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Abstract

This research attempts to show how geology (lithology)
and man control downstream channel form change. It was
hypothesized that a change from sand. to shale in the Middle
Permian beds of western Oklahoma produces profound differences
in channel characteristics.

Three subhypotheses were constructed following a
review of the literature and development of a theoretical
framework. First, it was hypothesized that the force-resistance
index predicts channel cross-section area more appropriately
than either tractive force or resistance offered by riparian
vegetation. Second, total stream length upstream is important
in predicting network volume, the prediction of which is a
useful parameter for comparing flood-producing potentials for
watersheds treated with flood detention dams. Third, weighted
mean silt-clay percent in channel perimeter is a good estimator
of channel width-depth ratio. Geology was included in the

analysis as an indicator of the spatial distribution of channel
form.

The t-test used in the analysis of the subhypotheses
revealed significant differences between the slopes and
intercepts of regression lines of sandstone streams and shale
Streams at a 0.005 significance level.

Combining the three successfully tested subhypotheses
enabled estimation of the channel cross-section area fairly
consistently. However, geology as an indicator factor was
important in determining the spatial variation of downstream
channel form change. Evidence of the effects of varying
lithology on channel form sheds light on the environmental
problems in fluvial research, and signals precautions necessary
when results of research in one region are applied to another.

Abstract approved by é l[l ‘i, géq Z/s,.
Dis%értation Supervi

s
Title: °Professor and Chairman ‘?é' Geography
Department
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CHAPTER I

THE DOWNSTREAM CHANMEL FORM CHANGE OF STREAMS ON
DIFFERENT GEOLOGICAL SETTINGS

Introduction

Geomorphology in the United States has become, since
the early 1970's, increasingly included within the realm of
geography. This particular field of physical geography has
witnessed considerable attention paid to fluvial processes
and water-produced landforms (Gregory & Walling, 1973). The
focus has been on the spatial variation of phenomena.
Attention has also been directed to the aspects of river
channel forms, processes, and change which are potentially
of an applied nature (Cooke & Doornkamp, 1974).

Rivers warrant geographical study for three main
reasons. Firstly, because of their existence in the physical
landscape and their significance for producing fluvial land-
forms; secondly, because of their importance indirectly in
relation to many other geomorphological processes in fluvial-
dominated landscapes; and, thirdly, because of their signifi-
cance for human use (Gregory & Walling, 1973). Therefore, the
growth of interest in all aspects of stream channels has
included greater interest in geomorphometry and stream adjustment.

The objective of this study is to determine if geology

(lithology) can have an overriding control on catastrophic



response and allometric change in detecting the downstream
channel form change.

Sevefal substantive and significant research works on
the general morphology and hydraulics of stream channels
published in the 1950's served as catalysts to the many
important publications of the following decade. A research
on the relationships between channel form and process was
crystallized by Leopold and Maddock in 1953, In 1956, Leopold
and Wolman distinguished between channels in semiarid areas,
which tended to scour at high discharges, and channels in sub-
humid areas in which repetitive scour and f£ill sequences were
not demonstrated (Leopold~3 Wolman, 1956). Attention was also
being directed towards river channel patterns at this time,
and the same workers classified streams into straight, mean-
dering, and braided forms (Leopold & Wolman, 1957), stressing
that each type represents an equilibrium condition of a
specific form. Complementary research on river flood plains
and their formation by Wolman ahd Leopold (1957) yielded
valuable evidence on general problems of stream channel equi-
librium and change. Factors controlling stream slope in the

Appalachian region of the United States were studied by Hack
(1957), who established reiationships between slope, distance
downstream, and bed material size in the manner of the earliér
work of Sternberg (1875).

Furthermore, Gregory and Walling (1973) identify three
main ways in which form-process relationships have been studied.
Firstly, a group of studies evolved from early work by engineers

in the latter part of the 18th century of the movement of water



and sediment in channels that led to the development of basic
physical relationships such as those of Chezy, Manning, Froude,
and Reynolds. These were later complemented by Gilbert (1914)
in his flume experiments on the movement of water and sediment
in the channel, and later culminated in experimental and
theoretical research on the relationships between measures of
channel form and process under the nomen of hydraulic geometry
(Leopold & Maddock, 1953; Wolman, 1955; Leopold & Miller, 1956).
Secondly, work on river pattern based on flume and field inves-
tigations has been prominent since the work of Horton (1945)

on channel pattern hierarchy and Inglis (1949) on meanders.
Some geomorphologists have identified a branch of study known
as alluvial morphology (Wolman & Leopold, 1957) which is
concerned with deposition characteristics of floodplains.
Thirdly, at the drainage basin level, the work by engineers
(Horton, 1945), and hydrologists (Guy, 1970), and geomorpho-
logists (Wolman, 1967) has been carried out with the intent

of understanding how runoff and sediment yields vary in res-
ponse to soil erosion, changing vegetation cover, and the
influence of man. This thrust is most clearly associated with
drainage basin procesé-response systems. This research
attempts to provide an understanding énd sensitivity to all
three of these foci with particular emphasis on the first
(hydraulic geometry) and the second (alluvial morphology) of
the three. The shape of the cross-section of a stream channel

at any location is in part a function of the characteristics



of the contributing area (drainage basin-discharge relation-
ship), the quantity and character of the sediment in movement
through the section, the character or composition of the
materials making up the bed and banks of the channel, and man
induced changes in the system.

A number of reviews of advances in geomorphology (Brown
& Waters, 1974; Cooke, 1969; Gregory & Walling, 1973, 1974b;
Jennings, 1974; Zakrzewska, 1967; Butzer, 1973; Dury, 1969a,
1972a, and 1972b), quantitative geomorphology (Salisbury,
1972), and sedimentology (Allen, 1971) have stressed the
present importance of fluvial morphology, which can be defined
as the quantitative expression of fluvial landform geometry.
Although the movement towards morphometric studies gained
momentum rapidly in the 1960's, its early history was somewhat
turbulent. Statistical methods had been accepted into geologi-
cal research much earlier (Krumbein & Graybill, 1965). however,
and the beginnings of the 'quantitative revolution' in geography
as a whole have been dated to the late 1940's (Burton, 1963).
Wooldridge (1958) recognized the illustrative value of morpho-
metric work but warned against the urge to dabble in statistics,
while Baulig (1950) championed the cause for exercising caution
and proclaimed that it 'remains to be proved that mathematics
has ever revealed an actual relationship in geomorphology that
had not been discovered without its aid.' Mackin (1964) gave
approval in principle, but he feared that 'the swing to the

quantitative has been too far and too fast,' whereas Chorley



(1956) welcomed quantitative geomorphology, and what he
considered to be 'the conservative techniques of mathematical
statistics' (Chorley, 1958). Also, Salisbury (1972) pointed
out that quantitative techniques were originally introduced
largely in fluvial geomorphology, then with some opposition
were widely accepted into all phases in geomorphology. By
the end of the 1960's, therefore, morphometric studies in
fluvial geomorphology were a component part of the discipline
of quantitative geomorphology (Charlier, 1968; King, 1971).
The present morphometric channel study is viewed as a contri-
bution of this trend.

An extensive study of the literature revealed that
whereas a number of studies of channels had been undertaken
using the hydraulic geometry approach, fewer studies are
available of the spatial form and pattern of channel geometry
due, in part, to spatial differences of lithology in a region.
Patton and Schumm (1981) indicated [it is still unresolved
whether channel cutting and filling in the alluviam is primarily
caused by (a) climatic fluctuations (Bryan, 1940; Euler et al.,
1979) either to a moré humid or to a more arid climate, (b)
changes in the relativelfrequency of rainfall magnitudes
(Leopold, 1951), (c) poor land management practices, specifi-
cally overgrazing (Swift, 1926; Hastings, 1959; Cooke & Reeves,
1976), or (d) natural geomorphic-sedimentologic processes
within a range of climates and over time spans independent of

land management practices (Thornthwaite et al., 1942; Schumm



& Hadley, 1957; Patton & Schumm, 1975). Probably all of the
.above are causes but the nature of the prevailing climate and
the geomorphic character of the drainage basin can strongly
influence which causative factor will be most important].
Physical and/or biological factors are, therefore, the focus
of investigation in this study.

Furthermore, human use of natural streams affects
greatly the erosional and depositional mechanics. Channeli-
zation and using unnatural bank stabilization structures
generally reduces the aesthetic quality of a stream. River
engineering is a controversial practice used most often in an
attempt to control flooding. This engineering practice, such
as channel modification, deals with dynamics and properties of
the river. Channelization has been used to improve control of
stream-bank erosion, or improve the stream alignment relative
to a bridge crossing. Terms synonymous with channelization
include channel or drainage improvement, channel modification,
and channel works. More recently, a new form of channelization,
known as channel restoration, is being initiated on stream
channels that have been disrupted by previous channelization,
catastrophic events, or unwise landuse (Keller, 1976).

Man-induced changes in the natural system of a river

also includes installation of floodwater retarding structures.
The construction of these dams is part of the watershed treatment
to reduce losses by floods. Reserach to determine the effect of
floodwater retafding structures on watershed sediment yield and
channel stability was initiated because excessive sediment

yield and channel instability were widespread problems in the



Southern Plains (Allen, 1979). Fromthe geomorphologists viewpoint,
however, the operation of a river or stream is not so simple
(Leopold et al., 1964; Morisawa, 1968; Cooke and Doornkamp,
1974). 1In addition to protecting property, the processes and
environment of the river itself are of concern. The land
managers, from a geomorphic viewpoint, should consider preser-
vation of the balance of river processes while determining
landuses compatible with various human needs (Palmer, 1976).
A major research effort on watershed treatment by the Southern
Plainé Research Watershed which established its headquarters at
Chickasha, Oklahoma, in 1961, has been conducted on the central
segment of the Washita River basin in western Oklahoma. This
extensive research effort was carried out on the effect of the
flood control and watershed protection program presently in an
advanced state of development. The research project has
contributed more than 100 publications to the hydrologic
literature. This literature reveals that the area is witnessing
spatial changes in channel form characteristics caused by con-
servation practices of floodwater retardation, devegetation,
and the differential erosiveness of materials throughout the
area (Kennon, 1966; Allen, 1979).

There is a need for a study of channel géometry in
Western Oklahoma to complement the on-going geomorphological
research along with the hydrological research which was initiated
previously. Such an investigation appears to be necessary to
further our understanding of the spatial pattern of stream

channel form in a study area controlled by differential



geologic formations, and modified by man. Human impact on
channel form such as channel straightening are dominent in
Western Oklahoma. Also land owners cut through many meander
loops to alleviate bank erosion, shortening some reaches by
40 percent (Allen, 1979). This has led to the formulaéion of

the following statement of the problem and hypotheses.

Statement of the Problem

The purpose of this dissertation is to examine the
role of geology (alluvium derived from sandstones versus
shales) and man in controlling channel form in the downstream
direction. 1In other words, the study attempts to establish
a causal model, for natural controls of channel form under
the influence of geology, and is examined both in man-modified

versus unmodified streams.

Hypotheses

This dissertation is structured around the following
general hypothesis; differing stream dynamics and morphology
will be found in areas of contrasting lithology. This hypo-
thesis will be examined in Western Oklahoma using the
Permian age Dog Creek and Rush Springs sandstone.

Also, the consequences of direct and indirect
interference by man with stream channels are increasingly
important for understanding stream morphology. This requires

a marriage between knowledge of natural stream behavior and



investigations of induced channel changes. Three specific
hypotheses are stated to evaluate current concepts of channel

form change as applied to streams in the study area.

Hypothesis One

Streams on sandstone are best considered as candidates
for the application of a process which includes abrupt change
as thresholds are crossed.

Considerable rangeland in the study area was converted
to cropland about the time of World War I because wheat and
cotton prices were high (Allen, 1979). Landowners cut through
many meander loops to alleviate bank erosion, thereby shortening
stream lengths, straightening some reaches, and cleaning stream
channels of riparian vegetation. The distribution (the change
over space) of the present riparian vegetation along stream
channels can be considered as a factor that separates modes of
operation (aggradational and degradational modes) along the
stream channel (Bull, 1980).

A stream reverses from an aggradational to a
degradational mode of operation in response to a
perturbation; 'removal of vegetation.' Although
thresholds generally cannot be forecast a priori,
the passage of a threshold is readily identifiable
in the field.

The change of vegetation over space, therefore, seems

to be particularly well suited for studies involving the inter-

action of human activities with the fluvial system.

Streams cut in the Sandstone are sensitive

to removal of vegetation by cultivation particularly when
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stream channels are cleaned and lined. To test this hypothesis

tractive force is calculated. If dense vegetation cover

decreases the tractive force condition, then channel cross-~

section area is a function of the ratio between tractive force

and vegetation resistant index. Regression analysis should generate

significant correlation between channel capacity and the ratio

between tractive force and vegetation in channelized streams.

Hypothesis Two

Streams on shale are best considered from an
allometric rather than from a steady state viewpoint.
The density of the drainage network is perhaps the most fre-
quently cited single index in fluvial geomorphology studies.
Sokolov (1967) noted that the density of the drainage network
has a fundamental influence upon flood generation (Gregory,
1977). 1In addition, the type of stream channel as well as its
density will affect sediment yield. The importance of drainage
density arises first from the fact that channel flow is more
rapid than other forms of water flow in the basin (Weyman,
1975), so that stream density reflects the potential rate at
which water can be transmitted through a basin. Secondly,
drainage density will reflect the climatic features of a
particular area and also its basin characteristics, including
rock type.

Channel cross-sections below a dam are frequently

compound with an active inner channel that is separated from
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older pre-reservoir stream banks by vegetated berms or benches
of fine sediment on one or both sides. Flow regulation by the
reservoir from the time of completion of a dam should thus lead
to a drop in channel capacity. Plotting bankfull cross-section
areas of both inner and outer channels against catchment area,
Gregory and Park (1974) showed that the reduction in channel
capacity is substantial immediately below the dam, but becomes
progressively less marked downstream as the fraction of the
catchment controlled by the reservoir decreases (Lewis, 1981).
Also, Allen (1979) indicated that small channels in the study
area immediately below floodwater retarding structures tend to
aggrade. This situation is just the opposite of the effect
produced by large structures (Leopold et al., 1964, pp. 454-

456) . Aggradation occurs because peak flows are greatly
reduced, reducing even further the sediment transporting
capacity (transport increases with approximately the square of
the discharge, Allen 1979). Also, prior to structures most of
these channels were ephemeral. After structures were built
these channels had prolonged base flow and a lush growth of

aquatic plants began that encouraged sedimentation (Schoof

et al., 1979). 1In this regard a hypothesis is constructed

as:

Channel capacity increases in the downstream direction

as the total stream length, above the cross-section site,

increases. Regression analysis between channel capacity
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(channel cross-section area) and total stream length (measure-

ments of stream length above the cross-section site) should

confirm the allometric change, of streams on the Shale For-

mation, in the downstream direction. Also, the regression

analysis should generate low correlation between channel

capacity and total stream length in streams treated by flood

detention dams.

hypothesis Three

Another concept views the dimeﬂsional characteristics
of the channel as the result of erosional and depositional
mechanics due to differential cohesion of the alluvial sediments
(Schumm, 1961, 1963, 1977). The shape of the channel (width-
depth ratio; F), therefore, should be related to the percentage
of silt and clax in the sediments forming the perimeter of thé
channel (M). )

BN

Channel erosion into sandstone may show that

the channel extends headward by headcut migration. The
perpetuation of a headcut could be faced by some resistant
material capping the alluvium. This resistant cap may be
formed by the binding action of the plant roots, or a veneer

of silt and clay overlying the coarser materials. Also,
another important phenomenon that occurs during»the development
of a stable channel is bank carving. The relative amount of

bank carving along the stream banks is in part related to the
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"cohesiveness of sediments along the banks. 1In shale,
however, if percent silt=-clay remains approximately con-
stant in the downstream direction then the width and depth
of the channel increases at a uniform rate with discharge,
excluding the influence of other variables, and width-depth
ratio will remain constant and channel cross-section area

increases in the down-stream direction.

Channels composed of sediment containing high silt-

clay percent are narrow and deep; whereas those channels

containing little silt-clay percent are wide and shallow.

Regression analysis should confirm the validity of the negative

relationship between width-depth ratio and weighted mean silt-

clay percent. Also, the analysis should generate low corre-

lation in streams on shale. Furthermore, a discriminant

analysis of silt-clay percent should differentiate between

channel shape (width-dgéth ratio; F) for streams on

the sandstone and channel shape for streams on shale. _

This study is characterized as a hypothetico-deductive
system, as staed by Braithwaite (1960, p. 12) (Harvey, 1971,
p. 36):

A scientific system consists of a set of
hypotheses which form a deductive system; that
is which is arranged in such a way that from
some of the hypotheses as premises all the
other hypotheses logically follow. The
propositions in a deductive system may be
considered as being arranged in an order of
levels, the hypotheses at the highest level
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being those which occur as premises in the
system, and those at intermediate levels being
those which occur as conclusions of deductions
from higher level hypotheses and which serve
as premises for deductions to lower level
hypotheses.

Nevertheless, the study seeks to establish an inductive
model. This model involves the use of probability statements

within a deductive system. As Harvey (1971, p. 37) stated:

When we speak of the scientific method as
entailing deductive inference, we must necessarily
exclude the problem of confirmation of theory
as well as probability statements. In these
two areas we are firmly in the field of induction.

The confirmation of the initial hypothesis proceeds by
an alternation of deductive and inductive steps. For example,
the study is proposed to test three relationships (hypotheses);
and to do this by (1) making deductions which are testable,

(2) designing an experiment to collect suitable data, (3) ana-
lyzing this data to a form which is comparable with the
deductions from the models, and (4) testing. If the test is
satisfactory, then the relationships are not disproved and may
be checked against other areas: otherwise the models must be
modified using fresh concepts to refine them (Carson & Kirby,
1975, p. 8).

- The emphasis on both process and channel morphology
will expand the explanatory power of the deduction in this

' study. This in turn leads to confirm the genetic approach as an



appropriate method in explaining the spatial distribution
of stream channel morphology. Abler et al. (1971, p. 51)
pointed out a possible association between genetic and deduc-
tive explanation as:

Whether we choose to use genetic or deductive
explanation in a particular instance like this is
essentially a matter of choice and temperament. At
some stages of science, choice may not exist.

Constructing a number of genetic explanations and
then noting the similarity between them and using
such similarities as bases for formulating laws is

a fairly common way of developing law and theory

in science. But one will never develop law and
theory unless he is consciously trying to do so

and is searching for what is common in the individual
explanations being constructed.

Subsequently, the controlling factors of channel form
adjustment are considered within the framework of a conceptual
model of the research problem (Figure 1-A). In other words, channel
geometry depends upon geology, man induced changes, and other
related factors, such as those included in Figure 1-B.

Table 1 shows the scales and environment factors of adjustment
of streams on different geologic formation. Whenever any of
these factors change effects are felt in the dynamics and morpho-
logy of the system. The conceptual model can be used (1) to assess
the influence of geologic setting on the behavior of the

fluvial system, and (2) to evaluate current concepts of channel
form change such as that of allometric change (Bull, 1975;
Gregory, 1977; Park, 1978; Osterkamp, 1979), of catastrophic
change (Graf, 1979a, 1979b), and of fluvial system adjustments
to internal stimulation (Schum, 1961, 1963, 1977) as applied to

streams in Western Oklahoma (see model construction in Chapter

V).
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TABLE 1

THE SCALES AND FACTORS OF ADJUSTMENT OF STREAMS ON DIFFERENT

GEOLOGICAL FORMATIONS

Scale Variables (independent) Results (dependent)
Common time Sedimentologic
Range span for the not considered
of type of as a varjable
Type Change change* Biologic Sedimentologic Morphologic Hydrologic Morphologic in the study
Changes Less than 0.01-100 Natural vege- Changes in reliability Local changes Variations Epheneral Changes in
within & or equal tations in and availability of in slope, in dis— changes in erosion
adjacent to depth species along sediment, types of sedi- hydraulic charge drainages and deposition,
to ch 1 of ch 1 the stream ment, available storage geometry flashiness, and valley development of
incision channels, and along channel, facies in seasonality, floor, de- sedimentary
converting equilibrium with channel gri ter velop facies within
rangeland to condition~silt~clay con- level of channel the entrenched
cropland tent in the sediment Width/depth minor facies
(noncohesive) ratio increases on valley floor
and/or channel
cross-section
area increases
same same 100-10,000 Sources of sediments are Drainage basin area, drain- Downstream hy- Increasing dis-
upland and the channel; age network index and de- draulic geometry, charge downstream
silt-clay proportion of termining the amount of allometric change, direction will
sediment classify the discharge which will form cross-section increase the
streams as suspended the channel dimensions; a area increases amount of
load streams progressive increase of in the down- suspended
. h 1 form d ream stream sediment
direction direction
Plluvﬂa- Less than 1-10,000 Natural vege- Adjustment of valley Local increase Variations Possible phases Valley floor
tion of or equal tations in floor facies of local- of gradient in discharge, of cycles of facies,
the val- to depth species and and headwater-derived or changes in groundwater cut and fill transport of
ley floor of allu- number of sedimenta, facles of hydraulic geo- level entrenched sediment out
and pos- vial individuals channel £il11s (some metry; lateral increases channels, of the valley
sible valley increases may not be from the change and unentrenched during cut
[local fill valley facies but wmorphology of channels; a phase, down-
jcut and trangported to streams within decrease of stream relo-
£111 valley floor from local cycle of channel cation of
upland) possible cut and fill cross-section sediment in
formation of muck area where all phases
and a layer of soil deposition is
of high-cohesive dominant along
materials vegetated
reaches
Alluvia- Same 100-10 Variation and Channel adjustment depends on climate Deposition on Downstream
tion of evolution of complex response to changing discharge the flood plain increase of
the val- species of conditions not in the suspended lead
Rey vegetation stream channel; with discharge,
floor on the valley Previous Large dis- width and depth alluviation of
floor adjustment charge increases at a the floodplain
of the gra- conditions uniform rate during periods
dient of the with discharge of flooding
valley :
(equilibrium)

&that the syatem change its operational mode (from aggradation to degradation mode or vice versa)

LT



CHAPTER II

LITERATURE REVIEW AND THEORETICAL

FOUNDATION

.This chapter seeks to provide a review of past studies
of stream channels, which serves to highlight the development
of individual 'threads' within the subject (Salisbury, 1972),
and to evaluate substantial areas in which closer attention
could be profitable. The literature reviewed is concerned
with stream channel studies. The contributions of engineering
and geologic threads as described by Salisbury (1972) are not
evaluated within the study.

The second major topic considered in this chapter is
the theoretical foundations of the research. This section
will focus on the approaches of examining channel form

variations.

Literature Review

The many developments in natural stream channel form
studies subsequent to the Leopold and Maddock (1953) paper can
be grouped into the following themes (Park, 1976).

1. Downstream channel form variations and the

significance of discharge.

18
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2. Spatial variations of channel form and sediment
characteristics.

3. Channel form and catastrophic events.

4. Hydraulic geometry exponents.

5. River engineering; the dynamics and morphology of
the stream channel, -

Human use and man's interest in the land has historically
included significant drainage modification. Examples from the
0ld World include canals and ditches to carry water into and
sewage away from ancient cities, and diversion of streams for
irrigation. In the United States, stream channelization started
about 150 years ago, and thousands of miles of river and stream
channel had been modified (Keller, 1976).

Downstream Channel Form Variations and
the Significance of Discharge

Downstream channel form variations along individual
streams have attracted more attention than spatial variations
of channel form characteristics among streams in a region.
Different workers have related channel dimensions to stream
order and drainage area (Leopold and Miller, 1956). The use of
drainage area is preferred to stream ordering schemes because
of the lack of ambiguity in identification and measurement, and
because sound relationships have been widely established
between drainage area and discharge (Brush, 1961; Nixon, 1958;
Harvey, 1969). Miller (1958) studied channel properties in the

Sangre de Cristo Mountains of New Mexico, and related channel
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width to drainage area for perennial streams studied by

Miller and for ephemeral streams studied in conjunction with
Leopold (Leopold and Miller, 1956). The rate of change of
width relative to drainage area was shown to be the same in
the two areas, although the ephemeral channels were between
three and four times wider than the perennial channels for
similar drainage areas. Wolman (1967a) has demonstrated that
generally larger channel sizes are associated with urban areas
in a similar manner, by relating channel width to drainage
area. Other illustrations are provided by Harvey (1969), who
established relationships between channel size and drainage
area for three streams in southern England as a measure of the
adjustment of the channel cross-section to discharge. Several
studies by Gregory (1974) and Park (1976) provide further
illustrations of the approach based on relating form properties
to drainage area.

The effects of lithology on permeability of channel
beds was isolated in Coffin's (1968) study in Big Sandy Creek
in Colorado, which revealed downstream increases in channel
width in the upper perennial reaches and do&nstream decreases
in width in lower ephemeral reaches, the latter reflecting
channel adjustment to long term downstream decreases in flood
discharge.

Other empirical studies have considered spatial varia-
tions of channel form relative to distance downstream, which

has been suggested as a reasonable surrogate for discharge
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(e.g., Morisawa, 1969; Patton & Schumm, 1975; and Park, 1978).
Close examination of variations in channel width relative to
distance downstream enabled Zimmerman, Goodlett, and Comer
(1967) to identify two thresholds along the streams studied,
related to the influence of vegetation control; with a head-
water reach in which vegetation control was strong, a down-
stream reach in which the channel size was too large to be
strongly influenced by vegetation, and an intermediary reach
with quite marked vegetational control of channel width.

Other studies have related the spatial variations of
channel form to drainage area and its associations with
urbanization (Hammer, 1971, 1972; Wolman, 1967; Gregory & Park,
1976; Morisawa & Laflore, 1979), reservoir construction .
(Wolman, 1967; Rouse, 1950; Gregory & Park, 1974; Park, 1977),
and gully developments associated with drainage schemes (Park,
1977).

On the other hand, either spatial variations, or the
change through time of channel form characteristics relative
to discharge were illustrated by substantial amounts of
empirical field data from stream channels (Leopold, Wolman,
Miller, 1964). The original work of Leopold and Maddock (1953)
related downstream hydraulic geometry properties to the mean
annual discharge, as inferred from gauging station records, but
the discharge, or discharges, to which the channel properties
are best adjusted has not been finally resolved (Park, 1978).

Different workers related indices of channel form to a variety
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of discharge characteristics, are shown in Table 2.
TABLE 2
DISCHARGE CONDITIONS TO WHICH CHANNEL FORM CHARACTERISTICS HAVE BEEN RELATED *

Discharge ' Workers

a. Bankfull discharge Wolman (1955), Wolman and Leopold
(1957) , Nixon (1958), Speight (1965),
Leopold and Skibitzke (1967), Wilcock
(1967a), Harvey (1967), Hickin (1968),
Woodyer (1968), Norgan (1969), Chong

(1970).

b. Discharge at time of Leopold and Wolman (1956), Thornes
observation (1970).

c. Average discharge Moore (1968), Brown (1971), Chang

and Toebers(1971).

d. Mean annual discharge Leopold and Maddock (1953), Carlston
(1965) , Rango (1970), Hedman (1970),
DeWalle and Rango (1972), Hedman
and Kastner (1972).

e. Mean annual flood Miller (1958), Brush (1961),
Kilpatrick (1961), Schumm (1961la),
Kilpatrick and Barnes (1964),
Stephenson (1969).

f. Floods of other Potter and others (1968), Stephenson
recurrence intervals (1969), Brown (1971).

g. Flow duration Leopold and Maddock (1953), Wolman
relationships (1955), wilcock (1967a), Stall and

Fok (1968), Knighton (1974).

