesota. Studies of sediment
transportation as bedload at the turbulence flume on the
Middle Loup River and under natural conditions in the
Niobrara River were continued in 1955. Development of
standards for programs and operations were begun in a
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limited way in 1955, together with associated preliminary
studies concerned with the analysis and evaluation of
various procedures for collection of sediment load data
which were directed to more effective field operations.

The collection and analysis of data on the chemical
quality of streams in the Colorado River basin have been
under way since 1925. The data are prerequisite for the
ttilization of the waters for all uses and for meeting the
requirements of the Compact Commission. Chemical quality
investigations are also under way in the Pecos River basin
to meet the requirements of the Pecos River Compact
Commission. Chemical quality studies in the Columbia River
basin and in Alaska are directed to obtaining data on the
variations in composition of river waters for the proper
development and utilization of streams in those areas. The
base observation network on western streams is operated to
determine changes in quality over long periods as a result
of return flows from irrigation projects. This program was
developed through the Federal Inter-Agency River Basin
Committee.

Chemical quality studies of ground or surface waters
are also conducted within specific areas or are of limited
scope and duration. Studies of the inland saline water
resources were initiated on a limited basis during 1954, in
an effort to determine the availability of water of inferior
quality which might be rendered potable by treatment process
as developed through the Department's Saline Water
Conversion Program. A statewide reconnaissance study of the
saline waters of North Dakota is currently under way.
Studies of the chemical composition of ground-water supplies
are under way in the Metropolitan area of Washington.
Likewise quality-of-water work in connection with artificial
recharge is also in progress. Reconnaissance studies of the
chemical characteristics of streams in the New York-New
England area have been under way since 1953.

Studies of the radioactivity of water resources were
continued in 1955 to determine background radioactivity of
natural waters and to relate occurrence of such activity to
hydrologic and geologic factors (a Joint project with Ground
Water Branch). Collection and evaluation of
chemical-quality data in several major metropolitan areas
are carried on as a part of the Division's studies with
respect to utilization and development of water resources in
important industrial areas.
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Research studies are also conducted under the Federal
prcgram, with the primary emphasis in 1955 being directed to
improved laboratory methods for determination of dissolved
constituents, geochemical studies of the occurrence of
mineral constituents in natural surface and ground water and
their relation to their geological environment and the
analysis and evaluation of chemical quality records as to
their adequateness and applicability for water-quality
studies of the origin, movement and character of mineral
constituents in surface waters.

FEDERAL‘STATE COOPERATIVE PROGRAM

The following chemical quality and sedimentation
studies were in progress in the Districts in cooperation
with the several States. :

Arkansas: The program is directed primarily toward
evaluation ol the chemical quality of the surface and
ground-water resources throughout the State for all uses but
with special attention to development of industrial water
supplies. Special intensive studies are conducted in the
Ouachita River basin where there is a serious pollution
problem due to o0il field brines. Studies of the chemical
quality of ground water are included in the Statewide
investigations. :

California: The cooperative program consists of
statewide studies.of the chemical quality of surface and
ground waters, with special reference to inorganic
pollutants in streams and analyses of various wastes.,
Special intensive studies in the Central Valley with respect
to industrial and municipal wastes are included. Seawater
intrusion into streams and ground water are also being
investigated, particularly in the Manhattan Beach area.

Delaware: The study involves the operation of a
sediment-discharge station on the lower Brandywine Creek to
measure changes in sediment yield in the basin as remedial
measures to control erosion are undertaken,.

Florida: Development of knowledge of chemical quality
of the ground and surface water resources of the State is
the primary objective of the. cooperative program. Intensive
chemical-quality studies are under way in the vicinity cof
the city of Pensacola and along the Suwanee and
Withlacoochee Rivers. The degree of salt-water intrusion in
‘the vicinity of Miami and Miami Beach is being followed
through a systematic continuing program,
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Kentucky: The cooperative studies consist of
collection, compilation and evaluation of chemical quality
of surface and ground-water resources of the State for their
full utilization for all purposes. A statewide
sedimentation program is also under way, with primary
emphasis on collection of sediment-load data on major
streams. Special geochemical studies were initiated in
1054, The study and analysis of btrines is included in the
program.

Louisiana: The cooperative program involves
chemical-quality and sediment-load studies in a few
scattered river basins throughout the State. Chemical
quality of ground waters of the State is included. These
programs are integrated with the overall water resources
studies on a Statewide basis in the proper and economical
development and utilization of the surface- and ground-water
resources.

Michigan: The cooperative program currently consists
of the coI%ection, compilation and evaluation of
chemical-quality data as related to the ground-water
resources of the State.

Minnesota: The studies involve the evaluation of
chemical quality of the ground- and surface-water resources

of northwest Minnesota as to their suitability for domestic,
municipal and industrial uses.

New Mexico: The program is directed toward evaluating
the suitability of ground- and surface-water resources of
the State for industrial, agricultural and municipal
purposes. Chemical-quality and sediment stations are
maintained as part of the Pecos River Compact Commission
activities. Intensive studies of highly saline waters
entering the middle Pecos River also are conducted.

New York: The chemical characteristics of ground- and
surface-water resources are studied in a limited way under a
cooperative program tc evaluate the industrial utility of
the State's water resources. The studies are confined to
several small drainage basins, with intensive sampling
throughout several seasons.

North Carolina: Cooperative chemical-quality studies
are under way on a statewlde basis to provide knowledge as
to the chemical characteristics of the ground- and
surface-water resources of the State with primary emphasis
on industrial planning. Salinity intrusion studies are
conducted in the Tar and Neuse River tasins.
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Ohio: The: statew1de cooperative water-resources
studies include the determination and evaluation of chemical
quality of surface and ground waters, transportation of
fluvial sediments and the measurement of water temperature.
Special intensive chemical quality and sediment studies are
conducted in the Little Miami River basin in connection with
a watershed improvement program. In addition, intensive
chemical quality studies on the Ohio River are in progress
with special emphasis on evaluating the inorganic pollution
load due to industrial and other wastes that reach the
river.

Oklahoma: As an integral part of the over-all
water-resources studies conducted by the Water Resources
Division, data on the chemical characteristics of surface-
and ground-water supplies of the State are collected and
analyzed with respect to their utilization for industrial,
agricultural and municipal purposes. Special intensive
studies are being conducted along the North Canadian River
and Salt Fork Arkansas River where there are serious
pcllution problems.

Pennsylvania: The chemical-quality studies are
confined almost exclusively to the collection and evaluation
of chemical and sanitary quality data of the lower Delaware
River to establish present conditions of pollution and
salt-water intrusion and to establish character of water as
a part of study of recharge to aquifers supplying ground
water to municipalities and industries in the
Philadelphia-Camden area. A cooperative program with
respect to sediment yield and run-off on selected small
watersheds was initiated in 1953. This is a long-range
program to evaluate watershed improvement as related to the
hydrology of the basin.

South Carolina: In connection with the appraisal of
the surface- and ground-water resources of the State,
limited chemical-quality studies are undertaken in several
river basins to provide information as to the suitability of
supplies for all uses.

Texas: The chemical characteristics of ground- and
surface-water resources of Texas are an important
consideration of the full utilization by industries,
agriculture and municipalities of the water resources of the
State, as many are of extremely unfavorable quality.
Salt-load studies which are of interest to the Pecos River
Compact Commission are conducted along the Pecos River.
Studies of saline waters along certain streams and in ground
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water resources are recelving special attention because of
possitle contamination of fresh water sources, or because of
need for maximum utilization of all water due to limited
supplies in the area.

"Utah: There are no statewide chemical quality
investigations. Special localized studies are under way in
several basins to ascertain adequacy of supplies for
irrigation or municipal uses and the effect to transbasin
diversion on quality on the waters for downstream users.

Virginia: As a part of the over-all water resources -
program, chemical-quality studies of the surface and ground
waters are undertaken to determine the potential utility of
the supplies for all purpoées. Also, cooperative
sedimentation studies are in progress, pr1nc1pa11y on major
streams of the State.

Washingtoni The small cooperative program consists of
sediment studlies on the Green River in connection with a
flood control and water-supply project near Palmer.

Wisconsin: This cooperative prcgram consists of
sedimentation studies in Black Earth Creek; Mount Vernon
Creek and Yellowstone River basins in connection with
hydrologic studies of a watershed improvement area.

PROGRAMS FINANCED BY OTHER FEDERAL AGENCIES

The following studies were being carried on by funds
supplied by other Federal agencies in 1955.

Department of National Defense: The su1tab111ty of
water supplies at continental and off shore.facilities is
the concern of this Department. These relate primarily to
investigations of scale and corrosion problems involving
threshold treatment of water supplies at defense
installations as well as potability of the waters. Water
samples are examined, and analytical results, interpretation
of analyses, or advice about water problems are furnished to
the Departments of the Army, Navy, and Air Force.

Salinity intrusion studies are conducted in South
Carolina on the Combahee River for the Department of the
Navy with reference to the effect of salt water on river

water as a source of industrial water supply.
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Corps of Engineers: Sediment load studies in
connection with specific project developments are conducted
in the Delaware River basin, Pennsylvania; Salinas River
basin, California; and Roanoke River basin, Virginia.

Chemical-quality studies at project reservoirs with
respect to the utilization of waters for industrial,
municipal or other uses are under way in the Red River of
the North basin, Canadian River basin in New Mexico, and
Brazos River basin, in Texas.

At the request of the Department of the Army, a
pollution study is ‘under way in the vicinity of the Rocky
Mountain Arsenal near Denver Colo., to determine nature and
distribution of the contamination in relation to the wastes
disposed by the arsenal in so-called "evaporation" ponds.

Atomic Energy Commission: Assistance was provided the
Atomic Energy Commission on quality problems relating to
water supply and waste disposal at the Knolls Atomic Power
Laboratory, N.Y., at Los Alamos, N. Mex., and proposed power
reactor on the lower Potomac River in Virginia.

Department of Agriculture: Soil Conservation Service -
Evaluation studies as to sediment yield on small watershed
in connection with Pilot watershed treatment programs are in
progress in Kentucky, West Virginia, and Pennsylvania. Also
sediment transportation studies and factors affecting trap
efficiency of flood detention reservoirs are under way in
North Carolina, West Virginia, Nebraska, Oklahoma, and
Texas.

TECHNICAL ADVANCES IN PROGRAMS IN THE LATE 1950's

The Branch and Division, in 1957, proceeded to augment
Division policy by establishing Branch and Inter-Branch
research projects coordinated by the Branch Research Chief,
in Washington. Some of this work is described in the
previous section anc under Special Studies and Reports p.
230.

P. C. Benedict was the Chief of Research, May 1958 to
July 1962, succeeded bty F. Clarke, September 1962 to
December 1963 and W. H. Durum, December 1963 to June 1967.

In Octokter 1958 (QW Branch Memorandum No. 59.14)
following QW Branch reorganization, in 1957, the Branch
Chief restated Division policy to insure technical
advancement in the Division's field of competence and
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"greater use of our reports by engineers, scientists, and
the general public."

The programs of the Branch, regardless of financial
support, may be divided into two principal lines of effort;
(1) research in hydrologic principles and techniques, and
(2) appraisal.

Research activities of the Branch have been btroadened
both in scope and in number. "In 1958 approximately 15
percent of Branch funds were applied to research. Projects
currently in progress include studies in geochemistry,
radioactivity, and fluvial sediments.

"Appraisal studies constitute the major part of the
Branch programs. These programs are composed of (1) a
network of stations for the collection of basic data, (2)
areal investigations in which interpretive studies are made
in selected areas for selected periods, and (3) point
studies at specific sites. Until recently, except for the
Missouri River basin and to a lesser extent in certain other
basins, the programs of the Quality of Water Branch were
confined largely to the collection of basic data. Within
the past few years, greater effort has been devoted to areal
studies and analytical and interpretive work,

"The Branch programs of the future should place greater
emphasis on interpretation and research. This does not mean
that basic records are to be given a low order of priority.
Rather it means that basic data should be collected in
accordance with a carefully worked-out plan. We have this
as the principal objective of our network evaluation project
now nearing completion. Similarly, the composition of areal
project investiagations is also under study. We must strive
to give talance and proper emphasis in all programs to basic
data, interpretation, and research that will yield a product
most useful in solving water problems. Likewise, we must
combine data gathering with improved understanding of basic
processes through an energetic and progressive research
program,"
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SPECIAL STUDIES AND INVESTIGATICNS

Water quality: In 1956, in addition to the nationwicde
data program, more detailed chemical quality investigations
were made and they continued in the basins of the Colorado,
Missouri, Pecos, Yadkin-Pee Dee, and Columbia Rivers; in New
York and the New England States, and in Alaska. Also a
sampling network was maintained on 75 western streams to
determine trends in mineral content that would affect
successful and continued operation of western irrigation
projects.

Important advances were made in 1957 and 1958 in the
programming of quality of water studies on streams through
the development of criteria for station network operation to
satisfy minimum national needs. ‘

In 1958, the Survey began a study of major worldwide
contributions of dissolved solids being carried from land
surfaces to the oceans.

The Survey also began a study of the significance and
potential use of tritium as a tracer and age determinant in
water investigations. Studies of the distribution and
concentration of radioactive waste in streams by fluvial
sediment were begun in 1959. The same year at the request
of the Federal Housing Authority a modest start was made in
measurement of synthetic detergents as related to the
quality of ground-water supplies in the United States.

Investigations were made in cooperation with State and
municipal agencies in 16 States, and special
chemical-quality stucies were made for the Department of
Defense, Atcmic Energy Commission, Bureau of Reclamation,
Veterans' Administration, Federal Housing Authority, and
Public Health Service.

Cooperation extended to about 20 State and municipal
agencies by 1959.

The first comprehensive study of the water resources of
the Colorado River basin was made by E. C. La Rue (1916).
The introduction to the report was written by Nathan C.
Grover, Chief Hydraulic Engineer, Water Resources Division,
Iorns, et al (1965) state that much of what Grover said
about the Colorado River basin "is as timely today (1957) as
it was in 1%616."
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.The region traversed by the Colorado and its
trlbutarles is for many reasons of intense interest to the
people of the United States. Eere was the home of the
forgotten people of which there is no record except the
hieroglyphics on the rocks, the ruins of their irrigation
systems, and the cliff dwellings by which they are most
widely known; here were the Spanish missions whose history
extends back nearly to the days of Balboa and Cortez; here
is the Grand Canyon, whose sublimity was first fully
disclosed by Major Powell and his associates, who navigated
it from end to end in 1869 and 1872; here are the greatest
known natural bridges, so remote and inaccessible ... here
is the mighty river and its tributaries ..."

In their final report, "Water Resources of the Upper
Colorado River Basin-Technical Report, Iorns et al (1965)",
the authors state that much of the water supply of the
Colorado River is already being used. Additional water
developments are planned to meet the evergrowing demands of
the region. The U.S. Geological Survey prepared the report
on the surface-water resources of the Upper Colorado River
basin as part of an appraisal of the water resources of the
entire Colorado River basin. The surface-water resources of
the region are described and the effects of environmental
factors on these resources are explained on the basis of
available data and water uses existing in 1957. The report
does not contain forecasts of changes in water quantity and
quality which may take place as a result of water
utilization projects constructed after 1957.

The area encompassed by the report is the drainage
basin of the Colorado River above '"Lees Ferry," Ariz. 'Lees
Ferry" is an arbitrary point dividing the Upper Colorado
River basin and the Colorado River basin and is defined by
the Colorado River Compact as '"a point in the main stem of
the Colorado River one mile below the mouth of the Paria
River." :

The amount of which enters the basin annually as
precipitation is 92,739,000 acre-feet. Only a small part of
this (2,257,500 acre-ft) is consumed by humans or is
diverted out of the basin. The rest leaves the basin
through outflow (12,733,100 acre-ft) or is lost by .
evaporation and plant transpiration.

