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FOREWORD

The American public has identified the enhancement and protection of river
quality as an important national goal, and recent laws have given this commit-
ment considerable force. As a consequence, a considerable investment has been
made in the past few years to improve the quality of the Nation’s rivers. Further
improvements will require substantial expenditures and the consumption of
large amounts of energy. For these reasons, it is important that alternative
plans for river-quality management be scientifically assessed in terms of their
relative ability to produce environmental benefits. To aid this endeavor, this
circular series presents a case history of an intensive river-quality assessment
in the Willamette River basin, Oregon.

The series examines approaches to and results of critical aspects of river-
quality assessment. The first several circulars describe approaches for providing
technically sound, timely information for river-basin planning and manage-
ment. Specific topics include practical approaches to mathematical modeling,
analysis of river hydrology, analysis of earth resources-river quality relations,
and development of data-collection programs for assessing specific problems.
The later circulars describe the application of approaches to existing or potential
river-quality problems in the Willamette River basin. Specific topics include
maintenance of high-level dissolved oxygen in the river, effects of reservoir
release patterns on downstream river quality, algal growth potential, distribu-
tion of toxic metals, and the significance of erosion potential to proposed future
land and water uses.

Each circular is the product of a study devoted to developing resource informa-
tion for general use. The circulars are written to be informative and useful to
informed laymen, resource planners, and resource scientists. This design stems
from the recognition that the ultimate success of river-quality assessment
depends on the clarity and utility of approaches and results as well as their basic
scientific validity.

Individual circulars will be published in an alphabetical sequence in the
Geological Survey Circular 715 series entitled “River-Quality Assessment of
the Willamette River Basin, Oregon.”

J. S. Cragwall, Jr.
Chief Hydrologist
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Cover: Willamette River as it winds through Portland, Oregon. Photograph taken by
Hugh Ackroyd.
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Hydrologic Analysis and
River-Quality Data Programs

By Walter G. Hines, David A. Rickert, and Stuart W. McKenzie

ABSTRACT

In many basins it has proven difficult to use existing river-
quality data for analysis of the temporal and spatial trends
and the major cause-effect relations that control critical qual-
ity conditions. Major reasons for this problem are the arbi-
trary nature of sampling programs that generate the quality
data and a general failure to account for the background var-
iability in quality resulting from hydrologic phenomena.

A review of prominent river-quality problems of the Na-
tion’s rivers shows that the timing, location, and frequency of
occurrence of the problems are largely controlled by three
hydrologic characteristics—streamflow, water temperature,
and channel morphology. These characteristics show marked
variation from river to river and, thus, must be systematically
accounted for if river-quality data are to become more useful
for interpretive purposes. An approach to river-quality data
programs based on hydrologic analysis and repetitive synoptic
studies is proposed as an alternative to current approaches
that rely heavily on routine monitoring.

INTRODUCTION

Population growth and associated urban,
industrial, and agricultural development have
caused severe environmental stresses on the land
and water resources of the Nation’s river basins.
An important aspect of long-range environmental
planning is the understanding and quantification
of man’s impacts on the quality of rivers. Perhaps
justifiably, in light of the complexities involved,
enormous amounts of time, money, and effort are
expended on river-quality sampling programs. In
many basins, however, years of quality sampling
have not generated adequate information from
which to establish environmental standards or to
make sound resource decisions. This situation has
resulted in a growing dissatisfaction with river-
quality data programs.

In a discussion dealing with water-quality
sampling, Howells (1971, p. 166) said the follow-
ing about existing monitoring practices:
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A few monthly samples taken without regard to rainfall,
stream flows, and vagaries in waste loads say very little about
the quality of a stream, and it would be well to stop deluding
the public that present monitoring systems mean very much
at all. The time is long overdue for a good hard look at
monitoring programs.

In a similar vein, Deininger (1974) stated:
Despite the fact that water quality monitoring programmes
form the basis for all abatement and investment programmes,
there is little evidence that they are being designed on a ra-
tional basis, rather they are designed on an ad hoc, emergency
type, basis.

In a landmark paper on the quality of the Na-
tion’s rivers, Wolman (1971, p. 905) cited a
chronic inability to use available data for analyz-
ing trends and cause-effect relations:

adequate comparisons of specific variables related to water
and to river quality require systematic correlation with hy-
drologic behavior. Such correlations are rarely available . . . a
knowledge of the “natural background” or temporal variabil-
ity of a given parameter is often essential in detecting and
measuring a trend. Statistically, a trend cannot be discerned
unless it is possible to discriminate between the variability of
the phenomenon as it might occur unaffected by the influences
that one wishes to measure, in this case so-called pollution,
and the variability normally associated with diurnal, annual,
and significant secular climatic variations that occur in the
hydrologic record over any period of time.

On the basis of experience with numerous riv-
ers and estuaries in the United States, Velz
(1970) concluded that a thorough understanding
of the hydrologic regimen of rivers is an essential
prerequisite for interpreting river-quality be-
havior and, thus, for formulating mathematical
river-quality models.

The work of Howells, Deininger, Wolman, and
Velz points to two prominent shortcomings in
many quality sampling and analysis programs:
1. The arbitrarily derived, fixed temporal and

spatial design of sampling programs from
which quality data are derived.



2. A failure to account adequately for the sea-
sonal and reach-to-reach variability of river
quality that results from hydrologic
phenomena.

PURPOSE AND SCOPE

The purpose of this circular is to present ideas
for improving the interpretive worth of river-
quality data for environmental decisions. The
main part of the circular covers two topics. The
first deals with critical temporal and spatial as-
pects of seven prominent river-quality problems.
Several important generalizations relating river
quality to hydrologic phenomena are derived
from this discussion. The generalizations form a
framework for the second topic which is a discus-
sion of deficiencies in recent river-quality data
programs and the proposal of an alternative pro-
gram for correcting the deficiencies.

The circular also contains a supplemental
section (“Quantification of River Hydrology for
Quality Analysis”) that presents examples and
methodologies useful for analyzing data on
streamflow, water temperature, and channel
morphology as a basis for river-quality studies.
Though an admittedly incomplete treatment of
the subject, the supplement serves to acquaint
non-technical readers with the utility of hydro-
logic analysis and the origin of concepts de-
veloped in the main discussion.

Practical applications of the concepts presented
herein are included in subsequent reports in this
series on river-quality assessment of the Willa-
mette River basin, Oregon.
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CRITICAL TEMPORAL AND SPATIAL
ASPECTS OF RIVER-QUALITY PROBLEMS

The hydrologic character of a river basin is
established through the complex interaction of
“natural” and manmade features and activities.
The results of these interactions are manifested
in the quality of the rivers that drain each basin.
Thus, every river has a unique hydrologic setting
which to a large extent controls river-quality
phenomena both in time and space. Because of
this control, analysis of a river’s hydrology should
be a prerequisite to selecting an analytical
method or identifying the data needed to assess
any river-quality problem.

