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Abstract

Military maneuvers involve effectively moving sadds and equipment across
training lands, and this often involves crossingains. Fording of streams by military
vehicles poses a potential for degradation of siréabitats through change of bank
angle or excess shear of stream banks and theamgisgéneration of excessive quantities
of sediment, possibly exceeding Total Maximum Daibads (TMDL) limits for water
guality downstream. This study examines the impétdw water fords on stability of six
stream reaches at Fort Riley. Streams with constduow water fords were mapped and
classified according to Rosgen Stream Classifioaigstem (1996). Results indicate that
some of these streams exhibit some level of inltghbivhich includes bed form changes,
accelerated stream bank erosion and backwaterfpoohtion in the vicinity of stream
crossings. Poorly constructed fords may act as dhsngpting the transport of sediment
along the stream reaches, posing a potential ishdtream equilibrium. Another factor
contributing to stream instability is sediment gated from upland areas and routed
through approach roads leading to stream crossteg. sThe sediment deposited into
streams at these crossing locations is a wateritguadncern, and again poses the
potential of disrupting stream equilibrium. Fieldservations indicate that poorly located
stream crossings can alter the direction of strflam, causing bank erosion on areas
immediately below stream crossings. This demoredrdahe importance of locating
stream crossings on stable locations along a streach. Some of the stream reaches
also show signs of successional change. Thesarsttkanges have direct implications
on the low water fords on Fort Riley. As a resultleese stream changes, there will be
need to constantly modify the designs and constnud¢echniques of the low water fords
in order to accommodate changes in stream dimesnsjattern and profile. Finally,

criteria for site selection, design and constructdlow water fords are discussed.
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INTRODUCTION

Low water fords are generally considered as streamssing structures
constructed on the bottom of a waterway over whigtter flows while still allowing
passage of traffic across the waterway (Milausk888; Sample et al., 1998). Low water
fords are widely used as a stream crossing strictuagricultural, forestry and military
applications. The popularity of low water fords che attributed to their ease of
construction, low cost and maintenance. This thdg@susses the application of low
water fords in a military environment. Fort Rileystallation has approximately eighty
constructed low water fords that the military uassa means of crossing streams during
training exercises. Fording of streams by militarghicles poses a potential for
degradation of stream habitats through changereé&st bank angle or excess shear of
stream banks and the resultant generation of eixeegsantities of sediment. Low water
fords are a major source of sediment since fortdsa®central locations where sediment
laden runoff from upland areas collects and entgresam channels (Brown, 1994;
Sample et al., 1998; and Taylor et al., 1999).

Stream function in many of the streams at Fort\Rikansas may be threatened
by the presence of low water fords and changes atenshed hydrology. Potential
impacts of changes in stream function include dimjtan of stream habitat for aquatic
life and changes in water quality. Causes of chiadegradation include poorly located
and constructed stream crossings, and sedimentajedeat crossing sites. In addition,
military maneuvers on upland areas alter land tomagy (Rice et al., 2006; Svendsen et
al., 2006) causing changes in the quantity ancepetof storm runoff. The storm runoff
laden with sediment is usually routed into streahteugh approach roads (leading to
stream crossing sites), increasing the runoff anduamt of sediment delivered to these
streams. The extra sediment introduced into th&sams has a potential of causing
stream instability.

Streams on Fort Riley are still adjusting to disances caused by historic land
use practices such as agriculture and grazingi¢iago, 2005); however, these
disturbances are minor. Stream crossings and chandgnd use practices on Fort Riley



have a potential to affect stream stability. Ac@ogdo Rosgen (1996), stream stability is
defined as the ability of the stream to conveydiseharge and sediment of its watershed,
such that over time, it maintains its stream din@msattern and profile while neither
aggrading nor degrading.

Background on Low Water Stream Crossing (LW SC) Proj ect

Prior to 1992, the military at Fort Riley randonslglected where they would cross
a stream or constructed earthen fords to crosgamst During or after high-flow events,
both the randomly selected sites and earthen fooded a safety issue for soldiers and
equipment. Furthermore, use of the randomly salesttes and earthen fords caused
tremendous degradation to the streams throughisyeair stream banks and generating
excessive amounts of sediment. In 1992, a Low Waitlezam Crossing (LWSC) project
was initiated at Fort Riley to address problemstesl to the use of earthen fords and
randomly selected crossing sites. New designs developed. Selected stream crossing
sites were modified by hardening stream beds apdoaph roads with rock and gravel
(Sample et al., 1998). By 2002, the LWSC projecs wanerally considered a success.
Project achievements realized were: provided safEning conditions for military,
improved access to additional training areas, dlediated some of the environmental
impacts related to crossing streams. After a decddeperation, a need exists to re-
evaluate performance of the constructed streanmsioigs and their impact on stream
stability. Although numerous studies have been uvotedl to assess environmental
impacts associated with low water fords, relativigy studies have been conducted to
assess long term impacts of fords on stream dialnti morphology. Impacts of low
water fords (at military installations) on streatahdlity are still unknown. This study
therefore assesses the impact of low water fordstream stability. Additional objectives
of this study include the development of site d8d@¢ design and construction guidelines

for low water fords.



CHAPTER 1-LITERATURE REVIEW

Compared to other stream crossing options (suclcuhgerts or low water
bridges), low water fords exert the greatest impattwater quality. Various workers
have documented environmental impacts associatéd twe use of low water fords.
Brown (1994) studied impact of vehicular traffiossing low water fords on two rivers
in Eastern Victoria, Australia. This study showédttvehicles crossing streams at low
water fords were responsible for generating sigaift amounts of sediment from the
river bed, which was then carried and depositeddti@am. Sediment source areas were
identified as being the approach roads to the farakstream banks on either side of the
fords. The study also showed that a great dedietéediment produced and deposited at
crossing sites was as a result of the followingpsses:

1. Wheel ruts created by the vehicles act as condimitsurface runoff during and
after storm events.
2. Vehicles crossing streams create backwash which rissult of water draining
from the vehicles after crossing the stream.
3. Detached soil from approach roads (to the fordsgamied and deposited at
crossing sites.
Furthermore, the study revealed that the amourdgediment deposited in a particular
location of the river was related to stream velgcidistance from river bank and
frequency of use of the crossing site. Based atiirigs of the study, the author suggested
that gravelling or paving of the approach roads lkaeduce the amount of sediment
deposited into the river at crossing sites.

Thompson et al. (1996) and Welch et al. (1998) mepolong-term impacts on
water quality resulting from use of two gravel feridr forestry operations in Tuskegee,
Alabama. The researchers studied impacts on waiity resulting from construction,
use and deconstruction of the low water fords.nrearlier study, Thompson et al. (1996)
evaluated the movement and quantity of sedimergrgéed at the gravel fords as a result
of vehicle traffic. The amount of sediment prodlieeas measured for three conditions;

prior to, during and after renovation of the graf@ds. Findings of the study indicated



that peak sediment concentrations were higheshguhie renovation phase of the fords.
However, during the post renovation phase of thelsfoa storm event (127.8 mm)
generated 18 times more sediment than that gedetateng the renovation phase.
During a two-month timber harvest, Welch et al. 989 conducted measurements of
sediment concentration increases upstream and d®ans from the two gravel fords
used in the Thompson et al. (1996) study. Mean p&ak sediment concentration
measured immediately below one of the fords wasar&0 1200 mg/l respectively. After
the timber harvest, fords were deconstructed aaditlginal stream bed elevation at the
fording site was restored. The peak sediment cdret@n measured immediately below
one of the fords was 17 times more than that medsduring the timber harvest.
However, because of the length of the timber hayvéee high levels of sediment
concentration observed during the timber harvesb@eosed the greatest water quality
impact. Storm events during the harvest seasorribated to the amount of sediment
produced and delivered at the fords. Sediment curat@ons were directly related to
precipitation amounts and stream flows. The stwsealed that gravelling the fords and
approach roads (after the timber harvest) resuftedreduction of sediment produced at
the fords.

In a similar study, Sample et al. (1998) reporteatew quality impacts resulting
from use of two types of low water fords on Fortelgj Kansas. The authors investigated
the effects on water quality resulting from veha@utraffic traversing hardened and
earthen low water fords. Water quality parameterdied included; turbidity, total solids
(TS), total dissolved solids (TDS), total suspendetids (TSS), and settleable solids
(SS). In order to determine the net amount of sedindeposited at the low water fords,
water samples were collected manually from upstraad downstream of the fording
sites, prior to and after vehicles had crossed theling sites. Findings of the study
revealed that no significant changes in water ¢ualiere observed prior to vehicles
crossing both hardened and earthen fords. Howewedjfference in turbidity was
observed between upstream and downstream reacloeg &iardened crossing site. The
higher levels of turbidity at the downstream looatiwere attributed to increased
production of phytoplankton at the stream crossitg. Significant changes in water

guality parameters (except for TDS) were obsenfast aehicles had crossed both types



of low water fords. The water quality changes a #arthen fords were significantly
greater than those at the hardened fords. Theditybheasured at the earthen crossing
sites was sixteen times the amount measured ath#indened crossing sites, and
suspended sediment concentration generated atatfteee fords was approximately
fifteen times more than the sediment concentrapimduced at the hardened fords. In
addition, the total solids concentration from ttzetleen fords was nearly a dozen times
higher than the concentration at the hardened latemfords. Based on findings of the
study, Sample et al. (1998) recommended replaanthen fords with hardened fords so
as to decrease the amount of stream disturbancgeddwy vehicular traffic crossing
streams. Such change would not only preserve sthednitat, but also provide improved

crossing conditions for military personnel and gguent.



CHAPTER 2- METHODSAND MATERIALS

Study Sites

The bedrock in the study areas (which is fairlyllslng is composed of shale and
limestone of Pennsylvanian and Permian age (Jevi®40 and Ingrisano, 2005).
Mudstone formations of Permian age occur in sonvés g the study sites (Ingrisano,
2005). According to Ingrisano, 2005, the Flint Blidre characterized by the presence of
bench and slope topography. As shown in Figure & bedrock formations in the
study areas are Permian in age and belong to thaddd@rove and Chase groups. These
groups are composed of different types of shalelmmnelstone as shown in Figure 2-2.
The limestone formations in the study areas arsvoftypes: flint and non-flint bearing
formations. The non-flint imestone formations arere resistant to weathering (forming
extensive plateaus), while the flint bearing linoegt formations are easily eroded
forming steep slopes and rounded knobs (Jewettl B9l Ingrisano, 2005). Stream
channels in the area reflect the underlying geolagy bed material formations are
composed of clay, silt and gravel.

The soils in the study watersheds belong to thivviahg soil series: Benfield
(Udic Argiustolls), Florence (Udic Argiustolls), Wyore (Aquic Argiudolls), Irwin
(Pachic Argiustolls), Clime (Udic Haplustolls), SodLithic Haplustolls) (Clark and
Worley, 1975). These soils (Mollisols) are siltyaglloams, cherty silt loams and silt
loam. The Benfield-Florence association comprisesnoderately deep, sloping and
moderately steep silty clay loams and cherty sgimis. The Wymore-Irwin association
comprises of silty clay loams that range from level sloping. The Clime-Sogn
association comprises of silty clay loams thatraczlerately deep and shallow, sloping

and moderately steep.
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Fort Riley has a continental climate which is cltgazed by warm to hot
summers and cold winters (Brown, 1975). The re@mperiences abundant sunshine,
moderate winds and low to moderate humidity (Browfy5). The average annual
precipitation is approximately 800 mm (Ingrisan®032). The largest part of annual
precipitation is received during the spring andyeaummer seasons (Brown, 1975 and
Ingrisano, 2005). The mean annual temperature.B41°Z (Ruffner, 1974).

The vegetation in the study areas is riparian waradll and native tall grass prairie
in the uplands. The main land use practice on Rdgdy is military maneuvers. These
maneuvers take place in designated areas knowmassnty areas and provide the
mechanized infantry units the opportunity to preet{fFigures 2-3 and 2-4). In addition,
the training areas are co-used for agriculture anch habitat for wildlife (Ingrisano,
2005). Fort Riley occasionally leases out approxétya200 knf of land to the public for
farming. These areas under agriculture serve a®rbmbnes against fire around firing

ranges (Ingrisano, 2005).

Figure 2-3. Military maneuverson Fort Riley.



Figure 2-4. Mechanized infantry unitstraining on Fort Riley.

The study sites represent a wide range of streamtittans and types.
Selection of study sites was based on the follownigria:

1. Size of stream and type of stream bed.

2. Presence of low water fords and frequency of thed.

3. Location of a stream reach within a watershed, reaches in the upland and
lowland areas.

4. Size of drainage area of the study reaches.
The study areas are located at Fort Riley in tivd Hills physiographic province

of Kansas (Figure 2-5).
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Figure 2-5. Map of Kansas showing different eco-regions. Inset isa map of Fort
Riley. Adapted after Ingrisano (2005).

Six separate study reaches were established onfaneek (Figure 2-6), Seven
Mile Creek (Figure 2-7), Silver Creek (Figure 2&8)d Wind Creek (Figure 2-9).
Farnum Creek is an ephemeral stream which flowssMitford Lake. Seven Mile Creek
(also an ephemeral stream), flows into the KansesrRvhile Silver and Wind Creek are
both perennial streams which flow into Wildcat Gedleat flows into the Kansas River.
Three of the six separate stream reaches are tbabiteg Wind Creek. The reaches on
Wind Creek are designated as upland, midland anihiw reaches. Drainage areas for
Farnum Creek, Seven Mile Creek, Silver Creek andd/\Gireek reaches are 2.53%m
2.30 knf, 24.40 knd, and 20.30 krf) respectively. The three reaches on Wind Creek (i.
Wind Creek upland, midland and lowland) have drgénareas of 16.24 Km17.61 knf
and 20.30 krfy respectively.

Figure 2-10 shows the location of the stsitigs on Fort Riley. All the study
sites, except for Silver Creek, have hardened |atenfords located along the study
stream reaches. The Silver Creek site was includ#ds study because the military
plans to construct a low water ford at this stuitly. $vlonitoring the Silver Creek study
site, before and after a low water ford is cons&d@rovides a basis for tracking changes

to the stream brought about by construction andbtisdow water ford.
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Figure 2-6. Farnum Creek watershed, Fort Riley, Kansas.
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Figure 2-7. Seven Mile Creek water shed, Fort Riley, Kansas.
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Figure 2-8. Silver Creek water shed, Keats, Kansas.

14




0 05 1 Kilometers | 1 Upland
|1 Midland
Lowland

Wind Creek Watershed

Legend
® LWSC

@ Subwatershed Outlets|
—— Stream Network

Figure 2-9. Wind Creek watershed, Fort Riley, Kansas.
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Figure 2-10. L ocation of study reachesat Fort Riley, Kansas.
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Stream Classification

Stream reaches selected for the study were survagddclassified using the
Rosgen stream classification system (Rosgen, 199%).Rosgen stream classification
system is a hierarchical methodology that consitfeur levels of stream classification.
Level | classification provides a broad descriptioh streams based on geomorphic
characteristics. Level Il classification, charazes streams with a more detailed
morphological description of stream type from fiel@asurements of channel dimensions
and bed composition. Level Il assessment consicenent conditions of the stream by
characterizing streams according to stability, poé and function. At Level 1V,
predicated stream conditions are verified throughlysis of stream flows, sediment
loads, and additional geomorphic parameters (Roskf#96). The first three levels of the

Rosgen stream classification system are usedsrsthdy.

Stream Surveys

Longitudinal Profile Surveys

A systematic survey of each study reach was peddrmsing conventional
survey methods (Harrelson et al., 1994). Longitadprofile surveys began and ended at
riffle crests (head of riffle). Stationing alongettongitudinal profile was conducted at 6.1
m intervals or where the stream bed had a changdope. Sharp changes in channel
slope were always observed at transition pointguiéi 2-11) between the different
stream features (i.e. pool, glide, riffle and ruPdols are generally considered the deepest
points within a stream, while riffles are the sballpoints. Glides and runs are transition
features between pools and riffles. Stream bedemsirface and bankfull elevations
were established using a laser level and levelothwith an attached receiver. Stream
bed elevations were taken at the deepest poirdbuglg) along each stream reach, while
bankfull elevations were taken on the active fldadp Elevations are based on
permanent benchmarks established within each seabh. Selected study reaches were
approximately 20-30 bankfull widths long. Morphdne parameters determined from

the longitudinal profile survey were: bankfull sigpwater surface slope (S), channel
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slope and channel sinuosity (K). Bankfull slope watermined as ratio of the difference
in bankfull elevation (between the beginning and point of each study reach), and the
length of the study reach. Channel slope was détedras a ratio of the difference in
elevation of the channel bed (between the beginaimyend point of each study reach)
and the length of study reach. Water surface slwps determined as a ratio of the
difference in elevation of the water surface (be&mwthe beginning and end point of each
study reach) and the length of study reach. Chasimelosity (K) was determined by
computing the ratio between stream reach lengthvatidy length. Repeat longitudinal

profile surveys of each reach were conducted tatifyachanges in stream bed elevation

and slope.
35
30 ‘ —eo— thalweg —e—watersrf
25 4
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c 209
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R - . .
W Head of Riffle S ————— . e ———— = o
10 TalotRun 1 T~ e
5 Tail of Riffe Head of Pool /‘ Tail of Pool Tail of Glide
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Figure 2-11. Longitudinal profile along a stream reach. Source: Vermont Stream
Geomor phic Assessment Handbook, 2003.

Cross Section Surveys

Cross section transects were selected along eadit stach. The selected cross
section transects were at riffles and pools (andetiones at runs and glides) on each
study reach. Cross section transects were monuthevith iron rebar on the left and
right bank of the channel. With a cam line struregoas the channel for stationing,
elevation measurements were established acrosshémnel, and tied to benchmarks on
the left and right banks of the channel as wetioathe longitudinal profile survey. Cross

section profiles were then plotted from channel beldkvations and distance
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measurements (Figure 2-12). Bankfull stage (FiqQuig) was identified at each channel
cross section surveyed; bankfull stage was takeéheaslevation of the active floodplain

(Wolman and Leopold, 1957).

—BURVEVORS ROD

SURVEYOR'S LEVEL —,

Measuring a stream channel cross section. Determination of
bankfull stage and related measurements in the field are
especially important for correct Level |l classification.

Figure 2-12. Cross section profile. Adapted from Rosgen, 1996.

topographic floodplain

hydrologic floodplain

X bankfull width f

bankfull
RV P— S e y 3 elevation

bankfull depth

Figure 2-13. Cross section profile showing bankfull stage. Source: NRCS-USDA
Stream Restoration Handbook, 2001.
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Morphometric indices computed from the cross secBarvey data include: bankfull
width (Whks), mean bankfull depth (), bankfull area (#«), width of flood prone area
(Wipa), bankfull velocity (u), bankfull discharge g9, entrenchment ratio (ER) and
width-depth ratio (W/D). Bankfull area was computesithe area of the channel below
bankfull stage, while the width of flood prone areas determined at an elevation
corresponding to twice the maximum bankfull depamd entrenchment ratio was
computed as a ratio of width of flood prone areg,{No bankfull width (Ws). Bankfull
width was considered as the channel width corredipgnto bankfull stage. Mean
bankfull depth was computed by dividing bankfukary bankfull cross section width.
In order to calculate bankfull velocity, a Manniagesistance coefficient of the channel
was determined using a relationship (developed bggBn, 2006) between channel
friction factor (computed from Equation 1) and Mamgis resistance coefficient.
Bankfull velocity was computed using Manning'’s etipra (Equation 2), while bankfull
discharge was computed using Equation 3. The wdé{th ratio indicates the shape of
channel cross section while the entrenchment ratdicates degree of vertical
containment of the stream channel (Rosgen, 1998)ki8Il parameters determined from
field data were validated using regional curvesofiadd, 1953) developed for the Kansas

Flint Hills (Kansas State Conservation Commisskii)5).

L { 283+ 566x Log(ﬂﬂ

u Dg, (1)
1 2/3 1/2

u=—-xR*° xS (2
n

Q=uxAy 3)

Where:

u .
—-= friction factor
u

u = Bankfull velocity (m/s)
Apki = Bankfull Area (M)
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R = Hydraulic radius of the channel (R s«# bankfull channel wetted perimeter
(P)) (m)

S = Channel slope (m/m)

Dss = Bed material size of a particle size of th& §ércentile.

n = Manning’s resistance coefficient for the chdnne

Q = Bankfull discharge (f¥s)

Repeat surveys of the cross section transects wmrducted in the summer of 2007
(June-July) to determine rates of lateral and eartmigration of the stream channels.
These rates of migration were quantified by meaguthe net percentage change in
channel cross section area (determined using Exudf. A negative value indicates
aggradation, while a positive value indicates degtian.

(%) = Ase = Poare 111 (4)

efore
Where:
A A% = Net percentage change in channel cross seaten
Aaier = Channel cross section area from 2007 survey

Apetore = Channel cross section area from 2006 survey

Bed Material Characterization

Reach Pebble Count

A modified Wolman pebble count (Wolman, 1954) wasducted at each study
site to determine the particle size distributioreath study reach. The reach pebble count
(detailed procedure is presented in Rosgen, 20@8)sivatified such that a representative
sample was collected from each reach. One hundagitlps were collected and their
median axis measured and recorded. A particledigtebution curve was plotted using
the data collected. Information derived from thetipke size distribution curve (from the
reach pebble count) was later used during classibic of the streams.
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Active Bed Pebble Count

The active bed pebble count characterizes bed ralaitra riffle (Rosgen, 2007).
One hundred particles were collected (from thevadbied at the riffle) and their median
axis measured and recorded. A particle size digtoh curve was plotted using the data
collected. Information derived from the particleesidistribution curve (from the active

bed pebble count) was later used in velocity awihsent competence calculations.

Bar Core Sample

Additionally, bar core samples were collected frpomnt bars (at a position on the
downstream third of a point bar between bankfudlgstand thalweg), ( Figure 2-14)
at the Farnum Creek, Silver Creek, and Wind Crae#lyssites to determine the size of
sediment particles available for entrainment atkhahdischarge. According to Rosgen,
2006, the bar core sample represents the sizetgmadd bedload at bankfull stage. Data
from the bar core sample was analyzed to deterswoément transport competence of
each reach. A detailed procedure used for the dv@& ample collection and analysis is
presented by Bunte and Abt (2001), US EPA (2006 Rosgen (2006). A brief

description of the procedure is presented below:

1. The bar sample was collected from a location, endibwnstream third of a point
bar, between the thalweg and bankfull stage Figure 2-14).

2. Two largest particles on the surface of the barpdarnocation were collected, and
their median axes and weights were measured aoddiext.

3. Using a bottomless bucket, to define the area wihbkee sample would be
collected, bed materials were excavated up to thddpwice the diameter of the
largest surface particle measured in step 2 above.

4. Excavated materials were collected and weighedeids were then wet sieved
(Figure 2-15) using sieves of sizes 63 mm, 31.5 d#nmm, 8 mm, 4 mm and 2

mm. Net weights of materials retained on each siea®measured and recorded.
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5. Particle size distribution curve was then develdpgglotting cumulative weights
of materials (passing each sieve) against pasizke The particle size class index

Dso was then determined from the curve.

BAR / BULK SAMPLE of Representative Channel Materials Subject to Movement
as "Bedload”. Samples collected at selected cross-section and bar locations
within a reference reach. S R

g

«B Stage B - &= S

1. Locate sampling point within the downstream 1/3 of the lateral or point-bar area:
and approx. 1/2 the distance ( elev. ) between the Thalweg and the Bankfull stage
slevations.

Figure 2-14. Bar sample collection and analysis. Source: Rosgen (2006).

Figure 2-15. Sieve analysis of a bar core sample at Silver Creek, Keats.
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Scour Chain Surveys

Scour chains can be used to measure the amoumbof sr fill at riffles and
glides. In order to measure the amount of scotitl@ong a reach, chains were installed
into the stream bed at a riffle, upstream and déneam within each study reach. The
scour chains were driven flush with the stream (bégure 2-16) and elevations of scour
chain locations were taken. The two largest pagich the vicinity of each chain were
measured and recorded. Repeat surveys (Figure 2flfhe chains were conducted to
measure the amount of scour or fill at a particufle along a study reach. Chains were
resurveyed by measuring the length of chain exposduliried into the stream bed, after
major flow events. Again, the two largest particlasthe vicinity of the chains were
measured.

Figure 2-16. Installing a scour chain at riffle on Wind Creek, upland reach.
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Figure 2-17. Repeat survey of scour chainsat Wind Creek upland reach.

Stream Bank Surveys

Stream bank erosion monitoring was conducted dt sty reach. Bank erosion
monitoring was conducted by establishing permaramk transects along each study
reach. These bank transects were established isuthener of 2006. The bank transects
were selected to represent a range of stream bamkitons along each study reach. At
each transect, erosion pins (12.7mm diameter &ihOlong) were installed in the bank
(Figure 2-18), with the bottom most pin at an etmra of 0.30 m above a toe pin
(installed into stream bed) and subsequent pireseattions of 0.61 m apart. The erosion
pins were driven into the stream bank with a hamumil the pins were flush with the
stream bank. By placing a plumb survey rod on téphe toe pin (Figure 2-18),
horizontal distance measurements (between thenstoeak and the edge of the vertical
survey rod) were determined using a pocket rodh(aispirit level attached to the pocket
rod). The process was repeated at incremental tedegaof 0.15 m along the vertical
survey rod placed on the toe pin, each time theicatrdistance and corresponding

horizontal distance was measured and recorded. nk peaofile of each transect was

25



developed by plotting the vertical distance agahlmizontal distance. Using the same
procedures above, repeat surveys of the bank tawsere conducted (in the summer of
2007) to measure the actual rates of lateral mggradf the stream bank transects
surveyed in 2006. The length of erosion pins expqs¢ each bank transect) was also

measured and recorded. The pins were then pouhdgdviith the stream bank.