The amount and chemical quality of the streamflow vary
with time and place owing to both natural and human causes.
To give a common base for comparing streamflow the authors
used an average that would have occurred if the level of
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upstream existing in 1957 had existed throughout water years
1914-57, ’

Water quantity and quality are changed as the water is
diverted for domestic, industrial, and agricultural uses.
Domestic and industrial uses add 33,600 tons of dissolved
solids annually to the streamflow; irrigation adds 3,446,700
tons.

About 44 percent of the water and 48 percent of the
dissolved soligs at "Lees Ferry," Ariz. (combined water and
dissolved solids of Colorado and Paria Rivers at Lees Ferry)
come from the Grand Division (26,500 sq mi), about 37
percent of the water and 33 percent of the dissolved solids
come from the CGreen Division (44,700 sq mi) and about 19
percent of the water and 19 percent of the dissolved solids
come from the San Juan Division (38,300 sq mi).

The weighted-average concentration of dissolved solids
in the Colorado River at 'Lee Ferry," Ariz. (12,733,100
acre-ft) is 501 ppm (parts per million) for water years
1914-57 adjusted to 1957 conditions.

Ninety-two storage reservoirs, each having capacities
greater than 1,000 acre-feet, had been constructed in the
basin by 1957. The combined capacity of the reservoirs,
which were constructed to utilize more of the water supply,
is about 1,635,000 acre-feet. Of the total capacity, about
738,000 acre-feet is primarily used to provide water for
irrigation, domestic, and industrial uses within the Upper
" Colorado River basin. The rest of the stored water is
primarily for export, or is used to supplement the water
supply in the basin at times when transmountain diversions
reduce the flow of the streams to the point that prior
rights are affected.

An average of about 468,400 acre-feet was being
exported annually in 42 transmountain canals and tunnels as
of 1957,

0f the combined sediment discharge of the Colorado and
Paria Rivers (103,955,000 tons), about 20,495,000 tons (20
percent) comes from the Colorado River basin above Green
River, about 27,875,000 tons (27 percent) comes from the
Green River basin, and about 55,585,000 tons (53 percent)
comes from the remainder of the Upper Colorado River basin
below the mouth of the Green River. Of the amount from the
tasin below the Green River about 39,840,000 tons, or 38
percent of the combined suspended sediment of the Colorado
and Paria Rivers, comes from the San Juan River basin.
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Comprehensive observations of total sediment load and
hydraulic characteristics of 6 cross sections in the
so-called "Casa Colorado reach" of the middle Rio Grande
were completed in May 1958. The discharge was slightly over
10,000 cfs, the highest experienced from snowmelt runoff in
the Rio Grande in several years.

By memorandum to Branch Area Chiefs, September Z5,
1958, S. K. Love, in a followup to the Chief Hydraulic
Engineer's request of September 10, 1958, called for the
identification and establishment of a few benchmark
stations, ''reasonably free from man-induced influences, that
will define natural trends in sedimentation and chemical
quality."

Several meetings were held during the last quarter of
1957 by personnel of the Geologic and Water Resources
Divisions in Washington concerning the direction of a
research study for occurrence of strontium in waters
throughout the country. This resulted in a study in
collaboration with AEC. with J. D. Hem as project leader and
C. A. Horr, principal assistant. In a preliminary survey of
analytical methods for determination of strontium in water,
M. W. Skougstad reported that the flame photometric
procedure was being used to determine strontium at low
concentrations, i.e., 0 to 50 ppm.

During the spring months of 1958 the Division was
involved in an intensive study of the effects cof strip
mining in the Beaver Creek Watershed project in McCreary
County, Ky. Field parties were measuring the quantity and
rate of movement of erosional material from the spoil bank
and down the stream. A btotanical study was begun to measure
the effects of strip mining on trees and other vegetation on
and around the spoil bank and along the stream. Growth was
compared with unaffected areas. The geomorphology of the
basin was studied and water samples from augered-observation
wells in the spoil bank were analyzed periodically to
determine the effect of strip mining on the quality of
ground water. Results of the study were published in an
open file report, "Influences of strip mining on the
hydrologic environment of parts of Beaver Creek basin
Kentucky 1955-59," C. R. Collier and others, May 1962.
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A cooperative study was underway of the quality of
water conditions in the Salt Creek basin, Tex. Brines from
0il fields scattered through the watershed and dating as far
back as 1918 caused serious pollution. Direct discharge of
the brines into the tributaries, overflow the disposal pits,
and numerous seepages from improperly closed wells increased
the salinity of the watershed through the years.

Monthly salinity surveys were made to determine
stratification and quality variations at Lake Texoma, Okla.,
in 1958. An odd situation at this lake, an impoundment fed
by two major rivers, the Red and the Washita, is that
mineral stratification is prevalent throughout the Washita
arm and mineral concentrations are consistent in all depths
in the Red River area.

Fluvial sediment: During the period 1955 to 1959
comprehensive investigations of watertorne sediments were
continued in the Missouri, Middle Rio Grande, and Colorado
River basins. These studies provided information about the
sources of sediment, rates of discharge, and other pertinent
factors in these areas to aid extensive Federal programs of
water development.

It is noteworthy that the results of sediment
investigations in the Wind River basin were published in
Water Supply Papper 1373 (Colby and Hembree).

The grogram of the U.S. Soil Conservation Service was
assisted by studies of sediment yields and the trapping
efficiency of reservoirs on small watersheds in North
Carolina, West Virginia, Kentucky, Georgia, Nebraska,
Oklahoma, and Texas.

Special sediment studies were made for the Bureau of
Reclamation in the Rio Grande and Colorado River Basins and
in the watershed of Medicine Creek, Nebraska.

Investigations of sedimentation were continued in
cooperation with Iowa, Wisconsin, Kentucky, Ohio,
Pennsylvania, and Virginia. These included intensive
studies of several small watersheds in Pennsylvania and
Wisconsin to measure and explain changes in runoff and
discharge of sediment induced by conservation practices.
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By 1959 sedimentation studies had broadened to include
the relationship of sediment transport to roughness and
shape of stream channels; bedload discharge of sediment;
development of automatic equipment for measuring sediment
discharge of streams; and improved techniques and standards
for analyzing and interpreting sediment data and records.

The fluvial sediment experimental studies were done
collaboratively with the Department of Civil Engineering,
Colorado State University, Fort Collins, Colo. Equipment
development studies were conducted jointly with the Federal
Inter-Agency Committee on Sedimentation, centered at the St.
Anthony Falls Hydraulic Laboratory, University of Minnesota,
Minneapolis, Minn.

Through arrangements made by Chief Hydrologist Luna B.
Leopold, informal discussions on various phases of sediment

transport were held during the period. This arrangement
made it possible for Dr. R. E. Bagnold, Civil Engineer,
England, and other scientists to offer constructive
suggestions for improving the scope of the Division's
research program. Active in these discussions were Thomas
Maddock, Jr., R. W, Carter, M. G. Wolman, P. C. Benedict, R.
B. Vice, H. P. Guy, B. C. Colby, D. B. Simons, E. V.
Richardson, D. W. Hubbell, C. H. Hembree, L. M. Brush, and
D. M. Culbertson. In‘a meeting of these participants Feb.
5-11, 1958, topical discussion ranged widely from the
relation between transport rate and streambed stress to a
general discussion of grain velocity, fall velocity, drag
coefficient and size-analysis plots.

Dr. Bagnold suggested that empirical relationships do
not explain phenomena until they are integrated with the

laws of physics. His flume experiments with small and large
grain sediments and their application to U.S. river
aggradation-degradation studies, i.e., change in
concentration with change in slope, was a sure bet to
stimulate lively discussion among sedimentologists during
the period.

Reports: Reports on the chemical quality of natural
vaters, issued during 1956 and having special interest,
included those on the Colorado River basin for the period
1625-40; the quality of surface waters for irrigation in the
Western United States in 1952; the chemical characteristics
of surface waters in the Devils Lake btasin, N. Dak.; and the
quality of surface waters in the Wind River basin, Wyo.
Reports describing chemical characteristics of waters in
South Carolina, Texas, New York, Kentucky, North Carolina,
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and Oklahoma were prepared in cooperation with those States.
Studies of public water supplies in the larger cities of
Alaska, Hawaii, and Puerto Rico were continued.

The following year, 1957, reports on studies of
particular interest included those on water quality in the
Fort Belvoir, Va., area 1954-55, and a report on a study of
the salinity of water in the Delaware River estuary.

Hem's detailed reference report, Study and
interpretation of the chemical characteristics of natural
water, (WSP 1473, 1959), has been widely used in technical
studies studies and as a classroom reference. Three
reprintings of the publlcatlon by 1977 attests to its
continuing value.

Reports describing the chemical characteristics of
surface waters of Virginia, Arkansas, Texas, New York, and
South Carolina were prepared in cooperation with those
States.

Studies were begun on the uranium and radium content of
ground water in several areas of the West and reports were
released during 1958 for the Llano Estacado, Texas and New
Mexico.

Radiochemical studies evolved with tritium monitoring
of water resources during U.S. and other nuclear tests in
the 1950's. Earlier work by Beetem, and others, was a study
of the movement of pollutants in the Mohawk River by using
radioactive tracers. Another study was the possible
concentration of radioactive waste in bed material and
suspended sediment, a potential problem in waste disposal.

Radiochemical studies had proceeded sufficiently by
1955 to allow firming up Branch objectives in this field.
One phase of the work is to determine the nationwide
distribution and concentration of natural activities in
water resources. This will define background levels so that
pollution may be more easily evaluated, provide data which
may help define mechanisms for the mineralization of water,
indicate areas warranting more detailed study of hydrology,
and may prove a useful tool in geochemical prospecting.
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Another phase is to determine the effects of pollution
of both ground and surface water in order to evaluate the
feasibility of various means of waste disposal for atomic
power plants. A third phase is the study of the use of both
natural and artificial activities as tracers for
investigating the movement of ground water and the diffusion
of dissolved solids in ground and surface water.

For many years the Division had searched for new
methods for tracing of '"tagging'" water through the
hydrologic cycle.

Fluorescein dyes and other easily detectable chemicals,
such as sodium chloride, provided tools useful in some
investigations but of limited use in others. Radioactive
isotopes were found superior to nonradioactive isotopes as
water tracers for many investigations because relatively
small amounts are easily detected and a more accurate
indication of hydrologic parameters could be obtained.

A new tracer, tritiated water, emerged in 1954 when Dr.
Willard Libby reported that the isotope tritium is
universally present in measurable quantity in all waters of
the earth from rainfall in the last 50 years. (Kaufman S.,
and Libby, W. F., 1954, The natural distribution of tritium:
Phys. Rev., v. 93, p. 1337). 1In waters older than 50 years
the tritium content is generally too small to be measured.

Tritium is a radioactive isotope of hydrogen which is
created in nature by cosmic ray (neutron) bombardment of air
molecules at the edge of the stratosphere. (n + N!* - t +
Cl2). The tritium oxidizes to form a water molecule, HTO,
chich is identical to the ordinary water molecule H,0, in
all properties except mass (20 against 18). This newly
formed tritiated water is incorporated into high-altitude
clouds and eventually falls as precipitation. Because
tritiated and ordinary water molecules are nearly identical
in their chemical and physical properties the two molecules
move thru the hydrologic cycle in essentially identical
patterns. Thus tritium is a useful label to follow movement
of water in the hydrologic cycle.

Tritium concentrations are generally measured in
tritium units (TU) where one tritium unit is defined as
equal to one tritium atom in 10!® protium atoms and is
apprcximately equal to 3.2 picocuries per liter.
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Dr. Libby's group at the University of Chicago
established that the average concentrations of natural
tritium in rainfall of the United States is 7 tritium units
and the range is 2 to 10 TU.

Shortly after tritium was found in natural water,
tritium levels in the northern hemisphere were raised
drastically by tritium from a new source, the thermonuclear
bomb. This produced values of several hundred tritium units
in rain at Chicago in 1954 and immediately produced
hydrologic applications.

Cosmic-ray tritium is the basis for age measurements or
"water dating". For example, the radioactive half life of
tritium is 12.25 years and the prebomb level in rain was 7
tritium units. Ground water that has not been contaminated
by bomb rainout and which has tritium of 3.5 units must have
bteen underground during one half life of tritium and is 12
years old. '

Bomb tritium, on the other hand, was especially useful
in protlems which involved the shorter term turnover of
water - periods of a few months or years, in which the
movement of the bomb tritium pulse could be detected and
followed.

In 1958, L. L. Thatcher was assigned to Libby's
laboratory at the University of Chicago where he acquired
the rudiments of tritium methodology and modified the
analytical operations to a practical procedure for use in
hydrology. |

To document tritium impact on surface and ground water,
the U.S. Geological Survey and the U.S. Weather Bureau
established in the spring of 1958 a network of 12 stations
for collecting and testing rainwater over the continental
United States, Alaska, and Puerto Rico. Monitoring of
tritium was continued until 1961 at the three Survey
locations-- Washington, D. C., Lincoln, Nebr., and Menlo
Park, Calif. (Thatcher and Hoffman, 1963. Jour. of Geophys.
Res., v. 68, no. 20). .

In September 1961, with the resumption of weapon
testing by the Soviet Union, the observation network was
expanded to include nine stations, by January 1963 to 15
stations, under the direction of G. L. Stewart.
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The Survey detected the fallout peaks from the 1958
(USA) and 1961 (USSR) tests and confirmed that fallout from
stratospheric tritium peaked in the late spring and early
summer months.

In general it was found that tritium rainout
radioactivity levels were higher toward the interior of the
continent and tended to fall off in the coastal areas
tecause the diluting effect oceanic moisture which is low in
tritium. From the 2-10 TU concentrations before 1952,
concentrations increased with accelerated thermonuclear
tests. The large thermonuclear tests in late 1962 and the
nuclear test ban treaty that followed soon thereafter
resulted in 1963 being the year for the greatest tritium
rainout. The highest peak concentrations occurred in 1963
for all stations except Albuquerque N. M., where peak
concentrations occurred in 1964. Tritium amount then
declined each year.

Samples were collected in standard 8-inch U. S. Weather
Bureau rain gages. In most cases the samples represent
bi-weekly composites; however, some samples from Boston and
San Juan where composited over a longer period of time. The
usuval procedure was toc collect all the precipitation falling
in the rain gage during the two-week period. At the close
of the two-week period, with the exception of periods in
which no precipitation occurred, about 200 ml of sample was
poured into polyethylene containers, labeled with pertinent
information, and sent to the tritium laboratory in
Washington, D. C., for analysis. Stations collecting
composites for a longer period of time poured all of the
precipitation from each rain into a large bottle from which
a representative composite sample was taken for tritium
analysis. Generally, the amount of precipitation was
measured in the rain gage at the end of the two-week period.

Specific analytical procedures used to measure tritium
radioactivity, except for a few refinements, are outlined by
Boffman and Stewart (1966). High activity samples
(generally greater than 500 TU) were counted directly, using
a liquid scintillation spectrometer and/or a gas counting
system employing Geiger-Muller or proportional detectors.

Before counting by one of the two counting methods, low
activity samples were enriched in tritium activitiy by
employing electrolytic procedures.
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Other noteworthy reports included "Chemical character
of public water supplies in Alaska, Hawaii, and Puerto Rico;
"Chemistry of iron in natural waters;'" "Study and
interpretation of water analyses;'" '"Hydrologic and tracer
studies in Mohawk River at Knolls Atomic Power Laboratory;"
"Saline water resources of North Dakota;" and "Quality and
quantity of surface waters of Alaska through September
1950."

Among the reports prepared in 1959 were those on the
chemical quality of surface waters of South Dakota with
special reference to selenium, boron, and fluoride; a survey
of analytical methods applicable to the determinations of
strontium in natural waters; and distribution of uranium and
radium in ground waters of the United States.
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THE YEARS 1960 TO 1973
GENERAL .

Changing needs in data acquisitions: National concern
about environmental quality literally exploded in the 1960's
and was expressed in Federal legislation such as the Water
Pollution Control Act Amendments of 1972 (Public Law
92-500), the Safe Drinking Water Act (Public Law 93- 523),
and the Toxic Substances Control Act.