There are many hydrologically related factors
that, depending upon the particular basin, can
markedly affect river quality. Among these are
solar radiation, air temperature, evaporation,
precipitation, runoff, topography, geology, soils,
vegetation, manmade developments, and land-
use activities. Reports on river quality often in-
clude consideration of such characteristics. All
too often, however, this consideration takes the
form of a perfunctory physiographic description
or geographic inventory. While interesting in it-
self, such information provides little insight into
specific causal relations between hydrology and
river-quality conditions. Rarely are the dominant
hydrologic factors identified, understood, and
adequately quantified to provide a framework for
quality analysis.

The dominant hydrologic characteristics of
rivers related to quality phenomena are stream-
flow, water temperature, and channel morphol-
ogy (Velz, 1970). Together, these characteristics
define the “immediate environment” of the river
within which all river-quality processes occur and
are controlled. (See fig. 1.) A thoughtful aware-
ness and systematic accounting of this “im-
mediate environment” is essential to understand-
ing the behavior of river-quality processes and,
axiomatically, for developing conceptually satis-
fying explanations about these processes.

Because streamflow, water temperature, and
channel morphology are its primary elements,
a river’s “immediate environment” is in con-
stant flux owing to seasonal and reach-to-reach
changes in the hydrologic regimen. Over the an-
nual cycle, this flux is so dynamic that it usually
precludes the adequate definition of the “im-
mediate environment” in a form suitable for de-
tailed cause-effect explanation and quantification
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EXPLANATION
IMMEDIATE ENVIRONMENT—Has most direct impact on river quality; defined largely by streamflow, water temperature,

and channel morphology.

GENERATIVE ENVIRONMENT—Most important to river quality during periods of land runoff; incorporates all hydrological
and terrain properties of the river basin.
EXTRA ENVIRONMENT- Occasionally impinges on river quality; includes those factors which originate outside the river

basin.

EXTRA ENVIRONMENT

GENERATIVE ENVIROMENT

Time

EXTRA ENVIROMENT

Ficure 1.—Relation of immediate, generative, and extra environments to river quality. Changes in river quality commonly
reflect alterations in biochemical processes that result from temporal and spatial changes in surrounding environments.

of river-quality processes. Therefore, a vital ele-
ment of river-quality studies is the recognition of
those seasonal periods when, and reaches where,
(1) critical problems are most likely to occur and
(2) hydrologic stability is sufficiently established
so as to conform with the presumption of system
equilibrium that underlies most methods of
river-quality quantification.

Table 1 summarizes critical temporal and spa-
tial aspects of seven common problems: dis-
solved-oxygen depletion, excessive algal growth,
toxicity, salinity, thermal pollution, microbial
pollution, and sedimentation-turbidity. Each
problem results primarily from man’s use of a
river, but as indicated, the magnitude, timing,
and place of occurrence are largely determined by
the hydrologic controls of streamflow, water
temperature, and channel morphology. Moreover,
because of these hydrologic controls, river-quality
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problems often occur at times and locations far
removed from their primary causes.

DISSOLVED-OXYGEN DEPLETION

During extended low-flow, high-temperature
periods, the dissolved-oxygen (DO) concentration
of river water is naturally lower than during
other periods. This phenomenon relates to the
fact that the solubility of oxygen in water declines
with increasing temperature. Low-flow high-
temperature conditions also favor long detention
times, poor mixing, and temperature-induced in-
creases in biological reaction. These factors, when
coupled with heavy carbonaceous biochemical
oxygen demand (BOD) loads from municipal and
industrial wastewaters, can cause severe DO de-
pletion in rivers, particularly in long, sluggish
pools and tidal reaches.

During extended dry periods, waste debris from



TaBLE 1.—Selected characteristics of common river-quality problems
[The magnitude of problems and their temporal and spatial variability are largely controlled by definitive hydrologic characteristics—
streamflow, water temperature, and channel morphology. Brief complementary discussions of each problem are included in the text after

the table]

Usual streamflow

Primary causative agent(s) condition

Likely occurrence

Time Place

Dissolved-oxygen depletion

Carbonaceous BOD from munici- Low flow ______
pal and industrial waste-water
discharges.

Carbonaceous BOD from urban ______ do_______
or rural storm-water runoff.

Nitrogenous oxygen demand ______ do. . ___
from municipal and industrial
waste-water discharges.

Benthic oxygen demand ________________ do_______

Excessive algal respiration ____________ do_______

Summer, high Slow-moving pools and tid-

temperature. al reaches.
_________ do_coee Do __________
_________ do ________ Shallows or extremely
slow-moving pools and
tidal reaches.
_________ do _____._. Slow-moving pools and tid-
al reaches.
,,,,,,,,, do —_______ Shallows or extremely

slow-moving pools and
tidal reaches.

Excessive algal growth

Aquatic plant nutrients from Low flow ______ Summer, high Shallows or in euphotic
municipal, industrial, and temperature. zone of slow-moving
agricultural waste-water ef- pools and tidal reaches.
fluents.

Toxicity

Toxicants from industrial, muni- Low flow ______ Summer, high Slow-moving pools and tid-
cipal, and agricultural waste- temperature. al reaches.
water discharges; swamp
drainage.

Salinity

Salt-laden agricultural, indus- Low flow ______ Summer, high Lower reaches, especially
trial, and municipal waste- temperature. those with very long de-
water discharges. tention time.

Naturally saline surface- or ______ do_ o ___ do_ . Do. __________

ground-water inflow.

Thermal pollution

Waste-heat discharges ________ Low flow

Any reach below waste-

Any time, but
heat discharges.

usually summer,
high temperature.

Microbial pollution

Microbes from poorly disinfected
municipal or industrial waste
waters; seepage from animal
feedlots; combined sewer over-
flows; urban runoff.

Any flow
condition.

Any time Any reach below sources.

Sedimentation and Turbidity

Accelerated erosion resulting
from land-use activities.

High flow ______

All reaches, but especially
those proximate to heavy
erosional activity.

Rainy season,
commonly winter
or spring for
most rivers.

human activity and terrestrial plants accumu-
lates in urban areas, rural agricultural land, and
on other heavily vegetated land. Rainstorms dur-
ing these periods can wash large quantities of
oxygen-demanding organic debris into rivers at a
time when the DO concentration is already low. A
similar condition can occur downstream of mu-
nicipalities having combined storm and sanitary
sewers that overflow to the river during rain-
storms.

Recent studies by Tuffey, Hunter, and Matu-
lewich (1974) indicate that nitrification (the
biochemical oxidation of ammonia to nitrite and

nitrate by Nitrosomonas and Nitrobacter bac-
teria) may not be as prevalent in rivers as
commonly assumed. They found that signifi-
cant nitrification is almost always restricted to
(1) shallow “surface active” reaches with good op-
portunity for attached growths of nitrifying bac-
teria or (2) long-detention-time pools, tidal
reaches, and estuarine bays that have abundant
suspended matter (also a surface phenomenon).
Summertime water temperatures (near or greater
than 20°C) and significant ammonia sources are
usually required for the nitrification process to
exert a marked influence on the DO regimen.
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Reduced river velocity during low-flow periods
allows increased settling and accumulation of
organic sediments, particularly in depositional
reaches such as pools and tidal reaches. These
benthic deposits, usually resulting from the
settleable-solids fraction of poorly treated munic-
ipal and industrial-waste discharges, can exert a
high BOD duirng summer-high-temperature
conditions.

