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EXECUTIVE SUMMARY

(1) Systemwide incision There is evidence along the entire length of the stream for bed

incision (lowering of bed elevation by erosion) and valley floor alluviation-¢iiamed

deposition on top bank surfaces by increased flooding or construction fill). These processes
combine to give the stream an entrenched form in many places. Inasay have begun with
pastland use changeduringsettlement of the area and early agricultural practices. Residential
constructionand buildout occurred about 2¥years ago and stream beds show recent effects of
incision related to development. Howevetr seems that compared to the geomorphic

assessment completed by Intuition and Logic almost 10 years ago, the stream system today has
recovered to a slight degree.

(2) Bedrock Knickpoints: Bedrocks intermittently exposed on the channel bed and along
lower bankselow station 6,500 ft to the moutbn Mill Geek Severwell formed bedrock

knick mpints, some with drops to #eet, arefound between stations 2,000 6,400 ft between
elevations of 90AL000 feet. Less resistant shale erodes out from untimestone beds until

the slab fails and forms a stephe ages of these knigloints arenot known,but most do not
appear to be actively migrating upstream at timescales of interest hdéoeever, there are
several heaetuts that may be actively migraty upstream at rates of concern between stations
5,800 to 5,900 ft.

(3) ChannelBed Stability and BedformFor the most parthed elevation and
erosion/depositionproceses of this stream areontrolled by bedrock either at the surface or
nearly so. In @ices where there is sufficient sediment and capacity for vertical adjustment, well
developed rifflepool sequences form. In places where excess sediswgtlyoccurs, plane-

beds form. Bdrod slab beds occur locally both upstream and downstreaknafkpoint
zones.However, in the upper portion of the watershed, deep loess soils on uplands create
conditions for colluvial channel formation.

(4) Bank Stability Stream banks are generally stable along Lackman Tributary due to the
influence of root protetion, bedrock bluffs, low sinuosity channels, artificial bank stabilization,
and cohesive banks. However, where channel slope decreases abruptly and channels are free
to migrate laterallyi(e. wider valley andack oflateralbedrock control) a meanderinplanform
develops and bank erosion caotentiallybecome a problem. Four meandering reaches have
been identified that may need some degree of bank stabilization totaling over 2,000 ft of
channel length or about 25% of total stream length.

(5) Large Waody Debris Management:An urban forestry program aimed at reducing the
amount of large wood supplied to the channel and stabilizing banks should be impleménted.
addition, inspections should be made annually or after large storms to locate and reargee |
wood jams. Large wood jams can destabilize the channel by deflecting flow, increasing flood
height, and increasing turbulence or flow velocities resulting in bank erosion.



(6) Action ReachesThe following reaches are identified for further acti@iter Table 7):
R4: Meandering reachSt.6,940¢ 6,650 f): Bank stabilization
R5: Planebed reach (Station 6,656,400 fty Monitor recovery
R6: BedrockControlled Reachst.6,400¢ 5,150 fty Headcut stabilization
R8: Planebed ReachSt.4,950¢ 4,420 ft} Monitor recovery
R9: Meandering Reaclst.4,4204,000 ft} Bank Stabilization
R11: Steppool Reach (S8,8003,500 ft} Monitor recovery, low bank protection
R13: Meandering Reach (&.7002,300 f): Inspect reachevaluatefor bankstabilization
R 14-B: Rifflepool Reach (S£,0501,750 f): Bridge protection and bank stabilization
R15: MeanderingConfluence Reach (Station 1,106t): Bank stabilization

PURPOSE AND OBJECTIVES

Olsson Associates (OA) contracted the Ozarks Environmental and Water Resources Institute
(OEWRI) at Missouri State University to complete a geomorphic assessment of the Lackman
Tributary of Little Mill Creek in Lenexa, Kansas. The project stream floageior,000 feet
through aresidential uban area.The purpose of this study is to provide OA with information
for flood control decisions, channel stability evaluations, and channel form designs. The
objectives of this study are:

1. Collect field data ithe form of channel topography (channel profile and cresstion
surveys), boundary conditions (bed and bank substrate) and disturbance indicators
(bank erosion, bed scour, bar form) along Lackman Tributary.

2. Interpret field data to support the planning drdesign phases for channel improvement
and restoration projects.

3. Describe areas of concern and make recommendations based on interpretations of field
data.

WATERSHED CHARACTERISTICS

Lackman Tributary drains 380 aceexl is a & order stream th&flows northeast from the
NE1/4 of section 29 to the SE1/4 of section 21, townshi$ 1lange 24 to the confluence

with Little Mill Creek (Figure)l After initial settlement in the 1800s this area was transformed
from tall-grass prairie to predominaty row-crop agriculture that is often associated with
increased runoff, soil erosion, and stream sedimentatioe to poor tillage practices prior to
improved conservation practicesinK S M dmaari@l hbtograph in 1954 shows the land
use of the weershed was primarily agricultural in regrops, hay, and pasture with <10% forest
(Figure 2)Rapid encroachment bygsidentialR S @St 2 LIYSy (i & G lahNdiodag3 Ay
most of the watershed is covered by urban residential and commercial land uses(Big This
type of urban development typically increases the impervious surface area of theshater

and causes increased runofHowever, compared to the agricultugariod, rates of upland soil
erosion and sediment supply have probably beetduceddue to the construction of

stormwater infrastructure andnaintenance of landscaping and lawn vegetation covBody
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the stream has a relatively continuotiparian corridor of small trees and brush established
along the majority of its lengtthat appeaedto be only minimally altered during subdivision
construction.

The geolgy and soils of the study aare fully described in the appendix with their spatial
distribution described in Table 2 and Figure 3. In general, the bedeakgy of the area is
composed of intebeddedlimestones and shaldbat are frequently exposedlong thestream
bed, especially alonsfrath terraces in thedwer segmen2 ¥ G KS &G NBIY 6hQ/ 2y Yy
Uplandand summitsoils are derived from loesshile hilslope soils are formed iparent
materials formed in the residuum and colluvium of weathered limestone and $gabmns,
2005).
METHODS

RobertPaviowsky and Marc Owaompleted the field work for this report during the period of
September 9 td.1, 2009 Thestudy area included the entire stream systémm 83° Street to

the confluence with Little Mill Creek, a distance of 7,87@tS 2 Y2 NLIKA O RI G4+ 2y a4
reach characteristics including channel crgsstions, bed substrate pebbt®unts, and bank

conditions werecollected at 17 siteéTable 1; Figure 3Visual inspections of channel

morphology, bedsubstrate, bank conditions, and valley fomere usedo evaluate channel

stability anddominant geomorphic processes

Channel crossections were measured using anito-level and stadia rod alongtight tape at
glide-riffle crest transition zones. Pebble counts were collected at each-seagion to

describe the variability in grain roughness along the bed andsassediment mobility The
intermediate diameters of 25 bed samples were measured for both riffle and glide areas at
each crosssection site. In addition, the diameters of the 5 largest boulders and the 5 largest
mobile clasts were also measuredongitudinal profile datastationing and bed form
information usedn this report are based on survegsllected by OA survey crews.