Some features of the Water Quality Act of 1965 and its
impact on Interior-related activities are considered in a
later section.

For many years the water-quality work of the Geological
Survey in many parts of the country consisted almcst
exclusively of the determination of inorganic chemical
parameters. These data-collection activities have been
essential to the orderly development of water-use projects.
Evaluating the suitability of surface water for impoundment
for municipal, industrial or irrigation use; determining the
source and magnitude of saline pollution, both natural and
man-made; measuring the effects of impoundments on water
quality; inventorying the chemical quality of water in wells
as part of a ground water study are some of the vital needs
that have been met by the Survey's long-term water-quality
program,

Increasing responsibilities for gathering meaningful
water-quality data to meet the changing needs of
water-management and pollution-control agencies has resulted
in the Survey extending its capabilities to include routine
determinations of pesticides, nutrients, bacteria and
aquatic biota, minor elements, and others.

The enactment of the hater Quality Act of 1965 (79
Stat. 905) brought increasing national attention to
man-induced water-quality problems such as the proliferation
in water resources of "exotic'" substances including
pesticides and organics, trace elements, nutrients, and
biochemical substances. Highly sophisticated instruments
for routine determinations in the laboratory were necessary
to replace older latorious methods. And, the Water
Resources Division was continuously improving systems for in
situ field monitoring and digitally recording water-quality
paraneters.
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Personnel items: S. K. Love retired as Chief, Quality
of Water Branch April 1968 after 39 years of distinguished
Federal service--nearly 20 years as QW Branch Chief. His
principal staff personnel in Washington during all or parts
of the period 1960-1568 included W. W, Hastings, E. W. Lohr,
W. F. White, Jr., R. B. Vice, P. C. Benedict, H. A. Swenson,
F. H. Rainwater, W. H. Durum, G. A. Billingsley, S. G.
Heidel, R. L. McAvoy, H. R. Feltz, J. J. Musser, J. F.
Blakey, J. K. Culbertson, D. K. Leifeste, and J. E.
Biesecker.

Mrs. Martha Keith was principal secretary to the Branch
during the period and for many years prior to 1960.

Mr. Love was succeeded in June of 1968 by W. H. Durum
who had transferred to the Washington staff from the Lincoln
office in July 1951 following assignments in water-quality
field investigations in the Missouri basin. Prior to that
he was an industrial chemist with E. I. duPont Co.

Several major and recurring questions needed to te
considered and resolved, if possible, by the Quality of
Water Branch staff.

Although District operations provided local leadership
for stimulating programs and responding to local needs in
water quality, national leadership was essential to focus
attention on broad national interests and priorities in
programs. How could this best be accomplished to develop a
well-rounded program to serve public interests efficiently?

The disclosure in 1970 of excessive levels of mercury
in fish in the Great Lakes system and elsewhere prompted
several concerns among environmental specialists in
Washington. One concern common to several Federal
scientific agencies was that water-quality data-gathering
activities were too traditional and not flexible enough to
accommodate growing demands for new information particularly
in the field of environmental quality. Were potentially
hazardous substances going undetected and improperly
evaluated in our water resources?

As a member of the Federal Committee on Pesticides,
Durum was approached by knowledgeable scientists in the
Federal sector such as Dr. John Buckley, Office of
Scientific Information with the inquiry, '"We know that GS,
EPA, and others have an extensive water resources
information gathering program for U.S. rivers. But what
assurance is there that a catastrophic event such as an
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accidental or deliberate spill of an unknown toxic substance
will be detected before reaching the intake of a .
metropolitan water supply?'" Response to this concern was
that no absolute safeguards existed. However, numercus
hydrologic factors such as time or travel, dilution factor,
chemical reactions and interactions with sediment, together
with existing monitoring, detection, and sampling systems
provided a high probability that the event would be detected
in a few hours to a few days. New, unknown compounds posed
a specific problem of uncertain dlmen51ons to any water
quality fact-finding organization.

Corollary to this was another major question: What
technical design of a water quality observational network
will best serve the expanding requirements for data in the
public sector? This continued to be a basic concern of the
Division faced with budgetary constraints and competing
costs for data-gathering activities.

Another continuing problem dealt with the question,
What system of laboratory facilities can best serve the
Division's requirements? Capital costs of equipment for
essential upgrading of laboratories had elevated beyond
their justification for small Federal-State cooperative
programs. Federal "seeding" funds had been used where
warranted, however, obsolescence and depreciation of
laboratory automated equipment was rapid, and recurring
replacement was uncertain. Additionally, more stringent
requirements for timely water quality information was needed
to assist enforcement agencies in routine activities. Prior
to this, weekly, monthly, or even annual transmittal of
Survey information was adequate for many public works
planners and designers. Now the request for 'real" t1me
data could be daily, weekly or more frequent

Concurrently, the Division district operations of
Philadelphia, Albany, Tacoma, and elsewhere were giving

attention to a link between field and laboratory teletyped
and computerized transmission of data to cooperators and a
central data bank.

To provide technical assistance for these urgent Branch
problems Durum called on experienced field operations and
research personnel representing each regional office
including H. R, Feltz (Atlantic Coast Region); R. A. Krieger
(Mid-Continent Region); F. C. Ames (Rocky Mt. Region); P. C.
Benedict, Branch Area Chief (1963-65) D. M. Culbertson,
1965- (Pacific Coast Region); and M., W. Skougstad
(Analytical Methods Research). The Water Quality Advisory
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‘Group served the Branch and Division Headquarters staff
productively for the next four years.

Several additions were made to the Branch headquarters
staff from 1968 to 1970. J. K. Culbertson transferred from
the Rio Grande sedimentation studies to headquarters as
sedimentation specialist. R. J. Pickering transferred from
the Columbus, Ohio office to Washington headquarters as
Assistant Branch Chief. Together with J. J. Musser, D. K.
‘Leifeste, and J. E. Biesecker the small staff guided
water-quality activities for the next four years.

Biesecker was transferred to Branch headquarters from
the Harrisburg office in June 1968 with responsitility for
developing and strengthening technical aspects of basic data
programs for biochemical and biological techniques as well
as for environmental quality studies generally in the
operational program. He also was active in planning a
laboratory system commensurate with the potential growth of
water quality requirements of the Division.

As the staff continued to evolve basic ideas in the
network design, other field ad hoc groups were developed to
improve technical laboratory and field manuals, a part of
the developing Division's. Techniques of Water Resources
Investigations (TWRI) series.

Eugene Brown was assigned to the Denver office for
full-time preparation and review of authored chapters on
methods manuals for chemical and dissolved gases, organics,
pesticides, radioactivity, minor elements, etc. M. W,
Skougstad and other specialists in research and operation
programs prepared the documents and providec guidelines in
their specialty for use by Washington headquarters.

J. K. Culbertson transferred to the QW Branch
headquarters staff as sedimentation specialist, November
1969. Culbertson had more than 20 years experience in
District operational sediment activities, including the past
5 years on a research study of the mechanics of flow and
sediment transport at the Rio Grande conveyance channel near
Bernardo, N. Mex, :

Mr. Durum retired in May 1972 and was succeeded by R.
J. Pickering. Previous tc his assignment in Washington,
Pickering was in water-quality investigations in the Ohio
River basin and at Oak Ridge, Tenn.
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Dr. Luna B. Leopold, WRD Chief Hydrologist (1957 to
1967) and his successor E. L. Hendricks developed a keen
introspect of water quality activities. Leopold shored up
lagging research so essential to an understanding of the
principles of basic science of water quality more nearly
comparable with that of other hydrologic fields. Both
Leopold and Hendricks participated in, and gave counsel to,
field investigations and problems in water quality and
strengthened Division program support in this area.

The Honorable Stuart Udall, Secretary of the Interior
(1964-68) maintained a lively personal interest in water
resources and water-quality activities of the Survey. On
more than one occasion he referred to the Survey as his
+"technical arm" of the Department, and he and members of his
staff called on the Division for information and technical
advice about the highly visible Potomac River and PRock
Creek. :

On one occasion the Secretary invited Messers,
Langbein, and Durum to a luncheon discussion with a small
group of Department planners. '"The Potomac River and Rock
Creek are paper tigers.'" he said. '"We must clean up these
historical streams in the Nation's capital as an example for
the rest of the country. Rock Creek looks like a chocolate
malted whenever it rains. How long will it take to do this
job?"

"At least 10 years'" was the reply." "Too long," said
the Secretary, a political pragmatist, "I won't be around
then."

About an hour after the pleasant and simple fare
luncheon in the Secretary's private dining room, a sealed
envelope was delivered to Durum's desk by mail messenger.
Inside was the notation: '"1 luncheon--$0.76."

Federal legislation and agreements relating to Survey's
water-quality activities: Water Quality Act of 1966--
Following the enactment of the Water Quality Act of 1965
(79 Stat. 905), and interdepartmental agreement concerning
consultation between Departments of Health, Education, and
Welfare and the Interior was developed, September 2, 1966.

Terms of the agreement were based upon the following general
concept: .
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"4 (a) The Department of Interior is responsitle
for administering the Federal Water Pollution Act as
amended; certain functions relating to water pollution
control under Secticn 702(a) of the Housing and Urban
Development Act of 1965, Section 212 of the Appalachian
Regional Development Act of 1965, and Section 106 of
the Public Works and Economic Development Act of 1965,
and Executive Orcer 11288," Prevention, Control, and
Atatement of Water Pollution by Federal Activities."

The stated purpose of the Federal Water Pollution
Control Act is '"to enhance the quality and value of the
Nation's water resources and to establish a national policy
for the prevention, control, and abatement of water
pollution." The responsibilities of the Department of the
Interior under the above legislation and Executive Order,
involve the prevention and control of water pollution in
consequence of the benefits resulting to the public health
and welfare, giving due regard to the improvements which are
necessary to conserve the Nation's waters for public water
supplies, propagation of fish and aquatic life and wildlife,
recreational purposes, and agricultural, industrial, and
other legitimate uses. To meet these responsibilities the
Department of the Interior, through the Federal Water
Pollution Control Administration, conducts programs to
identify and measure the extent of pollution and its effects
on water uses and to assure the treatment and control of
waterbtorne wastes." :

Following the definition of the functions of the two
Departments in water pollution as related to public health
the Agreement stated:

"8. The Public Health Service and the Federal
Water Pollution Control Administration will exchange on
a regular basis relevant health-related water quality
data and research results. Particular attention will
be given to prompt exchange of significant new findings
which would affect the program responsibilities of
either agency."

Moore-Pecora Agreement, 1968--In response to the
directive from Department of the Interior, Under Secretary
Black, February 1, 1968, the Moore-Pecora Agreement dated
July 18§, 1968, defined the working relationship between
Interior's FWPCA (Joe G. Moore, Commissioner) and USGS (W.
T. Pecora, Director).
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It summarized agreements regarding responsibliities and
work relations between the two agencies relative to
water-data activities directed by Bureau of the Budget
Circular No. A-67, "Coordination of Federal activities in
the acquisition of certain water data." Under "Scope of
Operations'" the memorandum stated, "FWPCA is responsible for
studying and controlling pollution of the Nation's water
resources, which involves a wide range of water-data
collection, research, and regulating activities related to
pollution processes and problems. USGS collects data and
conducts research to explain the occurrence, movement, and
quality characteristics of the Nation's water resources, but
has no water management responsibility."

The agreement called for a water-data system to be
designed on the basis of user need, and the retention of a
full range of analytical capabilities and laboratory
facilities essential to continuing data programs of both
agencies. It specified that '"Data collected by FWPCA and
USGS must be reliable, interchangeable for all practicable
purposes, and should be equally acceptable to the courts of
law. To insure this, the two agencies plan to coordinate
their analytical quality-control programs."

Another key item in the Agreement is that '"All water
quality data which meet analytical quality requirements of
either agency will be stored and processed in a mutually
acceptable data handling system.'" (This is currently being
accomplished through use of the STORET System.)

On December 2, 1970 the FWQA (formerly FWPCA) was
removed from Interior and officially became the Water

Quality Office (WQO) of the Environmental Protection Agency
(EPA). Following this reorganization several memorandums of
agreement or understanding were prepared during the 1972-73
period; however, none replaced the Moore-Pecora Agreement
until 1975,

The unavoidable overlap resulting from FWPCA
(subsequently EPA) responsibilities for environmental
protection and Interior's responsibilities for resources
resulted in a sometimes difficult working relationship
between the two agencies.

Some offices seemed to operate on the premise that the
Federal Water Pollution Control Act (PL 92-500) preempted
assigned responsibilities of the USGS in regard to water
quality, ignoring the historic role of the Survey and the
water-data acquisition directives to Interior in OMB
Circular A-67.
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The USGS-WRD was particularly effective in the early
work with FWPCA and EPA in implementing EPA's National Water
Quality Surveillance System (NWQSS) by means of a data
collection program financed through transfer funds from
FWFCA and EPA in the amount of about one-half million
dollars annually.

USGS - Quality of Water Branch and EPA's technical
‘representatives worked effectively in the early stages of
mutual and acceptable methods and procedures for NWQSS.
This became a headstart for OWDC's Interagency '"Recommended
Methods" effort and high level of participation on 10
technical werking groups.

OWDC, together with the technical branches of WRD
helped EPA develop the guidelines to States for
water-quality monitoring under Section 106 of the Federal
Water Pollution Control Act (PL 92-500).

STATISTICAL SUMMARY OF PROGRAM

During the period 1960 to 1974 the following water
quality stations were maintained by the Survey in
cooperation with other agencies for the collection of basic
data on the chemical, biological, microbiological and
physical characteristics of streams, lakes, and reservoirs
in the United States and its territories.

Year Total Chemical Sediment Temperature
1960 1,120 = -----  eeee- eeee-
1961 1,150 i T
1962 1,236  ~-=-=-  eeeee eee-
1963 1,367 942 307 1,133
1964 1,497 1,003 431 1,133
1965 1,674 1,116 477 1,360
1966 1,958 1,353 502 1,623
1967 2,102 1,483 , 5€¢1 1,661
1968 2,458 1,782 672 2,132
1969 3,578 2,935 705 3,011
1970 4,195 3,474 772 3,648
1971 4,344 - 3,546 873 3,586
1972 4,964 4,191 842 4,057
1973 5,036 4,252 ' 844 4,107
1974 5,060  -----  ceece- eea--
1675 5,800  ee--- e-e-- —-—---
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Table 2 and figure 3 in Part 1., show the annual
program growth in water quality stations, and in total funds
from all sources from 1960 to 1974. The number of operating
stations is seen to increase rapidly from about 1965 and
nearly 2-fold between 1967 and 1970 (2,102 to 4,195
stations). This marked expansion in and other Federal
legislation in general, that brought added responsibilities
to Survey's Water Resources Division data programs at both
Federal and State levels.

In table 2 it can be seen that the total program funds
doubled in the 5-year period 1960-65 from about $§2.7 to $5.4
million and increased steadily to $8.8 million by the close
of the period in 1973.

Table 3 shows figures for the annual sediment program
for several years. These are included in the total water
quality program funds, in table.

Table 2.--The annual Federal and State program funds available
(in thousands of dollars)

Year Total Federal Federal-State Others
1960 2,716 995 1,211 510
1961 3,307 1,280 1,375 652
1962 3,609 1,089 1,609 911
1963 4,410 1,662 1,759 989
1964 = ---=-- eeee-  eeee-  eeee-
1965  -----  e----  ee-e= e
1966 = ----=  ee--=-  eee-e  —ee--
1967 = ~----  eee--  eeee- e-aaa
1968 = -----  eeee-  eeeae eee--
1969 = .--=--  eee--  eeeee eeaa-
1970 7,064 559 4,879 1,626
1071 --—--- -—--- ----- -——
1972  ----- i
1973 *8,000 1,300 4,800 1,900

* Collection of basic records only.

