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Introduction
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Kansasrivers, streams, and associated riparian areas are a vital part of our natural
resour ces. Our stream systems are as diver se as the Kansans that enjoy them and
just asimportant to Kansanstoday asthey wereto Native Americans and pioneers.
Without clean water and healthy stream corridors, we could not survive. Kansas
streams and riparian areas provide drinking water for humans and livestock, water
for irrigation and industry, aquatic and terrestrial habitat, aesthetic values, and
recreational areas. River and stream corridor management affects all citizens of the

State. This publication isintended to promote responsible use and management of
Kansas stream corridors and water sheds.

Bill Graves, Governor

Cimarron River, Meade Co.

K ansas Stream Fact:

Kansas has 134,338 miles of interior streams
+ 120 miles of border streams
134,458 total stream miles

Mill Creek, Wabaunsee Co. "




Watersheds

ansas has 12 major RIVER BASINS.
Each basin isa WATERSHED, or a
portion of alarger watershed.

A watershed isaland area that drains
into a stream, lake, or other body of
water. Stream channel sizeisnormally
correlated with drainage area, or
watershed size. Asarule, thelarger the
water shed, the larger the stream.

Each river basin isdivided into several

smaller water sheds based on topography.
Water sheds often cross political
boundaries such as state or county lines.

Watershedsareassigned a number
called aHYDRoLoOGIC UNIT CODE or
HUC.

Kansas—Lower Republican River Basin

Kansas water sheds are designated asa HUC
8, 11, or 14 which correspondswith the
number of digits used to designate the HUC.
HUC 8sarethe largest water sheds, but are
designated with only 8 numbers. HUC 11sare
smaller water sheds within HUC 8sand HUC
14s are smaller water sheds within HUC 11s.

Each water shed contains several streams
which can be designated as being in
one of three categories based on duration of
water flow.

EPHEMERAL STREAMS flow only in response
to rainfall or snowmelt. These streamsare
normally dry and flow only during or
snortly after arainfall or snowmelt event.

INTERMITTENT STREAMS flow most of the
year, but are normally dry during one or
two months of each year.

PERENNIAL STREAMS flow throughout the
year, but may be dry during periods of
extended drought.

Lower Republican Watershed

K ansas Water shed Fact:

Kansas has 90 HUC 8s, 355 HUC 11s, and
2020 HUC 14 water sheds.

(Kansas Water Office)

K ansas Stream Fact:

Intermittent Stream Miles 110,225
Perennial Stream Miles 23,731
Canals and Drainage Ditch Miles 382
Border Stream Miles 120

Total Stream Miles 134,458

Approximately 80 percent of Kansas stream
miles areintermittent or ephemeral.




Dimension, Pattern and Profile

A stream isa product of its
watershed. The watershed’s
climate, topogr aphy, geology,
vegetative cover and landuse, all
combine to determine the DIMENSION,
PATTERN, and PROFILE, or the
physical characteristics of a stream.

DIMENSION refersto the cross
sectional shape of a stream channdl,
PATTERN is the configuration of the
meander s, and PROFILE isthe stream
slope or drop in elevation.
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Wy ArikareeBreaks, Cheyenne Co.
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n Kansas, aver age annual rainfall varies
from 44 inchesin Cherokee County, in south-

W | east Kansas, to lessthan 16 inchesin Hamilton

and Stanton Counties, in the southwest.

ansas geology varies from the deep glacial

loess soils of Doniphan County to the
shallow soils which overlie the limestone of the
Flints Hills and the Dakota Sandstone found in
central Kansas, to sandy soilsfound along the
Arkansas and Kansas River Valleys.

ansas landuse and landcover varies from

native, warm season grasslandsto fertile
croplandsto concrete and asphalt in urban
water sheds. These factors combineto create
different water runoff volumes, frequencies and
velocities along with varying resistance to
erosion.

Many people who have never visited Kansas
believe the state is extremely flat. Topography
changes dramatically in Kansas, with elevations
ranging from 700 to 4,059 feet above sea level.

These differences, in stream variables, have
helped develop a wide variety of river and
stream corridors acrossthe state.

Stream Fact:

Streams with steeper slopes are normally less
sinuous. SINUOSITY isa measurement of the
degree of stream meandering. It is calculated by
dividing stream length by valley length.

Salt Creek, Mitchell Co.




Dimension, Pattern and Profile

W ithin any stream there are eight
variablesthat determinethe

mor phology, or form and structure, of
the stream.

The variables are channel width, depth,
velocity, dischar ge, slope, roughness of
channel materials, sediment load and
sediment size.

A changein any one of these variables
can begin a series of adjustments which
will lead to a changein the other
variables. Theresult is channel erosion,
which will change the dimension,
pattern or profile of the stream. At 1 o s
(Rosgen, 1996) Gyp Hills, Barber Co. .,_{f‘
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N N O ne of the most important factors
PPl _ . o _ affecting stream dimension, pattern
Y B A el “ 4 and profileis a stream discharge volume

referred to as BANKFULL FLow. Thisflow
isthe channel forming flow, or the flow
volume that deter minesthe width, depth
and cross sectional area of a stream
channel. The bankfull flow doesthe bulk of
stream wor k, which istransporting excess
water and sediment from the water shed.

Bankfull flow variesfrom stream to
stream, but therecurrenceinterval, or
frequency of occurrence for most streams
issimilar.

In Kansas, the process of documenting
bankfull elevations and deter mining
recurrence intervalsfor U.S. Geological Survey gaged streamsis scheduled to be completed by
2001. Most streams, which have been surveyed, have a recurrence interval between 1.2 and 1.5
years. On average, a discharge of bankfull magnitude sHouLD occur once every 14 — 18 months.
This does not mean that a bank full flow wiLL occur at thisfrequency, but rather it islikely. The
bankfull flow elevation, for Kansas streams, can normally be located between the top of a point

Stream Fact: Stream Fact:

_ . A popular misconception isthat sand or gravel bars (point bars)
Stream discharge (Q) isa || cayse streambank erosion by forcing water into the bank. In fact, if
product of width (w), streambanks did not erode, gravel barswould remain the same size.
depth (d), and velocity (V). || Gravel bars are built by various flow volumes, but their sizeis

Q =wdv maintained by the bankfull discharge which, over time, carriesthe
most sediment and water downstream.