*After Park (1976)

The problem of the discharges responsible for gross
channel forms has thus been accentuated rather than solved in
the last two decades (Park, 1978). However, the bankfull
discharge is undeniably of some basic significance. The dis-

tinction between the condition in which the channel governs



23

the water in the channel, and that in which the water governs
the channel, demands identification of some threshold position
(Dury, 1975). This threshold is in all probability a‘function
of balance between boundary shear stresses created by the
flowing water, and shear resistance and stability of the
channel bed and banks, and may occur at or near the bankfull
stage (Bathurst, 1979). Wolman and Miller (1960) have shown
that flood discharges at ;elatively low recurrence intervals
(1-5 years) are responsible for between fifty and ninety percent
of the work done by streams, and they deduce that discharges of
this order probably control channel form. The bankfull dis-
charge has been shown to have a recurrence interval in the
order of 1 to 2 years in normal streams (Wblman, 1955; Wolman

& Miller, 1957), which falls within the range suggested by
Wolman and Miller (1960), and a recurrence interval of 1 to 6
years was found by Dury, Hails, and Robbie (1963) to be the
recurrence interval of the most probable annual flood (Gumbel,
1958).

A valuable extension of the various attempts to relate
channel form to discharge has been the expansion in the number
of studies in which discharges in ungauged streams are predicted
on the basis of observed channel form properties. Predictions
of this type, based upon flow equations (Barnes, 1967) such as
those of Manning or Chezy, have been attempted by engineers for
several decades (e.g., Dobbie & Wolf, 1953), but geomorpho-

logical developments in this field date from the late 1960's.



In 1968, Moore described a means of estimating runoff in
ungauged semi-arid areas based on the definition of relation-
ships of runoff to altitude, for hydrologically homogeneous
regions. The relations were adjusted on the bases of measure-
ments of channel cross-sections, to ensure sound prediction

in small basins. In the same year, Potter, Stovicek and Woo
(1968) reported a preliminary method of estimating runoff with
a recurrence interval of ten years in small streams based
exclusively on channel form properties. Following this lead,
a method of estimating the long term mean runoff from ungauged
perennial and ephemeral channels, based on channel width and
depth, was developed by Hedman (1970) and subsequently imple-
mented by Hedman and Kastner (1972). Channel capacity was
used in the estimation of mean flow by Brown (1971), who found
the channel parameter to be of greater value than was drainage
area. In a pilot study of the use of channel form properties
in estimating runoff in 17 small forested basins in the north-
east United States, DeWalle and Rango (1972) found that channel
width 'explained' 37 percent of the variation in mean annual
runoff. Some 78 percent of the variations could be 'explained'
by the use of channel widths and drainage area together, which
compared favorably with the 83 percent level of 'explanation'
offered by mean annual precipitation. Similar approaches to
estimating discharge on the basis of channel characteristics
have also been outlined by Larson (1972) in Minnesota, and

Emmett (1972) has described the application of a similar
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approach to estimating discharge along the route of a propoéed
trans-Alaska oil pipeline.
Spatial Variations of Channel Form
and Sediment Characteristics

Because hydrology and other environmental conditions
such as bedrock characteristics may vary in space over a river
basin, the whole river system is dynamically changing spatially.
In fact, the geologic factor contributes to the differences
that may be found between various longitudinal profiles. The
absolute value of slope at any point along a stream depends,
in part, on the type of bedrock, but slope decreases in a down-
stream direction for most types of bedrocks. The decrease in
slope with length of stream for common rock types correlates
with the increase in discharge in a downstream direction
(Brush, 1961; Carlston, 1969), however, it appears that a
number of misconceptions have arisen regarding the nature and
magnitude of variations in the downstream hydraulic geometry
between areas since the Leopold and Maddock (1953) paper, due
to the spatial variations in lithology (Brush, 1961).

The relationship of sediment to channel form has been
widely studied since the classic flume studies of Gilbert
(1914), and since pioneer work on the channel cross-section
(Leopold and Maddock, 1953), slope (Hack, 1957), and pattern
(Leopold & Wolman, 1957) established the relationship of water
and sediment discharge to channel form. In 1960 and 1961,

Schumm proposed a relationship between the weighted mean



percent silt-clay in the channel perimeter, and channel form

as expressed by the width/depth ratio, for stable channels.
Also, the gradients of the streams show a general steepening
with decreasing silt-clay. Thus, for those small ephemeral
streams where the annual rainfall is in the range of 10 to 20
inches both channel shape and gradient are related to (M) where
(M) is the weighted percent silt-clay in the sediment composing
the channel perimeter. It is probable that a different relation
exists between gradient and (M) for larger streams and those in
more humid regions. The relation between (M) and width/depth
ratio is valid for a large stream in different climatic regions
(Schumm, 1961).

Inspired by the work of Schumm, several subsegquent
workers havg examined the relationships between bank material
and channel form, in particular as expressed in the width/depth
ratio. Thornes (1970), for example, noted a complete lack of
significant correlations between width/depth and silt/clay
percent for streams in the Xingu Araguaia headwaters of Brazil,
although he found that the width of the Casiquaire and Orinoco
Rivers was closely related to the bank sediment (Thornes, 1971).
Hugo and Hattingh (1971) also failed to establish a relationship
between width/depth ratios and silt/clay percent in ephemeral
streams in South Africa, and they attributed this to the highly
turbulent nature of floodflows along the channel, rapid absorp-
tion of floodwaters into the stream beds, and the localized

nature of storms and floods in the area. Lack of any systematic
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downstream variation in the silt/clay percent of bank material
on the River Bollin Dean in Cheshire, and the low percentage
of the silt/clay fraction in the bed material, prevented
Knighton (1974) from recognizing any systematic relationship
between downstream channel form changes and sediment factors.
He did find, however, that the rate of change of width with
discharge at-a-station was largely controlled by bank material
composition, and in particular the silt/clay fraction (Park,
1976).

In terms of sediment transport, the significance of
both suspended load and bed load have been studied by various
workers since Gilbert (1914), and Leopold and Maddock (1953)
demonstrated how the shape of the channel cross-sections, .and
its progressive changes downstream, are conditioned by two
characteristics of suspended load transport. These are the
increasing concentrations in load relative to increasing
discharge at-a-station, and slight decreases in concentration
downstream at flows of constant frequencies. However, the
type of materials transported or the mode of its transport as
a bed load or suspended load appears to be a major factor
determining the character of a stream channel, and the classi-
fication of channels is based on this relation (Schumm, 1977).
Although variations in the proportions of bed load and
suspended load are transitional, it is possible to think in
terms of a suspended load channel transporting less bed load,

a bed load channel transporting a greater bed load, and a mixed
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load channel transporting bed load greater than suspended load
channels and less than bed load channels. The boundaries
between these groups are based on the relation between (M) and
the percentage of bed load and on the known characteristics of
streams having varying amounts of silt and clay in their
channels (Schumm, 1963). The type of materials transported as
bed load or suspended load have several effects on the stream
and the valley. If the stream channel is characterized as a
suspended load stream, perhaps the channel has stable banks.
In contrary, a bed~load stream is associated with unstable
(eroding or depositing) segments along its channel. Channel
.entrenchment has a detrimental effect on the flat and fertile
areas in the valley floor desirable for settlements and economic
activities (Cooke & Reeves, 1976).

Park (1976) developed the following argument about the
relationships between channel form and sediment in the channel.

Few theoretical considerations of the effects of
sediment on channel form have been reported, and
this lack can perhaps be attributed to several
factors. Firstly, there have been few attempts to
drive hydraulic geometries on theoretical grounds,
and the work of Smith (1974) was offered as an
alternative to earlier work by Langbein (1964).
Secondly, theoretical models of sediment movement
must be derived either from the various mathemat-
ical bed load functions and formulae--which tend
to yield completely different results for a single
channel section (Gregory & Walling, 1973)--or from
theoretical modeling of the physical processes
involved (e.g., Einstein, 1950; Bagnold, 1966).

In either case assumptions are involved, many of
which may either remain unsubstantiated or are

open to debate (Yang, 1972). Thirdly, considera-
tion of the inter-relationships of sediment movement
and channel form--which must logically proceed via
the influence of roughness--may not yet be
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sufficiently well understood (Richards, 1973) to
allow the derivation of a suitable model with
either firm statistical or physical foundations.
Nonetheless, Wilson (1973) has identified two
simple models describing the equilibrium state
of channel cross-sections. These are a 'static'
model, which is applicable when all bedload
grains on the bed are just at the threshold of
movement, and a 'dynamic' model which describes
channel bed has a sideways component up the
channel banks which exactly compensates the
tendency of these sediments to move downslope
under the influence of gravity. This latter
model is used by Wilson to explain why rivers
with coarse grained beds tend to be wide and
shallow, whereas those with fine beds tend to
be deep and narrow.

Channel Form and Catastrophic Events
Considerable interest has also been focused on channel
changes caused by extremely large floods, such as those asso-
ciated with infrequent but devastating hurricanes in the United
States (Williams & Guy, 1973). This approach was introduced by
Graf (1979) to evaluate the potential utility of catastrophe
theory in fluvial geomorphology, as a means of describing
change in fluvial systems. Catastrophe theory was designed as
a language to replace calculus (a mathematical language used
by geomorphologists to describe changes observed in geomorphic
variables especially for continuous processes) especially for
those situations where discontinuous processes or abrupt changes
are common (Graf, 1979).
However, the analogy of Leopold and Maddock (1953) was
interpreted to demonstrate that:
. . . the average river channel system tends to
develop in a way to produce an approximate

equilibrium between the channel and the water
and sediment it must transport.
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A few years later Strahler (1957), Hack (1960), and other
geomorphologists used the term "dynamic equilibrium" in
referring to an open system in a steady state in which the
form or characters of the system remains unchanged. 1In other
words, a mean or average elevaéion of the bed of a river
channel is maintained over a period of time because the inflow
of sediment to the reach equals the outflow. This balance is
determined by the ratio of sediment and water derived from the
"drainage basin as a function of runoff, vegetation, and soil
type (Leopold, Wolman, and Millexr, 1964).

The emphasis on stable time periods has led the science
away from analysis of change or adjustment, and only recently
have geomorphologists turned their attention to those periods
between the equilibrium. Schumm (1973), for example, has
identified the importance of thresholds and complex responses
intrinsic in some fluvial systems. Bull (1975) has shown that
some systems do not trend toward a steady state, and Graf
(1979a) has analyzed response times during periods of fluvial
adjustment. A major symposium addressed the question of change
in fluvial systems rather than their stability (Gregory, 1977).
This new direction of research, with its emphasis on change
rather than stability, has its roots in and is a logical out-
growth of the previous work dealing with equilibrium. The two
threads of works are complementary rather than opposed (Graf,

1979).
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Hydraulic Geometry Exponents

Hydraulic geometry is the graphical and statistical
analysis of the relationships of characteristics of a stream
channel to the river hydraulic condition (Chorley, 1972).

These include width, depth, slope, discharge, velocity, bed
material, roughness, and load. Discharge can be regarded as
the only fully independent variable. Bed material can also
be regarded as an independent variable, since its properties
are controlled by the geology of the drainage basin (Brush,
1961). The remaining hydraulic characteristics interact upon
one another in a complex fashion (Morisawa, 1973; Morisawa &
Laflure, 1979). The concept of hydraulic geometry as stated
by Leopold and Maddock (1953, p. 18) is as follows:

The channel characteristics of natural rivers are

seen to constitute, then, an interdependent system

which can be described by a series of graphs having

simple geometric form. The geometric form of the

graphs describing these interactions suggests the

term 'hydraulic geometry.'

Although some variations in the exponent and constant
values of the hydraulic geometry relationships for streams in
the midwest United States were apparent in the original analysis
by Leopold and Maddock (1953), mean values of the exponents
were calculated, and these have subsequently been accepted as
a 'standard' for midwest streams (Park, 1978). When downstream
variations in the exponents were examined by Park (1976) with
the aid of tri-axial distribution graphs, several points emerge.

Humid temperate streams tend to have medium to high width

exponents (0.4 to 0.8), medium depth exponents (0.2 to 0.6) and



low velocity exponents (-0.5 to 0.3). These contrast with

the tropical streams. A distinction can be drawn between most
of the perennial channels which have exponents similar to those
in humid temperate streams, and the few ephemeral streams
available at that time, which have low width exponents (below
0.3) and relatively high velocity exponents (0.4 to 0.6). The
two anomalous perennial sites in this analysis by Park (1976),
which have extremely high velocity and low width exponents,

are the Pojoaque and Santa Cruz rivers in New Mexico described
by Miller (1958). Contrasts in the hydraulic geometry exponents
between the major climatic environments can thus be identified

and these are summarized in Table 3 (after Park, 1976).

TABLE 3

SUMMARY OF DOWNSTREAM HYDRAULIC GEOMETRY EXPONENTS
BETWEEN MAJOR CLIMATIC ENVIRONMENTS

Climatic Exponents
Environment Width Depth Velocity
a. Humid temperate medium=- medium low
low
b. Semi-arid perennial medium- medium low
high
c. Semi-arid ephemeral low medium high
d. Tropical medium medium medium
e. Pro-glacial Insufficient evidence

This does not point directly to the conclusion that climate

directly controls the downstream hydraulic geometry exponents,
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but rather it suggests that the exponents are affected by
major climatic differences as expressed through differences
in water and sediment yield as well as through gross topo-
graphic differences, which were taken into consideration by
Morisawa and Laflure (1979).

Park (1978) pointed out that there is a considerable
range of exponents in the at-a-station and downstream geome-
tries, and so this casts doubts on the use of mean values
samples of exponents to characterize the hydraulic geometries
of particular areas (e.g., Leopold & Maddock, 1953). 1In most
of the literature cited in this chapter no attempt was made
to explain the causes of variations in the hydraulic geometries
as reflected in the exponents and the constants.

River Engineering:
The Dynamics and Morphology of the River

As in a drainage basin, so along the river variations
of valley slope, sediment load, and discharge cause local
reaches to be unstable. If, for a river, a relation between
stream power and sinuosity or between valley slope and sinuosity
can be established, then a plan for stabilization may include
an increase of sinuosity as a means of decreasing stream power.
Such an approach may be a valid substitute for the bank stabili-
zation and realignment techniques currently in use, but it
would require the construction of dikes to begin development of

a sinuous pattern (Schumm, 1977, p. 327).
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For natural stream channels, it is easier to find
examples of meandering or braided channels than to find long
straight reaches. Even where the channel is straight it is
usual for the thalweg, or line of maximum depth, to wander
back and forth from near one bank to the other. Opposite the
point of greatest depth there is usually a bar or an accumu-
lation of sediment along the bank, and these bars tend to
alternate from one side of the channel to the other. 1In an
idealized sense, flow and depositional pattern seen in the
plan view is similar in straight and in meandering patterns
(Leopold et al., 1964, p. 281). This condition is described
as the morphologic recovery of a modified channel, defined as
a return to a more natural distribution of bed forms such as
pools and riffles. This morphologic recovery is likely to be
more rapid than biologic recovery, because the diversity of
flow provided by pools and riffles is necessary for maximum
biologic productivity. Although incipient pools may begin to
form soon after channelization (Morisawa, 1974; Keller, 1975),
the time necessary for the formation of a morphologically
stable series of pools and riffles is not known, in fact, if
the stream is severely disturbed and periodically remodified,
they may never form.

One of the requirements for pools and riffles

in nonmeandering streams appears to be some degree of
heterogeneity of bed material size. Channels that
carry uniform sand or uniform silt appear to have
little tendency to form pools and riffles. 1In

part this might be attributed in sand channels to

the concomitant high width-to-depth ratio asso-
ciated with relatively noncohesive bank materials,
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and this ratio in turn tends to promote a braided
pattern. Pools and riffles are less well developed
in braided than in straight but nonbraided channels.
Braided or anastomosing channels are often but not
always associated with sandy or friable bank
materials. Also, vegetation has similar effects;

a change from nonbraided to braided character is
sometimes associated with a change from dense
vegetation along the channel banks to sparse or
nonvegetation. Whether these coincident changes
are causally related cannot usually be ascertained,
although the coincidence is suggestive.

(Leopold, et al., 1964, p. 282)

Channelization is a controversial issue, and, although
more environmental aspects are being considered today than ever
before, the pressure to modify channels will increase in the
future. Therefore, it is important to discover ways to modify
channels that will minimize environmental degradation and
maximize the overall return to man. Several aspects of fluvial
geomorphology and hydrology that are now or may eventually be
helpful in designing more natural channels are: (1) the concept
that streams are open systems in which channel form and process
evolve in harmony, (2) utilization of the convergent-divergent
criterion, (3) identification of geomorphic thresholds for
stream channel, and (4) recognition of the complex relationships
between deposition, erosion, and sediment concenteration. In
general, increased slope of the straightened channel will
normally cause incision and rejuvenation upstream, thereby
producing a high sediment load that will probably enlarge and
aggrade the aligned channel and cause flood plain destruction.
Again, the channels that will benefit most from partial or

full channelization probably can be identified by a careful

study of channel morphology.
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Methodological Aspect of the Problem

The literature review. revealed that investigators
sought to explain areas of erosion and deposition among
segments of a stream channel and among streams in the region,
as a consequence of 'human' or 'climatic' impact. But very
few have attempted to explain degradation and aggradation
along streams according to environmental variations (i.e.,
differential geologic formations, unusual flood or rainfall
events, differential flows through theé drainage net, and
inherent disadjustments in stream profiles). Therefore, the
basic method that will be used in the study is to adopt
different approaches for different lithology to predict
changes in channel form. Firstly, adopting an approach in
the study to use the arroyo-development process as an indi-
cation of channel form change as the fluvial system adjusts
to internal or external stimuli. Secondly, adopting an
approach in the study to use the relationships between cross-
sectional from variables and total stream length above a
particular cross-section as a means of characterizing the
variations of channel form along individual streams. Thirdly,
adopting an approach in the study to use the relationship
between cross-sectional form variables and sediment charac-
teristics as a means of describing the type of geomorphic
thresholds in the system, whether they are thresholds
controlled by external variables or are thresholds controlled

by internal variables.
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Approach One

Approach one is to test catastrophe theory in the
system using data from entrenched stream segments. The
entrenched stream segments are best considered as candidates
for the application of catastrophe theory because the process
includes abrupt changes as thresholds are crossed. The
system controls (independent variables) are readily identified
as (a) the force of flowing water operating against (b) the
resistance of earth materials. The behavioral variables
(dependent variables) reflecting this operation is the area
of.the channel cross-section at a given point in the stream
network (Graf, 1979b). However, the process of arroyo
development is a longstanding question in geomorphic research
(Cooke & Reeves, 1976). That is, the same forms have resulted
from a wide variety of causes, some of which are detectable ‘
after their operation and some of which are not. Emphasis in
arroyo-related research is now turning to the process of
channel changes as the fluvial system adjusts to internal

(Schumm, 1977) or externai (Cooke & Reeves, 1976) stimuli.

- Approach Two

Approach two will test the variations in channel size
properties relative to drainage area or total stream length
above a particular cross-section, which will be employed both
as a measure of spatial location, and as a surrogate for dis-
charge. The hydraulic geometry approach is important to

relate the characteristics of the total area or the total
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stream length above sampling points to channel morphology.

Approach Three

Approach three is to examine the relationship between
channel morphology and lithology. That is, the characteristics
of superficial deposits should be numerically described. 1In
essence, alluvial stream channels have been classified on the
basis of one of the two independent variables influencing
stream morphology. Discharge cannot be used as a basis for
classification because it controls mainly the size of the
stream channel. The type of materials transported by the
stream is a major factor determining the character of stream
channel. Absolute size of the sediment load may be less
important than the manner in which it moves through the
channel. Channel stability depends on the balance or lack
of balance between sediment load and transportability and
three classes of channel result: stable, eroding, and
depositing (Schumm, 1977).

Theoretical Foundation of the Problem
Concepts of Channel Form Change

Attention could be subsequently focused on three
concepts which are: (1) catastrophe theory, (2) the concept
of allometric change, and (3) sediment properties as a geomor-
phic factor determining stream channel shape and differences
in mechanics of erosion and deposition between areas (Table
4). By applying these approaches it will be possible to examine

areas of erosion and deposition. along stream channels, and to



TABLE 4

CONCEPTS OF CHANNEL FORM CHANGE

clay

Ke
Conce:ta Objective Method Source Unite Function Variables
Catastrophe Tractive force DuBoys Graf dynea 10-(yf)(d)((L) 1°-tractlve force
theory (1979a) yf-denslcy of fluid
d"=depth of flow
or 6 =glope of the channel
catastrophic €
change Depth of flow modified] Graf feet [ QlO 9.6 d =depth of flow
applied to sanning (1979a) d = 149 05 Q, ,~10-years discharge
:;:e:::d::onc equation ‘-:——(0.55)(H.)((%) * J n =roughness parameter
formationa - w_=mean width of channel
ac-slope of the channel
The concept Relationship Gregory Gregory | sq. c-n(iZL)6 C=channel capacity
of between channel (19717) feet (width x depth)
allometric change| geometry and IL=Total etream length
applied to network morph- above a particular
streams on tha ompetry cross-section
shale formationa
Sediment Weighted mesn Schuom Schumm [eighted Scxw#Sbx2d M=weighted mean
properties percentage (1960) mean M = percentage silt-clay
a8 a silt-clay for perceat wi2d S =percent silt-clay in
geomorphic each cross- channel alluvium
threshold section sb-percent silt-clay in
applied bank alluvium
to d=channel depth
streams Wechannel width
on
the sand- Relationship Schumm Schumm ratio l’-a(H)b F=width-depth ratio
stone between channel (1961) M=weighted mean
and shape and percentage silt-clay
shale weighted mean atb:are conatants
formations percentage silt-

6€
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establish the magnitude of spatial variations in various
channel cross-section form characteristics along individual
streams and between streams among different geological for-
mations. Throughout the study it may be possible to confirm
that geology plays an important role in determining the" shape
of the channel cross-section. Then, it is possible to
synthesize the findings from the various approaches which
will be applied into a general model.

Concept One:
Catastrophe Theory -

In fluvial geomorphic applications, the catastrophe
concept is readily acceptable and has been explicitly employed
by researchers for nearly two decades (Chorley, 1962; Chorley
& Kennedy, 1972). Control variables (independent variables)
could be defined in a number of ways, but the most basic are
force and resistance. Possible behavior (dependent variables)
va;iables include channel characteristics such as width, dépth,
slope, and roughness (Graf, 1979b).

Research into questions of arroyo processes has only
begun to explore the nature of changes that take place within
arroyos and their drainage basins. If processes are measured
by changes in observed variables in a system (Thorness &
Brunsden, 1977), basic quantitative research into arroyo
processes is limited to a few works, including those by Leopold
and Miller (1956), Schumm and Hadley (1957), Melton (1965),
Cooke and Reeves (1976), and Malde and Scott (1977). La

March (1966), Womack and Schumm (1977), and Graf (1979a)
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provided quantitative data on rates of process. The general
suggestion by Horton (1945) and Strahler (1952) that geomor-
phologists concentrate on the interplay between force and
resistance has been largely overlooked by researchers studying
arroyos.

The idea behind arroyo cutting (channel entrenchment) is
that the force in the channel exceeds the resistance offered
by vegetation cover. For example, a l0-year flood discharge
may have a force that the resistance offered by wvegetation
cover is unable to withstand. On the other hand, biomass of
vegetation on the valley floor exerts significant control on
the trenching process (Graf, 1979a).

Data of discharge at various return intervals are needed
to determine flow depths for tractive force calculation. The
method.used by Graf (1979a) would be approbriate for determining
discharge by indirect ways when required detailed meterological
data are not available (where basin areas determined for each
measurement site are small).

If the discharge for the channel is known, a modified form

of the Manning equation provides depth of flow:

Q0 ,0.6

8
0.5
(0.55) (W) (8,)

4 = {179
n

where n = Manning roughness coefficient as observed in the

field and evaluated according to Barnes (1967), Wm = mean
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channel width, measured in feet to maintain consistency with
the values for Q(cfs), and Oc = channel gradient.

In many applications of variations of Manning Equation,
depth is directly substituted for hydraulic radius if the
channels are wide and shallow.

The general form of the tractive force relationship in

an open channel is the DuBoys equation (Rouse, 1950, p. 194):

T, = (Yf)(d)(ec) B )
where T, = tractive force in dynes, Yg = specific weight of

the fluid, and 4 = depth of flow as derived abové, converted
to Cm for compatibility with the measure of the force in dynes
(see Bogardi, 1974 for discussion of the strengths and weak-
nesses of the function).

Surficial materials and vegetation on valley floors resist
the force generated by fiood flows. The study area selected
for application should not seriously violate the assumption
that the materiais of the valley £fills are homogeneous and
their cohesion is considered constant. Vegetation on valley
floor, however, could be found highly variable because it is
always subject to manipulation by human activities. Therefore,
biomass on the valley floor (Bv) is a useful measure of resis-
tance at measurement sites.

The comparison between T and Bv may demonstrate why

channel entrenchment is sensitive to vegetation changes of
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both broad and narrow extents. Reduction of vegetation through-
out the basin results in increases in forces, which might
initiate entrenching.

Therefore, the amount of excavation that occurs depends
on the amount of force available, the vegetative resistance,
the nature of the materials, and the amount of time involved.
However, the time element of channel entrenching in the study
area depends on the historical data available.

William Graf (1979b) provided the language of catastrophic
change and introduced what is called catastrophe theory as a
model for change in fluvial systems. Controversies around
catastrophe theory were, also, created. That is not a product
of its developmenf, but rather results from attempts at appli-
cation. The mathematical language used by geomorphologists to
describe changes observed in geomorphic variables has been
based on calculus, a body of mathematics that is extremely
flexible and adaptable, especially for continuous processes
and those that have smooth transitions from one state to
another. Geomorphic research concerned with equilibrium has
made effective use of calculus-based mathematics, which have
yet to be fully exploited for this purpose. The flexibility
of calculus is limited, however, when discontinuous operations
or abrupt transitions are considered (Zeeman, 1976). Catas-
trophe theory was designed as a language to replace calculus,
especially for those situations where discontinuous processes

or abrupt changes are common. In the light of the
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characteristics of the theory, it could be a useful represen-
tation of change in those geomorphic systems definable by two
control factors (force and resistance) and behavior dimension.

Concept Two:
The Concept of Allometric Change -

The concept of allometric change, developed and widely
applied in biology, is an approach used to examine the nature
of static allometric changes in stream channel size relative to
drainage basin area. In other words, it suggests a tendency
for streams to reach a steady~state allometric situation when
channel capacity increases at the same rate as drainage area
(Bull, 1975; Park, 1978).