Source: Memorandum form Adminstrative Cffice, WRD, April 2,
1964; Memorandum from Chief, Planning Section (W.S. Daniels),
January 28, 1974,
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Table 3.--Annual Federal and State program funds available
for stream-sediment program
(In thousands of dollars)

Year Total Federal Federal-State Others
1957 800 300 150 350
1958 1,050 400 200 450
1959 1,050 450 250 350
1960 1,100 500 . 250 350
1961 1,150 500 300 350
1966 1,700 500 650 550
1967 1,700 450 700 550

Source: Program analysis file, J. C. Stephens, April 7,
1067. Rounded to nearest $50,000.

The following ranges of budget estimates for the
majority of the laboratories are considered a reasonable
guidel ine:

1640-50..ceecaenn $25,000 to $§ 50,000
1951-65.......... $50,000 to § 75,000
1965-73....0000. $75,000 to $300,000

A few of the smaller facilities reported an operating
budget of about $30,000 through 1973, and four operated in
the genreal range of $200,000 to $§670,000 in the 1970's.
Generally the budget increased two-to-six-fold during the
lifetime of most laboratories, and two larger facilities
reported and increase of nearly 20-fold during the period of
operation (fig. 2, Part 1).

During the 1950's the total water quality program
obligations ranged between 10 and 11 percent of the total
Water Resources Division program funds from all sources.
This shifted upward in the 1960's ranging from 12 to 14
percent, and by 1970 the water quality program had risen 14
to 15 percent of the Division's total funds, and this upward
trend continued through 1973.
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Thus, over a 3-decade period as the WRD total program
expanded one observes a small but progressively larger share
of the total Division program funds is composed of water
quality activities.

LABORATORY AND FIELD FACILITIES AND METHODS

The last group of full-time laboratory facilities
included Yuma, Ariz. (1961); Tuscaloosa, Ala. (1962);
Tacoma, Wash. (1964); and Honolulu, Hawaii (1967). This
brought the Water Resources Division total to 22
laboratories. All 22 District facilities were discontinued
as full-scale laboratories in the 1973-74 period and
converted to District service units when the Central
Laboratory began full time operation at Denver, Colo;
Atlanta, Ga; and temporarily at Albany, N.Y. Specific
information about each of the 22 facilities is given in Part
1 of this report.

Laboratory operations were to undergo radical change
during the period beginning about 1960. The reason lies in
one principal advance - instrumentation. Earlier,
laboratories - time consuming gavimetric procedures were
superseded by rapid, more accurate instrumental methods in
which the analysts' bias was largely eliminated. These new
instrumental techniques reduce costs by streamlining the
work. For example, the determination of potassium using the
mixed chloride and chlorplatinic acid method required up to
3 to 5 days for a "set" of 10 samples. Reruns were
frequently necessary. Using the modern flame photometric
method adopted in QW laboratories by 1950, an analyst could
now complete as many as 50 or 60 potassium measurements in a
day. Possibly the first modern major advances occurred
about 1960 when the QW Branch began testing the atomic
absorption spectrophotometer at the Denver Methods
Development Unit under Marvin Skougstad.

About 1964, the Denver laboratory began determlnlng
routinely by atomic absorption spectrophotometric
(Perkin-Elmer Model 303) the elements sodium, potassium,
calcium, and magnesium, and also several minor
elements--strontium, lithium, manganese, copper and zinc in
natural waters. These elements were directly in the aqueous
phase and only in the potassium, calcium, magnesium, and
strontium determinations are other reagents added to
eliminate either chemical, ionization, or matrix
interferences. In the determination of other minor elements
such as lead, ccbalt, and nickel, the concentrations that
normally occur in fresh waters are lower than can be
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detected by atomic absorption directly. Concentration by
chelation and extraction allowed detection of as little as 1
microgram per liter (ug/L) of the element.

At a 1966 Symposium on Water Analyses Methods in
Philadelphia, R. L. McAvoy reported that the Baton Rouge
laboratory had a Beckman Atomic Absorption Spectrophotometer
with a linear strip-chart recorder and scale expander. '"At
present,'" he said, "we have the analytical capability to
determine (by A.A.) iron, calcium, magnesium manganese,
copper, lead, sodium, potassium, nickel, strontium, zinc,
and lithium."

Since 1961, the Texas district had conducted more than
75 separate water-quality surveys in eight man-made
reservoirs. H. B. Mendieta reported (1966), '"The need to
pinpoint our depth sampling with the series of instrument
readings prompted the development of the pump sampler. The
Texas district has been using a custom-built sampler in its
lake studies since June, 1965. The pump sampler has been
built to measure dissolved oxygen, pH, conductivity, and
temperature parameters."

During the early 60's the Branch was hard at work with
systems for monitoring and digitally recording water-quality
parameters. At the Philadelphia Symposium (1966) George
Smoot and James Blakey were ready to report that the digital
recording of water-quality parameters is a link in the
automated data collection and processing system of the USGS.
The monitoring and digital recording systems adopted by the
Survey, while punching all measurements on a standard paper
tape, provide a choice of compatible components to construct
a system to meet specific physical problems and data needs.
Smoot said, "As many as 10 parameters can be recorded by an
instrument, with the only limiting criterion being that
measurements are expressed as electrical signals."

During the early months of 1969 the Methods Development
Unit, Denver, tested two automated laboratory systems, the
"Auto Analyzer" and '"Titralyzer." The Auto Analyzer was
widely used in industry and hospitals for routine chemical
analysis using standard procedures, and the unit was
endorsed for high volume productions in Division
laboratories.

To supplement the "Auto Analyzer" and atomic absorption
spectrophotometer procedures, the "Titralyzer'" was endorsed
for determination of alkalinity, chloride, and sulfate.
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As a step toward achieving automated techniques, the
Division concurred with these endorsements and approved
their use in Districts where programs and funds are
sufficient to warrant purchase of the equipment (QW Branch
Technical Memorandums 69.06, May 1, 1969 and 69.08, June 30,
1969).

The proven performance but relatively high cost of
automated equipment led to decisions on preparing a pilot
stucy for an automated laboratory.

During the early years of the Washington, D.C.
laboratory, 1919-28, total annual production averaged about
480 adjusted complete analyses annually. The addition of
the second facility, Austin, in 1937, and the increase in
the number of analysts in the two laboratories (total atout
20) increased production to an estimated 2400 complete
analyses by 1940.

About ten years later, in 1946, total analyses
performed in six facilities rose to 7,800 adjusted complete
analyses. By 1960 total output had increased four-fold to
more than 30,000 complete analyses and by 1970 when 22
facilities were operating, the national total was estimated
to be about 50,000 complete analyses (fig. 2, Part 1).

The significant increases in production for the
3-decade period 1940-70 clearly indicate that as
instrumentation techniques improved several-fold the
production efficiency of analytical procedures, so also the
demand for water-quality information increased dramatically
and led to decisions on consolidation into the Central
Latoratory System in the early 70's.

During the late 1960's and early 1970's the Branch was
responsible for the preparation of several chapters of book
5, "Laboratory Analysis'" in the series '""Techniques of
Water -Resources Investigations of the U.S. Geological
Survey'" (TWRI). Published during the period were chapter
Al, "Methods for collection and analysis of water samples
for dissolved minerals and gases;'" chapter A2,
"Determination of minor elements in water by emission
spectroscopy;'" chapter A3, "Methods for analysis of organic
substances in water;" chapter Cl, '"Laboratory theory and
methods for sediment analysis; and chapter A4, "Methods for
the collection of aquatic biological and microbiological
samples."
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Water Resources Division Memorandum No. 71.72 dated
November 24, 1970 outlined Division policy regarding the use
of analytical methods by Division laboratories and
established procedures for recommending new or improved
methods for Division use. The official Geological Survey
methods for analysis of water samples for inorganic minerals
and gases are described in book 5, chapter Al TWRI. Field
offices were directed (QW Branch Technical Memorandum No.
71.04, January 13, 1971) to use only these procedures for
analysis of substances covered except where prior approval
had been obtained from the Denver Methods Development Unit
and Chief, Quality of Water Branch.

Development of water-quality monitors: The first
recording of multiparameter water-quality characteristics
occurred in 1959 - 1960 when a water quality monitor was
‘installed in the Delaware River estuary, at Philadelphia.
The Pennsylvania District tested and made innovative
improvements to monitoring equipment for the next several
years in cooperation with the city of Philadelphia and
equipment manufacturers. In November 1962 a water-quality
monitor was installed on the Cuyahoga River at Center Street
in Cleveland in cooperation with the Ohio Department of
Health. The Ohio District water-quality network in the late
1960's and early 1970's consisted of 42 stations of which .33
were 4-parameter stations (conductance, temperature, pH, and
dissolved oxygen). This large monitoring program was
operated and maintained by 4 men. Initially, many problems
were encountered with the water-quality digital monitors as
received from the manufacturers. Some appeared to be
related to deficiencies in the specifications provided to
the manufacturers, but many electronic problems were due to
poor quality control by the manufacturers. The Pennsylvania
and Ohio Districts experience, including many hours tracing
down and correcting deficiencies, were helpful to George
Smoot, Washington Headquarters, and to the manufacturers in
designing and constructing future units.

By 1968 the Ohio District had developed a progressive
digital monitoring program with State cooperators and was
calling for better quality control on future monitors and
improved service on tape translations in Washington in order
to avoid wasting manpower and to provide cooperators with
rapid essential data on water quality.
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About 40 automatic monitors were installed in the field
by 1968. Most of these were undergoing field tests, and
they required much maintenance and calibration, and records
were often erratic or the instruments failed to function
properly for long periods.

But the potential for the automated instruments was
never in doubt at Branch headquarters, and despite a ragged
start, the age of on-site automation had begun.

In the State of Washington, two water-quality programs
utilize the RM25 automatic water-quality monitor produced by
Schneider Instruments of Cincinnati, Ohio. Four of the
monitors were installed in the Duwamish River, at Seattle,
and two were installed in the Grays Harbor area. A central
digital recording and control system is also a part of the
monitoring system on the Duwamish River. The data are
considered reliable. (temperature, conductivity, dissolved
oxygen, pH, solar-radiation intensity, and telemetry
system.) The dissolved oxygen sensor requires more
maintenance and calibration checks than specifications
indicate, and probably has caused the most amount of
trouble. With that exception, the parametric systems have
operated within the tolerances specified by the
manufacturer. Data have been lost mainly because of
equipment failures (N. F. Leibbrand, et. al., 1966).

On June 8, 1966 (QW Branch Technical Memorandum No.
66.01) Distric offices were informed of a2 simplified
computer program for the computation of suspended-sediment
discharge and available through the Washington office. This
program is designed to compute values of sediment discharge
from values of daily mean sediment concentration and daily
mean stream discharge. Also, the program has the capability
for computing subdivided days. M. D. Edwards, project
chief, also was making available other water-quality
computer programs for use on a limited and experimental
basis. ‘

'The following week the Washington headquarters (QW
Branch Technical Memorandum No. 66.02) released preliminary
instructions for the processing of multivariable water
quality data recorded on a single sixteen-channel tape.
These instructions were to be used in the processing of all
water-quality monitoring data being recorded by the
Fisher-Porter digital recorder.
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The Lincoln office and some others made good use of
early automatic data processing (ADP) methods available in
the 1960's through a combination of local and national ADP
facilities. Laboratory observations were transferred to
cards for input to a local computer. The program computed
the constituent concentrations and, for "complete'" analyses,
checked the ionic balance. Output was in the form of
digital printout and punch cards. The latter were
transmitted directly to Washington and entered in the Survey
computer system. Data printouts from Washington were
carefully checked against original analyses and corrections
noted.

Central Laboratory System: In April 1970 a Water
Resources Division Task Group prepared guidelines for
centralizing water quality laboratories, considered
alternatives, and provided detailed studies including
transportation and laboratory-operation models for various
workloads. On the basis of the Task Group analysis and
recommendations and the support of the Reglonal Staffs, on
August 7, 1970 the Chief Eydrologist proposed that the
Division proceed immediately with the central laboratory
concept. He proposed that a facility be established at Salt
Lake City as a "pilot operation'" to gain experience and to
test the program.

The Chief Hydrologist concluded that the Division
should move toward central water-quality laboratories as an
established objective. '"The outlook," he said, '"on water
quality activity combined with the availability of new
high-volume analytical instrumentation prescribes with an
almost certainty that the central laboratory concept must te
adopted if we are to operate effectively and efficiently."”

The test facility at Salt Lake City supervised by R. L.
McAvoy was in production November 1, 1970, and continued
until March 31, 1972 when results were evaluated and the
pilot study declared a success.

Committed to the central laboratories concept the
Division, in February 1¢73, proceeded to implement the
proposal as rapidly as funalng and manpower would allow,

Two large-scale, highly automated laboratories at Denver,
Colo., and Atlanta, Ga., were immediate goals. A third
location was to be designated later. Twc criteria were used
for reference: (1) Each large-scale laboratory would be
complete, offering labtoratory services in a wide range of
water quality and sedimentation analysis as required in the
current workload, and (2) development of line-production
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procedures for currently non-automated analytical methods
would be given high priroity in methods research efforts.

The Central Laboratory is the heart of the WRD national
water-quality system consisting of three units with district
and interrelated functions. The first unit is the
streamside or well-head mobile or field unit with portable
equipment that performs rapid field analyses of
critical-time measurements such as pH, conductance,
coliform, dissolved oxygen, and temperature. It preserves
and prepares samples prior to shipping. The second unit is
the District water quality service unit, of which there are
nearly 50, that prepares reagents and solutions, calibrates
field equipment, and performs simple routine analyses and
while-you-wait services.,

The third unit consists of the three Central
Laboratories at Denver, Colo., Atlanta, Ga., and tentatively
at Albany, N.Y. They perform production-line analysis of
conventional inorganic, organic, nutrients, trace elements,
radioactivity, pesticides and biological substances.using
automatic equipment with digital readout attachments.
Facilities for coding and telecommunicating data allow
processing into the Water Resources data computer and
storage system. o

The Central Laboratories are not a special case in the
management chain, and Regional Hydrologists have the same
management responsibilities for the laboratories as for
other activities in the Regions. The Assistant Chief
Hydrologist for Research and Technical Coordination 1is
responsible for coordinating activities needed to support
the Central Laboratories, such as scheduling and pricing,
data processing, and promulgating technical standards and
measures for assuring quality control. He 1is assisted by a
National Analytical Services Coordinator at Reston, Va.,
headgquarters under the general supervision cf the Chief,
Quality of Water Branch.

J. S. Cragwall, Jr., then Assistant Chief for
Operations and later to become Chief Hydrologist took a
special interest in the Central Laboratory concept from its
inception. He viewed the activity as an example of the
Federal decision-making process, studied the historical
development of the Division's facilities, provided input to
the Task Group analysis, ard was a strong proponent of the
test facility at Salt Lake City.
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NEW PROGRAM THRUSTS

Federal Water Pollution Control Administration (FWPCA):
WRD Memorandum No. 69.14 and the memorandum of agreement
that accompanied it, dealt with the Federal Water Pollution
Control Administration - U.S. Geological Survey relations in
water-data activities. Numerous discussions were held at
District and Regional levels to determine specific needs and
how they might be met. One such meeting called by John J.
Malloy, District Chief, Columbus, Ohio, February 11, 1969
included representatives of FWPCA, USGS, and Miami
Conservancy District (MCD). The meeting, an early key one
in continuing negotiations, dealt with means for providing
meaningful data to adequately serve the need of MCD in water
quality management, FWPCA in enforcement responsibilities,
and useful water resources quality information for the
general public - a unique responsibility of USGS. The MCD
was concerned that data produced by the different
laboratories would not be identical; and hence, open to
doubt as to precision and accuracy, to the effect on water
management, to fair and equitable assessment of charges, and
to pollution control.

A summary of tentative decisions and conclusions were
made on definitions, methods of analysis, and composition of
programs based on best available knowledge of the state of
the art in water quality. This and other meetings provided
the stimulus for technical improvements in operating
programs.