Dimension, Pattern and Profile

lint Hills water sheds

produce mor e runoff than
water sheds of the same size with
less, permanent vegetative
cover.

Thisis due to the shallow soil
depth which does not allow as
much water storage capacity as
deeper soils.

Even with greater runoff, the
sediment content of Flint Hills
runoff isreduced by the

per manent native grasslands.

#

Stream Fact:

The cross sectional shape of a
stream channel in any given
stream reach isa function of
the stream flow, the sediment
volume, size and shape and
the streambed and bank
material composition. The
bank material composition in
an undisturbed system
usually includes vegetation.

(Leopold, 1964)
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Asarule, Flint Hills
streams move coar se
sediment. Thismaterial or
bedload sediment is usually
much larger than thefine
grained sands found in the
Kansas, Republican or
Arkansas River Systems.

Large, coarse materials do
not move as far during any
single flow asfine sands and
silts. Large gravel and
cobble, like those shown on
the left, may only move a few
feet during a high flow event.




he Channel Evolution Model, that follows, provides written and graphic descriptions of five
channel cross sections which represent stream channel response to changesin a stream or to
major changesin a water shed. These stages range from stable to various forms of DEGRADATION

or AGGRADATION and finally back to stable. Pictures of Kansas streams, representative of each
stage, areincluded along with each description.

After Schumm, et al., 1984

Stage |, Stable Channel

Stage I \ Floodplain /
Stable
Channel capacity 1.25 - 1.5

wear flow

Terrace 1

Stage | channel isa stable, relatively small channel that carrieswater and sediment in a

manner such that the stream is neither aggrading or degrading. This does not mean that
Stage | streams do not change positionsin the landscape. Even though a stream is considered
stable, it still hasthe ability to adjust, and isconsidered to bein a state of DYNAMIC
EQUILIBRIUM.

In Stage | channels, flowsthat occur approximately once every 14 to 18 months (bankfull flows)
flow on to the adjacent floodplain where energy can be dissipated by riparian vegetation and
sediment deposition occurs. Stage | channels can be very sinuous or meander greatly. These
channels have well-vegetated riparian areas, but are extremely fragile and react quickly to
detrimental changesin the water shed such as major changesin landuse, landcover, or
channelization.

Definition of a stable stream channdl:

A stream which isableto transport the water and sediment of its watershed in such a manner
that the stream’s dimension, pattern, and profile is maintained over time without aggrading or
degrading.

(Rosgen, 1997)
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After Schumm, et al., 1984

Stagell, Incision

Terrace 1

Stage II \ Floodplain /

Incision

Charnnel capacity approx<ximates
10 year flows

Sjage Il streams erode the streambed or
owncut in response to changes or
development in the water shed which result in

8l [increased runoff volume and/or velocity. This
includesmajor changesin landuse or landcover
i | such as converting a pasture to a housing

| |development or subdivision. Incision may also
| | result from stream straightening or
channelization.

| | Asthe channel downcuts, or degrades, runoff
that previously spread over the floodplain is
now confined to the channel, resulting in further
channel incision. This confinement increases
ener gy because flow velocity cannot be reduced
by riparian vegetation or by spreading across
the floodplain. Signs of sediment deposition,
such as point bars, are not present in Stage I

S<age I channels often contain tream channels.
NICKPOINTS, or abrupt changesin

streambed elevation. The knickpoints
usually migrate upstream as HEADCUTS.
Many Kansasstreamsarein a Stagell |
condition.

K nickpoints, or vertical dropsin the
streambed, move upstream as headcuts
unlessarock shelf isencountered. Asa
headcut moves past a junction of another
stream, the second stream will also begin to
incise. This process can lead to streambed
and streambank instability throughout a
water shed.
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mcnignnel Evolgrion Model

After Schumm, et al., 1984

Stagelll , Widening

Terrace 1

Stage III
videning

Channel capacity is
greater than the 10
yvear flows

Stage || moving towards
Stage I 11

tage I 1 channels stop incising because
of equalization in slope or because of
downcutting to bedrock. (see arrow at right)

The stream channel then typically widens

and flow becomes mor e shallow. Banks fail
and collapse into the channel because they
are unstable dueto the increased height.

Asthe stream widens, deposition occurs
because wide, shallow streams are less
efficient in carrying sediment. With
lateral erosion and sediment deposition
point bars begin to develop.

Eroding streambanksin Stage 1|
channels are extremely difficult to
stabilize because the channel is
adjusting itswidth to accommodatea
larger bankfull flow and is developing a ¢
new floodplain.

Stagelll Channel
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After Schumm, et al., 1984
Stage |V
Terrace 1
Stage IV
Stabilizing
'—/) Channel capacity is

greater than the 10
wear flowrs

I n Stage |V channels, some material
that sloughed from the high banks
remainsin the channel and vegetation
becomes established on the deposits. As
vegetation becomes established, the channel
beginsto narrow and become more stable.
Vegetation reduces surface water velocities
while the roots reduce soil erosion.

After Schumm, et al., 1984

f’_d__ Terrace 2 —___\\\ Terrace 1

Floodplain

Stage ¥
Stable

Channel Capacity 1.25
1.5 year flowr

Marshall Co.

I n Stage V channels, the stream has
regained the stable characteristics of a
Stage | channel, but at a new, lower elevation.
Thelowest terrace marks the new floodplain
boundaries (see diagram).

Marshall Co.

11
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a2 GOLLICONS

hen water sheds become

increasingly covered with
impervious surfaces such as
houses, streets, parking lots, and
other forms of urban development,
storm water runoff increases along
with bankfull flow frequency.

Addition runoff that occurs from
rainfall eventsincreases bankfull
flow, which often causes an
increase in channel width and/or
depth.

Theresults can often look similar
to the picture below.

W ith properly planned development,
runoff volumeis not increased and

stream channels do not make radical
adjustments.

