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ABSTRACT

Two adjacent reaches of the Kansas River near the
town of Wamego, Kansos, exhibit markedly differing raotes
of chonnel migration. An active reach upstream of Wamego,
flowing entirely within saondy modern alluvium [< 3000
years B.P.J, displays extensive bank erosiaon and channal
migration. Downstream, the channel comes into contoct
with fine-grained terroce fill sediment of variable ages
(> 3000 years B.P.] and manifests staoble channel
characteristics.

Evaluation of wvolley slope, channel slaope, sediment
loqd, ond bank sediment charaocteristics of each reach
suggest that locolly steepsned volley slope maoy initiate
channel activity and meander growth but the rapidity aof
the growth is o function of the sediment charocter of the
stream bank. Cut banks nlong the active reach consist
Primarily of sondy sediment [msnn-ﬂa.ﬁl and ore easily
eroded by the channel within the growing meandar .
Nonetheless, these cut banks contain sufficisnt silt and
clay (37%) to provide the necessary bank staobility For tha
development of an asymmetrical channel profila.
Development and maintenance of o scour poel along the
Outside bend of the octive meandsr allows for the
Undercutting of the cut bank and provides o mechanism far

Continued bank erosion. The degree of baonk erosion olong
xii
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the active reach is oaccentuated by the segregation of
fine—graoined material into discrete stratigraphic
intervals.

Along the inactive reoch, the sediments of the cut
banks generally consist of terroce Fill deposits. These
sediments consist primarily of silt and cloy (mean=g4.99]
but may contain coarse sand in their basal portions.
fnomalously high values of stream power and tractive force
indicate that the inactive channel has not fully adjusted
to the slope of the valley due to the resistant noture of
the baonk sediment. At locations where sand is exposed
along the inactive reach and is subject tao erosion,
clay-rich sediment from slumped upper portions of the
terrace fills provide on armoring protecting these lower

paortions of the bank.

xiii
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CHAPTER 1

INTRODUCTION

The Kansas River and its tributaries drain
approximately 61,440 square miles (398,857km2] of northern
Kansas, southern Nebraska, and eastern Colorado. The
main stem of the Kansas River begins ot the confluence of
the Republican and Smoky Hill Rivers near Junction City,
Kansas, and flows 170 miles (273 km]l east to its
confluence with the Missouri River at Kaonsas City (Fig.
11.

The Kansaos River is o moderate size stream with a
mean annual discharge of 4113 cubic feet per second (1254
m3/sec) at the town of Wamego. In recent years, the maoin
branch of the stream has come under increasing regulation
by dams built on upstream tributaories. The largest dams,
Milford and Tuttle Creek, were closed in 18962 and 13867
respectively.

The Kansas River transports sond (DSO = 0.4 to 2mm)
as bed load and a finer suspended lood composed of silt
and cloy. The composition of material transported by
individuol tributaries of the Kansas River is a functian
of the geology of the area drdined. Isolated recches,

especially within the lower Kansas River wvalley, contain
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gravel deposits which may serve to armor the channel

ggainst erosion,

CHANNEL ACTIUVITY

Channel activity and instability occur 1locally but
vary in intensity. Osterkamp and others (13982: 43]
described channel activity as the loteral migraotion of the
stream channel which is maonifested in changes in the
meander pattern. They defined channel instability as "the
deviation from an adjusted or balanced condition that may
be indicated in the cross-—sectional geometry of the stream
channel.” To avoid confusion betuween the  terms
instability and cctivity, the definitions as stoted above
are used for the purpose of this study.

Osterkamp and others (1882) suggested that chaonnel
width varied in proportion to channel activity, the more
active reaches containing wider channels. They identified
g number of reaches of the Kansas River that have been
historically active. If their assertion is correct,
differing extents of channel activity may be identified by
the range in channel width from over 1000 Ffeet (305 ml
near Paoxico to just 400 feet (122 m) at Manhattan. Dort

(1980) has also provided detailed information in the Fform
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of historic chamnel-change maps from which active reaches

can be readily identified.

STATEMENT OF THE PROBLEM

This study exaomines two adjacent reaches of the
Kansaos River near Wamego: one that has undergone
documented histarical change and one that has remained
relatively stable and inactive in historical times (Fig.
1J. The purpose of this study is to determine what
conditions are responsible for the contrast in channel
activity between the active reach and inactive reach of
the study area.

The active reach, which has been characterized by
rapid meander growth since 19139, has generated concern
among locaol landowners and the United States Army Corps of
Engineers (United States Army Corps of Engineers, 18801.
The aonticipated cut off of o large meander endangers the
386 acres (156 hectares) of cropland created by prior
meander Qrowth (Fig. 11. Downstreom at Wamego, the
channel within the inactive reach occupies approximately
the same position as the 1885 channel (Dort, 18801.
Channel degradation occurred wiﬁhin the inactive channel

during the 1851 Fflood, but the channel has remained
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relatively stable since that time (Osterkamp et al., 13882;
United States Army Corps of Engineers, 1984].

Ad jacent recches were chasen for this study to ensure
that crucial hydraulic characteristics undergo minimal
variotion hetween reaches. Discharge ond sediment load
are unlikely to change in the short distance as no major
tributaries enter the river within the study areo.
Althaough Deep Creek does enter the Kansas River within the
octive reach, its discharge is small ond comprises an
insignificant percentage of the total discharge of the
Kansas River. Because of the proximity of the two
reaches, external controls on the fluvial system such as
climate (e.g., Knox, 18972, 1976; Baker and
Penteado-Orellana, 1877]), flood magnitude and frequency
{Schumm and Lichty, 1963; Burkham, 1872), land-use change
(Escher et ol., 19831, and the effects of United States
Army Corps of Engineers impoundments {(Smith, 1880;
Osterkamp et al., 1982; Wolman and Williams, 1384) may be

considered to be uniform.
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CHAPTER 11

BACKGROUND

Fluvial systems, when viewed through time, undergo
continual change. Hock (1860]) described the process of
continual adjustment of the fluvial system as “dynamic
equilibrium.” The duration of dynamic equilibrium has
gince been defined as “cyclic time” by Schumm and Lichty
(1865: 113]. They suggested that cyclic time spans a
period required faor the denudotional evolution of a
landscape. During this period, an exponential decrease in
the streom grodient occurs, reflecting changes in the
fluvial system.

The study of channel stability in the context of
cyclic time is irrslevant to the purpose of this thesis.
The duraotion of cyclic time is such that the channel
rarely occupies a fixed position on the floodplain
throughout a cycle. Hence, it is impossible to define
individual reachss of a stream as active or inactive in
terms of cyclic time.

"Graded time” consists of only a small portion of
cyclic time during which the average channel slope remains
relatively constant,but there Qill be fluctuaotions about
this mean through time (Schumm, 18771. It is within the
context of graded time that changes in the fluvial system

6



.

R L

)
i
i

E
1
3
§
i

5

context of graded time that chaonges in the fFluvial system
ore observed as it adjusts to cacttain a state of
equilibrium. Mackin (1S48] described o "graded stream” as
one in which the morphological charccteristics represent a
bolance bhetween erosion and depasitian. Thus, channel
instability or activity may be manifested as o streom
adjusts to maintain this balance.

Mackin (1948, 471] succinctly defined a graded stream
as:

"One in which over a period of years, slope is

delicately odjusted to provide, with available

discharge and prevailing channel characteristics,

Just the velocity required for the transportatian

of the load supplied from the drainage basin.

The graded stream is a system in equilibrium:

its diagnostic characteristic is that any change in

any contralling foctor will couse o displacement

of the equilibrium in a direction that will

tend to absorb the effect of the change.”

Leopold aond Moddock (1953) quantitatively described
the interaoctions between the "controlling factors” and the
hydraulic geometry of stream channels. In porticular,
they studied the effects of stream discharge and sediment
lood, progressively downstream and ot a given river
Ccragss~-section, on width, depth, and wvelocity. Their
findings indicated a strong tendency towards establishment
of a "quasi-equilibrium” (Leopold and Maoddock, 1953: 511

in channels carrying woter and sediment. The interactions

between variaobles operate in both graded and ungroded
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reaches. They account for the maintenance of grade once
the condition of equilibrium is reached, but their
influence is sufficient even in ungraded reaches to cause
the fluvial system to develop -in a highly coordinated
manner .

Leopold and Maddock (1853) suggested that slope is
the one hydraulic factor which can be adjusted over a
period of time by processes within the stream. Slope is
potentially the factor which makes the Ffinal adjustment
required for "quasi-equilibrium” after the interaction of
cll other factors has resulted in establishment of
mutually adjusted values for thase factors. Others (e.g.,
Friedken, 1384S; Rubsy, 18952; Wolman, 1955; Schumm, 1356;
Hack, 1957; Lane, 1957; Leopold and Wolman, 1957; Brice,
1964; Schumm and Khan, 1372; Potton and Schumm, 1875;
Schumm and Beathaord, 1876; Osterkamp, 1878; Osterkamp and
Hedman, 1982J) have documented the effect of wvalley slope
on channel stahility.

The fluvial system continually adjusts to accomplish
sediment transport with the lesast possible energy
expenditure (Rubey, 1852: 1239]1. when the slope of the
valley floor increases, the river may lengthsn its caourse
by meandering to maintoin a constant channel gradient.

Thus, if other factors remain constant, the river should
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display a greater sinuosity (length of channel divided by
length of volleyl where the volley slope is steeper. A
threshold valley slope exists, however, that will result
in the formotion of o straight channel if exceeded. If
this threshold is not exceeded, the meander may grow until
the loop is cut off ot the neck by the stream. At this
point in time, meander growth is likely to be regenerated
since no permanent adjustment to vaolley slope was
accomplished.

The material comprising the perimeter of the channel
strongly influences the geomorphic characteristics of the
stream,. Schumm {1360, 19631 found that rivers
transporting high percentages of silt and clay have high
sinuosities and smoll width-to-depth ratiocs due to the
cohesiveness of the bank material. Schumm and Khan
£19723, working with o Fflume, found that a truly
meandering pattern developed only aofter they added
substantial amounts of silt and clay to the stream lood.
The silt and clay became incorporated into the previously
sandy bunks(and contributed toc the overoll stability of
the bank. Daniel (1971) and Handy (18723 demonstrated
that the expansion of o meander may be curtciled when the
perimeter of the channel encounters fine~grained cohesive

material more resistant than the materiol it had
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previously cut through.

Hjulstrom (1935 demonstrated how the size of the
sediment particles affects the resistance of the sediment
aggregate to erosion, As indicated in Ffigure 2, the
Finest particles of alluvium, due to their cohesive
nature, and the larger particles of alluvium, due to their
greater density, are the most difficult to erode. Fine
sand to coarse silt particles, on the other hand, are mast
ecsily eroded. Friedken (194S}), also working with a
flume, faound that erodible bank materiocl was a necessity
for braided streams aond that the texture of the alluvium
strongly influenced bank stahility. Lecpold and others
[13964] suggested that bank erosion, a condition necessary
for braided streams to form, is often associoted with

coarse—grained heterogeneous material.

Velocity s cavess
3

Wby ; w2y

0 OROBOS M MmO o * 23 4 1t 23 s w0

Sizn ot panticie in mm

Figure 2 Hiuistrom’s curve lor erosion snd depasition.
From Hjulstom {1935}
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The clluvial valley consists of a wide wvariety of
depositicnal environments each with a set of wunique
characteristics. Turnball and others (18661 suggested
thaot channel stability in the lower Mississippi River
valley is directly related to the type of deposits over
which the channel 1is flowing. Natural levees and
crevasse-splay deposits occur only as veneers on the
surface and do not affect riverbank erosian. They
suggested thot two particular tupes of Ffluvial deposits,
clay plugs, oassociated with abandoned meanders, and
bockswamp clays form barriers to channel migration, Clay
plugs are generaglly too small to have widespread effects,
hut may cause locel "hardpoints” or resistant protrusions
from the bank. Backswomp deposits are more extensive than
clay plugs and farm more efficient barriers to channel
migrotion. Both types of deposits may be undermined by
subaqueous failure, especially if the substratum is sandy.

The thickness of the clay-rich layer is of importance
cs well, Within the alluvial valley of the HNMississippi
River, the topstratum is underlain by coarser, less
cohesive material comprised of late Pleistocene deposits.
As a meander forms, scour occurs along the cut bank and,
if the channel bottom cuts into the underlying Pleistocene

deposits, subaqueous faoilure of the bank may occur. This

11
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fFailure increases the risk of instability within the
opverlying clay-rich topstratum.

Turnball and aothers (138661 suggested that the
stobility and the low sinuosity of the deltaic
distributary channels of the Mississippi River results
from the much thicker clay-rich topstratum found within
the deltaoic plain. The distributary channels flow
entirely within the thick topstratum making potential
subaqueous failure unlikely. Other researchers, however,
attribute the low sinuasity of Mississippi River
distributaries to their wvery gentle slope (Schumm and
Beathard, 1976). This difference of opinion serves to
illustrate a dichotomy that seems to exist among
researchers. There exists o tendency in the literature
far those researchers with an engineering background to
interpret changes in the planiform characteristics of
channels as a function of bank material, while those with
an earth science background taoke o more comprehensive
cpprouch,‘emphusizing slope, and more recently, external
controls [e.g., climate, land-usel.

A third type of deposit studied by Turnball and
others is the point-bar complex. Point-bor complexes
usuglly contain swales in which silt and clay accumulate.
Turnball and others stated, however, that these silt and
Clay deposits cre too thin and locaolized to have an
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cppreciable effect on bank stability. They added that
point-bar deposits facilitate rapid bank erosion where the
river has an active tendency toc meander. Bank erosion is
initiaoted by failure in the lowér portion of the bonk; the
extent and type of failure being determined by the
thickness of the point—-bar deposit in which the failure
occurrs. Where thick point-bar deposits occur, subaqueous
failure is rare, but the bank may disintegrote due to
partial liquification as well as by the shear stress
applied by the adjacent stream. In thin point-bar
deposits, subaqueocus failure results in the slumping of
any overlying silt and clay rich strotum.

Wolman (1855] suggested that erosion along Watts
Branch in Maryland was most severe when increases in stage
brought the water surface into contact with banks that
were previously wetted thoroughly. He (p. 216] found that
rates of erasion were “unexpectedly high and associoted
with moderate climatic events rather than the extreme and
infrequent event.” Conditions similar to those that
existed for Watts Branch may exist in the Kansas River
valley west of Wamego due to reservaoir-induced
fluctuations in the river level. This area contains
extensive point-bhar deposits within the meander belt that
are subject to infiltraotion from relctively high river
stages for long durations of time due to the draw-down of
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large upstream reservoirs. The banks in this area ore

largely devoid of trees, a factor Wolman observed in the
reaches of Watts Branch where the severest bank erosion
occurred.

The nature of the sediment transported within the
channel alsg exerts an influence upaon the resistance to
flow which is encountered by water moving through the
channel. Leopold and Maddock (13853) demonstrated how
resistance to flow changes with the downstream change in
the caliber of the load. Associated with this change in
the coliber of the loaod is a change in the bedforms, with
gach form affecting flow resistance in the channel
differently. The flow resistance created by the bedform,
in turn, exerts an influence upon the morphological
charaocteristics of the entire channel (Simons and
Richardson, 18681. Schumm (1860, 1881) found that the
cross—-sectionol shape of the channel tends to reflect the
proportions of the components ﬁf the total sediment load.
In o0 wide, shollow channel, most of the sediment 1load is
tronsported as bed lood. In o narrow, deep channel most of
the sediment is traonsported as suspended load.

The nature of the material along the channel perimeter
does not necessarily reflect présent flow conditions (e.g.,
Brackenridge, 1S880; Grissenger and Murphey, 19831.
Grissenger and Murphey (1983: 2501 found that Holocene and
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pre-Holocene alluvial deposits control present-daoy channel

bed and bank stability and morphology of Johnson and
Goodwin Creeks in northern Mississippi. They asserted
that these channels are not alluvial channels because they
are not "free to cdjust and are not compased of maoterial
identical to their present sediment 1load.” Instability
within these systems is a result of “present climatic
conditions Cand its correspaonding hydraulic
characteristics] interacting with Holocene paleoclimatic
conditions,”

Holocene and pre-Holocene alluvial deposits occur
extensively within the Kansas River wvolley (Davis ond
Carlson, 18%2; Dufford, 1958; Beck, 1959; Fader, 18741].
Within the study area these depaosits come into contact
with the Kansas River at numerous locations and,
therefore, deserve consideration as a paossible contral of
Kansas River activity at these locaotions.

It is evident from the literature that the bed and
bank material exert a strong effect on the morphological
and planimetric characteristics of a stream. Bank
material is, in turn, dependent upon the hydraulic regime
in control during deposition as well as the nature of the
sediment which is available. The latter is determined by
the geology of the drainage basin from which the sediment
is derived.
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Slope is the one variaoble that cdjusts as the stream
gpproaches a state of equilibrium. Wolman (1955) showed
that slope 1is not related to bank material. The
gdjustment of slope ollows the stream to maintain the
necessary competency to transport the provided sediment

load without unnecessacry energy expenditure (Rubey, 19523.
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CHAPTER II1

STUDY AREA

The migration of the channel of the Kansas River
within the study area is likely to have bheen influenced by
valley slope and 1local bank conditions. Since these
variables are products of the physical environment, the
regional geology of the study area is discussed here. In
addition, the aoctivities of man in the study arec may have
profound effects on the Kansas River system and, therefore,

also warrant discussion.

EXTENT OF THE STUDY AREA

The study area consists of g nine-mile (14%.4% km] reach
of the Kansas River within the Flint Hills physiographic
region in east central Kansas (Fig. 33. The Flint Hills
derive their name from the flinty resistant Permian
limestane beds that Form conspicuous terrace-like benches
cn hillsides. The maximum relief in the regian is
approximaotely 320 feet (98 m) from the low point along the
Kansas River to the divide bétween Antelope and Wells
Creeks south of the village of Wabaunsee. The Kansas River

valley consists of a broad, relatively fFlat plain ranging

17



Nebraska

A ~ ..c.\..., - [ .\Mlm A,. 7 I!. s ..0 S -
T oI Ey 0%, 38 [FARL P shazomso
N P I TP o SRS
{71 Pers > —{§ «. M
e R R m. oo

a2 £ GG e b ord S,
SERF AR CX- o (%G
Aﬂ, mw:n.n S V VAG
ke Uty
S VT
L
TS N\ Zn HJ@Q} 7
DAL W ;
A=A Sl 5
E.A.r. : \\Mvvmu.\v\\\ .\AX\ g It
PSCEIRv e e
o, S 12 ww \
L\ﬁ%“%q %.‘ ﬂ!_ | P.vw.v&- AM&./ A\/ NM
&&v MRNSOYAL
,,A\x\‘

4

‘..N }/ .....z»w \
A W@&h\v i
e g

3 2 Nn st

G

._?PT‘E
2 ,?
Hupny,
z S‘- :§
&N
N

i
o,
of
S
- \s.:?—«.l“\
—— ;j
—— \\\\ ;
L )

il RS ,
m..\ \.«\ﬂ» .: «/ww.rwﬁd%m%ﬁ ~ AT __ wwﬁ : _
AR ALY GNT-J S Nm&%@n&ﬁ\r/ﬂ/ .”.S J«AA..X:M
~ .d\ > 7 \a

fr
Py ;.3“ g
._L\J}
&
e
nll-‘—g

——
w:{l
ended

1 3' ¢

O,
¢
4
S

\ \\.1. F:2
¢ A

) :A Y v::.
\ AN TN g\
D% \b s\ cw.A: -

twnm\\b. ”.v\n . c h\.\l. ve ﬂﬂa\%
N /v,».\l\\m. s

T N
. f.e.m,...\\m d G

Flint Hills

Mississippian

Cambrian-QOrdovician

Pennsylvanian

Parmian

ma—"

Precambrian

Miles
10

40

20

10

24 Km

Figure 3: Physlographic map of northeastern Kansas.

From Moore (1935).
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in width from 1.8 miles (2.83 kml at Wabaunsee to 3.2 miles
(S5.14 kml at the eastern end of the study area 2 miles (3.2
km] east of Wamego. The wvalley trends nearly due east
almaost perpendicular to the north-south strike of the Flint
Hills.

The portion of the Kansos River under study begins at
the village of St. George and flows to a point two miles
[3.2 km] east of the town of Wamego (Fig. 13. Within the
study area, the Kansas River forms the boundary between
Wabaunsee and Pottowatomie Counties.