During the period 1968 to 1970 Branch personnel met
frequently with representatives of EPA at management level
in Washington and technical level at Taft Research Center,
Cinncinnati, Ohio. New ground rules had to be established
to provide EPA with stringent water-quality data essential
to requirements of State and Federal water quality
enforcement legislation. For example, standard water
analyst methods (including the Survey's methods) dealt
separately with the dissolved phase, (i.e., capable of
passing through a 0.45 p (micron) filter) and the suspended
or solid phase (particles larger than 0.45 u. EPA
technicians interpreted Federal legislation on water-quality
criteria as a measure of the whole water sample (i.e.,
dissolved and suspended).
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After lengthy discussions inside and cutside of both
agencies, continuing memoranda, and extraordinary patience
by participants, these differences were settled amicably.
Data in computer storage would be coded te identify
treatment and analysis of the sample.

A small cooperative program with EPA with the
assignment to the Survey of sampling and analytical
schedules for stations in the EPA surface water-quality

rogram was approved 1970; amounting to approximately
100,000.

For several months the Denver Methods Development Unit
and National Headquarters worked closely with FWPCA's
Analytical Quality Control Laboratory staff in Cincinnati,
and with the Pollution Surveillance Branch in Washington,
D.C., toward improving standard procedures for inclusion in
the 1970 joint FWPCA-USGS surveillance program. The
objective was two-fold: (1) To provide uniform data for
FWPCA's regulatory and pollution surveillance mission and
for State responsibilities for enforcement of water-quality
standards and management needs, and (2) to allow orderly
progress in USGS responsibility for standardizing data under
Bureau of Budget Circular A-67. These discussions
progressed sufficiently to give guidelines for laboratory
analytical requirements during current negotiations. FWPCA
provided national headquarters with a listing of parameters
and procedures, many identical to USGS analytical
procedures, for which the two agencies agreed to begin the
program,

Guidelines for surveillance program with FWPCA--On May
29, 1969 (Quality of Water Branch Technical Memorandum No.
69.07) the Division outlined current guidelines for
sampling, analysis, and reporting water-quality data to be
used in the 1970 fiscal year Federal Water Follution Control
Agency (FWPCA) surveillance program with USGS. The
guidelines were to become effective on July 1, 1969, for
conducting water-quality investigations for FWPCA, as well
as for other agencies. Included was a list of parameters
and specific analytical procedures mutually agreed upon by
the USGS staff and representatives of FWPCA at Cincinnati.

The document represented a major achievement in a
coordinated effort with FWPCA and in an up-to-date of the

parameters included in USGS programs and designated by FWPCA
in the first year of a transfer program.
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Technical review of water-quality activities: In
addition to sampling and sample-treatment procedures and
specific methods of analysis for parameters, reporting
units, and STORET (Computer) parameter codes the chemical
constituents are reported in three categories: (1)
Dissolved, (2) suspended, and (3) total
(dissolved-plus-suspended).

Dissolved material is that which goes through a
‘0.45-micron micropore membrane filter. Determinations of
dissolved constitutents are made on aliquots of a filtrate.
Alternatively, determinations may be made on aliquots of an
unfiltered sample, if it is known that the presence of
suspended material has no effect on the determination.

Suspended matericl is that which is retained by a 0.45
micron micropore membrane filter. Determinations of
suspended constituents are made either by analyzing portions
of the material collected on the filter disk or, more
commonly, by difference, based on determination of (1)
dissolved and (2) total (dissolved-plus-suspended)
concentrations of the constituent.

Total (dissclved-plus-suspended) material is the total
amount present in the whole sample, regardless of its
physical or chemical form. The specified treatment and
analytical procedure defines the material reported by the
analysis.

- To be completely explicit, the method of treatment and
analysis should also be reported. However, when a widely
recognized and accepted method is used, mention of the
procedure may be omitted, e.g., organic nitrogen.

By September, 1969 some followup visits were made by
experienced analysts to determine that instructions were
being followed by field personnel in regard to required
sample volume, preservatives, acceptable equipment, and
field procedures.

Remedial measures were taken to correct any situation
wvhere deficiencies existed or instructions were not being
followed

In June. 1968 ‘the Branch staff prepared documents aimed
at strengthening certain features of the quality-of-water
activities within the framework of Division objectives and
goals, and to cope with emergent problems in environmental
quality. Plans were outlined (WRD Memorandums No. 69.32,
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and WRD Memorandum.No. 69.33, September 6, 1968) and
initiated in the fall of 1968 for the technical review of
water-quality activities at the District level. Reviews
were conducted by technical specialists from the Branch
and/or Regional staffs, with assistance from other senior
personnel as needed.

The major topics covered included the District's design
of water-quality program, operation of basic data collection
system, quality control, interpretive studies, and technical
training, among others. A report was prepared by the
reviewers and the Regional Hydrologist initiated follow-up
actions as needed.

Reviews were planned to visit all District offices
within a period of 3 years beginning in May 1969.
Subsequent reviews demonstrated the value of this approach.

The rationale for the review and the measure of
intensity for improved quality control can be summarized as
follows (WRD Memorandum 69.32).

"The wars in which the water-quality discipline is
involved in hydrologic studies have increased in number and

complexity in recent years. The current national emphasis
on such subjects as pollution surveillance and control, and
the establishment of water-quality standards requires
development of new techniques and capabtilities in the
Division's data-collection program. BEesides new
requirements, there is a continuing need for better and more
uniform evaluations in the chemical quality, sedimentation,
and temperature aspects of the programs.

"Aside from those functions concerned strictly with
analysis of samples after they have been received in the
laboratory, and some aspects of our sedimentation studies,
few formal guidelines have been estatlished to control
water-quality investigations. In most instances, the needs
in the individual districts have been the principal
controlling factors. However, there are several aspects of
water quality which are emerging and assuming increased
importance for which modification of present techniques are
necessary. As a part of the technical reviews, attention
will be given to these changing needs and the extent to
which we must be preparecd to meet.them. For example, the
increased need for evaluating unstable constituents and
properties of river water, such as dissolved oxygen, pH, or
BOD, and content of mlcroorganlsms requires on-site sensing

nd increased use of mobile laboratories and portable
instruments.
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"Since 1960, uniformity in the output of
chemical-analysis laboratories has been aided by adopting a
standard methods manual, Water-Supply Paper No. 1454, by the
circulation of standard samples among the laboratories for
analysis, and by examinaticn of the output at various levels
within the district offices for conformance to accuracy
standards. Also, new and improved techniques and
instruments have been provided by our methods develcpment
unit in Denver. The technical review will include
consideration of methods used by the district to assure
uniform precision and accuracy in laboratory and/or field
site determinations.

"Sediment programs in general have bteen designed to
determine the effects of sediment transport on the design of
water resource developments, to aid in understanding
processes of erosion, transportation, and deposition of-
sediment, and to answer specific questions relating to the
effects of man's activities, including the magnitude of such
factors as storage, diversion, urbanization, or highway
construction. Uniformity in the sediment programs has been
aided by research and development of instrumentation,
sampling methods, and other procedures carried out by the
Interagency Laboratory at St. Anthony Falls, Minn.

"Review of sediment programs will be directed
rarticularly toward the investigational methods employed and
the adequacy of the sediment program to meet current needs."

New techniques in comprehensive water quality
investigations: In September 1968, Branch Headquarters
summarized (QW Branch Technical Memorandum No. 68.02) new
techniques that should be considered in comprehensive
water-quality investigations. For water-quality evaluations
more emphasis is being given to parameters such as BOD,
coliform, fecal coliform, macroinvertebrates. Of the 36
districts active in the water-quality phase of the Benchmark
Program, 33 are obtaining coliform data by the standard
membrane filter technique. Twenty-eight districts obtain
BOD analysis at USGS laboratories and eight districts rely
on city or State health department laboratories. Several
districts have incorporated biological evaluation of
macroinvertebrates as a water-quality technique in
cooperative programs. Present plans are to have a Division
advisory group to guide developments in biological
techniques and a chapter on biological methods is in
preparation for the technical manual series.
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As part of a major effort to maintain and improve
quality control for data, the Harrisburg, Pa., district
office evaluated field dissolved oxygen methods using the
most recent DO meters compared against standard tests (K. D.
Williams, QW Branch Technical Memorandum No. 69.04, March
1969, Field measurement of dissolved oxygen). Compared
against the Winkler method and dropping mercury method,
under a wide variety of field conditions the study showed
the membrane methods as giving the best overall performance.

Additionally, each region has named a representative to
the FWPCA training course "Current practices 1in water
microbiology," held in Cincinnati twice during the year.

With increasing emphasis on biological and
microbiological data for State and National water-quality
programs, an Advisory Committee on Biology and Microbiology
was established to make recommendations on technical matters
relating to research and operations of the QW program,.
Committee members included K. V. Slack, Chairman, J. E.
Biesecker, P. E. Greeson, M. C. Kolipinski, R. G. Lipscomb,
and QW Branch Chief. At the first meeting in Fort Wayne,
Ind., June 24-26, 1969 the Committee immediately began
compiling acceptable procedures to assure National
~uniformity and quality control of biological and
microbiological data from Survey laboratories and field
service units. The first step was to fulfill interim
requirements for the pending USGS-FWPCA monitoring program,
Selected interim procedures for biological and
microbiological investigations were transmitted to district
offices in the last half of 1969 (QW Branch Technical
Memorandums No. 70.01, July 30, 1969, No. 70.03, October 3,
1969).

The Federal Committee on Pest Control was established
in 1964 by joint agreement among the Secretaries of Defense,
the Interior, Agriculture, and Health, Education and Welfare
to coordinate all Federal efforts to control pests and to
study the effects of pesticides. Subcommittees were
established to give special attention to research, pesticide
monitoring of the environment, public information, review of
Federal pest-control programs, and safety in pesticide
marketing and disposal. A representative of the quality of
water staff in Washington actively participated in the
Committee work, allowing good coordination and study of
specific problem areas applicable to water resources (A
study of Federally financed research on pests, pesticides,
and pest control, 1968, Federal Committee on Pest Control,
22 p. G.P.0.).
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Guidelines for sampling and analysis--Early in 1971 the
Branch staff in consultation with Division research
hydrologists and others was reviewing the state of knowledge
of water-quality constituents associated with suspended
solids, for the purpose of establishing guidelines for
sampling and analysis of those constituents. Some of the
philosophy upon which quidelines were based is summarized in
the following paragraphs (QW Branch Technical Memorandum
71.05, March 18, 1971).

"It is well known that certain water-quality
constituents, especially some of the minor elements and
organic compdunds, are transported in streams either
sorbed on or attached to suspended solids in large
part. For such constituents, the traditional analysis
of a "clear-water'" sample only may present an erroneous
picture of the concentration cr load in the stream.
This danger has been taken into account in our current
procedures for analysis of water-suspended solids
mixtures for '"total" phosphorus, nitrogen, mercury, and
pesticides. Similar procedures are required for the
remainder of such constituents.

"Our objectives in sampling constituents
associated with suspended solids should be: (1) To
define the content of the constituent in both the
dissolved and suspended phases; (2) to assess the
relative significance of the two phases in the water
sampled; and ultimately, (3) to define the source,
behavior, and fate of each constituent. Objective 3
will be met largely through District and Division
research projects, but an important contribution can be
made by carefully collected basic data. In all
circumstances, samples for the constituents under
discussion should include the suspended phase. Whether
it is necessary to sample all size fractions of
suspended solids for all constituents of interest will
be one of the questions considered in establishing
sampling guidelines. Appropriate methods of extraction
from the sampled solids will be considered also.

"At the present time, programming for
water-quality constituents known to be significantly
associated with suspended solids should be done with
the following principles in mind:

(1) Sampiing should include the suspended phase as
well as the dissolved phase.
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(2) An assessment of the relative loads of the
constituent transported by each of the phases is
usually desirable. For this purpose, the
concentration of the solids in the water-solids
mixture is needed in addition to the concentrations
of the constituent of interest in each phase of
the mixture.

(3) Some knowledge of the content of the constituent in
bed sediments should be obtained. Solids in the
streambed at low flows contribute substantially to
suspended solids at high flows. Furthermore, bed
sediments can act as either a source or a sink for
a number of constituents, thus exerting control
on constituent concentrations in the water even
when immobile.

"Consideration of the above principles, along
with the expected use of the data, will provide a
firm basis for preliminary planning of data-collection
activities related to constituents associated with
suspended solids."

‘National Stream Quality Accounting Network (NASQAN):
November 19, 1971 the Branch submitted a detailed plan for
implementing the National Stream Quality Accounting Network
(NASQAN) during fiscal year 1973. The plan evoked after
lengthy discussions and coordination with the Cffice of
Water Data Coordination (OWDC) and other participants over a
period of several years.

The network is based on the river-basin accounting
units designated by the Office of Water Data Coordination in
consultation with the Water Resources Council (WRC). It is
designed to provide a measure of the quality of the water
moving from one accounting unit ot another, in terms of
physical, chemical, and biological aspects of water quality.
This has been done by the selection of one or more stations
in each accounting unit at which the bulk of the outflow
from that unit can be sampled.

Both accounting and broad-scale monitoring objectives
have been incorporated in the network design. Loads of
major inorganic chemical constituents, dissolved solids, and
heat leaving each accounting unit will be calculated from
records of temperature, specific conductance, and
streamflow, and analyses of samples taken periodically for
major inorganic and organic constituents. Nutrients, algal
growth potential, bacterial content, and other biological
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parameters will be measured periodically to provide
information on ranges and variability of these parameters.
The ability of the stream to support biological life will be
assessed by periodic observations of the aquatic plants and
animals living in the stream. This information, obtained
for each accounting unit throughout the country, will
provide a balanced base of stream-quality data nationwide.
Detection of stream-quality trends, or changes with time, is
an important objective of network operation.

Loads of suspended sediment, and concentration ranges
and variability of the other constituents, will provide
water-quality data on a less detailed basis than that
obtained from the basic operation schedule. Sampling sites
for these additional parameters can be regarded as
constituting subnetworks of the National Stream Quality
Accounting Network.

Funds have been requested for a first-stage
implementation of the network during FY 1973. This degree
of implementation would bring network stations at the
downstream end of the 12 noncoastal WRC regions to a . full
basic operational status. In addition, network stations for
selected interior accounting units and for selected coastal
streams will also be brought to full basic operational
status. These latter stations have been selected on the
basis of known Federal-State needs and interest reported by
WRD district offices to OWDC and the Quality of Water
Branch. Funding for the 50 stations selected for
implementation has been estimated on the assumption that
activities presently financed by other agencies will
continue, and that new funds will be required only for
parameters not adequately measured at the site. Data needed
for network records will be requested from the collecting
agency and stored with data collected by the Geological
Survey for periodic summarization and interpretation. It is
planned that the network of 525 locations will be fully
implemented within a 3-year period.

During 1970 many inquiries were received by the Survey
regarding the occurrence of mercury in water resources.
Although public interest centered on learning more about the
widespread natural and manmade sources of mercury the
implication in many inquiries were: Are there other
potentially dangerous chemical elements present in water
resources? In view of the growing national concern there
was an acute need to place facts on record as socn as they
accumulated,
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In October 1970, the Survey completed a survey of minor
elements in water which showed, as one would expect, that
low levels of arsenic, lead, cadmium, and other heavy metals
are widely distributed in surface waters of the United
States. Circular 643 provided a baseline of minor-element
data for dry weather flows of streams that are sources of
municipal and industrial water for the Nation's metropolitan
areas.

Mercury was found in only 7 percent of the 720 samples
analyzed. In none did the concentration exceed the proposed
Public Health Service upper limit for dissolved mercury in
drinking water, which is 5 micrograms per liter.

There was some evidence that the concentration levels
are related to man's activities in certain instances. There
appeared to be no widespread occurrence of these metals in
water in amounts exceeding current drinking water standards.
Where data for arsenic, lead, and cadmium indicated a few
potential problem areas, follow-up investigations were made
in Alabama, Arkansas, Missouri, North Carolina, and
Pennsylvania.

River quality assessment: During the late 1960's the
Division was responding steadily to a public concern with
water quality conditions across the Nation. The Division
reprogrammed certain 1972 funds and requested increased
funding for FY 1973, for a series of pilot river-quality
assessments of selected river basins in the United States.