In order to estimate the amount of annual erosemegated from stream banks in
each of the study reaches, the Bank Erosion Hdmdek (BEHI) and Near Bank Stress
(NBS) ratings (Rosgen, 1996, 2001a, 2006, and US, ER06) of each bank transect
surveyed were determined. The BEHI characterizesust banks according to following
variables: stream bank height, bankfull height, tratepth, root density, surface
protection, bank materials, and bank angle. The MBfe stress placed on near bank
region associated with the stream bank transedts) lealuated (Rosgen, 2001a, 2006,
and US EPA, 2006). The NBS rating characterizeseas bank transect according to its
location within the reach. The BEHI variables anB3\condition for each bank transect
were evaluated and recorded. Using the methodemexs in Level 11l of the Rosgen
stream classification system (1996, 2001a, and R@dénulative BEHI and NBS ratings
were determined for each bank transect (see appendi through F for calculation
details). Bank erosion rates were estimated usimigr@do data, Rosgen (1996) and the
computed BEHI and NBS ratings at each bank tran3éet Colorado rating curves were
used to estimate bank erosion rates because tddkef bank erosion prediction curves

for the Flint Hills region.

26



"Bank-Side"” edge of Survey Rod

| Rod Level
ﬁ

Z
o

R

Pocket Rod
I

Line Level
I 5
vV = S
:- - Horizontal Distance
Survey-rod Edoe to Barnk Surface o
Bank Surface 2

3 15 T | |
Vertieal Distanca A
—e——b

Plan-View
~ Bank Surface \*’
[ Toe Pin__
[ Line Lever |
MENN o= RN NN N,
L‘\\ H Honzonial Distance . L %
i € > -
[ Pocket Rod H Survey-rod Edge to Bank Surface Bank Pin_|

Figure 2-18. M easur ement of stream bank profile. Source: Rosgen (1996).

Sediment Competence
A stream in equilibrium is able to move its sedimand discharge in such a
manner that it maintains its pattern, profile andhehsion, without aggrading or
degrading (Rosgen, 1996). Entrainment calculatiese performed to determine the
stability of each study reach. This was accomptishg determining the channel depth
and slope necessary for the entrainment of thesangarticle on the downstream a third
of a point bar at a location between bankfull stagel the thalweg. The critical

dimensionless shear stress_ ), (Andrews, 1984; Rosgen, 2006) was computed at

bankfull stage from Equation 5 while bankfull shesdresses were computed using
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Equation 6. The bankfull mean depth and water sarfdope (necessary for entrainment
of the largest particle on the downstream thirdaopoint bar at a location between
bankfull stage and the thalweg) are calculated fiBguations 7 and 8, respectively.
Equation 9 was used to calculate the size of thgeta particle entrained by bankfull

shear stress.

D -0.887
T, =0.0384x| —2- (5)
Dby,
T, = P, xgxRxS (6)
D.
D =r_xyx— 7
ST X ™
S, =7, xpx— ®)
bkf
D,, =15202x 72" 9)
Where:

r,= Bankfull shear stress (It
r. = Critical shear stress

g = Gravitational acceleration {&)

y = Submerged specific weight of sediment

p,,= Density of water (Ib/f)

R = Hydraulic radius (ft)

S, = Existing bankfull water surface slope (ft/ft)

S = required bankfull water surface slope (ft/ft)

Dso = Median size particle from reach pebble count fmm

Daso = Median size particle from active bed pebble ¢¢omm)

Dsso= Median patrticle size from bar sample (mm)

D, = Largest particle from bar sample (mm)

Die = Largest particle entrained by available bank$tkkar stress (mm)
Droki = Bankfull mean depth required for entrainmeniaofest particle (ft)

Dkt = Existing bankfull mean depth (ft)
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Mapping of Roads and Stream Crossings

Approach roads are critical areas that often actamsluits for sediment laden
storm runoff generated from upland areas and deld/¢o stream channels. Fort Riley
has approximately eighty hardened fords acrossréin@ing ranges. Fords are considered
sources of sediment (Figures 2-19 and 2-20) deldvento streams through approach
roads leading to stream crossing locations (Milagskl988; Thompson et al., 1989;
Brown, 1994; Sample et al., 1998; Blinn et al., 99%Pue to the poor state of some of
the approach roads, sediment is generated fromrahds and deposited at stream
crossing sites. Roads were surveyed to develop teerbenderstanding of erosion
dynamics on these roads. Road slopes, vegetatoberasion variables were determined
at each of the study sites. Stream crossings wsoenzapped to determine the area of the

stream prone to traffic disturbance.

Figure 2-19. Gully forming on aroad leading to stream crossing site.
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Figure 2-20. Approach roads can be a sour ce of sediment.
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CHAPTER 3- RESULTSAND DISCUSSION

Results from the stream survey of each study raeelpresented and discussed in
this chapter. Photographs and figures of longitaldomofile, cross section profiles, active
and reach pebble counts, bank profiles, BEHI an& M8&lculations for each individual
reach are presented in a separate appendix forséaady reach. Geographical Position
System (GPS) coordinates taken at the beginninggadaf each study reach, cross
section transects and stream crossing locationalsogporesented in the appendix of each

individual reach.

Farnum Creek

Stream Classification

The Farnum Creek study reach (shown in the phopbgFagure A-1 in Appendix
A) was classified according the Rosgen stream ifleestson system (Rosgen, 1996).
Morphometric parameters (Table 3-1) developed ftbenlongitudinal profile and riffle
cross section surveys were used in stream claastsificto determine the stream type for
this study reach. Farnum Creek was classified @d@stream. A stream classified as a
G4c stream is a deeply incised channel, with aastréed composed of a mixture of
gravel, cobble and silt/clay. The stream bankscaraposed of silt and clay. Streams of
G4c classification are generally considered unetalbie to their high stream power and
high supply of sediment from upland areas and strieanks (Rosgen, 1996). This reach
is located in valley type Il. According to Rosgém®96), valley type Il exhibits moderate
relief and G streams in this valley type exist undastable conditions. Figures A-1
through A-16 are photographs taken at this studgheTable 3-2 shows the variables

used in the calculation of bankfull velocity andaharge.
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Table 3-1. Stream classification protocol for Farnum Creek.

Morphometric Variable

Magnitude

Units

Bankfull Width (W )
Width of the stream channel at bankfull stage elevation, in a riffle section.

4.40

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dok = A / Whi).

0.45

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

2.00

WIdth/Depth Ratio (W okf /dbkf)
Bankfull width divided by bankfull mean depth, in a riffle section.

9.68

m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section.

0.80

Width of Flood-Prone Area (W  4)
Twice maximum depth, or (2 X dmw) = the stage/elevation at which flood-prone area width
is determined in a riffle section.

5.50

Entrenchment Ratio (ER)
The ratio of flood-prone area width divided by bankfull channel width (Wipa/ W) (riffle
section).

1.25

m/m

Channel Materials (Particle Size Index ) D 5
The Ds, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations.

20

mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull
stage.

0.101

m/m

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel
slope (VS /S).

1.10

m/m

Stream Type

G4c
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Table 3-2. Bankfull discharge variablesat Farnum Creek.

Variable Magnitude
Wi (m) 4.40
Do (m) 0.45
Wbkt (M) 5.31
Apkf (m) 2.00
R (m) 0.38
Dg4 (Mm) 62
R/Dg4 6.10
S (m/m) 0.0101
u* 0.193
u (m/s) 1.28
u/u* 6.80

n 0.0410
Qbkf (m3/s) 2.56

Changesin Stream Geometry

Stream channel adjustments occur over time dueh&mges or alterations in
stream discharge, sediment concentration and satlsiee. A stable stream will undergo
a series of channel adjustments in response togelsaim one or more of the stream
variables (i.e. stream discharge, sediment sizeqaadtity) but still be able to maintain
its dimension, pattern and profile without aggrgdor degrading (Rosgen, 1996). The
longitudinal profile and cross sectional surveysdiected at this site provided a means to
track changes in stream dimension and profile. feigh-14 shows the longitudinal
profile while Figures A-15 through A-25 show repsatveys of channel cross section
transects at this study reach. Tables 3-3 throughsBow the channel geometry data
collected. Figures A-15 through A-25 indicate stighanges in channel cross sectional
area at this reach. The changes at these crossmsansects suggest fill or/and scour. A
comparison of changes in channel cross section(&aze 3-5 and Figure 3-1) showed
approximately equal change in channel cross seetiea for transects (riffles and pools
combined) above and below the stream crossing. Rawgpof channel bed and bank
material was minimal at this site because of theeeyeral nature of Farnum Creek.

Therefore minor changes in channel geometry weservied.
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Table 3-3. A summary of channel geometry variables at Farnum Creek.

Study Reachk Number of Range of Range of Number of cross section
cross section | width (m) depth (m)
transects

Fill Scour

Farnum 11 6.4-10.7 1.6-2.8 6 5
Creek

Table 3-4. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Farnum Creek.

Cross Cross section Change in Percent change
Study Reach section | designation Cross section | in cross section
number area (M) area
Farnum Creek 1 Riffle -0.50 <=0.50
2 Riffle -0.42 <=0.50
3 Pool 0.02 <=0.50
4 Pool -0.15 <=0.50
5 Riffle 0.26 <=0.50
6 Run -0.02 <=0.50
7 Pool 0.54 <=0.50
8 Riffle -0.04 <=0.50
9 Pool 0.05 <=0.50
9B Pool 0.13 <=0.50
10 Riffle -0.04 <=0.50

[Negative values indicate fill while positive vakigndicate scour]
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Table 3-5. A comparison of changesin cross section areas between cross section

transects above and below stream crossing at Farnum Creek.

Study Reach

Average change ir
channel cross
section area (above

ford), (nf)

1 Average change in
channel cross
section area (below

ford), (n)

Average change in
channel cross
section area for
whole reach ()

Riffle Pool Riffle Pool Riffle Pool
Farnum Creek -0.22 -0.07 | -0.03 0.24 |-0.13 0.09
[Negative values indicate fill while positive vakimdicate scour].
Comparison of Changes in Channel Cross Section Area for Locations Above and Below
Stream Crossing
0.3
- 0.2
0.1
ORiffle-Up
B Pool-Up

ORiffle-Down
B Pool-Down

-0.1

-0.2

Changes in Channel Cross Section Area (m

-0.3

Figure 3-1. A comparison of changesin channel cross section area for cross section
transects above and below stream crossing at Farnum Creek.
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Changesin Bed Material Composition

Repeat surveys of stream bed material compositginguactive bed and reach
pebble counts serves a function of tracking changedsed material composition and
distribution. These changes in bed material contiposiprovide insight to sediment
transport and bank erosion processes at reach stadelts of the repeat surveys of bed
material composition (active pebble count and rgasbble count) are shown in Figures
A-26 through A-28. Results from the active bed peldount (Figures A-26 and A-27)
indicate no significant change in the median pkertsize and particle size distribution at
cross section transects 1 and 10 respectively. Menyvéne reach pebble count (Figure A-
28 and Table 3-6) indicates slight shift towardsfiteer particles for the B and Dy

particle sizes, between the years 2006 and 2007.

Table 3-6. Changesin particle size distribution from reach pebble count at Farnum
Creek reach.

Particle Size (mm)
Year Dss Dso Dsa Dos D100
2006 18 31 64 114 180
2007 0.4 20 65 115 256

Stream Bank Surveys and Bank Erosion Prediction

Data collected from bank erosion surveys were amalyand plots of bank
profiles were developed. The BEHI and NBS ratinggetoped for the Farnum Creek study
reach are shown in Table 3-7. The method and adlonk used to determine the BEHI and
NBS ratings are shown in Tables A-1 through A-6efEhwas a marked difference between
the BEHI and NBS ratings for bank transects abowk lzelow the stream crossing. Higher
BEHI and NBS ratings indicate increased potentalstream bank erosion as well as stream
bank instability, while lower ratings indicate Igeotential for stream bank instability. The
combination of BEHI and NBS ratings were used tedpt stream bank erosion rates. The
Colorado stream bank erosion prediction curve (feig+2) was used for estimating the bank

erosion rate from the bank transects surveyed.
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Results of the repeat surveys of bank transedtam@um Creek reach are shown
in Figures A-29 through A-31. Table 3-8 shows thedpcted and measured bank erosion
rates and annual sediment yield for the FarnumlOregch. When compared with the actual
measured bank erosion rates, the predicted barskoarcates are higher than the measured
erosion rates. It is important to note that thesslipted erosion estimates are higher than
would be expected for streams in the Flint Hillygibgraphic region, due to the differences
in stream bank composition. Stream banks in thet Hills region are mainly composed of
silt and clay materials which tend to be highly esike in nature and therefore less
susceptible to bank erosion, while streams in @alortend to have banks composed of
friable materials which are easily eroded. Anotfemtor that explains the differences in
stream bank erosion rates is the difference irastreegimes in Kansas and Colorado. Stream
regimes in the Flint Hills region are mainly stonmnoff generated, while streams in
Colorado are snow melt runoff generated. Storm ffuleads to be spatially and temporally
variable in nature, thus stream bank erosion iiatése Flint Hills are highly variable. On the
other hand, snow melt runoff generated regimes afoi@do tend to have less variation
because of slight variation in the magnitude amaketiof occurrence of snow melt runoff.
Therefore, stream bank erosion rates in Coloradeasts are likely to be more constant
annually.

Repeat surveys of the stream banks are therefoessary to determine the actual
annual stream bank erosion rates at each studyT$ierepeat surveys will enable validation
of the predicted stream bank erosion rates devdlopig the BEHI and NBS ratings. Over
time, this erosion data can be incorporated ingil wetwork for developing bank erosion

prediction curves for the Flint Hills region.

Table 3-7. BEHI and NBSratings developed for bank transects at Farnum Creek.

BEHI Rating NBS Rating
Upstream Downstream Upstream Downstream
Moderate Moderate High | High (4) Extreme(6) Extreme(6)
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Table 3-8 . Predicted and measured bank erosion rates at Farnum Creek.

Predicted Annual Measured Annual Measured Annual
Bank Erosion Rates | Bank Erosion Rates | Sediment Yield
(m/yr) (ml/yr) (kg/mlyr)
0.13-0.40 0.07-0.14 200

Prediction of Stream Bank Erosion Rates

10.00 ‘

1.00 —— Low BEHI

—— Moderate BEHI
High and Very High
BEHI

—#— Extreme BEHI

Bank Erosion Rate (m/yr)

® Famum Creek Bank
Erosion Rates

0.00

Near Bank Stress (NBS)

Figure 3-2. Relationship of BEHI and NBSratings used to predict annual stream
bank erosion rates on Farnum Creek. Adapted after Rosgen (1996 and 2006).

The measured bank erosion rates and annual sedymeh{Table 3-8) at Farnum Creek
were fairly moderate. Farnum Creek (classified & stream) is an ephemeral stream
that experiences stream flow less frequently. Téogic nature of stream flow in this
stream allows adequate time for riparian vegetatmgrow in the channel and on the
stream banks. The riparian vegetation (in the chlmmd on the banks) provides
adequate protection against erosive action of fldlwe bank material composition

(mainly silt and clay) of this stream also playso& in controlling bank erosion rates.
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The bank erosion rates (and the sediment yieldh@nephemeral stream are therefore
lower than would be expected for a G4c stream. reig+3 shows a comparison of

sediment yield generated from segments of the steidgh upstream and downstream of
stream crossing one at this study reach. It is shitwvat the sediment yield generated from
stream segments below the stream crossing is hidjaer that generated from stream
segments above the stream crossing. Erosion ratesaly increase in the downstream
direction because discharge (or stream power) ase® in the downstream direction. A
tributary located immediately above the stream sirgsintroduces extra discharge and
sediment into the main stream at this study rebchddition, the approach roads to the
stream crossing location concentrate and chanmalffrfgenerated from upland areas)
into the main stream increasing the magnitude etldirge introduced into the main
stream. However, the amount of runoff generatedutin these roads is still unknown,

and additional studies are required to investigatesion dynamics and hillslope

hydrology on these roads. Overall, the increasedistharge (in the downstream

direction), among other factors, explains the highenk erosion rates at locations below

the stream crossing.

Comparision of Sediment Yield, Upstream and Downstr ~ eam from Stream Crossing Location

280

240

200

. ) 160
Sediment Yield

(kg/ml/yr) 1201

80

40

0

Upstream Downstream

Figure 3-3. A comparison of sediment yield between upstream and
downstream locations from stream crossing one at Farnum Creek.
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Sediment Competence

The results of sediment competence calculationsshosvn in Table 3-9. The
Farnum Creek reach has a slope and mean bankfuth ¢erger than what is required to
entrain the largest particle on the point bar. Timplies that this reach has excessive
stream power, and channel degradation is predtotedcur as the channel tries to adjust
its slope and depth to a level where stream equiht is restored. From the modified
Shields diagram (Figure 3-4) (Shields, 1936; Ledpet al, 1964; Rosgen, 2006), the
calculated bankfull shear stress is capable ofspariing B3; (156 mm) particle size at

the reach.

Table 3-9. A Summary of sediment competence variables at Farnum Creek.

Variable | $ |S | Dokr | Droki | Dsso | Daso | Dso | D De |1,
(%) | (%) | (m) | (m) |(mm)| (mm)| (mm) (mm)| (mm) (Ib/ft?)

Iy

Magnitude| 1.01| 0.47| 0.50| 0.24 | 11 35 20 64 156 0.024..03

Stream Channel Successional Changes

Streams undergo a series of channel adjustmentgiowe® so as to accommodate
changes or alterations in discharge, sediment cdraten, and sediment size (Rosgen,
1996). Channel adjustments at the study sites eaatthibuted to past and current land
use practices. Past land use practices in the suadgrsheds include agriculture and
grazing. Agriculture and grazing in riparian areases a potential of accelerating stream
bank erosion rates due to increased storm runtdk r&esulting from the reduction in
protective vegetative cover in the riparian are@sjrrent land use practice in the study
watersheds is military maneuvers. Military maneavare destructive to vegetation and
cause compaction of soil (Rice et al. 2006; Svemdseal. 2006). As a result of reduced
vegetative cover and increased soil compactiorpffas well as soil erosion rates on the
rangelands can increase. This runoff from the upkamas (usually rich in sediment) is

transported to the streams, posing a potentiaho$ing stream stability.
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Figure 3-4. Shields diagram showing thecritical shear stressrequired toinitiate
particleor grain movement (L eopold et al., 1964; Rosgen, 2006).

The Farnum Creek stream reach (G4c stream typee)disturbed stream type in
the Flint Hills region. This reach is probably tséioning into an F4 stream and then
eventually to a C4 stream type (Figure 3-5). Thedition sequence ends at a C4 stream
because streams of a C4 classification are comsldedatively stable (unless disturbed)
in the Flint Hills region. The transition from sara type G4c to F4 involves an increase
in channel depth followed by an increase in chamvidth. During this transition stage,
accelerated rates of bank erosion will be obseateHis study reach. The next step in the
successional sequence is the transition of the el to a C4 stream type. This

transition stage involves an additional increasechannel depth and a reduction in
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channel width. This stage also involves adjustneérdthannel slope. Beyond this stage,
the stream will have attained stability and will Able to transport its sediment and
discharge in an effective manner without any advenspacts. These stream changes
have direct implications on the low water fordskort Riley. As a result of these stream
changes, there will be a need to constantly modify designs and construction
techniques of the low water fords in order to acecmdate changes in stream dimensions

and profile.

" U ) w
C—>GW —>F ——C W

Figure 3-5. Stream channel successional changes (adapted from Rosgen, 1996).
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Seven Mile Creek Reach

Stream Classification

Morphometric variables listed in Table 3-10 weredi$or classifying the Seven
Mile Creek study reach (shown in the photographufegd-1 in Appendix B). This reach
was classified as a G6c¢ stream type. This stre@m ity considered an entrenched gully
(with a gentle channel slope) incised in a clay BRdsgen, 1996). Streams of G6¢
classification are associated with high bank erogiates. However, due to the high
density of riparian vegetation along the streamkbaat this study reach, low bank
erosion rates are expected. Streams of G6c cletsiin are very sensitive to
disturbances due to changes in watershed and dhemmditions (Rosgen, 1996). This
reach is located in valley type Il. According todgen (1996), valley type Il exhibits
moderate relief and G streams in this valley typistainder unstable conditions. Figures
B-2 through B-9 are photographs taken at this stughch. Table 3-11 shows the

variables used in the calculation of bankfull véipand discharge.
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Table 3-10. Stream classification protocol for Seven Mile Creek.

Morphometric Variable Magnitude | Units

Bankfull Width (W )

Width of the stream channel at bankfull stage elevation, in a riffle section.

3.66 m

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dbkf =A/ kaf). 0.51 m

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

1.87 m?

Wldth/Depth Ratio (W bkf /dbkf)
Bankfull width divided by bankfull mean depth, in a riffle section.

7.14 m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section. 0.61 m

Width of Flood-Prone Area (W  .4)

Twice maximum depth, or (2 X dmw) = the stage/elevation at which flood-prone area width
is determined in a riffle section. 5.76 m

Entrenchment Ratio (ER)

The ratio of flood-prone area width divided by bankfull channel width (Wipa/ W) (riffle
section). 1.57 m/m

Channel Materials (Particle Size Index ) D 5
The Ds particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations. <2 mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20—-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull 0.0038 m/m
stage.

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel 1.79 m/m
slope (VS /S).

Stream Type G6e
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Table 3-11. Bankfull discharge variables at Seven Mile Creek.

Variable Magnitude
Wi (m) 3.66
Do (m) 0.51
Wbkt (M) 4.68
Apkf (m) 1.87
R (m) 0.40
Dg4 (Mm) 60
R/Dg4 6.70
S (m/m) 0.0038
u* 0.122
u (m/s) 0.84
u/u* 7.50

n 0.040
Qbkf (m3/s) 1.56

Changesin Stream Geometry

Figure B-10 shows the repeat survey of the longiaicprofile while Figures B-11
through B-18 show changes in channel cross segeometry at the Seven Mile Creek
study reach. Tables 3-12 through 3-14 show chayemetry data collected. In
comparing the changes in cross section area (RdHEL through B-18 and Table 3-14),
it is shown that more change occurred at the @esBon transects above the stream
crossing than those below. However, the overalymitude of change was small.
Reworking of channel bed and bank material wasnmahat this site because of the
ephemeral nature of Seven Mile Creek. Thereforartagnitude of change in channel
geometry was minor. Results from the scour chaiable B-1) indicate no scour or fill
on the channel bed at cross section transects 6,aedpectively. Results from the
longitudinal profile (Figure B-10) at Seven Miledg&k corroborate findings from the

cross section survey. No change was observed imehalope at this reach.
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Table 3-12. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Seven Mile Creek.

D

Cross Cross section Change in Percent change
Study Reach section | designation Cross section | in cross section
number area (M) area
Seven Mile Creek 0 Run 0.46 <=0.50
1 Pool -0.05 <=0.50
2 Pool 0.16 <=0.50
2B Pool 0.36 <=0.50
3 Pool 0.06 <=0.50
4 Glide 0.09 <=0.50
5 Pool 0.05 <=0.50
6 Riffle 0.08 <=0.50

[Negative values indicate fill while positive vakigndicate scour]

Table 3-13. A summary of channel geometry variables at Seven Mile Creek.

Study Reach Number of | Range of Range of Number of cross section
cross section| width (m) depth (m)
transects
Fill Scour
Farnum Creek 11 6.4-10.7 1.6-2.8 6 5

Table 3-14. A comparison of changesin channel cross section area between cross

section transects above and below stream crossing at Seven Mile Creek.

Study Reach

Average change ir
Cross section area
(above ford), (f)

Riffle Pool

1 Average change in

Cross section area
(below ford), ()

Riffle Pool

Average change in
Cross section area
for whole reach ()

Riffle Pool

Seven Mile Creek

-0.22 -0.07

-0.03 0.24

-0.13 0.09

[Negative values indicate fill while positive vakiadicate scour].
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Comparison of Changes in Channel Cross Section Area for Locations Above and Below
Stream Crossing

0.5

%

o
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ORiffle-Up
@Pool-Up
D Riffle-Down
0.3 B Pool-Down

0.2

o
[

Changes in Channel Cross Section Area (m

Figure 3-6. A comparison of changesin channel cross section area for cross section
transects above and below stream crossing at Seven Mile Creek.

Changesin Bed Material Composition

Results of the active bed pebble count and reabhlpeount (Figures B-19 and
B-21 and Table 3-15) at the Seven Mile Creek readitate a shift towards finer
sediment for the particle sizegsdDs4 and D5 This suggests an influx of sediment into
this stream reach, probably sediment carried frpfand areas since there is minimal
erosion at this study reach. The active bed petil@t at the downstream end (Figure B-
20) of the reach indicates a minor shift towardasrse sediment. Results from the scour

chains (Table B-1) indicate a no significant shifparticle sizes.

Table 3-15. Changes in particle size distribution from reach pebble count at Seven
Mile Creek reach.

Particle Size (mm)
Year Dss Dso Dsa Dos D100
2006 <2 26 59 110 180
2007 <2 <2 42 62 180
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Stream Bank Surveys and Bank Erosion Prediction

The BEHI and NBS ratings developed for the Sevele Kreek study reach are shown in
Table 3-16. The method and calculations used terche the BEHI and NBS ratings
are shown in Tables B-2 through B-5. There wasffardnce in BEHI and NBS ratings
between the bank transects upstream and downstireamthe stream crossing. High
BEHI and NBS ratings indicate increased potental dtream bank erosion as well as
stream bank instability, while moderate ratingsicate low potential for stream bank
instability. Changes in bank profile at the SeveieMCreek study reach are shown in
Figures B-22 and B-23. Table 3-17 shows the prediaend actual bank erosion rates and
annual sediment yield for the Seven Mile Creek wigch. The predicted bank erosion
rates (Table 3-17 and Figure 3-7) are fairly higihvan the erosion rates measured at this
site for the same reasons presented above (segssi@e on bank erosion at Farnum
Creek).

