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Man's impeact on his environment is currently a
popular subject of discourse; it is a topic of gzenuine
importance in a world of increasing population and inc-
reasing utilization of natural resources. This thesis
is concerned with man's abiliiy to modify the hydrologic
environment of drainage basinse Specific focus is
given to men-induced adjustments in hydraulic varlasbles
that are regulated by a balance between surface runoff
and sediment yielde Land use changes acsociated with
European ssathtlement have greatly sltered rates of
runcff and sediment yield and have subsequently produced
considerable changes in cross~sectional and planiretric
morphologies of Southwestern Wisconsin streams and rivers.

Ies Origin and Nature of the Problem

Runoff and Sediment Yield ‘

Langbein and Schumm (1958) in studying different
climatic regions, demonstrated the relstionship that
vegetation; sediment and rumoff have to precepitatione
With increasing precipitation, runoff and the amount
of natural vegetation both increase (Figures la,lc).
Sediment yield, however, increases as precipitation
increases up to twelve or fifteen inches, and then falls
off (Figure 1b). The decline in sediment yield with
precipitation averages greater than grassland values
reflects the increasing amount of vegstation that is

present to inhibit erosion in higher precipitation regimese
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Sediment yield and runoff are therefcre broadly defined
by the effective precipitation of a region. Although
biases and exceptions are introduced by differences in
land use, soil type, geology and physiography of a
region, the general runoff and sediment yield characteristiés
of a region are climatically controlled, with vegctation
being a key feactor in controlling sediment yieid.

Langbein and Schumm also discussed the possible
effects of climatic change on the runoff and sediment
yield of an aresa, and “he consequent impact it will have
on tﬁe hydraulic variables of streamflowe It is clear
that a shift in land use will cause similar changes in
the runoff and sediment characteristics of a rezion and
thus induce instability in the hydraulic variables
defining streamflows lan's mechanism, simiiar to that
of clirate, is alteration of vegetative cover.

The Hydrolosic Svstem

Leopolds Yolman and Miller (1964, p.268), recognize
eight interrelated variables that are important to the
downstream changes in river slope and channel form,
including: width, depth, velocity, slope, sediment load,
size of debris, hydraulic roughnes:z, and discharge.

A ninth variable is appareﬁt if slope is divided into
physiograrhic and hydraulic componentss

The nine variables may be thought of asldependent,
semi~-derendent or independent in natures. Generally,

channel width, depth, roughness and flow velocity are
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considered dependent varisbles, consequent upon one or
rore of the other hydraulic variabless Sediment load,
size of debris and discharge are normallycdnsidered
indenendent of the other variables.

Addinz the ninth variable, river'glope, elizminates
soms confusione Slope in a drainage basin generally may
mean either a physiographic constrain%upon the channel

{
or the hydrsulic property of water surface slope.
In the first usage, physiographic, slope is an independent
variable; in the second usage it is a semi-dependent
variable.

In viewing man's impact on a drainage basin, certain
dependent variables may be selected as indicators of
change in the inderendent ones. J‘ha‘l‘; isy in order to
measure changes in hydrsulically independént phenomena,
one must obkserve the response of the dépendent variables;
their wodifications may then bs related to the indspendent
Variab;es through known mathematical properties and thus
provide en ectimate of the magnitude of change.

The natural drainage basin exists in a quasi-
equilibrium (Lecpold; Wolman and Miller, 1964, p.266-
268); the hydraulic variables of streamflow are dynamically
stable andvadjusted to the runoff and sediment yleld
provided by the rhysiography, climate and vegetation of
the basine Alteration of the vegetation within a basin.

will cause changes in runoff and sediment yields, thus



entalling adjustments by the stream to thé imcosed dis~—
equilibriume PFigure 2 diagrammatically simplifies the
gystenm; the fcedback arrow signifies that the hydraulic
variables may be changed not only as a res.onse to
alterétions in sediment and runoff but by shifts in one

or more of the other variables also.

FIGURE 2
FHYSICAL ENVIORNIMENT—causes—+HYDROLOGIC FACTORS—define —HYDRAULIC VARIABRLE
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As stated préviously, this system is in a quasi-
'equilibrium; An oﬁtside influence such .as a shift in
man's use of the land (specifically alteration of vegetation
and scil) induced by man will be exnected to initiate
"responsesg throughout the consequent portion of the system.
II. Hydrologic and Hydraulic Considerations

Runoff and Sediment Yield

Since the hydraulic properties of a river at any
point in time take their individual characteristics and
relaticnships from the runoff and sediment delivered to
the channel, it is useful to prefacec a detailed discussion

of the relevant hydraulic varisbles with an examination



of some of the influences on runoff and sediment yield.

" Runoff may be divided into two rortions: that which
flows overland durinz times of precizitation and snow
relt, and that which infiltrates the water teble. In
the first case, the-overland runoff is a chief factor
in the reak discharge.of a stream; in the second
case, underground seepage is the main contributor to
the base flow of a stream.