Channel dimensions, substrate properties, and bedform are used to analyze flow properties,
flood canditions, and sediment mobilityDischarge isalculated at both bankfull and the
channeffull capacity using the continuity equation:

Q=AXxV

Q = discharge its)

A = channel crossectional area (1), note: A=W x D

V = mean velocity of flow @ta 0 6 S&aGAYI SR dzaAy3d alyyAiAy3daQa
W = width of water surface in channel )ft

D = mean depth (jtboth W and D are calculated from channel survey data.

al yyAy30a Slidd a2y Aa GelLAOlffe dasSR
continuity equation.a I Y Y Ay 3 Qa SNjBdal (A 2NR dkEKjyd#a a O2
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estimated in this protocol using a field based methddean channel velocity is calculated as
follows:

V= (1.49 xR%%®xS%%) / n

R = A/Pw = hydraulic radius)(fhote: R can bestimated by: (W x D) / (2D + W)

Pw = wetted perimeter (jt

S =channel slope, calculated as rigeer-run either in ft/ft or m/m

n=YFyyAy3aQa NRdAKYySaa O2SFFTFAOASY:G 63SdGa N

This study usesfield-basedapproachto estimatea I Yy Ay 3a ayé¢ dzaAy3d aaAydz2:
size, and mean residual pool depth to account for channel irregularities due to planform

pattern, bed sediment size, and bed form topography (French, 1985, Pizzuto et al, 2000, Martin,
HanmMmO @ a |y y sogffitiond (n) R aleHlded Gsingithe following equatipate

metric units)

n=hk(g+m)+n+n

F = 0.6 (K1)

ng= 0.0395 ()*°

Ny = 0.02 (¢h/ dir) , note: i = 0.02 for values > 0.02)

K = sinuosity (reach length/valley length (m/m))

Dso = median grain size of the bed (m)

dpr = mean bankfull depth (m)

drp = mean residual pool depth of the entire active channel area (m)

Channel form roughness is included in the calculation,hyhe sinuosity factor with sinuosity

(K) determined byl A RAYy 3 NBFOK fSy3a4dK |f2y3 GKS GKIFfgS
measured from aerial photography or topographic map. Grain or particle roughness is

accounted for in the equation byymsing the median (£) grain size diameter from pebble

courn surveys (Chang, 1988). The bed form roughness resistance fagisttlie ratio between

the mean residual pool depth ) of the reach and the mean bankfull depthgd

Relative Bed Stability (RBS, m/m) generally describes the abitign&full flows to transport

the dominant substrate size found on the bed (after Kaufmann et al., 1999). Ideally, the ratio
AaK2dz R Sljdzrf amé SHKSNBE GKS ONAGAOFKE &aSRAYSy
hydraulic forces is equal to the median pal#i size on the actual channel bed. A high value

(>100) may indicate an extremely stable bedrock reach or conditions below a dam, a low

number <0.01 indicates a bed wigesubstrates are easily movedl.negative trending RBS with
increasing land use inteitg can indicate: (i) more sediment is being delivered to the channel
YySUg2N]l FTNRBY &aft2LJS 2N Idzfte& SNRaAzy OldzaAy3a o
riparian buffer function to trap fine sediment and resist bank erosion; and (iii) increasedf

and flood frequency has increased bed shear stress on the bed and reduced channel roughness
(Kaufman et al, 2009a).



This study calculates the relative bed stability (RBS*) using a method that corrects for the
influence of additional flow resistan@® sediment transport by large woody debris and riffle
pool forms in the reach (Kaufman et al, 2009a,b). RBS* requires input data on channel slope,
flow crosssection, bed material size, large woody debris volume, and residual pool length and
depth. Theprocedures and equations for calculating RBS* are below:

RBS* = 1.66 Os Dgm / [ Rbf (Cp PE¥S ]
Calculate Os as follows:
(1) Determine particle Reynolds Number: Rep =[ (g RbtDgin] / v

(2) Then calculate Os based on the Rdpe/a
(i) For Rep < or = 26: Os = 0.04®Rép
(i) For Rep >26: Os = 0.5 { 0.22 ®ep0.06 (10" Re09 }

Cp = reaciscale particle grain resistance at bankfull flow, minimum Cp = 0.002

= fp/8 = (1/8) [ 2.03 Log (12.3 bDgm)]

Ct = reaciscale total hydraulic resistance at bankfull flow

=1.21 dregOB( d‘es+ \/\6)0.638 dth—3.32

RBS*= corrected relative bed stability ratio (m/m)

Os = Shields Parameter, dimensionless critical shear stress for incipient motion
Rep = Bankfull particle Reynolds number

v = kinematic viscosity of water = 1.02 x°16%/s

g= acceleration due to gravity, 9.81 rfi/s

Dgm= geometric mean of bed material frgmabble counting (m)

Rbf = bankfull hydraulic radius = 0.65 dbfm (m)

dbfm = maximum bankfull depth (m)

Cp = reactscale particle grain resistance at bankfull flow (m/m)

drn= mean depth (m)

Ct= reachscale total hydraulic resistance at bankfull flow (m/m)

dre= mean thalweg residual depth (m), lengtleighted average of ghmax/ 4
W, = total wood volume (¥ / total active channel planform area fjn

din= thalweg mean depth or mean maximum depth (m) (same,a3 d

S = energy slope, approximated by wagarface or riffle crest slope (m/m)
LRBS*= Log10 RBS*



Large woody debris was not present in significant amounts at the €essons evaluated and
so Wd wasetequal to 0 at all siteghote: LWD and log jams around found in some other
places along thetseeam). Residual pool depths were estimated using the OA survey data and
the percent residual pool in a reach was assumed to be 30%%RBS* value is typically
reported in the log form: LRBS* = Log10 [RBS*]. In the log form, a value of O indicates the
stable condition (i.e. RBS*=1). For the purposes here, LRBSjgatia as follows: Excellent =
0.2 t0 0.2; Good&-0.5 to 0.5; andrair =1to 1

RESULTS
Longitudinal Profile

Olsson Associates provided the longitudinal peofiata used for thiseport. Allelevations and
channel stationing used in this report are also consistent with the OA database. The
longitudinal profile for tle entire stream shows a gradu#gcrease irchannel slope
downstreampunctuated with steps associated with bedrdakickpoints and head cuts
(discussed later) (Figure 4fhe segments with relatively high channel slopes >2% by station
are: 6,800 to 7,200 ft; 5,500 to 6,000 ft; and 3,300 to 3,800 ft. Locally, channel slopes can
increaseto >3% below culverts or olsictions, knickpoints and riffle crests. Drainage area
increases in a gradual manner downstream until station 4,500 ft where a relatively large sub
tributary enters from the north (Figure 5).

Channel Crossections

Channel and substrate data were collected at 17 ceesgion sites (Table 1; Figure 3,

Appendix). Four different geomorphic surfaces were identified in the field.ofliuh Bag

elevation indicateshe highest stage of bed loadainsport in the channellt is locatedat the

top of the bar where a relatively flat surface has formed and fgr@ined deposition of sand or

fine gravel is present. This surface represents the minimum elevation of the bankfull channel.

¢ K SowdFloodplaid St SO edeted bykhi topdd théNaktive floodplain or bench

formed by recent processes. This surface is typically composed ofgréimed (silty) deposit

overlying the high bar deposit amdarksi KS F @SNF 3S o6 y 1 Fdzf fHighl3S 2°
Floodplaig tHe @revious floodplain surface or bench that reflects the active floodplain stage

in the historical past (within the last 100 years or so). This feature is sometimes called the low
terrace or historical floodplain andiiga high bankfull channefiRA Ol G 2 NXPTo®A y I f £ & 3 |
Channgt St S@IFGA2y A& GKS KAIKSald StS@grarazy GKS O
ALINBFRa 2dzi | ONRaa GKS gIfftsSe Ft22ND ¢CKAE ad
OKIFyySté Ff22R | yhiRidiNBIibISdchanneliz&dSlowvirt the Xhéuizel.