The removal of materials from the valley floor results
in the creation and modification of the channel form. The
width and depth of the channel are related to the amount of
materials excavated, but these two basic dimensions change at
different rates. Width is controlled by mass movement processes,
especially soil fall and slumping from the channel banks, while
depth is primarily controlled by fluvial processes on the
entrenched channel floor. If rates of change for the dimen-
sions are related to a third variable (amount of material
excavated, discharge or tractive force), then the dimensions

are related to each other by a power function (Graf, 1979a):

We=alP . o o e e e (3
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where W = width, d = depth, a = constant, and b = the rate of
change. If the rate of change for both variables is the same,
b = 1.0, and there is an isometric change characterizing the
form. If the rates of change are different, a more likely
situation since two different processes are at work, b # 1.0,
and allometry prevails. See Woldenberg (1963) and Bull (1975)
for discussions of allometry in geomorphology. Although
Woldenberg (1968) and Bull (1975) do not explain why changes
occur in the entrenched channel forms, the allome£ric concept
provides a useful descriptive method for the different rates
of change of channel width and depth.

Woldenberg (1972) has pointed out that the concept of
hydraulic geometry as advocated and illustrated by Leopold and
Maddock (1953), is one of the more easily visualized examples
of allometry in geomorphology. Two recent evaluations of the
nature and magnitude of variations in hydraulic geometry
exponents, based on analysis of large bodies of data from the
literature, have revealed substantial differences in the
exponents when the b, £, and m exponents are considered simul-
taneously by means of triaxial scatter plots (Park, 1976).
These suggest that the classic approach of characterizing
variations in flow width, depth, and velocity relative to
discharge both at individual sites (at-a-station hydraulic
geometry) and in the downstream direction (downstream hydraulic
geometry) may not be really suitable for identifying regional

spatial patterns of channel morphology.
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The independent variable against which variations
in channel form variables can be related should logically
provide both a surrogate for discharge and a measure of
spatial locations (although these are highly interrelated).
There would appear to be at least four possibilities (Park,

1978) :

(1) Stream Order: A basic measure of
relative location within stream
systems, which has shown to relate
to stream discharge (Leopold and
Miller, 1956; Leopold, Wolman, and
Miller, 1964).

(2) Distance Downstream: A simple
measure of relative location,
which is shown to be related to
discharge (Leopold et al., 1964)
and less ambiguous to determine
and interpret there order.

(3) Total Stream Length Upstream:
This measure, which circumvents
the problems of ignoring network
structure upstream, has been used
by Gregory (1977).

(4) Drainage Area: A standard measure
of relative location, which is
known in many studies to be related
to discharge (Leopold et al.,
1964).

The original study which related the hydraulic geometry
of stream channel to drainage basin network was Leopold and

Miller's 1956 paper. They stated that the quantitativeh
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description of drainage nets developed by Horton (1945)
related stream order to the number, average length, and
average slope of streams in a drainage basin. Their purpose
was to show that this useful tool may be extended to include
the hydraulic as well as drainage-net characteristics. The
interrelationship between the drainage network and hydraul;c
geometry was established via the concept of proportionality
in the following manner. Horton (1945) demonstrated that the
relationship between stream order (0) and drainage area (Ad)
can be defined using the following expression:

O0=10g Ad . . ¢« v ¢« ¢ v ¢ o o o « o« (4)
Furthermore, it is well established that Q (discharge) is
related to drainage area by the simple power function:

o=ad. . ... ...
Therefore, it would follow that discharge is related to
stream order in the form:

00 10 Q ¢« ¢ ¢« « ¢« ¢ o o o s o =« o+ (86)
Using the hydraulic geometry equations of Leopold and

Maddock (1953):

Woch..............(7)
dao ofF L .. (8
Vo 00 . e e e e e e e e e e e (D)
Lan..............(lO)
R T o R & 8 B

N o QF vttt e e e e e e e e .. (12)

where Q is the discharge, W is the channel width, d is the
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channel depth, V is mean velocity, L is the suspended load,
S is the local channel slope, n is the channel roughness,
and b, £, m, j, z, and y are exponents for each equation.
Leopold and Miller (1956) suggested that the following multi-
variate relationship should "definitely" exist in the form:

O aa log (W, d, V, L, S, n) « ¢« + ¢« « « o« « « « (13)
The empirical confirmation of Equation (6 ) was based on

the following relationships:

0

K log W . - e o . e e o . o o e o o e . o » (14)

o

K1Og S ¢ ¢ o o o o s o o o o o o o o & » « (15)
Channel width was then regressed against channel slope, and
the equation was expressed as follows:

S=0.12W 0 > L ... (18)
Equation (16) along with the well-accepted nature of Equation
(5) is the foundation by which Leopold and Miller (1956)
integrated the geomorphic and physiographic characteristics.
Also, they indicated that ephemeral streams in New Mexico
are characterized by a uniform downstream increase of width,
depth, and velocity, with stream order and also with drainage
basin size. Increasing size of a drainage basin is combined
by a downstream increase of discharge. Furthermore, the
interrelations among all of these factors, both hydraulic and
physiographic, may be expressed in simple terms, either as
exponential or power functions. The method of combining the
hydra;iic variéble with factors measured on a map or obtained

in the field from a dry stream bed allows a simple means of



obtaining interrelations which cannot be measured directly.

To advance this approach one must define the inde-
pendent variable which will be regressed against channel form
variables. That provides a logical surrogate for discharge
and a measure of spatial variation. It is desirable to have
2 volumetric index of the stream network (Gregory, 1977).

The reasons of selecting that index are its applicability on
drainage basin impounded by flood-water structure. Also, the
index is applicable to drainage basins characterized by high
differential flows through the drainage net, as well as
drainage basins characterized by an increase in channel size
relative to drainage area.

To obtain an index of network volume, it is necessary
to relate the length of the network to the capacity of the
channels to which the network is tributary. Within any one
basin, measurements of the channel cross-section can be made
at a number of locations and related to measurements of length
of stream channel above the cross-section. These measurements
can then serve as a basis for an index of stream network
volume. Several workers have related stream channel capacity
to drainage area (Harvey, 1969; Gregory et al., 1974) or stream
channel width to drainage area (Day, 1972), and stream capacity
to stream network volume (Gregory, 1977). A linear regression
relating channel capacity (C) as the dependent variable to the
total stream length (IL) above a particular channel cross

section provides a means of relating channel geometry to
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network morphometry in the form:

c=a@w® .. ... ..
As it represents a combination of channel geometry and network
morphometry, an index of channel morphometry may be developed
by integrating the expression between the limits of the

stream network (Gregory, 1977). Thus:
n

d b
ng a(m® . a@En ... ... .. 8

2
/c

where ny is the upper limit and n, is the lower limit of the
channel network considered. The integrated expression can
then provide an index of the volume of the channel network
between limits n, and n,. Because water flow in channels is
at least ten times more rapid than water flow by overland or
subsurface routes, the volume of the stream network calculated
in this way will index the potential of the basin to transmit
water rapidly. The value of channel morphometry calculated
for several basins could be used in relation to water and
sediment production from the basins, it could be used as an
index to compare the fluvial morphology of the networks, and
it could also be employed to indicate the magnitude of changes
which have taken place. Therefore, the choice of the allometric
model is based on whether the model can be proved to exist in
the field, and whether it provides flexibility of the channel
form change. In any case, relation of channel form to total

stream length in the form y = axb can be defined, which will
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vary depending on the spatial scale of the streams selected

for the study.

Concept Three:

~ Sediment Properties as a Geomorphic Factor Determining Stream
Channel Shape -

The width/depth ratio of a channel defined as stable
(because there is no progressive channel adjustment) is
related to percentage of silt/clay in the perimeter of the
channel (according to Figure 5.2 in Schumm, 1977, p. 109).
Also, the gradient of stream channel is directly related to
both bed material load and grain size and inversely related
to water discharge. Hack (1957) found the relation between
channel gradient and median grain size (Dgqy) using the
drainage area as an index of discharge. Brush (1961l) also
concluded that downstream decreases of stream gradient depend
upon the resistance of the rock being eroded and suppliéd to
the channel. The gradient of a stream, therefore, is strongly
influenced by the hydrology and geology of the drainage basin.
The latter provides sediment of various quantities and sizes.

Complete description of the characteristics of the
drainage basin must include reference to the rocks and sediment
beneath the basin. This is necessary because the type of rock
underlying the basin will determine the nature and extent of
groundwater storage and also the type of material which is
available for erosion and transport within the drainage basin.
Geologists have provided numerous techniques for describing

the character of rocks and similarly pedology has devised



52

methods of soil description. Both sciences have produced
maps at a variety of scales. Such maps are necessarily
governed in their production by the needs of the disciplines
from which they arise and so the basis of classification of
rock type, soil type, and superficial deposits on published
maps are frequently based primarily upon genesis, which is
not necessarily the most relevant and appropriate basis for
the fluvial geomorphologist. Ancillary techniques, therefore,
have to be utilized to express the character of rocks and
sediment relevant to the form and function of the drainage
basin. Such techniques have been incompletely explored by
geomorphologists compared with the techniques denoting topo-
graphic chdracteristics of drainage basins or describing the
fluvial sediments within the basin. These techniques are
going to be used in the research to describe the.character-
istics of rock, of superficial deposits and soils, and of
fluvial sediments.

Although in most studies of rivers the median grain
size (Dso) has been used as a descriptor of sediment type,
some studies revealed that there is a great change in sediment
character within the range 0.05 to 0.1 mm. Any grain size
between 0.05 mm and 0.1 mm could be used as the boundary
between silt-clay and sand. However, it is convenient to use
either the 200-mesh (0.074 mm) or 230-mesh (0.0625 mm) sieves
(Schumm, 1960). Schumm used the weighted mean percentage

silt-clay for each cross section (M) as a parameter to express
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the character of the sediment forming the perimeter of the

channel where:

Sc X w+ S x 24
M = w + Zd . . . . . . . . . . . . . (19)

in which:
Sq = percent silt~clay in channel bed alluvium
Sy, = percent silt-clay in channel banks alluvium
d = channel depth
w = channel width.

As the percentage of silt-clay in channel bed and banks
increases, the shape of stream channels expressed as width-

depth ratio (F) varies according to the equation:

F = 255 (M) 1-08 e e e e e e 20

Also, the gradients of the streams show a general steepening
with decreasing silt-clay. Thus, for those small ephemeral
streams where the annual rainfall is within the range 10-20
inches, both channel shape and channel slope are related to
(M) (Schumm, 1961). It is probable that a different relation
~exists between gradient and (M) for larger streams and more
in humid regions. The relation between (M) and width/depth
ratio is valid for a large range of streams in different
climatic regions (Schumm, 1960).

The type of materials transported or the mode of its

transport as a bed load or suspended load appears to be a
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major factor determining the character of a stream channel,
and the classification of channels is based on this (Schumm,
1977). Streams having high content of silt-clay are charac-
terized by low width/depth ratio and the mode of sediment
transport is suspended load. On the other hand, streams
having a log silt-clay content are better described as bed
load streams where transportation depends on the balance
between load and stream competence. Absolute size of sediment,
therefore, may be less important than the manner in which it
moves through the channel. Furthermore, channel stability
depends on the balance or lack of balance between sediment
load and transportability and three classes of channels result;
stable, eroding, and depositing (Schumm, 1963).

Lane (1955) depicted the relationships between water
discharge, Qw’ channel slope, S, sediment size, D, and bed-load

discharge, Qs’ as:
Qs D a Qw S L] - - . . L ] L] * - L ] L ] L ] [ ] (21)

Accordingly, if water discharge is abruptly increased relative
to bed-load sediment discharge and if slope does not immediately
change, a stream will react either by entraining more of the
bed sediment to meet the increased capacity, or by entraining
larger sizes of bed materials to meet the increased competence.
Usually both adjustments occur.

To include properties of channel geometry, Schumm
(1969, 1971) extended Lane's qualitative relationship to the

form of:
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WdlL
Qw o S e e e e e e s e e e e e (22)

where W is channel width, d is channel depth, and L is meander
wave length. This relationship indicates that the channel
should respond to the increased discharge by eroding its
channel and thus increasing its width and depth. This rela-
tionship was employed in a study by Shepherd (1979) of Sandy
Creek watershed in Central Texas. Because the channel of
Sandy Creek was bed rock and alluvial, the Qidth and depth
increases occurred not by erosion but by the increased
discharges being conveyed in larger cross-section areas of the
valley. Furthermore, the constricting effect of the bed rock -
bed and banks o§ the channel of Sandy Creek induced incision
such that the increase of depth was greater than that of width
(Shepherd and Schumm, 1974).

Schumm (1969) depicted the relationships between the

increase in bed-load and channel variables as

. WLS -

Qso‘_cﬁ- ‘.............(23)

for alluvial streams, where P is sinuosity and the other
variables are the same as in Equations 21 and 22. The combined

relationships are (Schumm, 1969, p. 261):

v/ +
to t o MO/ gy gr L. L L. (20)

o, " o
where + and - indicate the direction of change. Schumm

suggested that although S and d could either decrease or

increase, S will usually increase and d will usually remain
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constant or decrease in alluvial channels (see also Cook and
Warren, 1973).

Consequently, Schumm's (1963) classification of alluvial
river channels was through distinctions of width-depth ratio,
gradient, sinuosity, and relative amounts of sediment trans-
ported as bed load and suspended load. According to specific
ranges of these factors Schumm distinguished suspended-load,
mixed-load, and bed-load alluvial channels, and characterized
their dominant processes of erosion and deposition. Two
important factors limit the concise applicability of Schumm's
classification in such a study area. First, the availability
of precise data on the relative amounts of sediment transported
as bed load or suspended load. Second, the availability of
allgvial stream channels in the study area. Only the type of
" the channel bed sediment (sand bed channel or silt-clay bed
channel) is a major independent variable because it is readily
measured in the field. Therefore, the classification is (bed
load stream or suspended load stream based on the percentage
of silt-clay in the sediment in the channel) analogous to that

of Schumm (1963), and his terminology will be employed.



CHAPTER III

THE STUDY AREA

General Deliniation

The area considered in this study is in the Osage
plains of the Central Low Land Province and is centered in
west-central Oklahoma. It includes all the sections from T.

7 N. through T.1l1l N., R.6 W. through R.10 W. in Grady and Caddo
counties, Oklahoma. The location of the streams seleéted

for this study within the area are shown in Figure 2 and will
be referred to herein by their respective names.

Rolling plains developed by erosion of shales and
siltstones characterize the eastern part of Grady County.

The western part of Grady County and most of Caddo County, north
of.the Washita River, is cut by deep channels eroded in sandy
shales and sandstones (Fenneman, 1938, pp. 455, 605-630). The
upland prairie of the area between the Canadian River and the
Washita River in Caddo County is essentially a terrace-leveled
surface on the underlying Rush Springs Sandstone. On this
surface, stream erosion has incised a dentritic pattern of

steep walled canyons, badlands, and buttes. Near the contact

of the Rush Springs, sandstone and the siltstone and shales of

57
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the underlying Marlow formation, the canyon walls lose their
steepness and grade into gentle slopes.

Tributaries to two of the major rivers in Oklahoma,
the Washita and Canadian, drain the area. Buggy Creek, draining
the northern part of the area, is the only tributary of the
Canadian River present here. The other principal streams in
the area are Sugar Creek, Spring Creek, and West Ionine Creek.
These streams head in the outcrop area of the Rush Springs
Sandstone and are spring fed. Other major tributaries of the
Washita River including Salt Creek head in the outcrop of the
Dog Creek Shale.

Some streams of the central segment of the Washita
River and the Canadian River were selected for the study.
Devil's Canyon and Kickapoo Creeks drain into Sugar Creek which
is a tributary of the Washita River. Buggy Creek heads in the
southwestern township of Canadian County, Oklahoma, and flows
through the northwestern part of Grady County to empty into
the Canadian River east of Minco, Oklahoma.

Although the area if geographically centered
between the two major reivers, the larger
amount of drainage goes to the Washita River
due to a 160 foot difference in grade level
between them (Norris, 1951). Within the
Anadarko-Alex reach of the Washita River,
West Fork of Salt Creek and Salt Creek are
drained southward into the Washita River
which is a tributary of the Red River

(Figure 2).

Many streams are incised in a broad valley floor
of a former drainage system. Rapid headward
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erosion in canyon fill sediments has re-excavated
several buried canyons. All stages of canyon

re-excavation are present in this area (Norris,
1951). Knickpoints and notched box head canyons
are indicative of multi-cycle erosion (Howery,
1960, p. 1ll).

The dendritic pattern of the streams affords
no consistent relationship to structure. Com-
parison of the geologic map and the structural
contour map indicates that Sugar Creek, for
example, is paraclined as well as diaclinal.
Buggy Creek has some relation to structure

but no definite pattern exists for the entire
stream system. This consequent stream pattern
is probably more affected by regional surface
slope than by structure of the underlying strata
which dip only five to fifty feet per mile.
(Davis, 1955 and Howery, 1960, p. 11 & 12)

In the area the wind plays an important role in the
type of vegetation that protects the soil. 1Its desiccating
effects limit the amount of moisture the vegetation receives,
and its velocity affects the type of trees that can exist there.
A marked contrast in vegetation is observed at the contact of
the Rush Springs Sandstone and the Marlow Formation. Dense
growth of scrub oak and juniper flourish on the Rush Springs as‘
a result of their natural "preference" for sandy soils. On the
Marlow Formation native grasses are predominant. Along the
valley floors the streams are bordered by a fringe of willow,
sycamore, cottonwood, and oak trees as well as by underbrush.
Inside the canyons a relict flora of sugar maple and other large

trees exotic to this area exist. This occurrence is probably
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enhanced by the protection afforded by the canyon walls and
a water supply afforded by the stratum springs, typical of

Devil's Canyon Creek.

Water Balance

Northern Caddo County has a climate subject to
moderate to extreme climatic changes. The annual mean tem-
perature is 62°F and the annual average precipitation is 29.6

inches, far below the average evaporation per year {See State
Climatologists, 1957; Thornthwaite, 1942). There can be
extended drought in this area, as exemplified by the "Dust

Bowl" period of the 1930's, as well as by thunderstorms

during which six to seven inches of rain fall in one twenty-
four hour period. The upland prairie is continually subject
to winds averaging more than 14 miles per hour with occasional
gusts capable of uprooting full-grown trees. However, in the
narrow, steep-walled canyons, a relict flora of tall trees
exists, well watered and protected from the drier, more windy
environment above (Howery, 1960, p. 13).

In Grady County north of the Washita River the area
has a moist-subhumid climate (State Climafologists, 1957;
Thornthwaite, 1942). In winter the temperatures generally
are moderate with occasional short periods of severe cold

and relatively little snow. In summer temperatures often are
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uncomfortably hot during the day, but usually the nights
are cool. The distribution of precipitation is generally
such that it exceeds the losses by evaporation and plant
needs, resulting in a moist subsoil and accefetion to
ground water. Farming without irrigation is practical in
most years, but several years of average or above average
rain may be floowed by several dry years during which
irrigation would be necessary for optimum crop growth.
Tanaka et al. (1963, p. 34) summarize the natural

routes of groundwater discharge as follows:

Discharge of groundwater by transpiration
and evaporation from the zone of saturation is
negligible over most of the area because the
average depth to the water table in the upland
area is more than 40 feet. Only where the
water table is close to the land surface, such
as along the major drainage systems, does
discharge of groundwater through evapotrans-
piration become significant.

The losses due to evaporation and transpiration are
large, however, for that part of precipitation that does not
infiltrate to the water table. The magnitude of this loss
is illustrated by the study of the Cobb Creek basin (Clark,
1956). The average annual precipitation over the basin is
28.10 inches, which is most of the water that enters the
basin. If the yearly recharge to the aquifer is 2.8 inches

and surface runoff of Cobb Creek is 2.l inches,
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evapotranspiration must account for about 23 inches, or

80 percent of the total water that enters the basin. This

figure for evapotranspiration probably would apply over

that part of the study are in Caddo County (i.e., Kickapoo

Creek, Devil's Canyon Creek, and the upstream part of Buggy

Creek).

The rate of groundwater movement varies
with the gradient of the water table if trans-
missibility and storage in the aquifer are
assumed to remain about constant. Water
levels measured over a period of years in
Caddo County (Tanaka, 1963) indicate that
groundwater moves toward the larger streams
at a fairly constant rate. No significant
yearly change occurs in the groundwater
gradient except near the major drainage areas,
where groundwater discharge is affected mainly
by evaporation and transpiration by plants
during the summer months. (Tanaka et al.,
1963, p. 35)

Tanaka, et al. (1963, p. 34-35) reported the monthly

groundwater discharge of Cobb Creek computed from base=-flow

rating curve, 1953-1956 as follows:

Groundwater discharge was computed by
Meinzer and Stearns (1929) in their study
of the Pomperaug Basin, Connecticut, by
relating stream base flow to the average
water level in several wells. A similar
approach is used to compute groundwater
discharge by relating average water levels
in wells near Cobb Creek to its base
flow.

The depths of water in seven wells
near Cobb Creek were averaged. Groundwater
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stages were selected only during the
season when evaporation and transpiration
losses were low (November through February)
so that the effects of evaportranspiration
on stream base flow would be at the minimum,
and the selection was further restricted
to periods when the flow in Cobb Creek
consisted only of groundwater flow, as
indicated by stream hydrographs and pre-
cipitation records. From these selected
points a base-flow rating curve was
constructed by plotting mean groundwater
stages against stream-discharge rates in
corresponding months. From this curve
approximations of the monthly and yearly
base flow of Cobb Creek between 1953 and
1957 were obtained by using average water
levels of the seven wells. Groundwater
discharge into Cobb Creek was computed as
equivalent to 0.9 inch over the basin, or
approximately 15,000 acre-feet per year.

The amount of groundwater discharge by springs is
relatively small if the spring occurs near the heads of the

tributary stream. Many of these springs do stop flowing when

there is a dry year.

Evaporite deposits, in the Permian age
red beds in the study area, have been leached
out and have accumulated in the flood plain
alluvium. In some areas the seasonal
fluctuation of the water table has created
areas of highly saline soil and water. Flood-
water retarding structures have increased
soil and water salinity in some geologic
environments in part due to the seepage
merging downstream from the structures which
has maintained shallow groundwater conditions
over a long period of time. (Naney, 1979)

Moreover, initial analysis of hydrologic
data from the Southern Plains Watershed
Research Center shows that significant
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reductions can be expected in runoff peaks

and sediment loads from watersheds -in the area
treated with flood-detention dams. This has
been shown with peak flow reductions of 16,400
of 8,300 cfs, 1,370 to 400 cfs, and 1,300 to
950 cfs, for three Sugar Creek storms.

(Allen, 1979).

Vegetation Cover and Landuse

Field investigation of the study area shows that the
vegetation cover differs between the shaly and éandy areas.
In sandy sediments, typified by areas along Buggy Creek and
areas along Devil's Canyon and Kickapoo Creeks, where depo-
sition is dominant, growth of vegetation is rapid on the
alluvium sediments. In a channel the vegetation grows only
on areas where deposition has occqrred, just below floodwater
structures, since the later has reduced the flow in the
downstream direction from these dams. Vegetation may aid
deposition once it has begun, but fresh alluvium in the
channel seems necessary for growth of vegetation.

In Schumm (1961) there was not found the relationship
between vegetation and channel alluvium as follows:

The establishment of vegetation on the
noncohesive highly mobile sediments is much
more difficult. These channels could be
remarkably free of vegetation even when
aggrading, but as woon as a veneer of finer
sediment is deposited on the sand, vegetation
begins to encroach on the channel and even-
tually completely covers it. (Schumm,

1961).
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Data on channel dimensions of several streams of
" northern Vermont gathered by Zimmerman et al. (1967) have
shown that vegetation strongly influences the form of
cﬁannels in an area with uniform geology. Therefore,
hydraulic geometry variables are not only interrelated to

landuse and vegetation but landuse and vegetation factors

are first order variables that determine the hydrologic
and sedimentologic regimen of the stream and, thus, the
morphology. Hadley and Schumm (1961) observed sedimentation
along channel banks and the adjacent flood plains in
ephemeral channels, which increased roughness conditions and
correspondingly reduced overall flow velocities. Rapid
growth of vegetation along Sandstone Creek in Western
Oklahoma caused by sustained seepage from upstread floodwater
impounding strudtures has also been shown by Bergman and
Sullivan (1963) to be responsible for changes in channel
shape in the period 1957 to 1962.

In the study area, particularly the watersheds on

sandstone, the most delicately balanced variable is the
spatial distribution of vegetation. The location and density
of vegetation in the drainage basins on the sandstone affect
tractive force through runoff and resistance through valley
floor cover. Climatic changes, and changes in livestock

populations in the study area can alter the distribution
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of vegetation. Carson and Kirby (1975) indicated that

Some changes from fill to cut are relatively
well documented, especially the period of
erosion which began between 1880 and 1910
in southwestern United States, and this
evidence shows that small changes in the
vegetation cover are sufficient to change
the situation from one of f£fill to one of
cut. In the southwestern United States,
however, it is not clear whether the
crucial factor was the introduction of
grazing animals or small changes in the
intensity of summer rains. (Leopold, 1951;
Thornthwaite et al., 1942)

In the absence of cultural factors, increases in low inteﬁsity

rains, especially in the growing season, will favor denser
vegetation, whereas increases in higher intensity rains may
have no significant effect on vegetation density, but will
encourage higher erosion rates, so that there is no simple
relationship even between rainfall and cut or £ill. On the
whole, however, periods of decreasing aridity tend to be
associated with aggradation, and periods of increasing aridity

with downcutting.

In areas where cut and f£fill alternate
frequently, the amplitude of each if likely
to be relatively small because of the
limited time available. Each time the
streams erode, they do so into a consequent
surface of their own alluvial deposits, and
are therefore likely to cut down in slightly
different positions in each episode of
erosion. The underlying bedrock will there-
fore gradually be cut down at all points to
form an undulating bedrock surface at a
depth of a few feet below the plain surface.
In this way a surface not dissimilar from
the classic pediment shape in overall form
might be produced not as an equilibrium form
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but by the repeated alternation of cut and
fill about a mean position. (Carson and
Kirkby, 1975, p. 350)

Allen and Welch (1967) stated that [the study area
was settled in the late 19th century and most of it was
cultivated until the early 1940's. As accelerated erosion
reduced soil. productivity, much of the upland area was

returned to grassland].

Landuse in the central segment of the
Washita River watershed was documented in
1962, 1967, 1971, and 1974 to record
changes that might be associated with
observed hydrological effects. In 1962

a complete inventory of the Washita River
watershed (1130 square miles) was made by
aerial observation. An aerial point sampling
procedure was developed, tested, and used
in the later surveys (Shockey and DeCoursey,
1969). Each of five classifications of
cultivated land including 1) sowed crop
(planted seeds for growing), 2) summer
sowing crop, 3) alfalfa, 4) row crop, and

5) no crop, were planimetered from areal
photographs and the remainder were classi-
fied as rangeland. That method gave a
classification for the Wishita River
watershed of 26 percent row crop and 74
percent rangeland. (Naney, 1979)

The landuse inventory (1962-74) shows a significant decrease
was in the timber and timbered pasture categories (Sugar Creek,
19 percent in 1967 to 9 percent in 1974) while the change in
pasture was increased (Sugar Creek, 36 percent in 1967 to 51
percent in 1974, Salt Creek, 49 percent in 1967 to 52 percent
in 1974). Also, the change in cultivation in sandstone

drainage basins was stable (25 percent), and a slight increase
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in shale drainage basins (Salt Creek 37 percent in 1967 to
41 percent in 1974). Streams cut in sandstone are sensitive
to removal of vegetation by cultivation particularly when
streams are cleaned and lined and banks are alleviated.
Cultivation as a factor affecting riparian vegetation was
examined by air photos of i966 and in the field in the
summer of 1980. (Shockey & DeCoursey). The percentage of
riparian vegetation, therefore, will be used in the analysis

to estimate channel cross-section area.