In assessing the geomorphic significance of runoff,
the surface poftion iz most importante The size and
shape of a river chammel are thought to be functions of
the bankfull discharge (Leovpold, Wolman and Miller,
1964, pe241) which has a return frequency between §ne
and two yearse Since the bankfull stage is largely
composed of surface runoff, it is this component that
we shall be most concernsd withe

Surface runoff and sediwent yield are greatly
affected by the type and amount of vegetation in e
bazin (Langbein and Schumm, 1958). Areas predominately
grass covered may be expected to allow greater surface
runoff than a forested area (Hibhtert, 1969), while
an overall reduction in the amount of vegetation in a
basin will lead to increases in the proportion of runoff
taking the surface form as well as increaé&s in the
‘quantity of sediment eroded (Leopold, Wolman and Miller,
v196h,p.47). Obviously, clear cutting of a forest or

nlowing of »rairic land causes tremendous increases in
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runoff and sediment available to a stream (Langbein and
Schumﬁ, 1958; Patric and Reinhart, 1971; Hornbeck et al,
1970; Rothacher, 1970; See also Fizure 3).

The Hydraulic Geometry of Stream Channels

With this general discuzsion of the factors influencing
surface runoff and sediment yield in the drainage basin
in mind, attention i3 now focused on the effects that
differences in runoff and sediment have on the cross
section morsholcgy, planimetric form =nd lomgitudinal
profile of the stream chamels

Cross Section

Leopold and Maddock (1953) defined three major
variables important in determining the cross section
morphology of a channel: width, depth ana velocitye
All are known to have power function relations to discharge

of the form:

W:aQb (1)
d=cQf (2)
v=kQm (3)

where w is width, 4 is depth, v is velocity, Q is discharge,
and e,b,c,f,k,m are constants. Since (by definitiﬁn)

the product of width times depth tiwes velocity must

equal discharge, (Leopold and Maddock, 1953) it can ﬁe

seen that:

ifs _ wdv=Q (4)
. then: b+fm=l (5)

.These equations mathematicélly represent the hydraulie

geometry of a chamnél's cross section.



The competency and capacity of a cross section to
transport sediment is greatly derendent on the flow
velocity of the stream; and since the shape of the
cross section, as descfibed by the width to depth ratio,
influences the distribution of velocity within the
channel, sediment transvort is closely linked to the
cross section morphology of the stream.

Two types of channels are shown in Figure 4 (After
Lane, 1937)s Chamnel A has a low width to depth ratio;
maximum flow velocity is high up in the channel (where
friction is least) and shear is concentrated on the large
area of bank ezposurees Channel B has a high width to
depth ratio; but it has the same totzal cross-sectional
area. The zone of maximum velocity now must be closer
to the bed, and shear is concentrated on the bed;

Particular cross—sectional shapes are associated
with certain sediment transport recuirementss Oross
section A with its maximum velocity high above the bed
is représentative of a channel carrying large arounts
of sedirent in the silt~clay size range; wost of the
sediment is transported in suspension or solutions
Cross section B,.with a steep velocity gradient near
the bed, is representative of channels carrying large

~amounts of sediment in coarse size ranges as bed load.
Charmel shapes are of course gradational; the width to

depth ratio will become larger as more coarse sediment



Channel A

Channel B

Figure 4

Channel Cross Sections: Areas are equal,
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must be moved through the chamnel; conversely, a smaller
widtﬁ to depth ratio will result for a chamnel transporting
lerge amounts of silt and claye

Schumm (1963) has classified charmels on the besis
of silt-clay content found in the stresm banks and bed.

He then associated the different channel morphologies

with resepective sediment typess His besic three part
classification is: 1) Suspended and dissolved load channels;
bed load is less than % percent of the total sediment;
width to depth ratio is less than 10 2) Mixed load
chamnels; bed load between 3 and 11 percent of the total
load; width to denth ratio between 11 and 40s 3) Bed load
channels; bed load comprising more than 11 percent of

the total load; width to depth ratio greater than 40.

In summary, phannel cross section morphology is
greatiy degzndent Qn the character of sediment transported
through it; Large quantities of bed load introduced
intolthe charmel require that the maximum flow velocity
be distributed close to the bed, and a high width to depth
ratio results, But large quantities of suspended or
dissolved sediment require a maximum veloecity more nearly
in the middle of the channel; 2 smaller width to deﬁth
rétio results.

Aithough_sediment-character is the prire determinant

of cross section shape, the overall size or cross-sectional
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area 18 primarily a function of the volure of water

carried by the channel (Leopold, Wolwman and Mller,
1964,p.201), 3implr, the greater the discharge, the
larger must be the channel cross section to transport
ite

The delinitive discharge in forming the channel,
that which is the major force in size and shape determination,
is thought to be the bankfull discharge, which has a
return period between one and two years (Lecpold, “olman
and 1iller, 1964,0.241)s Surface runoff is the main
constituent 6f this diséharge. |

Longitudinal Profile

It has been shown that slove may be consilered as
a depeﬁdent, seri-devendent or independent variable in
different contextse In the sense that the slope of a
sfream is governed by the vertical drop and horizontal
distance from the drainage divide to the mouth of the
stream, it is physiographically determined and therefore
hydraulically independent (Leopold and Maddock, 1953).