Accelerated algal growth commonly occurs
below nutrient sources during summer low-flow
periods. Algal growth can have a marked effect on
the river DO regimen. Often, large diel variations
in DO are caused by daytime photosynthesis (DO
production) and nighttime respiration (DO deple-
tion), particularly in shallows and in the euphotic
zone (zone of good light penetration) of slow-
moving pools and tidal reaches. In addition, pools,
and tidal reaches are prone to summer benthic
oxygen demand caused by deposition and decom-
position of dead algal cells.

EXCESSIVE ALGAL GROWTH

Large inputs of nitrogen, phosphorus, carbon,
and other nutrients from municipal, industrial,
and agricultural waste discharges can trigger ac-
celerated algal growth in rivers. Rivers that re-
ceive high solar radiation are most prone to such
eutrophication problems, usually during low-
flow, high-temperature summer periods. During
the colder months, most rivers do not exhibit ex-
cessive algal growths. However, during high-flow
spring and winter periods erosion-transported
nutrients can accumulate in depositional areas.
These materials may not be effectively flushed
before the low-flow season. In such situations the
nutrients may remobilize and contribute to the
growth of algae during the warmer, low-flow
season.

Given a good supply of nutrients, long slow-
moving reaches with high water temperatures
and solar-radiation levels are the most likely
places for planktonic (suspended) algal growth.
Shallow reaches with good light penetration and
a large streambed area for attached biological ac-
tivity are optimal places for periphytic (attached)
algal growth.

TOXICITY
Heavy metals, pesticides, and various organic

and inorganic chemicals can be toxic to the life
forms found in rivers. Toxic substances may also

be a public health problem if ingested by humans
in drinking water or in fish. If the toxic sub-
stances are dissolved in the river water, they can
cause toxicity problems at any time of year and in
any reach below their entrance into the river.
However, many toxic substances (particularly
metals and pesticides) are quite insoluble in river
water and have an affinity for attachment to sed-
iment. Thus, depositional reaches, as governed by
the volume and velocity of streamflow and river-
channel characteristics, are most prone to chronic
(long-term) toxicity problems. Benthic inverte-
brates, living in intimate contact with toxicant-
laden sediments or on rocks that are in constant
contact with toxicants in overflowing water, are
often the first organisms to exhibit quantifiable
chronic toxicity. Because of long detention time
(longer exposure to toxicants) and high water
temperature which speed up biochemical proc-
esses (higher metabolic rates), summer low-flow
periods are the most likely times for occurrence of
toxicity problems.

Accidental oil spills, “batch dumps” of chemi-
cals, and overflows from swamps are examples
of situations that can cause acute (immediate)
toxicity.

SALINITY

During low-flow, high-temperature periods,
river waters naturally tend to become more con-
centrated with salts because of high evaporation,
lack of dilution water, and consumptive use of
water by phreatophytes. Thus, if salty waste wa-
ters such as irrigation return flows are discharged
to the river during low-flow, high-temperature
periods, high levels of salinity (dissolved solids)
can result. Although high salinity can occur in
any reach proximate to a salty waste-water dis-
charge, the overall tendency is for salinity to in-
crease in a downstream direction. This is because
salts are conservative substances (that is, they do
not appreciably degrade or change form with
time). Highest salinity levels are, thus, commonly
found in downstream river reaches or in large
on-river reservoirs.

Rivers can have high salinity levels owing to
saline ground-water inflows. If soluble salt-
bearing sedimentary minerals (carbonate, chlor-
ide, sulfate) are prevalent within a basin, the
river can be naturally quite saline. Ground water,
which often serves to sustain the low flow (base
flow) of rivers in the arid southwestern United
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States, is in contact with these soluble minerals
for long periods of time in many places. Thus
many southwestern rivers are saline during
summer months when flows are low and evapora-
tion rates high. In such rivers, salinity levels may
not show clear trends of downstream increase or
decrease and are quickly changed by inflow of
even small volumes of fresher water from tribu-
taries, springs, or reservoir releases.

THERMAL POLLUTION

Thermal pollution can be described as an unde-
sirable superelevation of a river’s water tempera-
ture and is commonly associated with waste-heat
discharges of condenser cooling water from
fossil-fuel or nuclear power plants. Low-flow,
high-temperature periods are particularly subject
to thermal problems because fish and other aqua-
tic animals may already be under natural ther-
mal stress. However, in rivers where low-flow
conditions occur during winter, waste-heat dis-
charges can cause extreme temperature gradients
or “thermal blocks” below outfalls.

Thermal pollution might also be considered in
the reverse sense——that is, an undesirable depres-
sion of water temperature. Depressed water tem-
perature may occur in reaches below thermally
stratified reservoirs during summertime releases
of cold bottom waters.

The water temperature below waste-heat out-

falls and reservoirs tends to return to ambient
" levels at a rate governed by air temperature,
solar radiation, wind velocity, relative humidity,
and velocity and mixing of the flow.

MICROBIAL POLLUTION

All human and animal feces are potential
sources of pathogenic bacteria and viruses. Be-
cause sources of pathogens are numerous and
widely dispersed in any river basin, microbial pol-
lution is a potential problem at almost any
streamflow condition, place, or time of year.
Therefore, the proximity of the source to the river
and the speed with which microbes can be trans-
ported to the river are very important in analyz-
ing microbial pollution problems. Low-flow prob-
lems most often result from the direct discharge
of municipal, industrial, or septic tank wastes, or
from urban runoff following rainstorms. High-
flow problems commonly reflect contaminated
overland runoff from urban and rural lands (espe-

cially animal feedlots) and from hydraulically
overloaded septic-tank fields. Municipal and in-
dustrial waste-treatment plants can also become
overloaded because of sewer infiltration during
storm periods and discharge large quantities of
fecal microbes with the untreated sewage. On
many rivers, the health risks of microbial pollu-
tion are greatest during the summer because of
the increase in water-contact activities.

SEDIMENTATION AND TURBIDITY

Runoff from rainfall, particularly large storms
that follow extended periods of dry weather, can
transport large quantities of soil particles and or-
ganic litter into rivers. Some areas are naturally
prone to erosion because of inherent physical
characteristics (for example, steep slopes, poorly
consolidated soils, lack of vegetal cover). Man’s
land-use activities, primarily those which cause
widespread removal of vegetal cover and soil dis-
turbance, increase erosion. Once the eroded
material enters the river it is moved downstream.
Depending upon the hydraulic regimen, defined
largely by channel characteristics and the volume
and velocity of streamflow, transported sediments
will either stay in suspension, move along the bed
(bedload), or be deposited in pooled reaches.
High-flow conditions will cause smaller sized par-
ticles to stay in suspension, leading to persistent
turbidity problems.

GENERALIZATIONS

The preceding table and discussion is not a
comprehensive, in-depth description of river-
quality problems. Indeed, a multichaptered treat-
ise would be needed to do justice to this topic. The
relevance of the table is that it allows recognition
of several important generalizations that can be
useful for improving the utility of river-quality
data programs.

1. Most river-quality problems related to
waste-water discharges are manifested dur-
ing recurring seasonal periods of extended
low streamflow and high water temperature.
The problems are commonly most severe in
slow-moving pooled reaches.