¢KS G201t OKFIyySt Aa 2FG4Sy NBFSNNBR (2 lFa GKS
surfaces formed by meandering are inset between higher banks, the top of which is the total

channel stage.




Barkfull channel dimensions and discharge were determined for all 17-sexgfons at the low
floodplain elevation (Table, Appendix B In the Lackman Tributaryrainage area and channel
form variables are strongly correlated among the 16 4oofiuvialreaches examined for this
studyfor width, mean depth, and mean velocity (Figure 6) and channel area and bankfull
discharge (Figure 7). The rating equations describing these relationships can be used to predict
bankfull channel morphology artischargegiven drainage area for any site along Lackman
Tributary. Total channel dimensions and discharge were also calculated for each site (Table 4).
These calculated discharge valusa® an estimate of the flood capacity of the channel and can

be used to asseshe minimumflood risk to adjacent properties if associate flood frequencies

are determines for each sitdn addition, strong correlations such as found here suggest that

the geomorphic characteristics of the stream are tending toward an equilibrium ¢ondind

are approaching balance with urban disturbances and hydrologic regime initiated 20 years ago.

Downstreanrelationships othannel and floodplain characteristics can indiczeations in
erosion and deposition processt®t control reach geomorpology Overall, he maximum

depth of the bankfull channel varies from about 1 ft to 3.5 ft and width from 3 ft to 25 ft
(Figures 8 & 9). Total channel maximum depth varies from 3 ft to 7 ft and width from <20 to
almost 70 ft. Where found, high bar chals are 1 ft to 2 ft deep and 5 ft to 18 ft wide.

Analysis of the downstream trends in width and maximum depth for each geomaptiace
shows some clear spatial trends (Figures 8 & 9). High bar surfaces are well represented only
along segment¢below4,800 ft)where channel slope is usually <2%, with the exception of one
upstream location at stadin 6,840 ft where upstream culvert construction locally reduced slope
thus allowing aneandering channdb form in this relatively steep segmenthe 2% lintiis

often used to mark the threshold of bar deposition in sand and gravel streams. Low floodplain
or bankfull channetlimensions almost doublieelow the tributary confluence at station 4,380

ft. Maximum depth jumps from about 1 ft to 1.5 ft deep abovetfi to 4 ft below the

tributary and width from about <10 ft to 20 ft.

High floodplain surfaces are poorly represented along Lackman Tributary and are only found at
siteslocated at the bottom of 40@ 800 ftlongsegments where reach slope decreasethim
downstream direction at sites-2, 7-10, and 1617 (Figure 4). If the above explanation is

correct, then we would expect to find high floodplain features at site 14, however a 7 ft knick
point is located immediately downstream and this may interfeith the formation or

preservation of high floodplain features. Reaches with higher slopes and/or incising or scouring
channels may have removed high floodpleemnants by erosion. Conversely, lowstoped
reachesmay not have incised enough to strand therevious floodplain and form thiew

terrace

Bed Substrateand Sediment Mobility

Pebble count and large substrate measurements show that typical bed material diameters in
Lackman Tributary range from 10 mmi20 mm and maximum mobile clast size ranges from

150 mm to 320 mm (Table 5; Figure 10). The bed material size class for the D50 and D84 ranges
from very coarse gravel to small cobble. Sediment size tends to increase in reaches with more
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bedrock exposedn the bed and where the channel is pinned againstridukyvalley bluff or

cutting into toe slope deposits. The largest bed material is found where: (i) bedrock plucking is
common near kniclkoints or fractures; (ii) massasting occurs along bedrock Hilines, and

(iif) bedrock blocks have been dumped for ad hoc bank stability measures or are eroding out of
bank and slope fill materials.

The critical diameter calculated for Lackman Tributary ranges from 40 mm to 140 mm (Figure
11). The downstream perns are controlled by shear stress values calculated for each site
(Table 6). Relative bed stability values indicate that all but four of the sites are within normal
ranges of a balanced condition between imposed hydraulic force and sediment size loedthe
(Figure 12). Typically, LRBS* values betw@dnand 0.5 are in the stable range and valu&s <
are considered unstable and values >2 are considered extremely stable. Three relatively
unstable sites are have LRBS* values be

(1) Site 340.70): The channel bed dtis site is a planked thatexpresses somattributes of a
riffle-pool channel. This site is receiving fhggained sediment from erosion of loess saihd
from bank erosion upstream. A negative LRBS* value is consisténéxaess sediment
loading affecting the reach (Kaufman et al. 2009a).

(2) Site 11-0.74): The channel at this site is being affected by fast flowing water from the
culvert under Lackman Road. Scouring of the channel bed and lower banks has reduckd overa
channel roughness which is consistent with a negative LRBS* value (Kaufman et al. 2009a).

(3) Site 17-0.59): The channel at this site is affected by backwater of Mill Creek and excess fine
gravel deposition. Increased delivery and deposition ofrfsggliment within a reach is
consistent with a negative LRBS* value (Kaufman et al. 2009a).

Channel Bars

Bar deposits on Lackman Tributary are typically related to reaches with bed slopes <2% (Figure
8). They are best developed along inside bends whiengosity is >1.1 and there is some
meandering in the channel planform. Poorly organized bar deposits are sometimes associated
with riffle crests. Bar deposition in not a cause of instability in the upper and middle segments
of the stream system. Howevebar development is best expressed and sometimes covers
relatively large areas on the channel bed in the lower segment below station 2,000 ft.

Bank Stability

Banks are relatively stabddong Lackman Tributary witinly minor rates othannel
meanderingand enlargement occurring Further the presence ofree rootsand bedrock bluf
reduce the risk of reachcale bank instability along most reaches. There are some places
where fill materials form channel banks and even these banks are relatively stadbiv
sinuosity segments. However, thesige fourreaches where activemeandering is occurring and
bank erosion rates are relatively high: (i) 6,650 to 6,940 ft; (ii) 4,400 to 4,420 ft; (iii) 2,300 to

9



2,700 ft; and(iv) below station 1,110 ft.In addition, bank erosion along a relatively straight
reach related to meandering processes threatens bridge and path infrastructstatains

1,775 to 1,975Relatively large meanders with high, steep banks are located where the stream
cuts through thefloodplain deposits oLittle Mill Creek between station 750 ft and the
confluence. Healing meander cutoffs observed along this segsuggest that this is a long

term condition.

Natural lankmaterialsalong Lackman Tributagre usuallycomposed of dilloam or clayey silt
loamsoilsand are conditionalkstable to stable where excessive meandering is not occurring.
Somecut banksexposegravel deposits of previous channel positions in the lower half of the
bank. In places, fill materiat®mposed of ity soilmixed with larger bedrock blocksoduced
during thedevelopment perid are exposed in bank cuts other places, natural bedrock and
fluvial cobble deposits protect the bank toe. In bedradhtrolled reaches, the channel often
gets pinned up gainstbedrock alongne sideof the valleyand does not appear to migrate
laterally. Theavailability of weathered limestone at the surface and relatively narrow valley
width also favor bank stability since meanderirigaonels cannot easily develop.

Along several reaches, a well expressed active bankfull floodplain has formed and bankfull
benches are common throughout suggesting that a stable planform is developing over time.
There are some meandering reaches where bank erosion and point bar deposdtonass,

but the risk to infrastructure is low. Management should favor the natural development of a
low floodplain. To build a new floodplain, the stream channel needi®foee to meander,
erode banks, and deposit fines on bar surfaces. Howevere thie a few places where bank
erosion is occurring at a fast rate am& recommendhese should be addressed.