When problems occur in urban areas, the
solution is often to buy out the
homeowners, or construct a traditional
solution similar to the picture below. Both
solutions are mor e expensive than proper
planning and design in theinitial stages of




For centuries, humans have worked
to control riversand streamsrather
than attempting to under stand and wor k
with a stream’s natural tendencies. This
iIsmost evident in urban areas.

Replacing natural stream channelswith
concrete lined ditches or box culvertsis
required by some Kansas municipal
gover nments. Channelslike the one on
the right speed storm water runoff and
increase downstr eam flooding.

Urban streams often experience habitat
loss, increased water temper atures and
loss of fish populations.

Constructed stream channelsare
often designed for flows greater
than bankfull. Normally, thistype of
channel istoo wideto efficiently move
sediment during flows at bankfull or less.
These channels usually require high
construction and maintenance cost.

13



Rural Corridors

Prior to European settlement, K ansas
was mostly rolling prairie with forests
in parts of some eastern counties. Asthe
prairie and native forests wer e converted to
cropland, vast quantities of soil eroded
from the upper areas of watersheds. The
eroded soil was often deposited on the
floodplainsin lower portions of the
water sheds as flood water s spread acr oss

Morris Co.

M odern farmers and ranchers have done a better job
of reducing soil erosion on agricultural land in
recent years. Millions of dollars have been spent installing

conservation
practices on

agricultural

land in

| Kansas.

Jewell Co:-Terraces

Erosion is still a problem along
riversand streams where natural
vegetation has been removed, either
naturally or by mechanical means.

Stream Fact:

Streambanks with healthy riparian
timber erode six times slower than
streambanks without trees.




Rural Corridors

onfining livestock in riparian areas allows

deposition of waste directly into the
stream. Livestock may also damageriparian
forests by browsing and trampling young
seedlings and trees. Thisleadsto destruction of
wildlife habitat and may compromise the
effectiveness of natural vegetative buffers.
Wintering lots located in areas like those

" | pictured, allow spring rainsto carry waste and

sediment from lots directly into streams.

Kansas Water Quality Fact:

Small cattle operations (less than 300 animal
units) in Kansas consist of approximately
2,000,000 head of cattle on over 32,000 farms.
Fecal coliform bacteria from animal wasteisa
common impairment found in many Kansas
streams.

[though tile outlet terracesare very

popular in some areas of the state,
they provide a direct conduit for
transporting agricultural chemicals and
nutrients from fields to the stream.

all wetlands constructed between

ile outlets and streams can greatly
reduce the amount of pollutants entering
a stream. (below)

Water Quality Fact:

Over 90 percent of nitratesin
agricultural runoff can be
removed when the runoff can be
contained in a wetland for a
period of seven days. A small
portion, 12 percent, is utilized by
plants. Most of the nitratesare
converted to nitrogen gas
through a microbial action called
denitrification. The nitrogen is
released back into the
atmosphere through this process.

15



16

Rural Corridors

W ith prolonged releases of water from
major reservoirs, downstream rivers
have experienced increased erosion and
reduced vegetation. The result is streams that
incise and/or widen. Stream channel incision
allows stream currentsto undercut root
systemsthat would normally help reduce
erosion along streambanks.

easured erosion occurring along these

streambanks (left and below left) equaled
3,142 tons per 1,000 feet of streambank in a
period of only 22 months. Soil eroded from these
and other streambanks eventually becomes
deposited in downstream lakes and reservoirs
(below). Over time, this deposition decr eases
y | flood storage capacity of reservairs.

p—— =

Kansas Water Quality Fact:

Sediment isthe most prevalent nonpoint
sour ce pollutant in Kansas streams.




Components of Healthy Stream Corridors

Healthy Riparian Areas

R iparian areas are areas of
streamside vegetation along any
ephemeral, intermittent or perennial
stream including the streambank and
adjoining floodplain. Riparian areas
are distinguishable from upland areas
by vegetation, soils and/or topography.

he width of natural riparian areas, and

the riparian plant community, depends
on topogr aphy, soil type and available
moisture. Most moisture supporting riparian
vegetation is supplied by the adjacent stream.
The water tablewithin theriparian zoneis
normally maintained at relatively constant
and shallow depths during the growing
season. In general, natural riparian areas
along perennial streams arewider than those
along intermittent or ephemeral streams.
Plant communities found along streams may
also occur along the shoreline of lakes and
I eservoirs.

ansas has four different types of natural

riparian areas, RIPARIAN M EADOWS,
RIPARIAN SHRUBLANDS, RIPARIAN
WOODLANDS and RIPARIAN FORESTS.

Ithough RIPARIAN M EADOWS are more

common in western Kansas, they can be
found throughout the state and are normally
found along small, headwater streamsin upper
portions of water sheds. Theriparian meadow
vegetative community is composed of grasses
which are more water tolerant than other native
grass species. Species such as prairie cord grass,
switch grass and sedges make up the vegetative
community of most riparian meadows.

» S 1ES dllc SiT1d NEel O JPIKE
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Components of Healthy Stream Corridors

Healthy Riparian Areas

R IPARIAN SHRUB areas are usually
associated with intermittent streams.
Shrub communitiesin Kansas typically
consists of sandbar willow, false indigo,
roughleaf dogwood and/or buttonbush. The
pictureon theright is mostly tamarisk, or
salt cedar, which is neither a native or
desirableriparian species.

Riparian Shrub,

Riparian Forest, Wyandotte Co.

18

R IPARIAN WOODLANDS are normally
composed of cottonwood, black willow,
ash, em and/or box elder. Understory
vegetation, in riparian woodlands, consists of
grasses and shrubs due to a mor e open canopy
cover. Riparian woodlands can be found
throughout the state, but are more common
along perennial streams, in central and eastern
Kansas.

1.1 '1"4 'ln

Rlparlan Woodlahd Rawlms Co.