For the purpose of this thesis, the study area has been
divided into two distinct recoches. The upstream reach
(reach 2], five miles (B.05 kml in length is characterized
by @ historically active channel. Figure 4 {(Aa-01
illustrates the migration of the channel o©of the Kansas
River within reach 2 and the change in its planimetric
configuration between 1885 and 1978. Ad jacent and
downstream is a four-mile (6.43 km) reach (reocch 11 in
which the channel, although sinuocus, has been comparatively
inactive in historical time. Figure S illustrotes the
relative inactivity of the channel within reach 1 between
188S and 1978.

The United Stotes Army Corps of Engineers (19801
undertook a bank stabilization study of the upstream reach
(reach 23] where anticipated channel migrotion may result in
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the isolation of 386 acres (156 hectares) of cropland Ffrom

its present ouwners. This isolation will be due primarily
to the neck cut ofF of the large meander develaping since

1918.

REGIONAL GEOLOGY

Bedrock Geoclogy

Rocks of the Pennsylvanian and Permian systems
commonly crop out within the study area. These rocks,
consisting of alternating beds of limestone and shale,
were formed by late Paleozoic cyclic sedimentation in
shallow epicontinental seas (Mudge and Burton, 13531.
According to Merriam (1863), the Pennsylvanian-Permian
cantact is gradational ond is without evidence of o major
discanformity. These rocks dip to the west at 14 feet per
mile (2.84m/kml aond form a structure commonly known as the
"Prairie Plains Homocline” (Chelikowski, 1872: S1J.

Pennsylvanion rocks crop out at lower elevations than
do Permian rocks and farm a relatively Fflat plain with
shallow valleys. These Pennsylvanian rocks are part of the
Wabaunsee Group and consist - af alternating thick,
non-fossilifercus shale members separated by thin,
fusilinid-bearing limestones.

Permian rocks within the study orea occur in three
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groups known os the Wolfcampian Series. These groups are

from oldest to youngest: the Admire Group, the Council
Grove Group and the Chase Group. The lower 100 feet (305
m)l of the Admire Group resembles the underlying
Pennsylvanian rocks and contoins thick, non-fossiliferous
shale members. Ancient stream channels, represented by
lens-shaped sandstone deposits, occur in almost all heds of
shale within the upper Pennsylvanian and lower 100 feet
{305 m] of Permian rocks in the study area. Unlike the
Pennsylvanian rocks, the upper porticon of the Wolfcampian
Series consists of thick, fossiliferous limestone members
seporated by thin, fFossiliferous shales.

The study area was inundated throughout the Cretoceous
period but all Cretaceous deposits were eraoded off prior to
Quaternary time. Mudge and Burton (1858) stated that the
evidence for pre—-Quaternary removel of Cretaceocus deposits
is the lack of Cretoceocus sondstone in the Quaternary
gravel deposits of Wabaunsee County. The nearest deposits
of Cretaceous sedimentary rocks ore 40 miles (64.4 kml west
of the study area.

The regional joint pattern (Fig. 6] consists of two
sets of jJoints which trend nearly perpendicular to each
other. The relotionship between jointing and draoinage in
this part of Kansas has been described by Chelikowski
(19723, He noticed that upland draoinage often assumed a
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pronounced ongular pattern parallel to Jointing. The

influence of Jjointing on drainoge is not limited to small
upland streams. The Big Blue River volley, now occupied by
Tuttle Creek Reservaoir, trends naorthwest to southeast aclong
a very straight course porollel to the regional Joint
pattern. HMany tributaries of the Big Blue River enter at
nearly right angles and flow parallel to the
southwest-northeost trending set of Joints. In the
vicinity of Wamego, the longitudinol axis of the Kansas
River wvalley also parallels the southwest-northeast

trending Jjoints.

7/
<~ Joint

24 Faur

Pottawotamie

“Geary County \\o x ’i,

Figure 8: Structural geology of the study area.
From Chelikowskl (1972).
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Pieistocene Drainage

The Kansan glacial oaodvance extended well into the
study area (Fig. 7). The drainoge of the Kansas River was
considerably offected by this advance. Smyth 183881
recagnized that the Kansas River and its north-flowing
tributories were dammed by the ice sheet aond diverted
acrass northern Wabaunsee County to the Wakarusa River in
Shownee County. Mudge [1855] suggested that before the
advance of the Kansas glacier, the ancient Kansas River
occupied maost of its present valley. Its former channel is
indicoted by deposits of chert gravel exposed along the
north side of the valley near Wamego, St. George, St.
Mary’s, and Topeka. These deposits lie approximately B8O to
120 feet (18.3 to 36.6 m] above the present channel. At
St. George, the buried pre-Kansan valley of the Kansas
River trends northwestwardly towards Louisville, leaving
the contemporary valley only to Join it again east of
Wamego. During the Kansan glaociation, the ice sheet forced
this portion of the valley south to its present position

hetueen St. George and Womego.
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In addition to the gravels deposited by the ancient
Kansas River, gravel deposits also aoccur an strath terroces
odjacent to two north-flowing tributaries of the Kansas
River within the study aorea. Mudge {13551 contended that
gravel deposits that occur aolong the west side of Deep aond
Antelope Creeks are probably pre-Kansan since they are
chaoracterized by laorge omounts of chert derived from 1local
Permian rocks. At cne location, approximately 1 mile (1.6
kml southeast of Wabaounsee, deposits of gravel along the
waest side of Deep and Antelope Creeks are overlain by
glacial boulders. This occurrence of glacial deposits
establishes that the Antelope Cresk valley existed prior to
the odvance of the Kaonsas ice sheet.

Researchers (e.g., Frye and lLeonard, 1852; Beck, 1358)
have attributed episodes of the channel degradation and
aggradation in the Kansas River system to changes in
Quaternaory climatic conditions and their associated
hydraulic regimen. Dufford (13581] and Beck {18591
associated episodes of terrace formation in the Kaonsas
River valley with the Kansan, Illinocion and Wisconsinan
stoges of the Pleistocene Epoch. Although these terroce
dates represent broad generalizations, researchers [(e.g.,
Holien, 1882) have only recently begun to re-evaluate the
ages assigned to Kansas River valley terraces. The
following section is o discussion of the nature of these
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+erraces and their importance to this study.

surfaces in the Kansas River Ualley

Grissenger and Murphey (1883) acknowledged the effect
of Holocene and pre-Holocene depgsits on the staobility of
stream channels. They concluded that contemparary streams
flowing through relict deposits are likely to be unstable
since they are out of equilibrium with local bank
conditions. Dufford (1958: 331, on the other hand,
suggested that older surfoces within the Kansas River
valley, being “underlain to depths of 15 feet or more by
fine-textured alluvium” may oct as a barrier to channel
migration. The channel of the Kansas River comes into
cantact with banks comprised of sediments of vorious aoges.
These oges range from Illincian (Buck Creek terrace fill)
to cantemporary point-bar deposits that occur at many
locotions. Since this study attempts to evaluacte the
effect of the nature of bank sediments on channel migraotion
and bank stability, o discussion of the terraces within the
Kansas River wvalley and their associated fFills is
necessary .

Three alluvial terraoces have been mapped within the
study area (Beck, 1858; Fader, 1974J(Plate 11. They
include, from oldest to youngest: the Menckan terrace, the
Buck Creek terrace, and the Newman terrace. The Menokan
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terrace is not an extensive terrace within the study area

and never comes into contact with the contemporary channel
of the Kansas River. Consequently, its occurrence is not
relevant to the purpose of this thesis. An additiongl
surface, the Holliday terraoce, was not identified by Beck
(1959) or Faoder (1874] but occurs downstreaom of Wamegao.

The Buck Creek terrace is situated approximately 40
feet (12.1 m] above the madern floodplain and is found
extensively within the study area. According to Frye and
Leagnard [(1952: 1861, an episode of valley incision
characterized most of the Illingian stage of the
Pleistocene epoch. This 1incision is believed to hove
resulted from the progressive increase in the size of the
Kansas River drainage basin due to the capture of the then
southwardly-flowing precursors of the present-day Smoky
Hill, Saline ond Solaomon Rivers. During this episode of
incision, the Kansas River wvalley was deepened by
approximately 90 feet (27.4% m).

According to Beck (1958], the Kansas River valley was
glluvioted to a height of 40 feet (12.1 m] above the
present-day Floodplain in late Illingian time. Dufford
(1958) described this fill as predominantly reddish-brouwn
Silt and clay upon which the Sangamon secil is developed.
He noted that the Buck Creek terrace may be highly eroded
and does not display typical floodplain Ffeatures such as
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meander scars and point-bar scrolls.

The Buck Creek terrace is found both north ond south of
the Kansas River within the study arec. A well-preserved
scarp of the Buck Creek terfnce crosses Kansas state
highway 898 2.66 miles (4.28 kml south of UWamego. The
terrace cames into contoct with the south bank of the
Kansas River for o distance of 500 feet (152 ml, 2.85 miles
(4.58 kml west of this scarp. The Buck Creek terroce Ffill
is well exposed at this location. This Fill consists of a
six-meter thick, taon-colored silt layer underlain by one
meter of trough cross-bedded sand. An abrupt caontact
separates the silt layer from an overlying 2.5-meter thick,
dark-brown claoay laoyer. One meter below this contoct, a
well—-developed paleosol occurs within the upper portion of
the silt layer.

The Buck Creek terrace also cames into contact with
the Kanmsas River at Wamego and forms the high surfoce on
which the town is locoted. At Waomego, the Buck Creek
terrace and the Newmon terrace are adjacent to one another
and occur in a belt along the wvalley margin trending
southwest to northeast (Plate 11, Both terraces are
truncated at Wamego by the Kansos River but good exposures
of the Buck Creek terrace fill are not found due ta the
densely forested banks. The Fforested portion of these
banks begins at Wamego and continues westward for 1.4 miles
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(2.25 kml.

The Newman terrace fill is by far the most extensive
terrace within the study areaq. It forms a broad, smoath
gnd level surfoce 10 feet (3.04 m) above the modern
floodplain. Like the Buck Creek terrace, the Neuman
terrace does not contain typical floodplain features
(Dufford, 1858; Elks, 18739).

The Newman terrace fill is believed to be late
Wisconsinan in age (Davis and Carlsbn, 18521]. The upper
portion of the terrace cansists of silt and clay in which a
very well-developed surfaoce spil has faormed. The B aond C
horizons of this sgcil are generally gray to ton and contain
abundant culcium carbonate nodules. The wunaltered Newman
terroce fill has a characteristic buff color.

Immediotely east of Wamegao, the Newman terroce fill is
exposed for o distance of approximately 2600 feet (7893 m]
olong the Konsas River. The Fill consists of a thick
buff-colored silty layer, loess-like in gppearance,
overlying a relict point-bar deposit comprised of trough
cross-bedded sands. This sandy substrotum is only exposed
in the easternmost two-thirds of the Fill where it becomes
progressively higher in the section towards the east. At
the extreme eastern end of the exposure, the silty
buff-colored layer is obsent and the entire section is
Comprised of the relict point-bar deposit.
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A series of three paleosols is preserved in the silty

layer. The basal poaleosol, 12 feet (3.85 m) below the
surface, has been 14C dated at 7250 years B.P. This assay
and others, reported by Holien [1382] from another locality
in the Newman terrace fill, suggest that the terrace fill
is younger than previously believed. At this location, the
Newman terrace fill comprises the cut-bank along the north
side of the Kansas River within reach 1. Because ane
emphasis aof this study is to evaluate the effect of various
terroce fills ond modern deposits on bank stability, the
Newman terrace Fill exposed at this locotion is discussed
more thoroughly in chapter S.

The Newman terroce alsoc occurs south of the Kansas
River within the study area but does not form as extensive
surfaces as it does north of the river. Only aot one
locaotion, immediately west of the Buck Creek terrace
exposure northwest of Wabounsee (Plate 11, does the Newman
terrace come inta contact with the south bank of the Kansas
River. At this location, the Newman terroce exposure
extends from the Buck Creek terrace west nearly to Dsep
Creek. This locotion is ot the extreme eastern terminus of
the prominent active meander within reach 2.

The Holliday terrace is an intermediate surfoce
OCcupying a position below the Newman terroce but above the
modern floodplain (McRae, 19543]. Unlike the Newman and
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Buck Creek terraoces, the Holliday terrace contains numerous

Floodplain Feotures such as meander scars and point-bar
scrolls. The Holliday terrace complex hos been mopped
extensively between Lawrence and Topeka (Dufford, 13581 but
hos naot been previously identified in the study area.
Intermediote surfaces, similor to those described by Elks
{1878), are present in the eastern portion of the study
agrea but have been mapped as maodern floodploin (Beck, 19531.
From this point on, these intermediate surfoces are
referred to as the Holliday terrace. The Holliday terroce
occurs along the north bank of the Kansas River
approximately 3500 feet (13967 ml east of Wamego Ffor a
distonce of 1000 feet (30S ml(Plate 11. Here the terraoce
surface is extensively forested but the cut-banks are well
exposed.

The gray Holliday terrace fill contraosts abruptly with
the adjacent buff-colored sediments of the Newman terrace
Fill. A similor contraoast in colors was noted at the
Newman-Holliday contact east of the study area near Bonner
Springs, Kansas by Holien (18821). Two pcleosols are
present within the Holliday terrace fill and are truncated
to the uwest at the Newman terrace scarp. The
Newman-Haolliday contoct here is abrupt and can be troced
verticaolly through the bank. This abrupt troceable contoct
indicates that the Holliday terrace is a cut-and-Fill
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terrace ond 1is inset into the older Newman terraoce.

Aalthough researchers (e.g., Beck, 1953: 32) have suggested
that both the Buck Creek and Newman terraces gre
cut-and~fill terraces, no additional evidence within the
study area was found either to support or refute these
caontentions.

To illustrote the succession of surfoces that come
into contact with the channel along reach 1, the reader is
‘agoin referred to Plaote 1. Almost immediately west of
Wamego, the Kansas River comes into contact with thq valley
wall Ffor a short distance (600 m] although no bedrock is
gxposed in the channel or the banks. Here the channel
seems to be deflected slightly to the east where it comes
into contact with the Buck Creek, Newman, ond Hollidaoy
terrace fills consecutively over a distance of 1.5 miles
(2.41 kml. The extreme eastern portion of the meander
abuts against modern sediments.

The large active meander of the Kansas River within
reach 2 flqws entirely within banks of modern sediments.
Beck (18539) and Fader (13874) 1labelled all Kansas River
sediments within the study area younger than the Newman
terrace fill as modern. In this study, the term “modern”
sediments is used to denote those sediments caomprising the
floodplain but does not include sediments of the Holliday,
Newman and Buck Creek terrace fills.
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Because no 14C dotes were obtained of matericl from

modern sediments, their age can only be estimated. As
mentioned before, "modern” sediments are situated at a
lower topographic positian in ﬁhe Kansas River valley than
the Holliday terrace and are believed to be younger (McRae,
1954; Duffaord, 1358). Deposition of the material
comprising the modern floodplain apparently occurred ofter
an episode of incision that Fformed the Holliday terrace
complex. Holien (1982) cbhtained o 14C date of 4280* 310
years B.P. From the lower of two palegsols exposed within
the Holliday terroce fill near Bonner Springs in eastern
Kansas. Rllowing for the develaopment of the upper palecsal
ond the depaosition of the upper five meters of sediment
within the terrace fill, it is probable that the episode of
degradation resulting in the Holliday terraoce occcurred
within the last 3000 years. Thus, the subsequent wvalley
£Fill (modern alluviuml may range in age from very recent to
gppraximately 3000 years old.

It is important here to also differentiote between the
terms "modern” and “contemporary” deposits as used in this
thesis. Contemporary deposits are those deposits being
Formed at the present time. Modern deposits, on the other
hand, were formed in the recent past aond maoy now be in
position to be rewcorked by the river.

Dufford (1958: 33) recognized thot modern sediments
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near Eudora, Kansas consist of “less-resistant sandy

sediments, which are undercut much more rapidly (than finer
sediments of older depasitsl.” Within the study areq,
modern sediments are morkedly coarser than the sediments aof
the various terrace fills. Consequently, cut-banks along
the outside bend of the octive meander within reach 2 are
camprised of predominantly coarse sediments. Towards the
downstream portion of this meander, thin intervals of silt
and clay appear interstrotified with the cross-bedded sands
[(Fig. Bl). nmModern sediments alsoc comprise the entire south

bank of the inactive meander within reoch 1.

Sails

Soil surveys for Pottawatomie and Wabaunsee Counties
cre yet to be published, although advaenced field maps Ffor
Pottawatomie County were made available by Baob Tricks of
the Pottowatomie Sail Conservation Service. Wabaunsee
County is ggt to be mapped but some site-specific maps were
pravided by the Soil Conservation Service of Wabaunsee
County. 1In addition, o 1951 flood survey of soils compiled
by Horold Dickey (1952] was also made available through the
Soil Conservation Service of Pottawotomie County.

Soils of the Kaonsas River valley within the study area

are clossified aos mollisols ond entisols, Molliscols have
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Figure 8:

Modern sediments comprised of sand inter-
stratified with thin layers of silt ex-
posed in the cut bank. The cut bank in
this photograph is immediately downstream

of the apex of the active meander in reach

2.
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generally developed o©on terroces but may occur on the

Floodplain surface. The Eudora silt loom, classified as a
fluventic Hapludoll (United States Department af
Agriculture, 18751, occurs on high floodplaoin surfaces and
the Hollidaoy terrace but is not as well developed as
mallisols that have developed on the Buck Creek and Newman
terraces. Entisols within the study area ore found only on
the Floodplains. These soils are underdevelaoped and have
only weokly expressed bheginnings of natural genetic
horizons or no genetic horizons ot all.

Plate 2 is a soils map of the study area compiled from
the sources mentioned above. For the purpose of this
study, soils were grouped into three associations on the
basis of topographic position, socil properties (mainly
texturel, ond the tendency of two or more soils to occur
regularly in close proximiﬁg. These soils associations are
listed below.

13 Eudaorg-Kimg. The Eudora silt loaom comprises the
bulk of this aossociction. It consists of a deep,
well~drained, moderately permeable soil on the Ffloodplain
and low terraces. It is formed in silty alluvium. The
Kimo silty clay 1loam regularly occurs adjoccent to the
Eudora silt loam but at lower topographic pasitions. The
Kimo silty clay loam is formed in the clayey alluvium of
old channel-fill material and is poorly drained and slouwly

11



permeable. Kimo soils also occur adjacent to the Muir soil

on the Newmon terrace east of Wamego. Because they
regularly accur in such close proximity, the Eudora and
XKimo soils are often consideredAas a single mapping unit
known @s the Eudora-Kimo Complex (Soil Conservatian
Service, 19831.

2] Hounie~-Sarpy-Paxico. These soils form on lower
topographic positions than the FEudora silt 1lcam. They
represent a wide range of soil textures and caonsist
entirely of soils classified as entisols. The Haynie soil
is o silt loaom similar to the Eudora silt loam except it is
much more colcareous ond has a lesser developed A horizaon,
Paxico and Sarpy soils form on the lowest portion o©of the
Floodplain. The Paxico series is commonly adjacent to the
Sarpy soil and consists of deep, poorly drained soils
formed in sandy or silty alluvium, The Sarpy soil is
formed exclusively in sandy alluvium and is well-drained
and very permeable. A transect from a point bor to the
valley margin within reach 2 would typically reveal the
following soil transition: Sarpy-Paxico~-Haynie-Eudora.

3) Terroce Sgoils. The Buck Creek and Newman terraces
contain scils that are generally unlike those formed an
modern alluvium. They reflect differences in moturity and
parent maotericl. Whereas most of the soils formed in
madern alluvium are entisols, those Formed on terroces are
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mollisols and have undergone a much langer development

period.

Terrace soils consist of the Muir silt logam, the Chase
silty clay locam, cnd the Reading series. The Muir silt
loam has formed on much of the Newuman terrace except at the
valley margins where the Chase silty claoy 1locam is the
dominant soil type. South of the Kansas River, Muir, Chase,
Reading, and to a lesser extent, Kennebec svils have formed
on the Buck Creek terrace. Although these soils tend to be
located on particular terraces, the identification of a
terrace cannot be baosed on the occurrence of particular
soils aglone.