Slope,_howaver, is also an important hydrsulic
variable, one that is capable of responding to changes
in runoff-sediment. relations and changes in other hydraulic
variables as well (Leopold énd Madiock, 1953,0.52)e

As a hydraulic variable, channel gradient is s function

‘of: 1)discharge; 2)load; 3)size of debris; 4)flow resistance;

5)velocity; 6)width; 7)depth; 8)physiographic slope
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(Leopold, Wolman end Mjillers 1964,p.251),

Certain characteristics are known about the hydraulic
function of slopee Generally the profile of a stream
flattens downstream so that it is concave upwarde
The flattening is thgught to te caused by a decrease in
sediment particle size and increasing discharge downstream
(Leopold, Wolmen and Miller,1964,p.249),

Recalling the discussion of the cross section
morphqlogy of channels; it was noted that energy requirements
- for sédiment transport increase with increasing sedicment
size. One methéd of channel adjﬁstment to_ sediment transport
requirements is through variation of the width to depth
ratio of the chammele A variation in the slope of the
channel, hbwb#er, may also téke place in response to
different sediment charscteristics. The felationship
between sediment and slope is siéilar to that for the
width to derth ratio of a stream; steeper gradients
are associated with channels trans:crting large awounts
of bed load materizls 'When debris size decreases raridly
dowﬁstream,_the longitudinal profile will also flatten
rapidly as the chennel evolves a mére hydraulically
efficient form with respect to sedirent and discharges
The flattening ié caused by the tendency of width and
depth to inorease downstream faster than velocity; thus

gradient wust decrsase to compensate for the slower increase
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in velocity (Leopold, Woluman and i ller,1964,pp.249-250).
. Planimetric Form
An expression of the intricate relationships
between stream gradient, sediment and discharge is given
by the chammel pattern or planimetric form of the stream.
Definitions of channel patterns include three major
types along a continuum:rmeandering, braided and straight,
A meandering stream is frequgntly defined as having
a sinuosity of 1.5‘or more, whe?e sinuosity is the ratio
of channel length to downvailey distance (Leopold, Wolman
end Miller, 1964,p.281)s Since all streasms show a natural
tendency towards some degree of sinuosity, the term
meaﬁdering implies the additional requirement that the
stream display symmetry in the curves (Leopold, Wolman
and ¥iller, 1964, p.295).
A braided channel is one that is divided inbo
several water courses that separate and rejoin periodicallye
The building of bars is an important process within the
channel; it serves to define the form of the streanm
and therefore its classificatione Generally this separating
an& rejoining appears 1o be similar to the encrgy
vprocesses that allow for meandering (Leopcld, Wolman
and ¥iller, 1964,pe292).
A straight channel is frequently defined as having
sinuosity of less than 1.5 This cutoff point between

meandering and straight is rather arbitrary, especially
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since the planimetric velocity distribution within a
straight channel is enalcgous to that of a meandering
one (Leorold, Yolmen and }iller, 1964,p.282).

The significance of these three tyres of patterns
lies in the sediment transport and gradient relationship
of the streams. Taking the *“wo extremes for comparison,
Schumm (1963; 1968,p.37) has shown that relatively
sinuous rivers‘characteristically transport a high degrece
of silt-clay sediment as a suspended loade Recalling the
relationships between width to depth ratio and sediment
size and between gradient and sedirent size, a channel
carrying larce aiounts of silt-clay sediment will evolve
a meandering channel with a low width to depth ratio ad
a relatively low gradient. Oonversely, a channel
transporting a high degree of Eéd load will be straighter
and have & higher width to depth ratio along with greatef
slopge

IT1. Variables of the Study

Width and ﬁrainage Areat Fower Function Relations
The two major variebles in this study are stream

width andbdrainage areas didth is considered as it
varies in the dovmstream direction; this comparison is
generally valid only for the'same frequency of flow for
all cross sections (Leopold, Wolman and Miller, 1964,
pe241)e As stated pfeviouslyg width has a power function
relationship with discharge of the form:

w=2QP (1)
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Discharge also has = power function relationship
with drainage area wﬁich displays remarkable regularity
across physiogravthic and climatic zones (for the bankfull
frequency):
QmcAT (6)
(Leopold, Wolman and.uiller,l964,p.251)'

Since discharge is a common factsr in both equations}

In w=In a+bln Q (1a)

In Q=Iln c¥rln A (6a)
In w=1n a+bln c+rdln a (7)

W:aCbAbr o : (8)

since acP is a produht of nqmarical constantss as is bry
(8) may be rewritten w=kAs (9)s

In exarining (9) it will be noted that the exponent j

is the product of the exponents for (1) and (6)e.

If representative values are chosen for b and rs.5 and.§
respectively (Leopvold and laddock, 1953: Knox, 1970),
then thé resultant exponent j evaluates to .3,

The values .5 and .6 are consistently enc-untered
values for the exronents of the equations relating width
to discharge and discharge to drainage area. Their
ubiquity results from the generaly tendency towards
conservaetiveness in the drainage basin (Leopold and Maddock,
195%; Leopold, Wolman and Viller, 1964, z.251).