2. Problems associated with rapid biochemical
activity (for example, nitrification and diel
photosynthesis-respiration) occur most
commonly during periods of extended low
streamflow and high water temperature in
shallows having bed material suited for
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abundant biological attachment and growth.

3. River-quality problems associated with ero-
sion, sediment transport, sediment deposi-
tion, and turbidity are common during
rainy, high-streamflow periods (particularly
floods). These high-flow problems may also
lead to biochemically related problems dur-
ing subsequent low-flow periods, depending
on the physical character of the river.

In applying these simple generalizations to
specific rivers it should always be remembered
that river developments and alterations such as
reservoirs, navigation works, dredging, and
water diversions can cause changes in the natural
hydrologic regimen. Such changes can drastically
affect the time and place of occurrence of river-
quality problems. Fortunately, the generaliza-
tions can still be useful because valid analogies
can usually be made between a river’s natural
and man-altered hydrology. For example, a res-
ervoir or lock-and-dam navigation channel ex-
hibits many of the same hydrologic phenomena
(deposition of sediments and long detention time)
as a deep slow-moving pool. Similarly, man may
change the natural streamflow pattern of a river
by water diversion or importation, and by reser-
voir release or storage. Despite such changes riv-
ers often exhibit distinctive, recurring periods of
high and low flow somewhat similar to those ex-
perienced under natural conditions.

DISCUSSION

To experienced hydrologists, limnologists, and
water-resource engineers, the generalizations
cited above may seem all too obvious and elemen-
tary. It is surprising, therefore, that such seem-
ingly basic concepts have not been more widely
applied either in the design or in the interpretive
aspects of river-quality data programs. The rea-
sons for this apparent paradox warrant some
examination.

THE “SHOTGUN” APPROACH

National, State, and regional water-quality
regulatory agencies have long faced a dilemma.
On one hand, there is a need for river-quality in-
formation from which to develop tactics and
strategies for water-resource and pollution man-
agement. In this case, the general goal is to ob-
tain data suited to trend and cause-effect in-
terpretation. On the other hand, water-quality
standards dictate a need for data to check com-

pliance with or violation of standards.

Faced with the dilemma of “what kind of data
to collect?” the tendency has been simply to
“shotgun it”—that is, to collect a lot of samples in
a lot of rivers for a lot of constituents. Apparently,
part of the rationale for this approach has been
that once all the data are collected, compiled in
books, or stored in computer files, “users” would
decide as to their needs and then obtain the data
for their particular purposes. Without a clear
definition of goals and information needs, pro-
grams have typically become preoccupied with
long lists of “pollution sensitive” variables. Seem-
ingly, every year a few new variables are added to
the list. Sampling frequencies for such programs
are often selected arbitrarily or based simply on
convenience. Sampling sites are commonly estab-
lished by political boundaries, convenience, or
proximity to a particular “polluter.”

Because of the considerable activity generated
during an era of growing environmental aware-
ness, these large-scale programs have not been a
popular subject of criticism. Indeed, it can be ar-
gued that many positive results have been forth-
coming. Sampling methods have been markedly
improved and standardized. Quality-control mea-
sures have been developed and emphasized.
Data-handling capabilities, particularly com-
puter-processing techniques, have been expanded
and improved. New sampling and analytical
hardware has been designed. Perhaps most im-
portantly, the broad scope of environmental,
economic, and social problems related to river
quality has been more widely recognized. Despite
these positive results river-quality data continue
to be disappointing in terms of their interpretive
utility, and criticism of data programs has
mounted in recent years. As indicated in the “In-
troduction,” there is a growing number of re-
spected scientists and engineers who feel that
programs based primarily on the monitoring-type
approach will never prove efficient for trend or
causal analysis. If this opinion is correct, and past
experience indicates strongly that it is, the impli-
cations for environmental management can only
be negative unless a more effective approach is
developed and implemented.

AN ALTERNATIVE TO ROUTINE MONITORING

The basic framework of a new type of large-
scale river-quality data program is proposed here
as an alternative to the prevailing approach.
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Under the proposed program, routine monitoring,

long the heart of almost all large-scale programs,

would be reduced in scope and relegated to its
most useful functions: (1) a means of examining
compliance with stream and effluent standards;

(2) a screening device for identifying quality prob-

lems; and (3) a complement to in-depth, problem-

oriented studies.
The proposed program has three major ele-
ments:

1. A hydrologic analysis focusing on streamflow,
water temperature, channel morphology,
and basin history as a precursor to the de-
sign of sampling programs or the analysis of
quality data.

2. The reinterpretation of existing quality data
based upon their segregation into compara-
ble temporal and spatial units as derived
from element 1.

3. The design of river-quality sampling and
analysis programs built upon recurrent,
synoptic studies rather than routine
monitoring.

HYDROLOGIC ANALYSIS

Hydrologic data on streamflow, water tem-
perature, and channel morphology need not be
exhaustively analyzed to form a basis for segre-
gating and analyzing river-quality data. The fun-
damental concept is simply to identify the recur-
ring seasonal periods of low and high flow and
water temperature and to partition the river into
its distinctive morphologic reaches.

The basic hydrology of most large rivers in the
United States can be examined at this level of
resolution with existing data. Knowledge of sea-
sonal patterns of flow and water temperature can
be obtained from a simple examination of a
chronological series of hydrographs and thermo-
graphs (see figs. 2 and 5). Topographic or river-
navigation maps are well suited to compiling
bed-slope profiles and, in conjunction with exist-
ing data on channel geometry and bed materials,
can be used to section the river into distinctive
reaches (or spatial units) (see fig. 7).

When conducted in concert with a review of
river-basin history, the interpretation of hydro-
logic data allows recognition of major changes in
the river system wrought by man (such as reser-
voir flow augmentation, dredging, or channeliza-
tion). Chronological collations of hydrologic data
in various tabular and graphical forms are help-

ful for this purpose (see table 2). Statistical
analyses of these historical data are invaluable
for developing predictions such as recurrence
probabilities for unusually severe low- and high-
flow events (droughts and floods). These severe
events often foster critical quality conditions,
rather than some “average” condition, that dic-
tate the design of river-quality management
strategies and facilities. For this reason, river-
quality studies conducted during extreme condi-
tions are particularly relevant for purposes of
long-range planning. Results from such studies
can form invaluable prophecies of future river-
quality conditions and provide rarely available
“end-point data” useful for predictions and com-
parisons.

An important aspect of the need for hydrologic
analysis relates to the wvalid application of
mathematics and statistics to the interpretation
of river-quality data. Most mathematical formu-
lations (even the so-called dynamic models) for
describing river-quality phenomena are based on
assumptions of system equilibrium. In the same
vein, the application of statistics to river-quality
data analysis is often based upon dubious as-
sumptions of independence of observations and
randomness of sampling errors. However, we
have seen in table 1 that it is only within particu-
lar seasonal periods and within morphologically
similar reaches of a river that river-quality
phenomena can be expected to exhibit the ho-
mogeneous or stable ecological conditions that,
even in the most optimistic sense, are suited to
such mathematical and statistical assumptions.