The Muir silt locam is the mast extensive scil of this
gassociation. It consists of a deep, well-drained,
moderately permeakble soil formed in silty aglluvium. It is
similar to the Reading silty cloy 1locam except that the
latter contains an argillic horizon. The Chase silty clay
loam differs from the Muir silt loam in that it is poorly
drained and is not confined particularly to terraces. The
Chase silty clay loam has developed in low areas of the
Flocodplain 1.2 miles (1.33 km) south cf Wamegc. The Chase
So0il also contains an argillic horizon. The Waobash silty
Clay and the Kennebec silt loam alsoc occur on terrcces
within the study area. Since these soils are isolated and
Occupy small areas away fram the contemporary channel in
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the study area, they do not warrant further discussion.
HYDRA HARA

The United States Geanlogical Survey maintains o gaging
station at Wamego (within reach 13 providing continual
discharge and gage height data. Examinotion of stoge-time
relationships that correspond to the 25 and 10 percent flow
duration raotes (those discharges thot are equoled or
exceeded 25 and 10 percent of the timel] show slight
nggradation of the XKonsas River before 1851. During the
1951 flood, one foot (.30 m)] of degraodotion occurred, but
the channel has been relatively stable since (Fig. 38J.
Because no goging station exists within reach 2, records
are not avoilable to document episocdes of degradation or
aggradation within the rsach.

Sedimant load characteristics vary little within the
study area, although variations through time have occurred
(Simons and Li, 1984). Figure 10 reveals the spatiol and
temporal variation in bed-load caliber within the study
area. It must be noted that the samples were obtaoined from
different positions in the channel and some size variation
therefore occurs. The solid line in figure 10 represents a
1983 Simons and Li survey in which four samples were taken
at each cross section and the averoge size (DS0) was
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Figure 9: Stage-time relationships for the Wamego gaging station.

From Osterkamp and others (1982).
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plotted. This line shows little wvarigtion in bed load

caliber within the study aorea except gt river mile 132
where gravel size moterial cccurs. Simons and Li (p. 381)
suggested that the gravel bars at mile 132 represent a
maojor geologic control; "this area may oct as o vaertical
control and, while no outcrops of bedrock have been
reported at this location, it seems to have been
historically a lateral control.” These gravels occur an
channel bars and the paint bar ot the extreme esastern
portion of the active meander within reach 2 (mile 132).
Simons aond Li (139841 contended thaot the presence of these
gravels at mile 132 has creacted a ”"pivat point” of
stebility which the channel has occupied continuously since
1885 (Fig. 4A-D1l. A more detoiled description and
discussion of the importance of these gravels is presented

in chapter S.

1983 Simons and Lidata

+ /4 4 1962 COE data
S\ 1976 COE data
N 1956 COE data

Madian diameter (D50)
RN
7t e e

£y
s

Figure 10: Historic D50 bed material versus river mile. From Simons and Li (1984)
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Temporcl variliaotion 1n sediment yield reflects the
effects of impoundments and streamflcw regulation. Trhe
increased storoge capacity of sediment in upstream
reservalirs led to o decrease in the suspended sediment
corncantrotion at Wamegn [(Osterkamp &t al., 13821, Tha
reduction in the influx of fine sediment intao the system
has produced a noticeable coorsening trend in the
suspended-sediment load (Fig. 113. Bed materiocl size, on
the cther hand, has not undergone any apparent change,

Although the c¢aliber of the sediment transported
through the channel varies little within the study area
fwith the exception of gravel bar deposits at mile 132131,
channel width ognd the craoss-sectional shape of the channel
contrasts markedly betwueen recaches. Channel width was
measured at twelve locations within each reach at bankfull
discharge from 1878 cerial photograophs. The channel within
reach 2, with an average width of 780.70 feet (238.08 kml,
is considerably wider than the channel within reach 1 which
averages only 844 .70 feet [186.5 ml wide. This difference
in width was found to be statistically significant by use
of o Mann-Whitney U test (Table 1). This finding supports
the contention made by Osterkamp and others (1882] that
active reaches of the Kansas River display generally wider
Channels.

Channel width has also been linked toc the caliber of
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Width in meters

Site Reach 1
1 126

2 207

3 2es

Y 213.75
S 183.5
5] 181.25
7 186.75
B 184.5
g 1839

10 207

11 1B4.5
12 . 198

—— 2 —— —— — — —— — ——— ———

Width in meters

Reach 2

——— —— —— ————— —— — —— - - ———

150.75
164.25

227.a85
274
270
243
288
252

£92.5

——— - — — — — —— ——— — —— —— — — ———

Table 1: Width of the Kansas River within the
study area measured at bankfull discharge.
Location of each measurement shown in Figure

12.
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the sediment load transported by the stream (Schumm, 139801].
He showed that bed-locad streams were generolly wide and
shallow whereas streams transporting mostly suspended load
were narrow and deep. The examples wused by Schumm,
however, were oll smoll streams in which the banks uwere
comprised of material reflecting the laad carried by the
stream. Within the Kansas River valley, bank sediments do
not always reflect the caliber of the lood transported by
the contemporary Kansas River. For example, the
differences in the naoture of the sediment between the
modern floodplain and the Newman, Buck Creek and Hollidaoy
terroce fills reflects a change in the sediment
characteristics deposited by the Kansas River through time.
Bank sediments, reflecting the different bhydraulic and
geologic conditions o©of the past, still influence the
morphological charocteristics of the present-day channel.
Within reach 2, contemporaory point-bar deposits are
forming aoan the inside bend of the active meander and the
tholweg is confined to the outside portion of the meander
adjacent to the cut bank. Inflection points, where the
tholuweg flows from aone side aof the channel to the other,
cccur only at the upstream and downstream ends of ths
meander., The position of the tholweg against the cut bank
results in an asymmetrical cross-sectianal shaope throughout
the length of the meander. The cross—-secticnal shape of
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the Kansgs River near the gpex of the octive meander (Fig.

12A) is similar to the cross-sectional shape of streams at
bends described by Leopold and Wolman (1957]. The channel
is deepest oacdjacent to the cut bank and becomes
progressively shallower towards the point bar. At
inflection paints the channel shape is nearly symmetricol
gnd is entirely contained between alternaote pocint bars.

The cross—-sectional shape of the channel in reach 1 is
not as markedly asgmmetricol_gs it is in reach 2. Unlike
reach 2, the thalweg within reach 1 meanders within the
channel and is not confined to the outside portion of the
bend. Point bars form on both sides of the channel and
numerous inflection points cccur within the meander. At
the apex of the meander (occurring at the Kansas state
highway 939 bridgel, a cross-section af the channel reveals
a multiple tholweg and a more symmetrical shape than the
cross-section ot the gpex of the meander in reach 2 (Fig.
12B1.

In summory, differences in channel width and the
cross—-sectional shape of the channel between reach 1 and
reach 2 are not 1likely attributahle to sediment lood
Characteristics since the caliber of the sediment load is
essentiolly the same throughout the study area (Simons and
Li, 1384). On the other hand, differences in channel width
and cross-sectional shape may reflect the nature and
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Figure 12: Channel cross sections of the Kansas River near

the apex of each meander within reach and reach 2.
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relative stability of the local bank sediment. For this

regsaon, a4 discussion of the relationship the
cross—-sectional shape of the channel ond the nature of the

bank material is included in chapter 5.

LAND USE

Researchers (e.g., Burkham, 1972; Costa, 187S; Escher
et al., 1983) have documented the effects of land use
change on fluvial channels. Destruction of natural
vegetation and increased cultivation leads to an increase
in run off end sediment concentration which results in
channel aggradation. Episodes of aggradatiaon are
associated with channel widening and floodplain destruction
(Knox, 19771. Irrigation and increased streamflow
regulation from upstream reservoirs has served to decrease
peak flow conditions. This decrease moy result in channel
narrowing and floodplain Fformation. Escher ©cnd others
(1983) cited that irrigaotion and streamflow regulation
along thelPlutte River in Nebraska has resulted in the
formation of a meandering channel where o braoided channel
existed befare.

Change in regional land use within the Kansas River
drainage basin is unlikely to affect adjocent reaches of
the stream differently. Differences in historical channel
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activity between reaches, therefore, canngt be attributed
to regional land use change. Differences in land use along
the trunk of the stream, on the other hand, has potentiol
to affect bank stability substchtiallg. Land wuse maps,
prepared for the Kansas River vaolley by the United States
Army Corps of Engineers (1882] aore summarized in Figure 13
(A through DJ. The mops show land use change within the
valley of the main stream fram 1337 to 13882.

Land use practices along reach 2 differ markedly from
thaose along reach 1. West of Waomego, reach 2 fFlows through
an area under extensive cultivation (Fig. 13D1. Areas of
recent depaosition are presently being stabilized by thin
belts of forest which have no effect on cut bank stability
due ta their position behind the migretiaon channel. Since
13951, much of the land formed by the growth of the active
meander has been progressively converted to agricultural
use. Corn, often grown under irrigation, aond wheat are the
major crops grown in this portion of the Kansas River
valley.

The presence of trees on the cut bonk is known to have
a stagbilizing effect on the bank. Schumm and Lichty (13863:
78] pointed out thot "the trees that border the channel (of
the Cimarron Riverl offer considerable protection to the
banks, and channel widening may be less easily occomplished
under these caonditions.” Wolman (1955) alsao noted that
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Figure 13A-D: Land-use maps for the
Kansas River valley near Wamego,

Kansas, 1937-1982. From the U.S, Army
Corps of Engineers (1982).

55



¥ AR L i B

Figure 13A

56




L

W A W g S e Tl

e S

57

Figure 13D

Figure 13C




bank erosiaon along Watts Branch in Maryland seemed to be

most severe where the hanks uwere devoid of trees. The cut
banks along the acctive meander in reach 2 are generally
steep ond treeless. Bank recession along the downstream
paortion aof this meander proceeds at such a rapid pace that
cultivated portions of the floodplain are currently being
eroded away (Fig. 141, Because of the severity of erosion
glong with the loose sandy texture of the sediments that
comprise the bank, these cut banks are, in places,
essentiolly unvegetated.

Land use practices olong recch 1 include forested,
urban, ond agricultural areas. From a point 1.75 miles
{(2.81 km) west of Waomego to the Kansas state highwoy 99
bridge ot Wamego, the north and south banks of the Kansas
River are covered by dense forest. This forest is actuaolly
a relatively thin buffer separating the stream from
agriculturcl areas to the south and the city of Wamego tao
the north. The cut banks along the north side of the
Kansos River ot Wamego, although forested, ore extremely
steep and ﬁcg rise 30 feet (9.1 m) obove the river level.
These high, forested banks are formed in the Buck Creek
terrace fill.

West of the Kansas highwaoy 88 bridge ot Wamego, the
Newman terrace fill is exposed for a distance of 2600 fest
(723 m) olong the Kansas River. Although isolated clusters
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Figure 14.

Erosion of soybean (foreground) and winter

wheat fields within reach 2 west of Wamego.
Note the sandy nature of the sediment ex-
posed in the cut bank in the upper portion

of the photograph.






of trees occur clong the exposure, forest cover 1s nowhere
as continuous as it is west of Waomego along the Buck Creek
terrace. Eaost of the Wamego sewer outlet (Fig. 130D), the
Newmon terroce exposure becomes increasingly sandy and

davoid af trees until finer sedimemts ore encountered ot
the Newman-Holliday cantact. This stretch contains the
most severe bank erosion within reach 1. Fram the Holliday
terrace to the east, the remainder of the cut bank along
reach 1 is covered by dense forest growth.

As shown in Ffigure 13A-D, there has been little
permanent change in land-use patterns in the study arec
since 1837. The most noticeable change resulted from the
1851 flood when large ogricultural areas were covered by
flood depaosits (Fig. 13B). Subsequent aerial photographs
show that most of the floodplain has been slowly converted
by deep plowing back to agricultural use.

The percent of forested baonk cover has seemingly
decreased since 1837 partly as a result of an increase in
stream length within the study area. Within reach 2, there
has been a decrease in forest cover aon the Ffloodplain.
Careful examination showh thot this decrease is largely due
to the conversion of recent point bars, often occupied by
dense riparian waodland, to. ggricultural use,. Since
defarestation of the point bars occurs in areas
experiencing active deposition, deforestation has had
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1ittle effect on bank stability.

In summary, the lond aorea west of Wamego in which
reach @ flows is dominated by agricultural wuse. The cut
banks ore generally devaoid of trees and bank ercsion is
camm@an. Alang recch 1, in contrast, Forests appear tc have
of fered some stability to the cut banks and the stream is
considerably narrower than in recch 2. In addition, there
seems to be o relationship between the density of forest
cover on the banks and the nature of the bank sediments,
Finer sediments creaote o stable environment which enhances
the growth of dense forests, which in turn, contribute to
the staobility of the bank. 0On the other hand, agriculturcol
areas are most susceptible to erosion and tend to occupy
coarser floodplain olluvium Cwith the exception of

contemporary point-bar depositionl.

INPACT OF MAN-MADE STRUCTURES

Bank staobilizing structures exist within both reaches
of the study area. The major control structure situated
within reach 1 is riprap immediately west of Wamego. The
riprap was installed to protect the Union Pocific railway
easement from bank erosion. It should be added that these
Structures were placed where the valley wall is nearly in
contact with the channel itself (Fig. 15) providing a
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Figure 15: Map of man-made structures within the study area.
Modified from Simons and Li (1984).




natural geolagical controcl. Thus, the riprap protects the
roilroad from being undercut by eraosion but its length
(2000 feet or 610 ml and positicn. do not affect the
position of the channel throughdut reach 1.

Immediotely sast of Wamego, sand is remaved from the
channel by a dredging operation. Although the impact of
dredging on the stability of the lower Kansas River has
been deboted (United States Corps af Engineers, 1977], this
is an isolated small-scole operation and probably has very
little impact on the channel (Simons and Li, 19841].

Extensive local efforts to check bank erosion and
provide flood control within reach 2 have met with limited
success. [Oikes were constructed after the 1951 flood, but
have since been breached at two locations by channel
migration. Figure 15 shows that these dikes have been
destroyed throughout much of the downstream portion of
reoch 2. Jetties installed between 138683 and 1878 were
intended to deflect the thalweg away from the cut bank. The
Jetties placed alang the north bank from river miles 134.5
to 132.5 and on the south bank from miles 131 to 132 are
Now being isclated from the bank by the erosive effect of

the eddying current behind them.
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CHAPTER IV

- METHODOLOGY

The methcdology implemented in this study wos designed
to assass tha effect of bonk materiol and slope on channal
activity. In addition, the position and characteristics of
gravel deposits at mile 132 were studied to determine their
impact on local channel conditions.

HYPOTHESES

The effect of the nature of bank moterial on channel
agectivity is clearly demonstrcted in the literature.
Hjulstrom (19351, Fisk (138473, Schumm (138611, Wolmaon and
Brush (19611), Schumm (18631, Turnball and others (13663,
Daniel (1971), and Handy (1872] have suggested that banks
containing high percentages of fine-grained material are
more stable than banks containing coarse—-grained
homageneous olluvium., Grissenger and Murphey (18831 noted
that the naoture of the alluvium is, in turn, dependent upon
the fluvial history of the stream and the age of the FfFill.
Within the study orea, alluvial deposits of contrasting
ages are expased in the cut banks and are adjaocent to the
river in both reaches. Using the inoctive reoch as a
Control, grain-size data obtained from the active reach

were examined to determine if a significaont difference in
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bonk material exists between reaches. Bank material is
defined bg the following grain-size parameters: mean,
sorting, and skewness.

Slope hos alsc been identified as a factor controlling
channel octivity (e.g., Laone, 1857; Leopold and Walman,
1957; Schumm and Khan, 1872; Schumm and Beathard, 1976;
Osterkamp, 1978; Osterkamp and Hedman, 18823. Schumm and
Beathard (1976) suggested that alluvial streagms with a
relatively steep wvolley slope may develop meandering
channels in an effort to meintain Just the nrecessary
competence for the transportaotion of the load. They aodded
that if the valley slope is excessively steep, a broided
channel will develop. Channel and wvalley slope are
compared much in the same manner that grain-size parameters
are compared. Because the water-surfoce profile 1is a
continuum within the study area ard cannot be sompled 1like
bank matericl, vaolues of slope were compared in a
qualitaotive, rather thon o stotistical manner.

As mentioned in chapter 3, gravel deposits at mile 132
have beeﬁ postulated as a latercl control on the channel in
the area (Simons and Li, 1984]. Schumm (1876) noted that
an insignificant amount of gravel may sigrnificantly control
the behavior and morphology of the channel. Holien (18823

suggested that the formatiaon of o gravel lag in the channel
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of the Kansas River near Bonner Springs, east of the study
area, has prevented further degradation of the channel.
The extent and geomorphic history of the gravel were
examined to determine its impoct on channel stability.

The methodology was designed to test the following
general hypotheses which were formulated on the basis of
the literocture. Hypothesis 1 lends itself to stotisticaol
testing and is stated below.

Hypothesis 1

Null hypothesis

There is nao significant difference in groin-size

parameters between the active reach and the inactive

(controll reach within the study aoreaq.

ARlternative hypothesis

There is o significant difference in grain-size

parameters between the active reach and the inaoctive

reach within the study area. The inactive reach

contains the larger percentage of fine-grain material.

Hypotheses 2 and 3 are postulated, but ocre not
accompanied by null hypotheses, thus they cannot be
statistically supported.

Hypothesis 2

There is o difference in valley and channel slaope
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between the active recch and the inactive reach within
the- study area. The active reoch displays steeper
valley slope.

Hypothesis 3

Gravel deposits at river mile 132 serve to armor the
channel and create a local source of channel

stability.

METHODS

Field work in this study involved three primary
emphases. The First emphasis consisted of an intensive
sampling program initioted along the cut bank, that is, the
gutside bank of eoch meander under study. A second
emphasis consisted of surveying the water surface of the
Kansas River throughout the study orea to determine the
water surface slope. A third emphasis of research
ottempted to identify the source and impact that gravel
deposits, identified in a 1956 United Stotes Army Corps of

Engineers sediment survey at mile 132, have on the channel.

Graoin-Size Analysis

Samples of bank sediments were obtained from sites

spaced approximately every S00 feet (154 ml] alaong the cut
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panks except where bank stabilizing moterial, debris, and
dense vegetatian precluded access tc the bank. The number
of sites was chosen to ensure that the amount of saomples
required for parometric tests [SO samples per testl uwere
gbtainad.

Unfortunately, it was impossible to examine the bank
matericl at many sites along recch 1 due to the density of
the vegetation on the banks. Thus, the sampling density
within reach 1 was less than the sampling density within
reach 2 where oll sites were aoccessible. To account for
this difference, reach 1 samples were weighted by the
necessary equivalent so they would approximately equol the
bulk quantity of reach 2 samples.

At each site the cut bank was divided into discernible
stratigraphic units and a sample was obtained from each
unit. This sampling was done to test the effect thot
thinnmer stratigraphic units, which differed in grain size
from the bulk of the hank sediment, have on bank stability.
Samples were also taken gt the water level from egch site
during low water periocds of the summers of 1983 and 138B4.
An additionol saomple was obtained ot the woter level but
approximately three feet deep into the cut bank wusing a
hand auger (Fig. 161. Henceforth this will be referred ta

a@s the water-level removed sample. This procedure was
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invaoked to ensure that o sample of the alluvium, at the
water level, was obtained that was not contaminated by silt
drapes remoining from higher water stages or by colluvium.
Samples were separated into o sand fraction (diam. >
06285 mml] and o silt-claoy fraction [(diam. < .0625 mmlCFalk,
19801. This separation was accomplished by sieving the
samples through o P4 sieve. The coarser material was
agnalyzed by mechanical sieving and the fine fraction was
anolyzed by hydrometer (Day, 18561. For optimal results,
the 1/4 ¢ interval for sieving screens was used (Folk,

19801.

T T 0 U [ (X

1E

[Ee~—= 1 = —— = — —
/\_..__ iC =
17 48 ws

Figure 16: Example of method used to sample cut banks.
Samples 1A and 1B represent the water level
and water level removed samples respectively.

Cumulotive frequency curves were constructed from data
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obtained from the analysis of each sample. On a cumulative
frequency curve, cumulative percentages are plotted cgainst
phi diameter [(Krumbein, 1338} an arithmetic probability
paper. Using cumulative frequency curves, it 1is possible
to graphicaolly obtoin the stntistical parameters aof mean,
sorting, and skewness. Folk and Ward (13957] demonstrated
that certain graphic methods approoch the same degree of
reliagbility and accuracy os do mare quantitative grain-size
parometer methods.

Analysis was conducted using Folk's (138571 mean (Mz 3]
determined by the formula My =

16 + Q _+ 284
3

where @ 16 is the average size of the coaorsest third, @ 84
is the overoge size of the finest third, and § S0 1is the
gveraoge size of the middle third. Folk (13880) suggested
that Mz is the best graphic measure for determining the
overaoll particle size of the sample.