Therefore, the value 3 is a generally expected value

for the exponent of the relation between width and drainage
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areas

The usefulness of (9) is that it uses an easily
measured spatial quantity, drainage area, in volace of
a point quantity, discherge, on an ungaged stream.

It also allows explanation of varying quantities of
discharge at the same frequency of flow for two different
times.

Drainage arca is a hydraulically independent variable
that integrates the components of discharge (slope and
vegaetation being the primary deterwinants of runoft if
clirate is condidered constant within the drainage area),
and sediment yield. Morpholggic (Widtﬁ) chenges that
indicate variation in- discharge and sediment yield at
the same'frequency of flow from one wowment in time %o
another may then be evaluated by the one constant in
the drainsge basin==—area. Drainage area provides an
unchanging quantity to be ccmpared to width at a certain
flow frequency both before and after anr changes have
taken place. Inferences may then be drawn about changes
in sedimenﬁ,and discharge.

“IV. Nature of the Study Area

The Platte River in Grant County, Wisconsin, sbove

the juncition of the Little Platte, is a seventh order

basin ot 189 square miles (the study area)s After its

as an eighth order stream with a drainage area of 339 szuare miles.
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Litholory and Fhuysical Geocravhy

The Platte bzsin is on the back slope of the
Flatteville~Galena escarpment, the strata of which dip
Southwest at 5 to & feet ner mile (Soil Survey, 1961,p.4).
Since the valley hottoms are commonly 300 feet below the
ridge topsy many different outcrop pattérns are evident
from headwatets to mouthe The geolosic c¢olumn for this
area may be viewed in Table le¢ Other geologic cross
sections (Figures 5,6,7) illustrate the different
outcrop and ridge czp associations from mouth to heéd—
waterss besides illustrating the relief components
of the different sections.(Figure 5 is in tga headwaters,
Figure 6 is midway between mouth an& divide, and Figure
7 is near the mouth.)

For the seventh order portion of the basin these
strata are all of Ordivicisn ages Their weathering
pattern is varied: the Galena dolomite has two units:
one that weathers to a wultitude of chert fragrents is
especially notables GCenerally, the :latteville-Calena
forration if found capping ridgetopss The St. Peter
sandstone is-generally a coarse, extremely well sorted,
massive, friable sandstone; it weatrers to a coarse sand.
Beneath the Sts Peter is an unconformity which causes
the contact between it and the Prairie du Chien doloumite
to be very irregular. The Prairie du Chien is also

irregular in composition and contains ruch chert.
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Gaolozic Conlurn for Flatie River Basgin

Thickness (feet)

Quaternary System , v
Pleistocene Loess -6

Ordovician System
Galena Dolomite

Non-cherty 100-130

Cherty 100-130

Decorah Shale 30~50

Piatteville Lirestone L5-55

Ste Peter Sandstone . 35-80

Prairie du Chien Dolowite 205=240
: Tabie 1

(Geolozic Quadrangle—-Ellenboro)
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Both the Prairie du Chien and Platieville-Galena produce
large quantities of coarse material, renging from pekbles
to boulders; this coarse material has a great influence
on the streams of the area.

Structural feafures within these strata are
responsi’ le for many valley orientationss One maey observe
on a geologic quadrengle that the aliznment of the
tributaries correlates closely with the promineﬁt joint
patterns, = = generally Norfhwest or Northeast
(Ellenboro Quadrangle ).

Clirate

Lancaster, a city just west of the basin (See Plate II),
has a climate representative of most of the ares (locai
climatic deviations exist, cmused by the steer topography
of the basin). Table 2 shows the 1930-1950 U.S. Weather
Bureau averages for temerature and precipitatione Note
that precipitation values reach a peak in June. The
likelihood of receiving cne inch of rsinfall during a
seven day veriod is twice in five years in June, while
it is only once in four years in Auguste In the winter
most of the 3465 inches of precipitation falls as snowe.
The yearly precipitation mean is 33.25 inches.

Temperature is cold in winter and warm to hot in
summer; the yearly wean is 47,5 degrees Farenheits

October 10 and May 7 mark the average first and last
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32-degree freezes; the growing season is 156 days

i(U.S.-%eather Bureau Statistics).

This area lies on a ststistical boundary between
rild, dry Pacific air masses entering from the plains
to the west, and cooler, wetter polar or Pacific air
of 2 more northerly directions Both types of air
masses show dominance for 50 percent.or the year
(Bryson, 1946)s This type of d:-minance is thought
Lo be requisife for prairie or oak savanna vegetation
(Curtis, 1959, pe300), and is extremely important for
diaznosiing climafic changes with respect to geomornhic
jmplications (Knox, 1972).

Vegetation

Since the area to the north of the Platte basin is
dominated for more than 50 percent of the year by
relatively cooler-and wettér air fhan the area south of
the Platte; the study area lies in a mixed-forest/prairie
ecotone;transitional from hardwood forest to prairie
vegetatione.