Table 3-16. BEHI and NBSratings of bank transects at Seven Mile Creek.

BEHI Rating NBS Rating
Upstream Downstream Upstream Downstream
Moderate High Moderate (3) High (4)

Table 3-17. Predicted and measured bank erosion rates at Seven Mile Creek reach.

Predicted Annual Measured Annual Bank Measured Annual

Bank Erosion Rates | Erosion Rates Sediment Yield
(mf/yr) (mf/yr) (kg/mlyr)
0.08-0.18 0.04-0.09 100
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Prediction of Stream Bank Erosion Rates
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Figure 3-7. Relationship of BEHI and NBSratings used to predict annual stream
bank erosion rates on Seven Mile Creek. Adapted after Rosgen (1996 and 2006).

The measured bank erosion rates and annual sedyme&h(Table 3-17) at Seven
Mile Creek were quite low. Like Farnum Creek, Sewe Creek (classified as a G
stream) is an ephemeral stream that experienaenstifow less frequently. The periodic
nature of stream flow in this study reach allows@ehte time for riparian vegetation to
grow in the channel and along the stream banks.riplagian vegetation in the channel
and along stream banks provides adequate proteatjaimst erosive action of flow. The
bank material composition (mainly silt and clay) tbis stream also plays a role in
controlling bank erosion rates. The bank erosidesrgand the sediment yield) at this
ephemeral stream are therefore lower than wouldxXpected for a G6¢ stream. Figure
3-8 shows a comparison of sediment yield generfited segments of the study reach
upstream and downstream of the stream crossingsastudy reach. It is shown that the
sediment yield generated from stream segments b#levstream crossing at this study
reach is higher than that generated from streamrmeety above the stream crossing.
Erosion rates generally increase in the downstremction because discharge (or
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stream power) increases in the downstream directitke the Farnum Creek reach, a
tributary located immediately above the stream sirmsintroduces extra discharge and
sediment into the main stream at this study rehchddition, the approach roads to the
stream crossing location concentrate and chanmelffrygenerated from upland areas)
into the main stream increasing the magnitude e€tdirge introduced into the main
stream. The overall increase in stream dischamgeh@ downstream direction) among

other factors explains the higher bank erosionsrat locations below the stream

crossing.
Comparision of Sediment Yield, Upstream and Downstr ~ eam from Stream Crossing

140~

120

100

80

Sediment Yield |

(Kg/mlyr)

60

40—

20

0
Upstream Downstream

Figure 3-8. A comparison of sediment yield between upstream and
downstream locations from stream crossing at Seven Mile Creek.

Sediment Competence

The results of sediment competence calculationslaogn in Table 3-18. These
results indicate that the Seven Mile Creek reacksiadequate slope and mean bankfull
depth required to entrain the largest particlelmngoint bar. This implies that this reach

lacks adequate stream power to transport its sedirmed channel aggradation is
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predicted to occur as the stream tries to adjsdldpe and depth to a level where stream
equilibrium is restored. From the modified Shietiilsgram (Shields, 1936; Leopold et al,
1964; Rosgen, 2006), the calculated bankfull sis&a&ss is capable of transportingsD
(78) particle at the reach.

Table 3-18. A Summary of sediment competence variables at Seven Mile Creek.

Variable | $ | S | Doks | Droki | Dsso | Daso | Dso | D De |T To(Ib/ft?)

(%) | (%) | (m) | (m) | (mm)| (mm) | (mm) | (mm)| (mm)

Magnitude| 0.38| 0.47| 0.52| 0.65 - 35 <2 90 78 0.0210.40

[- implies missing data].

Stream Channel Successional Changes

Seven Mile Creek reach; currently a G6c¢ stream shgigns of instability which include
meander cutoffs and a sediment shift towards fsestiment. The Seven Mile Creek
reach is probably transitioning into an F6 stregpetthen eventually to a C6 stream type
(Figure 3-9). The C6 stream type is consideredtively stable. The transition from
stream type G6¢ to F6 involves an increase in ablaskepth followed by an increase in
channel width. During this transition stage, acadkrl rates of bank erosion will be
observed at this study reach. The next step irstizeessional sequence is the transition
of the F6 channel to a C6 stream type. This tremmsistage involves an additional
increase in channel depth and a reduction in chanitkh. This stage also involves
adjustment of channel slope. Beyond this stagestifeam will have attained stability (if
left undisturbed) and will be able to transportgediment and discharge in an effective

manner without any adverse impacts.

N w
C—F G ——FF B

Figure 3-9. Stream channel successional changes (adapted from Rosgen, 1996).
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Silver Creek Reach

Stream Classification

Morphometric variables listed in Table 3-19 wesedi for classifying the Silver
Creek study reach. Silver Creek was classified ras-4 stream type. Streams of F4
classification have gentle channel slopes and airerched channels (with high width-
depth ratio) with gravel dominated beds. The strdzanks at this study reach are
composed of silt and clay. These stream types hae# developed pool-riffle
morphology. Silver Creek, like any unstable F4 atmehas accelerated rates of stream
bank erosion and is considered a transitional strggoe in the Flint Hills region. This
reach is located in valley type VIII; consideredhtave a wide and gentle slope with a
well developed floodplain adjacent to river term¢Rosgen, 1996). Figures C-1 through
C-6 (shown in Appendix C) are photographs takethiatstudy reach. Table 3-20 shows
the variables used in the calculation of bankfelbeity and discharge.

Changesin Stream Geometry

Figure C-7 shows the repeat survey of the longtaldprofile while Figures C-8 through
C-11 show changes in channel cross section georaetitye Silver Creek study reach.
Tables 3-21 through 3-23 show channel geometry datkected. Changes in cross
section area at the Silver Creek study reach avenrshn Tables 3-21 and 3-23. These
changes in cross section area are of variable mafgni Moderate to large changes in
cross sectional area were observed at both podlsifiles at this study reach. These
changes were mainly due to fill and accelerateck @nsion at cross section transects
shown in Figures C-8 through C-11. Overall, the Ipoexperienced greater filling
compared to the riffles. Results from the scourirchdTable C-1) indicated moderate
scour (followed by fill) at the scour chain locatfo at cross section transect 2.The
longitudinal profile (Figure C-7) indicates locadk scour and fill at certain points along
the reach. Major reworking of the channel bed aadkbmaterials was observed. An
increase in channel slope from 0.0062 (in 20060.@D79 (in 2007), (27.4% increase)

was observed at the reach. This change in chanoeé $s associated with channel
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degradation in the lower locations of the reachl. these changes suggest that this reach

is striving to regain stream equilibrium.

Table 3-19. Stream classification protocol for Silver Creek reach.

Morphometric Variable Magnitude | Units

Bankfull Width (W )

Width of the stream channel at bankfull stage elevation, in a riffle section.

12.66 m

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dbkf =A/ kaf). 079 m

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

9.96 m?

WIdth/Depth Ratio (W okf /dbkf)
Bankfull width divided by bankfull mean depth, in a riffle section. 16.07 m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section. 0.92 m

Width of Flood-Prone Area (W t54)
Twice maximum depth, or (2 x dmuk) = the stage/elevation at which flood-prone area width
is determined in a riffle section. 14.95 m

Entrenchment Ratio (ER)

The ratio of flood-prone area width divided by bankfull channel width (Wipa/ Whi) (riffle
section). 1.18 m/m

Channel Materials (Particle Size Index ) D 5
The Ds, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations. 37 mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull 0.0027 m/m
stage.

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel 1.24 m/m
slope (VS /S).

Stream Type F4
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Table 3-20. Bankfull discharge variablesat Silver Creek.

Variable Magnitude
Woki (m) 12.66
Do (m) 0.79
prkf (m) 14.23
Apkf (m) 9.96
R (m) 0.70
Dg4 (Mm) 48
R/Dg4 14.60
S (m/m) 0.0027
u* 0.136
u (m/s) 1.24
u/u* 9.00

n 0.0330
Qoks (m3/s) 12.36

Table 3-21. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Silver Creek.

Cross Cross section Change in Percent
Study Reach section designation cross section| change in
number area (M) Cross section
area
Silver Creek 1 Pool -1.48 -2.6
2 Riffle 0.97 1.8
3 Riffle -1.49 -2.5
4 Pool -0.20 -0.4

[Negative values indicate fill while positive vakigndicate scour]

Table 3-22. A summary of channel geometry variablesat Silver Creek.

Study Reach Number of | Range of Range of Number of cross section
cross section| width (m) depth (m)
transects

Fill Scour

Silver Creek 4 18.9-21.4 3.2-4.3 3 1
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Table 3-23. A comparison of changesin channel cross section area between pool and

riffle cross section transects at Silver Creek.

Study Reach Average change in cross section anea
for whole reach (1)

Riffle Pool

Silver Creek -0.25 -0.84

[Negative values indicate fill while positive vakimdicate scour].

Changesin Bed Material Composition

Results of the active bed pebble count and reabhl@eount at the Silver Creek
reach are shown in Figures C-12 and C-13, respgtiVhe results shown in Table 3-24
indicate a significant shift towards coarse sedimedong this study reach. However,
results from the active bed pebble count (Figurg2Lindicated no shift in particle size
and distribution at cross section transect 2. Bhift in sediment size along the reach is
associated with an increase in particle size osdtiment in the pools. The frequent flow
events experienced between March-June 2007 wengonsible for flushing fine
sediment (from previous seasons) stored in thespaad coarse sediment from upstream
has replaced the fine sediment that was evacuated the pools, and this explains the
shift towards coarse sediment along this reachulRegom the scour chains (Table C-1)
indicate no significant change in bed material siaethe scour chain locations at cross

section transect 2.

Table 3-24. Changesin particle size distribution from reach pebble count at Silver
Creek reach.

Particle Size (mm)

Year Dss Dso Dss Dos D100
2006 12 20 39 60 128
2007 26 36 85 120 256
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Stream Bank Surveys and Bank Erosion Prediction

The BEHI and NBS ratings developed for the Silvesek study reach are shown
in Table 3-25. The method and calculations usetketermine the BEHI and NBS ratings
are shown in Tables C-2 through C-5. There was ikedadifference in both the BEHI
and NBS ratings between the bank transects aloisgréach. High BEHI and NBS
ratings indicate increased potential for streamkbarosion as well as stream bank
instability, while low and moderate ratings indealow potential for stream bank
instability. Changes in bank profiles at Silver €kestudy reach are shown in Figures C-
14 and C-15. Table-26 shows the predicted and megdiank erosion rates and annual
sediment vyield for this study reach. The predidb@sk erosion rate (Table 3-26 and
Figure 3-10) is slightly lower than the erosionerabeasured at the downstream bank
transects at this study reach. However, the predierosion rate at the upstream bank
transects was higher than that measured. This risaelxperiencing accelerated bank

erosion rates along the mid and downstream locatibthe reach.

Table 3-25. BEHI and NBSratings of bank transects at Silver Creek.

BEHI Rating NBS Rating
Upstream DownstreamUpstream Downstream
Moderate High High (4) Extremé (b

Table 3-26. Predicted and measured bank erosion rates at Silver Creek.

Predicted Annual| Measured Measured Annual
Bank Erosion Annual Bank Sediment Yield
Rates Erosion Rates
(mf/yr) (mf/yr) (kg/mlyr)
0.13-0.40 0.04-0.48 800
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Prediction of Stream Bank Erosion Rates
10.00 ‘

1.00 —&— Low BEHI

—— Moderate BEHI

—— High and Very High
BEHI

—i— Extreme BEHI

® Silver Creek Bank
Erosion Rates

Bank Erosion Rate (m/yr)

0.00

Near Bank Stress (NBS)

Figure 3-10. Relationship of BEHI and NBS ratings used to predict annual
stream bank erosion rates on Silver Creek. Adapted after Rosgen (1996 and
2006).

The high rates of bank erosion at this reach camatt@buted to increased
discharge (due to the high number of runoff evexyserienced in March-June, 2007 as
well as increase in drainage area) and the natuthi® stream type. Generally, bank
erosion rates increase with increase in drainagae, drowever, the nature of this study
reach (ceteris paribus) explains the accelerateghrat bank erosion at this reach. F4
streams are generally known for very high streamkberosion rates (Rosgen, 1996,
2006). Disturbance caused by piers of an aband@iehy bridge crossing, upstream of
this study reach serves to accelerate bank erosims at the middle and downstream
locations. Analysis of bank profiles at Silver Gtardicates that the dominant erosion

mechanisms are hydraulic action and bank slumping.

Sediment Competence
Results of the sediment competence calculationsslaogn in Table 3-27. The

Silver Creek reach has a slope and mean bankfpthdpproximately equivalent to what
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is required to entrain the largest particle onghat bar. This reach has adequate stream
power to transport its sediment. However, the $il@eeek reach (an F4 stream type) is
transitional, and is in the process of adjustirsgsiiream profile to regain meander belt
width so that it can effectively dissipate ener§yom the modified Shields diagram
(Figure 3-4), (Shields, 1936; Leopold et al, 19Bésgen, 2006), the calculated bankfull

shear stress is capable of transportigg(l?9 mm) particle size at the reach.

Table 3-27. A Summary of sediment competence variablesat Silver Creek.

Variable | $ |S | Dok | Drok|Dsso |Daso |Dso |Di [Die | T, | To(Ib/ft))

(%) | (%) | (M) | (M) | (mm) | (mm) | (mm)| (mm) | (mm)

Magnitude| 0.27| 0.23| 0.74| 0.64 | 22 24 36 75 79, 0.014 041

Stream Channel Successional Changes

The Silver Creek stream reach is a transitionalastr type in the Flint Hills region. This

study reach shows signs of channel adjustmentisaiictly to transition into a C4 stream

type. The transition sequence from stream typeoF@4 (Figure 3-11) usually involves

an increase in channel depth and a reduction imredawidth. This study reach has
attained the adequate channel depth and slopeeddor stability, however, the reach is
experiencing accelerated rates of stream bank aross the stream strives to regain
adequate meander belt width. Beyond this stagesttham will have attained stability (if

left undisturbed) and will be able to transportgediment and discharge in an effective

b o

Figure 3-11. Stream channel successional changes (adapted from Rosgen, 1996).

manner without any adverse impacts.

WA Ar\e
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Wind Creek, Upland Reach

Stream Classification

Morphometric variables listed in Table 3-28 weredi$or classifying the Wind
Creek upland study reach (photograph shown in Ei@#l in Appendix D). This reach
was classified as a C4 stream. This stream type stightly entrenched meandering
stream with well developed pool-riffle morpholog¥he channel bed material is
predominately gravel and cobble, and stream bam&scamposed of silt and clay.
Streams of C4 classification are sensitive to distoces caused by changes in watershed
conditions. This stream type is susceptible to lacated bank erosion (Rosgen, 1996).
However, due to the high density of riparian vetijeteon stream banks at this reach, low
bank erosion rates are expected. This reach iseldaa valley type VIII, considered to
have a wide and gentle slope with a well develdjpmatiplain adjacent to river terraces
(Rosgen, 1996). Figures D-1 through D-16 are phafuus taken at this study reach.
Table 3-29 shows the variables used in the caloulatf bankfull velocity and discharge

at this study reach.
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Table 3-28. Stream classification protocol for Wind Creek upland reach.

Morphometric Variable

Magnitude

Units

Bankfull Width (W )

Width of the stream channel at bankfull stage elevation, in a riffle section.

12.93

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dbkf =A/ kaf).

0.50

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

6.50

Wldth/Depth Ratio (W bkf /dbkf)

Bankfull width divided by bankfull mean depth, in a riffle section.

25.68

m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section.

1.16

Width of Flood-Prone Area (W t54)
Twice maximum depth, or (2 x dmuk) = the stage/elevation at which flood-prone area width
is determined in a riffle section.

30.50

Entrenchment Ratio (ER)
The ratio of flood-prone area width divided by bankfull channel width (Wipa/ Whi) (riffle
section).

2.36

m/m

Channel Materials (Particle Size Index ) D 5
The Ds particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations.

50

mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20—-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull
stage.

0.0043

m/m

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel
slope (VS /S).

1.36

m/m

Stream Type

C4
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Table 3-29. Bankfull discharge variablesat Wind Creek, upland

reach.
Variable Magnitude
Woki (m) 12.93
Do (m) 0.50
prkf (m) 13.94
Apk (m) 6.50
R (m) 0.47
Dg4 (Mm) 72
R/Dg4 9.00
S (m/m) 0.0043
u* 0.140
u (m/s) 1.10
u/u* 7.80
n 0.037
Quit (M) 6.90

Changesin Stream Geometry

Figure D-17 shows the repeat survey of the longitidorofile while Figures D-
18 through D-21 show changes in channel crossosegieometry at this study reach.
Tables 3-30 through 3-32 show channel geometry dallacted. Figure 3-12 shows a
comparison of changes in channel cross sectionfaresoss section transects above and
below the stream crossing. The changes at these sextion transects indicate fill or/and
scour. The cross section transects below the storassing showed a greater change in
channel cross section area than those above. Qubese changes in cross sectional area
(pool and riffle cross section transects combinedye minor. Results of the repeat
longitudinal profile survey corroborate findingsorn the cross sectional survey.
Moderate changes in bed elevation were observedhén pools while the riffles
experienced minor change. The moderate changde gidols can be attributed to the
frequent flow events (experienced between MarcteJu2007) which flushed out
sediment (from previous seasons) previously residerihe pools to the downstream

locations. Results from the scour chains (Table) adicated significant scour at cross
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section transect 1, and no scour or fill at crasgien transect 4. No appreciable change

in channel slope was observed at this study reach.

Table 3-30. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Wind Creek upland reach.

Cross Cross section Change in Percent
Study Reach section | designation cross section| change in
number area (M) cross section
area
Wind Creek (Upland 1 Riffle 0.23 0.55
2 Pool -0.12 -0.31
3 Pool 0.50 1.8
4 Riffle -0.08 -0.2

[Negative values indicate fill while positive vakiadicate scour].

Table 3-31. A summary of channel geometry variables at Wind Creek upland reach.

Study Reach Number of | Range of Range of Number of cross sections
cross section| width (m) depth (m)
transects
Fill Scour
Wind Creek 4 12.2-13.5 1.2-3.0 2 2
upland

Table 3-32. A comparison of changesin channel cross section area between cross

section transects above and below stream crossing at Wind Creek upland reach.

Study Reach

Average change ir
Cross section area
(above ford), ()

Riffle Pool

1 Average change in
Cross section area
(below ford), ()

Riffle Pool

Average change in
Cross section area
for whole reach ()

Riffle Pool

Wind Creek upland

0.23 -0.12

-0.08 0.50

0.08 0.19

[Negative values indicate fill while positive vakiadicate scour].
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Comparison of Changes in Channel Cross Section Area for Locations Above and Below
Stream Crossing

0.6

0.5

0.4

2

ORiffle-Up
0.3 B Pool-Up
O Riffle-Down
B Pool-Down

0.2

0.1

Channel Cross Section Area (m

0.0

-0.1

-0.2

Figure 3-12. A comparison of changesin channel cross section area for cross section
transects above and below stream crossing at Wind Creek, upland reach.

Changesin Bed Material Composition

Results from the active and reach pebble courttseadtVind Creek upland reach
are shown in Figures D-22 through D-24 and TabB33The results from the pebble
count (Table 3-3) indicate a shift towards morerseaediment. This shift in sediment
size is due to the replacement of finer sedimem@vijpusly stored in pools) with coarse
sediment transported from upstream locations. Refom the active bed count at cross
section transects 1 and 4 (Figures D-22 and D-88)iadicates a shift towards coarser
sediment at the riffles. Results from the scouirtkarvey (Table D-1) indicated a shift
towards smaller size bed material at the scoundclegation at cross section transect 1.
However, results from the scour chain locationrass section transect 4 indicated no

significant change in bed material size.
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Table 3-33. Changesin particle size distribution from reach pebble count at Wind
Creek, upland reach.

Particle Size (mm)

Year Dss Dso Ds4 Dos D100
2006 11 28 90 120 180
2007 31 50 100 180 362

Stream Bank Surveys and Bank Erosion Prediction

The BEHI and NBS ratings developed for the WindeRrapland study reach are
shown in Table 3-34. The method and calculatiorsi us determine the BEHI and NBS
ratings are shown in Tables D-2 through D-5. Theas no difference in BEHI ratings
between the bank transects above and below thanstogossing at this study reach,
however the NBS ratings were different. High, vargh and extreme BEHI and NBS
ratings indicate increased potential for streamkbarosion as well as stream bank
instability. The changes in bank profiles at thisdy reach are shown in Figures D-25
and D-26. Table 3-35 shows the predicted and medduank erosion rates and annual
sediment yield. The predicted bank erosion ratebl@ 3-35 and Figure 3-13) are quite
high compared to the erosion rates measured atstbdy reach for the same reasons

explained above.

Table 3-34. BEHI and NBSratings of bank transects at Wind Creek, upland reach.

BEHI Rating NBS Rating
Upstream DownstreamUpstream Downstream
High High Very High (5) Extreme (6)
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Table 3-35. Predicted and actual bank erosion ratesat Wind Creek, upland reach.

Predicted Annual | Actual Actual Annual
Bank Erosion Rates Annual Bank Sediment Yield
(m/yr) Erosion Rates
(m/yr) (kg/mlyr)
0.27-0.40 0.08-0.17 370

Prediction of Stream Bank Erosion Rates
10.00

—&—Low BEHI
—&— Moderate BEHI

High and Very High
BEHI

—— Extreme BEHI

Bank Erosion Rate (m/yr)

® Wind Creek (Upland)
Bank Erosion Rates

1
0.00 ‘ | | | 4
0 1 2 3 4 5 6

Near Bank Stress (NBS)

Figure 3-13. Relationship of BEHI and NBS ratings used to predict annual
stream bank erosion rates on Wind Creek, Upland reach. Adapted after
Rosgen (1996 and 2006).

The measured bank erosion rates and annual sedymeéh{Table 3-35) at Wind
Creek upland reach were moderately high due thle fieguency and duration of flow
events experienced in March-June, 2007. Figure 8kbtvs a comparison of sediment
yield generated from segments of the stream upstieead downstream of a low water

ford, for each study reach. It is shown that th@ireent yield generated from locations
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above the stream crossing at this study reach veas than that generated from locations
below the stream crossing. The stream crossing #&apdoach roads leading up to it) at
this reach is closed to traffic, and therefore nigna vegetation has been allowed to grow
back, slowing down discharge from upstream and ffunansported from upland areas.
The dense vegetation (on the banks at the regimnsediately above and below the
stream crossing) provides protection against strbanmk erosion. Therefore the bank

erosion rate below the stream crossing was lowaar that above the stream crossing.

Comparision of Sediment Yield, Upstream and Downstr ~ eam from Stream Crossing

450
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Sediment Yield (kg/m/yr)
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100

50—

Upstream Downstream

Figure 3-14. A comparison of sediment yield between upstream and
downstream locations from stream crossing at Wind Creek upland
reach.

Sediment Competence

The results of the sediment competence calculatawasshown in Table 3-36.
These results suggest that the Wind Creek uplaachriacks adequate slope and mean
bankfull depth required to entrain the largestipkrton the point bar. This implies that

the reach lacks adequate stream power to trangpa@®diment and channel aggradation
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is predicted to occur as the stream tries to adjasslope and depth to a level where
stream equilibrium is restored. However, theseltegio not corroborate with findings

from cross section, longitudinal profile surveyhisidiscrepancy can be attributed to the
difficulty in collecting a representative bar casample from this reach. Therefore, the
bar core samples collected may not represent tthéolae gradation of particles mobile at
bankfull stage. In order to address this conceed, lbad sampling during bankfull events
(and other high flow events) is recommended. Thd lwad sampling will enable

determination of the bed load gradation mobile mra bankfull event. Data collected
from the bed load sampling exercise can then be tesgerify the sediment competence

of this study reach.

Table 3-36. A Summary of sediment competence variables at Wind Creek upland
study reach.

Variable | $ |S | Dok | Drok|Dsso |Daso |Dso |Di [Die | T, | To(Ib/ft))

(%) | (%) | (m) | (m) | (mm)| (mm) | (mm) (mm)| (mm)

Magnitude| 0.43| 0.55| 0.50| 0.64 | 20 40 50 87 84, 0.019 0.44

Stream Channel Successional Changes

The Wind Creek upland reach (C4 stream type) issidened relatively stable;
however, this reach has a high supply of sedimemh fupland areas which is likely to
cause channel instability. Results from the streamey do not indicate any major signs
of channel adjustment, and therefore this reach bmyconsidered relatively stable.
Continued monitoring of this study reach will prdgiadditional information required to

verify the above the predictions.
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Wind Creek, Midland Reach

Stream Classification
Morphometric variables listed in Table 3-37 weredi$or classifying the Wind

Creek midland study reach (photograph shown inreidgt+1 in Appendix E). The Wind
Creek midland reach, was classified as a B4c sttgpm Streams of B4c classification
are considered moderately entrenched with gentaral slopes. Channel bed material is
predominately gravel, and stream banks are compafsalt and clay. This stream type is
generally considered relatively stable with a lowp@y of sediment (Rosgen, 1996).
However, this study reach has a high supply ofrsedt from upland areas. The high
supply of sediment at this reach poses the potenttieausing instability. This reach is
located in valley type VIII, considered to have @&evand gentle slope with well
developed floodplain adjacent to river terracess@em, 1996). Figures E-1 through E-22
are photographs taken at this study reach. Tald8 8hows the variables used in the

calculation of bankfull velocity and discharge.