There are several measures of unifarmity (sortedness)

of a sample, but Folk'’'s (18571 Inclusive Graphic Standard

Deviation was used for this study. It is calculated by
@84 - @16 + @SS - @5

Skewness determines if the distribution curve contains

an excess of fine or coorse material. Inclusive graphic
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skeuness includes ninety percent of the frequency curve and
is determined by the formula Sk, =

16 + @84 -2(g501 + S + @95 - 2(850)
2(284 - #1861 + 2(@385 - @53

Kurtosis measures the ratio of the saorting in the
extremes of the distribution compared with the sorting in
the central part. UValues of kurtosis were calculoted but
not used in analysis because no trends were detected and
the kurtosis statistic has little relevance concerning the
stability of the bank.

Folk’s groin-size parameters have primarily been
cpplied to the analysis of sand. Sand, as opposed to silt
ond clay, can easily be oanolyzed by mechanical sieving.
Fine clay is nearly impossible to segregate and thus is
likely to form proporticnately larger grain-size
increments. Since Kansgs River bonk material includes
relatively high percentages of clay, Folk’s formulace have
been altered slightly to cccomodate the finer material.
Using the ¢5—¢SS interval for analysis, oas Folk and Ward
(1957) suggested, is impossible when a sample contains mare
than S percent clay. Instead, this study substitutes the
#90-P10 interval to account for the higher praoportion of
fFine material. Ualues of ¢1O are extrapolated if the
sample contains in axcess of 10 percent clay.

With the aid of the University of Kansas Honeywell
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mainframe computer, values of mean, sortedness, and

skewness were calculated. Parameters obtoined fraom the
inactive reach were tested against parameters colculaoted
from data of the active reach. The Statistical Packaoge for
Social Sciences subprogram (Nie st al., 18731 wos used to
execute all parametric tests while non-parametric tests
were calculoted by hand. The statistical level of
rejection for all tests was set at .05, a threshold

standard for mast statistical purpaoses.

Surveying

The second emphasis of research consisted of
determination of the valley slope aond water-surface slope.
The literature cleaorly suggests that slope constitutes a
possible control an channel activity. Since a subtle
change in slope may have profound effects on the fluvial
system, more accurate caolculations of slope are necessary
than those which can be obtained Ffrom 7 1/2-minute
topographic maps.

Surveying of the woter slope was accomplished using an
automatic level at low water during the fFall of 1884. Very
little change in stage occurred during the surveying. To

tontrol for this potential change in stoge, stakes uwere
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First placed at the water level/point-bar interface tao
allow for the identification of the previous water surface
in case changes in stage did accur.

Surveying involved the repétitive process of plocing
thae instrumant at o point gn the paint bor and the rod at
the upstream end of the point bor at the woter level.
After each reading, the rod was moved o measured distance
downstream and the process was repeated. When the rod
progressed to a point that the numbers could no longer be
accuraotely regd, the instrument waos moved to another site
downstream of the rod. Low water allowed Ffor the entire
study area to be traversed in this manner. Error was
introduced when the channel itself had to be crossed to
progress to the next point bar. At crossing points, the
width aof the channel necessitated longer, less accurate

megsurements.,
Gravel Bar Sampling

To determine the source and impoct of the gravel
deposits on channel stability, the Following measures were
undertaken. Exposures of gravel deposits were mapped at
low water to determine their pasition an the point bor and

Nearby small channel bars. An effort was made to locate
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submerged gravel depaosits by wading in the adjocent channel
at low woter aclong six transects and examining the sadiment
gn the chamnel bottom, In addition, approximately 400
clasts of gravel were obtained from bar and bank sites near
mile 132. While sampling the bar gravels, a transect was
walked and a clast was aobtaoined every one foot. The gravel
bars in the areac are not large or numerous so this method
allowed for a representative sample to be obtained despite
the relative small number of clasts taken. vwhere gravels
were found in the bank, clasts of pebble size and larger
(+% mm] were obtained gquantitotively from two fixed garegcs.
Lithology and size of the gravel were determined in the
loboratory. Size was measured along the median axis wusing

g coliper square.
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CHAPTER UV

RESULTS AND DISCUSSIONS

This chapter is divided into three subchapters. The
fFirst subchopter describes tha groin-sizse charocteristics
of the sediment that comprise the cut bank in each reaoch
and discusses their effect on channel gctivity. The second
subchapter deals with the naoture and source of the gravel
deposits at mile 132 as well as their effect on 1local
channel conditions. The final subchapter describes the
water-surfoce and valley profiles of the Kansas River
within the study oreoc cond discusses their impact con channel
agctivity. In addition, this final chapter reports the
combined effect of slope and bank material on the activity

of the chanel within the study area.

Impact of Moterigl Comprising
the Cut Bank
The ' literature demonstrates thaot the material
comprising the margin of the channel along the cut bank
Consists of two entities: incised bank sediments (terraoce
Fill deposits and modern floecdplain deposits) deposited by
precursors of the contemporary channel (e.g., Turnball et.
al., 1866; Happ, 1874; Daniel, 1972; OGrissenger and

Murphey, 1983) and deposits of suspended sediment draped
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gver the existing bank sediment exposed by incision along

+he cut banks (Schumm, 13861; Schumm and Khan, 18721]. This
dichotaomy Ffaorms the basis for the division of this
subchapter. The first section of this subchapter describes
the noture of the bank sediments within the study area and
discusses their effect on channel activity. The second
section deals with the impect of suspended-sediment
depositiaon on bank stability. The gccumulation of
sediment, fallen from the wupper portion of the banks
(colluviuml, is also included in this discussion since it
cannect be separoted from sediments deposited by the
contemporary channel.

Information concerning the nature of the bank sediment
within the study area was obtoined from woter-well logs aond
through sampling the exposed cut banks. Laboratory
analysis to determine grain-size parameters for 183 samples
was executed according tao the method prescribed by Folk
(18B0l. An additional 14 cumulative Ffrequency diagrams

were provided by the United States Army Corps of Engineers.

BANK_MATERIAL

e ———————t

Sediments comprising the cut banks within reach 1 and
reach 2 stand in marked contrast to each other. The

average value of the grain-size parometers (mean, sorting,
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and skeuness) for each reach are shown in  Table 2. In
terms of grain-size parameters, reach 1 sediments tended to
pe coorse silt, very poorly sorted and strongly fine-skeuwed
whereas reach 2 sediments tended to be poorly sorted,

Fina-skewed fine sand.

—— — A — — " —— - ——— . —— — ——— — - — — ——— T - ——— — — —— — — ——— > ————

statistic reach 1 reach 2
Mean 4.99 3.40
Sorting 2.58 1.55
Skeuness L4639 257

. —— — —— —————— — Y —— - — S — - — — — > Y o W T — > . Y ———_ e Vi o — . —— — — — . — - —

Table 2: Values of grain-size parameters for cut bank
sediments from reach 1 and reach 2.

Stotistical Analysis aof Bank Sediment

T-tests were performed to determine if the differences
in the grain-size parameters stated above were
statisticolly significant. Since the T-test is a
parcmetric, distribution-dependent stotistical test, data
were first scrutinized to determine if the requirements of
the T-test were met. These requirements stipulote that the
two populations (reach 1 and reach 21 have equal variances
(Hammond and McCullagh, 187531. To determine if the

populations had equaol wvarigneces, an F-staotistic was
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calculated. The F-stotistic is given by

F = lorger a?*
smaller o?

where o2 is the variance of the sample. 1F the
F-statistic was less than or equal to the rejectiaon level
(.05), T waos based on o separote varicnce method. If the
F-statistic exceeded the rejection level, the T-statistic
waos calculated from o pooled veriance method (Nie et ol.,
1975].

T-tests were conducted by two different methads.
First, T-tests were implemented toc assess the differsnce in
grain-size parameters (mean, sorting ond skewness] bhetween
gll reach 1 aond reach 2 samples. Grain-size parameters for
each sample were given a weight cccording to the thickness
of the stratigraphic unit from which the sample was
obtained. Secandly, T-tests were conducted in which
groin-size parameters from all samples were given the same
weight. This second set of tests were performed so thot
the thin layers of silt and clay in reach 2 would be
emphasized. The total silt-clay content in the cut bank
clang reach 2 may be distributed in two ways: mixed with
the extensive sand deposits as a matrix constituent or in
thin, straotigraphically discernible layers. If silt and
Clay are generally confined to these thin stratigraphic

Units rather than evenly distributed within the bank, the
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Aaull hypctheses for the non-weighted T-tests should be more
difficult toc reject than fFor the weighted T-tests.
Hypotheses tested by T-test are stated in Appendix 1.

Samples were also separaoted into three barnk intervals
based upon their wvertical paositiaon in the cut bank.
Interval thickness was determined simply by dividing the
height of the cut bank by three. These intervaols consist
of less than one-third bankfull, one-third to two-third
bankfull, and greater than two-thirds bankfull. These
criteria were implemented to provide a basis for comparison
of specific bank-height intervals from reoch to reach.

Results of the weighted T-tests are shown in Table 3.
In oll T-tests except test 4 the null hypotheses uere
rejected. These results indicate thaot the bank sediments
glong reach 1 constitute a population distinct Ffrom bank
sediments clong reach 2. It is important to note that this
difference in grain-size parameters between reaches also
reflects the oge of the material in which the cut banks
have formed. The cut banks along reach 1 are comprised aof
sedimentslcf the Buck Creek, Newmon ond Holliday terroce
Fills whereas the sediments that comprise the cut banks in
reach 2 aore entirely maodern.

Most of the difference in grain-size purameters
between reoch 1 and reach 2 waos accounted for in the lower
two-thirds of the bank (< 2/3 bankfulll. Results of

79



e

£

o, NGB s e

name 1 2 1 2 prob. Ho val #

e — G ——— — — - — —" i ——— . o —— S — —— T T D G ——— - ——— — — T — ———— " T 7~ ——

sort stoble active 2.56 1.55 0.00 * all

skew stable active .4638 .257 0.00 * all 1
mean stable active 4.83 3.40 0.00 - all

sort  stable active 2.58 1.41 0.00  *  <1/3
skew stable active .4B63 .185 0.00 » <1/3 2
mean stable active 4.80 3.10 0.00 - <1/3

sort  stable octive 2.63 1.11 0.00  * 1/3-2/3
skew stable active .517 .238 0.00 » 1/3-2/3 3
msan stable active 5.17 3.10 0.00 bl 1/73-2/3
sort  stable octive 2.40 2.37 .88 -  >2/3
skew stable active .378 .413 2411 - >e/3 4
mean stable active 5.11 4.32 C.00 - >2/3

sort  stable octive 2.80 1.28 0.00  » <273
skew stable active .478 .204 0.00 d <2/3 S
mean stable active 4.87 3.10 0.00 - <2/3

sort  staoble active 2.58 1.85  0.00 %  >1/3
skeuw stable octive .476 .311 0.00 * >1/3 B8
mean stable active 5.15 3.63 0.00 » >1/3

Table 3: Results of weighted T-test for differences in
grain-size poraometers between reaches 1 and 2.

* = gignificant
- = not significant
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T-tests shown in Table 3 indicote that a significant
difference does exist between reach 1 and reach & for
groin-size paraometers of all cut bank sediments below 2/3
hankfull. The mean grain size for reach 1 (< 2/3 bankfulll
is @4.897 (cogorse siltl whereas reoch 2 sediments are
considerably coarser with a mean of @3.10 (very fine sand).
The results of T-test 4 (Table 3], however, show that above
2/3 bankfull, the sorting and skewness of the sediment-size
distributions, do not vary significantly between reocches 1
and 2. This 1lock of difference in these grain-size
parameters may be due to the influence o©of pedogenic
development in the upper two-thirds of the banks in baoth
reaches.

The alteration of cut bank sediments above two-thirds
bankfull has been especially pronounced along reach 1 where
older surfaoces have contributed to greater development of
the surface soil. In addition, two paoleosols are also
present in the upper portion of the Newman and Holliday
terrace fills., Along reach 2, soils expased in the cut
bank are generally immoture (entisols) and are especiolly
undeveloped in the downstream portion of reach 2 uwhere
truncation and deposition occurred as a result of the 1951
fFlood. Here pre-1951 surfoce soils are preserved at
locations where low areas occurred in the slightly
undulating pre-1951 floodploin (Fig. 17]. As shown in the
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Figure 17.

Pre-1951 soil (arrow) within the downstreanm
portion of reach 2. Notice the cross-bedded

point-bar deposits in the sub-stratum.
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photograph, the poorly developed scil has Ffaormed in
cross-bedded sand and was subsegquently buried by mcre sandy
material deposited by the 1851 flood. The soil becocmes
higher in the bank to the left where it comes into contact
with tha contempaorary floodploin surfacs.

Unlike the values of skewness ond sorting, the meacn of
the sediment distribution wvaried significontly between
reach 1 and 2 for samples obtained above two-thirds
bankfull. This difference in mecns may be attributed to
the dissimilarities in the parent materiaol of reaches 1 and
2 in which the soil is formed. The parent material of
reach 1 soils is the fine (@4.99] sediment that comprises
the Buck Creek, Newman Holliday terraoce fill whereas the
parent material of reach 2 soils consists entirely of
modern sediment.

When considered together, mean, sorting, and skewness
reveal much about the particle-size distribution of a
sample but they do not moke reocdily apparent the relative
percentages of the different size fractions (sand, silt and
clayl. In oddition ta the phi scale, these size fraoctions
(sand > .0625 mm, silt = .0625 mm to .002 mm, and clay <
.002 mml(Folk, 19801 were also used in statisticol tests.
A weighted compeosite of silt-clay percent ond clay percent
was calculoted for each site. A Monn-Whitney U test was

conducted to determine if a significant difference 1in
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silt-clay percent and clay percent existed between reach 1
and reach 2. The hypotheses tested are also included in
Aappendix 1.

As revealed by the results of the test (Table 41, the
rull hypotheses ware rejectad. Reach 2 sitas have a maan
silt-clay compasition of 37.86% and a clay compasition of
7.2% compored to a mean silt-cloy camposition of 50.5% and
clay composition of 11.9% for reach 1 sites. The evidence
presented in these statistical tests clearly reveals a
difference in groin-size parameters, silt-clay percent, and
clay percent between reaches. The cut banks along reach 1
contain material which is finer aond more cohesive than the

sediment that comprises the cut banks within reach 2.

Variable Reachl Reach 2 U Critical Signifi-

name mean mean value cance
Silt-clay 50.5% 37.5% 186 21 *
Clay 11.89% 7.2% 15 21 »

Table 4: Results of Mann-Whitney U test for weighted
silt-clay percent and clay percent between
reach 1 and reach 2.

As shown in toble S, it was generally more difficult

to reject the null hypotheses when the non-weighted
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Variable Group Group Mean Mean 2-tail Reject Inter test

name 1 = 1 2 prob. Ha val #
sort  stable active 2.27 1.72  .002  *  all
skew stable active .406 .284 . 006 » all 1
mean stable active .34 3.34 .000 * all
sort  stable active 2.15 1.50  .007  *  <i/3
skew stable octive .367 .228 .031 - <1/3 2
mean stable active 3.87 3.00 .010 * <1/3
sort  stable active 2.35 1.23  .001  *  1/3-2/3
skeuw stoble active .477 .228 . 004 » 1/3-2/3 3
mean stable active .76 2.398 .000 * 1/3-2/3
sort  stable active 2.48 2.45  .S1% - >2/3
skew stable cctive .403 .426 773 - >2/3 4
mean stable octive 4.81 4.22 .335 - >2/3
sort  stable active 2.40 1.81  .082 -  <2/3
skew stable active .07 .228 .001 » <2/3 5
mean stable active %.78 3.6% .000 - <2/3
sort  stable octive 2.22 1.43  .000 %  >1/3
skew staoble active .451 ,333 | .050 - >1/3 B
mean stable active 4.285 2.99 C.00 - >1/3

Table S: Results of non-weighted T-tests for differences
in grain-size paorameters between reaches 1 and 2.

* significant (reject null hypothesis)
- not significant (occept null hypothesis].
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grain-size parameters were subjected to the T-tests. Since

samples from all stratigraphic units, regardless of their
thickness, were assigned the same weight, thin silt-clay
reach units along reach 2 received a dispropcrtionate
emphasis. The results suggest that fine material {silt and
clayl, although present as a minor constituent in the
thick, sond-dominated stratigraphic units in the cut banks
along reach 2, is largely concentrated in thin, silt-clay

dominated stratigraphic units.

Distribution of Silt-Clay in Bank

Researchers have suggested that the distribution of
silt and clay in the bank is aos important to bank stobility
gs the bulk guentity of silt and cleoy in the bank (e.g.,
Brice, 1868]). Friedken (18S4S) suggested that sinuosity is
affected by the distribution of cement material (silt-clayl
in the banks. His results showed that when cement was
concentrated in discrete layers rather than evenly
distributed throughout the bank, a sinuasity of 1.17
resulted. When silt and clay were distributed evenly, a
Sinuosity of 1.40 resulted. Simons and Li (1984: B4) noted
that in areas of severe erosion ”"the bank was stratified
with o Fine silty layer, presumably deposited during Fflood

events, overlying a layer of naon-cohesive sand.” They did
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not, however, elaborate as to the vertical position of this

"gilty layer” in the bank. The difficulty in rejecting the
null hypotheses for the non-weighted T-tests suggests that
silt ond cloy are present in both reaches 1in substantial
quantities, bhut are generally caoncentraoted in thin
stratigraphic units in reach 2 and not evenly distributed
within the bank.

The distribution of silt ond clay in the bank is
dependent on the depositional environment in which the
sediments thot comprise the cut bank were deposited. A
point~bar complex, for instance, will be manifested by a
different stratigraphic sequence than one formed by
gverbank deposition. Sediments expaosed in the cut banks
were deposited by precursors of the contemporary Kansas
River under a variety of environmental conditions. Happ
(18713 classified valley Fill sediments and identified four
locations of deposition within the valley (Table 61.
Although channel fill deposits are exposed at locations
within the cut bank, wverticcl and lateral accretion
deposits comprise the bulk of sediments exposed in the cut
banks of the Kansas River within the study area.

Generalized profiles typical of reach 1 and reach 2
Sites are shown in Figure 18. The measured section of the
Cut bank shown from reach 2 (site B8] wos ocbhtained
immediately upstream (westl from the apex of the active
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Ploce of
depositian

Channal

Channel
margin

Overbank
flood-
plain

Ualley
margin

Transitory
channel
dapasits

log deposits

channal
Fills

Lateral
accretiaon
depgosits

Vertical
acecration
depasits

Splays

Colluvium

mass
movement
deposits

Primarily bed load temparacily
ot rest; part moy be preserved
in more duroble channel fills
or lateral accretions,

Segregations of larger ac
heavier particles, more persis-
tent than transitory channel
deposits, and including heowvy
mineral plaocers.

Accumulations in obandoned or
aggrading channel sagmants;
canging from relatively coarse
bed load tc fine-groined oxbow
loke depasits.

Point and marginal bars that may
be preserved by channel shifting
and odded to averbank floodplain
by vertical accretion deposits
at top.

Fine-grained sediment deposited
from suspended load of overbank
floodwater; including natural
leves and back-land (backswampl
dapasits.

Locol accumulaticns of bed load
materiocls, spreod from channels
anto adjacent floadplains.

Deposits derived chiefly from
unconcantrated slops wash and
soil creep on adjacent valley
sides.

Earthflow, debris avalanche, and
landslide deposits commonly
intermixed with marginal
colluvium; mudflows usuclly
follow channels but also spill
overbank,

D " . > " o A 4 W P " . A ——— " - - - - - . -

Table B:

Classification of vuileu sediments (from Hopp,
19711.
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Figure 18: Generaiized profiles from reach 1 and 2 showing the contrast
between point-bar deposits (site 8) and overbank deposition

(site 157).
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meander. The cut banks along reach &2 are dominated by

point-bar deposits formed by the accretion of sand-sized
sediment as the channel migrated laterally. The
strotigraphic sequence at site B8 consists of poorly-sorted
trough cross-bedded sands that fine upward to silty sand in
the upper one meter aof the section. Individual sets of
craoss—-beds may be draped by thin layers of silt and clay
deposited under waning flow conditions. The gradation to
silty sand near the top of the section is typical of
fFining~upward sequences found in point-bar depaosits
{Jacksaon, 18781).