-u-.., o .F___-

ML

R IPARIAN FORESTS comprise the
majority of the 1.5 million acres of
\ | Kansas forests with 83 percent occurringin
i | the eastern one third of the state. Riparian
forests contain a wide variety of tree species
depending on their location in the state.
Tree species commonly found in Kansas
riparian forestsinclude silver maple,
cottonwood, black walnut, green ash, red
oak, bur oak, elms, box elder, hickories,
hackberry, cottonwood and sycamore. The




Components of Healthy Stream Corridors

Floodplain

he importance of streams having

access to their floodplains cannot
be over-emphasized. Aswater spreads
over afloodplain, velocities are reduced.
If flood flows are contained within a
stream channel, water velocities remain
high and cause channel degradation,
incision, or excess lateral migration.

' "Hor seshoe Creek, Marshall, Co.

Water flowing over floodplains provides
amorerapid exchange of gaseous

products between soil organisms and the
atmosphere. (NRCS, 1996)

rtificial structures such asleveesand
dikes do not allow streamsto access
the floodplain during major flow events.
When high flows ar e contained within a
channd, theresult is often channel
degradation.

If levees must be constructed to protect
infrastructure, they should be built away
from the stream channel. Thisallowsthe
stream to access the floodplain, even if the
accessislimited. (see below)

Little Blut_—; Ri.er, Marshall Co.

19



Components of Healthy Stream Corridors

Wetlands

etlands were once an integral part of most

Kansas stream corridors. Since settlement, a
great number of stream corridor wetlands have
been converted to other uses, primarily
agricultural, residential and industrial.

Three major categories of wetlands can be found in
Kansas:

PALUSTRINE —commonly called mar shes or
swamps,

RIVERINE —associated with rivers and streams and

"1
Wet M eadow Wetland
Wakarusa River, Douglas Co.

jete 'Jl‘ﬁ. |

etlandsin afloodplain slow water

velocities, encour age deposition of
excess sediment, and filter pollutants from
floodwater. These areas also provide
habitat for numerous wildlife species.

""”B_'ourbon Colme

1 .

Riverine Wetlands, S. Fork-of the Ninnescah, Kingman Co.




Components of Healthy Stream Corridors

Healthy Riparian Areas
- . - ealthy riparian areas arein a dynamic

equilibrium with stream flow and
riparian and wetland vegetation.

iy =

In healthy riparian areas, the stream
adjustsitsdimension, pattern and profile
for increased stream flow, with limited

distur bance to the vegetative community.

Marshall Co.

hese pictures exhibit characteristics of
various types of healthy riparian areas
along Kansas streams.

Cimarron River, Meade Co.

West Creek @Rcenwood GRl II'of these streams have accessto
b . their floodplain. Streambank erosion

o
L o
Ci S o gl

R iverine wetlands, present in low lying
areas adjacent to the stream channel,
are one component of a healthy riparian

corridor.

vy
! : ) - islimited or non-existent.
y "-.. . ... ¥ B @, .-. it ] .1.-:- b 2 ' -

= P, o ‘_‘__::-I_ d
¢ Solomon Rwaf_GfTéilm Co. 58
o g S
S e s

he common connection between these
examples of healthy riparian areas

21



Components of Unhealthy Stream Corridors

Each picture on this page depicts an
example of an unhealthy stream
corridor or situationswhich contribute
to unhealthy corridorsor stream

d rldgesor culver stha% constrict
L) or widen a stream channel and/

rea?V\flth hlgh nu‘(rl‘*’ad@~

or _other pollutants




Components of Unhealthy Stream Corridors

Channelization

hannelization, or straightening a
stream segment, shortensthe
natural stream length which increases
channel slope. An increasein slope
resultsin increased water velocity.

An increase in water velocity increases
erosion, often resulting in a channel
that beginsto incise or cut deeper.

Incision, Schumm Stagell in the
channel evolution process, often begins
with a headcut that moves upstream.

A s headcuts move upstream, the deepening
channel remains narrow with high water
velocities. Eroded material istransported
downstream where water velocity slowsdueto a
wider or meandering channel with a flatter slope.
When water velocities are reduced, excess sediment
isdeposited, constricting the channel and increasing
flood problems.

Excess sediment eroded from
T straightened stream reachesis

| | deposited downstream asthe channel
widens and flattens. (left)

hannel incision does not allow point
barsto develop because the channel is
narrow and deep. (right)

I n most cases, streams will not regain a
state of dynamic equilibrium, or become
stable, until several decades following
channelization.

23
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Channelization

he picture on theright isof an original

stream channel. Both picturesbelow are
the same stream and property several years
after channelization. The stream bed
elevation of the new channel is currently
nine feet lower than the original channel and
till incising. The stream has not reached an
equilibrium morethan 30 years after the
initial channelization.

hannel incision is often evident at
bridges or other structures
constructed in stream channels.

4

he arrowsin these picturesindicate
stream bed € evations at the time

| | each structure was constructed. The

stream channels have since lower ed, or
incised, due to changesin the stream or
water shed.




Riparian Management

Proper Functioning Condition

t is often helpful to have an idea of the

riparian area condition or trend prior to
making management decisions. Most natural
resour ce professionals prefer using a uniform
method of assessment. For an assessment
method to be successful, it must be easy to
teach and learn, easy to use and be
reproducible by a variety of people.

One method of riparian assessment that fits
thesecriteriais called PROPER FUNCTIONING
CONDITION or PFC .

ot

Proper Functioning Condition,-Cimarron River,
Meade Co.

roper Functioning Condition was
developed by the Bureau of Land

Management (BLM) and is being used by the
U. S. Forest Service (USFS) and the Natural
Resour ces Conservation Service (NRCYS). This
assessment system placesariparian areainto
one of three categories based on hydrology,
vegetation and erosion or deposition.

Thefirst category is PROPER FUNCTIONING
CONDITION. A riparian areain thiscategory is
a healthy, desirable area.

he second category is FUNCTIONAL-AT

Risk. A riparian areain this category
can be either in a DOWNWARD or an UPWARD
TREND. A downward trend requires changesin
riparian management for theriparian areato
return to Proper Functioning Condition. An
areain an upward trend will return on its
own, provided present management practices
do not change.

hethird category is NONFUNCTIONAL CONDITION. This category will most often need
streambank stabilization, riparian restoration or stream restoration to return to a Proper
Functioning Condition.

25



Riparian Management

fter the PFC and landowner goals or objectives are determined, appropriateriparian
management practices, can be identified to help achieve the objectives. Riparian
management practices can be placed into one of three categories.