Changesin Stream Geometry
Figure E-17 shows the repeat survey of the longialdorofile while Figures E-

21 through E-32 show changes in channel crossosegeometry at this study reach.
Tables 3-39 through 3-41 show channel geometry dallacted. Figure 3-15 shows a
comparison of changes in channel cross sectionfaresoss section transects above and
below the stream crossing. The changes at these sextion transects indicate fill or/and
scour. The cross section transects above the stceassing showed a slightly greater
change in channel cross section area than thosevb€lverall, these changes in cross
sectional area (pool and riffle cross section teatss combined) were minor. Results of
the repeat longitudinal profile survey corroborditedings from the cross sectional
survey. Moderate changes in bed elevation wererabdean the pools while the riffles
experienced minor changes, except for the rifflngect 12 where moderate fill was
observed. The moderate changes at the pools cattribeited to the frequent flow events
(experienced between March-June, 2007) which fldisbket sediment (from previous

seasons) previously resident in the pools to thendtream locations. The results from
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the scour chains survey (Table E-1) indicated matdefill at cross section transect 12.

No appreciable change in channel slope was obseivibis study reach.

Table 3-37. Stream classification protocol for Wind Creek midland reach.

Morphometric Variable Magnitude | Units

Bankfull Width (W )

Width of the stream channel at bankfull stage elevation, in a riffle section.

8.78 m

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dbkf =A/ kaf). 085 m

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

7.44 m?

WIdth/Depth Ratio (W okf /dbkf)
Bankfull width divided by bankfull mean depth, in a riffle section. 10.37 m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section. 1.22 m

Width of Flood-Prone Area (W t54)
Twice maximum depth, or (2 x dmuk) = the stage/elevation at which flood-prone area width
is determined in a riffle section. 12.93 m

Entrenchment Ratio (ER)

The ratio of flood-prone area width divided by bankfull channel width (Wipa/ Whi) (riffle
section). 1.47 m/m

Channel Materials (Particle Size Index ) D 5
The Ds, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations. 48 mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull 0.0023 m/m
stage.

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel 2.24 m/m
slope (VS /S).

Stream Type B4c
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Table 3-38. Bankfull discharge variables at Wind Creek, midland

reach.
Variable Magnitude
Woki (m) 8.78
Do (m) 0.85
prkf (m) 10.48
Apk (m) 7.44
R (m) 0.71
Dg4 (Mmm) 80
R/Dg4 8.90
S (m/m) 0.0023
u* 0.126
u (m/s) 1.00
u/u* 7.70
n 0.0375
Qbkf (m3/s) 7.50

Table 3-39. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Wind Creek midland reach.

Cross Cross section Change in Percent
Study Reach section designation cross section| change in
number area (M) cross section
area
Wind Creek 1 Riffle -0.06 -0.3
(Midland) 2 Pool 1.12 3.7
3 Run 0.10 0.3
4 Riffle 0.34 1.2
5 Run 0.38 -1.4
6 Pool -0.36 -1.6
7 Riffle -0.56 -2.5
8 Pool -0.50 -1.5
9 Riffle -0.21 -0.7
10 Run -0.18 -0.5
11 Pool 0.55 15
12 Riffle -0.66 -1.8

[Negative values indicate fill while positive vatugndicate scour].
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Table 3-40. A summary of channel geometry variables at Wind Creek midland
reach.

Study Reach Number of | Range of Range of Number of cross section
cross section| width (m) depth (m)
transects

Fill Scour

Wind Creek 12 12.2-14.7 1.4-34 7 5
(Midland)

Table 3-41. A comparison of changes in channel cross section area between cross

section transects above and below stream crossing at Wind Creek midland reach.

Study Reach Average change in Average change in | Average change in
Cross section area | cross section area | cross section area
(above ford), (M) | (below ford), (M) | for whole reach ()

Riffle Pool Riffle Pool Riffle Pool

Wind Creek
(Midland) 0.19 0.38 -0.40 0.03 -0.11 0.20

[Negative values indicate fill while positive vatumdicate scour].

Comparision of Changes in Channel Cross Section Area fo r Locations Above and Below
Stream Crossing
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0.3

ORiffle-Up
BPool-Up
ORiffle-Down
01 OPool-Down

0.2

-0.1

-0.2

Changes in Channel Cross Section Area (m 2

-0.3

-0.4

Figure 3-15. A comparison of changesin channel cross section area for cross section
transects above and below stream crossing at Wind Creek, midland reach.
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Changesin Bed Material Composition

Results from the active and reach pebble counttseatVind Creek midland reach
are shown in Figures E-33 through E-35. Resulthefreach pebble count (Figure E-35
and Table 3-42 indicate no significant shift in iseeht size except for thegand Dys
sizes that showed a shift towards coarser sedirién. shift in sediment size is due to
the replacement of finer sediment (previously storme pools) with coarse sediment
transported from the upstream locations. Resutismfthe active bed count at cross
section transect 1 and 12 (Figures E-33 and E-&4)iadicate a shift towards coarser
sediment at the riffles. Results from the scouirchélable E-1) at cross section transect

12 corroborate the findings from the active bedgbeloount.

Table 3-42. Changes in particle size distribution from reach pebble count at Wind
Creek, midland reach.

Particle Size (mm)

Year Dss Dso Ds4 Dos D100
2006 32 50 84 128 256
2007 34 48 140 180 256

Stream Bank Surveys and Bank Erosion Prediction

The BEHI and NBS ratings developed for the WindeRrapland study reach are
shown in Table 3-43. The method and calculatiorsi us determine the BEHI and NBS
ratings are shown in Tables E-2 through E-5. Theae no difference in BEHI and NBS
ratings between the bank transects above and bilevstream crossing at this study
reach. High and extreme BEHI and NBS ratings indi¢acreased potential for stream
bank erosion as well as stream bank instabilitysuRe of the repeat surveys of the bank
transects at this study reach are shown in Figdr86 and E-37. Table 3-44 shows the
predicted and measured bank erosion rates and lssediment yield. The predicted bank
erosion rates are fairly high compared to the erosates measured at this study reach
for the same reasons explained above (see disauesidoank erosion at the Farnum

Creek reach).
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Table 3-43. BEHI and NBSratings of bank transects at Wind Creek, midland reach.

BEHI Rating NBS Rating
Study Reach
Upstream DownstreamUpstream Downstrean
Wind Creek, Midland High High Extreme (6) xtEeme (6)

Table 3-44. Predicted and measured bank erosion rates at Wind Creek, midland

reach.
Predicted Measured Measured Annual
Study Reach Annual Bank | Annual Bank Sediment Yield
Erosion Rates | Erosion Rates
(m/yr) (mf/yr) (kg/mlyr)
Wind Creek, Midland 0.40 0.10-0.21 430

The measured bank erosion rates and annual sedyiedaht(Table 3-44) at this
reach were moderately high due to the high frequesmed duration of flow events
experienced in March-June, 2007. Figure 3-17 shewasmparison of sediment yield for
locations upstream and downstream of a low watet, for each study reach. It is shown
that the sediment yield generated from locatiorevalihe stream crossing at this study
reach was higher than that generated from locati@®v the stream crossing. The low
bank erosion rates at locations immediately belog drossing can be attributed to the
excellent location of the stream crossing and thedgcondition of the approach roads
(leading to the stream crossing).The stream crgsainthis reach is well located on a
riffle and the approach roads are well vegetatdte &xcellent location of the stream
crossing at this reach explains the stability ef blanks immediately above and below the
stream crossing. The vegetation on the approadiisrearves to reduce the velocity of

runoff and filter sediment transported from uplamdas.
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Prediction of Stream Bank Erosion Rates
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Figure 3-16. Relationship of BEHI and NBS ratings used to predict annual stream
bank erosion rates at Wind Creek, midland reach. Adapted after Rosgen (1996 and
2006).

However, it is important to note that erosion reséimated from the bank transect
below the stream crossing at this reach could klewuestimated due to the different
erosion processes acting at this location. Thesupggion of the bank transect at the
downstream location deposited material onto thestorggion of this bank transect (due
to the concave nature of the bank), reducing theahtength or area of eroded material.
Therefore, the average erosion rate at this sitenmoareflect the true lateral migration of
the stream channel at this location. It would bipfaéto establish multiple bank erosion

sites to get a representative rate of bank ercadmmy the study reach.
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Comparison of Sediment Yield,Upstream and Downstrea  m from Stream Crossing
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Figure 3-17. A comparison of sediment yield between upstream and
downstream locations from stream crossing at Wind Creek, midland reach.

Sediment Competence

Results of the sediment competence calculationstayen in Table 3-45. Results
suggest that the Wind Creek midland reach lackgwate slope and mean bankfull depth
required to entrain the largest particle on thenpbar. This implies that the reach lacks
adequate stream power to transport its sedimenthadnel aggradation is predicted to
occur as the stream tries to adjust its slope apthdto a stage where stream equilibrium
is restored. However, these results do not coraibowith findings from cross section
and longitudinal profile surveys for the same reasgplained above (see discussion on
sediment competence at Wind Creek, upland reacbin fhe modified Shields diagram
(Figure 3-4) (Shields, 1936; Leopold et al, 1964s&en, 2006), the calculated bankfull
shear stress is capable of transportigg(ID7 mm) particle size at this reach.

75



Table 3-45. A Summary of sediment competence variablesat Wind Creek midland

study reach.

Variable | $ |S | Doki | Droki | Dsso | Daso | Dso | Dy Die T, To(Ib/ft?)
(%) | (%) | (M) [ (m) | (mm)| (mm) | (mm)|(mm) (mm)

Magnitude| 0.23| 0.40| 0.85| 1.48 14 51 48 80 77, 0.026 0.40

Stream Channel Successional Changes

The Wind Creek midland reach (B4c stream typepissered relatively stable;

however, this reach has a high supply of sedimemh fupland areas which is likely to

cause channel instability. Results from the streasurvey do not indicate any major

signs of channel adjustment, and therefore thishreaay be considered relatively stable.

However, continued monitoring of this study reacii mrovide additional information

required to verify the above the predictions
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Wind Creek, Lowland Reach

Stream Classification

Morphometric variables listed in Table 3-46 weredifor classifying the Wind
Creek, lowland study reach (photograph shown imféid--1 in Appendix F).Wind Creek
lowland reach was classified as an F4 stream typeams of F4 classification have
gentle channel slopes and are entrenched chamishigh width-depth ratio) with
gravel dominated beds. A stream of F4 classificalias well developed pool-riffle
morphology. This stream reach, like any unstablstfgam has accelerated rates of
stream bank erosion at locations below the straassing. Locations above the stream
crossing experienced moderate bank erosion raesodihe good stability of the stream
banks in these locations. The dense vegetatiohesetbanks plays a role in reducing the
amount of bank erosion at these locations. Thishréalocated in valley type VIII,
considered to have a wide and gentle slope with desieloped floodplain adjacent to
river terraces (Rosgen, 1996). Figures F-1 thrded® are photographs taken at this
study reach. Table 3-47 shows the variables us#tkinalculation of bankfull velocity

and discharge at this reach.
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Table 3-46. Stream classification protocol for Wind Creek lowland reach.

Morphometric Variable

Magnitude

Units

Bankfull Width (W )

Width of the stream channel at bankfull stage elevation, in a riffle section.

10.07

Bankfull Depth(d )
Mean depth of the stream channel cross-section, at bankfull stage elevation, in a riffle
section (dbkf =A/ kaf).

0.80

Bankfull Cross Section Area (A k)
Area of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

8.09

Wldth/Depth Ratio (W bkf /dbkf)

Bankfull width divided by bankfull mean depth, in a riffle section.

12.52

m/m

Maximum Depth(d k)
Maximum depth of the bankfull channel cross-section, or distance between the bankfull
stage and Thalweg elevations, in a riffle section.

1.22

Width of Flood-Prone Area (W t54)
Twice maximum depth, or (2 x dmuk) = the stage/elevation at which flood-prone area width
is determined in a riffle section.

13.73

Entrenchment Ratio (ER)
The ratio of flood-prone area width divided by bankfull channel width (Wipa/ Whi) (riffle
section).

1.36

m/m

Channel Materials (Particle Size Index ) D 5
The Ds particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg elevations.

52

mm

Water Surface Slope (S)

Channel slope = "rise over run" for a reach approximately 20—-30 bankfull channel widths
in length, with the "riffle-to-riffle" water surface slope representing the gradient at bankfull
stage.

0.0032

m/m

Channel Sinuosity (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length divided
by valley length (SL / VL); or estimated from a ratio of valley slope divided by channel
slope (VS /S).

1.89

m/m

Stream Type

F4
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Table 3-47. Bankfull discharge variablesat Wind Creek, lowland

reach.
Variable Magnitude
Woki (m) 10.07
Do (m) 0.80
prkf (m) 11.67
Apk (m) 8.09
R (m) 0.69
Dg4 (Mmm) 89
R/Dg4 7.80
S (m/m) 0.0032
u* 0.148
u (m/s) 1.20
u/u* 7.40
n 0.0380
Qbkf (m3/s) 9.40

Changesin Stream Geometry

Figure F-20 shows the repeat survey of the longtlgrofile while Figures F-21
through F-31 show changes in channel cross seggometry at this study reach. Tables
3-48 through 3-50 show channel geometry data delecFigure 3-15 shows a
comparison of changes in channel cross sectionfaresoss section transects above and
below the stream crossing. The changes at these sextion transects indicate fill or/and
scour. The changes in cross section area at the ®iaek lowland reach ranged from
moderate to large. As shown in Figure 3-18, thesxection transects above the stream
crossing indicated moderate change while the trssbelow the stream crossing
indicated fairly large change. Cross section trange(Figure F-27), immediately below
the stream crossing, indicated a 5.1% change isscsectional area due to bank erosion
(average of 0.39 m/yr) on the left bank. Furthewdstream, cross section transect 8
(Figure F-28) indicated 18.6% increase in chanredssection area. These changes were
associated with scour at the stream bed and barskoeron the left bank. Cross section
transect 9 (Figure F-29) indicated moderate scouth@ thalweg (0.61m increase in
thalweg depth) and deposition on the left bank s€section transects 10 and 11 (Figures
F-30 and F-31 respectively) indicated moderateafildl slight scour respectively. Results

from the scour chains (Table F-1) at cross sedtiansect 1, 9 and 11 corroborate the
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findings from the cross section survey. The maj@nges in cross section area observed
at cross section locations immediately below theash crossing suggest that the stream
crossing could be causing some of this change. sifteam crossing at this reach is
located in a meander bend, between cross sectioreets 6 and 7. The stream crossing
at this location changes the alignment of streamw ftluring high flow events. This
change in flow alignment directs flow onto the bankmediately below the stream
crossing, causing accelerated bank erosion atitosabelow the stream crossing. The
results from the longitudinal profile survey corooéte findings from the cross section
survey. Moderate changes in stream bed elevation wleserved at locations above the
stream crossing, while locations below the streamssing indicated significant change.

No appreciable change in channel slope was obsatvdis reach.

Table 3-48. Changesin cross sectional area between the original survey (2006) and
theresurvey in 2007 at Wind Creek, lowland reach.

Cross Cross section Change in Percent change
Study Reach section | designation Cross section | in cross section
number area (M) area (%)
Wind Creek (Lowland) 1 Riffle 0.62 1.7
2 Pool 0.05 0.2
3 Riffle 0.28 0.9
4 Pool 1.27 3.1
5 Riffle 0.73 2.5
6 Run 1.66 55
7 Riffle 2.25 5.1
8 Pool 5.28 18.6
9 Run 0.14 0.5
10 Pool -0.96 -2.7
11 Riffle 0.78 1.6

[Negative values indicate fill while positive vakimdicate scour].
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Table 3-49. A summary of channel geometry variablesat Wind Creek, lowland

reach.
Study Reach Number of | Range of Range of Number of cross section
cross section| width (m) depth (m)
transects
Fill Scour
Wind Creek, 11 12.8-16.8 2.9-44 1 10
lowland

Table 3-50. A comparison of changesin channel cross section area between cross

section transects above and below stream crossing at Wind Creek, lowland reach.

Study Reach Average change in Average change in | Average change in
Cross section area | cross section area | cross section area
(above ford), (M) | (below ford), (M) | for whole reach ()
Riffle Pool Riffle Pool Riffle Pool

Wind Creek,

lowland 0.82 0.66 1.06 2.16 0.94 1.41

25
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Figure 3-18. A comparison of changesin channel cross section area for cross section
transects above and below stream crossing at Wind Creek, lowland reach.
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Changesin Bed Material Composition

Results from the active and reach pebble countseatVind Creek lowland reach
are shown in Figures F-32 through F-34. Resulthefreach pebble count (Table 3-51)
indicated a significant shift towards more coaméiment. This shift in sediment size is
due to the replacement of finer sediment (previpustbred in pools) with coarse
sediment transported from the upstream locatiorsuRs from the active bed count at
cross section transects 1 and 11 (Figures 32 aB8) Rlso indicated a shift towards

coarser sediment at the riffles.

Table 3-51. Changes in particle size distribution from reach pebble count at Wind
Creek, lowland reach.

Particle Size (mm)

Year Dss Dso Ds4 Dos D100
2006 2 22.6 82 140 180
2007 28 54 150 220 512

Stream Bank Surveys and Bank Erosion Prediction

The BEHI and NBS ratings developed for the WindeBréowland study reach
are shown in Table 3-52. The method and calculatissed to determine the BEHI and
NBS ratings are shown in Tables F-2 through F-Ser&hwas a difference in BEHI
ratings between the bank transects above and bilevstream crossing at this study
reach. The NBS rating was the same for bank trasisgastream and downstream from
the stream crossing. High and extreme BEHI and NBthgs indicate increased
potential for stream bank erosion as well as strbank instability. Results of the repeat
surveys of the bank transects at this study reaehslaown in Figures F-35 and F-36.
Table 3-53 shows the predicted and measured baskoerrates and annual sediment
yield. The predicted bank erosion rate lies witthe range of the bank erosion rates
measured at this study reach.
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Table 3-52. BEHI and NBSratings of bank transectsat Wind Creek, L owland
reach.

BEHI Rating NBS Rating
Study Reach
Upstream Downstream Upstream Downstream
Wind Creek, Lowland High Very High Extreme (6) Extreme (6)

Table 3-53. Predicted and measur ed bank erosion rates at Wind Creek, Lowland
reach.

Predicted Annual Actual Actual Annual
Study Reach Bank Erosion Rates | Annual Bank Sediment Yield
Erosion Rates
(m/yr) (m/yr) (kg/m/yr)
Wind Creek, lowland 0.40 0.23-0.65 0.88

Prediction of Stream Bank Erosion Rates
10.00 ‘

1.00 1 / —e— Low BEHI
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High and Very High
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—— Extreme BEHI
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Bank Erosion Rates

Bank Erosion Rate (m/yr)

0.01 A
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0 1 2 3 4 5 6
Near Bank Stress (NBS)

Figure 3-19. Relationship of BEHI and NBSratingsused to predict annual stream
bank erosion rates on Wind Creek, lowland reach. Adapted after Rosgen (1996 and
2006.
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The measured bank erosion rates and annual sedyieshiTable 3-53) at Wind Creek
lowland reach were quite high due to the increageshm discharge (due to increase in
drainage area), high frequency and magnitude of 8wvents experienced in March-June,
2007. The stream crossing also contributes to rtbeease in bank erosion rates in the
downstream locations of this study reach. Baseduooff estimates (Figure 3-20) from
March-June 2007 precipitation data, it is shown th& stream reach experienced at least
two bankfull events (with 1.4 year return intervald two events higher than bankfull
stage ( with 4 year return interval). Figure 3-2bws a relationship between the peak
flow rates and their corresponding percent non edaece for the Wind Creek lowland
reach. In comparing precipitation patterns (Figu€X2 and 3-23) over the previous five
years, it is indicated that the 2007 rainfall seakad significantly higher precipitation
totals due to the high frequency and magnitude retipitation events experienced.
Given the high frequency and duration of the priéaiipn events experienced during the

2007 rainfall season, erosion rates of a high ntagaiwere observed.

Peak Runoff Rate on Wind Creek- Spring 2007

1004 100.14 101.40

O Peak Flow Rate

70 (m3/s)

Peak Runoff Eg:
Rate(m®s) 22

Figure 3-20. Peak runoff rates experienced during March-June, 2007 at
Wind Creek lowland water shed.
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Discharge (m3/s)

Frequency of Peak Discharge Rates on Wind Creek Lowland Reach
Lognormal - 95% CI
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Figure 3-21. Frequency of peak stream flow rates at Wind Creek L owland reach.
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Figure 3-22. Precipitation totals (January-June) for Milford L ake and
Manhattan Airport. Source: Knapp (2007).
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Annual Precipitation Totals-2000-2007
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Figure 3-23. Annual precipitation totals for Milford Lake and Manhattan Airport.
[Precipitation totals for 2007 are semi-annual totals (January- June)]. Source:
Knapp (2007).

Figure 3-24 show a comparison of sediment yielthfatream segments upstream
and downstream of a low water ford at this studhche It is shown that the sediment
yield generated from locations below the streamssirg at this study reach was
approximately three times greater than the sedigeitt generated from the stream
segments above the stream crossing. As mentiombpsly, the stream crossing at this
study reach could potentially be causing the haghs of bank erosion at locations below
the stream crossing. However, erosion rates gdpenatrease in the downstream
direction because discharge (or stream power) ase® in the downstream direction.
This trend (downstream increase in erosion ratas)ahtendency to mask the impact of
any other factors contributing to the increase amkberosion rates in the downstream
direction. A poorly constructed low water ford fekample, can alter the direction of
stream flow in such a manner that stream banks ohately below the crossing are
subjected to increased shear stresses. Increasad ghesses on the banks cause a lot of
bank erosion. Because of the downstream increasesion rates, it is therefore difficult
to apportion the magnitude of bank erosion (aldmgdownstream location of a reach)

caused by poorly located constructed stream crgsslhis also worth noting that stream

86



crossings concentrate runoff from upland areaseasing the amount of runoff and
sediment discharged into streams. Increased ramoffsediment entering streams poses a
potential of causing stream instability. Increasediment in streams has adverse impacts

on aquatic life as well as water quality.

Comparision of Sediment Yield Generated from Upstre ~ am and Downstream from Stream
Crossing
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Figure 3-24. A comparison of sediment yield between upstream and
downstream locations from stream crossing at Wind Creek, lowland reach.

It is also interesting to note that the Wind Crémkland reach generated a higher
sediment yield compared to Silver Creek which soan F4 stream type draining a large
area. The different land use types on these twersla¢ds, partly explain the difference
in bank erosion rates at the two sites. Silver Klegs no stream crossings and drains an
agricultural watershed (with best management pres}i while Wind Creek lowland
reach drains areas heavily disturbed by militagining exercises and has stream
crossings. Military training exercises disturb saihd vegetation, making the land

susceptible to high rates of runoff and as wellsas erosion. Increased runoff from
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military training areas and stream crossings hasmoact on the Wind Creek lowland

reach, possibly causing the increased stream itistab

Sediment Competence

The results of sediment competence calculatiotizeatVind Creek lowland reach
are shown in Table 3-54. These results suggesthisateach lacks adequate slope and
mean bankfull depth required to entrain the largesticle on the downstream a third of
the point bar at a location between the thalweg lzartkfull. This implies that the reach
lacks adequate stream power to transport its sedirmad channel aggradation is
predicted to occur as the stream tries to adjasidpe and depth to a stage where stream
equilibrium is restored. However, these resultsndd corroborate with findings from
cross section, longitudinal profile surveys forseas explained above (see discussion on
sediment competence at the Wind Creek, upland ye&tbm the modified Shields
diagram (Figure 3-4) (Shields, 1936; Leopold etl@64; Rosgen, 2006), the calculated

bankfull shear stress is capable of transporting(@ mm) particle size at this reach.

Table 3-54. A Summary of sediment competence variables at Wind Creek lowland
study reach.

Variable | $ | S | Doks | Droki | Dsso | Daso | Dso | Dy De |T To(Ib/ft?)

(%) | (%) | (M) | (M) | (mm) | (mm) | (mm)| (mm) | (mm)

Magnitude| 0.32| 0.41| 0.80|1.03 | 29 | 48 52 100 95 0.020.53

Stream Channel Successional Changes

The Wind Creek lowland reach classified as an dast type shows signs of
channel adjustment in the lower locations of thuelgtreach. This reach is probably at the
end of the F4 to C4 transition sequence (Figure)3-Blowever, increased supply of
sediment from the stream banks and upland arelkely to cause increased stream
instability. The stream crossing at this reachnsther concern from a stream stability
standpoint. Continued monitoring of this study teadll provide additional information

required to verify the above the predictions
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Figure 3-25. Stream channel successional changes (adapted from Rosgen, 1996).
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General Discussion: Roads and Stream Crossings

Characteristics of approach roads at each studyste measured and recorded
as shown in Table 3-55. Approach roads to streayssorg locations are critical areas
that often act as conduits for sediment laden rfugeherated from upland areas and
deposited into streams at stream crossing locatibhs sediment is a water quality
concern and again poses the potential of disrupsingam equilibrium. A stream in
equilibrium shows a balance between its sedimesthdirge (Qs), sediment particle size
(Dsg), stream flow (Qw) and stream slope (S), (Lané&519Rosgen, 1996). Lane (1955)
showed this relationship (Figure 3-26) qualitativas [Qs x By U [Qw x S]. A change
in one or more of these stream variables triggethange in stream equilibrium. Extra
sediment introduced into the stream through thecgmbh roads is likely to disrupt the
equilibrium of the stream in the long run. As a sequence, channel aggradation and a
shift in bed material composition to finer partglis predicted to follow stream channel
alterations. Erosion dynamics and hillslope hydgglon these approach roads is still not

well understood. Future studies should be focuseddressing these concerns.