A generalized profile fraom reach 1 is alsoc presented
in Figure 18. The measured section 1is located in the
Newman terraoce fill exposure appraximaotely 1000 feet (305
ml east of Wamego. The lower one meter of the section
consists of interbedded layers of silt and clay. Abave
this meter of interbedded sediments is approximately seven
meters of silty verticol occretion depaosits. The entire
vertical section at this 1location does not contain any
sediméntﬁrg structures aond deposition probably occurred in
0 low-energy environment such os a bock swamp. These
vertical accretion deposits hove been modified by the
development of three paleosols. Although the paleosols are
Continuous throughout most of the length of the Newman

terrace fill exposure, there is much lateral change in the
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nature of the sediment that comprises the fill. About 2500

Feet (762 m) west of Wamego (midway through the Newman
Terrace exposurel, point-bar depasits contalining coarse
sand and grcovel aore expased in the lower portion of the cut
bank. At the easternmost point of the expasure at the
Newman-Holliday terrace contact, the entire exposure is
comprised of these point-bar deposits. A more detailed
description of the Newman and Hollidaoy terrace fill aleng
this exposure is provided later in this section.

Two distinct fluvicl deposits dominaote the cut bank
exposures within the study area: gverbank and point-bar
deposits. This dichotomy is illustrated in figure 18 as «
plot of wvalues of sorting agocinst mean. The values
segregate foirly well with reaoch 1 (aoverbonk deposits)
generally accupying the area to the right of the 1line and
reach 2 (point-baor depositsl] occupying the area left of the
line. The gverlap shown in figure 18 is most likely due to
the continuum existing between point-bar and vertical
accretion deposits. Along reach 2, the point-bor deposits
exposed in the banks may contain fining-upward sequences in
which the upper portion of the bank is considercbly Ffiner
than the lower portion. Samples token from the upper
portion of the bamks or from the thin clay~-rich units
exposed in the bonks plot to the right of the line in

Figure 19 ond account for much of the overlap. As stated
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Figure 19: Mean-sorting relationships showing
sagregation of reach 1 and 2 samples.

D represents samples obtained from point-bar
daeposits exposed at the base of the Newman terrace
altuvium within reach 1.
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pefore, coarse sands and gravels oare exposed in the

egsternmost portion of the Newman terrace fill along regch
1 and are generally indicaotive of point-bar deposits.
These sond-sized sediments plot to the left of the line 1in
fFigure 19 and are designoated by the letter "D” odjocent to
the plotted point.

Although point-bor sonds are typically poorly sorted
[Friedman, 18613, they are represented by those points in
figure 18 which ore coarser and better sorted than overbank
deposits. This difference in sorting between overbonk and
point-bar deposits can be explained by examination of Ffour
cumulotive frequency curves (Figs. @0 and 21); two from
reach 2 and twao Ffrom reach 1. Although poorly scorted
according to Folk’s (1880) measure of sorting, the bulk of
the samples in figure 20 are sand-sized (between 1@ and 4¢)
and 75% of the paorticle-size distribution occurs within a
2@ interval. 0On the other hand, reach 1 sediments (Fig.
21], indicative of overbank deposition, are predominantly
silt and clay and 75% aof the paorticle-size distributian
accurs wiﬁhin a 3.6¢ interval and consequently ore more
poorly sorted.

As stated before, the silt-clay distribution of the
cut banks along reach @2 is concentrated in thin
stratigraphic units. Approximately 82% of the cut bank

perimeter of reach 2 consists of point-bar deposits. Silt
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Figure 20,

Particle size distribution diagram for

two reach 2 point-bar samples.
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Figure 21.

Particle size distribution diagram for

two reach 1 samples of overbank deposition.
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and cloy are found within these depaosits but only as minar
constituents. The overage silt-claoy percent in the
point-bar sands is 21.3% and the average clay percent is
3.36%. If the saond was absclutely devaid of silt and clay,
then broiding would certainly result dus to bank araosian
agnd channel widening (Schumm ond Khan, 139723.

A relationship may exist between meander growth and
the amount of silt aend clay in the cut bank. Where the
bulk of the cut bank sediment is comprised of point-bar
deposits, relatively small amounts of silt ond cloy must be
present within these deposits to provide necessary bank
stobility for meaondering ta cccur. This meander growth may
be rapid since the point-bar deposits da not provide the
resistance necessary to prevent hank erosion aond channel
migration. Downstream along reach 1, the fine, cahesive
nature o©of the sediments, as well os the incipient
induration of the sediment comprising the terrace Ffills
offers considerable resistance to channel migration.

The stratigraphy exposed in the cut banks along reach
2 becomes more complicated in the downstream direction.
West of the apex of the active meander, the point-bar sands
generally contain fining-upward sequences (Fig. @22, site
1J. As the apex of the meander is approached to the east
of site 1, the fining-upward sequence is less evident and o

Silt-rich stratigrophic unit aoppears in the section one
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forsites1and6. Note the fining of the sediment
upward in the bank at site 1.



meter below the top (Fig. 22, site B1.

Downstream of the meander’s apex, the cut banks cre
stratified with as many as three distinct silt-clay layers.
Sites 13 and 14 (Fig. 23] contain two intervals in which
the mean grain size is finer than @4 (siltl. The lower
silt-clay interval (mean=@5.75) ot site 14 is a 1.4 m thick
channel Fill deposit. Above this deposit is one meter of
sand overlain by an upper silt layer .25 meters in
thickness (mean=@5.5). This upper laoyer of silt is not
laterolly continuous and was probably deposited on  low
portions of the relict point bar as discharge waned. This
upper fine loyer is overlain by .75 m of silty sond that
does not contoin sedimentary structures.

At many locations downstreom from the apex of the
gctive meander, a third silt 1layer is present and 1is
pedegenic in noture. This silt layer is thin (.3 m] and
slightly undulating (Fig. 24]. The dark layer in figure 24%
(arrowl] is actually o buried spil as evidenced by its
gradational lower contoct with the underlying sond. The
Soil is preserved only in 1low oareas of the former
floodplain surface where it has been since buried by silty
flood material.

Approximately 4500 feet {1371 m) downstream from the
apex of the octive meander, a prominent scorp appears,
trending neorly east-west on the floodplain and is

as
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Figure 24.

Buried soil (arrow) formed in lower areas of

the former floodplain along reach 2.






SRR L R R Aol g 1o o 10 At et s SR OMRESS sk

Point bar deposition since -

1937
1919

...A

o

H

I

1 mile
1 kilometer

Figure 25: Point-bar deposition along reach 2 since 1919.
Source: 1937, 1951, 1978 aerial photographs

and Dort (1980).
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truncated by the contemporary chamnel of the Kaonsas River
{Fig. 25). The scarp delineates the north bank of the 1S40
channel of the Kansas River. Since 1840, the channel hos
migraoted south to its present bositicn. As the channel
migroted south, point-bar deposition occurred along the
northern side of the channel and 1is presently occurring
adjacent to the contemporary stream. The older point bar
deposits south of the scarp contain very 1little silt or
clay (Fig. 261 aond an immature surfoce soil attests to the
youthfulness of the sediment. Near the bottom of the cut
bank, gravel deposits are present for a lateral distance of
200 feet (61 ml clong the cut bank. A detoiled descriptian
of these grovels is presented later in this chagpter.

The distribution of silt and clay in the bank has a
pronounced effect on the type of erosion that occurs
{Turnball et cl., 19661. Where substantial amounts of silt
and clay exist in the topstratum overlying permeable sand
(Fig. 271, the collapse of this fine material moy accur,
As the river rises due to run-off, or as 1in this cose,
reservoir drow down, the permeable sands become saturated
and remain so until the waoter level draops. This drop in
water level usually occurs in mid-summer. The saoturaoted
sands draoin quickly, resulting in the collaopse of overlying
Finer sediments (Fig. 281. The examples provided in figure

23 (sites 13 and 14) are from an aresc where the collapse of
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Figure 26. Trough cross-bedded sand in the cut bank
at the downstream portion of reach 2. The
jmmature surface soil attests to the youth-

fulness of this deposit.
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Figure 27. Silt-clay-rich topstratum overlying perme-

able sand at site 13 along reach 2.

Figure 28. Gully formed by the collapse of fine sedi-

Flhsam . jocisions

ments overlying coarse point-bar deposits

near site 13 along reach 2.
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Fine sediment has occurred. In this example, an unusually

thick layer (for reach 2] af cloy was underlain by fire to
medium sand. The collapse of the silt-claoy-rich taopstratum
resulted in the formation of ‘n gully oadjacent toc the
channel accentuating the erosion of cropland bordering the
Kansas River.

Bank slumping, the movement of cochesive hlocks of baonk
moterial down the cut bank slope, occurs where silt-clay
percentages are high enough to promote cohesiveness. The
vertical extent of the slump depends upon the thickness aof
the silt-clay-rich topstratum. Alaong reach 2, the
top-stratum is wusually thin and resulting slumps uwere
derived only from the extreme upper portion of the bank.
Becaouse of their small size, they progressed down the cut
bank slope by rotation and invariably were destroyed in the
process [Fig. 2£3). Along reach 1, slump blocks often
consist of the entire bank and remain a caohesive unit after
slumping occurs. Where sand underlies the slumping
material along reach 1, the fine slumped material ormaors
the lower portion of the banks, making them mgre rasistant
to erosion. This occurs where Newman and Buck Creek
terroce fills abut ogainst the channel and point-bar sands
are exposed in the lower portion of the bank. Where
silt-clay-rich topstratum is negligible, sand particles

accumulote at the angle of repose on the banks and are

105



Figure 29. Rotational slumping of the fine top-stratum

near site 16 within the downstream portion of

reach 2.

K Wlbom C. goiviirs
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easily entrained during high discharge periods.

In summary, sediments caomprising the cut banks of
reach 1 are both more cohesive and finer than the sediments
exposed in the cut banks along reach 2. Pgint-bar saonds,
which comprise the bulk of the cut baonk sediments along
reach 2, contain encugh silt ond clay to provide the bank
stability necessary for meander growth but not enough to
retard bank erosion and channel migration. Most of the
silt and clay along reach 2 1is Ffound in thin layers
stratified within the bank. Where these 1layers overlie
sandy material, bank erosion may be accentuated by the
collapse of the overlying fine cohesive layer resulting in
the formation of gullies trending perpendicular to the
bank.

Along reach 1, the cut banks aore comprised of
sediments of the Buck Creek, Newman and Holliday terrcce
Fills. As mentiarned before, these sediments are unlike the
modern sediments that comprise the cut banks along reach 2.
A more detailed description of these terroce fill deposits

is presentéd in the following two parts of this section.
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analysis of Terroce Sediment

Duffard (1958]) contended thot sediments in older
valley Fills in the lower Kansas River wvalley were finer
and more cochesive than modern sediments and therefore were
petter able to resist erosion. To test this contention, a
T-test wos conducted to determine if grain-size parameters
differed significantly between terrace fill sediments and
modern sediments. Results of the T-test (Table 7] indicaote
thot terrace Ffill sediments have clearly different
grain-size charaocteristics than does modern alluvium,
Modern sediment within the study area tends to poorly
sorted, fine-skewed fine sand whereas terroce Fill
sediment, in general, is very poorly sorted, strongly

fFine-skeawed silt.

o o e o o S v o e - an o e o

Uariable Group Group Mean Mean Z2-tail Raject Test
noma 1 a2 1 2 probability Ho #
sort Newman modern 2.61 1.53 0.00 -
Holliday
skew Newman modern .456 .267 0.00 . 1
Holliday
mean Newman modern S$.15 3.46 0.00 -
sort Buck modern 2.4%1 1.59 0.00 -
’ Craek
skeuw Buck modern .479 .267 0.00 - =]
Creek
mean Buck modern 4.60 3.46 0.00 .
Creek

Table 7: Rasults of T-test for diffsrences in grain-size
parcmaters betwsen modern and terroce fill depos-
its.

® sjignificant (reject null hypothesis]
- not significant (accept null hypothasis)
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Having established that a difference exists between
terrace fill sediments and modern sediments, o more
detailed discussion of the nature of the terrace Ffill
sediments is necessary. Three 30-foot (39.1% ml] cores
drilled by the United States ﬁrmg Corps of Engineers as
part of ao 1880 bank stabilizotion study provided
information as to the nature and stratigraphy of the Buck
Creek and Newman terroce fills, these cores are augmented
by three valley cross-sections constructed using water-well
logs provided by the Kansas Geological Survey, the Strader
Drilling Company and the United States Army Corps of
Engineers,

Before entering a discussion of the cores and veoclley
cross—-sections, it is necessary to Ffirst discuss the
relationship between the wvarious terroce fills. The
literature (e.g., Beck, 1959; Fader, 1974] describes the
Newman and Buck Creek terraces as cut-and-fill terraces
where the Newman terrace is inset intoc the Buck Cresk
terraoce and the Buck Creek terrace is inset intoc the
Menokan terrace. No evidence to support or refute these
contentions was found within the study. For this reason,
valley cross-sections were drawn in accordance with thaose
presented by Beck and Fader treating the materiocl below
each successive terrace surface aos separate fills, although
this octually may not be the case. Evidence does suggest,
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on the other hand, that the Holliday terrace is indeed a
cut—-and-fill terrace. East of Wamego, within the
Newman-Holliday terrace exposure, the contact between the
contrasting alluvium of the Newman and Holliday terroce
fFills con be traced vertically through the exposure. The
presence of this contact indicaotes that the Holliday
terroce fill and the Newman terrace fill are separate
fFills.

Four cores, two from the Neuwuman terrace, one from the
Buck Creek terrace, and one from the modern alluvium are
presented in figure 30. As revealed, the thickness of the
silt-clay topstratum is different for each core. In core
AD-24% (modern) only the top 1.5 feet (.45 m] are comprised
of silt and claoy. The remaining 27.5 feet (B8.38 mJ of the
core consist of sand which contaoins interbedded claoy in the
upper 7 feet (2.13 m) and gravel in the lower 9 feet (2.75
m). The two Newman terrace cores shown in figure 30 are
separated by 2500 feet (762 ml. The westernmast core
(AD-30) contains a silt-clay topstratum 25 Ffeet (7.62 mi
thick whereos sand is confined to the lower S feet (1.S2
m)J. To the east, core AD-31 haos only 8.5 feet (2.59 m)] of
Silt and clay at the top of the core. The remainder of the
Core consists of sand and intsrbedded sand and silt. The
tadical difference in the thickness of the topstratum

within AD-30 and AD-31 over o distance of 2500 feet (762 m)
110



AD-24 AD- 31 AD- 30 AD-26

A11

feet

5

1.5 meters

No core recovered

Clay

Silt

‘ Sand

Gravel

Sand with interbedded clay

Sand with interbedded silt

Siit with interbedded sand

Figure 30: Representitive cores of modern alluvium (AD-24)
Newman terrace sliuvium (AD-30) and (AD-31) '
and the Buck Creek terrace aliuvium (AD-26). '
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indicates that o substontial amount of laterol variction

occurs in the sediments of the Newman terrace Ffill. This
lateral variation is olso abservable in the Newman-Holliday
terrace exposure east of Wamega. The sediments exposed
along the cut bank here are discussed in detail in the next
part of this section.

Evidence provided by these cores supports the
conclusions gained from the two measured sections presented
garlier in figure 18; the Newman terrace fill contains a
greater proportion of overbank {vertical accration
deposits) than does modern olluvium which is predominantly
point-bar (lateral accretion) deposits.

The core from the Buck Creek terrace (AD-26) is
similar to AD-30 fram the Neuwman terrace and contains very
little sand. The upper 25 feet (7.62 m) of the core
consist of silt and clay and the uppermost S feet (1.52 ml
are comprised particularly of clay. At maost locaotions
where the Buck Creek terrace fill comas in contact with the
Kansas River, fime silt and clay are exposed ot the river
level. Near mile 132, however, uwhere the Buck Creek
terrace also comes into contoct with the Kansas River,
trough cross-bedded sand is exposed in the lower one meter
of the fill. At this location, fhe sloughing of clay-rich
moterial Ffrom the topstraotum may provide an armar
protecting these basal saonds from erosion. This location,
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gpproximately 1500 feet (457 m) southeast of mile 132, is

immediately acraoss the channel Ffrom gravel deposits
identified by Simons and Li (13984). They pastulated that
these graovel deposits have provided a "pivot point” of
channel stability which the channel has ogccupied
continuously since 1885, The effect of these gravels unq
the Buck Creek terrace fill on channel migration at this
location is discussed in the following subchapter,

Examination of valley cross-sections (Fig. 31 A-D)
revealed thot the cores shown in figure 30 are generally
representative of their respective fills. There 1is some
discrepancy between the terminologies used for sediment in
Figure 30 and 31 becouse of the different sources from
which the dota were obtcined. The wvalley cross-sections,
constructed from drillers’ logs, do not contain the detail
thot the United Stotes Army Corps of Engineers’ core
descriptions provided. In addition, drillers’ 1logs often
referred to the entire silt and clay topstratum of the
terrace fFills solely as clay whereas the Corps of Enginears
differentiaoted betuween silt and clay ;n the descriptions of
the cores they providad.

The Buck Creek terroce is present in all three
cross-sections and contains 25 to 35 feet (7.62 m to 10.67
m) of clay in the upper portion of the Ffill. The Newman
terroce Fill, only present in cross-section A-A’, contaoins
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Figure 32A-C: Map and cross-section of the Kansas River Valley at Wamego, Kansas.
]

Explanation for cross-sactions; A-A’, B-B',C-C'.
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Clay
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Gravel
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a thick clay-rich topstraotum south of the Kansas River.
North of the Kansas River, the topstraotum of the Newman
terrace fill consists of a 30-Foot (39.1% m) layer of silt
and clay adjacent to the channel but grodes to silt and
becomes thinner to the north. Near the margin of the
valley, the silt-rich topstraotum is only 4 feet (1.22 m) in
thickness.

The mcdefn sediments are comprised chiefly of sand but
at the margins of the floodplain, thick wedges of silt and
clay have occumulaoted in back swamp areas. These uwedges
are distaol to the contemporary channel and separated from
it by point-bar deposits suggesting that they formed as
overbank deposits as the channel migrated caway. Each of
these wedges are underlain by extensive sond depasits.

A contemporary meander belt exists between the thick
wedge of clay at the valley margins ond the terrace fill
deposits. Betweeﬁ these two entities, the channel is
seemingly free to meander since the resistonce from the
non—-cohaesive sand is minimal. To prove this theory would
require a substanticl amount of evidence this paoper does
not present. Yet it seems o viable theory in light of the
coarser nature of the sediments along reach 2 and the
resulting active channel compared to the relative
inoctivity of the channel in reach 1 where the cut banks
are dominated by silt and clay.
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In summary, sediment characteristics of the Newman,
Buck Creek and Hollidoy terrace fills differ significantly
From those of modern sediment. The fine nature of the Buck
Creek ond Newman terrace fills are reveocled in figures 30
and 31. Although the Buck Creek and Newmon terrace fills
are very similar, there seems to be more lateral variation
in the Neuman terrace fill but this may only be due to a
shortage of information owing to poor preservation of the
Buck Creek terraoce. Nonetheless, where the channel abuts
against these terrace fills within the study area, it
generally encounters fine-grained, cohesive sediment more
resistant to erosion than the coorse sediments that
camprise the modern alluvium.

The Hollidaoy terraoce comes into contoct with the
Kansas River for a distance of only 700 feet (213 ml at a
location 2600 feet (792 m) downstream of Wamega. No cores
of the Hollidaoy terrace were drilled by the United States
Army Corps of Engineers nor could water-well data be found
of wells within the terraoce Fill. The exposure along the
Kansas River is discussed along with the Newman terraoce

expaosure in the next part of this section.
Stratigraphy of the Newman-Holliday Exposure

An excellent exposure of the Newman-Holliday terrace
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Fill along reach 1 allows for a more detailed analysis of

how the fluvial history of the Kansas River has gffected
channgl stability. This exposure is 1locatsed immediately
east of Wamego aond continues .S miles (.B km) downstream.
within this exposure, three paleasols are exposed within
the Newman terrace fi;l ond two within the Hollidaoy terrace
Fill. The Newman terrace is easily identified within this
orea by its position above the floodplain, by the lack of
paleochannel features on its surface, and by the presence
of the Muir spil. Furthermore, Beck (1858] and Fader [(13874%1
have mapped this surface as the Newman terrace.

Three stratigraphically discernible units are present
within the Newman terrace fill at this expaosure. These
units along with the Holliday terrace fill exposure aore
shown in Plate 3. Plate 3 is a generalized profile
constructed from four measured sections of the
Newman-Holliday terrcce exposure. The upper unit in the
Newman terrace fill, herein designated Tn-1, consists of
buff-colored silt and contains nao apparent sedimentary
structures. The thickness of Tn-1 decreases considerably
from 7.25 meters ot the easternmost paint of the exposure
to less than 1 meter at the Newman-Holliday terroce
contact. Below Tn-1 is a stratigraophic unit comprised of
alternaoting silt and clay (Tn-2]. The sediment comprising
Tn-2 becomes progressively coarser downstream until it
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egventually pinches out neoar site 158. The lowest

strotigraphic unit (Tn-3] consists of coarse, tfough
cross—-bedded sand and gravel. This unit is exposed only in
the lower .5 m of the Newman terroce fill ot site 157 but
becomes increasingly higher in the section towords the east
until, ot the Newman-Holliday terroce contact, sediments of
Tn-3 comprise the entire Newman terrace fill.