Bedrockand Soilinfluence

There is a strong influence from bedrock and bedrock residonmmhannel form and substrate

in LackmamTributary(Table 2; Figure 3)lhe locations ofelatively stableknickpoints and
head-cuts are probably controlled by horizontal layers of more resistant lioresbeds. Kniek
pointsin more resistant limestondevelopsas steps, small cascades, or falls actheded of

the stream In longitudinal profile, bedrock knickpoiritalicate locations where channel

erosion is slowly lowering bedexation by retreat of the step througblock plucking, scour of
weathered material, and joint failure. Since bedroc&ston rates are orders of magnitude less
than for soil materials and alluvial deposits, kRcknt response can lag behind other
geomorphic adjustments argb they carfunction as natural slope controls for the stream. On
the other handunstablehead-cuts tend to have a similar forimm longitudinal profile, but

usually occur in less resistant materials such as weaker shale units or soil materials. Since
unstablehead-cuts are in more erodible materials, they generally migrate or cut headward at a
fasterrate compared to bedrock knigkoint counterparts. It is possible that headts form

first, initially erode rapidly in weaker shale or weathered limestone, and then stall out as shale
units pinch out.Field observation suggest thiarger knickpointsand headcuts (up to 7 ft of

local drop) are associated with thicker underlying shale units such as found in the Vilas and
Lane Shale units (Table.2)

10



In most segments of Lackman Tributary below station 6,250 ft, the channel bed is at or near
bedrock eleation. This condition is probably inherited to some degree from the pre
development channel system. A low order channel flowing through an unglaciated area across
asteep bluff line to reach the badevel of a larger river (i.a.ittle Mill Creek) woulde

expected to erode to bedrock in placéaurther, the stream channel would develop
characteristics reflecting differential resistance of bedrock units. This attribute is exhibited by
the seven bedrock steps (3 to 7 ft drop) or kapeknts found alonghe stream course below
station 6,000 ft in the Plattsburg and Wyandotte Limestones (Table 2, Figure 3). These steps
are effectively stable andre presently eroding at a slow rate of relatively little concern.
However, further inspection of knigboint condition to look for indicators of erosion rate

would be helpful to further support this opinion.

There is a natural tendency for the stream to be bedrooktrolled in Lackman Tributary

However this condition has also beenfluenced by dong historyof watersheal disturbance by
agriculture followed byirbanization. 8il erosion raes typicallyincreased greatly during the

early agricultural period. Thus, the expectation is that-fin@ined sediment loads and

overbank deposition increased early omdathen stabilized after conservation practices were
invoked. There may have been an early period of aggradation as bank heights increased due to
floodplain storage of excess fine sediment load. The thickness of bed deposits may have also
increased in plees during this period.

Over the past 30 years of urbanization, runoff rates probably inetagain with a net

decrease irsediment load causing channel bed incision in most places, maybe up to 1 to 2 feet
in some reaches. This most recent period ofdion has probably reactivated some of the
limestone knickpoints to a slight degree, but more importantly is has resulted in the formation
several heaetuts in weaker shale units in the channel above station 5,750 in the Stranger
Formation, Vilas Shaland Stanton Limestone (Table 2). Headls observed along the upper
segment are not steep (<3 ft drop) and are formed in thin shale beds or silty soil material
(stations 7,360 and 6,380 ft). However, there is a large, relatively activedutddrmed inthe
thicker Vilas Shale at stations 5,830 to 5,890 ft (4 ft drop) followed by a-gaoiokat stations
5,770 to 5,820 ft (5 ft drop). In addition, a smaller head (not tabulated in the assessment
here) has formed at the confluence of a sibutary drainage way flowing in from the south at
station 5,830 ft. The heacduts and kniclpoint in the stream segment from stations 5,800 to
5,900 ft should be inspected further to evaluate shtatm migration risk and potential
stabilization measures.

Soil haracteristics along Lackman Tributary are influencethbyspatial distribution of

bedrock (residuum/colluvium) and transported parent materials (Pleistocene loess, alluvium)
(Table 2; appendix). Soil materials generally affect sediment supply, bedasalz®nditions,

bank composition, and stability of a stream channel. Above station 6,200 ft, relatively thick
Pleistocene Loess deposits cover uplands and summits (Grundy and Chillicothe series). In this
upland area, the channel generally flows ovelysbil material and was probably classified as a
colluvial channel prior to development. Today, a colluvial channel exists upstream of the
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grouted channel at station 7,200 ft. Colluvial channels are eroded into soil materials with little
alluvial fill pesent and respond to overland flow and magasting processes where true

channel development is limited. Between stations 4,800 and 6,100 ft, residual/colluvial bedrock
soils are found in association with the Vilas Shale and Plattsburg LimestoneM@gsikeand
SognVinland series). Within this residual soil zone, weathered bedrock is at the surface and
the stream cuts across thedges of exposeldorizontal bedgo form steps and mobilize rock for
fluvial transport Thus, there is ample supply of limase clasts for bedload transport and

bedrock features are common (i.e. 6 of the 10 ksoknts/headcuts identified are located

here) (Table 2).

Loess deposits again cover uplands tardaces along thealley floor along the lower half of

the stream sgtem from stations 4,800 to 600 ft (Ladoga series). Rifflel bedforms are better
developed in this segment due to the affects of increased finer sediment loads, waning effects
of bedrock influence, and lower channel slopes in general (note deep, >&xftrmam depth,
residual pool dtribution in Figure 3). Naturalverbank leveesomposed of silty and sandy
sedimentare formed along the channel from stations 3,750 to 2,700 ft in response to increased
flooding, riparian vegetation trapping, and (maybe tddition of finegrained sediment

delivered from eroded loess deposits or cut banks. At the lower end of Lackman Tributary, the
channel cuts through floodplain depositslafttle Mill Creek below station 600 ft (Kennebec
series).Here, he channeblevelos well formed meanders and cwdff scarsin this zone since

(i) channelslope reaks due to baséevel control; (ipanks a@e relatively high and unstable;

and (iii) bedrock control, if it occurs, is limited tbe relatively weak &ne Shale.

Large Woody Debris Effects

Large woody debris (LWD) are relatively large pieces of wood that are >5 ft in lengti2arid O.

in diameter not attached to the banks and free to be moved by flood flows. Typically, LWD is
composed of whole trees, trunks and limfstems), root wads, and artificial wood such as
building timbers, raitoad ties, and fence posts. In some instances, 2 RrRs composed of

three or more pieces of LWD are deposited in one place and form a pile, channel obstacle, or
natural dam that an deflect flow, increase flooding, or cause bank erosion. Sources of LWD to
the Lackman Tributary channel include bank erosion of riparian forests areas, mass movement
and erosion of valley bluff slopes, wind and ice storm damage, natural mortalityaadd

clearing, pruning, and dumping by local residents. While the &estons studied for this
assessment did not contain measureable LWD, there are seawhes that contain debresnd

jams that influence local flow conditions and channel form. Redftilarge jams tend to form

on the upstream side of bridge and culvert openings, tight channel bends, and around existing
obstacles such as large stone blocks, fence crossings, or low hanging or fallen trees. In order to
reduce the possibility of LWD caimgflood and channel instability, log jams should be removed

in accordance with urban forest management programs. The channel should be inspected
annually and after large floods for log jams.
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REACKCLASSIFICATION

Below is a reach classification based on channel geomorphology for Lackman Tributary. Reach
classes arbased on channel form, occurrence of dominant processes, nature of disturbance
factors, and history of geomorphic stabil{ffable 7)

R-1: ColluvialChannel $tation 7,870 7,200ft)
The stream emerges from a curb inlet box downstream &t 88eet and passes though a
narrow riparian corridor and several small culverts under the walking path. This area probably
lacked a definite channel in the poevelopment period. The channel is presently forming by
scour and erosion into a loess soitlwiveathered shale near the surface (Grundy/Chillicothe
Series).