Table 3-55. Summary of variables measured on approach roadsto stream crossings

at the study reaches.

Variable/Reach SR SL Hg Av Hv
(%) (%) (m) (%) (m)
Seven Mile Creek 2.4 8.5 0.15 83 0.58
Farnum Creek 13.3 13.6 0.40 73 0.55
Wind Creek (upland) 6.1 8.9 0.35 100 0.96
Wind Creek (midland) 7.7 7.4 0.0 90 0.69
Wind Creek (lowland) 8.1 12.2 0.61 20 0.31

SR -slope of road ,right side; SL-slope of roadt, $&de; Hg-average depth of gully; Av-percentaderaad area

covered by vegetation;Hv-average height of vegatadin road.
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Faclors affecting channel equilibrium. At equilibrium, slope and flow
balance the size and quantity of sediment particles the stream moves,

( Rosgen 1996, from Lane, 7955, The importance of Muvial morphofogy in
hydraulic englneering. Proceedings ASCE, B1(745):1-17. used with the
permission of American Sockety of Civll Engineers)

Figure 3-26. A generalized relationship between factors affecting stream
equilibrium. Adapted after Lane, 1955. Source: USDA-NRCS Stream
Restoration Handbook, 2001.

Furthermore, during low flow events, stream velesitat stream crossing sites are
often reduced due to the widening of the channehese locations. The reduced flow
velocity at stream crossings often leads to sedirdeposition at the stream crossings. It
is also worth noting that poorly designed or cansgtd low water fords can act as dams,
disrupting transport of sediment downstream. Atrjyoconstructed stream crossings,
back water pools usually form immediately upstrezthe stream crossing site. During
low flow events, backwater pools upstream of threl fact as sinks for sediment, which
disrupts transport of sediment to the downstreaanhres of the stream. During high flow
events, the sediment deposited in the backwatels @oal stream crossing locations is
flushed downstream causing spikes in turbidity andpended sediment in the stream.
Increased turbidity and suspended sediment in Htervis a concern from a water quality
standpoint. In addition, high levels of turbiditydasuspended sediment in the streams are
a threat to aquatic life, especially the Topekan8hian endangered species which resides
in Flint Hills streams (Sample et al., 1998; Ingris, 2005).
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CHAPTER 4-SITE SELECTION, DESIGN AND
CONSTRUCTION OF LOW WATER FORDS.

Low Water Fords: Development Process

Observations made and data collected during stseaweys should be applied to
designing and constructing low water fords. Corded fords should be designed to
mimic natural stream features (i.e. riffles) inrfgrmaterials, and function as closely as
possible. Ford designs based on stream functiomsagate some of the environmental
impacts associated with constructed low water foftie design of low water fords is site
specific, and depends on a number of factors sadoitypes, topography, stream type,
size and size of drainage area. It is thereforeomapt to conduct a site assessment study
in order to collect data required before any desiggn be developed. Figure 4-1 shows a
sequence of the process that should be followethgluhe development of low water

fords.

Data Collection

This step involves collecting all the data requirdagring the design process. Data
collected includes stream data, soil types, toguycal variables (slope and nature of
terrain) and size of drainage area. The streamatdiiected should include channel slope,
dimensions and stream type. The size of drainage gives an indication of the
magnitude of stream flows routed through a propos@@am crossing location.
Information on soil types gives an idea on soikisgth and susceptibility of the soils to
erosion. Once channel dimensions and the rangdouwfsfat the proposed site are

determined, flow velocities and dimensions of ttieaam crossing can be determined.
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Ford Design

l

Figure 4-1. Development processfor low water fords.
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Site Selection

The location of a low water ford determines if adfavill successfully function as

designed or fail. Based on observations of constdufords on Fort Riley, some fords are

performing well while others are not. The succdsfperforming fords are those that

were well located while the failing fords are thodeat were located poorly. The

following site selection criteria will help avoicbime of the problems associated with

poorly located stream crossings.

1.

It is desirable to locate stream crossings onesffRiffles (Figure 4-2 and
4-4) are shallow places along a stream and arerglgneonsidered to be
stable. Riffles provide a strong foundation foeatn crossing since there
is plenty of gravel at these locations.

In all cases, pools and meander bends (Figure alef)g a stream reach
should be avoided when selecting a location foltr@am crossing. These
areas are prone to be unstable. A stream crossiagoool or a meander
bend can instigate stream instability. Bends tenateive large quantities
of both fine and coarse sediment which can achasbatacle to vehicular
traffic if located in the vicinity of a stream csisg (Figure 4-5- 4-10).
Tributary entry points (Figure 4-10 and 4-12) alastgeams should be
avoided because of the large quantities of sediro@mied by tributaries.
This sediment often gets deposited at these entatibns along the main
stream. These points experience high turbulent itond during high
flows and have a potential of compromising the itgbof any
constructed structure in the vicinity of the aréafiluence.

Stream crossings should be located perpendiculathéodirection of
stream flow. Locating a stream crossing structuskew direction to the
stream flow has a tendency of changing the aligiraéfiow in a stream.
The misalignment of flow path of a stream can causdesirable effects
on the reach downstream of the crossing structure.

Areas with gentle bank slopes provide excellergsstb locate approach
roads to a stream crossing. However, all the alfast®rs must be taken

into account.
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The above site selection criteria demonstrate thgortance of adequately locating a
suitable site for a stream crossing. The perforrmaot a stream crossing is totally

dependant on the choice of site, among other cereidns.

reach.

Figure4-3. Properly functioning low water ford, located on ariffle.
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SC-89E
12 April 2006
GPS N- N39 13.705
W096 47.628
S- N39 13.659
W096 47.634

Figure 4-4. A stream crossing site located on a meander bend at Wind
Creek, lowland reach.

Figure 4-5. Wind Creek lowland stream crossing site, before May 05,
2007 flood event.
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Figure 4-6. Sediment deposited on road at Wind Creek lowland
stream crossing site, after May 05, 2007 flood event.

Figure 4-7. Sediment bar deposited on road at a stream crossings site,
upstream view.
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Figure 4-8. Sediment bar deposited on road at a stream crossings site,
downstream view.

Figure 4-9. Sediment bar deposited on road at a stream crossings site,
aview from left bank to right bank.
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Figure 4-10. Tributary entry point at a location upstream of a stream
crossing site at Seven Mile Creek, an aerial view.

Figure4-11. Tributary entry point upstream of stream crossing site at
Seven Mile Creek reach, upstream view.
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Design and Construction Guidelines

Dimensions of the stream crossings should be dpedldased on a compromise
between dimensions required for adequate vehictgess and egress, and stream
stability. The stream crossing dimensions should sieed to allow easy crossing
conditions for traffic but still be able to adegeisit convey stream flow through the
stream crossing site without any adverse impacttherstream. Tendency to oversize a
stream crossing should be avoided. Overly sizezhsircrossings cause a reduction in
flow velocities which leads to sediment deposit@nthe crossing site. The original
stream bed elevation at the crossing site shoulth®atained to allow flow, sediment
transport and migration of fish through the crogssite during periods of low stream
flow. Materials used at the stream crossing shdaddadequately selected to mimic
natural riffles and also withstand large axle loafighe traffic crossing these streams.
The stream crossing should be built with a rangeok sizes. The largest rocks (usually
placed in the lower layers beneath the stream ioig)sshould be selected to withstand
both high flow events and large axle loads dueadtiit. Size of the largest stable rock
should be determined by analyzing tractive fordeth@ proposed site (Newbury et al.,
1997). According to Newbury et al., 1997 and Cha®59, tractive force at a riffle site
can be estimated from Equation 10, while the diamet the largest stable rock can be

determined from Equation 11.

T=1000xDxS (20)

0=1500XD X S (11)

Where:
T = Tractive force (kg/f)
D = Flow depth (m)
S = Slope of the downstream face of the riffle.
0 = Diameter of stable rock size (cm).
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Geotextile materials (non-woven recommended) shdagd used to provide

additional stability and structural strength to gieeam crossing. Geotextile materials are

especially helpful when working with streams witlayey or silty bottoms that are

susceptible to movement. Construction guidelinescudised here are based on

modifications of earlier recommendations presee&ample et al., 1998. Fort Riley is

investigating two design options for approach roddss chapter discusses one of the

design options described above. The stream crossidgapproach road construction

process follows a sequence of steps listed below:

1.

Cut or fill the approach roads to the stream crapsite to a suitable grade.
Grades of less than or equal to 12 % (Figure 4dr2) recommended. The
minimum recommended roads widths are 5.5m (Figtt8)4

Water bars (Figure 4-14) shall be constructed qguwagerh road. Spacing of water
bars will depend on the slopes of the approachstoad

Excavate the stream crossing bed to a depth of @& The width and length of
excavation (Figure 4-14) should conform to the astrecrossing dimensions
determined during the design phase.

A geotextile material (Amoco 2016) shall be laidwhoon the excavated stream
bed. The excavated stream bed area should be bieckih 3 layers of rocks
(Figure 4-15) until the original bed elevation eached. The bottom most layer
shall be composed of rock of diameter 46-61 cm. plrezeding layer shall be
filled with rock of diameter determined from Equeti9, while the top most layer
shall be filled with rock of the same diameter las B4 particle size on the riffle
upstream of the stream crossing at the proposeiagsite. As shown in Figure
4-16, the longitudinal profile along the low watierd should conform to the
original longitudinal profile of the stream.

Geotextile material (Amoco 2006) shall be laid twe graded approach roads
(Figure 4-12). Rock is placed over the geotextikeral in 2 layers of 0.30 m.
Rock of 20-30 cm and 7.5- 10 cm diameter shall laeqa in the bottom and
upper layers respectively of the road base. Table shows an estimate of

materials required for the construction of a haedklow water ford.
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6. Provide adequate drainage on the sides of the rtadannel runoff to the

surrounding vegetation close to the road sidesufegy4-13 and 4-14).

7. Best management practices shall be employed damagafter the construction

phase.

7.62-12.70cm(3-5in) Rip Rap ———
20.32-30.48cm(8-12in) Rip Rap ——
Med. Wi, GEOTEXTILE (2006) 1\

T 12.20-18.30m (40-60ft)—

<12% Slope _ -t —

30.48cm(12in) 30.48¢m({12in)

Section A-A

Figure4-12. Longitudinal profile along approach road leading to a stream crossing

site.
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Figure 4-13. Cross section across approach road leading to a stream crossing site.
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Excavation Area
Stream Channel Center Line

Primary Side Drain
Water Bar
Secondary Side Drains

Site Plan

0.46m{1 58

5 5mi(18H)

046m (1 51

Figure 4-14. Plan of a stream crossing site.
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Water Line
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Figure 4-15. Cross section across a low water ford.
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Figure 4-16. Longitudinal profile along a low water ford.
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Table 4-1. Estimates of quantities of material required for construction of a
hardened low water ford. Source: Sampleet al., 1998.

Material Quantity]
Largest rock (e.g. 30-46 cm diametef4 n?
20-30 cm diameter 691
7.5-10 cm diameter 200°m
Geotextile (Amoco 2006) 10007
Geotextile (Amoco 2016) 42T

Monitoring and Maintenance

Structural integrity and function of low water ferdhould be regularly
monitored. The regular monitoring can help assasgérformance of the structures and
their effect on stream stability and aquatic lifeaddition, the data gathered from this
monitoring process can be used to develop an extetiaintenance plan for the low
water fords. This data can also be used to imptloeelesigns of low water fords.
Adequately designed and maintained low water fantiprovide the military with better
stream crossing conditions as well as mitigaterenwental impacts associated with

CFOSSiI’lg streams.

Best Practices and Maintenance Considerations
Adequately located, designed and constructed lovemfards can address some
of the environmental concerns associated with fis¢ream crossings. The following are
some of the best practices and maintenance coasml®s associated with low water
fords:
1. Fords should be constructed during periods of lowasn flow to minimize the
impact on water quality and aquatic life in streams
2. Stabilize approach roads by using non-erodible n@téeotextile and gravel).
Hardened and stabilized roads have a higher lifanspnd require less

maintenance.
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Minimize modifications made to the stream dimensiah crossing sites. Overly
modifying stream dimensions at crossing site carseaundesirable impacts on
the stream.

Locate the stream crossing site on a riffle andaidirection perpendicular to
stream flow. Maintain original stream bed elevationallow free passage of
aqguatic life and stream flow during low flow events

Minimize removal of vegetation adjacent to crosssig. Vegetation provides
protection against erosion.

Maintenance of stream crossings is important. 8treaossings should be
regularly maintained in order to provide better ditions for crossing streams as
well as mitigate any undesirable environmental ictpassociated with poorly
maintained stream crossings. Regular maintenarsceiatreases the life span of

stream crossings.
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CHAPTER 5- CONCLUSION AND RECOMMENDATIONS

Poorly located and constructed low water fords paspotential for causing
stream instability through accelerated bank erogibmocations in the vicinity of the
stream crossing, and possibly further downstreame. dccelerated bank erosion at these
sites can be caused by a low water ford whichsaeam flow alignment and therefore
accelerating flow in the downstream direction cagsincreased erosion downstream.
Stream crossings in a poor location can be unstatdetherefore pose a safety threat to
military personnel and equipment crossing theseasis. This demonstrates the need to
locate and construct stream crossings in propatilmes along a stream. Furthermore,
poorly designed stream crossings may act as daapging sediment in backwater pools
created upstream of stream crossing locations.i@imdtream flows, trapped sediment in
backwater pools is flushed downstream generatigly lgvels of turbidity and suspended
sediment in the streams. High levels of sedimeadt tarbidity in streams is a threat to
aguatic life as well as a water quality concerroBodesigned or/and constructed stream
crossing can also act as a migration barrier tatglife affecting breeding cycles of fish
and other aquatic life. This emphasizes the needpfoper design and construction
techniques for low water fords.

Military maneuvers on training lands have a potntif causing undesirable
impacts on the environment. These impacts inclondesased runoff (rich in sediment)
generated from upland areas and delivered to ssrezften through roads leading to
stream crossing locations. Need still exists tadthillslope hydrology and erosion
dynamics on approach roads (to stream crossingidosy. The impact of runoff and
sediment (from upland areas) transported througincagh roads to stream crossing sites
is still unknown. Future studies should be targetedssessing the impact of runoff and
sediment (from upland areas) on stream stabilitytfermore, the sediment introduced
into these streams is generally considered a veptality issue as well as a problem to
aguatic life in streams. This extra sediment cdsedtthe balance of sediment in a stream

system triggering instability in the stream.
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Residual effects of past land use practices suchgéasulture and grazing may
still be felt in the study watersheds on Fort Riléwpwever, these effects may be
minimal. As mentioned earlier, military maneuvera &ort Riley rangelands are
destructive to vegetation and cause soil compadtioreasing runoff and soil erosion
rates in the study watersheds. Increased runoff @pldnd erosion rates in these
watersheds affect the streams because of the exedswent delivered to the streams.
Some of the streams in the study watersheds shgwe sif stream transition from the
current stream types to different stream typessé&tstream successional changes involve
change in stream dimensions such as channel degpeich is usually followed by
widening. These stream changes have direct impitaton the low water fords on Fort
Riley. As a consequence, there will be constantdnte modify the design and
construction techniques of these fords in ordeadccommodate changes in the stream
morphology. Benefits of doing so include bettereatn crossing conditions for the
military and less impacts on the environment.

Some of the streams investigated show signs ofabilgy which may
compromise or threaten the stream functions inetlstiseams. Continued monitoring of
these streams will provide additional informatiorquired for decision making.
Furthermore, need still exists to implement and ieorthe performance of the modified
designs of stream crossings. Through adaptive nesnagt, better designs of stream
crossings can be developed. Better designs of latemfords will provide the military
with better stream crossing conditions as well aggate any environment impacts
associated with crossing streams. Finally, nedidesists develop to bank erosion rating
curves for the state of Kansas, especially forRi& Hills region. Continued monitoring
of the study sites will provide some of the datquieed for the development of erosion

rating curves for the Flint Hills region.
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Appendix A - Farnum Creek

Photographs

SC-51W
12 April 2006
GPS N- N39 10.328
W096 51.794
S- N39 10.296
W096 51.774
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Figure A-1. Farnum Creek study reach.
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Figure A-2. Cross section transect 1 (riffle), view from left bank to right bank
at Farnum Creek.

Figure A-3. Cross section transect 1 (riffle) at Farnum Creek, upstream view.
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Figure A-5. Cross section transect 4 (pool), view from left bank to right bank at
Farnum Creek.
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Figure A-7. Cross section transect 4 (pool) at Farnum Creek, downstream
view.
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Figure A-8. Stream crossing, view from left bank to right bank at
Farnum Creek.

Figure A-9. Stream crossing at Farnum Creek, upstream view.
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Figure A-11. Cross section transect 7 (pool) at Farnum Creek, upstream
view.
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Figure A-12. Cross section transect 7 (pool) at Farnum Creek, downstream
view.

Figure A-13. Cross section transect 7 (pool), view from left bank to right
bank at Farnum Creek.
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Figure A-14. Cross section transect 8 (riffle) at Farnum Creek, upstream
view.

Figure A-15. Cross section transect 8 (riffle) at Farnum Creek, downstream
view.
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Figure A-16. Cross section transect 8 (riffle), view from left bank to right bank at
Farnum Creek.
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Figure A-17. Longitudinal profile along Farnum Creek.
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Figure A-18. Repeat survey of cross section transect 1 at Farnum Creek.
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Figure A-19. Repeat survey of cross section transect 2 at Farnum Creek.
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Figure A-20. Repeat survey of cross section transect 3 at Farnum Creek.
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Figure A-21. Repeat survey of cross section transect 4 at Farnum Creek.
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Figure A-22. Repeat survey of cross section transect 5 at Farnum Creek.
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Figure A-23. Repeat survey of cross section transect 6 at Farnum Creek.

126



Cross Section 7-Pool

99.00
]
98.50 A ——2007 Survey|_|
o —#— 2006 Survey ||
98.00 N /
N |
- N\ H I
E
é 97.50 - “*1:« \\_|Erosion Pins
IS} ~7
ko -
“ /
97.00 \.\ ./
L
woy
96.50 o | 4
SR
96.00
0 1 2 3 4 5 6 7 8 9 10 11 12

Distance (m)

Figure A-24. Repeat survey of cross section transect 7 at Farnum Creek.
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Figure A-25. Repeat survey of cross section transect 8 at Farnum Creek.
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Figure A-26. Repeat survey of cross section transect 9 at Farnum
Creek.
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Figure A-27. Repeat survey of cross section transect 9B at Farnum Creek.
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Figure A-28. Repeat survey of cross section transect 10 at Farnum Creek.

Bed Material Characterization
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Figure A-29. Particle size distribution at cross section transect 1, Farnum Creek
reach.
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Figure A-30. Particle size distribution at cross section transect 10, Farnum Creek

reach.
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Figure A-31. Particle size distribution along Farnum Creek reach.
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Repeat Survey of Bank Profiles

Bank Survey-Downstream
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Figure A-32. M easure of bank migration rate at bank transect 1, Farnum Creek.
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Figure A-33. M easure of bank migration rate at bank transect 2, Farnum Creek.
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Bank Survey-Downstream
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Figure A-34. Measure of bank migration rate at bank transect 3, Farnum Creek.
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Calculation of BEHI and NBS

Table A-1. Calculation of BEHI variablesand overall BEHI rating at bank transect
1, Farnum Creek.

Stream: Farnum Creek Location: Fort Riley,Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: G4c Valley Type: Il
BEHI Score
Study Bank Height / Bankfull Height ( C ) (Fig. 5-19)
Study Bankfull
Bank 5.5 Height 3 (A)/(B)= 1.83 7.0
Height (ft) 5 G () = (B) ©
Root Depth / Study Bank Height ( E)
Root Study
Depth 45 Bank 5.5 (D)/(A)F 082 1.8
(i) = (D)|Height (it) (A (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) = 12.3 8.2
as % = (F) (G)
Bank Angle (H)
Bank
Angle 30 2.2
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9.0
as% = (D
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0.0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) posit.ion of unstable layers in 0.0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |M0derate | High 1/ery High ltxtreme Adjective Rating Moderate
\ > and
5-95 | 10-195| 20-295 | 30-395] 40-45 | 46-50 Total Score 28.2

Bank Sketch
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Table A-2. Calculation of NBS variables and overall NBSrating at bank transect 1,
Farnum Creek.

Estimating Near-Bank Stress (NBS)
Stream: Farnum Creek Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: G4c Valley Type: Il
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Rg / Wi ). vvvvvevvrveeereireeeaa s eeeiieiievee o] Level Il General prediction
(3) Ratio of pool slope to average water surface slope (Sp/S)......cccovieveiirieiieiene. Level Il General prediction
(4) Ratio of pool slope to fiffle SIOPE (Sp/ Srif )-rvvvvrverreereeriieire e Level Il General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ((dnp / dpkf )eeevvveeevrreniiannns Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Top/ Togs ) vveeeereeererercaienenn Level Il Detailed prediction
(7) Velocity profiles / 1sovels / VeloCity gradient................ceevieeieiiiiii i eesiieiii e Level IV Validation
= Transverse and/or central bars-short and/or diSCONtiNUOUS............. ccccvviveiiiiininnes NBS = High / Very High
o (1) |Extensive deposition (continuous, cross-Channel).............oovvieiiniiinninii NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow..................cccuviiiiiinii. NBS = Extreme
Radius of Bankfull Near-Bank
@ Curvature | Width Wy, | Ratio R/ Stress
R (ft) (f) Wit (NBS)
_ Near-Bank -
% 3 Pool Slope | Average Stress Dominant
Z ©) S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
- a
0.0015 0.0101 0.15 Very Low High
] Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ Stress
SD Srlf Srlf (NBS)
0.0015 0.0226 0.07 Very Low
Near-Bank Near-Bank
5 Max Depth | Mean Depth| Ratio dnp /| Stress
©) | dn) | dueti) i (NBS)
= 3.00 1.49 2.01 High
© Near-Bank Bankfull
@ Near-Bank Shear Shear _ Near-Bank
(6) | MaxDepth Near-Bank | stress Ty, ( | Mean Depth Average | Stress Tuq (| Ratio To, / Stress
dnp (1) Slope Sy, Ib/ft? ) () Slope S Ib/ft? ) Tt (NBS)
> Near-Bank
% @ Velocity Gradient ( ft / sec Stress
3 /ft) (NBS)
)
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings QO [ o | & | @ | &6 |1 & | @
Very Low N7A >3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 2.21-3.00 0.20-0.40 0.41-0.60 1.00-150 0.80-1.05 0.50-1.00
Moderate N7A 2.01-2.20  041-060 0.61-0.80  151-1.80 1.06-1.14 1.01-1.60
High See 1.81-2.00 0.61-0.80 0.81-1.00 1.81-250 | 1.15-119 1.61—-2.00
Very High 1) 1.50-1.80 | 0.81-1.00 1.01-120 251-3.00 1.20-1.60 2.01-2.40
Extreme Above < 1.50 >1.00 > 1.20 >3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating High
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Table A-3. Calculation of BEHI variablesand overall BEHI rating at bank transect
2, Farnum Creek.

Stream: Farnum Creek Location: Fort Riley, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: G4c Valley Type:
BEHI Score
Study Bank Height / Bankfull Height (C) (Fig. 5-19)
Study Bankfull
Bank 6.2 Height 35 (AY/(B)=| 177 7.0
Height (ft) o &) (ft) = (B) ©)
Root Depth / Study Bank Height (E)
Root Study
Depth 5 Bank 6.2 (D)/(A)= 0.81 2.2
(ft) = (D)|Height (ft) 5 A (E)
Weighted Root Density (G )
Root
Density 20% (F)x(E) = 16.13 75
as %= (F) (S)
Bank Angle (H)
Bank
Angle 45 3.0
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9.0
as % = (1)
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0.0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points Stratification Adjustment
depending on percentage of bank material that is Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0.0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low Noderate | High \}’ery High E]Extreme Adjective Rating Moderate
| > and
5-9.5 [ 10-19.5] 20-29.5 | 30-39.5| 40-45 | 46-50 Total Score 28.7
12 Bank Sketch
1 Root
10 epth (D)
= 91 Bank
e 8 Angle
e 7 AN ()
o]
g 6 4 Bankfull )
g ° gt
5 ¢ 38
> 3] a
2 Start
1 of
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Horizontal distance (ft)
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Table A-4. Calculation of NBS variables and overall NBSrating at bank transect 2,
Farnum Creek.