In summary, hydrologic analysis gives the
river-quality analyst a basic picture of how the
river system operates in a seasonal and reach-to-
reach sense, how this system has changed with
time, and finally, what sort of quantitative
methods can be realistically applied to make in-
terpretations. Without this basic framework the
analyst is severely handicapped in trying to in-
terpret quality data because he lacks working
hypotheses, historical perspective, and valid quan-
titative methods by which to analyze variations
inherent in the data. Lacking such essentials,
analysts in the past have often relied heavily
on methods involving statistical and compu-
terized manipulations that are incompatible
with hydrologic reality. In rare cases, where hy-
drologic data are poor, there may be few alterna-
tives to this approach. However, in most large
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river basins in the United States where basic
hydrologic records and historical documentation
of river-control facilities are available, such ar-
bitrary methods are both unnecessary and un-
likely to generate reliable interpretations of
trends or causal phenomena.

REINTERPRETATION
OF EXISTING QUALITY DATA

As described by Wolman (1971), many existing
river-quality data have been examined for trends
and cause-effect relations with disappointing re-
sults. We believe that many of these data can still
be usefully interpreted, provided the data are
amenable to segregation using river hydrology as
the segregating tool.

An important concept in this endeavor is that
the quality data should be subjected to interpre-
tation by mathematical or statistical means only
after the segregation step. The previously dis-
cussed generalities can be used as an initial
guide, but the segregation procedure should also
involve an analysis of antecedent hydrologic con-
ditions, particularly streamflow and water-
temperature patterns. Antecedent conditions
partly determine whether one set of data was col-
lected during a condition when the river’s envi-
ronment was similar enough to permit valid com-
parisons to be made with another data set.

For example, consider a set of DO readings ob-
tained at a river station just following the spring
snowmelt period at a flow of 10,000 t3/s (280 m3/s)
and a water temperature of 15°C. These data are
not comparable with DO readings from the same
station taken in the fall at the end of a sustained
period of low flow, even if streamflow and water
temperature conditions were similar to those of
the spring snowmelt period. In the case of the
snowmelt period, the river environment is in a
state of rapid chemical and biological transforma-
tion. Dissolved-oxygen readings reflect a con-
founding set of dynamic ecological interactions
that exist only during a brief time. In contrast,
the chemical and biological processes during the
sustained low-flow period tend to be more nearly
similar from day-to-day. Data from this period
are, thus, ideally suited to segregation, analysis,
and comparison with subsequent data from simi-
lar sustained low-flow periods that occurred in
the past or that will recur in the future. In other
words, quality data from one year can be made
comparable to those from another year by nor-

malizing the data using the seasonal stability of
the river environment as the common denom-
inator. With the data normalized, the impacts of
man can be examined relatively independently of
hydrologically induced seasonal variations of in-
river processes.

For high flows, the normalization process is
often more complex than for low flows because it
involves an accounting of many antecedent vari-
ables and the consideration of the “generative,”
as well as the “immediate” environment (see fig.
1). These conditions are primarily a function of
precipitation, extent of vegetal cover, erodibility
of geologic and soil materials, and land-use pat-
terns. Detailed real-time data for continuous
quantification of these antecedent conditions is
seldom available. Even if such data were avail-
able, a valid argument could be made for not
using them all. That is, without a way of synthe-
sizing the data, the analyst would soon be tired
and confused by the sheer volume of information.

A practical compromise to this dilemma is first
to obtain a general knowledge of basin weather
patterns and terrain properties through field re-
connaissance and study of existing climatic rec-
ords, geologic maps, topographic maps, and in-
terpretive land-resource reports. From such
knowledge, inferences and hypotheses can be
drawn as to how the general quality of land runoff
(and, thus, the quality of the river) might vary,
both temporally and spatially. From these gen-
eral inferences and hypotheses, pertinent ques-
tions can be formulated and used in the process of
segregating the high-flow river-quality data. For
example: Were the data collected before or after
leaf fall? Was the high flow caused by snowmelt
or was it solely from rainfall? Was the ground
saturated prior to the runoff event? Were the data
collected at the lower end of a long pool that al-
lowed sediment to be deposited before passage by
the sampling site? How did reservoir operations
affect the high-flow event and the transport of
suspended materials? Answers to questions such
as these can provide both a framework for seg-
regating existing data and essential interpretive
clues for analyzing trends and causal phenomena
that had previously been overlooked.

REPETITIVE SYNOPTIC STUDIES

We propose that the interpretive core of river-
quality data programs should be repetitive synop-
tic studies rather than routine monitoring. A
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synoptic study can be described as a river-wide (or
multireach) study involving coordinated, inten-
sive sampling over a short time period (several
days to 1 or 2 weeks). Velz (1970, p. 400-421)
terms these studies “short-term intensive stream
surveys.” A detailed discussion of synoptic studies
is also presented by Kittrell (1969). The underly-
ing rationale and advantages of the snyoptic
study approach are described in the following dis-
cussion.

For most river-quality variables (or processes),
synoptic study is the only means by which enough
concurrent data can be collected within the river
and its “immediate and generative environments”
to obtain a reflection of the river as an integral,
continuous system. Even with a well-designed
study this reflection is imperfect and can be seen
for only a brief period. However, subsequent
studies made during similar hydrologic conditions
allow meaningful comparisons to be made using a
repetitive series of comparable data.

Unlike routine monitoring, synoptic studies
allow sampling to be tailored to fit the needs of
each particular river. This allows a concentration
of effort on particular problems of interest, rather
than the expenditure of effort on the collection of
a few data on a large number of arbitrarily se-
lected parameters. Also, because synoptic studies
need be of only short duration, essential corollary
information (for example, waste-water loading,
reservoir-operating patterns, and solar-radiation
conditions) can be obtained and processed with a
minimum of effort. That is, one does not have to
keep track of “everything” all year round.

Rather than the generation of data as an end in
itself, problem-oriented synoptic studies foster
interpretive-type reports. In contrast to compila-
tions of monitor data, such reports contain qual-
itative descriptions and insights necessary for
data segregation, causal analysis, and the de-
velopment of generalizations relevant to all riv-
ers. Thus, interpretive reports tend to develop an
evolutionary pattern of analysis. This is vital be-
cause once gained and incorporated in a report,
knowledge need not be “rediscovered” every 5 or
10 years.

An important, though often overlooked, aspect
of data programs relates to the morale of the par-
ticipants. Each of the authors has personally ex-
perienced (and sympathetically noted similar
experiences in others) the dehumanizing, as-
sembly-line feeling inherent with routine

monitoring. These feelings stand in contrast to
the feelings of purpose and curiosity that we and
our coworkers experienced throughout the synop-
tic studies of the Willamette River, Oregon (Rick-
ert and others, 1976).

The concept of synoptic studies is anything but
new. They have been a basic tool of limnological
and engineering study for many decades. How-
ever, they have seldom been employed on the re-
petitive basis that we propose and believe is re-
quired for fruitful analysis of pollution trends and
cause-effect phenomena on a nationwide basis.