Table 3 presents the percentages -f prairie and
forest originally pres:nt at the time of settlewent for
the six townships waking up the bulk of the basin's
drainage area,.

The prairie was raintained by fire at the expense of
the forest.. Fires caused by lightning or set by Indians

frequently burned this part of JUisconsin, the result of



Table 3
‘Township Fercent rrairie Fercent Forest
Paris ' 6 : ok
Harrison 0 100
Ellenboro 0 100
Lima 10 20
Flatteville 37 63
Suelser 50 50
Clifton 50 50
Liverty 34 : 66
Average 22 78

Vegetation of the Flatte Basin
in 18%9°

(DeD. Owens, 1844)
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vhich was the destruction of frees, except for some oak,
and occupation by prairie vegetation (See Curtis, 1959,
PPe295-301), After European settlement, the fires were
controlled and consequently oak and waple occurpied
former prairie areas; since they were no longer inhibited
by firee Evidence of this.re~occupatibn by trees can
be found in the dark colored prairie soils under some
forests, and the understory of rtrairie vegetation in
others{Soil Survey, 1961, p.5)e
Lend Use

Today, agriculture is by far the most important
activity carried on in the Platte btasin. Eighty-nine
percent'of the general area is in farws, with corn, oats
and other swall grains for liﬁestock feed teing the
dominant crops (Scil Survey, 1961, ppe90-91).

North=South and East-West transects along Township
and Rangé lines were measured for the percentage of
area depicted as forested on topographic mapse This
method indicates that 23 percent of the bhasin is
currently forested.

Settlement

It was during the 1820's that the first permanent
settlers came in significsnt nuwbers to Grant County
a8 lead miners. In 1827 Joseph Dixon demonstrated the
feasibility of growing corn on the rich soil. Although
farming was profitable, it was not until danger of the

Indians had been eliminated (along with the Indians)
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by the Black Hawk Wars that the population t=zan to
grov ;nd enphesize azriculture over nining (Holford,
1900, 70417527 )
The settlers found rich soil on the upland prairies
and excellent timber'(mostly oak, mapley bhasswood and
some pine) near the rivers, with some ocak-openings
(grub oak) on the ridges. In 1852 a nurber of causes
led to widespread exransion of farming, and the potential
of the fertile prairie solls for agriculture was realized.
(Holford, 1900,1np.56-57)
With the opening of the grairies and the erergence

of agriculture as the dorwipant mode of 1life, erosion
of valuable land became a problem. Today, many of the
soils in Grant County are classed as moderately to severely
erodsd, as one wight exrect in an intensely utilized region
(S0il Survey, 1961), | |

| After 1875 the farm and rmining boom subsided a bit,
and the populetion declined from a teak of 39,000,
Today, after sove minor fluctuations in the intervening
years, the population is a*out 46,000 people, with a
relétively stable rate of increase, esrecially considering
the beoom years of 1850-1870)when the population increased
froﬁ less than 5,000 to more thanVEB,OOO(U.S. Census, 1970;

Holford, 1900; and Latham, 1846).



The Platte and Its Plood Flain

Lithologic Constraints

The Platte River is subject to some lithologic
(and hydrsulic) constraints that require cxplanation
before description of any changes of the channel can
be adequately described. .

The Ellenboro monocline transects the river alzost
midway between the mouth and headwaters (Platte II).
In the two miles of channel above the monocline, the
gradient is 8.5 f:et per mile, while in the two miles
of éhannel directly below the monocline, the gradient
is 10 feet per mile (Plate I)s As pointed out earlier,
an increase in slope downsiream is contrary to expectations.
Because of a tendency for increases in discharge and
decreases in partiCIe size downstream, slope should
decresse. Eventually it does decrease to 5 feet per mile.

Thus, the monocline exerts a sirong influence on
the stream's gradient by causing an anomalous increase
in slope downstream for two miles (Flate I); other
hydraulic veriables wculd be expected to show adjustments
to this anomély.

Figure 11 introduces a logarithmic double-mass
curve of stream width versus stream lengthe It is a
grarh of the curulation of one quantity against the cum-

ulation of another; tWe data should plot as a straight

line if the two variables are proportional; a break in
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slore indicetes a shift in the constant of proportionality
between the two quantities (the slove of ‘he line)
(Searcy and Hardison, 19¢0).  Note thet the break at
point 17 (Plates I and II) indicates that the two mile
stretch below it is too narrow, accordi#g to the trend
esteblished by the other data pointse This is the
point of trsnsection ty the Ellenboro monoclines

At, and below, the ronocline, channsl slore increases
faster than is hydraulically and mwatheratically exrected,
so velocity must increase also., Because the increase
. in velocity is slope controlled and not ‘naturallwith
reépect to discharge&alues, width must decrease to
satisfy the continuity equation

wred xv=2 (4),

Additional breaké in the double-mass curve (Figure 11)
occur at points 1-2 and 6-7 (Plates I end II)e The
break at 1-2 in the headwater rortion of the Flatle
is probatrly a function of slope. As the channel distance
from the divide increases and slope flattens, the channel's
rate of increase in width will fall off. Less coarse
debris is teing added from slope wash as the flood plain’
enlarges and tributaries become more importent transporters
of sediments