Concern rating: aw. This reach is ¢wf the study area. flscour and channel
deepening continue in the future, this reach would be a source ofdnaned sediment and
present risk tanfrastructure.

SR1-A: Typical colluvial channel (Station 7,870850 ft} The stream bed and banks consist of

silty material with occasional construction debris, such as asphalt and crushed limestone, being
deposited on the bed. Forced riffles caudsdroots, utility crossings, and walking path culverts
cause small scotrole formation locally, but there is no evidence of systemic instability. €ross
section site 1 is in this sueach(Photos 12)

SR1-B: Enlarged colluvial channel (Station 733200 ft} The reach begins below a head cut

in silty soil which drops about 2.5 ft from stations 7,360 to 7,330 ft. The channel increases in
crosssection area by about 4x compared to-SR. Evidence of fingrained deposition on the

0SR YR i R¥E AXdZRNBaSylu gA0K a2YS YSIYRSNAy3
out. A narrow riparian corridor is present on both sides of the stre@hoto 3)

R-2: Grouted, riprap channel (Station 7,206,050 ft)
This sukreach consists of a grouted fipp chaonel that emerges from riparian corridor and
makes a sharp 90 degree turn before it flows toward 8ireet. Channel banks are graded to a
2:1 slope with joints in the ripap sprouting weeds and grass. This segment was probably a
colluvial channel durig the predevelopment period, but was modified to develop adjacent
properties and allow for drainage under84treet (Photo 4)

Concern rating: aw. This reach is out of the present study area. However, this
structure should be inspected and repairsaeaf required.

R-3: 81° Street Culvert (Station 7,056 6,940 ft)
This reach is a CMP culvert undef'8freet Culveri{Photo 4) A colluvial channeprobably
occupied this location duringredevelopment time since deep loess soils are magpéede
area.

Concern rating: LowCulverts should be inspected for failure and erosion problems.
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R-4: Meandering reachQtation 6,940¢ 6,650ft)
This reach is also within the zone of deep loess soil and was probably a colluvial channel or
grass waterway or to development. Thatreamwas probably channelized to some extent to
make room for the culvert under 8%street, thus creating an entrenched appearance. Channel
slope idocallylower compared to the steep, headwater locatiaiowing the channelréedom
to meander in order to recover from lower upstream flow line and channelizatioyn
depositing a relatively wid#oodplain. Banks are relatively high here and sometimes
composed of fill material with frequent tree root protection along back pmpénes on
channel right. An active floodplain is forming by lateral channel migration in the reach. A riffle
pool bed is present and is relatively stable at present. The size of the substrate is relatively
small reflecting sediment source influenagfdoess material overlying residuum with little
bedrock contact. This channel has meandering pattern as follows: sinuosity, 1.21; meander
wavelength, 60 ft; and meander belt width, 20 ft.

Concern rating: ModerateWhile the meandering channel is releagisediment to the
stream and may cause local bank failyréa® formation of an active floodplaindicates that
recovery is occurring and the stream is tending to a more stable system.

R5: Planebed reach (Station 6,656,400 ft)
This reach represents the transition of the stream as it flows from areas of deep upland soil and
colluvial valley influence into an area of shale and limestone bedrock control. The bed consists
of small cobble and gravéPhoto 5) A positive sedimentindget is produced by: (i) relatively
low slope; (ii) local supply of relatively coarse sediment by limestone bedrock weathering on
the channel bed; and (iii) excess supply of finer bed material delivered from lateral channel
erosionupstreamin R4. Howeer, within the planebed channel, there is also a periodicity in
bedform suggesting that it is really an inigrade between rifflgoool and plane bed channel
types.

Concern rating: ModerateThis reach is stable, however it should be monitored to see if
deposition continues dbed sedinentation rates and bed form stabilize

R-6: BedrockControlled Reach (Station 6,4Q05,150 ft)(Photos 67)

This reacltontainsbedrock exposures along the bed and several bedrock knickpoints. Two
shallow (<2 ft), slowl migrating headcuts occur in the thin shale layer of than#tn Formation

at stations 6,37@nd 5,990 ft. A deeper head cut (4fop) is formed at station 5,890 ft near a
tributary confluence in the thicker shale bed of the Vilas Formation. Four tithestone

capped bedrock knickpoints with bed drops ranging from 3 to 5 ft are located at stations 5,820,
5,615, 5,565, and 5,210 ft in the middle section of the Vilas Formation.

Concern rating: HighThe headcut at station 5,890 ft should be stabéiz and
additionalhead-cuts upstreamand knickpoints downstream furthemspected and evaluated
for stability controls. Another headut is also extending up a small swibutary immediately
below the mainstem headut and this cut should be stabilizéab. The shallow (2 ftirop)
head-cut at station 6,375t is probably ad LINB O dzNEca@ thdt metkS theRupstream limit of
slope effect on flow and sediment transpaltie tothe drop in channel elevation across cut
steps However, this cut is generaliysolocated in theboundary zone between upstream
colluvialand downstream bedrock/alluvial valley segments. Thus, this step may &eive,

14



youngerhead-cut moving upstream into thkess resistant bed material. If sven this cut may
threaten upstream path bridge at station 6,500 ft.

SR6-A: Steep rifflepool channel (6,408,200 ft} This is a relatively stable reach below a
shallow heaecut at station 6,30 ft.

SR6-B- Steppool channel (6,208,000 fty Thissubreach has a stepool form with bedform
spacing of 3 channel widths or less. The channel is probably cutting across a resistant limestone
bed (in contrast to weaker shale).

SR6-G Bedrock controlled channel with frequent Knjgints (6,0005,150 ft)

The stream flows across the Vilas Shale and Plattsburg Limestone in this section. Five well
expressed knickoints are formed in this unit with bed elevation drops from 3 to 5 ft. The Vilas
shale beds are relatively thick and erodible. Thus, kpakts tend to form when overlying
limestone beds fail after underlying shale support is removed by erosion. Only the upstream
knickpoint at station 5,890 ft seems to be headtting upstream at timescales of potential
concern, albeit slowly. A smaller ergon of this heaetut is moving up a small tributary. The
limestone unit here is relatively thin over a thick shale unit. The others are formed in relatively
thickly-bedded limestone where shale layers are thinner maybe have pinchedRiuttos 8

10)

R-7: Road Culvert (Station 5,1504,950 ft)
Concern rating: LowCulverts should be inspected for failure and erosion problems.

R-8: Planebed Reach (Station 4,9504,420 ft)
This reach is affected by scour below the culvert and tributary inflow tr@rsouth. The lower
segment B was described several years ago as a braided reach in a geomorphic assessment by
Intuition and Logic. However, now the reach has a sitiglead channel suggesting recovery to
the present planebed form and a more stabléfile-pool channel in the near future.
Concern rating: Moderate.This reach appears to be conditionally stable and possibly
the lower reach is recovering a bit from earlier disturbances. However, the moderate rating
here is to underscore the need to monitor this reach for future instability or recovery.