Protection

If an areaisin Proper Functioning
Condition, PROTECTION isall that is
required to maintain the condition.
Protection isthe least costly
management category.

Enhancement

Management practicesin the
ENHANCEMENT category includeriparian
fencing, alternative livestock water supplies
and planting riparian filtersor buffers
composed of grass and trees. These
practices are mor e expensive than
protection. Areas considered Functional-At
Risk require management practices that
will enhance the area. Enhancement
practices will restore an area which is
Functional-At Risk with a downward trend
or speed recovery of an area that isin an
upward trend.

Functional-At Ri: upward trend

Restoration

RESTORATION isthe most expensive management
option. Riparian areasin Nonfunctional
Condition require streambank stabilization and/
or riparian restoration to return to Proper
Functioning Condition. Some areas may even
require stream restoration to achieve a Proper
Functioning Condition status.

A

N lfunctioning




Riparian Grazing

istorically, riparian areas

have been used by livestock
for grazing, shelter, and water.
Theimpact of one animal may
seem insignificant, but the
cumulative impact of several
animalsin a stream reach hasthe
potential to degraderiparian
areas and streams. I ncreased
nutrients, sediment, bacteria and
areduction of vegetation are
common results of livestock
grazing and loafing in or next to
streams.

mproved grazing management
practices have the potential to
enhance economic production while
protecting riparian areas. One
exampleislivestock loafing away from
== [the stream, on drier ground, are more
| |likely to have increased daily gains.
| | The chance of losing livestock during a
| [flood is also reduced by moving them
away from the stream channel.

eral management tools are

vailable to assist landowners
in managing livestock use of
riparian areas and access to
streams. Stabilized in-stream
watering points, alter native water
suppliesand alternative sheltersare
some examples. Fencing is an option
which enables landownersto limit
the duration of livestock access as
well asthetiming of grazing in
riparian areas.

Kansas Water Quality Fact:

Fecal coliform bacteria has been determined as a water quality impairment in 70 of the 90 HUC
8 watershedsin Kansas. Livestock wasteis one source of bacteria.




28

Livestock Water Supplies

SLategically placed livestock water
pplies can greatly enhanceriparian

areas aswell asrange condition. With
today’s emphasis on water quality, most
financial assistance programsrequirethe
improvement of ariparian area be one
benefit of a water supply installation.

Once the most common water source, or
water supply, windmills have been in usein
Kansas sincethefirst settlers.

9 'windmills.

e e

he systems pictured at right and below,
utilize submersible pumpsin wells. This
type of system is suitable for use throughout
the year.

lar pumps have become more popular for

ivestock watering, especially in remote
areas. Varioustypes of solar pumpsare
adaptable and require less maintenance than

The system pictured at left supplies water from
the pond to two tanks approximately 300 feet

he water access point below was designed by
Kansas State Resear ch and Extension.

Freeze proof tanks ar e gaining popularity in
Kansas. These tanks can be connected to
wells or gravity lines from springsor ponds.




Riparian Forest Management

he majority of forestland in Kansas

occursalong riparian areasin the
eastern 1/3 of the state. The goal of riparian
forest management isto achieve the
landowner’s objectives while sustaining a
healthy forest for future generations.
Fortunately, multiple objectives and benefits
like water quality, timber products and
wildlife habitat for hunting (or threatened
and endanger ed species) can often be attained
while properly managing a forest.
PROTECTION, REFORESTATION, TIMBER
STAND IMPROVEMENT and TIMBER HARVEST
areforestry practices that can be
implemented individually or collectively to
help sustain a healthy riparian forest.

T IMBER STAND |MPROVEMENT (TSl) isa
method used to increase the growth of
high valuetrees, regulate their number and
distribution and to improve trunk quality.
Thinning, releasing and pruning trees can
increase the growth and quality of ariparian
forest by focusing the growth potential of the
site on trees of high quality. TSI may

iparian forestsrequire PROTECTION from

bulldozersthat convert ecologically
sengitive areasto other landuses, livestock that
trample or eat young seedlings which serve to
naturally regenerate the forest, fire that can kill
and damage trees and damage from off-tar get
herbicide application. Many tools or incentives
are available to address these problems, such as
conservation easements, alter native livestock
water sour ces, fencing and fire breaks.

also enhance wildlife habitat,
recreational use and water quality.

Accelerated growth rate following thinning.
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Riparian Forest Management

H arvesting in riparian forestsisan important
silvicultural practicethat can improvethe
health of the forest while providing economic
benefits. Only 33 per cent of the annual volume of tree
growth in Kansasforestsis presently being harvested.
When maturetreesare not harvested, thereis
potential for lossin the value of forest products.
Growth rates may stagnate, causing younger, pole-
sized trees (6 to 11" in diameter) to become more
susceptible to insect and disease problems. Thissizeis
important because it formsthe next forest generation.

mproper harvesting
§ techniques can have
| | negative impacts on water

o | quality, streambank
stability, and can damage
remaining trees. This can be
_ avoided by planning harvest
“*3 | operations and applying
| | best management -

& | practices (BMPs). BM Ps

| |area set of guidelines
that reduce impactsto
water resources while
improving the efficiency
of harvesting operations. &

M ost negative harvesting impacts result from
poorly located roads or from removing
treesthat are serving to stabilize the banks of
riversor streams. Some BMPsthat are
appropriate for Kansasinclude: minimizing the
number of stream crossings, crossing streamsat a
90 degree angle and limiting cutting to no more
than 25 percent of the streamside forest when
harvesting immediately adjacent to a stream.

eforestation will be discussed K ansas Riparian Forest Fact:

asatool for riparian Riparian timber providesthe basis for the aquatic food
restoration on page 32. In addition || chain through leaves and woody debristhat fall into the
totree planting, planting nutsand || stream. Shade provided by treesresultsin cooler water
encouraging natural regeneration | |temperatures which allows a higher water oxygen content
are effective methods for restoring | |for fish. Large woody debris (trees and limbs) that fall
riparian areasto a Proper into riversand streams provide aquatic habitat for fish
Functioning Condition. and macroinvertebr ates.