At points 6-7Y the Flatte enters a narrow gorge of
the Prairie du Chien dolomite, caused by the Mineral
Point anticline (Flate II). The snticlinal structure

causes the Prairie du Chien to crop out long before it
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would if the slight dip of the cuesta were the sole
structural feature of the valleye The abrupt change
from St. Peter sendstone to resistant dolomite causes

the valley to narrows A great deal of coarse debris

is being contributed by the narrow dolorite gorge, the
result of which is the evolution of a channel wider

than expected. The relative widening is clearly de-icted
in Figure 1l.

Floodplain Alluviation

The first settlers found the basin to have about
22 percent prairie and 78 percent forest (D.D. Cwens,
1844)., Today, however, the floodplains are almost clear
of trees; the ridges and any tillable slopes are in
farms; znd only 23 percent of the land is still in
timber (Sés previous sawpling method)s The river
itself is undergoing a meﬂamoryhoéis.

Upon fhe floodplain one finds an alluvial layer of
recent age that is equivalent to a stratigraphic unit
that has been defined as "post-settlement" alluvium
(Daniels andJCady, 1965)*. Auguring reveals that it
has an almost constent thickness of 3-4 feet. The alluvium
overlies a paleosgol, the top of which dates as recent,
(Universi#y of Wisconsin Radiocarbon Laboratory Sample

No. WIS-454),

*"Post-settlement” is defined as meaning that alluvium
which has accumulated since Euripean settlenent of the. basin.
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From the well developed paleosol underlyiﬁg the
alluvium it is inferred that the floodplain was
relatively steble prior to Eurcopean occupation.

The larce amount of fresh alluvium overlying the
paleosol indicates relative instability during the
last 140 yearse

From parallels in other studies in which clearance
of vegetation and cultivation have been shown to increase
the wagnitude and frequenc: of peak discharges and
increase sediment yield (Hornbeck et al, 1970; Rothacher,
19705 Petric and Reimrart, 1971), it is assused bhab
clearance of the hillslopes and ridgetops for farming
has caused an increase in sedirent and surface runoff
production. Sinece surface runoff and sediment characteristics
have been shown to be critical factors in defining the
hydraulic varia®les of streamflowy, one would expect that
the channel morphology of the Platte has also changed.

Hydrolbgic conditions should now be such that the
storm hydrogrerh for the Flatte will be higher veaked
and flashier than in the early 19th century. Increased
magnitude aﬁd frequency of flood flows should be the
result of clearing of vegétation; instantaneous storm
runoff is greatly erbanced (Patric and Reinhart, 1971;
Wol-an, 1967).

An associated increase in sediment delivered to tle

channel is indicated by the rapid overbank devosition
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of the post-settlement alluviume Rapid overbank deposition
is diagnostic of & chammel receoiving morc water and
sedirent than it cen transzort (Schumm,19488,1.40).

The prelininary results o’ man's activities may be
listed in a brief sumrary: 1) Clearance of vegetation
and cultivation of the soil has caused large increases
in surface runoff and sedimeht yielde 2) Peak flows
have therefore increased in magnitude and frequency
of occurrence. 3) Rapid alluviation of valley bottoms
has resulteds 4) Ths worrhology of the river arpears

to have changed in response to these changese
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V. Data Collection and Analysis

Streazm Widths and Power Function

Surveys end Flow Frequency

The UeS, lLand Office Survey of Grant County nrovides
the historical data for this studys European settlement
at this time was xinimal with a few scattered wining towns
and farms constituting the vopulation of the areas

The sQrveycr frequently crossed streams while establishing
section lines and recorded the stream widths. It is
apparent that he weasured the width perpendiculzar to the
banks, .since he noted the direction of crossing as a
deviation from the North-South or East-West transect of the
section linee That is, he did not measure the width of the
stream in the direction of interscetion by the the section lines

Twenty-seven sites originally recorded by the surveyor
were remeasured in Decenber 1971,

It is assured that the surveyor originally weasured
low flow water widths of January.1852. This assumption is
made for two reasons: 1) A person not trained in hrdrology
would be likely to measure water width rather than channel
width (assuwing they do not coincide) if told to measure
8 river; 2) The differences between the 1971 and 1832 widths
are almostvimplausible if the 1852 regsurements are channel
widthse Table # shows the various cross section widths

. é)w!““*”

for 18%2, 1971 water widths and 197 1/chamnel width. Note the
tremendous arount of changs which rust be accounted for if
the 1832 widths are channel widthss Low flow widths (Jénuary

water widths) have also changed, but not as drastically;



Conparison of Dats

Table 4 and Figures 8,9 and 10 indicate matheratically
the changes in the Flat’e's cross section morphology.
Above site 6 (Plate. II) the river averaged 291 percent
wider in 1971 than in 1832 (low flov cpnditions). Below
site 6 it averaged 53 percent narrower for the same
frequehcy of flow.