Geomorphic History of the Study Area and
Lithologic Formations

To gain a better understanding of present-
day geomorphology in this area, one must look

into the past beyond the Cretaceous seas and
beyond the building of the Rocky Mountains.
Owing to the events that took place almost 150
million years before the disappearance of the
Cretaceous seas, the research area offers an
excellent opportunity to examine fluvial
development upon varying lithologies (Barlin,

1982).
Fay's (1962) classification will be used (Table 5)
with the exception of evaporites in the western part of the
area and thin carbonates and gypsum beds of the Marlow

Formation, the entire area is covered by sandstones, shales,

siltstones.



70

TABLE 5

GENERALIZED SECTION OF GEOLOGIC FORMATIONS
IN THE STUDY AREA¥*

Thickness Lithology and water-bearing

System | Group | Formation (feet) properties

Alluvium 0-80 Gravel, sand, silt, and clay on
and the present and old flood plains
terrace of the Washita River and Pond
deposits Creek. Yields hard water.
Maximum reported yield about
300 gpm.

High-level 0-25 Unconcolidated gravel occurring

deposits as thin, scattered remnants of
formerly extensive deposits; on
higher ground slumped along
valley slopes. Does not gen-
erally yield water.

Quanternary

Cloud 0-100 Gypsum and anhydrite, dolomitic

Chief at the base; clay shalej and

Formation silty or sandy shale, which in
places resembles the underlying
Rush Springs Sandstone. Base of
formation marked by Weatherford
Member, which in places grades
into a dolomitic purple shale or
into gypsum. Yields small
quantities of water containing
large quantities of dissolved
calcium sulfate.

Permiam

Rush 0-340 Fine-grained, cross-bedded to

Springs even-bedded sandstone. Contains

Sandstone - large quantities of water suit-
able for domestic, irrigation or
industrial use. Locally, water
is hard and contains large
quantities of dissolved calcium
sulfate. Maximum reported yield
about 1,100 gpm, average yield
to irrigation wells about 400

gpm.

Whitehorse
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TABLE 5 =-continued

System

Group

Formation

Thickness
(feet)

Lithology and water-bearing
properties

Permian

Whitehorse

Marlow
Formation

0-125

Mostly even-bedded brick-red clay
shale, or sandy shale; more

sandy toward the northwest.
Verden Sandstone Member occurs
near the upper-middle part.
Emanuel Dolomite Bed at the top.
Yields small quantities of highly
mineralized water in the eastern
part of the area, and moderate
amounts of potable water locally
in the western part.

E1 Reno

Dog
Creek
Shale

0-300

Mostly even-bedded dark-red gypsi-
ferous clay shale interbedded with
gypsiferous siltstone and very-
fine-grained sandstone, grading
into pure gypsum locally. Does
not generally yield water.

Blaine
Formation

0-150

Mostly interbedded gypsum, red
shale, and dolomite. Solution
cavities containing large quanti-
ties of calcium sulfate may yield
some water, although the forma-
tion generally does not yield water.

Flower-
pot
Shale

0-150

Consists mainly of red to reddish~
brown shale, and some gray shale.
Generally does not yield water.

Duncan
Sand-
stone

0-100

Sandstone with minor amounts of in-
terbedded shale and intraforma-
tional siltstone conglomerates.
Generally water is hard with high
sulfate content. Yields 25 to 50
gpm, although the aquifer is cap-
able of yielding more than 100

gpm. Not generally used as an
aquifer in the Caddo County area.

*After:

Tanaka & Davis,

1963.
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Fig. 3. Early Permian paleogeography
of Oklahoma.

From: Johnson, 1971.
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The Permian Period: El-Reno
and Whitehorse Groups

Thickness of the entire Permian sequence is generally
1,000 to 5,000 feet but reaches 6,000 to 6,500 feet in
deeper parts of the Anadarko basin (Freie, 1930, and Tanaka
and Davis, 1963).

The Whitehorse Group includes the Upper Permian
rocks above the El-Reno Group and below the Cloud Chief
Formation. The restriction of the group is in accord with
current usage of the Oklahoma Geological Survey and that
published on the geologic map of Oklahoma (Miser, 1954). This
group is divided into two formations: the Marlow Formation
at the bottom, and the Rush Springs Sandstones at the top.

The contact between these formations is now widely accepted as
being the top of the Upper Relay Creek Dolomite Member of the
Marlow (Evans, 1931).

The Marlow Formation includes the sandstone, silt-
stones, and shales above the Dog Creek Shale and below the
Rush Springs Sandstone. The Marlow has a typical moderate
reddish-orange color and possesses varying amounts of calcite
and gypsum throughout the entire area. Streams have cut
through the Rush Springs Sandstone exposing the entire
Marlow Formation over much of the selected drainage basins for
the study.

The Marlow Formation consists of evenbedded, fine-

grained, silty sandstones and shales having a typical moderate
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reddish orange color. Typical Marlow sandstones are fine-
grained, silty, and orange red with individual grains of
iron-oxide-stained quartz. The Dog Creek shale is mostly
evenbedded dark red gypsiferous clay shale interbedded with
gypsiferous siltstone and very fine-grained sandstone grading
into pure gypsum locally. Cementing materials consist of
calcite, gypsum, iron oxide, and smaller amounts of clay and
possibly manganese oxide. The Marlow-Dog Creek sandstones
and siltstones are more resistant where they are rich in
gypsum or calcite as cementing material. In the area of
this study, the‘Mafiow is generally a moderate reddish-orange
ranging to a reddish-tan while the Dog Creek is dark red.
These formations are composed of approximately equal amounts
of even-beeded sandstones, shales, and siltstones. The
sandstone members are composed of fine-grained sand with
varying amounts of silt and clay. Each individual grain is
coated with a veneer of iron oxide, a condition which gives
the formation its gross color (Evans, 1931).

The Rush Springs Sandstone conformably overlies the
Marlow Formation. The Rush Springs sandstone in Caddo County
consists chiefly of reddish-brown very fine filty sandstone.
A few calcareous sandy beds occur at random but they are more
common in the lower part of the formation. The sand grains
composing the Rush Springs in Caddo County are subangular to
subround, are remarkably homogeneous in lithologic character,

and loosely cemented with iron oxide and calcite. These
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sandstones probably were laid down along the eastern side
of a shallow embayment that was at times cut off, or severely .
restricted, from the main Permian Sea, because westward from
the study area (west of T.1l N.) the sandstones grade laterally
into a hydrite and gypsum and gypsiferous silty clay in what
must have been a disiccation basin in western Oklahoma during
the time of Rush Springs deposition (Tanaka and Davis, 1963).
Howery (1960) identified the characteristics of the
Rush Springs in eastern Caddo County as: [the lower Rush
Springs contains small 1 mm-sized "sand balls." They consist
of white spherical masses of fine sand grains. The white
cement uniting these grains appears to be a clay material whose
exact identity is unknown. These "sand balls" stand out as
pimples on a weathered surface of the Rush Springs Sandstone.]
The Rush Springs Sandstone is highly porous, loosely
cemented, and easily eroded. Dense growth of scrub-oak and
juniper grow in the red sandy soil derived from its weathering.
The Rush Springs is a good ground water aquifer (Tanak &

Davis, 1963, p. 21).

Triassic and Jurassic Periods

Most of Oklahoma was apparently above sea level
during the Triassic and Jurassic Periods [Figure 9].
Sandstones and shales in the Panhandle and
adjacent areas were deposited mainly in rivers and
lakes draining the hills of central Colorado,
although some of the sand and mud must have come
from lowlands of central and western Oklahoma
where the recently deposited Permian sediments
cropped out. There is no evidence of the
Triassic and Jurassic sediments in the study
area. (Johnson, 1971)
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Fig. 9. Triassic-~Jurassic paleogeography
of Oklahoma.

From: Johnson, 1971,

Fig. 10. Cretaceous paleogeography
of Oklahoma.

From: Johnson, 1971,
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From: Johnson, 1971,

Fig. 12. Major rivers of Oklahoma and

principal deposits of Quaternary

age.

From: Johnson, 1971,
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Cretaceous and Tertiary Periods

Cretaceous seas covered all but northeastern
and eastern Oklahoma [Figure 10]. The ancestor
of the Gulf of Mexico extended up to and across
the southern part of the state, and shallow
seas spread northward in the last great inun-
dation of Oklahoma and the western interior of
the United States.

The state's pattern of east-flowing drainage
had its beginning in the Tertiary Period. The
precursor of the Gulf of Mexico extended almost
to the southeast corner of Oklahoma in Early
Tertiary time [Figure 11}, and the shoreline
gradually retreated southward through the
remainder of the period. Sediments in the
southeast include marine and marine sand,
gravel, and clay. In late Tertiary time, a
thick blanket of sand, clay, and gravel eroded
from the Rocky Mountains and was laid down
across the High Plains and farther east by a
system of coalescing major rivers. These
deposits, principally the Ogallala and Laverne
Formations, are generally 200 to 600 feet
thick in western Oklahoma and originally may
have extended across central Oklahoma.
(Johnson, 1971)

The Quaternary Period; The Alluvial Deposits

The Quaternary Period is divided into the
older Pleistocene Epoch (the "Great Ice Age")
and the Holocene or Recent Epoch that we live
in today. The boundary between these epochs
is set at about 10,000 years ago at the end of
the last episode of continental glaciation.
While continental glaciers extended southward
from Canada as far as northeastern Kansas,
Oklahoma's surface was being sculptured by
major rivers fed by meltwater from Rocky
Mountain glaciers and by the increased precipi-
tation associated with glaciation with glaciation
[Evans, 1970). Major drainage systems of today
were initiated during the Pleistocene [Figure
12]. The shifting early positions of these
rivers are marked by old alluvial deposits
that have been left as terraces above the
present flood plain. Three distinct alluvial
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terraces, 2 to 5 miles wide, flank the
Washita River forming broad flat plains
across the area. Correlative terraces
are found along most of the major tributary
streams and also along the Canadian River
at the north edge of Grady County. (Davis,
1955; Johnson, 1971)
The Quaternary Period is characterized as a time of

erosion. Rdcks and loose sediments at the surface were
weathered to soil, and the soil particles are then carried
away to streams and rivers. In this way, hills and mountain
areas were worn down, and sediment transported to the sea
or temporarily deposited on the banks and in the bottoms of

rivers and lakes. Sand, silt, clay, and gravel deposits of
Pleistocene and Holocene rivers and lakes are unconsolidated
and are typically 25 to 100 feet thick. Pleistocene terracgs
100 feet to more than 300 feet above modern flood plaiﬁs
atfests to the great amount of erosion and downcutting per-
formed by major rivers in the past one million years.

Many of the major streams' valleys and
larger canyons have been filled with a silty
sand deposit. At present the streams are
flowing at an elevation below the top of
these sediments, indicating that the streams
are again cutting down the previous levels.
The thickness of these alluvial deposits
is unknown but several of the streams are
flowing on these deposits 20 feet below their
upper limits. (O'Brien, 1963)

The Washita River flows across a broad floodplain composed of
unconsolidated sands, silts, and clays. No gravels were

seen on the floodplain. The thickness of these deposits is
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unknown but in several places along the river, the river
bed is 30 feet below the adjacent floodplain.

Alluviation has at least at one time filled
much of the existing canyon system in the area
south of the Canadian River in northern Caddo
County. Compaction of the fill took place
and controls the drainage in the incompletely
excavated canyons. Various stages of re-
excavation are present throughout the area.
Remnants of semi~indurated canyon fill sediments
can be seen along the bases of some of the
vertical walls of the canyons. (Howery, 1960)

Recent alluvium deposits are present
along most of the stream valleys of this area.
Low level terraces of the canyon fill
sediments and the stream alluvium are mapped
under the general heading of recent alluvium,
(Howery, 1963)

Alluvium is the unconsolidated gravel,
sand, silt, and clay underlying the present
flood plains of the existing streams. The
principal constituents are derived from
nearby Permian exposures and Quaternary
terraces. As much as 50 feet of thickness
is present along the main stream valleys.
(Howery, 1960)

Summary

The channel of Oklahoma's larger rivers
are aggrading today. Periodic flooding. sweeps
segments of channel only to bring additional
£fill from upstream and from numerous upland
tributaries. Stumps buried in as much as 100
feet of canyon fill at the mouth of a Washita
tributary in Caddo County, Oklahoma, have been
dated (Hall, 1982) at 3,200 years before the
present and attest to the degree of adjustment
since the last glacial melt. However, enough
relief remains from the Cretaceous uplift so
that upland surfaces are now undergoing channel
initiation and development much as they have
for perhaps 100 million years. (Harlin, 1982).
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An important aspect of the characteristics of the
alluvium in the valley floor is the difference in general
appearance in the valley between where the channel is
completely filled and grassed and where it is entrenched. 1In
the flat-floored valley, typical of Devil's Canyon on sandstone,
the alluvium may contain much water, thereby supporting heavy
vegetation. In addition, a veneer of fine sediment generally
overlies the coarser sediment. In predominantly sandy areas
the valley floor will be an area of much finer sediment.

Upon renewed trenching, however, the coarser sediment will be
exposed and a wide shallow channel will form, which will
appear inconsistent with the fine surface sediment. Thus, in
studying erosion and deposition in the study streams with
watersheds composed of coarser sediment, soil profiles in

the alluvium should be investigated.

Soil is the product of the interaction of the five
major factors of soil formation--climate, parent material,
plants and animals (especially vegetation), relief, and time.
If in one area the parent material is different from that in
another area, but the other factors are the same, the soil
formed in one area differs from that formed in the other area.
The physical characteristics of soils and vegetation cover
have a great effect on channel stability. During the past 30
years man has altered the natural soil-forming processes in
much of the study area. In clearing the land and cultivating

the soils, man has caused severe loss of soils through sheet
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and gully erosion, typical of the sandstone area.

Cock and Reeves (1976), p. 173) characterize the
controversy around the effect of soil and vegetation cover on
the production of runoff as:-

The foundation of most regional hypotheses-~~
that vegetation cover and soil conditions regulate
the production of runoff from slopes during storms
~--is rather surprisingly one of the weakest links
in the rainfall-erosion argument. Two observations
emphasize this weakness. First, the overwhelming
strength of rational argument that both decreased
vegetation cover and disturbance of soil should
act to increase runoff (Luff, 1964; Storey, Hobbd,
and Rosa, 1964), conflicts sharply with the results
of some empirical field studies on the hydrological
effects of removing vegetation from various water-
sheds in California. Secondly, if one assumes that
rational arguments are correct (that runoff is
controlled by vegetation and soils), it is difficult
to arrive at estimates of how much additional runoff
might have accompanied the various secular or short-
term vegetation changes that are known to have
occurred. It is quite possible, for example, that
increases in discharge resulting from such changes
in watershed conditions were insignificant relative
to the hydraulic effects of localized modifications
of valley floors.

Also the type of the alluvium composing the stream
channels in the watershed will affect the hydrologic regime of
the drainage basin. In basins developed on the sandstone,
the materials composing the valley floor are coarse and non-
cohesive. A decrease of vegetation cover accelerated the
erosion but meanwhile there is no increase generated in runoff
to transport the eroded materials out of the system. On the
other hand, cohesive and fine materials composing the valley
floors of the basins developed on shale, generate more runoff

and at the same time accelerated erosion does not occur.
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Therefore, the differential erosiveness and cohesiveness of
the sediment composing the watershed can have a great effect
on the amount of runoff and in turn affect the hydraulic
factors in the basin's stream channel. Then the aspect of the
relationship between erosion and deposition mechanics in
stfeam channel and lithology and in turn their relation to

channel form is the focus of this research.



CHAPTER IV

DEFINITION AND DERIVATION OF

THE CONTROLLING FACTORS

To identify the focal point of the study, I used
the term "geologic-lithologic-variation in west-central
Oklahoma" to denote the differences in dynamics and morpho-
logy of streams in the area. The spatial distributions of
soils, vegetation, and morphometric parameters of the
drainage basins are designated as independent variables so
as to take into account their probable predictive value of
channel morphology (width-depth ratio and/or channel cross-
section area). It is on this set of variables, therefore,
that this chapter will focus.

The Morphometric Parameters of the Drainage
Basins and Thelr Streams

Morphometric parameters may refer to slope gradients,
slope lengths and drainage texture. Once a drainage basin
and its stream had been defined, measurements are made of its

morphometric parameters.

Channel Form
At all cross-sections width, depth, and slope of the

channel were measured. The lowest part of the channel from

88



89

the edge of the first surface or bank above the channel floor
is the maximum depth of the stream to represent a bankfull
discharge condition. 1In all cases, the channel width was
measured from the edge of the bank to the correspondinq ele-
vation on the opposite side of the channel by a tape measure.
The depth of the channel was measured by a pole from a hori-
zontal level between the banks to the channel bottom (Schumm,
1960, 1961). The gradient of the channel at.a cross-section
was measured with a hand-level. 'To confirm field measurements
of gradient in its relation to channel form (Park, 1976),
similar measurements of gradient were measured from topographic
maps (1:24,000).

The shape of the cross-section expressed as a dimen-
sionless Width—depth ratio was obtained from the measured
data of width and depth of the channel in order to plot it
against the weighted mean percent of silt-clay (M). Moreover,
the cross-section area was calculated to relate channel
capacity (C) as a dependent variable to the total stream

length (IL) above a particular channel cross-section.

Tractive Force
DuBoys eguation for tractive force was used to estimate
the force conditions at a cross-section (To = yds; where s is
the tractive force condition, y is the specific weight of one
cubic foot of clear water; 62.4 pounds; d is the depth of channel
at a bankfull discharge condition; and s is the slope of the

channel at cross-—-section). There are some threshold wvalues



920

of valley floor gradient, which if exceeded, result in channel
entrenchment (Schumm, 1973; Schumm and Hadley, 1957; and Patton
and Schumm, 1965). The tractive force condition explains why
gradient is not the.only variable with a significant threshold
(Graf, 1979a), for example similar thresholds exist for the
resisting vegetation (Zimmerman, et al., 1967).

The Hypsometric Function: The Gradient Aspect

of the Drainage Basin

The simplest relatively effective index of basin grad-
ient is the relief ratio (Schumm, 1956). This, however, combines
two rather uncertain measurements. Basin length is subject to
a variety of alternative definitions (Goudie, 1981); thus Gardiner
(1975, p. 18) lists nine alternative definitions based on the
basin outline, relief distribution or stream net, and Cannon
(1976) offers further definitions and compares their effect
upon the values of morphometric variables. Basin relief may be
greatly influenced by one isolated peak within the basin and may
therefore be unrepresentative. The hyposometric integral
(Strahler, 1952) offers a conceptually attractive alternative
for expressing overall relief aspects of the basin, despite
criticisms recently made of the index (Harlin, 1978). The
hypsometric function is an approach to show the percentage of
an area that lies above and/or below a certain elevation.

There are two main difficulties with the hypsometric
curve as a generalized slope profile: 1) The hypsometric

integral settles down to a value of about 50 percent as a basin
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attains "maturity" and thereafter changes little. 2) If the
hypsometric curve is considered as a frequency distribution,
it is clearly remarkable that the form of the curve is
similar to that for a normal distribution, even allowing for
the high degree of auto-correlation among the elevations of
points in a basin. From this viewpoint, the curve cannot be
expected to look at all like a single slope profile, since
the individual basin profile are all over different elevation
ranges (Carson & Kirkby, 1975, p. 401). It appears preferable,
except in the rare cases (e.g., Schumm, 1956a) where the
"original" basin relief is knéwn,'to define the shape of the
curve by its skewness; high hypsometric integrals being
associated with negative skewness and low integrals with
positive skewness (Evans, 1970). See Appendix 2; hypsometric
curves of the study's drainage basins.

The true potential of the hypsometric method in quanti-
tative landform analysis cannot be realized through applications
of the integral value alone. A second expression of the
hypsometric curve form is the curve's density function. This
function can be expressed by the statistical moments of the
curve. The calculation of statistical moments can monitor .
changes along the hypsometric function (Harlin, 1978). The
hypsometric curve is, by definition, monotonic and can be
represented by a continuous polynomial function of the form:
£(x) = bo + blx + bzx2 + . . . + bnxn. The polynomial function

of this equation was obtained by the least squares format.
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Hypsometric curves have an advantage over other profiles when
the regression format is employed, in that the curves are
monotonic. The relatively simple forms were fitted to low
order (3rd) polynomial which were highly significant.

The procedure to generate the energy slope factor at
the measurement sites (statistical moments of the curve for
the cross-section sites) is to mark these sites on the curve
and calculate thebg% values. The derivative (%%) was obtained

as the derivative of the regression equations calculated for

the study drainage basins. The derivation of the regression

. R . Sy _ 2
function is in the form; ax bl + 2b2x + 3b3x + .. .
+ nbnxn-l. The channel cross-section area (C) will be plotted

against the hypsometric function (%%) in order to determine
the effect of the distribution of elevation over the area on

channel capacity.

Channel Length and Drainage Density
Above a Cross Section-Site

Drainage area was meésured by a planimeter from
topographic maps (1:24,000). Stream lengths were measured
from the same topographic maps with an opisometer. Drainage
density was then calculated from the ratio between stream
length and drainage area (Dd = %%; where IL is the total stream
length and A is the drainage area). To obtain an index of
network volume, it is necessary to relate the length of network

to the capacity of the channel (channel cross-section area) to

which the network is tributary. Within each drainage basin,
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measurements of total stream length above each cross-section
were made. These measurements serve as a basis for an index

of stream network volume. Several workers have related stream
channel capacity to drainage area (Harvey, 1969; Gregory et al.,
1974) or stream channel width to drainage area (Day, 1972),

and stream capacity to stream network volume (Gregory, 1977).

As stream lengths increase channel capacity increases in the
downstream direction. However stream channels below both
abstracting and regulatory reservoirs are liable to alter in
size and possibly channel pattern.

Subsequent studies of streams below small reservoirs
controlling catchments of up to 50 km2 have shown complex
patterns of channel change which are reviewed by Petts (1979).
Channels below reservoirs may passively accommodate reduced
peak flows or they may adjust in one of three ways: clearwater
degradation, aggradation, or pattern metamorphosis. The last
is not reported frequently in the literature but clear water
erosion is indicated by channel capacities more than 30 percent
greater than expected immediately below two of the 14 reservoirs
investigated by Lewin (1981) in British rivers. Inferred re-
ductions in capacity of at least 30 percent were found
immediately below six dams and at one or more sections further
downstream on all 14 rivers investigated by Lewin (1981), the
maximum reduction in capacity being 75 percent which is about
the same as the maximum reduction in peak flows (Petts and

Lewin, 1979). Gregory and Park (1974) showed that the reduction
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in capacity is substantial immediately below the dam, but
becomes progressively less marked downstream as the fraction

of the catchment controleld by the reservoir decreases.

Sediment Properties

Samples of sediment were taken from the stream channel
bed and banks. The samples were taken from at least three
points along the cross-section depending upon channel width.
Samples representing channel banks sediments were taken from
the edge of the channel to avoid sampling from transported
soils from the adjacent fields. Only the properties of sediment
pertinent to sediment transport (particle size analysis) will

be discussed in this section.

Particle Size and Sieve Analyses

Grain size is the most important property affecting
transportability of sediment. At one extreme of the spectrum
of sizes are large boulders which are rolled only‘by violent
mountain streams, and at the other, fine clay, which once
suspended, requires days to settle. For clay, silt, and fine
sand it is practical to determine the sedimentation diameter
by settling analysis methods such as 1) pipette, 2) bottom
withdrawal tube, 3) hydrometer and 4) visual accumulation
tube. For sand and gravel sieve analysis is convenient, and
for gravel boulders direct measurements can be made by calipers
or by volumetric displacement. It should be noted that terms

such as wash load, suspended load, etc., refer to method of
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transport in any particular situation and do not correspond to
any fixed size graduations.

Some recommendations need to be considered when per-
forming sieve analyses. If the particle is smaller than
the opening or the sievé, it will pass easily, of course, once
it gains access to an opening. However, two factors can reduce
the probability of access, namely: 1) overloading, i.e., so
much material on the sieve that the particle never gets shaken
down near an opening, and 2) clogging, which may occur when
there is a large proportion of the sample just a little too
large to pass the screen. The effect of clogging was reduced
by reducing the size of the sample.

The American Society for Testing Materials (ASTM
Standards 1955, Part 3, C 136-46) requires, for material 95
percent of which is smaller than 2.0 mm (10 mesh), that the
sample be approximately 100 grams. However, their purpose is
to specify a standard test for aggregates, where the desired
degree of accuracy is not as high as in research on sediment
transportation. In particular, for well-sorted fine sands, 100
grams could lead to considerable overloading. As a general rule
Shergood (1946) and ASTM (1972) found that for river sands, the
sample should be limited to between 100 and 150 grams for
coarse sand and between 40 and 60 grams for fine sands. The
lithology composing streams in the study area ranges from
coarse sand and fine sandy silty to clay material, so that a

100 grams of a dry and ground sample was sufficient to load on
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the number 10 mesh sieve. A sieving time of 5 minutes was
adequate and was the period after which the greatest sieve
fraction began to lose a constant amount for each succeeding

minute (ASTM, 1972; also see Miller, 1970).

Silt-Clay Percent in the Channel Perimeter

The information about the proportion of silt and clay
in sediment samples were obtained from the hydrometer analysis.
The determination of percent silt and clay in a sediment
alluvium is usually referred to as a mechanical analysis. The
Buoyoucos method of mechanical analysis is based on differen-
tial settling rates of the separation; that is, particles
settle differently in water depending upon the amount of the
surface area per unit volume. Clay particles, for example,
have a high amount of surface area per unit volume and settle
slowly, while sand particles settle rapidly because of their
low specific surface area. A hydrometer can be used to measure
the density of a sediment suspension; density being a function
of the amount of particles in suspension (Day 1979). (See

Appendix 3.)

Vegetation Retardance Index
The Manning equation expresses velocity as a function

of hydraulic radius and slope,

1.49 R0.6 SO.S
n

V =

where V is the mean velocity, R is the hydraulic radius, S is
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the slope, and n is the roughness factor. Anything which

affects the roughness of the channel changes n, including the

size and shape of grains on the bed, sinuosity, obstructions

in the channel such as vegetation, logs, piers, and sandbars,

and any irregularity in channel section (Marrisawa, 1968).