Restoration vs. Stabilization

estoration and stabilization are two terms often used
inter changeably, but their definitions are not the same.

puts
something back to
an original condition or
state.

keeps
something from changing.
Stabilization may be considered
as a component of restoration.

isthereconstruction of a stream reach which includes the channel,
point bars, and floodplain. One example would be the construction of a meandering stream
channel to replace a channel that had been previously channelized or straightened. Thistype of
project has not been implemented in Kansas.

isnot s P o : B! R i =
rebuilding a stream channel, but only ) : :
dowing or stopping the erosion alonga | 1 € pictureson thispage are of stream restoration
stream bank. along areach of the Gunnison River in Colorado.
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Riparian Restoration

he true definition of isto

return ariparian areatoitsoriginal condition. This
isnot always possible or even the best option. M ost
K ansas streams do not have the same dimension, pattern,
or profilethey had prior to European settlement.
Therefore, we must think in terms of the best possible
condition that a particular riparian areais capable of
achieving under present conditions. In most cases, that
means establishing per manent vegetation by planting
grassand treesalong theriparian area. A particular
stream historically may not have had treesalong the
banks. However, due to channel incision, treesare the
better vegetative solution dueto their greater rooting
depth. The woody nature of treeroot systemsreinforce
the soil similar to rebar in concrete.

Sl . <

long sandy stream systems
such asthe Republican River,

treesare a vital component of

healthy riparian vegetation.

Channel width, through reaches of
thisriver that do not havetrees, is
mor e than twice that of adjacent
reaches with forested riparian
areas.

ing during 1st year,
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barrier
fabricisused
on sometree
plantingsto
reduce weed
competition
and preserve
soil moisturein
areas of low rainfall or sandy soils. The use of weed barrier
fabric adds an additional project expense, but reduces




Riparian Restoration

iparian filtersand buffers

slow flood waters; reduce soil
erosion; filter pollutantsfrom
flood waters, field runoff, and
shallow ground water. They also
prevent scour erosion and flood
| debrisfrom reaching crop fields.

'.“‘5—_

; .1—'.-_..1&-'-'—_- = u
T -

Flood erosion in-an areaW|6'ut fiparian buffer

ovide technical and financial
assistance for variousriparian
management practices (see page 40).

&/eral state and federal agencies
r

Grassdrills, weed barrier machines,
root plows, and tree plantersare
available from conservation districts
and various state agencies.

Native Grass Drill

Water Quality Fact:

Grassand treeroot systems
intercept nutrients and chemicals
asthey movefrom fieldsto
streamsin subsurface water flows.

Filtersand buffers can also serve
as living snow fences which keep
snow from blowing off adjacent
crop fields.
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Stabilization

R iparian restoration aloneis not enough to
solve some streambank erosion
problems. Banks along many streamsare
eroding too quickly for riparian plantingsto
become established. In these areas, the
streambank must be stabilized prior to
riparian restoration.

ertical streambanks must be shaped to
provide a suitable surface for planting
cuttings, seedlings, and grass. On large
stream systems, structures such as
or should be
installed prior to vegetative planting. (see
page 36)

fter vertical streambanks are sloped,

appropriate grass species ar e seeded on
the area. Live stakes and poles are placed on
lower portions of the streambank. Grass and
trees can be planted adjacent to the bank.

Water Quality Fact:
.~ Willow live stakes can produce roots over 6 feet
| longin 3to 4 months. Treerootsreinforce the
= soil and dlow bank erosion.

engiheering stfeam bank
il Creek; Johason Co.



Stablllzatlon

reambank stabilization can be accomplished
hrough a variety of methods. Some methods
have mor e benefits than others.

Soil Bioengineering

are

economical to install, but are
labor intensive. Cedar revetments §
utilize cedar treesto reduce water |
velocities and induce sediment
deposition along the eroding bank.
Trees arefastened along the
bottom of an eroding streambank
with a cable attached to an
anchor. The anchor isdriven into
the stream bed with a jack
hammer.

Cedar revetmentswork best on
small streamswith fine soils and high sediment loads. -
Revetments will eventually decay, but protect the bank &3

long enough for permanent vegetation to become g{; -
established.

arenormally
used in conjunction with
cedar revetments, but may
be safely used without
revetments on some sites.
Unrooted cuttings from
willow, cottonwood or
sycamor e can be used for
stakes, poles or several
other types of plantingsto
establish treeswhile
stabilizing streambanks. — . : —
Some methods of soil bioengineering can be very Iabor W

illow cuttings have a
higher survival ratethan
cottonwood or sycamore. Stakes
and poles should be cut and
planted when dor mant.

intensive.

The willows on the left sprouted
from live stakes which were
installed 3 months before the
picture was taken.

35
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Stabilization

arge streamsrequire more than
vegetative solutionsto stabilize
streambanks and prevent erosion.

Rock bendway weirswere used to
stabilize this site. Bendway weirsare
low rock structures designed to work
under water. Theweirsare
constructed with an upstream angle
which redirects water away from the
stream bank asit flows over the welir.

- Kansas Water Quality Fact:

Large eroded streambanks like this are common
and can easily contribute more than 50,000 tons of
sediment to a stream annually. Thisis equivalent
to 38,500 cubic yards or enough soil to fill an area
10 feet high, 20 feet wide, and almost 1 mile long.

educed water velocitieson the
downstream side of bendway weirs
result in sediment deposition near the
bank.

During high flow, additional sediment will
be deposited in the near bank region
wher e vegetation will become established
naturally.

The natural vegetative process can be
accelerated by planting live stakes, sedges,
reeds and grassesin the depositional area.

Theriparian area adjacent to the sloped
bank should be planted to a mixture of
grass and trees.




Stabilization

Properly designed and installed
rock vanes and bendway weirs
work by slowing water velocities near
the bank and redirecting flows away
from the stream bank (see arrows at
left and below). Rock vanesare
constructed at a sharper angleand are
usually narrower than weirs.

endway weirs and rock
vanes ar e constructed
as a group extending along
the length of an eroding
area. Individual weir
length, width, upstream
angle and spacing between
weirsvariesfrom siteto site
and structureto structure.