The principal product of each assessment will be an
atlas-type report designed to provide the non-technical
resource manager and the informed layman with an overall
picture of river quality throughout the basin. The
river-basin accounting units designated by the Office of
Water Data Coordination seem to be logical units for basin
assessment, and will suit possible long-range plans for
national coverage.

River basin studies have been made numerous times in
the past and so are not new. What is hoped for in the pilot
river-quality assessments, however, is a product somewhat
different than has been produced in the past--a product
dedicated to those aspects of the rivers that are of most
interest and concern to the general public. Therefore,
these studies will give consideration not only to the
physical and chemical properties of the water as they relate
to water use, but also to the condition of the streams as
reflected by their biota and by their attractiveness and

209



recreational appeal. The report, which is to be largely
graphic, will describe what the principal streams are now
like, what natural factors influence their quality, what
activities of man tend to degrade the streams, and what
trends can be identified to suggest improvement or
degradation in the future.

The Potomac River basin has been selected for a
prototype study to be made as soon as possible, with a
‘report scheduled for completion by June 30, 1972. The
objective of this prototype study is to develop guidelines
that might be followed for other basin appraisals.

Four additional river-basin assessments are scheduled
for completion during FY 1973. The specific basins to be
studied will be selected in the very near future. These
basin assessments will build on the experience obtained in
the Potomac River study, and will in turn provide additional
experience for use in improving the design of future
assessments.

In general, the expectation is that the basin
assessments will involve intensive collection of data
several times during a single year, in what might be called
"basin surveys,'" so as to determine current river quality,
and the use of these data, together with data obtained in
earlier years or from other programs, to detect evidence of
trends in selected river-quality parameters. The following
list contains a number of indices that have been proposed
for use in describing river quality for the Potomac basin
study.

A. Physical and chemical indices
1. Dissolved oxygen, biochemical oxygen demand,
specific conductance, pH, turbidity, color,
hardness, sodium adsorptlon ratio, pest1c1des,
trace elements

2. Nutrients: Macronutrients - carbon, nitrogen,
phoshorus, micronutrients, trace elements

3. Sediments: Suspended sediments, bed material
4., Temperature and thermal loads

5. Radioactivity
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B. Biological indices
1. Bacterial populations

2. Plant populations: Phytoplankton, higher
aquatics

3. Animal populations: Zooplankton, micro and
macro invertebrates, vertebrates

4, Qualitative inventory of biota
5. Quantitative inventory of biota
C. Recreational/aesthetic indices

1. Assets: Vistas, scenery and vegetation, bank
attractiveness, channel attractiveness,
velocity and sound, desirable chemical and
biological quality

2. Liabilities: Trash and litter, shoreline
degradation, channel degradation, sludge
deposits, degraded chemical and biological
quality

Some of the atove indices, for example, temperature,
dissolved oxygen, and pH, characteristically exhibit
diurnal variations. Such indices will be measured or
sampled over a period of at least 48 hours so that the
magnitude of the variations can be determined. Continuous
monitoring by portable recording instruments will provide
the best information on diurnal variations.,

The list above is not complete. Each accounting unit,
or basin, has its own unique mix of water-quality
characteristics and problems; therefore, the quality 1nd1ces
used and the characteristics emphasized will be somewhat
different for each study. Nevertheless, the general
objectives of all four basin assessments are the same, and
the products will be similar.

Following disclosure of mercury pollution in the
Detroit River (Chemical and Englneerlng, May 11, 1970) the
Division received many inquiries concerning the occurrence
of mercury in the nation's water resources. Data on the
general occurrence of mercury in U.S. waters was sparse.
Although mercury was reported routinely using spectrographic
techniques, sensitivity is poor, and other analytical
procedures were not available.
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The Methods Development Unit, Denver, Colo., adapted a
method using a silver wire cell and atomic absorption
spectrophotometer. The lower detection limit is 0.1 ng/L.
Additionally, L. L. Thatcher, Radioisotopes Unit, WRD,
Denver was developing procedures for "fingerprinting'" waters
by neutron activation analysis using the TRIGA Reactor in
Building 15 at the Denver Federal Center. Both units
requested water samples from one or two streams in suspected
areas of mercury occurrence in each District.

Thirty-one States responded for a total of 73 samples.
Range in concentration was less than 0.1 to 17 ug/L (parts
per billion) including 2 greater than 5.9 pg/L, the U.S.
Public Health Service tentative proposed standard or upper
limit in drinking water (QW Memorandums No. 70.12, May 19,
1970, No. 71.01, July 15, 1970). -

The silver wire procedure which measured only dissolved
mercury was replaced by the flameless atomic absorption
procedure for total mercury, modified and made available by
FWPCA. :

The Survey released in December 1970, Professional
‘Paper 713, entitled "Mercury in the environment," a
compilation of mercury in rocks, soils, plants, and the
atmosphere.

- Lower Colorado River - Salton Sea Area Study:
Foreseeing the time when the i1ncreasing aemands for Colorado
River water might cause the total demand to exceed the
available supply, the Geological Survey was prompted in 1960
to undertake a regional approach to a comprehensive study of
the water resources of the Lower Colorado River - Salton Sea
area., The project started July 1, 1960, with headquarters
in Yuma, Ariz., was similar to the earlier investigation of
the Upper Colorado River.

C. C. McDonald, Project Chief, and 0. J. Loetz (1976)
in a summary of the lower Colorado River project and of the
resulting findings conclude that '"Unless the ever-increasing
demands on Colorado River water are curtailed the demands
will exceed the dependable supply before the end of the 20th
century. The net supply of Colorado River water below Davis
Dam for normal runoff conditions is estimated at 10.2
million acre-feet for 1975 and 8.4 million acre-feet for the
year 2030. For dry conditions, the corresponding supplies
are 8.2 and 6.4 million acre-feet, respectively. The
present basic allotment to Arizona, California, and Mexico
is 8.7 million acre-feet per year, to which is added
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conveyance and storage losses of 900,000 acre-feet per year
making the total 9.6 million acre-feet of water per year.
The supply probably will be adequate during periods of
near-normal runoff until about 1980."

Burdge Irelan summarizes the water quality studies
(U.S.G.S. Prof. Paper 486E, Salinity of surface water in the
lower Colorado River-Salton Sea area, 1971) thusly: '"The
chemical-quality record for the Colorado River at Grand
Canyon indicates that the 40-year weighted-average of
dissolved solids concentrations, is about 600 mg/L. The
long-time average at Lees Ferry, has been moderately less.
Recent storage and diversion projects above Lees Ferry have
apparently caused small increases in annual weighted-average
mineral concentrations, but these increases have been less
than the differences between 10-year weighted averages.

Once Lake Mead was formed, dissolved-solids
concentrations in Colorado River water between Hoover and
Imperial Dams have generally ranged between 600 and 900
mg/L, with calcium sulfate always the dominant salt.
Concentrations below Hoover Dam have been higher, on the
average than those at Grand Canyon mainly as a result of
evaporation from the surface of Lake Mead and solution from
its bed. The higher concentrations, however, have been
partially offset by precipitation of calcium carbonate in
the lake, Solution of minerals from the bed of the lake,
although still considerable, appears to be substantially
less than during the years after its formation."

Dissolved-solids concentration of the river water
increases with distance downstream and with time. For
1951-55 the dissolved solids concentration telow Hoover Dam
average 658 mg/L and at Imperial Dam, 706 mg/L. For 1961-65
the concentration was 714 and 824 mg/L respectively.

A marked increase in the annual diversion of the
Colorado River aqueduct during 1961-65 further lessened the
quality of water available in the main stream for dilution
of somewhat saline return flows from irrigated areas
downstream from Parker Dam. Development of new lands for
irrigation, especially in Parker Valley, increased the
quantity of dissolved salts in return flow to the river,
thereby also contributing to the increasing salinity of the
river below Parker Valley. The authors demonstrated the
increasing difference between the dissolved solids
concentration below Hoover Dam and Imperial Dam for 5-year
periods listed in the following table:
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Sampl ing Sum of dissolved solids (mg/L)

Site by waters years
1941-45 1951-55 1961-65
Colorado River
below Hoover Dam 703 658 714
Colorado River
at Imperial Dam 726 706 824
Difference 23 48 110

SELECTED DISTRICT WATER-QUALITY ACTIVITIES

Florida: 1In the 1¢60's some Districts encouraged by
State cooperators and Washington headquarters rapidly
shifted their programs to attain greater areal coverage, and
to augment information for different seasonal flow
conditions, i.e, high and low flow. The term "synoptic
view" of water quality developed from these programs.

For example, in 1966 the Florida District, Clyde
Conover, District Chief, initiated a statewide annual
water-quality sampling program of surface waters in Florida
in cooperation with the Bureau of Geology, Florida
Department of Natural Resources and cther State and local
agencies. The program emphasized physical and major
inorganic parameters during May (normal low flow conditions)
at approximately 500 sites. In 1970, a major change was
made in the program to provide more information on trace
metals, organics, and nutrients at low and high streamflow
conditions.

By a letter, dated August 5, 197C to Dr. R. 0. Vernon,
Florida Department of Natural Resources, Conover discussed
the synoptic survey of physical, biological, organic, and
inorganic parameters (including trace elements) at
approximately 100 sites in Florida during May (normal low
flow conditions) and September (normal high flow
conditions). e wrote, "The above program is designed to
hopefully aid in answering questions relating to
assimilative capacity of streams, organic loading, oxygen
demand, nutrient-eutrophication problems, toxicity, etc."
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By a letter dated, October 2, 1970, Conover, at the
request of Dr. Vernon, furnished information on 66
determinations of mercury (Hg) in Florida waters in the
current survey. Of 66 determinations of mercury at 57
surface-water sampling sites in Florida, "Approximately 70
percent of the analyses showed less than 1.0 pwg/L (parts per
billion) and approximately 90 percent of the analyses showed
less than 5.0 ug/L, which is the tentative proposed standard
for mercury concentrations in drinking-water supplies. The
data reported--represent concentrations of the dissolved
inorganic species of mercury. The field collections and
methods utilized do not include evaluation of organic
complexes or other species not in solution. As mercuric
ions are strongly adsorbed by clay particles and may also
tend to form soluble organic complexes they may be
transported in hydrologic systems other than in true
solutions. As part of the nationwide survey by the U.S.
Geological Survey of potential toxic elements we will
evaluate total mercury (including both organic and inorganic
forms) as well as dissolved inorganic mercury."

Concurrently the Florida district was involved in the
study of hydrologic conditions relating to the cause of
rapid decline in Lake Okeechobee's water quality. The final
report of Survey's two-year stucy, "Appraisal of chemical
and biological conditions of Lake Okeechobee, Florida
1969-70," which was ccncluded in the summer of 1971 affirmed
that the lake is eutrophic.

The Florida district was active in Survey's nationwide
program to evaluate the effects of underground waste
disposal on the Nation's subsurface environment. D. A.
Goolsty (1971) reported on the hydrogecchemical effects of
injecting wastes into a limestone aquifer near FPensacola,
Fla., and M. I. Kaufman (1973) gave a summary of data and
present status of subsurface waste injection in Florida.
Kaufman concludes, "Prediction of movement, chemical
interactions, and ultimate fate of injected waste 1is
difficult or not possible at present, but observation wells
are being monitored for hydraulic and geochemical effects."

North Carolina: In March, 1968, the North Carolina
District under Ralph Heath was proceeding with plans for a
revamped water quality basic data program. As a first step,
the Raleigh staff was assessing the historical data as
necessary part of this plan.
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Here as well as in other Districts one problem was to
maintain a basic data program so that action agencies would
have at least a minimal current source of data to
continually assess against developing State water-quality
standards. Meanwhile there would be opportunity to develop
further criteria for a design based on assessment of
historical records and national design criteria.

One anticipated problem was that historical records
were likely to be rich in inorganic analysis with virtually
no Geologic Survey information on the biodegradable or
non-conservative constituents. National data programs
emerging under Survey purview would require capabilities for
inclusion in the Survey operational programs. Some '
tradeoffs for sharing Federal and State capabilities in the
field and laboratory were encouraged to allow technological
growth in environmental studies.

One consideration was a simple mobile unit for field
observaticnal programs to supplement the fixed laboratory
schedule and to provide field capability for streamside
measurements. Such units were being tested in Survey's
field programs in Virginia, Pennsylvania and other Districts
to extend capabilities for field determination of dissolved
oxygen, pH, temperature, turbidity, conductivity, parts of
the phosphorus and nitrogen (nutrient) cycle, biochemical
oxygen demand, and coliform.

Historical data were now being collated on punch cards
and, with computer techniques available, one approach
considered was that full advantage should be taken to
extract predictive approaches from the past record for use
in design studies.

Pennsylvania: Water quality activities, starting from
a reconnaissance of the Delaware estuary in 1949, grew into
a diversified program after 1960 under N. H. Beamer,
District Chief (1966- ). In cooperation with the State
Department of Forests and Waters and the City of
Philadelphia the program dealt with environmental
protlems--acid mine drainage, thermal pollution, and
eutrophication in lakes and reservoirs. By 1970 program
direction included a good balance between sediment and
chemical activities including biology, limnology, soil
science and engineering.

Innovative improvements were made to field instruments
such as automatic sediment samplers and electronic chemical
monitors of which there were eleven operating in the
Delaware River basin, in 1970.
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The district laboratory served the States of
Pennsylvania, New Jersey, Maryland, Delaware, and West
Virginia. Analyses included most inorganic constituents in
water, soil and plant materials, sediment concentration and
particle-size distribution, and aquatic biological
substances. Statewide sediment studies tased on
physiographic province and consideration of land use were
the most extensive Division sediment activities in the
eastern states.

Analytical data now are transferred to punch cards in
Philadelphia and sent to Washington for processing and
publication. Special transmittal and releases for
cooperators approach '"real-time'" data handling.

Two successful interdisciplinary studies during the
1960's included the Schuylkill River and Lehigh County.

In 1972, the Philadelphia Urbanization Study had two
main objectives: (1) the precipitation runoff process, and
(2) the water-quality runoff relationship including the
storm water runoff in closed sewer conduits.

A remote sensing study with an Earth Resources
Technology Satellite (ERTS) experiment is carried out in
cooperation with the Delaware River Basin Commission. Field
installation of NASA designed radio telemetry was begun 1in
1972.

As with many district programs, priorities are heavily
influenced by cooperators, sensitive and responsive to
public needs.

Louisiana: Water-quality activities had a modest
beginning with three technical employees and a laboratory of
Baton Rouge in the years 1957-60 under the leadership of S.
F. Kapustka, District Chemist and his successor R. C. McAvoy
(1964-66). Data collection programs were emphasized by R.
R. Meyer, District Chief (1966-71) and his successor, A. N.
Cameron (1971 to present) in cooperation with the Louisiana
Department of Public Works, the Corps of Engineers, and
other State and Federal agencies. The Corps of Engineers
activities are largely concerned with problems of salt-water
intrusion in streams and lakes of the Gulf area.

With the acquisition of new young professionals in the
late 1960's, the District developed diversity in technical
content of programs for study of sediment, geochemistry,
stream biology and other stream-quality data collection.
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Tight technical control of water quality data was maintained
as the water-quality network program evolved including 12
NASQAN sites, and the stream sampling was reduced to a
monthly frequency.

A sediment laboratory was established in 1973, and
field water-quality measurements were augmented by three
well -equipped mobile laboratories following reduced
operations of the chemical laboratory.

In recent years the District has maintained
successfully 14 water-quality monitors, including several
4-parameter units. °®Several measured parameters are
transmitted to the ERTS Satellite. One monitor station is
located on the Mississippi River at New Orleans,

The project, quality of the ground water in the Red
River alluvium, 1is funded by the Corps of Engineers. The
Corps plans to construct a system of navigation locks along
the Red River, and the objective of the study is to obtain
baseline information in order to predict what changes will
take place in alluvium wells as a result of the lock
construction.