Congideration of bankfull flows shows a similar
direction of rive: changes The widening upstream
approaches the catastrophic, wihile the narrowing
downstream is less promounced in trend (See Table 4).

Figures 8,9, and 10 utilize 36 data points %o
define the regression lins w=kAd o Twenty-seven of
these cross sections were reasured along the Platte
River (See Plate I1I). The remaining nine cross sections
were surveyed in five streams tributary to the Platte's
upper reaches. Earlier in ‘the study more data points
were included from downstream tributaries. It was found
that these channels tended to Be wider than headwater
tripgtaries (for any giVen dreinage area), and thus
caused the power function between width and drainage
area to have a larzer expvonent (steeper slope)e

The downstream tributaries of lower order entering
the higher order channel have a higher energy gradient

than headwater streams joining the lower order upsiream
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reaches ol the Platte. The tributary chﬁnnels tehd to
be larger in the downstream reaches than headwater
tributaries of the sawe order because of their higher
energy grade (Knox, 1970).

Because of their anomalous channel 6haracteristics,
high energy, downstream tributaries were deemed unaccertable
in defining the hydraulic geometry of the Platte.
Headwater tributaries with slope characteristics comparable
to the Flatte were utilized to increase the sample
size of historic and conteuwporary measurerentse

Indications are that the exponent j, in

w=kaJ (9)
has decreased from &5 to .5& (Figures & and 9) between
1832 and 1971, thus flattening the slope of the curve.
This agrees with the widening of the river in the
upstréamrreaches and the nartowing of the river downsifeam
(i.e. the rate of change in width downstream should be
reduced ).

Bankfull widths (Figure 10) vary with only the +15
vower of drainage area, a value that is again quite
different from the expected value of «3 computed above,

In othgr.words, the ublquitous, physiograpvhically stéble
(with minor variations) values relating width, drainaze
area and discharge do not hold for the Flatte.

Coxparison ot the exponents for Figures 8 and 10
"indicate that if the surveyor were measuring channel

width in 1832, the rower function exponent would be



Table 4
Stream Widths T 1971
Bankfull
Channel Jidth
1832 Width 1971 Yater ‘/idth % Change (feet) % Change
Site (feet) (feet)

1 10 36 260 36 - 260
2 7 4o 471 . 88 1157
3 10 10 0 40 300
4 15 17 13 52 246
> 17 : 22 29 36 111
6 20 40 100 101 405
7 40 36 -10 108 170
- 8 b3 35 -18 49 14
9 - 83 59 =29 79 )
10 33 25 _ -24 68 106
11 66 67 - : 1 78 18
12 66 | 6 -l .89 34
13 40 67 67 100 150
14 50 50 0 102 124
15 20 : 22 =30 67 34
16 66 59 <10 87 31
17 100 B 58 : -4 69 =30
18 80 59 ’ ~25 88 11
19 100 58 41 140 41
20 83 6( -19 85 2
21 50 - 40 . =20 76 52
22 83 , 02 ' =37 5( =31
23a 66 56 -15 68 3
2%% 66 » T 45 -31 56 -15
24 53 ~ L4y -17 58 9
25 100 39 -£0 56 =43

26 113 40 -64 66 =41
27 101 L
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1832 WIDTHS VS. DRAINAGE AREA
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reduced from .65 to «15=—an unlikely proposition.
Sinuosity wes used as a qualitative check on the
chanzes so Tar describede By exawining field maps
drawn by the original surveyor and comparing them with
current U.sS.G.S. topograrthic sheets, it was found that
chennel sinuosity has decreased since 1832. Aithough
the old maps are of questionable validity with respect
to overall channel form, comrarison was deemed rossible
where the crannel crossed section lines numerous tiwes,
since locational points along section lines were accurately
controlled by the surveyore In this manner, a decrease

in sinuosity was qualitatively apparent.

Analysis of Data

The implications for both low and bankfull flows .
and the indicatioﬁs of sinuosity change are essentially
the samce In the lower order reaches, thé Platté haé
widened its cross section, while in the higher order
reaches it has narrowed its cross section. Sinuosity
has decreaseds The impetus for these changes has come
from large influxes of sediment and svrface runoff
at channel forming discherges

In the lower order, u_stresm reaches of the channel
(above.site 6y Flate II), increases in surface runoff
during flood peaks has allowed for increasing cross-
.éectional areas Tﬁe large amount of coarse clastics

contributed by the dolomites has also encouraged
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wideningz and pfosumably deepening of the channel to
facilitate removal of the increased discharge and coarse
sediment.

Increases in the magnitude of charmel forming
discharge have probcbly also encourage development of
a larzer cross éection in the higher order, downstiream
reaches of the Platte (below point 6, Plate II); sediment
transport requirerents have also chenged.