At site 157, the three paleosols have developed
entirely in the sediment that comprises unit In-1 (Fig.
32]. Tn-1 1is comprised of silty (mean = 2 .4],
buff-colored sediments which are loess-like in appearance.
These sediments are remarkably similar to descriptions of
other mid-Holocene deposits of the central United States.
Among these aore the Canon Bend Formaotion (Brockenridge,
1984], the early Holocene alluvium of southwest Wisconsin
fXnox et al., 1881), and the Cahokia alluvium in Illinois
{Barries, 189721]. Butzer {19771 interpreted similar
deposits dated from 5000 toc 10,000 years B.P., at the Kozer
site Illingis to be “reworked Eclian sediment, mainly
loess.” Brdckenridge (1984]) suggested o late Wisconsin to
early Holocene loess origin for similar deposits along the
Pomme de Terre River in Missouri.

The basal paleosol in figure 23 has been 14C dated at
7250 £110 years B.P. This paleosol continues the entire
length of the Newman terroce fill exposed in the cut bank
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Figure 32.

Three paleosols (labelled 1, 2, and 3) withip

the Newman terrace alluvium immediately eagt =

of the town of Wamego. The basal paleosol

(#3) has been 14C dated at 7250 ¥ 110 years

B.P. Unit Tn-1 is the buff-colored sediment

containing the three paleosols and is under- *

lain by the thin alternating silt and clay

layers of unit Tn-2.
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Figure»33. Paleosol formed in séndy alluvium near the

Newman-Holliday terrace contact.
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east of Wamego. As shown in plate 3, the basal polecsol is
g time-stratigraphic marker that is formed in each of the
units discussed above. Near the Newman-Holliday scarp, the
bascl palescsol is formed in the sondy alluvium of Tn-3 less
than 1 meter below the surface of the Neuman terrace (Fig.
33]). At this location (downstream of site 158 on plate 31
Tn-2 is absent and only one paleosol is present in the
expaosure. The uppermast palecscl forms a couplet with the
modern soil throughout much of the length of the exposure
but is not present east of site 158. The middle soil is
present throughout much of the exposure but disappears as
the banks become sandier downstream.

The sediments that comprise TIn-3 are indicative of
point-baor deposition as evidenced by the trough
cross~bedded sand and the gradational contact with finer
sediment above. Near the eastern edge of the Newman
terraoce £ill, gravel-sized material oppears in the lower
part aof this unit. This gravel becomes more abundant
nearer the Holliday—-Neuman terrace contact, but is not
present in the Hollidoy terrace fill. The alternating
layers of silt and clay that comprise unit Tn-2 and overlie
much of unit In-3 were probably deposited in low areas
behind the expanding point bar (Tn-3). These layers become
increasingly sandy towards the east possibly signifying

deposition more proximal to the source of sediment.
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As mentioned before, unit Tn-1 is a thick deposit aof

buff-colored silt without sedimentary structures. This

silt was probably deposited in o quiescent environment by
vertical accretion. Deposition was apporently interrupted
é by three pericds of relaotive staobility allowing for the
% formgtion of three paleocscls.

Becouse these poleosocls are raother well developed, the

S

time required for the deposition of Tn-1 must have been

T

very long. This long period of deposition suggests that a
large quantity of sediment of similar characteristics was

available in the Kansos River basin for the length of time

required for deposition. Such deposits of late Wisconsinan

o A

and early Holocene loess, such as the Bignell Formation,
were certainly present in northeast Kansas during the

period in which Tn-1 wos deposited (Frye and Leonard,

19%2]. Similar deposits of late Wisconsinan and early

Holocene loess have been reported as close to the study

P

area as the Pémme De Terre River basin in HMissouri
{Brackenridge, 139801].

As suggested above, the deposition of Tn-1 required a
long period of time os indicated by the thickness of the

unit and the presence of three well-developed paleoscls

R

within the unit. The 7250 years B.P. daote on the basal

s
S

paleosol, as well as the length of time required for the
deposition of Tn-1, indicates that it would be impossible
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For the Newman terrace and much of its Ffill to be

Wisconsinan in age. Accounting for the time required for
the development of the upper two paleascls in Tn-1, the
upper portion of the Newman terraoce ond the surfoce is more
likely to be mid-Holocene in age.

Previous work on the lower Kansas River has yielded
similar results (Holien, 13882: B881]. Holien presented a
strong case using 14C dates of the Newman terrace Ffill to
indicate that much of the Newuman terroce Ffill, and
certainly the surfoce, are early Holocene to mid-Holocene
in age.

The Holliday terroce, not previously mapped within the
study area, is olso expaosed at this site. The terraoce
exposure begins at the Newman terraoce scarp and continues
only a short distance douwnstream. The mast obvious feoturs
of the Hollidoy terrace fill is the controst in color it
presents with the Newman terrace fill (Fig. 34%1. The
Holliday terrace has a characteristic groy-to-brown color
which contrasts with the buff-colored Fill of the Newman
terrace. The units within the Holliday terroce fill are
laterally continuous, but change rapidly in vertical
cross—-section. Figure 35 shows the change in groin-size
parameters at depth for site 160;

The terrace Ffill consists of Ffine alluvium and

contains two paleosols (Fig. 34, arrowsl. Unfortunately,
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Figure 34.

The Holliday-Newman terrace contact. The
contact occurs in the center of the photo.
The Newman terrace alluvium is the lighter
colored alluvium to the left of the line of
trees. Within the Holliday terrace, two
paleosols appear in the lower portion of the

bank (arrows).
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neither of these soils haove heen 14C dated, but dates on
the Holliday terrace have been obtained downstream from
womego at Bonner Springs (Holien, 1982). The lower of the
two paleosols found within the Holliday terrace FfFill
yielded a date fram soil humates. The date of 4230 % 310
yeors B.P. indicaotes that the fill is mid-to-laote Holocene
in ocge. The paleosol found within the study area connot be
correlated with Holien’s just on the basis of positiaon for
the distance between the sites is great. Nonetheless, this
dote is what one might expect for the lower of the tuwo
paleosols based on the aga'bf the adjacent and older Newman

terroce fill.

F UuIuM AND  SU NDED-SEDIMEN POSITION _ON

BANK STABILITY

Schumm (1861] found thaot the sinuosity of rivers on
the Great Plains was related to the mean silt-clay content
of the perimeter of the channel. He also suggested that
channel characteristics are dependent on the proportion of
the components of the totol sediment lood. Wide  shallow
channels are associated with streams carrying mostly bed
load whereas deep, narrow channels result from streams
transporting mostly suspended load. In a suhsequent

experimental study, Schumm and Xhan (1872) reported that a
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meaondering stream developed only when a criticaol amount of

koolinite was added to the suspended load of the stream.
They suggested that this finer materiaol became
»incorporated” into the bank increasing the cohesiveness of
the sadiment and, thus, the stahility of the banks. The
alternate bars were also stabilized in this way which
prevented their erosion. When the tholweg was subjected to
scour, a drop in the water level caused the submerged
aglternate bars to emerge ond form point bars resulting in o
sinuous channel.

Within the study ureu; the lower portions of the cut
banks were often covered by a thin { < 3 cml) veneer of silt
and clay. These silt-clay veneers have two possible
sources: deposition of suspended sediment from the stream
during waning flow regimes following periods of high
discharge and the accumulation of sediment derived from the
upper portions of the cut bonk through mass wasting
processes (e.g., slump, grainfalll. The occurrence and
longevity of these silt-clay veneers are dependent on the
naturse of the underlying material, the degree of the slope
of the bank, and the texture of the sediment derived from
the uppar portion of the cut bank (colluviuml.

The accumulotion of mass wdsting products on the lower
portions of the cut banks has resulted in breaks in the

degree of slope of the cut bank. The portion of the cut
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pank below the slope break consists of colluvium and is

less steep than the bank face aobave the slope break (Fig.
361. The portion of the cuﬁ bank below the slope break was
the zone aof suspended-sediment deposition during the periad
of observation for this thesis. Even aofter periocds of
discharge great enough for the river 1level to come into
contoct with the bank foce, there was no evidence of
incorporation of sediment into the bank or adherence of
suspended sediment on the face.

The lower line in figure 36 indicates the position aof
the river level two days before the photograph was token.
This photograph is of the Newman terrace fill approximately
2000 feet (608 m] east of Wamego. A thin (S cml] silt-clay
veneer was deposited on the surface below the lower line as
the water level dropped. BOO feet (244 m) upstreem, an
unusually thick (20 cml] veneer was found on the reslatively
Flat surface in figure 37. It is important to note that
the sand underlying the veneer in figure 37 is actually
in—-place bank material and part of the point-bar complex
that comprises the lower portion of the Newman terrace fFill
in the exposure. Fine sediments (mean = @5.25), slumped
from the upper portion of thae Newman terrace fill ougments
the formation of thick silt-clay veneers over this
point-bar complex except at the extreme eastern portion of

the exposure where point-bar sonds comprise the entire
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Figure 36.

Figure 37.

Slope break on cut bank along reach 1 (upper

line). The upper line divides the bank face
(above) from colluvial material below. Sus-
pended sediment deposit left after high

water staée occurs below the lower line.

Silt-clay veneer formed on relatively flat
sandy bank material near site 157. Note the
abrupt contact between the veneer and the

coarser bank material below.
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bank. It is possible that this slumping of silt and clay
has armored the point-bar sands making them more resistant
to erosion.

Another possible instance of silt-claoy armoring also
exists 1000 feet (304 m) douwnstream of river mile 132 along
the south bank of the river where the channel caomes into
contact with the Buck Cresk and Newman terrace fills,
Here, point-bor sand is exposed in the lower ane meter of
the cut bank and is covered by a thick (30-40 cml] layer of
clay. Much of the slump material is derived from the upper
2.5 meters of the Buck vtraek terraoce fill which is
extremely clay-rich {(62% clay) and prone to slumping.

Along reach 2, suspended-sediment deposition occurred
on steep, sandy colluvium below the slope breack (Fig. 381J.
The sediment below the slope breck is mostly unconsclidoted
sand and sediments derived from thin silt-clay-rich
stratigraphic units probably did not contribute to local
bank staobility. Where present, silt-claoy veneers uere
easily undercut and eroded due to the unstobhle nature of
the underlying sediment.

Silt-clay veneers formed in each reach manifested
different groin-size characteristics. Figure 33 shouws
plots of values of mean and sorting Ffor samples obtaoined
from the water level at low water stages during August of

1883 nlong reaches 1 and 2. The mean grain size of reach 2
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Figure 38.

gt e T Ty L

Unconsolidated sandy sediment below the

slope break on the cut bank within reach 2.

The thin silt-clay-rich unit (arrow) probably
contributes very little to local bank stability.
Notice the proximity of the bank face to the
channel when compared to the bank face in

Figure 36.
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water level samples ranged from @2.5 to @6 with an overall
mean of P3.4. The means of reach 1 water level samplas, aon
the other hand, were all finer than @¢3.75 with an overall
meaon of @4.43. This difference reflects the contributian
to the silt-claoy veneers by the slumping of material from
the upper portion aof the Newman and Buck Creek terrace
Fills aolong reach 1. Along reach 2, in contrast, ropid
bank eraosion continuolly removes the thin silt-clay veneers
by undercutting the unconsolidated sandy sediment exposed

at the river level.

~ Reach t .
+
. Reach2 L +
3- .
+
+ 3
2~ . . .
+
<4
. .
1 -
el
1 2 3 4 5
Mean
Figure 39: Mean-sorting relationships for water level
samples from reaches 1 and 2.

Where rapid bonk eraosion occurs along reach 2, the
bankface obove the slope break is considerably claser ta
the contemporary channel of the Konsaos River than it is in

reach 1. This difference in proximity of the bank faoce to
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the channel is evident in figure 36 (reach 1] and 38 (reach
2). Tuwo paossible theories are put forth to explain this
difference in cut bank morphology and components of both
may cffect the banks contemporanecusly. As discussed in
chapter 3, the thalweg of the channel in reach 2 abuts
against the outside bend of the active meaonder for the
gntire length of the meander and the channel cross—-section
is markedly aosymmetrical. This pasitioning of the thalweg
haes resulted in the formation of a scour pool aolong the
outside bend of the meander causing the undercutting of the
cut bank. The unconsolidated material is easily eroded and
removed by the river. Secondly, the upper portion of the
cut bank in reach 2 lacks the abundance of fine material
fsilt and clayl present in the upper portions of the Newman
Buck Creek fill depaosits along reach 2. These sediments
may have armored the lower portion o©of the banks aggaoinst
grosion making the removal of colluvial material more
difficult. In oddition, the thalweg within reaoch 1
meanders between clternate point bars and does not form
scaur pools which initiate the undercutting of the cut
hanks.

The significonce of the effect of suspended-sediment
depositian on channel stability has been asserted by
landowners within the study orea. They contend that bank
erosion has accelerated since the closure of Tuttle Creek
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and Milford Reservoirs. They suggest that the Federal
impoundments serve to decrease the amount of silt and clay
held in suspensian by the river. Deposition of
suspended-sediment following periods of high discharge
"coated” the banks maoking them maore resistant to erosion.
Dota presented by Simons and Li (18S84) supports their
contention revealing a decrease in sediment yield since the
lorge federal reservoirs were closed (Fig. 401, Since
figure 40 displays changes in cumulative sediment yields,
the decrease is evidenced by the change in the slope of the
line near 1962. Simons and Li (1984%: 4%] noted, howsver,
that there is no evidence to support the contention that
bank erosion has increased since the closure of Milford and
Tuttle Creek Reservoirs.

The decrease in the suspended-sediment concentration
of the Kansas River at Wamego (Fig. 413 is likely to have
long-term raother thaon short-term effects on bank stability.
The develaopment of point bars is usually accompanied by
s8ilt and clay deposition on the point-bar surface during
waning flow regimes (Reading, 19821. With o decrease in
the suspended-sediment concentration, the ratio of sond to
silt-clay will increcse substanticlly. Thus contemparary
point bar deposits moy contain less fine matericl to act as
cement for non-cohesive sand. As these deposits aore

reworked in the future, braided conditions may result due
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== Tuttle Creek Dam closed
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Figure 41: Annual values of mean suspended-sediment
concentration for the Kansas River at Wamego
from 1957 to 1978. From Osterkamp and others, (1982).
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to the laock of fine material in the bank to act as cement.
In summary, no evidence was found within tha study
area to indicote that suspended sediment either becaome
incorporated into the bank Face or adhered to it.
Suspended-sediment deposition did occur on banks throughout
the study area below the slope breaks but only contributed
to bank stability if it wos augmented by silt-clay-rich
moterial derived from the upper portion of the cut bank.
Rapid bank erosion olong reach 2 resulted in the continual
removal of sandy colluvium and eraosion of silt-clay veneers
formed on the lower portio%s of the bank. Along reach 2,
in contrast, silt and clay slumped from the upper portion
of the Newman and Buck Creek terrace fills maoy armor
erodible material at the base of the exposed Fill.
Although area landowners assert that decreased
suspended-sediment concentrotion after 1962 has 1led to
increased bank erasion, no evidence exists to support their
contention [(Simans and Li, 1984]. Decreaoses in suspsnded-
sediment yield ond concentration are more liksely to have a

long-term rather than short-term impact on bank stability.

UBCHAPTE N 10N

The following conclusions are based upon the

examination of bank material by grain-size analysis and
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construction of wvaolley cross-sections. This section

-

summarizes the fFirst subchapter of chapter 5, poges 75
through 138 in the taxt.

1. The graoin-size porameters of the saompling population
varies significantly bstween reaches. Most of the
difference is accounted for in the lower 2/3 of the banks.
Reach 2 samples are generally coarser (@3.10), better
sorted (@#1.28), and finer skewed (.204] than reaoch 1
alluvium. Reach 1 cut bank sediment tends to be silt
(@4.971, very poorly sorted (ge.601, and strongly
fine-skewed (.4781]. Thesé% depasits are indicative aof
overbank deposition.

2. Reach 2 sediment contains generally less silt-clay
{37.6%1 than reach 1 (50.5%1. The silt-clay present in
reach 2 is generally confined to thin silt-clay dominated
intervals and to the extreme top-stratum where soil
development has aoltered the groin-size distribution. The
mean is reflective of the soil parent material while the
sorting and skewness values are affected by pedogenic
processes.

3. The bulk of reach 2 alluvium is point-bar deposits
which contain only small amounts of silt-clay.
Nonetheless, the small amount of fine material has
apparently provided enough staohility to enable the channel
to form the broad meander with the reach. The rapid
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development of the meander since 1820 may be a function of
the coarse, non-cohesive bank material (Daniel, 18711.

4, Finer alluvium is ossociated with terroce fills while
reach 2 (point-barl] alluvium represents modern valley fill.
The Buck Creek, Newman, ond Holliday terraoce fills have
apparently been deposited under conditions quite unlike the
present., Grissenger and Murphey (19831 have suggested that
valley fills out of equilibrium with the contemporary
fluvial regimen may result in channel instability. In this
casa, the finer nature of the fills seem to contribute to
bank stability with reach 1.

S. Recent 14C dates (this study; Holien, 19821 from Newman
Fill paleosols indicate that the £ill is agpparently younger
than previously believed.

6. Evidence fraom cross-sections constructed with water
well data suggests that the contemparary channel meanders
within o defined meander belt. The meander belt typically
is flanked by modern back-swamp clay deposits on one side
of the valley and terrace fill on the other.

7. Suspended-sediment deposition, when augmented by fine
sediment derived from the upper portion of the Newman and
Buck Creek terrace fills may armor sandy material at the
base of exposures of these fills along reoch 1 and near
mile 132 on the south bank of the Kansas River. Along

reach 2, however, slumped material (mean = @3.4) does not
142



ST TR e

e

R

PR

R AR I S R .

R

contain sufficient silt and clay to armor the bank and
suspended-sediment deposits are easily eroded off. The
decrease in suspended-sediment lood may lead to a decreased
silt-clay content in contemporary point-bar deposits and

reduce bank stability as these deposits are reworked in the

Future.
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Gravel Depgsits

Researchers have documented the armoring effect of
concentrated lag gravels on the stability of river channels
(Livesay, 1963; Schumm, 138771]. As channel degradation
ococurs, older valley deposits may be reworked,
concentrating gravel-sized material within the channel as a
lag deposit. Livesay (1963]) contended that scouring of the
Missouri River channel below Fort Randall dam was not as
severe as expected due to the development of an armor of
gravel only one grain thick: Schumm [13877] suggested that
gravel does not have to be continucus to have a
considerable impact on channel stability. He added that
(p. 119) »under certaoin conditions an insignificant
fraction of the alluvium [(lowsst one percent] may
significantly control the behavior and morphology of the

channel.”

U N ANSA %) UA

The occurrence of lag gravel deposits in the lower
Kansas River valley has been documented by Holien (13882)
and Simans and Li (19841). Simons and Li (1884%: 10)]
reported that documented reaches where armoring occurs
include river miles 8.7, 12-13, 21.5 and 132. They

suggested that ot these sites the “river may be flowing on
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paleo-channel material or old terraces, reflecting the past
river which carried much coarser sediment than the river
today.” Holien (1982: 102) contsnded that the occurrence
of gravel in the lower Kansas River valley "may have an
ormoring effect on the channel bottom, making it more
resistant to degradation.”

The occurrence of gravel deposits at river mile 132
(212 km) within the study aorea was documented by a United
Stotes Army Corps of Engineers survey in 1956 (Tom Gurss,
personal communicationl. Although the “thickness and
effectiveness of the armor fager at mile 132 is uncertaoin”,
Simons ond Li (1984: 84] suggested that ”“this area has
acted as a pivot point oabout which the channel has
laterally migrated (since 1919)*,

Gravel-sized material is exposed on the west side of
the contemporary point bar located at the eastern terminus
of the octive meander in reach 2 (Fig. 42J. In addition,
gravel was alsa found on two small channel bars immediately
west of the point bar (Fig. 431. The point bar on which
the gravel is located has been forming since 191S. Betuween
19239 and 1941, the channel wos locoted adjacent to the
scarp shown in figure 42 and has subsequently migrated
south to its present position. |

The surface of the point bar complex in figure 42 |is
slightly undulating and slopes gently away from the
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Figure 42: Extent of bank and bar gravel deposits near mile 132.
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Figure 43. Small channel bar covered with gravel at low
water in October, 1984. This location is at

river mile 132.
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prominent scorp towards the contemporary channel of the
Kansas River. Higher portions of point-bor complex are
utilized for cropland or stabilized by riparian woodland,
mostly black willow (Sglix Nigral and cottonwood (Pgpulus
Deltoidesl(see Fig 421).