Studies of quality of water in lower Mississippi River
were stimulated by EPA's detection of chlorinated hydrocar-
bons in the vicinity of New Orleans. Technical Report No. 5
(D. E. Evertt, 1971), prepared in cooperation with the
Louisiana Department of Public Works, is a summary of
historical hydrologic data observations. Recent time of
travel studies, Mississippi River from Baton Rouge to Pointe
A La Hache, La., (A. J. Calandro, WR Technical Report No. 99)
provides 1nformat10n on how pollutant spills in this portion
of the river would move horizontally and vertically.

Data from the District and Central laboratory are
placed into the National Water Data Storage and Retrieval
System (WATSTORE) and checked bimonthly for correctness.

The data-oriented District has developed an efficient system
for producing its basic data publication and traditicnally
has been first in the nation to publish combined Parts I and
IT data report. Other general basic data reports include,
"Chemical quality of surface waters of Louisiana, 1959-63
(H. C. Duncan, 1967), and Chemical, biological, and physical
data for the major lakes and reservoirs in Louisiana (W.
Shempine, 1971)." .
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Colorado: The Colorado District under the leadership
of E.”A. Moulder 1967 to 1971 and his successor J. E.
Biesecker in 1971 developed a program aggressively seeking
solution of diverse and complex hydrologic problems of
current interest. A staff was assembled of young capable
professionals offering diversity of new talent that worked
conjunctively with more experienced personnel to effectively
plan and manage activities. By the end of 1973 the total
district program was about $1.7 million; 67 percent is for
cooperative programs, 17 percent from other Federal agencies
(OFA) and 16 percent is direct Federal funding. Active and
responsive cooperators increased in number from 16 to 30
between 1971 and 1973.

Project activities range in scope from
areal-reconnaissance investigations to research-level
activities. There were seven active projects in 1968 and 25
in 1974.

Statewide basic-data programs are based on a rather
unique hydrologic situation for Colorado. Four different
Water Resource Council regions are involved in the State's
surface water quantity and quality--the Missouri River basin
(Part 6) and Arkansas-White-Red River basins (Part 7) drain
toward the east, the Rio Grande basin (Part 8) drains to the
south, and the upper Colorado River basin (Part 9) drains to
the west.

A new water-quality monitor network is in its planning
phases. The cooperator, Colorado Water Quality Control
Commission has requested the Survey (WRD) to assist in the
design and operation of a statewide network to fulfill
requirements for PL 92-500 and revised stream standards.
Eventual operation of 27 telemeter sites and five channel
(temperature, specific conductance, dissolved oxygen, pH,
and turbidity) automatic monitors is planned.

The Federal CBR surface water quality activities
include 2 Benchmark and 2 NASQAN sites in a detailed list of
stations and the sediment program is expanding in terms of
CBR, project studies, and current work performed in
cooperation with the State Department of Highways.

The District has a program with Naticnal Park Service
to locate supplies of potable water of selected places in
national parks.
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A statewide water quality reconnaissance of streams
affected by coal and metal mining with emphasis on selected
physical indicators of quality temperature and specific
conductance, pH, trace metal concentrations, and selected
aquatic determlnatlons Problem stream reaches have been
delineated and this information was utilized by the State in
their revised stream standards. An estimated 450 miles of
Colorado streams are adversely affected by mine drainage.

Joint cooperating agencies with WRD on a project in
Jefferson County are the Colorado CGeological Survey and the
Jefferson County Planning Commission. The primary purpose
of this study is to determine the carrying capacity of the
alluvial aquifers and to estimate water supply and pollution
degradation problems in this area of intensive development
and population growth. Poor infiltration of waste effluents
from septic tanks in the thin soil cover and highly
permeable and fractured copper strata has resulted in
nitrate problems in much of the area.

In southwest Colorado, areas have been identified where
selenium concentrations are abnormally high in domestic and
livestock-supply wells.

In cooperation with the Denver Board of Water
Commissioners energy budgets and selected water-quality
characteristics are being determined for a series of
water-supply reservoirs serving the Denver metropolitan
area.

Since the turn of the century, the mineral potential of
the Piceance basin has been explored in some detail, and
several reports have served to document preliminary
geo-hydrologic information. Two o0il shale leases (one in
the Piceance Creek basin, the other in the Yellow Creek
basin) were let by the Department of Interior in early 1974.
The richest 0il shale is in the mahogany ledge section.
Preliminary developmental plans by the companies for the
first lease call for operation of an open pit-mine to a
maximum depth of 1,000 feet. A project study, began in
September 1971, is concerned with potential problems
involved in pending oil-shale development: (1) deficient
water supply for processing the shale, (2) location and
detrimental water quality (sediment, chemical) influences of
displaced overburdens, and (3) changes in the ground water
flow system caused by mine de-watering. Summary report,
U.S.G.S. Professional Paper 908, 1974, was identified by the
Director in USGS Contributions in the Decade.
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Waste-fluids from the Denver Arsenal plant were
discharged into unlined ponds starting in about 1943, In
about 1955 some crops in neighboring areas were damaged as a
result of irrigation withdrawn from wells in the
near-surface aquifer. Subsequently, many of the disposal
ponds were lined and waste fluids were dispcsed of in a deep
well. Beginning about 1958 observed spatial variations in
chloride have been evaluated. In 1972, the District has
tsed the project as a test case for the mass transport
model. Using chloride as a contaminant the question being
considered is whether in 1940 with a transport model one
might have been able to predict the direction and rate of
movement of seepage from the disposal ponds.

Texas: T. (Trigg) Twichell, District Chief (1965 to
1971) molded a strong water-quality data program in Texas
that included many diversified projects in the water quality
discipline plus many projects which involve an
interdisciplinary approach. A colorful and popular figure
in Texas, "Trigg'" took great personal interest in the
District's water-quality facilities and capabilities, timely
and high quality control of data and data publications, and
carefully maintained records on all aspects of the program.
He maintained a lively communication with Regional and
Washington technical personnel for assistance in new
developments and problem areas in water quality.

Under his leadership and that of his successor I. D.
Yost in 1971 the quality-of-water program expanded from
about $100,000 in 1960, $523,000 in 1969 to a range of
$750,000 to $1 million annually in the period 1970-74.
Abcut 35 personnel are assigned to water-quality studies.

The District laboratory operated at Austin from 1941 to
1974 under recent leadership of C. H. Hembree (1961-65) and
L. S. Hughes (1965-74) when it was converted to a field
laboratory.

The 1970 netwerk of quality of water stations in the
State included a variety of data collection activities. A

multi-parameter automatic monitor operated on the Sabine
River in cooperation with the Sabine River Authority of
Texas, and 19 conductivity monitors were in operatiorm,
including 10 units to measure brine loads in the Ped River
basin--part of the Survey's program with the Corps of.
Engineers. Data collected in the Red River basin will be
used by the Corps of Engineers in their efforts to reduce
the amount of natural and man-made brine presently reaching
Lake Texoma. In cooperation with the Texas Water

221



Development Board, the Survey operated four conductivity
monitors in the upper Brazos River basin and two units in
the upper Colorado River basin to determine salt
contributions from these areas.

The Survey's 1970 program includes 108 daily
chemical-quality stations in Texas. Data collected at these
stations include daily temperature and specific conductance
and sufficient inorganic chemical analyses to define
concentrations and loads of common ions. Many of these
stations were in cooperation with Texas Water Development
Board or with local agencies. In addition to the daily
chemical stations, 10 daily sediment stations were being
operated. Sediment data include concentrations, loads, and
particle-size determinations. The 1970 program also
included 12€ sites where periodic chemical-quality data are
collected.

A recent addition to Survey water-quality programs is
the periodic determination of biochemical oxygen demand,
nutrients (nitrogen and phosphorus), and dissolved oxygen.
These data are currently being obtained 6 to 12 times per
year at 87 sites. Most of the support for this program is
included in the cooperative agreement with the Texas Water
Development Board, who use the data in their planning
activities. :

Another significant part of the continuing network in
Texas is the collection of pesticide data. The Survey's
Federal program consists of 20 stations in western United
States that are a part of the Pesticide Monitoring Network
established by the Federal Committee on Pest Control.
Samples collected monthly at the 20 stations are analyzed in
the Survey's pesticide laboratory in Austin. Three Texas
stations--in the Brazos River, Colorado River, and Rio
Grande basins--are part of the Federal Pesticide Program.

In addition to the continuing network of data
collection sites, the Survey's program includes studies of
the quality of water of Texas bays and estuaries, the
quality of urban runoff in Houston and San Antonio, and
quality of water is an important part of a study of the
Edwards Underground Aquifer in the San Antonio area.

The bays and estuaries study, begun in October 1967, is
in cooperation with the Texas Water Development Board. The
Board is developing models for the flow systems. Data
collected include temperature, pH, dissolved constituents,
concentration of nutrients (phosphate and nitrogen
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compounds), minor elements, pesticides, water velocities and
distribution of nutrients; current patterns, directions and
rates of movement; and the physical and organic water
quality in areal distribution and time variation.

Quality of water investigations were added to active
urban studies in Houston and San Antonio in 1969. In
addition to continuing studies of flood frequency and
magnitude, the present programs include collecticn of
inorganic chemical quality, nutrient, biochemical oxygen
demand, pesticide, and sediment data. Data collection sites
are located so as to provide data for comparing
contributions of urban pollutants from developed,
developing, and undeveloped drainage areas.

The study of quality of ground water in San Antonio
area is to provide data on the effects of urban development
on the recharge area of the Edwards Aquifer and to aid
management agencies in locating critical areas. This
investigation is part of the continuing cooperative program
with the Edwards Underground Water District. :

Alaska: The earliest known records.of the chemical and
physical composition of water in Alaska were obtained by the
U.S. Geological Survey in 1913, Daily measurements of
turbidity were made on samples collected from the Copper
River in 1913. Quality of water samples were taken on the
Seward Peninsula in 1914, and in the Yukon River basin in
1915.

The water quality program remained dormant for the
following 32 years. In 1948, a continuing chemical quality
program was started by the Survey. Several miscellaneous
samples were collected and analyzed that year and regular
sampling stations were established in 1949, By the end of
1950, eight chemical quality stations were in operation and
water temperature records were being collected at five of
these stations. By 1953 suspended sediment was measured at
14 river sites including four daily stations.

In 1961, additional water quality data were obtained
for pollution studies including special chemical, physical,
radioactive, and microbiological analyses.

Leadership in the water quality activities and related
laberatory functions included G. W. Whetstone (1948-52), F.
B. Walling (1953-61), R. G. Shupp (1962-65), C. G. Angelo
(1966-69), B. Irelan (1969-72). A laboratory was operated
at Palmer, 1948-65 and at Anchorage, 1966-73 for analytical
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work in support of federally funded programs to provide base
line water quality information on Alaska waters and an
analysis of State and Federal water supply installations.

During the past few years under leadership of Harry
Hulsing, District Chief, 1967 to 1977, water quality has
been undertaken in cooperation with the State and local
governments, both cities and boroughs. Fisheries
enhancement, and planning and environmental impact analysis
have exacted additional water quality information.

Throughout this history, many State and local agencies
had a strong and continuing interest in the quality of water
including pollution control. The State Departments of Fish
and Game, and Health and Welfare have been particularly
influential in this field. Since its establishment in 1965,
the Federal Water Quality Administration (FWQA), later
Environmental Protection Agency (EPA) has assumed an active
role, particularly in the field of pollution control and
research. Federal legislation required the State to prepare
water quality standards for their interstate streams,
rivers, lakes, and coastal waters. The Alaska standards
were approved by the Secretary of the Interior in February
1968 and hence became Federal standards as well.,

The water quality program prior to 1965 was limited
mainly to the collection of chemical quality and sediment
transport data on a rather frequent basis at relatively few
sites in east-central Alaska; essentially no interpretive
studies directed toward solution of specific water quality
problems were undertaken.

Following discovery of oil at Prudhoe Bay on Alaska's
North Slope in March 1968, comprehensive plans for data
collection along the prospective transportation corridor
Prudhoe Bay to Valdez were developed. These included
combined GS-FWPCA trips for collection of chemical,
biological, and microbiological data.

And, the District was attuned to the rapid need for
water-quality information on the effects of oil development
and related activities on water supplies and the aquatic
environment.

By 1970 the District program planning effort was to
identify water-quality problems and to assure some chemical
quality and sediment data for virtually every stream in the
State for which streamflow records are obtained. An
interdisciplinary approach was evident in planning
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hydrologic investigations underway at Anchorage, Juneau,
Kenai, and Kodiak.

Included in the 1970 sediment program for the Corps of
Engineers were daily sediment sampling stations at
Faribanks, Eagle, and in the Knik River basin and periodic
stations between Nome and Fort Yukon from west to east and
Seward to Rampart from south to north. Other areal studies
included continuing technical assistance to the U.S. Air
Force to solve or alleviate chemical quality and water
availability problems at various sites throughout Alaska,
the investigation of scour at bridges, and hydrologic
studies on Amchitka Island (Atomic Energy Commission).

California: The California District has one of the
largest cooperative water resources programs in the nation
but prior to 1971 the water quality project and
data-collection activities comprised a relatively small part
of the total program. Although the number and scope of
projects that involve sedimentation held fairly constant or
even increased over the last several years, those involving
chemical quality decreased. This was attributed mainly to a
well financed and competent State data-collection program.
However, a number of well designed projects, especially
sediment projects concerned with transport and deposition,
were among the most comprehensive in the country. The
projects involving contributions of sand from coastal
streams are notable examples.

From its inception with the establishment of a
laboratory at Davis, Calif., (1950-52) then at Sacramento
(1952-71), the cooperative program in the 1950's and 1960's
was directed to define, in a general way, the water quality
of California's resources. Under the district leadership of
R. S. Lord, 1965-72 suceeded by L. R. Petersen, 1972-_  the
water quality program was financed by project funds
disbursed by the various district offices of the California
Department of Water Resources. Almost all records were of
local interest, and were obtained on a periodic or monthly
basis with daily sampling maintained at 15 sites.

Beginning about 1970, the program evolved from a
service- type to a project activity, strongly oriented toward
problems in aquatic biology.

In 1971 the Menlo Park subdistrict was responsible for
the operation of some 30 sediment stations which extended
mainly along the coast from the Oregon border to near San
Luis Obispo. The stations provided useful data on sediment
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yield for a variety of hydrologic, geologic, topographic,
and. cultural environments. Chemical-biological quality of
water data were obtained at 10 stations. About 10 projects
involving water quality were directed to current water
problems in the subdistrict, notably the hydrology of
Bollinas Lagoon., turbidity in Mad River, mercury in Dry
Creek, and channel geometry downstream from a proposed water
supply reservoir on Zayante Creek.

In the Garden Grove subdistrict, two multiparameter
on-site sensing monitors were operating well with a low
percent of lost records.

In the late 1950's and early 1960's the State of
California began a series of studies of the Sacramento
River. Recognizing the possibility of quality changes as
well as a need to reassess the river environment and by
using modern techniques, the California Department of Water
Resources and the California District (WRD) entered into a
cooperative study with a letter of understanding dated
November 19, 1971. The overall purpose of the cooperative
study was to assess the quality of water in several mutually
agreed upon rivers in California. The Sacramento was chosen
as one of the rivers to be studied.

The scope of the study, begun April 1972, is to
evaluate the present water quality of the Sacamento River
including water temperature, suspended sediment, water
chemistry, selected plant nutrients, phytoplankton,
periphyton, and benthic invertebrates. Five sampling
stations from above Red Bluff, Calif., to below Knights
‘Landing, Calif., have been sampled on a near-monthly basis.

Lake Siskiyou is located on the Sacramento River above
Shasta Reservoir. Although relatively new, the lake showed

early signs of enrichment in several of its major arms. A
limnology study was begun in July 1971, to determine which
tributaries are contributing the largest plant nutrient
concentrations.