Stream: Farnum Creek Location: Fort Riley, Kansas
Station: Bank Transect 2 Stream Type: G4c Valley Type: Il
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Rg / Wi )eevoeevvveree et iee e Level I General prediction
(3) Ratio of pool slope to average water surface Slope (Sp/ S )....c..covviiiiiiiiininininn Level I General prediction
(4) Ratio of pool slope to riffle SIOPE ( Sp/ Sif ). v vvvvreversiiriiieiiie et Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / bk )evvvvveeeerevirnennn Level 1lI Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Tnp/ Tpys )-veeeeveeeererrarereenns Level I Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient................cccceeiiiiiiiie i Level IV Validation
= Transverse and/or central bars-short and/or disCONtinUOUS............. coouvvvieieiiniinenn. NBS = High / Very High
@ (1) |Extensive deposition (continuous, cross-channel).............oooviiiiiiiii NBS = Extreme
3 Chute cutoffs, down-valley meander migration, converging flow.. ..NBS = Extreme
Radius of | Bankiull - Near-Bank
%) Curvature | Width Wy [ Ratio R/ Stress
R (ft) (ft) Wik (NBS)
_ Near-Bank .
= 3 Pool Slope | Average Stress Dominant
& @) S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
-
0.0154 | 0.0101 1.52 Extreme Extreme
] Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ |  Stress
S, Siit St (NBS)
0.0154 0.0197 0.78 Moderate
Near-Bank Near-Bank
5) Max Depth | Mean Depth| Ratio du,/ | Stress
dnp (1) s (f) Dokt (NBS)
= 3.5 1.49 2.35 High
© Near-Bank Bankfull
@ Near-Bank Shear Shear - Near-Bank
(6) | MaxDepth Near-Bank | Stress Ty, ( | Mean Depth Average | Stress Ty (| Ratio Ty, / Stress
dup () | Slope Spp | Ibift*) s () Slope S Ib/ft*) Ty (NBS)
> Near-Bank
% ) Velocity Gradient ( ft/ sec|  Stress
z /ft) (NBS)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings O [ @ [ & |l @ | & [ © | 0
Very Low N/A > 3.00 <0.20 < 0.40 < 1.00 <0.80 <0.50
Low N/A 2.21-3.00 020-040 041-060 1.00-1.50 0.80-1.05 | 0.50-1.00
Moderate N/A 2.01-220 041-060 0.61-080 151-1.80 1.06-114 | 1.01-1.60
High See 1.81-2.00 | 0.61-0.80 0.81-1.00 1.81-250 | 1.15-1.19 | 1.61-2.00
Very High @ 150-1.80 | 0.81-1.00 1.01-120 251-3.00 | 1.20-1.60 | 2.01-2.40
Extreme Above < 1.50 >1.00 > 1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Table A-5. Calculation of BEHI variablesand overall BEHI rating at bank transect
3, Farnum Creek.

Stream: Farnum Creek Location: Fort Riley, Kansas
Station: Bank Transect 3 Observers:
Date: 6/2007 Stream Type: G4c Valley Type:
BEHI Score
Study Bank Height / Bankfull Height (C) (Fig. 5-19)
Study Bankfull
Bank 8.2 Height 3.5 (A)/(B)=] 234 82
Height (ft) I A (ft) = (B) (©)
Root Depth / Study Bank Height ( E)
Root Study
Depth 4 Bank 8.2 (D)/(A)= 0.49 4.0
(it) = (D)|Height () " (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) =| 7.32 8.8
as %= F) (G)
Bank Angle (H)
Bank
Angle 35 2.3
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9.0
as% = (1)

Bank Material Adjustment: |

Bedrock (Owerall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0.0

Cobble (Subtract 10 points if uniform medium to large |

Gravel or Composite Matrix (Add 5-10 points Stratification Adjustment

depending on percentage of bank material that is Add 5-10 points, depending on

Sand (Add 10 points) position of unstable layers in 0.0
Silt/Clay (no adjustment) relation to bankfull stage

Very Low| Low Noderate | High \}’ery High Iixtreme > Adjective Rating High

and
5-95 |10-195| 20-295]30-39.5| 40-45 [ 46-50 Total Score 323
Bank Sketch
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Table A-6. Calculation of NBS variables and overall NBSrating at bank transect 3,
Farnum Creek.

Stream: Farnum Creek Location: Fort Riley, Kansas
Station: Bank Transect 3 Stream Type: G4c Valley Type: Il
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Re / Wi ).vevvveveverierinrineie o) Level II General prediction
(3) Ratio of pool slope to average water surface slope (Sp/S)... Level 1l General prediction
(4) Ratio of pool slope to riffle SIope (Sp/ St ). vvevvevrerevrirrierarieeiice e Level II General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / dpkf ). vevvvvevverinannns Level 1l Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Tuy/ Tog )eeveveeervererenrererenns Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient.............ccveeivveririierieveiieneins e Level IV Validation
= Transverse and/or central bars-short and/or diSCONLINUOUS............. coooovuvviiviniinnns NBS = High / Very High
Q (1) |Extensive deposition (continuous, Cross-Channel)..............ocooiveeivisiiiinniss s, NBS = Extreme
s Chute cutoffs, down-valley meander migration, converging flow.............c.ccccccowvviiiiiniiinn. NBS = Extreme
Radius of | Bankfull Near-Bank
@) Curvature | Width Wy | Ratio Re/ | Stress
R (ft) (it) Wi (NBS)
— Near-Bank .
= 3 Pool Slope | Average Stress Dominant
5 3) S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
-
0.023 0.0101 2.28 Extreme Extreme
) Near-Bank
n Pool Slope | Riffle Slope| Ratio S,/ Stress
( ) Sp Snf Snf (NBS)
0.023 0.006 3.83 Extreme
Near-Bank Near-Bank
c Max Depth | Mean Depth| Ratio dn /| Stress
©) | aw® | dut | dw | e |
= 3.5 1.49 2.35 High
© Near-Bank Bankfull
9 Near-Bank Shear Shear . Near-Bank
(6) | MaxDepth Near-Bank | Stress Ty (| Mean Depth| Average | Stress Tow (| Ratio T/ | sress
np (ft) Slope Snb |b/ft2 ) Oyt (ft) Slope S |b/ft2 ) Tk (NBS)
> Near-Bank
- Velocity Gradient ( ft/ sec|  Stress
e 0 /1) NBS
(] 1
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings w1 o 1 & | @ [ o | & | 0
Very Low N/A >3.00 <0.20 <0.40 < 1.00 <0.80 <0.50
Low N/A 2.21-3.00 0.20-0.40 | 041-060 | 1.00-1.50 @ 0.80-1.05 0.50-1.00
Moderate N/A 2.01-220 0.41-060 @ 0.61-080  151-1.80 106-114 1.01-1.60
High See 1.81-200 0.61-080 081-1.00 181-250  1.15-119 1.61-2.00
Very High (1) 1.50-1.80 = 0.81-1.00 | 1.01-1.20 | 251-3.00 120-1.60 2.01-2.40
Extreme Above < 1.50 > 1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Geographical Position System Coordinates

Table A-7. GPS coordinatestaken at Farnum Creek.

Feature Northing (m) Easting (m)
Bench Mark 1 4338043 684745
Head of Reach 4338071 684738
Cross Section 1- Left Pin 4338058 684749
Cross Section 1- Right Pin 4338057 684741
Cross Section 2- Left Pin 4338030 684722
Cross Section 2- Right Pin 4338037 684712
Cross Section 3- Left Pin 4338034 684701
Cross Section 3- Right Pin 4338041 684700
Cross Section 4- Left Pin 4338014 684650
Cross Section 4- Right Pin 4338048 684654
Cross Section 5- Left Pin 4338025 684606
Cross Section 5- Right Pin 4338032 684608
Cross Section 6- Left Pin 4338012 684591
Cross Section 6- Right Pin 4338023 684589
Cross Section 7- Left Pin 4338001 684588
Cross Section 7- Right Pin 4338007 684572
Cross Section 8- Left Pin 4337986 684552
Cross Section 8- Right Pin 4338004 684549
Cross Section 9- Left Pin 4337981 684516
Cross Section 9- Right Pin 4337999 684511
Cross Section 10- Left Pin 4338000 684451
Cross Section 10- Right Pin 4338009 684452
End of Reach 4338006 684448

GPS measurement grid is Universal Transverse Mercator (UTM) and map datum is North American Datum
83 (NAD 83).
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Appendix B - Seven Mile Creek

Photographs
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Figure B-1. Seven Mile Creek study reach.
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Figure B-2. Cross section transect 2 (pool), view from left bank to
right bank at Seven Mile Creek.
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Figure B-3. Cross section transect 2 (pool) at Seven Mile Creek,
upstream view.
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Figure B-4. Cross section transect 2 (pool) at Seven Mile Creek,
downstream view.

Figure B-5. Stream crossing at Seven Mile Creek, upstream view.
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Figure B-7. Cross section transect 4 (glide), view from left bank to
right bank at Seven Mile Creek.
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Figure B-8. Cross section transect 2 (pool) at Seven Mile Creek,
upstream view.

Figure B-9. Cross section transect 4 (glide) at Seven Mile Creek,
downstream view.
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Figure B-10. Longitudinal profile of Seven Mile Creek.
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Figure B-11. Repeat survey of cross section transect 0 at Seven Mile
Creek.
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Figure B-12. Repeat survey of cross section transect 1 at Seven Mile
Creek.
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Figure B-13. Repeat survey of cross section transect 2B at Seven Mile
Creek.
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Figure B-14. Repeat survey of cross section transect 2 at Seven Mile
Creek.
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Figure B-15. Repeat survey of cross section transect 3 at Seven Mile
Creek.
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Figure B-16. Repeat survey of cross section transect 4 at Seven Mile
Creek.
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Figure B-17. Repeat survey of cross section transect 5 at Seven Mile Creek.
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Figure B-18. Repeat survey of cross section transect 6 at Seven Mile Creek.
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Bed Material Characterization
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Figure B-19. Particle size distribution at cross section transect 1,
Seven Mile Creek reach.
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Figure B-20. Particle size distribution at cross section transect 6,
Seven Mile Creek reach.

150



Cumulative Percentage Finer

Figure B-21. Particle size distribution along Seven Mile Creek reach.
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Scour ChainsData

Table B-1. Scour chain data, Seven Mile Creek.

Stream name: Seven Mile Creek Location: Fort Riley, Kansas
Observers: Stream Type: G6C Valley Type: VIII Date: 06/2007
Installation Data (1st Year) Recovery Data (2nd Year)
From cross-section Particles near chain Chain recovery Particles near chain
Station | Elevation | Largest | 2™ Largest | Scenario #| Scour Etevation” () ! change’| Largest |2 Largest
(ft (ft (mm) (mm) (1-5) | depth® (ft) (ft) (mm) (mm)
2| Chain#l 0+185 | 98.71 33 28 1 0 98.69 -0.02 40 30
= | Chain#2 0+12 97.89 46 43 1 0 97.85 -0.04 67 59
2| Chain#3
o | Chain#4
Scenario #1. Scenario #2. Scenario #3. Scenario #4. Scenario #5. (Oops)

® Scenario 2 or 3. Scenario 2: Enter length of chain exposed. Scenario 3: Enter length of chain exposed then subsequently buried.
® Scenario 3 or 4. Scenario 3: Enter elevation of bed at same station @ 2nd year. Scenario 4: Enter depth of material over chain.
° Scenario 3: Subtract 1st and 2nd year elevations to calculate net change in bed.
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Repeat Survey of Bank Profiles
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Figure B-22. A measure of bank migration rate at bank transect 1,
Seven Mile Creek.
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Figure B-23. A measure of bank migration rate at bank transect 2,
Seven Mile Creek.
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Calculation of BEHI and NBS

Table B-2. Calculation of BEHI variables and overall BEHI rating at bank transect
1, Seven Mile Creek.

Stream: Seven Mile Creek Location: Fort Riley, Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: G6¢C Valley Type: Il
BEHI Score
Study Bank Height / Bankfull Height (C) (Fig. 5-19)
Study Bankfull
Bank 4.13 Height 3 (A)/(B) 1.38 5.5
Height (ft) Q) (ft) = (B) ©
Root Depth / Study Bank Height (E )
Root Study
Depth 4 Bank 4.13 (D)/(A)s] o097 1.4
(f) = (D)[Height (ft) =] A (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) = 14.3 7.7
as % = (F) (G)
Bank Angle (H)
Bank
Angle 45 3.1
as Degrees = (H)
Surface Protection (1)
Surface
Protection 15% 7.9
as % = (N
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) ::> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High 1/ery High Itxtreme Adjective Rating Moderate
l > and
5-95 | 10-195] 20-29.5 | 30-39.5| 40-45 | 46-50 Total Score 25.6
Bank Sketch . \\\"‘ 7
12 :_\
1 -: - Root
o 5 pth (D)
I
o X Bank
g o 3 Angle
g 3 H
= 7 A~ =) LR N,
g . Bankfull 5 S
5 5
g g
g . g
> a
3
2
1
o

[ 1 2 3 4 5 6

Horizontal distance (ft)
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Table B-3. Calculation of NBS variablesand overall NBSrating at bank transect 1,
Seven Mile Creek.

Estimating Near-Bank Stress (NBS)
Stream: Seven Mile Creek Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: G6C Valley Type: Il
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Rg / Wiy ).oooooveviiiiiin i Level Il General prediction
(3) Ratio of pool slope to average water surface sSIope (Sp/ S )....c..ovvviiiiiniiiiiieiiiiiins Level 1l General prediction
(4) Ratio of pool slope to riffle SIOPe ( Sp/ Syif ). ovvevervrveiiririiisiiiiiiii e Level 1l General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth (dnp / dpkf ) v eoeeeeeeveeeinnnnns Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Toy/ T )eveeereeeeeeeerenarernenns Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. coovvvivviiniiiienin, NBS = High / Very High
Q (1) |Extensive deposition (continuous, cross-channel)..............cococvuriiieiriiinine i NBS = Extreme
3 Chute cutoffs, down-valley meander migration, converging flow...................cccouvn. NBS = Extreme
Radius of Bankfull Near-Bank
@ Curvature | Width Wy, | Ratio Rc/ Stress
R (ft) (ft) Wit (NBS)
— Near-Bank .
= 3 Pool Slope | Average Stress Dominant
& ©) Sp Slope S |Ratio S,/S|  (NBS) Near-Bank Stress
—
0.0056 0.0038 1.47 Extreme Moderate
) Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ Stress
Sp Snf Sm (NBS)
0.0056 0.0052 1.08 Extreme
Near-Bank Near-Bank
5) Max Depth |Mean Depth| Ratio dnp /| Stress
dnp (f) ok () okt (NBS)
= 3.00 1.68 1.79 Moderate
c Near-Bank Bankfull
“ Near-Bank Shear Shear ' Near-Bank
(6) | Max Deptn Near-Bank | Stress Tn, (| Mean Depth|  Average Stress Ty (| Ratio Tny / Stress
doo (ff) | Slope Snp | Ibstt*) i (ft) Slope S b/t ) Tokt (NBS)
> Near-Bank
% @ Velocity Gradient (ft/sec| Stress
3 /ft) (NBS)
|
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings O 1 @ | & |1 @» G 1 ()
Very Low N/A > 3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 2.21-3.00 0.20-040 041-060 | 1.00-1.50 0.80-1.05 | 0.50 - 1.00
Moderate N/A 2.01-220 041-060 061-080 | 1.51-1.80 1.06-1.14 1.01-1.60
High See 1.81-2.00 0.61-0.80 081-1.00 1.81-250 115-119 1.61-2.00
Very High 1) 150-1.80 0.81-1.00 1.01-1.20 | 2.51-3.00 1.20-1.60 @ 2.01-2.40
Extreme Above < 1.50 >1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Moderate
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Table B-4. Calculation of BEHI variables and overall BEHI rating at bank transect
2, Seven Mile Creek.

Stream: Seven Mile Creek Location: Fort Riley, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: G6¢C Valley Type:
BEHI Score
Study Bank Height / Bankfull Height ( C) (Fig. 5-19)
Study Bankfull
Bank 3.77 Height 3 (A)/(B)=] 1.26 5.0
Height (ft) (A) (ft) = (B) (C)
Root Depth / Study Bank Height ( E )
Root Study
Depth 1 Bank 3.77 (D)/I(A)=] 027 7.2
(ft) = (D)|Height (ft) Q) B
Weighted Root Density (G )
Root
Density 15% (F)x(E) =] 3.98 10.0
as % = (F) (G)
Bank Angle (H)
Bank
Angle 50 3.0
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9.0
as% = (1)
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0.0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0.0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High Very High fxtreme Adjective Rating High
\ > and
5-95 | 10-195| 20-295 | 30-395| 40-45 | 46-50 Total Score 34.2
Bank Sketch
12 1
11 ] -: ‘| | Root
10 5 epth (D)
9] o Bank
— J anl
% 8 ] g Angle
g 3 AN
© 1 =)
2 61 TN Bankfull_ G 5 | =
s
S ] £ 0
g 4 ] (?) g
> 37 a
2 4 Start
11 of
0 T T T T T T T Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Table B-5. Calculation of NBS variablesand overall NBSrating at bank transect 2,
Seven Mile Creek.

Estimating Near-Bank Stress (NBS )
Stream: Seven Mile Creek Location: Fort Riley, Kansas
Station: Bank Transect 2 Stream Type: G6¢C Valley Type: Il
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width (Re / Wi ) v e veeeeeereee e Level Il General prediction
(3) Ratio of pool slope to average water surface SIope (Sp/ S ). .ooovevreeereineiniiiriiiae Level 1l General prediction
(4) Ratio of pool slope to riffle SIOPE ((Sp/ Syif )+ +rvvvevrvrrvaieisiisis i Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth (dnp / Aokt )eveveeeerovevvvennnnn Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( T,p/ Tyt )--- Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient Level IV Validation
= Transverse and/or central bars-short and/or discontinUOUS............. cocvevviriiiniiennnns NBS = High / Very High
9 (1) |[Extensive deposition (continuous, cross-channel)...............ccocooviiieiiiciinic NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow...............c..ccccuviiiiinne. NBS = Extreme
Radius of Bankfull _ Near-Bank
@ Curvature | Width Wy, | Ratio R/ Stress
R (ft) (f) Wit (NBS)
— Near-Bank i
@ 3 Pool Slope | Average Stress Dominant
% ®) S, Slope S |Ratio S;/S]  (NBS) Near-Bank Stress
— - -
0.0025 0.0038 0.66 High High
) Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ Stress
Sp Sii Siit (NBS)
0.0025 0.0047 0.53 Low
Near-Bank Near-Bank
®) Max Depth [Mean Depth| Ratio dy, /| Stress
dnp (1) ok (f) okt (NBS)
= 3.00 1.68 1.79 Moderate
I Near-Bank Bankfull
9 Near-Bank Shear Shear _ Near-Bank
(6) | Max Depth Near-Bank | Stress To, (| Mean Depth Average | Stress Tu (| Ratio Tnp / Stress
dop (ft) | Slope Spp | Ib/tt*) i () Slope S Ib/ft?) Thit (NBS)
> Near-Bank
% @) Velocity Gradient ( ft/ sec| Stress
3 /ft) (NBS)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings @ |1 o | ®o | @ |1 o | & | O
Very Low N/A > 3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 2.21-3.00 0.20-0.40 | 041-0.60  1.00-150 0.80-105 0.50-1.00
Moderate N/A 201-220 041-0.60 | 061-080  151-180 1.06-1.14 1.01-1.60
High See 1.81-2.00 | 0.61-0.80 | 0.81-100 1.81-250 1.15-1.19 1.61-2.00
Very High 1) 1.50-1.80 @ 0.81-1.00 1.01-1.20 | 251-3.00 | 1.20-1.60 2.01-2.40
Extreme Above < 1.50 > 1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating High
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Geographical Position System Coordinates

Table B-6. GPS coordinates taken at Seven Mile Creek.

Feature N (m) E (m)
Head of Reach 4340650 688259
Cross Section 0- Left Pin 4340633 688264
Cross Section 0-Right Pin 4340621 688271
Cross Section 1- Left Pin 4340649 688283
Cross Section 1- Right Pin 4340632 688284
Cross Section 2- Left Pin 4340590 688312
Cross Section 2- Right Pin 4340584 688308
Cross Section 3- Left Pin 4340549 688335
Cross Section 3- Right Pin 4340550 688339
Cross Section 4- Left Pin 4340585 688377
Cross Section 4- Right Pin 4340579 688370
Cross Section 5- Left Pin 4340590 688388
Cross Section 5- Right Pin 4340582 688383
Cross Section 6- Left Pin 4340585 688398
Cross Section 6- Right Pin 4340577 688392
End of Reach 4340580 688396
Stream Crossing 434055 688320

GPS measurement grid is Universal Transverse Mar¢affM) and map datum is North American Datum
83 (NAD 83).
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Appendix C - Silver Creek

Photographs

Figure C-1. Cross section transect 1 (pool), view from left bank to right bank at
Silver Creek.

Figure C-2. Cross section transect 1 (pool) at Silver Creek, upstream view.
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Figure C-3. Cross section transect 1 (pool) at Silver Creek, downstream stream
view.

(=t '.., = : . 25 % Pl ol
Figure C-4. Cross section transect 2 (riffle), view from left bank to right bank at
Silver Creek.
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Figure C-6. Cross section transect 2 (riffle) at Silver Creek, downstream stream
view.
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Changesin Channe Geometry
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Figure C-7. Longitudinal profilealong Silver Creek.
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Figure C-8. Repeat survey of crosssection transect 1 at Silver Creek.
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Figure C-9. Repeat survey of cross section transect 2 at Silver Creek.
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Figure C-10. Repeat survey of cross section transect 3 at Silver Creek.
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Figure C-11. Repeat survey of cross section transect 4 at Silver Creek.
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Bed Material Characterization

Cumulative Percentage Finer

Figure C-12. Particle size distribution at cross section transect 2, Silver Creek reach.
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Figure C-13. Particle size distribution along Silver Creek reach.
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Scour Chains Data
Table C-1. Scour chainsdata, Silver Creek.

Stream name: Silver Creek Location: Keats, Kansas
Observers: Stream Type: F4 Valley Type: VIl Date: 06/2007
Installation Data (1st Year) Recovery Data (2nd Year)
From cross-section Particles near chain Chain recovery Particles near chain
Station | Elevation | Largest | 2" Largest | Scenario#| Scour levation” (| Net change®| Largest |[2™ Largest
() (0 (mm) (mm) (1-5) | deptn® (i) | E'SV31OM (O gy (mm) (mm)
g Chain #1 0+30 94.67 79 57 3 0.5 94.83 0.16 64 44
4 Chain #2 0+48.5 94.79 125 70 3 0.6 95.13 0.34 120 70
3 Chain #3
© | Chain#4
Scenario #1. Scenario #2. Scenario #3. Scenario #4. Scenario #5. (Oops)

@ Scenario 2 or 3. Scenario 2: Enter length of chain exposed. Scenario 3: Enter length of chain exposed then subsequently buried.
® Scenario 3 or 4. Scenario 3: Enter elevation of bed at same station @ 2nd year. Scenario 4: Enter depth of material over chain.
° Scenario 3: Subtract 1st and 2nd year elevations to calculate net change in bed.
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Repeat Survey of Bank Profiles

Bank Survey- Upstream
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Figure C-14. A measure of bank migration rate at bank transect 1, Silver Creek.
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Figure C-15. A measure of bank migration rate at bank transect 2, Silver Creek.
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Calculation of BEHI and NBS

Table C-2. Calculation of BEHI variablesand overall BEHI rating at bank transect
1, Silver Creek.

Stream: Silver Creek Location: Keats, Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: F4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C ) (Fig. 5-19)
Study Bankfull
Bank 7.5 Height 4 (A)/(B)= 1.88 7.7
Height (ft) o G (f) = (B) ©
Root Depth / Study Bank Height (E )
Root Study
Depth 6.5 Bank 7.5 (D)/(A) S 0.87 2.2
(f) = (D)|Height (f) 5 (A (E)
Weighted Root Density (G )
Root
Density 10% (F)Yx(E) =] 867 8.5
as % = (F) (G)
Bank Angle (H)
Bank
Angle 45 3.2
as Degrees = (H)
Surface Protection (1)
Surface
Protection 15% 7.9
as% = (D
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) posit.ion of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High 1/ery High ﬂixtreme Adjective Rating Moderate
l > and
5-95 | 10-19.5] 20-295 | 30-39.5| 40-45 | 46-50 Total Score 29.5
Bank Sketch i [ 7~
12 -
11]
10 4
o]
g g]
% 6 Bankfull
B ]
g °
b=
g ]
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Horizontal distance (ft)
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Table C-3. Calculation of NBS variables and overall NBSrating at bank transect 1,
Silver Creek.