Table 6 compiled with data adapted from Chow (1959, pp. 112-

113) illustrates the change of the value of n by changing the

roughness condition in the channel.
TABLE 6

VALUES FOR ROUGHNESS COEFFICIENT n FOR NATURAL STREAMS

Type of Channel

W

a - Streams on Plain (top width at flood
stage < 30 m)

i - clean, straight, no deep pools
ii - clean, winding, some pools and shoals
iii - sluggish reaches, weedy, deep pools
b - Mountain Streams

i - bottom: gravels, cobbles, and few
boulders

ii - bottom: cobbles, large boulders
¢ - Flood Plains Streams
i - pasture, short grass
ii - cultivated, no crop
iii - cultivated, mature crops
iv - medium to dense brush in winter

v - medium to dense brush in summer

0.025-0.033
0.033-0.045
0.050-0.080

0.030-0.050
0.040-0.070

0.025-0.035
0.020-0.040
0.030-0.040
0.045-0.110
0.070-0.160
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TABLE 6--continued

Type of Channel n

Flood Plains (Morisawa, 1968, p. 38)

i - pasture, no brush, short grass 0.030
ii - pasture, no brush, high grass 0.035
iii - brush, scattered to dense 3.050~0.100
iv - trees, dense to cleared, with stumps {0.150-0.040

From the table, it is clear that the main roughness
element in a valley floor's streams, that is, the principle
resistance to flow, is vegetation. Removal of riparian vege-
tation could lead to a reduction of surface roughness and thus
increase the erosiveness of valley-floor flows. Stability of
channels, therefore, is attributed to roots of grass and shrub
vegetation, which provide a riprap-~like protection to silt
banks from fluvial erosion (Smith, 1973). Moreover, the expanding
roots of trees may detach soil or may also bind or stabilize
(Pitty, 1971). The difference of retardance to flow between
grassy channels and tree lined channels depends, in part, on the
hydraulic variables in the Manning equation (Chow, 1959, p.
179). Melton (1965), and Simons & Richardson (1962) found
higher roughness (n) for sandy grassy streams. Cooke and
Reeves (1976) reported that Melton (1965), in an exploration of
the potential of precise hydraulic arguments in explaining
entrenchment in southern Arizona, recognized that the Manning
equation is not applicable under conditions in which a large

retardance coefficient is provided by high, dense cienega grass.
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Melton argued "prior to entrenchment, reasonable figures for
hydraulic radius (R) would be 0.5 feet and for the slope (S)
0.02, in the upstream reaches. Then taking VR from Chow
(1959, p. 182, which is the product of the mean velocity of
flow V and the hydraulic radius R), the following table can
be constructed of velocity (V) in relation to roughness (n),

which applies to grassy channels.

Velocity (V)

Roughness n VR feet/second
0.08 6.8 13.8
0.10 4.2 8.4
0.15 2.5 5.0
0.20 1.6 3.2
0.40 0.6 1.2

Note that the gradient does not enter into these figures. For
easily eroded soils such as the cienega deposits, a maximum
stream velocity of about 6 feet per second is permissible, and,
as the actual values were probably much below that, the roughness
was necessarily greater than 0.1l. If we assume that under new
conditions immediately prior to entrenchment, the roughness
coefficient was reduced to a value comparable to modern sandy
arroyos, for example, 0.02 and the hydraulic radius increased

to 1.5 feet, then Manning's formula becomes applicable:

(1.49) (1.5)0-667

0.5
(0.02) _
RO = 13.7 ft/sc.

vV =
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This would put the velocity above the critical value" (Melton,
1965, p. 33).

A poin£ of general importance emerges from this dis-
cussion. The degree of effect of vegetation on stream channel
is considered as; a) turf grasses where the average depth of
flow is less than one-half the height of wvegetation, b) growing
season—bushy willows, intergrown with weeds in full foliagé
along side slopes with depth of flow up to 10 feet, and C) growing
season—trees intergrown with weeds and brush all in the full
foliage, with any value of hydraulic radius up to 10 or 15 feet
(Chow, 1959, p. 108).

This study examined the force-resistance interplay in
the channel. The measurement of force was estimated by calcu-~
lating the tractive force condition in the channel. Then, the
measurement of resistance to erosive flows is made by estimating
the resistance index of vegetation cover within the channel
perimeter, and also, by determining the silt-clay percentage
in the sediment composing the channel perimeter. The study of
the land form-vegetation relationship, therefore, may be best
conducted with historical data for both variables. In many ways
the problem of explaining vegetation change is similar to that
of explaining channel cutting or widening. The present patterns
can be explained in a variety of ways and conflicting hypotheses
have rarely been conclusively evaluated (Cooke & Reeves, 1976).

Vegetation can be quantified in many ways.

Most methods relevant to the geomorphologist will
consist of measurements of vegetation density and
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species composition. Floristic analysis usually
relies on sampling techniques, and the most well
known are the transect method (line transects or
belt transects) and the 'quadrant' method. 1In
the former method, every specimen that touches
or shades a straight line or belt is recorded,
together with the relative distances along the
line. This method is recommended for rather
homogeneous communities. The latter method
consists of sampling in a delineated area which
can have any form. Goudie, 1981, p. 269.

Measurements of riparian vegetation cover were made on
a picture taken in the field for the channel cross-section. A
gquadrat was defined on the picture covering an area of approxi-
mately 2,000 square feet. The quadrat consists of the adjacent
areas of the flood plain on both sides of the channel, and
approximately 100 feet upstream and downstream from the cross-
section site. Then, four lines were drawn transecting the
channel in the quadrat. Areas along the line covered with trees
were measured relative to the length of the line. The same
measurement was made for areas along the line covered with
grass. The distortion in the picture was treated mathemati-
cally (Harold Malde, U.S.G.S.) Journal of Research, vol. 1,
1973, p. 193). See Appendix 4.

The percentage of each line transects covered with
trees was multiplied by a constant (pl), and the percentage of
the line covered with grass was multiplied by another constant
(pz). The vegetal retardance index of riparian vegetation,

therefore, was obtained by the following equation calculated

for each line transects:

vV = pl(T) + pz(G) (25)



where V is vegetation resistence index, T is the percent cover
with trees, G is the percent cover with grass, 01 is a constant
representing the partial weight of trees coverage to resist

the erosive flow, and Py is a constant representing the partial
weight of grass coverage. oy and p, are unknown constants in
equation (25). In order to determine these constants, a trial

and error method was applied using the following values:
TABLE 7 POSSIBLE VALUES FOR THE CORRECTION FACTORS IN EQUATION 25

Py Py
0.1 0.9
0.2 0.8
0.3 0.7
0.4 0.6
0.5 0.5
0.6 0.4
0.7 . 0.3
0.8 0.2
0.9 0.1

In Chapter I a relationship between channel cross-
section area and the ratio between tractive force and vegetation

retardance index was hypothesized as follows:
T
_ o
C=a+b - (26)

where C is the cross-section area, a and b are the regression

constants, T, is the tractive force value, and V is the vegetation
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retardance index. Channel capacity is also a function of
several primary factors affecting channel form such as:

T
O

C = f(Gr -‘TI Mr ZL) (27)

where G is the type of lithology composing the channel

- perimeter, M is the percent silt-clay in the sediment in the
channel bed and banks, and IL is the total stream length above
the section site. However, statistically a significant rela-
tionship between channel cross-section area and the ratio
between tractive force and vegetation, as in equation (26), can
be established. Equation (26) can be written for each

observation of a group of points having equal tractive force

value.

TO
C1=a+bv—
Tl

_ o
C2—a+b‘7-
12
= ]
C3=a+bg
. 13

_ o
Cn—a+bv—-
: n

Subtracting every two consecutive observations from each other

s ¥
1 1
C, — C.=Db T (== = =) (28
1 2 CAZ )
'- = 1 _ 1 (29
C, =Cy=0b TO(V V3) )
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dividing equation (28) by equation (29) as

Cy - C2 _ (l/Vl - l/V2)
C, = Cy (l/V2 - l/V3)

(v

_ WV -V, vy
v

1Vy (V3 = V)

(v, - vy) v,
v, v, -V

(30)
5)

Substituting equation (25) for V in equation (30)

Cr=Cy  [loy (T))+p,(8,)) = (pg (T1)+p,(G)) 1 l0q (T4)+p,(G)]

C,=C; ~ Tpy (T +0, (GT [py (T31+p,(G3)) = (0 (T,)+0,(G,))]

(31)

Data for'C, T, and G were measured. To determine the values

of p, and p, one must solve equation (31) using the values of

Py and Py in Table 7 in an iterative way. The mathematical
solution of equation (31) may not exist since, in fact, channel
cross~section area is a function of several factors as in
equation (27). Fortunately, the channel cross-section area
holds.a certain relationship with the ratio between tractive
force and vegetal retardance index. This relationship is
characteristic of the;vegetation and practically independent
of silt-clay percent in the sediment composing the channel, and

total stream length above the cross-section site. As a result,
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therefore, equation (31) is solved statistically by the least
square method (see Appendix 5).

Subsequently, the independent variables which were
chosen to predict channel cross-section area (channel capacity)
and/or width-depth ratio are a result of the review of the
literature presented in the theoretical framework in Chapter
II. These variables were defined and derived in this chapter.

The independent and dependent variables are listed in Table 8.



TABLE 8

LIST OF THE DEPENDENT AND INDEPENDENT VARIABLES

Variable

Symbol

Units

How derived or defined

Source

1. Geology
(1ithology)

Channel Morphology

2. Channel width

3. Channel depth

4. Channel cross-
section area or
channel capacity

5. Width-depth ratio

6. Tractive force

dummy; takes the
value of 1 for the
shale formation
and the value of 2
for the sandstone
formations

feet
feet

square feet
ratio

pound/square

foo
t where:

Mapped from geologic maps
of Caddo, Canadian and
Grady Counties, Oklahoma,
in Oklahoma geological
survey, Norman, Bulletins
73, 87, and Circular 61

measured in the field
measured in the field

channel width x
channel depth
channel width + channel

depth
T, = (e
o= tractive force
Y = specific weight of
water (62.4 pounds)
d = depth of water (bank-
full conditions)
6 _ = channel slope at the

cross-section site

Oklahoma Geological
Survey Bulletins 73,
87 and Circular 61

Gregory (1977)
Schumm (1960)

Graf (1979a)

90T



TABLE 8~-continued

Variable

Source

Drainage Basin Morphometry

7. Statistical moments
of the hypsometric
curve or energy slope
factor at the cross-
section site

8. Total stream length
above a cross-section
site

9. Drainage basin density

Physical Properties of
Sediment Composing the
Channel Perimeter

10, Silt-clay percent in
the channel bed

Symbol Units
Sh dimensionless
ZL miles
Dd miles/sq.
mile
Sc percentage

dy _ b,+2b X+3b X2+...+nb X
1 2 3 n

n-1

db

The above equation is the deriva-
tive for the polynomial function
for the hypsometric curve using
the regression format

Measured from large scale
topographic maps (1:24,000)
with an opisometer

Calculated dividing total stream
length by area of the drainage
basin above a cross-section site

Determined by grain-size analysis;
the hydrometer analysis

Harlin (1978)

Gregory (1977)

Emmett (1975)

Schumm (1960)

LOT



TABLE 8-~Continued

Variable Symbol Units How derived or defined Source
11. silt-clay percent Sy Percentage Determined same as #10 Schumm (1960)
in channel banks
Scx.w +Spx 2d
12. silt-clay percent M percentage M= w7 od Schumm (1960)
in channel .
where:
perimeter 8. = silt-clay percent in the
channel bed
Sp = silt-clay percent in the
channel banks
d = channel depth
w = channel width
M = silt-clay percent in channel
perimeter
13. Vegetation v V = pl(T) + pz(G)
retardance where T is the tree cover,:
index

-G is the grass cover, and
p, & p, are correction factors
and are defined in Appendix 5.

801



CHAPTER V
METHOD OF STUDY

This chapter focuses on sampling procedure and the
statistical methods which will be used in the analysis.

If, as stated in the general hypothesis, geology
(1ithology) creates patterns of environmental characteristics,
this should be reflected in the spatial distribution of the
morphometric variables and sediment properties in the area.
The relationship betwen lithology and channel characteristics
may be brought out by numerical analysis through comparing
channel form characteristics on different lithologies. Analy-
sis of covariance may be used to test the significant difference
between channel form on varying lithology by using geology as

an indicator factor.

Sampling Method
The study focuses on the spatial variation of channel
morphology, and the change of channel form along streams in
west central Oklahoma. Therefore, geographic sampling proce-
dure in collecting the data is important. Berry et al. (1968,
p. 91) identify three types of geographic sampling proce-
dures; 1) random sampling, 2) systematic sampling, and

3) stratified sampling. Because the nature of the distri-

bution of the morphometric characteristics and sediment
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properties are unknown within each geologic formation, a
choice of an optimal sampling was difficult. However, it
appears that a stratified systematic sampling scheme was
desirable and efficient.

With respect to geology (lithology), it is desired to
restrict the choice of drainage basins to a study area sub-
divided into two stratas; one strata represents sandstone
and the other represents shale. Some watersheds of the
central segment of the Washita River and the South Canadian
River were selected according to geology. Devil's Canyon
Creek (10.16 square miles), Kickapoo Creek (12.7 square miles),
and Buggy Creek (5l1.2 square miles) were selected on sandstone.
Within the Anadarko-Alex reach of the Washita River, West
Fork of Salt Creek (26.65 square miles), and Salt Creek (41.50
square miles) were selected on shale.

The choice of Buggy Creek was necessary, because it
is not treated by floodwater ret;rding structure. Many of
the streams in the area, particularly those on sandstone,
are treated with these structures. It was found that the
seepage from reservoirs on these streams has accelerated
the growth of riparian vegetation, which has led to a change
in channel geometry and to a reduction in channel conveyance
(Gilbert, 1959; Sullivan and Bergman, 1963; and Kennon, 1966).
Devil's Canyon Creek and Kickapoo Creek, as streams treated

with the flood retarding structures, along with Buggy Creek,
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as a natural stream, explain the effect of man-induced changes
on stream channel morphology. Also, Buggy Creek provides a
valid comparison bétween streams on sandstone and streams on
shale, since the latter are not treated with flood retarding
structures. However, Buggy Creek is modified by another type
of man-induced change in natural streams. This type of inter-
vention is known as channelization.

Field investigation of streams in areas of sandstone
indicated that accelerated meandering, such as changing the

course of the stream, and/or channel straightening occurred,

partially man-induced. Some landowners moved the stream
channel from their fields and aligned the stream to the road.

Measurement sites along the study streams were located
at a distance of approximately 200 feet upstream direction from
the county and/or private roads crossing the stream channel. That
is the cross-sections were determined along each stream at
approximately equal intervals. However, these intervals may
differ from one stream to another depending upon the stream
length. Eleven cross-sections were surveyed on Devil's Canyon
Creek, and thirteen on Kickapoo Creek at intervals of approxi-
mately two~thirds of a mile. MNine cross-sections were surveyed
on Buggy Creek at intervals of two miles. Sixteen cross-
sections were surveyed on West Fork of Salt Creek at intervals

of two-thirds of a mile, and sixteen on Salt Creek with a

distance of one mile between the cross-sections. A total of
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65 cross-sections were surveyed. Thereby measurement sites
along each stream were systematically located.
Statistical Methods and
Model Construction
The first stage of analysis was concerned with
identifying the number of groups, and with characterizing them
through testing the three hypotheses identified in Chapter I.
In this stage of analysis, the patterns of spatial variation
were analyzed in terms of the identified groups (which in
this case are the sandstone group and the shaie group) by cal-
culating a regression equation for the number of observations
surveyed on each stream.

Plotting all the 65 cross-sections may result in a

pattern that shows a significant relationship between the
dependent and independent variables. However, when individual

streams are plotted a group of lines may result. The position
of the lines representative of these streams identifies the

groups. In this case, the number of groups may be two groups.

One group represents streams flowing on sandstone and the

other streams flowing on shale.

In the second stage of analysis, covariate technique
is used in the development of the model, to be established,
to reveal that channel form represented by the cross-
section area as a dependent variable is linked to an indepen-

dent variable (geology) by another set of variables. The aim

of using the regression format, therefore, is to discover the
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direct and indirect effects of these variables on channei
form.

The final product of the dissertation, therefore, is the
building of a general model as the sum of the three testable
hypotheses introduced in Chapter I. The following is a step-

by-step procedure for building such a model.

C=a; +b 1%§ O < 3D
w/d = a, - sz e X))
wd = ay + b3ZL e e e e e e e e e . (30)
where,
bl’ b2, b3 . . . are the slopes of the regression lines

ayr 2y az « .« . are the intercepts of the regression

lines

Y is a specific weight of water (constant; 62.4 pounds
of a cubic foot of clear water)

d is the depth of flow or the depth of the channel
assuming a bankfull discharge condition

S is the slope of the channel

M is the weighted mean percent silt and clay in the
sediment composing the channel perimeter

IZL is the total stream length above a cross-section

w/d is the width/depth ratio

wd = C = cross-~section area (channel capacity at a

cross~-section point)



and V is the vegetation cover index.

Rearranging equation 33.
_ W
d— -bM .oo-'---oc(35)

substitute equation 35 for d in equation 32

Sy
(:1+?127; 7 R ¢ 1)
2 = b3

C =

dividing equation 34 by d

a3+b32L

W=—'—a__'" * * o e e @ *» o o o (37)

substituting equation 37 for W in equation 36

Sy
(al+b117)(a3+b3ZL)

C = e e e« o s+ e o« - (38)
d(az-bzm)

when a dummy variable (i.e., geology; lithology) is included
as a separating factor for the groups of sandstone formation
and shale formation, a new format will be defined for
equations 33, 33, 34, 35, 36, 37 and 38.

Dummy variable (geology) D, = 0 if shale

1l if sandstone

- yds
C = al + ZlDl + bl 7 + Zle

vds

77
= yds
= (a) + ZlDl) + (bl + zzbl) T v e e (39)
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w/d = + 2,D, - b M+ Z2,D.M

as 3”1 2 4”1

(ay + 23Dy) + (=by + Z,DIM . . . . . . . . . . . (40

wd = a3 + ZSD1 + b3£L + ZGDlZL

(a3 + Z5 l) + (b + Zg )ZL N (41)

Rearranging equation (40)

d =

— e e e e e e e e e e . (42)
(a 2+Z Dl) + ( b2 Z4D1)M

Dividing equation (41l) by d

(a az+2gD ) + (b +2, l)ZL
w = d e o e o o e o o e * e (43)

substituting (43) in (42) for w

(a3+Z Dl) + (b +2 Dl)EL

q = ATa;+2 5 b R R 073
substituting (44) in (39) for d
.- (a+2 Dl)+(bl+zznl)l—[(a +25D))+(by+2cD)ELL oy

d[(a +Z D1)+( -b,+Z, l)M]

Equation (45) is the general model that this study attempts to establish

based on the data and when Dl =1, If Dl = 0, the model is

reduced and becomes equation (38).

Procedure for Testing the Hypotheses

A sample size of 65 observations was obtained. It is

assumed to be large enough to detect any small differences,
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investigate associations, and to map out the main relationship
in the study area.

A linear relationship in equations 32, 33, and 34
is considered by using the least squared method. It was
hypothesized that the distribution of £(X) for the different
values of X in the three distributions are normal. In dealing
with a normally distributed population with unknown variance,
the t distribution is encountered. Therefore, the same is
true in the linear regression model (Winkler, 1975). 1In

equation 32 the t test can be used as:

and the same can be applied for equations 33 and 34.

In equation 33, the model involves more than one
variable; a multiple regression problem. In order to make
inferences in this equation, the assumption is that the erfor
term in the linear regression equation is normally distributed
'with mean zero and ﬁariance 02, where 02 is not known. Under
this assumption, the marginal sampling distributions of
individual regression coefficients are t distributions. For
a given value of bi, where i can take on any value from 1 to
K variables

. b, - B,

t =
Sey n/ (n-K) YE:
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Equations 32, 33 and 34 have dependent variables
(channel cross-section area and/or width depth ratio), and
independent variables for ng = 33 observations for streams
on sandstone, and ng, = 32 observations for streams on shale.
Two questions of interest when analyzing such data are as
follows:

1. 1Is the linear relationship between the dependent
variable and the independent variables in equations 32, 33
and 34 the same for sandstone as for shale?

2. Does mean cross-sectional area differ significantly
for streams on sandstone from streams on shale?

Question 1 focuses on a comparison between the slopes of
regression lines (parallelism) in equations 32, 33, and 34 for
streams on sandstone and shale, whereas question 2 focuses on

a comparison of the mean cross-section (the intercepts of the

regression lines) of streams of the two groups.
The test of parallelism is made before proceeding with

analysis of covariance. If this test supports the conclusion
that the regression lines (sandstone, and shale groups) were
not truly parallel, the question arises as to what should be
done about adjustment. It is recommended in this case that
no adjustment at all be made to the sample means, since any

such adjustment would be misleading. The model describing

this general situation is written in equation 45. To determine
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whether the mean scores for the dummy variable used in
equation 45 are significantly different from one another, the

following null hypothesis can be tested.

Ho : Zz, 24, and Zb = 0 (parallelism)

where %Z's are constants for the interaction terms in equation
45 between geology and the other independent variables as to
take into account their probable effects on predicting channel
cross-section area. Subsequently, the approach used in the
study is the product of different theories to explain the
fluvial systems adjustment, such as dynamic equilibrium,
hydraulic geometry, complex responses, thresholds, allometry,
and catastfophe theory. Therefore, adapting the three models
(equations 32, 33 and 34) can synthesize the findings in

mapping the general relationships in area.



CHAPTER VI
TEST AND INTERPRETATION OF THE

RESEARCH HYPOTHESES

In Chapter I, three hypotheses were formulated.
These hypotheses stated the expected relationship between
cross-section areas and/or width-depth ratio, and three
controlling factors. The controlling factors are the ratio
between tractive force and vegetation resistance index
percent silt-clay in channel perimeter, and total stream
length above cross-section site. 1In this chapter, the co-
efficients of correlations and the coefficients of regression
functions will be presented as an indication of relationships
between the dependent and independent variables. These
statistical results will help substantiate the construction

of a general model.

Introduction

Spatial Variation of Channel Form

The two basic dimensions, that always change at
different rates, are channel width and depth. Width is
controlled by mass movemént processes, especially soil fall

and slumping, while depth is primarily controlled by fluvial
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processes on the channel floor. If the rates of change for
width and depth are related to a third variable (amount of
material excavated, discharge, or tractive force), then the
dimensions are related to each other by a power function;
width = a (depth)b (Graf, 1979). The change of channel dimen-
sions in the downstream direction on West Fork and Salt Creek
confirm this power function relationship between width and
depth (figures 16 and 17). However, the change of channel
dimensions in the downstream direction on Kickapoo Creek and
Devil's Canyon results in an indecipherable pattern (figures
13 and 14). Note that the lines in figures 13 through 17 were
drawn through consecutive cross~section points of the stream
system on the diagram (figures 13, 14, and 15).

Throughout the literature review in Chapter II, inves-
tigators sought to explain areas of erosion and deposition
among segments of a stream channel and among streams in a
region, as a consequence of 'human' or 'climatic' impact.

But few have attempted to explain degradation and aggra-

dation along streams according to environmental variations

(i.e., differential geologic formations, unusual flood or
rainfall events, differential flows through the drainage net-

work, and inherent disadjustments in stream profiles). The
failure of adopting a single approachlin the study, to explain
the spatial variation of the downstream channel form change,
led to adopt three approaches for different streams on
different lithology to predict changes in channel form.

In this chapter, three approaches will be examined.

Firstly, the relationship between channel form and the force-
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resistance index is an approach that emphasizes channel form
change as the fluvial system adjusts to internal or external
stimuli (i.e., changing stream cﬁannel slope and/or alteration
of vegetation cover). Secondly, the relationship between
cross-section area and network volume is a means of charac-
terizing the variations of channel form along individual
streams. Thirdly, the relationship between width-depth ratio
(cross-sectional form) and sediment characteristics is a means
to describe the type of geomorphic thresholds in the system,
whether they are thresholds controlled by external factors or

are thresholds controlled by internal factors.

Testing the Hypotheses

The Relationship Between Channel Form and
Force-Resistance Index

The variability of vegetation cover along the stream
channel may determine the rate of increase of the tractive
force condition, thereby determining the rate of change of
channel form in the downstream direction (Cooke and Reeves,
1976; Graf, 1979a). Vegetation cover in the study area is
highly variable and subject to manipulation by human activities.
The combined algorithm and comparison between force and
resisﬁance demonstrate why channel cutting is sensitive to vege-
tation changes throughout the basin and results in an increase
in force, which might initiate cutting. On the other hand,
alteration of vegetation in the valley floor alsomight lower
resistance below the critical value, thereby resulting in channel

cutting (Graf, 1979%a).
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Regression equations for logarithms of vegetation
retardance index (V) and tractive force (To) were derived
(Table 9, Figure 18).

TABLE 9

THE RELATIONSHIP BETWEEN TRACTIVE FORCE AND
VEGETATION RETARDENCE INDEX

Formation  Stream Equation r R?
Sandstone Kickapoo Creek To = 114 v-0.72 -0.52*0.27
Devil's Canyon 1, = 27 v=0.12  -0.25 0.06
Buggy Creek 1o = 3.46 v0.01 0.03 0.0009
Shale West Fork T, =3.98 v0.60 0.17 0.029
Shale T, =17.4v-0.09  -0.08 0.006
Total 1, =7.58 v0-08 0.05 0.003

*Significant at 0.05 level.

In Kickapoo Creek, the relationship between Ty and V
is significantly different from zero at 0.05 level. It
indicates that there is a relationship between vegetation and
channels involving a positive feedback loop, whereby decreased
vegetation in the valley floor leads to channel cutting, which
lowers water tables and in turn accelerates further decline
of vegetation (i.e., cross-sections 4 and 5; Figure 15).