Viewed from the broadest perspective, then, a
commitment to a nationwide program of synoptic
river-quality studies would involve a shift to a
more flexible, opportunistic approach, and away
from a rigidly structured routine approach. Many
different types of studies and interpretive meth-
ods would be necessary. Importantly, however, all
studies would be bound by the common concep-
tual framework offered by the consideration of
river hydrology and its intimate relation to each
river-quality problem.

For purposes of illustration and discussion it is
useful to talk in terms of two broad categories of
river-quality studies. The first is the low-flow,
high-temperature study, the second is the high-
flow study. For simplicity these are referred to
respectively hereafter as drought and flood
studies.

DROUGHT STUDIES

The overriding consideration in the execution
of the drought study is the attainment of a rea-
sonably stable streamflow and water-tem-
perature regimen prior to and during sampling. A
useful rule-of-thumb suggested by Velz (1970) is
that stability should have preceded the study by a
period roughly equal to the cumulative time-of-
travel (at the prevailing low flow) of water
through the reach under study. Often, the at-
tainment of these stable conditions will involve
waiting it out rather than beginning the study on
some arbitrary date simply because “we had
everybody ready.” In some cases, if stable condi-
tions are repeatedly interrupted by storms or
other factors, cancellation of surveys or a shifting
of goals (for example, to examination of storm-
runoff loadings) may be in order.

The most intensive sampling would probably be
needed in depositional reaches such as elongated
pools and tidal reaches because these areas com-
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monly exhibit the most critical quality condi-
tions. However, as implied in table 1, large diel
variations in river quality are often associated
with shallow “surface active” reaches. If these
diel variations are the primary object of study,
intensive around-the-clock sampling would be
needed for short periods.

As implied above, spatial aspects of synoptic

sampling design are a difficult subject for gen-
eralization, but a particularly relevant comment
was made by Velz (1970, p. 402-403).
Ordinarily too many sampling stations are established with
insufficient number of samples collected at any one. A few well
selected locations with sufficient number of samples to define
results in statistical terms provide a much more reliable pro-
file of quality than many stations with only a few samples at
each.

Besides the data on river hydrology that form
the basis for the temporal and spatial design of
the sampling program, corollary data as derived
from one or several coordinated substudies will
usually be needed. For example, a river DO study
may require substudies to obtain corollary data
on waste-water BOD loads, benthal deposits,
periphytic and planktonic algae, nitrogen loads,
light conditions, and anomalous reaeration
phenomena related to structures such as lock-
and-dam navigation works.

FLOOD STUDIES

The overriding consideration in the study of
river quality during flood conditions is a com-
mitment to “chase” storms and keep reasonable
records of land-surface conditions just preceding
and throughout the normal seasonal period of
high flow.

Synoptic sampling during floods is a difficult
task that requires many trained people, tight or-
ganization, and good equipment. For these rea-
sons exemplary flood-time river-quality studies
have been rare in the past. However, increasing
amounts of quality data are now being collected
by the Geological Survey (and other agencies)
during floods as an adjunct to the more routine
streamflow and suspended sediment measure-
ments. Synoptic quality studies would require
more effort and better coordination and timing
with these measurements.

In some cases, it may be necessary to sample
bed materials before and after flood events. This
* is important because the movement and location
of deposition of sediment-assoicated pollutants,

rather than their concentration in river water at
any one time, often controls the timing and mag-
nitude of river-quality problems.

Remote-sensing data and synthesized, mul-
tifactor terrain-element maps are providing new
tools for analyzing the land-surface conditions
and erosional processes that control many high-
flow river-quality problems. The use of these new
tools in conjunction with synoptic river sampling
provides the potential to greatly improve the in-
terpretive worth of river-quality data collected
during flood periods.

SUMMARY

1. Ahost of hydrologically related characteristics
in each river basin affect river-quality be-
havior at greater or lesser degrees of impor-
tance. However, a perfunctory mention or
rudimentary inventory of these characteris-
tics adds little to the analysis of river-
quality data.

2. It is probably impossible, and it could be ar-
gued unwarranted and unnecessary, to at-
tempt a quantitative accounting of all those
characteristics of a river basin that impinge
on river quality. We believe a rational, effi-
cient approach is to concentrate on the
quantification of those definitive charac-
teristics of river hydrology that exert the
most direct control on river-quality
phenomena. These characteristics are
streamflow, water temperature, and channel
morphology.

3. From an analysis of streamflow, water tem-
perature, and channel morphology, it is pos-
sible to predict the temporal and spatial
character of most recognized river-quality
problems. In other words, because of the
overriding control exerted by river hydrol-
ogy on quality, major problems will recur on
a seasonal basis and tend to be most acute in
particular types of reaches.

4. It is only within certain seasonal periods and
distinctive river reaches that river-quality
processes approximate (even remotely) the
relatively stable ecological conditions neces-
sary for the valid application of most of the
statistics, biochemical equations, and mod-
els that are presently available to analyze
quality data.

5. Most existing river-quality data have not
proven useful for interpretive purposes. The
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existing data lack explanatory power be-
cause they are usually derived from routine
monitoring programs that are poorly suited
for documenting changes in river quality
caused by hydrologic phenomena. Thus, the
data cannot be adequately explained be-
cause they do not reflect the “immediate en-
vironment” that was responsible, in part, for
the quality characteristics.

6. On the basis of the points cited above we con-
tend that river-quality sampling and anal-
ysis programs can be dramatically improved
through a deemphasis of the routine
monitoring approach and added emphasis on
the following:

(a) A competent analysis of the natural
and man-controlled aspects of river
hydrology as reflected by streamflow
and water-temperature patterns and
channel morphology.

The reanalysis of existing quality
data, after their segregation into
compatible temporal and spatial
units, as derived from the hydrologic
analysis.

The use of repetitive synoptic studies
tailored to the environmental condi-
tions and problems of interest in
each river basin.
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SUPPLEMENTAL INFORMATION

QUANTIFICATION OF RIVER HYDROLOGY
FOR QUALITY ANALYSIS

QUANTIFICATION OF STREAMFLOW

Many rivers in the United States have stream-gaging rec-
ords that are ideal for examining seasonal and extreme
streamflow patterns and their relation to river quality. At
stations with continually recording stream gages, the tem-
poral variability of streamflow at a particular gaging site is
uniquely defined by the hydrograph. Concurrently generated
hydrographs from different gaging stations are useful for
examining the spatial variability of streamflow. Depending on
the objective of study, continuous, daily, or monthly hydro-
graphs can be used to examine streamflow patterns. Available
computer programs interfaced with the Geological Survey’s
surface-water data file, allow machine plotting of hydrographs
for any time period for which records exist. (Information about
the computer data file can be obtained through the Water
Resources Division, U.S. Geological Survey, Reston, Va.,
22092).