In November 1972 a project was started in Long Valley,
Calif., to determine sources and distribution of arsenic in
streams tributary to Lake Crowley. The scope of the study
is to collate existing arsenic data for the area, and to
obtain additional data where high arsenic concentrations are
suspected.
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The purpose of a limnology study of Lopez Reservoir is
to document the magnitude of algal blooms and to determine
algal nutrient sources., Started in July 1972, the study was
limited to the near-weekly collection of water samples for
algal cell counts, and the seasonal collection of samples
for chemical (especially nitrogen and phosphorus) analysis.

Copper sulfate is commonly applied in sections of the
California Aqueduct to destroy algae. A study was begun in
August 1972 to evaluate the residual effects such as
distribution and biological uptake of copper sulfate in a
section of the aqueduct near San Luis Reservoir. 1In a
reconnaissance study of circulation in the reservoir,
selected chemical-quality variables and temperature are
being measured periodically.

A statewide stream quality assessment study was started
in July 1971 to analyze ecologically-important chemical
constituents from selected major streams of California. A
secondary purpose is to analyze historical chemical data to
establish time trend changes.

In the Bay Area Storm Runoff Study which began October
1971 the water quality of six urban areas was measured for
two winter periods. The purpose was to relate concentration
changes of various chemical constituents to urbtan
development and stream discharge.

A second urban study in Santa Clara County was started
July 1972. Changes in streamflow, sedimentation, and
chemical quality were documented for Calabazas Creek.

In July 1971 the District proposed an ambitious
monitoring program for the major rivers and reservoirs of
California, Initially seven river mainstems, the Klamath,
Eel, Russian, Sacramento, San Joaquin, Salinas, and Santa
Ana Rivers were to be included. The objectives of the
program will be to review and bring together past
water-quality data obtained for the waters, begin collection
of data not obtained in the past but which are of current
ecological and pollutioral significance, and prepare
interpretive reports on each mainstem drainage studied.

Washington: Cooperative projects that involve water
quality considerations in Washington are supported largely
under agreements with the municipality of Metropolitan
Seattle, the Washington State Department of Ecology, the
State Department of Fisheries, and several Indian Tribes of
the State. Federally supported programs (IHD, Irrigation
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Network, and Benchmark Programs) constitute only a small
part of the total water-quality program. Limited
water-quality work has been supported mainly by the Forest
Service, Department of State, and Bureau of Reclamation,
Sediment transport studies supported by the Corps of
Engineers were discontinued in 1971,

Major water-quality probtlems in Washington are those
associated with pollution, mainly from industrial waste
disposal and runoff from urbtan areas. Lack of
water-resources data for acdequate planning and development
of resources on Indian lands has been recognized and the
District under leadership of L. B, Laird (1964-74) and J. E.
McCall (1974- ) now places a high priority on projects
involving these lands. For much of the Indian land, few or
no water-quality data are availatbtle and thus there is an
especially important need for baseline data on that land
which represents a substantial part of the area of the
State. Recent negotiations with several Indian tribes have
resulted in substantial water-quality oriented projects
directed mainly toward problems associated with
aqua-culture, recreation, mining, and logging.

In 1971-72 the quality of surface water data-collection
program consists of 44 stations throughout the State.

Cooperatively funded by the Department of Ecology, this
program is designed to provide baseline data as well as
pollution control information responsive to water-quality
problems in the State.

This data network seems to mesh with data programs in
adjacent States and Canada, and supplemented by the
30-station network completely operated by the Department of
Ecology provides at least minimal data needed for water
quality standards surveillance.

Field measurements of dissolved oxygen, coliform,
turbidity, pH, color, and specific conductance are made
monthly at each site by personnel of the State Department of
Ecology. Water samples are delivered to the District office
fcr shipment to the Salt Lake City Laboratory for
determination of trace metal and common mineral content.
Nutrient analysis are performed in the District field
service unit which provides project support and also
includes facilities for biological assessments, sediment
concentration, and particle-size analysis.
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The availability of an IBM 028 keypunch and a computer
terminal in the District office facilitates the handling,
storage, and retrieval of water-quality data. Results of
analyses performed in the District, mainly for nutrients,
biological parameters, and sediment concentration and
particle-size distribution are transferred directly to punch
cards and placed into WRD computer storage through the local
terminal.

A large complex project, "The Influence of Industrial
and Municipal Waste on Estuarine and Off-Shore Water
Quality,'" was begun in 1964. A model is being ceveloped for
predicting the effects of some 150 million gallons per day
of effluent from the Renton Treatment Plant on water quality
in the estuary and Puget Sound. Five multiparameter
monitors are used as a tool in predicting dissolved oxygen
in the saltwater wedge of the estuary.

Statewide ground-water quality is a continuing project
which is designed to provide planning data and to define
protlem areas by describing the quality of water in the
various aquifers across the State.

Flushing of reservoir sediment deposits through the
Similkameen-Okanogan River systems is a brief, intensive
study, begun in 1971, to estimate the effects of removal of
Enloe Dam on downstream channels.

The study, water resources of the Lummi Indian
Reservation for developing aqua-culture, involves potential
problems associated with pesticides, trace metals, and
pollution from paper plants and agriculture. No unusually
high concentrations of trace metals or pesticides were
encountered in 1971, the first year of study.

Lakes of Washington is a continuing project to describe
in terms of the present trophic level the potential for
accelerated eutrophication of lakes. Twenty to twenty-five
lakes are selected each year for a one-year study. A rating
scheme using indices as flushing time, bottom slope,
intensity of shoreline development nutrient variability,
etc., 1s being developed to rate eutrophication potential.

The broad objectives of a project Program Evaluation,
begun in 1972, is to determine if the right kinds of data

are being obtained at appropriate places to meet the basic
data needs of the State.
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Water Resources of the Colvillo Indian Reservation is
concerned with providing the necessary data to allow
adequate development of the mining, logging, and
recreational potential of this virtually undeveloped tract
of about 2,000 square miles in northeast Washington.

The wide range in background experience and diversity
in academic training of the staff including chemists,

aquatic biologists, engineers, geologists, and
mathematicians provides a healthy distribution of
disciplines in the District.

SPECIAL STUDIES AND REPORTS

During the early 1970's the Water Resources Division
expanded water quality research and special studies to
relate to problems encountered in cperating programs as
rapidly as funds and personnel allowed. The following is a
summary of principal published studies.

Laboratory methods: Major improvements were reported
in spectrographic techniques for determining common minor
elements in water. Haffty (1960) developed a residue method
using a direct current arc, and Silvey reported a ccmbined
chemical and spectrographic method in which selected
chelating reagents are used to recover as little as C.005 mg
of several metal ions.

Methods for determining the extent of calcium carbonate
saturation in ground water were described by Back (1961) and
Hem (1960a, 1961). '

Significant new developments in techniques for study of
solution equilibria included equipment for gield measurement
of redox potential in ground water utilized by Back and
Barnes (1962).

Increasing concern with the spreading of potentially ,
hazardous levels of constituents in water systems along with
recent legislation has placed more stringent requirements on
laboratory analytical measurement techniques.  Atomic
absorption spectrophotometric methods have become routine in
water analysis laboratories for the determination of many
major and minor constituents. Of particular usefulness is
the capability of the technique to determine microgram per
liter concentrations of such metals as cadmium, chromium,
copper and lead in surface water or ground water (U.S.
Geological Survey, 1972).
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Automated colorimetric procedures using an integrated
system such as the Technicon autc analyzer have made
possible the routine handling of large numbers of samples
with an analytical precision exceeding that obtainable with
manual methods. Automated procedures have been developed
for a number of important constituents, including chloride,
chemical oxygen demand, gerrous and ferric iron, iodide,
ammonia nitrogen, nitrate, nitrite, phosphate, silica, and
others (McAvoy, 1973).

Analytical techniques required to identify and to
quantify organic solutes has advanced from the measurement
of total organic levels to highly sophisticated systems for
determining specific organic compounds at low levels.
Goerlitz and Brown (1972) have produced a methods manual for
analysis of organic substances in water and is the standard
for these measurements in Water Resources Division
laboratories.

Trace elements and nutrients: The content of strontium
in natural waters of the United States was determined by
Skougstad and Horr (1960) and relatively large amounts were
found in waters of Champaign County, Ohio, by Feulner and
Hutble (1960).

Hem (1960c) reported that the amount of iron in natural
water is directly related to pE, Eh, and dissolved oxygen in
the absence of complexing and excessive amounts of certain
anions.

Thatcher (1962) concludes from studies of continental
United States tegun in 1958 that tritium in rainfall was
maximum in the north-central part of the country and minimum
in coastal areas.

Jones (1962), in a study of the distribution of
radionuclides in ground water, used tritium to trace
chemically contaminated waste to distances of 6,000 feet.

Relationship of chemical composition of stream water to
the nature of rocks exposed in the drainage basin have been
studied by Davis (1961) in the California coast ranges,
Hembree and Rainwater (1961) in the Wind River Range of
Wyoming, Miller (1961) in the granitic terrane of the Sierra
Nevada in California, and Barnes (1962) in composition of
Birch Creek, Calif.
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The occurrence of minor elements in water of major
rivers of the world has been studied by Durum et al., (1960)
and Durum and Eaffty (1961).

Greatly increased public awareness of potential
environmental problems with trace metals followed the
‘disclosure in 1970 of excessive levels of mercury in fish in
the Great Lakes system and in other places where industrial
wastes had been released to surface waters for several
years. Many of the data obtained in surveys conducted by
USGS and other Federal agencies to define the occurrence and
distribution of mercury in water were subsequently
summarized (Jenne, 1972). A compilation of translations of
non-English language articles on mercury concentrations and
geochemistry was made available (Jenne and Sanders, 1973).

The concentrations of dissolved mercury, arsenic,
cadmium, chromium, colbalt, lead, and zinc in single samples
taken at 720 sites on rivers and lakes were compiled by
Durum et al (1971). This led to continuing programs in some
states with the results published in the annual reports on
surface-water quality.

During the early 70's studies showed that equilibrium
solubilities may be significant controls for lead (Hem and
Durum, 1973), cadmium and zinc (Hem, 1972b), as well as
aluminum and iron (Jones et al., 1974) in some surface
waters. But the general importance of solubility controls
of trace element concentrations in natural waters remains
uncertain,

Papers dealing with the analytical chemistry of trace
elements and nutrients in water were summarized by Fishman
and Erdman (1971, 1973).

Organic solutes: A procedure for fractionation of
naturally occuring organic complexing material by
electrophoresis was described by Leenheer and Malcolm
(1973b). Using several chromatographic separation
techniques, Wershaw and Pinckney (1973 a,b) fractionated
humic acids and studied association and dissociation of the
fractions at various pH values.

Crump-Wiesner et al. (1973) published a study on the
distribution of synthetic chlorinated compounds, called
polychlorinated biphenyls (PCB), in waters of 19 States in
the Unites States, Interaction of organic pesticides with
natural organic solutes such as humic acids was the subject
of review articles by Wershaw and Goldberg (1972). Effects
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of subsurface injection of industrial wastes into ground
water were described in a paper by Leenheer and Malcolm
(1973d). The movement and composition of a primarily
organic waste were evaluated in this study by using a
network of observation wells spaced irregularly and drilled
to several depths. Slack et al. (1973) have prepared a
manual documenting techniques and methods for collection and
analysis of aquatic biological and microbiological samples.

Specific forms of ions and rates of reaction: As more
emphasis 1s placed on quantitative models and chemical
reactions in water chemistry, studies have progressed to
determine how the total concentration of an element is
divided among the various species that may be present. Hem
(1972a) used graphical and mathematical approaches for
calculating the distribution at equilibrium of aluminum
fluoride and hydroxide complexes. Hem concludes that for
most natural systems a direct measurement of a specific form
using ion specific electrodes may be more reliable than
calculated values. Back and Hanshaw (1971) calculated the
entropy production in the system through solution of
limestone and by hydraulic head changes. Kharaka and Barnes
(1973) and Truesdell and Jones (1973, 1974) have developed
and documented computer programs for calculating the
equilibrium distribution of inorganic aqueous species of
major and selected minor elements in natural waters at
saturation with various minerals, using measurements or
estimates of temperature, pH, and redox potential. The
chemical equilibrium model has been applied ty Clarke and
Jones (1972) to the analysis of corrosion and salinization
in North Sahara wells and by Pearson et al. (1972) to silica
solubility in the Arkansas Hot Springs. Estimates of
dissolved aluminum (Al) and iron (Fe) calculated from
solubility data on Kaolinite and amorphous Fe(CH)3 compared
favoratly with measurements on streamflow samples~treated to
avoid particulate contamination (Jones et al., 1974).

Water quality modeling: Bennett (1971) described and
demonstrated the convolution technique for solving DO-BCD
balance differential equations with time-varying variable
inputs. Bennett and Rathbun (1972) made an extensive review
and evaluation of alternative methods for estimating
reaeration coefficients in streamflow systems. Yotsukura
and Cobb (1972) developed a model for solving the two
dimentional transport equation for conservative solute
distribution in a straight natural river when both solute
and river discharge rates are steady.
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Jobson and Yotsukura (1973) developed a linearization
method of surface heat exchange based upon the ambient
natural temperature rather than the equilibrium temperature.
These models have been applied to several natural streams
where thermal loading rates have varied diurnally,

Yotsukura and Kilpatrick (1973) summarized a method for
predicting concentration distributions of a continuous waste
discharge into a river or an estuary based on observations
of short-term test tracers.

Steele and Gilroy (1972) demonstrated that coefficients
of a single harmonic function are adequate to depict the
annual seasonal cycle of stream temperatures. An attempt to
regionalize streamflow chemical quality characteristics from
selected basin parameters was demonstrated for streams in
Texas by Steele and Jennings (1972). Specific conductance
has been shown to be an adequate indicator measure of major
inorganic chemical composition in streamflow, an indication
of the utility of a solute concentration specific
conductance regression model (Steele and Matalas, 1971;
Steele, 1973).

In the area of modeling of ground water quality
processes, solution techniques for equations have been
documented (Pinder, 1973), and some applications to the
field have been reported (Bredehoeft and Pinder, 1973;
Konikow and Bredehoeft, 1974). Lerman and Jones (1973)
developed a diffusion model and applied it to Lake Abert,
Oregon. The results agreed well with salinity-depth
relations measured in cores and indicated that nearly half
the dissolved solids of the lake in 1963-74 was provided by
diffusion from bottom sediment pore space during the
preceding 25 years.

Evaluation of long-term trends: From a Federal
perspective as well as ol regional, State and local concern
had been expressed (1) regarding the long-term impacts of
large investments in waste water treatment facilities, and
(2) whether the levels of investments and technology are in
fact keeping up with demands.

Selected available historical records are, however,
amenable to statistical analysis. Steele and Gilroy (1971)
developed a technique for assessing long-term changes in
streamflow salinity and made case studies representing a
diversity of hydrologic conditions and of basin land use
across the United States. Steele, et al. (1874) reported on
a subsequent nationwide assessment of temporal changes in
available long-term records at 88 stations designated in the
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U.S. Geological Survey's National Stream Quality Accounting:
Network. In this analysis, significant changes were noted
at atout 18 percent of the stations having data on stream
temperature characteristics and in dissolved solids
concentrations, the latter being adjusted for effects of.
annual flow changes.

Anderson and Faust (1973) summarized earlier reported
studies and analyzed extensive long-term data available for
the Passaic River and tributaries in New Jersey. Arparent
increases in dissolved solids in the Passaic River basin may
be due solely to concurrent decreases in streamflow, but
increases in several other variables (DO, BOD, nitrate,
ammonia, and bacteria) not so highly correlated with
concurrent stream discharges suggest significant increasing
pollutions loads in the river system.

During fiscal years 1973 to 1976 nearly one-half of the
new offerings of State and local agencies in the Water
Resources Division cooperative program involved studies with
water quality aspects, largely in response to new
environmental responsibilities mandated by recent Federal
laws. Specifically these are the Federal Water Pollution
Control Act amendments of 1972 (Public Law 92-500) and
related research and monitoring activities. The bulk of
them have been coordinated through the Environmental
Protection Agency and the Department of Interior's Office of
Water Resources Research and have stimulated many of the
recent technological advances in several aspects of water
quality.
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