The relationship between 7, and v in the other study
streams is not significant and is positive in Buggy Creek and
West Pork of Salt Creek. The average value of tractive force
in Buggy Creek is low (3.73 pounds/sq. foot) compared with

average value in all the streams (12.02 in streams on

shale, 8.51 in streams on sandstone, and 10.16
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in all the streams). Tractive force conditions along Buggy
Creek also do not vary over space because cross-sections 6,
7, and 8 were surveyed in channelized.reaches, and cross-
sections 2 through 5 were surveyed in reaches where fresh
alluvium is deposited in the channel. Also, forest cover is
dominant in cross-section 1 (see Appendix 6). The slope of
the channel in all Buggy Creek cross-sections is relatively
high while average depth of the channel is low (3.66 feet)
compared with average depth in other streams (10.47 feet in
streams on shale, 3.71 feet in streams on sandstone, and 6.26
feet in all the streams). The low channel depth in Buggy
Creek lowered tractive force conditions because the depth of
flow at bankfull discharge condition is lowered to a g;itical
value that channel erosion does not prevail (Figure 15). This
is evident in high value of width-depth ratio (6.52 average
value). On the other hand, tractive force conditions in West
Fork Creek increase as bankfull depth increases. Increasing
discharge as a function of larger drainage area increases
tractive force condition in the downstream direction.
However, the relationships between cross-section area
(C) and tractive force (To), and between (C) and vegetation
retardance index (V) were calculated in order to determine the
direct effect of To and V on channel form. Tables 10 and 11
show the rate of increase of channel cross-section area (C)
given a unit of tractive force (To) or one unit of vegetation

retardance index (V). (See Figures 19 and 20.)
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TABLE 10

THE RELATIONSHIP BETWEEN CHANNEL CAPACITY AND
TRACTIVE FORCE CONDITION

F
Formation Stream Equation r R2 Value
_ 0.81 *
Sandstone Kickapoo Creek C = 7.76 Tg 0.70 0.49 10.74
Devil's Canyon C = 3.63 13-9! 0.54  0.29 3.72
Buggy Creek C = 18.62 tl.01 0.43  0.18 1.69
Shale West Fork CreekC = 9.77 t}-37 0.81% 0.66  27.19
Salt Creek C = 741.31 t0-3% -0.22 o0.05 0.75
Total C=28.18173-61 0.35 o0.12 8.8l
* significant at 0.005
TABLE 11
THE RELATIONSHIP BETWEEN CHANNEL CAPACITY AND
PERCENT RIPARIAN VEGETATION COVER
9 F
Formation Stream Equation r R Value
~1.22 %
Sandstone Kickapoo Creek C = 3630 V ~0.76 0.58 15.53
Devil's Canyon C = 21877 V-1'71 _o.75% 0.5  11.27
Buggy Creek C = 776 v70-76 -0.72* 0.52 7.79
-0. 65
Shale West Fork Creek C = 2398 V -0.21 0.04 0.67
Salt Creek C = 43651 v"1"7° _0.81* 0.66  26.24
-1.56 .
Total C = 23442 v -0.55 °0.30  27.73

*gignificant at 0.005 level
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The relationships between (C) and T, OF V {Tables 10 and
1)}, FPigures 19 and 20) are not significant at 0.05 level for
all the observations which represent all the study streams.
However, the relationships in individual streams are signifi-
cant at U.%u5 significant level. These results will substantiate
the need for an index of force exerted by flow and resistance
offered by vegetation. An index of force-resistance was
calculated by obtaining the ratio between tractive force and
vegetation retardance index. This ratio may indicate that when
vegetation cover along the channel is dense, channel cutting
does not occur. On the other hand, if tractive force conditions
exerted by flow in the channel exceed the resistance offered
by vegetation, channel deepening occurs. In the later case,
channel banks tend to stablize because of the establishment of
vegetation by deep rooted trees (e.g., West Fork Creek). Also,
the force-resistance index is a good indicator of human landuse
activities along the valley floor and its impact on stream
channel form (e.g., the relationship between T and V in Kickapoo
Creek is r -0.52 which is significant at 0.005 level).

It was hypothesized that the relationship between
channel capacity (C) and force-resistance index (TV) should be
positively significant. Table 10 shows the rate of increase
of channel capacity (C) given one unit of force-resistance

index (TV) in each stream (Figure 21).



TABLE 12

THE RELATIONSHIP BETWEEN CHANNEL CAPACITY AND
FORCE~-RESISTANCE INDEX

Formation Stream Equation r R2 F Value
Sandstone Kickapoo Creek C = 7.2 TvO'2®  0.83% 0.69 22.45
Devil's Canyon C = 1.69 Tv°:87 0.75% 0.56 12.79
Buggy Creek  C = 7.8 TvO'Sl  0.85% 0.72 14.45
Shale West Fork C=1.4 TVl’4 0.87% 0.7€ . 45.63
Salt Creek C =50 TVO'44 0.35 0.12 1.95
Total C=5.58 TvO-86 g.58% 0.34 28. 60

*gignificant at 0.005 level

The significance test of regression coefficients were

derived by comparing the statistical t and tdf' 0.995 is

shown in Table 13.

TABLE 13

RESULTS OF TESTING THE HYPOTHESIS OF THE RELATIONSHIP BETWEEN
CHANNEL CAPACITY AND FORCE-RESISTANCE INDEX

Stream Calculated t Hypothesis df tag? 0.995

" Kickapoo Creek 3.50 H, = g = 0 HA==§ >0 12 3.05 reject H,
Devil's Canyon 4,35 " " 10 3.16 "
Buggy Creek 6.23 " " 8 3.25 "
West Fork 6.36 " " 15 2,94 "
Salt Creek 1.23 " " 15 2.94 accept H,
Total 3.14 " " 64 2.66 reject H,
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The slope of Salt Creek regression line is not signifi-
cant at 0.005 level. Extreme cases of increased vegetal retardance
index while headcut by stream, occur in the upper part of
the basin, influenced the correlation and regression coeffi-
cients between C and TV. The formation composingAthis part of
the basin is interbedded with silty material which provides
low cohesiveness for the shaly Dog Creek Formation. Neverthe-
less, the position of the regression lines for the individual
stream (Figure2l) is forming two groups of regression lines.
Kickapoo Creek and Devil's Canyon Creek (sandstone)
regression lines occupying the lower side of Figure2l, while
West Fork Creek and Salt Creek (shale) regression lines
occupying the upper part of the graéh. Therefore, two groups

of regression lines can be separated.

a. Comparing the two groups' regression lines slopes:

H°§1 = §2 (the two groups regression lines are parallel)

Hpby 7 By

where él is the sum of regression lines slopes for streams on
sandstone,

and ﬁz is the sum of regression lines slopes for streams on shale.

By - By
SA . A
By = By

where Sg _ 5 = )/S§,Y/X[ L 75— + L 5]
1 2 (nl-l)Sxl (nz—l)SX2

t =
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(nl-Z)Sil + (n2—2)S}2<2

2 -
and Sp, y/x = m-2) ¥ (0,-2)
1,73 _
t = 53559 = 6-76
tegr 0-995 = 2.66

Therefore, the HA is accepted at 0.005 significant level,
and there is a strong evidence the two groups regression

lines are not parallel.

b. Comparing the two groups' regression lines intercepts.

HB, = B,
HpBy 2 By
_-34.71
= 92553 = - 135.63
tgor 0.995 = 2.66

6

Therefore, the HA is accepted at 0.005 significant level, and
there is a strong evidence the two intercepts of the two
groups are not the same.

The average cross-section area for streams on
sandstone is 51 square feet, while the average cross-section
area for streams on shale is 275 square feet.

The differences in the two means may be the function of bank-

full discharge condition which streams on shale
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have a higher volume of discharge than streams on sandstone.
On sandstone various valley floor changes introduced by man
influenced the stream channel form where some cross-sections
were entrenched as a result of overgrazing while other cross-
sections were filled because of the increasing vegetation
cover. Channel entrenchment on sandstone is affected by the
erosiveness of flows independently of increasing discharge
(i.e., increasing stream channel gradient, thereby, increased
tractive force condition in the channel). Also, human
activities act to increase the erodibility of valley-floor
sediment (i.e., removal of vegetation cover lowers the
resistance offered by vegetation).

The nature of Kickapoo Creek and Devil's Canyon valley
floor vegetation is not well recorded, but it is certainly
variable. This is evident in cultivated fields. When the
cultivated fields remain relatively vulnerable to erosion
throughout most of the rainy season, valley~-floor discharge
accelerates channel cutting. Graf (197%9a) hypothesized in his
study of the development of Montane arroyos and gullies that
there is a great effect of biomass of vegetation on tractive
force condition in the channel. It was found true in Kickapoo
Creek and Devil's Canyon (F values are 22.45 and 12.79 respec-
tively and they are significant at 0.005 level). On the other
hand, Graf's hypothesis is difficult to prove in streams on
shale. Increasing discharge in the downstream direction

in West Fork Stream, which increases depth of flow,
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therefore, tractive force condition is increased. In.this case,
vegetation in the channel bottom cannot withstand the erosive-
ness of flow. The rate of change of channel depth in the
downstream direction, therefore, is greater than channel width.
The Relationship Between Channel Form and
Network Volume of the Drainage Basin

A greater understanding of the relationships between
channel form and drainage basin characteristics is required in
fluvial geomorphology studies. Hypsometric curves were
constructed for the drainage basins included in the study to
express the overall slope of the basin above the cross-section
site. The hypsometric curve is an expression of relative
basin height to relative basin area, and the discrete points
employed in obtaining these curves relate to contour lines
within the watershed. Total potential energy derived from the
hypsometric integral is a useful parameter. Converting the energy
potential to discharge at the mouth of the basin will require
the identification of other basin parameters as the hypsometric
integral is not unique to any particular basin; there may exist
a multitude of hypsometric curve forms for any one specific
integral (Harlin, 1978, p. 180).

The form of the hypsometric curve demonstrates how
basin mass is distributed from the mouth of the basin to the
top. The amount of headward erosion attained by the stream
within the basin can, under certain circumstances, be monitored

by hypsometric skewness, but much more critical to hydrophysical



vi

L J L ! L LR L)

i -

1088 . (]
- ':::ﬂﬂﬁﬁ§§ﬁ<ﬂﬂmﬂﬂi _ o/ -
[ A-=meroe '3
- e -G WRE o

sea |-

- ) /.-

o L 657"'

0 oNF .

™ §°$’ + "

= 200 |- * &_,.' /’7 R

= L

~ p

a _

i 188 |

o N

@ N

% =

- SB [~

- L

Q)

w

ITs} -

a

on] 2B -

c

o

1 | 1 ] 1 | S - [

L1 111

| |

+

02 as 10 20

FUNCTIONS OF SAMPLSITES ON THE HYPSOMETRIC CURVE
CHANNEL CAPACITY VS HYPSOMETRIC FUNCTIONS

Figure 22

0¥vT



141

research are moments and centers of gravity along the curve's
density function. The derivative of the cumulative curve
indicates how much, and where watershed slope change is
occurring (Harlin, 1982).

The interpretation of the hypsometric curves for the
study streams (see Appendix 2) reveals that negative skewness
characterize the curves of basins on sandstone. Headward.
development of the mainstream and associated tributaries is
theearly stage of shifting mass within the basin as well as remove
material through the basin mouth. Correlation coefficients
between channel capacity and hypsometric functions (Figure 22)
are not significant (Kickapoo Creek, r = 0.20; Devil's Canyon,

r = 0.35). In contrast, the positive skewness of the hypso-
metric curves for the shale basins shows a headward development
as well as a decrease in the mid-basin slope. Streams are
efficient and associated with an accelerated increase of the
channel cross-section area in the downstream direction. Corre-
lation coefficients between channel capacity and hypsometric
function (West Fork, r = 0.88; Salt Creek, r = 0.82) are signifi-
cant at the 0.005 level). Buggy Creek (sandstone) shows a strong
correlation between channel capacity and hypsometric function

(r = 0.81), while the regression coefficients indicate a
moderate rate of change of channel capacity given one unit of

hypsometric value (Y = 75x°'81

). The variability of channel
cross-section area of Buggy Creek is relatively low along the

stream channel. Local change of channel form is a result of
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human intervention. Cross-secticons 5 through 8 in Buggy Creek
have been channelized and the channel banks are alleviated. Al-
though the energy slopes of Kickapoo Creek and Devil's Canyon are
high, the relationship between channel capacity and hypsometric
function is not significant at 0.05 level. Floodwater retarding
structures built on these streams have decreased the potential
of generating erosive discharges, therefore channel capacity has
not been increased. Fluctuation of the water table along the stream

has caused local cut and fill of the stream channel.

TABLE 14

THE RELATIONSHIP BETWEEN CHANNEL CAPACITY (CROSS-
SECTION AREA) AND HYPSOMETRIC FUNCTION

Formation Stream Equation r R F Value

0.62

Sandstone Kickapoo Creek C = 32 H 0.20 0.04 0.49

Formation . i9'¢ Canyon ¢ = 8.12 82°!? 0.35 o0.12  1.22
%*
Buggy Creek = 75 g0-81  0-81% 0.66 13.75
0.93 .
Shale West Fork C=9.5H 0.87* 0.76 46.97
Formation ¢ 1+ creek c=12.17u"% o0.81% 0.66 28.08
Total c=6.78"3% o041 0.17 1.70

*significant at 0.005 level
The basins used in the study ranges in size from 12 to
50 square miles. As drainage basin area increases, discharge
increases and then channel capacity increases (Park, 1978)

despite the fact that large basins always become less
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efficient in translating total rainfall input to discharge
(Harlin, 1982b). The data of channel capacity of large
basins indicates that channel capacity increases dramatically
given one unit of hypsometric function (Figure 22). 1In
addition, the data for streams on sandstone agree with Schumm's
findings (1956) of a strong linear relationship between the
hypsometric integral and relief ratio and stream gradient,
where, as stream gradient increases, stream width-depth ratio
increases.
Harlin (1982b) stated

Drainage density is an important parameter relating

hydrograph characteristics to geomorphology, however,

channel widening in the central reaches of the

watershed as Strahler basin order increases and

deposition of upland material are often concomitant

with increasing drainage density. This mid-basin

response will produce negative feedback in the

rainfall runoff system by increasing surface storage

and increasing lagtime. Drainage density thus

becomes region specific and does not transfer well

across changing climatic and geologic environments.

Combining stream density and mid-basin slope (hypso-

metric density Kurtosis) projects a geomorphic

parameter sensitive to stream flow and overland flow.
It was desirable to define an independent variable that provides
a surrogate for discharge and a measure of spatial variation.
A volumetric index of stream network was chosen particularly
because of its applicability on drainage basins impounded by
flood-water structures. Also, the index is applicable to
basin streams where channel cross-section area increases rela-
tive drainage area.

The linear regression between the logarithms of drain-

age density and total stream length above the cross-section area
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were employed as a basis for the comparison of the two group
networks, i.e., the sandstone group and the shale group (Figure 23)
(Gregory and Gardner, 1975). The two groups regression rela-
tionships indicate that the rate of change of drainage density
(Dd) with stream length above the cross-section area (IL) is

greater in sandstone basins than in shale basin (Table 15).

TABLE 15

THE RELATIONSHIP BETWEEN DRAINAGE DENSITY AND TOTAL
STREAM LENGTH ABOVE THE CROSS-SECTION AREA

Formation Stream Equation r R2

Sandstone Xickapoo Creek Dd = 1.44 ZLO'Zl 0.66%* 0.44
Devil's Canyon Dd = 1.02 :9°22  o0.49* .24
Buggy Creek pd = 1.43 z10-09 0.62* 0.38

Shale West Fork pd = 4.27 :79-92 _0.07  0.005
Salt Creek pd = 3.22 11992 0,16  o0.03

*significant at 0.05 level

a - Comparing the two grouped ($andstone group, and shale group)
regression slopes; are the regression lines for the two

groups parallel?

Ho Bl = 32 (the two group regression lines are parallel)
Hy B> 8

where Bl is the sum of regression lines slope values for

streams on sandstone,
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and 82 is the sum of regression lines slope values for streams

on shale.
e 1" P2 _ (0.22+40.2140.09)-(-0.02+0.02) _ 0.52 - 0
Sa ] Sa ~ S~ A
where S35 Soo= 2 1 1
B, - B \YS { +
1 2 P,Y/X _ 2 _ 2
. (n, l)Sxl (n2 l)Sx2

2 2
(QfZ)Sx;(n2-2)Sx2

P,Y¥/X (nl-2)+(n2-2)

teo’ 0.995 2.66
Therefore, the H, is rejected at 0.005 significant level, and
there is a strong evidence the two groups regression lines

are not parallel.

b - Comparing the two groups regression lines intercepts:
Ho By = B
Hy B < By

3.89 - 7.49 _

t = 0131 = =29.75

tGO' 0.995 = 2.66
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Therefore, the Ho is rejected at 0.005 significant level, and
there is a strong evidence the two groups regression lines
intercepts are not the same.

Drainage density in the sandstone basins was found to
be higher than in basins on shale as a result of the large
area in sandstone basins converted from rangeland to cropland
(e.g., removal of vegetation increases rills and gully cutting).
The sandstone is a highly erodible material once vegetation
cover is removed. The shale, on the other hand, is more
resistant to erosion by headward cutting by streams. However,
as indicated above, a comparison of drainage densities is a
purely spatial comparison and one which ignores the volume of
the channels constituting the network. Regression relationships
were then established between the channel capacity (C) and
total stre&m length (IL) so that a volumetric cdmparison could
be made between the two groups of streams (sandstone group and
shale group). For each basin in the two groups a regression
equation (Figure 24) was derived. These regression equations
are included in Table 16.

The values of total stream length for each drainage
basin provided the upper limits over which the regression
equations could be integrated. The integration is illustrated
for one of the five calculations. The five volumes calculated
are included in Table 16. For West Fork basin the regression

1.07

equation for the bankfull stage was Coe = 4.3IL and

this equation has to be integrated between limits



T

1009 | ¥ ———KIodeoo chex SANOSTONE
N ——— CREEX
[ —
: - FORK SHALE

508 I
7
— |
(10
1Y
. 208 |-
(e ]
(V)
7
a« »
5 o1 |
1 o [
C -
% =
- 5 -
‘— —
(@ ]
TN
0? L
A
o 2B
n<
o

.
i

CHANNEL CAPACITY VS STREAM LENGTH ABOVE THE CROSS-SECTION AREA

5 10 28
STREAM LENGTH (MILES)

Figure 24

200

eyt



149

TABLE 16

THE RELATIONSHIP BETWEEN CHANNEL CAPACITY AND TOTAL
STREAM LENGTH ABOVE THE CROSS-SECTION AREA

Formation Stream - Function r R2 F

0.17

Sandstone Kickapoo Creek C = 29 IL 0.17 0.03 00.36

Devil's Canyon C = 10.7 2.%°® o.50 0.25  o03.11
Buggy Creek  C= 24.5 131 0,76+ o0.58  10.06
Shale West Fork c=4.312%  o.87% o0.76  43.99
Salt Creek C=17 ZL0'68 0.85*% 0.72 36.94
0.82

Total | C=17.2 1L 0.81%* 0.66- 119.56

*significant at 0.005 level

$L = 0 and IL = 114,59 miles (total stream length in the

drainage basin), thus:

1.07

fll4.59
0

4.3 L dIL

chf

1.07,114.59

4.3 [159.69 - 0]

686.66 square feet/mile

In the calculation, IL was expressed in miles, but to obtain
the volume in cubic feet, it is necessary to multiply thé
value by 5280. The volume of the drainage network above a
catchment area of 26 square miles (total drainage area of
West Fork basin), and up to bankfull stage is 3,625,670.40

cubic feet or 134,224.09 cubic yards. Table 17 shows the
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bankfull stage channel capacity and calculated network volumes.

TABLE 17

THE NETWORK VOLUMES FOR THE STUDY STREAMS

Bank Full Stage
Channel Capacity Network Volume

Formation Equation Sq. Feet/Mile cubic ft./Mile
Sandstone Kickapoo Creek Gy = 2921017 51.98 274,483.19
| Devil's Canyon Cy, = 10.70%%"  77.89 411,273.83

Buggy Creek Gy = 24.50.% % 83.35 440,049.86

Shale West Fork Cye = 4.35L7°%7  686.68 3,625,670.40
Salt Creek cge 17mL0% 229,68 1,212,713.38

It is apparent that the network volumes at the bankfull stage
are not comparable between sandstone basins and shale basins,
so that the flood-producing potential of the two groups net-
works is not the same.

A number of studies have analyzed the relationship between
stream discharges and channel capacity (Gregory, 1976b), and it is
known that the cross sectional area of a étreaxn channel is related
to the frequency of occurrence of higher discharge (Gregory, 1977).
If a change in the frequency of these higher discharges occurs,
then changes in channel capacity would be expected. Two ways

in which changes in the frequency of peak discharges may arise
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include dam construction, which may reduce the frequency of
peak flows; and urbanization, which leads to an increase in fre-
quency of peak flows (Wolman, 1967; Hammer, 1972). The first
situation (dam construction) was investigated in Kickapoo
Creek and Devil's Canyon Creek where these two streams were
treated by floodwater retarding structures in 1962. The
method of investigation was to employ the volume index of
channel morphometry to evaluate the effect of floodwater
retarding structures on channel morphometry. In the upper
reaches of Kickapoo Creek and Devil's Canyon Creek, data on
channel cross-section areas (channel capacity) were obtained
of 15 cross-sections (8 on Kickapoo Creek and 7 on Devil's
Canyon) . The area of each cross section (C) was related

to total stream length (IL) above each site. Comparable
information from nine additional cross-sections was obtained
at sites below the reservoirs. TwO regression lines were then
obtained: one to express the relationship between C and IL
above the reservoirs and one pertaining to the data below the
reservoirs. The regression equation for 15 cross-section

area sites above the reservoirs is:

30.78 L0.109

z

-
Q
]

4drL

BE 29.53 6

0.109,30.78

lo
29.53 [1.453 - 0]

29.53 [IL

42.90 sq. feet/miles
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then the network volume = 42.90 x 5280 = 226,549.44 cubic feet.

The regression equation for 9 cross-section area sites

below the reservoirs:

56.88
0.78

ZL~1.41

5399.85 £ dIL

chf

-1.41 56.88
130.78

5399.85 [IL

5399.85 [0.0033 - 0.0079]

24.83 sq. feet/mile

yielding a network volume of 131,151,56 cubic feet. Network
volume above the reservoirs is twice the network volume below
the reservoirs. The results, therefore, agree with Allen's
(1979) findings that small channels immediately below floodwater
retarding structures tend to aggrade, which is just the opposite of
the effect of large structures (Leopold, etal., 1964). Aggra-
dation occurs because peak flows are greatly reduced, reducing
even further the sediment transporting capacity. Also, prior
to structures most of these channels were ephemeral. After
structures were built these channels had prolonged base flow
periods that encouraged a lush growth of aguatic plants which

in turn increased sedimentation.

The Relationship Between Channel Form
and Sediment Properties

As Shumm (1960) noted, the reason for the relation-

ship between channel shape and percentage of silt and clay
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is found in studies made by hydraulic engineers. Lane (1937,
p. 124) states, ". . . the greater the width-depth ratio the
greater will be the ratio of the velocity acting on the bottom
to that acting on the sides of a channel." Where a narrow
trench is cut in an alluvial valley, the tractive forces acting
on the channel sides will be great, causing widening of the
channel. Widening will continue until the resistance of the
banks to scour prevents it. If the material in which the
channel cut is highly cohesive (has a high percent of silt-clay)
the channel will be narrow, but if the alluvium lacks cohesion
(has a small percent of silt-clay) the channel will widen to a
greater extent.

Also, Schumm'(l960) showed that the relationship between
M (weighted mean percent silt-clay) and channel form in a down-
stream direction is important. Most studies of fluvial geomor-
phology deal with relations between dischgrge and channel
dimensions along a single river (Leopold, et al., 1964). The
width and depth of a grbup of streams increases in an orderly
manner with discharge. But the intercept or position of the
regression line of width to depth for each stream could be
determined by grain size (Figure 25). The position of the lines
representative of all the streams in the area are apparently
determined by M. The following are correlation coefficients
between width and depth for individual streams and the corres-
pondent M. values. Intercepts of streams on shale lie in a
higher position in the diagram than those of streams on sand-
stone. The regression line for Buggy Creek lies in a flat
position. This was reflected on a higher width-depth ratio
(mean 6.07 and standard deviation of 2.016) compared to Kickapoo

Creek (mean 3.39 and standard deviation 1.22). Although the
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TABLE 18

THE RELATIONSHIP BETWEEN CHANNEL WIDTH AND DEPTH
WITH THE CORRESPONDENT M VALUE

Weighted
9 Mean Silt-
Formation Stream Equation T R Clay Per-
cent M
Sandstone Kickapoo Creek depth = 0.66 width0'72 0.56* 0.31 21
(group 1) Devil's Canyon depth = 0.61 width0-75  0.75% 0.56 35
Buggy Creek depth = 2.57 width0-10 0.07 0.0047 25
Shale West Fork depth = 0.12 widthl-31  0,94% 0.88 63
(group 2) Salt Creek depth = 0.49 widthl-006 0 93x 0,86 68

*significant at 0.05 level
intercepts of regression lines for Kickapoo Creek and Devil's
Canyon (M is 21 and 35 respectively, Figure 25) indicate that
these streams have lower depth, the slopes of the regression
lines indicate that depth is related to width by a power function.
The variation of channel dimensions of Kickapoo Creek and Devil's
Canyon could be the result of several factors: 1) decreasing
water table in the toe of the deposited alluvium, 2) higher
channel gradient in areas above the reservoir of Kickapoo Creek
which resulted in entrenching the channel (M = 21). 1In streams
on shale (West Fork and Salt Creeks), the value of M is higher
than streams on sandstone but does not change greatly from one
cross section to another in the downstream direction. However,
the regression lines of streams on shale in Figure 25 indicate
an increase of channel depth in relation to width. This
suggests, 1f M remains constant in the downstream
direction then the width and depth of the channel will increase
at a uniform rate with discharge, excluding the influence of

other variables, and the width-depth ratio will remain constant.
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In Figure 26 plotting width-depth ratio (F) against
silt-clay percent in the channel perimeter (M) for all the
65 cross-sections results in a linear pattern with a negative
relationship. The pattern of the points confirm Schumm's
relationship between F and M. But when data for individual
streams are used to compute regression lines for each stream two
groups of lines results. Moreover, the two groups of sandstone
and shale formations are separated by a discriminant line.
Table 19 shows the difference between regression lines of the

groups (sandstone vs. shale).

TABLE 19

THE RELATIONSHIP BETWEEN WIDTH-DEPTH RATIO
AND WEIGHTED MEAN SILT-CLAY PERCENT

Formation Stream Equation r R2
Sandstone Kickapoo Creek F = 24.5 u~0-67 -0.60* 0.36
Devil's Canyon F = 8,31 M ~° ~0.52* 0.27
Buggy Creek F=4,5Mm+4 ~-0.42* 0.18
Shale West Fork F=4.5M40"1 -0.07  0.005
(group 2) co.37 ‘
Salt Creek F=9.5M"7° -0.28 0.08
Total F =15 n 043 -0.61% 0.37

*significant at 0.05 level



WIDTH-DEPTH RATIO (F)

— CREFK SANDSTONE
et 1100

| [,

Bl SHALE

® GROUP MEANS

20 50
WEIGHTED MEAN SILT-CLAY PERCENT (M)

WIDTH-DEPTH RATIO VS WEIGHTED MEAN SILT-CLAY PERCENT

Figure 26

LST



158

a. Comparing the two groups slopes

1

8. - 8
1 2 2 1
t = — where Sa _'\ = S [ +
53, - 8178 >/ BA/E (n-1)82
1

58, - 8, ~ y 0-26l13375.35 * 3my0- 17

= )/0.26(0.99)

y 0.257 = 0.5072
1.89

Then +t = 0.5072 = 3,72

and tabulated t 0.995 = 2.66
1

60
therefore the HA is accepted at 0.005 significant level.

Then, the two groups' regression lines are not parallel.

b. Comparing the two ‘groups intercepts

o "1 2
HA Ay > A2
2.66

t = 79.507z = °-%

2
(n2-l )SX

2

]
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and tabulated t 0.995 is 2.66

60’
Therefore, the HA is accepted at 0.005 significant level. The
intercept of the sandstone group is greater than that of the
shale group.

A discriminant analysis was made to distinguish between
the two groups based on geology (which were given the value of 1
for sandstone and 0 for shale) for observation of F and M. The

group means are significantly different at 0.001 level.

Geology F M
0 2.53 66
1 4.02 26

On groups defined by geology, Wilk's Lambda was minimized to
0.77 for M and 0.22 for F. The standardized canonical discrimi-

nant function coefficients are;

Function
M 1.012
F 0.043

and chi-square = 93.029 which is significant at 0.00001 level.