The lower portion of the point-bar complex is commonly
flooded from early spring to mid-summer and contains
gravel-sized moteriocl which occurs in 1linear deposits
griented parallel tc the dirsection of high wagter flow
gcross the point bar (northwest to southeast). These
deposits are most extensive along the channel of the Kansas
River on the western portion of the point bar near mile 132
and occur only sparadicolly towards the east.

The northern portion of the point-bar complex along
the Kansas River starting approximaotely 800 feet (183 ml
upstream of mile 132 is currently being eroded by the
channel gs the active meander within reach 2 expands.
Appraoximately 700 feet (213 m) upstream of mile 132,
gravel-sized material is found in the cut bank and |is
currently béing eroded out (Fig. 44]. The gravel occurs in
two 10-20-cm-thick layers separated by coarse to medium
sand. Above and below the gravel laoyers are trough
Cross-bedded sands that extend from the water level to the
top of the bank. The source of these gravels is discussed

later in this subchapter.
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Figure 44. Gravel being eroded out of cut bank near mile

132. This photograph was taken immediately
upstream of the gravel bar in figure 43.
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SIZ2E, LITHOLOGY AND ROUNDNESS OF GRAVELS

Approximotely 400 claosts of gravel were collected and
examined to determine size, lithology and roundness.
Gravel fFrom the point bar was collected clong two 100-foot
transects (Fig. 42; Tl and T23. One clast was obtained
every one foot along the transect by leaning over with the
eyes closed and taking the first clast that the index
finger came in contoct with. Grovel was obtained from the
cut bank by marking off tw? areas six feet square an the
bank and quantitatively collecting all gravel-sized
material one foot deep into the bank.

Figure 45 is o histogrom showing the relative size
frequencies of gravels faund on the point bar and gravel
obtained from the cut bank. As shown, the gravels found on
the downstream bars are slightly Ffiner than gravels
obtaoined from the cut bank. The mode of the baor gravels is
3% mm and the mean of 200 samples is 36.7 mm. The
histogram is coorse-skewed {(skewed to the right]. Bank
gravels ﬁre coarser, with the mode geccurring at 43 mm (mean
= 42.9 mml and the histogram is fine—-skeuwed (skewed to the
leftl. Grain-size distributions of the twoc populations
suggest that some degree of hydraulic sorting hos occurred
within the short distance between the bank and the bar.
This sorting may result from the selective entroinment of
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smoller grovel-size particles during high discharges . while

larger material remained on the bank.

The lithology of the gravel clasts differed 1little
between bank and bar locations (Fig. 461. The predominant
lithology at both locotions was limestone which comprised
81.05% of all gravel clasts. Shale was found within the
bank deposit but apparently disintegroted hefore
redeposition occurred on the downstream point bar. Less
chert [(5.%%) was found in the bar gravel deposits than was
found within the bank (18.4%]. The smaoll amount of chert
gravel found on the point bor may be due to the high
specific gravity of chert, making it 1less 1likely tao be
tronsported downstream. The results presented here are
similar to those reported by Holien (1882: 107] for gravel
deposits in the lower Kansas River valley near Bonner
Springs (limestone, 61.5%; chert, 29.6%; quartz, 3.8%;
Sioux quartzite, .1%). It should be noted that, while
Holien differentiated between Sioux quartzite and quartz,
they are reported in figure 48 {(this thesis]l] as one
lithologg;

Gravels collected both from on the point bar ond from
within the cut bank were found to be surprisingly angular
(Fig. u481). Angularity was particularly prevalent in
limestaone and chert. Quartzite and quartz fragments uwere
considerably more rounded. Roundness was determined
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Figure 46: Compasition and roundness of bar and bank gravels at mile 132
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guolitatively using criteria suggested by Pettijohn (138751.

There was assantially no diffsrence between the roundness
of point-bar and bank gravels. Whereas most graovel ranged
from subrounded to subangular (S&ZJ, a substantial amount
{23.8%) was determined to he angular. The relatively high
proportion of angular gravel may indicote that the gravels
were not transported faor by the Kansas River once they
entered the system. The fact that these gravels were not
fFound more than one mile downstream of where they occur in
the bank is an indication that they are not transported far

by the contemporary Kansos River.

SOUR GRAV

The similarity ond proximity of gravel found on the
point bar tgo gravel found upstream within the cut bank
suggest that thase point-bor and channel bor gravel
deposits are derived from the gravel esraded cut of the bank
(Fig. 42). Graovel found within the cut bank upstream of
mile 132 is located in an area occupied by the 13923-184C
channel of the Kaonsas River. Between 1885 and 13818 the
channel of the Kansas River in  this area was apparently
inactive and relatively straight, flowing northwest to
southeast. Between 19139 and 1929, o meander began tao farm
upstream of mile 132 resulting in point-bar deposition on
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the downstream limb of the meander immediately east of mile

132 (Fig. 47]. As the aoctive meander within reach 2 grew
between 13841 aond the present, point-bar expansion continued
to occur near mile 132. No later than 1956, when gravel at
mile 132 was first documented by the United Staotes Army
Corps of Engineers, meander expansion resulted in the
grosion of the older portion of the point-bar complex
exposing the gravel in the cut bank. The erosion of the
upstream portion of the peint-bar complex may have been
initiaoted during the 13951 f}ood when the largest single
instance of meaonder expansion occurred within the study
area.

An argument can he made that the gravel deposits
described in this subchapter were deposited by Deep Creek
which issues into the Kansas River approximately 1500 feet
(457 m] downstream of mile 132. If these gravel deposits
had their source in Deep Creek, then the mouth of Deep
Cresk mﬁuld have had to have been located upstream of mile
132 some time prior to 1956. Examination of 1837 aerial
photcgraph#, however, reveals that Deep Cresk entered the
Kansas River aopproximately aone mile (1.8 kml downstream
(east] of where it enters todug.v They could not have besn
deposited where they ore today prior to 18937 becouse the
point bar on which the gravel occurs did naot exist prior to

that dote. The photographs also reveal thaot the channel of
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point-bar expansion of the Kansas

River at mile 132. Source:

‘ Aerial photographs and Dort (1980).
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Deep Creek has been inactive since 13937 and the change in
the mouth of the creek has been due to the southuward
migration of the Kansas River. Therefore, it is impossible
that the gravel deposits near mile 132 could have been
deposited directly by Deep Creek or entered the Kaonsas
River system through Deep Creek.

The obvious question remains as to how these gravels
were deposited in the 13828-1841 channel. A possible
explanation involves the initial formation of the active
meander within reach 2. HMeander growth is accompanied by
the scouring of the thalweg along the outside of the bends
and the development of an asymmetrical channel shape in
cross-section (Leopold and Wolman, 1857]. As the meander
began to form between 1918 and 1841, the development of a
scour pool may have exposed gravel from palecochannel
material below the 1830’s era channel to erosion.
Redeposition on the downstream limb of the meander would
have occurred, forming a channel log deposit near mile 132.
Eventually these gravel laog deposits were covered by the
advancing point bar as the channel migrated to the south.
Erosion of the point-bar complex since 13851 may have
exposed the gravel deposits, now in the cut bank, to the
channel allowing them to be redeposited on the douwnstream
contemporary point bar.

A similar scenario of incorporation of grovel into the
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present river system was described by Holien (1882: 1201.
He contended that ”coarse-grained material 1is continually
being reworked to a lower p;sition in the wvalley alluvium
during periods of degradation of the Kansas River. Thus
the gravel on the channel bars is exposed for only a brief
time before it is buried within the river alluvium,
possibly to be exposed agaoin ot some later time due to
ongoing stream activity.”

The ultimote source of the gravel is the bedrock
expased in the Kansas River basin and material carried into
the basin during the»Knnsun glaciation,. Limestane is by
far the most abundant gravel 1lithology and many of the
limestone clasts contain fossils present in the Permian
limestone units cropping out in the study area. The
limestone gravel can be subdivided into Ffour groups:
Fusilinid-bearing {31%), Brachiopod-Pelecypod-bearing
{20%1, Algal-bearing (8%]l, and clasts in which no apparent
fossils were found (40%1. Two local units of the Permian
system contain abundant fusilinids; the Hughes Creek Shale
Member of the Council Grove Group (Wolfcampian Series) and
the Cottonwood Limestone Member alsc of the Council Grove
Group (Fig. 38]. Brochiopod-Pelecypod-bearing limestones
may originate from the fossiliferous Bennett Shale Member
of the Eskridge Shale. Algal-bearing limestones occur in

many limestones of the Wolfcampian Series. Members in
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which they are particularly prevolent ore the Crouse

limestone and the Grenolo limestone adjacent to the
Eskridge Shale (Fig. 481{Johnson, 138631].

Much of the chert gravel originates from cherty
limestones of the Permian system. Flint is contained in
the Cottonwood Limestone Member (Council Grove Formation)
and quartz nodules aore common in the Long Creek Limestone
Member (Council Grove Formatianl. Additional sources of
chert gravel are the weathering out of pre—-Kansan chert
gravel in upland paleochun?els of the Kansas River nerth of
St. George and on straoth terraces anlong Deep and Antelope
Creeks. Gravels found in the pre-Kansan paleochannels of
the Kansas River described by Beck (1853: 28], ore similar
to the contemporary deposits of gravel described in this
chapter; "the constituent particles of chert and limestone
are subangular to subrounded fragments, which could have
been derived from Poleozoic limestones cropping ocut west of
the area.”

Sioux Quartzite was transported into the study area
during tﬁe Kansan glaciation from outcrop areas in
southwest Minnesota, northwest Iowac and southeast South
Daokota. Large boulders of Sioux Quartzite are found 4.5
miles [(7.42 km) south of Womego along Kansas staote highway
893. The presence of Sioux Quartzite in contemporary gravel
deposits indicates that glacial sediments have heen
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incorpaorated into the Kansas River system and are being

recycled as the channel reworks older valley deposits.

InPACT OF GRAVEL

As noted by Schumm (1976, 1191, discontinuous gravel
deposits which comprise ”"an insignificant amount aof the
plluvium (coorsest 1%) may significantly control the
behavior and morphology of the channel.” Simons and Li
(1884) contended that graovel deposits at mile 132 have
acted as a latsral control, oan the channel and the creation
of a "pivot point” about which the channel has migroted.
It can be demanstrated that the gravel found on the point
bar at mile 132 was eroded ocut of the cut bank golong the
east side of the Kansas River 700 feet (213 m] upstream.
Since gravel found within the cut bank waos deposited in the
192S-1941 channel of the Kansas River and subsequently
eroded out gs the active meander in reach 2 expanded, it
would be impossible for gravel deposits at mile 132 to have
been o laterol control throughout the development of the
meander since 1318.

Examination of gerial photographs reveals that the
point bar at mile 132 containing the gravel deposits
expanded southword as the channel cut through modern

alluvium. During the 18S1 flood, the scuthward movement of
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the channel resulted in the interception of DOeep Creek
(Fig. 49, A aoand B]l. By 1951 the channel of the Kansas
River had been displaced approximately 1870 feet (572 m]
south of the position of the inoctive channel prior to
1913. Although the active meander within reach 2 continued
to expand between 1951 and 1978, the channel south of mile
132 migrated aniy 285 feest (87 ml) to the south (Fig. 438D1J.
Between 1956 and 1868 (Fig. 48CJ, the channel began to
come into contact with sediments of the Buck Creek ond
Newman terrace fills. These sediments are generaolly finer
and more cohesive than the modern sediments the channel had
previously cut through. As a result, the southward
migration aof the channel in the downstream portion of reach
2 haos been retarded since 1956. The resistance to erocsion
encountered by the Kansas River channel here may explain
the occurrence of the ”pivot point” reported by Simons and

Li (18841].

SUBCHAPTER CONCLUSIONS

The following conclusions ore based upan the
discussion prasanted in this subchaopter, poges 133 to 161
in the text.

1, Gravel bar deposits, documented by the United Stotes

Army Corps of Engineers’ 1956 sediment survey and Simons

162



T T
TR BREL N Y

L

&
b
3

o Boss

.
I
=

Figure 49A 1 93 7

Buck Creek Terrace 3|

Figure 498 195 1

Legend

D Alparisn Woodiand

Gravel found within the cut bank

' f Gravais found on channel and point bars

1 mile
b wenl

1Rm M

Figure 49 A-D: Position of the Buck Creek and Newman
terraces in relation to the channel of the
Kansas River, 1937-1978. Source:
Aerial photorgaphs; Beck (1958);
Fader {1974).
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and Li (1884), have their source in the cut bank 700 feet

{213 m] upstream of mile 132. Active erosion and channel
migration have introduced the gravels into the cantemporary
river system. Since the gravel bars occur in an carea of
relative stgobility, Simons and Li postulated that an
armoring effect may result from the graovel.

2. Similarities in lithology and roundness, as well as
proximity, suggest that the gravel found in the cut bank is
eroded out and redepasited on the downstream point bar.
The location of these gravels in the areo occupied by the
1928-194%1 channel of f%e Kansas River indicates that
deposition of the gravel on the downstream bars has
occurred relatively recently.

3. Much of the graovel is derived from Permian and
Pennsylvanian rocks cropping out in the study area.
Additional socurces of graovel include upland paleochannel
deposits near St. George, strath terrace gravel lags along
Deep and Antelope Creeks, and glocial matericl transported
into the area during the Kansan glaciation.

i 3 GrnQel deposits found on the point bar at mile 132
have been deposited too recently to have been responsible
for the formation of the ”pivot point” reported by Simons
and Li (1984]. Prior to 13956, the expansion of the active
meander within reoch 2 resulted in the southword migration

of the channel and point bar at mile 132. Although the
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meander has continued to expand since 1956, the southward

migration of the channel at mile 132 has proceeded very
slowly. This relative lack of channel migrotion since 1856
is more likely due to the resistance of the fine, cohesive
sediments of the Buck Creek and Newman terrace fills south
of the channel than to the occurrence of gravel bors at

mile 132.
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Impact of Slope on Channel Activit

Researchers (e.g., Friedken, 1845; Schumm and Khan,
1872; Schumm and Beathard, 18976] have documented the effect
of valley slope on the activity of the stream channel.
When the slope of the valley floor increacses, tha river
may lengthen its course by meandering to maintain just the
gradient necessary to carry its load. Schumm and others
(1976] suggested that sinuosity is generally low for
alluvial streams with extremely low wvalley slopes but
increases with incrscsinq slope until a threshold |is
exceeded where a braided channel may result. Leopold and
Wolman (1857) aond Lone (1857] attempted to classify
alluvial streams as meandering or braided hased on
slope—-discharge relotionships. They found thot, for a
given discharge, a threshold slope exists above which a
broided channel develops. Schumm and Beathard (187861
utilized these relationships to evaluate the relative
stability of modern chonnel patterns. They found that
braided straams that plotted as meandering, or meandering
streams that plotted as braided, were 1likely to manifest
instability.

This final subchapter is divided into four sections:
the first section describes the water-surfoce profile of
the Kansas River in the study oarea; the second section

deals with the slape-discharge relationships of each reach
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both at the present time and historically; the thircd

section describes the valley profile of the Kansas River in
the study arec and the final section presents a model for
future changes in slope and planiform characteristics of

e study area.

HANN LOP

The slope of the Kansas River within the study aregc is
1.532 feet/mile + 0.163 feet/mile (0.283 m/km* 0.03 m/km).
Slope was measured using an automaotic level over o distance
of B.283 miles (13.32 kml. The error of 0.163 feet/mile
comprises a total of 1.33 feet (.40S ml) within the entire
study area. This error is small when compared to slope
measurements from 7-1/2-minute topographic maps with
10-foot contour intervals.

Slope measurements were accompl ished using an
automatic level ot low water in September and October of
1884. Stokes were placed prior to surveying on the point
bar-water surfaoce interfoce to ensure that slope
measuraments were not offected by changes in staoge. The
water-surface profile was obtained by placing the rod next
to the stokes at succsssive downstream points aond measuring
the drop in the water surface between those points with the
automatic level. When the rod points were out of accurate

range of the instrument, the automgtic 1level was moved
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dounstream to a new station and the entire procedure was
repeated.

In addition to the two reaches described in chapter 3
(reaches 1 and 21, a third reach (reach 3] was designated
between reacch 1 and reach 2 for the purpose of this
discussion (Fig. S03. Whereas reaches 1 and 2 conform to
their or;ginul descriptions, reach 3 is a transitional
reach between the active ond inoctive meanders within the
study area. Reach 3 has been relatively inactive in
historical time and channel changes since 13918 are shown in
Figure 51. Between 1821‘and 1952, the channel oat river
miles 130 and 131 migroted approximately 1800 feet (543 ml
to the northwest but has been inactive since 1952. The
downstream portion of the reach has not manifested channel
activity and is much more 1like the oadjacent inactive
channel in reach 1. Although the Kansas River in the study
area has been divided into “reaches” for the baosis of
comparison, it is important to point out here that the
fluvial system is actually o continuum in which no octual
boundary exists between the reaches that have been
delineated.

Water-surface slope, presented herein as the drop in
elevation of the water surfucé divided by the length of the
channel, is as follows for each reach: reach 1, .0002383;

reach 2, .000224; reach 3, .000384. The magnitude of the
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slope values will aclways be very smoll since the drop of

alluvial streams relaotive to length is very small.

The water-surface profile of the Kansas River within
the study creao is presented in figure 50 and Plate 4. It
is evident that the water-surface slape is steepest between
the two meanders whereas slope is relatively gentle in the
bends themselves. Also evident in fFigure S0 [Plate 4] is
the step-like profile of the water-surface slope in reaches
1 and 3 when compared to the profile of reach 2. Whereas
the woter surface in reach 2 has a continuously sloping
profile, the water-surfaoce profile of reach 1 and the
dounstream portion of ;each 3 is broken into alterncting
relatively flat and steep slopes resulting in a step-like
appearance. The difference in the shape of the
longitudinal profiles of reaches 1 and 2 is a result of the
morphological characteristics of the chonnel in each reach.

As discussed in chapter 3, the thalweg within reach 2
is confined to the outside portion of the bend throughout
the active meander. Crossing points, where the thalweg
crosses from one side of the chanmnel to the other, occur
only at the extreme upstream and downstream ends of the
meander. Although the channel of the Kansas River within
reach 1 manifests a meandering configuration, the thalweg
actually meanders within the channel and is not confined to

a location on the outside of the bend against the cut bank.
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Craossing points are numerous within reach 1 as the tholweg
flows around aolternate bars at low water. The sequence aof
relatively steep crossing points and relotively fFlat
?paols” results in the step-like appearance of the
longitudinal profile of reaches 1 and 3.

The position of the tholweg in the channel is likely
to have been subject to change and the channel
characteristics presented obove may only reflect temporol
slope conditions. Aerial photographs were examined tao
determine if the positiogning of the thaluweg in the chonnel
had undergone radical historical change. The earliest
cerial photogrophs from 1837 and 1951 were taken during
periods of relatively high water and the position of the
thalweg was not discernible. Nonetheless, as early as
1837, photographs show the development of a point baor clong
the south side of the incipient meander in reach 2 and the
formation of a cut bank of the north side of the channel.
No 1837 agerial photographs of reach 1 were availoble. 13856
ond 1868 aeriacl photographs clearly show the tholuweg
positioned along the ocutside portion of the meander in
reach 2. The two crossing points at the upstream and
dowunstream ends of the meander that exist today are also
evident in the aerial photographs. Although the number and
position of crossing points in reaches 1 and 3 are

different for 1956, 19639, and 1983, the thalweg was not
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confined to the outside portion of the bends but meandered

between olternate bars formed on both sides of the channel.
Thus, the position of the tholweg in the channel has varied
slightly since 1856 but the channel has maintained the same
morphological charaocteristics.