SR8-A: Scored Reach (Station 4,950800 ft} The channel condition is erosional and the bed
is scoured with little fine gravel deposition, probably due to the steepness of the channel bed
and culvert discharge rate.

SR8-B: Planebed Reach (Station 4,880420ft)- This subreach is affected by both delivery of
sediment from bed and bank scouring in&R and tributary inflow and sediment load at
station 4,800. The channel is classified as a plsgtebut it also has riffle betbrms.

R9: Meandering ReachStation 4,4204,000 ft} The culvert at Lackman Road acts provides
baselevel control for this reach and appears to backwater flood the reach too. In addition,
channel slope decreases within the reach. The result is thagfiamed sedimentation,
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chanrel meandering, and bank erosion is degrading this re&&tatively high erosion rateare
indicated by freshly exposed tree root$his channel has meandering pattern as follows:
sinuosity, 1.21; meander wavelength, 100 ft; and meander belt width,.40 ft

Concern rating: HighBank erosion is a problem here. The channel should be stabilized
and banks protected.

R-10: Lackman Road Culvert (Station 4,68@00)
Concern rating: LowCulverts should be inspected for failure and erosion problems.

R11: Steppool Reach Statiorf3,800-3,500 ft} This reach is affected by culvert scour and has
been channelized and repositioned previously. It is relatively stable but is eroding into colluvial
toe sbpes on channel right and mix€ill on channel left.

Concern rating: Moderate.This reach should be inspected for letegm stability and
stabilized with low bank protection.

R-12: RifflePool reach (Station 3,508,700 ft} This reach is relatively stable and is bedrock
controlled in the midreach by &nickpoint (3.5 ft drop) at station 3,000 and a precursor head
cut (1 ft drop)at station 3,100 ft.

Concern rating: LowBedrock control is stabilizing this reach. There is some minor bank
erosion occurring, however, this can be said about all reaches below Lackman Road.

R-13: Meandering Reach (Station 2,7@)300 ft} Slope is reduced in this reach due to the
influence ofbaselevel control by the limestone bed that is exposed at the downstream knick
point at station 2,070 ft. Sediment loads are finer than upstream due to loess soil inputs and
delivery of fine gravel from higher energy reaches upstream. The resporise diannel has
been to increase meandering and bank erosibinis channel has meandering pattern as
follows: sinuosity, 1.10; meander wavelength, 150 ft; and meander belt width, 30 ft.

Concern rating: Moderate to HighA crosssection was not placed ithis reach so we
only have geomorphic information from OA survey and visual inspection. This reach should be
inspected to determine if stabilization measures are needed to prevent bank erosion.

R-14: RifflePool Reach (Station 2,360,100 ft} The reachas the lowest knickoint at station
2,070 ft. Finer gravel is accumulating in bars and fflel bed forms are getting better
organized. Large blocks from bedrock plucking are present and bedoottol adds stability
to the reach. There is a pileromound of fill on the valley floor on the right bank from St. 1,750
to 1,800 ft. Floodplains are forming along the lower third of this reach.

Concern rating: Lovior subreaches A and Giighfor subreach B.This reach is
stabilized bybedrock along théed and banks in many areas.

SR14-A: RifflePool Reach with bedrock contri@tation 2,30€2,050ft)-This sukreach includes
the bedrock channel that is above the major (7 ft drop) kipioknt at station 2,070).

SR14-B: Riffle-Pool reach with confinedalley(Station 2,051,750 ft) This sukreach is located
within a confined valley area with bedrock bluffs on the left side and fgmnamed alluvium or
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colluviumon the right bank.In addition, there is a pilefdine-grainedfill on the valley floor

near station 1,775%t. The fill material appears to have been deposiycuman actioron the
valley floorto a depth of 5+ fduring the early construction phase of the area since there are
some relatively large trees roatlen it. It iscomposed ofelativelyweathered soil material

from older colluvial or residual soil sources compared to the younger floodplain soils exposed in
a bank cut below it Bank erosion along the right side of the stream at station 1,970 ft is
threatening the bridgebutmentat station 1,978 ft. About 200 ft below the bridge, lateral
channel erosiornto the right bankhas formed anothesteep cut at station 1,775 ftThis cut
has mobilized both valley floor material and overlying artificial fill. Esalyes of mass faite
have been detected in soils upon which the walking trail is located on the upper valley floor
surface at station 1,775 ft.

SR14-C RifflePool Reach with bedrock contr@tation 1,75601,100ft)- This sukreach begins
below obviousnfluence of the kick-point where the valley begins to widen slightlyhere are
relatively well formed floodplains found in several places along this reach.

R-15: MeanderingConfluence Reach (Station 1,1Q0ft)- This reach is affected by bakevel
control of Mill Creek and the higher bang&its floodplain.At the confluencel.ittle Mill Creek
is flowing over shale bedrockpgsibly the Lane Shale. The break in slope and backwater
influence during flood result& a meandering planform. Channel banks are high and steep.
Bank erosion rates are relatively high here, but not excessive. There is evidence of old channel
cutoffs that are filling with sediment suggesting that this is a {trgh and maybe even nataf
form of the stream channel at this location. However, observations of cut bank soil exposures
indicate that over 4 feet of historical overbank alluvium was deposited on the floodplains along
Little Mill Creek since the middle 1800s. Thus, while tlamfoirm may be natural to this reach,
the bank conditions (i.e. composition, height) are not.

Concern rating: Moderate to HighThis reach needs to be monitored for excessive bank
erosion. Stabilization measures aimed at reducing the channel migraties waiuld reduce
the effect of finesediment loading from bank erosion. However, the meandering planform
presenttoday may be similar to the preevelopment channel.

SR15-A: Lower Sinuosity (Station 1,2@80 ft} This reach indicates where the streaimsf
starts to respond to the influence of Mill Creek bdseel or backwater control. Meandering is
not as well developed as in subach B: sinuosity, 1.13; Meander wavelength, 175 ft, and
meander belt width, 50 ft.

SR15-B: Higher Sinuosity (Statigi®0-0 ft)- This reach is fully affected kyttle Mill Creekbase

level and backvater control. The channel is more entrenched than-sedch A and has a fully
expressed meandering pattern: sinuosity, 1.67; meander wavelength, 120 ft; and meanderbelt
width, 75 ft.
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RECOMMENDATIONS
(1) The following reaches are identified for further action (after Table 7):

R4: Meandering reachSt.6,940¢ 6,650 f): Bank stabilization

R5: Planebed reach (Station 6,656,400 fty Monitor recovery

R6: BedrockControlled Reachst.6,400¢ 5,150 ft) Headcut stabilization

R8: Planebed ReachSt.4,950¢ 4,420 ft} Monitor recovery

R9: Meandering Reacl&(.4,4204,000 ft)y Bank Stabilization

R11:Steppool Reach (S8,8003,500 ft} Monitor recovery, low bank protection

R13: Meandering Reach (2.7002,300 ft):Inspect reach andvaluatefor bankstabilization
R14-B: Rifflepool Reach (S£,0501,750 f): Bridge protection and bank stabilization
R15: MeanderingConfltenceReach (Station 1,160 ft): Bank stabilization

(2) All bridge crossings should be inspected for erosion and undermining along the lower
segment below 79 street. There does not appear to be any acute problems, however erosion
conditions do exist at these places.

(3) The heaetut at station 5,890 ft is high priority for stability measures. In addition, the head
cut at station 6,375 fshould be inspectetb evaluate forits potential tomigrate upstream and
for stabilization needsThe risk of this headut was not directly evaluated.