Finally, the unstandardized discriminant function is

Geol = -4.43 + 0.094M + 0.029F
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Schumm (1960) stated in his study that the relation
of the unstable channels suggests that the position of points
in relation to a regression line (above or below the regression
line) may indicate that aggradation or degradation is occurring
within a channel. Aggrading channels will have a higher
width-depth ratio than indicated by M; whereas degrading
channels will have a lower width-depth ratio than indicated by
M.

The correlation coefficient for all the streams
is -0.61, while the correlation coefficient of Schumm's
relationship (F and M relationship) was -0.91. The Fisher
Z transformation for testing the correlation between F and

M is significantly lower than Schumm's correlation.

Po = 0.91
Hyp = 0.91 using r =-0.61, P = -0.91
HA p # 0.91 and n = 65
C1+p
1l _ 140.91
1/2 loge T:EI = 1/2 loge =091 1.5275
1+ 1+0.61 _

1/2 log, {—¢ = 1/2 log, T5—¢1 = 97089

= 0.7089-1.5075 _ =0.9675 _ _5 2927
Y ye5-3 0.1828

for a = 0.05, the critical region is

|z] > 2z 1.96

0.095
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Since |Z| = 5.2927 exceeds 1.96 the hypotheses Hp, = -0.91 is
rejected at the 0.05 significance level. This result indicates
that F values for individual streams may not primary be a
function of M. This result confirms Schumm's idea that low
correlation may indicate an unstable channel. Streams on sand-
stone are unstable streams and width-depth ratio may not
decrease by increasing M. The decline of correlation between
F and M for streams on shale does not confirm that as M increases
downstream along a given stream, the depth increases more
rapidly and the width less rapidly with discharge than if M
were constant downstream and width-depth rates decrease.

Again, plotting F against M for all the 65 points
(Figure 26) of the two groups streams (sandstone group and shale
group) results in a pattern that confirms Schumm's (1960) rela-
tionship between F and M. Although r for the overall regression
line is -0.61 is not significant compared with Scﬁumm's r value
of -0.91, the relation between F and M in the study area is
significantly different from zero at 0.05 significant level.
The overall F value is 36.73 and the PR > F is 0.0001. However,
when individual streams are plotted, a grouping of lines results.
The positions of the lines representative of these streams are
not apparently determined by M.

The General Model

Emerging from the developments in channel form
studies, subsequent to Leopold and Maddock's (1953) paper,
the focus in this thesis is in three approaches to explain
how geology (alluvium derived from sandstone and shale

formations) controls the differential changes of channel
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form. These approaches are; first, to examine the relationship
between channel capacity and force =-- resistance ' index,
second, to examine the relationship between channel capacity
and network morphology; and third, to examine the relation-
ship between channel form and sediment characteristics. The
establishment of a causal relationship between geology and the
independent variables to take into account their probable pre-
dictive value of channel form now can be achieved. The results
presented in this chapter indicate a significant relationship
between channel form and each controlling factor examined in
the three approaches earlier. A covariance analysis was made
to examine how geology influences channel form. The constants

were substituted in equation (38) in Chapter V as:

0.74 + 0.85 T(3Y)[0.82 + 0.36TEL]
e s T - AT (46)
Td(l.l? - 0.43 TM] . [ - . L) . L) .

where, TC = logl0 cross~section area (bankfull width x

bankfull depth)

3
T
|

= log10 slope of the channel x (€2.4) * vegetation
resistance index
Td = log10 bankfull depth
TZL = log10 total stream length above cross-section
site
™ = log10 weighted mean percent silt-clay in

channel perimeter
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and, the numbers are regression line constants derived from

separate regression lines between:

1. TC and T(Q%x)
2. TC and TIL

3. TF and ™

where TF is loglo width-depth ratio, and the rest of the
terms are defined above.
The correlation and regression coefficients of the

first regression equation are:

dsy

TC 7

0.74 + 0.85 T(

r=0.5 r®=0.34 F = 32.32 which is

significant at 0.005 level
The correlation and regression coefficients of the

second regression equation are:

TC = 0.83 + 0.86 TIL
r=0.81 r%=0.65
F = 119.56 which is significant at 0.005 level

and the correlation and regression coefficients of the third
regression equation are:

~0.61 r2 = 0.37

r

36.73 which is significant at 0.005 level.

|
il



164

However, when the dummy variable (Dl) is included, in order

to test the influence of geology on channel form as it
interacts with the controlling factors, a new covariance
regression equation was obtained. The regression coefficients

were substituted in equation (45) as follows:

(0.95+0.22D1)+(0.9-0.52D1)T(%¥)[(0.99+0.29Df+(0.84-0.48DfTZL]

Ic= Td[(L.28-0.07D,) ¥ (~0. 49+0. 03D, ) TH]

c e .. (47)

The terms were defined before, and numbers are regression model

constants derived from separate regression lines between:

1. TC and D, T(égl), and Dl[T(Q%I)]

2. TC and Dl' TIL, and Dl(TZL)
3. TF and D,, TM, and D, (TM)

The terms were defined before.

The correlation and regression coefficients of the

first regression line are:

dsy

TC = 0.95+0.22D 7 )1

8dy, .
1+0.90T (<L) - 0.52D, [T(

R=0.84 R:=0.71 F = 49.18
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The correlation and regression coefficients of the second
regression equation are:

T™C = 0.99 + 0.29D, + 0.84 TIL - 0.48D1(TZL)

1
2 _
R = 0.89 R™ = 0.80

F = 80.41
and, the correlation and regression coefficients of the third
regression equation are;

TF = 1.28 -~ 0.07D, - 0.49 TM + 0.03Dl (TM)

1

R = 0.61 R% = 0.37

F = 11.89

A reliabilit§ test was made for equation (47) by plotting

the logarithms of the observed values of cross-section areas
(TC) against the logarithms of the predicted values of cross-
sections (Tl7) by equation (47). The results were found

insignificant and do not represent the real world.

TC = 3.12 - 0.107 (T17) (48)

RZ = 0.28 and F = 25.42

The regression coefficient (slope) was found negative (-0.107)
and R2 = 0.28 was found insignificant. The reason was that the
relationship between equations 32, 33, and 34 was not defined

when constructing equations 38 and 45.
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An attempt was made to write equation 38 and equa-
tion 45 in a new format when the result did not
confirm the reliability of equations 38 and 45. The
multiple regression equation for equation 38 became
equation 49 and was calculated using the properties of the

three approaches discussed in this chapter.

TC = =-0.42 + 0.50 T(Q%I) + 0.49 ™

+ 0'65 TZL . . . [ . L] . . L] . (49)

R = 0.91 R® = 0.83 F = 103.38

And, the new covariance regression equation for equation
45 became equation 50 and was calculated using the same

properties in the three approaches and geology as an

indicator factor:
TC = -0.082 + 1.41 D, + 0.58 T(35L) + 0.17TM

+ 0.71 TIL -0.38D,(TIL) - 0.21 Dl[T(Q%l)]

-0.38D1(TM) e e o o o o o o o o (50)

This equation can be written as,

TC = (-0.082+1.41D1)+[(0.58-0.2101)T(9§1)l +

[(0.17-0.38D1)TM]+[(0.71-0.38D1)T2L] . . . (51

R = 0.94 R% = 0.88 F = 63.74

The correlation matrix between the variables in equation 51 is:
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dsy Ex 1 ™
© D T o o TGO oy (on)

TC 1.00 0.74 0.58 0.59 0.81 -0.63 -0.74 -0.60

Dl' 1.00 -0.31 -0.86 -0.58 0.9 0.98 0.91

S 1.00 0.27 0.29 =0.05 =-0.31 =-0.29

™ 1.00 0.42 -0.82 =-0.78 -0.84

5L 1.00 -0.55 -0.60 =0.30

p, (1Y) 1.0 0.93 0.86
D, (TH) | | 1.00 0.88

D, (TZL) 1.00

The reliability test for equation 49 was made (Figure 27).

TC = 0.00091 + 1.00021(T15) . « ¢ ¢« o ¢« « « « « « (52)

£ = 0.31, rl

=0.93 and F value = 300.28
where TC = observed cross—-section area

and T15

predicted cross=-section area by equation 49

- Also, the reliability test for equation 51 was made (Figure 28)

0-02629 + 0.99974(T9) . . - ] . - - ‘e . . . (54)

r = 0.94,r2= 0.838 and F value = 320.74

TC

where T™C observed cross-—-section area

and T9 = predicted crpss-section area predicted by
equation 51.
Now, a comparison between streams on sandstone and streams
on shalewith regard to the regression line (using the dummy
variable (Dl)' 1l = sandstone, 0 = shale) of TC(Y) on T(dSY

(xl)' ™; (xz): TIL; (x )' D (TZL): 1 37’ D (—)): l' and
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Dl(TM); D1x2’ should be made.

Equation (51) fits the combined data for sandstone and shale

as;

Y = B0 + Zl + lel + 32X2 + B3X3 + ZzDX3 + Z3Dl

x1'+z4Df(2................ (55)

which yields the following two equations for the two values

of Dl:
Shale D=0=Y-= BO+B1xl+B2X2fB3X3 . e . _ (56)
Sandstone D=1 =Y

= (B0+Zl)+(Bl+Zz)Xl+(B2+Z3)X2+

(B3+Z4)X3 R (57)

For equation (55) the following two hypotheses are especially
relevant. |
1. The two equations (51&57)0fD=0 and D # 1 are

parallel, HO:ZZ,Z3, and Z4 = 0. When Zz, Z3, and 2, = 0, the

4
slope for streams on sandstone (B;+Z,), (B,+2Z3), and (By+
24) is simply equal to Bl.B?_, and Bs. The test statistics
concerning HO:ZZ, Z3, and Z, = 0 is the usual partial F test
for the significance of the addition of the variables; Dlx3,
Dlxl’ and [Jlx2 to an equation already containing xl, X2, X3 and

Dl.



171

| af ss | MS

Source :
Regression (xl’x2’x3 3 13.16580§ 4.3886 103.39
Residual 61 2.58943% 0.04245
Regression (D,X;,X,,X;) | 4 13.52893 ! 3.382231 91.15
Residual 60 2.22630 0.03711!
Regression (D,X;,X,/X,, E

DX, , DX, ,DX,) 7 | 13.97069 . 1.99581| 63.74
Residual 57 1.78455 | 0.03131

Using these results, the following test is:
HO:ZZ, Z3, and Z4 = 0 (parallelism)

F(Z,, 24, z4[x1, Xy Xqy 2

3’ l) =

SS regression (guxl,xz,x3,Q§l,Q§2,Q¥3)-SS regression(qrxl,xz,x3)
MS residual (ﬁrxl,§;7x3,§?i,Q§2,Q§3)

_ 13.97069 - 13.52893
- 0.03131

= 14.1092

Comparing this F with F7'57'0.999 = 5.497

therefore the H0 is rejected at 0.0001 leveland then conclude that
there is very strong evidence that the two lines are not

parallel.

2. The intercepts of the two equations (56 and 57) are not the same
that is, o :

Ho:zl = zz, Z3, Z4 = B. When Zl and ZZ' ZB’ Z4 are zero,
the model Y = (Bo + Zl) + (Bl + ZZ)Xl + (B2 + Z3)x2 + (B3 +

z4)x3 reduces the model Y = BO + lel + B2X2 + B3X3 (i.e., the
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two intercepts are the same. The test of Ho:zl = Z2’

0 is the usual test made for parallelism.
Hy:2

= ZZ’ 2 Z4 = 0 [coincidence]

1 3’
F(Z,, 245 2, zllxl, Xy x3) =

[SS regression(ID,Xl,Xz,X3,DX1,DX2,DX3)-SS regression(xl,xz,xyl/Z

MS residual (D,Xl,xz,x3,Dxl,DX2,Dx3)

_ [13.97069 - 13.165801/2 _ , gs3¢

0.03131

Comparing this F with F3,60,0.999 = 8.652, the Hy is rejected at
0.0001 level and then conclude that there is a strong evidence the

two regression lines intercepts are not the same.

Summary

The purpose of this dissertation was to examine the
role of geology and human intervention in controlling the
stream channel form. The literature survey of stream channel
morphology and channel changes was outlined and identified in
Chapter II. Emerging from these developments in channel form
studies, subsequent to Leopold and Maddock's (1953) paper,
the focus in this dissertation was on three approaches to
explain how geology (lithology) controls the differential
changes of channel form characteristics. These approaches
were some of the products of different theories explaining the

fluvial system adjustments such as hydraulic geometry, complex



173

response, thresholds, allometry, and catastrophe theory. 1In

~ the hydraulic geometry approach there is a considerable

range of exponents in the downstream geometries, and so this
casts doubt on the use of mean values samples of exponents

to characterize the hydraulic geometries of particular

areas (e.g., Leopold & Maddock, 1953). In most of the
literature cited in Chapter II no attempt was made to explain
the causes of variations in the hydraulic geometries as
reflécted in the exponents and the constants. The other
approaches to explain channel form change, such as complex
response, allometry, and catastrophe, do fail in some cases

to explain the magnitude of the spatial variation of channel
form in a given area. For example, a critical valley slope,
altered runoff conditions, and fluctuation of water table cause
cut and fill in the valley stream. Note that it should be remembered
here that drainage area and network morphology are used as
substitutes for runoff or discharge. Therefore, if discharge
increases, the effect would be to shift the threshold slope
down for a given drainage area or a given network volume. The
failure of a single approach to explain the variation of the
downstream channel form change  in a given area, is because

of the unique characteristics of the study area. Spatial
variation of channel form was hypothesized in this study to be
the result of the interaction of geology (lithology) among
various morphologic variables in selected drainage basins in

western Oklahoma. This was ascertained through general field
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observations and substantiated by a review of the literature.
The location of the study area is no less important in

this study. The drainage area of the Washita River is the study
,area for the Southern Plain Watershed Laboratory in Chickasha,
Oklahoma. The area is 1130 square miles within which fhe basins
included in the study were selected. About 183 square miles
(16.2%) of the Washita study reach has undifferentiated Quater-
nary age alluvium and terrace deposits. The remaining 947
square miles (83.8%) has Permian age sedimentary rock exposed

at the surface or near the surface are covered by a thin veneer
of poorly developed soil. In the study basins, the areas
underlain by different lithology varies from basin to basin as
follows; in West Fork and Salt Creek 90 percent underlain by
Marlow, Dog Creek, and Blaine Formations, 6 percent underlain

by Chickasha Formation, and 4 percent underlain by alluvium.

On the other hand, in Kickapoo Creek, Devil's Canyon and

Buggy Creek, about 72 percent is underlain by Rush Springs
Formation and about 28 percent underlain by alluvium and

terrace deposits. The alluvium composing the study stream
channels perimeters is different from stream to stream.

These differences are expressed in the depth and texture of

the alluvium. The fine texture of the West Fork and Salt

Creek alluvium is apparently due to the nature of the Permian
materials (shale) that West Fork and Salt Creek drain. The

fine texture of the source of the alluvium may partially explain
the alluvium's great depth and therefor silt~-clay percent may

increase and in turn channel depth increases in the downstream
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direction. However, the thin veneer of poorly developed
soil which covers a coarser material is due to the material
that Kickapoo, Devil's Canyon, and Buggy Creek drain. This
coarsé material is sandstone. Streams on sandstone were found
to have a great variation of channel form in the downstream
direction due in part to landuse activities. The SCS floodwater
structures are dominant in areas underlain by sandstone. The
effect of these structures on the downstream water yield and
thereby on the downstream channel form is high below the
structures. However, determining the effect further downstream
is difficult because of vegetation removal, cultivation, and
farm pond constructions. The effect of these landuse activities
on channel form were found upstream from the stfuctures as well.
Examination of geological control and landuse impact
on stream channel morphology was the subject of each hypothesis
tested in this study. Firstly, streams on sandstone can be
considered as candidates for the application of the catastrophe
concept, which is a process that includes abrupt changes as
thresholds are crossed. The algorithm using tractive force
explains why gradient is not the only variable with a significant
threshold. Similar thresholds exist for the resisting vege-
tation. This was evident in the significant relationship when
channel cross-section area (C) was regressed against the force-
resistance index (TV). Average correlation coefficients for
streams on sandstone wére 0.81, and the regression coefficients
were found significant at 0.005 level. These statistical

results reveal that various valley floor changes introduced by
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man (i.e., cultivation of valley floor) have their impact on
differential channel form in the downstream direction. On the
other hand, this hypothesis was found to be difficult to prove
in streams on shale. Increasing discharge from shale basins
increases the depth of channel in the downstream direction at
a faster rate than the width of the channel.

Secondly, streams on shale are best considered from an
allometric rather than from a steady state viewpoint. Drainage
density in the sandstone basins was found to be higher than in
the basins on shale as a result of the large area in sandstone
basins converted from rangeland to cropland. However, a com-~
parison of drainage densities is a purely spatial comparison
and one which ignores the volume of the channels constituting
the network. Regression relationships were then established
between the channel capacity and total stream length so.that
" a volumetric comparision was made between the groups (sandstone
group and shale group). It was determined, by testing the
hypothesis, that there is a relationship between channel
capacity and netwofk volume, and that network volume in shale
basins is higher than in sandstone basins. Therefore, flood
hazards are higher in streams on sandstone than in streams on
shale. This was evident in the increases of channel size of
streams on shale in the downstream direction with increasing
discharge with the other factors held constant.

Thirdly, because of the great range of the channel size
of the streams studied the tkpe of sediment characteristics

collected from the stream bed and banks is considered to be an
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important control on channel shape. Schumm's (1960) rela-
tionship between channel dimensions and an index of the type
of sediment load (M) was found significant if all the 65
observations, collected from streams on sandstone and shale,
were plotted.b The pattern of the points confirms Schumm's
relationship between F and M, but when data for individual
streams were used to compute a regression line for each stream,
two groups of lines resulted. Local changes of channel dimen-
sions would be and strongly affected by variations of resistance
of bank sediments. For example, in streams on shale, M does
not change greatly from cross-section to cross-section. If
M remains constant downstream then the width and depth of the
channel will increase at uniform rate with discharge, excluding
the influence of other variables, and width-depth ratios will
remain constant. On the other hand; streams on sandstone do
have a variable M along the stream channels. The average
correlation coefficient between F and M for streams on sandstone
was found to be -0.51, while the correlation coefficient found
by Schumm was -0.91. This result suggests that streams on
sandstone are unstable, because the local cut and fill in these
sandy streams could be a result of fluctuation of the water
table. The position of the separate regression line for each
stream, is apparently not determined by M.

Emerging from examination of the three approaches in
streams on sandstone versus streams on shale a covariate model
includes all three approaches, as predictions of channel form

will not be reliable unless a dummy variable representing
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geology is included. The reliability test for the model
generated an r2 of 0.88 and F value of 320.74.

Subsequently, the extension of the morphometric
approach to characterizing channel form variations to other
streams in Oklahoma and elsewhere is worthy of further attention.
Ideally such extension could cover streams under a wide range
of environmental conditions, so that the analysis might be
used on the world and local scales. If additional data of this
type is collected from different regions, with differing
climatic, geologic, and topographic conditions, the ability to
identify potentially unstable segments of a stream channel will
increase. Predicting the future behavior of currently unstable
stream channels is one major goal of this stu&y. The morphologic
variables within geologic control, which form the causal model
developed in this study, will provide a basis for prediction.

There appear to be a number of important themes which
emerge from the present study. One is the utilization of the
morphometric approach of relating channel form properties to
drainage basin characteristics (i.e., stream network volume)
and tractive force~resistance index as a valuable technique
for studying man-induced changes in channel form. The brutal
forcing of a channel into an unnatural straight alignment
almost always produces serious consequences. Unless the new
course is cut in resistant materials the channel will attempt
to resume its meandering course. In addition, the greatly
increased gradient of the straightened channel will normally

cause incision and rejuvenation upstream, thereby producing a
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high sediment load that will probably enlarge and aggrade the
aligned channel and cause flood plain destruction. Again, the
channels that will benefit most from partial to full channeli-
zation probably can be identified by a careful study of channel
morphology, which this study attempts. Furthermore, flow
regulation by reservoirs in the area has led to a drop of
channel capacity. By plotting channel capacity against stream
network morphology, the results showed that the reduction in
capacity is substantial immediately below dams.

A second theme is examining the three approaches
provides conclusive evidence of the detailed form of change in
channel process. It does also allow the initial delimitation
of stream reaches which have undergone such changes, following
which more detailed research in the future can be devoted to
the mechanisms by which the channel changes have been brought
about.

Subsequently, the establishment of a causal relation-
ship between geology and the independent variables, to take
into account their probable predictive value of channel form,
was achieved. Geology as a cause of differential channel form

development remains a subject of fertile research.



CHAPTER VII
CONCLUSIONS

The general hypotheses stated that geology and man's
modifications of natural streams determine the spatial
variations of downstream channel form change.

Three independent variables—force-resistance index,
total stream length above cross-section area, and weighted
mean silt-clay percent—estimated the channel cross-section
area fairly consistently. They were used to determine the
Ainfluence of geology and detect the effect of man's activities
on channel form. All had significant regression coefficients
when all the observations were used in the calculation.
Analysis of covariance indicated that multiple correlation
and R2 were increased when geology was introduced as a dummy
variable.

The t test was used in three subhypotheses to test
the parallelism of the regression lines of two groups (the'
group of streams on sandstone versus the group of streams on
shale). Each test indicated that there is a strong evidence
of no coincidence between the two group's regression lines, thus

rejecting the null hypothesis at 0.005 significant level.

180
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The three subhypotheses were stated as causal rela-
tionships generated from other studies in other regions. As
a result of varying lithology in the region, caution was
exercised in using these relationships. A goal of this study
was to emphasize environmental problems, such as varying
lithology and mans' alterations of the natural system, in the
examination of spatial variations in channel form in western
Oklahoma. It was anticipated that only a slight facies
change from sandy to shaley materials in Middle Permian Red
beds of western Oklahoma would be sufficient to produce profound
differences in stream channel characteristics.

Several generalizations can be stated with regard to
the simple regression analysis, covariance technique, aﬁd
discriminant analysis conducted in this study. The force-
resistance index predicted channel cross-section area more
appropriately than either tractive force or resistance offered
by reparian vegetation cover. Due to varying lithology
vegetation resistance index does not appear to correlate
significantly with tractive force in this study area, contrary
to Graf's (1979) study. Generally, streams on shale are deep,
and the established riparian vegetation protects stream banks
from slumping and failure. On the other hand, streams on
sandstone are easily cut when vegetation in the valley floor
is altered. Basically, the force-resistance index as a factor
in relation to channel cross-section area is new and an
important variable, particularly when lithology is included as

an indicator.
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While the total stream length above cross-section area
was significant in the simple regression equation in predicting
channel cross-section area, it was a more important factor in
predicting network volume. This was particularly true when
watersheds are treated with flood detention dams and when the
network volume of watersheds on shale was compared to the net-
work volume of watersheds on sandstone. It was found that the
network volumes to the bankfull stage are not comparable between
sandstone basins and shale basihs, so that the flood-producing
potential of the two groups' networks is not the same. The
same was true that the network volume below flood-water retarding
structures is less than the network volume above these struc-
tures. Contrary to large dams, deposition occurs just below
the structures. This is perhaps due to reduction of flow and
rapid growth of vegetation in the channel bed.

The weighted mean silt-clay percent was a relatively
significant predictor for width-depth ratio of the channel
cross-section when all observations are included. 1In this
study area, the weighted mean silt-clay percenﬁ is not a
significant estimator of channel width-depth ratio of streams
on shale. The lower correlation for streams on shale caused a
paradox in this study area (i.e., where Schumm's (1960) rela-
tionship between width-depth ratio and weighted mean silt-clay
percent is =0.91, and in this study is -0.61). The increase of
depth in the downstream direction for streams on shale is not

determined by mean silt-clay percent. Discriminant analysis
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indicated differentiation between streams on sandstone and
streams on shale as a function of width-depth ratio and mean
silt-clay percent to denote the importance of geological
control when estimating channel cross-sectional characteristics;
cross-section area and width-depth ratio.

Along with the independent variables used in the
covariance technique to predict channel cross-section area,
geology was important inidetermining the spatial variation of
downstream channel form change. Other studies have used these
independent variables, without geology as an indicator factor
in determining channel form, successfully. This research has
almost ruled out their apparent importance without the geological
factor for predicting the downstream channel form in this

study area.

Summation

This research showed that it is necessary to disclose
the effects of the environment upon the erosional and deposi-
tional mechanics of fluvial systems. It emphasized the
environmental problem in fluvial research when examining the
downstream channel form change over varying lithology, and
signals the precaution necessary when results of research in
one region are applied in another. The complexity of fluvial
systems does not preclude the need for many studies over many
environmental situations, in fact this is demanded.

Combining the subhypotheses of the study into a general

model was unsuccessful. It was found, however, that the
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covariance technique including the properties of the three
subhypotheses shows a consistency between the independent
variables in estimating channel cross-section area.

Scientific laws may be probabilistic because observed
phénomena in the real world are complex. However, when
probabilistic statements are generated, strong relationships
can be tested for their generality; The problem hypothéses in
this research were generated from assumed causal relationships,
thus, the probability to synthesize a determinisfic conclusion
was higher. This research, therefore, determined that steams
on sandstone suggest themselves as candidates for the appli-
cation of a process which includes abrupt changes as thresholds
are crossed, while streams on shale are candidates for allometric

change.
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APPENDIX 1
DATA

geology takes the value of 1 if it is sandstone formation, and 0 if it is shale formation

stream; where K is Kickapoo Creek, D is Devils Canyon Creek, B is Buggy Creek, W is West Fork
Creek, and S is Salt Creek.

bankfull channel width in feet

bankfull channel depth in feet

stream channel slope at the cross-section site feet/foot

stream channel cross-section area (width x depth) in square foot

width-depth ratio (width/depth)

tractive force in pound/square foot (T = ydS; where y = 62.4, d is depth of flow, and

S is channel slope) o

hypsometric curve function (statistical moments; the slope of the curve at each cross-section

point determined on the curve)

total stream length above the cross-section site (miles)

drainage density (stream length/drainage area) in miles/square mile

silt-clay percent in the sediment composing the channel bed

silt-clay percent in the sediment composing the channel banks

weighted mean silt-clay percent in the channel perimeter

percent riparian vegetation cover; V = 0.7 (percent grass cover) + 0.3 (percent forest cover)

force-resistance index; tractive force/percent vegetation cover.