Since the entir e streambank
isnot covered with rock,
thistype of practiceisless
expensive and also allows
room for riparian
vegetation to be established
between the weirs.

37



38

Stabilization

he picture at left is of an eroding

streambank prior to stabilization with
rock vanes. The streambanksare
=% approximately 20 feet high and nearly vertical
along most of the site. Although the banksare
high, floodwater regularly flows over thetop.
Asfloodwater overtopsthe bank, scour erosion
occurs and flood debrisis often deposited on
the adjacent crop field.

Soldier Creek, Jackson Co.

he vertical banks are shaped to a 2 feet

horizontal to 1 foot vertical slope. A
road is excavated down the bank and a
trench isexcavated, in theroad, for the
rock vanes. Rock is placed in the trench (or
key) and theroad and bank arereshaped as
the excavator retreats up the bank.

he same site immediately after
bank shaping and installation of 4
rock vanes.

Note that therock vanes extend to just
below the top of the bank. (Arrow)

The vanes slow water near the bank by
forcing the water to flow up the bank
along therow of rock. When water
flows over the vane, it will be
redirected away from the bank.

he site 8 weeks after installation.

The pale green material along the
upper portion of the bank was used to
mulch the seeded area.

Live stakeswill be placed along the
lower portion of the project areathe
following fall, winter or spring.

A 100 foot wideriparian buffer will be
planted adjacent to the site. Asthe
buffer matures, flood flows acrossthe
field will be slowed and debris will
remain in the channel.




Permits

Ithough sights like these were once

common along many Kansasriversand
streams, car bodies and trash dumping are no
longer considered appropriate methods of
streambank stabilization.

Befor e beginning construction of any stream
bank stabilization project, you need to receive
approval from one or more agencies. Permits
may be required for any project that will
change the dimension, pattern, or profile of a
stream or when a project will be placing any
type of fill (rock or soil) in a stream channel.

U. S. Army Corps of Engineers (COE) Kansas Department of Agriculture,
The COE isresponsiblefor Section 404 of the ~ Division of Water Resour ces (DWR)

Clean Water Act. Therefore, the COE has The DWR isrequired by statelaw to regulate
jurisdiction over any “fills’ placed in any stream obstructions and floodplain fills of more
“watersof theU. S For permit applications  than onefoot in depth. For permit applications
or other information contact: or other information contact:

U. S. Army Corps of Engineers Kansas Department of Agriculture

Regulatory Branch Division of Water Resour ces, Water Structures
700 Federal Building, 601 East 12th St. 109 SW 9th St., 2" Floor

Kansas City, Missouri 64106-2896 Topeka, Kansas 66612-1283

Phone 816-983-3990 Phone 785-296-2933 FAX 785-296-1176

Kansas Department of Wildlife and Parks (KDWP)

KDWRP isone of seven state agenciesrequired to review COE and DWR permit applications prior
to a permit being issued. State statutesalso require KDWP to protect threatened and endanger ed
species. Many threatened and endanger ed species utilize streams or
riparian areas, so permits from KDWP are sometimes required for
projects associated with streams. For mor e infor mation, contact:

K'S Department of Wildlife and Parks

Environmental Services Section

512 SE 25th Ave.

Pratt, Kansas 67124 Phone 316-672-5911

Kansas Department of Health and Environment (KDHE)

Improper installation of streambank stabilization projectsor riparian corridor restoration
activities could pose a potential threat to water quality. If your project will disturb morethat 5
acres, contact KDHE at 785-296-5524. If the project will disturb : R—
lessthan 5 acres, or for further information, contact:

Kansas Department of Health and Environment

Bureau of Water, Nonpoint Sour ce Section

Forbes Field, Building 283

Topeka, KS 66620-0001 Phone 785-296-4195

39
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Assistance

everal state and federal agenciesin Kansas

have natural resour ce professionals on staff
who can provide information on technical and
financial assistance for various stream corridor
management practices. Most have agency web
pages.

Natural Resour ces Conservation Service
760 S. Broadway

Salina, Kansas 67401-4642

785-823-4556

U. S. Fish and Wildlife Service
315 Houston St., Suite E
M anhattan, K ansas 66502

785-539-3474

Kansas Forest Service Kansas Department of Wildlife and Parks
2610 Claflin Road 512 SE 25th Avenue

Manhattan, Kansas 66502-2798 Pratt, Kansas 67124

785-532-3300 316-672-5911

Ks. Department of Health and Environment State Conservation Commission

Bureau of Water, Nonpoint Sour ceSection 109 SW 9th, Suite 500

Forbes Field, Building 283 Topeka, Kansas 66612-1299

Topeka, Kansas 66620-0001 785-296-3600

785-296-5500

Your county conservation district is one source for information on programs, resour ces and
personnel availablein your area. M ost conservation districts are co-located with U.S. Department
of Agriculture Service Centers (Natural Resources Conservation Service Field Offices). You may
also wish to contact the Kansas State Resear ch and Extension Officein your county.

Other sources of information and assistance exist
ie with various organizations such as:

% Kansas Wetland and Riparian Areas Alliance
% 433 Elizabeth St.

Or your local chapter of:

Pheasants Forever

Quail Unlimited

Ducks Unlimited

National Wild Turkey Federation




Glossary

Accretion—The process of sediment accumulation due to flowing water.

Aqggradation—The geologic process by which stream beds, flood plains and the bottoms of other water bodies raise
in elevation. This change in elevation is caused by the deposition of material eroded or transported by water from
other areas. (Sediment)

Alluvial Deposit—A deposit of sediment created by the action of running or receding water.

Avulsion — I s the sudden movement of soil from one property to another as aresult of flood or a sudden shift in the
course of a boundary stream.

Bankfull Discharge---The discharge and corresponding stage found at the incipient point of flooding. It is often
associated with an average return period of 1.5 years. Bankfull discharge is the peak of effective discharge and is
expressed as a momentary maximum or instantaneous peak flow rather than the mean daily discharge.

Bankfull Width---The water surface width of the stream at the bankfull stage.