(4) There are many places in the channel where large boulders are providing increased
roughness and flow deflection the channel resulting in local erosion. These come from
escaped rigrap, bedrock slabs, and mobilized fill. Maybe an effort should be made to reduce
the source of these materials to the channel so that these frequent local disturbances do not

(5) Infollowing with Intuition and Logic recommendations, an urban forestry program aimed at
reducing the amount of large wood supplied to the channel and stabilizing banks should be
implemented. In addition, inspections should be made annually or after latgerss to locate

and remove large wood jams.
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Tablel. GPS Points for Cro§&ections

XS #  Station (ft) Northing (ft) Easting (ft)
1 7,600 251,587.556 2,230,670.575
2 6,840 252,214.751 2,230,885.177
3 6,530 252,420.714 2,231,052.002
4 6,020 252,797.246 2,231,364.907
5 5,835 252,895.574 2,231,480.876
6 5,640 253,023.575 2,231,633.133
7 5,280 253,272.125 2,231,867.343
8 4,750 253,538.038 2,232,289.790
9 4,560 253,684.726 2,232,362.339
10 4,260 253,832.694 2,232,565.041
11 3,710 254,095.274 2,232,977.367
12 3,220 254,417.208 2,233,242.046
13 2,780 254,764.543 2,233,431.170
14 2,140 255,209.048 2,233,381.952
15 1,530 255,788.308 2,233,577.272
16 890 256,192.247 2,233,968.717
17 320 256,468.031 2,234,305.585
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Table2. Soil and Bedrock

Station . Dee Parent . Station
() Geology Knicks Poolz Material Soils ()
8,000 _ Grundy 8,000
70 | m
7,500 P Y § 7,500
7,250 X (_—t's Chillicothe | 7,250
7,000 Stanton Limestone 'g 7,000
6,750 O} 6,750
6,500 6,500
6,250 X 6,250
6,000 S 6,000
5,750 XXX § OskaMartin | 5,750
5,500 Vilas Shale XX i~ 5,500
5,250 X S 5,250

, 2 | SognVinland

5,000 Plattsburg Limestone oM 5,000
4,750 4,750
4,500 4,500
4,250 ) 4,250
4,000 4,000
3,750 X 3,750
3,500 ) 3,500
3,250 a 3,250
3,000 Lane Shale X 9 Ladoga 3,000
2,750 ) _Tg 2,750
2,500 8 2,500
2,250 © 2,250
2,000 X 2,000
1,750 Wyandotte Limestone 1,750
1,500 1,500
1,250 ) 1,250
1,000 1,000

750 750

500 £ 500

250 3 Kennebec 250

0 0 < 0
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Table3. Bankfull Geometry and Discharge

Section # Station Ad Width D (BF) D (mean) R A Wp Slope Mannings Mean V Q
(ft) (ac) (ft) (ft) (ft) (ft) (ft) (ft) (ft/ft) "n" (ft/s) (ft¥s)
Section 1 7,600 11.5 3.9 0.48 0.17 0.16 0.672 4.19 0.0150 0.036 151 1.02
Section 2 6,840 29.5 2.09 0.85 0.58 0.42 1.22 2.94 0.0170 0.039 2.81 3.44
Section 3 6,530 37.6 6.18 1.2 0.90 0.79 5.56 7.00 0.0160 0.021 7.69 42.76
Section 4 6,020 49.2 7.09 1 0.70 0.64 4.93 7.71 0.0267 0.030 6.06 29.91
Section 5 5,835 69.3 5.13 1 0.84 0.69 431 6.26 0.0330 0.034 6.16 26.57
Section 6 5,640 74.6 9.69 15 1.03 0.93 10.00 10.81 0.0240 0.033 6.59 65.94
Section 7 5,280 78.4 8.86 1 0.82 0.76 7.28 9.52 0.0167 0.036 4.53 32.97
Section 8 4,750 118 6.7 1.14 0.95 0.82 6.38 7.83 0.0080 0.032 3.65 23.30
Section 9 4,560 119 8.75 2 1.32 1.09 11.57 10.60 0.0133 0.030 6.11 70.72
Section 10 4,260 204 14.84 1.48 1.09 1.02 16.19 15.84 0.0100 0.033 4.55 73.59
Section 11 3,710 227 14.35 2.02 1.56 1.44 22.43 15.58 0.0144 0.038 6.05 135.64
Section 12 3,220 257 19.73 251 1.50 141 29.57 20.98 0.0067 0.034 4.53 134.08
Section 13 2,780 285 21.72 1.81 1.25 121 27.05 22.36 0.0100 0.045 3.75 101.54
Section 14 2,140 299 14.37 211 1.55 1.43 22.3 15.63 0.0050 0.027 4.96 110.50
Section 15 1,530 317 17.63 2.07 1.42 1.33 25.05 18.85 0.0100 0.031 5.77 144.61
Section 16 890 331 13.71 2.1 1.59 1.43 21.76 15.24 0.0100 0.044 4.33 94.12
Section 17 320 379 17.22 2.84 1.63 1.47 28.07 19.04 0.0144 0.042 5.56 156.07
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Table4. Total Channel Geometry and Discharge

Section Station Ad Width D (TC) D (mean) R A Wp Slope Mannings Mean V Q
# feet (ac) feet feet feet feet feet? feet ft/ft "n ft/s ft¥s

Section 1 7,600 115 16.27 1.21 0.49 0.48 8.03 16.68 0.0150 0.051 2.21 17.74

Section 2 6,840 29.5 13.6 5.8 3.13 2.30 42.53 18.52 0.0170 0.068 4.95 210.33
Section 3 6,530 37.6 22.17 3.35 1.62 1.51 35.81 23.78 0.0160 0.045 5.49 196.51
Section 4 6,020 49.2 21.22 3.82 2.10 1.93 44.59 23.06 0.0267 0.054 6.97 310.67
Section 5 5,835 69.3 24 3.00 1.45 1.34 34.84 26.06 0.0330 0.064 5.12 178.47
Section 6 5,640 74.6 24.28 4.85 2.50 2.22 60.70 27.39 0.0240 0.059 6.62 401.53
Section 7 5,280 78.4 34.44 421 2.33 2.23 80.39 36.12 0.0167 0.066 4.95 397.67
Section 8 4,750 118 40.4 4.88 2.77 2.58 111.80 43.35 0.0080 0.057 4.37 488.49
Section 9 4,560 119 67.83 4.03 1.19 1.15 80.90 70.10 0.0133 0.070 2.70 218.29
Section 10 4,260 204 54.44 5.33 2.63 2.52 143.20 56.77 0.0100 0.063 4.36 623.72
Section 11 3,710 227 29.88 6.71 4.23 3.61 126.5 35.02 0.0144 0.056 7.45 942.76
Section 12 3,220 257 31.09 5.10 3.14 2.86 97.63 341 0.0067 0.043 5.68 554.43
Section 13 2,780 285 38.13 4.77 3.28 3.09 125.2 40.56 0.0100 0.056 5.60 700.93
Section 14 2,140 299 59.4 6.30 2.77 2.66 164.5 61.9 0.0050 0.051 3.94 647.77
Section 15 1,530 317 28.86 7.24 5.07 4.13 146.3 35.4 0.0100 0.041 9.27 1356.33
Section 16 890 331 51.57 7.35 3.49 3.25 179.9 55.39 0.0100 0.059 5.50 988.60
Section 17 320 379 37.22 7.02 3.42 3.01 127.4 42.36 0.0144 0.057 6.49 826.58
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Table5. Pebble Counts