S C F T H L Dd SC SB M \

OBS GEOL ST W D

KICKAPOO CREEK .
1 1 K 9 4 0.0513 36 2.250 12.804 1.164 3.55 1.579 34.67 13.14 24,53 30.00 O.
2 1 K 9 3 0.0591 27 3.000 11.063 1.391 5.29 1.922 37.42 13.42 27.82 45.91 O.
3 1 K 10 3 0.0409 30 3.333 7.656 1.559 7.80 2.152 18.85 18.55 18.73 42.89 O.
4 1 K 15 5 0.07Ly 75 3.000 22.183 1.878 9.21 2.992 6.28 34.58 17.60 36.22 O.
5 1 K 20 7 0.0369 140 2.857 16.117 1.657 13,72 3.056 13.14 20.85 16.31 12.73 1.
6 1 K 18 4 0.0482 72 4.500 12.030 1.708 14.22 3.112 13.42 20,57 15.62 23.83 O.
7 1 K 12 2 0.0401 24 6.000 5.004 1.824 16.01 2.921 18.42 6.00 15.31 50.91 O.
8 1 K 10 2 0.0359 20 5.000 4.480 1.889 17.55 3.177 27.42 23.14 26.19 39.99 O.
9 1 K 15 7 0.0257 105 2.142 11.225 2.194 17.98 2.717 34.57 16.00 25.60 27.27 O.
10 1 K 13 5 0.0209 65 2.600 6.520 2.249 19.43 2.482 34.27 23.14 29.60 31.81 O.
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OBS GEOL ST W D
11 1 K 8 4 0.0165 32 2.000 4.118 2.249 22.01 2.455 34,57 34.57 34.82 44.54 0.09
12 1 K 10 3 0.0305 30 3.000 5.709 2.249 27.49 2.662 13.14 20.28 15.81 50.91 0.11
13 1 K 18 4 0.0557 72 4.500 13.902 2.249 30.98 2.529 13.42 15.03 13.91 44.54 0.99
DEVIL'S CANYON CREEK
1, 1 D 13 4 0.0451 52 3.250 11.256 1.772 5.50 2.353 60.57 40.42 56.32 27.27 0.4l
15 1 D 9 4 0.0342 36 2.250 8.536 1.913 5.60 1.098 65.50 45.00 55.85 50.91 0.16
16 1 D 8 3 0.0741 24 2.666 13.871 2.048 6.01 1,221 48.85 13.43 26.52 45.22 0.31
17 1 D 12 2 0.0989 24 6.000 12.342 2.119 7.25 1.750 18.50 22.00 19.37 44.54 0.28
18 1 D 14 5 0.0911 70 2.800 30.295 2.257 9.29 1.210 34.57 34.57 34.57 50.91 0.60
19 1 D 7 3 0.1201 21 2.333 22.483 2.253 10.20 1.998 50.22 44.22 47.45 42.92 0.52
20 1 D 8 3 0.0875 24 2.666 16.380 2.382 13.23 2.001 59.33 60.02 59.62 40.38 0.40
21 1 D 15 5 0.0599 75 3.000 18.688 2.389 16.97 2.000 20.28 13.14 17.42 30.00 0.62
22 1 D 25 8 0.0618 200 3.125 30.850 2.430 18.80 1.906 20.57 34.57 26.03 19.10 1.62
23 1 D 15 5 0.0702 75 3.000 21.902 2.438 23.87 1.995 18.00 25.22 20.80 31.82 0.69
24 1 D 12 &4 0.0519 48 3.000 12.954 2.444 25.90 2.009 23.69 25.00 24.21 38.82 0.33
BUGGY CREEK ~

15 3 0.0261 45 5.000 4.885 0.270 5.90 1.291 29.14 22.00 27.50 40.92 0.12
26 1 B 19 2 0.0255 38 9.500 3.182 0.274 6.21 1.812 25.09 10.25 22.50 42.44 0.07
27 1 B 18 2 0.0219 36 9.000 2.733 0.289 10.00 1,991 21,71 11.14 19.78 39.19 0.07
28 1 B 21 3 0.02064 63 7.000 3.818 0.372 10.92 2.298 26.28 15.14 23.80 19.10 0.20
29 1 B 29 5 0.0165 145 5.800 5.148 1.080 31.21 1.865 23.42 18.57 22.17 25.45 0.20
30 1 B 22 4 0.0152 88 5.500 3.793 1.587 40.92 2.072 23.14 16.57 21.38 25.45 0.15
31 1 B 19 5 0.0119 95 3.800 3.713 1.866 70.23 2.073 33.42 7.42 24.45 12.73 0.29
32 1 B 18 4 0.0115 72 4.500 2.870 2.208 98.80 2.062 26.66 9.00 21.22 19.10 0.15
33 1 B 12 5 0.0111 115 4.600 3.463 2.491 129.22 2.518 28.50 11.55 23.36 12.72 0.27
WEST FORK OF SALT CREEK
33 0 W 13 4 0.0378 52 3.250 9.434 1,277 9.92 4.112 70.57 66.28 68.92 37.26 0.25
3 0 W 19 4 0.0312 76 4.750 7.787 1.364 10.46 4.269 70.57 63.42 68.42 37.91 0.21
3 0 W 20 5 0.0256 100 4.000 7.987 1.405 14.00 4.001 63.43 66.28 64.38 41.81 0.19
37 0 W 21 8 0.0244 168 2.625 12.180 1.432 21.53 4.196 70.57 84.85 76.74 39.30 0.31
3 0 W 17 5 0.0186 85 3.400 5.803 1.599 41.02 4.987 70.57 66.28 68.98 25.45 0.23
39 0 W 19 6 0.0137 114 3.166 5.129 1.752 56.53 4.165 77.71 70.57 74.44 21.00 0.24
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40
41
42
43
44
45
46
47
48
49

SALT CREEK

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

COO0CCOOOO0O O
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L2 2 > M E S SN SJf o S
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28

D

9
10

9
11
12
14
19
20
23
25

s

0.0137
0.0130
0.0130
0.0130
0.0122
0.0175
0.0181
0.0228
0.0235
0.0209

0.0962
0.0613
0.0557
0.0193
0.0159
0.0155
0.0151
0.0145
0.0142
0.0129
0.0119
0.0112
0.0111
0.0109
0.0100
0.0091

252
325
225
341
468
686
836
1020
1035
1175

72
105
126
200
264
242
276
220
210
184
189
336
558
814

1012
1275

3.111
3.500
2.777
2.818
3.250
3.500
2.315
2.550
1.956
1.880

2.000
2,142
1.555
2.000
1.833
2.000
1.916
1.818
2.100
2.875
2.333
2.333
1.722
1.681
1.913
2,040

T

7.693
8.112
7.301
8.923
9.135
15.288
21.459
28.454
33.727
32.604

25.908
26.775
31.281
12.043
11.906
10.639
11.306
9.952
8.861
6.439
6.683
8.386
12.467
14.963
14.352
14.196

H

1.776
1.807
1.807
1,807
1.864
1.905
1.905
1.905
1.946
2.012

0.682
0.818
0.895
1.923
1,222
1.371
1.446
1.477
1.611
1.595
1.643
1.656
1.825
1,884
1.914
1.928

L

59.02
62.68
66.02
67.72
85.55
82.82
98.23
104.09
108.92
114.59

. 8.11

9.03
18.10
25.87
36.90
41.10
49.59
55.00
63.80
72.87
112.01
132.30
139.00
149.27
158.40
178.87

Dd

2.812
4.450
2.099
4.206
4.239
4.391
3.981
4.441
4.011
4.324

3.921
4,043
4.001
3.164
2.921
2.809
2.700
3.550
2.992
3.448
3.941
3.808
4.000
4,172
4.090
4.004

SC

56.00
63.42
41.71
48.85
56.28
66.82
70.56
74.43
74.57
70.28

63.71
72.00
72.00
74.85
82.00
84.85
56.28
63.43
70.85
67.71
70.57
77.71
67.81
77.71
70.85
70.71

SB

41.71
34.57
34.57
41.71
49.14
58.22
66.28
63.43
70.57
63.43

63.42
66.28
70.57
70.57
70.85
75.14
53.14
60.57
52.28
56.00
53.43
74.85
87.43
70.28
63.15
56.00

50.39
52.93
38.72
45.88
66.16
63.69
68.57
69.59
72.54
66.75

63.57
69.23
71.19
72.71
76.18
79.99
54.67
61.93
61.79
62.90
62.65
76.39
78.35
73.68
66.91
62.81

31.82
25.85
13.64
20.18
24.54
15.88
41.82
25.91
27.27
31.82

44.54
30.91
27.27
25.10
33.63
39.09
24.54
40.91
21.82
41.49
39.08
19.10
19.10
15.82
10.91
16.36

2
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0.87
1.15
0.48
0.35
0.27
0.46
0.24
0.41
0.24
0.17
0.44
0.65
0.94
1.32
0.87
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APPENDIX 2
Hypsometric Curves of the Study

Drainage Basins
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Appendix 2-~continued
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Appendix 2--continued

THE HYPSOMETRIC CURVE OF wESY FURK OF SALT CREEX (SHALE) oh/22/02 Pace ]
FAE HONARE CCREATION DATE = 06/22/82) .
SCAVIERGRAN OF (DOWN) ELEVATIO ’ CACROSS) AREA

0. 05000 0. 18000 0.285000 035080 0.48000 S.u8000 063000 0. 78000 S.83000 0. 95000

- -
$.00000 o ] | . 1.00000
[ ] 13 L} 1
[] ] ] ]
] 1 ] s
L : 3 3 . [}
0.90000 o [ SKEVNESS « @.561 . 0.90000
1 ] 3 KURTOSIS = -1.683 ]
] ] 1] 1
] [} [ 3
L] [ ) 1 [ ]
8.80000 o ] 3 . 0.80000
] ] ] ]
[} [} ] | §
] [J ) ]
[ ) ] ) ]
Q. 70000 o 1 ] 4 870000
1 ] ] 1]
S ]
i 1 ] ]
] ] ] [}
000000 o [] [ . 0460000
L] [} [} 1]
] L} ) L}
[} ] 8 1
[ ] [} [ ] 4
0.58000 ¢ ] ] . ©.80000
L ] [}
[} 3 ]
] 1] ] 3
3 [ ] [} 1 §
0.40000 ¢ [ [ ] . 0.40000
] 1 ]
] T ] ]
] ]
] L} ] ]
9.30000 ¢ [ . 0.30000
[ ) ] | [ ]
] [} s ]
] ? 1] 1
1§ 1 3 [ ]
0.20000 ¢ [ ] ] . 0.20000
1 ] [ ] 1
s [ ] ) 1
: 13 1 13
. ' 3 [ ]
0410000 o [} ] 3 0.20000
13 [ ] L} [ ]
[ ] L ] ] :
1 ] 3 |
1 [ ] ] ]
0.0 3 L} L ¢ Q.0
et S .

0.30000 0.20000 ®+30000 0.40000 a.50000 0.80000 0.%0000 0.80000 0.90000 3. 00000

L d
.
°

0Te



Appendix 2--continued
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Procedure for Hydrometer Analysis
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Procedure for Hydrometer Analysis

Calibrate the hydrometer as follows: Add 10 ml of
5% sodium hexametaphosphate to a 1000 ml settling cylinder.
Add water bringing the solution to the 1000 line. Insert the
hydrometer, and take the reading when the instrument stabilizes.
Remove the hydrometer, and take the temperature (in °F) of the
solution. For each degree above 69°F, add 0.2 to the hydro-
meter reading to determine the standardized correction factor.
If the temperature is less than 69°F, subtract 0.2 from the
reading for each degree below 69°F to arrive at the correction
factor. '

An over-drived sample should be sieved in #10 mesh
sieve, Place 70 grams from the sediment passed the #10 sieve
in a baffled dispersion cup, adding 100 ml. of 5% sodium
hexametaphosphate and 400 ml of water. Allow this mixture to
stand at least 10 minutes. (Sodium hexametaphosphate complexes
or 'ties up’' all negatively charged exchange sites on the clay
colloids and insures that all sites have the same charge. The
clays consequently repel each other rather than floculating.)

To further disaggregate the soil particles, mix the
suspension for 5-10 minutes with the motor mixer. Then care-
fully transfer the mixture to a sedimentation cylinder using
a wash bottle as necessary. Fill the cylinder to the 1000 ml
line with water.

Place your hand firmly over the cylinder opening, and
rock the cylinder back and forth repeatedly to mix the suspen-
sion completely. Return the cylinder to the upright position.
After 20 seconds, lower the hydrometer into the suspension. At
exactly 40 seconds, record the hydrometer reading.

Take the temperature, and add 0.22 to the hydrometer
reading for each degree above 69°F, or subtract 0.2 for each
degree under 69°F. Then subtract the original hydrometer
correction factor (from first step; calibrating the hydrometer)
from this adjusted reading.

Thoroughly mix the suspension again, and take another
reading at exactly 2 hours. Adjust this reading for temperature
as above, and subtract the hydrometer correction factor.

The adjusted 40-second reading gives the concentration
of silt and clay in grams per liter. In other words, the
percentage of silt and clay is the adjusted 40-second reading,
divided by 70 grams, times 100, i.e.,
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adjusted 40-second reading % 100

percent silt and clay = 70 grams

Note that 50 minus this combined percentage gives percent
sand.

The percentage of clay is determined in the same
manner using the 2-hour reading. (Only clay remains in
suspension after 2 hours.)

adjusted 2-hour reading

percent clay = 70 grams

x 100

Percent silt is determined by subtracting from 100,
the combined percentage of sand and clay, i.e.

percent silt = 100 - (percent sand + percent clay)

However, a table was designed by the civil engineering
department at the University of Oklahoma and was used to
tabulate the hydrometer readings. The percentage of silt and
clay in the sediment was calculated at the 40 second reading
assuming that a diameter of 0.10 is the boundary between sand
and silt and clay. The choice of a 0.10 mm particle
diameter as a boundary was based upon the lithology in the
area ranging from sand to silty sand in the Permian beds.

Schumm (1960) calculated the weighted mean percentage
of silt-clay for each cross-section as:

percent silt-clay channel percent silt-clay 2 channel
(M = in channel bed x width + in channel bank x depth

width + 2 depth

as a parameter to express the character of the sediment
composing the channel perimeter.



Test by

M. D. Radi

Soil Sample No.

A SAMPLE OF

Kickapoo Creek (Sandstone) Sec. #Ii banks sample

Wt. of original specimen (W) = 70 gr.
Hygroscopic moisture content (M) =

lOIJHl

Wt. of dry soil specimen W = 100+

HYDROMETER ANALYSIS TABULATED RESULTS

Date

Time

10:00 PM

Dispersing Agent
Specific gravity of soil (G) = 2.65

Calgon

Specific gravity correction (a) = 1.650/2 65(C~1) = 1

Time Hydro. Temp. Disp. Agt | Corr. Hyd. Max. Part. Particle Diam, Correction | Correct Z Soil Adjustment
Minutes Rend. .of Correct. Read. Dia. mm. Sp. CGrav. Particle in Sus-  ZPass-
Classifi~ T 11 diam, mm. | pension 1ing
cation
according
T Ry t ) R 41 | cou.s.p.A. €, 4 P
Fine
40 sec 30 73 -5.8 24,20 0.10 Sand 1.00 34.57
2 22 73 -5.8 16.20 0.041 | Very Fine 1.00 23.14
Sand
5 18 73 -5.8 12.20 0.026 | sile 1.00 17.42
15 15 73 ~-5.8 9.20 0.015 | silt 1.00 13.14
30 13 73 -5.8 7.20 0.011 | sile 1.00 10.28
60 12 73 -5.8 6.20 0.0074] silt 1.00 8.85
250 or 11 73 -5.8 5.20 0.0037| silc 1.00 7.43
120
1450 or 11 73 -5.8 5.20 0.0015] Clay 1.00 7.43
250
R=R, +C, : d= d1 x'c2 x C3 x Ca : P = (R. a. 100)/W

ST¢C




Table I
Hyd Rdg Corr
for "calgon®

CORRECTION TABLES

Table IV
Hydr Level
Corrx

Hydr. K1l
0 1.000
5 .973
10 .947
15 .920
20 .895
25 .867
30 .840
35 .812
40 .787
45 .751
50 .726
55 . 694
60 .661

T CR
65 -7.6
66 ~7.4
67 =7.2

68 | -6.9 |

69 -6.7
70 | =6.5
71 ~%.3
72 g |
73 ~5.8
74 ~5.6
75 -5.4
76 =5.2
77 1.9
7 1.7

9 =4.5

Tﬁo =1.3

81 3.1

82 [ -3.8 |

83 -3.6

84 | -3.4

Table II
Specific Gravity
Corr
S.G. Kg
2.50 1.050
2.55 ©1.030
2.60 1.015
2.65 1.000
2.70 .985
2.75 .970
2.80 960
2.85 .950
2.90 .935
2.95 925
C2

Table IIX
Temperature
Corr
Temp Kt
65 1.020
66 1.013
67 1.007
68 1.000
69 .992
70 .984
71 .977
72 .971
73 .965
74 .960
75 . 955
76 .950
77 .945
78 .940
79 .935
80 .925
81 .920
82 .915
83 .910
84 .905
Ca

91¢
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APPENDIX 4

Treatment of the Picture Distortion

Cross-section #12 on Kickapdo Creek
Picture taken in August 1980.

vV = pl(T)' + pz(G)

Where V is the vegetal retardance index, 0y and p, are cor-
rection factors, T is the percent cover of trees, and G is the
percent cover of grass.

A quadrate is drawn covering the adjacent areas to the
cross-section site on the flood plain and upstream and down-

stream directions. The horizontal lines (4 lines) are belt

' transects that the percent vegetation cover that touches each
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line will averaged by the four horizontal lines within the
quadrate (Goudi, 1981, p. 269).

The distortion in the picture was treated mathematically
by calculating the ground length of the lines transects as
follows (Harold Malde, U.S.G.S. Journal of Research, vol. 1,
1973, p. 193).

-em—True Horizon

I/ TP (=)
TA e — _.__-l-— —— e — ¥ axis

\ | (+)

The Picture

d = the distance between points 1 and 2 on the photo.
D = the distance between points 1 and 2 on the ground.

TA = the distance between the true horizon and the line d on the
photo.

TP = the distance between the true horizon and x axis.

yva = the distance between the x axis and the line 4.

In order to calculate D the following equation is used:

D = d H
TA COS ©
TA = f tan 6 % ya
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True Horizon

- ——— — o —— e vEnm. —— ——

Ground Surface

1 D 2
Where £ is the focual distance or the distance betweenlthe
film and the lines, F is the distance between the camera and
the ground surface, H is the height of the camera which in
this case is the eye-~level height of the person taking the
picture, and © is the angle between the true horizon and a
line running betwesn the center of the line on the picture
and the center of the line on the ground.
Example:

d=

wm

inches (which is the length of the first line
transects of the foreground on the picture)

TP = 1 1/8 inches

TA = 2 inches

ya = 3/4 inches

= 5'8" = 68 inches
= 11° 38'

= 35 mm = 1.378 inches

_4aH _ 5(68) _ 340 _ )
= TA Cos © _2(0.999) _ T1.998 170.1702 inches

= 14,181 feet

O Hh © X
|
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the Vegetal Retardance Index Equation
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APPENDIX 5
Estimate and Proof of the Correction Parameters in

the Vegetal Retardance Index Eguation

As indicated in Chapter I that cross-~section areas
of the stream channel holds a certain relationship with the
ratio between tractive force and vegetal retardance index,

this relationship is written as:

al
(o]

C. =a+b

NO
I
v
+
o
lo™ &

C.=a+b
3 . V3
¢ T
= 2
Cn =a+b T

e

where C is the cross-section area, a and b are the regression
constants, T, is the tractive force, and V is the retardance
index of vegetation. The least square method is applied to
determine Py and Py using an iterative values. Since the need is
to estimate Py and Py inv (v = pl(T) + pz(G), See Chapter 1V),
tractive force (ro) must be held constant. The following obser-

vations were chosen from the data with equal tractive force

value:
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Stream and Cross-Section # C T T G
D-2 36 8.536 20 63
w-8 325 8.112 68 7
W-10 341 8.923 64 2
S-9 210 8.861 2 35
s-12 336 8.361 60 3
w=-3 100 8.000 35 45
w-11 468 8.000 10 25
K-3 30 8.000 40 45
W-2 76 8.000 24 40

Where C is the cross-section area, T is the tractive force, T
is the percent coverage with trees, and G is the percent coverage
with grass. Eleven iterative values were given for Py and Py

as follows:

Py Py
vl 0.1 0.9
V2 0.2 0.8
\E 0.25 0.75
\'L 0.3 0.7
V5 0.35 0.65
V6 0.4 0.6
V7 0.5 0.5
v8 0.6 0.4
V9 0.7 0.3
V10 0.8 0.2

Vil 0.9 0.1
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Then the possible values for V with different oy and p, are:

4l v2 v3 V4 V5 V6

58.70 54.40 52.25 50.10 47.95 45.80

13.10 19.20 22.25 25.30 28.35 31.40
8.20 14.40 17.50 20.60 23.70 26.80

31.70 28.40 26.75 25.10 23.45 21.80
8.70 14.40 17.25 20.10 22.95 25.80

44.00 43.00 42.50 42.00 41.50 41.00

23.50 22.00 21.25 20.50 19.75 19.00

44.50 44.00 43.75 43.50 43.25 43,00

38.40 36.80 36.00 35.20 34.40 33.60
V7. v8 V9 V10 - Vil

41.50 37.20 32.90 28.60  24.30

37.50 43.60 49.70 55.80 61.90

33.00 39.20 45.40 51.60 57.80

18.50 15.20 11,20 8.60 5.30

31.50 37.20 © 42.90 48.60 54.30

40.00 39.00 38.00 37.00 36.00

17.50 16.00 14.50 13.00 11.00

42.50 42.00 41.50 . 41.00 40.50

32.00 30.40 28.80 27.20 25.60

And, the channel cross-section area (C) was regressed against

V1l through V11 eleven times. The results are:



pl and p2
0.1 & 0.9 r__; ~ 0.80
r%0.64
0.2 & 0.8 r_, - 0.89
r%0.79
0.25 & 0.75 r_ 5 - 0.93
r%0.86
r20.89
0.35 & 0.65 r__o - 0.92
R%0.85
0.4 & 0.6 r_ - 0.85
r20.73
R%0.36
0.6 & 0.4 r_ g - 0.36
R20.12
R%0.04
0.8 & 0.2 r_ 5 - 0.09
r%0.009

R20.0007

228;

Loglo

Log;g
I.“"2‘10
Logig
Logio
Logy
Logig
o910
Log10
Log) o

Loglo

Q

M QO =" QO ® O " 0 =8 0 =% o0 =4 o0 &4 0 =" o =" 0 H9

3.72

12.71
4.83
27.17
5.51
44.01
6.15
60.46
6.54
42.67
6.43
19.11
4.97
4.00
3.53
1.04 .
2.73
0.28
2.39
0.07
2.21
0.01

1.12 LoglOVl

1.83 LoglOV2

2.29 LogloVB

2.71 LoglOV4

2.96 Log, V5

2.87 LogloVG

1.87 Loglov7

0.92 Log,,V8

0.38 Log10V9

0.15 Log10V10

0.15 Log,,V1l
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The same method was tested by another group of observation

with a constant tractive force value.

Stream and Cross-Section # c To T G
K-7 ) 24 5.004 8 70
K-12 30 5.709 21 65
B-5 145 5.148 68 12
W-5 85 5.803 70 8
W-6 114 5.129 58 7

Then, possible values for V with different Py and Py

V1 V2 V3 V4 V5

63.80 . 57.60 54,50 51.40 45.20
60.60 56.20 54.00 51.80 50. 40
17.60 23.20 26.00 28.80 34.40
14.20 20.40 23.50 26.60 32,80
12.10 17.20 19.75 22.30 27.40
V6 v7 V8 V9 V1o -
39.00 32.80 26.60 20.40 14.20
43.00 38.60 34.20 29.80 25.40
40.00 45.60 51.20 56.80 62.40
39.00 45.20 51.40 57.60 63.80

32.50 37.60 42.70 47.80 52.90



And, the channel cross-section area (C) was then regressed

against V1 through V1l eleven times. The results are:

Py and Py
0.1 & 0.9 r .y - 0.32 Log,, C = 2.239 - 0.269 Log,,VI
0.2 & 0.8 r 5 - 0.93. Log,q C = 3.74 - 1,31 Loglov2
0.25 & 0.75 r 3 = 0.93 Logyg C=4,16 - 1.57 Log10V3
**0.3 & 0.7 Tova = 0.94 Loglo C=4.,78 - 1.94 LoglOV4
0.4 & 0.6 r o - 0.83 Logyq € = 6.285 - 2.84 LoglOVS
0.5 & 0.5 r_y7 - 0.47 Logy, cC=17.71 - 3.73 LoglOVG
0.6 & 0.4 r g = 0.73 Log;q C = -5.06 + 4.29 Log,,V7
0.7 & 0.3 Tey9 ~ 0.90 Log10 C =-2.36 + 2.60 Log10V8
0.8 & 0.2 r_,19= 0.93 Log;, € = -0.85 + 1.66 Log, 4V9
0.9 & 0.1 o
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Moreover, the same method was tested by a third group of

observations with another constant tractive force value:

Stream and Cross-Section # C To T G
K-2 27 11.063 55 38
D-1 | 72 11.256 80 5
K-9 105 11.225 69 10
S-5 264 11.906 75 15
s-7 276 11.306 62 8

The possible values for V with different Py and p, are:

vl v2 V3 v4 vs V6

39.70 41.40 42.25 42.675  43.10 44.86

12.50 20.00 23.75 25.625  27.10 35.00

15.90 16.80 24,75 26.225  27.70 33.60

21.00  27.00 30.00 31.500  33.00 39.00

13.40 18.80 21.50 22.850  24.20 29.00
v7 v8 va - V1o V11

46.50 48.20 49.90 51. 60 53. 30

42.50 50.00 57.50 65.50 72.30

39.50 45.40 51.30 57. 20 63.10

45.00 51.00 57.00 63.00 69.00

35.00 40.40 45.80 - 51.20 56.60
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Then the results of regressing channel cross—-section area

against V1 through V11l are:

Py and Py
0.1 & 0.9 r g - 0.59 Log.g € = 3.49 - 1.23 Log10V1
0.2 & 0.8 L2 = 0.67 Log,q C=4,23 - 1.63 LoglOVZ
0.25 & 0.75 r 3 = 0.67 Logy, C = 5.50 - 2.41 Loglov3
0.275 & 0.725 rova " 0.67 Logqg € = 5.92 = 2.65 Loglov4
**0,3 & 0.7 Lavs ~ 0.68 Lodqg C=6.37 - 2.92 LoglOVB
0.4 & 0.6 reve = 0.66 Logyg € = 8.41 - 4.097 Log10V6
0.5 & 0.5 vl ~ 0.57 Logyq C = 9.99 - 4,92 Loglov7
0.6 & 0.4 r_ g - 0.35 Log,y C = 8.11 - 3.64 Log, V8
0.7 & 0.3 Tav9 ~ 0.05 Log.g C = 2.99 - 0.55 Log10V9
0.8 & 0.2 Levlo 0.16 Logqq C=-0.41 + 1.39 Log10V10
0.9 & 0.1 Toy1l ~ 0-31 Logyy € = -2.13 + 2.32 Log, V1l
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Photos for Cross-Sections Sites
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SANDSTONE FORMATION

KICKAPQO CREEK
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KICKAPOO CREEK.
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SANDSTONE FORMATION ‘

DEVIL'S CANYON CREEK
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DEVIL'S CANYON CREEK .
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SANDSTONE FORMATION -

© BUGGY CREEK
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BUGGY CREEK
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SHALE FORMATION

WEST FQRK CREFK




WEST FORK CREEK
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WEST. FQRK_.CREEK
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SHALE FORMATION
SALT CREEK
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