Figure 2 contains three hydrographs for the Willamette
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Ficure 2.—Willamette River discharge at Salem, Oreg., 1944, 1964, and 1973
water years. Note the recurrent nature of the July, August, and September
low-flow periods even after large-scale streamflow regulation began in 1953.
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River at Salem, Oreg. for the water years 1944, 1964, and
1973. (See fig. 3 for basin map.) The 1944 hydrograph is repre-

TaABLE 2.—Lowest ddily discharge for 7, 14, and 30 consecutive
days in year ending March 31 for Willamette River at Salem,
Oreg., 1910-70*

Lowest daily discharge in cubic feet per second

Year 7 days 14 days 30 days
Period of minor low-flow regulation
1910 . _______ 3,750 3,780 3,850
1911 ____________ 3,750 3,800 4,050
912 4,570 4,750 5,020
1913 . ______ 4,240 4,360 4,840
1914 . 3,510 3,540 3,640
1915 _______________ 3,420 3,480 3,500
1923 _________T_ 777 3920 3,980 4,210
1924 ________________ 2,990 3,070 3,160
1925 . 3,020 3,070 3,220
1926 ________________ 3,130 3,140 3,190
1927 3,730 3,730 3,860
1928 ________________ 3,400 3,500 3,560
1929 . ______ 3,190 3,190 3,240
19380 _________ 2,860 2,860 2,920
1931 . ________ 2,520 2,580 2,640
1932 _____  _______ 3,170 3,170 3,170
1933 3,750 4,020 4,360
1934 . 2,830 2,860 2,900
1935 . _______ 3,140 3,220 3,350
1936 . ________ 3,080 3,090 3,130
1937 _______________ 3,800 4,000 4,110
1938 . 3,250 3,270 3,410
1939 . ______________ 2,940 3,060 3,170
1940 _______________ 2,520 2,520 2,570
1941 ____________ 3,140 3,210 3,390
1942 ________________ 2,980 3,160 3,220
1943 _______________ 4,200 4,300 4,360
1944 . ____ 2,750 2,830 2,880
1945 _______________ 3,170 3,300 3,390
1946 ________________ 3,650 3,770 3,830
1947 3,800 3,940 4,310
1948 ___________ 4,400 4,670 4,880
1949 3,670 3,730 3,880
1950 - ______ 4,100 4,260 4,610
1951 ______ 4,080 4,200 4,360
1952 ______________ 3,560 3,750 3,980
Period of major low-flow regulation
1953 - ______ 5,320 5,430 5,770
1954 _______________ 6,160 6,290 6,560
1956 ______________ 6,160 6,160 6,280
1956 ________________ 5,950 6,000 6,150
1957 5,380 5,440 5,670
1958 ________________ 5,680 5,720 5,830
1959 ________________ 5,410 5,440 5,460
190 .. . 5,510 5,580 5,680
1961 5,780 5,800 5,840
1962 ___________ 5,740 5,880 6,090
1963 ________________ 5,490 5,650 5,790
1964 . _____ 6,470 6,640 6,740
1965 ________________ 5,360 5,400 5,460
19%6 . 5,030 5,130 5,290
197 __________ 5,340 5,340 5,420
1968 ________________ 5,840 5,870 5,950
1969 _______ 6,940 7,360 7,400
1970 . ______ 6,610 6,610 6,770

1For example, the 1930 data are from April 1, 1929, to March 31, 1930.

sentative of natural streamflow patterns while the 1964 and
1973 hydrographs reflect the impact of reservoir regulation.
Regulation began on a large scale in 1953 (see table 2). Note
particularly the recurrent nature of the July to September
low-flow period and the effect that reservoir regulation has
had on the low-flow regimen. The 1944 hydrograph (pre-
regulation) shows a long recession in flow from April to Sep-
tember while the 1964 and 1973 hydrographs (postregulation)
exhibit a more abrupt transition into a relatively steady low-
flow period. :

Other types of computer programs allow quick, relatively
inexpensive tabulation and collation of useful streamflow
characteristics. For example, table 2 summarizes the lowest
mean daily streamflow values for the Willamette River, Oreg.
for consecutive 7-, 14-, and 30-day periods for the period
1910-70. In this tabulation the effect of reservoir regulation
depicted in Figure 2 becomes more quantifiable. Note, for in-
stance, the marked increase in consecutive 30-day flows that
have occurred since regulation began in 1953. Prior to 1953
the annual consecutive 30-day low flow ranged from 2,570 to
5,020 ft3/s (72.8-142 m3/s) and averaged 3,670 ft3/s (104 m3/s).
Between 1953 and 1970 the consecutive 30-day low flow
ranged from 5,290 to 7,400 ft3/s (150-210 m3/s) and averaged
6,010 ft3/s (170 m¥s).

LOW FLOWS

As described above, the quantification of a river’s low-flow
pattern should begin with a visual examination of hydro-
graphs. Ideally, hydrographs from several gaging stations and
from several years should be available for this purpose. The
lowermost gaging station on the river is usually the most
indicative of basinwide low-flow patterns.

In cases where virtually no streamflow data are available,
regionalization techniques (Rantz and Eakin, 1971, p. 51) can
often be effective for defining streamflow patterns. These
techniques are based upon the transfer of streamflow data
from gaged basins to nearby, physically similar ungaged ba-
sins. Streamflow regionalization can usually provide sufficient
resolution to depict the general timing, duration, and mag-
nitude of low flows, particularly if only general seasonal pat-
terns are needed.

Depending upon the nature of the streamflow records and
the river-quality problem in question, more quantitative
methods of analysis may be warranted. This will likely be true
in cases concerned with the design of intensive river-quality
sampling and analysis programs intended to quantify tem-
poral or spatial trends and pollution cause-effect relations.
Quantitative low-flow analysis will also be needed to develop
accurate time-of-travel information, to make estimates con-
cerning phenomena such as atmospheric reaeration, and to
make studies concerned with river-quality models and predic-
tions.

For predictive analysis, it is useful to account for the mag-
nitude and duration of low flows on a probability-of-recurrence
basis. Such accounting permits the extrapolation of river qual-
ity observed under one low-flow condition to that which might
be observed during severe drought conditions. Because many
river-quality problems are associated with recurring low
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flows, the validity of these extrapolations can partly deter-
mine the success of river-quality planning and management
decisions.

Statistical techniques are often applied to streamflow rec-
ords to estimate the recurrence probabilities of low-flow
events. Most techniques in common use by the Geological
Survey and other Federal water resource agencies are based
on either the “theory of extreme values” originally advanced
by Gumbel (1941) or the probability theory of Pearson as
summarized by Foster (1924) and Chow (1964, pp. 8-14 to
8-16). Velz (1970) has documented the use of Gumbel’s theory
for analysis of “drought flows.” The Geological Survey utilizes
a modification of the Pearson theory, known as the log Pear-
son Type III technique (Interagency Committee on Water Re-
sources, 1966; Riggs, 1968) for analyzing the recurrence prob-
abilities of both low and high flows. Using historical stream-
flow data stored on disks and tapes, computer programs are
available for performing log Pearson or Gumbel probability
analyses.

On intensively regulated rivers where regulation patterns
change drastically from year to year, low flows may not be
predictable from statistical interpretations. For such rivers,
river regulation “rules,” numerous hydrographs, and com-
puterized data handling techniques are usually needed for
quantitative analysis. For example, Shearman and Swisshelm
(1973) have documented a streamflow-simulation model based
on long-term streamflow data and reservoir-operating rules
for a multiple reservoir system in the Upper Kentucky River
basin.