Cverall, larger quantities of all sizes of sediment
are being introduced into the channel; downstrean, however,
differential transport of the sedirent has eliminated
ruch of the coarse bed load and allowed the suspended
load to become the dominent factor in channel morpholosye
Development of a wider floodplain in the downstream
directiqn has also contributed to the dimuvnintion of
coarse sediment,as colluvial deposits are dropped on the
floodolain, rether than being washed directly into the
chanmel. The increase in dischearge and relative increase
in suspended sedirent has allowed the channel to evolve
a hydraulically more effecient form by narrowing and
deerening its course.

The cross section mor;holog& and size of the Flatte
has been altered by imposition of different types of
sediment transrport requirewats at different locations

along the chammel, while chhuﬁe has incresed . throughouts
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Overall sediwcent transport requirements, however, have
been ;xceeded throughout the bagsin. The post-getilement
alluvium i1s evidence of the overloaded condition; it is
the prire mechanism by which the channel has evolved
a new morrhology; its deposition indicates an overloaded
channel (Schumm, 1968,1p.40).

Sinuosity decreases may be explained as a function
of either of two varisbles. Wave length of meanders
has increased either as a result of the increased
dischargs at channel forming frequency (Dury, 1955)
or as a result of the incressed amount of sediment being
moved through the chamnel.

Suremary

Altération of runoff and seﬁiment yield characterigtics
of the Platte basin ha%e led to changes in the
hydraulic variables that define the downstrean hydraulie
geometry of the river, Channel widths have increased
n headvater arsass.and decreased in downstream reacﬁes
gince 1832, Power function exponent values have
consequently been reducsds Quelibative evaluation of
sinuosity trends also indicates incréases in dischargg

and total sedirent load at channel forming frequency.
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VI. Conclusion

General Summsry

Langbein and Schumm (1958) have shown vezetztion
to te a critical variable in controlling ruﬁoff and
sediment yielde This study has att.mpted to indicate
what sort of cnenges may teke place in the hydraulic
‘variables governing strea~flow because of a land use
change altering natural vegetation.

A resurvey of the Platﬁe River, first measured in
1832, indicated that headwater tfibutary reaches have
enlarged and widened their cross sections, while
downstream the river has narrowed and deepened its cross
section as it enlargede. Sinuosity has decreased,
presumably thrugh enlargerent of weander wavelengthse
In the 140 years since the survey, the stream has deposited
between three and four feet of fresh alluvium on the
floodplain.

The critieal balance of runoff and sediment that
defines the hydraulic variables has been altered.
Reduction of. forest cover from 78 percent of the bzsin
to 2% percent has enhanced instantasneous storm runoff
and sediment yield. Cultivation has also led to more
effective erosion and increses in surface runoffs
It is difficult to determine hcew nuch of the geomorphic

work was done irmediately upon clearance of vegetation
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end how much is still in progress.

Increased magnitude and frequency of overbank
flows and of sediment rroduction has altered the
hydraulic characteristics or the Flatie Rivere. lan,
through his land use -practices has bcen the prime
cause of these hydrolozic and hydraulic alteratidns;
his geowmorrhic influence has been immense, if not

totally quantifiables

The Equilibrium Condition-—Climate

Langbein and Schuﬁm (1958) demonstratsd tho
relationship between runoff? sedimen*t yield. and vegetatione.
Within any fegion, the sediment yield and discharge of
a stream will be in equilibrium with the chysical
elements of the environwsnte Vegetation is the key
variable in controllinz runoff and sediment yielde

Furﬁhermore, Lengbein and Schumm indicated the
consequences that a climatic shift could have on the
runoff and sediwent regimes By discouraging or encouraging
the growth of vegetation, great impact can be exerted
on the hydrologic conditicns of a drainage bhasine

Since the river chammel is in a state of quasi-
equilibrium with the discharge and sediment it carries
(that is--tekes its form from them), one would expect
that climatic shifts would have implications for river

chamnels also.



Schumm and Lichty (1943) illustrated the sienificant
role that cliratic chanze can play in altering a chénnel.
The Cimarron River in Kansas was converted from a sinuous,
reclatively narrow and deep river to a straight, wide ad
shallow river when several years of drought were followed
by major floodinge

Schumm (1968) also enurcrated the historicel aspect
of climatic shift and the consequent impact of runoif/
gediment change on stream morphologye

In this study, however, climets was of little importance.
Precipitation has fluctuated over long term averages
ag much as three to five percent, and yearly averages
have fluctuated as wmuch as ninety percent'in the study
area. In addition, the pattern of rrecipitstion
£hroughout the year has ch;nged sinne the mid 19th
century. Littlejammrphic gifgnificance is inferred
from or attributed to these chances for two reasons:
1) The climete of the study area is already humid
encugh to put it in the area of dscreasing sediment
with increesing precipitation., Alszo, the precipitation
shifts were too erhemeéral to cause major vegelative
changese 2) lMan himself altered the drainage basin's
characteristics infinitely wore than cliwatic change
could have=he is the ﬁrime geowmorrhic agent. The

results would have been the same without a climatic shifte



Recent studies (See Wolwan, 1967) have indics=ted
the tremendous effects clearance of vegetation may
have on the sedizent and runoff rslationshio, and
consequently river mcrrholozy, in one single years
The rain forcing function in hydraulic alterations is

mane

[}5
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