Estimating Near-Bank Stress (NBS)
Stream: Silver Creek Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: F4 Valley Type: VIII
Obseners: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull width ( R,/ Wi ).ooeovveeieiiiieiiieicecn Level Il General prediction
(3) Ratio of pool slope to average w ater surface slope ( Sp/S).....cooeiniiniiiiiinninn Level Il General prediction
(4) Ratio of pool slope to riffle SIOPE ((Sp / Syif ).+ vevererrervrrineieiiiiii i Level Il General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / ks )eeveveernerennees Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( T,,/ Ty )--veoreeeveeereniennnn  LEVEL I Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient. ... Level IV Validation
= Transverse and/or central bars-short and/or disCONtiNUOUS .......c.uvvveviiiiins NBS = High / Very High
E (1) Extensive deposition (continuous, cross-channel)...........c.ooiiiiii i NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow............................. NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature | Width Wy | Ratio Re/ | stress
@ R (ft) (ft) Wi (NBS)
_ Near-Bank
% 3 Pool Slope [ Average Stress Dominant
® ©) Sp Slope S |[Ratio S,/S] (NBS) Near-Bank Stress
—
0.00076 | 0.0027 0.28 Low Moderate
Near-Bank
Pool Slope |Riffle Slope| Ratio S,/ Stress
“) Sp St Srit (NBS)
0.00076 | 0.00062 1.23 Low
Near-Bank|  Mean ‘ Near-Bank
5 MaxDepth | pepth dy, | Ratio d/|  stress
©) | duw i (M) e (NBS)
= 4.00 2.58 1.55 [[Moderate
§ Near-Bank Bankfull
9 Near-Bank Near-Bank Shear Mean Shear Near-Bank
(6) Max Depth Stress Tny (| Depth dys | Average |[Stress tue(| Ratio T/ |  Stress
dp (ft) | Slope Spp | 10/i?) (ft) Slope S Ib/t2) Toue (NBS)
> Near-Bank
—- 7 Velocity Gradient (ft/ Stress
% @) sec/ft) (NBS)
—
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings Q@ | @ | & | @ | o | & | o
Very Low N/7A >3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 221-3.00 0.20-0.40  0.41-0.60 1.00-150 0.80-1.05 0.50-1.00
Moderate N/A 2.01-220 0.41-060 0.61-080 151-180 1.06-1.14 1.01-1.60
High See 1.81-2.00 0.61-0.80| 0.81-1.00  181-250 1.15-1.19 1.61-2.00
Very High 1) 150-180 0.81-1.00| 1.01-1.20  251-3.00 1.20-1.60 2.01-240
Extreme Above <1.50 >1.00 >1.20 >3.00 >1.60 >2.40
Overall Near-Bank Stress (NBS) rating Moderate
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Table C-4. Calculation of BEHI variablesand overall BEHI rating at bank transect

2, Silver Creek.
Stream: Silver Creek Location: Keats, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: F4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height (C) (Fig. 5-19)
Study Bankfull
Bank 13 Height 5 (A)/(B)= 2.6 8.8
Height_(ft) 5 Q) (ft) = (B) (C)
Root Depth / Study Bank Height (E)
Root Study
Depth 7 Bank 13 (D)/(A)=] 054 3.8
(ft) = (D){Height (it) = (A (E)
Weighted Root Density (G )
Root
Density 25% (F)x(E) =| 1346 7.8
as %= (F) (G)
Bank Angle (H)
Bank
Angle 45 3.2
as Degrees = (H)
Surface Protection (1)
Surface
Protection 20% 7.1
as% = (1
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) posit.ion of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High 1/ery High fxtreme > Adjective Rating High
and
5-95 | 10-195] 20-295 | 30-395| 40-45 | 46-50 Total Score

12

Bank Sketch

Vertical distance (ft)
(o))

1 2 3 4 5 6

Horizontal distance (ft)

STUDY BANK Height
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Table C-5. Calculation of NBS variables and overall NBSrating at bank transect 2,
Silver Creek.

Estimating Near-Bank Stress (NBS)
Stream: Silver Creek Location: Fort Riley, Kansas
Station: Bank Transect 2 Stream Type: F4 Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width (Re / Wit ) ... evnveneaanaeaiiienie e eenn ) Level Il General prediction
(3) Ratio of pool slope to average water surface SIope (Sp/ S ). ....ovvvviriiiieiiiiiiiiniinn Level Il General prediction
(4) Ratio of pool slope to riffle SIOPe (Sp/ Srif ). .v. vrvverrereiirsieieieiiiieci Level Il General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / Ak )-««-vvevveenneveeanns Level 1lI Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Tpp/ Tot )-eeeeeeeeseenereiereneens Level 1lI Detailed prediction
(7) Velocity profiles / Isovels / VEIOCity gradient............ooveerieiieeriiei e ieieie e e Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. covvvviiviiniiiienes NBS = High / Very High
9 (1) |Extensive deposition (continuous, cross-channel)...............cocoviiiii NBS = Extreme
3 Chute cutoffs, down-valley meander migration, converging flow...................c..cc.coco. NBS = Extreme
Radius of Bankfull Near-Bank
@ Curvature | Width Wy, | Ratio R/ Stress
R. (ft) (ft) Wkt (NBS)
_ Near-Bank i
% 3 Pool Slope | Average Stress Dominant
A @) S, Slope S |Ratio S,/S (NBS) Near-Bank Stress
|
0.0183 0.0027 6.78 Extreme Extreme
Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ Stress
Sp Snf Snf (NBS)
0.0183 0.0052 3.52 Extreme
Near-Bank Near-Bank
5) Max Depth | Mean Depth| Ratio dwy /| Stress
dnp (ft) ok () bkt (NBS)
= 5.00 2.58 1.94 High
[ Near-Bank Bankfull
9 Near-Bank Shear Shear ' Near-Bank
(6) | MaxDepth Near-Bank | Stress Tn, ( | Mean Depth| Average | Stress Tu (| Ratio T / Stress
dop (ft) | Slope Spp | Ibsit?) e (F1) Slope S Ib/ft ) Thkf (NBS)
> Near-Bank
% 7 Velocity Gradient (ft/ sec|] Stress
2 ) /it) (NBS)
|
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings @ [ @ | © | @ | 6 | © [ @
Very Low N/A > 3.00 <0.20 <0.40 < 1.00 <0.80 <0.50
Low N/A 2.21-3.00  0.20-0.40 @ 041-060 @ 1.00-150  0.80-1.05 0.50-1.00
Moderate N7A 2.01-220 | 0.41-0.60 0.61-0.80 @ 151-1.80  1.06-1.14 1.01-1.60
High See 1.81-2.00 | 0.61-0.80 @ 0.81-1.00 1.81-250 | 1.15-1.19 @ 1.61-2.00
Very High (€] 1.50-1.80 | 0.81-1.00 1.01-1.20 | 251-3.00 1.20-1.60 & 2.01-2.40
Extreme Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Geographical Position System Coordinates

Table C-6. GPS coordinatestaken at Silver Creek.

Feature Northing (m) Easting (m)
Bench Mark 1 4344202 696759
Head of Reach 4344148 696711
Cross Section 1- Left Pin 4344087 696731
Cross Section 1- Right Pin 4344089 696716
Cross Section 2- Left Pin 4344069 696732
Cross Section 2- Right Pin 4344065 696717
Cross Section 2- Right Pin(B) 4344061 696721
Cross Section 3- Left Pin 4344052 696748
Cross Section 3- Left Pin(B) 4344047 696754
Cross Section 3- Right Pin 4344038 696731
Cross Section 3- Right Pin(B) 4344041 696722
Cross Section 4- Left Pin 4344018 696759
Cross Section 4- Right Pin 4344012 696737
End of Reach 4343999 696747

GPS measurement grid is Universal Transverse Mar¢daffM) and map datum is North American Datum
83 (NAD 83).
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Appendix D - Wind Creek, Upland Reach

Photographs

SC-89
12 April 2006
GPS N- N39 13.672
W096 48.22
S- N39 13.631
W096 48.23

ross Section 3
(Poal)

" Cross Section 2
i (Pool)

Figure D-1. Wind Creek upland study reach.
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Figure D-2. Cross section transect 1 (riffle), view from left bank to right bank at
Wind Creek, upland reach.

N # ;- =

Figure D-3. Cross section transect 1 (riffle) at Wind Creek upland reach, upstream
view.
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Figure D-4. Cross section transect 1 (riffle) at Wind Creek upland reach,
downstream stream view.

Figure D-5. Cross section transect 2 (pool), view from right bank to left bank at
Wind Creek, upland reach.
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Figure D-6. Cross section transect 2 (pool) at Wind Creek, upland reach,
upstream view.

e e

-

Figure D-7. Cross section transect 2 (pool) at Wind Creek, upland reach,
downstream stream view.
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Figure D-8. Abandoned stream crossing at Wind Creek, upland reach,
view from left bank to right bank.

Figure D-9. Abandoned stream crossing at Wind Creek upland reach,
upstream view.
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Figure D-10. Abandoned stream crossing at Wind Creek upland reach, downstream
stream view.
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Figure D-11. Cross section transect 3 (pool), view from left bank to right bank at
Wind Creek, upland reach.
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Figure D-12. Cross section transect 3 (pool) at Wind Creek, upland reach, upstream
view.

Figure D-13. Cross section transect 3 (pool) at Wind Creek, upland reach,
downstream stream view.
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Figure D-14. Cross section transect 4 (riffle), view from left bank to right
bank at Wind Creek, upland reach.

Figure D-15. Cross section transect 4 (riffle) at Wind Creek, upland reach,
upstream view.
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Figure D-16. Cross section transect 4 (riffle) at Wind Creek, upland reach,
downstream stream view.
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Changesin Channd Geometry

Longitudinal Profile
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Figure D-17. Longitudinal profilealong Wind Creek, upland reach.



Cross Section 1_Riffle
101.50

»
101.00

100.50 /

\ 1 Bankfull Stage
100.00 + \ /

Elevation (m)
/
<
=\

99.50
‘ —— 2007 Survey
—=®—2006 Surve!
99.00 m\l :
Mﬂ"#
98.50
98.00

T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Distance (m)

Figure D-18. Repeat survey of cross section transect 1 at Wind Creek, upland reach.
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Figure D-19. Repeat survey of cross section transect 2 at Wind Creek, upland reach.
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Figure D-20. Repeat survey of cross section transect 3 at Wind Creek upland reach.
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Figure D-21. Repeat survey of cross section transect 4 at Wind Creek upland reach.
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Bed M aterial Characterization

Active Pebble Count-Upstream
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Figure D-22. Particle size distribution at cross section transect 1, Wind Creek
upland reach.
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Figure D-23. Particle size distribution at cross section transect 4, Wind Creek
upland reach.
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Scour Chains Data
Table D-1. Scour chainsdata, Wind Creek, upland reach.

Stream name: Wind Creek, Upland Reach Location: Fort Riley, Kansas
Observers: Stream Type: C4 Valley Type: VIII Date: 06/2007
Installation Data (1st Year) Recovery Data (2nd Year)
From cross-section Particles near chain Chain recovery Particles near chain
Station Elevation | Largest [ 2™ Largest | Scenario #|  Scour b Net change®| Largest ond Largest
(M) ® | m) | m) | (-5 | depm® (i |FCVRION M g mm | (mm)
2 Chain #1 0+49 95.3 120 100 3 1.1 95.44 0.14 87 75
14 Chain #2 0+47 91.53 66 65 1 0 91.6 0.07 63 50
] Chain #3
© [ Chain#a I I I I I I I I I
Scenario #1. Scenario #2. Scenario #3. Scenario #4. Scenario #5. (Oops)

® Scenario 2 or 3. Scenario 2: Enter length of chain exposed. Scenario 3: Enter length of chain exposed then subsequently buried.
® Scenario 3 or 4. Scenario 3: Enter elevation of bed at same station @ 2nd year. Scenario 4: Enter depth of material over chain.
° Scenario 3: Subtract 1st and 2nd year elevations to calculate net change in bed.
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Repeat Survey of Bank Profiles

Bank Survey-Upstream

2.00 >
=
1.80
/
-
®
1.60 \
Iy
1.40 ] ‘&
/-
/
e / &
£ 120 a——
[
3
2
©
% 1.00
o)
g —
g 0.80 — /lEros‘.lon Pins I
> 1l ol —
=
LU0 e e e R A—
4
0.40 }—0—2007 Survey [
o {—=— 2006 Survey|——
0.20
Pad
0.009H— «
1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 21
Horizontal Distance (m)

Figure D-25. A measure of bank migration rate at bank transect 1, Wind Creek,
upland reach.

Bank Survey-Downstream
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Figure D-26. A measure of bank migration rate at bank transect 2, Wind Creek,
upland reach.
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Calculation of BEHI and NBS

Table D-2. Calculation of BEHI variablesand overall BEHI rating at bank transect
1, Wind Creek, upland reach.

Stream: Wind Creek, Upland Reach Location: Fort Riley, Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: C4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C ) (Fig. 5-19)
Study Bankfull
Bank 7.5 Height 3 (A)/(B) S 25 8.5
Height (ft) 9 (A (f) = (B) (C)
Root Depth / Study Bank Height (E )
Root Study
Depth 3 Bank 75 (D)/I(A)=] 04 5.0
(ft) = (D)|Height (it) = (A (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) = 6 8.1
as % = (F) (G)
Bank Angle (H)
Bank
Angle 110 8.5
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9.0
as% = ()
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0
Silt’'Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High 1/ery High ﬂExtreme Adjective Rating High
| > and
5-95 | 10-195| 20-295 | 30-395| 40-45 | 46-50 Total Score 39.1
Bank Sketch i ‘
12 e
11 ] = 4 Root
10 § pth (D)
9 < _| Bank
g 3] LY Angle
5 o] . 5 &)
< E o = —
s 64— —"F —F+— ——— ————————— 1 |y ____Bankwull_ ___________wu n_ | =
=l 1 c
% 5 £
o 1 o
5 g
> 3 ] 5
2 ] Start
1 of
0 1 1 1 Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Table D-3. Calculation of NBS variables and overall NBSrating at bank transect 1,
Wind Creek, upland reach.

Estimating Near-Bank Stress (NBS )
Stream: Wind Creek, Upland Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: C4 Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( R / Wi )eeevvrvvrnrennn i aiieiie i aeneinaeaeees Level Il General prediction
(3) Ratio of pool slope to average water surface SIope (Sp/ S )........oceeriiiniieiiieeiins Level I General prediction
(4) Ratio of pool slope to riffle SIOPE ([ Sp/ Spif ).+ vvvevereeiriiiiiiiiiiiiiii e Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / dikf )eeevverveneenmeeeennn Level 1l Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Tpy,/ Ty ) Level 1l Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. cviiviieiiinieinnees NBS = High / Very High
9 (1) |Extensive deposition (continuous, cross-channel)................... ..NBS = Extreme
3 Chute cutoffs, down-valley meander migration, converging flow................ccovvwiiiiniininns NBS = Extreme
Radius of Bankfull Near-Bank
@ Curvature | Width Wy, | Ratio R/ Stress
R (ft) () Wit (NBS)
_ Near-Bank -
5 3 Pool Slope | Average Stress Dominant
& @) Sp Slope S |Ratio S,/ S (NBS) Near-Bank Stress
| = .
0.0036 0.0043 0.84 Very High Very High
) Near-Bank
@ Pool Slope | Riffle Slope| Ratio S,/ Stress
SD SI‘IT Srlf (NBS)
0.0036 0.0061 0.59 Low
Near-Bank Near-Bank
. Max Depth [ Mean Depth| Ratio dn /| Stress
®) dnp (f) it (ft) Abis (NBS)
= 3.00 1.65 1.82 High
© Near-Bank Bankfull
9@ Near-Bank Shear Shear . Near-Bank
(6) | MaxDepth Near-Bank | Stress To, ( [ Mean Depth Average | Stress Tuw (| Ratio Ty / Stress
dnp (1) Slope Sy, Ib/ft? ) ) Slope S Ib/ft? ) Tkt (NBS)
> Near-Bank
% @ Velocity Gradient (ft/sec| Stress
z /ft) (NBS)
|
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings @ 1 @ | & [ @ |1 & | 6 [ o
Very Low N/A > 3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 2.21-3.00 | 0.20-0.40 @ 041-0.60 1.00-1.50 0.80-1.05 0.50 —1.00
Moderate N/A 2.01-220 041-0.60 0.61-0.80 151-180  1.06-1.14 1.01-1.60
High See 1.81-2.00 0.61-0.80 0.81-1.00 1.81-250 1.15-1.19 1.61 - 2.00
Very High @ 150-1.80 @ 0.81-1.00  1.001-1.20 251-3.00 | 1.20-1.60 @ 2.01-2.40
Extreme Above <1.50 > 1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Very High
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Table D-4. Calculation of BEHI variablesand overall BEHI rating at bank transect
2, Wind Creek, upland reach.

Stream: Wind Creek, Upland Reach Location: Fort Riley, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: C4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C) (Fig. 5-19)
Study Bankfull
Bank 7 Height 35 (A)/(B)H 2 7.9
Height (ft) 5 A (f) = (B) (€)
Root Depth / Study Bank Height ( E )
Root Study
Depth 6.5 Bank 7 (D)/(A)s] 0.93 1
() = (D)[Height (ft) = (A (E)
Weighted Root Density (G )
Root
Density 10% (F)x(E)=| 93 8.5
as % = (F) (G)
Bank Angle (H)
Bank
Angle 90 7.9
as Degrees = (H)
Surface Protection (1)
Surface
Protection 0% 10
as% = ()

Bank Material Adjustment: |

Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0

Cobble (Subtract 10 points if uniform medium to large |

Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment

on percentage of bank material that is composed of sand) Add 5-10 points, depending on

Sand (Add 10 points) posit_ion of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage

Very Low | Low |M0derate | High Very High ﬂixtreme Adjective Rating High
\ > and
5-95 | 10-195| 20-295 | 30-395| 40-45 | 46-50 Total Score 35.3
Bank Sketch ) 7
12 T .
1 = Ror?‘( )
= epth (D,
10 4 ]
= 9 x Bank
= <
= g | o Angle
s » % N\
s - by 2
g o] S a1 o } S
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Table D-5. Calculation of NBS variables and overall NBSrating at bank transect 2,
Wind Creek, upland reach.

Estimating Near-Bank Stress (NBS)
Stream: Wind Creek, Upland Location: Fort Riley, Kansas
Station: Bank Transect 2 Stream Type: C4 Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width (Rg / Wi )eeevvevveeereeriieiiiieeeseeeiiieiieaeeeeend Level Il General prediction
(3) Ratio of pool slope to average water surface slope (Sp/S)... Level Il General prediction
(4) Ratio of pool slope to riffle SIOPE ((Sp/ Syif ). vvveveverviiiiiiie i Level 1l General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / dbkf )-«--vvevveeeeerreenenns Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Top/ Tpr )eeeeereeeeeeeaierncaiennens Level 1l Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient................cooeeeiraareanieeiee e Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. voeuviieiiiiiniinnns NBS = High / Very High
9 (1) |Extensive deposition (continuous, cross-channel)..................... NBS = Extreme
3 Chute cutoffs, down-valley meander migration, converging flow NBS = Extreme
Radius of Bankfull _ Near-Bank
@) Curvature | Width Wy,;| Ratio R/ Stress
R (ft) (ft) Wkt (NBS)
_ Near-Bank i
= 3 Pool Slope | Average Stress Dominant
Z ®) S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
-
0.0099 0.0043 2.30 Extreme Extreme
) Near-Bank
@ Pool Slope [ Riffle Slope| Ratio S,/ Stress
Sp St Siit (NBS)
0.0099 0.0049 2.02 Extreme
Near-Bank Near-Bank
5) Max Depth | Mean Depth| Ratio dnp/ | Stress
dnp (ft) dpi (ft) pig (NBS)
= 3.50 1.65 2.12 High
g Near-Bank Bankfull
@ Near-Bank Shear Shear . Near-Bank
(6) | MaxDepth Near-Bank  Stress Ty, ( [ Mean Depth Average | Stress Tug (| Ratio Tn, / Stress
dop (ft) | Slope Spp | 1o/it?) Oy (t) Slope S Ib/ft? ) Tot (NBS)
> Near-Bank
% 7 Velocity Gradient ( ft / sec Stress
3 ) /ft) (NBS)
)
Converting values to a Near-Bank Stress (NBS) rating
Near-Bank Stress (NBS) Method number
ratings o [ @ | @ | @ [ &6 | & | @
Very Low N/A >3.00 <0.20 <0.40 < 1.00 <0.80 <0.50
Low N/A 2.21-3.00 0.20-0.40 0.41-0.60 1.00-150 0.80-1.05 @ 0.50-1.00
Moderate N/A 2.01-2.20 0.41-0.60 0.61-0.80 1.51-1.80 1.06 —1.14 1.01-1.60
High See 1.81-2.00 @ 0.61-0.80 0.81-1.00  181-250 | 1.15-1.19 @ 1.61-2.00
Very High (0 1.50-1.80 @ 0.81-1.00 1.01-1.20 | 251-3.00 | 1.20-1.60 @ 2.01-2.40
Extreme Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Geographical Position System Coordinates

Table D-6. GPS coordinatestaken at Wind Creek, upland reach.

Feature N (m) E (m)
Bench Mark 1 4344226 689492
Bench Mark at LWSC 4344332 689524
Head of Reach 4344195 689476
Cross Section 1- Left Pin 4344228 689478
Cross Section 1- Right Pin 4344226 689501
Cross Section 2- Left Pin 4344335 689516
Cross Section 2- Right Pin 4344322 689519
Cross Section 3- Left Pin 4344329 689598
Cross Section 3- Right Pin 4344327 689641
Cross Section 4- Left Pin 4344367 689673
Cross Section 4- Right Pin 4344345 689683
End of Reach 4344352 689688

GPS measurement grid is Universal Transverse Mar¢dffM) and map datum is North American Datum
83 (NAD 83).
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Appendix E - Wind Creek, Midland Reach

Photographs

SC'SQC it Cross Section 41
12 April 2006 i g - )
GPS W- N39 13.804
W096 47.726
E- N39 13.819
W096 47.688

Cross Section 958
(Riffle) N

Cross Section 11 1 i Cross Section 7 o
e L (Riffle) o

) 7 ross Section 8
“ross Section 12{ (Paol)
(Riffle)

Figure E-1. Wind Creek midland study reach.
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Figure E-2. Cross section transect 1 (riffle), view from left bank to right bank at
Wind Creek, midland reach.

Figure E-3. Cross section transect 1 (riffle) at Wind Creek, midland reach,
upstream view.
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Figure E-4. Cross section transect 1 (riffle) at Wind Creek, midland reach,
upstream view.

Figure E-5. Cross section transect 5, view from left bank to right bank at
Wind Creek, midland reach.
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Figure E-6. Cross section transect 5 at Wind Creek, midland reach,
upstream view.

Figure E-7. Cross section transect 5 at Wind Creek, midland reach,
downstream view.
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Figure E-8. Stream crossing, view from left bank to right bank at Wind Creek,
midland reach.

Figure E-9. Stream crossing at Wind Creek, midland reach, upstream view.
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Figure E-11. Cross section transect 7 (riffle), view from left bank to right
bank at Wind Creek, midland reach.
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Figure E-12. Cross section transect 4 (pool) at Wind Creek, midland reach,
upstream view.

downstr eam stream view.
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Figure E-14. Cross section transect 8 (pool), view from left bank to right
bank at Wind Creek, midland reach.

P -

Figure E-15. Cross section transect 8 (pool) at Wind Creek, midland reach,
upstream view.
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Figure E-16. Cross section transect 8 (pool) at Wind Creek, midland reach,
downstream stream view.

Figure E-17. Cross section transect 9 (riffle), view from left bank to right
bank at Wind Creek, midland reach.
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Figure E-18. Cross section transect 9 (riffle) at Wind Creek, midland reach,
upstream view.

‘ S e ot ¥ B W N
Figure E-19. Cross section transect 9 (riffle) at Wind Creek, midland reach,
downstream view.
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Figure E-20. Cross section transect 12 (riffle), view from left bank to right
bank at Wind Creek, midland reach.

Figure E-21. Cross section transect 12 (riffle) at Wind Creek, midland reach,
upstream view.
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Figure E-22. Cross section transect 12 (riffle) at Wind Creek, midland reach,
downstream view.
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Figure E-23. Longitudinal profilealong Wind Creek, midland reach.
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Figure E-24. Repeat survey of cross section transect 1 at Wind Creek, midland

reach.
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Figure E-25. Repeat survey of cross section transect 2 at Wind Creek, midland

reach.
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Figure E-26. Repeat survey of cross section transect 3 at Wind Creek midland
reach.
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Figure E-27. Repeat survey of cross section transect 4 at Wind Creek midland
reach.
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Figure E-28. Repeat survey of cross section transect 5 at Wind Creek midland
reach.
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Figure E-29. Repeat survey of cross section transect 6 at Wind Creek midland
reach.
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Figure E-30. Repeat survey of cross section transect 7 at Wind Creek midland
reach.
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Figure E-31. Repeat survey of cross section transect 8 at Wind Creek midland
reach.
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Figure E-32. Repeat survey of cross section transect 9 at Wind Creek midland
reach.
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Figure E-33. Repeat survey of cross section transect 10 at Wind Creek midland
reach.
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Figure E-34. Repeat survey of cross section transect 11 at Wind Creek
midland reach.
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Figure E-35. Repeat survey of cross section transect 12 at Wind Creek
midland reach.
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Bed Material Characterization
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Figure E-36. Particle size distribution at cross section transect 1, Wind Creek
midland reach.
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Figure E-37. Particle size distribution at cross section transect 4, Wind Creek
midland reach.
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Figure E-38. Particle size distribution along Wind Creek midland reach.
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Scour Chains Data
Table E-1. Scour chainsdata, Wind Creek, midland reach.

Stream name: Wind Creek, Midland Reach Location: Fort Riley, Kansas
Observers: Stream Type: B4c Valley Type: VIII Date: 06/2007
Installation Data (1st Year) Recovery Data (2nd Year)
From cross-section Particles near chain Chain recovery Particles near chain
Station | Elevation | Largest | 2" Largest | Scenario #| Scour Elevation’ (1) Net changeq| Largest | 2" Largest
(f) (f) (mm) (mm) (1-5) | depth® (ft) (ft) (mm) (mm)

2 Chain #1

[ Chain #2 0+32 88.08 70 57 4 0 89.23 1.15 85 80

2 Chain #3

[ Chain #4

Scenario #1. Scenario #2. Scenario #3. Scenario #4. Scenario #5. (Oops)

* Scenario 2 or 3. Scenario 2: Enter length of chain exposed. Scenario 3: Enter length of chain exposed then subsequently buried.
® Scenario 3 or 4. Scenario 3: Enter elevation of bed at same station @ 2nd year. Scenario 4: Enter depth of material over chain.
° Scenario 3: Subtract 1st and 2nd year elevations to calculate net change in bed.
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Repeat Survey of Bank Profiles

Bank Survey-Upstream
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Figure E-39. A measur e of bank migration rate at bank transect 1, Wind Creek,
midland reach.
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Figure E-40. A measur e of bank migration rate at bank transect 2, Wind Creek
midland reach.
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Calculation of BEHI and NBS

Table E-2. Calculation of BEHI variablesand overall BEHI rating at bank transect
1, Wind Creek, midland reach.