Bankfull Mean Depth---The mean flow depth at the bankfull stage. It is determined as the cross sectional area (sum
of the products of unit width times depth) divided by the bankfull surface width.

Bankfull Stage---The elevation of the water surface associated with the bankfull discharge.

Belt Width---The width of the full lateral extent of the bankfull channel when measured perpendicular to the fall of
the valley (outside of the meander to outside of meander).

Bedload—The material moving on or near the stream bed by rolling and sliding with brief excursionsinto the flow
within three or four grain diameters above the stream bed.

Bedload Dischar ge—The quantity of bedload that passes a stream cross section in a given unit of time.
Bed Material—The sediment mixture which composes the stream bed.

Braided River---A wide and shallow river channel where flow passes through a number of small interlaced
channels separated by bars or shoals. Normally, contains three or more small channels. Under the Rosgen
classification system a braided river would be aD or Da.

Canopy Cover — The cover created by branches and |leaves of large trees.

Channel---A natura or artificial waterway that periodically or continuously contains moving water. Channels form
connecting links between two bodies of water.

Degradation---The geologic process by which streambeds, floodplains and the bottoms of other water bodies are
lowered in elevation by the removal of materials by water. (Erosion).

Delta---The sediment deposit formed where moving water is slowed by abody of standing water.
Deposition---The mechanical processes through which sediments settle out and accumul ate.
Dissolved L oad---The part of a sediment load carried in solution.

Entrenchment Ratio---The quantitative index of vertical containment of rivers. The ratio is determined by
dividing the floodprone area width by the bankfull width. (The floodprone area width is measured at twice the
maximum bankfull depth, see floodprone area width).

Flood-frequency Analysis---A probability of a given magnitude flood peak that may be expected to occur for a
given period expressed in years. The 1 in 100 year flood would have a probability of 0.01 or 1% of being equaled or
exceeded in any one year. The reoccurrence interval is determined as 1.00/ probability of exceedance.
Correspondingly, probability of exceedance is determined as 1.00 / recurrence interval (years) times 100. The
graphical method of flood frequency analysis involves ranking the historical record of flood peaks from the highest
to lowest and given a plotting position (m/N+1, where m = rank of the event, N = number of years of record). This
calculation gives exceedance probability for their respective peak flows. The resulting data and their respective
positions are plotted on probability paper and line drawn between points. The resulting graph is called a probability
plot and the fitted line a flood frequency curve.
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Glossary

Floodplain---The floodplain of ariver or stream is the level land surface found adjacent to the bankfull channel
which is constructed by the river in the present climate. It is available to the river to accommodate flows greater than
the bankfull discharge (see bankfull stage). The depth of flow over the floodplain is a function of the floodplain
width and flood peak magnitude.

Floodprone Area Width---The width associated with an elevation of twice the maximum bankfull depth. It isthe
area including the floodplain of the river and often the low terrace of alluvia streams. This value when divided by
the bankfull width is used to determine entrenchment ratio.

Fluvial Sediment---Is particles derived from rocks or biological materials that are transported by, suspended in or
deposited by streams.

Knickpoint — A vertical overfall in a streambed or sharp drop in streambed elevation .
M eander ---One of a series of sinuous curves, bends or loops developed in aflood plain by flowing water.
Oxbow L ake---An abandoned stream channel resulting from avulsion. It is the cutoff portion of a meander bend.

Point Bar----One of a series of low ridges, composed of coarse sediment deposited, on the convex side of stream
meanders. Commonly called a sand bar.

Runoff---The portion of rainfall than is not infiltrated into the soil or evaporated. It isthat part of precipitation that
flows on the soil surface to streams.

Scour ---The removal of the boundary material by flowing water which results in the enlargement of a stream
section.

Sediment---Particles derived from rocks or biological materials that are or have been transported by water.
Sediment Dischar ge---The mass or volume of sediment passing a particular point during a unit of time.

Sediment L oad---The weight of solid matter being moved by a stream through a cross section per unit of time ( Bed
load plus suspended |oad).

Sinuosity---The ratio of stream length to valley distance. It is aso the ratio of valley slope to channel slope.
Stream Dischar ge---The volume of flow passing through a cross section in a unit of time. Normally expressed in
cubic feet per second (cfs).

Stream Slope---The change in stream bed elevation over a measured length of channel. It is expressed as a ratio of
elevation (rise) over distance (run) in ft or as a percent slope.

Stream Stability---A stable stream is one which is able to transport the water and sediment of its watershed in such
amanner that the stream’ s dimension, pattern and profile is maintained over time without aggrading or degrading.

Suspended Sediment L oad---The weight of suspended particles continuously supported by the water.

Terrace----A flat area adjacent to ariver floodplain in aluvial valeys which is created by the abandonment of a
previous floodplain. Other than the low terrace, it is rare that terraces are flooded in the modern climate. Many of
the higher terraces are related to elevations associated with the Holocene period. Other terraces are related to
changesin local base level adjustments from recent disturbances and associated stream degradation, creating
abandoned floodplains (terraces).

Thalweg---The line following the deepest points along a stream bed, valley or reservoir.

Turbidity---An expression of the optical clarity of awater sample. Turbidity results from the presence of
suspended and dissolved matter. This can include clay, silt, finely divided organic matter, plankton or other
Microscopic organisms, organic acids and dyes.

Under story- - The vegetation that grows in areas shaded by taller vegetation. See canopy cover.

Water Pollution---The presence of any harmful or objectionable material in water introduced by anthropogenic
means in quantities sufficient to adversely effect its usefulness.

Watershed---The land area enclosed by a continuous hydrologic surface drainage and lying upstream of a
specified point.
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FINAL WORD

K ansasriver and stream corridors are avital§

Although, not viewed as being productive
crop and range lands, healthy stream corridors
most productive in terms of water quantity :
aquatic and terrestrial wildlife habitat, and
opportunities.

Thispublication isintended as a introduction to '"I.,'_-the proper
management of stream corridorsin your area. Stregm corridors cross
public and private boundaries and ther efore requirgthat all citizens of

the state work together to carefor and protect this inportant resour ce.

"T.he Editor

. i

“ Stewar dship consists of doing the right thing without being told.”

(adapted from Irving Mack)