Section Station D25 D50 D84 Dmax(mm) Dmax (mm)
(ft) (mm) (mm) (mm) (mobile) (Largest)

Section 1 7,600 12 13 20 50 -

Section 2 6,840 12 15 30 88 100
Section 3 6,530 7 11 20 110 147
Section 4 6,020 9 35 68 77 180
Section 5 5,835 43 80 100 157 303
Section 6 5,640 49 60 120 210 317
Section 7 5,280 41 50 81 293 507
Section 8 4,750 21 58 103 177 230
Section 9 4,560 14 50 80 153 177
Section 10 4,260 20 30 59 200 313
Section 11 3,710 15 30 73 240 387
Section 12 3,220 28 80 120 327 543
Section 13 2,780 30 55 123 280 363
Section 14 2,140 23 35 85 253 347
Section 15 1,530 11 70 98 293 380
Section 16 890 28 45 79 207 253
Section 17 320 11 35 54 170 343
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Table6. Sediment Transport

Shear

Stream

Critical Dial

Critical Dia2

GeoMean Dia

Shields

Dcbf

Section # Reynold's # RBS LRBS
(Ibs/ft?) Power (mm) (mm) (m) Parameter mm
Section 1 0.15 0.95 11 38 1,164 0.014 0.025 18 3.060 0.486
Secion2  0.44 3.64 33 83 2,422 0.017 0.026 49 128 -0.138
Secion3  0.79 42,69 61 128 2,204 0.012 0.026 89 208 -0.682
Secion4  1.07 49.84 83 159 4,653 0.021 0.028 114 529 0.217
Section5 142 54.72 112 197 15,595 0.061 0.029 146 745 0.128
Section 6 1.39 98.76 110 193 16,924 0.067 0.029 142 1.086 0.036
Secion7  0.80 34.36 62 129 8,622 0.045 0.028 83 1.850 0.267
Section 8 0.41 11.63 31 78 5,065 0.037 0.028 43 1.203 0.080
Section9  0.91 58.69 70 141 6,536 0.032 0.028 96 634 -0.198
Section10  0.64 45.92 49 109 4,456 0.026 0.027 69 397 -0.401
Secion1l 129 121.88 102 184 5,614 0.023 0.028 137 184 0.735
Secton12 059 56.06 45 103 7,249 0.044 0.028 62 1.185 0.074
Secton13 075 63.36 58 124 7,831 0.042 0.028 79 1.328 0.123
Secon14 045 34.48 34 84 4,725 0.033 0.028 48 432 -0.365
Secton15  0.83 90.24 64 132 6,449 0.033 0.028 88 647 -0.189
Secton16  0.89 58.73 69 140 7,698 0.038 0.028 93 606 -0.217
Secton17 132 140.24 105 187 4,940 0.02 0.028 142 258 -0.589

24



Table7. Reach Classification

Reach  SubReach Station Channel Slope Sinuosity W:D Ratio Bed Boulders Bed
ft Type % ft/ft ft/ft Material (> 300 mm) Stability
R1 RXA 7,8707,350 Colluvial 1.8 1.19 22.6 Medium Gravel - 0.486
R1B 7,3507,200 Enlarged colluvia 1.8 1.05 - - - -
R2 7,2007,050 Riprap 4.3 - - Riprap - -
R3 7,0506,940 Culvert 6.4 - - Culvert - -
R4 6,9406,650 Meandering 15 1.21 3.6 Medium Gravel - -0.138
R5 6,6506,400 Planebed 1.6 1.05 6.9 Medium Gravel - -0.682
RE6A 6,4006,200 Steep rifflepool 2.7 1.01 - - - -
R6 R6B 6,2006,000 Steppool 2.5 1.05 10.2 Very Coarse Gravel - -0.277
R6C 6,0005,150 Bedrock 3 1.05 9.7 Very Coarse Gravel Yes -0.128-0.267
R7 5,1504,950 Culvert 15 - - Culvert - -
RS R8A 4,9504,800 Scour 21 1.01 - - - -
R8B 4,8004,420 Planebed 1.9 1.02 6.6 Very Coarse Gravel - -0.198
R9 4,4204,000 Meandering 0.9 1.21 9.6 Course Gravel Yes -0.401
R10 4,00063,800 Culvert 1.3 - - Culvert - -
R11 3,8003,500 Steppool 1.9 1.38 6.7 Course Gravel Yes -0.735
R12 3,5002,700 Rifflepool 1.7 1.25 16.5 Small Cobble Yes 0.099
R13 2,7002,300 Meandering 1.2 1.18 - - - -
R14A 2,3002,050 Rifflepool 0.5 1.04 - - - -
R14 R14B 2,0501,750 Rifflepool 15 1.08 - - - -
R14C 1,7501,100 Riffle-pool 1.4 1.06 12 Very Coarse Gravel Yes -0.189
R15 R15A 1,1006750 Low Sinuosity 1.1 1.13 8.2 Very Coarse Gravel -0.217
R15B 0-750 High Sinuosity 1.1 1.67 10.6 Very Coarse Gravel Yes -0.589

25



= N \\ Lake Quivira  Lake Quivira
Lackman Tributary Project
© - JOHNSON DR
5 Location Map
< o .
3 Little Mill Creek Watershed s Hw 56
) S
e Lenexa, KS STATE HWY 13 s 12
"\‘U /
o2 Merria
x
2 o / 67TH ST
©
Z Shawnee=[~ >
bl X
P =
= =
o
§ 3
GREENWAS s % g
P, =
Sk 4,
Wy
Study W [5TH ST
>
Area Z
(]
Q
z
O W 79TH ST w m
) —— E
§ e g
s i 5 8
U H o 2
/ T \
=
Johnson County. Kansas z A e U
cek W 8
coon Cre ST WY E 7 Legend
—— T nan Zz
= hammctve | 3 — | imited Access
LeavenM o T W a w— Highways N
LR o Kansas Cty @ Secondary Roads
N Prare Vilogs € “ ry
""\S‘ oo 5ok Jackson — — Other
Sk
Eutora vertand Park . —— Highway Ramp
- : T ; Streams
& Johnson 2 WesT 94TH ST =z 6TH ST A ? =
2| Douglas e = D Little Mill Creek Watershed
e = )
arr B %— D Lackman Trib Watershed
3 | city Limits
Edpsrton cong HI Cass Miles
sl Spei Hil 0 05 1
ey e ‘ —
\ l £ \_~ > . T

Figurel. Lackman Tributary, Little Mill Creek Watershed

26



Lackman Tributary
1954 Aerial

79th'Street

Figure2. 1954 Aerial of Lackman Tributary
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Geology of Lackman Tributary

with knickpoint, deep pool,
and cross-section locations
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Feet

Figure3. Geology of the Lackman Tributary with knickpoints and deep pool locations
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Figure5. Downstream changes in drainage area

29




Depth and Width (ft) and CSA (ft2

Bankfull Width, Mean Depth, and Velocity vs. Drainage
Area for Lackman Tributary
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Figure6. Bankfull hydraulic geometry
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Downstream Changes in Maximum Depth of
In-channel Morphological Surfaces
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Figure8. Downstream changes in depth
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Figure9. Downstream changes in width
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Figurel0. Downstream changes in grain size distribution
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Figurel2. Downstream changes in the LdRelative Bed Stability Index (LRBS)
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Photo 1. RTA Start of Project St. 7,870 ft looking downstream (Sept. 2009)

Photo2. RXA Path atS. 7,550lo0king downstream (Sept. 2009)
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