Stream: Wind Creek, Midland Reach Location: Fort Riley, Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: B4c Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height (C) (Fig. 5-19)
Study Bankfull
Bank 8.9 Height 3 (A)I(B)=] 2.97 8.3
Height (ft) 3 (A (ft) = (B) (©)
Root Depth / Study Bank Height (E)
Root Study
Depth 4 Bank 8.9 (D)/(A)=] 045 5
(ft) = (D)[Height (ft) = (A (B)
Weighted Root Density (G )
Root
Density 10% (F)x(E) = 45 10
as % = (F) (G)
Bank Angle (H)
Bank
Angle 65 4.2
as Degrees = (H
Surface Protection (1)
Surface
Protection 10% 9
as% = (D
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High i/ery High Extreme Adjective Rating High
l > and
5-95 | 10-195| 20-295 | 30-395] 40-45 [ 46-50 Total Score 36.5
Bank Sketch |
12
11 Root
10 A pth (D)
9 Bank
£ 8 Angle
g 7] (H)
© [
6 =
= 5] g5
£ . £3
(] =
g g
21 Start
1 of
0 I I Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Table E-3. Calculation of NBS variablesand overall NBSrating at bank transect 1,
Wind Creek, midland reach.

Estimating Near-Bank Stress (NBS)
Stream: Wind Creek, Midland Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: B4c Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width (R / Wigg ).vvvevvevernreveiieieiiie e Level Il General prediction
(3) Ratio of pool slope to average water surface sIope (Sp/ S ).......c.vvrrmiecsicieriieie, Level I General prediction
(4) Ratio of pool slope to riffle SI0pe ( Sp/ Sy )...vvvvevreveririiiieiiir it Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth (dnp / dpif ).evvvevvvviininnns Level 11l Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( T,/ Ty ) Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. cooeviuiviiiiiinnne NBS = High / Very High
o (1) |Extensive deposition (continuous, cross-channel)...............ccceveviiriecieiiiie s NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow................c.cccvuviiviviiiini. NBS = Extreme
Radius of Bankfull Near-Bank
2 Curvature | Width Wy | Ratio R¢/ Stress
@ Re (ft) (ft) Wik (NBS) |
— Near-Bank '
T 3 Pool Slope | Average Stress Dominant
Z ©) Sp Slope S [Ratio S,/S| (NBS) Near-Bank Stress
-
0.0045 0.0023 1.96 Extreme Extreme
) Near-Bank
@) Pool Slope | Riffle Slope [ Ratio Sp/ [ Stress
SD Sn! Snf NBS
0.0045 0.0265 0.17 Very Low
Near-Bank Near-Bank
5) Max Depth | Mean Depth| Ratio dup/ [ Stress
np (1) i (ft) ot NBS) |
= 4.50 2.78 1.62 Moderate
© Near-Bank Bankfull
9 Near-Bank Shear Shear . Near-Bank
(6) | MaxDepth Near-Bank | Stress Tus (| Mean Depth Average | Stress To (| Ratio T/ | stress
do () | Slope Spp | b2y o (1) Slope S Ib/ft*) Tout (NBS)
> Near-Bank
= Velocity Gradient ( ft/ sec|  Stress
2 @) /ft) NBS
)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings o 1 @ [ & 1 @ [ 6 [ © | @
Very Low N/A >3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 2.21-3.00 | 020-040 041-060 1.00-150  0.80-1.05 0.50-1.00
Moderate N/A 2.01-220 | 041-060 0.61-0.80 151-1.80  1.06-1.14 101-1.60
High See 1.81-2.00  0.61-0.80 0.81-1.00 1.81-250 | 115-1.19 1.61-2.00
Very High () 1.50-1.80 = 0.81-1.00 1.01-120 @ 251-300  120-1.60 2.01-2.40
Extreme Above < 1.50 > 1.00 >1.20 >3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Table E-4. Calculation of BEHI variables and overall BEHI rating at bank transect
2, Wind Creek, midland reach.

Stream: Wind Creek, Midland Reach Location: Fort Riley, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: B4c Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C ) (Fig. 5-19)
Study Bankfull
Bank 8.75 Height 4 (A)/(B) S 2.19 8.2
Height (ft) G (ft) = (B) ©
Root Depth / Study Bank Height ( E )
Root Study
Depth 5 Bank 8.75 (D)/(A)=] 057 3.5
(ft) = (D)|Height (ft) 5 A (E)
Weighted Root Density (G )
Root
Density 10% (F)x(E) = 5.7 8.1
as % = (F) (G)
Bank Angle (H)
Bank
Angle 80 5.9
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9
as% = (D
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) posit.ion of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |Moderate | High 1/ery High lkxtreme > Adjective Rating High
and
5-95 | 10-195] 20-295 | 30-395| 40-45 | 46-50 Total Score 34.7
Bank Sketch A
12 T -
11: = 1 Root
10 ] gm }epth (D)
9] ER Bank
g 4] | LY 5 Angle
g 7] 5 | \G)
g o P Bankdul - } S
= : 8 s
o 1 ! € o
5 41 3 g
> 3] 5
27 | Start
11 of
0 r r Bank
0 1 2 3 4 5 6
Horizontal distance (ft)

Table E-5. Calculation of NBS variablesand overall NBSrating at bank transect 2,
Wind Creek, midland reach.
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Estimating Near-Bank Stress (NBS)

Stream: Wind Creek, Midland Location: Fort Riley, Kansas

Station: Bank Transect 2 Stream Type: B4c

Valley Type: VIII

Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Rg / Wi ).e.ovevvvverveareieriiries s eeearies e vl Level Il General prediction
(3) Ratio of pool slope to average water surface slope (Sp/ S ).........cocovuiveiiiiiiiiiccnnn, Level I General prediction
(4) Ratio of pool slope to fiffle SIOPE ( Sp/ Srif )...vvevrrerrrevrvrersiieeie e Level 1l General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dpp / Dbk ). vvvevvververrennnn. Level NI Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Top/ Tog )-eeeeeeeroveeerenereenees Level 1lI Detailed prediction
(7) Velocity profiles / 1sovels / Velocity gradient.............cc.ocooevaieia e e e ie e e Level IV Validation
= Transverse and/or central bars-short and/or discontinuous.... .NBS = High / Very High
2 (1) |Extensive deposition (continuous, Cross-ChaNNEN)...........cviiiiiiniiii s NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow.. ...NBS = Extreme
Radius of | Bankfull _ Near-Bank
7 Curvature | Width Wy | Ratio R/ Stress
R (ft) (ft) Wi (NBS)
_ Near-Bank '
= 3 Pool Slope | Average Stress Dominant
= 3 S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
-
0.0031 | 0.0023 1.35 Extreme Extreme
) Near-Bank
@) Pool Slope | Riffle Slope| Ratio S,/ Stress
SD Snf Snf (NBS)
0.0031 0.0096 0.32 Very Low
Near-Bank Near-Bank
5) Max Depth |Mean Depth| Ratio dn/ | Stress
dnp (ft) g (f) g (NBS)
= 5.50 2.78 1.98 High
© Near-Bank Bankfull
3 Near-Bank Shear Shear . Near-Bank
(6) Max Depth | Near-Bank [ Stress Ty, (| Mean Depth| Average | Stress T (| Ratio Ty / Stress
dab (ft) | Slope Spp [ bsit?) dy () Slope S Ib/ft®) Toie (NBS)
> Near-Bank
% ) Velocity Gradient (ft/sec| Stress
z /ft) (NBS)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings O 1 @ |1 6o |1 @& 1 6 (6) @)
Very Low N/A >3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 221-300 020-040 041-0.60 1.00-1.50 @ 0.80-1.05 0.50-1.00
Moderate N/A 2.01-220 041-0.60 061-0.80 151-1.80  106-1.14 1.01-1.60
High See 1.81-2.00 061-0.80  0.81-1.00 1.81-250 1.15-1.19 | 1.61-2.00
Very High (63) 1.50-1.80  0.81-100 1.01-120 251-3.00 | 1.20-160 | 2.01-2.40
Extreme Above <1.50 > 1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Geographical Position System Coordinates

Table E-6. GPS coordinates taken at Wind Creek, midland reach.

Wind Creek Midland Reach — LWSC 6

Feature N (m) E (m)
Head of Reach 4344733 690112
Cross Section 1- Left Pin 4344738 690101
Cross Section 1- Right Pin 4344721 690101
Cross Section 2- Left Pin 4344737 690103
Cross Section 2- Right Pin 4344737 690127
Cross Section 3- Left Pin 4344738 690174
Cross Section 3- Right Pin 4344734 690160
Cross Section 4- Left Pin 4344707 690172
Cross Section 4- Right Pin 4344693 690157
Cross Section 5- Left Pin 4344681 690224
Cross Section 5- Right Pin 4344669 690220
Cross Section 6- Left Pin 4344660 690288
Cross Section 6- Right Pin 4344651 690279
Cross Section 7- Left Pin 4344625 690340
Cross Section 7- Right Pin 4344623 690301
Cross Section 8- Left Pin 4344565 690326
Cross Section 8- Right Pin 4344570 690314
Cross Section 9- Left Pin 4344587 690296
Cross Section 9- Right Pin 4344595 690301
Cross Section 10- Left Pin 4344593 690272
Cross Section 10- Right Pin 4344598 690270
Cross Section 11- Left Pin 4344563 690273
Cross Section 11- Right Pin 4344569 690257
Cross Section 12- Left Pin 4344550 690280
Cross Section 12- Right Pin 4344548 690263
End of Reach 4344540 690272

GPS measurement grid is Universal Transverse Mar¢dffM) and map datum is North American Datum
83 (NAD 83).
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Appendix F - Wind Creek, Lowland Reach

Photographs
3 SC-89E
12 April 2006
GPS N- N39 13.705
W096 47.628
S- N39 13.659
WO096 47.634

B Cross Section 7
(Run)

Cross Section 6 y
% (Run) 5 ; ross Section 9
s . i LA X (Glide)
. o : ! X ross Section 8
(Riffle) i) : : )

Figure F-1. Wind Creek lowland study reach.
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Figure F-2. Cross section transect 1 (riffle), view from left bank to right bank at
Wind Creek, lowland reach.

Figure F-3. Cross section transect 1 (riffle) at Wind Creek, lowland reach,
upstream view.
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Figure F-4. Cross section transect 1 (riffle) at Wind Creek, lowland reach,
downstream view.

(- B

Figure F-5. Cross section transect 2 (pool), view from left bank to right bank at
Wind Creek, lowland reach.
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Figure F-6. Cross section transect 2 (pool) at Wind Creek, lowland reach,
upstream view.

Figure F-7. Cross section transect 2 (pool) at Wind Creek, lowland reach,
downstream view.
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Figure F-8. Stream crossing, view from left bank to right bank at Wind Creek,
lowland reach.

Figure F-9. Stream crossing at Wind Creek, lowland reach, upstream view.
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Figure F-10. Stream crossing at Wind Creek, lowland reach, downstream view.

Figure F-11. Cross section transect 8 (pool), view from left bank to right bank at
Wind Creek, lowland reach.
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Figure F-12. Cross section transect 2 (pool) at Wind Creek, lowland reach,
upstream view.

L

Figure F-13. Cross section transect 8 (pool) at Wind Creek, lowland reach,
downstream stream view.
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Figure F-14. Cross section transect 9 (run), view from left bank to right bank at
Wind Creek lowland reach.

Figure F-15. Cross section transect 9 (run) at Wind Creek lowland reach, upstream
view.
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Figure F-16. Cross section transect 9 (run) at Wind Creek lowland reach,
downstream stream view.

Figure F-17. Cross section transect 11 (riffle), view from left bank to right bank at
Wind Creek lowland reach.
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Figure F-18. Cross section transect 11 (riffle) at Wind Creek lowland reach,
upstream view.

o — S e .

Figure F-19. Cross section transect 11 (riffle) at Wind Creek lowland reach,
downstream stream view.
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Figure F-20. Longitudinal profile along Wind Creek, lowland reach.
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Figure F-21. Repeat survey of cross section transect 1 at Wind Creek, lowland
reach.
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Figure F-22. Repeat survey of cross section transect 2 at Wind Creek, lowland
reach.
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Figure F-23. Repeat survey of cross section transect 3 at Wind Creek lowland reach.
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Figure F-24. Repeat survey of cross section transect 4 at Wind Creek lowland reach.
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Figure F-25. Repeat survey of cross section transect 5 at Wind Creek lowland reach.
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Figure F-26. Repeat survey of cross section transect 6 at Wind Creek lowland reach.
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Figure F-27. Repeat survey of cross section transect 7 at Wind Creek lowland reach.
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Figure F-28. Repeat survey of cross section transect 8 at Wind Creek lowland reach.
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Figure F-29. Repeat survey of cross section transect 9 at Wind Creek lowland reach.
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Figure F-30. Repeat survey of cross section transect 10 at Wind Creek lowland

reach.
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Figure F-31. Repeat survey of cross section transect 11 at Wind Creek lowland
reach.
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Bed Material Characterization

Active Bed Pebble Count-Upstream
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Figure F-32. Particle size distribution at cross section transect 1, Wind Creek
lowland reach.
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Figure F-33. Particle size distribution at cross section transect 4, Wind Creek
lowland reach.
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Figure F-34. Particle size distribution along Wind Creek lowland reach.
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Scour Chains Data
Table F-1. Scour chainsdata, Wind Creek, lowland reach.

Stream name: Wind Creek, Lowland Reach Location: Fort Riley, Kansas
Observers: Stream Type: F4 Valley Type: VIII Date: 06/2007
Installation Data (1st Year) Recovery Data (2nd Year)
From cross-section Particles near chain Chain recovery Particles near chain
Station Elevation | Largest | 2™ Largest | Scenario # Scour Elevation® (M) Net change‘| Largest 2" Largest
(ft) (ft) (mm) (mm) (1-5) | depth® (ft) (ft) (mm) (mm)
Q2 Chain #1 0+16 92.98 89 80 1 0 93.05 0.07 195 160
e Chain #2 0+16 90.63 95 75 N/A -3.38 87.25 -3.38 180 150
2 Chain #3 0+29 88.36 150 107 2 -0.40 87.96 -0.40 90 60
© | Chain#4
Scenario #1. Scenario #2. Scenario #3. Scenario #4. Scenario #5. (Oops)

 Scenario 2 or 3. Scenario 2: Enter length of chain exposed. Scenario 3: Enter length of chain exposed then subsequently buried.
® Scenario 3 or 4. Scenario 3: Enter elevation of bed at same station @ 2nd year. Scenario 4: Enter depth of material over chain.
° Scenario 3: Subtract 1st and 2nd year elevations to calculate net change in bed.

N/A implies scour chains got scoured out.
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Repeat Survey of Bank Profiles

Bank Survey-Upstream
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Figure F-35. A measure of bank migration rate at bank transect 1, Wind Creek
lowland reach.
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Figure F-36. A measure of bank migration rate at bank transect 2, Wind Creek,
lowland reach.
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Calculation of BEHI and NBS

Table F-2. Calculation of BEHI variables and overall BEHI rating at bank transect
1, Wind Creek, lowland reach.

Stream: Wind Creek, Lowland Reach Location: Fort Riley, Kansas
Station: Bank Transect 1 Observers:
Date: 06/2007 Stream Type: F4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C) (Fig. 5-19)
Study Bankfull
Bank 7.3 Height 4 (A)/(B)4] 1.83 7.1
Height (ft) A () = (B) ©
Root Depth / Study Bank Height ( E)
Root Study
Depth 5 Bank 7.3 (D)/I(A)=s] 068 3.5
(f) = (D)|Height (f) = (A) (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) =] 103 8.5
as % = (S (G)
Bank Angle (H)
Bank
Angle 90 7.9
as Degrees = (H)
Surface Protection (1)
Surface
Protection 10% 9
as% = (1)
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0
Cobble (Subtract 10 points if uniform medium to large |
Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment
on percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in 0
Silt/Clay (no adjustment) relation to bankfull stage
Very Low | Low |M0derate | High 1/ery High fxtreme Adjective Rating High
\ > and
5-95 | 10-195] 20-295 | 30-395] 40-45 | 46-50 Total Score 36
Bank Sketch [
12 b/
11 ] Root
10 1 epth (D)
9 ] Bank
g 8 ] Angle
g 1 \ (H)
e A
5] E - —~
s 64— |- _Bankfull_ ___________» | =
z 5] $6
£ 4] 53
2 ] ”e
2 ] Start
1 of
0 ] T T T T T T T T T Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Table F-3. Calculation of NBS variables and overall NBSrating at bank transect 1,
Wind Creek, lowland reach.

Estimating Near-Bank Stress (NBS)
Stream: Wind Creek, Lowland Location: Fort Riley, Kansas
Station: Bank Transect 1 Stream Type: F4 Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width (R / Wigg ).vvvevvevernreveiieieiiie e Level Il General prediction
(3) Ratio of pool slope to average water surface sIope (Sp/ S ).......c.vvrrmiecsicieriieie, Level I General prediction
(4) Ratio of pool slope to riffle SI0pe ( Sp/ Sy )...vvvvevreveririiiieiiir it Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth (dnp / dpif ).evvvevvvviininnns Level 11l Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( T,/ Ty ) Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient . Level IV Validation
= Transverse and/or central bars-short and/or diSCONtINUOUS............. cooeviuiviiiiiinnne NBS = High / Very High
o (1) |Extensive deposition (continuous, cross-channel)...............ccceveviiriecieiiiie s NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow................c.cccvuviiviviiiini. NBS = Extreme
Radius of Bankfull Near-Bank
2 Curvature | Width Wy | Ratio R¢/ Stress
@ Re (ft) (ft) Wik (NBS) |
— Near-Bank '
T 3 Pool Slope | Average Stress Dominant
Z ©) Sp Slope S [Ratio S,/S| (NBS) Near-Bank Stress
-
0.0221 0.0032 6.91 Extreme Extreme
) Near-Bank
@) Pool Slope | Riffle Slope [ Ratio Sp/ [ Stress
SD Sn! Snf NBS
0.0221 0.0137 1.61 Extreme
Near-Bank Near-Bank
5) Max Depth | Mean Depth| Ratio dup/ [ Stress
np (1) i (ft) ot NBS) |
= 4.00 2.64 1.52 Moderate
© Near-Bank Bankfull
9 Near-Bank Shear Shear . Near-Bank
(6) | MaxDepth Near-Bank | Stress Tus (| Mean Depth Average | Stress To (| Ratio T/ | stress
do () | Slope Spp | b2y o (ft) Slope S Ib/ft*) Tout (NBS)
> Near-Bank
= Velocity Gradient ( ft/ sec|  Stress
g @ /1) NBS
)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings O [ @ | & 1 @1 6 [ 6 [ @
Very Low N/A >3.00 <0.20 <0.40 <1.00 <0.80 <050
Low N/A 2.21-3.00 | 020-040 041-060 1.00-150  0.80-1.05 0.50-1.00
Moderate N/A 2.01-220 | 041-060 0.61-0.80 151-1.80  1.06-1.14 101-1.60
High See 1.81-2.00  0.61-0.80 0.81-1.00 1.81-250 | 115-1.19 1.61-2.00
Very High () 1.50-1.80 = 0.81-1.00 1.01-120 @ 251-300  120-1.60 2.01-2.40
Extreme Above < 1.50 > 1.00 >1.20 >3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme

244



Table F-4. Calculation of BEHI variables and overall BEHI rating at bank transect
2, Wind Creek, lowland reach.

Stream: Wind Creek, Lowland Reach Location: Fort Riley, Kansas
Station: Bank Transect 2 Observers:
Date: 06/2007 Stream Type: F4 Valley Type: VIII
BEHI Score
Study Bank Height / Bankfull Height ( C ) (Fig. 5-19)
Study Bankfull
Bank 10.2 Height 4.5 (A)/(B) 4] 2.3 10
Height (ft) Q) (f) = (B) (C)
Root Depth / Study Bank Height ( E )
Root Study
Depth 45 Bank 10.2 (D)/(A) 044 4.6
(i) = (D)|Height (ft) = A (E)
Weighted Root Density (G )
Root
Density 15% (F)x(E) = 6.62 10
as %= (F) (G)
Bank Angle (H)
Bank
Angle 95 8
as Degrees = (H)
Surface Protection (1)
Surface
Protection 0% 9
as% = (1)

Bank Material Adjustment: |

Bedrock (Overall Very Low BEHI) :> Bank Material
Boulders (Overall Low BEHI) Adjustment 0

Cobble (Subtract 10 points if uniform medium to large |

Gravel or Composite Matrix (Add 5-10 points depending Stratification Adjustment

on percentage of bank material that is composed of sand) Add 5-10 points, depending on

Sand (Add 10 points) positlion of unstable layers in 0
Silt’Clay (no adjustment) relation to bankfull stage

and
Total Score 41.6

Very Lowl Low |Moderate | High Very High ﬂExtreme > Adjective Rating V.High

5-95 | 10-195] 20-295 | 30-395| 40-45 | 4650

Bank Sketch

[

STUDY BANK Height 1

Vertical distance (ft)
()]

0 1 2 3 4 5 6

Horizontal distance (ft)
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Table F-5. Calculation of NBS variables and overall NBSrating at bank transect 2,
Wind Creek, lowland reach.

Estimating Near-Bank Stress (NBS)
Stream: Wind Creek, Lowland Location: Fort Riley, Kansas
Station: Bank Transect 2 Stream Type: F4 Valley Type: VIII
Observers: Date: 06/2006
Methods for estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull width ( Re / Wit )eeeeervvvieieseiiieiie e e Level I General prediction
(3) Ratio of pool slope to average water surface slope (Sp/S)... Level Il General prediction
(4) Ratio of pool slope to riffle SIope (Sp/ Syif )....vecvevveeieiieieiiirii i Level I General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnp / Qpkf )--«vevvverveeeeenn Level I Detailed prediction
(6) Ratio of near-bank shear stress to bankfull shear stress ( Top/ Tog )eveeeveerveerreirrenes Level I Detailed prediction
(7) Velocity profiles / 1sovels / Velocity gradient.................cccevirierarieierieeiie e e Level IV Validation
= Transverse and/or central bars-short and/or discontinuous............. c...covieiinnenn. NBS = High / Very High
< 1) |Extensive deposition (continuous, cross-channel)..............cocvuiiiniiiiiiiniiii e NBS = Extreme
>
9 Chute cutoffs, down-valley meander migration, converging flow................c..cccuviiininn, NBS = Extreme
Radius of Bankfull Near-Bank
2 Curvature | Width Wy | Ratio Rc/ | Stress
@ | R (i Wy | (es)
_ Near-Bank .
% 3 Pool Slope | Average Stress Dominant
% (3) S, Slope S |Ratio S,/S| (NBS) Near-Bank Stress
-
0.0069 0.0032 2.16 Extreme Extreme
) Near-Bank
@) Pool Slope | Riffle Slope | Ratio S,/ Stress
SD Sr\f Sr\f (NBS)
0.0069 0.0147 0.47 Low
Near-Bank Near-Bank
5 Max Depth | Mean Depth| Ratio dnp/ | Stress
O | dp® | du® | (NES)
= 4.50 2.64 1.70 Moderate
© Near-Bank Bankfull
& Near-Bank Shear Shear _ Near-Bank
(6) | MaxDepth Near-Bank | Stress Top, ( | Mean Depth| Average | Stress Toa (| Ratio To,/ Stress
dop (ft) | Slope Spp | Ib/it’) duy (ft) Slope S b/t ) Toig (NBS)
> Near-Bank
% 7 Velocity Gradient (ft/ sec| Stress
z @) /1t) (NBS)
-
Converting values to a Near-Bank Stress (NBS) ratin g
Near-Bank Stress (NBS) Method number
ratings O 1 @ | ¢ |1 @@ 1 6 | © | 0
Very Low N/A >3.00 <0.20 <0.40 <1.00 <0.80 <0.50
Low N/A 221-3.00 020-040 041-0.60 1.00-1.50 @ 0.80-1.05 0.50-1.00
Moderate N/A 201-220 041-060 0.61-0.80 151-180  1.06-114 1.01-1.60
High See 1.81-2.00  0.61-0.80 0.81-100 1.81-250 | 1.15-1.19 | 1.61-2.00
Very High (1) 150-1.80  0.81-100 1.01-120 251-3.00 1.20-1.60 | 2.01-240
Extreme Above < 1.50 >1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating Extreme
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Geographical Position System Coordinates

Table F-6. GPS coordinates taken at Wind Creek, lowland reach

Feature N (m) E (m)
Bench Mark 1 4344478 690367
Head of Reach 4344487 690368
Cross Section 1- Left Pin 4344490 690378
Cross Section 1- Right Pin 4344488 690369
Cross Section 2- Left Pin 4344457 690349
Cross Section 2- Right Pin 4344464 690339
Cross Section 3- Left Pin 4344356 690432
Cross Section 3- Right Pin 4344442 690321
Cross Section 4- Left Pin 4344411 690328
Cross Section 4- Right Pin 4344391 690318
Cross Section 5- Left Pin 4344402 690364
Cross Section 5- Right Pin 4344385 690364
Cross Section 6- Left Pin 4344390 690318
Cross Section 6- Right Pin 4344386 690380
Cross Section 7- Left Pin 4344408 690460
Cross Section 7- Right Pin 4344397 690452
Cross Section 8- Left Pin 4344357 690463
Cross Section 8- Right Pin 4344341 690470
Cross Section 9- Left Pin 4344398 690590
Cross Section 9- Right Pin 4344368 690497
Cross Section 10- Left Pin 4344390 690519
Cross Section 10- Right Pin 4344372 690528
Cross Section 11- Left Pin 4344385 690525
Cross Section 11- Right Pin 4344385 690597
LWSC 8B 4344421 690425
End of Reach 4344389 690594

GPS measurement grid is Universal Transverse Mar¢daffM) and map datum is North American Datum
83 (NAD 83).
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