Velz (1970) has described many of the basic considerations
and data requirements for formulation of flow-simulation
models of intensively regulated rivers. On the basis of studies
in many regulated rivers, Velz analyzed the impacts on
streamflow of hydroelectric plants, thermal powerplants,
navigation works, flood-control works, irrigation, and diver-
sions. Importantly, he stressed that the availability of statisti-
cal techniques and the computer does not preclude the need for
thinking and a familiarity with the river in question.

HIGH FLOWS

As with low flows, the seasonal character of a river’s high-
flow patterns can be examined through visual hydrographic
analysis. In many basins, 3 or 4 years of streamflow record
from a strategically located stream gage is sufficient to depict
the general temporal aspects (timing and duration) of a river’s
high-flow season. Several stream gages and at least 3 or 4
years of record are needed to examine the spatial variability of
high-flow patterns. Exceptions to this generalization occur in
arid Southwestern basins where a distinctive high-flow season
may not be evident.

After visual hydrographic analysis of general high-flow pat-
terns, the hydrographs can be of direct use for segregating
quality data through scrutiny of antecedent runoff conditions
that existed prior to quality sampling. A series of antecedent
analyses from several years of record and at several gaging
stations provides a basis for evaluating temporal and spatial
river-quality trends. If strong correlation exists between
streamflow and a particular river-quality variable (for exam-
ple, turbidity), more quantitative techniques can be employed
as a precursor to cause-effect analysis and prediction. Quan-
titative techniques for predicting the recurrence probabilities
of high flows, as is the case with low flows, are based largely
upon statistical manipulation.

Gumbel's “theory of extreme values” or Pearson’s probabil-
ity curves are the methods by which high-flow recurrence
probabilities are usually computed. Such statistical analyses
are referred to as flood-frequency analyses. As is the case with
drought-frequency analysis, computer programs are available
for describing the magnitude, duration, and frequency of high
flows. Computerized analysis of high flows should always be
accompanied by a study of basin physiography and flood-
control reservoirs.

QUANTIFICATION OF WATER TEMPERATURE

Many investigators, including Gilroy and Steele (1972),
Velz (1970), and Kothandaraman and Evans (1972), have
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Fi1GURE 4.—Sine curve for representing river temperature patterns.
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noted and quantified the correlation between seasonal air- and
water-temperature patterns. Further, Gilroy and Steele
(1972) and Kothandaraman and Evans (1972) have proposed
the use of a harmonic sine function (fig. 4) as an approximate
model of river water-temperature patterns. For the many riv-
ers that do not have extensive water-temperature data, such
techniques can be used to derive seasonal water-temperature
patterns.

On rivers with several years of water-temperature records,
seasonal patterns usually can be easily recognized from ther-
mographs; these are simple plots of weekly or monthly aver-
age water temperature versus time (see fig. 5).

If records of water temperature are fairly long (~10 years),
statistical analysis can be used to establish the probability of
extremes. Because the health of fish and other important
aquatic organisms is often dependent upon maintenance of
specified temperature ranges (rather than mean tempera-
tures), the ability to estimate the probality of extreme tem-
peratures is an important factor for river-quality planning
and management.

An example of the use of a graphical statistical analysis of
water-temperature patterns is shown in figure 6. Note the
identification of the “period of most severe drought flow.” Con-
current examination of overlapping periods of critical stream-
flow and water-temperature patterns is a great advantage of-
fered by such graphical presentations.

Many methods exist for the statistical analysis of water-
temperature data, and readers desiring more discussion are
referred to the references cited previously in this report. As is
the case for streamflow data, the Geological Survey provides
computerized storage, retrieval, and analytical tools for
water-temperature data for many rivers in the United States.

QUANTIFICATION OF CHANNEL MORPHOLOGY

Data on slope, channel geometry, and bed material are the
basic information for the gquantitative description of the
reach-to-reach variability of river channels. Perhaps the first
objective in using these data for river-quality analysis is de-
termination of the location and extent of pools and shallows.
This objective can often be attained with readily available
information augmented by some field measurements and ob-
servations.

The slope of a river can be examined with a simple graph of
channel elevation versus river mile (for example, see fig. 7).
Approximate slope profiles can be prepared directly from
existing topographic maps by noting the elevation of contour
lines which cross the river.

More precise definition of the slope profile and identification
of pools and shallows requires channel-geometry measure-
ments (width and depth) taken at various levels of streamflow.
Such data are often available in the form of maps from the

North Santiam River
at Niagara

Willamette River
at Salem

South Yamhill River
near Witlamina

20

TEMPERATURE, IN DEGREES CELSIUS

Minimum

Maximum

JFMAMIJJASOND

JFMAMJJASOND

JFMAMUJ JASOND

FIGURE 5.—Mean monthly and maximum and minimum daily water temperatures for the North Santiam,
Willamette, and South Yambhill Rivers, Oreg.
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FIGURE 6.—Seasonal pattern of surface water temperature for Olentangy
River at Delaware, Ohio. A, most probably monthly mean value; B, once-
in-10 year monthly mean value; C, once-in-10 year maximum 3-day aver-
age; shaded area, range within which monthly mean can be expected in 80
percent of years. [Adapted from Velz, 1970, p. 72]

U.S. Army Corps of Engineers, the U.S. Coast and Geodetic
Survey, the U.S. Coast Guard, or other agencies responsible
for river navigation and regulation. In cases where channel-
geometry maps do not exist or where channel changes have
occurred since existing maps were prepared, a recording
fathometer and boat can be employed to cross-section the riv-
ers quickly and with suitable accuracy. When referenced to
existing river-stage gages and streamflow data (to account for
depth and width changes), channel-geometry maps can be
used to calculate reach-to-reach time of travel on the basis of
volumetric displacement. For estimating time of travel during
high-flow conditions and in extremely shallow reaches, dye
tests are recommended. Discussion relative to time-of-travel
calculations by the volumetric-displacement technique is
available in Velz (1970). Kilpatrick, Martens, and Wilson

(1970) have documented procedures for calculating time of
travel from dye tests.

An example of a time-of-travel graph for the Willamette
River, Oreg., as computed from channel geometry, river stage,
and streamflow data, is shown in figure 8. Using such a graph,
one can identify likely reaches of deposition or scour, calculate
pollutant residence time from any known outfall location, and
select sampling sites for optimal description of time-
dependent river-quality variables such as BOD.

The characterization of a river’s bed materials is best ac-
complished by field observation and sampling. Several boat
trips down the river, during which dredge samples, photo-
graphs, and visual observations are made, are usually suffi-
cient to characterize the spatial distribution of bed materials.
The bed materials should be examined for biological growths,
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Ficure 7.—Willamette River, Oreg., A, Distinctive morphologic reaches. B, Elevation profile.

color, and odor. Some form of size analyses may be warranted,
depending on the objective. Care should always be taken to
consider antecedent conditions, as floods or man-induced ac-
tivities such as dredging can cause changes in the nature of
bed materials.

In some cases, quantitative information on riverbed mate-
rials is available through the District Offices of the Geological
Survey, particularly on rivers that are commonly sampled for
suspended sediment and bed load. Agencies responsible for
river navigation and dredging are also potential information

sources.
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Ficure 8.—Cumulative time of travel for various low flows, Willamette River, Oreg.
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