The water-surface slope of reach 1 was found to be
steeper than the water-surface slope o©of reach 2. The
significance of this .00048 difference is not readily
apparent. Some insight may be gained from comparing slope
related functions. Figures se and 53 show the
relationships between slopé and tractive force as well as
slope and stream power respectively. Stream power (Bagnold,
1966: S} is “the available power supply, or time rate of
energy supply, to unit length of a stream”, or “time rate
of liberation in kinetic form of the 1liquid’s potential
energy as it descends the gravity slope”. Stream power, as

used in this paper, is given by the algorithm

0 = QIS
1]

where Q@ is the mean annual discharge, § is the density of
the liquid, W is the width of the stream, and S 1is the
water-surface slope (Williams, 19841, Tractive force was
first introduced by Duboys in 1878 aond is defined as the
magnitude of the friction developed on the channel bottom

{Bogaordi, 19711. Tractive force is given by
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For a given discharge of 4113 cubic feet per second (1254
m3/sec) which is the meaon annual discharge o©of the Konsas
River. 3 is the density of water, S is the uwater-surface
slope of the channel and D is the averocge depth at 4113
cubic feet per second (1254 m3/sec). Since no measurements
of depth were token in the field, depth was calculated
indirectly by
Dfat 4113 cfs) = .54M°° am'2®

where M is the weighted silt-clay percentage of the channel
perimeter and Om is the mean annual discharge of the Kansas
River {(Schumm, 18681. Although the depth of the channel is
subject to change as the morphology of the channel changes,
it has already besn demonstrated thaot reaches 1 and 2 have
maintained their generncl morphological charaocteristics
since at least 19S6.

Schumm and Beathard (1978] contended that a slight
increase or decrease in stream power can significantly
glter sinuosity if the river’s discharge-slope
relationships place it near a threshold between braided and
meandering streams. Figures 52 and S3 show that tractive
force and stream power are related to changes in slope.
Khan (1871) found that sinuosity vories with stream power
in the same manner thot sinuosity varies with slope.

Increasing stream power results in increasing sinuosity
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until some threshold is exceeded and a braided channel is
developed.

Figure 5S4 is a plot of tractive Fforce against stream
power for ten sampling sites within reach 1 and reach 2.
Slope volues were measured for o distance approximately 100
feet (30 m) upstream and downstream of each sampling site.
Of the varigbles used to colculate troctive force and
stream power, slaope, width, and depth (0 = .56M & 1 will

vary between reaches.

The plots of reoch 1 and reach 2 separocte into two
s
distinct populatigns. Surprisingly, the highly sinucus
reach 2 manifests lower values of streom power and troctive
fForce than doss the less sinuous reach 1. This is contrary
to what is predicted by Khan’s experimentaol results (18713].
This separgtion suggests that differences in water-surface
gradient, aond consequently stream power and tractive force,
cannot fully explain differences in channel octivity within
the study area. Brice (1964%: 40] contended that
"no generalities about the relation between the

valley slope and the channel pattern ore volid

without the specification of other variables, of

which bank erodibility, bed materiaol aond discharge

are the most significont.”

It is possible that the finer, more cohesive material
of reoch 1 results in a higher threshold of stream power
thot must be overcome before erosoion occurs. Reach 2, on

the other hand, contaoins coaorser, less cohesive bank
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material and erosion occurs at much lower values of stream
power .

It is aqlso important tao be cognizant of the
differences between flume and field results if comparisons
of data ore to be made. Flume results are obtained from a
controlled system that dpoes not necessarily replicate
conditions in the field. Whereas Schumm and Khan (139721
used poorly sorted sand typical of fluvial systems, there
was no little or no vertical or lateral change in sediment
as there is in the Kansas River. Experimental results are
alsoc obtoined using streom; with much smaoller discharges
than those of a natural system such os the Kansas River.
Comparisons between field and experimental data must be

made with such differences in mind and should be expected

to vary.

Thresholds between braoided and meandering streams have
been defermined using water-surface slope/discharge
relationships (Lane, 1957; Leopold and Wolman, 1955]). They
have found that when a critical slope 1is exceeded in a
macndering stream, a broided stfeum will Form. Schumm and
others (1872]) and Schumm and Khan (18721 described the
relationship between valley slope and sinuosity, and have
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attempted to identify criticaol thresholds for valley slope.

VUalues of water-surface slope have been plotted
against mecn annual discharge (Laone, 19573(Fig. ©5%5] and
bankfull discharge (Leopold ond Wolman, 18571C(Fig. 5861].
Using Lane’s (1857] slope-discharge relations, all reaches
within the study area plot as meandering. The mean annual
discharge of the Kansas River at Wamego in Figure 85 is
4113 ft3/sec (1254 m3/sec) for the period 1819-13880.

When bankfull discharge is plaoced on the abscissa in
figure 56, reaches 1 and 2 plot much nearer to the braided
threshold and reach 3 plot; as a broided stream. The
threshold is defined by the regression line S = ,06Q-.%4
and was obtained empirically with dato from 63 streams. The
bankfull discharge was estimgted at 102,000 ft3/sec (31,030
m3/sec] from rating curves with stoge estimated in the
field (Leopold and Wolman, 185713. It should be noted that,
oglthough the three reaches plot closely together in figure
S6, the magnitude of the differences in slope is not
critical as long aos the threshold is crossed (Schumm unﬁ
Beathard, 19761. Reach 3 plots in the broided zone in
Figure S6. Although reach 3 marks the tronsition betuween
two meanders, it has some characteristics of braoided
chaonnels such as low sinuosity, o wide and shallow channel,
and multiple thalwegs at many locations within the reach.

Slope discharge relotionships aore alsao shown over a
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period of time for reach 2 where channel migration has

decreased the water-surface slope (Fig. 57). The values of
slope in figure 57 are based upon the assumption that
extensive channel aggradation or degradation has not
nccurred since 188S. Stage-time relationships reported by
Osterkamp and others (1982) reveol that one foot (.30 ml
degradation has occurred at Wamego during the 1851 flood
but the channel has been stable since. No data, however,
was available to document episodes of aggradation or
degradation with reach 2.

The drop of the water' surfoce within reach 2 was
measured and divided by channel lengths measured from
historical maps (Dort, 18801, Results show that the
channel plotted as broided in 1885 but the slope decreacsed
as the meander grew. As recent as 1351, the channel still
plotted as braided and the threshold between braided and
meandering streoms was only racgntlg crossed. The channel
has icreased its sinuosity progressively since 1885,
Historic‘slope-dischurge relationships are not shown for
reach 1 since little change has occurred since 1885.

Schumm and Becothaord (1876) suggested that potentially
"unstable” (activel river patterns may be identified by
evaluating slope-discharge relationships. They added that
"if a braided river plots among the meandering channels or

vice versa, it is a likely candidate for change because it
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is unstable.” Schumm and Beathard (13761 used the Chippeswa

River as an example to demonstrate how slape-discharge
relationships have affected historic channel changes. In
the case of the Chippewa River, a clearly braided reach of
the river plotted in the meandering zone as defined hy
Leopold and Wolman (1957]. The channel within this reach
was unstable and severe bank eraosion occurred. Schumm and
Beathard (19786] contended that if the channel could be
induced to assume a meandering pattern, stability would

result.
E

Historical slope-discharge relcotionships for reach 2
may be evaluated in the same manner used by Schumm and
Beathard. As late os 1951, the channel in reach 2 plotted
in the braided zone on the basis of its water-surface

slope. Aerial photographs, however, reveal that as early

‘as 1937 the channel clearly exhibited characteristics of

meandering streams. These charocteristics include o single
thalweg which has been confined to the outside portion of
the meander from at leaost 1837 to the present. Therefcre;
when tﬁe present episode of meander growth began in 1918,
the channel within reach 2 was unstable according to
slope~-discharge reluticnships. This instability may have
initioted the channel activity which has continued to the
present as the channel has become increasingly less active.
Since 1969, aerial photograophs reveal that the most severe
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bank erasion aond meander growth is occurring on the extrems
downstream portion of the meander. This occurrence may
indicate that the meander may be at what Hicken (1974)
termed the “terminal staoge” of meander growth where meander

expansion is confined to the downstreaom limb of the bend.

UALLEY SLOPE

Uolley slope in this thesis is defined by the totaol
drop of the Kansas River for a given reach divided by the
length of the reoch éeusured as the shortest distonce
between the terminals aof the reach. The line of
measurement for the length of the reach generally conformed
to the longitudinal axis of the valley. VUalley slope is
shown with corresponding water-surface slopes in figure 50
and Plate 4.

As revealed in figure S0, the valley slope is steeper
within the western portion of the study area but becomes
considerably less steep toward the east. The octucl values
of valley slope are as follows: reach 1, .000335; reach 2,
.000583; and reach 3, .000579. There is some degree of
subJactivitg'to these values because the beginning and end
of each reaoch are urbitrorilg determined. Nonetheless,
valley slope clearly diminishes toward the east within the
study orea.
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Valley slope has a direct influence on sinuosity
£Schumm et gl., 1872; Schumm and Xhan, 1872). They
suggested that the sinuosity of alluvial streams is low faor
extremely low valley slopes but generally increases with
increasing slope until o threshold is crossed and a braided
channel results. Schumm ond others (13972] have studied the
relationship between valley slope and sinuosity for the
Mississippi River and their results are shown in figure 58.
The wide scatter of points occurs because sinuosity is not
constant but varies about a mean through time. Schumm and
Khan 19721 nlso exharimentnllg illustroted the
relationship between valley slope and sinuosity (Fig. 581.
Note the conformity of the points to the line in figure S8
os compared to the scatter of points obout the 1line in
fFigure S8.

Ualley slope doto from the Kansas River have bsen
plotted in the same manner (Fig. B601J. Because the
discharge of the XKansas River differs greatly from the
Mississippi River and from Schumm’s experimental stream,
slopes and thus sinuosity moy alsoc vary significantly.
Because only three points were plotted, one for each reach,
the lins drawn can only simulate the work of Schumm and
athers (1872] and Schumm and Khun (189721, The data are in
ggreement with the findings of Schumm and others (1872]

only when reaches 1 and 2 are considered. Low values of
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Figure 58: Relation of sinuosity to valley slope for
Mississippi river data, Cairo, lllinois, to Head of
Passes, Louisiana. From Schumm and

others (1972).
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Figure 59: Relation of sinuosity to valley slope, experimental
streams. From Schumm and Khan (1972).

188



A RO

e e R

&
B
&
&
%.’

valley slope result in relatively low sinuosity (reach 113.

The steeper valley slope within reach 2 results in higher

sinuasity. IfF volley slope were to increase for reach 2, a

191 -~
~—"Reach2 "\

sinuosi
\
Pd

12k / «Reach 3

1 i | i 1 - N
0003 0004 0005 .0008 0007
valley siope
Figure 80: valley slope-sinuosity relations for the Kansas river within the study area.
Graph adapted from Schumm and Khan (1972).

braoided stream would be likely to form. Thus the channel
within reach 2 results in higher sinuosity. If wvalley
slope were to increase for reach 2, o braided stream would
be likely to form. Thus the channel within reach 2 has
adjusted to maintoin- just the necessary competence to
transport the supplied sediment load. In the effart to
achieve this staoble configuration, the channel has
manifested activity since 1819. The inactive channel (reach
1), on the other hand, has not had to adjust nearly as much
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due to its low wvolley slope. Adjustment within reach 1,

nonetheless, may still be occurring, aos suggested by the
high values of troctive force and stream power, but has
besn proceeding at o very slow pace dus to the resistant
noture of the Buck Creek, Newman, and Holliday terroce
fills.

When reach 3 is considered, there is less agreement
with the work of Schumm and others (1872)(Fig. &60]. The
valley slope of reach 3 (.0005793 is only slightly 1less
steep than that of reach 2 (.000533) and it plots in the
meandering zone as defined by Schumm and Khan (1372)
although it exhibits characteristics of braoided channels.
Thus the development of the relatively straight channel of
reach 3 (sinuosity = 1.2) and the manifestation of some of
the charaocteristics common to braoided streams (e.g.,
multiple thalwegs) may not be explained in terms of

exceeding o threshold alone.

POTENTIAL FOR CHANGES IN SLOPE

Volley slope is an independent variable with respect
to the geologic and geomorphic processes that occur within
graded time. Thus it is not likely that changes in valley
slope will affect the activity of the Kansas River within
the graded time span. Within reach 2, the chaonnel is
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currently erocding the cut bank olong the downstream portion

of the active meander. In this manner the channel
increases its length, which results in a corresponding
decrease in slape.

Waoter-surfaoce slope is more likely to increacse due to
the capture of the Kansas River by Deep Creek within reach
2. Deep Creek, o Kansas River tributary, flows northeast
out of the Flint Hills and into the Kansas River wvalley.
Near mile 134, Deep Creek nearly empties into the Kansas
River but instead turns ubr?ptlg east and empties into the
Kansas River ot mile 132 (Fig. 611. At mile 134, the water
surface aof Deep Creek is lower than the water surface of
the Kansas River and they aore separated by only a few feet.
During high discharges, an estimated ten percent of the
Kansas River discharge flows into Deep Creek ot mile 134.
This portion of the coptured Kansas Discharge then flous
gpproximately .38 mile (.62 kml through the channel of Deep
Creek and inta the Kaonsas River again at the mouth of Deep
Creek near mile 132. The United States Army Corps of
Enginsers ﬁnticiputas the eventual caopture of the entire
Kansas River by Deep Creek and the resulting cut-off of the
large meander within reach 2 (Bagb Pisrce, personal
communicationl). If this cut off occurs, an estimated 386
occres (1568 hectaresl of cropland would be isclated from its

oQuner.
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1969-1978. Source: 19691978 aenal photographs.
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If the aoctive meunﬁer of reach 2 1is cut off, the
length of the channel would be reduced from 3.4 km to .62
km and the water-surface slope would increase From
approximately .00023 to .0015. This slope value would plot
within the braided zone as defined by Leopold and UWolman
(1857). Slope conditions similar to those in 1885, when
the length of the channel of reach 2 was the shortest and
the sinuosity value waos the lowest, would occur. The
entire meander-forming process would be likely to be
reinitioted in order for the river in this locaotion to

4

again achieve equilibrium.

BCHA R _CONCL

The following conclusions summarize pages 181 through
182 of the text.
1. The transitionol reach between meanders (reach 3)
disploys a steeper waoter-surface slope than the profile of
the channel in the meanders.
2. The'inuctivitg of recch 1 cannot be explained by
water-surfaoce slope since its steeper slope contributes to
higher volues of stream power and tractive force.
3. The fine cohesive bank mnteriul of reach 1 enables the
banks to resist erosion that would occur at the greater

values of stream power ond tractive force.
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4. The steep valley slope of reach 2 has initiated the
channel activity within this reoch. The channel has
meandered to maintain just the slope necessary to transport
the supplied sediment load. The coarser, 1less resistant
bank material has occcentuacted channel activity.

5. Whereas the valley slope of reach 1 is gentler than
reach 2, the channel may still be in a stoge of adjustment.
The resistant nature of the bank sediment has served to
inhibit this adjustment and water-surface slope has
remained high.

B. The graduaol caopture ;f Flow of the Kansas River by
Deep Creek threatens to decrease the length of reach 2 and
consequently increase its water-surface slope. If the
active meander is cut off in this way, the increased slope

maoy initicte another episode of channel migrotion and

meander farmation.
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CHAPTER VI

THESIS CONCLUSIONS

The methodology used in this thesis was implemented to
evaluate causes of channel activity and locol bhonk erosion
on the basis of long standing theories. Many researchers
have provided the framework and assumptions upon which the
methodology was formulated. Findings generaolly support the
models described in the text which offer possible causes
for chamnel activity. The following conclusions are
postulated upon data preseéted in this thesis.

1. Steepened 1locgol wvalley slope within reach @2
Cactivel may be responsible for initiating raopid meander
growth since 1885. The channel has apparently meandered to
maintain just the slope necessary to transport the supplied
sediment lcad. The meander grew until a water-surface
slope that was in equilibrium with the bed lood was
acccomplished. Within reach 1 (inactivel, chcnngl
adjustment has been limited by the fine nature of the bank
material. The bank alluvium within much of reach 1
{inactivel consists of Newman, Buck Creek, and Halliday
terrace fills which are considerably finer than the modern
alluvium of reach 2 (activel. hlthough the wvalley slope

within reach 1 (inactivelis relatively gentle, the barrier

presented to channel migration has resulted in the
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maintenance of anomalously high volues of water-surface
slope as well as tractive force and stream power with this
reach.

2. Alluvium within reach 2 C(activel caontains less
silt-clay (37.6%1 than reach 1 {inactivel(50.5%1]. Whereas
the genesis of channel migraotion within recch 2 seems to
have been the anomalously steepened valley slope, the
rapidity with which the migrotion proceeded is probaobly due
to the noncohesive alluvium that comprises the floodplain.
Nonetheless, the small ampunts of silt-clay within reach 2
has appaorently provided the bank stability necessary Ffor
meanders to form (Schumm, 1861, 1874). If a threshold of
silt-clay composition exists where o meandering rather than
braoided stream will form, the banks within reach 2 exceed
that threshold. The rapidity of channel migration, on the
other hand, may vary with the amount of silt-cloy present
in the stratum beyond that threshold (Daniel, 18711].

3. Terraoce alluvium within the Kansas River valley
contains a high percentocge of overbank depaosition ond is,
thus, an effective lateral channel control. Modern
alluvium is generally coarser and less indurated above the
water level and is relatively easily eroded. Recent 14C
dates suggest thaot the Fill beneoth the Newman terroce 1is
younger than previously believed.

4, Gravel bars occurring at mile 132 have their
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source in nearby cut bank sediments exposed by the growth
of the active meander. The gravel found in the bank was
apparently deposited in the 13928-18S41 channel of the Kansas
River. Consequently, they could not have been historicolly
a foctor in the development of the "pivot paint” which
began in 1918. A much more viable explanation for the
occurrence of the ”“pivot point” is the resistance of
erosion encountered by the Kansas River south of mile 132
due to the presence of the Buck Creek and Newman terroces.
The Fine, cohesive sediment of the terrace fills has
retarded the southward migration of the channel, causing
the stream to continuously occupy the channel at mile 132

in spite of the formation of the active meander since 139183.
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APPENDIX A

This appendix summarizes hypotheses corresponding

to results

4, 5 and 7.

of statistical tests presented in tables 3,

Table 3

T-tests for determining differences in grain-size

parameters

for weighted samples between the active and

inactive reach.

Test 1
Ho: There
parameters
tive reach
Hl: There
parameters

tive reach

Test 2
Hos There
parameters
active and
Hl: There
bParameters

active and

Test 3

Ho: There

4

is no significant difference in the grain-size
of all samples between the active and inac-
within the study area.

is a significant difference in the grain-size
of all samples between the active and inac-

within the study area.

is no significant difference in grain-size
for samples above 1/3 bankfull between the
inactive reach.

is a significant difference in grain-size
for samples above 1/3 bankfull between the

inactive reach.

is no significant difference in grain-size



parameters

for samples between 1/3 and 2/3 bankfull be-

tween the active and inactive reach.

Hl: There

is a significant difference in grain-size

parameters for samples between 1/3 and 2/3 bankfull be-

tween the active and inactive reach.

Test 4

Ho: There
parameters
active and
Hl: There
parameters

active and

Test 5

Ho: There
parameters
active and
Hl:s There
parameters

active and

Test 6

Ho: There
parameters
active and
Hl: There

parameters

is no significant difference in grain-size
for samples above 2/3 bankfull between the
inactive reach.

is a significant difference in grain-size

for samples above 2/3 bankfull between the

inactive reach.

is no significant difference in grain-size
for samples below 2/3 bankfull between the
inactive reach.

is a significant difference in grain-size
for samples below 2/3 bankfull between the

inactive reach.

is no significant difference in grain-size
for samples below 1/3 bankfull between the
inactive reach.

is a significant difference in grain-size

for samples below 1/3 bankfull between the




active and inactive reach.

Table 4
Mann-wWhitney U test for determining differences in
silt-clay percent and clay percent between the active

and inactive reach.

Ho: There is no significant difference in silt-clay per-
cent and clay percent for all samples between the active
and inactive reach.

Hl: There is a significant difference in silt-clay per-

cent and clay percent for all samples between the active

and inactive reach.

Table 5
T-tests for determining differences in grain-sigze
parameters for non-weighted samples between the active

and inactive reach.

Test 1

Ho: There is no significant difference in the grain-size
parameters of all samples between the active and inac-
tive reach within the study area.

Hli: There is a significant difference in the grain-size
parameters of all samples bétween the active and inac-

tive reach within the study area.

Test 2

Hoi_ There is no significant difference in grain-size



5
:
¥

parameters between Buck Creek terrace £ill sediments

and modern sediments.



APPENDIX B

Part 1: Sampling locales.

Part 2: Generalized sections of selected sampling lo-
cales.

Part 3: Cumulative frequency curves for samples of lo-

cales shown in part 2.
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